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Yklk^�@£Yk®2^mXIYwF<2¦FGYw@£YGE6FGYGE6UmF1�I^Z‘,B8^mlkYhFGJ4FGYk^m® �|BIH�@£X4XIEoX4•;��YklZ@0�•Uh@�X�@ HoJ4FTE6F1�I^mYwU�=c3N@SF �Z^Z‘4Yk^mlkX�@ H�®2[,fIWIH\^ �4=

ivXzYqpIE�FRFG^�UZYµEo[|X��4gR^�V�lwFµY›UZ[SX�FTE6fI^mlhYqp4^L•S^mX4^mlw@�H'B4lk[S{IH\^m®Ð[�™’UZ[|X4X4^�UZYGE\X4•”@�X*^Z‘,Yk^mlqX�@�H�®2[,fIWIH\^LYk[†@

f4@�Yw@£{�@SFG^��4Ykp4^mXzgR^†FGYkW�fIJzFGW�UkpA@2UZ[SX4X4^�UZYGE\[SX E\XÔYqp4^NUZ[SXjYq^Z‘,Yh[£™›˜LCLuhiGFm=Žd–^#EoX�F¦E�FµYL[SXzYkp4^L™v@SUZY

Ykp�@�Y	[SW4lh•S[j@ H/E6F	X4[SYhYk[*fI^m´S^ZH\[SBzE\X¡fI^mYw@�E]H’CLQR?–•”@SFGB8^�UZYwF�FµW�UkpA@SFR[SB8^mX4X4^�FkF�@£X�fz^Z‘4Yk^mX�FTE\{IE]H E\YGJ��

{4W4Yhlw@£Ykp4^ml¬E�F	Yk[2fI^�FkUZlGE\{8^NYkp4^m®ÐgnEoYqpzYkp4^L[S{>ZG^�UZYGE\´S^L[�™Ž˜LCLuhiRfI^�FTE\•SXzE\X“®†E\X�f'=

Q

pIE6FRE6Fh@ H�Fµ[2Ykp4^

lk^�@SFµ[SXzghpIJ”gR^#™%[,UZW�FR®š[Slk^L[SXDUZ[SX�UZ^mB4YqW�@�H’@SFGB8^�UZYwF	Ykp�@�Xz[SXzYk^�Uqp4XIE6Um@�H’@SFµB�^�UZYwFm=

�

$TÃ 5”¾�Æ¬ÆŽÅ°¨+¥£¼TÆŽ¿j§/Æ•ÍMÈ:¥SÅ\¦|Æ¤§'½hÎÐ¾sÇ *Ž½vÅè¥S¾‚§ &¡»zÎ Ê

d"p4^mX•@£X”^Z‘4Yk^mlkX�@�H'®2[4fIWIHo^#E6F¬W�FG^�f*Yk[|•S^mYkp4^mlŽgnEoYqp•@MCLQ›?–• �|[SX4^NK|W4^�FGYGE\[SX*Ykp�@�Yh@�lµE�Fµ^�FŽUZ[SX�UZ^mlkX�F

Ykp4^Df|E\´|E�F¦Eo[|X«[£™�Yw@SFG¢4F†@�®2[SX4•AYkp4^DCLQR?–•¡@�X�f1Ykp4^z^Z‘4Yk^mlkX�@�Hh®2[4fIWIH\^S=

Q

p4^*™ W4X�UZYGE\[SX�@ H E\YGE\^�F*[�™

@DCLQR?–•D@�lk^†H]E\®†E\Yk^�f(@�X�fÔEoY�E6F Fµ[S®2^mYGE\®2^�F�X4[SYNUqH\^�@�l†ghp4^mYkp4^ml Fµ[S®2^2FGB�^�UqEcV/U*Yw@|FG¢,FLFµp4[SWIH6f¡{8^

B�^mlµ™ [Slq®2^�f“{jJ EoYM[Sl#{jJA@�XA^Z‘,Yk^mlqX�@�HŽ®2[4fIWIHo^S=*•Sp4[|WIH�f Ykp4^2CLQ›?–•z{�^²EoX1Ukp�@�lq•S^†[�™›B8^mlG™ [|lk®†E\X4•

UZ[S®2BIH]E6Um@�Yk^�fe@�X�f–^Z‘,B8^mX�FTE\´S^Ô@�H\•S[|lGE\Ykp4®”F†@SF�E\X(Ykp4^DUm@SFG^*[�™ FGYZ@�YGE6FGYGE6UmF1�R•¬` C��S•¬` ?���BIH6@�X4XIE\X4• �

^mYwU�= "œ³hlAFGp4[SWIH6f"Ykp4^�FG^¡@�H\•S[|lGE\Ykp4®”F*{�^–B�^mlG™%[Slk®2^�f {jJ"@1®2[Slk^A@�B4B4lk[SB4lGE6@�Yq^¡®2[4fIWIHo^–Ykp�@�YšE�F

[SB4YGE\®†EDCm^�f ™%[Sl�@†•�E\´S^mXzYqlk^�@�Yk®2^mXIY�"

Q

pIE6F�K|W4^�FGYGE\[SX E�F	^�FGB8^�UqE�@ H H\JAlk^ZH\^m´ @£XjY	E\XÔYqp4^NUm@SFG^L[�™s[S{>ZG^�UZYkt

[SlGE\^mXIYk^�fzCLQR?–•Nghp4^mlk^LYkp4^mlq^�^Z‘IE6FGYwFR@†FTE\X4•�H\^#H�@£X4•SW�@�•S^L{8[SYkp*Yk[ fI^
V�X4^†@�X�f2Yq[N®”@�XIE\B4WIH6@�Yk^†f4@�Yw@

2vX4[)�qE\®2B�^�f4@£X�UZ^2®†E6FG®”@�YZUkp�� 3Z=h` ®š[Slk^N•|^mX4^mlw@�H KSW4^�FGYµEo[|XÔlq^ZH�@£Yk^�f“Yk[2E\Y#E\X¡YkpIE6FLUm@SFµ^LE6Fm¤hd"pIE6Uqp

®2^mYkp4[4f4FŽFµp4[SWIH6f2lk^�@ H H\J2{8^�@SFkFµ[,UqE6@�Yk^�fšgRE\Ykp”@£X2[S{>ZG^�UZY�"”u	XI™ [SlqYkW4X�@�Yk^ZH\J��IgR^›{8^ZH]Eo^m´|^LYkp�@�YsYkp4^mlk^nE�F

X4[Llk^�@�H�@�X�FGgR^mlsYk[#YkpIE6F K|W4^�FGYGE\[SX��IFTE\X�UZ^RE\YŽfI^mB�^mX�f4F¬[SX†B�@�lkYµE�UZWIH6@�l¬B4lk[S{IH\^m®”F¬@�X�fM[SX†Ykp4^R[SB�^mX4X4^�FkF

[�™$Yqp4^NFGJ,FµYk^m®”F�E\Xj´S[£Ho´|^�f'=ŽiTXzYkp4^NUZ[SXIYk^Z‘,YR[�™5•S^m[S•Slw@£B4pIE�ULf4@£Yw@�{�@SFG^�F)�jg	pIE�UqpDlq^�KSWIE\lk^#™%[SlR^Z‘ @£®2BIH\^

lk[S{4W�FµYh•S^m[S®2^mYqlGE6UL@�H\•S[SlGE\Ykp4®”F)�4YkpIE6F¬E6FkFGW4^�E�F	B�@�lkYµE�UZWIH6@�lµHoJ E\®2B�[SlqYw@�XIY�=

Q

p4^mlk^L^Z‘jE6FGY	{�@SFTE6Um@�H]H\JDYGgR[²f|Ec4�^mlk^mXIYhgh@�J,F¬Yk[2fI^
V�X4^2@†FGB�^�UqEcV/U†@�B4BIH]E6Um@�YGE\[SXAgRE\YkpIE\XÔ@2CLQR?–•

^mXI´SE\lk[SX4®š^mXjY���Ev=¯^S=T��Yk[ UZ[|X4X4^�UZYŽ@�XN^Z‘4Yk^mlkX�@�H4®2[4fIWIH\^›Yq[ @#CLQR?¡•�¤�r5E\Ykp4^mlsYqp4^sE\XjYq^m•Slw@�YGE\[SXME6F<.1,-����&"�

2vX4[“lk^�@�HŽ^Z‘4Yk^mlkX�@�HŽ®2[4fIWIH\^��sVˆEo•|W4lk^Ô>|= @ 3R[SlLE\YLE6F76f���9bR2¦VˆE\•SW4lk^“>S=¯{J3w= �	[SYk^2Yqp�@�YLYkp4^2gh@�Jz™%lk[S®

FGYklq[SX4•†Yk[†g›^�@£¢2E\XIYk^m•Slw@�YµEo[|X*E�Fn•Slw@SfIW�@�Hv=ŽV [Sl¬E\X�FGYw@�X�UZ^��'@†FG[�H\W4YGE\[SXzE\X“{�^mYGgR^m^mX*E�F	Yk[2UZ[SX�FTE6fI^mlL@�X

—



^Z‘4Yk^mX�FTE\{IH\^•CLQR?–•O2%Ev=¯^S=D��@zCLQR?–••gnEoYqpÔp4[I[S¢4F	™ [|lL^Z‘,Yk^mX�F¦Eo[|X�FN@�YLf|Ec4�^mlq^mXjY�Ho^m´|^ZH�F)�$FG^m^ ?�>�<0A-3��'FG[

Ykp4^2CLQR?–•”BIH6@�J,F#Ykp4^†lk[£Ho^†[�™›@£XzE\XjYq^m•Slw@�Yk[|l�=hiTX¡Ykp4^ Um@|FG^†[�™›FGYklk[|X4•2E\XIYk^m•Slw@�YµEo[|X��'Ykp4^NB8[SYk^mXIYGE6@�H

[�™RYkp4^†W4X�fI^mlGH\JSE\X4•¡CLQR?¡•šE6FL^Z‘4BIHo[£EoYq^�f¡@SF#®†W�Ukp¡@SF#B8[jFkFTE\{IH\^��$@£X�f¡@�H]H�UZ[|X�UZ^mB4YwFN@�lq^ ^m®†{8^�f4fI^�f

gRE\YkpIE\XAYkp4^2Fk@�®2^Mp4[S®2[S•|^mX4^m[SW�Fh^mXI´|Eolq[SX4®2^mXIY�=hiTXÔB�@£lkYGE6UZWIH6@�l��8[SXIH\JD[SX4^2f4@�Yw@²®2[,fI^ZHs^Z‘IE�FµY���@�X�f

E]™�Ykp4^ 2v´|EolqYkW�@�H-3L^Z‘,Yk^mlqX�@�H›®2[4fIWIH\^zX4^m^�f4F2FGB8^�UqE�@ H FGYklkW�UZYqW4lk^�F1�5Ykp4^�FG^zFGYklkW�UZYqW4lk^�FMgRE]H Hh{8^DfI^
V�X4^�f

W�FTE\X4•*Ykp4^Nf4@�Yw@�{�@|FG^L®2[4fI^ZH.=

Q

pIE6Fh@�B4B4lq[j@SUqpzgn@|FhUkp4[IFG^mX*E\X ?\>
A'™%[SlRE\X�FGYw@£X�UZ^S=
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application

specific
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application

a. b.
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data model

query language
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specific application

EXTERNAL MODULE
geometric processing
statistics
graphic libraries

VˆE\•SW4lk^2>S¤n•SYklk[SX4•2´4Fm=5gR^�@�¢šEoXIYk^m•SlZ@�YGE\[SX

iTXÏYkp4^AUm@SFG^“[�™ gR^�@�¢–E\XjYq^m•Slw@�YGE\[SX 2¦VˆE\•SW4lk^1>S=¯{J3��¬YGg›[ EoX�fI^mB8^mX�fI^mXjYAFGJ4FGYk^m®”F2UZ[I^Z‘IE�FµY�¤

Q

p4^

CLQR?–• [SX*Ykp4^#[SX4^#p�@�X�f”@£X�f*Ykp4^�^Z‘4Yk^mlkX�@ H/®2[4fIWIH\^L[SX”Yqp4^L[SYkp4^mlŽp�@£X�fJ�,@£X�f*Ykp4^�®*@�E\X”B4lk[|{IHo^m®

E6F#Yk[z{4WIE]H6f¡Ykp4^2UZ[SX4X4^�UZYµEo[|X¡{�^mYGgR^m^mXAYkp4^m®D=L`LF#®2^mXIYGE\[SX4^�f¡@�{8[ ´|^��/@�X4[|Ykp4^mlLB4lk[S{IH\^m® UZ[SX�UZ^mlkX�F

Ykp4^#lk^mB�@�lkYµEoYµEo[|X”[�™�Yw@|FG¢,F¬@�®2[SX4•MYkp4^#Y¦gR[NFGJ4FGYk^m®*Fm=5ivX*Ykp4^ Um@|FG^�[£™’˜LCLuhiGF�™ [Sl¬^Z‘ @£®2BIH\^��SE\Y¬E6F¬X4[SY

UqH\^�@�lhghp�@£YnFµp4[SWIH6f*{�^#H\^Z™ Y	Yk[†Ykp4^†˜ u	is®2[4fIWIHo^†@�X�f*ghp�@�YRFGp4[SWIH6fz{8^NfI^
V�X4^�f*E\XzYkp4^L•S^m[|•Slw@�B4pIE6U

CLQR?–•�=SV4[Sl5E\X�FGYw@£X�UZ^��jUZ[SX�FTE6fI^ml¬Ykp4^hB4lk[S{IH\^m® [�™/^
�•UqE\^mXIYGH\J+V�X�f|E\X4•2@�X†[S{>ZG^�UZYs[SX†Ykp4^�FkUZlk^m^mX��I@�X�f

FGW4B4B8[jFG^#Ykp4^h^Z‘IE�FµYk^mX�UZ^�[£™ˆ@£X2^Z‘,Yq^mlkX�@�H/B�@|Uk¢�@�•S^R™%[SlŽf|E6FGBIH6@�JSE\X4•2•SlZ@�B4pIE6Uh[S{[Z¦^�UZYwF)��™ [Sl�E\X�FGYw@�X�UZ^#Ykp4^

•

���

•|lw@�B4pIE6U¬H]E\{4lw@�lkJ2i.H\[S•N_	E\^mg�F�?\>�O�AT=�i%H\[S•M_hE\^mg�FRfI^
V�X4^�F’EoX�f|E6UZ^�FR[|X •|lw@�B4pIE6U�f4@£Yw@I2TYkpjW�FˆE\X*Ykp4^

˜ u	iU3
��@�H\Ykp4[SW4•Sp¡@�XIJD•S^m[|•Slw@�B4pIE6U2CLQR?–•z¢S^mlkX4^ZHŽX4[�g•^mX�UZ[S®2B�@SFqFG^�FNFGW�Uqp¡@*X4[SYGE\[SX�=2?“[Slk^m[�´S^ml0�

E\YhE6F	W�FGW�@�H]H\Jz®2[Slk^N@|fI^�KSW�@�Yq^ZHoJDfI^
V�X4^�f E\XÔ@šCLQ›?–•”FTE\X�UZ^ME\YhE6F	®”@SfI^L^�FGB8^�UqE6@�H]HoJ“™%[Slh•S^m[|•Slw@�B4pIE6U

f4@�Yw@ =Ld"pIE�UqpAE\X�fI^Z‘9®2^�Uqp�@�XIE6FG®%2GF
3�FGp4[SWIH6fAYkp4^mX–{�^2W�FG^�f ""i¦F	E\YMlk^�@�H]H\JÔgR[SlqYkpjg	pIE H\^†lk^m{4WIE]H6f|E\X4•

E\X�fI^Z‘ÔFGYklkW�UZYqW4lk^�Fh@�YhYqp4^†˜ u	iŽH\^m´S^ZH<2vghpIE6Ukp“®”@�J”FTH\[�g fI[�ghXzYkp4^LB8^mlG™ [|lk®”@�X�UZ^�F
3�"

�

$.Ñ ��ÆJ¥SÅ�¿á¦q§°¥£¼TÆŽ¿j§��	¦q§'ÀŽÁŽ¼Ø¨E§'½��	£�Å°¦ � Æá¥SÅ\¦�Ì$§“¨4Å(¼vÆá¥S¾�§ &¡»zÎ Ê

•Ž[S®šB�@�lk^�f*Yk[2[|Ykp4^ml�B8[jFkFTE\{IH\^†^Z‘,Yq^mlkX�@�H$®2[4fIWIH\^�F1�'•S^m[S•|lw@�B4pIE6ULW�FG^ml	E\XjYq^mlG™.@|UZ^�Fhp�@�´S^N@†YµEo•|pjYLUZ[SX4t

X4^�UZYGE\[SXAgRE\YkpA@”CLQR?–•”FTE\X�UZ^���@�®2[SX4•*[SYkp4^ml	YkpIE\X4•jF1�8Ykp4^mJzlk^���^�UZYLYkp4^†UZ[SXjYq^mXjYwFn[�™’Yqp4^²f4@£Yw@�{�@SFG^

•



@�YN@ •�E\´S^mX¡YGE\®2^”@£X�f¡FGp4[�g @z´|E\^mg [�™�f4@�Yw@£{�@SFG^†[S{>ZG^�UZYwFm=†` ™%^mg f4@�Yw@£{�@SFG^†^mXj´|E\lk[SX4®2^mXIYwF�B4lk[St

´|E�fI^“Yk[I[�H6F1�ŽW4XI™%[SlkYqW4X�@�Yk^ZH\J9X4[|Y²@ Hogh@�J4F FµW �•UqE\^mXjY��RYq[ fI^�F¦Eo•|X«@A•SlZ@�B4pIE6U*W�FG^ml†E\XjYq^mlG™.@|UZ^S=

Q

p4^mX

™%[Sl�fI^�FTE\•SXIE\X4•D@ ˜ CLu	i��4Ykp4^LB4lq[S{IH\^m®­[�™�Uqp4[I[jFTE\X4••@šYGJjB8^L[�™5EoXIYk^m•SlZ@�YGE\[SXÔFµYGE]H Hslk^m®”@ EoX�F)�/@�X�f Ykp4^

YGgR[2[SB4B�[IFTE\Yk^”@�B4B4lk[I@SUkp4^�F	®2^mXIYGE\[SX4^�fA@�{�[�´S^2Um@�X“{�^”UZ[|X�FTE6fI^mlk^�f'¤Lr5E\Ykp4^mlL•Slw@£B4pIE�U†UZ[SX�UZ^mB4YZFL@�lk^

^m®†{�^�f4fI^�f²E\XjYk[LYqp4^nCLQR?–•L^mXj´|E\lk[SX4®2^mXIY�2GFGW�Ukp2@SFˆE\X ?P<SO0A-3f2¦VˆE\•SW4lk^h<4= @ 3���[|lsYkp4^mJ2@�lk^hUZ[S®2BIH\^mYk^ZH\J

E\X�fI^mB�^mX�fI^mXIY%2¦FGW�Uqp(@SF	E\X ? <�^�AY�$VˆE\•SW4lk^z<4=¯{J3w=†iTXŠVˆE\•SW4lq^”<4=¯{�= <[��Ykp4^z˜Luhi#[S{>ZG^�UZYwFM@�lk^2FGYk[Slq^�f“E\X

@Df4@£Yw@�{�@SFG^��'g	pIE�Uqp–E�F�X4[SYNX4^�UZ^�FqFk@�lGE]H\J¡Ykp4^2[|X4^2W�FG^�fAYk[DFµYk[Slk^†Ykp4^2•|^m[S•Slw@�B4pIE6U†[|{>Z¦^�UZYZFm=†ivX1Ykp4^

V�lwFGY#FG[�H\W4YGE\[SX��'Ykp4^NUm@�lqYk[S•Slw@£B4pIE�U�[S{>ZG^�UZYwFR[�™R•S^�UZYGE\[SX¡<2UZ[Slqlk^�FGB�[|X�fz^Z‘�@SUZYGH\JzYk[2Ykp4^†f4@�Yw@�{�@|FG^L•S^mt

[S•SlZ@�B4pIE6U†[S{>ZG^�UZYwF1�'ghpIE]H\^šEoX–Ykp4^”FG^�UZ[SX�f–@�B4B4lk[j@SUqpAYkp4^mJ¡@�lk^†Yk[SYZ@�H]HoJ“E\X�fI^mB�^mX�fI^mXIY�=%P	^mX�UZ^”Ykp4^mJ

UZ[SWIH6f1{�^DfI^
V�X4^�fe@�X�f–®”@�XIE\B4WIH6@�Yk^�f(W�F¦EoX4•¡@�X(^Z‘4Yk^mlkX�@ H›•Slw@£B4pIE�U*B�@|Uk¢�@�•S^ 2v{jJ1fI^
V�XIEoX4• V�lwFGY2@

®”@�B4BIE\X4•*[SXIYk[†Ykp4^L^Z‘,Yq^mlkX�@�H�H6@�X4•SW�@£•S^LYkp�@�Y�fI^�@ H�F	gRE\Ykpz•SlZ@�B4pIE6ULlk[SW4YµEoX4^�F�3w=
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Geographic database

(geographic objects)
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Application Application

b.1. b.2.

a. b.

VˆE\•SW4lq^N<4¤sivXIYk^m•SlZ@�YGE\X4•”@†W�FG^mlnEoXIYk^mlG™v@SUZ^MgRE\YkpD@2CLQR?–•

d–^›X4[�gÏfI^mYw@ E H�Yqp4^�FG^hYGgR[�B8[jFkFTE\{IH\^hE\XIYk^m•Slw@£YGE\[SX�F5[�™�@M˜LCLuhi�EoXIYk[N@LCLQR?–• �S@�X�f†f|E6FkUZW�FkFsYqp4^ZEol

@SfI´�@�XjYZ@�•S^�Fh@�X�fzfIlZ@�g	{�@SUk¢4F¬ghpIE]H\^²fI^�F¦Eo•|XIEoX4•D@•˜ CLu	iw=
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ivX–YkpIE6FL@�B4B4lk[j@SUqp�2¦VˆE\•SW4lk^2<4= @ 3��4Ykp4^mlk^ME6FLX4[zlq^�@�H�f|E6FGYµEoX�UZYµEo[|X9{8^mY¦gR^m^mXA•S^m[S•|lw@�B4pIE6UM[S{>ZG^�UZYwFL@�X�f

Um@�lkYq[S•Slw@�B4pIE6U¬[S{>ZG^�UZYwF5FTE\X�UZ^�Um@�lkYq[S•Slw@�B4pIE6U�[S{>ZG^�UZYwFs@�lk^\,$�"�M2vW4XIE'K|W4^93$´|Eo^mg#F5[�™/•S^m[|•Slw@�B4pIE6U¬[S{>ZG^�UZYwFm=
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