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ABSTRACT

Current networks such as social network, web page link, traffic network are big data which have the large numbers of nodes and
edges. Many applications such as social network services and navigation systems use these networks. Since big networks are not fit
into the memory, existing in-memory based analysis techniques cannot provide high performance. Frontier-Expansion-Merge (FEM)
framework for graph search operations using three corresponding operators in the relational database (RDB) context. FEM exploits an
index table that stores pre-computed partial paths for efficient shortest path discovery. However, the index table of FEM has low hit
ratio because the indices are determined by distances of indices rather than the possibility of containing a shortest path. In this paper,
we propose an method that construct index table using high degree nodes having high hit ratio for efficient shortest path discovery.
We experimentally verify that our index technique can support shortest path discovery efficiently in real-world datasets.

Keywords : Shortest Path Search, RDBMS, Indexing
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Algorithm 1. K-degree index table construction algorithm
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Table 1. SQL statements for construction k-degree index table

Algorithm Construction Degree Index(Threshold &)

* Input: degree threshold k
» OQutput: k-degree index table

—_

¢ Construct an node table of k-degree index graph G,,, using

Table 1A

Construct an edge table of G,,, using Table 1B

2: REPEAT

Select a set of frontier nodes which have degree value

more than &

4: Expand edges in k-degree index graph

5. Merge expanded nodes into k-degree index table . using Table
1C

6: UNTIL There is no frontier node

7: Insert remain edges into .S using Table 1D

S

@

8. RETURN S
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I Y

o Qldlx o] &S ST} HHEo]
Ui, k-2 J1d 2 gHolEe FhEA] e
55 F7hettth(line 7)

# 12 s 15 Fd87] A SQLE=

epach

1A A5 QAR thd o9 =B O8] k-2 <
g gPZ2 7237 98 == HolE XA SQLF-o
o % 1BE

AR us e oA doldg 4
7 9% SQLES vehTh E 1CE 4% kA5 2

TYZRRE kA5 AGs HolBE THA A &3
# xEE AUdn JAE BIW F, AFHor dux

A:Construct a node table of k-degree index graph
CREATE TABLE

DEG_SUBGRAPH_NODE(nid,nlabel)

AS SELECT nid, label

FROM SMALL_NODE WHERE label>=thd;

B:Construct an edge table of k-degree index graph
CREATE TABLE

DEG_SUBGRAPH_EDGE(fid,tid,elabel)

AS SELECT fid, tid, elabel

FROM SMALL_EDGE e, DEG_SUBGRAPH_NODE n, DEG_
SUBGRAPH_NODE n2

WHERE (fid=n.nid and n.nlabel>=thd) AND

(tid=n2.nid and n2.nlabel>=thd)

C:Expand edges in k-degree index graph

MERGE INTO DegreelndexTuble

target USING (select nid, p2s, dist, rnum, ‘0’, fid

FROM (select oe.tid as nidcefid as p2s, oe.elabel+q.dist as dist,
row_number() over (partition by oe.tid order by oe.elabel+
q.dist asc) rnum, ‘0", q.srcid as fid FROM DegreelndexTable
q, DEG_SUBGRAPH_EDGE oe

WHERE q.nid=oe.fid and q.flag=2)

WHERE rmum=1)

src ON (srcnid = target.nid and src.fid=target.srcid)

WHEN MATCHED THEN UPDATE SET target.dist=src.dist,
target.p2s=src.p2s

WHERE target.dist>src.dist

WHEN NOT MATCHED THEN

INSERT (nid, p2s, dist, rnum, flag, srcid)

VALUES (src.nid, src.p2s, src.dist, srcrnum, 0, src.fid)
D:Merge expanded nodes into k-degree index table
MERGE INTO DegreelndexTable target

USING (select fid, tid, label from EdgeTable o) src ON
(src.tid=target.nid and src.fid=target.srcid) WHEN NOT MATCHED
THEN

INSERT (target.nid, target.dist, target.p2s, target.flag, target.rnum,
target.srcid)

VALUES (src.tid, src.label, sre.fid, ‘0', ‘1’, src.fid)
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Fig. 4. Comparisons of average time costs, index construction time, and index sizes
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Table 2. Dataset description
Datasets # of nodes # of edges
Collaborative network 40,000 170,000
DBLP 312,967 1,149,663
GoogleWeb 875,713 5,105,039
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Table 3. Distance and degree threshold

Distance Degree
DEIZEEE threshold threshold
Collaborative network 3 5
DBLP 3 10
GoogleWeb 3 25
10003 g50] FFHAT Akshs e &9 A
of ula| <ldlx FHFgo] Formg AFol Fadrt Iy
404 AE 2l 27E, 277 0 2 WS 100%2 S
2w ggel 275 Uedt 2E 490 DISIDXe

G4 Qe st of 5% vwel Aol 2 FAR 2
AR QA A5E AR ER 92 THS A A
el Ae azlel WEshs A% Holm 05% o]
fAbstet

1500

time(ms)
o
=]
&

1000
600 -
400
200
0 - T T T
5 10 20

Degree threshold

Fig. 5. Comparisons of time costs according to the
degree threshold

a9 5e A St mE 8 AR e o
g st Hit Ake FAST A A5 ALS
% b2 AYa 2z FRIF FopHER 8 Alzke

1
FoAR A AT ALEE S AN AR b @
MR Aol A

B e thew 2eizo Mg Hd A7 948 X

A A5 A9s HolR PE /WS AdtAn A
e kA Ad ﬂOl‘“ Az A A A

0}01 Z}T = 1y



CHE8 JeHZOIM k-kb= 2l

71l wlE 5~13%%hE ol

Reference
[1] E. Dijkstra. A note on two problems in connexion with
graphs. Numerische Mathematik, 1, 1, 1959.
D. Wagner and T. Willhalm. Speed-up techniques for
Proceedings of the 24th

Symposium on Theoretical Aspects of

[2]
shortest-path computations.
International
Computer Science, February 22-24, Aachen, Germany, 2007.
A. Goldberg and C. Harrelson. Computing the shortest
path:search meets graph theory. Proceedings of the 16th
annual ACM-SIAM symposium on discrete algorithms
SODA, January 23-25, Vancouver, British Columbia, 2005.
F. Wei. Tedi: efficient shortest path query answering on
graphs. Proceedings of the 29th ACM SIGMOD International
Conference on Management of Data, June 6-11, Indianapolis,
USA, 2010.

D. Johnson and L. McGeoch. The traveling salesman

(3]

(4]

(5]
problem: A case study in local optimization. Local search in
combinatorial optimization, 1995.

R. Prim. Shortest
generalizations. Bell System Technical Journal, 36, 6, 1957.
Y. Yuan, G. Wang, H. Wang and L. Chen. Efficient subgraph
search over large uncertain graphs. PVLDB, 4, 11, 2011.

connection networks and some

(6]
[7]
[8] J. Dean and S. Ghemawat. Mapreduce: Simplified data
processing on large clusters. Proceedings of the 6th
symposium on Operating Systems Design & Implementation,
December 6-8, San Francisco, CA, 2004.

B. Bahmani, K. Chakrabarti, and D. Xin. Fast personalized
pagerank on mapreduce. Proceedings of the 30th ACM

(9

SIGMOD International Conference on Management of Data,

June 12-16, Athens, Greece, 2011.

C. Wang, W. Wang, J. Pei, Y. Zhu, and B. Shi. Scalable

mining of large disk-based graph databases. In SIGKDD,

pp.316-325, 2004.

R. H. Mohring, H. Schilling, B. Sch™utz, D. Wagner and T.

Willhalm, “Partitioning Graphs to Speed Up Dijkstra’s

Algorithm,” In: Nikoletseas, S.E. WEA. LNCS, Vol.3503, pp.

189-202, 2005.

[12] J. Gao, R. Jin, J. Zhou, J. Yu, X. Jiang and T. Wang,
“Relational Approach for Shortest Path Discovery over Large
Graphs,” In: PVLDB, 5(4), pp.358-369, 2011.

[13] S. Padmanabhan and S. Chakravarthy. HDB-Subdue: A
Scalable Approach to Graph Mining. Proceedings of the 11th
International Conference on Data Warehousing and Knowledge

[10]

[11]

=N

=

m

HOl=2 0I=3t RDBMS 7IBtel =370l X[t =2 EM 7

i3

185

0

Discovery, August 31-September 2, Linz, Austria, 2009.

[14] S. Chakravarthy and S. Pradhan. DB-FSG: An SQL-based
approach for frequent subgraph mining. Proceedings of the
19th International Conference on Database and Expert
Systems Applications, September 1-5, Turin, Italy, 2008.

[15] A. V. Goldberg and C. Harrelson. Computing the shortest
path: A* search meets graph theory. In SODA, pp.156-165,
2005.

[16] A. B. David, M. Kamesh, “A graph-theoretic analysis of the
human protein-interaction network using multicore parallel
algorithms,” Proc. 6th Workshop on HiCOMB, 2007.

[171 A. De. Montis, S. Caschili “Nuraghes and landscape
planning: Coupling viewshed with complex network
analysis,” In: Landscape and Urban Planning, Vol.105, Issue
3, pp.315-324, 2012.

[18] J. Yang and J. Leskovec. Defining and Evaluating Network
Communities based on Ground-truth. Proceedings of the 18th
ACM SIGKDD Workshop on Mining Data Semantics,
August 12-16, Beijing, Chinam, 2012.

[19] J. Leskovec, K. Lang, A. Dasgupta and M. Mahoney.
Community Structure in Large Networks: Natural Cluster
Sizes and the Absence of Large Well-Defined Clusters.
Internet Mathematics, 6, 1, 2009.

[20] M. E. J. Newman. The structure of scientific collaboration

networks. National Academy of Sciences, 98, 2, 2001.

= A 5
e-mail : hjhh@khu.ac.kr

20119 A8 eleha 23FEF s HEA
20149 Atk AFEF A4
Aok o8 dolg wal, dolg
whe] g
ot 8

e-mail : ykhan@khu.ac.kr

20051 A3 oistal 3 FE 2 3t
2007d A3 osta A
012 A3 osta A
2013 At AFEET AFus
WA Eok: & vloly #e], dolg w1t

o\



186 HEMEG=2X/AZERN = OI0IH &3t M3T Mb5=(2014. 5)

o @ 7
e-mail : yklee@khu.ac.kr
- 19929 @=33r]s
1994 sk sy e Akt (A A
2002 s L
20049 W= UIUC #4kskt Post Doctoral






