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1. INTRODUCTION
YSq)g�&)g+^6rs^`(+t-Z]fug+&n,-h]b-v]Z],-*�,-wxv]g+hyg+cI,)zxz{b)*-Z]c+(IvyZC,-*|vygIcIq)*-,-h],-_-rsZy}~h]g+(+f)Z]*-_�vy,|vyq)g�cI,-*-&)gI^6_ng+*-c+g�,-wxw'Z]�)g+fu(I*-f

zx,-�-Z]h]g~*)g+v]��,)^6�n}�(I*-f�f-g+&)ZCc+g+}V�U�\vFt)^`gI}Ag+*nv]��ZCvFZ]}{&)g+^6r��eZ]f-g+}At-^`g+(If�w',-^\t-g+,)t)hyg
vy,�(+cIc+gI}A}{v]q-g��|g+���eZ]vyq�%:*-v]g+^'*-g+v
c+,-*-*)g+cIvyZC,-*)}0b)}AZ]*-_~��Y�l�a|(+*)f��V,n^F�|l�au�`���]�V�+�y�I�A�U���)�A�I�������)�)�-�-�-�n�+���)^`,)��}Ag+^`}V� (+*-f�t)^`g+}AgI*-v�t-,-^'v](+�)h]g�f)g+&)Z]cIg+}
�`gI�C_n�3¡ o �L¡3¢��\�?[0¡;pF£T�L�|�\¡�t-q-,-*)g+}V�S,-w'w'g+^�(0^`(+*-_ng0,)w�w'g+(+v]b-^'g+}$�`gI� _)�;h](+^`_)g\zxg+zx,-^`ZCg+}V�3_)^`(+t)q)ZycI(Ih¤f-ZC}At-hC(Tr¥}A�3w'^`Z]g+*-f)hCr
b-}Ag+^ Zy*-vCg+^`w'(+cIg+}V�?c+,)z{zxb)*)Z]c+(IvyZ],-*JZ]*)v]g+^`w`(IcIg+}V�¦Z]*-cIh]b-f)Z]*-_Jvyqng�t),-}A}VZy�)Z]hCZ]v§r\v],¨Zy*)}Av](+hCh3%:*-v]g+^'*-g+v;�)^`,-�e}Ag+^6}A� v]q-(Iv3zx(+�)gev]q-gIz
}Ab-ZCvy(+�nhygxw',-^©q-,)}AvCZ]*-_
ª-b-ZCv]gx(Ihyh>,-w�v]q-gx(+tnt-hCZyc+(Iv]ZC,-*-}ev]q-(Iv�c«(+*��-gx*-,)^`zx(+hCh§r�t)g+^6w',)^6zxg+f
�-r�}Avy(+*)f-(I^`f�¡ o }V� Y�q)g+Z]^©zx(IZ]*
hyZ]zxZCvy(Iv]Z],)*sZC}�^'g+h](Ivyg+f�vy,�vyq)g�^`g+f)b)c+g+f!Z]*-t-bnv �k,-b-v]t)b)v�c+(+t)(I�-Z]h]Z]vCZyg+}V�©}VZ]*-c+g�v]q)gTr�w'^`g+ª-b-g+*nvyhyr�h](+c+�!,)wJ(+*!(+h]t)q-(+*-b-zxgI^`ZCc
�)gTrn�),-(+^`f|(+*-f�q-(+&)g�&)gI^kr!}Ezx(+hyh�f)Z]}At)h](Tr¥}A��%:*|vyq)Zy}�c+(I}AgI�evCq-g�f)g+&)g+h],)t-zxg+*-v�,-w¨zxb-h]vCZ

-
zx,-f)(+h\�)^6,)��}Ag+^x�eZ]vyq�&),-Z]c«g

Zy*)t-b)v �L,-b)v]t-b)v�cI(+t-(I�)ZyhCZCvyZ]gI}s(«*-f��L,-^
using

,)vyqng+^�f-g+&)Z]c+gI}!�`gI� _)�x_)^`(+t-qnZyc¬t),-Z]*)v]Zy*)_n�xv],)b-c+q­}Vc+^'g+g+*)}V�{}Azx(Ih]h�*-b-zxgI^`Z]c
�)gTrn�),-(+^`f-}A�-g+vCcI� � }Aq-,-bnhyfJ}A(Iv]Z]}Aw`r\(ehy(«^6_ng�&n(+^`Z]gIvyr\,-wQb)}AgI^Q^'g+ª-b-ZC^`g+zxg+*)v]}V�

YSq)g0Z]f-gI(0�egJt)^6,)t-,-}Ag0Z]*�vyq)ZC}Ft-(+t-g+^ScI,-*-}VZ]}AvC}�Z]*�v]q)g0f-g+w'ZC*-ZyvCZ],-*��'(+*-f�c+,-*)}Vg+ª-b-gI*-v¤^'g+(+h]Z]®+(Iv]Z],)*-�S,-wS(I*�(I^6c+qnZyvCg+cIv]b-^'g
c+(+t-(+�)h]g0,-w�q-(+*-f)h]Z]*-_{zxb-h]v]Z

-
zx,-f-(+h¤�-^`,-�e}AZ]*-_{vyq)^6,)b-_)q�v]q)g0}Ern*-c+q-^`,)*-Z]®+(Iv]Z],-*�,-w���YSl�a�(I*-f�¯\,-ZycIgI°0l�a�f-,-c+b)z{gI*-vy}V�

%:*�f-,-Z]*-_~v]q-Z]}V���eg�q-(+&)g�v],~cI,-*)}EZ]f)g+^$Z]}V}Ab-g+}\^`gIhy(Iv]g+f~v],~v]q)g�&)(+^`Z](+�)ZChyZCvyr
,-w$b-}Ag+^ �Vv]gI^`zxZ]*)(+hUtn^6,)w`Z]hCg+}V�>(+}0�eg+h]hS(+}\Z]}V}Ab-gI}
^`g+h](+v]gIfuvy,|vyq)g�hy(+r¥,-b-v0(+f-(+tnvy(+vCZ],-*uv],¬f-Z]w'w'g+^'g+*-v0t)^`g+}Vg+*-vC(+v]Z],)*¬zx,-f-(+hCZCvyZ]gI}��`gI� _n��}At-(IvCZy(+h �Lv]g+zxt),-^'(+h0(+�)g+}�(I*-f

hyper-
linking

�`�S¯\,-ZCc+gI°\l�a�g+*-(I�)h]gI}{b)}AgI^`}xv],��-^`,)��}Ag�f-,)cIb-zxg+*-v]}x�-r±}At-g+(+�nZy*)_�(+*-f�q-gI(+^`ZC*-_�,)*�(�t-q-,)*-gI���)b-v©f),-g+}x*),-v
s
b-t-t-,)^`v¤(0_)^`(+t-q-Z]c0Z]*)vygI^`w'(+c+gI�;(+}��\Y>l�a�,-^S�ul�a�f),-�N�|gJt)^6,)t-,-}Vg0v],�}Er¥*-c+q-^`,-*)Zy®+g0f)Z]w'w'g+^`g+*-v f-,)cIb-zxg+*-vC}Fvyq-^`,nb-_)q�(
}At-g+cIZ]w'Zyc�t)h](Iv]w`,)^`z­Z]*-}Vv]gI(+fJ,-wQ(If)f-Zy*)_0*-g+�	w'g+(Iv]b-^'g+}Svy,Jg+�)ZC}Av]Z]*)_J��Y�l�a>�)�ul�a±,)^¤¯\,-Z]cIg+°\l�a±f-,)c+b-zxg+*)v]}V�



YSqnZy}{(+t)t-^',-(+c+q�q-(I}�v]q)g�(+f)&)(+*-v](+_)g�,)w0(Ih]h],-�eZy*)_)�©Z]*�(�ªnb-Z]v]g�_)gI*-g+^`(Ih��e(Tr¥�©zxb-h]v]Z
-
zx,-f-(IhF�-^`,-�e}AZ]*-_�,-w\g+�nZy}AvCZ]*-_

��YSl�a¬f-,-cIb-zxg+*)v]}¨�¦r~f)g+&)g+h],-t-ZC*-_±c+,)^`^`g+}At),)*-f-ZC*-_±¯\,)Z]cIg+°�l�a	f-,)c+b-zxg+*)v]}V�U%:*�(+*-r�c+(+}AgI�S�eg
f-,±*-,)vUg+�)c+h]b-f-g�v]q)g
t-,-}A}VZ]�-ZChyZCvyr�,-w0f-g+w'Z]*-Z]*-_!(+*!°0l�a }Ac+q-g+zx(�v]q-(Iv��eZyh]hFZy*)cIhyb)f-gI�$,)*s(±_)g+*)g+^'(+he�n(+}VZy}V�©�-,-v]q!��Y�l�a (+*)f!¯\,)ZycIgI°\l�a
}Er¥*-v](+�)�Nvyq-b)}e(+hCh],-�eZy*)_�(¨zxb-hyvCZ

-
zx,)f-(+hQf)g+w`Z]*)Z]vCZy,)*�,-wU(+*�(«t-t-h]Z]c+(Iv]Z],-*�Z]*�(J}AZ]*-_nhygJf-,)c+b)zxg+*-vC�¤�uq)(IvQ�eg¨�e(+*-vQv],�t-,)ZC*-v

,-b-v¨ZC}�v]q-(Iv¨vyqng�}Er¥}Av]g+z �eg�(+^`g�t-^',-t),-}VZy*)_	c+(+*	�-g�b-}Vg+f	Zy*	(�ª-bnZyvCg�_)g+*)g+^`(Ih¨��(+r¥�Jt)^6,)&)Z]f-g+f�v]q-(Iv¨v]q-gsl�(I^6�¥b-t
documents,

f-gI}AcI^`Zy�nZy*)_Jv]q-gF�eg+�¨}Ag+^`&)Zyc«gevC,J^`gI(+h]Z]®+g
,
(I^`g�cI,-^`^`gIc+vChyr0Z]*-vCg+^`t)^`gIv]g+fJ�¦r\}At-gIcIZ]w`Z]c�c+,-zxt-,)*)g+*)v]}V�

YSq)g���,)^6��t)^`g+}Ag+*)v]g+f�Zy*~vyq)Z]}0t-(+t-g«^eq-(«}¨�)gIg+*±t)(+^'v]Zy(Ih]h]r�f¦g+&)g+h],-t)g+f�Zy*)}VZyf)g�v]q)g��>� ����t)^`,��LgIc+v
Homey � � ���
	:��Y�q)gt-b-^`t-,)}Ag�,-w\vCq-Z]}xt-^`,��LgIc+v©Zy}xvC,�zx,-*-Z]vC,-^�v]q-g�c+hCZy*)Z]c+(Ih$}Vv](Iv]g~,)w\c+q)^`,)*-ZCc~t-(Iv]Z]g+*)v]}{�'Z]*�t)(+^`vCZyc+bnhy(I^\t-(Iv]ZCg+*-vC}{(+w'w`gIc+v]g+f��¦r

q¦rnt-gI^6v]g+*)}AZ],-*0t-(Iv]q-,-hC,-_nZyg+}A�'�)�-r0zxg+(+*)}©,-wNv]q-g�v]g+hCg+t-q-,)*)gI�-(+}U�eZyh]h;�)g�f-gI}AcI^`Z]�-g+f0Z]*0}Ag+cIvyZC,-*��)�
1.�\*-,)v]q-gI^±(+t-t)h]Z]cI(+vCZ],-*­b-*)f-gI^�Z]*-&)g+}Av]Z]_)(+vCZy,)*­ZC}sv],­b-}Vg¬v]q)g	zxb-h]v]Z

-
zx,-f-(+h��)^6,)��}Ag+^±w:,-^�(+c+cIg+}A}VZ]*-_ v]q-g¬�ug+�

;(+�)%'£

Zy*)w',-^`z{(Iv]Z],-*�}Er¥}Av]g+z �`({}ErT}Avyg+z w',-^$vyqng{f)(+v]({zx(+*)(+_)g+zxgI*-v�f-gI}AcI^`Z]�)g+f�Z]*~}Vg+cIvyZ],-*
3.2)

� Y�q-g{�)gI*-g+w'Z]v]}�^`g+}Vb-hCvyZ]*-_�w'^`,)z
vyq)gu(+f-,nt-v]Z],-*�,-w�zx,-�-Z]h]guf)g+&nZyc+g+}�(+^'guc+b-^'^`g+*)v]h]r��-g+Z]*-_�Zy*)&)g+}AvyZ]_)(+vCg+f)��
3Zy*n(+h]hyr¥�x�egu(+^`gu_n,-Zy*)_�v], Z]*-vC^`,-f-b-cIg|,)b-^
vygIc+q-*),-h],-_-r�Zy*-v],�v]q-g
m\*-c+,nh],-_nZyc+(Ih���hygIcIv]^`,-*)Z]c�l�gIf)ZycI(+h�p$g+cI,-^`f�(+t)t)h]Z]c+(Iv]Z],)*�f-g+&)gIhy,)t)g+f��¦r±v]q-g�Y�gIhygIz{gIf)ZycIZ]*-g�(«*-f
m
g+f-Z]c+(Ih;%:*-w',-^`zx(+v]Zyc+}Sh](+�),-^`(IvC,-^6r\,-wQ%:Y o

-
Z]^'}Ev¦�`}AgIge}AgIc+vCZ],-*��-�'�

2. ������������������������� ����!#"
I
*�%:Y o

-
Z]^`}VvC� (Jc+hCZyg+*nv

-
}AgI^`&)g+^U(+^`c+q)Z]v]g+cIv]b-^`gJ�'c+(+hChygIf%$'&)(+*�,�-

-
$'&>�+�/./0 (+*�132%,S�n�A�4.50)�/6%-N�87)1:9©w',)^�f-g+&ng+hy,)t)Z]*-_�&),-Z]c+g

(+t-t-hCZ]c+(Iv]Z],-*)}0q)(I}\�-g+gI*~^`gI(+hCZ]®+g+fn�QY�q-g{£N¡3%'d;�>Y¬£3g+^`&)g+^©�'}Ag+g{w'Zy_n�8<E�$c+(+*�q-(I*-f)h]g{z{b)h]v]ZCt-h]g{}VZyzxb-hCv](+*-gI,-b)}0cI,)*-*-g+cIvCZ],)*-}
�eZyv]qJ(+t-t-h]ZCc+(+vCZy,-*n}�v]q-(Iv;*)g+g+f0}At-g+g+cIqJ^`g+c+,-_)*)Z]v]Z],)*J^`g+}V,-b-^`cIg+}U�6g«�C_)�-^`g+cI,-_)*-ZCv]Zy,)*¨g+*)_)Z]*)g+}

,
vCg+�)v;v],J}At-g+g+cIqJg+*-_nZy*)g+}V�¦�e(+&)g

sources
�¦_n^6(+zxzx(+^ c+,-zxt-ZCh]gI^

s
�-t-q-,)*)g+v]Z]c

transcribe
�-gIvyc

.
�>=?v]q-g�zx,-f-b-h]g+}U,-w v]q-g�(I^`c+q)Z]v]gIcIvyb)^6g�cI(+*J�-g�f-Z]}Vv]^`Z]�-bnvyg+fJZC*-}AZCf)g

(ea>,-c+(Ih¦�0^`gI(Fd\g+v]��,)^6�0�`a>�\d\�'�-v]q-gFc+,-zxzxb-*-ZCc+(+vCZy,)*J(Iz{,)*-_Jvyqng+z­Z]}Uq)(+*-f)h]g+fJ�¦r\zxgI(+*-}U,-w@?
sockets” .
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YSq)g�f)g+&)g+h],-t)g+^�,-wF(�&),-ZCc+g�(+t-t)h]Z]c+(Iv]Z],)*±c+(I*±b-}Ag�(�t-(I^`vCZCc+b-h](I^e^'g+}A,-bn^6cIg��¦r
using

,-w�(+*±��t-t-hCZ]c+(IvCZy,-*�¡N^',-_)^`(+zxzxZ]*-_
%:*-vygI^6w'(+c+g±�

Spinet
�\¡3%'�¨t-^`,)&)Zyf)g+f��eZyv]q�v]q-g

Spinet
t-(IcI�)(+_)gI��Y�q-g

Spinet
�\¡N%0c+(+*s�-g�(+c+c+g+}V}Ag+f

by
(+t-t)hyZ]c+(Iv]Z],)*-}

f-g+&)g+h],-t)g+fJZ]*J�-,)v]q0v]q-g
C++ and

�A(+&)(�¡N^',-_)^`(+zxzxZ]*-_Ja>(+*-_nb-(+_)g+}A�
Furthermore

(+*�Z]*)v]g+^`t)^`gIv]gI^\,)w\v]q-g~¯\,-Z]c+gI°�l�a�hy(+*)_)b-(+_)g~q)(+}{�-g+g+*�^`g+(+hCZ]®Ig+f�(+*-f
,
(+h]}A,�ZC*�v]q-Z]}{c+(I}Eg

,
(It-t)h]Z]c+(Iv]ZC,-*

t-^`,-_)^`(+zxzxg+^`}UcI(+*¨(«c+c+gI}A}UZ]vC}�w'b-*-c«vyZ],)*-}Sv]q-^`,-b-_)qJ(
Java API.

Recently,
%:Y o

-
Z]^`}Vv©Z]}{�e,-^`�-Z]*-_�,)*�YSg+�nv$v],�£3t-g+g+cIq��'Y�Y�£N�ev]g+c+q)*-,)hy,)_-r¥�U�¦r±b-}AZ]*-_�v]q-g 
NgI}Av]Z]&)(+h©g+*-&)ZC^`,-*-zxg+*)v©�'}Ag+g

http://www.itc.it/IRST/PrgIRST/DITELO.htm)
�F��w`Z]^`}Vv�^6gIh]g+(+}Vg�,)w¨vyq-Z]}
Y>YS£�c+(+*��-g�w'^`g+g+hyr!f-,-��*)hy,)(+f-g+f|w'^`,)z

http://www.cstr.ed.ac.uk/projects/festival/
�

YSq)g�(+^'c+q)Z]v]g+cIv]b)^`ge,)w v]q)g�zxb-hCv]Z
-
zx,-f-(+h;�n^6,)��}AgI^

proposed
ZC*Jv]q-ZC}�t-(It)g+^ Z]}U}Aq),-�e*¨Z]*�
NZ]_)b-^`g � �

HTTP

Speech
Server

HTML
document

Client

VoiceXML
document

Voice signal

Web Browser

TTS

ASR

DATA

HTTP
Server

Voice Gate

Visual Gate

VoiceXML
Interpreter

Interpreter Manager
( VoiceXML Interpreter Context )

WEB
Server

 multi−modal browser

ACB D
E�F G��
I>JCK:L8M�N O PQL8O R�K3P S�U O M�PTX�K3S�XgS'i PQa���R�� O N
-
��S�a��	��
�K3S
� i PQK m

��c+hCZyg+*nvNb)}Ag+}�(evy^'(+f-ZCvCZy,)*-(Ih3�|g+�¨�-^`,-�e}Ag+^>�`gI� _n�?d\gIv]}AcI(+t)g�,-^>%:*-v]g+^`*-gIv)�S�)t)hy,n^6gI^`�Qvy,¨Z]*)v]g+^`t)^`gIv3��Y>l�a�f-,-c+b)z{gI*-v]}V�
YSq)g�c+h]Z]g+*)v

is
(Ihy}A,�(I�-h]g~vC,�(+c+ª)b-ZC^6g�(I*-f�v]^6(«*-}AzxZ]v$v]q)g~&),-Z]c+g�}AZ]_)*-(+h©v],�vyq)g�}AgI^`&)g+^\�`&n,-Z]c+g~c+q-(I*-*)gIhy�'�Ud0,nvyg�v]q-(Iv$vCq-g

}At-g+g+cIq�}VZ]_)*-(+h cI(+*��)gJvC^6(I*)}VzxZyv]vCg+f�gIZyvCq-g+^Sv]q)^`,-b-_)q�¡3£3Y>d­�`¡Nb-�)h]Z]c0£N�eZ]vyc+q�Y�gIh]g+t)q-,-*ng¨d�g+v]�e,-^`�)�U,-^Uv]q)^`,-b-_nq�Y o ¡¥�L%:¡
connections;

Zy*{v
he
w'Zy^`}VvNc+(I}Ag\��g\*-g+g+f{v],{q-(+&)g\v]g+hCg+t-q-,)*)g

boards on
v]q)g\}AgI^6&ng+^S}AZ]f)g

while in
vyq)g\}Ag+c+,n*-f

case
(+*

application,
,-*�v]q-gxc+hCZ]g+*)vS}VZCf-g

,
�eZyh]hSqn(+&)g{v],~z{(I*-(+_)g{v]q)g{&),-Z]c+g{c+q)(+*)*-gIhS�)gIvy�eg+g+*~vCq-g{�ugI��}AgI^6&ng+^F(+*)f�vyq)g

client
browser

�
YSq)g�}AgI^`&)g+^ }VZ]f-geq),)}AvC}�v]q)g�w',-hyh],-�eZ]*-_Jc+,-zxt-,)*)g+*)v]}V�
• A

c+,-*-&)gI*-v]Z],-*)(Ih>�ugI�
}AgI^6&ng+^'�Qq-(I*-f)h]Z]*-_
^`g+ª)b)g+}Vvy}�w',)^��\Y>l�a�f),-c+b-zxg+*-vC}�(I*-f
v]q-g¨c+,-^'^`g+}At-,)*)f-Zy*)_�¯0,)Z]c+g«°0l�a
c+,-b-*)v]g+^`t)(+^'v]}V��Y>q-g��ug+�~}Eg«^`&ng+^ezx(+*)(+_)g+}J(Ih]hU,-wFvCq-g�^`g+}V,-b-^`c+gI}J*)g+g+f)gIf±w',-^��\£;p­(+*)f�Y>YS£!w`b)*-cIv]Zy,n*-}0�6g«�C_)�
_)^`(+zxzx(+^`}V�¦}At-gIg+c+qJw'ZChyg+}V�)g+v]c

.).
•
Y�q)g�£Nt-g+gIc+qJ£3gI^`&)g+^Q�'Z]*J,-b)^ cI(+}Age£;t-Z]*)g+vC�`�-��q)Zyc+qJzx(+*-(+_ngI}��),-vyq0�\£3p!(+*-f0Y�Y�£

engines.
•
Y�q)g�zxb-h]v]Z

-
z{,)f-(+h?�)^6,)��}Ag+^'�-�eq-Z]c+qJZ]*-vCg+_)^`(+v]gI}�,-bn^Q¯�,-Z]cIgI°\l�a±%:*-v]g+^`t)^`gIvygI^'�

YSq)gez
ulti-

zx,-f)(+h?�-^`,-�e}Ag+^¤cI,-*-}AZC}Avy}S,-w¤vyq-^'g+g�c+,-zxt),)*-g+*)v]}��

•
(0¯\,)Z]c+g\[0(Iv]g

,
vyq)(Iv

answer
vy,�v]q-g

u
}Ag+^��`}F^`g+ª)b-gI}Av

s
�-r

means
,)wS(0¯\,)Z]c+g0l�(+*-(+_)g+^S�'v]q)Zy}FhC(+}Av ,-*ngJcI,-*)v]^6,nhy}Fv]q)g

&),-Z]c+g�c+q-(I*-*)gIh
);

•
({¯�Z]}Ab-(Ih�[\(Iv]g

,
vCq-(+v

answer
vy,~v]q)g{b-}AgI^��'}\^`g+ª)b-g+}Vv

s
�¦r
zxg+(+*-}\,-w©({¯�Zy}Ab)(Ih

Manager
vyq-(«v

controls
(xY o ¡¥�L%:¡

c+,-*-*)g+cIvyZC,-*¬��Z]v]q	v]q-gs�|g+�¬�-^`,-�e}Ag+^>=JvyqnZy}±cI,-*-*)g+c+vCZ],-*¬(+h]h],-�e}±v],	}Er¥*-c+q)^6,)*-Z]®+gs��YSl�a�(+*-f¬¯\,)ZycIgI°\l�a



documents
(I}U��ge�eZ]hyh?�)gegI�)t-h](IZy*)g+fJ�)g+hChy,-� =

•
(+*�%:*-v]g+^`t-^`gIv]g+^el�(+*-(+_ng+^`�UcI,-^`^`gI}At-,-*)f)Z]*-_�v],�vyq)g
¯0,)Z]c+g«°0l�a�%:*-v]g+^`t)^`g+v]g+^ o ,-*)v]g+�)v©�'}Ag+g��\���e� &),-Z]c+g+�)zxh]�C,n^6_n�

,
that

Z]*)v]g+_)^`(Iv]g+}
our

¯\,)Z]c+gI°�l�a±%:*-v]g+^`t-^`gIvygI^'�

Both
l�(+*)(+_)g+^

s
�`&),)Zyc+gF(+*-f0&)Z]}Ab-(+h]�¤Zy*)v]gI^`(+cIv;�eZ]v]q¨vCq-gF¯\,)Z]c+gI°\l�a�%:*-v]g+^`t-^`gIvygI^ v]q)^`,-b-_)qJv]q-g�%'*)vyg+^`t)^`gIv]gI^ l�(I*-(+_)g+^'�

m\b-^x}A,)h]b)vyZ],)*�w`,)^x}Ern*-c+q-^`,-*nZy®+ZC*-_��\Y>l�a (+*)f|¯\,-Z]c+gI°�l�a f),-c+b-zxg+*-v]}��`}AgIg 
NZ]_)b)^`g � �xc+,-*-}VZ]}Av]}�Z]*|,)t-g+*)Z]*-_�(+*)fzx(+Zy*)v](+Z]*)Z]*-_±(
Y o ¡T�L%'¡sc+,-*¦*-gIc+v]Z],-*��)gIvy�eg+g+*�v]q-g
Web,

,)*�vyq)g
c+h]Z]g+*)v�}AZ]f)gI�S(+*-f�v]q-g�zxb-h]vyZ
-
zx,-f-(+h��-^',-�e}Ag+^e,-*�v]q-g

}Ag+^`&)g+^Q}VZ]f-gI�
%:*¦w',-^`zx(+vyZ],-*0Z]}�g+�nc+q-(I*-_)gIf¨(Ih],-*)_Jv]q-gFY o ¡T�L%:¡
c+,-*)*-gIc+vCZy,-*J,)w Z]*J,)^`f)g+^ v],��

•
zx,-fnZyw`r\v]q-geZ]*-cI,)zxZy*-_0��Y>l�a±t-(+_)g+}U(+c+cI,-^`fnZy*-_0v],Jv]q)geZC*)t-b)v;t)^`,-&)Z]f-g+fJ�-r0v]q)g�b-}AgI^ � }�b)v]v]gI^`(+*)c+g+} =

•
b-t)f-(+vCg
vyqng
¯0,nZyc+gI°�l�a¬c+,-*-v]g+�)v�(+c+cI,-^`f)Z]*-_±v],��A*-,)*�&),¦Z]c+g��¨Z]*-t-b-v��'gI�C_n�Ut-^',-&nZyf)g+f��)r�v]q-g
b-}Ag+^e&)Z](
�)g¥r¥�),-(+^`f
(+*-f��L,)^ zx,-b-}Vg

).
N,-^\g+�n(+zxt-hyg«�©�eq-g+*�v]q-g~b)}Vg+^0b)v]v]gI^`}{,-*-g~,n^0zx,-^`g~&)(Ihyb)gI}�w',)^0w'Z]hyhCZ]*-_�w'Z]g+h]f-}xZy*�(~f-Z]}At)hy(TrTg+f�w',-^`zx�©v]q-g~}Ar¥}Av]g+z
zx,-f-Z]w'Zyg+}0v]q-g�h],-(If-g+f�¢\,-c«b)zxg+*-vSm0���Lg+c+vSl�,-fng+hU�'¢\m�l���Z]vU(+hCh],-�e}Jvy,±(«c+c+gI}A}0vyq-g�}AvC^'b-c+v]b)^`g�,-w$�\Y�l�auf-,-c+b-zxg+*nvy}A�
t-(+_)g+}\Z]*~,)^`f-gI^$v],�}Aq-,-� vyq)g{b)vyvCg+^`gIf~f-(Iv](I� m0*~vCq-g{,)v]q-gI^©q-(+*)f)�>Z]w�vyq-g{b)}Vg+^$vyr¥t-g+}\Z]*�v]q-g{&)(+h]b)g{,-w©({w`Z]g+hCf)�Qvyq)g{��g+�
�-^`,-�e}Ag+^$c+,-zxzxb-*-ZCc+(+vCg+}0vCq-gxg+&ng+*-vSv],~v]q)g{zxb-h]v]Z

-
zx,-f-(+h>�-^`,-�e}Ag+^$,-*~v]q)g{}AgI^`&)g+^F}AZ]f)gxv]q-^`,-b-_nq~vyq)g{¯�Z]}Ab-(Ih�l�(+*-(+_)gI^`�

�eq-ZycIq¨Z]*JvCb-^`*¨bnt-f-(Iv]g+}Svyq-gFcI,-^`^`gI}At-,)*-f)Z]*-_0¯0,nZyc+g«°\l�a�w`ZCg+h]f0Zyv]g+z &)(+^'Zy(+�nhygI�
YS�e,J��YSl�a±w'^'(+zxg+}U(I^`gebn}Eg«fx,n*¨v]q)g�cIh]Zyg«*-v?}AZ]f)g �

•
vyq)gew'ZC^`}Av;w'^'(+zxgec+,)&)g+^

s
v]q)g�w'b-h]h;&)Z]}VZy�)h]g�(I^`g+(�,-w¤v]q-g�cIh]Z]g+*)v?�)^`,-�e}Ag+^Q(I*-f0Zy}Ub)}Ag+f0v],¨fnZy}At)h](Ir0v]q-g��\Y>l�a

documents.
•

vyq)ge}Vg+cI,-*)fJw'^6(Iz{g�ZC}�qnZyf-f)g+* �;( �A(+&)(�(+t-t)h]gIv?(+*-f0( �A(+&n(+£NcI^'Z]t-v?�`c+,-*)}AZC}Av]}U,)w�(e}AgIv?,-w �A(+&n(+£Nc+^'Z]t-v;w'b-*)c+vCZ],-*-}V�
(+^`g�h],-(+fng+fJZ]*-}AZCf-gFZ]v]�

YSq)g�(If-&)(+*-vC(+_)g�,-w$v]q)Z]}0}A,)hybnvyZ],-*~ZC}0v]q)(+vS�-,)v]q�(+tnt-h]gIvS(+*)f �A(+&)(+£Nc+^'Z]t-v�w`Z]hCg�(I^`g{hy,-(If)g+f~,-*-hyr
(+vSvyq)g{�-g+_)Z]*-*)Z]*-_~,-w$v]q)g
multi-

zx,-f-(Ih?}Eg«^6&nZyc+g
,
vyq)gI^6gIw',)^6gFv]q-g�cI,-*-*-gIcIv]Z],-*J�-gIv]�eg+g+*JcIh]Z]g+*)v?(+*-f0}Ag+^`&)g+^¤}EZ]f)g

s
Z]}�(IhC�e(¥r¥}�(+c+vyZ]&)gI�

YSq)g �A(+&)(I£Nc+^'Zyt)v;w'b-*-cIv]Z],)*-}U(+h]h],-�u�-,-v]qJvy,Jb-t)f-(Iv]g�¢\m�l ,)���Lg+cIv]}�,)*¨f)g+zx(I*-fJ�`gI�C_n�-vyq)g��+�)�y�)�e,-w¤(+*JZy*nt-b-v;w'Z]gIh]f)�'�¦(+*-f0v],
f-Z]}At-(Iv]c+q�vyqngxgI&)g+*-vC}�,)cIc+b-^'^`Z]*)_
��q)g+*
b-}Ag+^'}eZ]*-vCg+^`(Ic+vQ��Z]vCq
(¨�|g+�
t)(+_)g¨�`gI� _)�¤v]q)^`,-b)_)q
(¨�-b)v]vy,n*
t-^'g+}A}e,)^�(Jv]g+�)vQw`ZCg+h]f
zx,-f-Z]w'Zyc+(Iv]Z],)*-�'� Y�q-g �A(+&n(	(+t-t)hygIv
zx(I*)(+_)g+}�vCq-g	Y o ¡T�k%`¡ c+,-*)*-g+cIv]Zy,n* �-gIv]�eg+g+*­v]q)g	c+hCZyg+*nv�(+*-f­v]q-g¬}AgI^6&ng+^'���¦r
vy^`(+*n}Az{ZCv]v]Z]*-_�(+*-f�^`g+c+gIZ]&)Z]*-_�c+,-zxzx(+*)f-}{(+c+c+,)^`f)Z]*-_�v],!(~}At)g+cIZyw'Z]c~c+,-zxzxb-*-Z]cI(+vCZ],-*-}xt-^`,-v],)c+,)h]�UYSq-g�(+t-t)h]gIv�(I*-f�vCq-g
�A(+&)(+£NcI^6ZCt-v�w'b-*)cIvyZC,-*-}�c+(+* c+,)z{zxb)*-ZycI(Ivyg|vyq)(I*-�)}!v], v]q)gua>Z]&)g o ,-*-*)gIc+v{vygIcIq-*-,)h],-_)r�f-gT&)g+h],-t)g+f �¦r	d\g+vy}Vc+(+t)g


(presently

�-,)v]qJ%:*-v]g+^`*-gIv ���)t-h],-^'g+^ (I*-f0d0gIv]}Ac+(It)g�d\(+&)Z]_)(+v],-^
s
(+^`g�(+�)h]gFvy,Jb)}Ag�v]q)Z]}Uv]gIc+q)*),-h],-_-r � � 	'� .
NZ]_)b-^`g �J}Aq),-�e}©q),-�¬v]q-g ?I*),-*

-
&),)Zyc+g��eb)}Eg«^ Z]*-t-b)v?Z]}Uzx(+*)(+_)g+f¨�-r0v]q-g�zxb)h]v]Z

-
zx,-f-(+h¦�-^',-�e}Ag+^6�
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�S}V}Ag+*)v]Z](IhCh§r¥�-(e^`g+ª)b)g+}Av;w',-^¤b-t)f-(+vCZ]*-_0¯\,-Z]c+g«°0l�a�f-,-c+b-zxgI*)vy}SZ]}�}AgI*-v¦vy,JvCq-gF¯\Z]}Ab-(Ih?l�(I*-(+_ng+^Q�¦r�v]q-g�(+t-t-h]gIvC�¦�eq-Z]c+q)�-Z]*
vyb)^`*JZ]}S(+}A�)g+fJvy,0f),¨ZCv;�-r �A(+&n(+£Nc+^'Z]t-v;w'b-*)cIv]Z],-*JcI(+hChy}V�
YSq)g|¯�Zy}Ab-(«h�l�(I*-(+_)g+^~(+*)(Ih]r¥}Ag+}�v]q-gu^`g+ª-b-gI}Av{(+*)f

communicates
v],�vyqngu%:*-v]g+^6t)^`gIv]g+^~l�(I*-(+_)g+^ v], g+�ng+c+b)v]guvCq-g

*-g+c+g+}V}A(I^6r\,-t-g+^`(Iv]Z],)*-}
.

Similarly a
&),-Z]c+g�Z]*)v]gI^`(+cIv]Z],-*�_)g+*-g+^`(Iv]g+}{(�^`gIc+,-_)*)ZyvCZ],-*�g+&)g+*)v]�©�eq-Z]c+q!v]q)g

Interpreter Manager
b)}Ag+}{Z]*!,)^`f-g+^�v],

zx,-f-Z]w`r�v]q-g±c+,-*-v]g+�)v�,-w0v]q-g�c+b-^`^'g+*-vF¯\,)Z]c+gI°�l�a f),-c+b-zxg+*-vC�©YSq-g±zxb)h]v]Z
-
zx,)f-(Ih��-^',-�e}Ag+^6�©v]q-^`,)b-_)q!vyq)g±%'*)vygI^6t)^`g+v]gI^

l�(+*-(+_ng+^�(+*)f�vyqng�¯0Z]}Vb-(+hSl�(+*-(+_ng+^'�Sb)}Ag+}0v]q)Z]}0^6gIcI,-_)*-Z]vCZ],-*�g+&)g+*-vSvy,�b)t-f-(Iv]g�v]q-g�c+,)^'^`g+}At-,)*-f)Zy*-_��\Y�l�a¬f),-c+b-zxgI*-v
vyq)^`,-b-_)q~v]q-g{Y o ¡+�V%:¡!c+,)*-*-gIc+v]ZC,-*�,-t)g+*)g+f~��Z]v]q~v]q-g{(+t-t-hCg+vC��
;Zy*-(«hyhyr¥�>v]q-g{(+t)t-hCg+vSc+(Ih]hC}\vyq-g �A(+&n(+£NcI^`Z]t)vUw'b-*)cIvyZ],)*)}0vCq-(+v
zx,-f-Z]w`r0v]q-g��ug+�0t)(+_)g��6}Vg+g 
NZ]_)b)^6g

4).
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Applet 
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m\*uv]q-g!}Vg+^`&)g+^�}VZ]f-g�(!b)}Vg+^
-f
^`Z]g+*-f-hyr�Z]*-v]g+^`w`(IcIg!(Ih]hy,-�e}�v],¬c+,)*)v]^`,)h0v]q-g!}Vv](Iv]b-}�,-w{(IhCh0b-}AgI^`}��-r�z{gI(+*-}�,-w{c+,-*)v]^',-h

windows.�ug
�e(+*-v�vy,�t-,-ZC*-v�,)b-vUvyq-(IvUv]q-ZC}¨(+^`cIq-Z]v]gIc+v]b)^`g
(IhChy,)��}¨Z]*-f)g+t)g+*-f-gI*)c+g
�)g+v]��g+gI*�&),-Z]c+g�(+*-f�&)Z]}Ab-(Ih�b-}Vg+^�Z]*-vCg+^`(Ic+v]Z],-*)}A�
�uq-g+*�(¨b)}AgI^$(+}A�
w',-^©(x}Vt-gIc+Z]w'Zycxzx,-fn(+h]Z]vyr¥�Qv]q-g¨(+t-tn^6,)t-^'Zy(+vCg¨[\(+vCg{�eZ]h]h�w'Z]^`}AvQc+,-*)v]^`,)h>Z]w�vyq)gx%'*)vyg+^`t)^`g+vCg+^�l�(+*)(+_)gI^©w',-^
vyq)(IvUb)}Ag+^FZ]}0t-^'g+}Ag+*)v �SZ]*�v]q)Z]}0cI(+}Ag�vyq)g�[\(Iv]g�Z]*-w',)^`zx}Jv]q-g�%:*-v]g+^`t-^'g+v]gI^�l�(+*)(+_)g+^F(+�-,)b)vSv]q-g�*-g+� (+f-f)g+f�zx,-f-(+h]ZCv§r
�6Z]*
,-^`f-gI^�v],±gI*-(+�)h]g�vCq-g�%:*-vygI^6t)^`g+v]gI^�l�(I*-(I_)g+^�vy,�g+�nc+q-(+*-_)g�cI,-zxzx(+*-f-}J,-^�f)(+vC(�,-*±vCq-g�Y o ¡¥�L%:¡sc+,-*)*-g+cIv]Zy,n*±,-^�,-*�vCq-g
&),-Z]c+g�c+q-(+*)*-gIh]�>=U,-v]q)g+^`�eZy}AgI�>(�*-g+� %'*-v]g+^`t-^'g+v]g+^�l�(I*)(+_)g+^FZy}Jc+^`g+(Iv]g+f±w',-^�v]q)g�*-g+��q-,-}AvU��Z]v]q±v]q-g�c+b)^`^`gI*-vU^6g«ª-b-g+}VvCg+f
zx,-f-(+h]ZCv§r =;Z]v?��Z]h]h;�)g�(+cIvCZ]&)ge(I}�h],-*-_0(+}Svyq)gebn}AgI^QZ]*)v]gI^`(+cIvy}S�eZyv]q¨,-*)g�,-w¤vyqngev]�e,¨zx,-f)(+hCZyvCZ]g+}V�
d\,-v]g
v]q-(IvC�Svyqng+^6g�Z]}¨(
t-^`,-�)hCg+z ^`g+h](Ivyg+f±v],

mark-
b-t

l
(+*)_)b-(+_)g
}�r¥*-vy(I� �©Z]v�Zy}¨*-,)v©(Ih]�e(Tr¥}xt-,-}A}AZ]�)h]g
v],�(+b)v],-zx(Iv]ZycI(Ih]hyr

_)g+*-g+^`(+vCg�(�&)Z]}Ab-(IhSc+,-zxt-,-*-g«*-vUw'^`,-z v]q-g�&)g+^`�-(IhSc+,-zxt-,-*ng+*-vU�'gI� _)�>&),-Z]c+g�t)^`,-zxt-vC}V��_)^`(+zxzx(+^`}A�F(I*-f�&)Z]c+g
-
&)g+^`}A(I�Q�ug

(+^`g�c+b)^`^'g+*-vCh§r±Zy*-&ng+}AvyZ]_)(+v]Z]*-_�v]q-g�t-,)}V}AZy�)ZCh]Z]vyr�v],!Z]*-c+h]b-f-g~¯\,-ZCc+gI°\l�a�(+*-f���YSl�a t-(+_ng+}�Zy*�(�}AZy*)_)hyg�f-,-c+b-zxg+*)v$�`(
t-,-}A}VZ]�-hCge}A,nhyb)v]Z],-*0Z]}Uv],Jb-}Vg�v]q-g�°\£Na±zx(I^`�)b)t¨h](I*-_nb-(+_)get)^`,-t-,)}Vg+f¨ZC* � � 	'�'�
Nb-^`v]q)g+^`zx,-^'gI�SZy*±v]q-ZC}¨t-^`,��Lg+cIv���g
Z]*-v]g+*-f�vC,�Z]*-&)g+}AvCZ]_)(+v]g�vyq)g
t-,-}V}AZ]�)Z]h]ZCvyr~,¦w�f-Zy}Av]^`ZC�-b-vCZ]*)_±vyq)g
^6gI}A,-b)^`c+gI}¨Zy*±f)Z]w`w'g+^`gI*-v
�e(¥r¥}A�?t-(+^`vCZ]c+b)h](I^6hyr\,-*¨v]q-gecIh]Z]g+*)v;}VZyf)ge�`gI� _)�¦v]q-g��\£3p¤�LY>YS£;�`�¦vyqnb-}©(I&),-Z]f)Z]*-_Jvy,Jv]^'(+*-}AzxZCv;v]q-g�}Vt)g+gIc+q¨}VZy_n*-(+h;v],¨v]q)ge�|gI�
}Ag+^`&)g+^'�-m\b)^Qw'Z]*-(Ih?_),-(+h?Z]}Svy,0b-}Ag�,-b)^ zxb-hCvyZ

-
zx,-f-(Ih?�-^`,-�e}AgI^Q,-*Jt),-^'v](+�)h]g�f-g+&)Z]cIg��`g«�C_)�)¡N¢���(+*-f���l�Y�£�v]g+^`zxZ]*)(+hC�
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YSq)g��\,-zxgTr�t-^`,��Lg+cIv�Z]}�c+b)^'^6gI*-v]hyr�Z]*-&)gI}AvyZ]_)(+vCZ]*-_sv]q-g±b-}Vg�,)w¨&n,-Z]c+g±^'g+c+,-_)*-Z]vCZy,)*sv]gIcIq-*-,-h],-_)r�Zy*svyq)g±c+,-*)v]g+�)ve,-w

hyper
v]g+*)}AZ],-*0c+(I^`gI�
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e
&)g+h],-t-g+fx(\f-(Iv](+�)(+}Vg+�

�eq-ZycIq
�)g+g+t-}e(¨^`g+c+,-^`f
,-wU(x�eZ]f-g¨^`(+*-_)g¨,-wUc+h]Zy*)ZycI(Ih>f-(Iv](J(+}A}A,-cIZ](+vCg+f
vy,
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t-^`,-c+gI}A}VZ]*-_J,-w¤vyq)g�ZC*-w',-^`zx(+vCZ],-*J���V��¯�� � � �A£3¢�� � � �n�Q=

•
�eg+�x}AgI^6&ng+^ �'�\t-(Ic+q-g�£NgI^`&)gI^g<E�:�)�><
<��+=

•
�V(I&)(|}Ag+^`&)h]gIvxg+*-_)Z]*)g �¨Z]vxzx(I*-(+_)g+}�v]q-^',-b)_)q�v]q-g��0r¥t)g+^�YSg+�nvxY�^'(+*-}Aw'gI^�¡N^`,)v],-c+,nh�?«q-vyv]t ��vyqng|c+,-zxzxb-*-ZCc+(+vCZ],-*
�-g+v]�eg+g+*Jvyq-g�cIh]Z]gI*-v;�`b)}Ag+^¤Zy*)v]g+^`(+cIv]ZC,-*J�eZyv]qJ�-^`,-�e}Ag+^`�Q(+*-f0v]q-g�}AgI^`&)g+^Q�`f)(Ivy(+�)(I}Age(+*)f �k(+&)(�c+,-f)g+�Q�'�\t)(+c+q-g �A£3gI^6&nhygIv
£Ng+^`&)g+^ <E�Q<E�>=

•
�eg+�x�)^`,-��}AgI^��?Z]v?(Ihyh],-�e}Uw`,)^ b-}Ag+^

-
}Er¥}Av]g+z­Z]*-vCg+^`(Ic+vCZy,)*J�'d\gIv]}Ac+(It-g�(I*-fJ%:*-v]g+^`*-gIv ���)t-h],-^'gI^`�'�

�\z{,)*-_0vyq)geª)b)(+hCZyv]r\vy(I^6_ng+vy}S,)w vyq)g�}Er¥}Av]g+z­,-�)v](IZy*)g+f0vyq-(«*-�)}Uvy,0v]q-g�f)g+}VZ]_)*Jvyg+c+q)*)Z]ª-b)g+}U(If-,-t-v]g+f �
•

t),)^`v](+�)Z]h]ZCv§r�=
•

(+c+c+gI}A}Svyq)^6,)b-_)qJvCq-ge*)gIv4=
• object-orientation;
•

� � �s�-(+}Vg+f
=
•

g+(+}AZC*-g+}V}�v],0b-}AgF(+h]}V,¨v],0*-,-v¦v]^`(+Z]*)g+fJt)g+,)t-h]g/=
•

Zyv?(IhChy,-�e}�v]q)gec+,n*-v]g+zxt-,)^`(I^6r\(+c+c+gI}A}V�¦(Ih]}A,0Zy*J�e^`Z]v]g�zx,-f-gI�-v],Jv]q)ge}A(Iz{gFv](I�-h]g�w`^',-z f-Z]w'w`g+^`g+*)v?b-}AgI^`}V�¦�eZ]vyq-,nb-v
f-g+(+f-hC,-c+�Jt)^`,)�)hyg+zx}V�

3.3. !�� ��	�� 	�	�
 � ������� ����� � 	��

 � � ����
 �����^� ����	 ��� ����� ��
 ��� ��
 	��

� f-ZC}Av]^`Z]�-b)v]g+f�m0*)cI,-h],-_)Z]cI(+h��ShCg+c+vC^`,-*)Z]c¬l�g+f)Z]c+(+h{p$gIc+,)^`f �`m ��l�p$����(+}�f-g+&)g+h],-t-gIf �¦r�vyq)g¬YSgIh]g+zxg+f)Z]c+ZC*-g¬(«*-f
l�g+f-ZCc+(IhN%:*-w',)^6zx(+v]Z]c+}$aQ(+�-,-^'(+v],-^`r0,¦w>%'Y o Z]*¨c+h],)}Ag�c+,)h]h](+�),)^`(+v]Z],-*x�eZ]vyqx,)*

c
,)hy,)_)Z]c+(IhN}At)g+c+Z](IhCZ]}Av]}

.
Y�q-g�t)^`,��Lg+cIvN�`w'b-*-fng+f

�¦r~v]q-g
%:vy(IhyZ](I*±�\gI(+hCvyq�l�Zy*)Z]}Av]^6r¥��}Avy(+^'v]g+f±ZC* <���� � (+*-f finished
Zy* � �����

.
Y�q)g�(+Zyz ,)wFv]q-g�t-^`,��LgIc+vU��(I}¨v],±c+^'g+(+vCg�(

c+,-zxt-b-v]gI^�}Ab-t-tn,-^'vyg+f±cI,)hyhC(+�),)^6(Iv]Z]&)g��e,-^`��� o £ o ���egI*-&)ZC^6,)*-zxg+*-vUw`,)^e}Vb)t-t-,)^`vCZy*)_�vyq)g�t-^`,-&)Z]}AZy,)*±,-wFg+�)t-g+^'vU(+f-&)Z]cIg+}
w'^6,)z vCq-g�^'g+w`gI^6^'Z]*-_0c+(+*)c+g+^¤c+gI*-v]g+^ Z]*0Y�^`g+*nvy,0v],Jv]q)^6gIg�t-gI^`Z]t)q-g+^`(Ih?q-,)}At-ZCv](Ihy}V�
YSq)g�*-g«vy�e,-^`�JZ]*-w'^6(I}AvC^`b-cIv]b-^`g$Zy}U(+*J%:*-vy^`(I*)g+v?�-(+}Vg+fJ,-*0(��|ZCf-g���^6g+(Fd�g+v]��,)^6�Jc+,)*)*-g+cIv]Z]*)_Jvyq)geq),)}At)Z]v](+h]}
YSq)g�m;��l�p q-(+}��|gI�

-
�-(+}Vg+f	(«^6c+qnZyv]gIc+v]b)^`g!}Vv]^`b-cIv]b)^`g+fu(+}±(!}AgI^`ZCg+}�,-w���Y>l�a t)(+_)g+}�h],-_)Z]c+(Ih]h§r�hyZ]*-�ng+f

,
}A,¬(I}�v],

^`g+t-^',-f-b-cIg�v]q)g�}AvC^6b)cIvyb)^`g�,-w�(|cI,-*)&)g+*-v]ZC,-*-(Ihxzxg+f)Z]c+(Ih¨^'g+c+,-^`f)�\YSq)g�zxb-hCvyZ]zxg+f)Z](�zxg+f-Z]cI(+h¨f-(Iv](��`zx(+Z]*)hyr¬zxg+f-Z]c+(+h
Zyzx(+_ng+}�(I*-f�v]gI�)v>f-(«vy(I��(I^`gJ}Vvy,-^`gIf�Z]*�^`g+hC(+v]Z],-*-(«hQf-(+vC(+�-(I}AgI}e(+*-f�(I^`gJ(+c+cIg+}A}VZ]�-hCgJvyq)^`,)b-_)q
(J�ug+���)^6,)��}Ag+^Uw'^`,-z g+&)gI^kr
q-,-}At-ZCv](Ih �`}J�e(+^`f�Z]*-&),-h]&)g+f±ZC*±v]q)g�cI(+^`g�,-wF(+*�,-*-cI,)hy,)_)Z]cI(+h�tn(+v]Z]g+*)vC��Y�q)g�t)(+vCZ]g+*)vUf-(Iv](�(+^6g�}Vv],-^'g+f�Z]*-vC,±(+*)f±^'g+vC^`Z]g+&ng+f
w'^6,)z f)(+vy(+�n(+}AgI}0�`l�Z]c+^`,)}A,)w`v�£ � a � ���-r
vyq-g��|g+��£3g+^`&)gI^F�'l�Z]cI^`,-}V,-w'vU%:*-v]g+^`*-gIvS%:*-w',-^`zx(+vyZ],-*~£3g+^`&)g+^'� . YSqnZy}\h](+}VvU,n*-gf¦rn*-(Iz{Z]c+(+hChyr0cI^6g+(«vygI}Uv]q)ge��Y>a>l�¡N(+_ng+}�b)}VZy*-_0�\£N¡��`��c+vCZ]&ng�£3g+^`&)g+^Q¡;(+_)g+}A� v]g+c+q)*),-h],-_nrn�
YSq)g�}Er¥}Av]g+z­��(+}Uf-g+tnhy,¦rTg+f¨Z]*J(+hCh;v]q)g�Zy*)&),-h]&)g+fJ�e(+^`f-}U(+*nfJZy}UcIb-^'^`g+*)v]h§r\b-}Ag+f0Z]*0vyq)gefn(IZyhyr\c+hCZy*)Z]c+(Ih?^`,-b)v]Z]*)gI�
YSq)gI^6g�Z]}¬( _n^6gI(+v�f)g+(Ih�,-w�}Avyb-f)Z]g+}u^'g+_)(+^`f-Z]*-_�v]q-g w'(Ic+Z]h]Z]v

ies
w`,)^!c+,-hCh]g+cIvyZC*-_n��}Av],)^`Z]*-_ (+*-f�c+,-*-}Vb-hCv]Zy*)_�zxg+f-ZCc+(+h

information.%:*�v]q-Z]}uc+,-*nvyg+�nv�(+t-t-g+(I^`}|&ng+^6r­b-}Ag+w'b-h~v], (+f-f &),-ZCc+g�c+(+t)(+�)Z]h]Z]v]r­v],�v]q-g�g+�)Z]}Vv]Z]*-_ m\*)c+,-h],-_)Z]cI(+h�c+hCZ]*)Z]c+(Ih�^`g+cI,-^`f
infrastructure.



4. � � � � ��� � !#���#�
%:*xv]q-Z]}St-(+t-gI^ ��geq)(+&ng�fng+}AcI^`Z]�-g+f0v]q-gF(+^`cIq-ZCvygIcIvyb)^`g�f-g+&ng+hy,nt-g+fJZy*J%:Y o

-
Z]^`}Av?w',-^ q-(+*)f)h]Zy*)_Jzxb-hCvCZ

-
zx,-f)(+h;ZC*-v]gI^`(Ic+v]Z],-*-}

�eZyv]q v]q-gF�ug+�Jb)}AZ]*-_0}Vv](+*-f)(I^`fJ�-^',-�e}Ag+^`}V�-Y�q-g�(I^`c+q)Z]v]g+cIv]b)^`g�Z]}Uª-b)Z]v]gew:h]g+�)Z]�-hCge(I*-f0c+(+*0�-ge(If-(It-v]gIfJvy,0f-Z]w'w'g+^`g+*)v;zx(+^'�
-b-tJh](+*-_)b-(+_nge}At-g«c+Zyw'ZCc+(+vCZy,)*)}V�-�ug�(I^`g�cIb-^`^`gI*-v]hyr\f-g+&)gIhy,)t)Zy*n_¨}A,)zxge(+t)t)h]Z]c+(Iv]Z],)*-}Ub-}VZy*)_0v]q-g�t-^`,)t),-}Ag+f0}Er¥}AvygIz{�

}At-g+cIZ]w'Zyc+(Ih]hyr\w`,)^Qf-(Iv](�gI*-vC^6r0Z]*J(�c+h]g+(I*J^`,-,)z­(+*)fJZ]*)}AZ]f)g�q),-}At-ZCv](Ih]}A�
[\Zy&)gI*Jv]q-g+}Vg�(+t-tnhyZCc+(Iv]Zy,)*)}�}VcIgI*-(+^'Zy,)}V�-(+*-fJ,)v]q-gI^ ,-*)g+}Uv]q)(+v;�ege(+^`g�_),-Z]*-_0v],0Zy*)&)g+}Vv]Zy_)(+v]gFZ]*¨vCq-g�*-g+�nv;w'b-v]b)^`ge�eg�Zy*nvyg+*nf
vy,Jc+,nhyhCg+c+v;w:Z]g+hCfJf-(Iv](ew',-^¤}Avyb)f)rnZ]*¦_J(+*-fJf-g+&)g+h],)t)Zy*)_Jb)}AgI^QZC*)v]g+^`(Ic+v]Z],-*Jzx,-f)gIh]}Uc+(+t)(+�-hCg

to
^`g+t-^'g+}AgI*)v;b)}Ag+^¤t-^'g+w`gI^6gI*)c+g

s
and needs

�-%'*¨vCq-Z]}UcI,-*)v]g+�)v;�eg�vyqnZy*)�JZ]v?Z]}Uw`b)*-f-(+zxgI*-v](Ih?v],0f-g+^`Z]&)g�zx,-f-gIh]}Uv]q-(Iv
integrates,

Z]*0}A,-zxg���(Tr
,
v]q-g

probabilistic
t-(I^`(+f)Z]_)z ,)w }Vt-,)�)g+*Jhy(+*)_)b-(+_)g�}Er¥}Av]g+z �eZ]vCq¨v]q-g�t)^`,-�)(I�-Z]h]ZC}Av]Z]c�zxgIvyq),-f-}�,-wQvCg

xt
�)(+}AgIfJZ]*-w',-^`zx(Iv]Z],-*

retrieval.£N,-zxg�Z]f-gI(+}U(+*)fJ^`gI}Ab)h]vy}S(+�-,)b-v?vyqnZy}U�eZyhCh;�)g�t)^6,)t),-}Ag+f0Z]*J*)g+�)v
conferences.
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