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Motivation

• k-core decomposition has a wide range of important applications
• Modern graphs are becoming increasingly large
• Modern hardware is becoming increasingly parallel
• SOTA parallel implementations of k-core decomposition exhibit 

worse than sequential performance on variety of graphs. 



Definitions

• Given an undirected graph G = (V,E), k-core of G is the maximal 
subgraph in which every vertex has degree at least k

• k-core decomposition identifies the sequence of non-empty subgraphs 
for all k values

• Coreness of a vertex k[v] is the maximum k-core containing v
• Output: k[v] for v ∈ V

• Sequential Solution: 
• Pop vertex with degree < k and decrement each neighbor’s current degree 
• O(V+E)
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Existing Peeling Implementations

• Offline (Julienne)
• Laxman Dhulipala, Guy E. Blelloch, and Julian Shun. 2017
• Collect all vertices requiring a degree decrement, compute histogram, and subtract in 

parallel
• Requires explicit synchronization between sub-rounds = Bad on high-diameter graphs

• Online (PKC, ParK)
• Humayun Kabir and Kamesh Madduri. 2017 (PKC)
• Naga Shailaja Dasari, Ranjan Desh, and Mohammad Zubair. 2014 (ParK)
• When peeling vertex v, atomically decrement induced degree
• Work per vertex varies with degree distribution
• High degree vertices can experience contention = Bad for power-law degree graphs
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Idea 1: Sampling to Reduce Contention

• When the degree of a vertex is above some threshold, apply a 
random sample of decrements with some fixed probability
• Approximate induced degree with high probability
• Reduces contention

• Sampler structure
• Sample mode (true / false) 
• Sample rate (probability of incrementing count)
• Sample count (number of samples taken)
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Idea 2: Vertical Granularity Control

Problem
• When we peel a low degree vertex, the computation to process all 

its neighbors may be less than the overhead of creating and 
synchronizing the thread
• In practice, each fork/join operation incurs a (large) constant cost
• Burdened span (Cilkview): Cost of ω for fork/join operation



Idea 2: Vertical Granularity Control

Solution
• When peeling low-deg vertex v, we place neighbors falling below 

the degree threshold into a FIFO queue 
• Do not add to frontier
• Processed sequentially in the same subround



Idea 2: Vertical Granularity Control



Idea 2: Vertical Granularity Control



Idea 2: Vertical Granularity Control

• Reduce number of subrounds
• Better load balancing across threads
• Does not affect work efficiency
• Improves performance on sparse graphs



Idea 3: Hierarchical Bucketing Structure

• Recomputing active vertices 
each round is slow in practice

• Instead, maintain a bucket 
from each i to all active 
vertices with d[v] = i

• Move vertices between 
buckets on decrement
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Idea 3: Hierarchical Bucketing Structure

• Problem with linear buckets:
• Vertex moved at most b-1 times
• Accessed d[v] / b times by 

BuildBuckets
• O(d[v] / b + b) work per vertex

• Solution: Logarithmic Buckets
• O(log(d[v])) work per vertex
• Buckets are hash bags



Experiment Setup

• 25 real-world and synthetic graphs
• 3 state-of-the-art parallel baselines

• Julienne, ParK, PKC
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Results

• Comparative baselines exhibit worse than sequential 
performance on some graphs

• Proposed algorithm beats sequential by 6.9-85x
• Outperformed all baselines on 23 of 25 graphs

• Within 12% of best baseline on EU and NA

• Speedups due to Novel Ideas:
• Sampling: Up to 4.3x
• VGC: 2.3-31.2x
• HBS: Up to 47.8x over 1 bucket and 2.01x over 16-bucket structure
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Strengths
• Proofs of work efficiency for 

online peeling
• Strong parallel performance on 

general graphs
• Solid mathematical 

foundations
• Novel sampling strategy

Weaknesses
• Parameter sensitive

• Sampling depends on r
• VGC depends on queue size

• No discussion of memory 
footprint



Future Directions
• Applying novel strategies to 

GPUs, external memory, low-
memory settings

• Dynamic and streaming graphs
• Approximate k-core
• Directed and weighted graphs
• Related graph problems

Discussion Questions
• How can we apply adaptive 

sampling thresholds?
• How will performance scale 

beyond 92 cores? On 
distributed architectures?

• What is the cost of restarting 
the algorithm? Is it acceptable 
in practice?
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