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Tree Structured Content Description and Partitioning Methods
for Collaborative Browsing by Multiple Mobile Users

TAKUYA MAEKAWA,* TOSHIAKI UEMUKALt TAKAHIRO HARAf
and SHOJIRO NISHIO*

In a mobile computing environment, low functionality of mobile terminals restricts services
provided for mobile users. In this paper, we assume that mobile users collaboratively browse
rich contents, which one terminal cannot browse by itself, by using multiple terminals. In
collaborative browsing, a rich content is divided into multiple contents and then each of them
is distributed to each terminal. We propose a content description method and partitioning
method for collaborative browsing. By using the proposed content description method, a
content is described in the structure of an edge-weighted tree. Then, by using the proposed
partitioning method, this tree is converted into a complete graph and a graph partitioning
algorithm is applied to divide the content. In doing so, the functions of terminals, the size of
contents which the terminals can receive, and the requests from users are taken into account
for flexible partitioning.
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01 00oooobooobooo
Fig.1 Basic concept of the content structure.

02 0J00o0oOoOooooooOooDoOO
Fig.2 Correlation without considering the order of
brother nodes.

03 000OoOooooooooooo
Fig.3 Correlation considering the order of brother nodes.

O DO GOOODOOO0O0 4000000000 DO
000 GOOO0DO 0000000000
oboooooooooooooooooobooobooo
gbooo0ooooooooobooooboobooo
gooooobooooboooooobo 2000000
goooooobooboooboooboo 20000
gooobcoooooooooooooooo 3gon
ooooo0ooo bo EOOCOOOO EOFOODO
0200000000000 Do rOOOODOODO
O DO EOOODOOOOOD EOFOOOOOOO
g400000000000O0CO0O00O0OOCOO
gooooooobooboobobooooboDboo
goboobooooobooooooobooooon
3.3 0DO0OO0ODODOOOO0ODOO
oooooooooooboooboboooooon
gbooooboooooooooocobooobooon
goobooobobooooooOoOooooooobo
e OOOOODOO
gooobooooooooooobooooooa
gboboooooooooooboobooooon
gooooooooboooooooobobooooon
goooo
e JODOOOOOOODOO

June 2004

uboooobocoooooooboobobobooa
gboooooocoooon
o O0OOOOOODODOO
oboobooooooo1oooocoooboooon
gooooooboooooooobobooooon
e JOOOOODOOO
gbooooboooooooboooobooon
goooooobobooooobooooooo
oobooooo2b0000000WWWOOO
gooodooooooooobooboooboooon
goboooboooooobobooooooooobo
gooooobooocoobobooooooooo
goooooboooooobboboooooo
gbobooooooooo
34 0OOO0OO0OOOOOOOOOO
33000000000000000000DOO
goooobooooobooobooboooobboobo
gooooooooooooboooooooooo
gobooboodooooobooooobooooooon
goooooboooboboooboooooooooog
gooboobooooooobooooooobobooOono
goooooooooboooboboooooobooo
goboboobooobooooobooboooooooon
obooooboooooooon
goboooboooobooobooooooobooo
goboboooooooobooooboooooooboo
gboooboooooooooboboooboobooo
gobooooooooooooboboooooo
gboboooooooobooooboooooooooa
gboboooobcooooooooboooooooon
goooooooooooooboobocoooboooo
gbb0ooooooooooboooooooooboooo
gooooooooobobOooooooOoooooon
gobooboooooocoooooooooobooooon
goooooboobobbooobooooobbbDOdo
gobobooboooooooooooboooooo
goooboooboooobobooboboooboooon
gbobooboooboooooboooooooboonog
goooooooooobooooobooooooon
goboooooooobooooooboOoboOoOooooo
ooo
3.5 ODO0OO0OOO0DOOOOOOOOO
ooboooooooooobooooobooooo
obobooooooooooooooooooooon
goooooboooooboon
gooooooooo0ooooooooooooo



Vol. 45 No. SIG 7(TOD 22)

ooooO0oooobooooOOb000o0o0O000o0oo
ooooooOooooooOo0ooooboooDbooO0o
oooooooOoooOoDoOoOoDOoOO0ObOb0bO000Od
ooooooooooooO0ooOoboooooooo
ooooooOoOoDObo0O0oooooboooooooon
goooooooooooooooOoooooooo
OooooooooooOoDoOoOoOooooooooo
coooooooboobooboooooooobo 10000
cooobooooobooboobobooooboooooooboo
ocoooooooboooooooooooboooon
oooooooooooooo
3.6 000O0OO0OO0O0OO
ooooOooOooOooooobo0oooooobOooon
00000 XMLOOOOOOODOD 4000 10
oo0o0Oo0o00O00000000ooO0D0O0on
000ooooooooooooooooooooo
OnodeOO O
oboooooooboOobobooooobooooooon
cooooOooobobobOoOoboOoOooooooobooo
oooooooooooooo
e type
00000000000 “grouping”’000000
000000 “object’0000ODDODO
e name
ooooooooooood
e weight
0000000000 O0O000 type=*“object”O
oooboooooooobooobooooooobooo
oo0oo0o rroooo
o edge_weight
o0o0ooooooooooooooooooo
oooooooooooo roobooo
e child_location
0000000000 type=“grouping” 00000
ooooooooooooooo0oOoooooo
OO0 “rue” 00000000 OODOOCOOO
0000000000000 O“alse” 00000
oooooooooobooobooooooooo
0000 “alse” 0000
e id
o00o0oo0o0ooooooooOoOooooooOooOo
oo0oo0oooooOoOooOoobooboOoo0o0o0oo
e priority
0000000000 D0000 type=“object”D
goooOoopoooooooooooooooo
oooooo

gooooooooooooooooobooboooboUoooooobooooooo 15

- A

<?xml version="1.0"?>
<node type="grouping">
<node type="grouping" name="sectionl"
child_location="true">
<node type="object" name="subsectionl"
weight="3" id="1">
<locator>./sectionl/subsectionl.html</locator>
</node>
<node type="object" name="subsection2" id="2">
<locator>./sectionl/subsection2.html</locator>
<function>3</function>
</node>
<node type="object" name="subsection3" id="3">
<locator>./sectionl/subsection3.html</locator>
</node>
</node>
<node type="grouping" name="section2">
<node type="object" name="subsectionl" id="4">
<locator>./section2/subsectionl.html</locator>
</node>
<node type="object" name="subsection2"
edge_weight="2" id="5">
<locator>./section2/subsection2.html</locator>
</node>
</node>
<node type="grouping" name="menu">
<node type="object"
name="table of contents" id="6">
<broadcast/>
<locator>./toc/toc.html</locator>
</node>
</node>
</node>
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Fig.4 Example of metadata description.
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Fig.5 Example of content partitioning.
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é N

Convert Tree into Complete Graph
Coordinate Graph
Create Initial k-way Partitioning
Compute f’
minf = f’
/*k-way FM Algorithm*/
Do While minf updates
Unmark all nodes
Do While Unmarked nodes exist
Compute f in Unmarked nodes
Find node, and groupm
that minimize f
Move node, into group,, and mark
end Do
Find groups that minimize f in the above loop
and this minimum f is set to tmpminf
If(minf > tmpminf)
minf = tmpminf
end If
end Do

06 OOOOODOODOOOODOO
Fig.6 Content partitioning algorithm.
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07 000000000 O0DOOODDOOODO
Fig. 7 Example of content partitioning considering an

uncombined request.
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Fig.8 Example of WWW page.

0o9 wwwooooooood
Fig.9 Metadata of the WWW page.
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01 00000000

Table 1 Conditions of terminals and partitioning.
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Table 2 Results of allocation.
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Table 7 Number of combinations of edges that have not

been cut yet.
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Table 8 Number of iterations until the minimum f is not
updated.
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Number of f’s calculations in initial partitioning.
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Table 3 Evaluation value.
MST-FM EMST-FM RST-FM ERST-FM
f 0.00349 0.00345 0.00353 0.00352
f’ 0.05687 0.02866 0.06745 0.02242
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Table 4 Number of nodes’ movements.
MST-FM EMST-FM RST-FM ERST-FM
N 6.83 4.58 7.84 6.34
05 00000 msecO
Table 5 Computation time (msec).
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Table 6 Number of cuts until all unconnected conditions
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