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Abstract In this paper, we describe how to effectively express spatial geometric datain spatial database systems. Hyperplane is used to
expresses the position and forms of a spatial object of various dimensions. The hyperplanes are used to split a complex of convex polytopes
into HA-faces. Each HA-face has its position vector, and the position vectors are used to evaluate the spatial operations:. intersection, the
union and the difference of complexes of convex polytopes in any dimension. First, we introduce the sign vector, which is the database
representation of the position vector. Second, we present the conversion al gorithms between position vectors and sign vectors of the complex
model in any dimension. Third, we propose algorithms for compressing and uncompressing the sign vector to be stored in the database data.
These algorithms are invoked when evaluating spatial operations. A spatial data model named HA-face-complex model isimplemented on an
object database system based on the sign vector. We aso give the results of experimental tests to evaluate the data size of spatial database
and speeds up the geometric operations.

Keyword spatial database, hyperplane arrangement, spatial data model, convex polytope, data compression
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2 HA-face
complex

HA-face complex

g0

HA-face complex
(a) 0-HA-face

0-HA-face
o %1 [00+ - +]
o 02 [0+ 0 - +]
o %3 [+ 000 +]
o4 [+ + - 00]
g% [+ 0 -+ 0]

(b) Independent HA-face

ol [+ + + - +]
o2 [+ + - + +]

HA-face complex
2. HA-face complex
2.1. HA-face complex

VRML,
3DS DEDALE [9],
cell complex[11, 12], weak complex[10]

HA-face complex

DEDALE
HA-face complex[12] HA-face
(Position Vector)
¢ =0
1 hl X-y+6=0 @ >0
¢ <0
HA-face +
- 0
HA-face complex
N 0 N-2
HA-face N-k
N-k
HA-face N-k 0
N N-1 HA-face 1
HA-face
1 0
N N HA-face
0
Localized divide-and-conquer
+ - 0 + -
HA-face
1 HA-face o 1 gl
hl, h2, h3 3 + - [+ + +]
ol
gl h4 h5
0-HA-face
0 ; 1 o
hl h2
(Sign Vector)
1 HA-face
+ - 0 + - r
+, -, 0, r 4 (sign) k
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HA-face (k 1)

+
HA-face 1 HA-face
HA-face
HA-face 1 HA-face
HA-face
0
HA-face
r (redundant)
HA-face
0 HA-face
+,-,0 + - d
0 HA-face
0,d 2
0 HA-face
0 HA-face (sign)
0
0-HA-face
d (disjoint)
0-HA-face
2 1  HA-face complex
(a) 0-HA-face
0-HA-face
o %1 @3, 9 [0 0 ddd]
o %2 (0, 6) [0 dOdd]
o °3 (5, 5) [d 000 d]
o %4 3, 1) [dddo 0]
o % (7, 1) [d 0O dd 0]
(b) Independent HA-face
ol [+ ++rr] [12 3]
g2 [r + r + +] [3 4 5]
©
hl X -y+6=0
h2 2x + y -15 =0
h3 x/5+y-6=0
h4 2x -y -5=0
h5 y -1=0
2.2. 0-HA-face
2 HA-face
complex ,
r d
+ - 0
3.1
HA-face

N 0 HA-face
N N 0
0 HA-face N
0 0
3.
3.1
0 HA-face
0 HA-face 0,d
+, - d
HA-face
2 HA-face complex
0 HA-face
4
3 0 HA-face

Algorithm makeOSignVector(P)
Input: O0_HA-face P=[p, ... p]
output: 0_HA-face S=[s; ... s,
1. for i « 1 to k
2. do if p;=0
3. then's; « 0
4. else s; « 7 d”
5. return S
4 HA-face
make_sign_vector_R(P,dim,NIDSet)
independent HA-face
P=[p1 Prn]
independent HA-face dim
0-HA-face NIDSet

independent HA-face
r

l1.for i ~1 to Nh

2. do if 1is_numO_more_than_face_dim(
dim,i,NIDSet) = false

3. then pi « “ r”

k-HA-face

is_numO_more_than_face_dim(dim,hid,NIDSet)

independent HA-face dim
hid
0-HA-face NIDSet
hid "”
0-HA-face dim true
false
1.NIDSet Q
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2.count ~ O

3.while Q% @

4. do Q k

5. k 0-HA-face P=[py
Punl

6 if Pgy="0"

7. then count ~ count + 1

8. if count dim

9. then return true

10.return false

[d0O0O0dddd]

o 8,0 °11
o 8 [d 00O0dddd]
o °11 [d 0O0O0dddd]
independent HA-face 0-HA-face
4
3.2
intersection, union
face [5,10]
k-HA-face 0-HA-face
5
intersection
1
5 intersection
HA-face
k
HA-face r
k HA-face
k 0 0 HA-face
0 HA-face d k
HA-face +, -
, 7
intersection, union
[h, ...h,] k-HA-face

Algorithm getlndeFaceVector(S, H, P)

Input:
k-HA-face S=[s1 .. s«]
Output:
k-HA-face P=[p1 ..psl
k-HA-face P
H=[h, _h,]
1.for i « 1 to k
2. do ifs; isnot ' r’
3. then Pj < Si
4. h; — 1 add the I hyperplane into H
5. return H
k-HA-face 0
HA-face
7
7 HA-face

Algorithm getOlndeFaceVector(S, H, P)

Input:
0-HA-face S=[s, s,]
k-HA-face P H=[hy _h]
Output:
0-HA-face P=[p: .. p«J
1. fori - 1 to Kk
2. do if the all values of the s[h;] is
e
3. then return that the 0_HA-face’ s
sign vector is not in needed
4. else if s[h;] is not ‘' O
5. then p; ~s[h;]
6. return P
independent HA-face
independent HA-face
Localized divide-and-conquer
[12]
1 o1 o3 intersection
independent HA-face o 4 1 o2 o3
intersection o5
3 Intersection HA-face

1 independent HA-face

Independent
HA-face
g4 [+ + ++ + +] (h1,h2,h3,h6,h7,h8)
g5 [+ + + + + +] (h2,h4,h5,h6,h7,h8)
2 0-HA-face
0-HA-face
o % [+ 0 + 0 + +] (h1,h2,h3,h6,h7,h8)
o °7 [+ + 0 0 + +] (h1,h2,h3,h6,h7,h8)
o %8 [+ 0 0 + + +] (h1,h2,h3,h6,h7,h8)
o % [0 + + + + 0] (h2,h4,h5,h6,h7,h8)
o °10 [+ 0 + + + 0] (h2,h4,h5,h6,h7,h8)
o 11 [00++ ++] (h2,h4,h5,h6,h7,h8)
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3.3Independent HA-face

6.

else count ~ count+17.

7. return j
4.
4. Intersection VRML  DNF HA-face
complex HA-face
(1) independent HA-face complex
Independent HA-face
4.1
o4 [r++rr+rr]
o5 [rer+rrr+] HA-face complex
(2) 0-HA-face
0-HA-face 3
o % [d0Odddo0dd]
o7 [ddOoddodd]
o %8 [d0O0O0dddd]
g %9 [d0dddddO0] HA-face complex
o °10 [dddodddO0] HA-face complex
o %11 [d0O0O0dGddd] face 0-face
r.d 4.2
0 HA-face 0 4.1 face 0-face
HA-face
8 0-HA-face complex 4.3
Algorithm encode_0O_HA_face_sign_vector(S, ES)
Input: HA-face Complex
S=[s; ... s]., O-HA-face
Output:
ES=[es; ... es ] 0_HA-face 1 HA-face Complex
ES
1. fori - 1 to k +  face + 0-face
2. do if s; is the sing-0
3. then es[j++] « i = x Nx (N+1) x sizeof(double)
4. return j + face x ax sizeof(int)
HA-Face , + O0-face x Nx sizeof(int)
Independent HA-face N-
0 + - r 4 a: , l<a<lface
r
HA-face Complex
9  k-HA-face
Algorithm encode_Ind_HA_face_sign_vector(S, ES) 2 HA-face Complex
Input:
S=[sl ... sk], k-HA-f =
Ls skl ace + face + 0-face
Output:
ES=[esl ... esk] k_HA-face = x Nx (N+1) x sizeof(double)
ES1. + face x x sizeof(int)
1. fori - 1 to k2. + 0-face x x sizeof(int)
2. do if s[i] != s[i+1] or i=k3. N-
3. then the same number of signs « count C4.
4. es[j++] ~ the same number of signs * 4 +si5. VRML DEDALE DNF
5. count ~ 06.
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3 VRML
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