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                    Data storage is how data is retained and maintained in a storage component.


Data storage can be structured as a hierarchical pyramid. The top of the 
 pyra-mid is fast but costly memory. Downwards the pyrapyra-mid, access to the memory
 becomes slower but is cheaper to buy. Hence, it is natural that one has most
 of the cheapest memory. Two concepts that are important in data storage are:


volatile, data remains after the power turn off, and non-volatile, data is removed
 when the power is turning off[32][42].


In data management, access control is about controlling who can access data,
 so that the user can control how has access to their own data. This can be
 done with a Access Control List (acl), which is a list over who has access
 rights to given data. In theacl, each end-users privileges are defined. This
 includes whether a user should have write, delete or read privileges to the data
 records [42]. There can be multiple or groups of end-users accessing the same
 data object [38].


8. http://oauth.net/
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Figure 2.6:Memory hierarchy


2.4.1 Database


A database is a collection of data in a structured and organized manner, and
 there are many types of organized models for structuring the data. A database
 schema is the structure describing the database system. Relational Database
 Management System (rdbms), store data in related tables, making it quite
 easy to understand how data is related. A table consists of columns and rows
 that are related. A database is volatile, and holds information after power is
 turned. One can expect longer access time to retrieve data stored at a database
 then in the higher levels of the memory hierarchy. This is of the seek time on
 disk for finding where the data is located [32].


2.4.2 Cache and Caching Algorithms


Cache is a storage component for temporally storing data. The cache is in one
 of the top levels of the memory hierarchy. Data stored in a cache is in most
 cases temporary and the cache is often small in size resulting in fast access
 time to the data. The cache is also non-volatile, meaning that data will not be
 preserved when power is turned off. If these data need to be preserved, one has
 to store data to one of the lower levels in the memory hierarchy [32].


If requested data is present in a cache, it is called a cache hit and if the requested
 data is not present it is called a cache miss. If a cache miss occurs, one needs
 to acquire the data from another storage component.


When a cache storage is full, one needs to replace an entry in the cache for a
 new entry of data. There are several replacement policies for caching:


Least Recently Used: Replace the data that was Least Recent Used (lru) in
the cache. That is, evict from the cache the data that are unused for the


longest amount of time. One needs to keep track of when a data was last
 used. There are several, almost similar replacement algorithm versions
 and variants based onlru.


Most Recently Used: Replaced the data in the cache, which was most recently
 used. That is evict from the cache, the data that is used for the recent
 amount of time. One need to keep track of when a data was last used.


Random Replacement: Simple, randomly select a data entry for replacement.


2.4.3 "Big Data"


Big data involves large and complex collections of data, where traditional data
 processing is difficult to apply due to data volume. Challenges range from 
 acqui-sition of data, analysing, storage, and visualization. Big data defines challenges
 in three-dimensions [21]:


Volume: Increasing the amount of data volume.


Velocity: In and out speed of data.


Variety: Many heterogeneous data types and sources.


In addition, an update to the definition adds two more challenges:


Veracity: The quality and trustworthiness of the data.


Value: The value and meaning of the data, in the context of how useful or
 useless the data is.


Big data are used for many purposes. One thing is to find recognise patterns and
 derive insight in the big volume of data and utilization of that information. For
 processing the large amount of data, programming models such as MapReduce
 [8] are often used. MapReduce mainly involves the writing of two functions.


A Map function takes the input and maps it into smaller key/value pairs, and
 assign this smaller problem to working proccesses. Then the Reduce function
 gathers the results from the working processes and combines these results in
 a holistic result. An implementation of MapReduce is Hadoop MapReduce⁹,
 which is an open source framework. Additionally, Cogset [44] is a MapReduce
 implementation that is proven to be more efficent than Hadoop MapReduce in
 almost every case. Instead of dynamic routing of data done in other MapReduce


9. http://hadoop.apache.org/
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implementation, Cogset does the routing static.


In 2012, president Obama, announced and unveiled $200 million in research
 and development initiative to Big data. To address the important problems
 that can be faced and dealt with Big data [29].


2.4.4 RESTful API


Representational State Transfer (rest) is a software architecture style 
 princi-ple consisting of several properties[10][36] . These properties and principrinci-ples
 are:


Client-Server: Separation of concerns. The client have no concerns about the
 server- side and vice versa. For instance, the client side has no concerns
 about the storage at the server-side. The server-side has no concerns
 about the interface at the client side. Simplifies things. That each side
 only is concerned about itself.


Stateless: Stateless requests, were the server maintains no static accuse 
 re-quests.


Uniform Interface: The separation of concern is done through encapsulation.


Each part can be developed independently because of the de-coupled
 design.


Layered System: Load balancing benefits a layering system. Each layer only
 interacts with its intermediate layer. It simplifies the behaviour and 
 re-sponsibility for each layer by restricting the knowledge of other 
 compo-nents in other layers.


In almost all casesrestuses the Hypertext Transfer Protocol (http) for 
com-munication. It focuses on how system resources are addressed and transferred
overhttp by any client written in any language. restarchitecture 
princi-ple operates thehttpmethods with CRUD (create, read, update and delete)
corresponding with thehttprequests POST, GET, PUT and DELETE. Since its
introduction in 2006, REST has become popular because of its simplicity and 
us-ability, often replacing other older technology like SOAP and WSDL [35].
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