
95-865 Unstructured Data Analytics

Slides by George H. Chen

Lecture 3: Wrap up basic text analysis, 
co-occurrence analysis



Today

1. Revisit last lecture’s demo (basic text analysis) but using arrays/vectors 
instead of dictionaries/Counter objects

When we get to neural nets: array/vector representations are much 
more commonly used in practice than dictionaries/Counter objects

2. Talk about co-occurrence analysis



Array/Vector Representations
• To familiarize yourself with arrays/vectors, we’ll extensively be using 

NumPy in this course

• Making sure that you’re fluent in NumPy is going to be much more 
beneficial for learning PyTorch than knowing Pandas

• Whenever Pandas shows up in 95-865, it will be self-contained 
(so that you do not actually need to know Pandas)

• Yes, you can use Pandas in your homework if you want but we 
heavily encourage you to become fluent in NumPy if you aren’t 
already to help prep for learning PyTorch

When we get to neural nets: we will use PyTorch, which is similar to 
coding using NumPy (but more complicated than NumPy!)

• We will not assume or expect you to know Pandas in this class

Technical detail: Pandas is great for working with 1D and 2D arrays but 
we’ll regularly be working with 3D, 4D, 5D, etc arrays in PyTorch, which 

Pandas isn’t great at



(Flashback) Recap: Basic Text Analysis

☀☂☁☁☁☂☃☂☂☀Document: 

0

0.1

0.2

0.3

0.4

☀ ☁ ☂ ☃
Term

Frequency
0.2 0.3 0.4 0.1

This is a point in 
4-dimensional space, ℝ4

# dimensions = number of terms

☀ ☁ ☂ ☃

We represent each document as a histogram/probability distribution

We refer to a vector representation of 
the document as a feature vector

If there are lots of terms ⇒ feature vectors are high-dimensional



Another Viewpoint

☀☂☁☁☁☂☃☂☂☀Document: ☀ ☁ ☂ ☃
1 0 0 0
0 0 1 0
0 1 0 0
0 1 0 0
0 1 0 0
0 0 1 0
0 0 0 1
0 0 1 0
0 0 1 0
1 0 0 0

2 3 4 1

sum

0.2 0.3 0.4 0.1

divide by 
row total 

(2+3+4+1=
10)

What we have done:

• Specify a vocabulary 
(including ordering of 
terms in the vocabulary)

• Represent each term as a 
“one-hot” encoded vector 
(all 0’s except for a 1 for the term)

• Sum the one-hot vectors to get the 
document’s vector of raw counts

• Divide by row total to get a probability distribution

Vocabulary

“one-hot” 
encoded 
vectors

We represent each document as a histogram/probability distribution



Vector Version of Previous Code Demo
• We first build the vocabulary of the Wikipedia article 

(by finding all unique tokens present in the article)

• We can then represent every word as a one-hot encoded vector

• We sum the one-hot encoded vectors to get a raw counts vector

The opioid epidemic or opioid crisis is the rapid 

increase in the use of prescription and non-

prescription opioid drugs in the United States ...

Index Word

0 The

1 opioid

2 epidemic… …

word_to_idx = {'The': 0, 
               'opioid': 1, 
               'epidemic': 2, ...}

vocab = ['The', 'opioid', 
         'epidemic', ...}

Index:   0 1 2 3 1 4 5 6 7

8 9 6 10 11 12 13 14 15

12 1 16 9 6 17 18

maps each word to its index; this is not a 
term frequency table

listed in the same order as the word indices



Vector Version of Previous Code Demo

Demo



Multiple Documents

Text doc #1

Text doc #2

Text doc #n

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>XXX

☀ ☁ ☂ ☃
Feature vector #1

Feature vector #2

Choose a common vocabulary to 
use across all documents

This idea of representing data as feature 
vectors is very general — not just for text!

Feature vector #n

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>XXX



Multiple Documents

Demo

Represent each sentence as its own feature vector for the Wikipedia article



Finding Possibly Related Entities 
with Co-occurrence Analysis



https://time.com/7026241/lisa-su-amd-ceo-interview/

How to automatically figure out that “Lisa Su” and “AMD” are related?



Suppose that we have a dataset of 4 text docs (each is a news article)

Does it mention both 
“Lisa Su” & “AMD”?

Does it mention both 
“Lisa Su” & “AMD”?

1 = Yes 
0 = NoYes

No

Yes
Does it mention both 
“Lisa Su” & “AMD”?

Does it mention both 
“Lisa Su” & “AMD”?

No

Text doc #1

Text doc #2

Text doc #3

Text doc #4

1

0

1

0

2

sum

# docs that mention both “Lisa Su” & “AMD” = divide by 
# docs

0.5
( randomly chosen doc mentions 

both “Lisa Su” & “AMD” )

<latexit sha1_base64="MG0pMIjwwLq6dPvNDXCMwMTiCc4=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4Lbly2YB/QDpJJ77SxmcyQZIQy9AvcuFDErZ/kzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fiko+NUMWyzWMSqF1CNgktsG24E9hKFNAoEdoPJ7dzvPqHSPJb3ZpqgH9GR5CFn1Fip1XwoV9yquwBZJ15OKpDD5r8Gw5ilEUrDBNW677mJ8TOqDGcCZ6VBqjGhbEJH2LdU0gi1ny0WnZELqwxJGCv7pCEL9fdERiOtp1FgkxE1Y73qzcX/vH5qwhs/4zJJDUq2/ChMBTExmV9NhlwhM2JqCWWK210JG1NFmbHdlGwJ3urJ66RzVfXq1VqrVmk08jqKcAbncAkeXEMD7qAJbWCA8Ayv8OY8Oi/Ou/OxjBacfOYU/sD5/AGr7Yzb</latexit>

P
=

This is a co-occurrence probability



Suppose that we have a dataset of 4 text docs (each is a news article)

Does it mention 
“Lisa Su”?

Does it mention 
“Lisa Su”?

1 = Yes 
0 = NoYes

Yes

Yes
Does it mention 

“Lisa Su”?

Does it mention 
“Lisa Su”?

No

Text doc #1

Text doc #2

Text doc #3

Text doc #4

1

1

1

0

3

sum

# docs that mention “Lisa Su” =

This is not a co-occurrence probability; it is a marginal probability

divide by 
# docs

0.75( randomly chosen doc mentions “Lisa Su” ) =
<latexit sha1_base64="MG0pMIjwwLq6dPvNDXCMwMTiCc4=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS4Lbly2YB/QDpJJ77SxmcyQZIQy9AvcuFDErZ/kzr8xbWehrQcCh3POJfeeIBFcG9f9dgobm1vbO8Xd0t7+weFR+fiko+NUMWyzWMSqF1CNgktsG24E9hKFNAoEdoPJ7dzvPqHSPJb3ZpqgH9GR5CFn1Fip1XwoV9yquwBZJ15OKpDD5r8Gw5ilEUrDBNW677mJ8TOqDGcCZ6VBqjGhbEJH2LdU0gi1ny0WnZELqwxJGCv7pCEL9fdERiOtp1FgkxE1Y73qzcX/vH5qwhs/4zJJDUq2/ChMBTExmV9NhlwhM2JqCWWK210JG1NFmbHdlGwJ3urJ66RzVfXq1VqrVmk08jqKcAbncAkeXEMD7qAJbWCA8Ayv8OY8Oi/Ou/OxjBacfOYU/sD5/AGr7Yzb</latexit>

P



( randomly chosen doc mentions 
both  &  )

<latexit sha1_base64="PscFVvCcYfquLCytWTqq7r8i/tM=">AAAB6HicbVC7SgNBFL0bXzG+opY2g0GwCrviq7AI2FgmYB6QLDI7uZuMmZ1dZmaFsOQLbCwUsfWT7PwbJ8kWmnhg4HDOucy9J0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gdDv120+oNI/lvRkn6Ed0IHnIGTVWatQfyhW36s5AlomXkwrksPmvXj9maYTSMEG17npuYvyMKsOZwEmpl2pMKBvRAXYtlTRC7WezRSfkxCp9EsbKPmnITP09kdFI63EU2GREzVAvelPxP6+bmvDaz7hMUoOSzT8KU0FMTKZXkz5XyIwYW0KZ4nZXwoZUUWZsNyVbgrd48jJpnVW9y+pF47xSu8nrKMIRHMMpeHAFNbiDOjSBAcIzvMKb8+i8OO/OxzxacPKZQ/gD5/MHqwuM2A==</latexit>

P
<latexit sha1_base64="jduLY7mdGq2/sRfT2oR9LL9YFnw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHiBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGUT4zJ</latexit>

A
<latexit sha1_base64="xsQMPDCWSQlbKX++h9lTvAdhRa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGV04zK</latexit>

B

<latexit sha1_base64="rFjXeTd7HKlxdfnJpVuHd9/fIK8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiSNgVXweFqBePEcwDkiXMTmaTITOzy8ysEJZ8hBcPinj1e7z5N06SPWhiQUNR1U13VxBzpo3rfjsLi0vLK6u5tfz6xubWdmFnt66jRBFaIxGPVDPAmnImac0ww2kzVhSLgNNGMLgb+40nqjSL5KMZxtQXuCdZyAg2VmpUSzfHt0fXnULRLbsToHniZaQIGaqdwle7G5FEUGkIx1q3PDc2foqVYYTTUb6daBpjMsA92rJUYkG1n07OHaFDq3RRGClb0qCJ+nsixULroQhsp8Cmr2e9sfif10pMeOmnTMaJoZJMF4UJRyZC499RlylKDB9agoli9lZE+lhhYmxCeRuCN/vyPKmflL3z8tnDabFylcWRg304gBJ4cAEVuIcq1IDAAJ7hFd6c2Hlx3p2PaeuCk83swR84nz9t/45R</latexit>

P (A,B) =

Notation

( randomly chosen doc mentions 
both “Lisa Su” & “AMD” )

<latexit sha1_base64="PscFVvCcYfquLCytWTqq7r8i/tM=">AAAB6HicbVC7SgNBFL0bXzG+opY2g0GwCrviq7AI2FgmYB6QLDI7uZuMmZ1dZmaFsOQLbCwUsfWT7PwbJ8kWmnhg4HDOucy9J0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gdDv120+oNI/lvRkn6Ed0IHnIGTVWatQfyhW36s5AlomXkwrksPmvXj9maYTSMEG17npuYvyMKsOZwEmpl2pMKBvRAXYtlTRC7WezRSfkxCp9EsbKPmnITP09kdFI63EU2GREzVAvelPxP6+bmvDaz7hMUoOSzT8KU0FMTKZXkz5XyIwYW0KZ4nZXwoZUUWZsNyVbgrd48jJpnVW9y+pF47xSu8nrKMIRHMMpeHAFNbiDOjSBAcIzvMKb8+i8OO/OxzxacPKZQ/gD5/MHqwuM2A==</latexit>

P<latexit sha1_base64="nH4sdsONgnwqYfyJKnv2tjY2sSM=">AAACBnicbVDLSgMxFM3UV62vqksRgkWoIGVGpLpQqOjChUJF+4B2KJk004ZmHiR3xDJ05cZfceNCEbd+gzv/xrSdhbYeuHByzr3k3uOEgiswzW8jNTM7N7+QXswsLa+srmXXN6oqiCRlFRqIQNYdopjgPqsAB8HqoWTEcwSrOb3zoV+7Z1LxwL+Dfshsj3R87nJKQEut7HY53wT2APEVVwTfRoP98fPs+mKwd9rK5syCOQKeJlZCcihBuZX9arYDGnnMByqIUg3LDMGOiQROBRtkmpFiIaE90mENTX3iMWXHozMGeFcrbewGUpcPeKT+noiJp1Tfc3SnR6CrJr2h+J/XiMA9tmPuhxEwn44/ciOBIcDDTHCbS0ZB9DUhVHK9K6ZdIgkFnVxGh2BNnjxNqgcFq1go3hzmSidJHGm0hXZQHlnoCJXQJSqjCqLoET2jV/RmPBkvxrvxMW5NGcnMJvoD4/MHNz+YUQ==</latexit>

P (Lisa Su,AMD) =

( randomly chosen doc mentions “Lisa Su” )
<latexit sha1_base64="PscFVvCcYfquLCytWTqq7r8i/tM=">AAAB6HicbVC7SgNBFL0bXzG+opY2g0GwCrviq7AI2FgmYB6QLDI7uZuMmZ1dZmaFsOQLbCwUsfWT7PwbJ8kWmnhg4HDOucy9J0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gdDv120+oNI/lvRkn6Ed0IHnIGTVWatQfyhW36s5AlomXkwrksPmvXj9maYTSMEG17npuYvyMKsOZwEmpl2pMKBvRAXYtlTRC7WezRSfkxCp9EsbKPmnITP09kdFI63EU2GREzVAvelPxP6+bmvDaz7hMUoOSzT8KU0FMTKZXkz5XyIwYW0KZ4nZXwoZUUWZsNyVbgrd48jJpnVW9y+pF47xSu8nrKMIRHMMpeHAFNbiDOjSBAcIzvMKb8+i8OO/OxzxacPKZQ/gD5/MHqwuM2A==</latexit>

P
<latexit sha1_base64="bR4Bf4b78O0A/eeY3FtW+0zwBbw=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5KIVA8KBS8ePFS0H9CGstlu26WbTdidSEvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/P8SHANjvNtrayurW9s5rby2zu7e/v2QaGhw1hRVqehCFXLJ5oJLlkdOAjWihQjgS9Y0x/dTP3mE1Oah/IRJhHzAjKQvM8pASN17UKt1AE2huSOa4If4vT0umsXnbIzA14mbkaKKEOta391eiGNAyaBCqJ123Ui8BKigFPB0nwn1iwidEQGrG2oJAHTXjK7PcUnRunhfqhMScAz9fdEQgKtJ4FvOgMCQ73oTcX/vHYM/Usv4TKKgUk6X9SPBYYQT4PAPa4YBTExhFDFza2YDokiFExceROCu/jyMmmcld1KuXJ/XqxeZXHk0BE6RiXkogtURbeohuqIojF6Rq/ozUqtF+vd+pi3rljZzCH6A+vzBwyqk8w=</latexit>

P (Lisa Su) =

( randomly chosen doc mentions  )
<latexit sha1_base64="PscFVvCcYfquLCytWTqq7r8i/tM=">AAAB6HicbVC7SgNBFL0bXzG+opY2g0GwCrviq7AI2FgmYB6QLDI7uZuMmZ1dZmaFsOQLbCwUsfWT7PwbJ8kWmnhg4HDOucy9J0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gdDv120+oNI/lvRkn6Ed0IHnIGTVWatQfyhW36s5AlomXkwrksPmvXj9maYTSMEG17npuYvyMKsOZwEmpl2pMKBvRAXYtlTRC7WezRSfkxCp9EsbKPmnITP09kdFI63EU2GREzVAvelPxP6+bmvDaz7hMUoOSzT8KU0FMTKZXkz5XyIwYW0KZ4nZXwoZUUWZsNyVbgrd48jJpnVW9y+pF47xSu8nrKMIRHMMpeHAFNbiDOjSBAcIzvMKb8+i8OO/OxzxacPKZQ/gD5/MHqwuM2A==</latexit>

P
<latexit sha1_base64="jduLY7mdGq2/sRfT2oR9LL9YFnw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHiBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGUT4zJ</latexit>

A
<latexit sha1_base64="NcI+vKefn2bpr+6wuLyH7AXA0Xw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBHqpeyKXweFihePFdy20C4lm2bb0Gx2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvCARXBvH+UZLyyura+uFjeLm1vbObmlvv6HjVFHm0VjEqhUQzQSXzDPcCNZKFCNRIFgzGN5N/OYTU5rH8tGMEuZHpC95yCkxVvLqlduTm26p7FSdKfAicXNShhz1bumr04tpGjFpqCBat10nMX5GlOFUsHGxk2qWEDokfda2VJKIaT+bHjvGx1bp4TBWtqTBU/X3REYirUdRYDsjYgZ63puI/3nt1IRXfsZlkhom6WxRmApsYjz5HPe4YtSIkSWEKm5vxXRAFKHG5lO0IbjzLy+SxmnVvaieP5yVa9d5HAU4hCOogAuXUIN7qIMHFDg8wyu8IYle0Dv6mLUuoXzmAP4Aff4AeuSNzw==</latexit>

P (A) =



Running Toy Example
Suppose that we keep track of 3 named entities that are people: 

Lisa Su, Mark Zuckerberg, Sundar Pichai

Suppose that we keep track of 3 named entities that are companies: 
Alphabet, AMD, Meta

Lisa Su, Alphabet

Lisa Su, AMD

Lisa Su, Meta

Mark Zuckerberg, Alphabet

Mark Zuckerberg, AMD

Mark Zuckerberg, Meta

Sundar Pichai, Alphabet

Sundar Pichai, AMD

Sundar Pichai, Meta

Exhaustive list of every 
person/company pair:

Goal: rank these pairs 
from “most interesting” 

to “least interesting”

In practice: often 
want to focus on most 

interesting pairs

Need a numerical score 
for “interesting”-ness



A Simple First Thing to Try

Compute co-occurrence probabilities 
(one probability per pair) 

& sort from largest to smallest

Just use co-occurrence probabilities!

What could go wrong?!?

Lisa Su, Alphabet

Lisa Su, AMD

Lisa Su, Meta

Mark Zuckerberg, Alphabet

Mark Zuckerberg, AMD

Mark Zuckerberg, Meta

Sundar Pichai, Alphabet

Sundar Pichai, AMD

Sundar Pichai, Meta



Co-occurrence Analysis

Demo



A Simple Fix: Re-weight Co-occurrence 
Probability

Idea: instead of using co-occurrence probability, use the above ratio

Denominator larger ⇒ overall ratio smaller

<latexit sha1_base64="aKKXiz/s1pjsolp8MPKjNXSrGeA=">AAACEHicbVDJSgNBEO1xjXEb9eilMYjJJcyIRA8eAl68CBHMgkkIPZ1K0qRnobtGDEM+wYu/4sWDIl49evNv7CyIJj4oeLxXRVU9L5JCo+N8WQuLS8srq6m19PrG5ta2vbNb0WGsOJR5KENV85gGKQIoo0AJtUgB8z0JVa9/MfKrd6C0CIMbHETQ9Fk3EB3BGRqpZR+Vsg2Ee0yumOrT25j3QXmgusPcjwHIhrmWnXHyzhh0nrhTkiFTlFr2Z6Md8tiHALlkWtddJ8JmwhQKLmGYbsQaIsb7rAt1QwPmg24m44eG9NAobdoJlakA6Vj9PZEwX+uB75lOn2FPz3oj8T+vHmPnrJmIIIoRAj5Z1IklxZCO0qFtoYCjHBjCuBLmVsp7TDGOJsO0CcGdfXmeVI7zbiFfuD7JFM+ncaTIPjkgWeKSU1Ikl6REyoSTB/JEXsir9Wg9W2/W+6R1wZrO7JE/sD6+AZXenPA=</latexit>

P (Mark Zuckerberg)P (Meta)

<latexit sha1_base64="jg79GJcABM3oAIdxX0WjeC053G4=">AAACDnicbVA9SwNBEN2LXzF+RS1tFkMggoQ7kWhhEbCxESKYD0xC2NtMkiV7H+zOieHIL7Dxr9hYKGJrbee/cZNcoYkPBh7vzTAzzw2l0Gjb31ZqaXlldS29ntnY3Nreye7u1XQQKQ5VHshANVymQQofqihQQiNUwDxXQt0dXk78+j0oLQL/FkchtD3W90VPcIZG6mTzlUIL4QHja6aG9C7iQ1AuqP74OJEB2fiok83ZRXsKukichORIgkon+9XqBjzywEcumdZNxw6xHTOFgksYZ1qRhpDxIetD01CfeaDb8fSdMc0bpUt7gTLlI52qvydi5mk98lzT6TEc6HlvIv7nNSPsnbdj4YcRgs9ni3qRpBjQSTa0KxRwlCNDGFfC3Er5gCnG0SSYMSE48y8vktpJ0SkVSzenufJFEkeaHJBDUiAOOSNlckUqpEo4eSTP5JW8WU/Wi/VufcxaU1Yys0/+wPr8AYElnGc=</latexit>

P (Mark Zuckerberg,Meta)



<latexit sha1_base64="sv0dScVI/tdDGgU9ZfoiIXdz+jc=">AAACAHicbZDLSgMxFIbPeK31NurChZtgEVqQMiPeFi6qblyOYC/QlpJJM21o5kKSEcowG1/FjQtF3PoY7nwbM+0stPVAyMf/n0NyfjfiTCrL+jYWFpeWV1YLa8X1jc2tbXNntyHDWBBaJyEPRcvFknIW0LpiitNWJCj2XU6b7ug285uPVEgWBg9qHNGujwcB8xjBSks9c7/jCUwSp3x9fFNJs7vilDX1zJJVtSaF5sHOoQR5OT3zq9MPSezTQBGOpWzbVqS6CRaKEU7TYieWNMJkhAe0rTHAPpXdZLJAio600kdeKPQJFJqovycS7Es59l3d6WM1lLNeJv7ntWPlXXYTFkSxogGZPuTFHKkQZWmgPhOUKD7WgIlg+q+IDLFOROnMijoEe3bleWicVO3z6tn9aal2lcdRgAM4hDLYcAE1uAMH6kAghWd4hTfjyXgx3o2PaeuCkc/swZ8yPn8AwyiUkg==</latexit>

P (A,B)

P (A)P (B)

A Simple Fix: Re-weight Co-occurrence 
Probability

Probability of  (person) and  (company) co-occurring
<latexit sha1_base64="1Jc/YJAiPnBgVQ/uQhWQ4s5JG2I=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRcWNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4FphOM1Q==</latexit>

A
<latexit sha1_base64="UJzbQLYLkUCA41VLeh1y1u+ZBIc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRdGNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4Fp5eM1g==</latexit>

B

Probability of  and  co-occurring if they were independent
<latexit sha1_base64="1Jc/YJAiPnBgVQ/uQhWQ4s5JG2I=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRcWNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4FphOM1Q==</latexit>

A
<latexit sha1_base64="UJzbQLYLkUCA41VLeh1y1u+ZBIc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRdGNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4Fp5eM1g==</latexit>

B

Denominator larger ⇒ overall ratio smaller

if equal to 1 
⇒ ,  are independent

<latexit sha1_base64="1Jc/YJAiPnBgVQ/uQhWQ4s5JG2I=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRcWNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4FphOM1Q==</latexit>

A
<latexit sha1_base64="UJzbQLYLkUCA41VLeh1y1u+ZBIc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRdGNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4Fp5eM1g==</latexit>

B

Idea: instead of using co-occurrence probability, use the above ratio



A Simple Fix: Re-weight Co-occurrence 
Probability

Ranking of person/company pairs using the above ratio remains the 
same if we instead use the log of the above ratio

This log ratio is called pointwise mutual information (PMI)

<latexit sha1_base64="bvOhHyiU1Hn9Ot2oRmCs2RT2cSY=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpJxNtCoepGF0IEe4EmlMl00g6dXJg5EUvoQ7jxVdy4UMStC3e+jdM2C209MMzH/5/DzPndiDMJhvGtZWZm5+YXsou5peWV1bX8+kZNhrEgtEpCHoqGiyXlLKBVYMBpIxIU+y6ndbd3OfTr91RIFgZ30I+o4+NOwDxGMCipld+1gT5AYt1cD4rnexelM5uHHdsTmCTWSBgM75JVVNTKF4yyMSp9GswUCigtq5X/stshiX0aAOFYyqZpROAkWAAjnA5ydixphEkPd2hTYYB9Kp1ktNRA31FKW/dCoU4A+kj9PZFgX8q+76pOH0NXTnpD8T+vGYN34iQsiGKgARk/5MVch1AfJqS3maAEeF8BJoKpv+qki1UioHLMqRDMyZWnobZfNo/Kh7cHhcppGkcWbaFtVEQmOkYVdIUsVEUEPaJn9IretCftRXvXPsatGS2d2UR/Svv8AfHUnDQ=</latexit>

PMI(A,B) = log
P (A,B)

P (A)P (B)

Reminder: this is what log looks like!

1

log(x)

<latexit sha1_base64="sv0dScVI/tdDGgU9ZfoiIXdz+jc=">AAACAHicbZDLSgMxFIbPeK31NurChZtgEVqQMiPeFi6qblyOYC/QlpJJM21o5kKSEcowG1/FjQtF3PoY7nwbM+0stPVAyMf/n0NyfjfiTCrL+jYWFpeWV1YLa8X1jc2tbXNntyHDWBBaJyEPRcvFknIW0LpiitNWJCj2XU6b7ug285uPVEgWBg9qHNGujwcB8xjBSks9c7/jCUwSp3x9fFNJs7vilDX1zJJVtSaF5sHOoQR5OT3zq9MPSezTQBGOpWzbVqS6CRaKEU7TYieWNMJkhAe0rTHAPpXdZLJAio600kdeKPQJFJqovycS7Es59l3d6WM1lLNeJv7ntWPlXXYTFkSxogGZPuTFHKkQZWmgPhOUKD7WgIlg+q+IDLFOROnMijoEe3bleWicVO3z6tn9aal2lcdRgAM4hDLYcAE1uAMH6kAghWd4hTfjyXgx3o2PaeuCkc/swZ8yPn8AwyiUkg==</latexit>

P (A,B)

P (A)P (B)

Probability of  (person) and  (company) co-occurring
<latexit sha1_base64="1Jc/YJAiPnBgVQ/uQhWQ4s5JG2I=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRcWNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4FphOM1Q==</latexit>

A
<latexit sha1_base64="UJzbQLYLkUCA41VLeh1y1u+ZBIc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRdGNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4Fp5eM1g==</latexit>

B

Probability of  and  co-occurring if they were independent
<latexit sha1_base64="1Jc/YJAiPnBgVQ/uQhWQ4s5JG2I=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRcWNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4FphOM1Q==</latexit>

A
<latexit sha1_base64="UJzbQLYLkUCA41VLeh1y1u+ZBIc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRdGNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4Fp5eM1g==</latexit>

B

Denominator larger ⇒ overall ratio smaller

if equal to 1 
⇒ ,  are independent

<latexit sha1_base64="1Jc/YJAiPnBgVQ/uQhWQ4s5JG2I=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRcWNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4FphOM1Q==</latexit>

A
<latexit sha1_base64="UJzbQLYLkUCA41VLeh1y1u+ZBIc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRdGNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4Fp5eM1g==</latexit>

B

Idea: instead of using co-occurrence probability, use the above ratio

<latexit sha1_base64="bvOhHyiU1Hn9Ot2oRmCs2RT2cSY=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpJxNtCoepGF0IEe4EmlMl00g6dXJg5EUvoQ7jxVdy4UMStC3e+jdM2C209MMzH/5/DzPndiDMJhvGtZWZm5+YXsou5peWV1bX8+kZNhrEgtEpCHoqGiyXlLKBVYMBpIxIU+y6ndbd3OfTr91RIFgZ30I+o4+NOwDxGMCipld+1gT5AYt1cD4rnexelM5uHHdsTmCTWSBgM75JVVNTKF4yyMSp9GswUCigtq5X/stshiX0aAOFYyqZpROAkWAAjnA5ydixphEkPd2hTYYB9Kp1ktNRA31FKW/dCoU4A+kj9PZFgX8q+76pOH0NXTnpD8T+vGYN34iQsiGKgARk/5MVch1AfJqS3maAEeF8BJoKpv+qki1UioHLMqRDMyZWnobZfNo/Kh7cHhcppGkcWbaFtVEQmOkYVdIUsVEUEPaJn9IretCftRXvXPsatGS2d2UR/Svv8AfHUnDQ=</latexit>

PMI(A,B) = log
P (A,B)

P (A)P (B)



Pointwise Mutual Information (PMI)

If we use the same base to do all calculations, 
which base we use does not affect the ranking of person-company pairs!

Does not depend on  or 
<latexit sha1_base64="1Jc/YJAiPnBgVQ/uQhWQ4s5JG2I=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRcWNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4FphOM1Q==</latexit>

A
<latexit sha1_base64="UJzbQLYLkUCA41VLeh1y1u+ZBIc=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm8EiuAqJVO3CRdGNyxbsBdpQJtNJO3YyCTMToYQ+gRsXirj1kdz5Nk7aCFr9YeDjP+cw5/x+zJnSjvNpFVZW19Y3ipulre2d3b3y/kFbRYkktEUiHsmujxXlTNCWZprTbiwpDn1OO/7kJqt3HqhULBJ3ehpTL8QjwQJGsDZW83pQrjh2zcmEHLv6Dc4C3BwqkKsxKH/0hxFJQio04VipnuvE2kux1IxwOiv1E0VjTCZ4RHsGBQ6p8tL5ojN0YpwhCiJpntBo7v6cSHGo1DT0TWeI9Vgt1zLzv1ov0UHNS5mIE00FWXwUJBzpCGVXoyGTlGg+NYCJZGZXRMZYYqJNNiUTgrt88l9on9nuhX3erFbqV3kcRTiCYzgFFy6hDrfQgBYQoPAIz/Bi3VtP1qv1tmgtWPnMIfyS9f4Fp5eM1g==</latexit>

B

This log ratio is called pointwise mutual information (PMI)

<latexit sha1_base64="bvOhHyiU1Hn9Ot2oRmCs2RT2cSY=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpJxNtCoepGF0IEe4EmlMl00g6dXJg5EUvoQ7jxVdy4UMStC3e+jdM2C209MMzH/5/DzPndiDMJhvGtZWZm5+YXsou5peWV1bX8+kZNhrEgtEpCHoqGiyXlLKBVYMBpIxIU+y6ndbd3OfTr91RIFgZ30I+o4+NOwDxGMCipld+1gT5AYt1cD4rnexelM5uHHdsTmCTWSBgM75JVVNTKF4yyMSp9GswUCigtq5X/stshiX0aAOFYyqZpROAkWAAjnA5ydixphEkPd2hTYYB9Kp1ktNRA31FKW/dCoU4A+kj9PZFgX8q+76pOH0NXTnpD8T+vGYN34iQsiGKgARk/5MVch1AfJqS3maAEeF8BJoKpv+qki1UioHLMqRDMyZWnobZfNo/Kh7cHhcppGkcWbaFtVEQmOkYVdIUsVEUEPaJn9IretCftRXvXPsatGS2d2UR/Svv8AfHUnDQ=</latexit>

PMI(A,B) = log
P (A,B)

P (A)P (B)

Reminder: this is what log looks like!

1

log(x)

<latexit sha1_base64="bvOhHyiU1Hn9Ot2oRmCs2RT2cSY=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpJxNtCoepGF0IEe4EmlMl00g6dXJg5EUvoQ7jxVdy4UMStC3e+jdM2C209MMzH/5/DzPndiDMJhvGtZWZm5+YXsou5peWV1bX8+kZNhrEgtEpCHoqGiyXlLKBVYMBpIxIU+y6ndbd3OfTr91RIFgZ30I+o4+NOwDxGMCipld+1gT5AYt1cD4rnexelM5uHHdsTmCTWSBgM75JVVNTKF4yyMSp9GswUCigtq5X/stshiX0aAOFYyqZpROAkWAAjnA5ydixphEkPd2hTYYB9Kp1ktNRA31FKW/dCoU4A+kj9PZFgX8q+76pOH0NXTnpD8T+vGYN34iQsiGKgARk/5MVch1AfJqS3maAEeF8BJoKpv+qki1UioHLMqRDMyZWnobZfNo/Kh7cHhcppGkcWbaFtVEQmOkYVdIUsVEUEPaJn9IretCftRXvXPsatGS2d2UR/Svv8AfHUnDQ=</latexit>

PMI(A,B) = log
P (A,B)

P (A)P (B)

What base should we use?

<latexit sha1_base64="Lmn5x7Wal6ZqVa0K96QJg/Yof+k="></latexit>

log2
P (A,B)

P (A)P (B)
=

⇣ 1

log 2

⌘
log

P (A,B)

P (A)P (B)

<latexit sha1_base64="1DMStvb37WxP0NxzXDog0MxSyBo="></latexit>

log10
P (A,B)

P (A)P (B)
=

⇣ 1

log 10

⌘
log

P (A,B)

P (A)P (B)



Pointwise Mutual Information (PMI)

• More positive value 
⇒  &  co-occur much more likely than if they were independent

<latexit sha1_base64="jduLY7mdGq2/sRfT2oR9LL9YFnw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHiBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGUT4zJ</latexit>

A
<latexit sha1_base64="xsQMPDCWSQlbKX++h9lTvAdhRa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGV04zK</latexit>

B

• More negative value  
⇒  &  co-occur much less likely than if they were independent

<latexit sha1_base64="jduLY7mdGq2/sRfT2oR9LL9YFnw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHiBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGUT4zJ</latexit>

A
<latexit sha1_base64="xsQMPDCWSQlbKX++h9lTvAdhRa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGV04zK</latexit>

B

• In practice: need to be careful with named entities that extremely rarely 
occur

• Sometimes people consider only pairs with positive PMI values to be 
interesting (called positive PMI or PPMI)

• If equal to 0 
⇒  &  are independent

<latexit sha1_base64="jduLY7mdGq2/sRfT2oR9LL9YFnw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHiBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGUT4zJ</latexit>

A
<latexit sha1_base64="xsQMPDCWSQlbKX++h9lTvAdhRa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4OHoBePCZgHJEuYnXSSMbOzy8ysEJZ8gRcPinj1k7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6G7qN59QaR7JBzOO0Q/pQPI+Z9RYqXbbLZbcsjsDWSZeRkqQodotfnV6EUtClIYJqnXbc2Pjp1QZzgROCp1EY0zZiA6wbamkIWo/nR06ISdW6ZF+pGxJQ2bq74mUhlqPw8B2htQM9aI3Ff/z2onpX/spl3FiULL5on4iiInI9GvS4wqZEWNLKFPc3krYkCrKjM2mYEPwFl9eJo2zsndZvqidlyo3WRx5OIJjOAUPrqAC91CFOjBAeIZXeHMenRfn3fmYt+acbOYQ/sD5/AGV04zK</latexit>

B

<latexit sha1_base64="V5s/iEHNZNgmcYG6sA1GrOjXidk=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAILWiZkaJuhKobXQgj2At0SsmkmTY0cyE5I5ZhnsKNr+LGhSJuxZ1vY3pZaPVAyMf/n0NyfjcSXIFpfhmZufmFxaXscm5ldW19I7+5VVdhLCmr0VCEsukSxQQPWA04CNaMJCO+K1jDHVyM/MYdk4qHwS0MI9b2SS/gHqcEtNTJHzjA7iGxr6/S4tn+eQmfYkeEPceThCb2WEpHd8kuaurkC2bZHBf+C9YUCmhadif/6XRDGvssACqIUi3LjKCdEAmcCpbmnFixiNAB6bGWxoD4TLWT8Vop3tNKF3uh1CcAPFZ/TiTEV2rou7rTJ9BXs95I/M9rxeCdtBMeRDGwgE4e8mKBIcSjjHCXS0ZBDDUQKrn+K6Z9ohMBnWROh2DNrvwX6odl66hcuakUqtVpHFm0g3ZREVnoGFXRJbJRDVH0gJ7QC3o1Ho1n4814n7RmjOnMNvpVxsc3r7Cciw==</latexit>

SJA(A,B) = log
P (A,B)

P (A)P (B)

<latexit sha1_base64="V5s/iEHNZNgmcYG6sA1GrOjXidk=">AAACFnicbZDLSgMxFIYz9VbrrerSTbAILWiZkaJuhKobXQgj2At0SsmkmTY0cyE5I5ZhnsKNr+LGhSJuxZ1vY3pZaPVAyMf/n0NyfjcSXIFpfhmZufmFxaXscm5ldW19I7+5VVdhLCmr0VCEsukSxQQPWA04CNaMJCO+K1jDHVyM/MYdk4qHwS0MI9b2SS/gHqcEtNTJHzjA7iGxr6/S4tn+eQmfYkeEPceThCb2WEpHd8kuaurkC2bZHBf+C9YUCmhadif/6XRDGvssACqIUi3LjKCdEAmcCpbmnFixiNAB6bGWxoD4TLWT8Vop3tNKF3uh1CcAPFZ/TiTEV2rou7rTJ9BXs95I/M9rxeCdtBMeRDGwgE4e8mKBIcSjjHCXS0ZBDDUQKrn+K6Z9ohMBnWROh2DNrvwX6odl66hcuakUqtVpHFm0g3ZREVnoGFXRJbJRDVH0gJ7QC3o1Ho1n4814n7RmjOnMNvpVxsc3r7Cciw==</latexit>

SJA(A,B) = log
P (A,B)

P (A)P (B)



Co-occurrence Analysis

Back to the demo


