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� PSXlt��o^?�ok�\��S\hksthk�bOiht�^qbSk��ziak�NQPSbSXl�O�Sk�V�R�\.XlbOV�R�\hge^:ihXlR�b/^?N�N�k�tat�ZE^:thksc�RUb�^qN�RUg�ZSXlbo^?ihXlRUb�R?V���ksRUvU\Q^:�SP]X[N
dLbOV�R�\hge^:ihXlR�b�MO`Othiak�g"t��f��dhMS�w^?bSc-N�RUbSNsk��Sih�E^:TStaih\h�]N�ih�S\ak�t'^:t�g"ROcSk�Tlk�cqX[bq\hk�T�^:iaXlRUbo^?T|NsRUbSN�ks�Si.^:bE^:Tl`OthXlt5�sdLi�Xlt
Zo^?thk�c�R�beihPSk�XlcSk=^�iaPo^:i�ih\_^?cSXlihXlRUbE^:TE\hk�T�^:iaXlRUbo^?TCco^:iQ^:Zo^?thk�t�\hk�taih\hXlN�i�iaPSk�Xl\'co^?i_^qiL`O�ok�t�iaR�T[XlbSk=^:\hTl`�R�\hcSk�\ak�c
thN=^:Tlk�t5�)MjX[b]N�k"ta�o^:iaXn^?T)co^?i_^�^?\hk"b]RUi-T[XlbSk=^:\hTl`�R�\hcSks\hk�cwm�iaPSk�`�N5^?bSbSR�iJZEk"g(R|c]k�Tlk�c�cSXl\hk�NsihTl`�Xlb�\ak�T�^:ihXlR�bo^:T
co^?i_^:ZE^:thkst5mEZS�Si�\ak��O�SXl\hkJ��dhMY�S���
RUb]N�k��Sia�o^:T)���Sk�\a`�dLbOiak�\LV<^?N�ke������dh��tak��o^:\Q^:iak�t'iaPSk��O�Sk�\a`�ta`Ob|iQ^:�(V�\aRUg
N�R�bScSXlihXlRUb]tCV�R�\CihPSk
co^:iQ^�iL`O�Ek�t)^:bSc��]\hk�tak�bOiht)iaPSk)co^?i_^�XlbJ^�N�RUb]N�k��Sia�o^:TOk�bOrOXl\hRUb]g"k�bOi5�sdLiwiaPSk�\hk�V�RU\ak�^?T[TlR:��tw^
N�R�g"g"R�b�g"ROcSk�TlXlbSv�R:VCTlXlbSk5^:\aTl`�R�\hcSks\hk�ce^:bSc-th�o^?ihX�^:T]co^:iQ^S�U��\ak�rOXlRU�StaT[`-���'d�Po^?t)ZEk�k�b"^:�]�STlX[kscJiaR�Z]�SXlT[c]X[b]v
^�v�\_^:�]PSXlN5^:TSXlbOihks\LV<^?N�k
V�RU\�V<^:N�ksihk�c�iaPSk�t_^?�S\hXL� � PSk'ge^:Xlb�N�RUbSNsk�\hbeR:VCRU�]\)g"ROcSk�TlXlbSv�R:Vw��dhM�^:bSc-N�R�bSN�k��Sia�o^:T
thia\h�SNsih�S\ak�t.Xlt�bSRUi�vUksRUvU\Q^:�SPO`Om�ZS�]i�^?�S�STlXlN5^:iaXlRUbStCiaPo^:i��SiaX[TlXl��k.^?ZSthia\_^?N�i�th�o^?N�k�t5m�th�]N_P�^:t�XlbOV�RU\ag�^?ihXlRUb�th�o^?N�k�t5m
�ObSR:��Tlk�cSv�kJta�o^:N�kst�RU\�ihP]kJ��R�\hTlc���XlcSk���ksZw�E��kJ�S\ak�thksb|i-^"v�\_^?�SPSXlN5^:T�XlbOihk�\�V<^:NskJiaPo^:i�^:TlTlR:��t�^?N�N�k�tatJR?V
th�E^:ihX�^?T<m�PSXlk�\Q^:\hNQPSXlN5^?TLmo^:b]c"TlXlbSk5^:\�cE^:i_^qXlb�^�N�R�g"g(RUb-g�^:b]bSk�\5�O��k�cSXltaN��Stht�Xliht�V�k5^:ia�S\hkst�^:b]c�TlXlg"Xliat5�
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� \_^?cSXlihXlRUbo^?T�co^:iQ^:Zo^?thk�g�^?bo^:v�k�g"ksb|i�th`Othiak�g"tqihk�bSc¡ihRePo^=r�k�T[Xlg(X[iQ^:iaX[R�bSt�N�R�bSN�k�\abSXlbSv�iaPSk�Xl\��StQ^:ZSXlTlXliL`�ZO`
�SbOih\Q^:XlbSk�c¡RU\�g(ROcSk�\_^?ihk�Tl`7ih\Q^:XlbSk�c¡�ok�R��STlkU� � PSk(g"RUtai�N�RUg(g"RUb]T[`e�Stak�c¢�O�Sks\h`�T�^:bSv��o^:v�kUm�MS��W)m�X[t-k5^?tL£
XlTl`�^:�S�]T[Xlk�c7ihR thXlg"�STlk��O�Sks\hXlk�te��th�]N_P,^:t�¤¥MOksT[ksN�i"¦�V�\hR�g�i_^?ZSTlk���PSk�\ak�^:iaih\aX[Z]�Sihk5§�rU^?T[�]kU¨©��mCZS�]i�Xlt�PSXlvUPSTl`
N�R�g"�STlXlN5^:iak�ceXlb�N=^:thkst���P]k�\hk-ihPSk-bo^?ih�S\Q^:TwT�^?bSvU�o^?vUk��O�o^:bOiaX¥ªEk�\ht-¤¥^:TlTL¨|^?bSc�¤©RUb]T[`C¨S^?\hk-ihR�ZEkJg(R|c]k�Tlk�cwmOk�t�£
�Ek�N�X�^:TlTl`JX«V�ihPSXlt
X[bOr�RUTlrUk�tE�QRUXlbSXlbSv�tak�rUks\_^:TCiQ^:ZSTlk�t=�S���Sk�\h`(ZO`�k��S^:g"�]T[k��f� u�¬ ��T�^:bSv��o^:v�k�t5m?V�RU\
k��S^:g(�STlk.iaPSk
N�TlXlNQ�U£h^:b]cO£<c]\_^:v X[bOiak�\LV<^?N�keR:V�­eXlN�\aRUtaR:V�i-�'N�Nsk�tht(Po^=rUk(thXlg"XlT�^:\�TlXlg"Xli_^?ihX¥R�bSt�ZoksN5^:�StakeRUbSTl`7thXlg"�STlk��O�Sk�\aXlk�t
N5^?b�ZEk�V�R�\hg��ST�^?ihk�c�ZO`"NsT[XlNQ�OXlbSv/^?bScecS\_^?vUv�X[b]vo�S­eR�\hk�N�RUg(�STlXlN5^:iak�c"�O�Sk�\aXlk�t'�Sta�o^:TlTl`"\ak��O�SXl\hk�iaPSk��Stak�\ht�ihR
XlbSN�Tl�ScSk"M]��W®thi_^?ihk�g(k�bOiht�R�\��o^?\hiht-R:V'MS��W,�O�Sk�\aXlk�t5� � PSk�taXlih�o^?ihXlRUb7vUk�iatJ�
RU\athk�X«V�ihPSk(co^:iQ^�^?\hk(bSRUi�R?V
bSR�g"Xlbo^:T�RU\�TlXlbSk5^?\hTl`�R�\hcSk�\ak�c¢cE^:i_^¯iL`|�Ek�t=�.� ¬ �S^:g"�]T[kst'VfRU\�bSR�g"Xlbo^?Twco^?i_^�^?\hk�th�]\hbo^?g"k�t=� ¬ �S^:g(�STlk�t�V�RU\
TlXlbSk5^:\�RU\acSk�\ht�^?\hk�iaPSkJ\ak5^:T)^?bSc�ihP]kJXlbOihk�v�k�\�bO�Sg�Zoks\ht5�E��^:\hiaX�^:TwR�\hcSks\ht5mAV�RU\�k��S^:g"�]T[k�ia\hk�k-RU\acSk�\ht=mCcSR(bSRUi
Po^=r�k�iaR�ZokqT[XlbSk=^:\5m]ZS�Si'^?T[TCTlXlbSk5^?\�RU\acSk�\ht�^?\hk��o^:\aihX�^:T�RU\acSk�\ht=�E�zg�^:iaPSk�ge^:ihXlN5^?TST�^:iaihXlN�k�Xlt'^-�o^?\hihX�^?TCRU\hc]k�\
��XlihP�^?cScSXlihXlR�bo^:T��S\hR��ok�\aihXlk�t�NsRUbSN�ks\hbSXlbSv�XlbOªEg�^�^:b]c�th�S�]\hk�ge^S�©� � PSk-VfRU\hge^:TCN�R�bSN�k��]iJ^:bo^?Tl`|taXlt'thR?V�iL��^:\hk
�'° MS�
�'x��±��²)R�vUi.³H�´X[TlTlkUmSµ=¶U¶�~U���S\aR:rOX[c]k�t'^�g"k=^:bSt
R:Vw\ak��S\hksthk�bOihXlbSv(�o^:\aihX�^:TlTl`�R�\hcSk�\ak�cethk�i��·RU\
g�^?ihPSkQ£
g�^?ihXlN5^?TST�^:ihiaXlN�k5��co^:iQ^�iL`O�Ek�t5� ¬ ^?NQP�cE^:i_^?Zo^:tak�ªoksT[c(Xlt.taN5^:Tlk�ceXlbOihRJ^qN�RUb]N�k��Sia�o^:T�thN5^?T[k�ihPo^?i.Xlt
\hk��]\hk�tak�bOihk�c
^:t�^ g�^:iaPSk�ge^:ihXlN5^?T�Tn^?ihiaX[NskU��p'tak�\ht(cSR�b]RUi�Po^=r�k"ihR7iL`O�oke�O�Sk�\aXlk�t5� � PSk�`�thXlg(�STl`�tak�Tlk�N�i�ihP]k�cE^:i_^ Zo^?thk
ªok�TlcSt�ihPSks`�^:\ak�XlbOihk�\ak�thiak�c�Xlbw� �'° MS�
�'x���N�R�g�ZSXlbSk�t
ihPSk�tak/^?bSc�^:TlTlR:��t)VfRU\�ihP]k�vU\Q^:�SPSXlN5^?TCbo^=rOXlv|^:iaXlRUb"R?V
cSX«¸Ck�\hk�bOi�thN=^:Tlk�t5� � PSk�\hk�V�RU\ak�X[b]thihk=^:c7R:V)V�R�\hg��ST�^?ihXlbSv�^��O�Sk�\a`�^:t�^�taih\aX[b]v¯^?bSc�v�k�ihiaX[b]v�iaPSk-\hk�ta�STli�Xlb�iaPSk
V�R�\hg¹R:V�^qTlX[tai'��^?t.XlbeMS��Ww��m��Stak�\ht�thk�Tlk�N�i'^?\hk5^?t.R?VwXlb|iak�\hksthi���PSXlNQP"iaPSk�th`Othiak�g±N�R�bSN�k��Sia�o^:TlTl`"^:bE^:Tl`Othk�t�^:bSc
vU\Q^:�SP]X[N=^:TlTl`�\ak��S\ak�thk�bOiat5�.���Sks\h`7Tn^?bSvU�E^:vUkst�iaPo^:iqvUXlrUk-\hk�ta�STliht-Xlb�iaPSk-V�RU\ag�R?V�TlXlthiat�Tlk5^=rUk-�Sthks\ht-�Sbo^=��^:\hk
R:V�RUiaPSk�\�Xliak�g"t�ihPo^?iJ¤¥^?T[g(RUtai5¨OVf�ST«ªoTlTwihP]k��|�]k�\h`�^:bSc7ihP]k�vUk�bSks\_^:T
cSXlthia\hXlZS�SiaXlRUb�R?V�iaPSk�Xlihk�g(t'N�R�bSN�k�\abSXlbSv
ihP]k'\hks�|�]k�thiak�c�N�R�bScSXlihXlRUb]t5� � PSXlt)Xlt.k�ta�oksN�X�^:TlTl`-V�\h�Staih\Q^:ihXlbSv-X«VAiaPSk�\hk�ta�STli.TlXlthi�X[t
k�g(�SiL`|� �'° M]�
�'x'�HRUb�iaPSk
RUiaPSk�\
Po^:b]cwmU\ak��S\ak�thk�bOiat'ihP]k�\ak�th�]T[iat.��XliaPSXlb�ihPSk�Xl\
N�RUb]N�k��Sia�o^:TCk�bOrOXl\hR�bSg"k�bOi=� � PSk'\ak�th�]T[iat'^:\ak'�S\ak�N�XlthkUm]ZS�Si
thiaXlT[T�R��ok�b7VfRU\��Sthks\�Xlb|iak�\h�]\hk�iQ^:ihXlR�bw�C�'t-^:b�^:bo^?T[R�vU`OmSX«V.�Stak�\ht�^:\ak�Xlb|iak�\hksthihksc¢Xlbº^?TlT�NsX[iaXlk�t�ihPo^?iJ^:\akJN�TlR�thk
ihR(x'k��¼».RU\a�CmoMS��WE£LTlXl�Uk��O�Sk�\aXlk�t��.R��STlc�\ak�ih�]\hb¢^�TlXlthi�R?V.N�XliL`ebo^:g(k�t���PSk�\ak5^:t �'° M]�
�'x'��£<TlXl�Ukqth`Othiak�g"t
�
RU�STlc�\ak�ih�S\ab¢^(g�^:� ihPo^?i�P]X[v�PSTlXlvUPOiht'^(N�Xl\hNsT[k"^?\hR��SbSc7x'k��¼».RU\a�eV�\hR�g½��PSXlNQP�iaPSk��Sthks\ht-N5^:b7\hk5^?c�iaPSk
N�XliL`�bo^?g"k�t=�Ep'bOV�R�\hia�Sbo^:iak�Tl`|m �'° M]�
�'x'�¾cSROk�t�bSR�i�Po^=rUk-ihP]k�N5^:�o^?ZSXlTlX[iL`eR?V�\ak��S\hksthk�bOihXlbSv7bSR�bO£<�E^:\hiaX�^:TlTl`
RU\acSk�\ak�c�cE^:i_^-iL`O�Ek�t5mYth�SNQP�^?t'vUksRUvU\Q^:�SP]X[N=^:Twge^:�St=� � PSk�\akQV�RU\akJXlb�iaPSXlt'�o^?�oks\'�
k�cSk�taN�\hXlZEk"^-th`Othiak�g�iaPo^:i
Xlt�thXlg"XlT�^:\�iaR �'° M]�
�'x'�-mSZS�]i�X[b]N�RU\a�oR�\_^:iak�t�Vf�S\hiaPSk�\'cE^:i_^qiL`O�okst5�



� XlvU�S\akJµ�cSksg"RUb]thih\Q^:iak�t�PSR:�,RU�S\
th`Otaihk�g Xlb|iak�\_^?N�iht
��XlihP(k��OX[taihXlbSv-ihk�NQPSb]RUTlRUv�`|����^?i_^:ZE^:thk��O�Sk�\hXlk�t'^?\hk�X[g�£
�STlk�g(k�bOihk�c-�SthXlbSv-MS��W�^:bSc���k�R�vU\Q^:�SPSXlN
dLbOV�R�\hg�^?ihXlRUb-MO`Othihksg"t�����dhM]��ihk�NQPSb]RUTlRUv�`|�O� � RU\)^�NsRUg"�]\hk�PSksbSthXlrUk
XlbOih\hROcS�]N�ihXlRUb ihR���dhM thk�k"W�^:�S\aX[b]X�³ � PSRUg(�SthR�bº�aµ5¶�¶��U�s�©���¹N�RUb]N�k��Sia�o^:T)�O�Sks\h`7X[bOiak�\LV<^?N�ke������dh��^:TlTlR:��t
ihP]k�ih\_^?bSthT�^?ihXlRUb�R?V�M]��W��U��dhM �O�Sk�\aX[kst�Xlb|iaR�^"NsRUbSN�ks�Sih�o^?T.\ak��S\ak�thk�bOiQ^:ihXlR�b¢ihPE^:i�Xlt�ZE^:thksc�RUb V�RU\ag�^:T�^:bSc
\hksTn^?ihXlRUbE^:T�N�R�bSN�k��Sie^:bo^?Tl`|taXlt�� � �
��^:b]c����
�����)�
R�bSN�k��Sie^:bo^?Tl`|taXltJtaR:V�iL��^:\ak�Xlt-�Sthksc�ihR�k�b]th�S\ak��O�Sk�\h`
N�R�bSthXlthiak�bSN�`�^?bSc"iaR��S\hR:rOXlcSk'iaPSk�v�\_^:�]PSXlN5^:TE\hk��]\hk�tak�bOi_^:iaXlRUbSt=�op�thk�\at�V�RU\ag��ST�^:ihk
bo^?ih�S\Q^:TCT�^:bSv��o^:v�k'�O�Sk�\aXlk�t
XlbeihPSk�Xl\�g"XlbSc]t5� � PSk�ta`Othihksg�Po^?t'ihP]kJcS\Q^=��Zo^:NQ�eihPE^:i'�]thk�\at�g��Sthi
Tlk5^:\ab�P]R:� iaR"g�^?�"bo^?ih�S\Q^:T�T�^:bSv��o^:v�k
�O�Sk�\aX[kst.iaR�ihPSk�N�RUb]N�k��Sia�o^:TC\ak��S\hksthk�bOi_^?ihXlRUb]t'^:bSc�PSR:�,iaR�Xlb|iak�\h�]\hk�i�iaPSk�cSX�^:v�\_^:g(t�N�RU\a\hk�N�iaTl`|� ° �S\�^?thta�Sg"�O£
ihXlR�b�Xlt�iaPo^:i'^?T[iaPSRU�]vUP"�]thk�\�ih\Q^:XlbSXlbSv-Xlt�\hk��O�SXl\hksc�ihPSkqX[g(�S\hR:r�k�c��O�Sk�\a`�\ak�th�]T[iat���X[TlT:�Q�StaihX«V�`"iaPSk�XlbSN�\ak5^:tak�c
kQ¸CRU\ai5�)p�t_^?ZSXlT[XliL`7ihk�taihXlbSv���XlTlT�Xlb|r�k�thiaXlv|^:iak"iaPo^:i=� � �S\aihPSks\hg"R�\hkUm��
ke�ST�^:b¡X[b¡ihPSk¯V��Sih�]\hkeihR7k��O�o^:b]c iaPSk
XlbOihk�\�V<^:N�k-ZO`�^:c]cSXlbSv�^�g"k�bO�eV�\aRUg½��PSXlNQP��Stak�\htqN5^:b7NQPSRORUthk�NsRUg"g(RUb(bo^:ia�S\_^?T�T�^?bSvU�o^?vUk��O�Sks\hXlk�t5� � Po^:i
��XlTlTo\ak�cS�SN�k-ihP]k�ia\_^?X[b]X[b]vJbSksk�cSk�cw�

natural language
queries

user:

software

database

SQL/GIS
software

CQI
FCA/RCA

� XlvU�S\ak�µ�� � PSk�N�R�g"�ERUbSk�bOiat�R:V�iaPSk�th`Othiak�g

� PSk�V�R�T[TlR:��XlbSvJM]��W7tai_^?ihk�g(k�bOi.N5^?b�ZEk��]thk�c�iaR�k��O�ST�^:Xlb"P]R:� ����d.Xlg"�]\hR:rUkst�MS��W��

MOk�Tlk�N�i
	JV�\aRUg±iQ^:ZSTlk���PSk�\ak�i_^?ZSTlkU� ªok�Tlc���
UrU^?Tl�Sk�


� PSk�VfRU\hg��]Tn^�V�R�TlT[R:��XlbSv�¤ ��P]k�\hkU¨]Xlt'TlXlg"Xlihk�c�iaR�ihPSkq�Sthk�R?V.¤¥§-¨lmC¤���¨[mE¤���¨lmS^:bScetaR�RUbw� � PSXlt�N�RU\a\hk�ta�oR�bScSt�ihR
^:b7Xlg"�STlXlk�c(T[XlbSk=^:\�RU\acSk�\�R�b�ihPSk�cE^:i_^(iL`O�EkJR?V�iaPSkJrU^?Tl�Sk�t5� � RU\�ihks�|ia�o^:T�co^:iQ^"iaPSXlt�X[t�^?�SihR�g�^:iaXlN5^:TlTl`JiaPSk
^:Tl�SPE^:ZEk�ihXlN5^?TwRU\acSk�\aX[b]vo�EdfV)ihPSk-rU^:Tl�Sk�t�R:V.^-ªEk�Tlc�^:\ak�g"ROcSk�Tlk�ceiaR"ZEkJbSR�bO£LT[XlbSk=^:\hTl`(RU\hc]k�\hk�c�moiaPSk-RU\hc]k�\hXlbSv
Po^?t�ihR"ZEk�thiaRU\hksc�Xlb�^-thk��E^:\_^?ihk�iQ^:ZSTlk�����XliaPeªok�TlcSt�¤©T�^:\avUk�\ rU^:Tl�SkU¨lmE¤©thge^:TlTlk�\ rU^:Tl�Sk�¨ �
XlbStaihk5^?ceR:V)thiaRU\hXlbSv�Xli
^:t
�o^?\hi
R:VwihP]k�cE^:i_^qiL`O�ok��OdfV_mUtaXlg"XlT�^:\hTl`�ihRqihPSk��O�Sk�\a`�g"k�bOihXlR�bSk�c"^:ZER:rUk�m|^?T[TE\hR:��t�V�R�\.��PSXlNQP�^?b"^:iaih\hXlZS�]ihk
Po^?tJ^ethge^:TlTlk�\�rU^:Tl�Sk-ihPo^?b¢^evUXlr�k�b�rU^?Tl�Sk"^:\ak�ihR�ZEk"tak�Tlk�N�ihkscwm)iaPSk"MS��W��O�Sks\h`7�.R��STlc�X[bOr�RUTlrUk�iaPSk���RUXlb
R:V�i_^?ZSTlk�t�^?bSc,Zok�NsRUg"k(N�RUb]thXlcSk�\Q^:ZSTl`,g"R�\hk"NsRUg"�]T[XlN5^?ihk�c�� ° b,ihPSk RUihP]k�\"Po^?bScwm�Xlb�����dJXli�Xlt��oR�thtaX[Z]T[k
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