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Abstract Efficient and compact representation and operation of graph data which contains hundreds of
millions of vertices and edges are the basis of analyzing and processing the large scale of graph data.
Aiming at the problem, this paper proposes a representation of large-scale graph data based on the
decision diagram, that is #2-MDD), providing the initialization of #2-MDD and the basic operation such
as the edge query, inner(outer) neighbor query, finding out(in)-degree, adding(deleting) edge, etc.
The representation method is optimized and improved on the basis of k* tree, and after dividing the
adjacency matrix of graph into &%, it is stored with the multi valued decision diagram, so as to achieve
a more compact storage structure. According to the experimental results of a series of real Web graph
and the social network graph data (cnr-2000, dewiki-2013, etc. ) derived from the LAW laboratory at
the University of Milan, it can be seen that the number of 22-MDD’ nodes is only 2. 59%—4.51% of
the £* tree, which achieving the desired effect. According to the experimental results of random
graphs, it can be seen that the 2~-MDD structure is not only suitable for sparse graphs, but also for
dense graphs. The graph data of £*-MDD shows that both containing the compact and query efficiency
representation of £° tree and realizing the efficient operation of the graph model can thus achieve the

unity of description and computing power.
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Fig. 3 Graph structure.
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Fig. 4 Adjacency matrix of example 1.
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Fig. 5 &* tree of example 1.
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Fig. 6 Isomorphic subtrees in £° tree of example

F6 1Y & B b Y [ F 14

10 10 1000 01100010 01

B 2. DU B AT & B T UCR.

P T RO AN R T kB T ORI AT L

T H AN 8 S B ) A RN 51 R OB 1 7Y O R AT
1%137»7 003 T JE A5 AFD. P 7 v i 40 B S B K
IR E A 11 AT AR AR 11 475 11 511
TR I 5 A7 5 B0 B ok fil 45 I AT LA g
R*AE Sy, N 7R SRR K B 8 AT LRI IE L X AR 4 4
TR 0 B9FT ) R e 2 AR IR R° R A B R WAl R
AR GIE 8 Y R AARAEAE RIS TR L 1B 9 bRl T
Ho—3iar.

(=3 Nl F=l =l H=h ol Hel ol Bl Rel Nel Rl Rl Nl el Nl
(=3 R=l N= el Rk Rl e el K= Rel NN B R I e e
(=3 Nl F=l =l N=h ol Hel ol Bl Rel Nel Rl Rl Nl el Nl
(=3 l=l F=h fel Nl el Bl fel el fel Joll Foll B E=2 k=R k=]
Sl ||| ~|o|l=]o|(oc|lo|l=]lo|l|lOo|O
S|lo|C|o]Cc|o|l~=|o)o|o|lo|lo]l=|o|lo|C
(=} B=l Hol ol ol Hol Hell Rol Rel Kol Rel Rel Rl Nl Rl o)
(= H=l foi ol Joi ol Bol ol el Rel Hol Nl Nol Rl Hol R}
oSloc|c|o|lo|(c|o|oo|c|oc|loloc|o|o|O
(=3 l=l ol foi Joi fol Jol fol Jol fol fol ol Hol ol fo i R}
(= l=l ol ol Joi ol Bol ol Nl el Bol Rel Nol Rl Jol e}

0
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0

(=3 l=l =l fol =l Joll Joll ol ol ol Jol Foll Noll Joll FoR k=]
(=3 N=N N=l =N N=h ol Hel ol Bl Rel Nel Rl Nl el Rl N
(=3 l=l =l fol f=l Nl Noll Foll Noll Bl Rl Rel Nl Rl BT Rl
(=} F=l =l f=l H-l el Bl el Bei fel fel el ol B2 Ll R =

=)
@
-

Adjacency matrix of example 2.
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Fig. 8 k* tree of example 2.
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Fig. 12 Coding vertexs and coding edges.
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Table 2 The Experimental Results
R2 LHBER

Graphs Data Sets k? Tree OBDD k?-MDD
cnr 11246 165 2435522 342893
in 49442029 10652901 1205089
Web Graphs
uk 464 588901 59830211 14793248
indochina 467001541 63727936 7974153
enron 2490345 242821 125481
Social dblp-1 12018925 3260150 621021
Network
< . dblp-2 69557893 12269732 3310652
Graphs
dewiki 615969633 50403738 18895096
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Fig. 13 The experimental results of the random graphs.
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