
Answering Reachability Queries with Ordered 
Label Constraints over Labeled Graphs

Frontiers of Computer Science, DOI: 10.1007/s11704-022-2368-y

Daoliang HE, Pingpeng YUAN, Hai JIN



Problems & Ideas
• Ordered-Label-Constrained Reachability(OLCR) query:

– The constraint is not just a label set but a label sequence in many scenarios.

– Existing LCR solutions cannot answer OLCR queries directly. 

– It’s not trivial to extend LCR solutions to OLCR as we need to build 

indices to cover all possible label sequences. (     is the label set of graph)

• Ideas:  combining constrained DFS with our proposed efficient 
partial indexing technique call DHL (dual hash labeling).

Figure 1 shows the procedures of constrained DFS. We search graph in DFS style and iteratively conduct following two

steps: 1) update the state of visited vertex and prune the invalid branches which is not consistent with given pattern; 2)

visit DHL index to prune the branches which is not reachable with corresponding label set in advance. Figure 2 shows

an example of constructing dual hash labeling index： we hash both vertex IDs and edge labels with bloom filter. We can

test the label constrained reachability with corresponding bloom filter bit arrays to quickly figure out many false queries.



Main Contributions
• Contributions:

– A novel reachability model named OLCR, where the constraint consists 
of a sequence of labels instead of only label set.

– A novel space-efficient indexing technique with bounded false positive 
rate called DHL (dual hash labeling) based on bloom filter. 

– A method combining constrained DFS with DHL index to answer OLCR 
queries.

Table 1 shows the indexing time and index size of DHL versus two state-of-arts LI+ and P2H+. Table 2 shows the query

time of the three methods with random LCR queries. Table 3 shows the query time of DHL+ versus the simple extension 

of LI+ and P2H+.

Table 1. indexing time and index size. Table 2. query time of DHL. Table 3. query time of DHL+.


