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<intro to big data>
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Restrict to what is different now that we have “big data” 
Not trying to create taxonomy of the entire data lifecycle processes and all data types
Keep terms independent of a specific tool
Be mindful of terminology due to the context in different domains (e.g. legal)
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“Big Data” and “Data Science” are currently composites of many terms. 	Break down the concepts first, then define these two at the end

[bookmark: _Toc364021838][bookmark: _Toc364059724][bookmark: _Toc364624784]Structure of This Report

Get to the bottom line with the definitions.
Then later describe the definitions needed for greater understanding.
[bookmark: _Toc364624785]Big Data Definitions and Taxonomies
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Big data refers to the inability of traditional data architectures to efficiently handle the new data sets. Characteristics that force a new architecture to achieve efficiencies are the dataset characteristics volume, variety of data types, and diversity of data from multiple domains. In addition the data in motion characteristics of velocity, or rate of flow, and variability, as the change in velocity, also result in different architectures or different data lifecycle process orderings to achieve greater efficiencies.
The new big data paradigm occurs when the scale of the data at rest or in motion forces the management of the data to be a significant driver in the system architecture.


Big data consists of advanced techniques that harness independent resources for building scalable data systems when the characteristics of the datasets require new architectures for efficient storage, manipulation, and analysis.
"Big data is when the normal application of current technology doesn't scale sufficiently to enable users to obtain timely, cost-effective, and quality answers to data-driven questions".
“Big  data  is  where  the  data  volume,  acquisition  velocity,  or  data  representation  limits  the  ability  to  perform  effective   analysis  using  traditional  relational  approaches  or  requires   the  use  of  significant  horizontal  scaling  for  efficient   processing”

Our original starting point in M0003:
Big Data Definitions, v1
(Developed at Jan. 15 - 17, 2013 NIST Cloud/BigData Workshop)
Big Data refers to digital data volume, velocity and/or variety that: 
· enable novel approaches to frontier questions previously inaccessible or impractical using current or conventional methods; and/or 
· exceed the storage capacity or analysis capability of current or conventional methods and systems.
· differentiates by storing and analyzing population data and not sample sizes.  

We need to include the following concepts in the definition: 
1. Data at rest and in motion Characteristics -> implying scaling
2. new engineering, new modeling concept beyond relational design and/or physical data storage (Hadoop) or clustered resources
3. process ordering changes in the data lifecycle for efficiency
[bookmark: _GoBack]<We could define the buzzword big data to include them all, then make separate definitions for the subcomponents, like Big Data Characteristics, Big Data Engineering, Big Data Lifecycle?>
Include in motivating prose:
· Data scaling beyond Moore’s Law. Slower drive seek times.
· Moving the processing to the data not the data to the processing (volume)
· This data ties to engineering. Can we define otherwise?
· <contextual examples?>
· Architectures resulting from characteristics?
· Well-known internet or science data examples?
· ? do we have to have volume to make the other characteristics “big”


Correspondingly, as the characteristics of the data and the number of resources continue to scale, then the analysis also begins to change.  Data Science has variously been used as an overarching term to refer to four different concepts.
1. Probabilistic or trending analysis; Correlation not causation; finding questions
2. Reduced reliance on sampling for inclusion of a much greater portion of the data in the analytics
3. Combining domain knowledge; analytics skills; programming expertise
4. Data Characteristics for analysis – veracity, cleanliness, provenance, data types
Of these, the first, second, and fourth can be considered part of a definition for data science, the second for the characteristics of a data scientist.
Data Science is extraction of actionable knowledge directly from data through a process of discovery leading to a probabilistic correlation analysis.
A Data Scientist is a practitioner who has sufficient knowledge of the overlapping regimes of expertise in domain knowledge, analytical skills and programming expertise to manage the analytics process through each stage in the big data lifecycle.
Need to add to prose:
· Value, veracity, provenance, leakage?
· Veracity – incompleteness, ambiguities, etc
· Dynamisity – timeliness, lifetime of data utility, latency,…
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The Data Lifecycle can be broken down into a number of sequential and/or parallel steps, that
· Collection the data
· Bring it into the local system 
· Transform the data in some way
· Curation
· Pre-analytics
· Analytics
· Leveraging local infrastructure resources
· Transmitting the results out to an external system or to another internal sequence.
· user
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The list below is from http://www.smartplanet.com/blog/bulletin/7-new-types-of-jobs-created-by-big-data/682  that excerpted an article by Tam Harbert of Information World at http://www.computerworld.com/s/article/9231445/Big_data_big_jobs_?   The job roles are mapped to elements of a Reference Architecture in red. The list should be augmented with end-user, external data stakeholders, and Big Data solution provider roles. See roles 8, 9, 10 below. 

“Here are 7 new types of jobs being created by Big Data:

1. Data scientists: This emerging role is taking the lead in processing raw data and determining what types of analysis would deliver the best results. Typical backgrounds, as cited by Harbert, include math and statistics, as well as artificial intelligence and natural language processing.  (Analytics)

1. Data architects: Organizations managing Big Data need professionals who will be able to build a data model, and plan out a roadmap of how and when various data sources and analytical tools will come online, and how they will all fit together.  (Design, Develop,  Deploy Tools)

1. Data visualizers: These days, a lot of decision-makers rely on information that is presented to them in a highly visual format — either on dashboards with colorful alerts and “dials,” or in quick-to-understand charts and graphs. Organizations need professionals who can “harness the data and put it in context, in layman’s language, exploring what the data means and how it will impact the company,” says Harbert.(Applications)

1. Data change agents: Every forward-thinking organization needs “change agents” — usually an informal role — who can evangelize and marshal the necessary resources for new innovation and ways of doing business. Harbert predicts that “data change agents” may be more of a formal job title in the years to come, driving “changes in internal operations and processes based on data analytics.” They need to be good communicators, and a Six Sigma background — meaning they know how to apply statistics to improve quality on a continuous basis — also helps. (Not applicable to Reference Architecture)

1. Data engineer/operators: These are the people that make the Big Data infrastructure hum on a day-to-day basis. “They develop the architecture that helps analyze and supply data in the way the business needs, and make sure systems are performing smoothly,” says Harbert. (Data Processing and Data Stores)

1. Data stewards: Not mentioned in Harbert’s list, but essential to any analytics-driven organization, is the emerging role of data steward. Every bit and byte of data across the enterprise should be owned by someone — ideally, a line of business. Data stewards ensure that data sources are properly accounted for, and may also maintain a centralized repository as part of a Master Data Management approach, in which there is one “gold copy” of enterprise data to be referenced. (Data Resource Management)

1. Data virtualization/cloud specialists: Databases themselves are no longer as unique as they use to be. What matters now is the ability to build and maintain a virtualized data service layer that can draw data from any source and make it available across organizations in a consistent, easy-to-access manner. Sometimes, this is called “Database-as-a-Service.” No matter what it’s called, organizations need professionals that can also build and support these virtualized layers or clouds.” (Infrastructure)


Additions by Bob Marcus

8 . End-users: These can be direct end-users of applications, analytics, and visualization   tools  
or indirect end-users who receive Big Data results from direct end-users and use them to determine future actions. (Applications)

1.  Solution Providers: These can be original creators of specialized Big Data components or
suppliers who incorporate specialized Big Data components into a complete solution package. (Whole Reference Architecture)

1.  External Data Owners/Users: These can be owners/users of external data sources
providing input to Big Data infrastructure (e.g. databases, streams) or owner/users of external data sinks receiving outputs from Big Data infrastructure (e.g. batch data processing results, stream processing results) (External Data Stores and Streams)
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· Concepts that are needed later, 
· such as raw data -> information -> knowledge -> wisdom
· (metadata – not clear what’s different)
· Complexity – dependent relationships across records
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· Characteristics: Volume, Variety (many datasets; data types; timescales)
· Diversity (many datasets/domains)
· Persistence (flatfiles, RDB, NoSQL incl Big Table, Name-Value, Graph, Document)
· Tier-ed storage (in-memory, cache, SSD, hard disk, network,…_
· Distributed: local, multiple local resources, network-based (horizontal scalability)
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· Velocity (flow rate), Variability (changing flow rate; structure; temporal refresh)
· Accessibility like Data-as-a-Service
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From the data’s perspective, it goes through a number of processes during each of the four stages of a Data Lifecycle
· Collection –> raw data 
· Curation –> organized information 
· Analysis –> synthesized knowledge
· Action -> value
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· Data Warehouse -> Curation=ETL with storage after curation 
· Volume -> storage before curation; storing raw data; ELT
· Velocity -> collection+curation+analytics (alerting) before storage
· Downsizing
· Splitting applications, moving applications

[bookmark: _Toc364624801]Big Data Metrics 

<how big must something be to be called “Big”>

Big Data Security and Protection 

<concepts needed here from security, again only what is different about Big Data>
Define implicit PII
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