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Reachability Queries

·Given two vertices u and v in a directed 

graph, a reachability query asks if there is 

a path from u to v.



Applications

·XML databases

·Geographic Information Systems

·Social Network

·Ontologies

·Bioinformatics

·Other networks, graphsé



Assumptions on graphs

·Acyclic

ƁReason:  we can transform any directed graph 

to a DAG by contracting strongly connected 

components into vertices.

·Static

ƁVertices and edges are static.

·Centralized

ƁQuery processing is centralized.



Challenges

·There are millions of vertices in many real 

world graphs.

·Graphs are often sparse.

·Computational cost is usually expensive.

·The key to efficiently answer reachable 

queries is to build indices based on 

reachability labels.



Background

·Small graphs

ƁDFS or BFS

ƁTransitive Closure

·Large Graphs

ƁChain Decomposition

ƁTree Cover

Ɓ2-Hop Labeling

ƁPath Tree Cover



Transitive Closure

·Basic idea: Precompute all-pair 

reachability information

·Query time: O(1)

·Computation cost: O(n3) by Floydð

Warshall algorithm(It computes shortest 

path actually)

·Storage cost: O(n2)



Chain Decomposition

·Basic idea: Decompose a DAG into several 
mutually disjoint chains, and then handle non-
chain edges. 

·Each vertex has a chain no. and seq no.

·Each (vertex, chain) pair records the nearest 
vertex on that chain. 

·x    y ė x can reach a vertex on yõschain.

·Simonõs algorithm(TCSõ88)
ƁImprove computation cost

·Jagadish et al. (TODSõ90)
ƁCompress transitive closure matrix

·Drawback:  limited compression rate



Tree Cover

·Basic idea: Find a spanning tree from the 
graph, record interval labeling on the tree, 
then try to handle non-tree edges.

·Interval labeling: If vertex u can reach vertex 
v, then the interval of u contains the interval 
of v.

·Variants
ƁTree Cover (SIGMODõ89) 
ƁDual-Labeling (ICDEõ06)

ƁLabel+SSPI (VLDBõ05)

ƁGRIPP (SIGMODõ07)



2-Hop Labeling

·Basic idea: Identify a subset of vertices Vs

in the graph which best capture the 

connectivity information.

·u   v ė Lin(v)Ø Lout(u) Í Ï.

·Variants

Ɓ2-Hop Labeling (Cohen et al. SODAõ02)

ƁHOPI(Schenkel et al. EDBTõ04)

ƁGeometric-based 2-Hop Labeling(Cheng et al. 

EDBTõ06)



Path-Tree Cover

·Basic idea: Create a tree structure (spanning 
subgraph) where each node in the tree 
represents a path in the original graph.

·3-element labeling is sufficient to answer a 
reachability query if the graph is covered by 
path-trees. 

·Always perform better than tree cover or 
chain decompositions. 

·Orthogonal to methods of handling non-
path-tree edges

·Path-Tree cover (Jin et al. SIGMODõ08)



Optimality

·Chain Decomposition

ƁMinimal width of the chain decomposition

·Tree Cover

ƁMaximally compress the transitive closure 
matrix

ƁMinimal number of non-tree edges

·Path-Tree Cover

ƁOptimal path-decomposition that maximally 
compress the transitive closure matrix

ƁOthers?



Complexity comparison

Query  Time Construction Time Index Size

DFS/BFS O( m+n ) O(1) O(m+n)

Transitive Closure O(1) O(n 3) O(n2)

Opt. Chain Cover O(k) O(nm) O(nk)

Opt. Tree Cover O(n) O(nm) O(n2)

2-Hop Labeling O(m1/2) O(n 4) O(nm1/2)

Path-Tree Cover

n: number of vertices

m: number of edges

k: width of chain decomposition



Discussions

·Exploit graph topology

·Lineage tracking for scientific workflows

·Dynamic networks?

·Distributed query processing?

·More interesting queries?


