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SCALE-FREE NETWORKS�
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Scale-Free Networks�
•  A scale-free network is a network G with degree sequence 

distribution g’ obeying a power law of the form h(k) ~ k-q, 
where k is degree (1<k<∞) and q is an exponent (typically 
2<q<3)	



•  Power-law distributions are not exponential distributions 	



•  The tail of an exponential distribution vanishes much faster �
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•  The Barabasi–Albert (BA) Network	



•  Sample from the degree sequence distribution of network G 
at timestep t	



•  The probability of a high-degreed node obtaining a 
subsequent link continues to rise, and vice versa	



•  Procedure �

Generation�
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BA Generative Procedure�
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BA Network Entropy�

•  Entropy remains constant as network size increases	
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Hub Degree versus Density�

•  Extremely high hub degree is the predominant property of a scale-free network	


•  Hub degree grows logarithmically with density for both random and scale-free 

networks, but the rate of increase is much greater for a scale-free network �
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Average Path Length�
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Average Path Length�
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Closeness�
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Cluster Coefficient �
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Comparison�
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DYNAMIC NETWORKS�



The Chinese University of Hong Kong, CSCI5070 Advanced Topics in Social Computing, Irwin King	



Definitions 
•  A dynamic network, G(t) = [N(t), L(t), f(t):R], is a time-

varying 3-tuple consisting of a set of nodes N(t), a set of 
links L(t), and a mapping function     f(t): L(t) -> 
N(t)×N(t), which maps links into pairs of nodes	



•  If G reaches a final state, G(tf), and remains there for all t 
≥ tf, G is said to be convergent	



•  G(tf) is a fixed point	



•  If G(s) converges for all initial states s, G is strongly 
convergent 
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Emergence�
•  In a static network, the properties of nodes, links, and 

mapping unction remain unchanged over time	



•  In a dynamic network, the number of nodes and links, the 
shape of the mapping function, and other properties of 
the graph change over time	



•  Time-varying changes leading to structural reorganization 
in a network—is called emergence	



•  An emergent network is formed by starting at some 
predefined initial state and then transitioning through a 
series of small changes into an end state �
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Open-loop & Feedback-loop �
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Hub Emergence 
•  Initially, G(0) is a random network with n nodes and m 

links	



•  At each time-step, select a node and link at random	


•  The randomly selected node is selected if its degree is higher 

than that of the randomly selected link’s head node	



•  Rewire the link 
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Hub Emergence�
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Cluster Emergence 
•  Select a random link and random node	



•  Rewire the link to point to the new (random) node, if 
the overall cluster coefficient remains the same or is 
increased	



•  If the cluster coefficient decreases as a result of rewiring, 
revert to the topology of the previous time-step	



•  Repeat this microrule indefinitely, or until stopped	
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Cluster Emergence�
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Epidemics�
•  A network epidemic is a process of widespread and rapid 

propagation of a contagion through a network	



•  Typically, the contagion is a condition of network nodes 
(working, failing, dormant, active, etc.) brought about by 
adjacent nodes through propagation along one or more links	



•  Infection rate: the probability that propagation of the 
contagion at node v successfully infects adjacent nodes �
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Kermack–McKendrick Model�
•  Assumes homogeneous and a very large population	



•  Everyone has an equal chance of contracting the disease from 
anyone else	



•  n is unbounded	



•  Each node is classified to one of four states	



•  Susceptible: it can possibly become infected	



•  Infected: it has contracted the contagion	



•  Recovered: it has recovered from the infection and is now 
immune to future infection	



•  Removed: it has died from the effects of the infection �
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Kermack–McKendrick Equations�
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Other Models�
•  Susceptible–Infected–Removed (SIR) Model	



•  Susceptible–Infected–Susceptible (SIS) Model �
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Synchrony�
•  A network is said to synchronize if the values of all of its 

nodes converge to some constant as the time rate of 
change of all of its node values approaches zero	



•  A dynamic network is	



•  stable if the value of its nodes synchronize	



•  transient if its node values oscillate	



•  bistable if its nodes oscillate between fixed values	



•  unstable or chaotic, otherwise	
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Chaotic Maps�
•  A dynamic network is said to sync if, starting at some initial state G(0), it 

evolves in finite time to another state, G(t*), and stays there, forever.	



•  G(t*) is called a strange attractor	



•  Networks that appear to bounce around from one state to another in no 
apparent pattern are considered chaotic	



•  Networks that oscillate between two or more strange attractors are 
called oscillators �
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Network Stability �
•  Stability describes nodes and networks that recover from 

disruptions in their state	



•  A stable network will recover—perhaps very slowly—
while an unstable network will not	



•  Two general techniques used for analyzing the stability of 
a dynamic system	



•  The Laplace or Z-transform (Lyapunov) method (Lago-
Fernandez, 1999)	



•  The Laplacian eigenvalue (spectral decomposition) method 
(Wang, 2002) �
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Influence Networks�
•  An influence network is a (directed or undirected) 

network, G = { N, L, f } containing nodes N; directed, 
weighted links L; and mapping function f : N × N that 
defines the topology	



•  Nodes are called actors	



•  Links are called influences	



•  Two major types	



•  Undirected networks such as the buzz network (Rosen, 
2000)	



•  directed networks such as the social networks formed by 
negotiating parties in a human group	
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A Buzz Network�
•  Let S(t) be the state vector representing an actor’s 

position (a product, idea, political belief, etc.)	



•  S(t) = -1 if the position is negative	



•  S(t) = 0 if neutral	



•  S(t) = +1 if positive	
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Properties�
•  Each seed actor spreads his or her product endorsement 

to adjacent neighbors, which in turn is spread to their 
neighbors, and so forth, much like the spread of an 
infection	



•  The state of each actor depends on the strength of the 
individual’s convictions    and the positions of adjacent 
neighbors	



•  Stability	



•  Buzz networks reach a consensus that is influenced by the 
dominant (hub) node	



•  Consensus: all nodes reach the same final state�
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Two-Party Negotiation 

•  Two-party negotiation is a process of interactive 
compromise	



•  The two actors must narrow the difference in positions as 
perceived by each other if the network is to reach a 
consensus 
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Two-Party Negotiation 

•  The two actor’s states converge in the end	



•  Differences drop to zero and both actors reach a 
consensus state equal to negative 20%, which favors the 
initial position of Them	



•  Therefore, 1:Them is more influential than actor 0:Us. 
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