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5�7C=_È�36ÈZLX.�=AL�24.�JK?�2j013>=HJ�LXÇH.�7C=H.�ÔnLX7�Ôb7C=H.�Ê�? ÌHÌ 3>=HJ/Ï%Õ»ÇH36È�Ç/?KÈ$É'.�.�= ÎÒ7KFH=/0÷3;= È�3>Ê$F/G>?�Ô
L43>7C=�È�L4F/013>.�È�7�ÎeG6?�=HJKF/?�JK.9.�:K7CG>F1L43>7C=ÑÍe3;L4ÇÑ3>=/5�2X.�?KÈ�.k0 Ì 7 Ì FHG6?|LX3;7K=�È�3>ô�.kÈºÙ - ÛbÏ�Ðx=�È4F/5jÇ
È�3>Ê$FHG6?|LX3;7K=/È�Æ�0H3iÜ¹.�2X.�=AL9?�JC.�=ALXÈQ5�2X.�?|LX.ºÊ9?�=<Ë�013;Ü¹.�2X.�=ALQÍ±7C2j0HÈ�.�× Ì 2X.�ÈXÈ�3>=HJ¶L4ÇH.�ÈX?�Ê�.
ÊQ.k?�=H3>=HJ�ÍeÇH.�=³L4ÇH.�Ë�Ç/?w:C.�=H7�LBËC.�L�5�7CÊ�Ê$FH=/3>5�?|L4.k0àÍe3;L4Ç³.�?C5jÇ¶7�L4Ç/.�2kÏ8717/Æ_L4ÇH.�Ê�7C2X.
?�JC.�=ALXÈ�LXÇH.�2X.�?�2X.CÆ,LXÇH.ºÊ�7K24.9Í±7C2j0HÈ�5�?C=Ñ.�=AL4.�2$?�G6?�=HJKF/?�JK.�5�7CÊ�Ê�FH=H3;LZË³01FH2X3>=HJ�L4Ç/.
.�?�2XG>ËQÈ�LX?CJC.�È�7�Î,.�:K7CG>F1L43>7C=�ÏKÐx=�Ê�7101.�G>È�L4Ç/?�LuF/È4.d.�× Ì G;365�3;LuÊ�.k?�=H3>=HJ�LX2X?C=/ÈZÎÒ.�2�ÆCL4ÇH.�24.B?�2X.
Ì 7AÈ�3;L43>:C.�ÎÒ.�.�01É_?C5jùEG;7<7 Ì ÈeL4Ç_?|L�2X.�0HF/5�.�LXÇH.$=<FHÊ�É_.�2d7CÎ	Íu7K2X0HÈdÈ�F1ö�5�3;.�=KLXG;Ë�7|:K.�2»L43>Ê�.CÆ
?�G>G;7|Íe3>=HJ�LXÇH.�G>?C=HJCF/?CJC.eLX7�5�7C=<:C.�24JK. Ì 2X7 Ì .�2XG;Ë�Ù;ÚkáwÛbÏ+��7|Í±.�:C.�2�ÆKÍeÇH.�=ºL4ÇH.�24.�3>È±=H7 Ì 7KÈ�Ô
3iLX3;:K.�ÎÒ.�.k01É/?C5jù�G;7<7 Ì Æ/?CÈ�3>È»LXÇH.$5�?CÈ4.�Íe3iLXÇà5�2X7KÈXÈZÔxÈ�3;L4F_?|L43>7C=_?�G¹G;.k?�2X=H3>=HJ/Æ1LXÇH.�2X.(? Ì/Ì .k?�2jÈ
L47�É_.�=/7Q.�ö�5�3>.�=ALeÊQ.k5jÇ/?�=/3>È4Ê ÎÒ7C2»2X.�01F_5�3>=HJQL4ÇH.�=<FHÊ�É_.�2e7�Î�Í±7C2j0HÈ±3>=ºLXÇH.�G>?C=HJCF_?�JC.KÏ



Ö Ì 7AÈ4È43>ÉHG;.�È47CG>F1LX3;7K=�LX7�L4ÇH36È Ì 247KÉHG;.�Ê 5�7CFHG60QÉ_.eLX7(3>=/5�G>F/01.�?C=�?C0H013;L43>7C=_?�G1Ê�.�5jÇ/?C=H36È�Ê
L4Ç/?�LB3>Ê Ì 7AÈ�.kÈB?�ÉH36?CÈ�L47|Í»?�2j0�7C=/.�ÔSL47�Ôb7C=/.(Ê9? ÌHÌ 3>=HJAÈ�É'.�LZÍ±.�.�=¶Í±7C2j0HÈB?�=/0¶ÊQ.k?�=H3>=HJAÈ
ÙiÚkò|ÛbÏ

Ðx=�L4ÇH36È Ì ? Ì .�2BÍu. Ì 247 Ì 7AÈ�.$?�ÇAË<ÉH2X360�ÊQ7101.�G�ÎÒ7K2�LXÇH.$.�:C7CG>F1LX3;7K=�7�Î	G6?�=HJKF/?�JK.�L4Ç/?�L
5�7CÊ�ÉH3>=H.�È�óZ7C3>=AL�?�L�LX.�=AL43>7C=�Æe5�247AÈ4È�ÔbÈ43;L4F/?�L43>7C=/?CGdG>.�?�2X=H3>=HJ÷?C=/0øLXÇH. Ì 2X3;=/5�3 Ì G;.ß7�Î�5�7C=HÔ
L42j?CÈ�L�?CÈ�Ê�.k5jÇ/?�=H36È4Ê�È(ÎÒ7C2�24.k01F/5�3>=HJ�LXÇH.�2X.�ÎÒ.�24.�=KLX3>?CG�3>=/01.�L4.�2XÊ�3;=_?C5�ËKÏ�Ðx=�?K0H013;L43>7C=�Æ�?
ÎÒ.�.�0HÉ/?C5jùEÊ�.�5jÇ/?C=H3>È4Ê ?�=/0�2X.�G6?|LX.�0�?K0H? Ì Lj?|LX3;7K=/Èd?C24.(F_È�.k0�?CÈB?�È�Ë<=H7K=<ËAÊ�Ë�0H?CÊ Ì 3;=/J
ÊQ.k5jÇ/?�=/3>È4Ê�ÏAÕ»ÇH36È±Ê�7<0H.�G¹3>È±F/È4.�0�L47Q3;=<:K.�È�L43>JK?|LX.eL4Ç/.�.�Ü'.k5ML»L4Ç/?�L»5�7C=AL4.�×<L±È43;ô�.�Ç/?KÈ�7K=
L4ÇH.B01.�:K.�G>7 Ì Ê�.�=AL	7CÎ¹G6?�=/JCF/?CJC.CÆCÉHF1L�Ê�7C2X.�3>Ê Ì 7K2�Lj?�=AL4G>Ë$3;Lu36È	F/È4.�0QLX7(3>=A:K.�È�L43>JK?�L4.eÇH7|Í
L4ÇH36È»Ê�7<0H.�G�5�?C=�01.k?�G,Íe3;L4ÇEG>?C24JK. Ì 7 Ì F/G>?�L43>7C=/È�Ï1Õ»ÇH.�ÊQ7101.�G,3>È».�Ê$É'.�0H0H.�0�3;=�L4ÇH.:9d.�Í
Õ»3;.kÈ Ì 247CóZ.�5�L<;�Æ1ÍeÇ/3>5jÇ�?�3>Ê9Èe?|L�01.�:K.�G>7 Ì 3>=HJ�?QÉ_.�=/5jÇHÊ9?�2Xù Ì G6?|L4ÎÒ7C2XÊ ÎÒ7C2eÈ�L4F/01Ë<3>=HJ�L4Ç/.
.�:C7KG;FHL43>7C=�?C=/0Q01.�:K.�G>7 Ì Ê�.�=AL�7�Î¹5�FHG;L4FH2j?�GHÈ4715�3>.�LX3;.kÈ�3>=Q:C.�2XË�G6?�2XJC.�Ê�FHG;L43;Ôb?CJC.�=AL%È�Ë1È�L4.�Ê�È
ÙiÚ/$�ÛbÏ

Õ»ÇH. Ì ? Ì .�2936È�7C2XJK?C=H3>È4.�0 ?CÈQÎÒ7CG>G>7|Í�È���3>= LXÇH.�=H.�×<L�È4.�5MLX3;7K=�Æ%Í±. Ì 247|:<3601.E?ßÉH2X3>.�Î
01.�ÈX5�2X3 Ì L43>7C=E7�Î�LXÇH. Ì 2X7 Ì 7KÈ4.�0ºÊQ7101.�G=1íÎÒ7K2d01.�Lj?�3>G>È�ÆH5�7K=/È4FHGiL(Ù;Ú�$_Æ�Ú�&|Û>6�Ï1Ðx=�7<.k5MLX3;7K=EòQÍ±.
Ì 24.kÈ�.�=AL�È47CÊ�.E.�× Ì .�243>Ê�.�=ALXÈ�Æ%ÍeÇH7AÈ�.�?�3>Ê9ÈQ?C24.�L47ÑÈ4ÇH7|Í LXÇ/?|L�L4Ç/. Ì 247 Ì 7AÈ�.k0ÑÇ<ËAÉ/24360
ÊQ7101.�G%5�?�=³G;.k?C0àL47�L4ÇH.�.�:K7CG>F1L43>7C=¶7�Îu?E5�7KÇH.�2X.�=AL�G>.�×1365�7K=à3;=ßG6?�2XJC. Ì 7 Ì FHG>?�L43>7C=ßÈ�3>ô�.kÈ
?�=/0¶Íe3iLXÇ³:|?�2XË<3;=/J�5�7K=AL4.�×<L�È�3>ô�.kÈ�Ï,Õ»ÇH.Q24.kÈ�F/GiLjÈB?C24.Q0136È45�F/È4È4.�0¶3;=!7<.�5�L43>7C=?$/Ï,-�3;=/?CG;G>ËCÆ
7<.�5�L43>7C=2&Q5�7C=_5�G>F/01.�È�Ï

@ ACB%DFE ÁeÂ%D"G

H8I�J KML�NPO4Q�L�R
SUTVL+WYXZS\[^]�_`QaX�L+]bX/c"[^L
Õ»ÇH.49�.�Í Õ»3>.�È Ì 247CóZ.�5ML�?C3;Ê9È�?�Le0H.�:C.�G;7 Ì 3>=HJ9? Ì G>?�L�ÎÒ7K24Ê ÎÒ7K2dÈ�L4F/01Ë<3>=HJ�L4Ç/.�.�:C7KG;FHL43>7C=
?�=/0�01.�:K.�G>7 Ì Ê�.�=AL±7�Î�5�F/GiLXFH2X?CG,È�715�3>.�LX3;.kÈ�3>=�?$:C.�24Ë�G6?�2XJC.�Ê�FHGiLX3iÔx?�JK.�=AL±È4Ë1ÈZLX.�Ê�Ï<Ðx=�LXÇH3>È
È�Ë1È�L4.�Ê�Æ�?CJC.�=ALjÈ�?C24.»3>=/È4.�24L4.�0�3>=Q?C=�.�=A:<3>247K=HÊ�.�=AL%5�7C=_È�36ÈZLX3;=/JB7CÎ'?BJC2X360(Í±7C2XG>0�3;=QÍeÇH365jÇ
.�?C5jÇ Ì 7K3;=ALe36È±?�G>7<5�?|LX3;7K=�Ï1Õ»ÇH.�Íu7K24G60,Æ<ÍeÇH365jÇº36È»3;=/È Ì 3>24.k0�É<Ë�d Ì ÈZLX.�3>=fe Ö�×<L4.�G>Ghg È�Ù;Ú/'�Û
È�FHJA?�2BÈ45�? Ì .$Í±7C2XG>0,Æ_3>ÈBÈ4.�L�F Ì Íe3;L4Ç�LX7CùC.�=/È�Æ_.k013;É/G;. Ì G>?C=ALXÈ�Æ_ÉHF/3;G6013>=HJ�É/24365jù1È�Æ'?�JC.�=ALXÈ�Æ
013iÜ¹.�2X.�=AL�L4.�2X2j?�3>=/È�7CÎ	:w?C24Ë<3>=HJ92X7CFHJKÇH=H.�ÈXÈ�Æ/.�Lj5�Ï¹Õ»ÇH.�?C3;Ê ÎÒ7K2�L4Ç/.�?�JK.�=ALXÈd3>ÈdL47�.�:K7CG>:C.
?�=/0÷G;.k?�2X=�É'.�Ç/?w:<3>7CFH2j?�G»È�ù<3>G;G6È�3>=÷7K2X01.�2$ÎÒ7K2QL4ÇH.�È47<5�3;.�LZË¸L47¸È�F/24:<3>:C.E7|:C.�2Q.�×<LX.�=/01.k0
Ì .�243>710HÈ»7�Î�L43>Ê�.CÏ/Ö�È Ì ?�24Le7�Î�L4ÇH.kÈ�.(È4ù<3;G>G>È�Æ1G6?�=HJKF/?�JK.B?C=/0�5�FHG;L4FH2X.�?�2X.BL47901.�:K.�G>7 Ì Ï

Ö±L�.k?C5jÇ³L43>Ê�.�È�L4. Ì .�?C5jÇß?�JK.�=AL�24.k5�.�3>:C.kÈ�?KÈ�3;= Ì F1L$?�È�.�L�7�Î Ì .�2j5�. Ì L4F_?�G%ÎÒ.k?|L4F/24.kÈ
?�=/0�Ê�.�ÈXÈX?�JC.kÈ�Æ/ÍeÇH3>5jÇ³5�7C=_ÈZLX3iLXF1L4.�LXÇH.�5�7C=AL4.�×<Ld7�Î�?C=à?�JC.�=AL�Æ/?C=/0�7CFHL Ì F1LjÈd?C=¶?C5�L43>7C=
1 È4.�.�-�3>J/Ï�Ú(ÎÒ7C2dL4ÇH.�É/?CÈ4365(?�JK.�=AL�?�2j5jÇH3;L4.k5ML4F/24.�6MÏ_Õ»Ç/.�È4.$?C5�L43>7C=/È�?�2X.$5�7KG;G>.�5�L4.�0�É<ËEL4Ç/.
.�=<:<3;2X7C=HÊ�.�=KL�Ê9?�=_?�JC.�2�Æ�?C=/0³ÍeÇH.�=�?CG;G�?CJC.�=KLjÈBÇ/?w:C.�É'.�.�= Ì 24715�.kÈ4È4.�0�Æ¹L4ÇH.�5�7CG>G;.k5ML4.k0
?C5MLX3;7K=/Èe?�2X.B.�×1.�5�F1L4.k0E?C=/0�L4ÇH.�.�=A:<3>247K=HÊ�.�=ALe3>È�F Ì 0/?|L4.k0,Ï

Õ»ÇH. Ì .�2j5�. Ì L4F/?CGHÎÒ.�?�L4FH2X.�Èu?�=�?CJC.�=AL�2X.�5�.�3>:C.kÈ%24. Ì 2X.�È4.�=AL	É_7CL4Ç�7KÉ1óZ.�5�LXÈu?�=/09?K5ML43>7C=_È
L4Ç/?�L�7<5�5�FH2e3>=�3iLjÈ»:<3>È4F/?�G¹Ø_.�G60,Ï/Õ»ÇH.kÈ�.BÎÒ.�?�L4FH2X.�Èe?C24. Ì 2X715�.kÈ4È4.�0ºÍe3iLXÇ�?�5�?|L4.�JC7K2436È4?�L43>7C=
ÊQ.k5jÇ/?�=/3>È4Ê#É/?CÈ4.�097K=�LXÇH.�0136ÈX5�2X3;Ê�3>=/?|LX3;7K=�JK?CÊQ.QÙiÚ^(kÛi1 ?Q01.�Lj?�3>G;.k0�01.kÈ45�243 Ì L43>7C=º7�Î�LXÇH3>È
ÊQ.k5jÇ/?�=/3>È4Ê�36È�JC3>:C.�=³3>=øÙiÚ/$/Æ�Ú�,|Ûa6MÏkj»?CÈ43>5�?�G>G;ËKÆ,.�?K5jÇ³7KÉ1óZ.�5�L�36È�Ê9? Ì/Ì .k0³7K=AL47�?�È�.�L(7�Î
5�?|LX.�JK7C2X3;.kÈ�Æ	ÍeÇ/.�2X.à.�?K5jÇ 5�?�L4.�JK7C2XË 5�7K242X.�È Ì 7C=/0HÈ�L47 ?�ÎÒ.�?�L4FH2X.CÏl7<7/Æu3iÎQ?�=ø7CÉHóZ.�5MLE3>È
01.�ÈX5�2X3;É'.�0¸É<Ë÷ì�ÎÒ.�?�L4FH2X.�È�Æ�3;L$Íe3>G;GuÉ_.�5�?|LX.�JK7C2X3>È4.�0³3;=ALX7�ì÷5�?|L4.�JC7K243>.�È�Ï�õ�.�ÈXÈX?�JC.kÈ�?�2X.
m �±hXf r Y\hja�abW�m�R<TCa,]6[�o��±h4fß��p�hXoZ`�YiRK`»æ�[�oZg;T�p�[�TKhjg\a r�� oZ[�UA` � PSR<TCY\vCYiTCU<m�gí{k��vk[kg\UKWZY\[kRAm�oxz
m�RAT�qC[|VXY;m�g'g\hMm�oZRAY\RA`C~HqChXh � WxWZ��n lkl�f%f%fe~ RKhXf%°ÒWZYihXaj~ [�oZ`



Categorisation
Module

Language
Production
Module

STM

LTMModule
Control

Language
Interpretation
Module

Actions Messages

input
Perceptual

Messages

o=p	q ¯^r<¯ r�� hus<m�axYiV�m�oZV � YyWZhjVXWZUKoZhu[�]¹m��±h4f r YihXa	m�`khXR�WM~K}¹hXoZVXhj�KWZUAm�g1]6hMm�WZUKoZhja%[�],[ks�²bhXVXWZa	m�RAT
m�VXWZY\[kRKaQm�oZh9�KoZ[|VjhjaxaxhjT¸s�zàW � h�VMm�WZhX`k[�oZY\aZm�WZYi[�R÷p�[�TCUAg\hk{�f � Y\g\h�p�hjaxaZm�`�hja�m�oZh9Y\R|WZhXoZ�KoZhXWZhjT
f	YyW � W � h±gim�RA`kUAm�`�heYiR|WZhXoZ�CoZhXW�m�WZY\[�RQp�[�TKUKg\hk~ r�� h»VX[kR|WxoZ[kgHp�[�TKUKg\h±[kUCWZ�AUCWZa�m�V4WZYi[�RAa�m�RAT(W � h
gim�RA`kUAm�`�h��KoZ[�TCUAVXWZY\[kRdp�[�TKUKg\h��CoZ[�TKUAVXhja¹[kUCWZ`k[�YiRK`±p�hjaxaZm�`khjaj~�s�m�oZY\[kUKa¹ax[kUCoZVjhja,[�]A·�RA[Mf	g\hMTC`kh
m�oZheabWZ[�oZhMT�YiR�W � h»a � [�oxWx°�m�R<T$g\[kRA`�°ÒWZhXoZp p�hjp�[�oZY\hjaj~

Ì 24715�.�ÈXÈ�.k0�Íe3;L4Ç³?�G>?C=HJCF/?CJC.�3>=AL4.�2 Ì 2X.�Lj?|L43>7C=�Ê�7101FHG>.CÆ'01.�ÈX5�2X3;É'.�0�3>=?7<.k5MLX3;7K=¶á1Ïyá1Æ/?C=/0
?�G6È�7�Ë<3;.�G>0¸?�È4.�L(7CÎ»5�?|L4.�JC7K243>.�È�Ï,Ö�G>G%L4ÇH.kÈ�.�5�?|LX.�JC7K243>.�È�?C24.9È�L47C2X.�0³3>=¸L4ÇH.�È4ÇH7C24L�ÔSL4.�24Ê
ÊQ.�Ê�7C2XËt1�71Õeõu6�Æ	ÍeÇH365jÇ÷5�?�=ÝÉ_.�?C5�5�.kÈ4È4.�0ÑÉ<ËÑLXÇH.�5�7K=KLX247KGuÊ�7101FHG>.CÆu?CÈQÍu.�G;Ge?KÈQ?CG;G
7�L4Ç/.�2eÊ�7101FHG>.�È�Ï

v =/5�.�L4ÇH. Ì .�2j5�. Ì L4F/?CG±ÎÒ.�?|LXFH2X.�È�?�=/0÷Ê�.�ÈXÈ4?CJC.kÈ$Ç/?w:K.ºÉ'.�.�= Ì 2X715�.kÈ4È4.�0,Æ�LXÇH.�5�7C=HÔ
L42X7CG>G;.�2u36È±F/È�.k09LX7Q01.�L4.�24Ê�3>=H.dLXÇH.�?C5MLX3;7K=�LX7 Ì .�24ÎÒ7C2XÊ�ÏAÕ»ÇH36È»5�7K=KLX247KG;G>.�2u3>È±2X. Ì 2X.�È4.�=ALX.�0
ÉAË�?EýKðXÿ�ë��Më ê|ìxwy)xînú4ðjð
1n8z�BÕ%6�Æ1ÍeÇH3>5jÇE36Èe?�01.k5�36È�3>7C=�L42X.�.�L4Ç_?|Ld5�?C=�5jÇ/?C=HJC.�01FH2X3>=HJQ?C=
?�JC.�=AL/g È�G>3iÎÒ.�L43>ÊQ.QF/È43;=/J�24.�3;=HÎÒ7C2j5�.�Ê�.�=KLBG;.k?�2X=H3>=HJàÙiÚ/$�ÛbÏ'Õ»Ç/. Ì 7KÈXÈ�3>ÉHG>.$?C5�L43>7C=/È�3;=_5�G>F/01.CÆ
?�Ê�7C=HJQ7�LXÇH.�2jÈ�Æ_þ9ê^{|ð�|	îh�1úMì�ü;ðnûjî}|	îh�1úMì�úMë~���1î}|	þ9ï|îxð�|	îbï�ü ��|����Hêb�1î}|`���/�1Ðx=E5�?CÈ4.�L4Ç/.B7KF1L�Ô
Ì F1L�7�Î�LXÇH.�8:�BÕ 36È$.�3iLXÇH.�2QL4Ç/.¶îxï|ü ��7C2����Hê^�1î�?C5MLX3;7K=�Æ�L4ÇH.�?�JK.�=AL�Ê�F/ÈZL Ì 2X7<0HF/5�.E?
ÊQ.kÈ4ÈX?�JK.CÆ�ÍeÇH3>5jÇ÷3>ÈQ017K=H.�É<ËßL4Ç/.�G6?�=HJKF/?�JK. Ì 2X7101F/5MLX3;7K=�Ê�7101FHG>.CÆ%01.�ÈX5�2X3>É_.k0ÑÉ_.�G;7|Í�Ï
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uoZ[Mf	Y\RA`(m�oxWZY��<VjYim�g_ax[|VjY\hXWZY\hja�n1ax[|VjYim�g¹axVjY\hjRAVXh»]>oZ[kp W � h»s1[�Wx°
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