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Algorithms Recap

HITS Algorithm

Hubs are out-degrees, authorities are in-degrees

at+1 = (ATA)at

ht+1 = (AAT )ht

One hyper parameter h0, trivial choice [1, 1, . . . , 1]T

Large eigen gap (δ) + minor perturbation retains ranking

Converse holds - O(δ) perturbation =⇒ Ω(1) eigen vector
change
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Algorithms Recap

PageRank Algorithm

Probability transition matrix M - normalized rows, Uij = 1
n

PageRank(PR) scores p = (εU + (1− ε)M)Tp

ε typically 0.1-0.2

If pertrubed pages didn’t have high PR scores, p ≈ p̃
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Perturbation Results

CORA dataset ranking for AI papers, for 5 runs

HITS on the left; PageRank on the right for ε = 0.2
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Stochastic Approach for Link Structure Analysis(SALSA)

Random Walk from PR, hubs Vh & authorities Va from HITS

Two random Walks; forward: Va → Vh, backward: Vh → Va

at+1 = AT
c Ara

t

ht+1 = ArA
T
c h

t

Two hyper parameters - at depends on a0, ht depends on h0
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Randomized HITS

Jumps to random page with ε; forward, backward random
walks with (1− ε)
at+1 = ε~1 + (1− ε)AT

r h
t

ht+1 = ε~1 + (1− ε)Aca
t+1

Two hyper parameters - ε and h0



Background Hybrid Algorithms Datasets Implementation Results Summary

Experiment Datasets

Rank datasets for citation & web graphs under perturbation
High Energy Physics Citation dataset 1

29554 nodes, 352807 edges
Web graph hyperlink dataset 2

9663 nodes, 16151 edges

1https://snap.stanford.edu/data/cit-HepPh.html
2http://www.cs.cornell.edu/courses/cs685/2002fa/data/gr0.California
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Impact of Initial Vector

Ranking depends on the principal eigen vector, smaller δ flips
Eigen vectors v1, v2
For simplicity, pick uniform values
[1, 1, . . . , 1]T , [ 1n ,

1
n , . . . ,

1
n ]T , [ 1√

n
, 1√

n
, . . . , 1√

n
]T

HITS & SALSA gives inconsistent hubs, authority scores for
uniform initial vector - Good hubs point to good authorities
Account for the weights, for below graph in [1], pick
h = [0, 0.125, 0.125, 0.125, 0.125, 0.5]T
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Tweaking parameters

Evaluate PageRank, RandomHITS for ε range 0.1 - 0.5

Deleting random datasets leads to disconnected components,
run BFS to identify connectivity

Perturbation Ranking on 10, 20, 30, 40% deleted datasets
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Results

Web Hyper Links Dataset

Average ranking of 4 algorithms on 30% perturbed dataset,
favorable to HITS

ε = 0.15; HITS, PageRank - python networkx modules
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Results II

Web Hyper Links Dataset

Average ranking of 5 runs, 4 algorithms on 25% perturbed
citation dataset

ε = 0.15; PageRank works accurately for most of the deletions
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In Essence

Evaluated various EigenVector methods for Ranking Hyperlink
Web graph, citation datasets

Randomized HITS, PageRank are stable under perturbations
for Citation dataset

To Do - Study the impact of Initial Vector on HITS, SALSA

To Do - Compare results with theorems from paper [4]
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