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Eiffel Tower is an amazing place to spend 
at Paris. A must see through out the day …

User-generated Reviews 

Romantic Eiffel Tower. Well worth paying 
the extra to get to the top for  …

The Eiffel Tower is an overrated land mark 
and was overpopulated with tourists …

Very disappointing. Lines were crazy, 
people trying to get you to buy …
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Embedding Space

Embedding Space Eiffel Tower is an amazing place to spend 
at Paris. A must see through out the day …

Romantic Eiffel Tower. Well worth paying 
the extra to get to the top for  …

The Eiffel Tower is an overrated land mark 
and was overpopulated with tourists …

Very disappointing. Lines were crazy, 
people trying to get you to buy …
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Eiffel Tower is an amazing place to spend 
at Paris. A must see through out the day …

Embedding Space

Romantic Eiffel Tower. Well worth paying 
the extra to get to the top for  …

The Eiffel Tower is an overrated land mark 
and was overpopulated with tourists …

Very disappointing. Lines were crazy, 
people trying to get you to buy …
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Importance of Sentiment Lexicons

• Sentiment analysis and opinion mining

• Sentiment words are domain-specific

The hotels in this city are usually 
too small for the whole family to 
stay overnight.

TripAdvisor
The cellphone is small and 
therefore convenient for people to 
use it with a single hand.

Amazon
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Related Work

• Calculate the scores of new words via the proximity to one or 
more seed words (Chetviorkin, et al., 2014; Qiu, et al., 2009)

• Apply a general-purpose sentiment lexicon, a synonym-antonym 
dictionary, and linguistic heuristics (Lu, et al., 2011)

• Build semantic representations and propagate the polarity score 
of each word from a seed set with random walks (Hamilton, et 
al., 2016)
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• Construct sentiment lexicons from user-generated reviews

• Features:
1. Data-driven: require no seed words or external lexicons
2. Domain-specific: construct domain-specific sentiment 

lexicons with reviews from different domains
3. Application scalability: produce representations of the 

learned sentiment words

Our Framework: UGSD
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Problem Definition

A set of reviews of a certain domain

A rating                corresponds to each of reviews

A set of entities

Eiffel Tower

Generate a set of words       corresponding to the rating

Romantic Eiffel Tower. Well worth …

The Eiffel Tower is an overrated land …

Very disappointing. Lines were crazy …

Eiffel Tower is an amazing place to …

E = {e1, e2, . . . , eK}
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D = { d1, d2, . . . , dN }
<latexit sha1_base64="JhadJdmIKYeXyxDqZEX9Xb7s6CI=">AAACC3icbZC7SgNBFIbPeo3xtmqpxZAgWISwm0YLhYAWVhLBXCC7LLOzk2TI7IWZWSEs6W3EN7GxUMTWF7DzbZxNUmjiDwMf/zmHOef3E86ksqxvY2l5ZXVtvbBR3Nza3tk19/ZbMk4FoU0S81h0fCwpZxFtKqY47SSC4tDntO0PL/N6+54KyeLoTo0S6oa4H7EeI1hpyzNLTojVgGCeXY0vnCzw7Erg1SoOD2IlNd44Y88sW1VrIrQI9gzK9aMnBwFAwzO/nCAmaUgjRTiWsmtbiXIzLBQjnI6LTippgskQ92lXY4RDKt1scssYHWsnQL1Y6BcpNHF/T2Q4lHIU+roz31zO13Lzv1o3Vb0zN2NRkioakelHvZQjFaM8GBQwQYniIw2YCKZ3RWSABSZKx1fUIdjzJy9Cq1a1Nd/qNM5hqgIcQglOwIZTqMM1NKAJBB7gGV7hzXg0Xox342PaumTMZg7gj4zPH+N7m7s=</latexit><latexit sha1_base64="hu4WPR3XlStN9jOJeYKkhoa+/mg=">AAACC3icbZC7SgNBFIZn4y3G26qlFoNBSBHCbhotFAJaWEkEc4HssszOziZDZi/MzAph2d5G8iY2FopYCb6AnQ9i72ySQhN/GPj4zznMOb8bMyqkYXxphaXlldW14nppY3Nre0ff3WuLKOGYtHDEIt51kSCMhqQlqWSkG3OCApeRjju8yOudO8IFjcJbOYqJHaB+SH2KkVSWox9ZAZIDjFh6mZ1bqeeYVc+pVy3mRVIovLYyRy8bNWMiuAjmDMqNw7FV+X4fNx390/IinAQklJghIXqmEUs7RVxSzEhWshJBYoSHqE96CkMUEGGnk1syeKwcD/oRVy+UcOL+nkhRIMQocFVnvrmYr+Xmf7VeIv1TO6VhnEgS4ulHfsKgjGAeDPQoJ1iykQKEOVW7QjxAHGGp4iupEMz5kxehXa+Zim9UGmdgqiI4AEegAkxwAhrgCjRBC2BwDx7BM3jRHrQn7VV7m7YWtNnMPvgj7eMH+FKeCQ==</latexit><latexit sha1_base64="hu4WPR3XlStN9jOJeYKkhoa+/mg=">AAACC3icbZC7SgNBFIZn4y3G26qlFoNBSBHCbhotFAJaWEkEc4HssszOziZDZi/MzAph2d5G8iY2FopYCb6AnQ9i72ySQhN/GPj4zznMOb8bMyqkYXxphaXlldW14nppY3Nre0ff3WuLKOGYtHDEIt51kSCMhqQlqWSkG3OCApeRjju8yOudO8IFjcJbOYqJHaB+SH2KkVSWox9ZAZIDjFh6mZ1bqeeYVc+pVy3mRVIovLYyRy8bNWMiuAjmDMqNw7FV+X4fNx390/IinAQklJghIXqmEUs7RVxSzEhWshJBYoSHqE96CkMUEGGnk1syeKwcD/oRVy+UcOL+nkhRIMQocFVnvrmYr+Xmf7VeIv1TO6VhnEgS4ulHfsKgjGAeDPQoJ1iykQKEOVW7QjxAHGGp4iupEMz5kxehXa+Zim9UGmdgqiI4AEegAkxwAhrgCjRBC2BwDx7BM3jRHrQn7VV7m7YWtNnMPvgj7eMH+FKeCQ==</latexit><latexit sha1_base64="Ys+vDOWzMSYkL6pR42gTeK2byow=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6Uk3ehCoaALV1LBXqAJYTKZtEMnmTAzEUrI3o2v4saFIm59AXe+jZM2C239YeDjP+cw5/x+wqhUlvVtrKyurW9sVraq2zu7e/vmwWFP8lRg0sWccTHwkSSMxqSrqGJkkAiCIp+Rvj+5Kur9ByIk5fG9mibEjdAopiHFSGnLM2tOhNQYI5Zd55dOFnh2I/BaDYcFXEmNt07umXWrac0El8EuoQ5KdTzzywk4TiMSK8yQlEPbSpSbIaEoZiSvOqkkCcITNCJDjTGKiHSz2S05PNFOAEMu9IsVnLm/JzIUSTmNfN1ZbC4Xa4X5X22YqvDczWicpIrEeP5RmDKoOCyCgQEVBCs21YCwoHpXiMdIIKx0fFUdgr148jL0Wk1b851Vb1+UcVTAMaiBU2CDM9AGN6ADugCDR/AMXsGb8WS8GO/Gx7x1xShnjsAfGZ8//ieaVA==</latexit>

r ! R
<latexit sha1_base64="qg10tgECIgSZIaRgYnxoloViNbQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5K40YVgwY3LKvYBbSiT6aQdOpmEmRuhhn6JGxeKuPUP/AV3foc/4KTtQlsPDBzOuZd75gSJ4Bpd98sqrKyurW8UN0tb2zu7ZXtvv6njVFHWoLGIVTsgmgkuWQM5CtZOFCNRIFgrGF3lfuueKc1jeYfjhPkRGUgeckrQSD27rLpcdiOCQ0pEdjvp2RW36k7hLBNvTiqX3x9YA4B6z/7s9mOaRkwiFUTrjucm6GdEIaeCTUrdVLOE0BEZsI6hkkRM+9k0+MQ5NkrfCWNlnkRnqv7eyEik9TgKzGQeUS96ufif10kxPPczLpMUmaSzQ2EqHIydvAWnzxWjKMaGEKq4yerQIVGEoumqZErwFr+8TJqnVc/wG7dSu4AZinAIR3ACHpxBDa6hDg2gkMIjPMOL9WA9Wa/W22y0YM13DuAPrPcfu/aWAw==</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="L4NGZA1VDk6O/OfvYJZnPxX90P4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRudOGi4MZlFfuAJpTJdNIOnUzCPIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45UcaZ0p737aytb2xubVd2qrt7+wc19/Coo1IjCW2TlKeyF2FFORO0rZnmtJdJipOI0240uSn87iOViqXiQU8zGiZ4JFjMCNZWGrg1GTARJFiPCeb5/Wzg1r2GNwdaJX5J6lCiNXC/gmFKTEKFJhwr1fe9TIc5lpoRTmfVwCiaYTLBI9q3VOCEqjCfB5+hM6sMUZxK+4RGc/X3Ro4TpaZJZCeLiGrZK8T/vL7R8VWYM5EZTQVZHIoNRzpFRQtoyCQlmk8twUQymxWRMZaYaNtV1ZbgL395lXQuGr7ld169eV3WUYETOIVz8OESmnALLWgDAQPP8ApvzpPz4rw7H4vRNafcOYY/cD5/ACWWk1w=</latexit>

r ! R
<latexit sha1_base64="qg10tgECIgSZIaRgYnxoloViNbQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5K40YVgwY3LKvYBbSiT6aQdOpmEmRuhhn6JGxeKuPUP/AV3foc/4KTtQlsPDBzOuZd75gSJ4Bpd98sqrKyurW8UN0tb2zu7ZXtvv6njVFHWoLGIVTsgmgkuWQM5CtZOFCNRIFgrGF3lfuueKc1jeYfjhPkRGUgeckrQSD27rLpcdiOCQ0pEdjvp2RW36k7hLBNvTiqX3x9YA4B6z/7s9mOaRkwiFUTrjucm6GdEIaeCTUrdVLOE0BEZsI6hkkRM+9k0+MQ5NkrfCWNlnkRnqv7eyEik9TgKzGQeUS96ufif10kxPPczLpMUmaSzQ2EqHIydvAWnzxWjKMaGEKq4yerQIVGEoumqZErwFr+8TJqnVc/wG7dSu4AZinAIR3ACHpxBDa6hDg2gkMIjPMOL9WA9Wa/W22y0YM13DuAPrPcfu/aWAw==</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="L4NGZA1VDk6O/OfvYJZnPxX90P4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRudOGi4MZlFfuAJpTJdNIOnUzCPIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45UcaZ0p737aytb2xubVd2qrt7+wc19/Coo1IjCW2TlKeyF2FFORO0rZnmtJdJipOI0240uSn87iOViqXiQU8zGiZ4JFjMCNZWGrg1GTARJFiPCeb5/Wzg1r2GNwdaJX5J6lCiNXC/gmFKTEKFJhwr1fe9TIc5lpoRTmfVwCiaYTLBI9q3VOCEqjCfB5+hM6sMUZxK+4RGc/X3Ro4TpaZJZCeLiGrZK8T/vL7R8VWYM5EZTQVZHIoNRzpFRQtoyCQlmk8twUQymxWRMZaYaNtV1ZbgL395lXQuGr7ld169eV3WUYETOIVz8OESmnALLWgDAQPP8ApvzpPz4rw7H4vRNafcOYY/cD5/ACWWk1w=</latexit>
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Candidate Word Selection

• Extract adjectives and adverbs as candidates

• Combine consecutive adverbs and adjectives

Romantic Eiffel Towel. Well_worth paying 
the extra to get to the top for  …

The Eiffel Towel is an overrated land mark 
and was overpopulated with tourists …

Very_disappointing. Lines were crazy, 
people trying to get you to buy …

Eiffel Towel is an amazing place to spend 
at Paris. A must see through out the day …Eiffel Tower

S = {s1, s2, . . . , sG}
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Introduction                 Methodology Ñ Entity Substitution                 Experiments                Conclusions

Entity Substitution

Romantic                   .  Well_worth paying 
the extra to get to the top for  …

The                      is an overrated land mark 
and was overpopulated with tourists …

Very_disappointing. Lines were crazy, 
people trying to get you to buy …

                     is an amazing place to spend 
at Paris. A must see through out the day …

Eiffel Tower

Eiffel Tower 

Eiffel Tower

Eiffel Tower

E = {e1, e2, . . . , eK}
<latexit sha1_base64="wBJDa0k/T2g0G0wuRb4VLrmABCA=">AAACC3icbZC7SgNBFIbPeo3xFrXUYkgQLELYTaOFQkAEwSaCuUA2LLOTk2TI7IWZWSEs6W3EN7GxUMTWF7DzbZxcCk38YeDjP+cw5/x+LLjStv1tLS2vrK6tZzaym1vbO7u5vf26ihLJsMYiEcmmTxUKHmJNcy2wGUukgS+w4Q8ux/XGPUrFo/BOD2NsB7QX8i5nVBvLy+XdgOo+oyK9Gl24KXpOEb1y0RWdSCuDN+7IyxXskj0RWQRnBoXK0ZNLAKDq5b7cTsSSAEPNBFWq5dixbqdUas4EjrJuojCmbEB72DIY0gBVO53cMiLHxumQbiTNCzWZuL8nUhooNQx80zneXM3XxuZ/tVaiu2ftlIdxojFk04+6iSA6IuNgSIdLZFoMDVAmudmVsD6VlGkTX9aE4MyfvAj1cskxfGvSOIepMnAIeTgBB06hAtdQhRoweIBneIU369F6sd6tj2nrkjWbOYA/sj5/AOU3m7w=</latexit><latexit sha1_base64="RV+th4mBvUvdvOm/jhScuSxZ6wE=">AAACC3icbZC7SgNBFIZn4y3G26qlFotBSBHCbhotFAIiCDYRzAWyYZmdnCRDZmeXmVkhLNvbSN7ExkIRK8EXsPNB7J1cCk38YeDjP+cw5/x+xKhUtv1lZJaWV1bXsuu5jc2t7R1zd68uw1gQqJGQhaLpYwmMcqgpqhg0IwE48Bk0/MHFuN64AyFpyG/VMIJ2gHucdinBSlueeeQGWPUJZslleu4m4DlF8MpFl3VCJTVeu6ln5u2SPZG1CM4M8pXDkVv4fh9VPfPT7YQkDoArwrCULceOVDvBQlHCIM25sYQIkwHuQUsjxwHIdjK5JbWOtdOxuqHQjytr4v6eSHAg5TDwded4czlfG5v/1Vqx6p62E8qjWAEn04+6MbNUaI2DsTpUAFFsqAETQfWuFuljgYnS8eV0CM78yYtQL5cczTc6jTM0VRYdoCNUQA46QRV0haqohgi6R4/oGb0YD8aT8Wq8TVszxmxmH/2R8fED+g6eCg==</latexit><latexit sha1_base64="RV+th4mBvUvdvOm/jhScuSxZ6wE=">AAACC3icbZC7SgNBFIZn4y3G26qlFotBSBHCbhotFAIiCDYRzAWyYZmdnCRDZmeXmVkhLNvbSN7ExkIRK8EXsPNB7J1cCk38YeDjP+cw5/x+xKhUtv1lZJaWV1bXsuu5jc2t7R1zd68uw1gQqJGQhaLpYwmMcqgpqhg0IwE48Bk0/MHFuN64AyFpyG/VMIJ2gHucdinBSlueeeQGWPUJZslleu4m4DlF8MpFl3VCJTVeu6ln5u2SPZG1CM4M8pXDkVv4fh9VPfPT7YQkDoArwrCULceOVDvBQlHCIM25sYQIkwHuQUsjxwHIdjK5JbWOtdOxuqHQjytr4v6eSHAg5TDwded4czlfG5v/1Vqx6p62E8qjWAEn04+6MbNUaI2DsTpUAFFsqAETQfWuFuljgYnS8eV0CM78yYtQL5cczTc6jTM0VRYdoCNUQA46QRV0haqohgi6R4/oGb0YD8aT8Wq8TVszxmxmH/2R8fED+g6eCg==</latexit><latexit sha1_base64="Y/nPt1MxUuwy1oY7HHRFMYBae+8=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2Ci1KSbnShUBBBcFPBXqAJYTI5aYdOLsxMhBKyd+OruHGhiFtfwJ1v46TNQlt/GPj4zznMOb+XMCqkaX5rK6tr6xubla3q9s7u3r5+cNgTccoJdEnMYj7wsABGI+hKKhkMEg449Bj0vclVUe8/ABc0ju7lNAEnxKOIBpRgqSxXr9khlmOCWXadX9oZuFYD3FbDZn4shcJbO3f1utk0ZzKWwSqhjkp1XP3L9mOShhBJwrAQQ8tMpJNhLilhkFftVECCyQSPYKgwwiEIJ5vdkhsnyvGNIObqRdKYub8nMhwKMQ091VlsLhZrhflfbZjK4NzJaJSkEiIy/yhImSFjowjG8CkHItlUASacql0NMsYcE6niq6oQrMWTl6HXalqK78x6+6KMo4KOUQ2dIgudoTa6QR3URQQ9omf0it60J+1Fe9c+5q0rWjlzhP5I+/wB/+OaVQ==</latexit>

r ! R
<latexit sha1_base64="qg10tgECIgSZIaRgYnxoloViNbQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5K40YVgwY3LKvYBbSiT6aQdOpmEmRuhhn6JGxeKuPUP/AV3foc/4KTtQlsPDBzOuZd75gSJ4Bpd98sqrKyurW8UN0tb2zu7ZXtvv6njVFHWoLGIVTsgmgkuWQM5CtZOFCNRIFgrGF3lfuueKc1jeYfjhPkRGUgeckrQSD27rLpcdiOCQ0pEdjvp2RW36k7hLBNvTiqX3x9YA4B6z/7s9mOaRkwiFUTrjucm6GdEIaeCTUrdVLOE0BEZsI6hkkRM+9k0+MQ5NkrfCWNlnkRnqv7eyEik9TgKzGQeUS96ufif10kxPPczLpMUmaSzQ2EqHIydvAWnzxWjKMaGEKq4yerQIVGEoumqZErwFr+8TJqnVc/wG7dSu4AZinAIR3ACHpxBDa6hDg2gkMIjPMOL9WA9Wa/W22y0YM13DuAPrPcfu/aWAw==</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="L4NGZA1VDk6O/OfvYJZnPxX90P4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRudOGi4MZlFfuAJpTJdNIOnUzCPIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45UcaZ0p737aytb2xubVd2qrt7+wc19/Coo1IjCW2TlKeyF2FFORO0rZnmtJdJipOI0240uSn87iOViqXiQU8zGiZ4JFjMCNZWGrg1GTARJFiPCeb5/Wzg1r2GNwdaJX5J6lCiNXC/gmFKTEKFJhwr1fe9TIc5lpoRTmfVwCiaYTLBI9q3VOCEqjCfB5+hM6sMUZxK+4RGc/X3Ro4TpaZJZCeLiGrZK8T/vL7R8VWYM5EZTQVZHIoNRzpFRQtoyCQlmk8twUQymxWRMZaYaNtV1ZbgL395lXQuGr7ld169eV3WUYETOIVz8OESmnALLWgDAQPP8ApvzpPz4rw7H4vRNafcOYY/cD5/ACWWk1w=</latexit>



• Replace entities                                     with the rating            
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Introduction                 Methodology Ñ Entity Substitution                 Experiments                Conclusions

Entity Substitution

Romantic                   . Well_worth paying 
the extra to get to the top for  …

The                     is an overrated land mark 
and was overpopulated with tourists …

Very_disappointing. Lines were crazy, 
people trying to get you to buy …

                    is an amazing place to spend 
at Paris. A must see through out the day …

Eiffel Tower

E = {e1, e2, . . . , eK}
<latexit sha1_base64="wBJDa0k/T2g0G0wuRb4VLrmABCA=">AAACC3icbZC7SgNBFIbPeo3xFrXUYkgQLELYTaOFQkAEwSaCuUA2LLOTk2TI7IWZWSEs6W3EN7GxUMTWF7DzbZxcCk38YeDjP+cw5/x+LLjStv1tLS2vrK6tZzaym1vbO7u5vf26ihLJsMYiEcmmTxUKHmJNcy2wGUukgS+w4Q8ux/XGPUrFo/BOD2NsB7QX8i5nVBvLy+XdgOo+oyK9Gl24KXpOEb1y0RWdSCuDN+7IyxXskj0RWQRnBoXK0ZNLAKDq5b7cTsSSAEPNBFWq5dixbqdUas4EjrJuojCmbEB72DIY0gBVO53cMiLHxumQbiTNCzWZuL8nUhooNQx80zneXM3XxuZ/tVaiu2ftlIdxojFk04+6iSA6IuNgSIdLZFoMDVAmudmVsD6VlGkTX9aE4MyfvAj1cskxfGvSOIepMnAIeTgBB06hAtdQhRoweIBneIU369F6sd6tj2nrkjWbOYA/sj5/AOU3m7w=</latexit><latexit sha1_base64="RV+th4mBvUvdvOm/jhScuSxZ6wE=">AAACC3icbZC7SgNBFIZn4y3G26qlFotBSBHCbhotFAIiCDYRzAWyYZmdnCRDZmeXmVkhLNvbSN7ExkIRK8EXsPNB7J1cCk38YeDjP+cw5/x+xKhUtv1lZJaWV1bXsuu5jc2t7R1zd68uw1gQqJGQhaLpYwmMcqgpqhg0IwE48Bk0/MHFuN64AyFpyG/VMIJ2gHucdinBSlueeeQGWPUJZslleu4m4DlF8MpFl3VCJTVeu6ln5u2SPZG1CM4M8pXDkVv4fh9VPfPT7YQkDoArwrCULceOVDvBQlHCIM25sYQIkwHuQUsjxwHIdjK5JbWOtdOxuqHQjytr4v6eSHAg5TDwded4czlfG5v/1Vqx6p62E8qjWAEn04+6MbNUaI2DsTpUAFFsqAETQfWuFuljgYnS8eV0CM78yYtQL5cczTc6jTM0VRYdoCNUQA46QRV0haqohgi6R4/oGb0YD8aT8Wq8TVszxmxmH/2R8fED+g6eCg==</latexit><latexit sha1_base64="RV+th4mBvUvdvOm/jhScuSxZ6wE=">AAACC3icbZC7SgNBFIZn4y3G26qlFotBSBHCbhotFAIiCDYRzAWyYZmdnCRDZmeXmVkhLNvbSN7ExkIRK8EXsPNB7J1cCk38YeDjP+cw5/x+xKhUtv1lZJaWV1bXsuu5jc2t7R1zd68uw1gQqJGQhaLpYwmMcqgpqhg0IwE48Bk0/MHFuN64AyFpyG/VMIJ2gHucdinBSlueeeQGWPUJZslleu4m4DlF8MpFl3VCJTVeu6ln5u2SPZG1CM4M8pXDkVv4fh9VPfPT7YQkDoArwrCULceOVDvBQlHCIM25sYQIkwHuQUsjxwHIdjK5JbWOtdOxuqHQjytr4v6eSHAg5TDwded4czlfG5v/1Vqx6p62E8qjWAEn04+6MbNUaI2DsTpUAFFsqAETQfWuFuljgYnS8eV0CM78yYtQL5cczTc6jTM0VRYdoCNUQA46QRV0haqohgi6R4/oGb0YD8aT8Wq8TVszxmxmH/2R8fED+g6eCg==</latexit><latexit sha1_base64="Y/nPt1MxUuwy1oY7HHRFMYBae+8=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2Ci1KSbnShUBBBcFPBXqAJYTI5aYdOLsxMhBKyd+OruHGhiFtfwJ1v46TNQlt/GPj4zznMOb+XMCqkaX5rK6tr6xubla3q9s7u3r5+cNgTccoJdEnMYj7wsABGI+hKKhkMEg449Bj0vclVUe8/ABc0ju7lNAEnxKOIBpRgqSxXr9khlmOCWXadX9oZuFYD3FbDZn4shcJbO3f1utk0ZzKWwSqhjkp1XP3L9mOShhBJwrAQQ8tMpJNhLilhkFftVECCyQSPYKgwwiEIJ5vdkhsnyvGNIObqRdKYub8nMhwKMQ091VlsLhZrhflfbZjK4NzJaJSkEiIy/yhImSFjowjG8CkHItlUASacql0NMsYcE6niq6oQrMWTl6HXalqK78x6+6KMo4KOUQ2dIgudoTa6QR3URQQ9omf0it60J+1Fe9c+5q0rWjlzhP5I+/wB/+OaVQ==</latexit>

r ! R
<latexit sha1_base64="qg10tgECIgSZIaRgYnxoloViNbQ=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5K40YVgwY3LKvYBbSiT6aQdOpmEmRuhhn6JGxeKuPUP/AV3foc/4KTtQlsPDBzOuZd75gSJ4Bpd98sqrKyurW8UN0tb2zu7ZXtvv6njVFHWoLGIVTsgmgkuWQM5CtZOFCNRIFgrGF3lfuueKc1jeYfjhPkRGUgeckrQSD27rLpcdiOCQ0pEdjvp2RW36k7hLBNvTiqX3x9YA4B6z/7s9mOaRkwiFUTrjucm6GdEIaeCTUrdVLOE0BEZsI6hkkRM+9k0+MQ5NkrfCWNlnkRnqv7eyEik9TgKzGQeUS96ufif10kxPPczLpMUmaSzQ2EqHIydvAWnzxWjKMaGEKq4yerQIVGEoumqZErwFr+8TJqnVc/wG7dSu4AZinAIR3ACHpxBDa6hDg2gkMIjPMOL9WA9Wa/W22y0YM13DuAPrPcfu/aWAw==</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="4F1/2IsxwE5NHgEmJx+rvaln5gk=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhUSU5WwwMCjEgtjQfQhtVHluE5r1XEi+wapRP0NFhYGEGLlDxj4ATa+gx/AaTtAy5EsHZ1zr+7x8WPBNTjOl5VbWFxaXsmvFtbWNzaL9tZ2XUeJoqxGIxGppk80E1yyGnAQrBkrRkJfsIY/uMj8xi1TmkfyBoYx80LSkzzglICROnZRtblshwT6lIj0etSxS07ZGQPPE3dKSuff73B2f/pR7dif7W5Ek5BJoIJo3XKdGLyUKOBUsFGhnWgWEzogPdYyVJKQaS8dBx/hfaN0cRAp8yTgsfp7IyWh1sPQN5NZRD3rZeJ/XiuB4NhLuYwTYJJODgWJwBDhrAXc5YpREENDCFXcZMW0TxShYLoqmBLc2S/Pk/ph2TX8yilVTtAEebSL9tABctERqqBLVEU1RFGCHtATerburEfrxXqdjOas6c4O+gPr7QfaRZeZ</latexit><latexit sha1_base64="L4NGZA1VDk6O/OfvYJZnPxX90P4=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRudOGi4MZlFfuAJpTJdNIOnUzCPIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45UcaZ0p737aytb2xubVd2qrt7+wc19/Coo1IjCW2TlKeyF2FFORO0rZnmtJdJipOI0240uSn87iOViqXiQU8zGiZ4JFjMCNZWGrg1GTARJFiPCeb5/Wzg1r2GNwdaJX5J6lCiNXC/gmFKTEKFJhwr1fe9TIc5lpoRTmfVwCiaYTLBI9q3VOCEqjCfB5+hM6sMUZxK+4RGc/X3Ro4TpaZJZCeLiGrZK8T/vL7R8VWYM5EZTQVZHIoNRzpFRQtoyCQlmk8twUQymxWRMZaYaNtV1ZbgL395lXQuGr7ld169eV3WUYETOIVz8OESmnALLWgDAQPP8ApvzpPz4rw7H4vRNafcOYY/cD5/ACWWk1w=</latexit>
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Co-occurrence Proximity Learning 

• Construct a k co-occurrence network with a predefined window 
size k

place

romantic

overrated

amazing

crazy
not_good

lines

not_awful
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Introduction                 Methodology Ñ Dictionary Construction                 Experiments                Conclusions

Dictionary Construction

• Calculate cosine similarity to build the matrix

• Define an element-wise function

where

where

A =

!

"
"
"
#

a11 a12 á á á a1|R|

a21 a22 á á á a2|R|
...

...
. . .

...
a|S| 1 a|S| 2 á á á a|S||R|

$

%
%
%
&

<latexit sha1_base64="otDMzCSybOdNilGa0Uwx0zBoD8A="></latexit><latexit sha1_base64="h0B0OdNeDkkiPFk7C22s/J+YNIc="></latexit><latexit sha1_base64="h0B0OdNeDkkiPFk7C22s/J+YNIc="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="+1/LNG2dr1ivBUqoV0jLrrQwAdE="></latexit><latexit sha1_base64="+1/LNG2dr1ivBUqoV0jLrrQwAdE="></latexit><latexit sha1_base64="DIkaN7nU6BLmB7UE10+C3zV+fPQ="></latexit><latexit sha1_base64="DIkaN7nU6BLmB7UE10+C3zV+fPQ="></latexit><latexit sha1_base64="h0B0OdNeDkkiPFk7C22s/J+YNIc="></latexit><latexit sha1_base64="h0B0OdNeDkkiPFk7C22s/J+YNIc="></latexit><latexit sha1_base64="h0B0OdNeDkkiPFk7C22s/J+YNIc="></latexit><latexit sha1_base64="h0B0OdNeDkkiPFk7C22s/J+YNIc="></latexit><latexit sha1_base64="DIkaN7nU6BLmB7UE10+C3zV+fPQ="></latexit>

aij = cos(!vsi , !vr j )
<latexit sha1_base64="bpXQlmnauBVM9SwtE3+I41Xf73w=">AAACEHicbZDLSgMxFIbPeK31NurSTbCIFaTMuNGFQsGNywr2Au0wZNJMmzZzIckUyjCP4MZXcaOgqFuX7nwb04ugrT8EvvznHJLzezFnUlnWl7GwuLS8sppby69vbG5tmzu7NRklgtAqiXgkGh6WlLOQVhVTnDZiQXHgcVr3+lejen1AhWRReKuGMXUC3AmZzwhW2nLNI+ymrJddtkgki60BJWjgptJl2Qn6uQm3lx27ZsEqWWOhebCnUCgXnvpvAFBxzc9WOyJJQENFOJayaVuxclIsFCOcZvlWImmMSR93aFNjiAMqnXS8UIYOtdNGfiT0CRUau78nUhxIOQw83Rlg1ZWztZH5X62ZKP/cSVkYJ4qGZPKQn3CkIjRKB7WZoETxoQZMBNN/RaSLBSZKZ5jXIdizK89D7bRka77RaVzARDnYhwMogg1nUIZrqEAVCNzBAzzDi3FvPBqvxvukdcGYzuzBHxkf310Snvg=</latexit><latexit sha1_base64="QTlsO564bkRCvuuPluQ1JGgh4KY=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK0iZcaMLhYIblxXsBTrDkEkzbdpMZkgyhTKMT6AbX8WNBUXcunTn25heBK3+EPjyn3NIzu/HjEplWZ9GbmFxaXklv1pYW9/Y3DK3d+oySgQmNRyxSDR9JAmjnNQUVYw0Y0FQ6DPS8PuX43pjQISkEb9Rw5i4IepwGlCMlLY88xB5Ke1lFw6OZMkZEAwHXio9mh3D75vwetmRZxatsjUR/Av2DIqV4qg/urstVT3zw2lHOAkJV5ghKVu2FSs3RUJRzEhWcBJJYoT7qENaGjkKiXTTyUIZPNBOGwaR0IcrOHF/TqQolHIY+rozRKor52tj879aK1HBmZtSHieKcDx9KEgYVBEcpwPbVBCs2FADwoLqv0LcRQJhpTMs6BDs+ZX/Qv2kbGu+1mmcg6nyYA/sgxKwwSmogCtQBTWAwT14BM/gxXgwnoxX423amjNmM7vgl4z3L+zpoCM=</latexit><latexit sha1_base64="QTlsO564bkRCvuuPluQ1JGgh4KY=">AAACEHicbZDLSgMxFIYz9VbrbdSlm2ARK0iZcaMLhYIblxXsBTrDkEkzbdpMZkgyhTKMT6AbX8WNBUXcunTn25heBK3+EPjyn3NIzu/HjEplWZ9GbmFxaXklv1pYW9/Y3DK3d+oySgQmNRyxSDR9JAmjnNQUVYw0Y0FQ6DPS8PuX43pjQISkEb9Rw5i4IepwGlCMlLY88xB5Ke1lFw6OZMkZEAwHXio9mh3D75vwetmRZxatsjUR/Av2DIqV4qg/urstVT3zw2lHOAkJV5ghKVu2FSs3RUJRzEhWcBJJYoT7qENaGjkKiXTTyUIZPNBOGwaR0IcrOHF/TqQolHIY+rozRKor52tj879aK1HBmZtSHieKcDx9KEgYVBEcpwPbVBCs2FADwoLqv0LcRQJhpTMs6BDs+ZX/Qv2kbGu+1mmcg6nyYA/sgxKwwSmogCtQBTWAwT14BM/gxXgwnoxX423amjNmM7vgl4z3L+zpoCM=</latexit><latexit sha1_base64="XOEpm8ESbNnHDoSxbco6kgPPtP8=">AAACEHicbZDLSgMxFIYzXmu9jbp0EyxiBSkzbnShUHDjsoK9QGcYMmnaps0kQ5IplGEewY2v4saFIm5duvNtTNsRtPWHwJf/nENy/jBmVGnH+bKWlldW19YLG8XNre2dXXtvv6FEIjGpY8GEbIVIEUY5qWuqGWnFkqAoZKQZDm8m9eaISEUFv9fjmPgR6nHapRhpYwX2CQpSOsiuPSxU2RsRDEdBqgKancGfmwwG2Wlgl5yKMxVcBDeHEshVC+xPryNwEhGuMUNKtV0n1n6KpKaYkazoJYrECA9Rj7QNchQR5afThTJ4bJwO7AppDtdw6v6eSFGk1DgKTWeEdF/N1ybmf7V2oruXfkp5nGjC8eyhbsKgFnCSDuxQSbBmYwMIS2r+CnEfSYS1ybBoQnDnV16ExnnFNXznlKpXeRwFcAiOQBm44AJUwS2ogTrA4AE8gRfwaj1az9ab9T5rXbLymQPwR9bHN0o3nLE=</latexit>

G(á)
<latexit sha1_base64="GEXs0K0y2jc3dg48AyBlallNM38=">AAAB+3icbVC7TsMwFL3hWcorlBEGiwqpLFXCAgNDJQYYi0QfUhNVjuO0Vh0nsh1EFfUb+AMWBhBi5UfY+BuctgO0HMnS0Tn36h6fIOVMacf5tlZW19Y3Nktb5e2d3b19+6DSVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wui78zgOViiXiXo9T6sd4IFjECNZG6tsVL8Z6SDDPbyY1j4SJPuvbVafuTIGWiTsn1cbxk4cAoNm3v7wwIVlMhSYcK9VznVT7OZaaEU4nZS9TNMVkhAe0Z6jAMVV+Ps0+QadGCVGUSPOERlP190aOY6XGcWAmi6Rq0SvE/7xepqNLP2cizTQVZHYoyjjSCSqKQCGTlGg+NgQTyUxWRIZYYqJNXWVTgrv45WXSPq+7ht+ZNq5ghhIcwQnUwIULaMAtNKEFBB7hGV7hzZpYL9a79TEbXbHmO4fwB9bnD4jYlYg=</latexit><latexit sha1_base64="PIn+tnhjsxAvHgNfQoU9zo40fH4=">AAAB+3icbVC7TsMwFHXKq5RXKCMMFhVSWaqEBQaGSgwwFok+pCaqHMdprTp2ZDuIKuo39A9YGECIlR/gE9j4EHactgO0HMnS0Tn36h6fIGFUacf5sgorq2vrG8XN0tb2zu6evV9uKZFKTJpYMCE7AVKEUU6ammpGOokkKA4YaQfDq9xv3xOpqOB3epQQP0Z9TiOKkTZSzy57MdIDjFh2Pa56OBT6tGdXnJozBVwm7pxU6kcTr/r9MWn07E8vFDiNCdeYIaW6rpNoP0NSU8zIuOSliiQID1GfdA3lKCbKz6bZx/DEKCGMhDSPazhVf29kKFZqFAdmMk+qFr1c/M/rpjq68DPKk1QTjmeHopRBLWBeBAypJFizkSEIS2qyQjxAEmFt6iqZEtzFLy+T1lnNNfzWtHEJZiiCQ3AMqsAF56AObkADNAEGD+ARPIMXa2w9Wa/W22y0YM13DsAfWO8/na+X1g==</latexit><latexit sha1_base64="PIn+tnhjsxAvHgNfQoU9zo40fH4=">AAAB+3icbVC7TsMwFHXKq5RXKCMMFhVSWaqEBQaGSgwwFok+pCaqHMdprTp2ZDuIKuo39A9YGECIlR/gE9j4EHactgO0HMnS0Tn36h6fIGFUacf5sgorq2vrG8XN0tb2zu6evV9uKZFKTJpYMCE7AVKEUU6ammpGOokkKA4YaQfDq9xv3xOpqOB3epQQP0Z9TiOKkTZSzy57MdIDjFh2Pa56OBT6tGdXnJozBVwm7pxU6kcTr/r9MWn07E8vFDiNCdeYIaW6rpNoP0NSU8zIuOSliiQID1GfdA3lKCbKz6bZx/DEKCGMhDSPazhVf29kKFZqFAdmMk+qFr1c/M/rpjq68DPKk1QTjmeHopRBLWBeBAypJFizkSEIS2qyQjxAEmFt6iqZEtzFLy+T1lnNNfzWtHEJZiiCQ3AMqsAF56AObkADNAEGD+ARPIMXa2w9Wa/W22y0YM13DsAfWO8/na+X1g==</latexit><latexit sha1_base64="cABRopV4nlXcvgD5RXsvHZZ2Yvg=">AAAB+3icbVC7TsMwFHV4lvIqZWSxqJDKUiUsMDBUYoCxSPQhNVHlOE5r1XEi+wZRRfkVFgYQYuVH2PgbnDYDtBzJ0tE59+oeHz8RXINtf1tr6xubW9uVneru3v7BYe2o3tNxqijr0ljEauATzQSXrAscBBskipHIF6zvT28Kv//IlOaxfIBZwryIjCUPOSVgpFGt7kYEJpSI7DZvujSI4XxUa9gtew68SpySNFCJzqj25QYxTSMmgQqi9dCxE/AyooBTwfKqm2qWEDolYzY0VJKIaS+bZ8/xmVECHMbKPAl4rv7eyEik9SzyzWSRVC97hfifN0whvPIyLpMUmKSLQ2EqMMS4KAIHXDEKYmYIoYqbrJhOiCIUTF1VU4Kz/OVV0rtoOYbf2432dVlHBZ2gU9REDrpEbXSHOqiLKHpCz+gVvVm59WK9Wx+L0TWr3DlGf2B9/gCjhJQh</latexit>

G(A) = ( bij ) ! R|S| ! |R|
<latexit sha1_base64="P39+z1EZWHkVMGSbM1M/N2vDTs0="></latexit><latexit sha1_base64="OFd3vYMGKl5eqz3R2BVOc56PTak="></latexit><latexit sha1_base64="OFd3vYMGKl5eqz3R2BVOc56PTak="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="rDkgx3Ijrdd/kGHOYKDu4C2eyHQ="></latexit><latexit sha1_base64="rDkgx3Ijrdd/kGHOYKDu4C2eyHQ="></latexit><latexit sha1_base64="XxPndqUwDH3sIkX3SwpsmIFk5zE="></latexit><latexit sha1_base64="XxPndqUwDH3sIkX3SwpsmIFk5zE="></latexit><latexit sha1_base64="OFd3vYMGKl5eqz3R2BVOc56PTak="></latexit><latexit sha1_base64="OFd3vYMGKl5eqz3R2BVOc56PTak="></latexit><latexit sha1_base64="OFd3vYMGKl5eqz3R2BVOc56PTak="></latexit><latexit sha1_base64="OFd3vYMGKl5eqz3R2BVOc56PTak="></latexit><latexit sha1_base64="XxPndqUwDH3sIkX3SwpsmIFk5zE="></latexit>

bij ! { 0, 1}
<latexit sha1_base64="LjvDcfFIRqFr95tDNqNHHriEg3g=">AAAB+nicbZC7TsMwFIZPyq2UWwsji0WFxICqhAUGhkosLEhF0IvURJHjOq2p40S2A6pCHoWFAYRYeRI2Nh4F9zJAyy9Z+vSfc3SO/yDhTGnb/rIKS8srq2vF9dLG5tb2Trmy21JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLwY19v3VCoWi1s9SqgX4b5gISNYG8svVwI/Y3e5ywRyM/vYcXO/XLVr9kRoEZwZVOvo6uYbABp++dPtxSSNqNCEY6W6jp1oL8NSM8JpXnJTRRNMhrhPuwYFjqjyssnpOTo0Tg+FsTRPaDRxf09kOFJqFAWmM8J6oOZrY/O/WjfV4ZmXMZGkmgoyXRSmHOkYjXNAPSYp0XxkABPJzK2IDLDERJu0SiYEZ/7Li9A6qTmGr00a5zBVEfbhAI7AgVOowyU0oAkEHuAJXuDVerSerTfrfdpasGYze/BH1scP80CVRw==</latexit><latexit sha1_base64="qOEnSYoQWquorSVP6Z1v6SgBFBs=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcCElcaMLFwVB3AgV7QWaECbTaTt2MgkzE6XEPIobF4q49Unc+RS+gtPWhbb+MPDxn3M4Z/4w4Uxpx/m0CguLS8srxdXS2vrG5pZd3m6qOJWENkjMY9kOsaKcCdrQTHPaTiTFUchpKxyejeutOyoVi8WNHiXUj3BfsB4jWBsrsMthkLHb3GMCeZlz6Hp5YFecqjMRmgf3Byo1dHn9NfTP64H94XVjkkZUaMKxUh3XSbSfYakZ4TQveamiCSZD3KcdgwJHVPnZ5PQc7Runi3qxNE9oNHF/T2Q4UmoUhaYzwnqgZmtj879aJ9W9Ez9jIkk1FWS6qJdypGM0zgF1maRE85EBTCQztyIywBITbdIqmRDc2S/PQ/Oo6hq+MmmcwlRF2IU9OAAXjqEGF1CHBhC4h0d4hhfrwXqyXq23aWvB+pnZgT+y3r8BcF+WZA==</latexit><latexit sha1_base64="qOEnSYoQWquorSVP6Z1v6SgBFBs=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFcCElcaMLFwVB3AgV7QWaECbTaTt2MgkzE6XEPIobF4q49Unc+RS+gtPWhbb+MPDxn3M4Z/4w4Uxpx/m0CguLS8srxdXS2vrG5pZd3m6qOJWENkjMY9kOsaKcCdrQTHPaTiTFUchpKxyejeutOyoVi8WNHiXUj3BfsB4jWBsrsMthkLHb3GMCeZlz6Hp5YFecqjMRmgf3Byo1dHn9NfTP64H94XVjkkZUaMKxUh3XSbSfYakZ4TQveamiCSZD3KcdgwJHVPnZ5PQc7Runi3qxNE9oNHF/T2Q4UmoUhaYzwnqgZmtj879aJ9W9Ez9jIkk1FWS6qJdypGM0zgF1maRE85EBTCQztyIywBITbdIqmRDc2S/PQ/Oo6hq+MmmcwlRF2IU9OAAXjqEGF1CHBhC4h0d4hhfrwXqyXq23aWvB+pnZgT+y3r8BcF+WZA==</latexit><latexit sha1_base64="8q7NOYfLXWbD4xtWQJIVDOH5BBI=">AAAB+nicbZC7TsMwFIZPuJZyS2FksaiQGFCVsMDAUImFsUj0IjVR5LhOa+o4ke2AqpBHYWEAIVaehI23wW0zQMsvWfr0n3N0jv8w5Uxpx/m2VlbX1jc2K1vV7Z3dvX27dtBRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbji+nta7D1Qqlog7PUmpH+OhYBEjWBsrsGthkLP7wmMCeblz5npFYNedhjMTWga3hDqUagX2lzdISBZToQnHSvVdJ9V+jqVmhNOi6mWKppiM8ZD2DQocU+Xns9MLdGKcAYoSaZ7QaOb+nshxrNQkDk1njPVILdam5n+1fqajSz9nIs00FWS+KMo40gma5oAGTFKi+cQAJpKZWxEZYYmJNmlVTQju4peXoXPecA3fOvXmVRlHBY7gGE7BhQtowg20oA0EHuEZXuHNerJerHfrY966YpUzh/BH1ucPa9WTZw==</latexit>

L r j =
�
(si ,~vsi , ✓

r j
si

= aij ) | bij = 1
 

<latexit sha1_base64="3WCLvH7x788u/55lEc5bKYsQ8cI="></latexit><latexit sha1_base64="FVIv4zGxol4sNY11TItrBxinSbw="></latexit><latexit sha1_base64="FVIv4zGxol4sNY11TItrBxinSbw="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="nIE68s6BQfy3a2cCYc4eajASM9I="></latexit><latexit sha1_base64="nIE68s6BQfy3a2cCYc4eajASM9I="></latexit><latexit sha1_base64="qWraZZkWYuAsScYE+ARH4m2J664="></latexit><latexit sha1_base64="qWraZZkWYuAsScYE+ARH4m2J664="></latexit><latexit sha1_base64="FVIv4zGxol4sNY11TItrBxinSbw="></latexit><latexit sha1_base64="FVIv4zGxol4sNY11TItrBxinSbw="></latexit><latexit sha1_base64="FVIv4zGxol4sNY11TItrBxinSbw="></latexit><latexit sha1_base64="FVIv4zGxol4sNY11TItrBxinSbw="></latexit><latexit sha1_base64="qWraZZkWYuAsScYE+ARH4m2J664="></latexit>
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Dictionary Construction

• Maximum-cosine-similarity scheme

• Z-score scheme

mi = max
1! j ! |R|

aij
<latexit sha1_base64="ip1LEbpvZgO+jXWmEI0FODEfGlo=">AAACFnicbVDLSgMxFL1TX7W+qi7dBIvgxjIjgoIKBTcuq9gHdMqQSdM2beZhkhHLdL7Cjb/ixoUibsWdf+BnmGm70NYLCYdzzuXee9yQM6lM88vIzM0vLC5ll3Mrq2vrG/nNraoMIkFohQQ8EHUXS8qZTyuKKU7roaDYczmtuf2LVK/dUSFZ4N+oQUibHu74rM0IVppy8geeE7Pk3PbwvRNbNqe3qDf6h5pSXYJ5fJ0ME4S1rZc4+YJZNEeFZoE1AYXS6dF3CQDKTv7TbgUk8qivCMdSNiwzVM0YC8UIp0nOjiQNMenjDm1o6GOPymY8OitBe5ppoXYg9PMVGrG/O2LsSTnwXO1Md5XTWkr+pzUi1T5pxswPI0V9Mh7UjjhSAUozQi0mKFF8oAEmguldEeligYnSSeZ0CNb0ybOgeli0NL7SaZzBuLKwA7uwDxYcQwkuoQwVIPAAT/ACr8aj8Wy8Ge9ja8aY9GzDnzI+fgC2bKHX</latexit><latexit sha1_base64="Qk8q8KLKSj6Crdol1WRvYqL+Q1M=">AAACFnicbVDLSsNAFJ34rPUVdSO4GSyCG0sigoIKRTcuq9gHNCFMptN22snDmYlY0nyFG3/FjQtF3Iob8Q/8DCdpF9p6YYbDOedy7z1uyKiQhvGlTU3PzM7N5xbyi0vLK6v62npVBBHHpIIDFvC6iwRh1CcVSSUj9ZAT5LmM1NzeearXbgkXNPCvZT8ktofaPm1RjKSiHH3Pc2KanFoeunNi02LkBnazf6Ao2cGIxVfJIIFI2bqJoxeMopEVnATmCBRKxwffZ3Lzs+zoH1YzwJFHfIkZEqJhGqG0Y8QlxYwkeSsSJES4h9qkoaCPPCLsODsrgTuKacJWwNXzJczY3x0x8oToe65ypruKcS0l/9MakWwd2TH1w0gSHw8HtSIGZQDTjGCTcoIl6yuAMKdqV4g7iCMsVZJ5FYI5fvIkqO4XTYUvVRonYFg5sAW2wS4wwSEogQtQBhWAwT14BM/gRXvQnrRX7W1ondJGPRvgT2nvP5MZozw=</latexit><latexit sha1_base64="Qk8q8KLKSj6Crdol1WRvYqL+Q1M=">AAACFnicbVDLSsNAFJ34rPUVdSO4GSyCG0sigoIKRTcuq9gHNCFMptN22snDmYlY0nyFG3/FjQtF3Iob8Q/8DCdpF9p6YYbDOedy7z1uyKiQhvGlTU3PzM7N5xbyi0vLK6v62npVBBHHpIIDFvC6iwRh1CcVSSUj9ZAT5LmM1NzeearXbgkXNPCvZT8ktofaPm1RjKSiHH3Pc2KanFoeunNi02LkBnazf6Ao2cGIxVfJIIFI2bqJoxeMopEVnATmCBRKxwffZ3Lzs+zoH1YzwJFHfIkZEqJhGqG0Y8QlxYwkeSsSJES4h9qkoaCPPCLsODsrgTuKacJWwNXzJczY3x0x8oToe65ypruKcS0l/9MakWwd2TH1w0gSHw8HtSIGZQDTjGCTcoIl6yuAMKdqV4g7iCMsVZJ5FYI5fvIkqO4XTYUvVRonYFg5sAW2wS4wwSEogQtQBhWAwT14BM/gRXvQnrRX7W1ondJGPRvgT2nvP5MZozw=</latexit><latexit sha1_base64="YQTzrB9F7VcWTBnHlHIn3cxCLxI=">AAACFnicbVC7TsMwFHV4lvIKMLJYVEgsVAkLDCBVYmEsiD6kJooc12ndOk6wHUSV5itY+BUWBhBiRWz8DU7aAVquZOvonHN17z1+zKhUlvVtLCwuLa+sltbK6xubW9vmzm5TRonApIEjFom2jyRhlJOGooqRdiwICn1GWv7wMtdb90RIGvFbNYqJG6IepwHFSGnKM49DL6XZhROiBy+1HUbu4KD4x5pSfYxYepONM4i0bZB5ZsWqWkXBeWBPQQVMq+6ZX043wklIuMIMSdmxrVi5KRKKYkayspNIEiM8RD3S0ZCjkEg3Lc7K4KFmujCIhH5cwYL93ZGiUMpR6Gtnvquc1XLyP62TqODMTSmPE0U4ngwKEgZVBPOMYJcKghUbaYCwoHpXiPtIIKx0kmUdgj178jxonlRtja+tSu18GkcJ7IMDcARscApq4ArUQQNg8AiewSt4M56MF+Pd+JhYF4xpzx74U8bnDzploAA=</latexit>

Gmax (A) = ( bij ) =
!
1{ aij ! m i }

"
! R|S| " |R|

<latexit sha1_base64="AZiWXxJ2vkjbPVPRAl3CgeN2k0A="></latexit><latexit sha1_base64="/3s9J9kRTHO1fN75+J7c8h24tYk="></latexit><latexit sha1_base64="/3s9J9kRTHO1fN75+J7c8h24tYk="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="W1VjAq29nTsVAGRuLcpGn9/4JmE="></latexit><latexit sha1_base64="W1VjAq29nTsVAGRuLcpGn9/4JmE="></latexit><latexit sha1_base64="wEypB3ArSVnhV4tkQGgXWiacL+o="></latexit><latexit sha1_base64="wEypB3ArSVnhV4tkQGgXWiacL+o="></latexit><latexit sha1_base64="/3s9J9kRTHO1fN75+J7c8h24tYk="></latexit><latexit sha1_base64="/3s9J9kRTHO1fN75+J7c8h24tYk="></latexit><latexit sha1_base64="/3s9J9kRTHO1fN75+J7c8h24tYk="></latexit><latexit sha1_base64="/3s9J9kRTHO1fN75+J7c8h24tYk="></latexit><latexit sha1_base64="wEypB3ArSVnhV4tkQGgXWiacL+o="></latexit>

zij = ( aij ! µj )/ ! j
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Gz> ! (A) = ( bij ) =
!
1{ zij > ! }

"
! R|S| ! |R|

<latexit sha1_base64="vD8rsOalxH/GdaLriRUlT1aysr4="></latexit><latexit sha1_base64="BbXHKvTlaK8PQd/7JbFbz/U/t8k="></latexit><latexit sha1_base64="BbXHKvTlaK8PQd/7JbFbz/U/t8k="></latexit><latexit sha1_base64="j/Cvsd9RpzIv+58vNl+mnUFw/4E="></latexit>
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Introduction                 Methodology                Experiments Ñ Datasets                Conclusions

• Yelp:

• Round 9 of Yelp dataset challenge

• TripAdvisor dataset:

• Top 25 cities in 2016 and top 20 attractions or tours of each 
city

• Amazon dataset: (Wang, et al., 2010)

• 6 categories of electronic supplies and top 20 products of 
each category

Real-World Datasets
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Introduction                 Methodology                Experiments Ñ Yelp                Conclusions

• Compare Yelp dictionaries with the state-of-the-art Yelp 
dictionaries (Reschke, et al., 2013)

Comparison with Yelp Dictionary
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Introduction                 Methodology                Experiments Ñ Yelp                Conclusions

• Compare Yelp dictionaries with the state-of-the-art Yelp 
dictionaries (Reschke, et al., 2013)

Comparison with Yelp Dictionary
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Introduction                 Methodology                Experiments Ñ Sentiment ClassiÞcation                Conclusions

• Conduct binary sentiment classification on reviews for three 
datasets

Sentiment Classification
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Introduction                 Methodology                Experiments Ñ Entity Ranking                Conclusions

• Conduct entity ranking by the scoring function: (Chao, et al., 
2017)

• Measure the ranking performance with normalized discounted 
cumulative gain (NDCG)

Entity Ranking

Score(yi ) =
n!

j =1

f sj ácos(!vyi , !vsj )1{ cos(!vy i ,!vs j )> 0}

<latexit sha1_base64="CwB3U/1fXWRPrVOhHFuVu5rkAQA="></latexit><latexit sha1_base64="vYzzo4o64O/NVqe5HmrVIbM8l4I="></latexit><latexit sha1_base64="vYzzo4o64O/NVqe5HmrVIbM8l4I="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="+TPHw5tQEt+ooJFIh/KzIteyKdc="></latexit><latexit sha1_base64="+TPHw5tQEt+ooJFIh/KzIteyKdc="></latexit><latexit sha1_base64="3uFAFhLCRVq6QVLWSUOZVyePW1c="></latexit><latexit sha1_base64="3uFAFhLCRVq6QVLWSUOZVyePW1c="></latexit><latexit sha1_base64="vYzzo4o64O/NVqe5HmrVIbM8l4I="></latexit><latexit sha1_base64="vYzzo4o64O/NVqe5HmrVIbM8l4I="></latexit><latexit sha1_base64="vYzzo4o64O/NVqe5HmrVIbM8l4I="></latexit><latexit sha1_base64="vYzzo4o64O/NVqe5HmrVIbM8l4I="></latexit><latexit sha1_base64="3uFAFhLCRVq6QVLWSUOZVyePW1c="></latexit> strength of sentiment words on entities
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Introduction                 Methodology                Experiments Ñ Entity Ranking                Conclusions

Entity Ranking

• Entity ranking performance



AAAI Õ19                                                                                                                                                       CFDA&CLIP Labs!23

Introduction                 Methodology                Experiments Ñ Case Study                Conclusions

Amazon Lexicons
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Introduction                 Methodology                Experiments Ñ Case Study                Conclusions

Amazon Lexicons
Disappointed. The 
phone is not new, it is a 
used phone.
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Introduction                Methodology                Experiments                Conclusions

• Propose a representation learning framework for constructing 
sentiment dictionaries from user reviews

• Data-driven

• Domain-specific

• Application scalability

• Code & Datasets: github.com/cnclabs/UGSD

Conclusions

http://github.com/cnclabs/UGSD

