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$ JHQHUDO�JRDO�RI�WKH�(8066, SURMHFW�LV�WKH�LQWHJUDWLRQ�RI�LQIRUPDWLRQ�IURP�GLIIHUHQW�VRFLDO
DQG�PHGLD�PRGDOLWLHV�DQG�WKH�LQYHVWLJDWLRQ�RI�WKHLU�XVHIXOQHVV�LQ�GLIIHUHQW�DSSOLFDWLRQV� $V
VXFK� LQIRUPDWLRQ�H[WUDFWHG� IURP�DXGLR� ILOHV�RU�YLGHRV�PD\�FRQWULEXWH� WR� WKH�RYHUDOO�GDWD
IORZ� SURYLGLQJ� MRXUQDOLVWV� FRPSOHPHQWDU\� YLVXDO�PHWD�GDWD� WKDW�PLJKW� QRW� EH� HYLGHQW� WR
REWDLQ�IURP�WH[W�DORQH� RU�WKDW�FRXOG�EH�XVHG�WR�IXUWKHU�ILOWHU�GRFXPHQWV�UHWULHYHG�IURP�PRUH
VHPDQWLF�LQIRUPDWLRQ�DQG�UH�UDQN�WKHP�WR�SURPRWH�VXIILFLHQW�YLVXDO�FRQWHQW�GLYHUVLW\�LQ�WKH
UHFRPPHQGDWLRQ�

6SHHFK�SURFHVVLQJ�RI�WKH�(8066, SURMHFW�KDV�WR�EH�WKH�PRVW�DFFXUDWH�SRVVLEOH� %HFDXVH
RI�WKH�ODUJH�QXPEHU�RI�DXGLR�DQG�DXGLRYLVXDO�GRFXPHQWV�WR�SURFHVV� VSHHFK�SURFHVVLQJ�KDV�WR
EH�WKH�IDVWHVW�SRVVLEOH� 7KHVH�WZR�JRDOV�DUH�WKH�PDLQ�REMHFWLYHV�DGGUHVVHG�E\�WKH�VFLHQWLILF
SURSRVLWLRQV�WKDW�ZLOO�EH�GHYHORSHG�LQ�WKH�(8066, SURMHFW� 7R�PDNH�VSHHFK�SURFHVVLQJ�RXWSXWV
H[SORLWDEOH�LQ�D�VXFK�SURMHFW� VSHHG�DQG�DFFXUDF\�DUH�WZR�PDMRU�LVVXHV�

7KLV�GHOLYHUDEOH�GHVFULEHV� WKH�DXWRPDWLF� VSHHFK� UHFRJQLWLRQ� �$65� V\VWHPV�GHYHORSHG
E\�WKH�/,80 XQGHU�WKH�IUDPHZRUN�RI�WKH�(8066, SURMHFW� ,Q�WKLV�SURMHFW� WKH�/,80 KDV�WR
GHYHORS�FRPSHWLWLYH�$65 V\VWHPV�LQ�IRXU�(XURSHDQ�ODQJXDJHV� (QJOLVK� )UHQFK� *HUPDQ� DQG
6SDQLVK� 6\VWHP�SHUIRUPDQFHV�DUH�UHODWHG�WR�DXWRPDWLF�WUDQVFULSWLRQ�DFFXUDF\�FRQMRLQWO\�WR
FRPSXWDWLRQ�WLPH�

)RU�WKLV�ILUVW�\HDU� VWURQJ�HIIRUW�ZDV�SURGXFHG�LQ�RUGHU�WR�JHW�WKH�EHVW�$65 V\VWHP�SRVVLEOH
IRU� ERWK� (QJOLVK� DQG� )UHQFK� ODQJXDJHV� 6LQFH� WKH� VDPH� VRIWZDUH�ZLOO� EH� VKDUHG� E\� WKH
$65 V\VWHPV�GHYHORSHG�IRU�WKH�IRXU�GLIIHUHQW�ODQJXDJHV� WKLV�HIIRUW�ZLOO�EH�FDSLWDOL]HG�LQ�WKH
GHYHORSPHQW�RI�$65 V\VWHPV�IRU�RWKHU�ODQJXDJHV�

,Q�RUGHU�WR�FRPSDUH�RXU�$65 V\VWHP�ZLWK�RWKHU�VWDWH�RI�WKH�DUW�$65 V\VWHPV� DQG�DOVR
WR�JHW�DQ� LQGHSHQGHQW�HYDOXDWLRQ�RI�RXU�$65 V\VWHPV� ZH�KDYH�GHFLGHG� WR�SDUWLFLSDWH� WR
WKH�$65 WDVN�RI�WKH�LQWHUQDWLRQDO�HYDOXDWLRQ�FDPSDLJQ�RI�WKH�,QWHUQDWLRQDO�:RUNVKRS�6SRNHQ
/DQJXDJH�7UDQVODWLRQ��,:6/7� ����� 7KH�V\VWHP�GHYHORSHG�WR�SDUWLFLSDWH�WR�WKLV�FDPSDLJQ
ZDV�WKH�RQH�XVHG�WR�DXWRPDWLFDOO\�WUDQVFULEH�WKRXVDQGV�RI�YLGHR�ILOHV�SURYLGHG�E\�'HXWVFKH
:HOOH� LQ�WKH�IUDPHZRUN�RI�WKH�(8066, SURMHFW� 0RUH�GHWDLOV�DERXW�WKHVH�ILOHV�DUH�JLYHQ�LQ
VHFWLRQ ��
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$33/,&$7,21 72 (1*/,6+ /$1*8$*(

7KLV�VHFWLRQ�SUHVHQWV�WKH�DUFKLWHFWXUH�RI�WKH������/,80 $65 V\VWHP� ,W�KDV�EHHQ�GHYHORSHG
IRU�WZR�ODQJXDJHV� (QJOLVK�DQG�)UHQFK� 7KLV�VHFWLRQ�IRFXVHV�RQ�WKH�(QJOLVK�YHUVLRQ�ZKLOH
WKH�VSHFLILFLWLHV�RI�WKH�)UHQFK�RQH�DUH�SUHVHQWHG�LQ�VHFWLRQ ���� 'LIIHUHQFHV�EHWZHHQ�WKHVH
V\VWHPV�FRPH�IURP�WKH�DFRXVWLF�DQG�OLQJXLVWLF�PRGHOV�

)LUVW� WUDLQLQJ�RI�DFRXVWLF�DQG�OLQJXLVWLF�PRGHOV�IRU�(QJOLVK�LV�SUHVHQWHG� WKHQ�WKH�JHQHUDO
DUFKLWHFWXUH�RI�WKH�$65 V\VWHP� /DVW� H[SHULPHQWDO�UHVXOWV�DUH�SUHVHQWHG� LQ�RUGHU�WR�PHDVXUH
WKH�SHUIRUPDQFHV�RI�WKLV�V\VWHP� 1H[W�VHFWLRQV�SUHVHQW�KRZ�ZH�VHOHFWHG�WKH�WUDLQLQJ�GDWD
IRU�DFRXVWLF�DQG�ODQJXDJH�PRGHOV� LQ�RUGHU�WR�JHW�D�FRPSHWLWLYH�$65 V\VWHP�

$Q�$65 V\VWHP�LV�EDVHG�RQ�WKH�VHDUFK�RI�WKH�ZRUG�VHTXHQFH Ŵ VXFK�DV�

Ŵ = argmaxWP (W )P (X|W )
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ZKHUH�

� W LV�D�ZRUG�VHTXHQFH�

� X LV�D�VHTXHQFH�RI�DFRXVWLF�REVHUYDWLRQV�

� P (W ) WKH�SUREDELOLW\�WKH�ZRUG�VHTXHQFH W RFFXUV�LQ�WKH�WDUJHWHG�ODQJXDJH�

� P (X|W ) WKH�SUREDELOLW\�WR�REVHUYH�WKH�VHTXHQFH�RI�DFRXVWLF�REVHUYDWLRQV X ZKHQ�WKH
ZRUG�VHTXHQFH W LV�XWWHUHG�

7R�PDNH�WKLV�FRPSXWDWLRQ� DQ�$65 V\VWHP�QHHGV�WZR�PDMRU�NLQGV�RI�PRGHOV� DFRXVWLF
PRGHOV� ZKLFK�SURYLGH P (X|W )� DQG�ODQJXDJH�PRGHOV� ZKLFK�SURYLGH P (W )�

,Q�RUGHU�WR�PDNH�DFRXVWLF�PRGHOV�PRUH�UREXVW�WR�YDULDELOLW\� IRU�LQVWDQFH�WR�DGDSW�WKHP
WR�VSHDNHUV� WZR�SDVVHV�RI�DFRXVWLF�GHFRGLQJ�DUH�XVXDOO\�QHHGHG� LQ�DQ�$65 V\VWHP� WKH
ILUVW�RQH�LV�SURFHVVHG�E\�XVLQJ�JHQHULF�DFRXVWLF�PRGHOV� DQG�WKH�VHFRQG�SDVV�DQDO\VHV�WKH
DXWRPDWLF�WUDQVFULSWLRQV�SURYLGHG�E\�WKH�ILUVW�SDVV�WR�DGDSW�WKH�DFRXVWLF�PRGHOV�DQG�PDNH�D
QHZ�GHFRGLQJ�SURFHVV�ZLWK�EHWWHU�DFRXVWLF�PRGHOV� 7KLV�LV�VXPPDUL]HG�LQ�)LJXUH � �VWHS���LQ
RUDQJH� DQG�VWHS���LQ�UHG��

7R�EXLOG�DFRXVWLF�PRGHOV� WUDLQLQJ�GDWD�LV�QHFHVVDU\� )RU�YHU\�FRPSHWLWLYH�PRGHOV� D�ODUJH
DPRXQW�RI�WUDLQLQJ�GDWD�LV�QHHGHG� DQG�WKLV�GDWD�PXVW�EH�DV�PXFK�DV�SRVVLEOH�FORVH�WR�WKH
DSSOLFDWLYH�GDWD��IRU�LQVWDQFH� DFRXVWLF�PRGHOV�WUDLQHG�E\�XVLQJ�GDWD�FRQWDLQLQJ�79 VKRZV�ZLOO
EH�EHWWHU�WR�WUDQVFULEH�79 VKRZV�WKDQ�WHOHSKRQH�FRQYHUVDWLRQV�� GDWD�FROOHFWLRQ�DQG�VHOHFWLRQ
WR�WUDLQ�DFRXVWLF�PRGHOV�DUH�YHU\�FUXFLDO�

)RU� ODQJXDJH�PRGHOV� WKH� VDPH�SULQFLSOHV� H[LVW� ZH�QHHG�D� ODUJH� DPRXQW� RI� GDWD� LI
SRVVLEOH�DV�FORVH�DV�SRVVLEOH�WR�WKH�DSSOLFDWLYH�GDWD�

��� '$7$ 6(/(&7,21

3HUIRUPDQFH�RI�VWDWLVWLFDO�1DWXUDO�/DQJXDJH�3URFHVVLQJ��1/3� V\VWHPV�OLNH�$65 V\VWHPV�FDQ
RIWHQ�EH�HQKDQFHG�XVLQJ�YDULRXV�PHWKRGV� ZKLFK�FDQ�RFFXU�EHIRUH� GXULQJ�RU�DIWHU�WKH�DFWXDO
V\VWHP�SURFHVVLQJ� $PRQJ�WKHVH� RQH�RI�WKH�PRVW�HIILFLHQW�SUH�SURFHVVLQJ�PHWKRG�LV�GDWD
VHOHFWLRQ� L�H� WKH�IDFW�WR�GHWHUPLQH�ZKLFK�GDWD�ZLOO�EH�LQMHFWHG�LQWR�WKH�V\VWHP�ZH�DUH�JRLQJ
WR�EXLOG� $V�ZH�DLPHG� WR�JHW� WKH�EHVW� UHVXOW� SRVVLEOH� LQ� WKH� IUDPHZRUN�RI� WKH� ,:6/7��
FDPSDLJQ� GDWD�VHOHFWLRQ�SURFHVVLQJ�ZDV�GRQH�LQ�RUGHU�WR�FRQVWUXFW�ODUJH�WUDLQLQJ�FRUSRUD
FRQWDLQLQJ�GDWD�DV�FORVH�DV�SRVVLEOH�WR�WKH�WDUJHWHG�DSSOLFDWLRQ� 7KLV�WDUJHW�IRFXVHG�RQ�7('
�7HFKQLFDO� (QWHUWDLQPHQW� 'HVLJQ� ZZZ�WHG�FRP�� FRQIHUHQFHV� LQ�ZKLFK� QDWLYH� DQG� QRQ�
QDWLYH�VSHDNHUV�RFFXU� 6LQFH�WKH�PDMRU�SDUW�RI�WKH�DYDLODEOH�WH[WXDO�WUDLQLQJ�GDWD�DUH�UHODWHG
WR� QHZV� �QHZVSDSHU� ZHE� DUFKLYHV� RI� SUHVV� DJHQFLHV� ����� ZH� DVVXPH� WKDW� WKH� UHVXOWLQJ
ODQJXDJH�PRGHOV�ZLOO�EH�UHOHYDQW�WR�WKH�YLGHR�ILOHV�WR�SURFHVV�LQ�WKH�(8066, SURMHFW� )RU
WKH�DFRXVWLF�SDUW�RI�WKH�$65 V\VWHP� ZH�DLPHG�WR�EXLOG�UREXVW�PRGHOV�E\�LQMHFWLQJ�EURDGFDVW
QHZV�GDWD�

����� '$7$ 6(/(&7,21 )25 $&2867,& 02'(/6 75$,1,1*

)RU�RXU�DFRXVWLF�PRGHOLQJ�ZH�XVHG�DV�D�SULPDU\�VRXUFH�WKH�7('�/,80 FRUSXV�UHOHDVH���>��@�
UHPRYLQJ�IURP�LW�DOO�WDONV�UHFRUGHG�DIWHU�'HFHPEHU���VW� ����� 7KLV�UHPRYDO�LV�GXH�WR�VRPH
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9 x 39 13-dimension 
PLP features

LDA: 40-dimension (+MLLT)

GMM-HMM 
acoustic models
9,500 tied states

200,000 Gaussians

bigram language 
model

fMLLR 
Matrix

1

DNN-HMM 
acoustic models
6 hidden layers

with 2048 neurons each

bigram language 
model

2

Compute fMLLR
transformation
matrix

Apply fMLLR
transformation
matrix

5-gram continuous space 
language model

3

word graph 
hypotheses

Build word graph 
hypotheses

Decode

Decode

Rescore

confusion 
network

Final 
recognition
hypothesis

Speaker segmentation 
and diarization

0

Consensus

Parametrize

)LJXUH �� 6LPSOLILHG�DUFKLWHFWXUH�RI�WKH�$XWRPDWLF�6SHHFK�5HFRJQLWLRQ�V\VWHP�GHYHORSHG�E\
WKH�/,80 LQ�WKH�IUDPHZRUN�RI�WKH�(8066, SURMHFW
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��� ��



OLPLWDWLRQV�IURP�WKH�,:6/7���FDPSDLJQ� ,Q�RUGHU�WR�VWUHQJWKHQ�WKLV�EDVH� DV�VHHQ�DERYH� ZH
ILUVW�DGGHG�GDWD�IURP�WKH�(XURQHZV�FRUSRUD�>�@�GLVWULEXWHG�E\�WKH�,:6/7 FDPSDLJQ�RUJDQL]HUV
DQG�IURP�WKH������(QJOLVK�%URDGFDVW�1HZV�6SHHFK��+8%���>�@� 7KHQ� IURP�WKH�0HGLD(YDO
�����HYDOXDWLRQ�FDPSDLJQ�6HDUFK�DQG�+\SHUOLQNLQJ�7DVN�GDWD� WUDQVFULSWV� �%%& UHFRUGLQJV
IURP������ZKLFK�ZHUH�GHFRGHG�E\�WKH�/,80� >�@� ZH�DSSOLHG�D�WKUHVKROG�RQ�RXU�FRQILGHQFH
PHDVXUHV�WR�VHOHFW�WKH�EHVW�SRVVLEOH�VHJPHQWV�IRU�RXU�V\VWHP�ZLWKLQ�D�OLPLW�RI����KRXUV�RI
VSHHFK� 7KH�WDEOH � VXPPDUL]HV�WKH�FKDUDFWHULVWLFV�RI�WKH�GDWD�LQFOXGHG�LQ�RXU�$65 V\VWHP
DFRXVWLF�PRGHOV�

&RUSXV 'XUDWLRQ 6HJPHQWV :RUGV
7('�/,80 �����K ������ ���������
(XURQHZV ����K ������ �������
�����+8%� ����K ������ �������
0HGLDO(YDO��� ����K ������ �������
7RWDO �����K ������� ���������

7DEOH �� &KDUDFWHULVWLFV�RI�WKH�DFRXVWLF�GDWD�XVHG�LQ�WKH�/,80 $65 V\VWHP�DFRXV�
WLF�PRGHOV�IRU�(QJOLVK�ODQJXDJH�

����� '$7$ 6(/(&7,21 )25 /$1*8$*( 02'(/6

6LQFH�ODQJXDJH�PRGHOV�WUDLQLQJ�GDWD�ZDV�FRQVWUDLQHG�IRU�WKH�$65 WDVN�RI�WKH�,:6/7��� ZH
DSSOLHG�RXU�GDWD�VHOHFWLRQ�WRRO�;HQ& >��@�RQ�HDFK�DOORZHG�FRUSXV�DW�RXU�GLVSRVDO� EDVLFDOO\
DOO�RI�SXEOLFO\�DYDLODEOH�:07���GDWD��:07���UHIHUV�WKH�:RUNVKRS�RQ�0DFKLQH�7UDQVODWLRQ�
ZKLFK�RUJDQL]HG�D�HYDOXDWLRQ�FDPSDLJQ�IRU�PDFKLQH�WUDQVODWLRQ�� D�SURYLGHG�7(' 7DONV�FORVHG�
FDSWLRQV�FRUSXV�DQG�WKH�/'& *LJDZRUG� %DVHG�RQ�FURVV�HQWURS\�GLIIHUHQFH�IURP�D�FRUSXV
FRQVLGHUHG�DV�LQ�GRPDLQ�DQG�RXW�RI�GRPDLQ�GDWD� RXU�WRRO�DOORZV�WR�SHUIRUP�UHOHYDQW�GDWD
VHOHFWLRQ�E\�VFRULQJ�RXW�RI�GRPDLQ�VHQWHQFHV�UHJDUGLQJ�WKHLU�FORVHQHVV�WR�WKH�LQ�GRPDLQ�GDWD�
7KH�WDEOH � VXPPDUL]HV�WKH�FKDUDFWHULVWLFV�RI�WKH�PRQROLQJXDO�WH[W�GDWD�XVHG�WR�HVWLPDWH�RXU
V\VWHP�ODQJXDJH�PRGHOV�

��� '(7$,/(' $5&+,7(&785( 2) 7+( /,80 $65 6<67(0

7KH�/,80 $65 V\VWHP�EXLOW�IRU�WKH�(8066, SURMHFW�LV�EDVHG�RQ�WKH�.DOGL�6SHHFK�5HFRJQL�
WLRQ�7RRONLW� ZKLFK�XVHV�)LQLWH�6WDWH�7UDQVGXFHUV��)67V��IRU�GHFRGLQJ��WKH�JHQHUDO�DSSURDFK
LV�GHVFULEHG� LQ >��@�� $ ILUVW�VWHS� LV�SHUIRUPHG�ZLWK� WKH�.DOGL�GHFRGHU�E\�XVLQJ�D�ELJUDP
ODQJXDJH�PRGHO�DQG�FODVVLFDO�*DXVVLDQ�0L[WXUH�0RGHO�+LGGHQ�0DUNRY�0RGHO� �*00�+00�
PRGHOV�WR�FRPSXWH�D�IHDWXUH�VSDFH�0D[LPXP�/LNHOLKRRG�/LQHDU�5HJUHVVLRQ��I0//5� PDWUL[
WUDQVIRUPDWLRQ� $ VHFRQG�VWHS�LV�SHUIRUPHG�E\�XVLQJ�WKH�VDPH�ODQJXDJH�PRGHO�DQG�GHHS
QHXUDO�QHWZRUN�DFRXVWLF�PRGHOV� 7KLV�SDVV�JHQHUDWHV�ZRUG�ODWWLFHV� DQ�LQ�KRXVH�WRRO� GHULYHG
IURP�D�UHVFRULQJ�WRRO�IURP�WKH�&08 6SKLQ[�SURMHFW� LV�XVHG�WR�UHVFRUH�ZRUG�ODWWLFHV�ZLWK�D
��JUDP�FRQWLQXRXV�VSDFH�ODQJXDJH�PRGHO >��@�EHIRUH�DSSO\LQJ�D�YDULDQW�RI�WKH�FRQVHQVXV
DSSURDFK�GHVFULEHG�LQ >�@� 7KH�HQWLUH�DUFKLWHFWXUH�LV�LOOXVWUDWHG�LQ�)LJXUH ��
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&RUSXV
2ULJLQDO�� 6HOHFWHG�� ��RI
RI�ZRUGV RI�ZRUGV 2ULJ�

,:6/7�� ���0 ���0 ������
&RPPRQ�&UDZO �����0 ����0 ����
(XURSDUO�Y� ����0 ���0 ����
*LJDZRUG�/'& �������0 �����0 ����
109 )5�(1 �����0 ����0 ����
1HZV�&UDZO �������0 ����0 ����
1HZV�&RPP� Y� ���0 ���0 �����
81 ���[ �����0 ���0 ����
<DQGH[��0 ����0 ���0 �����
7RWDO��Z�R�,:6/7��� �������0 �����0 ����

7DEOH �� &KDUDFWHULVWLFV�RI�WKH�WH[W�GDWD�XVHG�LQ�WKH�/,80 $65 V\VWHP�ODQJXDJH
PRGHOV�IRU�(QJOLVK�ODQJXDJH�

,Q�WKLV�VHFWLRQ�ZH�ZLOO�ILUVW�SUHVHQW�WKH�WUDLQLQJ�GDWD�XVHG�WR�HVWLPDWH�WKH�/,80 PRGHOV�
WKHQ�GHVFULEH�KRZ�WKH�V\VWHP�ZDV�EXLOW�XVLQJ�WKLV�WRRONLW�

����� 63($.(5 6(*0(17$7,21

7R�VHJPHQW�WKH�DXGLR�UHFRUGLQJV�DQG�WR�FOXVWHU�VSHHFK�VHJPHQWV�E\�VSHDNHU� ZH�XVHG�WKH
/,80B6SN'LDUL]DWLRQ VSHDNHU�GLDUL]DWLRQ�WRRONLW >��@� 7KLV�VSHDNHU�GLDUL]DWLRQ�V\VWHP�LV�FRP�
SRVHG�RI�DQ�DFRXVWLF�%D\HVLDQ�,QIRUPDWLRQ�&ULWHULRQ��%,&��EDVHG�VHJPHQWDWLRQ�IROORZHG�E\�D
%,&�EDVHG�KLHUDUFKLFDO�FOXVWHULQJ� (DFK�FOXVWHU�UHSUHVHQWV�D�VSHDNHU�DQG�LV�PRGHOHG�ZLWK�D
IXOO�FRYDULDQFH�*DXVVLDQ� $ 9LWHUEL�GHFRGLQJ�UH�VHJPHQWV�WKH�VLJQDO�XVLQJ�*00V�ZLWK���GLDJ�
RQDO�FRPSRQHQWV�OHDUQHG�E\�(0�0/��IRU�HDFK�FOXVWHU� 6HJPHQWDWLRQ� FOXVWHULQJ�DQG�GHFRGLQJ
DUH�SHUIRUPHG�ZLWK����0)&&�(��FRPSXWHG�ZLWK�D���PV�IUDPH�UDWH� *HQGHU�DQG�EDQGZLGWK
DUH�GHWHFWHG�EHIRUH�WUDQVFULELQJ�WKH�VLJQDO�

0RUH�GHWDLOV�DERXW�WKH�VSHDNHU�VHJPHQWDWLRQ�DUH�JLYHQ�LQ�WKH�GHOLYHUDEOH�'����

����� $&2867,& 02'(/,1*

7KH�*00�+00 PRGHOV�DUH�WUDLQHG�RQ����GLPHQVLRQV�3HUFHSWXDO�/LQHDU�3UHGLFWLYH��3/3� IHD�
WXUHV�ZLWK�ILUVW�DQG�VHFRQG�GHULYDWLYHV�E\�IUDPH� %\�FRQFDWHQDWLQJ�WKH�IRXU�SUHYLRXV�IUDPHV
DQG�WKH�IRXU�QH[W�IUDPHV� WKLV�FRUUHVSRQGV�WR 39∗9 = 351 IHDWXUHV�SURMHFWHG�WR����GLPHQVLRQV
ZLWK�/LQHDU�'LVFULPLQDQW�$QDO\VLV��/'$� DQG�0D[LPXP�/LNHOLKRRG�/LQHDU�7UDQVIRUP��0//7��
6SHDNHU�$GDSWLYH�7UDLQLQJ��6$7� LV�SHUIRUPHG�XVLQJ�I0//5 WUDQVIRUPV� 8VLQJ�WKHVH�IHDWXUHV�
WKH�PRGHOV�DUH�WUDLQHG�RQ�WKH�IXOO�������KRXUV�VHW� ZLWK�������WLHG�WULSKRQH�VWDWHV�DQG����
����JDXVVLDQV�

2Q� WRS�RI� WKHVH�PRGHOV� ZH� WUDLQ� D�'HHS�1HXUDO�1HWZRUN� �'11� EDVHG�RQ� WKH� VDPH
I0//5 WUDQVIRUPV�DV�WKH�*00�+00 PRGHOV�DQG�RQ�VWDWH�OHYHO�0LQLPXP�%D\HV�ULVN��V0%5�
DV�GLVFULPLQDWLYH�FULWHULRQ� $JDLQ�ZH�XVH�WKH�IXOO�������KRXUV�VHW�DV�WKH�WUDLQLQJ�PDWHULDO�
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7KH�UHVXOWLQJ�QHWZRUN�LV�FRPSRVHG�RI���OD\HUV�IRU�D�WRWDO�RI������PLOOLRQV�SDUDPHWHUV�DQG
HDFK�RI�WKH���KLGGHQ�OD\HUV�KDV�������QHXURQV� 7KH�RXWSXW�GLPHQVLRQ�LV�������XQLWV�DQG�WKH
LQSXW�GLPHQVLRQ�LV����� ZKLFK�FRUUHVSRQGV�WR�DQ����IUDPHV�ZLQGRZ�ZLWK����/'$ SDUDPHWHUV
HDFK� :HLJKWV�IRU�WKH�QHWZRUN�DUH�LQLWLDOL]HG�XVLQJ���5HVWULFWHG�%ROW]PDQQ�0DFKLQHV��5%0V�
VWDFNHG�DV�D�GHHS�EHOLHI�QHWZRUN��'%1���7KH�ILUVW�5%0 �*DXVVLDQ�%HUQRXOOL��LV�WUDLQHG�ZLWK
D�OHDUQLQJ�UDWH�RI������DQG�WKH���IROORZLQJ�5%0V��%HUQRXOOL�%HUQRXOOL��DUH�WUDLQHG�ZLWK�D�UDWH
RI����� 7KH�OHDUQLQJ�UDWH�IRU�WKH�'11 WUDLQLQJ�LV��������� 7KH�VHJPHQWV�DQG�IUDPHV�DUH
SURFHVVHG�UDQGRPO\�GXULQJ�WKH�QHWZRUN�WUDLQLQJ�ZLWK�VWRFKDVWLF�JUDGLHQW�GHVFHQW��6*'� LQ
RUGHU�WR�PLQLPL]H�FURVV�HQWURS\�EHWZHHQ�WKH�WUDLQLQJ�GDWD�DQG�QHWZRUN�RXWSXW� :KHQ�WKHVH
WUDLQLQJ�VWHSV�DUH�GRQH� WKH�ODVW�VWHS�RI�WUDLQLQJ�LV�SURFHVVHG� E\�DSSO\LQJ�WKH�PLQLPXP�%D\HV
ULVN�FULWHULRQ� DV�LQGLFDWHG�DERYH� 7R�VSHHG�XS�WKH�OHDUQLQJ�SURFHVV� ZH�XVH�D�JHQHUDO�SXUSRVH
JUDSKLFV�SURFHVVLQJ�XQLW��*3*38� DQG�WKH�&8'$ WRRONLW�IRU�FRPSXWDWLRQV�

����� /$1*8$*( 02'(/,1*

)RU�ODQJXDJH�PRGHOLQJ� ZH�UHO\�RQ�WKH�65,/0 ODQJXDJH�PRGHOLQJ�WRRONLW�>��@�DV�ZHOO�DV�WKH
&RQWLQXRXV�6SDFH�/DQJXDJH�0RGHO�WRRONLW� 7KH�YRFDEXODU\�XVHG�LQ�WKH�/,80 $65 V\VWHP�LV
FRPSRVHG�RI���������HQWULHV� 7KH�ELJUDP�ODQJXDJH�PRGHO���* /0� XVHG�GXULQJ�WKH�.DOGL
GHFRGLQJ�SDUW�LV�WUDLQHG�RQ�WKH�GDWD�SUHVHQWHG�LQ�VHFWLRQ ������

:LWK�WKH�65,/0 WRRONLW� RQH��* /0 LV�HVWLPDWHG�IRU�HDFK�FRUSXV�VRXUFH� ZLWK�QR�FXW�RIIV
DQG�WKH�PRGLILHG�.QHVHU�1H\�GLVFRXQWLQJ�PHWKRG� 7KHVH��* /0 DUH�WKHQ�OLQHDUO\�LQWHUSRODWHG
WR�SURGXFH�WKH�ILQDO��* /0 ZKLFK�ZLOO�EH�XVHG�LQ�WKH�ILQDO�V\VWHP� XVLQJ�WKH�,:6/7 ����
GHYHORSPHQW�DQG�WHVW�FRUSRUD� 7R�UHVFRUH�WKH�ZRUG�ODWWLFHV�SURGXFHG�E\�.DOGL� D�WULJUDP�DQG
D�TXDGULJUDP�ODQJXDJH�PRGHOV���* DQG��* /0� DUH�HVWLPDWHG�ZLWK�WKH�VDPH�WRRONLW� DJDLQ
E\�WUDLQLQJ�RQH�/0 E\�FRUSXV�VRXUFH�DQG�WKHQ�OLQHDUO\�LQWHUSRODWLQJ�WKHP� $ �* FRQWLQXRXV�
VSDFH�ODQJXDJH�PRGHO��&6/0� LV�DOVR�HVWLPDWHG�IRU�WKH�ILQDO�ODWWLFH�UHVFRULQJ� ZLWK�QR�FXW�
RIIV�DQG�WKH�VDPH�GLVFRXQWLQJ�PHWKRG�DV�IRU�WKH�ELJUDP�ODQJXDJH�PRGHO� /DVW� D�FRQVHQVXV
DSSURDFK�LV�DSSOLHG�DIWHU�JHQHUDWLQJ�D�FRQIXVLRQ�QHWZRUN�IURP�WKH�UHVFRUHG�ILQDO�ZRUG�ODWWLFH�
7KH�WDEOH � GHWDLOV�WKH�LQWHUSRODWLRQ�FRHIILFLHQWV�IRU�WKH��*���* DQG��* ODQJXDJH�PRGHOV�DV
ZHOO�DV�WKH�ILQDO�SHUSOH[LW\�IRU�HDFK�ILQDO�PRGHO�

��� 3(5)250$1&(6

3HUIRUPDQFHV�RI�WKH�$65 V\VWHP�ZHUH�HYDOXDWHG�E\�WKH�RUJDQL]HUV�RI�WKH�,:6/7���FDPSDLJQ�
2IILFLDO�UHVXOWV�DUH�SUHVHQWHG�LQ�7DEOH �� :(5 PHDQV��ZRUG�HUURU�UDWH��DQG�HYDOXDWHV�WKH
WUDQVFULSWLRQ�TXDOLW\� ZKLOH�1&( PHDQV��1RUPDOL]HG�&URVV�(QWURS\��DQG�HYDOXDWHV�WKH�TXDOLW\
RI�WKH�FRQILGHQFH�PHDVXUH�YDOXHV�SURYLGHG�E\�WKH�$65 V\VWHP� :H�FDQ�QRWLFH�WKDW�WKHUH�LV
D�ODUJH�YDULDELOLW\�RI�SHUIRUPDQFHV�GHSHQGLQJ�RQ�WKH�VSHDNHU� 7KH�HYDOXDWLRQ�GDWD�DUH�7('
FRQIHUHQFH�WDONV� DQG�WKHUH�LV�RQO\�RQH�VSHDNHU�E\�ILOH� 7KLV�KLJK�YDULDELOLW\�FDQ�EH�H[SODLQHG
E\�WKH�KHWHURJHQRXV�RULJLQV�RI�WKH�(QJOLVK�QDWLYH�DQG�QRQ�QDWLYH�VSHDNHUV� LQ�DGGLWLRQ�WR�WKH
KHWHURJHQHRXVQHVV�RI�WKH�WRSLFV�DGGUHVVHG�LQ�HDFK�WDON�

'HSHQGLQJ�RI�WKH�WDON� WKH�ZRUG�HUURU�UDWH�KDV�YDOXHV�EHWZHHQ������RI�:(5 DQG�������
IRU D�JOREDO�ZRUG�HUURU�UDWH�RI������� &RQVLGHULQJ�WKDW WKH�FRPSXWDWLRQ�WLPH�QHHGHG
E\�WKH�$65 V\VWHP�ZDV 2×RT � WKHVH�UHVXOWV�FDQ�EH�FRQVLGHUHG�DV�YHU\�FRPSHWLWLYH� 57
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&RUSXV
&RHIILFLHQWV

�* �* �*
,:6/7�� ������� ������� �������
&RPPRQ�&UDZO ������� ������� �������
(XURSDUO�Y� ������� ������� �������
*LJDZRUG�/'& ������� ������� �������
109 )5�(1 ������� ������� �������
1HZV�&UDZO ������� ������� �������
1HZV�&RPP� Y� ������� ������� �������
81 ���[ ������� ������� �������
<DQGH[��0 ������� ������� �������
3HUSOH[LW\ ������ ������ ������

7DEOH �� ,QWHUSRODWLRQ�FRHIILFLHQWV�DQG�SHUSOH[LWLHV�IRU�WKH�ELJUDP� WULJUDP�DQG
TXDGULJUDP�ODQJXDJH�PRGHOV�XVHG�LQ�WKH�/,80 $65 V\VWHP�IRU�(QJOLVK�ODQJXDJH�

LV�IRU��UHDO�WLPH�� ZKLFK�PHDQV�WKDW���KRXUV�RI�FRPSXWDWLRQ�WLPH�DUH�QHHGHG�WR�SURFHVV��
KRXU�RI�VSHHFK�

,Q� WKH�RIILFLDO� ,:6/7 �����FDPSDLJQ� ZH�KDYH�FRPELQHG� WKH�RXWSXWV�SURYLGHG�E\� WKH
V\VWHP�GHVFULEHG�DERYH�ZLWK�D�YDULDQW�RI�WKLV�V\VWHP� LQ�RUGHU�WR�UHGXFH�WKH�ZRUG�HUURU�UDWH�
7KLV�FRPELQHG�DSSURDFK�QHHGV�PRUH�FRPSXWDWLRQDO� WLPH� VR� LW� LV�QRW� UHOHYDQW� WR�SURFHVV
KXJH�YROXPH�RI�GDWD� DV�WDUJHWHG�LQ�(8066,��$V�RIILFLDO�UHVXOWV�ZLWK�WKLV�FRPELQHG�DSSURDFK�
ZH� UHDFKHG�������RI�ZRUG�HUURU� UDWH� RQ� WKH�RIILFLDO� WHVW� VHW� $W� WKLV� WLPH� ZH�KDYH�QR
LQIRUPDWLRQ�DERXW�WKH�UHVXOWV�UHDFKHG�E\�WKH�RWKHU�SDUWLFLSDQWV� EXW�ZH�H[SHFW�WR�EH�DPRQJ
WKH�FRPSHWLWLYH�RQHV�

� 121�(1*/,6+ $65 6<67(06

��� )5(1&+ /$1*8$*(

$W�WKH�EHJLQQLQJ�RI�WKH�(8066, SURMHFW� WKH�/,80 $65 V\VWHP�ZDV�PDLQO\�EXLOW�DURXQG�WKH
RSHQ�VRXUFH�&08 6SKLQ[�SURMHFW�DQG�ZDV�HYROYLQJ�WR�WKH�DUFKLWHFWXUH�GHVFULEHG�LQ�ILJXUH ��
EDVHG�RQ�WKH�RSHQ�VRXUFH�.DOGL�WRRONLW� 7KLV�HYROXWLRQ�ZDV�DFFHOHUDWHG�WKDQNV�WR�WKH�(8066,
SURMHFW�DQG�RXU�$65 V\VWHP�IRU�)UHQFK�ODQJXDJH�ZDV�WKH�ILUVW�RI�RXU�V\VWHPV�WR�EH�RSHUDWLRQDO
LQ�WKLV�QHZ�DUFKLWHFWXUH�

7KDQNV�WR�WKLV�HYROXWLRQ� WKH�/,80 UHDFKHV�DQ�ZRUG�HUURU�UDWH�RI�������RQ�WKH�WHVW�GDWD
RI�WKH�$65 WDVN�RI�WKH�5(3(5( HYDOXDWLRQ�FDPSDLJQ� 7KLV�ZRUG�HUURU�UDWH�GURSSHG�WR������
E\�FRPELQLQJ�WKH�/,80 RXWSXWV�ZLWK� WKH�RXWSXWV�RI�D�&DQDGLDQ�SDUWQHU�RI� WKH�/,80�� WKH
&HQWUH�GH�5HFKHUFKH�HQ�,QIRUPDWLTXH�GH�0RQWUpDO��&5,0���7KLV�/,80 $65 V\VWHP�IRU�)UHQFK
ODQJXDJH�DQG�LWV�FRPELQDWLRQ�ZLWK�WKH�&5,0 $65 V\VWHP�DUH�GHVFULEHG�ZLWK�GHWDLOV�LQ >��@�
7KHVH�UHVXOWV�DUH�QRW�WKH�RIILFLDO�UHVXOWV�REWDLQHG�E\�WKH�/,80 RQ�-DQXDU\������ DW�WKLV�GDWH�
WKH�$65 V\VWHP�GHYHORSHG�LQ�WKH�IUDPHZRUN�RI�WKH�(8066, SURMHFW�ZDV�QRW�DFKLHYHG�

,Q�WKLV�VHFWLRQ� WKH�5(3(5( FRQWH[W� LV�SUHVHQWHG� ZLWK�DOVR�WKH�GDWD�XVHG�WR�WUDLQ�WKH
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DXGLR�ILOH ��ZRUGV :(5 ��� 1&(
WHG�WVW�����WDONLG���� ���� ��� �����
WHG�WVW�����WDONLG���� ��� ���� �����
WHG�WVW�����WDONLG���� ���� ���� �����
WHG�WVW�����WDONLG���� ��� ��� �����
WHG�WVW�����WDONLG���� ��� ���� ������
WHG�WVW�����WDONLG���� ���� ��� �����
WHG�WVW�����WDONLG���� ��� ���� �����
WHG�WVW�����WDONLG���� ��� ���� ������
WHG�WVW�����WDONLG���� ���� ���� �����
WHG�WVW�����WDONLG���� ���� ��� �����
WHG�WVW�����WDONLG���� ���� ���� �����
WHG�WVW�����WDONLG���� ���� ���� ������
WHG�WVW�����WDONLG���� ���� ��� �����
WHG�WVW�����WDONLG���� ���� ���� �����
WHG�WVW�����WDONLG���� ���� ���� �����
*/2%$/ ����� ���� �����

7DEOH �� 2IILFLDO�UHVXOWV�RI�WKH�/,80 $65 V\VWHP�IRU�(QJOLVK�ODQJXDJH�RQ�WKH�WHVW
VHW�GDWD�RI�WKH�$65 WDVN�ZLWKLQ�WKH�,:6/7���FDPSDLJQ�

DFRXVWLF� DQG� OLQJXLVWLF�PRGHOV� DQG� WKH� ILQDO� UHVXOWV� RI� WKH� /,80 $65 V\VWHP� IRU� )UHQFK
ODQJXDJH�RQ�WKH�RIILFLDO�5(3(5( WHVW�VHW� 6LQFH�WKH�/,80 $65 V\VWHP�IRU�)UHQFK�ODQJXDJH
VKDUHV�WKH�VDPH�DUFKLWHFWXUH�DV�WKH�/,80 $65 V\VWHP�IRU�(QJOLVK�ODQJXDJH� SOHDVH�UHIHU�WR
VHFWLRQ ��� IRU�GHWDLOV�DERXW�LW�

����� 7+( 5(3(5( &+$//(1*(

5(3(5( LV�DQ�HYDOXDWLRQ�SURMHFW�LQ�WKH�ILHOG�RI�SHRSOH�UHFRJQLWLRQ�LQ�WHOHYLVLRQ�GRFXPHQWV >�@�
IXQGHG� E\� WKH�'*$ �)UHQFK� GHIHQVH� SURFXUHPHQW� DJHQF\�� DQG� HQGLQJ� LQ� ����� 6HYHUDO
HYDOXDWLRQ� WDVNV�ZHUH�RUJDQL]HG� LQFOXGLQJ�DQ�HYDOXDWLRQ�RI�DXWRPDWLF�VSHHFK� UHFRJQLWLRQ
V\VWHPV�RQ�)UHQFK�79 VKRZV�

����� 75$,1,1* '$7$

7KH� WUDLQLQJ� VHW�XVHG� WR�EXLOG� WKH�/,80 V\VWHP� IRU� )UHQFK� ODQJXDJH� FRQVLVWV�RI��������
VSHHFK�VHJPHQWV�IURP�VHYHUDO�VRXUFHV� WKH�UDGLRSKRQLF�EURDGFDVW�(67(5 >�@�DQG�(67(5� >�@
FRUSRUD� ZKLFK�DFFRXQWV�IRU�DERXW�����KRXUV�RI�VSHHFK�HDFK� WKH�79 EURDGFDVW�(7$3( FRU�
SXV >�@� DFFRXQWLQJ�IRU�DERXW����KRXUV�RI�VSHHFK� WKH�79 EURDGFDVW�5(3(5( WUDLQ�FRUSXV�
DFFRXQWLQJ�IRU�DERXW����KRXUV�RI�VSHHFK�DQG�RWKHU�/,80 UDGLR�DQG�79 EURDGFDVW�GDWD�IRU
DERXW�����KRXUV�RI�VSHHFK� ZKLFK�KDYH�EHHQ�VHJPHQWHG�XVLQJ�WKH�VSHDNHU�GLDUL]DWLRQ�V\VWHP
GHVFULEHG�LQ�VHFWLRQ ������ 7KH�WUDLQLQJ�GLFWLRQDU\�KDV���������SKRQHWL]HG�HQWULHV� 7DEOH �
VXPPDUL]HV�WKH�FKDUDFWHULVWLFV�RI�HDFK�GDWDVHW�
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6RXUFHV 6SHHFK 6HJPHQWV
(67(5 ���K ������
(67(5� ���K ������
(7$3( ��K �����
5(3(5( ��K ������
/,80 Y� ���K ������
7RWDO ���K �������

7DEOH �� &KDUDFWHULVWLFV�RI�WKH�WUDLQLQJ�GDWD�IRU�DFRXVWLF�PRGHOLQJ�IRU�)UHQFK
ODQJXDJH�

)RU�ODQJXDJH�PRGHOLQJ� WKH�WUDLQLQJ�GDWD�LV�FRPSRVHG�RI�WKH�PDQXDO�WUDQVFULSWLRQV�IURP
WKH�WUDLQLQJ�FRUSXV�XVHG�WR�HVWLPDWH�WKH�DFRXVWLF�PRGHOV� RI�DUWLFOHV�H[WUDFWHG�IURP�RI�79
ZHEVLWHV� RI�DUWLFOHV�H[WUDFWHG�IURP�*RRJOH�1HZV� RI�WKH�)UHQFK�*LJDZRUG�FRUSXV� RI�DUWLFOHV
IURP�QHZVSDSHU�
/H�0RQGH
� $OO�RI�WKHVH�GDWD�ZHUH�FROOHFWHG�EHIRUH�-DQXDU\������

7DEOH � SUHVHQWV�RI�WKH�QXPEHU�RI�ZRUGV�LQ�HDFK�FRUSXV�LQ�WKH�WUDLQLQJ�FRUSXV�XVHG�WR
HVWLPDWH�ODQJXDJH�PRGHOV�

6RXUFHV 1XPEHU�RI�ZRUGV
0DQXDO�WUDQVFULSWLRQV�IURP�WKH�WUDLQLQJ
FRUSRUD�XVHG�WR�WUDLQ�WKH�DFRXVWLF�PRGHOV �0
$UWLFOHV�IURP�79 ZHEVLWHV��≤����� �0
*RRJOH�1HZV��≤����� ���0
)UHQFK�*LJDZRUG��≤����� ����0
1HZVSDSHUV��≤����� ���0
6XEWLWOHV�RI�79 1HZVSDSHU��≤����� ��0
7RWDO ����0

7DEOH �� &KDUDFWHULVWLFV�RI� WKH� WUDLQLQJ�GDWD� IRU� ODQJXDJH�PRGHOV� IRU�)UHQFK
ODQJXDJH�

����� 3(5)250$1&(6

$ ILUVW�HYDOXDWLRQ�RQ�WKH�5(3(5( $65 WDVN�ZDV�RUJDQL]HG�LQ������ LQ�ZKLFK�WKH�/,80 $65
V\VWHP�UDQNHG�ILUVW� RQ�VLPLODU�EXW�GLIIHUHQW�WHVW�GDWD� 7KLV�V\VWHP�DSSHDUV�LQ�7DEOH � XQGHU
WKH�QDPH ROG������/,80 V\VWHP� LW�FDQ�EH�XVHG�WR�PHDVXUH�LPSURYHPHQWV�DFKLHYHG�VLQFH
ODVW�\HDU�

7KH ROG������/,80 $65 V\VWHP�ZDV�EDVHG�RQ�WKH�&08 6SKLQ[�WRRONLW� ZLWK�VRPH�LPSURYH�
PHQWV� IRU�LQVWDQFH�WKH�XVH�RI�K\EULG�0/3�+00 DFRXVWLF�PRGHOV� $ YDULDQW�RI�WKLV�V\VWHP�LV
GHVFULEHG�LQ�>�@�

7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�WKH�QHZ�$65 V\VWHP�GHYHORSHG�E\�/,80 DQG�WKH�ROG�RQH
FRPHV�IURP�WKH�XVH�RI�'11 DFRXVWLF�PRGHOV�DQG�WKH�XVH�RI�WKH ILQLWH�VWDWH�PDFKLQH SDUDGLJP�

(8066, '����
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7KHVH�IXQFWLRQDOLWLHV�DUH�ERWK�RIIHUHG�E\�WKH�.DOGL�WRRONLW� 1RWLFH�WKDW�WKH�OLQJXLVWLF�UHVFRULQJ
WRRO�LV�WKH�VDPH�RQH�LQ�ERWK�/,80 $65 V\VWHPV� :LWK�WKH�VDPH�ODQJXDJH�PRGHOV�DQG�WKH
VDPH�WUDLQLQJ�GDWD�IRU�WKH�HVWLPDWLRQ�RI�DFRXVWLF�PRGHOV� WKH�ZRUG�HUURU�UDWH��:(5� RI�WKH
/,80 $65 V\VWHP�LV�UHGXFHG�RI�����SRLQWV�������WR�������

$65 V\VWHP :(5
�����/,80 �����
�����/,80 �����

7DEOH �� :RUG�HUURU�UDWHV�RQ�5(3(5( WHVW�FRUSXV��79 VKRZV��IRU�)UHQFK�ODQJXDJH�

��� *(50$1 $1' 63$1,6+ /$1*8$*(6

'XULQJ�WKH�ILUVW�\HDU�RI�WKH�(8066, SURMHFW� ZH�KDYH�GHYHORSHG�D�QHZ�$65 V\VWHP�ZLWK�D�QHZ
DUFKLWHFWXUH� :H�KDYH�IRFXVHG�RQ�(QJOLVK�DQG�)UHQFK�ODQJXDJHV� DQG�WKH�VRIWZDUH�GHYHORSHG
IRU�WKHVH�V\VWHPV�ZLOO�EH�XVHG�IRU�*HUPDQ�DQG�6SDQLVK�ODQJXDJHV�LQ�WKH�QH[W�PRQWKV�

(YHQ�LI�ZH�GRQ
W�KDYH�GHYHORSHG�$65 V\VWHPV�IRU�*HUPDQ�DQG�6SDQLVK�ODQJXDJHV� ZH�KDYH
VWDUWHG�FROOHFWLQJ�GDWD�WR�WUDLQ�DFRXVWLF�DQG�ODQJXDJH�PRGHOV� 6XFK�FROOHFW�LV�HDV\�IRU�6SDQLVK�
EXW�*HUPDQ�GDWD�IRU�DFRXVWLF�PRGHOV�DUH�YHU\�KDUGO\�DFFHVVLEOH� 7KURXJK�RXU�SDUWLFLSDWLRQ�WR
WKH�,:6/7 FDPSDLJQ� ZH�ZHUH�DEOH�WR�DFFHVV�GDWD�GLVWULEXWHG�E\�WKH�RUJDQL]HUV >�@� LQFOXGLQJ
FORVH�WR�����KRXUV�RI�GDWD�LQ�*HUPDQ�ODQJXDJH�IURP�WKH�(XURQHZV�ZHEVLWH� 7KHVH�GDWD�ZLOO
EH�XVHG�DV�D�ERRWVWUDS�WR�WUDLQ�RXU�DFRXVWLF�PRGHOV�IRU�*HUPDQ�ODQJXDJH�

� $8720$7,& 75$16&5,37,21 2) (8066, 9,'(2 ),/(6

&XUUHQWO\� PRUH�WKDQ�������KRXUV�RI�YLGHRV�LQ�(QJOLVK�ODQJXDJH�KDYH�EHHQ�WUDQVFULEHG�XVLQJ
WKH�/,80 $65 V\VWHP�LQ�WKH�IUDPHZRUN�RI�WKH�(8066, SURMHFW� 7KHVH�ILOHV�FRPH�IURP�YDULRXV
VRXUFHV�

� 'HXWVFKH�:HOOH�QHZV�YLGHRV�IURP�WKHLU�ZHEVLWH

� <RX7XEH�YLGHRV�IURP�

± 'HXWVFKH�:HOOH�FKDQQHO

± 7KH�*XDUGLDQ�FKDQQHO

± YDULRXV�RWKHU�VRXUFHV

��� 67$7,67,&6

,Q�WKLV�VHFWLRQ�ZH�UHSRUW�VRPH�VWDWLVWLFV�RQ�WKH�GDWD�ZKLFK�KDV�EHHQ�DOUHDG\�WUDQVFULEHG�IRU
WKH�(8066, SURMHFW�

(8066, '����
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����� '(876&+( :(//( 1(:6 9,'(26

7KH�': WUDQVFULSWLRQV�KDYH�EHHQ�XSORDGHG�WR�WKH�(8066, SODWIRUP� 7KH�FRQWHQW�IURP�WKH
': ZHEVLWH�DFFRXQW�IRU�D�WRWDO�RI�������KRXUV�RI�VSHHFK� 7DEOH � VXPPDUL]HV�WKH�VWDWLVWLFV
DERXW�WKHVH�WUDQVFULSWLRQV�

&KDUDFWHULVWLF 6WDWLVWLF
1XPEHU�RI�YLGHRV ������
7RWDO�GXUDWLRQ��KRXUV� �����

��0DOH �����
��)HPDOH ���

0HDQ�GXUDWLRQ �P���V
1XPEHU�RI�VHJPHQWV �������
1XPEHU�RI�ZRUGV ����������

7DEOH �� 'HXWVFKH�:HOOH�QHZV�YLGHRV�DQG�WUDQVFULSWLRQV�VWDWLVWLFV�

����� <2878%( 9,'(26

7KH�WDEOH � VXPPDUL]HV�WKH�VWDWLVWLFV�DERXW�WKH�WUDQVFULSWLRQV�RI�WKH�<RX7XEH�FRQWHQW�IRU
HDFK�PDLQ�VRXUFH� 7KHVH�WUDQVFULSWLRQV�ZLOO�EH�XSORDGHG�WR�WKH�(8066, SODWIRUP�LQ�D�YHU\
QHDU�IXWXUH� 7KH\�DUH�DXWRPDWLF�WUDQVFULSWLRQV�RI�������KRXUV�RI�VSHHFK�

&KDUDFWHULVWLF 'HXWVFKH�:HOOH 7KH�*XDUGLDQ 2WKHU 7RWDO
1XPEHU�RI�YLGHRV ����� ��� ����� �����
7RWDO�GXUDWLRQ��KRXUV� ��� �� ����� �����

��0DOH ��� �� ��� ���
��)HPDOH �� �� ��� ���

0HDQ�GXUDWLRQ �P���V �P���V ��P���V ��P���V
1XPEHU�RI�VHJPHQWV ������ ������ ������� �������
1XPEHU�RI�ZRUGV ��������� ������� ��������� ����������

7DEOH �� <RX7XEH�VRXUFHG�YLGHRV�DQG�WUDQVFULSWLRQV�VWDWLVWLFV�

��� ,03257 )250$7

7KLV�VHFWLRQ�SUHVHQW� WKH� IRUPDW�RI�GDWD�SURYLGHG�E\� WKH�$65 PRGXOH� WR� WKH�6ROU�(8066,
SODWIRUP�

����� 25,*,1$/ 75$16&5,37 )250$7

7KH�WUDQVFULSWLRQV�SURGXFHG�E\�RXU�V\VWHP�DUH�LQ�WKH�1,67 &70 IRUPDW��VHH
�� 7KH�&70 ILOH

(8066, '����
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���� ��

http://www1.icsi.berkeley.edu/Speech/docs/sctk-1.2/infmts.htm#ctm_fmt_name_0
http://www1.icsi.berkeley.edu/Speech/docs/sctk-1.2/infmts.htm#ctm_fmt_name_0


IRUPDW�LV�D�FRQFDWHQDWLRQ�RI�WLPH�PDUN�UHFRUGV�IRU�HDFK�UHFRJQL]HG�ZRUG�LQ�D�ZDYHIRUP� 7KH
UHFRUGV�DUH�VHSDUDWHG�ZLWK�D�QHZOLQH� (DFK�ZRUG�WRNHQ�KDV�D�ZDYHIRUP�LG� FKDQQHO�LGHQWLILHU
>��_��@�RU�>$ _�%@��VWDUW�WLPH� GXUDWLRQ� FRQILGHQFH�PHDVXUH�DQG�ZRUG�WH[W� (DFK�UHFRUG�IROORZV
WKLV�%1) IRUPDW�

�)!��&!��67!��'85!�ZRUG��&1)!

:KHUH�

� �)!�LV�WKH�ZDYHIRUP�QDPH�

� �&!�LV�WKH�ZDYHIRUP�FKDQQHO� (LWKHU�>��_�$@ RU�>��_�%@�

� �67!�LV�WKH�VWDUW�WLPH��LQ�VHFRQGV� VV�66 IRUPDW��RI�WKH�ZRUG� PHDVXUHG�IURP�WKH�VWDUW
WLPH�RI�WKH�ILOH�

� �'85!�LV�WKH�GXUDWLRQ��LQ�VHFRQGV� VV�66 IRUPDW��RI�WKH�ZRUG�

� �&1)!�LV�WKH�FRQILGHQFH�VFRUH� H[SUHVVHG�ZLWK�D�YDOXH�EHWZHHQ 0.00 DQG 1.00�

����� (8066, 3/$7)250 ,03257 )250$7

3HU�UHTXHVWHG�E\�WKH�6ROU�(8066, SODWIRUP�UHTXLUHPHQWV� WKH�DQDO\VLV�UHVXOW�PXVW�EH�LQ�WKH
-621 IRUPDW� 7KLV�UHVXOW�PXVW�EH�VHQW�ZLWK�D�3267 UHTXHVW� XVLQJ�WKH�SDUDPHWHUV�VSHFLILHG
LQ�WKH�$3,��+HUH�LV�D�PLQLPDO�H[DPSOH�RI�D�&70 ILOH�FRQYHUWHG�WR�WKH�-621 IRUPDW�

^
� L G � � �������� �
� KW WS+LJK � � � GZWYBYLGHR � I O Y � DJH � DJH��������BJHVDPWBVGBDYF �PS�� �
� GDWH � � �����−��−�� ���������������� �
� YH U V L RQ � � �/,80B(1B$65−������� �
� FRQWHQW � � >

^
� W\SH � � �ZRUG � �
� V W D U W � � ��� ���� �
� HQG � � ��� ���� �
� LWHP � � � K H O O R � �
� FRQI � � �� ����

` �
^

� W\SH � � �ZRUG � �
� V W D U W � � ��� ���� �
� HQG � � ��� ���� �
� LWHP � � � DQG � �
� FRQI � � �� ����

` �
^
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� W\SH � � �ZRUG � �
� V W D U W � � ��� ���� �
� HQG � � ��� ���� �
� LWHP � � �ZHOFRPH � �
� FRQI � � �� ����

`
@

`

:KHUH�

� �LG��LV�WKH�LGHQWLILHU�RI�WKH�FRQWHQW� KHUH�WKH�': YLGHR�,'�

� �KWWS+LJK��LV�WKH�FRQWHQW�VRXUFH� KHUH�WKH�': YLGHR�GRZQORDG�OLQN�

� �GDWH��LV�WKH�-621 ILOH�JHQHUDWLRQ�GDWH�

� �YHUVLRQ��LV�WKH�/,80 $65 V\VWHP�YHUVLRQ�

� �FRQWHQW��LV�WKH�OLVW�RI�UHFRUGV�IURP�WKH�&70 ILOH�

)RU�HDFK��FRQWHQW��LWHP� DQ�HQWU\�LV�GHVFULEHG�DV�IROORZV�

� �W\SH��LV�WKH�W\SH�RI�WKH�HQWU\� �ZRUG��RU��ILOOHU��

� �VWDUW��LQGLFDWHV�WKH�VWDUWLQJ�SRLQW�RI�WKH�ZRUG�IURP�WKH�EHJLQQLQJ�RI�WKH�WUDQVFULSW�

� �HQG��LQGLFDWHV�WKH�HQGLQJ�SRLQW�RI�WKH�ZRUG� DOVR�IURP�WKH�EHJLQQLQJ�RI�WKH�WUDQVFULSW�

� �LWHP��LQGLFDWHV�WKH�WH[W�FRQWHQW� ZKHWKHU�WKH�DFWXDO�ZRUG�RU�WKH�ILOOHU�

� �FRQI��LV�WKH�FRQILGHQFH�PHDVXUH�

7KH�FRQWHQW�LV�WKHQ�HQFDSVXODWHG�LQ�D�+773 3267 UHTXHVW�WR�WKH�(8066, VHUYHU�YLD�WKH
GRFXPHQWHG�$3,�

� &21&/86,21 $1' 3(563(&7,9(6

7KH�(8066, SURMHFW�DOORZV�WKH�/,80 SDUWQHU�WR�GHYHORS�D�PRUH�FRPSHWLWLYH�$65 V\VWHP� WKH
/,80 $65 V\VWHP�UHDFKHG�������RI�ZRUG�HUURU�UDWH�E\�WUDQVFULELQJ�)UHQFK�79 VKRZV�GXULQJ
WKH�5(3(5( HYDOXDWLRQ�FDPSDLJQ� ZKLOH�WKH�SUHYLRXV��������YHUVLRQ�RI�WKH�/,80 $65 V\VWHP
UHDFKHG�������RI�ZRUG�HUURU�RQ�WKH�VDPH�GDWD� 7KH�/,80 $65 V\VWHP�IRU�(QJOLVK�GDWD�LV
DOVR�FRPSHWLWLYH� LW�UHDFKHG�������RI�ZRUG�HUURU�UDWH�RQ�WKH�ODVW�HYDOXDWLRQ�FDPSDLJQ�IRU
$65 LQ�(QJOLVK�ODQJXDJH� ,:6/7���

7KLV�/,80 $65 V\VWHP�IRU�(QJOLVK�ODQJXDJH�ZDV�XVHG�WR�SURFHVV�D�YHU\�ODUJH�DPRXQW�RI
YLGHR�ILOHV�SURYLGHG�E\�WKH�'HXWVFKH�:HOOH�SDUWQHU� EXW�DOVR�WR�SURFHVV�D�YHU\�ODUJH�DPRXQW
RI�YLGHR�ILOHV�FRPLQJ�IURP�<RX7XEH�DQG�SURSRVHG�E\�WKH�/�6 SDUWQHU�

(8066, '����
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)RU�WKH�QH[W�PRQWKV� WKH�/,80 ZLOO�GHYHORS�$65 V\VWHPV�IRU�6SDQLVK�DQG�*HUPDQ�ODQ�
JXDJHV�XVLQJ�WKH�VDPH�VRIWZDUH�DUFKLWHFWXUH� 7KHQ� QHZ�VROXWLRQV�ZLOO�EH�SURSRVHG�LQ�RUGHU
WR�VLJQLILFDQWO\�VSHHG�XS�WKHVH�$65 V\VWHP� ZLWKRXW�LQFUHDVH�WKH�ZRUG�HUURU�UDWH�

5HIHUHQFHV

>�@ )� %RXJDUHV� 3� 'HOpJOLVH� <� (VWHYH� DQG�0� 5RXYLHU� /,80 $65 V\VWHP�IRU�(WDSH�)UHQFK
HYDOXDWLRQ�FDPSDLJQ� H[SHULPHQWV�RQ�V\VWHP�FRPELQDWLRQ�XVLQJ�RSHQ�VRXUFH�UHFRJQL]�
HUV� ,Q�7H[W� 6SHHFK� DQG�'LDORJXH� SDJHV���������� �����

>�@ 0� (VNHYLFK� 5� $O\� '� 1��5DFFD� 5� 2UGHOPDQ� 6� &KHQ� DQG�*� -��-RQHV� 7KH�VHDUFK�DQG
K\SHUOLQNLQJ�WDVN�DW�0HGLD(YDO������ ,Q�:RUNLQJ�1RWHV�3URFHHGLQJV�RI�WKH�0HGLD(YDO
�����:RUNVKRS� %DUFHORQD� 6SDLQ� RFWREHU������

>�@ -� )LVFXV� -� *DURIROR� 0� 3U]\ERFNL� :� )LVKHU� DQG�'� 3DOOHWW� �����(QJOLVK�EURDGFDVW
QHZV�VSHHFK��+8%���/'&��6��� :HE�'RZQORDG� �����

>�@ 2� *DOLEHUW�DQG�-� .DKQ� 7KH�ILUVW�RIILFLDO�5(3(5( HYDOXDWLRQ� ,Q�)LUVW�:RUNVKRS�RQ
6SHHFK� /DQJXDJH�DQG�$XGLR�LQ�0XOWLPHGLD��6/$0���SDJHV�������� 0DUVHLOOH� )UDQFH�
�����

>�@ 6� *DOOLDQR� (� *HRIIURLV� *� *UDYLHU� -� I� %RQDVWUH� '� 0RVWHID� DQG�.� &KRXNUL� &RUSXV
GHVFULSWLRQ�RI�WKH�(VWHU�HYDOXDWLRQ�FDPSDLJQ�IRU�WKH�ULFK�WUDQVFULSWLRQ�RI�)UHQFK�EURDG�
FDVW� QHZV� ,Q� �WK� LQWHUQDWLRQDO� &RQIHUHQFH� RQ� /DQJXDJH�5HVRXUFHV� DQG�(YDOXDWLRQ
�/5(&���SDJHV���������� �����

>�@ 6� *DOOLDQR� *� *UDYLHU� DQG�/� &KDXEDUG� 7KH�(VWHU���HYDOXDWLRQ�FDPSDLJQ�IRU�WKH�ULFK
WUDQVFULSWLRQ�RI�IUHQFK�UDGLR�EURDGFDVWV� ,Q�,QWHUVSHHFK� �����

>�@ *� *UDYLHU� *� $GGD� 1� 3DXOVVRQ� 0� &DUUp� $� *LUDXGHO� DQG�2� *DOLEHUW� 7KH�(7$3( FRU�
SXV�IRU�WKH�HYDOXDWLRQ�RI�VSHHFK�EDVHG�79 FRQWHQW�SURFHVVLQJ�LQ�WKH�)UHQFK�ODQJXDJH� ,Q
(LJKWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ��/5(&���SDJHV
��������� ,VWDQEXO� 7XUNH\� �����

>�@ 5� *UHWWHU� (XURQHZV� D�PXOWLOLQJXDO�VSHHFK�FRUSXV�IRU�$65� ,Q�3URFHHGLQJV�RI�WKH�1LQWK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ��/5(&
���� 5H\NMDYLN�
,FHODQG� PD\������

>�@ /� 0DQJX� (� %ULOO� DQG�$� 6WROFNH� )LQGLQJ� FRQVHQVXV� LQ� VSHHFK� UHFRJQLWLRQ� ZRUG
HUURU�PLQLPL]DWLRQ�DQG�RWKHU�DSSOLFDWLRQV�RI�FRQIXVLRQ�QHWZRUNV� &RPSXWHU�6SHHFK�	
/DQJXDJH� ��������������� �����

>��@ 6� 0HLJQLHU�DQG�7� 0HUOLQ� /,80 6SN'LDUL]DWLRQ� DQ�RSHQ�VRXUFH�WRRONLW�IRU�GLDUL]DWLRQ�
,Q�&08 638' :RUNVKRS� 'DOODV� 7H[DV� 86$�������

>��@ '� 3RYH\� $� *KRVKDO� *� %RXOLDQQH� /� %XUJH� 2� *OHPEHN� 1� *RHO� 0� +DQQHPDQQ�
3� 0RWOLFHN� <� 4LDQ� 3� 6FKZDU]� -� 6LORYVN\� *� 6WHPPHU� DQG�.� 9HVHO\� 7KH�.DOGL
VSHHFK�UHFRJQLWLRQ�WRRONLW� ,Q�,((( �����:RUNVKRS�RQ�$XWRPDWLF�6SHHFK�5HFRJQLWLRQ
DQG�8QGHUVWDQGLQJ��,((( 6LJQDO�3URFHVVLQJ�6RFLHW\� GHFHPEHU������
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>��@ $� 5RXVVHDX� ;HQ&��$Q�RSHQ�VRXUFH�WRRO�IRU�GDWD�VHOHFWLRQ�LQ�QDWXUDO�ODQJXDJH�SURFHVV�
LQJ� 7KH�3UDJXH�%XOOHWLQ�RI�0DWKHPDWLFDO�/LQJXLVWLFV� ����������� �����

>��@ $� 5RXVVHDX� *� %RXOLDQQH� 3� 'HOpJOLVH� <� (VWqYH� 9� *XSWD� DQG�6� 0HLJQLHU� /,80 DQG
&5,0 $65 6\VWHP�&RPELQDWLRQ�IRU�WKH�5(3(5( (YDOXDWLRQ�&DPSDLJQ� ,Q�7H[W� 6SHHFK
DQG�'LDORJXH� SDJHV�����������6SULQJHU� �����

>��@ $� 5RXVVHDX� 3� 'HOpJOLVH� DQG�<� (VWqYH� (QKDQFLQJ� WKH�7('�/,80 FRUSXV�ZLWK�VH�
OHFWHG�GDWD�IRU�ODQJXDJH�PRGHOLQJ�DQG�PRUH�7(' WDONV� ,Q�3URFHHGLQJV�RI�WKH�1LQWK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ��/5(&
���� 5H\NMDYLN�
,FHODQG� PD\������

>��@ +� 6FKZHQN� &6/0 �� D�PRGXODU� RSHQ�VRXUFH� FRQWLQXRXV� VSDFH� ODQJXDJH�PRGHOLQJ
WRRONLW� ,Q�,QWHUVSHHFK� SDJHV������������ DXJXVW������

>��@ $� 6WROFNH� 65,/0 ��DQ�H[WHQVLEOH�ODQJXDJH�PRGHOLQJ�WRRONLW� ,Q�3URFHHGLQJV�RI�,QWHU�
VSHHFK� SDJHV���������� 6HSWHPEHU������
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