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M N OQPSRUT V
WYX[Z \2]�\K^`_ba+cd_S\Kef]
g ch]�]iefj�]lknmoZpmo]d_`^
g q efZpmnrse�aut
g avmdcwXx\2]zy {2\K^|_
g avmdk}ch{2{omoaua~c�_�c
��mn��\Kmnr
��mb�i_�� e�a+X ��avmdXx\0kb_S\Kef]
��avef�wch��\2{2\�^`_b\0k � e�X�mo{K^
� q m ��avef�wch��\2{2\I_4��ew�sc ��mz�[jim�]lknm
��a+c�\2]�\2]iy ch]wX ��m}^`_b\2]iy
� q m ��avef��{KmoZ ew���$moave�m�^
��mn�wc�{2jlcd_b\2]zy �$moaEe ch]wX �iedr ��avef�wch��\2{2\I_4� ���uyfa+c�Z�^
�$Zpehew_ q \2]iy
�Qclkwt�ew�
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� V�� R�V� 
� q \2{Km ¡h��Ws^Yk�c�] Zpe�X�m�{�Z�ch]d�¢_ q \2]iyo^£\2] �¤�f�¦¥w_ q m�avm¢coavm�{2\2Z \��_�c�_b\Kef]i^¨§�]ze cwXo��\0k:m�r q m�] avm6©umdkb_S\Kef]�¥�c�{2{ie�a'ef]imp^ªef{2jd_S\Kef]pr q m�]cwk�k:m�«d_¨k:ef]wXx\�_b\Kef] \K^�c�Z ��\Kyfjiefji^�¬b­
��e �4coa$r"m¯®K�im°k:ef]wk:m�]�_ba+cd_±mzX ef] \2]wXx\���\0Xxjlc¯{�rse�a+X�^¢\2] \K^�ef{0c�_b\Kef]�­
��edr r"m�®²avm yoef\2]zy _±e ^`_�coa³_´{Ke�eftw\2]iy cd_�rse�a+X�^�\2] µn¶�·¹¸»ºb¼�¸½­
� m�®²{2{:^|_ªcoa³_¹rp\�_ q r q cd_s{Keheftn^�{2\2t�mYch]¢coa³_b\�¾xkl\0c�{ª_�ci^nto¿�«oavmzX[\0kb_S\2]iy_ q m ]zm:�i_�r"e�a~X \2] c ^�md�xjimo]wk:m¯­
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À´ÁQÂ Ã Á V Â RUÄ�OÅR À T Æ Ç È�É Ê P�V
¡�avefZ ��Ë �¨\2Zpm�^}­B­Ì­
ÍQ¸»¶wµ�ÎwÏ�ÐÒÑÔÓx·fÕfºnÖ ¸Ø×¦Ù~Ï ÚwÚwÚ
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À´ÁÅÂ Ã Á V Â R�Ä�OQR À T Æ Ç È¢É Ê P�V ÜwÄ À T´O Ý�Þ
¡�avefZ ��Ë �¨\2Zpm�^}­B­Ì­
ÍQ¸»¶wµ�ÎwÏ¨Ð�ÑßÓx·fÕ¦ºnÖ ¸Ø×fÙ+Ï à ¶�á}·$ÙØ·fÕ�â¨Ö�º�Ï6ÐÅÙ4¸6º ã µ�Ó�¸�ÙØ· Ùä·'¸6º�ábº}Ï�¸
ÚwÚlÚ
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À´ÁÅÂ Ã Á V Â R�Ä�OQR À T Æ Ç È¢É Ê P�V ÜwÄ À T´O Ý�Þ
¡�avefZ ��Ë �¨\2Zpm�^}­B­Ì­
ÍQ¸»¶wµ�ÎwÏ¨Ð�ÑßÓx·fÕ¦ºnÖ ¸Ø×fÙ+Ï à ¶�á}·$ÙØ·fÕ�â¨Ö�º�Ï6ÐÅÙ4¸6º ã µ�Ó�¸�ÙØ· Ùä·'¸6º�ábº}Ï�¸
ábã�¸»º}Ï æ}ç ¸Ø×�º èéºnÖ�º�ábã�Ñ�ê�º}Ï�ºdá�ë¯º}â¨ãoÏ ì ã�ÑäÑíÚwÚwÚ

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2GIHKJEL L



À´ÁÅÂ Ã Á V Â R�Ä�OQR À T Æ Ç È¢É Ê P�V ÜwÄ À T´O Ý�Þ
¡�avefZ ��Ë �¨\2Zpm�^}­B­Ì­
ÍQ¸»¶wµ�ÎwÏ¨Ð�ÑßÓx·fÕ¦ºnÖ ¸Ø×fÙ+Ï à ¶�á}·$ÙØ·fÕ�â¨Ö�º�Ï6ÐÅÙ4¸6º ã µ�Ó�¸�ÙØ· Ùä·'¸6º�ábº}Ï�¸
ábã�¸»º}Ï æ�ç ¸Ø×�º�èéºnÖ�ºdábã�Ñîê�º}Ï�ºdá�ë¯º�â�ãoÏ ì ã�ÑØÑ�ÍÅ¸4áSºnºï¸�æbº`Õ¦ã�· ÚlÚwÚ
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À´ÁÅÂ Ã Á V Â R�Ä�OQR À T Æ Ç È¢É Ê P�V ÜwÄ À T´O Ý�Þ
¡�avefZ ��Ë �¨\2Zpm�^}­B­Ì­
ÍQ¸»¶wµ�ÎwÏ Ð�ÑßÓx·fÕfºnÖ ¸Ø×¦Ù+Ï à ¶�á�·$Ùä·¦Õ¯â Ö�º}Ï»ÐQÙ4¸»º ã µ�Ó�¸ ÙØ· ÙØ·¹¸»ºdá�ð
º}Ï�¸�ábã�¸»º}Ï æ�ç ¸Ø×�º èéºnÖ�º�ábã�Ñ�ê�º�Ïdºdá�ë¯º�â�ã�Ï ì ã�ÑØÑ'ÍQ¸½ábºnºï¸¤æbº`Õ¦ã¯·
¸½ábã�Ö�Ùä·fÕ�ñ�¶�á ¸Ø×�º�ò�ánÏ}¸¨¸½ÙØà º Ï:Ùä·Åµnº Ñ³ãoÏ}¸�ÚlÚwÚ
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À´ÁÅÂ Ã Á V Â R�Ä�OQR À T Æ Ç È¢É Ê P�V ÜwÄ À T´O Ý�Þ
¡�avefZ ��Ë �¨\2Zpm�^}­B­Ì­
ÍQ¸»¶wµ�ÎwÏ Ð�ÑßÓx·fÕfºnÖ ¸Ø×¦Ù+Ï à ¶�á�·$Ùä·¦Õ¯â Ö�º}Ï»ÐQÙ4¸»º ã µ�Ó�¸ ÙØ· ÙØ·¹¸»ºdá�ð
º}Ï�¸�ábã�¸»º}Ï æ�ç ¸Ø×�º èéºnÖ�º�ábã�Ñ�ê�º�Ïdºdá�ë¯º�â�ã�Ï ì ã�ÑØÑ'ÍQ¸½ábºnºï¸¤æbº`Õ¦ã¯·
¸½ábã�Ö�Ùä·fÕ¨ñd¶�á�¸Ø×�ºôò�ánÏ}¸s¸½ÙØà º´ÏnÙØ·Qµnº Ñ³ãoÏ�¸´õ�Ó$º�ÏdÖ�ã�çéö÷Ï�¸»ºdá�áb¶�á}Ù+Ï}¸
ã�¸u¸6ã�µ�ÎwÏdÚ
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À´ÁÅÂ Ã Á V Â R�Ä�OQR À T
ù {Kmdcoau{���¥zc�_ô{Kmzcz^|_Å^ªefZpm�ew��ji^ q c��ims_ q múc���\2{2\�_4�ô_±e «oaEmdXx\0kS_��`j�_bj�avmr"e�a~X�^�\2] c�] j�_6_`moa+c�]wk:m�­
û�edr¨ü
g X�efZ�c�\2] tl]iedrp{KmzX�yom
g ^`��]d_ªcwkS_b\0k tl]iedrp{KmzX�yom
g {Kmb��\0k�c�{¦tw]iedrp{KmdX�yom
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þ P�È�RUÉ
W ji^ªmn�`j�{}«lcoa³_$ew��_ q m�tw]zezrp{KmdX�yom¨]im}mdX�mdX£_±e�ch{2{Kedr � e�a+X ��avmzXx\0kS_b\Kef]§½yfjim}^ª^n\2]iy�_ q m�]imb�i_ÿr"e�a+X�¬ÿk�c�] �om¨k}ch«d_bj�avmdX ji^ \2]zyp^ \2Z «�{Kmú^`_�c��_b\K^`_b\0k�c�{o_±mzk q ]�\0�[jim}^�­
�²] «wcoa³_S\0kwj�{0c a6¥or"m¯®ß{2{xaEmo{�� ef] _ q m ]zew_b\Kef] ew�ÿ_ q m�ÐÅáb¶¦æbãfæ�Ù ÑÔÙ ¸½çpew�c ^�md�xjimo]wk:m §4m�­0yx­B¥�^ªm�]d_±m�]lknmi¬b­
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��� Â À O�� R��	�
� q � r"efj�{0X c�]���ef]im�r�c�]d_�_`e «oavmdXx\0kb_�c r"e�a+X�ü
Ë'efj X�ef]�®ý_ avmzch{2{���­ � jd_ \��"��efj ^�cn� ��efj k}ch] «oavmzX[\0kb_£_ q m ]im:�z_r"e�a~X ¥ú\�_ Zpmdc�]z^ ��efj k}ch] a~ch]�t _ q m {2\2t�mo{2\ q e�e�X ew�p^ªmd�xjimo]wknm�^k:ef]d_�ch\2]�\2]iy �wcoau\Kefji^¨c�{�_`moau]wcd_S\��imprse�a+X�^�­
g ��efj k}ch] ci^ª^�m�^�^£_ q m {2\2t�m�{2\ q e�e�X�
iyoe�e�Xx]im�^�^£ew��c ^ªm�]�_`mo]wknm
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�´O$È£OÅR��[OQR�ÄíÈ�P V"O�� À Â � 
 � À N T Â RUT � � Ã
��m�^�ef{��h\2]iy «lcoa³_�ew�s^n«om�mdk q c�Z ��\Kyfj�\�_4�
g�� ç k}ch] �om c ]iefjh] e�a c �imoa �
g ¾']wX _ q m Zpeo^`_ {2\2t�m�{�� r"e�a+X kl{0ci^ª^}¥�yf\��imo] _ q m ^nj�auaEefjh]wXx\2]iyr"e�a+X�^
��m�^�ef{��h\2]iy r"e�a+X ^ªm�]z^�m chZ ��\Kyfjh\�_4�
g _ q m ]zefj�] æbã�·�Î k}ch] �om _ q m ^n\0X�m ew��c au\��im�a�e�asc ¾¹]lc�]wkl\0c�{\2]z^|_S\�_bj�\Kef]
g czy¯c�\2]�¥s¾']wX _ q m Zpeo^`_ {2\2t�m�{�� r"e�a~X kl{0ci^ª^}¥�yf\��zm�] _ q m ^ jha �avefj�]lXx\2]iy r"e�a~X�^
�$«om�mdk q avmzk:eoyf]�\�_S\Kef]
g ¾']wX _ q m Zpeo^`_�{2\2t�mo{���r"eîa+X ^ªmz�xjzm�]wk:m�yf\��imo] c ^n\Kyf]wch{

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L 1K/



þ À´Á Ê N � 
 T È�P�� � R��
��_�c�_b\K^`_b\0k�c�{�Zpmn_ q e�X�^ jz^�m {0c aEyom k:eîau« eîa+c §4e�a X�c�_�c��lci^ªm}^�¬ ew�
]wc�_bj�a+c�{�{0c�]iyfjwczyom¯¥�r q \0k q q cd�im �om�m�] Z�coaut�mdX j�« §4e�a �6c�]h]iew�_�c�_`mdX���¬�rp\�_ q « q mo]imoZpmo]wc ew�¤\2]d_`moavm}^`_¢§½m¯­ yx­B¥Ò«lcoa³_`^�ew�ô^ « m}mdk q ¥r"e�a~X ^ªm�]z^�m�¥Q«wcoav^ªm _SaEm�m�^U¬S­
g ch]�]iew_ªcd_b\Kef] Z ji^|_��`avmz�[jim�]�_b{�� � m X�ef]im �n� q j�Z�ch]i^
� q m�^�m k:e�a « e�a~c c aEm´_ q mo] ji^ªmdX _±e ¾¹]lX ^`_�c�_b\K^`_b\0k:^}­
g m�­0yx­B¥'\2] ����� ew� k�ci^ªm}^�¥$\�� � ç �Øef{2{Kedr�^úc�] coa³_b\0kl{Km §½m�­0yx­B¥Ò¸Ø×�º}âãi¬S¥Q\�_p\K^�c ]iefj�]
� q m�^�m ^|_ªcd_S\K^|_S\0kn^ coavm _ q mo] jz^�mdX _±e c�]lc�{����nm ]imnr §�j�]lc�]�]iew�
_�c�_`mdX�¬�^�mo]d_±m�]wk:m�^}­
g \2] _ q m ^ªm�]d_±m�]lknm õÿ×�º � ç � Ù º�Ïn¥é_ q m Zpeo^`_ {2\2t�m�{�� «wcoa³_ ew�^n«om�mdk q _�czyoyf\2]iy \K^ ã�áz¸Y· ë
�h^�^ªmo]d_b\0ch{2{���r"m jz^�m «oavef�wc��h\2{2\I_4��_ q m�eîa³� _`e ¾']wX _ q m {2\2t�m�{2\ q e�e�Xew��ef]im \2]�_`moa «oavmn_�c�_b\Kef] ew�imoa�ch]iew_ q moa»¥Ych]wX q mo]wk:m _ q m Z´c}��\��Z�ch{2{�� {2\2t�mo{�� \2]d_±m�au«oavm _ªcd_S\Kef]�­
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� À R�� � þ � È�T T V¤P À Â V¤P
� q m ��ef\K^`� ù q c�]�]imo{ «oavef�wch��\2{2\�^`_b\0k Z�e�X�mo{ß¿

NOISY CHANNEL

word
noisy
wordSOURCE

DECODER
guess at
original
word

� c�]d� �£�¦� «oavef��{KmoZp^ék�c�] �om�Z�e�X�mo{KmzX ci^£Z�ch«�«�\2]iyp�`avefZ ef]im
^`_bau\2]iy ew�ô^|�hZ �oef{K^£_±e ch]iew_ q m�a»­
�²]�^`_�c�_b\K^`_b\0k�c�{�{0c�]iyfjwczyomsc�«�«�{2\0k�cd_S\Kef]i^�¥ïtw]zezrp{KmdX�yom"ew��_ q ms^ªefj�a+k:m§½m¯­0yx¥�c ^`_�c�_b\K^`_b\0k�c�{'Zpe�X�m�{[ew��rse�a+X ^�md�xjimo]wk:m}^�¬�\K^ avm �ØmoauaEmdX _`e
ci^¢c �wch]iyfjwciyom � e�X�m�{ e�a c !�a~chZ Z´coa ­
�o�oc�Z «�{Km ch«�«�{2\0k�cd_b\Kef]z^s_ q c�_£moZ «�{Ked� {0c�]zyfjwciyom Z�e�X�mo{K^
g ^n«om�mdk q avmzk:eoyf]�\�_S\Kef]
g q c�]wXorpau\�_S\2]iy avmdkneoyf]�\�_S\Kef]
g avmdc�{or"e�a+X ^n«omo{2{2\2]iy k:e�a avmdkb_S\Kef]
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" È�T Â   Á RªOQR�T # � V�Ä À #´T R�OÅR À T Æ Ç È�É Ê P�V
Ws^ª^nj�Zpm c ]iew_`m \K^�yf\��imo] _±e c �wch]�t _`mo{2{Kmoa6¥'r q \0k q _ q m _`mo{2{Km�aavmzclX�^ ci^ $ ×�ã�ë¯º ã Õ�Ó'æïÚ §4mb�oc�Z «�{Km knefj�a³_±m}^`� ew� c � e�e�Xo�
W�{2{Kmo]�¾'{2Z�¬
�£�¦� _±e _ q m avm}^�kljim ­n­n­
g ÕhÓ'æ�\K^�]iew_�c r"e�a~X
g �¤Õ�Óx· ch]wX ÕhÓ�ÑäÑ¦coavm°r"e�a+X�^�¥Q��jd_�Õ�Óx· q cz^�c q \Ky q moas«oavef�wcd��h\2{2\�_4� \2] _ q m knef]d_±m:�z_£ew��c �wch]�t
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� V�È�P À´ÁÅÂ � Ê V¤PbPSRUT # Æ ÁQÁ¹À´Á �

They areleaving in aboutfifteenminuetsto go to herhouse.
ThestudywasconductedmainlybeJohnBlack.
Thedesignanconstructionof thesystemwill take morethanayear.
Hopefully, all with continuesmoothlyin my absence.
Canthey lavehim my messages?
I needto notifiedthebankof [this problem.]
He is trying to fineout.
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� V�È�P À´ÁQÂ � Ê V¤PbPSRUT # þ À´ÁQÁ V�Ä�OQR À T Æ Ç Ý
ù ef{2{Kmdkb_£c {2\K^`_�ew�sk:efZ Z�ef]�{�� ^ jh�i^|_S\�_bjd_±mzX rse�a+X�^
g «h\Kmzk:m%
�« mzclknm�¥�r q mn_ q moa&
drsmdcd_ q moa6¥�_ q mo\2a&
d_ q moavm ­n­n­
� q m�]zm �imoa���efj´m�]wk:efj�]d_±m�a�ef]impew�Å_ q m�^�m¨r"eîa+X�^¨\2]�c´^ªm�]d_±m�]lknm�¥k:ef]i^|_Saujwkb_�_ q m ch{�_`moau]wcd_S\��imp^�mo]d_±m�]wk:m ci^£r"m�{2{
Ws^ª^ªm}^ª^ _ q m yoehe�Xx]im�^�^ ew�pmdcwk q c�]wX k q e�eo^ªm _ q m ef]im §Ør"eîa+X�¬rp\�_ q _ q m Zpe�avm {2\2t�m�{�� ^ªmo]d_`mo]wk:m
�o�oc�Z «�{Km
g �h{0c q ��{0c q ��{0c q _ q m�r q mn_ q moa
g �h{0c q ��{0c q ��{0c q _ q m�r"mzc�_ q moa
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' È(�'R�Ä Ã Á¹À � È(� RSPbRªO)� ' È�Ä+*,# Á¹À N T Â
��au\Ke�a���avef�wc���\2{2\7_4� §½e�a�j�]wk:ef]wXx\�_b\Kef]lc�{f«oavef�wch��\2{2\I_½�o¬
g � §4W�¬
g _ q \2]�t´ew�ôW ci^¢c «oavef«oeo^n\�_b\Kef]�¥fci^´\2] ^ªefZpm {Keoyf\0k
g � §��¦¬ - .¦­0/�� Z�mzch]i^ _ q cd_´mn�imo]d_ � e�k�kwjhaE^ /�� _b\2Z�m}^�efj�_ew�"c q jh]wXxavmzX
�o�oc�Z «�{Km�^
g k:ef\2] _`eo^ª^
1 ��§Ø_`eo^ª^�- q mdcwX�^U¬(- .¦­0�

g {Kew_»_`moa³�
1 ��§ªavm r�coa+X�-s©»cwkltw«oew_ ¬2- .¦­0.�.�.�.�.43
1 ��§ªavm r�coa+X�- ]iew_ q \2]iy�¬5- .¦­0�
1 ��§ªavm r�coa+X�-´ew_ q m�aØ¬6- .¦­0.����������
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' È(�'RUÄ Ã Á¹À � È(� RSPbR�O�� ÜlÄ À T�O ÝªÞ
ù ef]wX[\�_b\Kef]wch{���avef�wch��\2{2\�_4�
g � §4W87 ��¬
g _ q m «oavef�wc���\2{2\7_4��ew�ôW yf\��zm�] _ q cd_�rsm tl]iedr �
g � §��93�7:��;�¬�-,.¦­0< Z�mzch]i^ _ q cd_ \�� ��; \K^ _ q m k�ci^ªm¯¥s_ q m�] �=3
e�k}klj�av^>< _b\2Z�m}^¨efjd_¤ew�23?.

�o�oc�Z «�{Km�^
g � §är"mdcd_ q m�a&- a+c�\2] 7 {Ke�k�cd_S\Kef]�- ��\�_6_±^ �hj�avy q ¬@- .¦­A<
g � §�avmnrYc a~XB- ©»cwkltw« ew_�7C�ne�Xx\0cwk:^n\Kyf]�- «�\K^�k:m�^U¬�-,.¦­0.�.�.�.�.43
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 Ç R À É � ÀED Ã Á¹À � È(� RSPbR�O��
¡ie�a ch]d� «oaEef« eo^ \�_S\Kef]i^�¥�W�¥ÿ�
3o­GF H I JLK M2H N
;¦­ � § ��aujimi¬O- 3 c�]wX ��§U¡lc�{K^ªmï¬P- .
Q ­ � §4W R ��¬ - ��§½Wú¬ S ��§���¬ � ��§4W T ��¬ § X[a~c:r �zm�]�]
X[\0ciyfa+c�Z�¬

�ý����§½W,7B��¬U- ��§½Wú¬ §�\ß­ m¯­B¥�� X�e�m�^ ]�®K_´m �'mdkS_¢_ q m {2\2t�m�{2\ q e�e�X ew�Wú¬S¥fr"m ^�cn� _ q cd_¤W ch]wX � c aEm \2]wX�mo«omo]wX�mo]d_
g avmnr�coa+X�-s©6clkwtl«oew_�c�]wX(�ne�Xx\0cwk:^ \Kyf]V- «h\K^�k:m}^Qcoavm¨\2]wX�mo«omo]wX�mo]d_
�ý� _½rse m �imo]d_±^�c aEm \2]wX�m�« m�]wX�m�]d_
g � §4W T � ¬O- � §4W�¬@W ��§���¬

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,91



� V¤P�È£OÅRUT # þ À T Â R�OÅR À T ÈpP�� È�T Â Ã Á R À´Á �
X m ¾']�\�_S\Kef] ew�sknef]lXx\�_b\Kef]wch{x«oavef�wc���\2{2\7_4�

I JLK 7ZY M\[ I JLK T Y M
I JLY M

��ave�Xxjlkb_pauj�{Km�^£yf\��im�^¢c�] c�{�_±m�au]wc�_b\��imp�Øe�a Z j�{0cd_S\Kef]
JLK T Y M\[ I JLK 7]Y M^I JLY M

Ë'efj knefj�{0X ch{K^�e ^�cn�

I JLK T Y M\[ I JLY 7GK M^I JLK M

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,.,



À´Á V Ã Á'À � È(� RbPbRªO��
� m k}ch] ��\Kmnr _ q m «oavef�wch��\2{9\�_4� ew� c r"e�a~X ^�md�xjimo]wk:m ci^ _ q m«oavef�wc��h\2{2\I_4��ew�sc knef]�© j�]wkS_b\��zm mn�imo]d_n­
¡ie�a�mb�oc�Z «�{Km�¥î_ q m «oavef�wc���\2{2\7_4��ew� �4_ q m ��\Ky k}c�__� \K^
g � §ä_ q m T ��\Ky T k}c�_�¬

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,0/



þ � È�RUT � N P�V
��mdk}ch{2{o_ q m X�mn¾']�\�_b\Kef]°ew�Yk:ef]wXx\�_S\Kef]wc�{¦«oavef�wc���\2{2\7_4�

I JLK 7ZY M\[ I JLK T Y M
I JLY M

��mnrpau\�_b\2]iy

I JLK T Y M\[ I JLY 7GK M^I JLK M
` a

I JLa�bdcUT egfihjMk[ I JLegfih 7Ga�b�cVM^I JLa�bdc�M
��ex¥�m �zm�] \��U�4_ q ml� \K^¢Zpe�avm¢�`avmz�xjzm�]d_ _ q ch] �6X�eoy]�¦¥xknef]lXx\�_b\Kef]wch{
a+cd_ q m�a�_ q c�] \2]lXx\���\0Xxjwc�{xavmo{0cd_b\��zm°r"e�a+X �`avmz�xjzm�]wkl\Km�^úrp\2{2{�«oavmn�Øm�a�4_ q m X�eoy]� a+c�_ q moaQ_ q c�] �4_ q m�_ q mm�

I JLegfih 7]a�b�cVM6n I JLegfihoM
�$\2Z \2{0c a {7��¥Yavmo{0cd_S\��im rse�a+X �`aEmd�xjimo]wkl\Km}^ coavm �omn_6_`moa£_ q c�] mz�[jwc�{«oavef�wc��h\2{2\I_b\Kmn^��Øe�aÿch{2{orse�a+X�^�­

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,0Û



þ � ÈpR�T � N P�V ÜlÄ À T�OÅRUT N V Â Þ
�²] yom�]imoa+c�{ß¥�_ q m «oavef�wch��\2{2\I_½��ew�sc k:efZ «�{Kmn_`m ^`_bau\2]iy ew� r"eîa+X�^

I Jqp rts�sls�p>u�M\[
I Jqp u r Mv[

I Jqp r_M^I Jqp�w 7Gp rxM^I JqpEy 7�p wr Mds�s�szI Jqp>u 7�p ui{orr Mk[
| u }�~ r I Jqp } 7�p } {jrr M

ù q ch\2] auj�{Km \K^�X�moa \��zmzX �n� ^njwk}k:m�^�^n\��im c�«h«�{2\0k}c�_b\Kef] ew��«oave�Xxjlkb_auj�{Km

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,.å




 Ê Ê Á¹À Ç RUÉ È¤OQR�T # � � RUT #U�
�ô]d�Øe�a³_bj�]lcd_`mo{���¥�_ q c�_n®0^ avmzch{2{�� ]iew_ q m�{2«��`j�{f\2] yomo]im�a+ch{ß­
� q �oü

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,0L




 Ê Ê Á'À Ç RUÉ È¤OÅRUT # � � RUT #U� ÜlÄ À T�OÅRUT N V Â Þ
��e r"m Z�cht�m c � coaut�ew� W"^�^nj�Z «d_b\Kef] ­B­B­

I Jqp>u 7Gp ui{jrr M�� I Jqp>u 7�p ui{orui{g����r M
� q c�_�\K^�¥f_ q m «oavef�wch��\2{2\I_4�°ew�sc r"e�a+X yf\��imo] ch{2{�«oavmn��\Kefji^úr"e�a+X�^\K^�ch«�«oave��î\2Z�cd_±mzX ji^ \2]zy � «oaEmn��\Kefji^�rse�a+X�^�­
�²] ew_ q moa�r"eîa+X�^�¥fr"m aEmn�imoa³_ú_±e c _`mdk q ]�\0�xjimp_ q cd_¨c�{2{Kedr�^�ji^£_`ek:ef{2{KmzkS_�^|_ªcd_S\K^|_S\0kn^�\2] ÐÅábã�µï¸½Ùuµnºd­
¡ie�a[m:�ochZ «�{Km�¥w_ q m�ci^ª^ jhZ «d_S\Kef]�_ q cd_�_ q m°«oavef�wch��\2{2\I_½�£ew�Qc�r"e�a~XX�mo«omo]wX�^ ef]�{�� ef] _ q m «oavmn��\Kefji^�r"e�a+X § cz^ \2] c ��\Kyfa+c�Z�¬ \K^ c� coaut�ew� cz^�^nj�Z «�_b\Kef]�­
� coaut�ew� Z�e�X�mo{K^ coavm _ q m kl{0ci^ª^ ew��«oavef�wc���\2{2\K^`_b\Kk Z�e�X�mo{K^�_ q c�_ci^ª^nj�Zpm�_ q cd_�r"m k�c�] «oavmzXx\0kS_ô_ q m «oavef�wch��\2{2\I_4�´ew�í^�efZ�m°�`j�_bj�avmj�]�\�_�rp\�_ q efjd_p{Ke�eftl\2]iy _±e�e �4coa"\2]d_`e _ q m «lci^`_n­

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,.-



þ À N T´OÅRUT # À´ÁQÂ � RUT þ À´Á Ê À´Á È
��avef�wch��\2{2\I_S\Km}^úcoavm �lci^ªmzX ef] k:efj�]d_S\2]iy _ q \2]iyo^�¥f^ªe ­n­n­
g r q cd_�_`e k:efj�]d_ ü
1 r"e�a~X�^í§Ø_ q \K^Òk q c�«d_±m�aØ¬S¥}r"e�a~X�kw{0cz^�^ªm�^}¥nr"eîa+X�^ªm�]z^�m�^}¥�^ « m}mdk qcwkS_`^ ­n­n­
1 r q c�_ \K^ c r"e�a~Xîü §½m¯­0yx­Ì¥�coavm µnã�¸¨c�]lX µnã�¸ØÏ _ q m ^�c�Zpmr"e�a~Xîüï¬

g r q m�avm�_±e ¾']wX _ q m�_ q \2]iyo^£_±e knefjh]d_�ü
1 ù e�au«oe�a+c §4ef]h{2\2]im k:ef{2{KmzkS_b\Kef]i^�ew� _±m:�i_�c�]wX ^n«om�mzk q ¬

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,0ó



� V Á É RUT À P À #(�
��mo]d_`mo]wk:m¯¿£j�]�\�_�ew� rpa \�_»_`mo] {0c�]iyfjwczyom
�'_6_±m�a+ch]wknm�¿£j�]�\�_�ew�ô^n«oeft�m�] {0c�]iyfjwczyom
� e�a+X ¡ie�auZ ¿ _ q m \2]��fmdkS_`mdX �Øe�a Z _ q cd_¨c�«�« mzcoav^p\2]�_ q m k:e�au«�ji^
�imoZ Z´c�¿ô{Km:��\0k�c�{`�Øe�auZp^ q cd�h\2]iyú_ q ms^�c�Zpm"^|_±m�Z ¥¯«wcoa³_'ew�¦^n«om�mzk q ¥c�]lX r"e�a+X ^�mo]i^ªm
����«om�^�¿ ]hj�Z � m�a ew�¢Xx\K^`_b\2]wkS_¨rse�a+X�^ \2] c k:e�a «hji^ §Ø�ie�k�c���j�{0c a �
^n\C�nmï¬
��eft�mo]i^}¿ô_`ew_ªc�{$]�jhZ �omoa�ew� rse�a+X�^

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L ,0ø



� R�É Ê P�V � �o� Á È�É �
W�] ���uyfa+chZ Z�e�X�mo{Qji^ªm�^�_ q m «oaEmn��\Kefji^ ����3 r"e�a+X�^�_±e «oaEmdXx\0kS__ q m ]zm:�i_¤ef]im�¿
g I Jqp>u 7Gp>ui{or_M
� m�®²{2{¦«oaEmn_6_½� Z jwk q c�{�r�cn�z^��om�X�mdc�{2\2]iy´rp\�_ q I Jqp fV�]e 7���fV� c
� �]cV�t���Ò¬
g jh]�\Kyfa+c�Zp^p§ª]�- 3d¬b¿@I JLegfihoM
g �h\Kyfa~chZp^�§ª]�-,;�¬S¿�I JLegfih 7��z��hjM
g _Sau\Kyfa~chZp^�§ª]�- Q ¬S¿�I JLegfih 7�a�b�c �z��hjM
g �[jwcwXxau\Kyfa+c�Z�^¢§�]V-���¬S¿@I JLegfih 7]�lbd� ���^�th ¸Ø×�º æ�Ù Õ��

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L /.<



� À Â Èk� ��� M N OQPSRUT V
�'c�{2t ��moZ \2]wX�moav^
��mn��\Kmnr §är"e�a+X «oaEmdXx\0kS_b\Kef]�¥�«oaEef�lc���\2{2\7_4� 3?.43d¬
� q m ��avef�wch��\2{2\I_4��ew�sc ��mz�[jim�]lknm
��a+c�\2]�\2]iy ch]wX ��m}^`_b\2]iy
� q m ��avef��{KmoZ ew���$moave�m�^
��mn�wc�{2jlcd_b\2]zy �$moaEe ch]wX �iedr ��avef�wch��\2{2\I_4� ���uyfa+c�Z�^
�$Zpehew_ q \2]iy
�Qclkwt�ew�

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L /21



þ À É Ê N OQR�T # È �´O Á RUT # ��� Ã Á¹À � È(� RSPbRªO)�
� q m «oavef�wc���\2{C\�_4�pew��c ^`_bau\2]iy ew��rse�a+X�^�^njwk q cz^ ���¯r�ch]d_s_±e mzc�_ù q \2]zm}^ªm �Øehe�X��¦¥x_ q c�_�\K^ � §��fr�c�]�_�_`e mzc�_ ù q \2]im�^�mp�Øe�e�X�¬
g � §��B¥KrYch]d_n¥K_`ex¥0mdcd_:¥ ù q \2]im�^ªm¯¥ý�Øehe�X�¬
� m k�c�] X�mdknefZ «oeo^ªm _ q \K^�ji^n\2]iy _ q m k q c�\2] auj�{Km
g � §��9¬ ��§Ør�c�]d_ 7��9¬ ��§Ø_`e 7 �¹r�c�]d_ ¬ ­n­n­}��§Ø�Øe�efX 7 �¹r�c�]�_¢_`e
mdcd_ ù q \2]zm}^ªmï¬

��e q edr X�e r"m�m�^`_b\2Z�c�_`m «oavef�wc��h\2{2\I_b\Km�^¢{2\2t�m ��§Ø_`e 7���r�c�]d_ ¬

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L /C,



¡ �'RUT # � �o� Á È�É �
W�«h«oaEe}��\2Z´cd_±mí_ q m¢«oavef�wc��h\2{2\I_4�"ew�$c�r"eîa+X�yf\��imo]£c�{2{�_ q m¢«oavm ��\Kefjz^r"e�a~X�^}¥'�n� © ji^`_�ji^n\2]iy ^�efZ�m ew�ô_ q m�Z
��mdk}ch{2{

I Jqp>u 7Gp ui{jrr M�� I Jqp>u 7�p ui{orui{g����r M
¡ie�a c ��\Kyfa+chZ yfa~chZ Z´coa

I Jqp u r M�� | u }¢~ r I Jqp } 7�p } {jr M
� q ji^�¥ � §4^ªm�]�_`mo]wknmi¬ÿk�c�] �om£k:efZ «�jd_±mzX �n� Z jh{�_b\2«�{���\C]iy���\Kyfa+c�Z«oavef�wc��h\2{2\I_b\Kmn^
g � §��pr�c�]d_ _`e mzclk q ù q \2]zm}^ªm �Øe�e�X�¬ - ��§¢� 7 �u^ªm�]�_`mo]wknm
^`_�c a _���¬ � §är�c�]�_ 7@�9¬n��§Ø_`e 7Òr�c�]�_�¬n��§4mdcd_ 7ÿ_±e�¬ � § ù q \2]im}^ªm 7
mdcd_ ¬ � §ä�Øe�e�X 7 ù q \2]im}^ªmi¬

)+*�,.-0/2143657*2*98:,;,0/.<2=.>2?.@A@B,0<.<C, )ED2?.F2G7HýJ+L /./



' Æ � Ã £ ' V Á *¢V¤P_� � V5�xO$È�N Á È¢T´O Ã Á¹À6¤ V�Ä�O
�o�oc�Z «�{Km ��\Kyfa+chZ yfa~chZ Z´coaQ�`a+ciyfZ�m�]�_n¿

eaton .16 eatThai .03
eatsome .06 eatbreakfast .03
eatlunch .06 eatin .02
eatdinner .05 eatChinese .02
eatat .04 eatMexican .02
eata .04 eattomorrow .01
eatIndian .04 eatdessert .007
eattoday .03 eatBritish .001

¥+¦q§g¨�©Z¨�ª¬«¬ª®­¯ªKm?° °�m�m�± ­²§ ³�©�´l­¯µ�¦vm ¶�°x·�¸l­�©�³¯­zª¹³�º »¼©�³¯­x°�½ ¶¼¾k§�¦¿«¹ÀÁ�¸m§m¾E«KmlÀ�Âomlº
Ã ¶uml©l­�º ªC°6§�»L­`m�¸ »&§g«¬«C§l¾"mmÀ ¨Ä· © Å6¥
Ã Æ ¦�ªÇ­zªC° q »&§�§�À ªC°È¸m§�­@­²§�§ ´�§g´�µ�«¹©V¦
Å+É�Âg¦L©Z± ±E§)À�mG«C°+³?©Z¸>¨omÊ­z¦L©�ª¬¸zmmÀU¨Ä·(Ët§gµ�¸�­zª¬¸�Â ©Z¸�À ÅÌ§B¦�±U©�«¬ªCÍ?©l­¯ªC§g¸

ÎLÏ�ÐAÑ¹Ò¬Ó¼Ô^ÕÖÏ¬ÏØ×ÙÐ0Ð¹ÒAÚ¬ÛAÜ¬ÝAÞßÞàÐ¹ÚAÚáÐ Îãâ¬ÝAä¬åÖæèçLé ÒAê



ë ì í î ë ïñðUò�ó(ô õ öU÷ øUùdú

I want to eat Chinese food lunch

I 8 1087 0 13 0 0 0
want 3 0 786 0 6 8 6
to 3 0 10 860 3 0 12
eat 0 0 2 0 19 2 52
Chinese 2 0 0 0 0 120 1
food 19 0 17 0 0 0 0
lunch 4 0 0 0 0 1 0

Å §�­±m ©�«¬«�­ q m ÍnmG¦q§�m�°¨müûzmG¸ ¾EªÇ­ q © ³Ù§ q m�¦vmG¸l­5¾k§�¦ýÀ °ªmü­Ùþ
ÿ9§ ÂomÄ­ ´�¦q§g¨�©Z¨�ª¬«¬ª®­¯ªKm?°�½g¾"m ± µ�°x­ ¸�§�¦�±�©Z«¬ªCÍnmÈ­²§ ÂomÄ­>­ q m û�©�«¬µim�°¨omÄ­¼¾"m�mG¸ � ©�¸�À ��þ

ÎLÏ�ÐAÑ¹Ò¬Ó¼Ô^ÕÖÏ¬ÏØ×ÙÐ0Ð¹ÒAÚ¬ÛAÜ¬ÝAÞßÞàÐ¹ÚAÚáÐ Îãâ¬ÝAä¬åÖæèçLé Ò��



ë ì í î ë ï�ðUò�ó(ô î ò�ö�� ó�� ï��zï�ùtï
	5ú
Å §�¦�±�©Z«¬ªCÍ?©l­zªC§g¸�� À ªÇû�ª¹À�m mm©i³ q ¦ã§l¾�
¹° ³Ù§gµ�¸l­x° ¨Ä· ©Z´�´�¦q§g´�¦¿ª¹©�­`mµ�¸�ªCÂg¦L©Z± ³Ä§gµZ¸l­x° �&­ q ©�­ ªC°?½=À ªÇû�ª¹À�m ml©�³ q ¨ZªCÂg¦ý©Z± ³Ù§gµ�¸l­ ¨Ä· ­ q m¸�µ�± ¨om�¦+§�»�­¯ª¬±pm�°6­ q m��d¦q° ­5¾k§B¦LÀ §�»�­ q ©l­U¨�ªCÂg¦L©�± ©Z´�´oml©�¦q°��

I want to eat Chinese food lunch

I .0023 .32 0 .0038 0 0 0
want .0025 0 .65 0 .0049 .0066 .0049
to .00092 0 .0031 .26 .00092 0 .0037
eat 0 0 .0021 0 .020 .0021 .055
Chinese .0094 0 0 0 0 .56 .0047
food .013 0 .011 0 0 0 0
lunch .0087 0 0 0 0 .0022 0

Ët§g± ´�µl­zª¬¸mÂ ­ q m ´�¦ã§g¨i©�¨�ª¬«¬ªÖ­¼·,§�» ¶����0º
Ã ¶��Aº µZ¸�ªCÂg¦L©�± ³Ù§gµ�¸l­�� � � ������� � ��� þàþàþ�� � �!���
Ã ¶����Aº ¨�ªCÂg¦L©�± ³Ù§gµ�¸l­�� �
Ã ´"�
�$#%�&��� � ' � �!��� � þ(����)��

* ¨ZªCÂg¦ý©Z± Âg¦ý©Z± ±U©�¦ ³?©Z¸�¨ m�¦vmG´�¦vm�°�m�¸l­`mlÀE©�°�©�¸ Å+É�¨Ä· Å ±U©l­¯¦¿ª,+§�»6´�¦q§g¨�©Z¨�ª¬«¬ª®­¯ªKm?°�½G¾ q mG¦vm Å ªC°@­ q m,û�§)³�©�¨�µZ«¹©�¦ · °üªCÍnm�þ

ÎLÏ�ÐAÑ¹Ò¬Ó¼Ô^ÕÖÏ¬ÏØ×ÙÐ0Ð¹ÒAÚ¬ÛAÜ¬ÝAÞßÞàÐ¹ÚAÚáÐ Îãâ¬ÝAä¬åÖæèçLé ÒAé



- � ú.	5ò%/5óPùtï�öUø ú öUø ù10 	5ú.	 î ò�ö�� ó�� ï��zï�ùtï
	5ú
2 q ©l­3
¹°,¨om�ª¬¸�Â ³�©�´l­¯µ�¦vmmÀ ¾EªÇ­ q þàþàþ
Ã ¥4� ¾\©�¸�­ #%�&��� þ(��)
Ã ¥4� ­²§ #]¾\©Z¸l­
��� þ(5�6
Ã ¥4�4ml©l­ #B­²§7�8� þ()�5
Ã ¥4� »&§�§�À #jË q ª¬¸im?°ªm9�:� þ(6�5
Ã ¥4�_«¬µ�¸i³ q #�ml©l­
�;� þ(��6�6

2 q ©l­2©�¨V§gµl­Äþàþ þ
Ã ¥4�
�$#%�&��� þ(����)��
Ã ¥4�
�$#B¾\©�¸�­
�;� þ(����)�6
Ã ¥4�
�$#B»&§�§�À<�8� þ(�=���

ÎLÏ�ÐAÑ¹Ò¬Ó¼Ô^ÕÖÏ¬ÏØ×ÙÐ0Ð¹ÒAÚ¬ÛAÜ¬ÝAÞßÞàÐ¹ÚAÚáÐ Îãâ¬ÝAä¬åÖæèçLé ÒáÑ



- � ú.	5ò1/@óPù	ïñöUø ú >@?�öUøUù	ï�ø ÷ 	�A B
¥��C�D#1�&�8� þE����)��
Ã �F�G����¾�©Z¸l­UþÄþÄþ
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I want to eat Chinese food lunch

I 8 1087 0 13 0 0 0
want 3 0 786 0 6 8 6
to 3 0 10 860 3 0 12
eat 0 0 2 0 19 2 52
Chinese 2 0 0 0 0 120 1
food 19 0 17 0 0 0 0
lunch 4 0 0 0 0 1 0

I want to eat Chinese food lunch

I 9 1088 1 14 1 1 1
want 4 1 787 1 7 9 7
to 4 1 11 861 4 1 13
eat 1 1 3 1 20 3 53
Chinese 3 1 1 1 1 121 2
food 20 1 18 1 1 1 1
lunch 5 1 1 1 1 2 1
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I want to eat Chinese food lunch

I .0018 .22 .00020 .0028 .00020 .00020 .00020
want .0014 .00035 .28 .00035 .0025 .0032 .0025
to .00082 .00021 .0023 .18 .00082 .00021 .0027
eat .00039 .00039 .0012 .00039 .0078 .0012 .021
Chinese .0016 .00055 .00055 .00055 .00055 .066 .0011
food .0064 .00032 .0058 .00032 .00032 .00032 .00032
lunch .0024 .00048 .00048 .00048 .00048 .00096 .00048
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I want to eat Chinese food lunch

I .0023 .32 0 .0038 0 0 0
want .0025 0 .65 0 .0049 .0066 .0049
to .00092 0 .0031 .26 .00092 0 .0037
eat 0 0 .0021 0 .020 .0021 .055
Chinese .0094 0 0 0 0 .56 .0047
food .013 0 .011 0 0 0 0
lunch .0087 0 0 0 0 .0022 0

I want to eat Chinese food lunch

I .0018 .22 .00020 .0028 .00020 .00020 .00020
want .0014 .00035 .28 .00035 .0025 .0032 .0025
to .00082 .00021 .0023 .18 .00082 .00021 .0027
eat .00039 .00039 .0012 .00039 .0078 .0012 .021
Chinese .0016 .00055 .00055 .00055 .00055 .066 .0011
food .0064 .00032 .0058 .00032 .00032 .00032 .00032
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