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Problem Definition
• Given a graph 𝐺 with 𝑛 nodes and 𝑚 edges
o A length-𝑖 random walk 𝑊! starts from 𝑢

o At each step, navigates to an out-neighbor of current node
o At 𝑖-th step, stops at the current node 𝑥

o 𝐏"[𝑢, 𝑥] is length-𝑖 random walk probability from 𝑢 to 𝑥

𝑣1

𝑣3𝑣2

𝑣4 0 0 0 0
1/3 0 0 0
1/3 1 0 1
1/3 0 1 0

𝑣1 𝑣2 𝑣3 𝑣4

Random walk matrix 𝐏
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Problem Definition
• Given a graph 𝐺 with 𝑛 nodes and 𝑚 edges
o The probability of two length-𝑖 random walks 𝑊!,𝑊' ending at the same

node is ∑(∈* 𝐏"[𝑢, 𝑥] / 𝐏"[𝑣, 𝑥]

o The CoSimRank is then
𝑠 𝑢, 𝑣 =2

"+,

-
𝑐" / 𝐏"[𝑢] / 𝐏"[𝑣]

o Approximate all pairwise CoSimRank query: for every node pair (𝑢, 𝑣)
|𝑠 𝑢, 𝑣 − 𝑠.(𝑢, 𝑣)| ≤ 𝜖

𝑢 𝑣
node 𝑥
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Applications

• In natural language processing 
• synonym expansion 
• lexicon extraction
• linguistically-informed statistical tool in Cistern project

• In knowledge graph mining
• modelling entity relatedness

• In social network analysis
• similarity measure of users
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Existing Solutions
• Matrix form of CoSimRank: 𝐒 = ∑#$%& 𝑐# ( 𝐏# ( (𝐏#)'

• PowerMethod
• solves the equation by iterative matrix multiplications
• Time complexity: 𝑂(𝑛/ / ln(1/𝜖))

• Co-Simmate
• reuses the results from previous iterations to reduce repeated operations
• Time complexity: 𝑂(𝑛/ / log(ln 0

1
))

• F-CoSim is designed for dynamic graphs
• Time complexity: 𝑂(𝑛/ / ln(1/𝜖))
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Our Solution

• Matrix form of CoSimRank:

• Time complexity: from 𝑂(𝑛() to 𝑂(𝑛)𝑑)
• Dimensionality reduction over 𝐏# is computationally costly

𝐗'
𝐗 ⋅⋅

𝐏" (𝐏")2

𝑛

𝑑

𝐒 =2
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-
𝑐" / 𝐏" / (𝐏")2
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Our Solution
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Our Solution
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n Summary:
q We do not need to compute 𝐏𝒊 and its low-dimensional approximation

with paying 𝑂 𝑛/ cost
q For all 𝐏𝒊, we can just find the low-dimensional approximation 𝐐 of 𝐏
q Dimensionality reduction over 𝐏 is fast as it has only 𝑚 entries
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Our solution: Random Projection

• Johnson–Lindenstrauss lemma

• Apply random projection to 𝐏
• Find an approximate dimension 𝑑 to ensure 𝜖 absolute error

• Generate a random matrix 𝐓 ∈ ℝ4×6 and compute 𝐐 = *
+
( 𝐏𝐓
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Our Solution: RPCS
• If the cost using random

projection exceeds that of
PowerMethod, switch to
PowerMethod

• Running time ∝
78( !(#$%)

#$! '$!%)

;<78(0=>)

• 0 < 𝛿 < 0<?
?
/ 𝜖
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Our Solution: RPCS

• Optimize

min
LML!"## /N

OP( #(!"%)
!"# '"#%)

QROP(STM)

• Convex function
• Search the minimizer by

ternary search algorithm
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Our Solution: RPCS
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Experimental Settings

• Compepititors:
• PowerMethod, 
• Co-Simmate

• Damping factor 𝑐 = 0.8
• Varying error threshold 𝜖 in

{1.0, 0.5, 0.2, 0.1, 0.05}
• Intel Xeon 2.60GHz CPU
• 377GB RAM
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Experimental Results
• On small graphs, RPCS is 2-
9× faster when 𝜖 > 0.1

• On Twitter, RPCS is by up to 
three orders of magnitude
faster

• On Google+, RPCS is the 
only viable solution

• Omited if cannot terminate 
within 2 days or is OOM
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THANK YOU


