
6RXUFH��*��1HXPDQQ��:,������+DOLID[��&$

0LQLQJ�$QVZHUV�LQ�*HUPDQ�:HE�
3DJHV

*�QWHU�1HXPDQQ�	�)HL\X�;X

/DQJXDJH 7HFKQRORJ\�/DE

*HUPDQ�5HVHDUFK�&HQWHU�IRU�$UWLILFLDO�,QWHOOLJHQFH�

').,��6DDUEU�FNHQ
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0RWLYDWLRQ��)URP�6HDUFK�(QJLQHV�
WR $QVZHU�(QJLQHV

8VHU�4XHU\�
)URP�.H\:UGV�WR�:K�&ODXVH

6HDUFK (QJLQHV

8VHU�VWLOOV�FDUULHV�WKH
PDMRU�HIIRUWV LQ�
XQGHUVWDQGLQJ

$QVZHU�(QJLQHV

6KLIW�PRUH ÄLQWHUSUHWDWLRQ�
HIIRUW³��WR�PDFKLQHV

FRQWH[WXDO
4$�F\FOHV
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:$*�WKH :HE

:HE�EDVHG�DQVZHU�H[WUDFWLRQ�V\VWHP�IRU�H[WUDFWLQJ�VHQWHQFH�DQG�
H[DFW�DQVZHUV�IURP�*HUPDQ��(QJOLVK��ZHE�SDJHV�

6KDOORZ�TXHVWLRQ�DQVZHULQJ�DSSURDFK�

� 1DPHG (QWLW\ �1(��UHFRJQLWLRQ DQG�PRUSKR�V\QWDFWLF�
DQDO\VLV�DV�OLQJXLVWLF�SUHSURFHVVLQJ

� 1(�EDVHG�LQYHUWHG�LQGH[�IRU�SDUDJUDSK��VHQWHQFH DQG�
DQVZHU�VHOHFWLRQ �1(�EDVHG ÅWH[W�]RRPLQJ´�

� 7RNHQ�1(�RYHUODS�DSSURDFK�IRU�H[DFW�DQVZHU�VWULQJV

$SSURDFK�FDQ�EH�VFDOHG�XS�IRU�SURFHVVLQJ�GLIIHUHQW�
TXHVWLRQV�W\SHV��IDFWRLG��OLVW��WHPSODWH�TXHVWLRQV�

(YDOXDWLRQ�XVLQJ�TXHVWLRQ�DQVZHU�SDLUV�H[WUDFWHG�IURP�D�
SRSXODU�*HUPDQ�TXL]�ERRN�
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4XHU\�)RUPXODWLRQ
:KR�won the Nobel Prize 2000 in chemistry?
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Expected answer type (EAT) as NE-type with value ?

will be expressed as:

Also possible: 
multiple EATs (for template-based questions)
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:$*µV�&RQWURO�)ORZ

Query
formulation

Google
Shallow NL
processing

Paragraph
filtering

NE
ranking

Sentence
Equi-class

ranking

Keywords

NEq& EAT

Relevant 
documents 

Stream of sentences (docPOS, 
tokens, lexems, NE)

Sentence/
short answer

Inverted
NE index

{<si,sj,sNE-eat> | 
query-compatible}
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1(�5DQNLQJ

6HDUFK�IRU DOO�SRVVLEOH 1(V LQ�WKH 1�*RRJOH�UHWULHYHG�GRFXPHQWV
'1�FRYHUHG�E\�WKH 1(�JUDPPDUV�RI�RXU�VKDOORZ�1/3�V\VWHP�

1RWH��RXU�1(�UHFRJQL]HU�DOVR�SHUIRUPV 1(�UHIHUHQFH�UHVROXWLRQ
�H�J���0DUWLQ�0DULHWWD�&RUS�� �0DULHWWD�

❏ (DFK 1(�JHWV D�ZHLJKW�DFFRUGLQJ WR

� $EVROXWH�IUHTXHQF\ RI�1(�LQ�'1

� 'RFXPHQW�IUHTXHQF\ RI�1(

� 'RFXPHQW�UDQNLQJ�GHWHUPLQHG�

E\ *RRJOH

❏ 1(V�PHQWLRQHG�YHU\�RIWHQ LQ�

GLIIHUHQW�GRFXPHQWV �UDQNHG

KLJK�E\ *RRJOH��UHFHLYH KLJK�

UDQN

Æ $QVZHU�H[WUDFWLRQ�ZLOO�EH�

HIIHFWHG�E\��UHGXQGDQF\ DQG�

PXOWLSOH�GRFXPHQWV

NE-weighting schema
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3DUDJUDSK�6HOHFWLRQ

6WHS ���
&RPSXWH DQ�LQYHUWHG 1(�LQGH[ OLVW��VXEFODVVLILHG�E\�W\SHV�

� (DFK�IRXQG 1(�KDV�D�SRLQWHU�LQWR DOO�VHQWHQFHV LQ�'1 LQ�ZKLFK�LW�
RFFXUV

6WHS ���
)RU�HDFK 1( ZKLFK�LV W\SH�FRPSDWLEOH�ZLWK ($7�

� ([WUDFW D�VHW RI�SDUDJUDSK�FDQGLGDWHV ^V�V�V1( ��V�V1(V����V1(V�V�`

� 6HOHFW�WKH�RQH�ZLWK�KLJKHVW�QXPEHU RI�PDWFKLQJ TXHU\�NH\ZRUGV ���
WKHLU GLVWDQFH�IURP 1(�

6WHS ���
&RPSXWH DQ�LQYHUWHG 1(�LQGH[ OLVW��VXEFODVVLILHG�E\�W\SHV�

� (DFK�IRXQG 1(�KDV�D�SRLQWHU�LQWR DOO�VHQWHQFHV LQ�'1 LQ�ZKLFK�LW�
RFFXUV

6WHS ���
)RU�HDFK 1( ZKLFK�LV W\SH�FRPSDWLEOH�ZLWK ($7�

� ([WUDFW D�VHW RI�SDUDJUDSK�FDQGLGDWHV ^V�V�V1( ��V�V1(V����V1(V�V�`

� 6HOHFW�WKH�RQH�ZLWK�KLJKHVW�QXPEHU RI�PDWFKLQJ TXHU\�NH\ZRUGV ���
WKHLU GLVWDQFH�IURP 1(�

1RWH��HDFK�GRFXPHQW�LV D�OLVW�RI�VHQWHQFHV �D�VHQWHQFH�LV D�

VHTXHQFH RI�WRNHQV DQG�1(¶V�DV�LGHQWLILHG�E\ RXU 1/3�V\VWHP�

Robustness:
For relevant sentences: no need to contain NEEAT (but a referring general NP);
Hence, can tolerate NE-gaps caused by the NE-recognizer, and helps to guide NP-
reference resolution
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6HQWHQFH�&ODVV�5DQNLQJ

&ROOHFW DOO�VHQWHQFHV�IURP�DOO�VHOHFWHG�SDUDJUDSKV�ZLWK�VDPH UDQN�
LQWR D�FODVV

)5.1(*)( 1
)(

Q

U

RO1(RO7RNHQ(&

Q

L

L($71(∑
=++=

5DQNLQJ�
QXPEHU RI�RYHUODSSLQJ�HOHPHQWV �WRNHQV�1(12($7��EHWZHHQ�
TXHU\ DQG�VHQWHQFH�
ZHLJKWHG UDQN�RI�RFFXUHQFLHV RI�LQVWDQFHV RI�1(($7

&DQGLGDWHV�
6HOHFW�IURP 1�EHVW�&ODVVHV��D�VHQWHQFH DQG�DQ�LQVWDQFHV RI�1(($7
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([DPSOH�4XHVWLRQ�$QVZHU 3DLU

<eclass rank=’7.254032855348923’>
<sentence url=’http://www.beatlesfan.de/alle.htm’>
0DULO\Q�0RQURH�ZDU�GHU�.XHQVWOHUQDPH YRQ�1RUPD�-HDQ�0RUWHQVRQ��

DXFK�EHNDQQW�DOV�1RUPD�-HDQ�%DNHU
</sentence>
<exact-answer  type =’PERSON’>

<name rank=’0.6029282321968642’>
0DULO\Q�0RQURH

</name>
<name rank=’0.024088195477597402’>

1RUPD�-HDQ�0RUWHQVRQ

</name>
</exact-answer></eclass>

:HOFKHV�3VHXGRQ\P�QDKP�1RUPD�-HDQ�%DNHU�DQ"
:KLFK�SVHXGRQ\P�GLG�1RUPD�-HDQ�%DNHU�XVH"
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4XHU\�DQG�*RRJOH�5HWULHYDO

:HU IORJ������]XP�
HUVWHQ 0DO�DOOHLQ
XQG�QRQVWRS�YRQ�
1HZ�<RUN�QDFK�
3DULV��EHU�GHQ�
$WODQWLN"

:KR�IOHZ�IRU�WKH�ILUVW�WLPH�
DORQH�DQG QRQVWRS IURP�1HZ�
<RUN�WR�3DULV�RYHU�WKH�$WODQWLF�LQ�
����"�
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,QYHUWHG OLVW�RI�LQVWDQFHV RI�
H[SHFWHG�DQVZHU�W\SH

%HVW�1(($7
���WLPHV�IRXQG LQ
���GLIIHUHQW�
GRFXPHQWV �LQFO��
1(�UHIHUHQFHV�

5HIHUULQJ�
GRFXPHQWV
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%HVW�VHQWHQFH DQG�H[DFW�DQVZHU
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,QLWLDO�([SHULPHQWV

&RUSXV��
� 4XHU\�DQVZHU�SDLUV�IURP�SRSXODU *HUPDQ�TXL]H�ERRN

� 4XHVWLRQV�IURP�PRUH�WKDQ ���VXEMHFW�DUHDV��SKLORVRSK\��QDWXUH�
VFLHQFH��KLVWRU\��JHRJUDSK\��FXOWXUH��VSRUW��HWF��

� 4XHVWLRQV�IRUPDOL]HG�LQGHSHQG RI�DQ\ 4$�V\VWHP�LQ�PLQG

� 7ZR WHVW�HQYLURQPHQWV��UHVWULFWHG YV��H[WHQGHG�

&RPSDULVLRQ RI�:$*�UHVXOWV�ZLWK 0 ��WRS�*RRJOH�
VQLSSHWV

0HDVXUH�
� 5HFDOO��WKH�SHUFHQWDJH�RI�WKH�TXHVWLRQV�DQVZHUHG�FRUUHFWO\�
FRPSDUHG�WR�DOO�TXHVWLRQV�RI�WKH�WHVW�FRUSXV

� 0HDQ�5HFLSURFDO�5DQN��055��IRU�1�TXHVWLRQV�DQG�UHFLSURFDO
UDQN�RI�IRXQG�DQVZHU�IRU�TXHVW�,�������ò��«������RU���

1

UDQN

055

1

L
L

∑
== 1

1
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7ZR�7HVW�(QYLURQPHQWV
5HVWULFWHG

� ���SHUVRQ�UHODWHG�DQG����ORFDWLRQ�UHODWHG

� $VVXPH��1(�LQVWDQFHV�RI�H[SHFWHG�DQVZHU�W\SHV�DUH�FRYHUHG�E\�
RXU�1(�UHFRJQL]HU

� Who became Israel’s first prime minister in 1949?
� In which former soviet state was the nuclear power plant 

Chernobyl?

([WHQGHG
� ���ORFDWLRQ�UHODWHG����RUJDQL]DWLRQ�UHODWHG�����SHUVRQ�UHODWHG

� WKH�H[SHFWHG�DQVZHU�W\SH�RI�D�TXHVWLRQ�LV�QRW�DOZD\V�FRYHUHG�E\�
RXU�1(�UHFRJQL]HU

� What¶s the name of the organisation found in 1971, which helps 
people all over the world?

� Which boy group did the English singer Robbie Williams belong to
before his Solo Career?
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$YHUDJH�5HVXOWV RI�5HVWULFWHG
7HVW

MRR
(N=5)

correct
top1

correct
top3

all questions 0.103 0.3 0.35

Excluding no 
document cases

0.122 0.35 0.41

Average performance of the Google snippets

exact 
answer

MRR
(N=5)

correct
top1

correct
top3

all questions 0.212 0.45 0.55

excluding no 
document cases

0.236 0.53 0.64

Average performance of WAG exact answers

MRR
(N=5)

correct
top1

correct
top3

all questions 0.092 0.21 0.52

exact 
answer

MRR
(N=5)

correct
top1

correct
top3

all questions 0,135 0.31 0.42

Person Location

VQLSSHW
VQLSSHW

Average performance of WAG sentence answers

sentence MRR
(N=5)

Recall
top1

Recall
top3

All questions 0,216 0.5 0.55

excluding zero 
document cases

0,254 0.59 0.64

sentence
MRR
(N=5)

Recall
top1

Recall
top3

all questions 0,126 0.26 0.37
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$YHUDJH�5HVXOWV RI�([WHQGHG 7HVW

Average performance of the Google snippets

Average performance of WAG exact answers 

Person Location

VQLSSHW VQLSSHW

MRR
(N=5)

Recall
top1

Recall
top3

all questions 0.113 0.216 0.6

exact
answer

MRR
(N=5)

Recall
top1

Recall
top3

all questions 0.16 0.44 0.56

MRR
(N=5)

Recall
Top1

Recall
top3

all questions 0,126 0.34 0.48

exact
answer

MRR
(N=5)

Recall
top1

Recall
Top3

all questions 0,127 0.314 0.4

Average performance of WAG sentence answers

Sentence

MRR
(N=5)

Recall
top1

Recall
top3

all questions 0,183 0.32 0.72
sentence

MRR
(N=5)

Recall
top1

Recall
Top3

all questions 0,154 0.4 0.485
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6XPPDU\�RI�(YDOXDWLRQ
*RRJOH�LQ�5HVWULFWHG�����

:$*�LQ�5HVWULFWHG

*RRJOH�LQ�([WHQGHG�����

:$*�LQ�([WHQGHG
Metric exact answer Sentence

MRR (N=5) 0.126 0.166

Recall top1 0.29 0.365

Recall top3 0.445 0.61

Metric exact answer Sentence

MRR (N=5) 0.174 0.171

Recall top1 0.38 0.38

Recall top3 0.48 0.46

Metric snippet

MRR (N=5) 0.136

Recall top1 0.310

Recall top3 0.61

Metric snippet

MRR (N=5) 0.0975

Recall top1 0.255

Recall top3 0.435



�� �� �� � �	� 
 � � �� 

�� �� �� �� � �� �� �� �� ��

4XDOLWDWLYH�$QDO\VLV
'RHV�WKH�4XL]�%RRN�SURYLGH�DFWXDOO\�YDOLG�DQVZHU�NH\V"

� 7UDGHRII�EHWZHHQ�:$*�DQVZHUV�DQG�4XL]�ERRN�DQVZHU�NH\V

� ,QFRPSOHWHQHVV�RI�WKH�SURYLGHG�DQVZHUV

([DFW�$QVZHU�DQG�6HQWHQFH�$QVZHU
� 6HQWHQFH�DQVZHU�LV�PRUH�UREXVW�WKDQ�H[DFW�DQVZHU

� ([DFW�DQVZHUV�SURYLGH�PRUH�FOHDU�UHVSRQVH�LQ�FDVH�RI�QRQ�³ZHOO�
IRUPHG´ VHQWHQFHV

5HGXQGDQF\�DQG�3RSXODU�,QIRUPDWLRQ
� 0DMRULW\�SROOLQJ�DORQH�LV�QRW�VXIILFLHQW�WR�JXDUDQWHH�WKH�FRUUHFW�
DQVZHU

� 0RVW�SRSXODU�LQIRUPDWLRQ�ZLOO�EH�UDQNHG�KLJKHU�WKDQ�WKH�FRUUHFW�
DQVZHU�LQ�VRPH�FDVHV

$QDSKRUD�5HVROXWLRQ
� 6HQWHQFHV�PD[LPDOO\�PDWFKHG�ZLWK�TXHULHV�FRQWDLQ�VRPHWLPHV�
DQDSKRULF�H[SUHVVLRQV�LQVWHDG�RI�DQVZHUV��WKHUHIRUH��

� 3DUDJUDSKV�FDQ�EH�XVHG�DV�GLVFRXUVH�FRQWH[W�IRU�DQDSKRU�
UHVROXWLRQ�
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6XPPDU\�
WKH�OHVVRQ�ZH�OHDUQHG

:HE�EDVHG�DQVZHU�H[WUDFWLRQ EHQHILWV IURP UREXVW�
DQG�HIILFLHQW�/7�WHFKQRORJ\

7KH�EHWWHU�1(�UHFRJQLWLRQ�LV��WKH�EHWWHU�WKH�DQVZHU�
H[WUDFWLRQ�SURFHVV�LV��ZUW��FRYHUDJH�DQG�ILQH�
JUDLQHGQHVV�

8VLQJ�D�1(�DQFKRUHG�SDUDJUDSK��VHQWHQFH�DQG�
SKUDVH�VHOHFWLRQ�VWUDWHJ\�KHOSV�LQ

� +DQGOLQJ�PXOWLSOH�GRFXPHQWV

� 7DNLQJ�LQWR�DFFRXQW�WKH�UHGXQGDQF\�RQ�WKH�:HE

� 3URFHVVLQJ�FRPSOH[��OLVW��WHPSODWH��TXHVWLRQV



�� �� �� � �	� 
 � � �� 

�� �� �� �� � �� �� �� �� ��

)XWXUH�ZRUN��&URVV�ODQJXDJH�
7HPSODWH�EDVHG 4$

&URVV�ODQJXDJH�ZHE�EDVHG�4$
� *HUPDQ�TXHULHV��(QJOLVK�GRFXPHQWV��DQG�YLFH�YHUVD�

� )LUVW�SURWRW\SH�IRU�7UHF�OLNH�FRUSXV�H[LVWV�
�1HXPDQQ6DFDOHDQX��&OHI������

:HE�EDVHG�'\QDPLF�,QIRUPDWLRQ�([WUDFWLRQ
� 6SHFLILFDWLRQ RI�PXOWL�VORW�TXHVWLRQV

� ([WUDFWLRQ�0HUJLQJ RI��SDUWLDO��WHPSODWHV
� 6LQJOH�LQVWDQFHV

� 0XOWLSOH�LQVWDQFHV �OLVW�EDVHG�WHPSODWH�PHUJLQJ�

� )LUVW�SURWRW\SH��QRW�\HW�HYDOXDWHG
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4XHU\�6SHFLILFDWLRQ��0XOWLSOH�
([SHFWHG�$QVZHU�7\SHV
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5DQNLQJ�DFFRUGLQJ WR�DOO�
SURFHVVHG 1(�W\SHV
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7HPSODWH�H[WUDFWLRQ�WKURXJK�
PHUJLQJ

6R�IDU��'R�KDQGOH
6LQJOH�,QVWDQFH�
LQ�VLQJOH�VHQWHQFH

1H[W�VWHS��PHUJLQJ�
RI�SDUWLDO�WHPSODWHV
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'RQH�±

7KDQN�\RX�IRU�\RXU�DWWHQWLRQ�
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:$*�([DPSOH

3DUDJUDSK�UHWULHYDO�IRU�WHPSODWH�H[WUDFWLRQ�WHPSODWH�PHUJLQJ�WHPSODWH�PLQLQJ

� �VHQWHQFH!�

�'$7(!������� ��'$7(!� &KHPLH&KHPLH�1REHOSUHLV ������(OHNWULVFK�OHLWHQGH�
.XQVWVWRIIH�NRHQQWHQ GLH�7HFKQLN GHV�����-DKUKXQGHUWV�EHVWLPPHQ�'XUFK GLH�
(QWGHFNXQJ�OHLWIDHKLJHU�.XQVWVWRIIH�KDEHQ GLH�EHLGHQ �1DWLRQDOLW\!86�
$PHULNDQHU��1DWLRQDOLW\! �31!$ODQ�+HHJHU ��31! YRQ�GHU��2UJDQL]DWLRQ!�
8QLYHUVLWDHW YRQ�.DOLIRUQLHQ���2UJDQL]DWLRQ! LQ��/RFDWLRQ!6DQWD�%DUEDUD���/RFDWLRQ!
XQG��31!�$ODQ�0DF'LDUPLG ��31!YRQ�GHU��2UJDQL]DWLRQ!�8QLYHUVLWDHW YRQ�
3HQQV\OYDQLD ��2UJDQL]DWLRQ! XQG�GHU��1DWLRQDOLW\! -DSDQHU ��1DWLRQDOLW\! �31!
+LGHNL�6KLUDNDZD ��31! YRQ�GHU��2UJDQL]DWLRQ!�8QLYHUVLWDHW 7VXNXED
��2UJDQL]DWLRQ! $QZHQGXQJHQ�ZLH�/HXFKWGLRGHQ�RGHU�$Q]HLJHQGLVSOD\V LQ�
0RELOWHOHIRQHQ�PRHJOLFK�JHPDFKW��

��VHQWHQFH!

>3HUVRQ1DPH��$ODQ�+HHJHU

2UJDQL]DWLRQ��8QLYHUVLWDHW YRQ�.DOLIRUQLHQ

/RFDWLRQ�� 6DQWD�%DUEDUD

1DWLRQDOLW\���86�$PHULNDQHU@

>3HUVRQ1DPH�$ODQ�0DF'LDUPLG

2UJDQL]DWLRQ�8QLYHUVLWDHW YRQ�3HQQV\OYDQLD

/RFDWLRQ� 6DQWD�%DUEDUD

1DWLRQDOLW\��86�$PHULNDQHU@

>3HUVRQ1DPH�+LGHNL�6KLUDNDZD

2UJDQL]DWLRQ�8QLYHUVLWDHW�7VXNXED

/RFDWLRQ���������6DQWD�%DUEDUD

1DWLRQDOLW\�����-DSDQHU@


