
Propagating labels on graphs:
Random Walk and 

other related algorithms



What is a Random Walk

• Given a graph and a starting point (node), we 
select a neighbor of it at random, and move to 
this neighbor;

• Then we select a neighbor of this node and 
move to it, and so on;

• The (random) sequence of nodes selected in 
this way is a random walk on the graph
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Random walks and Markov 
chains
• A Markov chain describes a stochastic 
process over a set of states according to a 
transition probability matrix

• Markov chains are memoryless
• Random walks correspond to Markov 
chains:
• The set of  states is the set of nodes in the graph
• The elements of the transition probability matrix 

are the probabilities to follow and edge from one 
node to another



Random Walk algorithm

Input:
- the adjacency matrix W of a graph  G=<V,E>
- A subset of nodes VC  having property C

• Initialization of nodes:
if  v∈VC  then p0(v) = 1 / |VC| else p0(v)=0

• Set transition matrix: Q= D-1W
where D is a diagonal matrix with  

dii  = Σj  wij

• Iteratively update until convergence or until t=k
pt = QTpt-1

Output: pt



Random Walk with restart



Random Walk algorithm to rank genes 
w.r.t to a  given “property” C

•  A subset VC of a set of genes V have “a priori” known 
property C

•  Can we rank the other genes in the set V \ VC  w.r.t their 
likelihood to belong to VC  ?

Random walk
algorithm

C can be e.g. a disease 
(gene disease 
prioritization) or a GO 
term (gene function 
prediction)



Label propagation algorithm 

l Examples can be split in labeled and unlabeled:

l The algorithm forces the labels on the labeled data:

l The algorithm tries to maximizes the consistency of the unlabeled 
examples with the topology of the graph

l The algorithm iterates till to the convergence



Label spreading algorithm 

l Similar to the Label propagation algorithm, but:
l The normalized graph Laplacian is used instead
l The algorithm does not force the labeled data (useful with 

noisy data)
l At each step a contribution of the initial labeling is considered 

(convex combination)
l It can be shown that a different cost criterion is minimized
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The previous semi-supervised algorithms 
minimize a quadratic cost function 

Examples split in labeled and unlabeled:

A. Consistency with the initial labeling: 

B. Consistency with the geometry of the data (internal consistency):

Putting together A and B we can obtain a cost function to be minimized:

It can be shown that previous network-based algorithms minimize a 
quadratic cost function.


