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Algorithms Recap

HITS Algorithm

@ Hubs are out-degrees, authorities are in-degrees
@0 attl = (ATA)at
pttl — (AAT)ht
o One hyper parameter h°, trivial choice [1,1,...,1]"
o Large eigen gap () + minor perturbation retains ranking

e Converse holds - O(0) perturbation = (1) eigen vector
change
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Algorithms Recap

PageRank Algorithm

Probability transition matrix M - normalized rows, U;; = %
PageRank(PR) scores p = (eU + (1 — e)M)Tp

€ typically 0.1-0.2

If pertrubed pages didn't have high PR scores, p ~ p
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Perturbation Results

o CORA dataset ranking for Al papers, for 5 runs
@ HITS on the left; PageRank on the right for e = 0.2
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Hybrid Algorithms
°

Stochastic Approach for Link Structure Analysis(SALSA)

Random Walk from PR, hubs V}, & authorities V; from HITS
Two random Walks; forward: V,; — V}, backward: V}, — V,
at+1 — A;rArat

pt+l — ArAZ'ht

Two hyper parameters - at depends on a°, ht depends on h°



Hybrid Algorithms
°

Randomized HITS

@ Jumps to random page with ¢; forward, backward random
walks with (1 —¢€)

o attl = el + (1 —€)Al Rt
httl = el + (1 - €)Acat™t

e Two hyper parameters - € and h°



Datasets

Experiment Datasets

@ Rank datasets for citation & web graphs under perturbation
e High Energy Physics Citation dataset !

29554 nodes, 352807 edges
e Web graph hyperlink dataset 2

9663 nodes, 16151 edges

Citation Dataset Visualization
o 5000 10000 15000 20000 25000 Web graph linkage

4000 6000 8000

10000 1

15000

20000

25000

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



Implementation
.

Impact of Initial Vector

@ Ranking depends on the principal eigen vector, smaller ¢ flips
Eigen vectors vi, v»
e For simplicity, pick uniform values

Tl 1 1T (1 1 19T
1 T ’[W’W""’W]
@ 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]

1




Implementation
°

Tweaking parameters

o Evaluate PageRank, RandomHITS for € 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

@ ¢ = 0.15; HITS, PageRank - python networkx modules

orig HITS PR RHITS SALSA Webpages

1 1 13 4 29 .ca.gov/

= 3 28 7 460 .sen.ca.gov/

3 ] 15 15 216 ssembly.ca.gov/
4 2 19 3 261 .leginfo.ca.gov/calaw.html
5 31 2883 2883 2883 .yahoo.com/

6 4 61 19 614 .house.gov/

7 12 8864 8864 8864 fedworld.gov/

8 5 122 50 273 .lao.ca.gov/

9 10 73 44 322 .dot .ca.gov/

10 6 286 143 146 .courtinfo.ca.gov/
11 7 46 10 820 .epa.gov/

1z ] 126 41 1338 .census.gev/

13 13 1554 1554 1554 .berkeley.edu/

14 50 2884 2884 2884 .lyces.com/

15 11 56 83 231 .ss.ca.gov/

16 a8 z 46 925 ww.caltech.edu/

17 14 50 16 831 /goldmine.cde.ca.gov/
18 27 51 30 399 excite.com/

19 17 247 128 263 b.ca.gov/

20 51 32 165 993 .csun.edu/
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Results 11

Web Hyper Links Dataset

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

o ¢ = 0.15; PageRank works accurately for most of the deletions

Orig HITS PR RHITS SALSA Papers

1 244 1 69 22847 Noncompact Symmetries in String Theory

2 11 2 2 6 Monopole Condensation, And Confinement In N=2 Supersymmetric Yang-Mills
3 12131 3 2175 14309 An Algorithm to Generate Classical Solutions for String Effective Action
4 7 4 10 4989  String Theory Dynamics In Various Dimensions

5 5 5 9 90 Dirichlet-Branes and Ramond-Ramond Charges

6 379 6 35 2330 Exact Results on the Space of Vacua of Four Dimensional SUSY Gauge

7 1 7 1 16619 The Large N Limit of Superconformal Field Theories and Supergravity

8 10 8 17 3569  Unity of Superstring Dualities

] 17 9 8 22983 Monopoles, Duality and Chiral Symmetry Breaking in N=2 Supersymmetric
10 118 10 16 878  Strong-Weak Coupling Duality in Four Dimensional String Theory

11 1174 11 25 20897 ERRATA for "One-Loop Threshold Effects in String Un.

12 3 12 1 241 M Theory As A Matrix Model: A Conjecture

13 415 13 61 19241 Supersymmetry as a Cosmic Censor

14 9 14 15 238 Bound States Of Strings And $p$-Branes

15 299 15 58 22189 Duality Symmetric Actions

16 2 16 3 1456  Anti De Sitter Space And Holography

17 54 17 20 22381 Target Space Duality in String Theory

18 671 18 433 4723 Electric Magnetic Duality in String Theory

19 3 19 I 22650 Gauge Theory Correlators from Non-Critical String Theory

20 59 20 66 349 Massless Black Holes and Conifolds in String Theory




Summary

In Essence

o 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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