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Text Summarization

• The goal of automatic text summarization is to 
automatically produce a succinct summary, preserving the 
most important information for a single document or a set 
of documents about the same topic (event) 



Single-Document Summarization



Multi-Document Summarization

Topic: Malaysia Airlines Disappearance



Text Summarization – Categories

• Input:

– Single-Document Summarization (SDS)

– Multi-Document Summarization (MDS) 

• Output:

– Extractive 

– Abstractive 

• Machine learning methods: 

– Supervised 

– Unsupervised 



Text Summarization – History

• Since 1950s:
– Concept Weight (Luhn, 1958), Centroid (Radev et al., 2004), LexRank

(Erkan and Radev, 2004), TextRank (Mihalcea and Tarau, 2004), Sparse 
Coding (He et al., 2012; Li et al., 2015) 

– Feature+Regression (Min et al., 2012; Wang et al., 2013) 

• Most of the summarization methods are extractive. 

• Abstractive summarization is full of challenges. Some 
indirect methods employ sentence fusing (Barzilay and 
McKeown, 2005) or phrase merging (Bing et al., 2015). 
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Overview of Extraction Methods

• Position in the text
– lead method; optimal position policy
– title/heading method

• Cue phrases in sentences
• Word frequencies throughout the text
• Cohesion: links among words

– word co-occurrence
– coreference
– lexical chains

• Discourse structure of the text
• Information Extraction: parsing and analysis
• Graph-based methods

Automated Text summarization Tutorial - COLING/ACL’98



Position-Based Method

• Claim
– Important sentences occur at the beginning (and/or 

end) of texts.

• Lead method
– just take first sentence! 

• Experiments
– In 85% of  200 individual paragraphs the topic 

sentences occurred in initial position and in 7% in 
final position (Baxendale, 58).

– Only 13% of the paragraphs of contemporary 
writers start with topic sentences (Donlan, 80).

Automated Text summarization Tutorial - COLING/ACL’98



Title-Based Method

• Claim

– Words in titles and headings are positively relevant 
to summarization. 

• Shown to be statistically valid at 99% level of 
significance (Edmundson, 68).

• Empirically shown to be useful in 
summarization systems. 
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Cue-Phrase Method

• Claim 1
– Important sentences contain ‘bonus phrases’, such 

as significantly, In this paper we show, and In 
conclusion, while non-important sentences contain 
‘stigma phrases’ such as hardly and impossible.  

• Claim 2
– These phrases can be detected automatically 

(Kupiec et al. 95; Teufel and Moens 97).

• Method
– Add to sentence score if it contains a bonus phrase, 

penalize if it contains a stigma phrase. 

Automated Text summarization Tutorial - COLING/ACL’98



Information Extraction Method

• Idea: content selection using templates 
– Predefine a template, whose slots specify what is of 

interest. 

– Use a canonical IE system to extract from a (set of) 
document(s) the relevant information; fill the template. 

– Generate the content of the template as the summary. 

• Previous IE work
– FRUMP (DeJong, 78): ‘sketchy scripts’ of terrorism, 

natural disasters, political visits...

– (Mauldin, 91): templates for conceptual IR. 

– (Rau and Jacobs, 91): templates for business.

– (McKeown and Radev, 95): templates for news.

Automated Text summarization Tutorial - COLING/ACL’98



• Example template:

MESSAGE:ID TSL-COL-0001
SECSOURCE:SOURCE Reuters
SECSOURCE:DATE 26 Feb 93

Early afternoon
INCIDENT:DATE 26 Feb 93
INCIDENT:LOCATION World Trade Center
INCIDENT:TYPE Bombing
HUM TGT:NUMBER AT LEAST 5

Information Extraction Method – cont’d

Automated Text summarization Tutorial - COLING/ACL’98



Graph Based Methods

• Key Idea
– Summarizing sentences are well connected 

to other sentences

• Connectivity based on similarity with 
other sentences

• Similarity measure: tf-idf could be used

• Graph G (V,E)
– V: set of sentences

– E: similarity between sentences > threshold



TextRank - Weigthed Graph

• Edges have weights – similarity measures

• Adapt PageRank, HITS to account for edge 
weights

• PageRank adapted to weighted graphs
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PageRank – Random surfer model
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E(u) is some vector over the web pages
– uniform (1/n), favorite pages, etc.

d – damping factor, usually set to 0.85



PageRank



TextRank - Text Summarization

Build the graph:
– Sentences in a text = vertices

– Similarity between sentences = weighted edges

Model the cohesion of text using intersentential 
similarity

2. Run link analysis algorithm(s):
– keep top N ranked sentences

–  sentences most “recommended” by other 
sentences



Graph Structure

• Undirected
– No direction established between sentences in the text

– A sentence can “recommend” sentences that precede or 
follow in the text

• Directed forward
– A sentence “recommends” only sentences that follow in 

the text

– Seems more appropriate for movie reviews, stories, etc.  

• Directed backward
– A sentence “recommends” only sentences that preceed in 

the text 

– More appropriate for news articles



Sentence Similarity  

• Inter-sentential relationships 

– weighted edges

• Count number of common concepts

• Normalize with the length of the sentence

• Other similarity metrics are also possible:

– Longest common subsequence

– string kernels, etc.
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An Example 

3. r i BC-HurricaneGilbert 09-11 0339 
4. BC-Hurricane Gilbert , 0348 
5. Hurricane Gilbert Heads Toward Dominican Coast 
6. By RUDDY GONZALEZ 
7. Associated Press Writer 
8. SANTO DOMINGO , Dominican Republic ( AP ) 
9. Hurricane Gilbert swept toward the Dominican Republic Sunday , and the Civil  Defense  alerted its heavily 
populated south coast to prepare for high winds , heavy rains and high seas . 
10. The storm was approaching from the southeast with sustained  winds of 75 mph gusting to 92 mph . 
11. " There is no need for alarm , " Civil Defense Director Eugenio Cabral said in  a television  alert shortly 
before  midnight Saturday . 
12. Cabral said residents of the province of Barahona should closely  follow Gilbert 's movement . 
13. An estimated 100,000 people live in the province , including 70,000 in the city of Barahona , about 125 
miles  west of Santo Domingo . 
14. Tropical Storm Gilbert formed in the eastern Caribbean and strengthened into a hurricane Saturday night 
15. The National Hurricane Center in Miami reported its position at 2a.m. Sunday at latitude 16.1  north , 
longitude 67.5 west , about 140 miles south of Ponce , Puerto Rico , and 200 miles southeast of Santo 
Domingo . 
16. The National Weather Service in San Juan , Puerto Rico , said Gilbert was  moving westward at 15 mph 
with  a " broad area of cloudiness and heavy  weather " rotating around the center of the storm . 
17. The weather service issued a flash flood watch for Puerto Rico and the Virgin Islands until at least 6p.m. 
Sunday . 
18. Strong winds associated with the Gilbert brought coastal flooding , strong southeast winds and up  to 12 
feet  to Puerto Rico 's south coast . 
19. There were no reports of casualties . 
20. San Juan , on the north coast , had heavy rains and gusts Saturday , but they subsided during the night . 
21. On Saturday , Hurricane Florence was downgraded to a tropical storm and its remnants pushed inland 
from the U.S. Gulf Coast . 
22. Residents returned home , happy to find little damage from 80 mph winds and sheets of rain . 
23. Florence , the sixth named storm of the 1988 Atlantic storm season , was the  second hurricane . 
24. The first , Debby , reached minimal hurricane strength briefly before hitting the Mexican coast last month 

A text from DUC 2002
on “Hurricane Gilbert”
24 sentences
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Automatic summary
Hurricane Gilbert swept toward the Dominican Republic Sunday, and the Civil Defense alerte
d its heavily populated south  coast to prepare for high winds, heavy rains and high seas. Th
e National Hurricane Center in Miami reported its position at 2a.m.  Sunday at latitude 16.1 n
orth, longitude 67.5 west, about 140  miles south of Ponce, Puerto Rico, and  200 miles sout
heast of Santo Domingo. The National Weather  Service in San Juan, Puerto Rico, said Gilb
ert was moving westward at 15 mph with a " broad area of cloudiness and heavy weather " r
otating around the center of the storm. Strong winds associated with the Gilbert brought coa
stal flooding, strong southeast winds and up to 12 feet to  Puerto Rico's coast. 

Reference summary I
Hurricane Gilbert swept toward the Dominican Republic Sunday with sustained winds of 75 
mph gusting to 92 mph. Civil Defense Director Eugenio Cabral alerted the country's heavily 
populated south coast and  cautioned that even though there is no nee d for alarm, residents 
should closely follow Gilbert's movements. The U.S. Weather Service issued a flash flood w
atch for Puerto Rico and the Virgin Islands until at least  6 p.m. Sunday. Gilbert brought coas
tal flooding to Puerto Rico's south coast on Saturday. There have been  no reports of casualt
ies. Meanwhile, Hurricane Florence, the second hurricane of this storm season, was  downgr
aded to a tropical storm.

Reference summary II
Hurricane Gilbert is moving toward the Dominican Republic, where the residents of the south 
coast, especially the Barahona Province, hav e been alerted to prepare for heavy rains, and 
high winds and seas. Tropical Storm Gilbert formed in the eastern Caribbean and became a 
hurricane on Saturday night. By 2 a.m. Sunday it was about 200 miles southeast of Santo D
omingo and moving westward at 15 mph  with winds of 75 mph. Flooding is expected in Pue
rto Rico and the Virgin Islands. The second hurricane of  the season, Florence, is now over t
he southern United States and downgraded to a tropical storm.



Evaluation

• Single-doc summaries for 567 documents (DUC 2002)

             Top  5 system s (DUC 2002)
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Evaluation

• Summarization of Portuguese articles

• Test the language independent aspect
– No resources required other than the text itself

• Summarization of 100 articles in the TeMario data 
set

• Baseline: 0.4963

Graph
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ROUGE

• Recall-Oriented Understudy for Gisting Evaluation

• ROUGE-N

– Overlap of N-grams between the system and reference summaries

– a recall-related measure because the denominator of the equation is 
the total sum of the number of n-grams occurring at the reference 
summary side 

• ROUGE-L

– Longest Common Subsequence (LCS) based statistics

X of length m and Y of length n 

X is a reference summary sentence 
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생성 요약 (Abstractive summarization)

• 추출 요약 단점
– 유창성(fluency)과 일과성(coherence) 부족

– Anaphora : 대명사 및 정의되지 않은 참조(reference)의 존재

• 생성 요약 (Abstractive summarization)
– 문서의 내용을 압축하여 새로운 문서 작성

– 최근에 기계번역에 쓰이는 NMT(Neural Machine Translation) 
기술을 이용한 생성 요약 연구가 활발함
• 요약할 대상 문서를 입력언어(source language)로 사용하고 요약문을 목적

언어(target language)로 생성함

• NMT에 쓰이는 attention mechanism과 함께 문서요약의 특징을 이용한
copying mechanism도 함께 사용됨

• 단점은 좋은 성능을 내기 위해서는 많은 양의 문서요약 학습데이터가 필요
하다는 것임



Recurrent NN Encoder–Decoder for SMT
(Montreal U. EMNLP 14)

GRU RNN  Encoding
GRU RNN  Decoding
Vocab: 15,000 (src, tgt)



Neural MT by Jointly Learning to Align and 
Translate (Jacobs U., Montreal U. ICLR 15)

GRU RNN + Attention  Encoding
GRU RNN  Decoding
Vocab: 30,000 (src, tgt)
Train: 5 days



Attention Mechanism



Topics on Seq2Seq Models for Neural 
Abstractive Text Summarization

Neural Abstractive Text Summarization with Sequence-to-Sequence Models (arxiv
18)



Abstractive Text Summarization using Sequence-
to-sequence RNNs and Beyond (CoNLL 16)

Feature-rich-encoder Switching generator/pointer model 

Hierarchical encoder with hierarchical 
attention 

• CNN/Daily Mail Corpus
• Train: 286,817
• Validate: 13,368
• Test: 11,487



Copy Mechanism

• Pointer networks (NIPS 15)

• Pointing the Unknown Words (ACL 16)

• Incorporating Copying Mechanism in 
Sequence-to-Sequence Learning (ACL 16)

• Why Copy?

– Out of Vocabulary

– Extraction



Pointer Network (Google NIPS 15)

• Travelling Salesman Problem: NP-hard
• Pointer Network can learn approximate solutions: O(n^2)



Copying Mechanism or CopyNet
(Hong Kong U. ACL16)



Pointer-generator Model (ACL 17)

Get to the point: Summarization with pointer-generator networks (ACL 17) 



Copy Mechanism – Performance



Coverage Mechanism

• Modeling Coverage for Neural Machine 
Translation (ACL 16)

• Distraction-based neural networks for 
modeling documents (IJCAI 16)

• Get to the point: Summarization with 
pointer-generator networks (ACL 17)

• Why Coverage?

– Diversity



Modeling Coverage for Neural Machine 
Translation (ACL 16)

• To address the problems of the standard attention mechanism 
which tends to ignore the past alignment information

• Coverage vector: Ci,j is a d-dimensional coverage vector 
summarizing the history of attention till time step i on hj

• The coverage vector is used as an additional input to calculate 
the attention score

- Linguistic Coverage Model: d=1, 
N=2 

- NN-based Coverage Model: d>1, ex. d=10 

f is a neural network (RNN) 



Get to the point: Summarization with 
pointer-generator networks (ACL 17)

• maintain a coverage vector ct, which is the sum of attention 
distributions over all previous decoder timesteps 

• The coverage vector is used as extra input to the attention mechanism. 
wc is a learnable parameter vector of same length as v. 

• define a coverage loss to penalize repeatedly attending to the same 
locations 



Extractive Document Summarization

• Neural Document Summarization by Jointly Learning to Score and Select Sentences 

– ACL18, MS Research (China)



Extractive + Abstractive Document 
Summarization

• Fast Abstractive Summarization 
with Reinforce-Selected 
Sentence Rewriting
– ACL18, UNC Chapel Hill

• Abstractor
– Standard encoder-aligner-decoder

– Copy mechanism

• RL Agent: Extractor



Abstractive Text Summarization 
(한글 및 한국어 16)

로드킬로 숨진 친구의 곁을 지키는 길고양이의 모습이 포착
되었다.

RNN_search+input_feeding+CopyNet



2단계 한국어 문서 요약
(KCC 19)

• Extractive + Abstractive 
document summarization

• Extractor
– Average word embedding

– Seq2seq extractor

• Abstractor
– Encoder-decoder + attention + 

copy net

– Transformer

• Korean Document 
Summarization Dataset
– Train: 109,558

– Development: 3,786

– Test: 3,705

S1 S2 S3

x1 x2 x3

Averaging

S1 S2 S3

y1 y2 y3

Attention Layer

Seq2Seq Extractor
(+Average 문장 임베딩)

모델 Rouge-1 Rouge-2 Rouge-L

Copy Net 38.11 15.42 32.31

Transformer 37.22 14.03 31.04

문장 추출 + 
Copy Net

38.69 15.59 32.74

문장 추출 + 
Transformer

37.40 14.44 31.62



2단계 한국어 문서 요약 – cont’d
(KCC 19)

문서

지난달 31일 한 유튜브 채널에 올라온 '수박 껍질만 벗기는 방법'이라는 영상이 큰 인기를 끌고 있다.
'수박 껍질만 벗기는 방법'은 의외로 간단하다.
먼저 비슷한 크기의 수박 두 통을 준비한 뒤 한 통의 껍질을 칼로 슥슥 발라낸다.
연두색 부분이 안 보일 정도도 꼼꼼하게 발라낸 후 수세미로 살살 밀어주면서 매끄럽게 만든다.
그리고 남은 수박 한 통을 반으로 잘라 과육을 파낸 후, 앞의 수박과 원래 하나였던 것(?)처럼 합쳐
주기만 하면 끝이다.
그러면 앞의 과정을 보지 못한 사람들은 수박의 알맹이와 껍질을 쉽게 분리할 수 있게 된다.
비록 반전이 숨어있긴 하지만 누리꾼들은 "공룡알 모양의 수박이다"라면서 재밌어 하는 반응이다.

추출
문장

지난달 31일 한 유튜브 채널에 올라온 '수박 껍질만 벗기는 방법'이라는 영상이 큰 인기를 끌고 있다.
비록 반전이 숨어있긴 하지만 누리꾼들은 "공룡알 모양의 수박이다"라면서 재미있어 하는 반응이다.
'수박 껍질만 벗기는 방법'은 의외로 간단하다.
그러면 앞의 과정을 보지 못한 사람들은 수박의 알맹이와 껍질을 쉽게 분리할 수 있게 된다.

정답
문장

"수박의 '알맹이'만 그대로 분리하는 방법이 있을까?"

예측
문장

문장 추출 + Copy Net
수박 껍질만 벗길 수 있는 방법이 등장해 누리꾼들의 관심을
끌었던 것으로 알려졌다.

문장 추출 + Transformer
[인사이트 ] 김지영 기자 = 수박 껍질을 벗기는 방법이
공개되어 누리꾼들의 호기심을 자극하고 있다.


