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Big Graphs
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Graph Compression

State-of-the-art graph compression framework, such as Web-Graph, uses reference encoding or 
interval encoding that requires expensive decompression due to pointer chasing caused by arbitrary 
nested encoding structure.
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Storage Lower Bound

What is the lowest storage we can hope to achieve?

Logarithm-ization : one needs at least ⌈log |S|⌉ bits to store an object from a set S.
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High-level Approach

Logarithm-ize different parts of graph representation accordingly.
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Adjacency Array Representation

The Log(Graph) representation builds on the traditional Adjacency Array structure(similar to CSR?).
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Fine Elements: eg. Vertex Label

Intuitively, global lower bounds for vertex labels are O(log |V|).
However, can further optimize for local cases:



Log(Graph): A Near-Optimal High-Performance Graph Representation
MIT 6.827 Algorithm Engineering | Qing Feng

Fine Elements: eg. Vertex Label

For possible problem cases, use Integer Linear Programming 
(ILP) to optimize.
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Fine Elements: ILP

The main idea is to relabel vertices so that the weighted sum 
of vertex labels are minimized. 
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Fine Elements: ILP

The paper provides a 
polynomial greedy heuristic 
for relabeling:

Sort vertices in Line 8

Traverse starting from the 
smallest |Av| and assign a 
new smallest ID possible in 
Line 9

Relabel remaining vertices 
in Line 18
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Analysis

Compressing fine elements consistently reduces 
storage.
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Offset Structure

The high-level idea is to represent the offset array using a bit vector.
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Offset Structure
Specifically, use Succinct Bit Vectors that supports quick queries. The main idea is to divide the bit 
vector to small chunks, group them in a table, and represent chunks using indices into the table.
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Analysis
Some structures support constant-time query and are considered candidates.
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Adjacency Structure
Relabel the vertices using Degree-Minimizing + Gap Encoding.
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Overall Framework
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Overall Framework
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Evaluation: Fine Elements
On both synthetic and real-world graphs, running various algorithms, compared with GAPBS, Log(Graph) 
consistently reduces storage overhead by 20-35% while outperforming it.
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Evaluation: Storage
On real-world graphs, Succinct bit vectors consistently ensure best storage reductions, mainly 
because real-world graphs are typically sparse.
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Evaluation: Performance
On accessing random selected neighbors, once parallelism overheads kick in, performance of 
accessing succinct bit vectors and offset arrays becomes comparable. The bvSD scheme is usually the 
fastest and the smallest.
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Evaluation: Tunable Combination
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