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Spatial Database Modeling based on Constraint
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ABSTRACT

The CDB(Constraint Database) model is a new paradigm for massive spatial data processing
such as GIS(Geographic Information System). This paper will identify the limitation of the
schema structure and query processing through prior spatial database research and suggest
more efficient processing mechanism of constraint data model. We presented constraint model
concept, presentation method, and the examples of query processing. Especially, we represented
TIN (Triangulated Irregular Network) as a constraint data model which displays the height on
a plane data and compared it with prior spatial data model. Finally, we identified that we were

able to formalize spatial data in a simple and refined way through constraint data modeling.
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A YA RA| =" 22 g8 T3 dolE
Aol gk M2 sejrkelo] vE Ao d|
olgf Edo|t} 1990w Kanellakis 55 %
sto] 1 o]Zo] wxEom, wA dolHH
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(Kanellakis &, 1995

o] mellA= 7= &3t HlolEu|o] =9
HEA S8 2okl GIS Al="s 952 A
e lon, Aok doly gl g 1 A
ojef F3t dolg el dwtshE FE #d B

o}

WEE ksl PAUSNGRA) diate] 1+
gt mea Aeeel AAa. 2w A
oF o] o} Algate] AelAe] olF ¥
A Wkt

Aok deoly RHly ZEEERQS ok
TH7F dom, 1 FolA =g Aok HlolH
Fdel MLPQ/PReSTO =15 XA€}3}o]
ARC/VIEWS} 7|2 7]5& Fds=A Al
S Ba, 7 =75 o]&ste] A|oF HlolH
= ®dd Rtk 53 FARLE JeEhs
972 A2 (Triangulated Irregular Network,
TIN)oll thgh AloF vloly %d "is Aelst
a1, A "ol wo] 2 (Constraint  Database,
CDB) &&ol gt 7|t &35 AASA

FEl= Aok dHoly RHdgE Fsto Y

ZH AT Aol AT AofAS AMETOR
A 27 HolHE Adadu guHor x
A% 5 Aoke AS ANGLA Sk 2%

AL TR Hele kel HHR delw 4
A, 7)E wde] @A 9 BAYS nA
sic. 3ol = 1
b EH e Z1Esch 49014
%

FIo1e] 2095 SQL A9l Qo

delel maol de B3E wAew, oA
o2 GgIAE ARE WAL}

GISelA dlelglmjo] 2 A AAe] 5
S3b dlolE ek £4 dHolHE dAste] dHlo
Ejulo]~E ohdeta FeAow AT &
J=E FAEHJeH, &3 HolHE B,
A, SA, 594, 59 Has 9 '
&4 & FRT 5 gojof IHEIA T,
1998).

2.1 SZHHO[E2| =oin} HEHO[E] XME 2

A dde 7%5101] Agst7] g 7]
Aol APk FHolE H(point), A(line), &
(polygon)®] Al ﬁiﬂ 71BA o7 ALgET)
F7HH 3 ARe= E¥(surface)ol 2=
3k ARIE lom, olF fEAE A A
BE x, vy, z #F3F o A%aof drt GIS
S8 wEtM = Fo] ARE zFHE7L ofd
S A & & vk o] B9 gk
32 E3o] obd 25 AYolgk & £ Uk

(AAs &, 1999), 329 xdHoll= FHY 4
Zkgdel ofs] Ay HHE =
=¥ (raster) TFZ A FEWH
ZHLattice) So] 23, 334 dHolHE ‘i

AL S7% A B4 So) $8HT

WE] ElolE (vector data)= H, A, E¥]<
5o olik AA F3 2ol X]sﬂ neo o
S ol AHo® #AGIHE 7Y @9 E
A 4= AtHElmasri, 2007). 1A WE
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2= AA B B QAN g
2715 0 G mdEs, A Gae
oFL A, A, Wel AXE A w3
= Aot

a9 19 F e vAEs 2TAE 29
2 3dsd oS3 2t

polygon 1 : <[3.25, 3,25], [3.25, 0.75], [2.25,
2], [0.75, 1.5], [1.5, 3.5], [3.25, 3.25]>

polygon 2 : <[3.25, 3.25], [3.25, 0.75], [5,
2.25], [4.25, 4.25], [3.25, 3.25]>
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region @ <face 1, face 2>
face 1 : <a, b, ¢, d>
face 2 @ <a, g, f, e>

arc b : [node 1, node 2, face 1, face 3,

<[2.25, 21>]
node 1 : [3.25, 0.75, <a, b>]
node 2 : [0.75, 15, <b, c>]
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Sections (number: integer, number_of_lane:

integer, road_id: integer, geometry: line)

Towns (name: string, geometry: region)
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PointinPolygon: region x point ->
bool (3F Ho] @Al &3l A=71?)
AdjacentRL : region x line ——> bool
(93 A Abolel 14 HZE)
IntersectionRL region X line -->
line (44 WFel A 725 AL
Type line
PontinLine : line x point —> bool (#
o] Hell &l =71?)
Length : line —> real (A9] 4ol& Al4b
intersectLR : line x region —> bool
(ol Aol wAHA=7F?)
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T3 Aol dES A EL o2 AAsts doleulo]x A (xdbHE T
- U E2E Sl R, A glom, 747he bkt golob& v
SELECT Sections.geometry A At e #AARd R F37F do]
FROM Sections, Roads B 5% ©X 34l dojrt o]y F
WHERE Roads.name = ‘N34° AND 7H v kAol AASte] SRS YFEHA
Roads.id = Sections.road_id; xdst] YA e T ZHAdYATt oF
- s dEld =25 V)&, = Ak
SELECT Roads.name, Roads.id 7k oJul= ©A] A V]Ee] HFroR
FROM Sections, Roads FEHAT stHolA AHE dEg HAe,
WHERE Roads.id = Sections.road_id A Ae], wx Ao o} o] gk A
AND PointinLine(Sections.geometry, o] oulE HHS Y] S = THI ZH Y
@point); Y35 JHA o ok dE EW, F FdA
- A Wl 34 =25 shdo] Yehye) point¥ 54 FHxol ouw|E 7M1 Qe
SELECT  IntersectionRL(Sections. o #HEE Towns, Selections®} 722 &2
geometry, Towns.geometry) ojujof walA Mol WMo 2 H o]}
FROM Sections, Roads, Towns 71E oM A<9(dimension) o]
WHERE Roads.id = Sections.road_id oAGA He At ARAE U= Y
AND Towns.name="3 g~ 3 S8 fg AAte] T EE ShEd,
AND Roads.name = ‘N34’ Mz F4 dolE BYom Adshs 44
AND IntersectLR(Sections.geometry, o] FIrEojoF st} &, 221l 3o R
Towns.geometry); gtz sk ul 3AYS A Fshe ZdlYe
- A3 FHe ERo|ga? A7 8= AT
SELECT Roads.name olgigt dAHS sAsty] Qs 3t
FROM Sections, Roads, Towns dlolE 9} H]FZF dlolE It Z3}EA %S
WHERE Roads.id = Sections.road_id T g e B Aod A ATF ZFo
AND Towns.name=" g3 Aof grh 2E]al AREA A HEd AoE
AND  adjcentLR(Towns.geometry, A7) e Az Aele 7o uby
Sections.geometry); o] o7t Hgslr oy ditez A <tw
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o A9 wWEARe] B MEHEAS A AE gus 99 AL Fa Byz woo.
o4 Shape file® DAelaiel Zlsked o As 7l B dolHelA 1 mdel 7t
AR e AuAAshp), @A Haa wod B Ao olsste] B A
fxe] Zlsket Auel U@ Aol ARE A o mde] st gk E shhe] FHe
Ao Aselsshy), @A e 44  Bm masdgzel e Ae] HoHE
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fFdstal thEe s8] Jhsstes gk A R, a, b, ¢, d A Rn'a’b',c’,d)
wkek FIHEe] Feksk HES UE T UE A intersects(a, b, ¢, d, a’,b’,c’,d)}
Beg Zhetd, rastAl F7 dolee & o2 FdH
4S5 vhs = dlen, Feb A #Axed did o714 intersects(a, b, ¢, d, a')b',¢’,d")= n¥t
ek 2HS ¢ 5 Qdrh n' ] wakE ARl sdEE A (fact) o] XA
ojtt. 18dd] o] uAKintersect)Zh= ZHTIFIE
(ardy) (cr.dy) (predicate) 2 th&-zro] IxIyla<x<c A b<y<c
R A a'<x<c’ A b'<y<d’) & Efﬂ%}‘ﬂ o] A2
(az,d (c2,d2) =52 ek=r} 1 o]4= RDB Rdleo] A
Ay el 3t x, yh EASA ] BT E
B o et AL AAE neT 0 BA A2
(81 bl) (Cl,bl) . = =
’ st WetomAE AMEUe BE e
(az,b2) (c2,b2) ®E Z9sh= 7ol th(Kuper &, 2000).
Q2={(nln2 | nl Z# n2 A 3Ix3
28 29} o] T Ji7F AE AR Dbzt y(R(nl,xy) A Rn2xy))}
ol digt ol 57} Hatol #e T3 doHE . - ]
QA Agolde ¥ 13 2 Al eF do] ¥l (constraint data)= ©lo]E]2]

ot gl Agks Jhske x4
o7 I FEIAWE F2 dx&of=d(first
order logic, FOL)e", 2 DNF(Disjunctive
Normal Form, A% +3)= %7]13ch

n a b c d
(A 1) A" AFe]Zo] A=A AFHFH
A o b ! @ 2 o wow, AustE WE xl.xk Al
k 729 F¥=  rxl,..xk) - FIALADn
B a2 bze ol tH(Kanellakis %5, 1994), (Kanellakis %,
1995), (Chomicki &, 2001). “714 r& Hd
old Aol I¥1 1<i<n WY Tied,
g1l duoldel AP Aol “deolal g A xl,.xkE AR arity ko) 3
o A (x, y)ol EAst=717"5 AANY d9 7] olukgl B Dyo]d re AW AE A
=24 wds, duwshe k FEo FIATFoIch(Luaty 2
Ql = dndadbdc3dd [Rnabcd A gola =)
a<x<c A b<y<d) °lH, T t}& ZHJ9] o+
“WEZE 2 3 AR Y] wap Asks sholA (A9 2) D= Wz HAE wuel o]a]__l_
TR EE AR BE B, n)S 8} St 1ew W4 x1, xk2A Auksl 9
R e B Z mde AR kb DeolA (al,...,ak)
Q2 = {(n, n")JadbdcId3da’Ib Ic' 3 © (al..ak)EDk, 18] xiZ aiw DA o

d" (= n’ A Ed tE TSt} o]th(Kanellakis &,
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1995)(Chomicki 5, 2001).

SlaaR] "inﬂol/}i mde g9l ey dut
stel T35 Rdo] o, dvtslEl dlojH
Hloj~ el 19} ey dnikste ol
o Agelth. v Aok F=E AR,

- A8 A& Ak e o alxl+,..,+akxk ©

boll Al ai®t b= FrEla Aol xie fr

Hgo|t), 1glal o 7]A

O = <, > <, > ol ol
AAF tlet2, t1¥ 2= We &

(9 3) Helolado]l A= dwrste delH
ol Fe¥2 FH=, alxD AL Aan(xn) A
¥(x, y)olth.

o] FHl= 23HAE dloly EHS ARy
o= vehs 71EAd ®doH, x(xy)el
ol 23 9l 73 A7 Aol Sl= i A
Az BARET AddqbsA st A dAbeo
= ZA Aefe = k.
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darg]so] ojn| & Kuper 5, 2000).

TABLE 2. N 23} st E2Ct2HHol MUA 7H

15, 2.25)

(z.2h, 2
(0.75, 1.5)

FIGURE 3. 25 A2 E NE3 & 2
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4.1 HMef clojg] RRES| 7|& A+

Ak ol EE2 19901 o
1995 ek &
5, 1995)0] i ‘Zi‘jr(Riga x%, 2001). E}X}
9 FdelE e & A
st oAk I x9S gt EEES
ul 72 el AR ATHGunther 5, 1987).

CDBoll A #|eFe] E3+5 $1g o]&4 x|

AY A= oln (Kanellakis 5, 1995)2] =3l
A AAFEJL I =R Ak "ol doje=
AA A ol dolE & 2(Datalog) ZA] Abo]

U A Aok Felag Frbstel olgdow

convex(l, x, y) -
4x-12y<= -5 A

-16x+6y<=3 A 2x+14y<=52 A 20x-16y<=13

convex(2, X, y) -

-20x+16y<=-13 A 20x+16y>=77 N 4x<=13

convex(3, X, y) i~

4x>= 13 A

-x+y<=0 A 32x+12y<=187 N -24x+28y>=-57
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WEGS ANFAL o] wRAHE 7 2
29 B4 o Fuat delel By B

of aln ATE L,

(Kanellakis &, 1994)¢] =iolA= wA
58 gael ZeAH, A, A2,
F 5ol Qe pAsEle] A =9
th o] =RolA AckE BABFE A4S
Actol el £EA9 ALl A 54
& agieh

T F BRI E A% F3E A9 <ol
Ak om, we fFes B 44
Feol £9E @ A4H Eda QusE T
E HAS AAYoR Helstel Adsiart

< CDBE AlZh &3 AlETE
T TS okl AEogte
gt §8 Fob= GISS ¥3t
(Bank & 2007).

AA7HA GIS AeA et #dste] CDB9
Z 2B (prototype) S AR, AEA| <F
Z2dg yNko g HExZ 733 AL INRIAY
VERSOZL#3 CNAM®] VERTIGOZ#3%9]
-4 DEDALE®]|™ O2-DBMS gl &
A THGrumbach 5, 1998), (Kuper %, 2000).

ag]ar DISCO(Datalog  with Integer Set
COnstraints)= "=F Nebraskatgoll A 7§2-3)
o DATALOG(Database Logic Program)=
TEYAL, AFA AA 7S o] Alz=FledA AL
3t} =3 DOAS(Drought Online Analysis
System)= Al-&%t dHolEHlo]~o] xdT}, SQL
9 F=3kdAte] 7hedk Alglolth &% CDB
Rdo= g-deE S43 CDB/CQAST =g
zaH9Ys 2 3 MLPQ7F
(Kanellakis %5, 1994), (Golden, 2004).

£3] MLPQ/PReSTO (Management of
Linear Programming Queries and Parametric
Rectangles Spatio-Temporal Objects)A] Z~&l
2 1= Nebraska-Lincoln thetoll A 7125 9]
om GIS ¥ § &&9 AEHc|He] 7T E

[
ofN

2 3 A]lxeolth(Revesz 5, 2000), (Revesz,
2004). oA 7IE JiEE o] ZREE
(prototype) TolA <4 CDB Zd=Z 7jds
Aol tHGolden, 2004). @A FUsA /%
MLPQ =+(ver 3.DoA = F-HU) AxkA}
v FAEY wFGIHN) A= ok ek
g AT A== Aot
(Annalisa. 2002)9] =% AIZF 2
olEle] gk A A HAE oFtE
sle A|etgitt. DEDALE Z=ZEE}
she] Aok 7dke] F3E dlolE Al
of 3t mdl Aol Fdo] A<t
(Rigaux &, 2003). <, DEDALES CDB =4
& o83t AFxt HolHE Rddgsta A
o] A& st7] Al sidEl Alxglolth

Agzt A} oy mae $89 et

FE9 &8(Revesz &, 2006)% CDB 7|4k

|57k A2 dolEeol gk HI ol

HATHLL 5, 2004), (Gao &, 2006). °] &

AFE AFoA v, 5Y, T4 58 F

2 a7k AZEAPNA m=iEEe] FFEF

Hol o, el A= o] Fofol Al
= A

ol A8 gl goltt.
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4.2 CDB =¥

71¥¢] RDB®| AZ7*x% CDBe AZF
Z Zroll #AE AHKEW RDBolAM+= =g
=4 EYAIT R EREAN, CDBY 49
= I AF 5 FAA =gAs, FAA

CDBYl %44 =eAFe fasL T@
ol Q= F4b Peloldolm, AR e
ole] zrle] o WAL mHeA ehole
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st ¥l FF EA@L)E (B DA Au3 7 Ak 4 Zojel wd A digh
A3} o] dvtsleE o]y F3tEh 271ue] Y82 o3 2t
CDBe AAH 7= dafsol=gE& <3t City(city_code: integer, city_name: string,
0% WEojFom MAHl WHSE AlFsi Province_code: integer, population: integer,
A ol dojeo] giEA]l doj= A geometry: (X, y))
T dlojolut Province(province code: integer, province_ name:
string, population: integer, geomretry: R(X, v))
4.3 HMef dlole] Ee|xMz|el o Highway(highway_code: integer, highway_
Hojoli= olurdel 43 xE Lo|A name: string, highway_type: string)
of #3 HHES FAl T AHAsI xS HighwaySection(section_code: integer, section_
2 glolopul with. CDBSH pa® Ao Fe n@beri mt.eger, hlghway_codei 1vnteger)
A= (e DEE (Ao 4yrtx  Aweik Section(section_code: integer, section_ name:

SQL HEFEFH] okzke] Wi o] gl string, number_lanes: integer, city_start:

rﬂo
tlo

integer, city_end: integer, geometry: R(X, y))

TABLE 3. R22|E HMO| FME &9 HE(Belussi &, 2000)

i

23T B LS UsislEl £F HE (o))
@(PONIT, p) Cp()int(D) = (X - X = O) A\
‘D p = (xv) Y -y=0 A
(N:Cm)
A (SEGMENT, s)
S = [P] = (le yl) Csegment(s) =

Py = (x9, y2) (x1-X<0) A (X-x2<0) A
r . aX + bY (aX +bY +c¢c =0 A
+c¢ = 0] (N = ciq)

t} 28 (CONVEX, c¢)

c = [P — (X y) Cconvex(C) =
P Py raX + bhY (S/l\gn(PlA’PZ)(alirblYJrcD20)
" —
1 = . 0 (Sign(Pn*I,Pn)(al1X+bnY+Cn) ZO
1=0,.n]
p; A (N = cia)
=49
<COMPOSITE’ CSD) Cc()mp()site(CSp) =
i V N=c; . —c:
CSD:(Dl U U Dn) {Cu)ii;t(pl) N Cldy---ycpmnt<pn)\/N C]d}
U (st U ... U sm) . n
ﬁ< U (g U .. UQq@q {Coegment(s1) V N=cig,...,Csegment(sn) V N=cia}
S1 v
C {CCO“V9X<C1) \/N:Cidr'“yccon\’ex(cn) vN:Cid}
* P

F) cide A4 A-bAE YehlEe A A4, convex FF BE A9
u2bA signo] 83 EFH LS =R(AGA VE GAT

rlo
Y

A= 59 A A9 A8
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Land_Use(region_name: string, land_use_

type: string, geometry: R(X, v))

#ell A City HolES SQLe DDL(Data

Definition Language) 722 JASHAE U
3} 2}

=

of

o
1z
l
A

=T N

2> o rlo

o
()

Create Table City
(city_code integer,
city_name varchar2(30),
province_code integer,
population integer,
geometry R(x, y),
Primary key (city_code),
Foreign key (province code) References
Province)

(A9 1) AFAE EAeE
EREE

Select Distinct hl.highway_name

i

AEER

From sl in City, hl in Highway, hZ in
s2
sl.geometry, p2 in s2.geometry
Where slcity_name = ‘HFA
hl.highway_code = h2.highway_code
and hZ2.section_code = s2.section_code

HighwaySection, in Section, pl in

and

and pl.x = p2.x and ply = p2y

fo
o
N

19]oll A highway_code®} section_code?]
Hk Zadof dfsh ¥ AAIE Z1olX]
eometry 2} Section.geometry AFo]9] F
Ml geometryell ek #Hag skl
= highway9] sectiong A#sl=
ojelt}, 9l He] Aie HRIE,
" 5-9] highway_name°] 7%t}

[e)

o
rlo
o,

, Gi

g
iq

i

ol

:O(o

(A9 2) #eEe] BE FANGG AAse).
Select pl
From c in Province, 1 in Land_Use,

pl in c.geometry, p2 in l.geometry

where province_name = 'ZFAE’
'FAAS

and pl.x = p2.x and ply = p2.y

and land_use_type =

Aol A= Province?t Land Use? A
ZYNA Atole] FEHE RE HE ou|siy
Select Holle= X" HdolAd 4o WS
Zh= W 5 e ple 9<edkA 7)< dnh

(A9] 3) A A|Ag o] o= E(province)
914 B = o8 7 9172 venyel

Select province_name, population

From c in Province, p in c.geometry

Where p.x = @point.x and p.y = @point.y

(8] 4) spagel Fol7l Abztgat wAs)
% o33 1 AFE vhehyeh.
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From c in province, p in c.geometry
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o] Fol === MIPQ/PReSTO (Management
of Linear Programming Queries and Parametric
Rectangles Spatio-Terrporal Objects) A 22812 1] =;
Nebraska-Lincoln &4 7= lom, GIS
2§ S&o] AlEYoeldo] T ES §F Al~H
o]th(Revesz, 2004). 713 4% ¥ 29| Al%f 4]&
MLPQ =75 o]&ste] yehliglitt MLPQ+=

R Aol A4 AgeTh g ol ‘o
A Vg e AEAQAE RET Wy A

212 vg3 Zrh
Nearest_Park(id,x,y) - Park(d, x, ),
Buf Nearest_IC(Gdl, x, y). ($47 %, 2001)

MLEO/PHeS 10 — Univercity of Nobraska—Lincoln — @eapa]

Eile  Edil  Miew  Minduwe  Helo
saL| utea| e | B == == | = | mec]m ] I=1=1

FIGURE 4. MLPQOIl 2/et &H
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ol we ARC/VIEW AlZ8le ) ()
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TABLE 2. ARC/VIEW2} MLPQ/PReSTO2| 7|5 H|L

4= ARC/VIEW(ESRI, 1996) MLPQ/PReSTO
— Z Iyl *, h
e - medggen g AF
e o de glom, EAE(Gixt)INLR
- &2 dlo] ¥ o] 2 (x.dbf) Gelold 9 («RNG. *CLR
dolelx - #HEA(Shapefile) S FHE(xy)F 4o -E]_m . :MH) 4 (+RNG, =
hyi = S
= point, polyline, polygon, multi—point
_ = I ] H = OFAl O [¢)
5 ADRES @O-3Dol e wo] - oo owiE AL A
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FIGURE 7. TINTtZQ| 2 &4HEH HO|Z

TABLE 5. TINTZOf Ciet Hln

begin%GIS%

tin(id,x,y,z) = id="A",
5.9758x+0.0170875y >= -2997403,
-6.98785x+ 4.66029y >= 13601502,
-1.01205x+4.67737y <= 10883782,
10.1379x+ 1y+753.2422z = -190544.

tin(id,x,y,z) = id="B",
1.83777x-0.632034y >= -1985511,
-0.399325x+ 3.72669y >= 7996848,
1.43845x+ 3.09466y <= 6077301,
15.8587x-1y+2863.47z = 38902.

tin(id,x,y,z) = 1id="M",
7.0977x-4.64253y >= -12062578,
2.08593x+5.97177y >= 11946916,
9.18363x+1.32923y <= 405035,
13.1407x-1y+ 2517.48z = —-140633.

tin(id,x,y,z) = 1id="N",
-1.17912x+6.55171y >= 14705482,
-2.8987x-1.29384y >= -1130519,
-4.07783x+5.25787y <= 13780132,
-4.56637x-1y-111.05z = 301416.

end%GIS%
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