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Before we start
1. Midterm 2 is on 13th November (based on Poll)

2. Timeline is updated based on Poll responses, check 

website.

3. Final Project: Upto 3 members will be allowed

4. Today's lecture - Probabilistic Models in IR
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Recap - Previous Class
1. Relevance Feedback

a. Rocchio Algorithm

2. Query Expansion

a. Word Co-occurrence
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Why probabilities in IR?

● In traditional IR systems, matching between each document and query is attempted in a semantically 

imprecise space of index terms.

● Probabilities provide a principled foundation for uncertain reasoning. Can we use probabilities to 

quantify our uncertainties?
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The document ranking problem
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● We have a collection of documents 

● User issues a query 

● A list of documents needs to be returned 

● Ranking method is core of an IR system: 

○ In what order do we present documents to the user? 

○ We want the “best” document to be first, second best second, etc…. 

● Idea: Rank by probability of relevance of the document w.r.t. information need 

○ P(relevant|documenti , query)



Recall a few probability basics
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The Probability Ranking Principle
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The Probability Ranking Principle
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The Probability Ranking Principle
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The Probability Ranking Principle
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Document d should be retrieved 

before document d' if the expected 

cost of retrieving d is less than or 

equal to the expected cost of 

retrieving d'. This approach ensures 

that the documents are retrieved in an 

order that minimizes the overall 

expected retrieval cost, considering 

both relevance and the associated 

retrieval costs.



Probability Ranking Principle
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Probabilistic Retrieval Strategy
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● Estimate how terms contribute to relevance 

○ How do things like tf, df, and length influence your judgments about 

document relevance? 

■ One answer is the Okapi formulae (S. Robertson) 

● Combine to find document relevance probability 

● Order documents by decreasing probability



Probabilistic Ranking
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Binary Independence Model
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Binary Independence Model
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Binary Independence Model
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Binary Independence Model
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Binary Independence Model
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Binary Independence Model
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Binary Independence Model
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Binary Independence Model
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Binary Independence Model
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Smoothing
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Differences between TF-IDF and BIM weighting
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Steps skipped to obtain the final BIM

● Probabilistic Relevance Feedback

Make sure to remember the difference



Okapi BM (Best Matching)-25: Non-Binary Model
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Okapi BM (Best Matching)-25: Non-Binary Model
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Language Models
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Standard Probabilistic IR
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IR based on Language Model (LM)
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Formal Language (Model)
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Stochastic Language Models
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Stochastic Language Models
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Stochastic Language Models
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Unigram and higher-order models
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Generating Shakespeare
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GPT-2: Zero-shot Results
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1. Slides provided by Sougata Saha (Instructor, Fall 2022 - CSE 4/535)

2. Materials provided by Dr. Rohini K Srihari

3. https://nlp.stanford.edu/IR-book/information-retrieval-book.html
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