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Spatio-Temporal Objects using a Gothic GIS Tool)
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Abstract In Geographic Information System, spatial object can be changed in the attribute
information, spatial location and the topological relation between them with the change of time.
However, traditional GIS deletes the old value of aspatial and spatial information and replaces them
with new value. Therefore, it is difficult to manage the history of changed spatial object and can not
support the spatio-temporal queries including temporal queries.

In this paper, we propose a spatio-temporal object oriented model to solve this problem. We
implement the proposed model with spatio—temporal class using Gothic GIS tool. The historical
information of an object is stored into the object itself for the effective history management. And, in
order to provide the queries for the history of an object and spatio-temporal relationship, we add
temporal operators, spatio-temporal operators, and spatio-temporal query operations into Gothic, and
improve the facility of the Gothic.
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HAHEA2HE F4o23 AAATE Bl |E B
do] B4 2 AGHS vw MEstn, AR E99 o
HA2E T o]GAZHI S AYse AFL 2dS
Aokt A A)FR Bhe Ao wel wslale
I AHE BEEY] st AT AA A 2
[12,13]& 7dteg &5 A7t @3Dugoich A5 4
AzE 8F3x] % Ws olYAAE AAr X3
E2 3o oy A @ shtel AN AHxmiew
el BE o|HE HAY £ YT E 3t

Aet e ARG NES AHshe APPRA
28 =72 31Y(Gothic)[14,15] & ol&sld T8 AZ
s, AA) zale] wslel e 2 AFL FHUa
9} 157t EAlde @AZ 7N s 9% A
2 BT 2 AN QARE Y. Agd BYE 3
g9& olgstd FHFOEMN 7€ A7 FE Al=H
o] 7k FZ AR AHYrlT olYd Azl =g
7 AN HsAEE F&Hoz AUFH FA,
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3, o] =RdA ALe 2dS FHI) A ARG
AYFRA 2 £7Q 19¢ AMRD, AR Y,
Ao 8L FH0Z JlEgct 3RAME nYd] AHF
& A olge TP AT Sz AZHY A
B AAE Besin] {133 dolgRd e A,
o|E ulgozg AF7HAAY oy FIYE AT Yz
AZ9 MA D FHG 4FoA A 5 o]
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9] dA 2 TR B3 Al Fedio) spxRoe g 6
FollMe =8 89 2 oz AF AEE JE
g},

il

H

2 m@os

2.1 A3 Hjojet2d

71&9) AlFZ deoletRdd] g 71Ee] #AHER
[7101316,17,181 & R® A|Fz delgtrde= o}3
7MA) 53] A& o] EAEA gow Zr) &
2dy s 534E 7FR0{1922]. wekA 2d
ritk JI2w2le] g EA Fdd, A4 7Hes A9
o] FH7F Bt M2 29 ojs tgd ol 2
g F Atk

2WAF Fdll(snapshot model)& 713 @43 =2

A AL BEC wE A AAY 4 AYE AT
29T E e AEAHY Bolojol o3 I3 wlolel
mdilo] BHHAT6,7,16]. Zzte] #olol= 3t
FAO A3l Aoz FAF <] AfFPez
FHH, A{Holn gt v, F ool 23AF go]
o] FY AFEV FEEY FHHIL AIZHEe] ¥st
7v et g6, 9], A1FL EF delg mdd
(space-time composite data model)-& Th9] 2 YAE
glololg el AT BF Hojojd FHAINE W
Hoz 5 o|8ge e I3 A9 FRo] Brledt
EA7E AeH6,7]. A7t 293 2d(data models
based on simple time-stamping)[20,211& 2 2 A|o]
hete] Ao A 2 A diFd AL 29T AS
Hogtozm A9 Azt FEE Fede WPe=
2RISR @ dA dojete] kAl A)RF 2FHEZE
'NOW’, 'CURRENT’ ¥+ 'NULL’ 59 S4¥% g2
7AATH20]. o] RdoiNE FYF MM AME gE o
o] oAesle] HolEd EATLEZA dd A9 o
Y g7t iy 53] AHAAR dg AHPY AR
A77} E7bsEtH22]. Peuquets Z4zte) AAL g~
Eg A3, 7 AR Wi A A=
(timestamp), &%+ 44 Wl (feature change), F7+ 9
=] WH3Mocational change)E HIAES Z2EZ FTAF
A 718F A1 g7 Holel=d(ESTDM: event oriented
spatio-temporal data model)[9] & A¢HIHTE oY
a#x= ®d(history graph model)[20]-& &7t dlo]g}
AjtelA Wsle] ARG A7) st AZE A9
olgdg MAUNAE=  AAe  AAM(creation), WA
(alteration), 2}Al(cessation), #|4¥(reincarnation), BE
(merge/annexation), ¥#(splitting/deduction)?] oA
7HA PR oY EE T3, o]y AXe HAH
AE AR 28T & de FHo] Utk Yuane AT
dolelZ ®EHsy] Y3} 2v)(semaintics), F-IHspace),
AlZHtime) 99& M2 U eolBE TA3ln o]t
o AZYAE ATFLEN FUFEY A 2 @Y
S HE¥sh= Y2 d(three domain model)[10] & A
st 9v dge Al 2 Fzhe] diE) 5HHAY
A A shed AA HRE XEFIH, I L
ARPEL 47 I AA ZRG AL JRE X
o} o] & ot W ofst A olFd o
FTA W3 4A 2898 4 Aok Erwiglh] 5 F
4A doletetdE o]&3td ol % (moving point), ©]
F 99 (moving region)ell W3t diolelelydg AHFe
ZH A2 e AFD dHoletmdRl ol A
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A) &7 blolel R Y (spatio-temporal data models with
moving object)& AA3R} 2+ dolglede #,
A9 59 /Aet A olF ke XIS AL 4
AE 37 A SFFoEN A L olFE FAl
B = Aot AF7T AA-3A 2 (spatiotemporal
entity-relationship model)& Aol 9z, F7t wol
&4, FRA, B & F¢ F 59 ide e
oz 23], AAY AR FHE Y, A7), AA,
4H 848 FAHY, T4 Hol £A e A A
o iaiAzt ofel ok HXo| wpxEt Wstele &
AL MY AE AAAFE Zd(spatio-temporal
object oriented data models) A, Fdl2, 4%, 03
3159 AN HecdE 72 FY AN B
€ o8 HAE shtel 9 Aol EFei=E dot
[4,20,21,24].

A 7]%21 UEEe] Bdo] Aj7hE ojabd a4R
BH@sle A0 wd[525]vte] d4H 942 RHG
ok AIZE & '—C- o] A Al Az S A
A3ln dom AzkEi Rdyd oire EE Ed
o] Ny AI7here 71Boz Fum Utk A)7HY d@9e
BT gF A 998 AYdla glow AR e
oM FEADS BE Rdo] Yste d wkE] A
YA S BA AYse 2d(12,13,20]8 ¥x ¥l
agi, AZEYEE il e [523,25]F5°] A
A g4z Foisks Wye dan glen, geoloisle],
£406,7], oHE[9] YHE At 2YZE RAsn
ek agl3 Z 24 Ao AA AIRpAL 8} ATt
Aoz FEEY, 7t Ao oA A4 g, 49, @A

EE AR AYE ARG g A7 2w Fu 2
W Rl mdo] we AHdels Adsm Yot

Az AZtRAdd s A2 AAE dlolg
2d[510,12,13,20] oA A1k AlFZE Ao} o]
AMx A g2 Bde] g Al Aoe A¥s)h
I Yo AlEZ 9939, AFT AAAYE AWst
€ 242 39 telg®d[10,1220] 14 AFHo=
Ad= 3 ok

AFHAA AFE deolg EdE
ZreE olg ALY d EA[6,7], T AA 9 o
Ho] FE BEA[69], @Y A9 o}y AT 4
a7l HE g2AY oy ga vt Zlb}ilﬂl =
£20[12,13,14,15] 8 7HA3 Ik meka of AperE
ol#idt BAE slFslv] Aste A A mdE s
o2 e AFT delg mde Aotss 53 ©dd
Ao AA olz5g AAE o)y el =B Hg

& 59F ol¥e

o2x oA e oy AA AA AEAIT M=
g EAEE AFI=E Frt

2.2 15 GIS =7

o] =FoA Algtsls AA AFZ dHeolelEde 4
=9} Laser-ScanAlolA N3k AAAE A RA) 2
d9 =79 GIS ETE AHEsld FHEGEE @)t 1Y
GIS =79 doleiolzd A ZE dolele AA ¢
2 #Hy, 712 delelin S8, 382 79 A
33 NG9S AFsH FY FUEZHE AME Aol

T2 AN AL JlAE o AAE Y £
ATH14,15]. m9olA AAMAI2] A H(instances)E A
o AZHed shiy AAs w=A shie Sz

2E s, gdae dolsesye Ardl 7

A RARE A&E AZSH T2E 4 fL AZH T
ZojA NEAR A 7)Ee] He 2% AHA7E
AT ¢ oy IHAA Zﬂ%il\_ object, rwo,

geometric, spatial, _goth_pre_simple, simple, simple_
point, simple_line, simple_area & 7|&ZoZ o]&H
712 FYP2E ol43ld a3t S5 FPo
14]. 28]y, 19 diojetdl @9 wWAR 7Y
Qs deH, WA doletale] HANE(as copy of
a dataset) /o2 uotd ¢+ dem|ls], 5410115}@\—4
BE WLe FE AR ¥ @3d yEs ¥
2 BEE] Wi AFFTe B/ PuE °]

o ok BAAE & o dF o|He WAE FE o
A, AL 24 WAl 3lv FYH FEHA
o2RE A2 & og9 A4 wHEE AT Fe
ol wWdel Vgt ok = #7149 e 39
X']'é' shte) ez A #A BFE AQst

olof wE JiHE ATk

1&‘5, a1y 384 A& 7R 8% (Application De-
velopment Environment: ADE)olX &7F 2 ®|ZZ
dojele] i doe 3d &8 =g, A9 ZYHYS
ol g3t YA =9 ngoM AdEHE LT
233 Mg Aol lull Z=8} & ojEg Ao zte)
F48kE dAlEA J1RFer AN AFH FE "’“ﬁg
]%""‘:}[1415 fﬂiﬂ g9 Fo Ty
2 7Ig A, &4 7vk 29, T3 &4 7]“} A
97} Vst aiﬂ’\ 7 doje dF S °ﬂ —"31-
= AAEL e FYolx, dvt &4 7§k Ao v
I AU HoEA H1F T £4 ?";J ]-—‘é—%
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1399 £4 A8
F o a ¥ A

= < >, <5, >= not equal, like,
LR o T
begins, ends, contains, is null, not null

=] A& | oor, xor, and, and not, not and
7 44 Fwe) Aol T AL, A2, o

el EAlste AAE BAY Foln AE wH
AAE e F¥e AelzA B 29 ve I
A48 ol gt

et
o ot

® 2 2499 T A

& 94 searching mode
equals, contained, include-point, in-radius,
contains, intersect, cross-vector, cross-line,
on, off, touching, in-region, in-area,
nearest, totally-in-area, nearest

a8y, 19e B2t dojgg &) A% =7
7] W} I AA AzbH W ojdE B
AE 715E AFEA FT AUtk ot EoEAl e
WYy V5L Aoy Y8 A FA dol
el W3 WeES 715 FIT wby, DHAA
€ 29 2da o] A @49 oFaEst s
&, Al EE Adste AL BAHE AFEA &
i meEtA Az 2o 9 A1 A Jlse Ads)
A ®ska AeH27].

3. A3 AH 2

o] FojMe Alztel we} §islale AlFT AAE &
H3l7) A% A1FZ dolelRd-g 7@ =7 3199
e a2 AUk AgE 2l BE AFI
A 9 o)dE oA MAN TEFozH oFg
AoAl & shite] AH Ayzigieg Ao FE oY
£ A28 & ok

ABT AR 2dS Rosir] AsiMe WA AT
g Wzl 7 AAE TAI7] M= A4
EHE 4 e St desti(2728]. 2@,
AR F4e nHYE AHE X3 A4F FU=
AFsA etk AF Fae g Zo] A9
=3

(A9 11 A3 S92
Cst= (A, M)

ot ol wo &
)

A = {Agenera U Aspatiat U Awemporal U Aistory
Alcm[x)ral =< Il, Iy >,
1=<Tstart, Tstop>, L=<V irom, Vo>,
& Toarn £ Totop, Viom £ Vio
Anisory = <(3t) - - (Ity) (Os1",
Os7, vy Os1™)>
&, n=1 (n& Osrd] WA
M = {Meonstructor U Mdestructor U Mpre_modity U

Mposl_modify } D
AEL FWE Core 43R A A= MOE

g

"ot $432 A oA v SAD Agencral,
AR EAA Aguia Ao ANTFHEE Awmpora 2
AEs =y, viss 149 AF@E] His o
Zgol WA Fo 7R fis #]d At ¥ol
AEE Bestr) Y% ojgBe] wAsE P E
T Ftdom AA A9 o|¥HRE AHAgsr] I
)& Apwons ZETL AT ZH CerolA 9
Al B2EE F ¢ A AA9 oY FYE 93H9
FEL) B A1) o)L LE AAHTH27,28]. &
A|ZAA 7L doletolze] HAEE AYATE
&y, L= dolelzt AMACA gulde Alte R
WolSoAz FEAZLS u|§ri(28,29,30]. whelbA,
o] T AZE ®imAl MZ dXEe Ao] ofdH, 17}
Lol dAAY == 2 Wiyl d 5 dd(29]. AIF
7+ Y20 BEHE IT FHRE nYAAM AF3E
A, A, el Simplex$t o5 ks ZFA
Simplical Complex2 T HEM o]&& 2xd4te] =2
= #W(Euclidean plane)do] T8 4 Yok

Al F7 S22 2 FE AFL AAE gge=
e AZTE BA A4 o o] Fodith

(49 2] AF¢ 24 a2

Rser= Csr, OP Csr; ©1™, Rsr = {Riemorat URspatial
URspatio-tempoal} 15k

017)}‘1 Csr, = CSTi

EE Cgr, + Cyr,°lth

a3 OPe AN 2 = adits e ad
Zoltt. O

It ol
™ok

FTHA Rywa ZEE T A4e IRZE ol&
3te] AIEEAAAY Riempora™ A1FE BAALT Rypatio-
wmporat i A 57N A g gt

Alte) W& Ao HzE Bmds7] AT AT A
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A 28 Qure T 2ol By, [ tomporat |
39 31 A8 44 24
Qst = <C, R> *
Ag714 C € Cst ©)J2 R € Rsrolth. O period class
object id : OBJECT
_ valid_from : string
1‘39‘] 7]% %E“Z\—Q’]' Aﬂg‘ﬂl %‘“7]'51"5' )‘]7\_}: %Eﬂ—é— valid_to :string
_o,} 7;“%_ yd.;ﬂ% ﬁﬁdg‘._‘& )\]:g_zl. %Eﬂﬁl 7:“%.% ];],_%34 transaction_start : string
_ transaction_end : string
2ol Zog 4 itk " history_dr : integer
[%g‘ 4) ,\]%LZ_} .g.a“_,}_ ;“%_ geom id : GEOMETRY
C7t gdze] Fiols} 07k Fehe Col sl 4 constructor
estructor
"3% 7—‘1%“9] FQQ‘O]E}- 6—";(]'- Ooﬂ EH?l’ %EHZ: 7'“%{"% pre_modify
(C, )2 EHEL, Y&BAE 22 R Fox i
Txojth. (O set_value
5 A3 FU= AL AT Y27 199 7] A Felslperiod
Fojzel A FY22REY DFYES oA
A 2zt A% BAS BHHTH2728). A [ mpto_ors | [ voren
2

Csr(temporal)= (Csimple, 2)2 F3d5 I
o9 simple el 29 HA Utk o] = )\
oA AlZF Fdlas 1Y il AFSFTAA simple

Lo deorr oo 4o
-l
B o

parcel class
39 gusz FlgosA FASAS werd p——
temporal Ze)x Aol AlFD FdaA7E HAY addr  integer
cost : integer

simple_point, simple_line, simple_areal. 2FE t}Z=4t
& dgog N tokd Y ¥ F8L J1E £ 9l

! |
N FHRLE TS ABT BUL ATE 29 28R B ATT FA (parcel)

A%H 722 Eddu A2e) Fdse 49 2ax o

20y 447 MASE ASLT T ANV gyol o0 LS CaBTH AAY AAZ AT

A Osre} gtk Osre BEFZ Cord] EE H4(A)
#F HAS(ME dgEon] AT 1H £4%9 Hia
=8 714 % 9o

(732 5] AF AA

Ost=({CsT.A, CstM) U (OsrA, OsrM))

OS’I‘(parcel) = ((Csimpcharca, cS'l‘(pcrind))y é)

3

Y A= E Ao + AUk FH2 datetimed FoI3
o9 Az @ AEE JERY interval2 A=t
£ datetimee] WAHEZR e A7He) Famout of
time)& X839, period= A& £ datetimeo] HA
Hojx= Al7ke] A& 7)7H(duration)o)th[28].  =F
datetime set?} elemente Z}Z} datetime® period]
4oz ojToln Faich = ({ Ageneraltowner.addr.cost),

4e) 19} 2ol Folg AT SH22RY AHpabe Aspai,
Yag NEU 2AsE BHY & U 29 29 AemratVim Vo
parcel FHAE FIHFANAE area BIYo R &80, Tstart, Tstop),
Ao e A2z E datetime® 2 period ¥ Anisory},
M2 EAHC E=3 2% 19 period 227} e & Maonsiscor, Macsime,
AEY Hibe 2R E AEwon parcel FAl& 1H9 e

. Mscl value})
Unt &40 string B} owner®t integer Y e} -
: w3 Ao} ns WA - . tE
addr, cost® 7}RITh T3 A nEA 3B Osr. history( Ogr t,)

3} Osthinye.2 %7130
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AlgzE AAlT 3t o)ite] AlE3t 22 RE A
AT ols Zze A4 HgALES history_drol] A
ettt history_drgte A ¥z A|2"oAM F
ol m AR} AFE F gUEE 3} o|AL WA
o] WS FAB7) 9 HolEE AMER7) A
o] olgAlgte xR b= HE o] HolBEZRH
ARE 48 F Ut AAE Tan@ 24 HAZL A
el A2 288, Tuwio2A forevergtd 7}
A8 WHo] WAHE w o A9 A" FYHL
Tawdto2 AAZsA Arf dE3AYE Tapdtl 3
g4 A28 ZEo] EAldds AL olf dHolEgs
AL or|gich

4. N3zt 4x2| olxzz|

4.1 HF|Eele] HH

IEL o5 22 A HE e AT +
gtk ole T AAQ AztAe] wiAIEY] WEo]7)
= SHAT, gAY, sedn e AN 299 wAS
AFsA ¢7) ol

(89 1] 1980@ oldg o] FAE Fels &%
ZRo) N oW WHE AREAN

(29 21 19859 T4} AYHRD sspe
oitjelm 1 GAle] sle AE?

M

olg} 2 AoE UEAF)7) Y3 A g2 A
o W o|HAES 71E, #lse= Wil Yasith
o] =& dHoleld @9z WAL AsE 1Y
AlZEHE A o]y FRo| 753 3lE FY AA
9] BE oL sl @Y A el I 4 U®
2 7t Ao <& shte] A Hyzivtg gEsie 2
€ °olgAEE history_drelgte Mz AZITE F
of #esl=F SFATh AL AAEH HAH BEle H
olEbAl D97}t ofuEr Azt A @2 o]FoiA]Y]
o &ol AEAHA A|FL AAe o€ L BY F Yo
o AA Ge AzE A4 2 AT dakg AP £
Ac}[27].

4.2 29| ojzgdztal

$A 71EsARC) FAAA Y o|He B Y3t
o AlF 92 TR o"#E £48& FHE4
o ol&@ ] %A history_dre& AN <]¥H& s}y

At HolEg 7tel7le 2AY 9&S 3ok a8 39
Zol AA olg#E YsiM= mdelM AFs=
reflex methodE ., AME3lgen o Wiz

constructor, destructor, pre_modify, post_modify52.
2R AA e Hzx A4 2 A, WF F Ao Abzol
WAstE BE A9l FHAET(15]. o2 fihsse
cache transaction® ©]&3ld FP&£TE PPN TS

s A

AbZd(event)

@ EREDE
=

constructor
destructor
pre_modify
post_modify]

1% 3 reflex methodE ©]8-3F A o8 e

olFfe] vWi=e FIE dudF 13 Zou WA
A7 AAE o) A= constructor MAEQ
Micmporal_constructor = H32 A AAGA] F2se Az
AE ARE Hste Aoz RE A9 ALE ¢
I HEG AMPEYeE WA AW A7ty Azt
£ A A Az e dAle Az AR FE A7

& ‘forever' 2 AFYTHDA 1-4). 21 S oy
AA-g 9§ description record® AA(YA 53z
dridg Ansend #o2 AFIJHEA 6). §9, A
of Wi wWHel AME AL FAe W=
Miempora_pre_modiys 3 A 2419 history_dr @&
53 (A 1), history_dre] 73 slxg} gz Eo]
(27 2) N&=dloziE A AgE go] AN £85
Ao g HAsla(@A 3) 83 A AAE olgpa H
olBo] W7 o)A NAFTHEA 4-8).

5. 01 za] AKX At 7§

Azl MAZY BAE dohln ek f39
HAE HarMe Az I3 AFF dikAte] He &
AAZE AgEoler FH30]. H7|A AT Aakate
AIZE QAakatel 27 Akl ) B € £ gl Al
 Fe A7 AAe oy AAE 3 A=A
I AxRte mHAA AT 7R wg A,
A4 ARAEL o] &I E )

5.1 AlZt ALK}

Azt BE FAE AYPsy] A% VIEFHYA 9424
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dxEF 1 oY dualF

function integer temproal_constructor
input © vac_id, obj_id, vr_id
output - status
begin
1 Get current time from system clock
2 Convert current time to adequate type
(in this system, we restrict time granularity to month)

3 Set transaction_start to current time

and transaction_stop to 'forever’
Get attribute number and type of this object
Make a description record as history storage (get dr_id)
Assgin history_dr value to dr_id
index = 1}
while (index <= attribute number) do
begin

00 -3 & O

add column to history_dr
set the column type, header, key
index = index + 1
end;
return GOTH__NORMAL:
end;

function integer temproal_pre_modify
input © vac_id, obj_id, vr_id
output © status '
begin
1 Get history_dr value of this object
Get maximum row index of history_dr
Set transaction_stop of maxrow to current time
Add row to history_dr
Get attribute number of this object
index = 1;
while (index <= attribute number) do
begin
8 Store each attribute value of modified object to maxrow
including geometry information into historv_dr
index = index + I
end;
Set transaction_start of maxrow+! to current time
and transaction_stop to 'forever’

return GOTH__NORMAL;
end;

L [ Y 2 N SR L K]

Alleno] AHo§ 13702 AIZF AAA26]E FHEH
TEE AL AiAe AJFTE FolE o] 43 A
ZA] Aol Medz AT 4+ Utk drlda FTde
P AT dAAE e go] ok

39 6] Azt A3A

'7T:°1;ﬂ )‘]7L} Z_].'Z] <fr0m, t0>9)' Rlcmpnralg] 3&7“]‘:’“
e AAE FE3 W iAol

(&, fromgto®)x, OstVieom = OstVie & TEFdof
gtct)

RlcmpnraI:{OPbcfurc, OPmqu, OPmccls,

Oancrlaps, OPduring, OPstarls, OPﬁnisth}
OPhefore(from, to) = (Os1.Vie < from)
OPcqual(from, to) = ((OstViom = from) &

(OsT. Vi = to))
OPneets(from, to) = ((Ost. Vi = from) |
(Os1Virom = to))
OPoveriaps(from, to) = ({(from < Osrt. Vi)
& (to > Os1rVw)
OPuurings{from, to) = ((from < Ost Virom)
& (to < Ost. Vi)
OPguans(from, to) = ((from = Ost.Virem)
& (to # Ost V)
OPiinishes(from, to) = ((to = Os1.Vie)
& (from # Ost Virom))
(E‘% Ho}'tg—o—-i mem/vu)o‘] Tstarl/Tsmp‘% EH%}\]Q
Fath 0O
9 70 Azt A2k} OPequars A 2 G344

&} F 13709 Al AV EAF

5.2 |32 AR}

AZ7 didE A Zd Az AAratet 3T 4
ARke] FAHAARA o]|FAAY tgH Zo] FldHFA
th

(39 71 A3 A3A

—7|-‘—017‘l_] A]Z_].' lei <from, t0>$’} Rspalid—tcmpura['g] P&;ﬂ
d NE AAE FEF W dIRH (E from <
toolu:] Virom < Vio O‘E}-)

Rspalio—lcmmml = {OPcnnlracl, OPCXL)H]’Idy

OPuppear, OPdisappear, OProtate,
OPaisplace, OPtranstormate, OPunion,
OPyit, OPreatiocate, OPstable,}

OPcontract(frOm, tO) =

(31,1 <fi<n(from <0st™™ Viem<to)) &

(34, f<t=n (from < Os™ Ve = to)
&(OSTh(m.area(geom)>Os’1‘h(m4area(geom)))

OPappear(from, to) =

(from = Ost™”. Viom < to )

OPsuabie(from, to) =

(31, 1=fi<n (from < Ost"™ Viom)
& (05t Vi = to))
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function integer ST_select

input : frame_id, t1,t2, operator

output ° status

begin

1 Get object_ids from current dataset
and push object_ids into obj_set

2 Pop an object from obj_set
3 for each object
gin
4 if (this object is the last object) then
highlight objects which is in selection_set
5 else
begin
6 Compare_time(t1,t2,fiti);
7 if (1 = (fi, ti) £ t2) and (fi # D) and
(fi < ti)), just only (1 £ I £ n) then
begin
8 Check_st_op(fi, ti, operator, obj_id,is_null);
//Check this object is changed by this operator//
9 if (is_null # true) then
put this object into selection_set
end;
10 Get next object from obj_set
end;

end; // for //
return GOTH__NORMAL;

function integer Compare_time

input - tl, t2

output : f1, ti, status code

begin
Get history_dr value of this object
Get maximum row index of history_dr

fi, ti = 0;
index :=1;
\é\/hlle (index <= max row) do
€
1f (valid_start(index) < tl < valid_stop(index)) then
begin
fi = index;
index = max row;
end;
index = index + 1;
end;

if (fi == 0) then Find the nearest value of tl
from history_dr and set fi to index at that time
index = 1;
while (index <= max row) do
begin
1f (valid_start(index) < t2 <
begin
ti := index;
index = max row;
end;
index := index + 1;
end;
if (ti == 0) then Find the nearest value of t2

valid_stop(index)) then

end; from history_dr and set ti to index at that time
return GOTH_NORMAL;
end,
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