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A Storage Method of the Spatial Data Model
Cell Complex on Spatial Database Systems

YL. Lu,t KuNtHIKO KANEKO,! MICHIKO TANAKAf
and AKIFUMI MAKINOUCHIt

Spatial data model cell complex can do the unification of the arbitrary dimension spatial
data and can calculate the topology of cell complexes efficiently by their incidence graph in
any dimension. In this paper, we describe a way named as Compressed Cell Position Vector
(CCPV) to compactly express a multidimensional spatial cell’s topologic information of a cell
complex model in spatial database systems. First of all, a Cell Position Vector (CPV) equiv-
alent to position vector is made. Then, a Compressed Cell Position Vector (CCPV) can be
compressed from CPV by a novel compress algorithm. Because signs in CPV are simple, we
developed a novel modified run length algorithm with considerable data compression ratio.
Though, VRML model handled well on the network could only be used in not more than
three-dimensional space. The comparison of the data sizes with the CCPV and VRML has
been implement by experiment. As a result, if a three-dimensional object with 1,712 faces is
stored as CCPV, it will be more less than 50% of the data size in VRML model.
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Fig.1 Example of linear constraint formula of a two-
dimensional object that consists of two polygons.
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Collection of 12 tuples forming
the cell-tuple data structure tor
the cell complex shown m the
right figure:

(1.a.B), (Lb.B), (2.b.B), (2.¢.B).
(3.¢.B), (3.a.B)., (3.d.A), (3.£.A),
(4.d.A), (4e,A), (5.e.A), (5.£A) 2

b

02 cell-tuple 0000000000
Fig.2 Example of the cell-tuple data structure.
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01 0Oooooooooo
Table 1 Run Length Encoding.

Uncompressed:

0000000000001111000 - -- 00100000000111111110000 - - - 000

Compressed (store counts):

12, 4, 1000,1,8,1000

02 WAHOO
Table 2 A WAH example.
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03 010 cell complex 000000
Fig.3 The incidence graph of Fig. 1.
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Table 3 Cell position vectors of 0-cells of the cell

complex shown in Fig. 1.
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top-cells in Fig. 1.
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Table 5 The data representation in memory for the cell

complex shown in Fig. 1.
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top-cell position vector
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Algorithm 4.1: MKToPCPV (P, A, S)

Input:

V = [v1 - - - vg], position vector of a top-cell
A, Set of 0-cell vectors connecting with cell P
Output:

S =[s1---sk], CPV of a top-cell

for j —1tok
sum;j < count of 0 on the j-th sign in A
if sum; < dim (1)
do
then s; — i
else s; = p;
rerutn (5)
Condition:
the number of 0 on the j-th position of
all the 0-cell CPV in A is less than the

mazimum dimension of the spatial data.
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04 300000 200 cell0 h1Oho0h130 k1723 0 40
gooooooooo
Fig.4 A 2D top-cell defined by hi, ha, his and hji723 in
3D space.

gooboooob +0-0cobOoO0O0obOObooooboooo

Algorithm 4.2: ENCODETOPCPV (S, ES)

Input:
S =[s1-+-sk], CPV of a top-cell
Output:
ES =[es1 - esm], CCPV of a top-cell
len, Length of ES
for j — 1tok
if s[j] = +
then arr_plki] «— i;k1 — k1 + 1
if s[j] = —
then arr-mlks] « i;ke — ko + 1
if s[j]=0
then arr0[ko] < i;ko — ko + 1
m «— ko + ki1 + k2 + 2
ES[0...2] «— (K1, k2, ko)
ES[3..m] < (arr_p[ ], arr-m[ ], arr 0[ ])

return (m + 1)

000000000000009(b)000000
00000000200 topcell 0200 4 0000
300000000100 200 celldd CPVOOO
00 1,97800000 [0 —d---i4ii---i+ii---i
00000 50000000000 4200000
00[211131,72321]0000 CCPVOOOOO

Top-cell 0 CPVOODO0O0D i0000000
000000000000000000000000
000000000000000000000000
000040000 topeellD CPVODOOODOO
00000 6000000 CCPVOOOOOO

Algorithm 4.3: ENCODEOCPV(S, ES)

Input:

00000000 Cell ComplexDOOOOO0OO0O0O0O0O0OOOO 7

ZFB: [515 ... 813...8793 ... |
= lllz‘“ lB lHZB

cpv: [0 -il.a+1.1+1...1]
D

ccev: |2 %’I 1317232 1]
the T 1] o

05 CPVOOOD
Fig.5 A compression example of a CPV.

06 D0O0O0O0ODOODOODOOODOOOOOO
0ooooooboOooboOoooo
Table 6 A comparison between the modified run length
algorithm and the run length algorithm.

oooooo goooo

run length 101 —-10i1+1,709i1 4+ 2541
modified run length | 2 11131,723 2 1

S = [s1--sk],CPV of a 0-cell

Output:

ES = [es1 - esm], CCPV of a 0-cell

len, Length of ES

n+«—1

for j — 1tok

if s[j]=0
do then { es[n] — i

n«—n+1

return (n)
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Cpv: [0 -iidti.i+ii..i]
FEashl L [0- + +
BFESESESH: [12 13 1723]

06 CPVOOOODOODOODOODO
Fig.6 Example of transformation from a CPV to a

position vector of a top-cell.

Algorithm 4.4: cpvTOPVS(S, len, H,V)

Input:

S =[s1-+sn], a top-cell CPV

n, Length of S

Output:

V=1[v1 - vm]

H=1hy - hp]

k—1

for j— 1ton

if Sj 75 i
Vg < S5
do then { hi —j

E—k+1

return (k)
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07 20000000000000000 (KB)
Table 7 Result data of 2D random objects (KB).
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Fig.7 Result data of 2D random objects.
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Table 8 Comparison result by using data of a 3D sphere.
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Fig.8 Comparison result by using data of a 3D sphere.
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Fig.9 Test data of 3D objects.
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Table 9 Number of faces, number of vertexs and
hyperplane number of VRML test data.

th Np Nface
1,036 | 590 1,088
1,978 | 964 1,712

Rocket
Heart

010 09000000000 VRMLO CCPVOOO (KB)
Table 10 Comparison between VRML and CCPV by test
data shown in Fig. 9 (KB).
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Fig.10 Comparison between VRML and CCPV by test
data shown in Fig. 9.
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Fig.11 Comparison of run length algorithm and CCPV.
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Table 11 Comparison with run length algorithm (rocket).

CPV RLE CCPV
size size rate size rate
(KB) | (KB) | (%) | (KB) | (%)
Top-cell | 281.8 15.8 6 12.3 4
0-cell 152.8 10.0 7 7.8 5
oo 434.6 25.8 6 20.1 5
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Table 12 Comparison with run length algorithm (heart).

CPV RLE CCPV
size size rate size rate
(KB) | XB) | (%) | (KB) | (%)
Top-cell 847.4 30.0 4 17.3 2
0-cell 477.2 16.3 3 11.3 2
oo 1,324.6 46.3 3 28.6 2
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