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Dependency Parsing

$ But there were no buyers
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$ But there were no buyers



Transition-based Parsing
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• Process the input sequentially in order  
 

• Use actions that build up a tree  
 
 

• Choose which actions to apply with a classifier



Example: Arc-standard Parsing 
[Yamada+ 2003, Nivre 2004]
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• Order: Left-to-right 
• Actions: Shift, reduce-right, reduce-left  
 
 
 
 
 
 
 
 

• Classifier: 
• Support vector machines [Nivre+ 2004] 
• Feed-forward neural networks [Chen+ 2014] 
• Recurrent neural networks [Dyer+ 2015]

shift

I saw a girlROOT ∅ left

I saw a girlROOT

right

I saw a girlROOT



Our Proposal: Stack-pointer Networks (StackPtr)
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• Order: Top-down, depth-first 
• Actions: "Point" to the next word to choose as a child 
• Model: A neural network, based on "pointer networks" 
• Advantages: 

• Top-down parsing maintains a global view of the sentence 
• High accuracy 
• Can maintain full history, low asymptotic running time (c.f. 

graph-based)
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Background: Pointer Network [Vinyals+ 2015]

• Output sequence with elements that are discrete tokens corresponding to 
positions in an input sequence
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• Use attention as a pointer to select a member of the input sequence as the output

eti = score(ht, si)
<latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZRyTSboGa+KTssokPfwEClKAJH8=">AAAB+XicbZBLSwMxFIXv1FetVavbboJFqCBlxo1uBMGNywq2Fdo6ZNLbNjTzILkjlKELN/4VNy4U8Y+489+YPhbaeiDwcU7CzT1BoqQh1/12cmvrG5tb+e3CTnF3b790UGyaONUCGyJWsb4PuEElI2yQJIX3iUYeBgpbweh6mrceURsZR3c0TrAb8kEk+1JwspZfKuNDRhM/kxN2yYyINVaHPp0y48sTv1Rxa+5MbBW8BVRgobpf+ur0YpGGGJFQ3Ji25ybUzbgmKRROCp3UYMLFiA+wbTHiIZpuNltiwo6t02P9WNsTEZu5v19kPDRmHAb2ZshpaJazqflf1k6pf9HNZJSkhJGYD+qnilHMpo2wntQoSI0tcKGl/SsTQ665INtbwZbgLa+8Cs2zmufWvFsX8lCGI6iCB+dwBTdQhwYIeIIXeIN359l5dT7mdeWcRW+H8EfO5w/+6JXl</latexit><latexit sha1_base64="ZRyTSboGa+KTssokPfwEClKAJH8=">AAAB+XicbZBLSwMxFIXv1FetVavbboJFqCBlxo1uBMGNywq2Fdo6ZNLbNjTzILkjlKELN/4VNy4U8Y+489+YPhbaeiDwcU7CzT1BoqQh1/12cmvrG5tb+e3CTnF3b790UGyaONUCGyJWsb4PuEElI2yQJIX3iUYeBgpbweh6mrceURsZR3c0TrAb8kEk+1JwspZfKuNDRhM/kxN2yYyINVaHPp0y48sTv1Rxa+5MbBW8BVRgobpf+ur0YpGGGJFQ3Ji25ybUzbgmKRROCp3UYMLFiA+wbTHiIZpuNltiwo6t02P9WNsTEZu5v19kPDRmHAb2ZshpaJazqflf1k6pf9HNZJSkhJGYD+qnilHMpo2wntQoSI0tcKGl/SsTQ665INtbwZbgLa+8Cs2zmufWvFsX8lCGI6iCB+dwBTdQhwYIeIIXeIN359l5dT7mdeWcRW+H8EfO5w/+6JXl</latexit><latexit sha1_base64="Mzkwdl86pl1m+JMdnmD8hUKupts=">AAACBHicbVDJSgNBEO2JW4xb1GMujUGIIGEmF70IAS8eI5gFknHo6VSSJj0L3TVCGObgxV/x4kERr36EN//GznLQxAcFj/eqqKrnx1JotO1vK7e2vrG5ld8u7Ozu7R8UD49aOkoUhyaPZKQ6PtMgRQhNFCihEytggS+h7Y+vp377AZQWUXiHkxjcgA1DMRCcoZG8YgnuU8y8VGT0imoeKaiMPDyn2hNnXrFsV+0Z6CpxFqRMFmh4xa9eP+JJACFyybTuOnaMbsoUCi4hK/QSDTHjYzaErqEhC0C76eyJjJ4apU8HkTIVIp2pvydSFmg9CXzTGTAc6WVvKv7ndRMcXLqpCOMEIeTzRYNEUozoNBHaFwo4yokhjCthbqV8xBTjaHIrmBCc5ZdXSatWdeyqc2uX67VFHHlSIiekQhxyQerkhjRIk3DySJ7JK3mznqwX6936mLfmrMXMMfkD6/MHek2XQA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit><latexit sha1_base64="MP3KQ/gScyp8NU7FyXSbBkweAIs=">AAACBHicbVDJSgNBEO1xjXGLesylMQgRJMwEQS9CwIvHCGaBZBx6OpWkSc9Cd40Qhjl48Ve8eFDEqx/hzb+xsxw08UHB470qqur5sRQabfvbWlldW9/YzG3lt3d29/YLB4dNHSWKQ4NHMlJtn2mQIoQGCpTQjhWwwJfQ8kfXE7/1AEqLKLzDcQxuwAah6AvO0EheoQj3KWZeKjJ6RTWPFJSHHp5R7YlTr1CyK/YUdJk4c1Iic9S9wle3F/EkgBC5ZFp3HDtGN2UKBZeQ5buJhpjxERtAx9CQBaDddPpERk+M0qP9SJkKkU7V3xMpC7QeB77pDBgO9aI3Ef/zOgn2L91UhHGCEPLZon4iKUZ0kgjtCQUc5dgQxpUwt1I+ZIpxNLnlTQjO4svLpFmtOHbFuT0v1arzOHKkSI5JmTjkgtTIDamTBuHkkTyTV/JmPVkv1rv1MWtdseYzR+QPrM8fe42XRA==</latexit>

at = softmax(et)
<latexit sha1_base64="vI3LTskCQH4tQvydCnl5CzL2NkU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZSkCLoRCm5cVrAPaGOZTCft0EkmzNyIJXbhr7hxoYhbf8Odf+OkzUJbD1w4c869zL3HjwXX4Djf1tLyyuraemGjuLm1vbNr7+03tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7oKvNb90xpLqNbGMfMC8kg4gGnBIzUsw/JXQoTfIm1DCAkD2WWvU97dsmpOFPgReLmpIRy1Hv2V7cvaRKyCKggWndcJwYvJQo4FWxS7CaaxYSOyIB1DI1IyLSXTvef4BOj9HEglakI8FT9PZGSUOtx6JvOkMBQz3uZ+J/XSSC48FIexQmwiM4+ChKBQeIsDNznilEQY0MIVdzsiumQKELBRFY0IbjzJy+SZrXiOhX35qxUq+ZxFNAROkZl5KJzVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9ijpWh</latexit><latexit sha1_base64="vI3LTskCQH4tQvydCnl5CzL2NkU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZSkCLoRCm5cVrAPaGOZTCft0EkmzNyIJXbhr7hxoYhbf8Odf+OkzUJbD1w4c869zL3HjwXX4Djf1tLyyuraemGjuLm1vbNr7+03tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7oKvNb90xpLqNbGMfMC8kg4gGnBIzUsw/JXQoTfIm1DCAkD2WWvU97dsmpOFPgReLmpIRy1Hv2V7cvaRKyCKggWndcJwYvJQo4FWxS7CaaxYSOyIB1DI1IyLSXTvef4BOj9HEglakI8FT9PZGSUOtx6JvOkMBQz3uZ+J/XSSC48FIexQmwiM4+ChKBQeIsDNznilEQY0MIVdzsiumQKELBRFY0IbjzJy+SZrXiOhX35qxUq+ZxFNAROkZl5KJzVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9ijpWh</latexit><latexit sha1_base64="vI3LTskCQH4tQvydCnl5CzL2NkU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZSkCLoRCm5cVrAPaGOZTCft0EkmzNyIJXbhr7hxoYhbf8Odf+OkzUJbD1w4c869zL3HjwXX4Djf1tLyyuraemGjuLm1vbNr7+03tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7oKvNb90xpLqNbGMfMC8kg4gGnBIzUsw/JXQoTfIm1DCAkD2WWvU97dsmpOFPgReLmpIRy1Hv2V7cvaRKyCKggWndcJwYvJQo4FWxS7CaaxYSOyIB1DI1IyLSXTvef4BOj9HEglakI8FT9PZGSUOtx6JvOkMBQz3uZ+J/XSSC48FIexQmwiM4+ChKBQeIsDNznilEQY0MIVdzsiumQKELBRFY0IbjzJy+SZrXiOhX35qxUq+ZxFNAROkZl5KJzVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9ijpWh</latexit><latexit sha1_base64="vI3LTskCQH4tQvydCnl5CzL2NkU=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZSkCLoRCm5cVrAPaGOZTCft0EkmzNyIJXbhr7hxoYhbf8Odf+OkzUJbD1w4c869zL3HjwXX4Djf1tLyyuraemGjuLm1vbNr7+03tUwUZQ0qhVRtn2gmeMQawEGwdqwYCX3BWv7oKvNb90xpLqNbGMfMC8kg4gGnBIzUsw/JXQoTfIm1DCAkD2WWvU97dsmpOFPgReLmpIRy1Hv2V7cvaRKyCKggWndcJwYvJQo4FWxS7CaaxYSOyIB1DI1IyLSXTvef4BOj9HEglakI8FT9PZGSUOtx6JvOkMBQz3uZ+J/XSSC48FIexQmwiM4+ChKBQeIsDNznilEQY0MIVdzsiumQKELBRFY0IbjzJy+SZrXiOhX35qxUq+ZxFNAROkZl5KJzVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Ynz9ijpWh</latexit>

s and h are the hidden states of encoder and decoder, and score() is the 
attention scoring function, e.g. bi-affine attention [Luong+ 2015; Dozat+ 2017]



Variable Definitions

: an input sentence x = {w1, . . . , wn}
<latexit sha1_base64="qbojGaOsAO9qo1eKMUpepbsu0Eg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgopSkCLoRCm5cVrAPaEKYTCbt0MkkzEysJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x08Ylcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWWcCkw6OGax6PtIEkY56SiqGOkngqDIZ6Tnj69zv3dPhKQxv1PThLgRGnIaUoyUljyz6kRIjfwwe5jBK+hkE8+uQ4cFsZJ1OPE4dGaeWbMa1hxwldgFqYECbc/8coIYpxHhCjMk5cC2EuVmSCiKGZlVnFSSBOExGpKBphxFRLrZ/JcZPNVKAMNY6OIKztXfExmKpJxGvu7ML5fLXi7+5w1SFV66GeVJqgjHi0VhyqCKYR4MDKggWLGpJggLqm+FeIQEwkrHV9Eh2Msvr5Jus2FbDfv2vNZqFnGUwQmogjNggwvQAjegDToAg0fwDF7Bm/FkvBjvxseitWQUM8fgD4zPH08Nmd8=</latexit><latexit sha1_base64="qbojGaOsAO9qo1eKMUpepbsu0Eg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgopSkCLoRCm5cVrAPaEKYTCbt0MkkzEysJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x08Ylcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWWcCkw6OGax6PtIEkY56SiqGOkngqDIZ6Tnj69zv3dPhKQxv1PThLgRGnIaUoyUljyz6kRIjfwwe5jBK+hkE8+uQ4cFsZJ1OPE4dGaeWbMa1hxwldgFqYECbc/8coIYpxHhCjMk5cC2EuVmSCiKGZlVnFSSBOExGpKBphxFRLrZ/JcZPNVKAMNY6OIKztXfExmKpJxGvu7ML5fLXi7+5w1SFV66GeVJqgjHi0VhyqCKYR4MDKggWLGpJggLqm+FeIQEwkrHV9Eh2Msvr5Jus2FbDfv2vNZqFnGUwQmogjNggwvQAjegDToAg0fwDF7Bm/FkvBjvxseitWQUM8fgD4zPH08Nmd8=</latexit><latexit sha1_base64="qbojGaOsAO9qo1eKMUpepbsu0Eg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgopSkCLoRCm5cVrAPaEKYTCbt0MkkzEysJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x08Ylcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWWcCkw6OGax6PtIEkY56SiqGOkngqDIZ6Tnj69zv3dPhKQxv1PThLgRGnIaUoyUljyz6kRIjfwwe5jBK+hkE8+uQ4cFsZJ1OPE4dGaeWbMa1hxwldgFqYECbc/8coIYpxHhCjMk5cC2EuVmSCiKGZlVnFSSBOExGpKBphxFRLrZ/JcZPNVKAMNY6OIKztXfExmKpJxGvu7ML5fLXi7+5w1SFV66GeVJqgjHi0VhyqCKYR4MDKggWLGpJggLqm+FeIQEwkrHV9Eh2Msvr5Jus2FbDfv2vNZqFnGUwQmogjNggwvQAjegDToAg0fwDF7Bm/FkvBjvxseitWQUM8fgD4zPH08Nmd8=</latexit><latexit sha1_base64="qbojGaOsAO9qo1eKMUpepbsu0Eg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgopSkCLoRCm5cVrAPaEKYTCbt0MkkzEysJXTvxl9x40IRt/6AO//GSZuFth64cDjnXu69x08Ylcqyvo3S2vrG5lZ5u7Kzu7d/YB4edWWcCkw6OGax6PtIEkY56SiqGOkngqDIZ6Tnj69zv3dPhKQxv1PThLgRGnIaUoyUljyz6kRIjfwwe5jBK+hkE8+uQ4cFsZJ1OPE4dGaeWbMa1hxwldgFqYECbc/8coIYpxHhCjMk5cC2EuVmSCiKGZlVnFSSBOExGpKBphxFRLrZ/JcZPNVKAMNY6OIKztXfExmKpJxGvu7ML5fLXi7+5w1SFV66GeVJqgjHi0VhyqCKYR4MDKggWLGpJggLqm+FeIQEwkrHV9Eh2Msvr5Jus2FbDfv2vNZqFnGUwQmogjNggwvQAjegDToAg0fwDF7Bm/FkvBjvxseitWQUM8fgD4zPH08Nmd8=</latexit>

w1 w2 w3 w4

: hidden states of encoders = {s1, . . . , sn}
<latexit sha1_base64="keDjsxjD0dYbPWK5zLURsOp2os0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpkJMxOhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hCmjSjvOt7W2vrG5tV3Zqe7u7R8c2kfHPSUyiUkXCybkIESKMMpJV1PNyCCVBCUhI/1wcjPz+w9EKir4vZ6mxE/QiNOYYqSNFNg1L0F6HMa5KuA19HIVuA3osUho1YAq4NArArvuNJ054CpxS1IHJTqB/eVFAmcJ4RozpNTQdVLt50hqihkpql6mSIrwBI3I0FCOEqL8fP5LAc+MEsFYSFNcw7n6eyJHiVLTJDSds8vVsjcT//OGmY6v/JzyNNOE48WiOGNQCzgLBkZUEqzZ1BCEJTW3QjxGEmFt4quaENzll1dJr9V0naZ7d1Fvt8o4KuAU1MA5cMElaINb0AFdgMEjeAav4M16sl6sd+tj0bpmlTMn4A+szx86gJnS</latexit><latexit sha1_base64="keDjsxjD0dYbPWK5zLURsOp2os0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpkJMxOhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hCmjSjvOt7W2vrG5tV3Zqe7u7R8c2kfHPSUyiUkXCybkIESKMMpJV1PNyCCVBCUhI/1wcjPz+w9EKir4vZ6mxE/QiNOYYqSNFNg1L0F6HMa5KuA19HIVuA3osUho1YAq4NArArvuNJ054CpxS1IHJTqB/eVFAmcJ4RozpNTQdVLt50hqihkpql6mSIrwBI3I0FCOEqL8fP5LAc+MEsFYSFNcw7n6eyJHiVLTJDSds8vVsjcT//OGmY6v/JzyNNOE48WiOGNQCzgLBkZUEqzZ1BCEJTW3QjxGEmFt4quaENzll1dJr9V0naZ7d1Fvt8o4KuAU1MA5cMElaINb0AFdgMEjeAav4M16sl6sd+tj0bpmlTMn4A+szx86gJnS</latexit><latexit sha1_base64="keDjsxjD0dYbPWK5zLURsOp2os0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpkJMxOhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hCmjSjvOt7W2vrG5tV3Zqe7u7R8c2kfHPSUyiUkXCybkIESKMMpJV1PNyCCVBCUhI/1wcjPz+w9EKir4vZ6mxE/QiNOYYqSNFNg1L0F6HMa5KuA19HIVuA3osUho1YAq4NArArvuNJ054CpxS1IHJTqB/eVFAmcJ4RozpNTQdVLt50hqihkpql6mSIrwBI3I0FCOEqL8fP5LAc+MEsFYSFNcw7n6eyJHiVLTJDSds8vVsjcT//OGmY6v/JzyNNOE48WiOGNQCzgLBkZUEqzZ1BCEJTW3QjxGEmFt4quaENzll1dJr9V0naZ7d1Fvt8o4KuAU1MA5cMElaINb0AFdgMEjeAav4M16sl6sd+tj0bpmlTMn4A+szx86gJnS</latexit><latexit sha1_base64="keDjsxjD0dYbPWK5zLURsOp2os0=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpkJMxOhhOzd+CtuXCji1h9w5984bbPQ1gMXDufcy733hCmjSjvOt7W2vrG5tV3Zqe7u7R8c2kfHPSUyiUkXCybkIESKMMpJV1PNyCCVBCUhI/1wcjPz+w9EKir4vZ6mxE/QiNOYYqSNFNg1L0F6HMa5KuA19HIVuA3osUho1YAq4NArArvuNJ054CpxS1IHJTqB/eVFAmcJ4RozpNTQdVLt50hqihkpql6mSIrwBI3I0FCOEqL8fP5LAc+MEsFYSFNcw7n6eyJHiVLTJDSds8vVsjcT//OGmY6v/JzyNNOE48WiOGNQCzgLBkZUEqzZ1BCEJTW3QjxGEmFt4quaENzll1dJr9V0naZ7d1Fvt8o4KuAU1MA5cMElaINb0AFdgMEjeAav4M16sl6sd+tj0bpmlTMn4A+szx86gJnS</latexit>

s1 s2 s3 s4

: hidden states of decoderh = {h1, . . . , hn}
<latexit sha1_base64="zoFkU/DNXL/xQwQvX0uOhw+frvM=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQZOpmEmYlQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/JRRqSzr21hb39jc2q7t1Hf39g8OzaPjgUwygUkfJywRIx9JwignfUUVI6NUEBT7jAz96U3pDx+IkDTh92qWEjdGE05DipHSkmc2nBipyA/zqIDX0Mkjz25BhwWJki0YeRw6hWc2rbY1B1wldkWaoELPM7+cIMFZTLjCDEk5tq1UuTkSimJGirqTSZIiPEUTMtaUo5hIN5//UsAzrQQwTIQuruBc/T2Ro1jKWezrzvJyueyV4n/eOFPhlZtTnmaKcLxYFGYMqgSWwcCACoIVm2mCsKD6VogjJBBWOr66DsFefnmVDDpt22rbdxfNbqeKowZOQQOcAxtcgi64BT3QBxg8gmfwCt6MJ+PFeDc+Fq1rRjVzAv7A+PwBBmyZsQ==</latexit><latexit sha1_base64="zoFkU/DNXL/xQwQvX0uOhw+frvM=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQZOpmEmYlQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/JRRqSzr21hb39jc2q7t1Hf39g8OzaPjgUwygUkfJywRIx9JwignfUUVI6NUEBT7jAz96U3pDx+IkDTh92qWEjdGE05DipHSkmc2nBipyA/zqIDX0Mkjz25BhwWJki0YeRw6hWc2rbY1B1wldkWaoELPM7+cIMFZTLjCDEk5tq1UuTkSimJGirqTSZIiPEUTMtaUo5hIN5//UsAzrQQwTIQuruBc/T2Ro1jKWezrzvJyueyV4n/eOFPhlZtTnmaKcLxYFGYMqgSWwcCACoIVm2mCsKD6VogjJBBWOr66DsFefnmVDDpt22rbdxfNbqeKowZOQQOcAxtcgi64BT3QBxg8gmfwCt6MJ+PFeDc+Fq1rRjVzAv7A+PwBBmyZsQ==</latexit><latexit sha1_base64="zoFkU/DNXL/xQwQvX0uOhw+frvM=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQZOpmEmYlQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/JRRqSzr21hb39jc2q7t1Hf39g8OzaPjgUwygUkfJywRIx9JwignfUUVI6NUEBT7jAz96U3pDx+IkDTh92qWEjdGE05DipHSkmc2nBipyA/zqIDX0Mkjz25BhwWJki0YeRw6hWc2rbY1B1wldkWaoELPM7+cIMFZTLjCDEk5tq1UuTkSimJGirqTSZIiPEUTMtaUo5hIN5//UsAzrQQwTIQuruBc/T2Ro1jKWezrzvJyueyV4n/eOFPhlZtTnmaKcLxYFGYMqgSWwcCACoIVm2mCsKD6VogjJBBWOr66DsFefnmVDDpt22rbdxfNbqeKowZOQQOcAxtcgi64BT3QBxg8gmfwCt6MJ+PFeDc+Fq1rRjVzAv7A+PwBBmyZsQ==</latexit><latexit sha1_base64="zoFkU/DNXL/xQwQvX0uOhw+frvM=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQZOpmEmYlQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/JRRqSzr21hb39jc2q7t1Hf39g8OzaPjgUwygUkfJywRIx9JwignfUUVI6NUEBT7jAz96U3pDx+IkDTh92qWEjdGE05DipHSkmc2nBipyA/zqIDX0Mkjz25BhwWJki0YeRw6hWc2rbY1B1wldkWaoELPM7+cIMFZTLjCDEk5tq1UuTkSimJGirqTSZIiPEUTMtaUo5hIN5//UsAzrQQwTIQuruBc/T2Ro1jKWezrzvJyueyV4n/eOFPhlZtTnmaKcLxYFGYMqgSWwcCACoIVm2mCsKD6VogjJBBWOr66DsFefnmVDDpt22rbdxfNbqeKowZOQQOcAxtcgi64BT3QBxg8gmfwCt6MJ+PFeDc+Fq1rRjVzAv7A+PwBBmyZsQ==</latexit>

h1 h2 h3 h4

: a sequence of paths,  
  each of which is a sequence  
  of words from root to a leaf

y = {p1, . . . , pn}
<latexit sha1_base64="h8Xhqm7Mmw+csTrmcpMEeZXfrBE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpmEmYkQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/IRRqSzr21hb39jc2q7t1Hf39g8OzaPjgYxTgUkfxywWIx9JwignfUUVI6NEEBT5jAz92U3pDx+IkDTm9ypLiBuhCachxUhpyTMbToTU1A/zrIDX0MkTz25BhwWxki2YeBw6hWc2rbY1B1wldkWaoELPM7+cIMZpRLjCDEk5tq1EuTkSimJGirqTSpIgPEMTMtaUo4hIN5//UsAzrQQwjIUuruBc/T2Ro0jKLPJ1Z3m5XPZK8T9vnKrwys0pT1JFOF4sClMGVQzLYGBABcGKZZogLKi+FeIpEggrHV9dh2Avv7xKBp22bbXtu4tmt1PFUQOnoAHOgQ0uQRfcgh7oAwwewTN4BW/Gk/FivBsfi9Y1o5o5AX9gfP4AOtGZ0g==</latexit><latexit sha1_base64="h8Xhqm7Mmw+csTrmcpMEeZXfrBE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpmEmYkQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/IRRqSzr21hb39jc2q7t1Hf39g8OzaPjgYxTgUkfxywWIx9JwignfUUVI6NEEBT5jAz92U3pDx+IkDTm9ypLiBuhCachxUhpyTMbToTU1A/zrIDX0MkTz25BhwWxki2YeBw6hWc2rbY1B1wldkWaoELPM7+cIMZpRLjCDEk5tq1EuTkSimJGirqTSpIgPEMTMtaUo4hIN5//UsAzrQQwjIUuruBc/T2Ro0jKLPJ1Z3m5XPZK8T9vnKrwys0pT1JFOF4sClMGVQzLYGBABcGKZZogLKi+FeIpEggrHV9dh2Avv7xKBp22bbXtu4tmt1PFUQOnoAHOgQ0uQRfcgh7oAwwewTN4BW/Gk/FivBsfi9Y1o5o5AX9gfP4AOtGZ0g==</latexit><latexit sha1_base64="h8Xhqm7Mmw+csTrmcpMEeZXfrBE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpmEmYkQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/IRRqSzr21hb39jc2q7t1Hf39g8OzaPjgYxTgUkfxywWIx9JwignfUUVI6NEEBT5jAz92U3pDx+IkDTm9ypLiBuhCachxUhpyTMbToTU1A/zrIDX0MkTz25BhwWxki2YeBw6hWc2rbY1B1wldkWaoELPM7+cIMZpRLjCDEk5tq1EuTkSimJGirqTSpIgPEMTMtaUo4hIN5//UsAzrQQwjIUuruBc/T2Ro0jKLPJ1Z3m5XPZK8T9vnKrwys0pT1JFOF4sClMGVQzLYGBABcGKZZogLKi+FeIpEggrHV9dh2Avv7xKBp22bbXtu4tmt1PFUQOnoAHOgQ0uQRfcgh7oAwwewTN4BW/Gk/FivBsfi9Y1o5o5AX9gfP4AOtGZ0g==</latexit><latexit sha1_base64="h8Xhqm7Mmw+csTrmcpMEeZXfrBE=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFclJIUQTdCwY3LCvYBTQiTyaQdOpmEmYkQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/IRRqSzr21hb39jc2q7t1Hf39g8OzaPjgYxTgUkfxywWIx9JwignfUUVI6NEEBT5jAz92U3pDx+IkDTm9ypLiBuhCachxUhpyTMbToTU1A/zrIDX0MkTz25BhwWxki2YeBw6hWc2rbY1B1wldkWaoELPM7+cIMZpRLjCDEk5tq1EuTkSimJGirqTSpIgPEMTMtaUo4hIN5//UsAzrQQwjIUuruBc/T2Ro0jKLPJ1Z3m5XPZK8T9vnKrwys0pT1JFOF4sClMGVQzLYGBABcGKZZogLKi+FeIpEggrHV9dh2Avv7xKBp22bbXtu4tmt1PFUQOnoAHOgQ0uQRfcgh7oAwwewTN4BW/Gk/FivBsfi9Y1o5o5AX9gfP4AOtGZ0g==</latexit>



Transition System
• Two data structures 

– List (α): of words whose head has not been selected 
– Stack (σ): of partially processed head words whose 

children have not been fully selected 
• Stack σ is initialized with the root symbol $ 
• At each decoding step t 

– receive the top element of stack σ as head word wh, and 
generate the hidden state ht 

– compute the attention vector at  using ht and encoder 
hidden states s 

– generate an arc: choose a specific word (wc) from α as 
the child of wh , remove wc from α and push it onto σ 

– complete a head: pop wh out of σ



Features for the Classifier
• Utilize higher-order information at each step of the top-

down decoding procedure

• Sibling and Grandchild structures 
– proven beneficial for parsing performance (McDonald and 

Pereira 2006; Koo and Collins 2010) 
 

 

•Use element-wise sum of the encoder hidden states instead 
of concatenation 
- does not increase the dimension of βt

�t = sh + sg + ss
<latexit sha1_base64="gGqNSum/YvqxCkz1wkLY07n2UlY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQShJEXQjFNy4rGAf0IYwmU7aoZNJmLkRSihu/BU3LhRx61e482+cpllo64G5HM65lzv3BIngGhzn2yqtrK6tb5Q3K1vbO7t79v5BW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wvpn5nQemNI/lPUwS5kVkKHnIKQEj+fZRP2BAfMDXWPsjfG7qMK/at6tOzcmBl4lbkCoq0PTtr/4gpmnEJFBBtO65TgJeRhRwKti00k81SwgdkyHrGSpJxLSX5SdM8alRBjiMlXkScK7+nshIpPUkCkxnRGCkF72Z+J/XSyG88jIukxSYpPNFYSowxHiWBx5wxSiIiSGEKm7+iumIKELBpFYxIbiLJy+Tdr3mOjX37qLaqBdxlNExOkFnyEWXqIFuURO1EEWP6Bm9ojfryXqx3q2PeWvJKmYO0R9Ynz9fNJVr</latexit><latexit sha1_base64="gGqNSum/YvqxCkz1wkLY07n2UlY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQShJEXQjFNy4rGAf0IYwmU7aoZNJmLkRSihu/BU3LhRx61e482+cpllo64G5HM65lzv3BIngGhzn2yqtrK6tb5Q3K1vbO7t79v5BW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wvpn5nQemNI/lPUwS5kVkKHnIKQEj+fZRP2BAfMDXWPsjfG7qMK/at6tOzcmBl4lbkCoq0PTtr/4gpmnEJFBBtO65TgJeRhRwKti00k81SwgdkyHrGSpJxLSX5SdM8alRBjiMlXkScK7+nshIpPUkCkxnRGCkF72Z+J/XSyG88jIukxSYpPNFYSowxHiWBx5wxSiIiSGEKm7+iumIKELBpFYxIbiLJy+Tdr3mOjX37qLaqBdxlNExOkFnyEWXqIFuURO1EEWP6Bm9ojfryXqx3q2PeWvJKmYO0R9Ynz9fNJVr</latexit><latexit sha1_base64="gGqNSum/YvqxCkz1wkLY07n2UlY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQShJEXQjFNy4rGAf0IYwmU7aoZNJmLkRSihu/BU3LhRx61e482+cpllo64G5HM65lzv3BIngGhzn2yqtrK6tb5Q3K1vbO7t79v5BW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wvpn5nQemNI/lPUwS5kVkKHnIKQEj+fZRP2BAfMDXWPsjfG7qMK/at6tOzcmBl4lbkCoq0PTtr/4gpmnEJFBBtO65TgJeRhRwKti00k81SwgdkyHrGSpJxLSX5SdM8alRBjiMlXkScK7+nshIpPUkCkxnRGCkF72Z+J/XSyG88jIukxSYpPNFYSowxHiWBx5wxSiIiSGEKm7+iumIKELBpFYxIbiLJy+Tdr3mOjX37qLaqBdxlNExOkFnyEWXqIFuURO1EEWP6Bm9ojfryXqx3q2PeWvJKmYO0R9Ynz9fNJVr</latexit><latexit sha1_base64="gGqNSum/YvqxCkz1wkLY07n2UlY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEQShJEXQjFNy4rGAf0IYwmU7aoZNJmLkRSihu/BU3LhRx61e482+cpllo64G5HM65lzv3BIngGhzn2yqtrK6tb5Q3K1vbO7t79v5BW8epoqxFYxGrbkA0E1yyFnAQrJsoRqJAsE4wvpn5nQemNI/lPUwS5kVkKHnIKQEj+fZRP2BAfMDXWPsjfG7qMK/at6tOzcmBl4lbkCoq0PTtr/4gpmnEJFBBtO65TgJeRhRwKti00k81SwgdkyHrGSpJxLSX5SdM8alRBjiMlXkScK7+nshIpPUkCkxnRGCkF72Z+J/XSyG88jIukxSYpPNFYSowxHiWBx5wxSiIiSGEKm7+iumIKELBpFYxIbiLJy+Tdr3mOjX37qLaqBdxlNExOkFnyEWXqIFuURO1EEWP6Bm9ojfryXqx3q2PeWvJKmYO0R9Ynz9fNJVr</latexit>
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Learning StackPtr

• Maximum likelihood 
• Factorize into sequence of top-down paths

P✓(y|x) =
kQ

i=1
P✓(pi|p<i,x)

=
kQ

i=1

liQ
j=1

P✓(ci,j |ci,<j , p<i,x),
<latexit sha1_base64="jfddh6Y4FgPmR879hoFfL59zCWw="></latexit><latexit sha1_base64="jfddh6Y4FgPmR879hoFfL59zCWw="></latexit><latexit sha1_base64="jfddh6Y4FgPmR879hoFfL59zCWw="></latexit><latexit sha1_base64="jfddh6Y4FgPmR879hoFfL59zCWw="></latexit>

• Pre-defined inside-out order for children of each head word 
• Enables parser to utilize higher-order sibling information 

• Train separate classifier for dependency label prediction 
• Use head word and child information [Dozat+ 2017]



Experiment 1: Main Results & Analysis 
• Datasets: 

– English PTB, Chinese PTB, German CoNLL 2009 shared task 
• Parsing models for comparison 

– Baseline: Deep Biaffine (BiAF) parser (Dozat et al., 2017), 
augmented with character-level information 

– Four versions of StackPtr: 
• Org: utilizes only head word information 
• +gpar: augment Org with grandparent information 
• +sib: augment Org with sibling information 
• Full: include all the three information 

• Evaluation metrics 
– Unlabeled Attachment Score (UAS), Labeled Attachment 

Score (LAS), Unlabeled Complete Match (UCM), Labeled 
Complete Match (LCM), Root Accuracy (RA)



Main Results



Parsing Performance on Test Data  
w.r.t Sentence Length

StackPtr tends to perform better on shorter sentences, 
consistent with transition-based/graph-based 
comparison in McDonald and Nivre (2011)



Parsing Performance 
w.r.t Dependency Length

The gap between Stack-Ptr and BiAF is marginal, graph-
based BiAF still performs better for longer arcs



Parsing Performance 
w.r.t Root Distance

Different from McDonald and Nivre (2011), StackPtr and 
BiAf similar regardless of root distance



Effect of POS Embedding

93.5

94.25

95

95.75

96.5

UAS LAS

Gold Pred None

Gold: Parser with gold-standard POS tags 
Pred: Parser with predicted POS tags (97.3% accuracy) 
None: Parser without POS tags



Experiment 2: Universal Dependency Treebanks

• Datasets:  
• Universal Dependency Treebanks (V2.2)  
• 12 languages 

• Languages: Bulgarian, Catalan, Czech, Dutch,  
  English, French, German, Italian,  
  Norwegian, Romanian, Russian and Spanish 

• Note: we also ran experiments on 14 CoNLL Treebanks.  
(see the paper for details)
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Conclusion & Future Work
• Stack-Pointer network for dependency parsing 

– A transition-based neural network architecture 
– Top-down, depth-first decoding procedure 
– State-of-the-art performance on 21 out of 29 treebanks 

• Future Work 
- Learn an optimal order for the children of head words, 

instead of using a pre-defined fixed order 
- End-to-end training



Thank you! 
Questions?

 Our code is published at: 
 https://github.com/XuezheMax/NeuroNLP2
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Model Details
• Encoder 

– Bi-directional LSTM-CNN (Chiu and Nichols 2016; Ma and Hovy 
2016) 

– Three input embeddings: word, character and POS 
– CNN encodes character-level information 
– 3-layer LSTM with recurrent dropout (Gal et al., 2016) 

• Decoder 
- Uni-directional LSTM 
- Use encoder hidden states as input instead of word 

embeddings 
- 1-layer LSTM with recurrent dropout


