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Synonyms
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Glossary
Big Data
Computer science and engineering term for large and complex datasets for which special data management (collection, storage, processing, visualization), usually distributed, has to be used
Cloud Computing
Computer engineering paradigm where hardware, network, and software resources are provided as services over the network
INSNA
International Network for Social Network Analysis
Internet of Things (IoT)
An experimental concept of integration of real-world devices (sensors, actuators, machines) and objects (buildings, cars, trains, etc.) into Internet over standardized interfaces using unique identifiers
NOSQL Database
A database implemented on some data storage model and query concept alternative to relational databases (document databases, key-value stores, graph databases, etc.). Relational databases use Standard Query Language (SQL) for queries and database operations, while NOSQL databases use other approaches
SNA
Social network analysis
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Introduction
Software packages for social network analysis (SNA software) are essential tools for network analysis and mining. Due to a relatively large number of SNA software packages (see Wikipedia; Huisman and van Duijn 2011), a general overview is useful when choosing appropriate tools to address specific analytic and/or visualization challenges. In addition to understanding capabilities of software packages, it is also important to have a general understanding of the trends of the development of SNA packages.
Network analysis or network mining starts with data collection and then continues with iterative analytic and exploratory process of data transformation, visualization, and interpretation. A network analysis tool can address the whole analytic process or just a specific part of it. For example, visualization tools provide means for graphical visualization of networks (drawings) or related data (charts, dendrograms, blockmodels, etc.); data collection tools help us at extraction of network data from data sources into one of the established formats. Analytic algorithms are used to transform data and extract useful information.
To review SNA software packages, some general review methodology has to be used. Comprehensive SNA software reviews like the ones by Huisman and van Duijn ( 2011, 2005) established good directions for future reviews. SNA software packages will be classified by categories describing main purposes of packages, analytic and visualization capabilities, availability (commercial, free), platforms supported (Windows, Mac OS, Linux), etc. General trends regarding SNA software will be reviewed. We will focus on modern and accessible packages. Older, obsolete, or closed commercial packages will be just mentioned but will not be evaluated.
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Historical Background
In the past, several SNA software reviews have been carried out (see Wasserman and Faust 1994; Freeman 1988; Degenne and Forse 1999; Scott 2002; Huisman and van Duijn 2005, 2011). The latest and the most comprehensive was by Huisman and van Duijn in 2011 (published in 2012), where the history of SNA software development and the history of SNA software reviews are summarized. The beginnings of SNA packages start in the 1980s (UCINET, NEGOPY/FATCAT/Multinet, GRADAP, STRUCTURE), and development continues into the 1990s (STRAN, Model, Pajek, StOCNET) and further into 2000s (ORA, statnet/sna, R-packages, NetMiner) until nowadays. In the review Huisman and van Duijn ( 2011), 56 software packages or toolkits were considered. Among them the following were identified as the most popular at the time: MultiNet, NetMiner, ORA, Pajek, statnet/sna, and UCINET+NetDraw. One of the criteria for popularity was the established tradition of organizing workshops at INSNA Sunbelt conferences. As general starting points for such reviews, lists on Wikipedia and the list of SNA software maintained by INSNA can be used.
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Tools for Networks
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General Overview and Trends
Motivation for development of SNA software packages often comes from academic environments and is usually based on research projects of particular groups. Certain SNA packages are further developed and made commercial through private companies like university spin-offs or through knowledge transfers (ORA, UCINET, Meerkat, GAUSS/SNAP, VennMaker). There are also specialized companies with commercial solutions based on their own research and development (NetMiner, SocioMetrica Suite, Commetrix), sometimes offering software and consulting packages targeting cases related to company organization (Inflow, FirmNet Online, MetaSight), survey taking (Network Genie, ONA Surveys), fraud detection and financial flow analyses (Financial Network Analyzer), customer base analysis (IDIRO, iPoint, KXEN Social Network), data visualization (Future Points System) and offering support to government services in the fields of intelligence, economy, security, and defense (Centrifuge Visual Network Analyzer, Detica NetReveal, iDetect, Sentinel Visualizer). On the other hand, there is also a strong and growing open-source community providing development of high-quality alternatives in all the aspects of SNA software. Open source is usually the fastest way for providing new algorithms and analytic approaches motivated by current research (R packages, various toolkits and libraries in Java, Python, R, Perl, C/C++, etc.). There are also many free (or free for noncommercial or academic use) but not opensource packages (Agna, GUESS, MultiNet, Pajek, StOCNET, visone, etc.). While most of SNA software packages include some form of visualization and visual graph data management, specialized graph and data visualization tools represent important building blocks of social network analysis (Gephi, Tulip, Mage, Sonia, Graphviz, etc.). Network data collection tools enable us in obtaining network data through surveys (collection from people), web crawling, and text mining or by connecting to databases (Network Genie, ONA Surveys, UrlNet, Deep Email Miner, Discourse Network Analyzer, etc.). With the recent trends related to “big data” and “NOSQL databases” (also “cloud computing”), graph-oriented databases (e.g., DEX, AllegroGraph, Neo4j) and distributed graph-processing platforms (e.g., Google Pregel, Hadoop-based Apache Giraph) are becoming more and more popular in SNA. Big network data from data sources like Facebook, Twitter, and LinkedIn provides motivation for such approaches. In business applications popularity of “Business Intelligence” (BI) tools is increasing as well. Business Intelligence addresses data analytics and reporting on business data for daily operations. General approach involves data collection from various data sources (connectors), data transformations (ETL — extract-transform-load), and storage into data warehouses from where the data is presented (reporting). We believe that one of the next steps of SNA development (mostly commercial) will be inclusion or integration into general BI packages. ETL pipelines are based on the data-flow programming model, which is often supported by graphical programming tools. Pipelines can represent the steps of analytic procedures and can be stored like programs. This approach is well established in the engineering community (e.g., Labview) for advanced visualizations (e.g., VTK-Visual Toolkit, ParaView) and is becoming increasingly popular in computer-aided design (CAD) community (Rhino/Grasshopper). Judging by available documentation, among SNA packages, Blue Spider is heading into this direction. Equivalent of pipelines are macros in Pajek. Packages supporting scripting (e.g., all R or Python packages) use alternative approaches by storing steps of analyses into program scripts. With well-defined methodologies, applications of SNA tools are extended to other fields (biology, bioinformatics, communications, computer science, etc.), and SNA tools are slowly but surely loosing the “social” prefix and becoming more generally applicable “network analysis” tools.
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The Most Popular Packages
In 2011 Huisman and van Duijn identified as the most popular SNA packages MultiNet, NetMiner, ORA, Pajek, statnet/sna, and UCINET+NetDraw. They already noticed the drop in popularity of MultiNet. In the last few years, statistical programming language R with specialized packages is gaining more and more popularity in various scientific disciplines as well as in business applications. It appears that currently the most popular packages are:
NetMiner 4 (commercial general package with the professional support)
ORA (analysis of dynamic networks)
Pajek/PajekXXL (large networks)
R with packages statnet, sna, tnet, RSiena, latentnet, and igraph (modeling and statistical approaches)
UCINET + NetDraw (traditional, wellestablished package for general network analysis of small- and medium-size networks)
[bookmark: Tab204]One way of measuring popularity of SNA software packages in scientific community is the presence of packages at INSNA Sunbelt conferences in the last few years (see Table 1).Tools for Networks, Table 1
Workshops at INSNA Sunbelt conferences (from 2009 to 2013) dedicated to SNA software packages
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Evaluation and Comparison of Software Tools
In order to evaluate the software packages, we will use similar metrics like in Huisman and van Duijn ( 2011). But we shall not take historical perspective and drop the evaluation of older or obsolete packages (GRADAP, STRUCTURE, PGRAPH, Referral Web, Snowball), packages no longer maintained and/or not accessible (DyNET SE/LE, C-IKNOW, Blanche, Permnet, UNISoN), and commercial packages providing no trial version (Blue Spider, MetaSight). The results of the evaluation in Huisman and van Duijn ( 2011) will be used and updated. We will also consider some new packages (among them Gephi).
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Aspects of Evaluation
Software packages are evaluated from the following aspects. Each SNA package belongs to one of the categories describing the purpose of the software. A short description of a general goal of the package is provided. It is identified on which platforms (operation systems) the package can be used. Supported internal data representation is considered as well as visualization capabilities. The most important aspect is analytic methods provided in the package. Additionally we consider the form of the software licensing, documentation, and support.
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Category
Each SNA software package belongs to one of the following categories: general, special, toolkit/library, data collection tool, data visualization tool, or graph database. General packages provide reading and storing network data capabilities, general network analytic functionalities, and basic (or advanced) visualization. Special packages focus on specific types of analyses (either specific type of real-life networks or specific analytic methods). Toolkits and libraries provide functionalities through scripting or inclusion into other packages. Data collection packages focus mainly on obtaining network data (through surveys, web crawling, text mining, connecting to databases, etc.). Visualization packages focus strictly on methods for network data visualization. Graph databases are NOSQL databases based on the graph data structure which usually have much wider range of applications then just social network analysis. In each category there are software packages that are considered old or obsolete (no longer maintained) but they were important at some point of SNA software development (see Huisman and van Duijn 2011).
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Platforms
SNA software packages can be provided for a specific platform (operation systems: Windows, Linux, Mac OS) or several platforms. Package can also be implemented in multiplatform programming language (Java, Python, R, Matlab). Some software packages are available as web applications (“cloud” platform). One of the important aspects, especially for large networks, is the transition from 32- to 64-bit operation systems which enables use of much larger memory spaces. The transition for some packages is often difficult usually due to use of legacy software libraries.
[bookmark: Sec20142]

Supported Internal Network Representation
A network on the node set V with links E is usually represented either in incidence matrix representation requiring O(∣ V∣ 2)memory space or in nodelink list requiring O(∣ E∣) space. The former representation is suitable for smaller networks and allows usage of algorithms with complexity larger than linear in the number of links. The latter representation is practically the only choice suitable for larger networks, which tend to be sparse in real-life networks. On larger networks algorithms with higher than subquadratic time complexity (in ∣ V∣) are not practical to use. For example, Pajek (and PajekXXL) was designed with special care for efficient handling of large networks. On the other hand, some other programs are more focused on smaller networks in the incidence matrix representation (like UCINET and some R packages). Most of other general packages focus on general use for working with up to reasonably large networks.
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Visualization Capabilities
Most of general SNA software packages contain some kind of visualization and visual editing tools. There are also packages, which are focused on efficient network visualizations like Tulip and Gephi. Besides static visualization a package can also support visualization of network evolution, which is necessary for visualizing dynamic networks over periods of time. In addition, SNA software packages often offer visualizations of network properties or network-related characteristics in the form of charts, dendrograms, or blockmodels. Some packages provide 2D visualization only while others support 3D visualizations as well.
[bookmark: Sec20144]

Analyses
Following the classification of Huisman and Duijn ( 2011) which is based on classification of analytic methods by the chapters of the book by Wasserman and Faust ( 1994), we shall use division of analytic methods into the following groups:
Descriptive measures (for nodes and links)
Structure and location (cohesion approaches — cliques, k-cores, slices, structural balance, affiliations; brokerage approaches — center and periphery, brokers, bridges, diffusion)
Roles and positions (prestige, ranking, genealogies, citations, blockmodels)
Dyadic and triadic methods
Statistical probability models (QAP, ERGM)
Network dynamics (models for network evolution and dynamics)
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Licensing
Commercial SNA software products have commercial license and some of them offer a trial version, usually for limited time. Some commercial providers as well as academic groups provide packages under a free license for noncommercial or academic purposes, while others offer software package completely free for commercial or noncommercial use. Open-source versions are free versions where code is available for further development under various open-source licenses (GPL, BSD, MIT, Apache, etc.).
[bookmark: Sec20146]

Documentation
A SNA software package can offer built-in help, manual, reference, or user guide, provide online or video tutorials, or even offer user group support on forums. One important aspect of SNA packages is user-friendliness. Similarly as in other fields, major commercial software packages tend to have better user interface and are more user-friendly. Example of such a package is NetMiner. Software packages built by academics tend to have less user-friendly graphical user interface.
[bookmark: Sec20133]

General Packages
[bookmark: Tab205]Evaluation and comparison of general SNA packages is shown in Table 2. Development of the main packages is still active with fresh updates. For some packages (Agna, CosbiLab, GUESS, Multinet, NetVis, Network Workbench), it seems that the development has stopped before 2010. We did not evaluate some older packages (DyNet SE/LS, GRADAP, STRUCTURE) since they are obsolete or no longer supported. Also we did not evaluate some commercial packages providing no trial version (Blue Spider, InFlow). Evaluation of the above-mentioned packages is available in Huisman and van Duijn ( 2011). Most of packages operate with both matrix and node-link list representations. All of them provide some means of static network visualization, while some also provide visualization of network evolution. All packages provide basic analytic capabilities. But only the most popular ones offer advanced analytic capabilities. The package visone is a package with gaining popularity. Regarding the licensing, the most popular packages tend to be commercial or free for noncommercial (academic) use. It seems that open-source development is not very popular or stalling for general packages, with exception of Gephi (note that we consider R packages as libraries and toolkits). All packages are well documented.Tools for Networks, Table 2
Evaluation of general SNA software packages
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Specialized Packages
[bookmark: Tab206]Evaluation and comparison of special SNA packages is shown in Table 3. For evaluation of some older packages and packages offering no support anymore (C-IKNOW, Referral web, UNISoN, PGRAPH, Blanche, Permnet, Snowball), see Huisman and van Duijn ( 2011). Several commercial packages offering no trial version fall into this group: Centrifuge Visual Network Analytics, Detica NetReveal, iDetect, Idiro SNA Plus, iPoint, KXEN Social Network, MetaSight, and Xanalys Link Explorer.Tools for Networks, Table 3
ecialized SNA packages
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Table 3 shows that most of special SNA packages are updated regularly. It seems that StOCNET + SIENA package is no longer updated (SIENA package became RSiena package in R). PNET package has also not been updated since 2005. Special packages tend to run on Windows or Java (multiplatform). By the definition they address specific types of analyses. Due to exclusion of many commercial packages (no trial version), Table 3 contains mostly freely available packages. Presence of open-source packages is not very strong. General level of documentation available is plausible.
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Libraries and Toolkits
[bookmark: Tab207]Evaluation and comparison of SNA libraries and toolkits is shown in Table 4. Most of them are multiplatform (Java, R, or Python) free or open-source and are regularly updated. A suite of R packages based on packages statnet and sna represents one of the most popular tools for network analysis. Besides R the other programming language of choice is Python. Some of the libraries support visualization. Visualization of dynamic networks is supported by JUNG 2 package. Matrix-oriented libraries/toolkits like SocProg tend to cover a wider range of analytic methods, but of course only for smaller networks.Tools for Networks, Table 4
Evaluation of SNA toolkits and libraries
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For evaluation of the commercial package GAUSS/SNAP, see Huisman and van Duijn ( 2011) (not evaluated since no trial version). In the newest versions of Mathematica 9 (by Wolfram Research), social network analysis tools are included as well (visualization, descriptive measures, structure/location, roles/position).
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Data Collection Packages
Data collection packages are used to obtain data from various sources. When data is available in some digital data source (Internet, databases, files/documents, emails), general programming languages and libraries/toolkits can be used. Survey tools are used to extract data from groups of people with applications especially in the domain of social research, human resources, relations, and company organization. Another type of tools are text mining tools which provide transformation of texts into network data (semantic networks). The main representatives for these packages are:
Survey data collection: Network Genie, ONA Surveys (both online applications)
Text mining and semantic network extraction: Automap, Text2Pajek
Emails: Deep Email Miner
Other: Discourse Network Analyzer, WoS2Pajek, Leydesdorff software, etc.
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Visualization Packages
Visualization is an important way for carrying out exploratory network analysis where the human mind can identify and interpret certain patterns carrying new or additional interesting information. Most of the general SNA packages contain powerful visualization tools. However, packages specialized for (mostly) visualization exist as well. Tulip and Cytoscape represent advanced visualization tools. SoNIA and Nevada packages provide visualization of dynamic networks. There are also some smaller packages providing various types of graph drawing tools like aiSee, Apache Agora, and CuttleFish. Often general scientific visualization tools like Mage are used for visualizations of graphs. A graph drawing library OGDN (Open graph drawing network) contains a wide range of algorithms for graph drawing and it is implemented in C++. Some algorithms used to support graph drawing can be used for analysis as well (structure/location). Similar library implemented in C++ is Graph Drawing Toolkit (GDToolkit). It is available as a commercial library but it is free for academic use. The commercial library and software development kit Tom Sawyer can be used in advanced professional applications.
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Graph Databases
Graph databases are NOSQL databases which are alternative database models to well-established relational databases. Graph databases use data structure of a graph for storing data which is a much more convenient approach for network and relation data. The most popular graph database is the open-source database Neo4j. There are also two commercial alternatives, Allegrograph and DEX, but several other graph databases exist as well. Graph databases provide storage capabilities of large network data, which can be accessed through queries in languages like SPARQL and Cypher or by function calls through interfaces (like function calls of a library). Graph databases are a rapidly developing field (Wikipedia, Graph Database).
[bookmark: Sec20127]

Future Directions
Massive amounts of network data are produced on a daily basis by popular social networking applications (Facebook, Twitter, LinkedIn, etc.), Internet, and mobile, and wireless communication networks. Future integration of information systems supporting government functions (defense, security, energy, healthcare, transportation) together with emerging “smart” concepts (Smart city, Smart grid, Smart transportation), concepts like machine-to-machine (M2M) communication based on wireless and sensor networks and the concept of Internet of things, implies increases of generated network data in the near future for orders of magnitude. Requirements for data scientists or analysts are constantly increasing. New start-ups with businesses requiring some kind of network management and analysis tools and skills are constantly appearing in the cloud computing economy. With all these commercial opportunities, expectations, and source of motivation, we can expect immense pressure for fast development of new tools for network analysis. As we can currently observe through current cloud computing development, open-source approaches offer the highest level of flexibility and many market-leading companies join in supporting open-source packages.
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