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Proposed in previous works: 
✓ Synchronous CFG derivation trees  

Wong and Mooney (2006, 2007) 
✓ CCG derivation trees  

  Zettlemoyer and Collins (2005, 2007) 
✓ Bayesian tree transducers  

Jones, Goldwater and Johnson (2012) 
✓ Hybrid Trees  

Lu, Ng, Lee, Zettlemoyer (2008)

Joint Representations
Background | Method | Experiments & Analysis | Conclusion
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Input: what states have no bordering states?

Generative Hybrid Tree
(Lu et al.，2008)Background | Method | Experiments & Analysis | Conclusion

p(m,n) =
X

h2H(n,m)

p(m,h,n)
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Input: what states have no bordering states?

Discriminative Hybrid Tree
(Lu，2014, 2015)Background | Method | Experiments & Analysis | Conclusion

p(m|n) =
X

h2H(n,m)

p(m,h|n)
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Input: what states have no bordering states? 

• Neural hybrid tree is an extension of discriminative hybrid tree.

Neural Hybrid Tree
(Susanto and Lu, 2017)
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Neural Hybrid Tree
(Susanto and Lu, 2017)

Output layer

Hidden layer

Input layer

Score vector

Discriminative 
hybrid tree
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Word window  
in size of (2J+1)
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Can we leverage multi-lingual 
resources to improve the 
performance of a monolingual 
semantic parser?
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Semantic Trees



What do we have?
Background | Method | Experiments & Analysis | Conclusion

Semantic Parser 
For English 

Indonesian Sentences

German Sentences

Chinese Sentences

…
10

The answer is Yes!!!

English Sentences

Semantic Trees

Can we leverage multi-lingual 
resources to improve the 
performance of a monolingual 
semantic parser?
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We construct a semantics-word co-occurrence matrix  
based on auxiliary languages and semantic trees. 

Cross-lingual Representations

Auxiliary languages
C =

2

64
c11 · · · c1n
...

. . .
...

cm1 · · · cmn

3

75
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Auxiliary Languages 
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Indonesian 
Chinese 

…



The singular value decomposition (SVD) is then applied to the co- 
occurrence matrix, leading to 

We truncate the diagonal matrix      and left multiply it with     : 

Cross-lingual Representations

Auxiliary languages

C = U⌃V ⇤
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<latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="5g198SEHUkAbxMvGj6w3pE+a870=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcaLHgUvHiOaBZIQejo1SZtehu4eIQz5By8eFPHq/3jzb+wsoCY+KHi8V0VVvTgV3Low/ApWVtfWNzYLW8Xtnd29/dLBYd3qzDCsMS20acbUouAKa447gc3UIJWxwEY8vJ74jUc0lmt170YpdiTtK55wRp2X6u073pe0WyqHlXAKskyiOSnDHNVu6bPd0yyTqBwT1NpWFKauk1PjOBM4LrYziyllQ9rHlqeKSrSdfHrtmJx6pUcSbXwpR6bq74mcSmtHMvadkrqBXfQm4n9eK3PJZSfnKs0cKjZblGSCOE0mr5MeN8icGHlCmeH+VsIG1FDmfEBFH0K0+PIyqZ9XorAS3f6kAQU4hhM4gwgu4ApuoAo1YPAAT/ACr4EOnoO34H3WuhLMZ47gD4KPb0LFjn0=</latexit><latexit sha1_base64="5g198SEHUkAbxMvGj6w3pE+a870=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcaLHgUvHiOaBZIQejo1SZtehu4eIQz5By8eFPHq/3jzb+wsoCY+KHi8V0VVvTgV3Low/ApWVtfWNzYLW8Xtnd29/dLBYd3qzDCsMS20acbUouAKa447gc3UIJWxwEY8vJ74jUc0lmt170YpdiTtK55wRp2X6u073pe0WyqHlXAKskyiOSnDHNVu6bPd0yyTqBwT1NpWFKauk1PjOBM4LrYziyllQ9rHlqeKSrSdfHrtmJx6pUcSbXwpR6bq74mcSmtHMvadkrqBXfQm4n9eK3PJZSfnKs0cKjZblGSCOE0mr5MeN8icGHlCmeH+VsIG1FDmfEBFH0K0+PIyqZ9XorAS3f6kAQU4hhM4gwgu4ApuoAo1YPAAT/ACr4EOnoO34H3WuhLMZ47gD4KPb0LFjn0=</latexit><latexit sha1_base64="lvYY+ORhScWnVjItk/6ejA8PjY0=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9j1osegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuurvilDNjg+DbK62tb2xulbcrO7t7+wf+4VHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9vZn77iWrDlHywk5RGAg8lSxjB1kmt3j0bCtz3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHIV5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvgmr9uoijDCdwCucQwiXU4RYa0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8Aah+O/w==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit>
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The singular value decomposition (SVD) is then applied to the co- 
occurrence matrix, leading to 

We truncate the diagonal matrix      and left multiply it with     : 

Cross-lingual Representations

Auxiliary languages

C = U⌃V ⇤
<latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit><latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit><latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit><latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit>

R = U ⌃̃
<latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit><latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit><latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit><latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit>

⌃
<latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="5g198SEHUkAbxMvGj6w3pE+a870=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcaLHgUvHiOaBZIQejo1SZtehu4eIQz5By8eFPHq/3jzb+wsoCY+KHi8V0VVvTgV3Low/ApWVtfWNzYLW8Xtnd29/dLBYd3qzDCsMS20acbUouAKa447gc3UIJWxwEY8vJ74jUc0lmt170YpdiTtK55wRp2X6u073pe0WyqHlXAKskyiOSnDHNVu6bPd0yyTqBwT1NpWFKauk1PjOBM4LrYziyllQ9rHlqeKSrSdfHrtmJx6pUcSbXwpR6bq74mcSmtHMvadkrqBXfQm4n9eK3PJZSfnKs0cKjZblGSCOE0mr5MeN8icGHlCmeH+VsIG1FDmfEBFH0K0+PIyqZ9XorAS3f6kAQU4hhM4gwgu4ApuoAo1YPAAT/ACr4EOnoO34H3WuhLMZ47gD4KPb0LFjn0=</latexit><latexit sha1_base64="5g198SEHUkAbxMvGj6w3pE+a870=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcaLHgUvHiOaBZIQejo1SZtehu4eIQz5By8eFPHq/3jzb+wsoCY+KHi8V0VVvTgV3Low/ApWVtfWNzYLW8Xtnd29/dLBYd3qzDCsMS20acbUouAKa447gc3UIJWxwEY8vJ74jUc0lmt170YpdiTtK55wRp2X6u073pe0WyqHlXAKskyiOSnDHNVu6bPd0yyTqBwT1NpWFKauk1PjOBM4LrYziyllQ9rHlqeKSrSdfHrtmJx6pUcSbXwpR6bq74mcSmtHMvadkrqBXfQm4n9eK3PJZSfnKs0cKjZblGSCOE0mr5MeN8icGHlCmeH+VsIG1FDmfEBFH0K0+PIyqZ9XorAS3f6kAQU4hhM4gwgu4ApuoAo1YPAAT/ACr4EOnoO34H3WuhLMZ47gD4KPb0LFjn0=</latexit><latexit sha1_base64="lvYY+ORhScWnVjItk/6ejA8PjY0=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9j1osegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuurvilDNjg+DbK62tb2xulbcrO7t7+wf+4VHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9vZn77iWrDlHywk5RGAg8lSxjB1kmt3j0bCtz3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHIV5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvgmr9uoijDCdwCucQwiXU4RYa0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8Aah+O/w==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit>

Each row in R is a d-dimensional vector, giving a  
low-dimensional representation for one semantic unit.
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U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>



The singular value decomposition (SVD) is then applied to the co- 
occurrence matrix, leading to 

We truncate the diagonal matrix      and left multiply it with     : 

Cross-lingual Representations

Auxiliary languages

C = U⌃V ⇤
<latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit><latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit><latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit><latexit sha1_base64="zhMaDMs0gBIFdSV6mtp9kiidY1k=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I3LivYBTSw300k7dDIJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hMknCntON9WYWl5ZXWtuF7a2Nza3rF395oqTiWhDRLzWLYDUJQzQRuaaU7biaQQBZy2gmFt4rceqFQsFnd6lFA/gr5gISOgjdS1D2r4Eje8W9aPADfvMw+UHnftslNxpsCLxM1JGeWod+0vrxeTNKJCEw5KdVwn0X4GUjPC6bjkpYomQIbQpx1DBURU+dn0+jE+NkoPh7E0JTSeqr8nMoiUGkWB6YxAD9S8NxH/8zqpDi/8jIkk1VSQ2aIw5VjHeBIF7jFJieYjQ4BIZm7FZAASiDaBlUwI7vzLi6R5WnGdintzVq5e5XEU0SE6QifIReeoiq5RHTUQQY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifP/ZclEU=</latexit>

R = U ⌃̃
<latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit><latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit><latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit><latexit sha1_base64="9EW3vZ9spEEiDdstMOYF1+UiH2E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6EYounFZH2kLTSiTyaQdOjMJMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWVldW9+obta2tnd29+z9g45KMomJhxOWyF6IFGFUEE9TzUgvlQTxkJFuOL6e+t1HIhVNxIPOUxJwNBQ0phhpIw3s+h28hJ6vKYtI4d/TIUeTgd1wms4McJm4JWmAEu2B/eVHCc44ERozpFTfdVIdFEhqihmZ1PxMkRThMRqSvqECcaKCYnb8BB4bJYJxIk0JDWfq74kCcaVyHppOjvRILXpT8T+vn+n4IiioSDNNBJ4vijMGdQKnScCISoI1yw1BWFJzK8QjJBHWJq+aCcFdfHmZdE6brtN0b88arasyjio4BEfgBLjgHLTADWgDD2CQg2fwCt6sJ+vFerc+5q0Vq5ypgz+wPn8A11iUQA==</latexit>

⌃
<latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="feYzCSbqj61LrrcowietRi1DSP8=">AAAB5HicbVDLSgNBEOz1GddX9OplMAiewq4XPQpePEYwD0hCmJ3tTYbMzi4zvUJY8gMevIh49Zu8+TdOHqAmFjQUVd10d0W5kpaC4Mvb2Nza3tmt7Pn7B/7h0XH1pGWzwghsikxlphNxi0pqbJIkhZ3cIE8jhe1ofDfz209orMz0I01y7Kd8qGUiBScnNQbVWlAP5mDrJFySGiwxqH724kwUKWoSilvbDYOc+iU3JIXCqd8rLOZcjPkQu45qnqLtl/Mzp+zCKTFLMuNKE5urvydKnlo7SSPXmXIa2VVvJv7ndQtKbvql1HlBqMViUVIoRhmb/cxiaVCQmjjChZHuViZG3HBBLhnfZRCufrxOWlf1MKiHDz9hQAXO4BwuIYRruIV7aEATBMTwDK/eyHvx3rz3ReOGt5w4hT/wPr4BGDqLAg==</latexit><latexit sha1_base64="5g198SEHUkAbxMvGj6w3pE+a870=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcaLHgUvHiOaBZIQejo1SZtehu4eIQz5By8eFPHq/3jzb+wsoCY+KHi8V0VVvTgV3Low/ApWVtfWNzYLW8Xtnd29/dLBYd3qzDCsMS20acbUouAKa447gc3UIJWxwEY8vJ74jUc0lmt170YpdiTtK55wRp2X6u073pe0WyqHlXAKskyiOSnDHNVu6bPd0yyTqBwT1NpWFKauk1PjOBM4LrYziyllQ9rHlqeKSrSdfHrtmJx6pUcSbXwpR6bq74mcSmtHMvadkrqBXfQm4n9eK3PJZSfnKs0cKjZblGSCOE0mr5MeN8icGHlCmeH+VsIG1FDmfEBFH0K0+PIyqZ9XorAS3f6kAQU4hhM4gwgu4ApuoAo1YPAAT/ACr4EOnoO34H3WuhLMZ47gD4KPb0LFjn0=</latexit><latexit sha1_base64="5g198SEHUkAbxMvGj6w3pE+a870=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcaLHgUvHiOaBZIQejo1SZtehu4eIQz5By8eFPHq/3jzb+wsoCY+KHi8V0VVvTgV3Low/ApWVtfWNzYLW8Xtnd29/dLBYd3qzDCsMS20acbUouAKa447gc3UIJWxwEY8vJ74jUc0lmt170YpdiTtK55wRp2X6u073pe0WyqHlXAKskyiOSnDHNVu6bPd0yyTqBwT1NpWFKauk1PjOBM4LrYziyllQ9rHlqeKSrSdfHrtmJx6pUcSbXwpR6bq74mcSmtHMvadkrqBXfQm4n9eK3PJZSfnKs0cKjZblGSCOE0mr5MeN8icGHlCmeH+VsIG1FDmfEBFH0K0+PIyqZ9XorAS3f6kAQU4hhM4gwgu4ApuoAo1YPAAT/ACr4EOnoO34H3WuhLMZ47gD4KPb0LFjn0=</latexit><latexit sha1_base64="lvYY+ORhScWnVjItk/6ejA8PjY0=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9j1osegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuurvilDNjg+DbK62tb2xulbcrO7t7+wf+4VHLqEwT2iSKK92JsaGcSdq0zHLaSTXFIua0HY9vZn77iWrDlHywk5RGAg8lSxjB1kmt3j0bCtz3q0EtmAOtkrAgVSjQ6PtfvYEimaDSEo6N6YZBaqMca8sIp9NKLzM0xWSMh7TrqMSCmiifXztFZ04ZoERpV9Kiufp7IsfCmImIXafAdmSWvZn4n9fNbHIV5UymmaWSLBYlGUdWodnraMA0JZZPHMFEM3crIiOsMbEuoIoLIVx+eZW0LmphUAvvgmr9uoijDCdwCucQwiXU4RYa0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8Aah+O/w==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit>

Each row in R is a d-dimensional vector, giving a  
low-dimensional representation for one semantic unit.
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U
<latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit><latexit sha1_base64="BaPROe+9ACCkZyLn66DLY8LZ0kg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diCaQttKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/lgJikGMR1KHnFGjZWafr9SdWvuHGSVeAWpQoFGv/LVGyQsi1EaJqjWXc9NTZBTZTgTOC33Mo0pZWM6xK6lksaog3x+6JScW2VAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE90EOZdpZlCyxaIoE8QkZPY1GXCFzIiJJZQpbm8lbEQVZcZmU7YheMsvr5LWZc1za17zqlq/LeIowSmcwQV4cA11uIcG+MAA4Rle4c15dF6cd+dj0brmFDMn8AfO5w+xLYzZ</latexit>

The learned representations are considered as features 
for discriminative and neural hybrid tree models.



Data: Multilingual Geoquery 
Baselines: (Lu et al., 2008) (Lu, 2015) (Susanto and Lu, 2017) 

Results

English Thai German Greek Chinese Indonesian Swedish Farsi
Acc. F. Acc. F. Acc. F. Acc. F. Acc. F. Acc. F. Acc. F. Acc. F.

HT-G 76.8 81.0 73.6 76.7 62.1 68.5 69.3 74.6 56.1 58.4 66.4 72.8 61.4 70.5 51.8 58.6
HT-D 86.8 86.8 80.7 80.7 75.7 75.7 79.3 79.3 76.1 76.1 75.0 75.0 79.3 79.3 73.9 73.9

HT-D (+O) 86.1 86.1 81.1 81.1 73.6 73.6 81.4 81.4 77.9 77.9 79.6 79.6 79.3 79.3 75.7 75.7

HT-D (NN) J=0 87.9 87.9 82.1 82.1 75.7 75.7 81.1 81.1 76.8 76.8 76.1 76.1 81.1 81.1 75.0 75.0
HT-D (NN) J=1 88.6 88.6 84.6 84.6 76.8 76.8 79.6 79.6 75.4 75.4 78.6 78.6 82.9 82.9 76.1 76.1
HT-D (NN) J=2 90.0 90.0 82.1 82.1 73.9 73.9 80.7 80.7 81.1 81.1 81.8 81.8 83.9 83.9 74.6 74.6

HT-D (NN+O) J=0 86.1 86.1 83.6 83.6 73.9 73.9 82.1 82.1 77.9 77.9 81.1 81.1 82.1 82.1 74.6 74.6
HT-D (NN+O) J=1 86.1 86.1 86.1 86.1 72.5 72.5 80.4 80.4 81.4 81.4 82.5 82.5 82.5 82.5 75.7 75.7
HT-D (NN+O) J=2 89.6 86.1 84.6 84.6 72.1 72.1 83.2 83.2 82.1 82.1 83.9 83.9 83.6 83.6 76.8 76.8

5 out of 8 languages get improved
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Data: Multilingual Geoquery 
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• Semantic units with similar meanings gather together. 
• Occasionally, semantic units conveying opposite meanings are  
grouped together.

Cross-Lingual Representations

15

River:loc (State)
State:loc (Place)

Place:loc (Country)
City:loc (Country)

River:loc (City)

City:smallest (City)
State:smallest (density (State))

City:smallest (population (City))
State:fewest (State)

City:loc (State)

City: smallest (density (State))

State:largest (density (State))
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✓ Summary
✓ Presented a novel method to learning distributed  

representations of semantic units containing cross-lingual  
information. 
✓ Studied the benefits of the cross-lingual information to  

monolingual semantic parsing 
✓ Future work

✓ Learn representations and semantic parsers in a joint  
manner. 
✓ Investigate better way of learning such cross-lingual    

representations.

Conclusions
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✓ Summary
✓ Presented a novel method to learning distributed  

representations of semantic units containing cross-lingual  
information.  

✓ Future work
✓ Learn representations and semantic parsers in a joint  

manner. 
✓ Investigate which languages from auxiliary corpus are the  
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Conclusions
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Code available at: http://statnlp.org/research/sp/ 

Questions?


