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Word Similarity
Task:

§ Compute the similarity or relatedness between two 
arbitrary words

Common Methodology:

1. use vector representation             and             
of words             and 

2. compute cosine similarity
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<latexit sha1_base64="0RzRvMNxZcKxxB9SLZiIx2SXQzM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CUMplO2qGTSZi5qZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCa8F9GhEqFgFK3k+xHFURBmk1n/qV+pujV3DrJKvIJUoUCjX/nyBzFLI66QSWpM13MT7GVUo2CSz8p+anhC2ZgOeddSRSNuetk884ycW2VAwljbp5DM1d8bGY2MmUaBncwzmmUvF//zuimGN71MqCRFrtjiUJhKgjHJCyADoTlDObWEMi1sVsJGVFOGtqayLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5A5FqkgQ=</latexit><latexit sha1_base64="0RzRvMNxZcKxxB9SLZiIx2SXQzM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CUMplO2qGTSZi5qZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCa8F9GhEqFgFK3k+xHFURBmk1n/qV+pujV3DrJKvIJUoUCjX/nyBzFLI66QSWpM13MT7GVUo2CSz8p+anhC2ZgOeddSRSNuetk884ycW2VAwljbp5DM1d8bGY2MmUaBncwzmmUvF//zuimGN71MqCRFrtjiUJhKgjHJCyADoTlDObWEMi1sVsJGVFOGtqayLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5A5FqkgQ=</latexit><latexit sha1_base64="0RzRvMNxZcKxxB9SLZiIx2SXQzM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CUMplO2qGTSZi5qZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCa8F9GhEqFgFK3k+xHFURBmk1n/qV+pujV3DrJKvIJUoUCjX/nyBzFLI66QSWpM13MT7GVUo2CSz8p+anhC2ZgOeddSRSNuetk884ycW2VAwljbp5DM1d8bGY2MmUaBncwzmmUvF//zuimGN71MqCRFrtjiUJhKgjHJCyADoTlDObWEMi1sVsJGVFOGtqayLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5A5FqkgQ=</latexit><latexit sha1_base64="0RzRvMNxZcKxxB9SLZiIx2SXQzM=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CUMplO2qGTSZi5qZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEikMuu63s7a+sbm1Xdop7+7tHxxWjo5bJk41400Wy1h3Amq4FIo3UaDknURzGgWSt4PxXe63J1wbEatHnCa8F9GhEqFgFK3k+xHFURBmk1n/qV+pujV3DrJKvIJUoUCjX/nyBzFLI66QSWpM13MT7GVUo2CSz8p+anhC2ZgOeddSRSNuetk884ycW2VAwljbp5DM1d8bGY2MmUaBncwzmmUvF//zuimGN71MqCRFrtjiUJhKgjHJCyADoTlDObWEMi1sVsJGVFOGtqayLcFb/vIqaV3WPLfmPVxV67dFHSU4hTO4AA+uoQ730IAmMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5A5FqkgQ=</latexit>

vu
<latexit sha1_base64="lKzoKBCNOiv8Zco7FTd9K+DKr4M=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8CiX0N9y4UMStP+POv3HSZqGtBwYO59zLPXOijDOlPe/bqWxsbm3vVHdre/sHh0fu8UlHpUYS2iYpT2UvwopyJmhbM81pL5MUJxGn3WhyX/jdKZWKpeJJzzIaJngkWMwI1lYKggTrcRTn0/nADNy61/AWQOvEL0kdSrQG7lcwTIlJqNCEY6X6vpfpMMdSM8LpvBYYRTNMJnhE+5YKnFAV5ovMc3RhlSGKU2mf0Gih/t7IcaLULInsZJFRrXqF+J/XNzq+DXMmMqOpIMtDseFIp6goAA2ZpETzmSWYSGazIjLGEhNta6rZEvzVL6+TzlXD9xr+43W9eVfWUYUzOIdL8OEGmvAALWgDgQye4RXeHOO8OO/Ox3K04pQ7p/AHzucPjmKSAg==</latexit><latexit sha1_base64="lKzoKBCNOiv8Zco7FTd9K+DKr4M=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8CiX0N9y4UMStP+POv3HSZqGtBwYO59zLPXOijDOlPe/bqWxsbm3vVHdre/sHh0fu8UlHpUYS2iYpT2UvwopyJmhbM81pL5MUJxGn3WhyX/jdKZWKpeJJzzIaJngkWMwI1lYKggTrcRTn0/nADNy61/AWQOvEL0kdSrQG7lcwTIlJqNCEY6X6vpfpMMdSM8LpvBYYRTNMJnhE+5YKnFAV5ovMc3RhlSGKU2mf0Gih/t7IcaLULInsZJFRrXqF+J/XNzq+DXMmMqOpIMtDseFIp6goAA2ZpETzmSWYSGazIjLGEhNta6rZEvzVL6+TzlXD9xr+43W9eVfWUYUzOIdL8OEGmvAALWgDgQye4RXeHOO8OO/Ox3K04pQ7p/AHzucPjmKSAg==</latexit><latexit sha1_base64="lKzoKBCNOiv8Zco7FTd9K+DKr4M=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8CiX0N9y4UMStP+POv3HSZqGtBwYO59zLPXOijDOlPe/bqWxsbm3vVHdre/sHh0fu8UlHpUYS2iYpT2UvwopyJmhbM81pL5MUJxGn3WhyX/jdKZWKpeJJzzIaJngkWMwI1lYKggTrcRTn0/nADNy61/AWQOvEL0kdSrQG7lcwTIlJqNCEY6X6vpfpMMdSM8LpvBYYRTNMJnhE+5YKnFAV5ovMc3RhlSGKU2mf0Gih/t7IcaLULInsZJFRrXqF+J/XNzq+DXMmMqOpIMtDseFIp6goAA2ZpETzmSWYSGazIjLGEhNta6rZEvzVL6+TzlXD9xr+43W9eVfWUYUzOIdL8OEGmvAALWgDgQye4RXeHOO8OO/Ox3K04pQ7p/AHzucPjmKSAg==</latexit><latexit sha1_base64="lKzoKBCNOiv8Zco7FTd9K+DKr4M=">AAAB83icbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUF+4AmlMl00g6dTMI8CiX0N9y4UMStP+POv3HSZqGtBwYO59zLPXOijDOlPe/bqWxsbm3vVHdre/sHh0fu8UlHpUYS2iYpT2UvwopyJmhbM81pL5MUJxGn3WhyX/jdKZWKpeJJzzIaJngkWMwI1lYKggTrcRTn0/nADNy61/AWQOvEL0kdSrQG7lcwTIlJqNCEY6X6vpfpMMdSM8LpvBYYRTNMJnhE+5YKnFAV5ovMc3RhlSGKU2mf0Gih/t7IcaLULInsZJFRrXqF+J/XNzq+DXMmMqOpIMtDseFIp6goAA2ZpETzmSWYSGazIjLGEhNta6rZEvzVL6+TzlXD9xr+43W9eVfWUYUzOIdL8OEGmvAALWgDgQye4RXeHOO8OO/Ox3K04pQ7p/AHzucPjmKSAg==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit> w

<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

APPROACH
1. Retrofit existing word embeddings: 

Compute vector representation of word senses

2. Compute similarity as argmax
(we tested 3 options)

argmax
k

cos(v̂k
w,vu)

argmax
l

cos(vw, v̂l
u)

argmax
k, l

cos(v̂k
w, v̂

l
u)

<latexit sha1_base64="BwLJgHT7rImeEovZ0TwaO/ahPpg="></latexit><latexit sha1_base64="07XWlKooXUREWIMnRTnO6YGQPI0="></latexit><latexit sha1_base64="07XWlKooXUREWIMnRTnO6YGQPI0="></latexit><latexit sha1_base64="QEdtabvitCSZoW4iB8hLpw+k06A="></latexit>

sim(w, u) =
<latexit sha1_base64="7VXUCKShjRsucIY0lCw91xAUTlg="></latexit><latexit sha1_base64="oFEpDyIz0X8sJnihGVW3MGcgKII="></latexit><latexit sha1_base64="oFEpDyIz0X8sJnihGVW3MGcgKII="></latexit><latexit sha1_base64="OZB4HteZ8VH1p0zMBPmPVSq5UH8="></latexit>

Evaluation
§ Sense embeddings with sense induction 

(AutoExtend, AdaGram)

§ Several word embeddings and retrofitted word embeddings: 
SGNS (Word2Vec), Glove, SymPat (symmetric patterns), LSA, 
ParaGram (from PPDB)

§ Datasets: SimLex999, MEN, SimVerb, WordSim353

Idea
Retrofit Word vectors to Vectors 
of Senses using Sense Inventories

§ A sense inventory is a collection of 

synsets for a particular word       

§ Where the word          itself is not present any of its 
synsets: 

§ Example: 

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

Sw
<latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="/Ch4e2CkJStQxmUiDxnI/My9fPo=">AAACG3icbVDLSgMxFL1TX3WsOrp1EyyFCqXMuNFNQXDjsqJ9QDsMmTTThmYeJJmWMvRr3PgrblxURPwb04dQWw8ETs45IfceP+FMKtv+NnI7u3v7B/lD86hwfHJqnRWaMk4FoQ0S81i0fSwpZxFtKKY4bSeC4tDntOUP7+d+a0SFZHH0rCYJdUPcj1jACFZa8qxaN8Rq4AfZ09QbmyWzhCQLvWxcSaeohrokluXfxEgnKmjtll55VtGu2gugbeKsSBFWqHvWrNuLSRrSSBGOpew4dqLcDAvFCKdTs5tKmmAyxH3a0TTCIZVutlhzikpa6aEgFvpECi3U9RcZDqWchL5OzoeUm95c/M/rpCq4dTMWJamiEVl+FKQcqRjNO0M9JihRfKIJJoLpWREZYIGJ0s2augRnc+Vt0ryuOnbVebQhDxdwCWVw4Abu4AHq0AACL/AGM/gwXo1343NZV85Y9XYOf2B8/QAvmaN+</latexit><latexit sha1_base64="/Ch4e2CkJStQxmUiDxnI/My9fPo=">AAACG3icbVDLSgMxFL1TX3WsOrp1EyyFCqXMuNFNQXDjsqJ9QDsMmTTThmYeJJmWMvRr3PgrblxURPwb04dQWw8ETs45IfceP+FMKtv+NnI7u3v7B/lD86hwfHJqnRWaMk4FoQ0S81i0fSwpZxFtKKY4bSeC4tDntOUP7+d+a0SFZHH0rCYJdUPcj1jACFZa8qxaN8Rq4AfZ09QbmyWzhCQLvWxcSaeohrokluXfxEgnKmjtll55VtGu2gugbeKsSBFWqHvWrNuLSRrSSBGOpew4dqLcDAvFCKdTs5tKmmAyxH3a0TTCIZVutlhzikpa6aEgFvpECi3U9RcZDqWchL5OzoeUm95c/M/rpCq4dTMWJamiEVl+FKQcqRjNO0M9JihRfKIJJoLpWREZYIGJ0s2augRnc+Vt0ryuOnbVebQhDxdwCWVw4Abu4AHq0AACL/AGM/gwXo1343NZV85Y9XYOf2B8/QAvmaN+</latexit><latexit sha1_base64="MA5FaT4E9n+hvl1tCyEI/cwy6Jc=">AAACJnicbVDLSsNAFJ3UV42vqEs3g6VQoZTEjW4KRTcuK9pWaEKYTCft0MmDmUlLCfkaN/6KGxcVEXd+ipO2Qm09MHDm3HO59x4vZlRI0/zSChubW9s7xV19b//g8Mg4PmmLKOGYtHDEIv7kIUEYDUlLUsnIU8wJCjxGOt7wNq93RoQLGoWPchITJ0D9kPoUI6kk16jbAZIDz08fMnesl/UyFDRw03E1yWAd2jgSlV/HSDmqcOmXXLhGyayZM8B1Yi1ICSzQdI2p3YtwEpBQYoaE6FpmLJ0UcUkxI5luJ4LECA9Rn3QVDVFAhJPOzsxgWSk96EdcvVDCmbrckaJAiEngKWe+pFit5eJ/tW4i/WsnpWGcSBLi+SA/YVBGMM8M9ignWLKJIghzqnaFeIA4wlIlq6sQrNWT10n7smaZNeveLDVuFnEUwRk4BxVggSvQAHegCVoAg2fwCqbgXXvR3rQP7XNuLWiLnlPwB9r3D0C7pQs=</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit><latexit sha1_base64="nRww1+B36CSmVso7hhDuQ4FNLV0=">AAACJnicbVDLSgMxFM3UVx1foy7dBEuhQikzIuimUHTjsqJ9QFuGTJppQzOZIcm0lKFf48ZfceOiIuLOTzHTVqitBwIn557Lvfd4EaNS2faXkdnY3Nreye6ae/sHh0fW8UldhrHApIZDFoqmhyRhlJOaooqRZiQICjxGGt7gLq03hkRIGvInNY5IJ0A9Tn2KkdKSa5XbAVJ9z08eJ+7IzJt5KGngJqNiPIFl2MahLPw6htpRhEu/+MK1cnbJngGuE2dBcmCBqmtN290QxwHhCjMkZcuxI9VJkFAUMzIx27EkEcID1CMtTTkKiOwkszMnMK+VLvRDoR9XcKYudyQokHIceNqZLilXa6n4X60VK/+mk1AexYpwPB/kxwyqEKaZwS4VBCs21gRhQfWuEPeRQFjpZE0dgrN68jqpX5Ycu+Q8XOUqt4s4suAMnIMCcMA1qIB7UAU1gMEzeAVT8G68GG/Gh/E5t2aMRc8p+APj+wdB+6UP</latexit>

Sk
w 2 Sw

<latexit sha1_base64="Mo4HiQxhZK9AMINaqQwX29gJ5UI="></latexit><latexit sha1_base64="Mo4HiQxhZK9AMINaqQwX29gJ5UI="></latexit><latexit sha1_base64="Mo4HiQxhZK9AMINaqQwX29gJ5UI="></latexit><latexit sha1_base64="Mo4HiQxhZK9AMINaqQwX29gJ5UI="></latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit>

Sk
w\w<latexit sha1_base64="kd/3yDAdmWaFK3ktKeS4Grpmsko="></latexit><latexit sha1_base64="kd/3yDAdmWaFK3ktKeS4Grpmsko="></latexit><latexit sha1_base64="kd/3yDAdmWaFK3ktKeS4Grpmsko="></latexit><latexit sha1_base64="kd/3yDAdmWaFK3ktKeS4Grpmsko="></latexit>

8
>>>><

>>>>:

{zinc,calcium,magnesium,potassium, mineral, ...},
{steel, metal, copper, aluminum, titanium, ...},
{shirt, steam, jeans, clothes, board, heat, ...},

{putter, club, green, wood, driver, ...},
{pink, gold, black, white, orange, ...}

9
>>>>=

>>>>;
<latexit sha1_base64="F7Rf/mEYboHfvK7QsrArog/Tsjw="></latexit><latexit sha1_base64="NqN0QvBklVKos3K5w0SxXCuN+5Q="></latexit><latexit sha1_base64="NqN0QvBklVKos3K5w0SxXCuN+5Q="></latexit><latexit sha1_base64="sXFgmB8tF1fFfraNtDzNywRpxaM="></latexit>

Siron
<latexit sha1_base64="3XLkbtPmwgMNDBBWgaNWNfkNK5I="></latexit><latexit sha1_base64="YJS2Jpt8ac+3UrwmlVLRe+2R7K8="></latexit><latexit sha1_base64="YJS2Jpt8ac+3UrwmlVLRe+2R7K8="></latexit><latexit sha1_base64="GAD1+xkh8H8xH1euwZNlTAazKg4="></latexit>

Nutrition

Atomic Elements

Clothes

Golf Sports

Color

Issue
Meaning is Lost

§ Standard word embeddings project 
one word to exactly one vector

§ Different senses of words are neglected 
→ Minor senses are underrepresented

→ Major senses are amplified

→ Source corpus / embedding defines 

the quality of the similarities

Sense Inventory
§ JoBimText* unsupervised sense inventory

- via Web API  http://jobimtext.org
§ Sense induction by clustering → in the paper!

Figure:
Visualization is based on terms on the unit circle. Inner
circle: sense vectors and original word vectors. Outer circles:
Sense inventory terms of the words.

Table:
Spearman correlation scores. Sense-aware similarities are marked with '-S'. Underlined values: the winning system with a slight margin
(< 0.03). Bold face values: winning system with a larger margin.
Lower part: evaluates only the noun pair parts of the datasets (indicated by '-N').

sim(w, u) = cos(vw,vu)
<latexit sha1_base64="Br5NYbeh6aB7cSKKucBp+STp8OE="></latexit><latexit sha1_base64="38jm+/mCwZqtjjVncltFAk2t2y4="></latexit><latexit sha1_base64="38jm+/mCwZqtjjVncltFAk2t2y4="></latexit><latexit sha1_base64="Eaavx7QSyy/4wQp+ugeiK+F5By8="></latexit>
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