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K%L,M(NPORQTSVU�WXL,Y[Z\L,]_^,L,W�SVQX`aWXL�bcQXORM�deSVQf`gORZ\WihI`g]\j\WkOVblWfOVZ\Qf^�L,Wm`g]onTp_L5]>SenfZ\QfLeqkrsL,]\WXORQXtoL,UgL/u
M(L,]vnfW$nfQTSV]_WXbcORQXMwnTp\LxL/dRL,]vnfWy`a]vnTO	M(LzSVWXZ\QfL�M#L�]vnTW�SV]\j{^,ORQXQfL�WfNPOR]\j\`g]\|�bcL,SenTZ_QfL�dRL�^�nTOVQfW,q
K.p_L�N\QfL�WfL,]vnx}*ORQfh~SVj\j\QXL,WfWXL,WxnTp\L�YIZ_L,WXnf`aOR]�OVbip\O1}�nTO�L/�(^,`aL�]vnTUgt~N\QfOI^,L�WfWynfp\L�bcLzSenfZ\QfL
WXL,Y[Z\L�]\^,L�W,q��kN\N\Ug`a^zS�nT`aOV]\W5`g]\^,UgZ\j\L�QfL/nTQX`aL�deSVU��lL,QXQfORQ�^�ORQfQXL,^�nf`aOR]C�*Se]\j�QXL,^�OR|R]\`�nT`aOV]�OVbkWfL/u
Y[Z\L�]vnT`�SeU*j>S�n�S_q	�<Z_L#nTO�nTp\L#j\Z\QfSenT`gOR]>SVUlj\`��CL�QfL�]\^,L�W5`a]{nTp\L(bcLzSenfZ\QfL(WfL�Y[Z\L,]\^�L,W(SV]\j{nTp\L
deSVQX`�Senf`aOR]GSV]\j~]\OR`aWXL�`g]GnTp_L#bcLzS�nTZ\QXL�dRL�^�nTOVQfW,�l�POVnfp~nTL�M#NPORQTSeU*Se]\j�WfN\SenT`aSVUl�>Z\^�nfZ>Senf`aOR]\W
M5Z\WXnk�EL$nTOVUaL,QfSenTL�jo`g]�nfp\L�WfL,Y[Z\L�]\^,L�^�ORM(N>SVQf`gWfOR]Cq7�ktI]>SVM(`a^$N\QXOR|RQfSVM#M(`a]_|����m���.�>SVWfL�j
M(L�nfp\OIj\W<N\QXO1ds`gj\LyWXORUaZ_nf`aOR]_WibcORQ�nTp_`aW,�E�\Z_nmnfp\L�to^zSe]��EL5^,ORM(N\Z_nTSenT`gOR]>SVUgUgt�p_LzSzd[tRq���j_`gb�u
bcL�QfL�][n�SVN\N\QXOvSV^�p�`aW�nTO�Z\WfLyUgOs^,SVU+�_�sL,jsu�Wf`g�,L,j�bcL,SenTZ_QfL,W<OVblnTp\L5WfL,Y[Z\L�]\^,Leq�K.p\`aWkb�SV^,`gUa`gnTSenTL�W
nfp\L$Z\WfL�OVb%b�SVWXniSeWfWfOI^,`aSenT`�dRL�M(L�nfp\Osj_W,q
K.p_LyN\QfL�WfL�][n<}�ORQXho^�ORMy�\`g]\L,W�n�}*O�M#L/nTp\OIj\Wkj\L�dVL,UaOVNEL�j��vt�K%L,Z_dVO	 �ORp\OR]\L�]3qiK.p\L,WXL�SVQfL
¡�L,j_Z\]\j>SV]vnk¢<SeWfp��.j\j\QfL�WfWX`a]\|���¡i¢k���m£¥¤R�>¦�§%SV]\j�nTp\L�rsL�Ugb�u©¨�QX|vSV]\`g�,`g]\|�ª�SeN���r\¨$ª��m£«¦�§¬q
K.p_L�^,L,]vnfQTSVU*`aj\L,S�`a]~nfp\L�¡i¢k��`gW�nfO�L/�InTQfSV^�nyMyZ\Ugnf`aN\UgL(bcL,SenTZ_QfL,W�bcQfORMnTp_L�WTSVM(L�`g]\N\Z_n
`�nTL�Moq%K.p\L.^,OVM#N>SeQf`aWXOR]5Oeb>nTp\L.`g]\N\Z_n®`gnTL�M¯SV|vSV`g]\WXn�nTp\L7QXL�bcL�QfL,]_^,L�`gnfL,M(W�`gW°�>SVWXL,j�OR]ynfp\L,WXL
bcL,SenTZ_QfL,W�q.±�]�^zSeWfL5Oeb°^�p>SVQfSV^�nfL,QkWXnTQX`a]\|VW,�²WfL�|RM#L�]vnTW<Oebl³´^�OR]\WXL,^,ZsnT`gdVL5UgL�nfnfL,QXWy��³	u�|VQTSVM(W��
p\S1dVL$�EL�L,]�Z\WfL�j3q*K.p_L�¡i¢k�µW¶tIWXnTL�M�^,OV]\Wf`gWXnTW�OVb%nTp_L$³	u�|VQTSVM�n�SV�\UgL�SV]\j�nfp\L$j\`a^/nT`aOV]>SVQXtV�
WXL,L�·®`a|\q�¦V¸_q	ªoZ\U�nT`gN\UaLybcL,SenTZ\QXL,W���³	u�|RQTSeM#WT�$SeQfLxL/�InTQfSV^�nfL,j�bcQXORMwnTp_L�`a]_N\Z_n�WXnfQf`a]_|�SV]_j
L,SV^�p�L¹�InTQTSe^�nTL�j�³�u�|RQfSVMºSVWXWfOI^,`aSenTL�W7nTp\L$`a]_N\Z_n�WXnfQf`g]\|�}�`gnTp�nfp\L$j\`a^/nT`aOV]>SVQXt#`gnfL,M(W,q
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N−gram table dictionary

·�`a|RZ\QXL(¦R¸_»5K.p_L�¡i¢k��N\Qf`g]\^,`gN\UaLxSVN_N\Ua`gL,j¼nTO�^�p\SVQTSV^/nTL�Q�W¶nTQf`g]\|RW�q�K.p\L�³�u�|RQfSVM½n�SV�_UaLx`aW
^�OR]\W¶nTQfZ_^�nTL�j��vt�L¹�InTQTSe^�nT`g]\|<nfp\L�³�u�|RQfSVM(W%bcQXORM¾nTQfSV`a]\`g]\|iWXnTQX`a]\|VW,q�¢kL,QXL*nfQf`a|VQTSVM(W%SVQfL�Z\WfL�j
��³À¿4¦v�/q<·>QfORMºL,SV^�p�`gnfL,MÁ`a]�nTp\L�³�u�|RQfSVMºn�SV�_UaL$nTp\L�QfL�SVQXLySVWXWfOI^,`aSenT`gOR]\W5��NPOR`a]vnTL�QfWT��nTO
nfp\L�j_`a^�nf`aOR]\SVQXt�`�nTL�M#W�q��kWfWfOI^,`aSenT`gOR]\W%SV^/nT`gdeSenfL,j��[t$nfp\L�L�QfQfOV]\L,ORZ_W®`a]_N\Z_n�WXnTQX`a]\|�Â«�k±�K.K�Ã�Ä�Â
SeQfL$j\L,N_`a^�nfL,j��vt�nTp\`g^�h�Ua`g]\L,W�q

¡i¢k�Åp>SVW%M#SV`a]\U�t<�PL,L�]yZ\WXL,j5bcORQ�^�ORQfQXL,^�nf`a]\|�nTL¹�InTZ>SVU[ORZsnTN\Z_n%bcQfOVMµWfNPL,L,^�p5QfL,^�OR|R]\`g�,L�QfW,�eWfL�L
Leq«|_q<£«Æ�§�q*±�]	nTp\L�WfLe�Pnfp\L$QfL,^�OR|R]\`�nT`gOR]�QfL�WfZ\U�nk`gWiSVUaQXLzSVj_t�`a]�nTp_L�bcORQXM�OVb®S(N_p\OR]\L�M#L$WXnfQf`g]\|\q
Ç*Z_n5`g]GWXORM(L�SVN_N\Ua`g^zSenf`aOR]\W��+LVqÈ|\q�MyZ_Wf`a^(N\QXOs^�L,WfWX`a]\|_��`�n�`gW$M#ORQXLxj\`g�(^,Z_Ugn$nTOoL/�InTQfSV^�n,�®ORQ
L/dRL�]{j_L��>]\Le�Enfp\LyZ\]\j_L,QfU�tI`a]\|#WXtIMy�PORU�WXL,Y[Z\L�]\^,Leq$ÉkL�dVL,Q¶nTp\L�UaL,WXW,�3nfp\Ly¡i¢k�ÊN\Qf`g]\^,`gN\UaL$^zSe]
W¶nT`gUaU+�PL5Z\WXL,j3qi�<W�nTp\L5¡k¢i�ÊM#SVheL,W<Z_WfLyOVb®nTp\L�³	u�|RQTSVM(WiOVblWXtIMy�PORUgW<SV]_jonTp_L,QfL/bcORQfL�nTp\L
bcL,SenTZ_QfLmdRL�^�nfORQfWiMyZ\W¶n.�>QfW¶n��EL�Y[Z>SV]vnf`a�,L�j3�\nTp_L5r_¨�ª½`gW7Z\WfL�j�SVW�Sy^�Osj_L,�POsORh(nTOxM#SVN�nTp\L
`g]\N\Z_n*bcLzSenfZ\QfLidRL�^�nTOVQfW.`a]vnfO�nTp_L<�>]\`�nTL<WXL�n.Oeb�N\QfOVnfOVn�tINELidRL�^�nTOVQfW,qlËÌp\L�]	LzSV^�p�r\¨$ªÍ]_Osj\L
`gW�N_QfO1dI`aj\L�jG}�`gnfp�SV]G`a]\j_L/�E�®bcLzS�nTZ\QXL(dVL,^�nfORQ5WXL,Y[Z\L�]\^,L�W(^,SV]~�PL(M�SVN_NEL�j~`a]vnfO�WXtIMy�PORUg`a^
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`g]\j\L¹��WXL,Y[Z\L,]_^,L,W�q�ÄÏSV^�p�bcLzSenfZ\QfL�dRL,^/nTORQ�`gW<L�]\^,OIj\L,j¼�vt�nfp\Ly`g]\j\L/��OVbÏ`gnfW<�PL,W¶nXu�M#Senf^�p\`a]\|
Z_]\`gn���Ç.ª�Ðm�¹q>K.p\L$]\OIj\L$`a]\j\`g^,L�W.OVb�nfp\L�r\¨$ª�SeQfL�nTp[Z\W.nTp_L�SeUaN\p>Se�EL/n�OVb�nfp\L$WXtIWXnfL,M�q
ª�Z\Wf`g^�QfL/nTQf`gL�deSVU*SV]\jÑWXNEL�L,^�pÅQfL,^�OR|R]\`�nT`gOR]~L¹�_NPL,QX`aM(L,]vnTW�}�L�QfL�^zSeQfQf`gL,j�OVZ_nxSVW�Soj\L,M(OR]su
W¶nTQfSenT`gOR]�OVb®nTp\L�M#L/nTp\OIj3qkªoL,U¥u�WX^zSVUgL,j�WXNEL�^�nfQfZ\MÁdRL�^�nTOVQfW<}*L,QXLy^,ORM(N\Z_nfL,j�bcQfORMÒSV^�ORZ\WXnf`a^
N_`�SV]\O�MyZ\Wf`g^�WfSVM#N_UaL,W�q��½¤1ÓÔu��vtvu�¤1Ó�u�Z\]\`�nyr_¨�ª }�SVW5nfQTSV`g]\L,j�SV]\j�nTp_L�¡k¢i�Õn�Se�\UaLx}7SeW
^�OR]\W¶nTQfZ_^�nTL�j�Z\WX`a]\|(Æ�ÖxnfQTSV`g]\`a]_|yWfL�YIZ_L,]\^�L,Wk}�`�nTp�j\Z_QTSenf`aOR]�OVb*¤1ÓyWXL,^,OV]\j\WiLzSV^�p3qÏK.p\L�nfL,WXn
M#SenfL,Qf`aSVU°^�OR]\Wf`gWXnfL,j~Oeb�ÆeÖ�WfZ\�_WfL,Y[Z\L�]\^,L�WxOVb�nfp\L(nfQTSV`g]\`a]_|�WfL,Y[Z\L�]\^,L�Wy}�`gnfp{nfp\L#j_Z\QTSenf`aOR]
Oeb*OV]\L�WfL�^,OR]\jCq5K.p\L��PL,|R`g]\]\`g]\|RW<Oeb�nfp\L,WXLxWfZ\�\WXL,Y[Z\L�]\^,L�W�}*L,QfL�QfSV]\j\OVM#U�to^�p_ORWfL�]3qy�<W$S
QXL,WXZ\Ugn,�%bcORQ�³�¿�¤V�%nfp\L,QXL(}*L,QXL�Æ�L,QfQXOR]\L�ORZ\W�QfL�nfQf`gL�deSVUaW���Öo^�ORM#N_UaL�nfL,U�t�^,OVQfQfL�^�n�QfL/nTQf`gL�deSVUgW,�
Se]\j×¤1Ø�QfL�nfQf`gL�deSVUaW$}�p\L�QfL�nfp\L�^�ORQfQXL,^�n5MyZ\WX`a^�N_`aL,^�L�WXp>SVQfL�jÑSonf`aLx}�`gnTp~SV]�`g]\^,ORQXQfL�^�nyQXL/u
nfQf`gL�deSVU¬qm·²OVQm³�¿$Æs�3SVUaU%QfL/nTQf`gL�deSVUgWk}*L,QfL�^�ORM(N\UaL/nTL,U�t�^,ORQXQfL,^/nzq$�<UgWfO�bcORQinTp\L�dVSeUaZ\L�W�³�¿�¦_�
³�¿mÖ\�²SV]\j�³�¿$Ùs�²SeUaU3QXL�nTQX`aL/dVSeUaW�}*L,QXL�^�ORM#N_UaL�nfL,U�t�^�ORQfQXL,^�n,q
K.p_L�WXNEL�L,^�p�M#SenfL,Qf`aSVUCZ_WfL,jo`a]�nTp_L�L¹�sNEL�Qf`aM(L,]vnfWi^�OR]\WX`aWXnfL,joOVb�¤1ÎVÚRÓ�Z_nfnfL,QfSV]\^,L�Wk^�ORUaUgL,^/nTL,j
bcQXORMÕÆVÓ5WfNPLzSehVL,QXW��¬Ù�bcL,M#SVUgLkWXNEL,SVhVL�QfWiSV]\j�¤ÔÙ�M�SVUgL<WXNEL,SVhVL�QfW��¹qÏK.p\LmdROI^zSV�_Z\U�SVQ¶t#}�SVWiÆRÆ
·�`a]\]\`gWfp�^�ORM#M#SV]\j�}*ORQfj_W,qÏK.p\L�QfL,^�OR|R]\`�nT`gOR]�QfL�WfZ\U�nTWiSVQfL�WXp\O1}�]�`g]�K�SV�\UgL�¤R¤Rq

bcL,SenTZ\QXL QXL,^,OV|R]\`gnf`aOR]�M(L�nfp\OIj L,QXQfORQ��>NEL�Q�^,L,]vn nT`aM(L1Û�M#W
¤1ÓÔu�j\`gM�^�L,N\W¶nTQfZ_M �<K7Ë Ü�Ý ¦_qÈÖ ÎeØ
Ç.ªoÐÞ`g]\j\L¹� Ã+L�dRL�]\WfpvnfL,`a]�ß Ý ¦_qÈÖ ¤1ÓVÚRÓ
Ç.ªoÐÞ`g]\j\L¹� ¡k¢i�¯³�¿$Æyß Ý Ú_q«Ú Ù

K�SV�\UgL�¤R¤R»�ªoZ_UgnT`¥u�WXNEL,SVhVL�Q�WfNPL,L,^�p�QfL,^�OR|R]\`�nT`gOR]ÑL/�sNPL,Qf`gM#L�]vnzqÑ��dRL,QfSV|RL�j�QfL�WfZ\U�nTWxOVbibcORZ\Q
`g]\j\L�NEL�]\j\L,]vn<QfZ\]\W�q�K.`aM(L�`gW.nTp\L5S1dVL,QfSV|RL�QfL,^�OR|R]\`�nT`gOR]�nf`aM(LmbcORQiOR]\L�`a]\N\ZsnkWXL,Y[Z\L�]\^,Leq5¤Ô�
OV]\L$QfL�bcL�QfL�]\^,L�WfL�YIZ_L,]\^�L5NPL,Q�^,UaSVWfW��PÆR�7ÚRÓ�QfL/bcL,QfL�]\^,L�WfL�Y[Z\L,]\^�L,WmNPL,Q.^�U�SVWXW,q

�kUgnfp\ORZ\|Rp�nfp\L	QfL�^,OR|R]_`gnT`gOR]ÑSV^�^,Z\QfSV^�t�OVbknfp\L	¡i¢k�ºM(L�nTp_OsjÑ`gW�]\OVn(SVW�p\`g|Rp�SVWynfp\L�SV^/u
^�Z\QTSe^�t�Z\WX`a]\|�¤1Ó�u�j\`aM(L,]_Wf`aOV]>SVU�^,L,N_WXnTQXZ\MÀdRL�^�nTOVQfW#SV]\j��<K7ËÞ�°nTp\L�QfL�^,OR|V]\`gnf`aOR]�nf`aM(L�`aW
Se]oORQXj\L,QiOVb°S(M#SV|R]\`�nTZ\j_L�WfM#SVUaUgL,Q,qÏK.p\L5Ç.ª�ÐÞ`a]\j_L/�	WXL,Y[Z\L,]_^,L,Wm}*L,QXL5M#SenT^�p_L,joSV|vSV`g]\WXn
QXL�bcL�QfL,]_^,L5nfL,M(N\U�SenfL,WkSVUaWXO��vtoZ\Wf`g]\|#nfp\L�Ã+L�dVL,]\WXp[nfL,`g]�j\`aW¶n�SV]\^�LVqkK.p\`aWkQfL,WXZ\UgnkWfp_OÔ}�Wmnfp>Sen
nfp\L5QXL,^�OR|R]\`�nT`aOV]�SV^�^,Z\QfSV^�t�Z\WX`a]\|�Ç.ª�ÐÊ`g]\j\L¹��WfL,Y[Z\L�]\^,L�W$^zSV]��PL�SVW<|ROIOIj�SVWkZ\Wf`g]\|�^�L,Nsu
W¶nTQXZ\M�dVL,^�nfORQfWiSV]_j	�<K7Ë `�b�MyZ\U�nT`aN_UaLiQfL�bcL�QfL�]\^,LmnfL,M(N\U�SenfL,W.SeQfLmZ\WXL,j�bcORQ7L,SV^�p	^,UaSVWfW��_�\Z_n
nfp\`aWÏ`g]\^,QXLzSVWXL,W*nfp\LiQfL,^�OR|R]\`�nT`gOR]�nT`aM(L.^,OV]\Wf`gj\L,QfSV�\UgtVq®�àQfL�M�SVQXh�SV�\UaL.N_QfORNPL,Q¶n�txOVbCnfp\L<¡i¢k�
M(L�nfp\OIj�`aWinTp>SenmSVj\j\`g]\|�]\L/}¯WfL,Y[Z\L�]\^,L�nfL,M(N\U�SenfL,WinTO�nfp\LyQfL�^,OR|V]\`gnf`aOR]�WXtIWXnfL,M½j_OsL�Wm]\OVn
WXUaO1}¾`�nTW.NPL,Q¶bcORQfM#SV]\^�L�j\`aW¶nT`a]_^�nTU�tRq
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£�¤,§�K�q> �ORp_OR]\L,]oSV]\joÄ.q>¡�L,Z\p\h�SVUaS_�Iá��¾dRL,Q¶t�b�SVWXniSeWfWfOI^,`aSenT`�dRL�M(L�nfp\Osj�bcORQ7nfp\L�QfL�^,OR|V]\`�u
nf`aOR]�SV]\j�^�ORQfQXL,^�nf`aOR]�OVb+M(`aWfWXNEL�Ugn�}�OVQfj\W��\�>SVWXL,j�OR]�QXL,j\Z_]\j>SV]vn.p>SeWfp	SVj\j_QfL,WXWf`g]\|eâ��I`a]
�lQfOI^Vq_ÖR±¶ãvä7�Ï¡��²N\N3q«ØRÓvÎ1u©ØRÓR¸s�\ mtROVnfO\�²ãRSVN\SV]3�²ÉkO1dPqPÎÔuT¤1Ó_�3¤1¸RÎVØ_q

£åÆ�§�K�qÔ �ORp\OV]\L,]3��¢�qÔ¡i`g`gnfnf`a]\L�]3�1Ä.qÔ¡�L,Z\p\h�SVUaS_��SV]\j�rEqÔ¢kSVUgnfWfOR]\L�]�rE��áX¨m]su�Ua`a]_L®QfL�^,OR|V]\`gnf`aOR]
OVb²WXNEOVhVL,]�}*ORQfj_W®bcQfORM¯SmUaSVQf|RLÏdROI^zSe�\Z\U�SeQXtvâ��R`g]5±©Ék·�¨�¡kªo�lK.±¶¨�ÉÌr\ä�±©ÄÏÉmä7Ä�rE�VæÏOVU¬q
¦R¦s�\N\N3q²¦�u�¦RÓ_�E¤1¸RØVÖ\q

£«¦e§�K�q* �ORp\OR]\L�]3�krsL,U�b�u¶¨mQf|RSV]\`a��`a]\|Gª�SeN\W,�krsN\QX`a]\|VL,Q�rsL,QX`aL,W�`a]�±�]sbcORQfM#SenT`gOR]�rs^,`gL,]\^�L,W,�
æÏORU�q\¦RÓsq²rsN\QX`a]\|RL�Q,�>¢iL,`gj\L,Ug�EL�Qf|\�3¤z¸R¸vÙsq²rIL,^,OV]\joL�j3q+¤1¸R¸RÎsq
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