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MBI (cell) DMEGRMIC & 208N, STERMZ, M T — & N— 2, fEHR T — 7 X —2
DN CEIELFETH 5. (IR ORI & 298, KREOZEHEESMHE (intersection,
difference) DOILHEL 725, RFHL T, AEBRTTH &, AR ML VIRA S, ko
S L 2B T NIV XL ERET 5. BEFEOIMERSE 7V TV XL face ICHHET 5 sub-face
DE 2 LA LD AT L BT, FiR e LT, HRZMER L D IRA RV, #E 7T Y XA,
FHEOBRETTE S face ICEHTT 5 sub face DFNTOWT, Off, 11#, 2L LOGEDT 21T
7%, T & ORZEHEZIEL ATV, FRUCRET S8 NV (position vector) VERK 7 )V =
Y XL %Mo T face DAENY MNVEEKT S, 2OZ & T, IFEROMERERD Z L 3n[fg e 72
5. R TIE, BTNV R bh0LE L REOFM OV T LIRET 5.

An Extended Cell Splitting Algorithm for Spatial Database

MicHIKO TANAKA,t KUNIHIKO KANEKO," YINGLIANG LUt
and AKIFUMI MAKINOUCHIt

Splitting cell problem is an important problem in computational geometry, spatial database
and constraint database areas. Spatial operations such as union, difference, and intersection
is based on splitting cell with some hyper planes. This paper presents an algorithm to split
bounded and unbounded spatial objects with hyperplanes in any dimension. The previous
algorithm only works for bounded objects because it assumes that all HA-face has more than 2
sub-HA-faces. This algorithm considers the number of sub-HA-faces in the evaluation process
and applies different face splitting algorithm. This algorithm also create position vector. This
make it possible to compute an unbounded cells. This paper presents the implementation,
and evaluations.
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1. FLC®IC BAIhTns.

FRARDENC BT, ZRMERV D Z & HULEE
& &N T 5 .Geometric information system(GIS)
*® computer aided design(CAD) , computer graph-
ics(CG) , liner constraint database 72 &3, AR
BITH 5. B4 ld,Hawk’s Eye &1 D 28T — & N —
AV AT LERFLCE L. ZOVAT LATIHERD
IRITDZERI B D T L AT E 5 . Hawk’s Eye T,
ZeE, BEEIC & o THERE D HA-face DES
ELTERBRENS. Zhid, computational geometry
KRR bOTHEY )N ZLT, 20T -5 E
TV LY B4 RIRTTOZERM & Hi— Nk D 2 &
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Bx o BINE, BRLEREWEZT T L, IFER%
ZERIMNT DN T Y, intersection X difference ® & 9
RIS E 2T ORI TN T L EFEFRT S 2
ETHDL. Zh 6 ORMRZRETT SBRIC, i
(cell) ZBFFETHET Z 7N TY X203, EBERE
HEHS.

DTN XL OEREL 22 HEHE) ITHEA S
TWa. L L, 20702 XL0E, G R MR
WL TCUIEH T2 e TERN. 2T, 207
AU XD, £TD k-HA-face(1<k) #32 2LA LoD
(k-1)-HA-face ICEEEL T 5 Z L ZRlHEE L T2
D TH5B. UL, IEERLRMEIRERENRT 5 HA-
face DHICIE, Z DRHERG 2SRV b Db H 5.
& o T AR D 72901213, SEIRAMAEE T
H5.

AEILTUE, AR & | IE R BRI LAT

0J 3830


事務局 
2004－DBS－134　(II)　(51)

事務局 
2004／7／14

事務局 
社団法人 情報処理学会　研究報告IPSJ SIG Technical Report

研究会Temp
テキストボックス
－383－

研究会Temp
テキストボックス


1 Cell and Cell Graph

DEIIEET . d E—DOEFYNICH SETD
2RO TS, L ,d<m &/ TEE m 2
FAET 2580, ERMIARTHS. 25 Thidh
3, EETHERTH S.

AFL T, IFE R LR ERD Z L OTE DL
RN EI 7 N AL ERET LS. ZOTNVAY X
LE 1 DLAF D (k-1)-HA-face IZ UL Tnzn
k-HA-face ’% 5581, BHTHZ LN TEL. 7
hZhomEERlT Hasse Diagram ZRAL graph
TRITLHZ LW TELY ., KL T, MR % #B
9% graph DZNZND node DJFMEITLLENZ bV
BEATSH. ZOPENRY NIV, BAEF AT O BRI
METHD.

R LORERIFZIKD LD ICh>Tnd.2 BT
¥, Hawk’s FEye TOT — ¥ EKI & BMEHEAOWIEZ
RT3 ETH, MRS E 7 VY ALEFHAT 5.

2. HAWK'’S EYE

Z DI T, Hawk’s Eye TONBBEL O Y PHuico
WY 5.

2.1 [MFEROKRE

—O D k IRIGMEEIRIE,0 25 k IRICD HA-face D
H£EH5L L TERBTS. BT, ZAFIE, 320 0-HA-
face & 3 DD 1-HA-face & 1 DD 2-HA-face 12L&V
R SN D ARFITBW T k RItD HA-face 13 k-
HA-face &KL T 5.

ZeRAP D HA-face 13, MIENRZ MVIT L VBT 5
ZEMTCEDL. MNENT MVOZNTNOERIE HA-
face LB ORI AEBERERNT S, —DoD
BTEICE Y, T h+ & h- 2B PFREAHE D 3 2D

&R 1 Hasse diagram [k %"
HA-face 2RI L TNBZNEND node 1E, ZDROFHER

ZEtke L CRo
attributes
0-HA-face | coordinates: (z,y,2)

position vector

1-HA-face position vector
bounded or unbounded: boolean value
number of sub-HA-faces
direction: (z,y, 2)
k-HA-face position vector
(k>2) bounded or unbounded: boolean value

number of sub-HA-faces

RICHE SN 5. 5 HA-face B h+(h-, B H
) ICEENL5E HA-face 137 OBFMICH L T,
position+(-,0) ZFD>. FIAIE Fig.1 @ 0?1 1dh1+ &
h24+,h3HITEENTN D DTHRBEBNY MVIE [+4+]
Th5.

MHEEIERIC & £ 5 HA-face Ei@%@gﬁébi,graph
WKL VRBISN S, Z 0D graph 13, Hasse Diagram &
FIETH LY, Fxld, 7o 0 fEEE vz,
graph @ node DJEMI, Table.1 IIGRL 2@ TH S.
AT BOTIE, sub-HA-face WD FHELR, IRD
£ IEHRT S,

e 55 (k-1)-HA-face A% k-HA-face 22 T AUMER
5558, (k-1)-HA-face 13, k-HA-face @ sub-HA-
face TH 5.

position vector &2 &ML intersection % dif-
ference & Vo 7= 2SSV DFER 2 B O H T UIC
RIETH 5 position vector D& X1, k IRITOIMEIR
ICEHtL T b (k-1)-HA-face DL RICTHS. Z
T, TR OB A bR L Ch 5 Fig.1(a) 1,
BER=MEL 2D graph RHOPITH %.Fig.1(b)
& Fig.1(c) i, IARLHEOHTH 5.

Z 2 CEER O, ARRMERD graph 12X, 2
722 Y1 DD 0-HA-face BWEAET D DI LT,
ﬁﬁjﬂﬂﬁﬁs\;lfﬁﬁiﬁ%ébi,graph 12 0-HA-face 23—
LROWEAWEET L0 ) 2 TH L. IFERRN
IR D graph H1 D HA-face DEH/INRITIEPE > Ty
B FLTZoZ M) GRENTVHETILIY X
DO RIS L GEA T ERVERTH 5.

22 ZMER

Fig.2 13,2 D DMl @ intersection %33R 2 Hik
OMEEZRLIZODTHS.: (a) cell graph ZHEEET
%; (b) {5 OB DB T cell graph Z45E1T 5;
(c) W5 OMEIRICE £ T % HA-face 3BT
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2 Intersection

(RO DE T NI XA, (a) & (b) THEASH
5. E£72,(c) ITBWT, HA-face ZBIR/=®IC position
vector BFIJfHE 5.

2.3 FERGOERDOSE

I CIT Edelsbruner D@7 L Y X > MEEET
NAYZXLDH B, 2T NEY ZLIE, RS
HNCLFHTES. £, M OBEA L ML T 5
BPFIERM LTIy VY X > b RHEET 5.
Z L THEICHW B ZER L 728 FEm 7 Loy
A MTENTY 5.

L %L ,Edelsbruner @ 7 )V U X%, #BFm7 L
YR D EREEL TO LB L Fr BT %
B & MR EEREOZ L RFHEL LTS, ko,
Bl %12, Fig.1(b) @ & 5 Zedbh Rk Z 5% 5
£ 5w, HET BBV (b) EHRL T 58
S & TR E RO 128 Edelsbruner O 7 VAU X
LEMHHZEMNTES. LAL,Figd(c) D kD %A
% (c) ZRERLL T BBV & TR C ]
T 5 &5 HGA1E, Edelsbruner @ 7))V 3 Y X LIEHE
ATERON. SERRELEZTAVIYXLTIE, Dk
DBREEITH, MEARODF EITRD 2 NTED.

3. MEESE 7L TY XL

Z OB T, MR ODE 2 /T2 TN Y
ABIZDOWTCEHAT S, 273 XLITHT 5 A
J31F graph & graph ZHERKL T LB PR OES, K
O graph 298 T 5B FmTH Y, M, BFm <
HElE iz graph TH 5. Fig.3 17N Y ALER
§.reform() 1&,graph OEHFEITRINHETH 5.

input:
the graph of cell
hﬁperplane h
the dimension of space d
output:
the graph of cell splitted by hyperplane

1. if the maximum node is bounded

2 then split

3 else classify all the vertices
either ’+’or’-’or’0’

4. for all 1-HA-faces

5. n < the number of 0-HA-face
which 1-HA-face is incident to

6 if n=2

7 then split_1_HA_face_2()

8. else if n=1

9. then split_1_HA_face_1()

10. else split_1_HA_face_0()

11. if 1-HA-face is not splitted

12. then make position vector

13. else reform()

14. for k<~ 2 to d

15. for all k-HA-faces

16. n < the number of (k-1)-HA-face

which k-HA-face is incident to

17. if nd>=2

18. then split_k_HA_face_2()

19. else ig n=1

20. then if k=d

21. then split_k_HA_face_1_s()

22. else split_k_HA_'face_l_n()

23. else split_k_HA_face_0()

24, if k-HA-face is not splitted

25. then make position vector

26. else reform()

3 Cell Splitting Algorithm

IMEEER DY E 24772 D BRI, IR I
RPEIDEFHNT 5. Z U, K78 S D bounded
7 unbounded O 7S ZEFHL TTHD. L, 1
DA REAL,T o7 VT Y X split & FEDOT
A Y ZIT HA-face DREMIEERFT220 position &
KD 5. % D% HA-face W35)E SN 25813 reform()
MO &N D, split DATIE graph & graph &%
HTHBFHETH Y, HHIHnEEhiz graph THS.

b L, IMEERVIEE R TH - 12541 Fig4, 6, 9, 11
WORL S ERET 27NV AY XL & HH§ 5. HA-
face MNEENDBEANE, Z D% reform () LT, &
ha.

3.1 face D& E|NE

BET 2MER 0E 70T AL, & HA-face I
DWT, ZIITERHTT 5 sub HA-face DT LY, 5
BT AT, TN ZNOHEIT OV TR DR
24772 5 k-HA-face Z0EIT BRI, ZhicifkL
T3 (k-1)-HA-face W32 DLAETH 501 DTH D
2, 0fHTHEMCLY, BARDUIMELTRD.

TN Y XL % Fig.3 12”7 .split_1_HA face_2()
& split_k_HA face_2() I%,sub HA-face ® position %&
AS & UTEIEY, HA-face D position %K T . b
L ,HA-face WHEISNB5E1E, T OFRERETS.
2L D7 NI XL LRI THS.

3.2 1-HA-face [CHT 24038

BRTL7NAY XLTIE,1-HA-face 55, AR D 3
DOEEDNTNTH L& HET 5. TABLEL ITR
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input:
the position of O-HA-face f
hyperplanes which contain 1-HA-face HP
hyperplane by which split 1-HA-face h
out
t e posltlon of 1-HA-face if 1-HA-face
is splitted, return the fact

1. if 1-HA-face is parallel with h

2. then return f

3. else if f=’0’

4. then if 1-HA-face is contained by h+

5. then return ’+’

6. else return ’-’

7. else p < intersection_of hxperplanes(HP ,h)

8. if p is contained by 1-HA-face

9. then return the fact that 1-HA-face
is splitted

10. else return f

4 Algorithm split_1_HA face_1(f HP,h)

(a) (b)
1
! cl
cl h
0 o1
°s BLANNE
(c) (d)

B 5 1-HA-face incident to 1 0-HA-face

L7z & 912, % 1-HA-face 1%, ZDJEMEE LT sub-HA-
face D EFF> THBH DT, ZDIEHRZFIHT 5.

e 2 DD 0-HA-face IZEHR L T 5 (Mi5)

o 1 D0 0-HA-face ICHEFE L T 5 (CEEHR)

o 0-HA-face IZHHt L TR0 (IEHR)

3.2.1 1720 0-HA-face [CHFEL T3 1-HA-

face

1-HA-face 2% 1 DD 0-HA-face 72 ICHH L T
S5 EIE Figd IORL 27NV TY XLARNGH S Hh
5 Fig.5 P &RT.

M & 1-HA-face DSUMATREGE1E,1-HA-face D
position 1% 0-HA-face @ position £[H L TH B (a).
ZNLAN DA T ,0-HA-face D position A¥°0° DEH
1%,1-HA-face @ position &'+ - TH S (b). kit
DNTITH HTUTE SRWEAE, (c) » (d) TH
5. 8556 THINEHET 2 /IC1E,1-HA-face &5
CHEHMEBIMEOREEFET LS. b L, Kadt 1-
HA-face ICEHEN L7256 1-HA-face lIHE TN D (c).
R 1-HA-face IZH ENRVGEE, 1-HA-face D
position 1&,0-HA-face @ position LRI CTH 5 (d).

3.2.2 0-HA-face ([ZEH L TLVERLY 1-HA-face

1-HA-face A% 0-HA-face 128t L T W2 W&
&, Fig.6 ISR L7270V T Y ZLMBEOH &5 Fig.7
Bl % RT.

input:
yperplanes which contain 1-HA-face HP
hyperplane by which split a face h
out
e p051t10n of 1-HA-face if 1-HA-face
1s splitted, return the fact

if 1-HA-face is parallel with h
then if 1-HA-face is contained by h
then return’0’
else if 1-HA-face is contained by h+
then return’+’
else return’-’
else return the fact that 1-HA-face
is splitted

NS WN -

6 Algorithm split_1_HA face_ 0(HP,h)

Yoo

B 7 1-HA-face incident to 0 0-HA-face

B L 1-HA-face AT TH Y, 2D 1-HA-face
HSEFW _EICH B55E1E, 1-HA-face D position 1370’
ThH5 (a). B & 1-HA-face 24T TH Y, case
a S OBE 1L 1-HA-face D position 1374 A¥-
Hb (b). B & 1-HA-face ﬁ‘jﬁ(T'(@b‘%ﬁ‘bi,l-
HA-face 37 EI S5 (d).

3.3 k-HA-face(k>2) [CXT B40HE

c2 ®)

0
cl

8 k-HA-face incident to more than 2 (k-1)-HA-face

TARTD 1-HA-face IZDO W TS T L &
#% kHA-face(k>2) IC DWW CUE 247725 . IRET 5
FINAYXLTIE, £7 k-HA-face AT D 3 DD
BFOVWTNTH L2 EHET L. Z i k-HA-face ¥
JEME e LT > Tvb sub-HA-face DEEZF]H L
THET 5.

e 2OLU LD sub-HA-face ICEfR L T 5

o 1 DO®D sub-HA-face IZEH L T 5
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input:
the position of (k-1)-HA-face f
hyperplanes which contain k-HA-face HP
hyperplane by which split the k-HA-face h
out ut :
e position of k-HA-face if k-HA-face
1s splitted, return the fact

if =20
then if k-HA-face is contained by h+
then return ’+’
else return ’-’
else if h cross with k-HA-face
then return the fact that k-HA-face
is splitted
else if k-HA-face is contained by h+
then return ’+’
else return ’-’

W~ OB WN =

9 Algorithm split_k_HA face_1_s(f,HP h)

e sub-HA-face IZEHT L TR
3.3.1 2 DLAL® sub-HA-face [CE#T 5 k-
HA-face(k>2)
k-HA-face % 2 DLA_E® sub-HA-face 12 L T
WAGEE, IROME 2R,
e position’+’(>-") ZHFD sub-HA-face 23FAE L 72
WG k-HA-face @ position 13-'(’+’) TH 5
o FEUCHTUTE S k-HAface 1, HEI SN D
Z OWENE, AR ML & ARk TH 5 Fig.8 12fl
ZRY.
3.3.2 1 D® sub-HA-face [CH#T % k-HA-
face(k>2)

%
N

B 10 k-HA-face incident to 1(

(b)

)-HA-face

5 k-HA-face 13, k* DZERFRTTHL & 7 &
73"( Ek 2 DOEFEITHT 65N D Kk DBERIKITE
A U TROWE AL k-HA-face &BFMAUWATICNR
52 HVEL K MWERRITE & A CSEE, WAT
IRV /RV. ThZhogEIC & - T, B 54
ML S 5 0k AR T & A CEE13, Fig.9
WORLET NI Y XL, Z 5 TRONEAE Fig.11 1
RUZZTNIY XL ENS.

Fig.10 I1Zfl %759 . k-HA-face 2SB-H & AT
A3 k-HA-face D position 1%, sub-HA-face ® posi-
tion LA CTH S (a).(k-1)-HA-face poNy i RVAT T 2
D%E1E k-HAface D position 13 +5-" TH S (b).
FEROWTCY HTUIE S RNERI, (c) 2 (d) T
H5. L5 505ATHLNEHET 5RHI1T1E k-HA-

input:
the position of (k-1)-HA-face f
hyperplanes which contain k-HA-face HP
hyperplane by which splitted the k-HA-face h
output:
the position of k-HA-face if k-HA-face
is splitted, return the fact

1. if k-HA-face and h is parallel

2. then return f

3. else if =0’

4. then if k-HA-face is contained by h+

5. then return ’+’

6. else return ’-’

7. else p < the cross of h and HP

8. if is contained by k-HA-face

9. then return the fact that k-HA-face
is splitted

10. else return f

11 Algorithm split_k_HA face_1_n(f HPh)

faec Z & k IRTTOFIR & BT & DR ZELS EiC
5 EEFETRD S, HIAIE 2-HA-face A% 3 IRIT%E
RCdH 55813, 2-HA-face % & LM & BFmE
RELETHHHEMCH HHEFHTSH. b L 2-HA-
face MEEHATVIEEIE, (c) TH5.2-HA-face
WREE S A TORWERTE, 2-HA-face D position 13
1-HA-face @ position &[FCTH 5 (d).

3.3.3 sub-HA-face [T L TV k-HA-

face(k>2)

Z DAL, 0-HA-face 1288 L Ty 1-HA-face

BA L AR 24T D .

3.4 graph OFEH

HA-face 39 E S N5 %5 graph DIEEETET 2
RERH L. 2F 0, EIShd HA-face I T 2
node % graph 126 HIBRL, # L </EK S5 HA-
face ICX5 9 % node Z1EV, Bt 5 node L1IEL
CERESED LV TH S.

Z QAT Fig12 IRL 27V T Y XN TLT%
9 .Fig.12 F1® super-HA-face 1%, AJ1 &7z HA-face
12HEe L Ty b HA-face C,HA-face L VIKIGAY 1 D
m& D7 HA-face DZ & TH B, F7z,sub-sub-HA-
face & 1%, HA-face @ sub-HA-face ® sub-HA-face @
ZLTH5.

4. MEETR b

BT, BELIT7NVIY RLORER TR, &
[B]S2BR 2177 > /=B H51%,Sun Sparc Ultralo 7 —2%
AF—¥ gy, XY 760MB, OS & Sun0S 5.9 C
H5.

EBR ORI Fig 13,14 IRLAE BV TH S, =
DFER KV | RO ENCEE T 5 KR, graph H o
HA-face DFUTIZITHPIL T 5 Z L AFERTE 2.

5. 8 Y I
R4 IGRENTOMEARSE 7L Y X4
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input : %% i% :t ﬁk

A-face to split n
the dimension of n d

byperolans by mmicn splic o b 1) SFE i A9 T AR, I
the graph of cell
ouz ut s . Litted A&t 1994
e raj -Tace 1s s 1 e
grapn T o 2) Joseph O‘Rourke , COMPUTATIONAL GE-
' ihathe aimension isd o OMETRY in C SECOND EDITION, CAM-
? & ths dimension isa ot " BRIDGE UNIVERSITY PRESS ,1998
2. f°£0§§ic§“§e§;§“;fifl; n.sup of n 3) Herbert Edelsbrunner, Algorithms in Combi-
s fm;fa%iSlsltlb-izA-,?c.efog'EUb of n natorial Geometry, Springer-Verlag , 1987
;. 2?22 2832225 o :ﬁﬁ E::ﬁﬁ 4) M.de Berg, M.van Kreveld, M.Overmars,
9. ‘E;le‘ed’i‘ge:;‘ilg;‘ ?:Sd:?’ for h and O.Schwarzkopf, Computational Geometry Al-
}?: comnect n# :ﬁﬁ Eg gorit}fn?s and Applicatl"ons,‘ Spri‘nger 1.998
i% fogfazlxlsigg-lsmgg-%_’f;%i E_sub2 of n 5) Kunihiko Kaneko, Akifumi Makinouchi, HA-
14. then connect n0 and n_sub2 face Complex Spatial Data Model for Uniform
12 Algorithm reform() Representation of Data and Algorithms, 2003-
DBS-131, 2003
6) Yingliang Lu, Michiko Tanaka, Kunihiko
e BT BL AR AT D Kaneko, Akifumi Makinouchi, The Uniform
250 Representation of Algorithms for Spatial Database
- Systems , DEWS2004 , 2004
7) Chandrajit L. Bajaj and Valerio Pascucci,
ﬁ‘so Splitting a Complex of Convex Polytopes In
1.00 Any Dimension, ACM Press , 1996.
G5 8) TROTTER.W.T, Combinatorcs and Partially
Orderd Sets: Dimension Theory, Johns Hop-
000
0 5000 om0 15000 kins Series in the Mathematical Sciences. The
o Johns Hoplins University Press, 1992

13 2 WELEEF R %, T2 ¥ MCHE S LBTE TH
#|LT. 7T 71 k-HA-face(0<k<2) DL | HENCHE
L =R OBIRE R L b D TH D,

node $& 93 BIC B B3R ERD

§
2 — time

0 2000 4000 6000 8000 10000 12000 14000
node 3

14 3 WICLEMP LR Z |, T ¥ DTIE S B BITE T
HLl. 7T 71k k-HA-face(0<k<3) DL | HENCHE
LR OBRERL b D THD.

ZRICL T, IEERRMFIR O D Z e TEE TN
Y XLEHREL, ERTR - 7z, AR L
SEIT LR, ThZFh o HA-face D sub-HA-face
DI LY, WEENT DI ETARETH - 2. iz,
NMENZ MVEFIT 5 Z &, AR72IMER & Rk
DFHET, AR Z R D Z e WATE .
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