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Reachability Query in Heterogeneous Information Networks

Yin Dan, Gao Hong, Zou Zhaonian and Li Jianzhong
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Abstract With the size of graph data increasing explosively, the form of graph data is much more complicated.
Heterogeneous information networks can be modeled as graphs, which contain multiple types of nodes and
multiple types of edges, e.g., bibliographic database, online shopping website and knowledge graphs.
Reachability query in heterogeneous information networks is investigated in this paper. By using different types
of relationships between nodes, query the reachability of nodes while satisfying specific path schema. This
problem is polynomial. However, the time costing can’t be tolerant by scanning the big network for answering
one query. The existing reachability work can be classified into two categories: k-hop reachability query and
label-constraint reachability query. But these techniques can’t be used for processing path-based reachability
query in heterogeneous information networks. Therefore, in order to respond online queries efficiently, a novel
index structure is proposed, which decomposes path schemas and precomputes the reachability of nodes in
sub-path schemas. Online query is efficiently computed by decomposing the query path schema and using the
reachability of the indexes. A path schema decomposition strategy is developed by searching the partial order
graph of path schemas in order to minimize the query time. Experiments on real world and synthetic data
demonstrate the effectiveness of algorithms for reachability query in heterogeneous information networks.
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Fig. 1 IMDDb heterogeneous information network.
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Fig. 2 IMDb network schema.
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Fig. 5 An example of heterogeneous information network.
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Table 1 Reachability of path schema 1
* 1 BERK 1 WAILER

Source Target Path
1 8 18
2 9 259
3 9 359
4 10 410




5 10 510
6 11 611

Table 2 Reachability of path schema 2
R 2 BERK 2 WAIAER

Source Target Path
12 21 12 517 > 21
13 22 13518 > 22
14 22 14 18 - 22
14 23 14 519 —» 23
16 21 16 > 20 » 21
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Fig. 6 An example of network schema.
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Table 3 Construct partial order graph of path schemas
algorithm
& 3 HWEBREREAREFE ConPOG BE
Algorithm 1 Construct partial order graph
Input: A heterogeneous information network G = (V,

E,T,R,4,9) , the set of path schemas P;
Partial order graph G, =(V,,E,) .
O] Partition P into M, M,,...,M, according to

their lengths
V,=P, E, =0

for Vp,eM;,p,eM,;,0<i<I-1 do

Output:

if p,<p, then
(PP, e Ep

return G,
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Table 4 Construct index algorithm
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Algorithm 2 Construct reachability index of path schemas

Input: A heterogeneous information network G =(V,E,T,R,4,
@) , the set of path schemas P, size of indexes k;
Reachability index of k path schemas.

o]
c
=3
=]
c
~

G, =(,.E,) < ConPOG(G,P)
for WeV,\M, do
Compute outdeg(v)
Sort V, \ M, decreasingly by outdeg(v) (v €V, \ M)

for Wu,veV,\ M, and outdeg(u)= outdeg(v) do
if length(u)>length(v) then
uis in front of v in sorting list L
Select top-k nodes T from L
for V(p=T,>T,>...>T;)eT do
Initialize the all the nodes in G with unfinded
Initialize reachability index RI of p to be NULL
for Vu,¢(u) =T, , label(u)=unfinded do
Initialize path tree PT to be NULL
Assign u as the root of PT
Label u with finded
for vw,g(w)=T, do
if (uw)eE then
Label w with finded
Assign w as the son of u
fori=2 to I-1 then
for vw,g(w)=T,, Vv,4(v)=T,, do
if label(w)=finded then
if (w,v)eE then
Label v with finded
Assign v as the son of w
Put all the path instances from root to leaves

with |p| length of PT into RI
return Rl
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Table 5 Online query processing algorithm
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Algorithm 3 Online query processing
Input: A heterogeneous information network G=(V,E,T,R,

é,) , reachability indexes RI of k path schemas, partial
order graph G, =(V,,E,) , query Q=(s,t,P);

Output: s, t.

Search P in k indexes
if Peindexes then
Search reachability index of P
return the paths with source s and target t
Initialize path schema W « P
Initialize variable i<«{P|-1
Initialize sub-path schema set SP
while i>0 do
for each path schema U e M; do
if U<w then
Search U inRI
if U eRI then
Insert U into SP
W «W\U
Search W inRI
i«—i+1
Sort SP increasingly by the first node type U,,U,,....U, ;
Select path instances Pl with source s from reachability
index of U,

® 066G OHOHB6 0 OO O

i1
while i<k -1 do
for U, :{TilvTizv' - 'vTiUi‘}vUnl :{Tiil’Tifl" - -vTthlm'}e SP
do /T =T}
@ for each p=(p,, Py P,) Pl do
%] Delete p from PI

@086



foreach q=(q,,q,,...,q,) €Y;, do
if (p, q)<€E then
insert P, Pyr-.e Py Gir G-, 0, into PI
i«—i+1
foreach Ins=(q,q,,...0s) Pl do
if Op =t then

Delete Ins from PI
return Pl
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Fig. 8 DBLP heterogeneous information network.
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