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(57) ABSTRACT 
The present invention proposes that the value of a crowd 
network comes from network entropy and a very well 
engaged crowd has more value than a poorly engaged crowd. 
The engagement (and the resultant value generated from the 
engagement) of a crowd network can be measured in terms of 
the entropy of the network. The entropy is calculated as a 

(21) App1_ NO; 13/545,162 function of the probability distribution of incoming and out 
going messages, which represents the entropy or uncertainty 
in the activity over the network. In this way, the activity 

(22) Filedi Jlll- 10, 2012 occurring over a network in terms of message exchange is 
translated as a measure of the value of the network. An evo 
lutionary algorithm is presented to optimize the entropy of a 

Publication Classi?cation network by successively changing the network topology. 
Results indicate that the value of a crowd network very 
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SYSTEM AND METHOD FOR DETERMINING 
THE VALUE OF A CROWD NETWORK 

TECHNICAL FIELD 

[0001] The present invention relates generally to social 
media and social netWorks and, more particularly, to system 
and method for determining the effectiveness and engage 
ment of a croWd netWork based on the message-passing 
betWeen the nodes of a network. This measure is called as 
netWork entropy. 

BACKGROUND 

[0002] In the recent past it is increasingly being observed 
that social media plays an important role in putting a dormant 
croWd into action. The most recent examples of social media 
fueled croWd activism are the Egyptian revolution, the Span 
ish May 15th movement, and the most recent Occupy Wall 
Street protests that spread out across many cities in the United 
States. The common underlying theme in all these examples 
of activism is the intelligent use of social media such as 
Facebook, TWitter, etc. to bring a croWd into action. Beneath 
any croWd is a netWork of people Who are engaged toWards a 
common goal for a croWd to perform a purposeful action. 
Therefore, it is desirable to be able to understand Why and 
hoW the engagement of a croWd changes from time to time. 
For example, some movements start off great but die out soon, 
some movements start out small but pick up momentum and 
turn into a full-?edged revolutions. 
[0003] CroWds can be represented as complex netWorks. 
Mo st real complex netWorks, such as telecommunication net 
Works, are not homogeneously linked by similar type of 
edges. Most real complex netWorks display certain character 
istic properties like small World phenomenon and scale free 
distributions. Today’s hyper-connected netWorks of people, 
information, and devices pose an entirely different chal 
lengeiin order to extract the value of today’s croWd net 
Works, it is not enough to understand simply the connections 
of the netWork. It is also important to understand the activity 
on those connections, representing the engagement of the 
croWd, and hoW it groWs or shrinks over time and under What 
conditions. Only then the true value of the croWd netWork can 
be extracted. 
[0004] Complex netWork properties like clustering, short 
est path lengths, etc. are traditional measures for examining 
properties of a graph netWork. In the case of a social netWork, 
the notion of ‘engagement’ or ‘activity’ betWeen the people/ 
nodes in the netWork is an important aspect. Engagement has 
certain properties like Working toWards a common goal or 
Working in parallel on different tasks to achieve a common 
higher task, etc. Up until noW, hoWever, the relationship 
betWeen engagement and netWork structures has not been 
Well-de?ned. This invention provides a method for comput 
ing the value of a social netWork based on netWork entropy 
and for extracting the netWork structures that contribute to 
that value. 

SUMMARY 

[0005] The present invention proposes that the value of a 
croWd netWork comes from netWork entropy and a very Well 
engaged croWd has more value than a poorly engaged croWd. 
The engagement (and the resultant value generated from the 
engagement) of a croWd netWork can be measured in terms of 
the entropy of the netWork. The entropy is calculated as a 
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function of the probability distribution of incoming and out 
going messages, Which represent the entropy or uncertainty in 
the activity over the netWork. In this Way, the activity occur 
ring over a netWork in terms of message exchange is trans 
lated as a measure of the value of the netWork. An evolution 
ary algorithm is also presented to optimiZe the entropy of a 
netWork by successively changing the netWork topology. 
Results indicate that the value of a croWd netWork very 
closely relate to its small World-ness, sparsity, and connect 
edness. 

[0006] In one novel aspect, a method for computing the 
value of a croWd netWork by a server computer is proposed. 
First, the server collects statistics information representing 
communication activities among a total of n communication 
nodes in the croWd netWork. Next, the server constructs an 
adjacency matrix A, an incoming message probability matrix 
X, and an outgoing message probability matrixY of the croWd 
netWork. Next, the server computes an inbound entropy H” of 
the croWd netWork using matrices A and X, and an outbound 
entropy H01” of the croWd netWork using matrices A and Y. 
Finally, the server calculates the value of the croWd netWork 
using the inbound entropy Hi”, the outbound entropy H01", 
and a pre-de?ned Weighting parameter 0t, and outputs the 
value indicating an engagement level of the croWd netWork. 

[0007] In one embodiment, the croWd is formed by users 
registered in a social netWork Website, such as Facebook, 
LinkedIn, or TWitter. If users i and j are connected (e. g., 
friends in Facebook, connected in LinkedIn, or folloWer in 
Twitter), then there is an edge/link in the graph and the cor 
responding element alj in the adjacency matrix is l . Also, the 
incoming and outgoing message probabilities can be deter 
mined by hoW much interaction has occurred betWeen these 
tWo users. In another embodiment, a croWd netWork consists 
of all the email users in a public email server such as Gmail, 
Yahoo Mail, or Hotmail. In this case, the incoming and out 
going message probabilities betWeen tWo email users can be 
simply calculated from the number of emails received and 
sent among the email users. In yet another embodiment, all 
mobile phone users from a service provider such as Verizon, 
AT&T, or Sprint forms a croWd netWork. The message prob 
ability matrices can be determined by the usage of phone calls 
and/or texting among the mobile phone users. These are 
examples of explicit message-passing in netWorks. The same 
can be imagined for implicit message-passing. For example, 
passing of social cues such as buying a product. 

[0008] In another novel aspect, the relationship betWeen the 
engagement/entropy of a croWd and its corresponding net 
Work structural parameters is identi?ed. In one embodiment, 
an entropy maximization algorithm is proposed. The main 
objective of the algorithm is to ?nd a netWork topology that 
maximiZes the entropy of the netWork (e. g., the value of the 
croWd) in terms of the incoming and outgoing probability 
distributions of the croWd netWork. From this process, it can 
be seen that croWds Which are better engaged do seem to be 
small Worlds With high clustering and loW average shortest 
path length. They also generally seem to be densely con 
nected into a single giant connected component. Understand 
ing more deeply the aspects of croWd netWork structures that 
contribute to the overall collective value Will enable neW use 
and applications of croWds and effective leverage of croWd 
behaviors for future problem solving. 
[0009] In the above-mentioned examples, the netWork 
structure and communication activity are autonomous. For 
example, Whoever participated in a social netWork Website is 
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not planned. Also the communication activity among all the 
users is not controlled as well. However, in some other cases, 
a crowd network could be a controlled network, i.e. the nodes 
and communication among the nodes are managed and can be 
adjusted. For example, a managed organiZation where peo 
ple’s communication activity pattern is ordered to follow 
certain structure such as management structure. Power grid is 
another controlled connected network where the structure can 
be adjusted for better performance. In these applications, a 
higher value of the crowd is likely to imply a better e?iciency 
and effectiveness. Therefore, by adjusting the network to 
reach its maximum entropy (e.g., value), the optimal opera 
tional ef?ciency can be achieved. It is another innovative 
aspect of the present invention that a heuristic method is 
proposed to ?nding the network topology and communica 
tion activity pattern that produce the maximum value of the 
crowd. 
[0010] Other embodiments and advantages are described in 
the detailed description below. This summary does not pur 
port to de?ne the invention. The invention is de?ned by the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The accompanying drawings, where like numerals 
indicate like components, illustrate embodiments of the 
invention. 
[0012] FIG. 1 illustrates a crowd network and basic steps of 
computing the value of a crowd network in accordance with 
one novel aspect. 
[0013] FIG. 2A illustrates a crowd network and its corre 
sponding adjacency matrix. 
[0014] FIG. 2B illustrates a crowd network and its corre 
sponding message probability matrix. 
[0015] FIG. 3 is a high level diagram illustrating a system 
that computes the value of a crowd network in accordance 
with one novel aspect. 
[0016] FIG. 4 is a simpli?ed block diagram of a server 
computer that computes the value of a crowd network. 
[0017] FIG. 5 is a ?ow chart for calculating the value of a 
crowd network using network entropy. 
[0018] FIG. 6 illustrating a ?ow chart of a method of ?nding 
the network topology for having the maximum value of a 
crowd network. 
[0019] FIGS. 7A and 7B depict the evolution of the graphi 
cal structure through the process of entropy maximiZation. 
[0020] FIG. 8 shows the behavior of four structural param 
eters plotted against the increasing cumulative entropy of a 
crowd network. 

DETAILED DESCRIPTION 

[0021] Reference will now be made in detail to some 
embodiments of the invention, examples of which are illus 
trated in the accompanying drawings. 
[0022] FIG. 1 illustrates a crowd network 100 and basic 
steps of computing the value of the crowd in accordance with 
one novel aspect. Crowd network 100 is formed by a plurality 
of communication nodes (e.g., nodes 1-10) representing a 
plurality of connected (or non-connected) individuals (e.g., 
people A-J) via communication links. Typically, a crowd 
network can be de?ned as a complex network of people that 
can be represented by a graph consisting of vertices/nodes 
and edges/links.A vertex/node represents a person (e.g., node 
1 represents person A) and an edge/link represents the con 
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nectivity between two people (e. g., communication link 101 
between person A and person C). 
[0023] A crowd network is very different from typical static 
and structured communication networks. Although underly 
ing the crowd network is a social network of connected indi 
viduals via communication links, the phenomenon of crowd 
happens only in the presence of certain characteristic condi 
tions. One of the central conditions is the messaging activity 
that happens between the individuals which form the crowd. 
The so-called value of a crowd network comes from the 
ability of the individuals to interact with each other and com 
municate with each other by sending and receiving messages. 
It is because of this activity on the communication links of the 
crowd network that creates the power and capability to 
achieve valuable actions ad results. 
[0024] A crowd network has structural andbehavioral com 
plexities not present in a more static communication network. 
As such, crowd networks have signi?cantly different dynam 
ics and models of information and opinion spreading than a 
more predictable device communication network. Key differ 
ences are the social clustering that happens in a crowd net 
workieffectively creating clusters of large strong connected 
components, as well as a typically small amount of weak links 
that connect the entire network into one. Furthermore, the 
activity of communications across the connected links as well 
as the triggers for growth or decline of that activity creates 
emergent network effects whose drivers today are largely 
unknown and unde?ned. It has been shown that the value of 
the crowd response in real-life crowd networks hinged on 
communication activity throughout the network, i.e., engage 
ment and growth of that engagement. 
[0025] In one novel aspect, the value of a crowd network 
can be de?ned in terms of the overall engagement of the 
individuals within the crowd. It is proposed that a very well 
engaged crowd has more value than a crowd that is not 
engaged. If the activity among the nodes is high, then it means 
that the crowd is better engaged. On the other hand, if the 
activity among the nodes is low, then it means that the crowd 
is less engaged. The activity between any two nodes can be 
measured as the number of messages exchanged between the 
two nodes. Therefore, engagement is hypothesized as mes 
sages being exchanged over the crowd network, and the value 
of the crowd network is calculated from the network entropy 
of incoming and outgoing message probability distributions. 
[0026] As illustrated in FIG. 1, statistics information on 
communication activity in a crowd network is collected in 
step 111 (e.g., the number of messages being exchanged 
between node 1 and node 3 via link 101). In step 112, prob 
ability distributions of incoming and outgoing messages 
among the nodes are constructed based on the communica 
tion activity. Next, cumulative incoming and outgoing mes 
sage entropies of the network are calculated in step 113 based 
on the probability distributions. Finally, in step 114, the value 
of the crowd network is computed. The details of each step are 
now illustrated below. 

[0027] Let a crowd network C be represented by a graph 
G:(V, E), where V:{vl, v2, . . . , vn} and E:{el, e2, . . . , em}, 
where n is the number of nodes and m<:n(n—l)/2 is the 
number of links. The graph G is represented by an adjacency 
matrix A:{alj|i, j<:n} in which each element alj:[0, 1] 
denotes the existence of a communication link between nodes 
i and j. If no link exists, then aZ-J-IO. Otherwise, aZ-J-II. In 
general, a graph representing a network can be directional 
(where the link has direction) or non-directional (where the 
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links has no direction). Furthermore, a graph can have 
Weighted links With a numerical value associated to each link 
or un-Weighted links having uniformly equal Weight. More 
speci?cally, the direction of a link corresponds to the direc 
tion of receiving (incoming) or sending (outgoing) messages 
betWeen tWo nodes, and the Weight of each link corresponds 
to the probability of receiving or sending messages betWeen 
the tWo nodes. 

[0028] FIG. 2A illustrates a croWd netWork 200 represented 
by an undirected graph With un-Weighted links. In this case, 
the real World communicating individuals are represented as 
nodes and connections among the nodes are presented as 
links. The topology or connectivity of such non-directional 
graph can also be represented in a symmetric adjacency 
matrix A 210, Where A:{alj|i,j<:n}, and each element in the 
matrix is either 1 or 0. The siZe of the matrix n is equal to the 
number of nodes. If node i and node j are connected, then the 
matrix element aZ-J-II at roW i and column j. If node i is not 
connected to node j, then the matrix element aUIO at roW i and 
column j. If no link to self is alloWed, then it is usually 
represented as ail-:0. Since matrixA 210 is symmetric, alfaji. 
In the example of FIG. 2A, since node 3 and node 4 are 
connected via link 201, the corresponding matrix elements 
a34 and a43 are 1. Similarly, since node 5 and node 6 are 
connected via link 202, the corresponding matrix elements 
a56 and a65 are l. 

[0029] FIG. 2B illustrates a croWd netWork 250 represented 
by a directed graph With Weighted links. In this case, the real 
World communicating individuals are represented as nodes 
and communication activity (e.g., receiving and sending mes 
sages) among the individuals are presented as directional 
links With associated Weights. The direction of a link corre 
sponds to the direction of a message exchanged betWeen the 
individuals. For example, link 251 in FIG. 2B is from node 3 
to node 4 and it represents messages sent from node 3 to 4. 
The Weight of a link corresponds to the probability of sending 
or receiving messages on the link. If a link is incoming to a 
node, then the Weight on the link represents the incoming 
probability of the node receiving mes sages from another node 
in the netWork. If a link is outgoing from a node, then the 
Weight on the link represents the outgoing probability of the 
node sending messages to another node in the netWork. 

[0030] The probability distribution of such Weighted direc 
tional graph can also be represented by tWo matrices X andY. 
The incoming messaging probability distribution matrix 
X:{xlj|i,j <:n}, Where each element in the matrix is the prob 
ability of node i receiving messages from node j. The outgo 
ing messaging probability distribution matrixY:{yl-j|i,j<:n}, 
Where each element in the matrix is the probability of node i 
sending messages to node j. The siZe of the matrices n is equal 
to the number of nodes. In the example of FIG. 2B, an incom 
ing message probability distribution matrix 260 is illustrated. 
For example, edge 251 having Weight 0.1 corresponds to 
element x43:0.l, Which means the probability for node 4 to 
receiving messages from node 3 is 0.1. In another example, 
edge 252 With Weight 0.2 corresponds to element x34:0.2, 
Which means the probability for node 3 to receiving messages 
from node 4 is 0.2. In yet another example, edge 253 With 
Weight 0.7 corresponds to element x65:0.7, Which means the 
probability for node 6 to receiving messages from node 5 is 
0.7. Similarly, an outgoing message distribution matrixY can 
be constructed based on the probability of sending messages 
betWeen any tWo nodes in the croWd netWork (not shoWn in 
FIG. 2B). 
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[0031] Once the adjacency Matrix A, the incoming mes 
sage probability matrix X, and the outgoing message prob 
ability matrixY are constructed for a given croWd netWork, its 
netWork entropy and value can then be computed. The 
entropy of a netWork is the measure of the uncertainty in a 
netWork. It measures the netWork’s heterogeneity in terms of 
the diversity in the incoming and outgoing message distribu 
tions. The value of a node is calculated in terms of the incom 
ing and outgoing message entropy, Which is the entropy of the 
incoming probability and outgoing probability distributions 
associated With the particular node. Note that the entropy here 
does not try to measure the actual information content of the 
messages being exchanged, but only the randomness in the 
incoming and outgoing message probability distributions. 
The cumulative incoming and outgoing message entropies of 
a netWork are calculated as the summation of all the indi 
vidual incoming and outgoing node entropies. Thus, 

(1) 

[0032] Finally, the total value of a croWd netWork C is 
calculated as a Weighted measure of the incoming and outgo 
ing entropies of the netWork. Thus, the value is represented as 
a function of Weighing variable a. The variable alloWs for 
Weighing in the incoming and the outgoing netWork entro 
pies. 

[0033] FIG. 3 illustrates a computer-based system 300 
according to the present invention for computing the value of 
a croWd netWork. System 300 comprises a server computer 
301, a Local area netWork (LAN) or Wide area netWork 
(WAN) or Internet 302, a plurality of netWork connections 
303, and a plurality of data source servers 304-3 07. The server 
computer 301 fumishes users With input and output inter 
faces. Data source servers 304, 305 and 306 provide netWork 
interfaces for server computer 301 to retrieve data statistics of 
a particular croWd netWork. NetWork 302 provides connec 
tivity via Wired or Wireless netWork connections 303 betWeen 
server computer 301 and data source servers 304-307. 

[0034] The data source servers are used for the server com 
puter to retrieve statistics information representing commu 
nication activity of a particular croWd netWork. In a ?rst 
example, data source server 304 is a public email server such 
as Gmail, Yahoo Mail, or Hotmail, Which contains all the 
email user accounts and email repository among all the email 
users that form the croWd. In this example, data retrieved from 
server 304 include the email user accounts and the number of 
emails exchanged among the email users. Based on such 
statistics, the incoming message probability (e.g., likelihood 
of receiving an email) betWeen tWo users and the outgoing 
message probability (e.g., likelihood of sending an email) 
betWeen tWo users can be constructed. 

[0035] In a second example, data source server 305 con 
tains all the phone call history of customers of a mobile 
service provider. In this example, all mobile phone users from 
a service provider such as Verizon, AT&T, or Sprint form a 
croWd netWork. The adjacency and message probability 
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matrices can be determined by the usage of phone calls and/or 
texting among the mobile phone users. For example, the 
outgoing message probability (e.g., making a phone call) 
from userA to B equals the number of phone calls made from 
userA to B divided by the total number of phone calls made 
from user A. 

[0036] In a third example, data source server 306 is a social 
network website, in which all the registered users and com 
munications (messages and postings etc.) are stored on the 
server 306. The crowd is formed by users registered in the 
social network web site, such as Facebook, LinkedIn, or Twit 
ter. If user i and user j are connected (e.g., friends in Face 
book, connected in LinkedIn, or follower in Twitter), then 
there is an edge/link in the graph and the corresponding 
element alj in the adjacency matrix is 1. Also, the incoming 
and outgoing messaging probabilities can be determined 
based on how much interaction has occurred between these 
two users. 

[0037] In a fourth example, data source server 307 repre 
sents other networks in which messages are implicitly com 
municated with each member of the network. There exist 
some other types of networks, e.g., in?uence networks or 
citation networks, in which messages are implicitly sent and 
received. For example, one member of the network is in?u 
enced by another member of the network to buy a pair of 
NIKE shoes without being explicitly told to do so. These 
types of networks are also applicable as long as the statistics 
of such implicitly communicated messages can be collected 
by data source server 307. 

[0038] From the above examples, it can be seen that as the 
value of a crowd can be quanti?ed under Equation (2), the 
effectiveness or engagement of different social networks 
(e.g., Facebook vs. LinkedIn) can be compared. These com 
parisons could have multiple usages. For example, the result 
of comparing social network websites can be utilized as one 
of the criteria in selecting a website as an advertisement 
vendor. 

[0039] FIG. 4 is a simpli?ed block diagram of a server 
computer 400 that computes the value of a crowd network. 
Server Computer 400 comprises a processor 411, a user inter 
face and peripherals 412 such as monitor, keyboard and 
mouse, a network input and output (I/O) module 413 for 
sending and receiving data, and a storage device 414 for 
storing data. The storage device 414 is a type of computer 
readable medium (i.e. a type of memory such as RAM, ROM, 
CD, DISK, etc.), and further comprises software programs 
415 and a database 416 that implement the computing of the 
value of a crowd. Software programs 415 comprise program 
instructions stored in the computer-readable medium, when 
executed by processor 411, causing the processor and other 
software and/or hardware modules to perform desired func 
tions. 
[0040] FIG. 4 also shows the main functional modules on 
server 400. The functional modules include an input module 
421, an output module 425, a data processing module 422, a 
network entropy computation module 423, and an entropy 
maximization module 424. Input module 421 retrieves data 
from external servers or users. Data processing module 422 
processes the input data related to the activity of a crowd and 
constructs data such as the adjacency matrix, the incoming 
message probability matrix, and the outgoing message prob 
ability matrix. The constructed data is stored in the server 
database 416. Entropy computation module 423 computes 
the network entropy from the constructed data and then cal 
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culates the value of the crowd based on the network entropy. 
Entropy maximization module 424 implements a heuristic 
algorithm to ?nd the maximum value of a crowd network. 
Finally, output module 425 displays the results from module 
423 and module 424 and optionally plots the crowd network 
in graphics. The different functional modules may be imple 
mented in software, ?rmware, hardware, or any combinations 
thereof. The functional modules may be running on the same 
computer server, or on several different computer servers. 

[0041] FIG. 5 is a ?ow chart for processing input data and 
calculating the value of a crowd network using network 
entropy. The statistics information about a crowd network is 
collected at block 501. The statistics include communication 
nodes and the messaging statistics among all the nodes. From 
the input data, number of nodes (n) is identi?ed. Number of 
messages received by a node from each of the other nodes can 
be determined as well. Number of messages sent by a node to 
each of the other nodes can also be determined. At block 502, 
the input data is transformed into adjacency matrix A:{alj|i, 
j<:n}, incoming message probability matrix X:{xlj|i, j<:n} 
and outgoing message probability matrix Y:{ylj| i, j<_:n}. 
Using matrices A, X andY, incoming network entropy H1” and 
outgoing network entropy How can be calculated using Equa 
tion (1) at block 503. At block 504, the value of the crowd is 
obtained based on the network entropy and a prede?ned vari 
able ot. At last, the value of crowd is output to a user interface. 
The output can also include the graphical display of a direc 
tional graph that represents the crowd network. 
[0042] Crowds can be represented as complex networks 
with different topologies and internal structural properties 
like small worlds, community organization, component 
structure, sparseness, etc. Therefore, crowds can also be ana 
lyzed for their complex network properties like the clustering 
in a network, shortest path lengths, size of the giant compo 
nent etc. One way to analyze the relationship between the 
network topologies/ structural properties with the value of the 
network is via the application of an entropy maximization 
algorithm. The main objective of the algorithm is to ?nd a 
network topology that maximizes the entropy of the crowd 
network (value of the crowd) in terms of the incoming and 
outgoing probability distributions of the crowd network. 
[0043] FIG. 6 illustrating a ?ow chart of a method of ?nding 
the network topology that produces the maximum entropy of 
a crowd network with size n. Since the proposed method is 
based on an iterative heuristic algorithm to ?nd the best result, 
the criteria for when to stop the heuristic algorithm has to be 
established. For example, the algorithm will stop if the result 
has not been improved for n2 iterations. The limit of n2 times 
to check for the best candidate is selected arbitrarily. In expe 
rience, if allowed to proceed, then the algorithm keeps on 
looking for better network topologies in terms of the given 
incoming and outgoing probability distributions. In theory, 
the maximum entropy is achieved when all the nodes in the 
network are fully connected. However, a fully connected 
network generated by this process has no meaning from the 
point of view of the structural regularities which we are trying 
to analyze. The topologies to be examined shouldhave certain 
constraints on the “cost”. For example, in order to be consid 
ered as a potential best candidate, a network topology should 
have less than a pre-de?ned maximum number of links. 

[0044] Initialization is performed at block 601 to set the 
network size n, the message probability distribution, and the 
maximum number of links m. In addition, working variables 
including Iteratori and initial value of crowd VC are set to be 
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0. For initial iteration iIO, adjacency matrix A, With siZe n><n 
is randomly generated. At block 602, checking is performed 
to make sure that the matrix has less than m links. If the 
number of links exceeds m, a neW iteration starts at block 607. 
At block 603, the value of croWd represented by matrix A, is 
calculated using netWork entropy. If the neWly calculated 
value Vcl- is greater than the existing value Vc, a better topol 
ogy is found andVc is set to the neWly found valueVO at block 
606 and a neW iteration starts at block 607. Otherwise, if Va. 
is not greater than Vc, a checking at block 605 is made to see 
if Vc has ever increased in the last n2 iterations. If not, the 
process ends. Otherwise, a neW iteration starts at block 607, 
Which randomly ?ips each element alj With probability (p) in 
the adj acency matrix Ai. 
[0045] FIGS. 7A and 7B depict the evolution of the graphi 
cal structures of a croWd netWork through the above-illus 
trated entropy maximiZation process. As the cumulative 
entropy increases, so do the number of connections. In the 
above given model, the entropy of a netWork is a function of 
the topological features of the netWork. The algorithm tries to 
maximiZe the netWork entropy such that more nodes commu 
nicate With each other. From the process, it has been observed 
that the behavior of four structural parameters With respect to 
the cumulative entropy of the netWork. 

[0046] FIG. 8 shoWs the behavior of four structural param 
eters plotted against the increasing cumulative entropy of the 
netWork. For all the netWorks, the number of nodes n:l 00 and 
the Weighing parameter is constant at (F05. The link density 
probability (p) is varied from 0.5 to 0.9. For all values of 
p<0.5, the parameters display more or less linear behavior. In 
all cases after an initial sudden increase/ decrease, the values 
quickly normaliZe to theoretical limits. 

[0047] FIG. 8(a) shoWs that as the cumulative entropy 
increases so do the number of active links (m) in a netWork. 
The total number of active links represents number of con 
nections betWeen nodes in the netWork. This means that the 
value of a croWd increases With the number of people com 
municating With each other, Which seem to be self-evident. 
FIG. 8(b) shoWs as the number of links increases so does the 
clustering coef?cient (c) along With the netWork entropy. 
Clustering coef?cient is de?ned as the fraction of nodes 
Which form triangles in a netWork. The formation of a triangle 
is indicative of hoW closely related neighbors are inside a 
netWork. It is self-evident that the value of a croWd increases 
With the increase of the clustering in a netWork. As more 
nodes begin forming clusters (of basic siZe 3 in this measure), 
Which results in high local clustering and therefore better 
engagement. FIG. 8(c) shoWs the decrease in the average 
shortest path length (1) along With the netWork entropy. The 
average shortest path length measures the average distance in 
terms of number of hops betWeen any tWo nodes in a netWork. 
It is observed that as the cumulative entropy increases, the 
average shortest path length decreases from over 2 to l .5. The 
value of a netWork increases if more nodes are accessible in 
shorter paths from each other. FIG. 8(d) shoWs the number of 
disconnected components (s) very quickly decreases to l 
forming a single giant component With increasing netWork 
entropy. Connected components are those nodes in a netWork 
Which are accessible from each other directly or through a 
different path. A netWork may contain many components in 
Which the nodes Within a component are accessible to each 
other but one component is not connected to another. In this 
case, the nodes in different components are assumed to be at 
in?nite distance from each other. A netWork With a single 
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giant component, Where s:l, is obviously better from the 
point of vieW of croWd engagement since all the nodes in the 
graph are accessible through a path. 

[0048] From the above analysis, ?rst, it is observed that the 
entropy optimiZation process leads to netWorks Which are 
small Worlds With increasing clustering and decreasing short 
est path length. Small Worlds are characterized by loW aver 
age shortest path length and high clustering. This phenom 
enon is observed When the average distance betWeen tWo 
nodes groWs logarithmically With the siZe of netWork. Thus, 
the value of a croWd in terms of netWork engagement is 
inherently associated With its small World-ness. Second, as 
the netWork gets denser in terms of the number of links the 
engagement increases. This means that the average number of 
nodes an individual node connects to increases With the 
entropy. This may seem self-evident as the number of links 
increase through the optimiZation process. The value of 
croWd then is a function of the average number of nodes a 
node connects to (average degree). Third, the connectedness 
of a netWork is usually measured in terms of the number of 
components. As it is seen from FIG. 8, during the process of 
optimiZing, the netWork very quickly forms a single giant 
component consisting of all the nodes from a feW discon 
nected components in the beginning as the entropy increases. 
This means to achieve a higher value for a croWd, it is essen 
tial that most of the nodes be connected to each other through 
some path if not directly connected. Despite the sparsity of 
the netWork during the initial stage of optimiZation, it is 
observed the giant component is formed very quickly in pro 
portion to the sparsity. Thus a connected croWd is a better 
engaged croWd. 
[0049] In one or more exemplary embodiments, the func 
tions described above may be implemented in hardWare, soft 
Ware, ?r'mWare, or any combination thereof. If implemented 
in softWare, the functions may be stored on or transmitted 
over as one or more instructions or code on a computer 

readable (processor-readable) medium. Computer-readable 
media include both computer storage media and communi 
cation media including any medium that facilitates transfer of 
a computer program from one place to another. A storage 
media may be any available media that can be accessed by a 
computer. By Way of example, and not limitation, such com 
puter-readable media can comprise RAM, ROM, EEPROM, 
CD-ROM or other optical disk storage, magnetic disk storage 
or other magnetic storage devices, or any other medium that 
both can be used to carry or store desired program code in the 
form of instructions or data structures, and can be accessed by 
a computer. In addition, any connection is properly termed a 
computer-readable medium. For example, if the softWare is 
transmitted from a Website, server, or other remote source 
using a coaxial cable, ?ber optic cable, tWisted pair, digital 
subscriber line (DSL), or Wireless technologies such as infra 
red, radio, and microWave, then the coaxial cable, ?ber optic 
cable, tWisted pair, DSL, or Wireless technologies such as 
infrared, radio, and microWave are included in the de?nition 
of medium. Disk and disc, as used herein, include compact 
disc (CD), laser disc, optical disc, digital versatile disc 
(DVD), ?oppy disk, and blue-ray disc Where disks usually 
reproduce data magnetically, While discs reproduce data opti 
cally With lasers. Combinations of the above should also be 
included Within the scope of computer-readable media. 
[0050] Although the present invention has been described 
in connection With certain speci?c embodiments for instruc 
tional purposes, the present invention is not limited thereto. 
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For example, although a crowd is referred to as a social 
network of people communicating with each other in most 
examples, the crowd can be extended to other connected 
networks such as machine-to-machine networks. In one spe 
ci?c example of a power grid, power supplies are nodes and 
power lines are links. Accordingly, various modi?cations, 
adaptations, and combinations of various features of the 
described embodiments can be practiced without departing 
from the scope of the invention as set forth in the claims. 

What is claimed is: 
1. A method for computing a value VC of a crowd network 

C, the method comprises: 
collecting statistics information representing communica 

tion activities among a total of n communication nodes 
in the crowd network; 

constructing an adjacency matrix A, an incoming message 
probability matrix X, and an outgoing messaging prob 
ability matrix Y of the crowd network; 

computing an inbound entropy Hi” of the crowd network 
using matrices A and X, and an outbound entropy H01” of 
the crowd network using matrices A and Y; 

calculating the value VC of the crowd network using the 
inbound entropy Hi”, the outbound entropy H01”, and a 
pre-de?ned weighting parameter 0t; and 

outputting the value VC indicating an engagement level of 
the crowd network C. 

2. The method of claim 1, wherein the adjacent matrix 
A:{aljli, j<:n}, wherein aZj denotes an existence of a link 
between nodes i and j. 

3. The method of claim 1, wherein the incoming matrix 
X:{xlj|i, j<:n}, wherein xlj denotes an incoming message 
probability of node i to receive info from node j. 

4. The method of claim 1, wherein the outgoing matrix 
Y:{ylj|i, j<:n}, wherein ylj denotes an outgoing message 
probability of node i to transmit info to node j. 

5. The method of claim 1, wherein the statistics informa 
tion is collected from a social network website, wherein each 
node is associated with a registered user, and wherein com 
munication activities include sending and receiving messages 
and postings comments among the registered users. 

6. The method of claim 1, wherein the statistics informa 
tion is collected from an email server, wherein each node is 
associated with an email user, and wherein communication 
activities include sending and receiving emails among the 
email users. 

7. The method of claim 1, wherein the statistics informa 
tion is collected from a mobile phone service provider, 
wherein each node is associated with a mobile customer, and 
wherein communication activities include phone calls and 
text messages among the customers. 

8. The method of claim 1, wherein the statistics informa 
tion is collected from an in?uence network server, wherein 
communication activities include sending and receiving mes 
sages implicitly in the in?uence network. 

9. A method for optimiZing a value VC of a crowd network 
C by a server computer, the method comprises: 

(a) initialiZing a set of network parameters including a 
crowd network siZe n, an initial value VCIO, an incom 
ing message probability matrix X, and an outgoing mes 
saging probability matrixY of the crowd network; 

(b) generating a random adjacency matrix A with a total 
number of links less than m; 
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(c) computing an inbound entropy Hi” of the crowd net 
work using matrices A and X, and an outbound entropy 
H01” of the crowd network using matrices A and Y; 

(d) calculating an updated value VC' using Hi”, H01", and a 
weighting parameter 0t; 

(e) assigning the updated value VC', if the updated value 
V0‘ is greater than a previous value VC, then VCIVC'; 

(f) repeating (b) to (e) until the updated value VC' has not 
been increased in the last n2 iterations; and 

(g) outputting the value VC indicating a maximum value of 
the crowd network C with no more than m links. 

10. The method of claim 9, wherein the adjacent matrix 
A:{alj|i, j<:n}, wherein alj denotes an existence of a link 
between nodes i and j, and wherein ai]. is applied with a 
uniformly randomly generated probability p in (b). 

11. The method of claim 9, wherein matrix X:{xlj|i, j<:n} 
and matrix Y:{ylj|i, j<:n}, wherein xi]. denotes an incoming 
message probability of node i to receive info from node j, and 
wherein ylj denotes an outgoing message probability of node 
i to transmit info to node j. 

12. The method of claim 9, wherein the value VC of the 
crowd network is substantially maximiZed when the total 
number of links (m) increases. 

13. The method of claim 9, wherein the value VC of the 
crowd network is substantially maximiZed when a clustering 
coe?icient (c) increases. 

14. The method of claim 9, wherein the value VC of the 
crowd network is substantially maximiZed when an average 
shortest path length (1) decreases. 

15. The method of claim 9, wherein the value VC of the 
crowd network is substantially maximiZed when a total num 
ber of components of accessible nodes (S) decreases. 

16. A system for computing a value of a crowd network C, 
the system comprises: 

an input module for retrieving statistics information repre 
senting communication activities among a total of n 
communication nodes in the crowd network; 

a data processing module for processing the statistics infor 
mation, wherein an adjacency matrix A, an incoming 
message probability matrix X, and an outgoing messag 
ing probability matrix Y of the crowd network is con 
structed; 

an entropy and value of crowd computation module that 
computes an inbound entropy Hi” and an outbound 
entropy H01” based on the matrices, and then calculates a 
value of the crowd network based on Hi” and entropy 
H01”; and 

an output module for outputting the value indicating an 
engagement level of the crowd network. 

17. The system of claim 16, wherein the adjacent matrix 
A:{alj|i, j<:n}, wherein alj denotes an existence of a link 
between nodes i and j. 

18. The system of claim 16, wherein the incoming matrix 
X:{xlj|i, j<:n}, wherein xi]. denotes an incoming message 
probability of node i to receive info from node j. 

19. The system of claim 16, wherein the outgoing matrix 
Y:{ylj|i, j<:n}, wherein ylj denotes an outgoing message 
probability of node i to transmit info to node j. 

20. The system of claim 16, wherein the statistics informa 
tion is collected from a social network website, wherein each 
node is associated with a registered user, and wherein com 
munication activities include sending and receiving messages 
and postings comments among the registered users. 
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21. The system of claim 16, wherein the statistics informa 
tion is collected from an email server, Wherein each node is 
associated With an email user, and Wherein communication 
activities include sending and receiving emails among the 
email users. 

22. The system of claim 16, Wherein the statistics informa 
tion is collected from a mobile phone service provider, 
Wherein each node is associated With a mobile customer, and 
Wherein communication activities include phone calls and 
text messages among the customers. 

23. The system of claim 16, Wherein the statistics informa 
tion is collected from an in?uence netWork server, and 
Wherein communication activities include sending and 
receiving messages implicitly in the in?uence netWork. 

24. The system of claim 16, further comprising: 
an entropy optimiZation module that ?nds a netWork struc 

ture that substantially maximized value of the croWd 
netWork given the statistics information. 

25. The system of claim 24, Wherein the netWork structure 
is associated With parameters including a total number of 
active links, a clustering coef?cient, an average shortest path 
length, and a total number of components of accessible nodes. 

* * * * * 
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