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ABSTRACT

This paper describes the design and implementation of a geographic analysis
system, SAGE. We present a classification of geographic analysis database queries
and two geographic data manipulation’ modes.

Then, after establishing a database model for geographic objects, we specify
of integrity constraints on the time/space elements of the geographic database
and discuss a means of ensuring the structural coherence of geographic .objects.
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1. INTRODUCTION

A particular geographic zone at all times
can be. described by the series of land related
transactions carried out within the zone. These
transaction, along with information such as Tand
utilisation, resource availability, occupying
social groups etc... can be used to determine a
zone's evolution in time and space and hence can
be helpful in the general administrating and
planning of geographical zones. SAGE is a system

which helps this zone administration and planning.

A cadaster (or land registry) being and im-
portant source of dynamic type data, is quite
difficult to manipulate manually (CHES0).
recall that a cadaster is composed essent1a]1y
of a map indicating land parcel layouts.

In an effort to render more manageable the
manipulation of a region's cadaster, we have de-
signed and implemented a specialized graphic in-
terface for use between a geographic database
and users. This graphic interface will serve as
an interactive tool for the creation of geogra-
phic objects and will permit the user to view,
through the 2D and 3D screen representation of
these objects, the effect of particular geogra-
phic object manipulations.

2. USER REQUIREMENTS IN GEOGRAPHIC/CADASTRAL
ANALYSTS

Our goal is to provide users with simple,
effective and appropriate operators for reali-
zing their applications, tools capable of satis-
fying the various queries users may have.

* French acronym for "Systéme d'Analyse Géographique"
** L aboratory "Langages et Systémes Informatiques"
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These various queries for example may
range :

- from requesting the parcel layout of a parti-
cular neighberhood, requesting all recorded
transactions between two landouness, or re-
questing the parcelling history of a given
goegraphic zone (ADI81) (ADISG).

- to joining the land parcels belonging to a
particular landouner, or expanding a land par-
cel to a new land boundary (i.e.register the
sale of a land parcel).

- to determining whether or not a particular
manufacturing plant is in a particular pro-
vince or if a particular province is in a par-
ticular region ( HAMS4).

In an effort to satisfy these varied user
queries, we have designed and implemented more
specifically a graphic interface enabling a user
to construct and manipulate various geographic
objects represented in a geographic database.

The realization of this interface required
us to answer the important questions : How is
geographical data to be gathered or input to
the database ? How is geographical data to be
structured, presented and manipulated ?

This geographic data, we have identified
may be either factual data describing for exam-
ple, layout (or geometric shape) of a land par-
cel.

Graphic data on geographic zones., inciden-
tally, is obtained from the digitalization of
geographic zone photographs taken by land sur-



veying satellites such as SPOT, LANDSAT... This
digitalization in conjunction with certain image
processing techniques is capable of yielding,
among other things, the contours of land parcels,
zones, rivers,or roads (YAN8D) (CHA80). These
contours can be represented by geometric shapes,
namely by polygons, lines and points, hence the
graphic data.

3. CLASSIFICATION OF DATABASE QUERIES

Our classification of database queries is
based essentially on the class (factuel,graphic)
of the data requested in the database.

We define two classes of user queries :
1) linear gueries
2) compound gueries

We do not elaborate in the following dis-
cussion queries operating strictly on factual
data corresponding to classical database {DB)
queries.

3.1. Linear queries

A database query Q is linear if it is exe-
cuted in one of the following orders :

a) Qa1 : in Factual DB : obtain factual data.
satisfying specified criteria

Qa2 : in Graphic DB : obtain graphic data
corresponding to factual data obtained
in Qa1

Qa3 : geometric operator is executed on gra-
phic data

b) Qb1 : in Graphic DB : select geometric shapes

displayed on the screen

Qb2 : in Factual DB : obtain factual data
corresponding to shapes identified in
Qb1
c) Qc1 : in Graphic DB : select geometric shapes
displayed on the screen

Qc2 : in Graphic DB : obtain graphic data cor-
responding to shapes identified in Qc1

Qc3 : execute geometric operator on graphic
data.

Thus, there are three types of linear queries,

a) Factual Graphic Queries

These queries operate first on factual data
then on graphic data and are carried out in the
a order. For exampie the factual graphic query
"Fuse the polygons belonging to X" is carried
out in the Qal.Qa2.Qa3 order where during Qal the
obtains the numbers identigying the polygons re-
quested, during Qa2 the system obtains graphic
data corresponding to the identified polygons,
and during Qa3, the system applies the FUSION
operator (which for example may be a binary ope-
rator) on the selected graphic data.

b) Graphic Factual Queries

These queries operate first on graphic data
then on factual data, involve no use of geometric

542

operators and are carried out in the b order.for
example, the Graphic Factual query "what is the
date of creation of the polygon selected on the
screen 7" is carried out in the Qb1.Qb2 order
where during Qb1 the system determines the iden-
tifier of the polygon selected on the screen,
and during Qb2 the system obtains the requested
date of creation corresponding to this polygon
identifier.

c¢) Graphic Queries

These queries operate strictly on graphic
data and are carried out in the ¢ order. The
following are examples of Graphic Queries :

. "Determine the center of the polygon selected
on the screen"

. "Calculate the area and perimeter of the poly-
gon selected on the screen"

. "Fuse the polygons selected on the screen"

. "Expand the polygon selected on the screen™
(specifying the new boundaries") '

3.2. Compound queries

A data query Q is compound if it is execu-
ted in one of the following manners : .

AND
1. ( Qatd OR
EXCEPT

AND
2. ( Qb19OR
EXCEPT

} Qat ) Qa2 . Qa3

} Qal ) Qa2 Qa3

where AND, OR and EXCEPT represent respec-
tively set intersection, set union and set dif-
ference, and Qal , Qa2 ,Qbt and Qb2 are as defi-
ned priviously.

These queries permit the user through use
of AND/OR/EXCEPT operators to link factual que-
ries to graphic queries as would be required in
the compound query "Fuse the polygons selected
on the screen if they belong to X".

This query would be carried out, for exam-
ple, in the (Qb1 AND Qal) Qa2.Qa3 order (order 2).

Where during Qb1 the system determines the
identifiers of the specified polygons (yielding
set 1), during Qa1 the system determines the
identifiers of all polygons belonging to X (yiel-
ding set2), and during Qa2 the system obtains
graphic data correspondijng to the polygons in-
cluded in set 1 AND (intersection) set 2, and
where during Qa3 the goemetric operator FUSION
is executed.

Note that if the intersection of set 1
and set 2 was empty, Qa2 and Qa3 would not be
executed. To ensure complete execution of a
compound query, the system under certain condi-
tions can choose a particular evaluation order
(order 1 or 2) to be followed.

The following summarizes our classification
of database queries :



LINEAR QUERIES

QUERY

N

COMPOUND QUERIES

FACTUAL FACTUAL
QUERIES GRAPHIC
QUERIES

Fig.1 :

4. GEOGRAPHICAL DATA MANIPULATION MODES

Relational languages such as SEQUEL (AST75)
of System-R (AST76) QUEL (HEL75) of the INGRES
system (ST076) and QBE (ZL075) (ZLO81) proposed
for use in relational models (COD70) have been
defined and implemented for databases containing
factual data. The languages do not provide the
basis for manipulating graphic data. Recently
however, several other relational languages have
been extended to permit the manipulation of gra-
phic data (e.g. QPE of IMAID system (CHAS0),
GRAIN (CHA77), ELF (YAM80) ).

We in turn, for the handling of graphic
data, propose two modes of manipulation :

1. a graphic mode, in which users are offered,
via tEe spe¢ialized graphic interface, so-
phiscitated graphic tools for manipulating
graphic data.

an alphanumeric mode in which users are
offered an extended relational query lan-
guage for manipulating graphic data.

4.1. The graphic interface
The graphic interface enables the user

- to specify which geometric objects are to be
included in certain land transactions

- to carry out land transactions (i.e. execute
geometric operators on factual and graphic
data in the database}

- to invoke certain graphic manipulation aids.

We have implemented a set of geometric ope-
rators for use in certain geographical/cadasteral
analyses (cf.Appendix 2) ; the geometric shapes
are drawn by these operators using the T.C.S./
G.K.S. graphic operator library.

The implementation required that we

- divide tho graphic screen into work, dialog,
command zones

- provide for graphic data input and update of
factual data . :

GRAPHIC
FACTUAL

GRAPHIC
QUERIES
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Classification of queries in a geometric (factual and graphic) database

- enable specification of geometric objects by
the user

- provide for graphic data display (in color and
in varied textures).

The following example illustrates how the
user creates geometric objects (e.g. geographic
zones, land parcels, rivers, roads, etc...)from
objects already recorded in the database.

These existing objects were created using
the TRANS operator (cf.Appendix 2) and graphic
entry tools (THA83).

Example : "Expand the specified land parcel to
a specified new boundary".

The query is executed in two steps :

1. The system determines the identifier of the
specified land parcel and gets the corres-
ponding graphic data.

2. The user indicates on the graphic screen the
various new boundary points to which the
specified land parcel must expand.

4.2. Query language extension for geographic
data manipulation

As already mentioned, relational languages
need to be extended in order to satisfactorily
handle geographic objects. The target language
must make it possible to user existing relation-
ships between factual and graphic data and,since
the operands used by geometric objects (as men-
tioned in 4.1) must be able to construct set
operands by executing queries in the base rela-
tional language.

The proposed extension consists of adding
to the relational language the set of goemetric
operators {cf.Appendix 2?.

Extended language syntax

The following is the BNF representation of
the extended language for geometric object
manipulation :




<QUERY>
<GEOM_OPERATOR> ::

:1= <GEOM_OPERATOR> <FACTUAL_DB QUERY>
<CONST_OPERATOR>/<AGREGAT OPERATOR>/

<CONVERSION. OPERATOR>/<LINK OPERATOR>

CFACTUAL DB QUERY> ::
<CONST OPERATOR> ::
CAGREGAT OPERATOR> ::
CCONVERSION_OPERATOR> ::

FUSION/EXPAND/INTER

TRANS VIEW

TN,
=N

Thus, a user is capable with this language
to properly and effectively manipulate geometric .
objects. .
Example : "Fuse the land parcels belonging to X"
This query illustrates well the relation-

ship between the factual and graphic objects of
the database.

5., THE CADASTERAL INTEGRITY SYSTEM

5.1. The relational database schema(cf.Appendix3)

Given that each geometric object is repre-
sented in the database using two types of infor-
mation, factual and graphic data, the relational
schema of the cadasteral application (HAMSS)
becomes :

GRAPHIC RELATION (LINESGNUM, OBJNUM, X1,Y1,X2,Y2)
FACTUAL RELATION {OBJNUM, NAME, ORIGDATE , EXPDATE..)

Note that geometric objects are all formed
of linesegments {CHA80) , (BRA80) and (BECS80).

As the modelled geographic objects are
mostly complex gecmetric objects and ordering
of the associated graphic relation tuples had
to be ensured (hence LINESEGNUM in the GRAPHIC-
RELATION) as well as the ability to identify
the complex object considered in the GRAPHIC-
RELATION {hence the OBJNUM attribute in the
GRAPHIC-RELATION).

5.2. Integrity constraints

Since the modelled objects as mentioned
earlier are rather complex, it is important to
introduce a series of integrity constraints en-
suring the coherence of an objects corresponding
factual data and to introduce controls on the
structural coherence of an object's structure
(MEI80) or graphic data.

5.2.1. Time related integrity rules

R1 : the date of origin of a Tand parcel, or
region .. must be inferior to its expiry
date

vie[1,k], ORIGDATE(Pi) < EXPDATE(Pi)
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<BNF representation of a data manipulation language>
AREA/PERIMETER/LENGHT/CENTER

<LINK_OPERATOR> ::= INCLUSION SP/INCLUSION LP/INCLUSION_ PP

R2 : the date of origin of a land parcel or -
region .. must equal the expiry’ date of -
the corresponding parent parcel

ORIGDATE(Pi/Pj) = EXPDATE(Pk)
| ek | Pi | P
to t1

R3 : all the land parcels, regions ... origina-
ting from one common parent parcel during
an EXPAND must have the same data of origin

if EXPAND(PK,c1,c2...cm) = {Pi}
then Vief[1,N] ORIGDATE(Pi) = t
R4 : all land parcels, regions ... fused at the

same time {(into Pk) must have the same
expiry date

if FUSION(Pi,Pj) = Pk
then EXPDATE(Pi) = EXPDATE(Pj)

5.2.2. Space related integrity rules
R5 : Global map area preservation

vt g , AREA(Pi) = k * EPS
i=1
k = original map area
EPS = max allowable error
w(t}= number of land parcels,regions at time t

R6 : Map area preservation after manipulations

a}) when a set X of land parcels,regions...
X{(I1Xl>2) is fused together into a land par-
cel {Pj) or region ..., the area of Pj must
equal the sum of the areas of the parcels
(Pi), regions ... of X.

At time t let X(t) = Pi/}ily2
if  FUSION(X(t)) = Pj  (3#i)

i=1,2,...N

N
then AREA(Pj)} = 2. AREA(Pj) * EPS
i=1

b) when a land parcel (Pj), region ... is expan-
ded into a set X of land parcels (Pj) or
region .., the area of Pj must equal the sum
o$ the areas of the parcels (Pi), regions...
of X.



if  EXPAND(Pj,c1,c2...cm) = Pi i=1,..N

N
then AREA(Pj) = =1 AREA(Pi) * EPS
T i=1

5.2.3. Structural coherence of goemetric objects

Before carrying out a geometric construc-
tion operation (i.e. FUSION, EXPAND) pre and
post conditions related to the structural cohe-
rence of the geometric objects involved must be
verified.

The postconditions are actually updates of
the factual and graphic parts of the database ;
the preconditions are object coherence tests.

Here, we present only the EXPAND operator
preconditions :

Let S1,...,SN be the Tinesegments composing the
contour of a polygon Pk =S1*S2* _, *SN (N}3)

Let S1',..,SN' be the 1ine segments composing
the new boundary B between two polygons obtai-
ned from a EXPAND on Pk

B =S51"% S2'»,,, = SM' M>1)

EXPAND preconditions (EP) can be expressed
as follows :

EP1: Vi [2,M] INIT-EXTREM (Si')g € ON(PK)
EXTREMITES (B) CONTOUR (Pk)
vie[1,M] MIDDLE (Si')g€ INSIDE (Pk)

EP2 : Yie[1,M] viel1,N]

EP3 : Viel1.M-1] vie[i+1,M] vYSi'nysi' =p
Vie[2,M] ADJACENT (INIT-EXTREM(Si')p) =2

YSi'n ¥Sj = @

Fig.2 illustrates various EXPAND configura-
tions in which these preconditions are
met

PK

Fig.2 : EXAMPLES of verified EXPAND
—— preconditions

6. CONCLUSION

In this paper, we have presented the va-
rious cadasteral object handling capabilities
of SAGE and have shown how relational languages
can be extended to effectively manipulate ob-
Jects recorded in a cadasteral database.

OQur study has shown how a relational data-
base system can be used to describe complex geo-
metric objects and how it can be used to imple-
ment geometric operators.

We project to fully implement both the pre-
sented graphic interface and an integrity sys-
tem taking into account the dynamic aspects of
the geometric objects in the cadasteral data-
base.

APPENDIX
A1. The SAGE Architecture

~

Terminal

Interface

Geometric
Operator Interface

Relational T.C.Sf/
DB System G.K.S.
N R M -1
Databases
—

* Terminal Control System (Tektronix)



A2, The SAGE geometric operators

(In the following Tlet F be a set of polygons
let L be a set of linesegments,
let P be a set of points).

OPERATOR DEFINITION SYNTAX ~ RESULT
USION | comon o twg polyaons © | FUSION (FLFD) | ki ong'poTygon
EXPAND Forms two polygons sharing a common EXPAND Fi,FjeF
boundary from one polygon (Fk,P1,P2...Pn) i£j
x| Determives the seaments of & Tine ying | rgn (uier) | U 0 seenee
AREA Calculates the AREA of a polygon AREA (F1i) S, a scalar
PERIMETER | Calculates the perimeter of a polygon PERIMETER (F1i) S, a scalar
LENGTH Calculates the length of a line LENGTH (Li) S, a scalar
_CENTER Calculates the center of a polygon CENTER (Fi) PieP
DISTANCE Calculates distance between two peints DISTANCE (Pi,.Pj) S, a scalar
TRANS Conve(ts a squelettal image into a TRANS a relation
relation (pt1,pt2,....ptn)
VIEW Displays a relation (or part of) as a VIEW - a §que1etta1
squelettal image (Relation, C1) image
INCLUSION PL | Checks whether or not a point ison & line INCLUSION( Pi,LJ) TRUE or FALSE
INCLUSION PF | Checks whether or not a point is in a polygon INCLUSION(Pi,Fj) TRUE or FALSE
INCLUSION LF [ Checks whether ornot a 1ine is ih a polygon INCLUSION(Li,FJj) TRUE or FALSE
SHIFT 3?::2iignp81ygon in a particular SHIFTtFi,D) - Fi, go?gggzed
. { Transforms the scale of a polygon by%mul-
TRANSCALE tiplying its vertices coordinates by a TRANSCALE (Fi,V) Fk, a scaled
factor V polygon

A3. Relational schema of cadastral appiication

%PARCELY%

GRAPHIC_PARCEL(LINES?NUM,PARCELNUM,X1,Y1,
X2,Y2);

FACTUAL_PARCEL ( PARCELNUM,NAME ,ORIGDATE,
EXPDATE ,COLOR,TEXTURE ) ;

FILIATION PARCEL(FINALPARCELNUM,
INITIALPARCELNUM) ;

MUTATION(PARCELNUM, VANDACCOUNTNUM,
BUYACCOUNTNUM,MUTDATE,
POSSESSION_PERIOD);

INDIVIDU(ID,NAME ,ADDRESS ,PROFESSION,
ACCOUNT NUM) ;

%ROAD%
GRAPHIC_ROAD(LINESGNUM,ROADNUM,X1,¥1,X2,Y2):
FACTUAL_ROAD (ROADNUM ,NAME ,COLOR) 5

IRIVERY
GRAPHIC_RIVER(LINESGNUM,RIVERNUM,X1,Y1,X2,Y2);
FACTUAL-RIVER(RIVERNUM,NAME,COLOR) ;

%LOCATION of city, a manufactury, and so on, as

a point object%
LOCATION(OBJINUM,X1,Y1);
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