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A Relational Spatiotemporal Database Query Language
and Their Operation

Dong-Ho Kim'- Keun-Ho Ryu'*

ABSTRACT

The spatiotemporal databases support historical informations as well as spatial managements for the objects in the
real world, and can be efficiently used to various applications such as geographic information system, urban plan
system, car navigation system. Although there are so far several pioneering works in spatiotemporal data modeling, it is
little to study on spatiotemporal query language. So in this paper, we at first survey a modeling technique that makes
spatiotemporal objects into databases, and then show some significant functions supported by query languag&*Algo we
suggest a new spatiotemporal database qiery langidige, entitled as STQL, which make users to enable to manage
efficient historical information as well as spatial msnagement function on the basis of relational query language, SQL.

Also the proposed STQL shows their operations in spatiotemporal databases.
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T ASge A, oiAgoz 7RdAE o] AT
o 899 go2o ATE MA Y

2 HY o7

AA Y vlojEHwolA Aol hEHZ
TQuell15], TSQL2(16], HQuel[18]%°] 9t}. &3
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(Fig. 1) Spatiotemporal data type
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operation)¥ Al £4& oz & AAY @
AHtemporal operation) ¥ ¥ £42 dAoE e
&3 dXH(spatial operation)e.2 TEETE #AY
Bl FEY dA(select), 449 FZ(project) ¥
ZQGoin)Fol Qon, A} Aiee Ao A FEE
A ARE HAqds ARAY AR d4Htemporal
construct operation)®} A|ZH¢9] <lH(adjacent), X3
(contain), Z3H(overlap)s 3 o] AF}g AHzrg
ARE AzAE BEde YA FAst= ARA
9 238z AiHtemporal predicate operation)Fol %l
o} op&E FT Aol A AAdA T ARE
Roste A A F4 2HL JlEdE F A
39 3 =Y. A spatial predicate operation)©]
AFdd. ¥ 2P A& IAHcross), VA (con-
tact), X3 enclose), ¥ (disjoint), ¥ 3¥(direction) S 2
Zol & AAe FHde X BAS WwEsE Ay
¥7 A1Htopological operation)®} # 2](distance), 2
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F HFEIY= IR g Adse 218 a4l
(geometric operation)o] Aot 53 4 A bz
AN Y @A d4ke 2E71 Allen[2]9] @] 7wt
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O XA 4 4
- A Y B4 2]
adjacent, contain, equal, precede, overlap
- AA Y 7Y AHI516]
valid, transaction, scale, cast, bind, nobind
0 3¢ a4
- 718 4M4]
distance, length, perifneter, area, position
- 3 A 4814 )
cross, disjoint, contact, enclose,
east, west, south, notth

(28 2) AiB R
(Fig. 2) Spatiotemporal operators
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(Fig. 3) 3-D Architecture with Bitemporai time
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#g 74A9, LINE £4 gde 7 /A9 33 5%
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e A AEY A9 F oA KANT F2E
Adg 4+ g 28 4@ A¢e PR Wz o
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Z8 BAHEE JHA 29 49 AS$E T2 Y
A raEte], Auo WAz dAF Fe FEH
A 717t shesicke AHE ZAAT NG &Y A
o] 857 wie] Hzyu|do] 2 EAHFEL et
tio] & Fl(foreign key)ol €3 &4 A1 Fo|
AgHE A$dE AY 437 de =8 TAFE
et w19 4a)9 72§ vvter {ED
2ol 2§ A% W(difference store technigue)s
s A7t b E&HY AT Helg T2
5o, t}& BoME o AEE 7Iwte g Fe AT
A9 qlolg AR

sy 354 A4
(24, A%, 4%, 28| (4, 4, 049 |(FEAL AAAD

(a) % A9 Hoj¥ 72

A&y A&y
Z7) SID
(84, 3%, 45, ¥8) (FEANT, A
- 33454 MEEY
(3, 4, 928 | GRS AAND

b) ¢4y Holg 72

(28 4) AISZH Ho|# 7=
(Fig. 4) Spatiotemporal Table Structure
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ol Bojre 3FoA etE AF3 dHolE Rl
delesj 24 Re s}y fstd SQLE 7utez
719 §3 dolEwo)zolA Aolg F £4 ¢
A ARAY dojEiujo] A doAo|gl TSQL20
A Aod oy B 2 QXL g BAY NFY
Hleleiuo] 2 Aodloje] HAo) Whatal dgic),

71&9] Aoolg} oA Z AJF3 A9 doj=
A 3% AR FY ol AFL 2% dojz F
28 & gtk A3 A8 A9 Ao|(spatiotemporal
data definition language : STDDL)ol& Al &3t Hio]
B AGE, AU 2 § AYER HAFE Fol o,
ol EFL J1&9 At £4 Bat ojyz} A &4
2 L £4E di9 FHaLE Ag¥Y a9
S@elx FHE AFI Hold FYE TEAN A}
45& %4 ®lod= CHAR, INTEGER, FLOATS ¢
7ZIEHA &4 EJ®Y ohzl POINT, LINE,
LINES, TRIANGLE, RECTANGLE, CIRCLE, &l
POLYGONS 9 33 &4 €glo] Qo Me3oer
AHEE = ASHAA VALID 782 &% HolBo] &
AANTE AY¥E Je)gIv, STATE FEL AlHo
ohd AZAztn FEAI 02 FAHE 3E YEYE 9
" gicl o}&23 TRANSACTION T&8& 33 Hol&
of AAIZE AYPE gvd=d, Ad AP 3
$ 84 179 Y g Fevh 7Y ASHo| A
71&9 dolgjulol2gl FAF AEA 29 HolEg
(snapshot table)® 2 dx},

AlE% A8 =3 do|(spatiotemporal data mani-
pulation language)ol = A Ao et 4], AtA), WA
2 FHE Fol Ut ol FFEL /&9 Y@ 2
At ol A it FU QAAE =1
A AHEE 5 on, AZE ARd dig KL AL
AEE HYYHE FEE 372 A §, 9 &
4e dAeE gt 20AQ WHATAS 33 44
€ d42ez = =7 WHERER, 183 A3}
£4E& Wdeg s 2PAQA WHENAEL A3
Ag 23 dojdH Moz Agur) duigoz
dole Mol 2d X ZAEL e E39 7z 7w
ol HE 7H¥ 71831 Aoty 29 5(b)elM Y
¥ A Fzt 7 E(spatiotemporal select statement)&
dolejwlo] zoll AFE M) thate F 2AH A

BIAR AIEZH HIOIEHIOIA TOIHHQ} (1AL 2471

¢ 2AE SN ARG A FAZRE Ao o]
EE Ao d¥ FH HRE ALEANA AFEc)
AFE AAEY RN E 99 £43 33 40
AH4-5 o], FROMAME AR HojEo] ofd dy
& AHEFo 2 27 o] HelEE TAY B3
A9 2§ 2} dsiA Z@H92Y 29 5(0)AA
BEdE AT A F(spatiotemporal insert state-
ment)?] TES 71EY dojEue]a ool g
3% £A00 A o1y FUE AYsr) d&d g
B3¢ F2E ek ob2d VALUEREE 49l z
B duk £4 9 37 &4 g2 AR JBe
A FsH, VALIDE L 3 249 8o @ #&
AHE E¥s87] Y8 AHgEd a8la 29 5(del
A BHE AF A E(spatiotemporal delete state-
ment)l Al VALIDE L A" A3 AA fEA
e mEsH, AR die] 544 A ABe
A gl A Alg s Fad EFo) Utk upx gt
o2 19 Se)olA EHE AT HA FEM SET
Holle 9wt &4 @3 0 54§ s ¥y
g AZE £4 g5l 71459, VALIDAAA 7)&
He FEAZ e AHE 2AgY FANT @7 A
2o] 3748 AR FEANY &E Yu)d

CREATE TABE table_name
( attribute_name attribute_type
[, attribute_name attribute_typel’ )
[AS [VALID {STATE | EVENT}
[AND] [TRANSACTIONI]
(@) AFI HolE YL Y

SELECT attribute_name [, attribute_name]*
FROM table_name [AS alias_namel
: [, table_name [AS alias_namell”
[VALID temporal expression] -
[WHAT general_predicatel
[WHERE spatial_expression]
[WHEN temporal_expression]
(b) N3 YAE9 BY

INSERT INTO table_name )

( attribute_name [, attribute_name]” }
VALUES ( attribute_value [, attribute-value]’ )
[VALID temporai_expression]

[WHAT general_predicate)
[WHERE spatial_expression]
[WHEN temporal_expression]
(c) AFT AYE9 &9
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DELETE FROM table_name
[VALID temporal_expression]
[WHAT general_predicate]
(WHERE spatial_expression]
[WHEN temporal_expression]
(d) N3 AAE] 9

UPDATE table_name
SET ( attribute_name TO attribute_value

[, attribute_name TO attribute_valuel” )
[VALID temporal_expression]
[WHAT general_predicate]
[WHERE spatial_expression]
[WHEN temporal_expression]

(e) A F WAHEY Y

(O3 5) A3 Be| 2
(Fig. 5) Spatiotemporal query syntax

5 ¢lof Aty 4

o] FelMe 43dA HAE AED HolE 44,
AEE A, AEE A, MED A 2 AT Y
A% gL AFE A% FYE Ay

51 A2 Hfol@ MY E A

(A9 1M 33 £4& TR} YA H
o#g Aqste A9 dolv, 1 63 2L olYA
(o DERIEE Y

(39 1] “AB(IE, &84, 713, 32, A%, 2P
£7)5hg ZE o WAIZE Hol¥ building® Y3t

CREATE TABLE building

(name CHAR, owner CHAR, price INT,

address CHAR, location POINT, shape POLYGON)
AS VALID STATE AND TRANSACTION

[d9] 1]91A location 44<& POINT EIjl9 3
£4o]5, shape £4& POLYGON €}l 33 £4
olt}. o}&# 1Y 6ol A} o] ASHANAN F& A
3 AR AZE FAY AQFYenE gAHoR F
AT AR NS ARE &40 YA4HY FE
e}l ~ € (tuple timestamping) T2 & Z&d}.

AutA
Name Owner Price Address
(CHAR) | (CHAR) | (IND) (CHAR) |
Location Shape
(POINT) | (POLYGON) TVF VI|TS|TE
EEis ! AjZHEA

(328 6) & Elo|@ 7|0}
(Fig. 6) Building Table Schema

52 A3t A4 2

(29 2Xe A 203 ¥3 2002 FAHY
AZT HAEE B3 AAZRE Ao o2 F
7t Aao] i o FE AT

(29 2] A€ dHeolB2HH “1986d 39 1Y oA
F39 S0mol g} FEE 2= WEB o]§g &9
e}

SELECT name

FROM building AS B

WHEN BEGIN(VALID(B)) PRECEDE
TIMESTAMP 1986-03-01

WHERE AREA(B.shape) > 50 squaremeter

Z, faAztol 19965 39 19 ojHd] Azy F3H
Ao H@Ho] 5omlel AEL HMso AR ol
3 39 9AE 29 dojn, 27 (@9 Yol
o] Folzg W $4% ARE: 29 7% 2o 29
Tl it £4& AHY 4o P, I
£4% §EAD $4& AFHoz F3Ha AN
% 24999 29 %a)9) dHolgeld £4 shaped) @
e BEFL Yuiste ¥WE Au2A 13HL Im2
F8] AP e 28 29 7)ol &
g¢ AoATg Avnd, Fojd ol sy
A# %8 AZo] UCUntil Changed)ol™ &A=
Nztol AAE ElY2dTRT Hole ZAY oo}
#e o 4 9ok ol A F& A7e] UC okl
FEL HolBAN =gHoz AAHULE FHeI)E
o, 4 AYol AAFE AR B4 A7 o
AA5A RYch ol& Ay HME FAoA
¥hEA] TRANSACTION 78& AHg3te] X gsioo}
80, o|g 7lelA 29 AAMollback operation)o] et
Li3= 8
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mamee | owner | price | mddress | location| shape [ VF [ VT | TS | TE
— [F9] 3] “19909d 39 1Y &0 249 Aol
294y 2u% | 10000 ’“g* (100100 10 | sy fomvrl s00r0nf uc 120004919 v gz JAE 508x 9 Ao FF
110.90))
s "
ety was | so0) ALE (so.& W0 | 70 trr| 300701 a5u30)
NI et
A .. INSERT INTO building
§ 3 § VALUES (‘o83 3’, ‘3]’ 12000, ‘AR5 50,
FUHL Q1| 7000 o Fm oy e (70,70), ((55,55),(55,85),(85,85),(85,55)))
‘ﬂﬂl&d }Ha 7,5(& ’“;}i% (200,200)| l{;‘%;g?{ am10| Forever| 5210104 8701004 VALID PERIOD (l%—os—()l’ NOW)
J J e
Q h Q 71;-;12 (W&D;gﬂj:'”' 2010] Foreser| 5101104 1810710
(310.290) mame | owner | price | address | location| shape | VF| VI | TS | TE
d dJ Jd| J — —
% Q Q Q Q g1010] U004 s310v10  UC 2243 £2% | 1000 7|;‘;I§— (100,100 ::-‘EE‘.; s0070| Forever] S0l UC
d d d d :(:%.%?E: o] Feever| swionel ue by wes | s AAE | (s0.50) o | s Farever| 8007101 8500003
- tmn, TR R [
J J a d d BOVO7A)] S50DF 83M30F UC
(a) Building EjO|& QLS N
EA0kY A op| 7.000 d d J 85/030) Forever] 80303 UC
name location shape VF vT ogﬂa\‘a 3 7'5(& 71315!% (200,200) gfé::i: 87010| Forever 8700120 870104
((90,90), g g g ’";‘é (300&00, ::%):‘:: 87/0150| Foreved 87014 88/1011f
(90,110), =
FEAA | 100100} | (13511, | 8/07/0L | Forever J JJ J|J e e s o
(11090)) SESQ G §
d & d J d :‘:::; 881000 Forever] 881041 uc
((40,40), o
werd | @m0 | @ | sz | eovos amd oot 12 128 | onrw | ZE | e e
(60,40))
((40,40), (38 8) AISZ dEee] MY o
mxerd | (5050) (40,60), 85/03/01 | Forever (Fig. 8) Example of Spatiotemporal Insert Statement
’ (60,60),
(60,40))

(b) AIBZH HMEel 74 2

(38 7) AISZ A 2E MY o
(Fig. 7) Example of Spatiotemporal Select Statement

53 A3 M2

[29 3JAME 29 Na)E Wiz 3T §4¢
Edste AAA U@ o]y PRE dlolelo] o) 4
fate AeE TES HeFoh [F9 3Jel4 VALUES
79 F3¢ 44 %L POLYGONER]] 9] A& &4%
o2 749 goz ¥9€EY UY LINEEIYU A4
de F 7ie £X%o2 7A€ o] AA=, POINT
B Ffole e x4z 748 TT R
ghol A& 5o, A9 3 AA= 19 83 #oh

54 A3t AR

AlE3 dojEuojxo] Age AFol thste] Aba)
He AdE Ad A4, 2= A9 Y ADge)
Ak 2Y 9% o] dwrHoz Ftel AIF3 AH
of et AR FPE FF st ol MEE
A7t AEe BAL Zed, oL ARAY o
e WFAY 54U EFAHA A4A A9 =8
A dade] dAZRE 1A

A Npgy ] =ddes sa
A48 4 —
N2 99
EEE: Azol 37k HES AR

(a) AlZFE=oll ChEH ARl o4t
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AME A
3 3%

M=ol #7td REY FTA
28] FHPE

(b) 32t F=20ll L8 Afx ALt

(32 9) AISBZH MH A4
(Fig. 9) Spatiotemporal Delete Operation

(2] 418t zEo] Holeiwolxd]l A Ao of
Fd FEAT 40 g3 e 2y 99 ge] 4=
& AAE YAt Qe gAs =, 1990 39
195 E NOW7ZRIY §EALE 2 Ade =d4
o2 2AlEn, 199003 3Y9 145 19963 29 2047t
o] FEAANE ZE NZE AA7} dlolgulo] X0
AQE. ojF 19909 39 1958 NOW7A 9 #&
AEE 2 A 9AR AR s A
A gov], ¢A A uiel o] TRANSCTION
TEE 49 5EY AT B £ o

(29 4] “1996'3 39 1948 $4F0 288 "3
A7 AA AEE Wgsgd”

DELETE

VALID PERIOD (1996-03-01, NOW)

FROM map AS M

WHAT name="5-8]4 % AND owner="3-%%"

WHEN VALID(M) OVERLAP

PERIOD (1996-03-01, NOW)

oAl D, a9 10404 A dA FE AYZE
A|Zbgo] UCH obd el 2= '96-03-01'2 & A
L T FEol =fHoE AA4HULE UeiE 9
2 FRojn, apAT FEL AA Aol o3 2o
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Y AEE A Ao o3 =2¥eg AAE FH
A duHQ de Adoz: HAAY 4 gloy W
=Al TRANSACTION T&¢& AHg3td sid Ade
2 HolEe FHE olFAlA} #r)

|- ) v L atdees L Jocwion, Md LB
H Py i
HETET RES T3 BTV ’“,4’* [ T I P e e N |
H vy H
b T B B e P P Eo B
nqy| PHIZG
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- i e B Gl fioriogll W RS R R
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S & ’5Q( Q‘ i ol | P |00 | s
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= R I e e e
ety
audd [ see 12000 | 195 | 00 | BE | oo | reme [weom | uc
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(38 10) AIBZE ArECel A% of
(Fig. 10) Example of Spatiotemporal Delete Statement

55 AlZ3t HAHR

Al F7F A7 E(spatiotemporal update statement)oll
A A sl WA £4L dut £4, 7
& 2 AR £Ao] ok TF 2Y 11904 A
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X138 WA
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(b) 32 H=of thsh WA A

(38 11) AI37H HA AM
(Fig. 11) Spatiotemporal Update Operation
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UPDATE building

SET owner TO '¥tx2" AND shape TO
POLYGON((190,190),(190,300),(300,300),(300,190))

VALID PERIOD (1997-01-01, NOW)

WHERE name="3 X3’ AND owner='34 %’

mme | owner | price Vocwion | shape | VF [ vr | 15 | T
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ea0d | wes | so00 1'?% uo.s& EQ w8 | e | o | a5
$A4Y | e 5,000 g g g w0l | w0x0 | sosor w
#20k4 [ ua | 700 = = =4 N . [
AR | BB [ 10 ";35* 200200 | tm | srewr | e | 000 | evowoe
dI I I aus ==
& &l & "””Q oo | i3 7 | o [ e |
A I I o o
[ Il =4 — . -~
S-S YA
= et = =4 =4 7‘::‘ mneen | vewnr {swem | e
A%9W | sral | 12000 "i“ .20 :-E soavei | v | 000 | oe

(8 12) AI3ZH eiZEeie] NY of
(Fig. 12) Example of Spatiotemporal Update Statement
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SELECT C.manhole

FROM building AS B, cable AS C

WHEN BEGIN(VALIIXB)) PRECEDE TIMESTAMP
1986-03-01 AND BEGIN(VALID(C))
PRECEDE BIND(NOW - 1 Year)

WHERE AREA(B.shape) > 50 squaremeter AND
B.shape CROSS C.section AND
DISTANCE(C.section, C.manhole) <=

1 kilometer
same manhole section VF vT TS TE
Agd (|20-30§ ?"::E 000 | Forver | 000001 | seorm
§ AT Cg
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manhole VF VT

(120,80) 86/01/01 Forever
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(3% 13) AISZH =2l KMo AlY of
(Fig. 13) Example of Spatiotemporal Join Operation
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