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Basic concepts

• Many real systems represent/model as a network (graph)

• Complex network: is a graph (network) with non-trivial topological 
features—features that do not occur in simple networks such as lattices or 
random graphs but often occur in graphs modelling of real systems.
– Neural, technological, biological, social, information, etc.

• Online social networks: Online tools (web or app) for social services based 
on user activities/interactions

• Social media: are computer-mediated technologies that facilitate the 
creation and sharing of information, ideas, career interests and other 
forms of expression via virtual communities and networks.

• Social network: is a social structure made up of a set of social actors (e.g., 
individuals or organizations), sets of dyadic ties, and other social 
interactions between actors.
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Complex networks

Neural network
Internet Financial network

Airport network Biological network

Social network

Movies and Actors

Emails
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Complex and social networks

• Complex networks
– Common universal properties unlike simple networks
– Small world phenomena 
– Scale free network
– Modular/ community structures
– Hub nodes
– Pattern or motifs

• Social networks
– Large size 
– Dynamic network
– Various contents 
– Different user activities 
– Information sharing 
– Influence spread
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Source: https://www.smartinsights.com/social-media-marketing/social-media-strategy/new-global-social-media-research/Social networks for experts, Alireza Rezvanian, Niroo Research Institute (NRI), May 2018.
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Social network issues

• Top websites by traffic 
Site Rank (Alexa) Type Description

YouTube 2 Video sharing User-submitted videos with rating, comments, and contests.

Facebook 3 Social network A social utility that connects people, to keep up with friends, 
upload photos, share links and videos.

Reddit 6 Social news and entertainment User-generated news links. Votes promote stories to the front 
page.

Twitter 13 Social network Social networking and microblogging service utilizing instant 
messaging, SMS or a web interface.

Instagram 15 Photo sharing and social media photo and video-sharing social networking service

VK 17 Social network Russian Social network

Sina Corp 19 Portal and instant messaging China's famous IM provider.

LinkedIn 34 Employment-oriented Social network A networking tool to find connections to recommended job 
candidates, industry experts and business partners. Allows 
registered users to maintain a list of contact details of people 
they know and trust in business.

Sources: https://www.alexa.com/topsites
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Number of social network users worldwide from 2010 to 2021 (in billions)

Source: https://www.statista.com/statistics/278414/number-of-worldwide-social-network-users/
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Most popular social networks worldwide as of April 2018, ranked by number of active users (in millions)

Source: 
https://www.statista.com/statistics/272014/gl
obal-social-networks-ranked-by-number-of-
users/
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Average number of social media accounts per internet user from 2013 to 2017

Source: https://www.statista.com/statistics/788084/number-of-social-media-accounts/
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Average number of social media accounts per internet user as of 2nd quarter 2017, by age group

https://www.statista.com/statistics/381964/number-of-social-media-accounts/
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What Is Social Network Analysis?

“Social network analysis (SNA) is the

mapping and measuring of relationships

and flows between people, groups,

organizations, computers or other

information/knowledge processing

entities.” Liebowitz J. Thoughts on Knowledge Sharing & Knowledge 
Gaps for Improved Strategic Human Capital Planning. 2008. 

“The technique empirically measures 

– how the network is structured, 
– and through interpretation suggest how the structural 

properties may affect the behavior of participants.”

Merrill J, et al. Findings from an organizational network analysis to support local 
public health management. J Urban Health. 2008. 85(4): 572-84.
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Network analysis

Data 
collection

Graph 
extraction

Process Analysis 

Graph extractionData collection
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Some Key Problems

• Modeling: Which model or representation is suitable for modeling 
network structures and dynamical analysis?

• Centrality: To what degree is a given node central to the network?

• Link Prediction: Which edges not currently in the network are most 
likely to form?

• Community Detection: How can the nodes be clustered into natural or 
useful groups?

• Information Diffusion: How does information diffuse over the network?
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Network models

گراف تصادفي–) ER)ريني -اردوشگراف 

گراف دنياي کوچک–) WS)استروگاتس -گراف واتس

گراف مستقل از مقياس–) BA)البرت -باراباسيگراف 

ايگراف پيمانه–) GN1)1نيومن -گيروانگراف 

جغرافياييگراف –( GN2)2نيومن -گراف گيروان

Random graph (ER) - (Erdos 1960)

Small world model (WS) - (Watts 1998)

Scale free  network (BA) - (Barabasi 1999)

Modular networks – (CN) – (Girvan 2002)

Geographic networks (GN) - (Gastner 2006)

Kronecker graph (KG) – (Leskovec 2010 )

Multiplicative (MAG) –( Kim 2012)
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Centrality

• Centrality is a measure of the importance of a node, i.e., how 
central it is to the network

• Can be measured in different ways, depending on context

– In practice may want to combine several methods

• May require a (cheap) local computation, or a (very expensive) 
global computation

• Centrality measures

– Degree, betweenness, closeness, PageRank, Bonacic, ….
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Small-world experiment

• Start

– Omaha, Nebraska, and 
Wichita, Kansas

• End

– Boston, Massachusetts

Milgram’s experiment (1960’s):

Given a target individual and a particular property, pass the message to a person you correspond with who is “closest” 
to the target.

22
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The 20-80 Rule

• It’s a common “way of saying”
– But it has scientific foundations
– For all those systems that follow a power law distribution

• Examples
– The 20% of the Web sites gests the 80% of the visits (actual data: 15%-85%)
– The 20% of the Internet routers handles the 80% of the total Internet traffic
– The 20% of world industries hold the 80% of the world’s income
– The 20% of the world population consumes the 80% of the world’s resources
– The 20% of the Italian population holds the 80% of the lands (that was true before the Mussolini 

fascist regime, when lands redistribution occurred)
– The 20% of the earthquakes caused the 80% of the victims
– The 20% of the rivers in the world carry the 80% of the total sweet water
– The of the proteins handles the of the most critical metabolic processes

• Does this derive from the power law distribution? YES!
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Scale Free Networks are Fractals?

• Yes, in fact:
– They are the same at whatever dimension we observe them

– Also, the fact that they grow according to a power law can be considered as a sort of fractal dimension of 
the network…

• Having a look at the figures clarifies the analogy

24

Social networks for experts, Alireza Rezvanian, Niroo Research Institute (NRI), May 2018.



Hub nodes

• Few hub nodes

25
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Motifs in networks
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Network sampling

• Instead of analyzing the whole network, sample a small sub-network similar to 
the original network to estimate nodal or edge properties of the network.

– E.g., Average degree, degree distribution, clustering coefficient, community structure

Sampling

Original network (G) Sampled network (Gs)

Compute estimation of 
network properties/
characteristics

27
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• Community: It is formed by individuals such that those within a group interact with each 
other more frequently than with those outside the group
– a.k.a. group, cluster, cohesive subgroup, module in different contexts

• Community detection: discovering groups in a network where individuals’ group 
memberships are not explicitly given

Community detection28
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Recommender systems

• Large size

• High growth

• Finding useful items

• Finding similar users

• Finding similar interests/needs

Aggregator

29
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Link prediction

• Predict add/remove any connection between nodes in near future

• Predict user behavior of one user or a group of users

• Application (ads, news, paper, friendship, items, etc.)

30
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Information diffusion

• Social network plays an important role as a medium for the spread of influence 
among users, 
– Innovation, opinion, idea, information, behavior, and rumors

• Models of influence 
– Independent cascade

– Linear threshold

diffusion 
model

31
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Information diffusion

• Word of mouth

– Influence of near friends, relatives, families for adoption of new 
behavior

• Explicit (Cloths, hats, shirts)

• Implicit (Technology)

32
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Evolution of communication technologies and systems

Classical: 

• Telegraph, Teletype, Telex (19 c.-mid 20th c.)

• Landline telephone (end of 19th c.)

• Facsimile (fax) (19th c.; several tech generations)

Newer:

• Cell phone (1970s) & smart phone (1990s)

• Based on computer networks (Internet):

• Electronic bulletin boards (1980s)

• Electronic mail (email) (1980s)

• Short Messaging Service (texting)

• Chat (based on Voice over Internet Protocol)

• Social networking

Social networks for experts, Alireza Rezvanian, Niroo Research Institute (NRI), May 2018.
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Web generations

Connections between people
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Email

Social Networks

Groupware

Javascript

Blogging

Databases

File Systems

HTTP

Keyword Search

USENET

Wikis

Websites

Directory Portals

2009

Web 1.0 

1999

1989

PC Era
1977

RSS
Widgets

PC’s

2018

Office 2.0

XML

RDF

SPARQLAJAX

FTP IRC

SOAP

Mashups

File Servers

Social Media

Lightweight Collaboration

ATOM

Web 3.0 

Web 4.0 

Semantic Search
Lifestreaming

Natural Language Search

Intelligent personal agents

Java
SaaS

Web 2.0 Flash

OWL

HTML

SGML
SQL

Gopher

P2P

The Web

The Desktop
Windows

MacOS

SWRL

OpenID

BBS

VR

Semantic Web

The Internet

Social Web

Web OS

Real-Time Web

Intelligent Web

Microblogging

Memetrackers

Online Services

Consumer online services

Multimedia 
CDROMs

Activity streams

Virtual worlds
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• Pre Web 2.0
– Read only websites
– Proprietary web applications

• Web 2.0
– User Generated content
– Usability (ease of use, even by non-experts)
– Improved collaborative advertising (Ad-sense)
– Better leverage of data (Omniture)
– P2P File sharing (BitTorrent)
– User Generated communities (Wikis)
– So on….

Web 2.037

Social networks for experts, Alireza Rezvanian, Niroo Research Institute (NRI), May 2018.



• Social Networking

– Enable the users (businesses and consumers) to form and maintain 
connection with each other

• Information Sharing

– Creating, storing, refining and sharing information between users 
(internal and external)

• Collaboration

– Supports and enhances the collaborative works on the internet

Web 2.038
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Enterprise Social Networks (ESN)

ESN

• Enterprise 2.0

– Use of emergent social software platforms within 
companies, or between companies, partners, or 
customers.

• tagging, ratings, networking, RSS, and sharing

• Enterprise Social Networks (ESN)

– Software platform uses social media to facilitate 
cooperative work of people within an organization.

– Improve communication, collaboration, knowledge 
sharing, problem solving, responsive to customers, 
products, and decision making.
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Enterprise social networks

Social 
networks

Enterprise 
2.0

Enterprise social 
networking

Social relations

Knowledge management

Information sharing

Collaboration

Social technologies

Enterprise 2.0: The concept of using 
tools and services that employ Web 
2.0 techniques such as tagging, ratings, 
networking, RSS, and sharing in the 
context of the enterprise.

Use of social technologies delivers*:
25% less time spent on emails
35% less time spent searching for information
20-25% improvement in knowledge worker productivity
18 % improvement in efficiency
49% increase user satisfaction 

* Chui, Michael, et al. "The social economy: Unlocking value and productivity through 

social technologies." McKinsey Global Institute 4 (2012).
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بررسی چند مطالعه موردی
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avvo.comوب سایت 

استاصلي قابليت 2که داراي . شبکه اجتماعي تخصصي براي وکلا استيک •
(با جستجوي حوزه کاري، اسم وکيل، نام شهر يا نام شرکت امکان پذير است)ياب وکيل –

ن فرم با جستجوي پرسش مخاطب در بين مستندات مربوط به پرسشهاي مکرر، راهنماها، پرسش پاسخ ها و يافت)ياب مشورت –
(ميکندحقوقي موردنظر به سوال موردنظر پاسخ دهي 

براساس ( موکلينهمراه با نمايش تصوير وکيل، شهر سکونت، امتياز و نظرات)چند نفر از بهترين وکلا در بخشي از اين سايت، •
حوزه  )وعات از موضديگري فهرستي و در بخش ميشود نمايش داده ( احتمالا براساس آدرس آي پي)امتياز و نزديکي جغرافيا 

.مختلف براي اکتشاف و بررسي وکلا تعبيه شده است( هاي کاري
ه قوانين،  در منوي بالاي وب سايت نيز پيوندي به فهرست موضوعي تخصص وکلا، فهرست موضوعي مستندات مربوط ب

.جستجوفهرست خدمات سايت، آماده سازي و تنظيم فرم حقوقي به صورت آنلاين و در نهايت 

نقشه،  وي محل کار به طور کامل و نمايش بر رمشخصات، موقعيت جغرافيايي، آدرس و نام : نيز مواردي چونپروفايل وکلا در •
و ( ، طلاقمثلا خانواده، کودک)کاري شخصي، حوزه وب سايت رساني، تلفن، آدرس پيام سابقه کاري، براساس سال، امکان 

ازدهي به توانايي  و تجربه موکلين نسبت به وکيل و امتيدرصد، نظرات ميزان پراکندگي پرونده هاي کاري انجام شده براساس 
.استشده وکيل و هزينه وکالت درج 
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Challenge.govسایت دولتی 

نهاد دولتی آمریکاا  70برای نمایش لیستی از چالش ها و مسابقاتی است که توسط پلتفرمی •
ه ای این چالش ها شامل مسابقات فنی، علمی، ایده پاردازی و مساابقات قانانا   . ارائه می شوند

است که دولت ایالات متحده در آنها نوآوری هایی از سوی عموم مردم را جساتوو کارده و از   
گارده   « مأموریات محاور  مشاکات  »این طریق بهترین ایده هاا و اساتادادها را بارای  ال     

.می آورد
ز در این سایت صدها مسابقه کاه دامناه گساترده ای از موااوعات و نیاح ساتوف ماتلفای ا       •

ات در این سامانه می توان موااوع . مهارت ها و توانمندی ها را انتضا می کنند، شامل می شوند
.مودماتلف را به نسبت عایق هر فرد، مواوع چالش و نیح نهاد ارائه کننده آن جستوو ن

تار  توسط دفتر قدمات عمومی ایالات متحده و نیاح باا همکااری دف   « سایت دولتی چالش»•
یریت سیاست عل  و فناوری کاخ سفید و همچنین نهادهای دیگری در ستح دولت فدرال مد

.می گردد
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PlaceSpeakپایگاه مردمی 

ازکهاستمحلهومنتقههرمشکات لبراینظرقواهیومشاورهبرایمحلیPlaceSpeakپایگاه•
قودمحلهبهمربوطمسائلوها،مشکاتها،برنامهپروژهمورددرتوانندمیمنتقههرافرادآنطریق
ودبازقوردریافتبرایمحلیاصلدرپایگاهاین.بکوشندهاآنبهترچههر لدروکنندنظراظهار
رایبپایگاهیکامیکدرومنتقههرمسائلبرایمسئولینومردمبینمشورتی لقهیکایواد

.است«مسئولینومردمشفافوبازتاامل»
کاناداونکوورشهردرفناوری وزهدرفاالشرکتیکتوسط2010سالدرPlaceSpeakپایگاه•

شهروندانزاگیریمشورتونظرقواهیوترفاالانهمشارکتمنظوربهپایگاهایناصلیایده.شدتاسیس
.شدمترف

تمشارکوجامعتحقیقات،نظرسنوینظردهی،مبا ث،تالارها،نالبدرکاربرانمشارکتوفاالیت•
.استشدهبرگحارجلساتدر ضوری

هبنسبتفردهرتاشودمیباعثدهد،میارائهراقودقدماترایگانکاماصورتبهکهپایگاهاین•
یآتهایبرنامهوهاگیریتصمی ازیکهردروباشدآگاهکاماقودکشوریاوشهر،منتقهمسائل

.باشدداشتهفاالانهمشارکت
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(patientopinion.org.uk)«نظربیمار»سامانهی

 (patientopinion.org.uk)« نظر بیماار »سامانه ی •
کاه  اسات نظراتی پایگاهی به منظور تومیع و متالبه ی 

 NHS)عموم مردم در مورد نظام سامت ملی اساکاتلند  
Scotland ) ایاان سااامانه بصااورت  . کاارده انااد توربااه

 NHSنظاام هاای  «بادی »هاا و  «قاوبی »جمع ساااری،  
را تومیااع ماای کنااد و توربیااات آنهااا را بااه   اسااکاتلند 

ن طبق آقرین آماار ایا  . مسئولین مربوطه انتقال می دهد
از توربیااات و داسااتان هااای % 76سااامانه، در ماااه اقیاار 

درصاد از  7مردم، پاسخ مسئولین را به هماراه داشاته و   
.آنها موجب تغییر در این نظام سامت شده است
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Experts Councilپایگاه 

•Experts Councilه  یک پلتفرم تبادل دانش برای اتصال قبرگان و مشتریان ب
و تیمشان در اتااذ  c-levelاین مصا به ها به مدیران .  منظور انوام مصا به است

.  یک تصمی  گیری آگاهانه کمک نماید
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Askvisoryپایگاه 

دریافت)advisoryو(ورودیعنوانبه)askنسمتدوازAskvisoryاصاف•
 تقسیباشسهبهسایتسهاینقدمات.استشدهتشکیل(قبرگاننظرات
:می شود

فاشراافرادتلفنشمارهاینکهبدونسایت،ایندرتلفن هامبادلهسیست :قبرگانباصحبت1)
.می دهدارتباطه بهرامشتریانوقبرگاننماید،

.صناتبامرتبطپرسش هایبهقبرگانسایردعوتوپرسیدنسوال:پاسخوپرسش2)

.قاتتحقیاینرویقبرگاننظراتوصناتیتحقیقاتبهرایگاندسترسی:تحقیقات3)
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