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Link Prediction (LP)
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Link Prediction (LP)
 A classic social-network analysis problem

 Can be generalized to a graph analytics problem
▪ Undirected Graph G, Vertices V, Edges E, G = (V, E)

▪ Predict how likely an edge is to exist between pairs of 
vertices that do not currently have an edge

▪ Network intrinsic properties?
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Link Prediction (LP) - Example
◾ “Who is likely to know who given the already-

established links?”

◾ Nodes are individuals

◾ Edges are established
relationships (“links”)

Some Social Network

?

?
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Link Prediction (LP) - Example

Some Social Network

?

◾ “2” and “3” both link with “4”

◾ “2” and “3” linked?

◾ “2” and “6”?
?
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Social Network Representations
 Scientists that have coauthored papers

▪ Who is likely to work with who?

 Employees in a company who have previously 
collaborated on a project

▪ Who can we put together on a project?

 Monitoring criminal association networks
▪ Who might be working together even though we have not 

seen any evidence of their communication?
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LP Approaches
 Similarity- or Metric-Scoring[1]

▪ Local – Common Neighbors
▪ Global – Katz Index
▪ Quasi-local – Shortest Paths

 Matrix-Factorization

 ML GNNs

 Strategies are virtually-endless!
[1]  https://cran.r-project.org/web/packages/linkprediction/vignettes/proxfun.html
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Edge-Scoring Metrics
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Scoring Metrics – Common Neighbors

         =  Neighbors(a)  = N(a)

N(1)       = { 0, 2, 5, 6 }

N(4)       = { 2, 3, 6 }

CN(1,4) = | { 2, 6 } |

CN(1,4) = 2
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Scoring Metrics

PAxy = ka * kc
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Performance Assessment
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Performance Assessment

1.0

0.0

Really good!

Not good at all...
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Performance Assessment

1.0

0.0

Really good!

Not good at all...

Most Results!

Not bad!
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Static Graphs
and

Generating Missing Links
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Generating Inputs

 Social networks take snapshots at points in time 
▪ Predict edges on 2016 snapshot
▪ Compare to actual edges in 2024

 Static graphs with randomly-removed edges
▪ 10% edge-removal keeps structure of network intact
▪ Goal is to “re-predict” removed edges
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Static Graph LP Workflow

?

1) Original Graph 2) 10% Edges Removed Graph

3) Predict which potential edges are the true positives

Compare ToPredict From
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ECL Graphs
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3rd Party Graphs 1
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3rd Party Graphs 2
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Experimental Methodology
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 Intel Xeon Gold 6226R, 16 cores per socket at 2 
threads per core, 3.5GHz, gcc 13.3

Experimental Methodology
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Exhaustive Brute Force
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 Algorithm Complexity is O(N2)

 Brute-force quickly becomes
untenable as graph size grows

 Optimizations are necessary

Exhaustive Brute Force Baseline

Almost 47 hours!

…
…
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Optimizations



Multimetric Link Prediction on GPUs 25

2-Hop DFS
 Metric scores derived 

from CN metric

 Limit to edges that
are 2-hop DFS

 E.g., vertices 0 and 19 
do not have common 
neighbors anyways...

Original_Possible_Edges(0):
{0, 2}, {0, 3}, {0, 4}, {0, 6}, {0, 7}, {0, 8}, {0, 9}, {0, 10}, 
{0, 11}, {0, 12}, {0, 13}...

Optimized_Possible_Edges(0):
{0, 2}, {0, 6}, {0, 10}
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 Check if wedge’s central vertex is first CN:
▪ N(0) = { 1, 3, 4, 5 }
▪ N(2) = { 1, 3, 4, 5 }

Eliminating Duplicate Computations
 Edge “0” and “2” is 

computed several times:
▪ {0, 1, 2}
▪ {0, 3, 2} - discarded
▪ {0, 4, 2} - discarded
▪ {0, 5, 2} - discarded

?
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Chunk with Minimum Score
 Chunked edge processing 

(~1B on A100)

 Keep only edges whose 
score is above the current 
TopK's minimum

…
…
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Simply Ignore Some Vertices!
 Ignore vertices 

▪ Ignore vertices of degree within top percentile
▪ Degree above threshold

 Example
▪ Vertex 0 already has many links
▪ Other vertices more likely to

make new links
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The Algorithm
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Algorithm Overview
 Keep running list of top-k edges to replace the 

10% of edges that were removed
 For all edges that need to be computed

◾ Process chunk of edges
◾ Sort chunk’s list of edges by metric scores’ total
◾ Merge with ongoing list of top-k
◾ Copy back “k” edges to running list
◾ Update minimum score
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 Compare resulting top-k edges to original graph
◾ True Positives – top-k edges that are in the original
◾ False Positives – top-k edges that are not in the original

 Compute F1 Score

Algorithm Overview (cont’d)
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Results
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Runtime
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 3rd Party code SAHU uses CPU OpenMP
▪ GPU code outperforms parallel CPU for uniform degree
▪ GPU code computes all 10 metrics simultaneously!

Runtime – Compare to 3rd Party Code
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Runtime – Compare to 3rd Party Code
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Runtime – Compare to 3rd Party Code
 Need to find solution for Power Law graphs

▪ GPU sometimes faster / sometimes slower
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Runtime – Compare to 3rd Party Code
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Runtime – Compare to 3rd Party Code
 Other power-law garphs perform on-par or slightly better

▪ Good! Remember that GPU computes all metrics!
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Runtime – Compare to 3rd Party Code
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Ignoring High-Degree Vertices

Uniform Degree

Power Law

S
pe

e
du

p
Speedup vs. Degree Cutoff (1650)

Degree Cutoff
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F1 Score
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Scoring Metrics

PAxy = ka * kc
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Ignoring Top Percentiles – F1 Scores
F

1
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F1 Scores - Original vs. Ignore99 vs. Ignore95
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Ignoring Top Percentiles – Runtime
R
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Runtimes - Original vs. Ignore99 vs. Ignore95
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What are good weights?
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Finding Best Weights – Logistic Reg.
 “TopK * Factor” (TopKF)

◾ Expand running list of edges to size 10% * 5

◾ Run Logistic Regression on resulting edge list

◾ Too few True Positives 

 “Compute Removed Edges” (CRE)
◾ Use removed edges (the original Tp) and randomly-

generated non-Tp edges for the logistic regression

◾ Balances Logistic Regression data
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Finding Best Weights (cont’d)

TopK * Factor Compute Removed Edges
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Finding Best Weights (cont’d)
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 No apparent correlation between weights and solution quality 

Finding Best Weights

F
1
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F1 Scores – Original vs. TopKF vs. CRE
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 No apparent correlation between weights and solution quality 

Finding Best Weights

F1 Scores – Original vs. TopKF vs. CRE

Sometimes, Logistic Regressions improve F1 Score!
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 No apparent correlation between weights and solution quality 

Finding Best Weights

F1 Scores – Original vs. TopKF vs. CRE

Sometimes, Logistic Regressions degrade F1 Score!

F
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 No apparent correlation between weights and solution quality 

Finding Best Weights

F1 Scores – Original vs. TopKF vs. CRE

Others don’t seem to correlate
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 Grid search reveals there is more information from 
observing all metrics simultaneously!

Comparison To 3rd Party Code - SAHU

Certain weight combinations score higher than single metric alone!

F
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Summary
 I present ECL-LP, a fast parallel GPU implementation 

that is competitive with parallel CPU codes in terms 
of runtime performance

 I compute all metrics at once, whereas 3rd party code 
only computes a single metric at a time

 Looking to find good weights!

 andres.gonzalez@txstate.edu 
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Grid Search for Best Weights
 Which combination of weights-per-metric gets 

the highest scoring edges?

 Combinations of 0.1, 0.5, 1.0 per metric

 Different inputs correspond to different 
favorable metrics
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Grid Search for Best Weights (cont’d)
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Valid Edges Computed


