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Summarization

Summarization is the process of identifying the most 

important information from a source to produce a 

comprehensive output for a particular user and task.



Summarization

Summarization is the process of identifying the most 

important information from a source to produce a 

comprehensive output for a particular user and task.

Natural Language GenerationThe core challenge of summarization
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Information theory

𝐻 𝑋 = −%
&'(

)

𝑝 𝑥& log(𝑝 𝑥& )

• Entropy for event

𝐻 𝑋 = −%
&'(

)

𝑝 𝑤& log(𝑝 𝑤& )

• Entropy for text

𝑋 = 抛一枚硬币

𝑥( = 正面朝上

𝑥2 = 反面朝上

e.g.
𝑥( 𝑥2

𝑋

𝑋 = 𝑤(,𝑤2,… ,𝑤)

𝑤( 𝑤)

𝑋

𝑤2 ……

𝑝(𝑋) = 𝑝(𝑤()𝑝(𝑤2)⋯𝑝(𝑤))

Semantic unit



Semantic Units Ω
• Atomic piece of information Ω

• Words
• Characters
• BPE
• Topic models
• Frame semantics
• ……

• 𝑋 can be represented by a probability distribution ℙ8 over the semantic units 
Ω.

𝐻 𝑋 = −%
&'(

)

𝑝 𝜔& log(𝑝 𝜔& )
Semantic unit



Notation
• Semantic Unit 𝜔& ∈ Ω
• Source document(s) 𝐷, ℙ<
• Candidate summary 𝑆, ℙ>



Redundancy
• A summary should contain a lot of information.
• For a summary 𝑆 represented by ℙ> :

• Redundancy

𝐻 𝑆 = −%
?@

ℙ> 𝜔& log(ℙ> 𝜔& )

𝑅𝑒𝑑 𝑆 = −H(S)

Redundancy
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Redundancy in Previous Works
•Maximum coverage
•MMR (Maximal marginal relevance)
• The selected sentence is the most important one amongst 

the remaining sentences and it has the least content 
overlap with the current summary.

• Submodular functions
• Reward diversity. Reward a higher score when picking a 

sentence that is not too similar to the summary set.



Relevance

𝑅𝑒𝑙 𝑆, 𝐷 =%
?@

ℙ> 𝜔& log(ℙ< 𝜔& )

𝑅𝑒𝑙 𝑆, 𝐷 = −𝐶𝐸(𝑆, 𝐷)

Relevance
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• Intuitively, observing a summary should reduce our uncertainty 
about the original text.

𝐶𝐸(𝑆, 𝐷) 𝑅𝑒𝑙 𝑆, 𝐷



Informativeness
• Intuitively, a summary is informative if it induces, for a user, a great 

change in her knowledge about the world.
• 𝐾 the background knowledge ℙJ

𝐼𝑛𝑓 𝑆, 𝐾 = −%
?@

ℙ> 𝜔& log(ℙJ 𝜔& )

𝐼𝑛𝑓 𝑆, 𝐾 = 𝐶𝐸(𝑆, 𝐾)

Informativeness
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Importance

𝐼𝑛𝑓 𝑆, 𝐾 = 𝐶𝐸(𝑆, 𝐾)

𝑅𝑒𝑙 𝑆, 𝐷 = −𝐶𝐸(𝑆, 𝐷)

𝑅𝑒𝑑 𝑆 = −H(S)



Importance

𝐷 𝐾

Ω = 𝜔( 𝜔2,…, 𝜔)

ℙ< ℙJ

𝑑& = ℙ< 𝜔& 𝑘& = ℙJ 𝜔&

𝑓(𝑑&, 𝑘&)

Source Document
Background knowledge

Semantic Units

Distribution

For one unit 𝜔&

Importance of unit 𝜔&



𝑓(𝑑&, 𝑘&)

𝑑& = 𝑑O 𝑘& > 𝑘O

𝑓(𝑑&, 𝑘&) < 𝑓(𝑑O, 𝑘O)

Informativeness

𝑑& > 𝑑O𝑘& = 𝑘O

𝑓(𝑑&, 𝑘&) > 𝑓(𝑑O, 𝑘O)

Relevance

%
&

𝑓(𝑑&, 𝑘&) = 1

Normalization

𝐼 𝑓 𝑑&, 𝑘& =
𝛼𝐼 𝑑& + 𝛽𝐼(𝑘&)

Additivity



𝑓(𝑑&, 𝑘&)

ℙ<
J
𝜔& =

1
𝐶
U
𝑑&V

𝑘&
W

𝐶 = ∑&
Y@
Z

[@
\ , 𝛼, 𝛽 ∈ ℝ^
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Summary scoring function

ℙ<
J

𝑆

𝑅𝑒𝑑 𝑆 = −H(S)

𝜃` 𝑆, 𝐷, 𝐾 = −𝐾𝐿 ℙ> ∥ ℙ<
J

= −𝐶𝐸 ℙ> ∥ ℙ<
J
+ 𝐻(𝑆)

𝑆∗ = argmax
>

𝜃` = argmin
>

𝐾𝐿(ℙ> ∥ ℙ<
J
)



Experiments
• TAC-2008 and TAC-2009

• Generic multi-document summarization
• A documents (10 documents )  --> Summary

• Update multi-document summarization
• Given A documents (10 documents )
• B documents (10 documents ) --> Summary



Setup and Assumptions
• semantic units : words
• For update summarization, 𝐾 is the frequency distribution over words 

in the background documents (A).
• For generic summarization, 𝐾 is the uniform probability distribution
• 𝛼 = 𝛽 = 1



Correlation with humans

Document
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Manual Pyramid scores 𝜃`
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Result



Example



𝐻(ℙ<
J
)

• Measures the number of possibly good summaries.

• Low : little uncertainty about which semantic units to extract (few 
possible good summaries).

• High : many equivalently good summaries are possible



Potential Information

𝑆

𝐷 𝐾

Relevance Informativeness

potential information

𝑃𝐼 𝐷, 𝐾 = 𝐶𝐸(𝐷, 𝐾)
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