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An Integration of Spatial and Temporal
Relationship Operators for Spatiotemporal Data

Jong-Yun Lee' - Keun-Ho Ryu'’

ABSTRACT

In this paper we study on an interface connection between spatial operators and temporal operators to support the

unified operations for spatiotemporal data. The integration development of the spatiotemporal operations will be defined

as a common use of spatictemporal relationship operators by spatiotemporal referencing macros. Additionally, we propose

an integration algorithm of a history operator and temporal relationship operators. Then the proposed system will be
implemented on the commercial GIS software and evaluated by examples of spatiotemporal query expresstons. Here, our

integration of spatial and temporal operators will provide spatiofemporal query expressions with a useful framework.

. Introduction management svstems(DBMSs) manage the snapshot
image of current objects in database.  Additionally,
Actually the conventional general geographic even though many studies have been conducted

toward the topological

comparison operations

as well as real-time data acquisition systems cannot

handle their historical data since the legacy database
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space and time earlier, they did not support the
uniformed interface In spatiotemporal query expre-
ssions. For example, Clarament[4] addressed the need
to merge spatial and temporal relationship operations
and Worboyl[18, 19] tried fo the handling of the

spatial and tempaoral references in a uniform fashion.
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i this paper we therefore propuse the following
three spaticiemporal relerencing macros o integrate
with the spatial and emporal relationship operations,
vach of which references an additional information of
the spatioterporal object: Spatial, Valid, Transaction,
Firal, the "sSpatial” macro is an extracting operation
of spatial elements for designaied object in the
spatiotemporal  database.  Second, the 'Valid®  and
“Transaction’ macros reference an additional infor—
mation of either valid time or transaction time for a
designated object, respectively. The additional deve
lopment of spatial and temporal reference macros
will provide our spatiotemporal query expressions
with a unified interface.

Additionally, we propose not only a classification
of spatiotemporal relationship operators such as spa-
tial relatienship operators, temporal relationship ope-
rators, spatioternporal common relationship operators,
but also an integration algorithm of the history
operator, The history operator is an operation which
extracts all historical information of given objects in
the spattotemporal database, Especially, we also pro-
pose several of temporal comparison operators to
implement them on a legacy GIS system and des-
cribe their source code in Appendix.

This paper is organized as follows : In Section 2,
we review the previous temporal geographical infor-
mation systems and spatiotemporal databases. Sce
tion 3 defines three spatiotemporal referencing macros
in detail. Section 4 and 5 present some spatiolem
poral relationship operators and the history operator.
Additionally, a retrieval statement describes for spa-
tiotemporal database. In section 6, the proposed spa-
tiotemporal operations will be implemented and
evaliated with some examples of query expressions.
Finally, Section 7 summarize our work and future
directions.

2. Related works

One of solutions which solve the problems not
only to support time dimensions in GIS, but also to

manage tme-varving information of spatial objects
in the real world is either spatioternporal database or
temnporal  geographical information  system(TGIS).
The temporal geographic information svstem is an
extension of temporal elements for history mana-
gement of objects in GIS, which manages additional
time dimensions such as valid time, transaction time,
and other time information. A number of frame-
works in GIS have been studied together with the
development of temporal GISs such as Claramunt{4],
Langran(6, 7], Renolen’s[15] and Montgomery's tem-
poral reviews[11]. There are also Beller's develop-
ment of a temporal GIS prototype in 1991[2] and
Wuu's uniform model for object-oriented databasel[20).

The conventional GIS data models emphasize
static representations of reality[21]. In the spatiotem-
poral database, however, the geographic ohjects in
the world are represented by incorporating temporal
elements with the two dimensional space and att-
ributes. The geographic objects in spatiotemporal
database are able to possess all changes in both
space and time. Therefore, the spatiotemporal model
can record all changes of attributes of a spatiotem-
poral object in both spatial and temporal dimensions
together or separately.

In the last decade many studies have been cond-
ucted toward the development of spatiotemporal data
models and query languages. One is a design of
tme-based spatiotemporal data model and the other
is spatiotemporal extensions of previous query lan-
guage. ESTDM(13], Langran[6], Mont[11], Price[14],
Worboys(18, 19], and Yuan[21] are examples of pre-
vious spatiotemporal data models. Query extensions
such as IXSQL[12], ORParaSQLI3], SQL/STIR], Cla-
ramunt[4] have been also studied on the deve-
lopment of spatioternporal DBMS and TGIS. Yuan[21]
proposed a tightly-coupled event-based spatiote-
mporal data model and showed efficient, conceptually
straightforward implementation of temporally-based
queries Telating to locations, In addition, Yuan inve-
stigated the development of temporal GIS and its



Authars
or models

S A Ty

Hi

{Table 1> Summary of major previous spatictemporal databases

Data muodet

) Major characteristics

tuery language

(ther properties

I
1
ESTDM |

cEvent-based  spatiotemporal  dutal -

Description of three temporal hased

- Facilitate analysis of temporal rela

R | B

model(ESTDM) queries 1 tionships over lime
* Directly supporting representation| - Interval extension to SQL - An extension to SQLBY for the
IXSOL and manipulation of interval data | - Interval-exiended relational algebral management of interval data
A + Interval data tyvpes & literals ,’selecr/msm/umzlt@’creatp statement | - prototype implementation
- Interval set/value functions
A framework for spatictemporal| - Typology of spatiotemporal pro-| - Addressing the need to merge
Clarament | modeling ‘ cesses space and time and to relate them
AATEENT |y rended-versioning model « Timestamp- based operators
- Events-based operators
+ Unified spatio-bitemnporal madet » Classification of spatiohitemporal| + Conceptually handling of the spa-
Worboy | » Supporting  valid/transaction time|  relationship _ tial and temporal references in a
concurrently operations(relational algebra) uniform fashion

applicability  to  support  spatiotemporal modeling.
Waorbov{158] also proposed a unified model for spati-
obitemporal information which has spatial and tempo
ral components. The model was fully described in
terms of its object set and the classification of spa-
tioternporal relationship operations upon the object set.
In summary, the characteristics of major previous
waorks in spatiotemporal database are very theo-
retical and impractical, as summarized in Table 1.
Clarament addressed the need 1o merge space and
ume and o relate themid) carlier and Worhoy's
unified spatio-bitemporal model conceptually support
ed the handling of spatial and temproal references in
a uniform manner{18]. Although many spatial, his-
torical databases and temporal (GISs have been also
studied recently, the previous commercial spatio-
temporal toolkits cannot be used directly to handle
all time-varying information of spatial cbjects[8, 9,
101 and to retrieve all their historical information. In
the following sections, we therefore suggest an ex
tension of the spatiotemnporal search statement which
are very helpful to retnieve anv historical changes of
the geographic objects and to manage all history
management of objects in the world as well.

3. Spatiotemporal reference macros

In this scction we design the spatiotemnporal re

ferencing macros to integrate with spatial and term

poral relationship operators in a uniform fashion. In
the spatiotemporal database it is necessary to define
some macros for referencing a dimensional infor-
mation of spatiotemporal objects because the ope-
rands of spatiotemporal opcrators could be cither
spatial or temporal object, depending upon  user’s
auerv statements. In this section we describe three
referencing macros of spatiotemporal data such as
Spatial(, Valid(), Transaction{}, as described in Defi-
mtion 3.1 through 33, where cach i, m. n is a
natural number.

First, spatial referencing macro, Spatiall) i3 used
for indicating spatial components of twples from
which spatiotemporal objects are carrent or historical

independently. It is defined as follows:

Definition 3.1 Spatiallobject} = {SCi | spatial com-
ponents SC; from spatial attributes of either current
spatiotemporal ohject <fid’, Fy', F' ., F, SC'> or

historical spatioternporal ohjeet <fid”. Ty [ F.
SCT>)
As an example, there s an explicit spatial

reference such as Spatial(schools!, where schools in
the spatiotemporal database may be a laver relation.
It is very similar to the valid timestamp referencing
macro in temporal database{ex. Validtime)[17).
Second, Valid() is a reference macro for the vahid

nme of spatiotemporal objects, which indicates a pair



of vabd umestamps of wuples  from which  spa
Hotempural objects we vald carrently or historically
i the spatotemperal  database. It 1s defined  as

follows:

Defimition 3.2 Validiohject) VT vahd times-
mps < VTs, VTe> from atiribute data of cither
currcnt spatiotemporal object <fid", Ay, Ar'.... Ay,
VT, FT. prev'™ or its  spatiotemporal  history
object <fid”. A", A, A VT, TTY, prov>.

Next, Transaction() is used for referencing a par
of iransaction tmestamps of spatictemporal objects,

as defined as follows:

Definition 3.3 Transaction{object) - {TT; | transac-
tien timestamps <TTs, TTe> from attribute data of
cither spatiotemporal ohject <A, Ao, Ax'. VT,
TT', prev'> or historical spatictemporal ohject <A,”,
AL AR VT, TT7, prev’ >,

As defined above, we can summarize spatial and
temporal referencing macros, as shown in Table 2,
In this paper we adopted the prefix notation to
avoid confusion and to convey clearness. There are
only three possibile combinations of spatiotemporal
referencing macros for the spatiotemporal query
expressions such as  Spatial()/Spatial(), Valid()/
Valid(), Transaction()/Transaction() since the referen
cing macros between Valid)) and Transactiont) can-
not be exchanged with each other, where a spatio-
temporal relationship operators among them are used

together.

{Table 2> Spatiotemporal Referencing Macros

Macros Examples of use

= Spatial(a) disjointss Spatial(b)

» Spatial(b) containg Spatial(a)

* Validia) precedes Timestamp

Valid( ‘Nov-31-1508’

* Valid(a) meets Valid(h)

* Transaction(a} starts PERIOD
"Jan-(1-1998, Nov-31-1998’

Spatial()

u‘ransacﬁ(m()

4. Integration of spatial and temporal relation-
ship operators

In this section we are going to try to inlegrate
with space and time reference methods in a uniform
manner. The spatiotemporal  relanonship  operators
are integrated by using the spatiotemporal referen-
cing macros defined earlier in spatiotemporal query

eXPressions,

4.1 Spatial refationship operators

Spatiotemporal  database manages five dimen-
sional(dD) information of geographic objects, which
include attributes, spatial data, valid time, transaction
time, and their historical information. It hasically
reguires extenstons of its data type and (uery
language such as data definition language(DDL) and
data manipulation language(DML) for spatiotemporal
data. In this section, we therefore focus on the
topological comparison operators of spatiotemporal
data in which include meets, overlaps, contains,
disjoints, equals, and so on.

In this paper the spatiotemporal relationship ope
rators are classified into the following three groups:
spatial relationship operators for an exclusive spatial
use, temporal relationship operators {or an exclusive
temporal use, and spatiotemporal common operators
for either spatial or temporal use. The spatiotem
poral database contains lots of spatial relationship
operdtors 1o compare with spatial topological relation-
ship among geographic ohjects. The examples of
spatial relationship operators are common point, line
cross, common line, area intersect, digjoints, point in
polygon, contains, centroid inside polvgon, inside
envelope.

In this paper, futhermore, general spatial rela-
tionship operators as meets, equals, contains, over-
laps are defined as spatiotemporal common operators.
Other spatial relationship operators are also defined
as an operation group for exclusive spatial use,
named spatial relationship operators. In other words,

the conventional general spatial relationship operators



are classtiicd o spaticteniporal common rela
tonstp operators and spatial relationship operators,
The spatal relationship operators only include dis-
omts, point o opobvgon, nside  envedope,  contrond
uside polvgon, shortest path, and closest path for an

exclusive spatial use.

4.2 Temporal relationship operators

Allen[1] proposed a complete set of perind rela-
tions which includes before, after. starts, started_by,
finishes, finished_by, during, contains. meets. met-by,
cquals. overlaps, overlapped_by. In this paper. how-
ever, the temporal relationship operators are defined
as specific time-comparison operators such as be
fore, after. starts. fimishes hecause other temporal
operators are classified into spatiotemporal common
relationship operators for common use. The seman
res of propesed temporal relationship operators are
expressed in Table 3, where each Begin(} and End(
macro means an extraction of the beginning time
and the ending time of a given period, respectively.
They are then implemented by converting ther
semantics into ther relational expressions, as listed

I Appendix Al

{(Table 3>Time relational expressions of exclusive
temporal relationship operators

Temporal operators Temporal semarntics

a hefore b End(a} < Begin{b}

a after b End(b) < Begin{a)

{ Beginta) - Beginth)

‘ andd Endta? < Eadih
i Beginib) <
l and End(a) = End(h) !

a starts b

a fimshes b

4.3 Spatiotemporal Common Relationship Operators

As Table 4 shows. the third group of proposed
spatiotemporal operations is the spatiotemporal com
mon  relationship  operators which  their  operands

could be either spatial objects or temporal objects,

AUPeNaTiE O BRSO < ity slaonetiis, A i i
the comparison operators 1in Fable 4 mav be used in
corgunction with dimensional referencing  macros as
Spatialll Valido, and Transseriond), The  spatio
temporal commuon elationship operators are therefoure
operated  differently  as either a spatial relationship
operator or a temporal relationship operator, depen-
ding wpon its operands as Spatial(y, Valid(), and
Transaction{),

In this paper, the proposed spatiotempordal common
relationship operators for temporal use are also m-
plemented by converting operator’s temporal seman
tics into relational expressions, as listed in Appendix
A The spatiotemporal relationship  operators  for
spatial use are implemented by calling the spadal
operations of conventional spatial database engine in
which are passed by given spatial  relationship

macras of the spatial database engine.

5. History Operator

51 What is the history operator?

(Greographic objects i the spatiotemporal database
are represented by their states and the timestamp
mformation. when an event happens, In the spatio
temporal database all spatial objects which happen
1o change their states n the real world are also
stored ws their historieal data which are consisted of
a pair of time and non spatial data with spatial
information, Through these historical data, we would
ke 1o both retrieve and manage spatial, non-spatial
histories of geographic objects. Hence, we proposc
the following history operator to support all histo-
rical  interrogations for spatial objects which  are
keep changing thelr states over time.

As deseribed the spatiotemporal refercnce macros
carfier, we  also adopt the prefix notation as an
interface of the history operator. The efficiency and
convenicnce of use for the history operator are
explained by the following queries:

[Q1] List all the history of the owner whose the lot
number of a building is 100



{Table 4> Spatial and temporal semantics of spatiotemporal common relationshep operators

Spatial semantics

boundainta;  boundary(h =%

interiorta’

Spatial and temporal uses for spatiotemporal
COMMOoN Operalors

Temporal semantics

Spatial{a) meets Spatial(b!

-

boundaryta
, nterioriny

honndary (ar
interior(a?

reriorth Valid(a) meets Valid(h) Endlal = '1 granule’ = Beginihi

e Transaction{a) meets Transaction(h) 7 B
boundarv i - o Spatial{a) overlaps Spatial(h) Begin(a) Begin {h? and
interiorlhl = Valid(a) overlaps Valid(h) Endla) - End(Y) and

Y - Transactionia) overlaps Transactionih) Endfa} B(gm'h ]

_— T (Begin(a) < Begin(b) or
houndarvih)= bpfm.‘ﬂfb) cmt?ms 'L’,Pa.m}l(a) Begin(a) = Begin(b)) and
interiorth) = & Trancacigib) contains Ralid(a) (End(a) > End(h) or
Tansactionth) contains Transaction(a) End(a) - End(b)

. e y ‘%pdtmiia) equals Spatial(b)
houndaryvial - houndaryth)

‘ nteriorial - interior(h) Valid(a) equals Valid(b)

| B Transaction(a) cquals Transaction(h)

Beginia} = Begin(b) and
Endia) = End(h)

SQEAST> SELECT historviname, address?
> FROM huildings
> WHERE gid - 100;
1Q2] List all the spatial histories of a building whose
number is 100, where the Spatial() macro means an
extraction of spatial components for the objeet in the
resl world,
SQL/ST> SELECT historv(Spatial{*))
> FROM buildings
> WHERE gid = 100:

5.2 Processing algorithm for history operator

It 1s often required that we interrogate all his-
All
data of objects in proposed spatiotcmporal database

taries of designated spatial  objects. historical
can bhe retrieved hy historical pointers of spatiotem-
poral abjeets since all histories of either their spatial
or attribute data shall be managed by either histo-
rncal pointer or extra attribute tables. The history
operator is a selection and projection operation which
chooses all histories of attributes and/or non-spatial
The

processing results rnay be many historical set or

data of objects in the spatiotemporal database,

empty, depending on the estate state. The proposed
algorithm of the history operator is described clearly.
as shown in Figure 1.

The spatiotemporal queries can be expressed very
shortly by using the propesed referencing macros

and the history operator, as shown in the following
example. In the spatial case the results will be
visualized into maps on GIS maps. Otherwise, att-
rbute data will be viewed as a table structure hav-
ing its attributes, valid time, and transaction time.

[Q3] Find all the movement paths of vehicle 'Scoul
4-6179" on May 1, 1998
SQL/ST> SELECT History{location}
» FROM Vehicle v
» WHERE v.eno = "Seoul 4-6179" and
Valid(v} overlaps PERIOD '01-May-
1998, 01-May-98';

PROCERURE History(feature)
BEGIN
a. Check the current read mask from its feature layer,
b. If {the current layer is not readable)
set the mask of the current layer into readable;
¢. Set the vald penod by the given period, gvp.
d. If {the given feature exists in current feature table)
Read its previous pointer from the current feature table:
else
Retrieve its previous pointer from the feature history table:
e. For ( its previous pointer 1= NULL: 1 {
[f (a {eature overlaps the valid time of the given features |
¢l. Display the spatial comporent of history
of its feature;
¢ Display the attribute information of history
of its feature;
3. Set the previous pointer of designated object
into its historical pointer;
i /% the overlapped valid period +/
} /= for statement *#/
ENDY

(Fig. 1) Proposed algorithm of the history aperator



53 Grammar exiension for  spatictemporal - search
statement
In this section, we describe the data retrieval
statement  for spatiotemporal data, called SQL/ST
The following search staternent in SQL2 is extended
by proposed spatiotemporal referencing macros, spa-
tial and temporal relationship operators, and a his-
torv operator to support historical operations and
handle spatistemporal query expressions in a uni-

form manner.

, SELECT <attribute fist>
! FROM  <relation list>
WHERE <attnbute quabfications>

The Appendix B is a brief BNF notation of
search statement of the spaniotemporal database in
SQL/ST, where the attribute qualifications on the
where clause mav be combined with other attribute
predicates and it is similar to the previous query
expressions in SQLZ. In fines (2)-(5) of Appendix B
are executed as in SQLZ, but hnes {1), (-6 in
the where clause should be extended for a rctrieval
of spatioternporal data. Hence, spatial, temporal, and
spatiotemporal  patterns 1 spatiotemporal  queries

should be integrated with a unified fashion.
6. Implementation and review

In this section the proposed spatiotemporal data
base schema and its operations are implemented and
their results are evaluated with examples of spa-

tioternporal queries.

8.1 Implementation

The integrated spatiotemporal operalions were
implemented by using Oracle DBMS 7.23 and SDE
(Spatial Database Engine) 2.1{5] on Solaris 2.5.

As described earlier, the spatial relationship ope-
rators were also implemented by calling the spatial
searching functions on which are passed by the

spatial comparison macros in SDE. Additionally, both

)
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ol rhe proposed temporal relationshin oporators and
the spatiotemporal common relationship operators for
temporal use were implemented hy converting iheir
remporal semantics nto relational conditional expres
sions, a5 listed in Appendix A, Then they consist of
a spatiotemporal search condition which s combined
with the conventional attribute predicate and the
additional spatial, temporal elements i search func-
tions. named by application program interface(APD)
functions in SDE(Spatial Database Engine).

In summary, both of the temporal relationship
operators and the spatictemporal common relation-
ship operators for temporal use are mmplemented by
converting the meanings into relational expressions
using C language, as listed mm Appendix A. The
converted relational  expressions are used as the
spatiotemnporal retrieval predicate for searching func-
tions using SDE 2.1, which consists of spatal,
temporal  predicate  as well as  the  conventional

attribute predicate,

6.2 Examples of integrated queries
In this section the convenience and efficiency of
proposed spatiotemporal operations are explained by
examples of spatiotemporal quenes including  spatial
relationship operators, temporal relationship operators,
spatiotemporal relationship common operators, history
operator, and  spatiotemporal  referencing  muacros.
First, we show query expressions frequently being
closed when we use the automatic vehicle location
system, as listed follows:
[Q1] Find the ambulance car he the closest distance
from which an accident breaks out in Ahnguk-dong
of Jongro gu 7
SQL/ST>» SELECT v.cno, v.location
> FROM VYchicles v, Accidents a
> WHERE acounty = 'Jongro-gu’ and
a.address = 'Ahnguk-dong’ and
Spatially) 1s_closest Spatial(a) .

1Q2] Find all of fire engines contained in the same
county which a fire breaks out at a "Jong’ buling



st dongro guoon Moy 11T
SEL ST SELECT vaeno, viocation

> FROAT Vehicles v, Buildings b

= WHERE heeounty - "Jongro gu’ and
honame - Jong’ and
Spatialih.county) contains Spatial(v)
and Valid ) during Period
Ol -May-93, 01- May-98"

1Q3] Find all movement paths of vchicle A on 28
April, 1998 today 7
SQL/ST> SELECT HistorvUocation, VT, VTe!
> FROM Vehicles v
> WHERE veno = "A’ and
Valid(v) overlaps CURRENT_DATE;

In the above examples, [Q1] is a simple spatial
query, but {Q2] and [Q3) queries arc spatiotemporal
querles which are combined with spatial and tem-
poral predicates.

Next, we represent the spatiotemporal queries of
spatial objects consisted of the temporal GIS. For
example, we can cxpress the historical interrogation of

either spatial or non—spatial data i GIS as follows:

IQ5] List all histories of the owner and his or her
address histories of the Jongro-gu A’ building
since 1990,
SQL/ST> SELECT Historv(owner, address)
> FROM Buldings b
> WHERE baname = "A’ and
booumty = “Jongro-gu’ and
Valid(b) overlaps PERIOD '01-Jan-90,
CURRENT_DATE",

[96] Tast all of the spatial histories of the “Jongro
~gu A’ building since 180,
SQL/ST> SELECT History(Spatial(=))
» FROM Buildings b
> WHERE b.name = 'A’ and
b.county = ‘Jongro—gu’ and
Vahd(b} overlaps PERIOD
'01-Jan-90, CURRENT_DATE";

6.3 Evaluation

In this paper, we designed the spatioternporal
operations including spatiotemporal topological rela
tionship operators, a history operator, spatioternporal
referencing macros, and implemented them. FHence,
we report brefly on the prototype implementation
results and other considerations as follows!

Firstly, many studies conducted toward the deve
lopment of spatiotemporal DBMS and TGIS with
special purposes. For examples, spatiotemporat DBMS,
IXSQL were proposed for the management of inter-
val data{15] and ORParaSQL{5] for pattern matching.
In this paper, our system SQL/ST, however, handles
spatial, temporal, spatioternporal queries in a uniform
manner since we completely unified the spatial and
temporal relationship operation for spatiotemporal data.

Secondly, we classified the spatiotemporal rela-
tionship operators mto  three groups like spatial
relationship operators, temporal relationship operators,
spatiotemporal common relationship operators. Addi-
tionally, we proposed the spatiotemporal referencing
macros for extracting either spatial or temporal
values of spatiotemporal data and the history ope-
rator, The spatiotemporal queries should he therefore

{Table 5 Maior results of our proposed SQL/ST

Proposed operations

Results of implementation

+ Unification of spaticternporal operations

- Definition of spatial/ternporal/spatiotemporat
common relationship operators

* Spatictemporal referencing macros

- A ’history' operator

- A brief BNF expression of select statement

- Integrating with spatial and temporal relationship

- Extension of spatiotemporal queries
- Based on Oralce DBMS & SDE 2.1

operators by using referencing macros.




mtegrated with spatiotemporal queries by using Uie
spatioternporal referencing macros.

Thirdly, we proposed a briel BNF statement of
sclect statement in SQLS which was extended by
reference macros, spativtemporal  relationship opera—
tars, history operator, and hoth spadial and temporal
clause,

In the majority of temporal oxtensions o the
relational  model, valid and  transacdon dmes  are
represented as single chronon, sets of consccutive
chronons, and arbitrary sets of chronons. However,
there are extensions in which time is represented
cither as sets of consecutive chronons or as a union
of disjoint intervais{21]. In our approach wu repre-
sented the structure of valid and transaction time as
a pair of ume points (start, end) because we can
use the same query processing algorithm in conven
tional relational model.

Finallv, our contribution and results in space and
time database can be described as summarized in

Fable 2.

7. Conglusion

The characteristics of spatictemporal data in the
real world are varving over time, which are manag-
ed in GIS software. However, the conventional GIS
software cannot handle time-varying data bocausc it
neither control the historical information of spatial
objects nor support their spatiotemporal operations.
Additionally, the previsus spatictemporal query lang-
uages cannot be unified the spatial and temporal
relationship operators.

In this paper, we therelore suggested an integ
rationr of  the gpatial and  temporal  relationship
operators by the spatiotemporal referencing macros
for extracting the designated dimensional information
of spatioternporal data. We also proposed a history
operator as well as a brief BNF statement of search
staterment 11 SQL3 which are extended by data
tvpes, time clause, and spatiotemporal operations to

be able to support both spatial and temporal do-

=oAL T o T PEy 1A T al E

nuins. Than they were amplemented and  reviewed
by eaamples o spatiotemporal gueries,

Finallv. w is obvious that the proposed spa
totemporad ssstem shoudd ntegrate with the spatial.
temporal. spatictemporal relabionship operators in a
uniform  manner and  support all historical interro-
gations of sputiotemporal data from users as well, In
the future, we have plan o study an additional
spatiotemporal indices and spatiotemporal query lan-
guage to support the efficient and convenient query

processing completely,
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Appendix A. Source cade {or temporal predicate

operations
R e e ®/
/% Compute the temporal predicate ®/
/* t_predicate=temporal predicate,op=temporal

operator */
/* begin=the start valid timecend=the end of valid
timex/
e e e —— %/
int compute_temporal_predicate(
char *t_predicate, int op, char *begin, char *end)
{
switch (op) {
case BEFORE : /* BEFORE = PRECEDES */
case PRECEDES :
streat(t_predicate, "VTe < ');
streat(t_predicate, begin;
streat(t_predicate, "'"); break;
case AFTER
streat(t_predicate, "VTs > '),
streat(t_predicate, end);
strcat{t_predicate, "'"); break;
case OVERLAPS

streat({_predicate,
streat(t_predicate,
strcat{t_predicate,
streat(t_predicate,
streat(t_predicate,
strcat{i_predicate,
streat{t_predicate,
streat(t_predicate,
strecat(t_predicate,
streat(t_predicate,
streat(t_predicate,
streat(t_predicate,
streat(t_predicate,
streat(t_predicate,
strcat(t_predicate,
streat(t_predicate,
streat(t_predicate,
streat(t_predicate,

case CONTAINS

"(VTs < ™)
begin);

" and ");
"VTe < ')
end);

" and ")
"VTe > 'k
begink;

" oor "k
"VTs > "%
begin);

" and ")
"VTe > ')
end);

" and ),
"WTs < ')
end);

"), break;



streat(1_predicate, "(VTs > '"x
atreat(U_predicate, begin).
streat{t_predicate. " or Vs = '),
streat{l_predicate, begind,
streaifi_predicate, "'y and (Ve < .
streat(t_predicate, end);
streat(t_predicate, " or Ve = "5
streat{t_predicate, end)
streat(t_predicate, ")), break:

case MEETS ¢
streat(t_predicate, "(VTe + 1) = "}
streat(t_predicate, begin)s
streat(t_predicate, "' hreak;

casc STARTS :
streat(t_predicate, "V'Is = ')
streat(1_predicate, bcgm)..
streat(t_predicate. " and VTe <
streat(t_predicate, end):
streat(t_predicate, """'10 break.

case FINISHES :
streat(t_predicate, "VTs > ')
streat(t_predicate, hegin)
streat(t_predicate, "” and VTe - )%
streat{t_predicate, end),
streat(t_predicate, "'} break:

default” return TCIERROR;

i

j

retur: TCL_OKS

Appendix B. A brief BNF description of search
statement in SQL3
(I3 SELECT <exterded attribute hst>
(2} FROM <relation list>
(3} WHERE <attribute qualifications>
{(4) JAND Valid(objeet) <temporal relationship
operators> <Timestamp reference expressions>
(5 TAND Transuction{object) <temporal relation-
ship operators™
<T'imestamp reference expressions’-
{6) [AND Spatial{object) <spatial relationship
operators> Spatial(object}]
(7) <timestamp reference expressions>
= [Vahd(ohject} | Transaction(object)] |
Timestamp ‘<datetime>" |
PERIOD ‘<datetime> - <datetime>" !
(8) <spatial relationship operators>
2= DISJOINTS | IS_CLOSEST | IS_SHORTEST |

PIP { INo_EVELOPE | CENTROID_IDNGS_POLYGON |
Cspatiotemporal common relationship operators™
9 <temporal relationship operators>
- BEFORE | AFTER | PRECEDES | STARTS |
FINISHES | <spatiotemporal common
relationship operators>
<spatiotemporal commoen relationship
operators> = EQUALS | MEETS |
OVERLAPS [CONTAINS
{10) <extended attribute list>
- history{ <attribute list™>) | <aturibute list>

e
e
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