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From Single to Multi-Document
Summarization: A Protoype
System and Its Evaluation

Lin & Hovy: ACL 2002

by Dan Vollmer



1ze?

Why Summar

E

fr




Abstractive

"I read War and Peace.... - "Gisting"
It involves Russia." . Text

(Woody Allen) comprehended
- Reformulated in
shorter words

- Quite difficult
and very little
work until
recently




Itis atruth

universally
acknowledged, that a
single man in possession
of a good fortune, must
be In want of a wife.

R o - -~ Jane Austen

Extractive

- Salient

sentences
drawn-out

- Relatively easy
- Method of

most
summarization
systems



Brevity

« No longer than half the original text
- But, we can go shorter as well
+ DUC tasks: 50, 100, 200, 400 words

-~ Local search results:
B bealty salans and
—=—1 historic ocean liner?

i

A e e LegCant A

Elements of a Summary

Relevance

» We need to
distill the
document to
central
concepts

+ Exclude
irrelevant and
redundant
information




Brevity

- No longer than half the original text
- But, we can go shorter as well
- DUC tasks: 50, 100, 200, 400 words

HOURS LATER

I HOPE YOU DONT

THE MAN WHO COULD I5_

NOT SUMMARIZE MIND IF T SKIP OVER
THE PART WHERE THE mﬂo MAYBE TLL
IT ALL STARTED EARTH FORMED BY RS JUST ASK
4?63 I&%ﬁe THES T SOLAR NEBULA WHAT WE  croe COnAT
HADEAN EON. CALL THE  TIME IT 1S

MOON.

=

Z X

11740  ©2010 Scott Adams, Inc./Dist. by UFS, Inc.

Dilbert.com DilbertCartoonist@gmail




=% Local search results:
6 beauty salons and
1 historic ocean liner?

AT Al
i Places for beauty salon near Long Beach, CA
,[ True Beauty Wellness Spa -\ - ook o 74 reviews - Place page

1]
.
L

wwr. truebeautyspa.com - 3730 E. Pacific Coast Hwy, Long Beach - {

The SkinSpa Institute . - Hdd k4 B6 reviews - Place page
ww. theskinspausa.com - Suite H, 2201 East Willow Street, Long Bea

2nd Street Beauty “. - 2 reviews - Place page
v Zndstheauty. com - 2700 Temple Ave # B, Long Beach - (562) 27

Atlantic Studip “. - * k%4 + 119 reviews - Place page
.atlanticstudio.com - 2310 East 4th Street, Long Beach - (562) 4

i ’ The Queen Mary . - #dk o 4563 reviews - Place page
<

winiw queenmary.corm - 1126 Queens Highway, Long Beach - (562) 435-

Studio K “A - 7 reviews - Place page
wawr. studiokspa.com - 2725 E Pacific Coast Highway #204, Signal Hill

'Mﬁ@y_ﬂm 4 - Jdkdedok 105 reviews - Place page
www encoreon?th.net - 2172 E Willow St, Signal Hill, California - (562)

CA »

More results near Long Beach

Relevance

- We need to
distill the
document to
central
concepts

- Exclude
Irrelevant and
redundant
Information




- Authors' prototype system

- Takes an input set of newspaper articles
- Summaries are created via three steps:
- Selection

- Filtering

- Presentation



NeATS Content Selection

- Compute the likelihood ratio
- Then identify key concepts in

Lo Likctihnd = st unigrams, bigrams, and
trigrams
e - On-topic & Off-topic document
collections used to learn
relevancy

Log Likelihood is then used to identify relevant

- Concepts are clustered to find
mayjor subtopics

- Via strict lexical lookup

- Each sentence then ranked
based on key concepts
contained

- Not much time is devoted to
the algorithm...




Log Likelthood = —2logA

\ _ MaXeco, H(w; k)
. max,.o H(w; k)

Where:
- Omegas are parameters
- K's are observations



Log Likelihood is then used to identify relevant
n-grams

Rank Unigram (-27) Bigram (-2A) Trigram
1 Slovenia 319.48 federal army 21.27 Slovenia central bank 5.80
2 Yugoslavia 159.55 Slovenia Croatia 19.33 minister foreign affairs 5.80
3 Slovene 87.27 Milan Kucan 17.40 unallocated federal debt 5.80
4 Croatia 79.48 European Community 13.53 Drnovsek prime minister 3.86
5 Slovenian 67.82 foreign exchange 13.53 European Community countries 3.86

Figure 2 Top 5 unigram, bigram, and trigram concepts for topic "Slovenia Secession from Yugoslavia".



Ordering

Given a selected set of sentences, choose the
optimal order for presenting them in a summary.

- "Optimal" usually
defined using some
distance measure

- E.g. TF-IDF & cosine
similarity

- Can anyone see the
challenge here?

- NeATS ranking
causes lots of tie-
scores, so filtering
IS needed...




FILTERING

Position

« Use genre
specific
knowledge

« |dentify
important
sections in
documents

» Edmundson
(1969)

* NeATS is
simple - first 10
sentences only

MMR

WM R E g max [M.i'lnl.ID..Q] -1 =2] mum‘-m[D..D.J]]
DoR-x Bk

/\

Maximal Marginal Relevance

« "Relevant Novely™
+ ) = document centroidiuser

query

+ b - document collection
- R - ranked st
- 5 - subset of documents in

R already selected

« Sim — similarity metric (e.q.

ferm frequency)

« Lambda = 1 produces most

significant ranked list

+ Lambda = 0 produces most

diverse ranked list

Stigma Words

Some words are likely to cause incongruities

- conjunctions

- the verb "say"

+ quotation marks
- pronouns

NeATS doesn't do any discourse
level selection

So, we just penalize sentences containing stigma
wards to drop their overall scores




Position

- Use genre
specific
knowledge

g 4 - ldentify

/ ﬂ?a " Proper words in proper places, make the true |m pO rtant

4 .-_'_-. definition of a style. SeCtionS in
I ponathan Suit) documents

- Edmundson
(1969)

- NeATS Is
simple - first 10
sentences only




Stigma Words

Some words are likely to cause incongruities

- conjunctions

- the verb "say"

- quotation marks
« pronouns

NeATS doesn't do any discourse
level selection

So, we just penalize sentences containing stigma
words to drop their overall scores



MMR

Maximal Marginal Relevance

- "Relevant Novelty"
M MR = arg max [A(Sz‘ml(Di, Q) = (1 = A)max Simy(D;, D;)) « Q ~ document centroid/user
D,eR—8 DieS query

« D ~ document collection

« R ~ ranked list

« S ~ subset of documents in
R already selected

- Sim ~ similarity metric (e.g.
term frequency)

- Lambda = 1 produces most
significant ranked list

- Lambda = 0 produces most
Q diverse ranked list

Relevance



PRESENTATION

The Buddy System

How to handle definite noun phrases?

+ E.g. "The...drought relief program of 1088"
needs some context

+ NeATS explicilly chooses an introductony
sentence for context

» Assumed that lead sentences of documents
contain intreductary infarmation

Pl & 51nmd 100 st s b e S Daght of 18

Time Annotation and Sequencing

+ Atype of ordering -
Examples notNPhard
+ Sorting out temporal
- weekdays (Sunday, Qﬂ:&i"'ﬁa
Monday, etc.) e nmw
- (past | next | coming) + articles, publication
weekdays SRDICE compukztion
- today, yesterday, last of dates
night T

thereafter




The Buddy System

How to handle definite noun phrases?

- E.g. "The...drought relief program of 1988"
needs some context

- NeATS explicitly chooses an introductory
sentence for context

- Assumed that lead sentences of documents
contain introductory information

OKAY! EVERYONE
REMEMBER THE

"50" docset="d50i">
§ 1 (§2020) (12/10/89) America's 1988 drought captured attention everywhere, but especially in
here politicians pushed through the largest disaster relief measure in U.S. history.

<multi size="100" docset="d50i">
jAPB91210-0079 1 (32.20) (12/10/89) America's 1988 drought captured attention everywhere, but especially in
here politicians pushed through the largest disaster relief measure in U.S. history.

B3 | ) (12/10/89) The record $3.9 billion drought relief program of 1988, hailed as

r small farmers devastated by a brutal dry spell, became much more _ an unexpected, election-
year windfall for thousands of farmers who collected millions of dollars for nature's normal quirks.
pPB91213-0004 1 (34.60) (12/13/89) The drought of 19BB hit ..
/multi>

Figure 3. 50 and 100 word summaries for topic "US Drought of 1988".



* NEAI O U)([JIIUILIy CroosesS dil IIII.IUUUUI.UIy
sentence for context

- Assumed that lead sentences of documents
contain introductory information

multi size="50" docset="d50i">

P891210-0079 1 (32.20) (12/10/89) America's 1988 drought captured attention everywhere, but especially in
'ashington where politicians pushed through the largest disaster relief measure in U.S. history.
PB91213-0004 1 (34.60) (12/13/89) The drought of 1988 hit ..

/multi>

multi size="100" docset="d50i">

PB891210-0079 1 (32.20) (12/10/89) America's 1988 drought captured attention everywhere, but especially in

'ashington where politicians pushed through the largest disaster relief measure in U.S. history.
PB91210-0079 3 (41.18) (12/10/89) The record $3.9 billion drought relief program of 1988, hailed as

alvation for small farmers devastated by a brutal dry spell, became much more _ an unexpected, election-
ear windfall for thousands of farmers who collected millions of dollars for nature's normal quirks.
PB91213-0004 1 (34.60) (12/13/89) The drought of 1988 hit ..

/multi>

Figure 3. 50 and 100 word summaries for topic "US Drought of 1988".




Time Annotation and Sequencing

Examples

- weekdays (Sunday,
Monday, etc.)

- (past | next | coming) +
weekdays

- today, yesterday, last

night

0" docset="d45h">
AF90D625-0160 1 (26.60 ) (06{25780) The republic of Slovenia plans g constitut
it full sovereignty within a new Yugos confede he jug w3 ag ¥
-eportea Handay (06/25/51)
3 (9.48) (06/28/91) on Wednesday ( ), the manning this borde
ew flag to mark Slovenia's independenc rom Yug
5 (53.77) (DEHZBIET) Less than two days after ve nd ; two Yugosl
unilaterally seceded from the nation, fed g nm; in Belgrade mobiliz
n control.
FBIS3-30788 2 {49.14 ) (D2f08784) In the view of Yug a ploma rma tie rel
a Federal Repub. ugos lav: ¥ nuous a ng rm

- A type of ordering -
not NP-hard

- Sorting out temporal
relationships

- Since the evaluation
task uses news
articles, publication
dates allow for
explicit computation
of dates

- Ordering is relatively
straightforward
thereafter



today, yesterday, last
night

multi size="100" docset="d45h">

\P900625-0160 1 (26.60) (06/25/90) The republic of Slovenia plans to begin work on a constitution
hat will give it full sovereignty within a new Yugoslav confederation, the state Tanjug news agency
‘eported Monday (06/25/90).

ISJ910628-0109 3 (9.48) (06/28/91) oOn Wi ay (06/26/91), the Slovene soldiers manning this border
ost raised a new flag to mark Slovenia's lndependence from Yugoslavia.

ISJ910628-0109 5 (53.77) (I Lhﬂlsi) Less than two days after Slovenia and Croatia, two of Yugoslavia's
iix republics, unllaterally seceded from the nation, the federal government in Belgrade mobilized
.roops to regain control. .

'BIS3-30788 2 (49.14) (02/09/94) In the view of Yugoslav diplomats, the normalization of relations
)etween Slovenia and the Federal Republic of Yugoslavia will certainly be a strenuous and long-term
roject.

/multi>

Figure 4. 100 word summary with explicit time annotation.




EVALUATION

- 50, 100, 200, 400 word summaries generated
on one set of documents

- Human-written reference summaries are
Created

- 2 Baselines: Lead & Coverage

- Sentence is the smallest unit evaluated

- Judged on grammaticality, cohesion, &
coherence

- Content inclusion grades: all, most, some,
hardly any, & none




Proposed Evaluation Metrics

Usiially i Sirgle Docimant Sunmarization We e

...but these methods are not appropriate

- Multiple system units

+ System-Summary and

-5
exactly overlap

[ MEs Murked) - €

- Participants in DUC

« NIST asked for

- Authors propose

were given raw data
from the tests

proposal metrics to
"help progress the
field"

several new
methods:



Usually in Single Document Summarization We Use
Recall & Precision...

E.Qg. N,

Precision =

S

# Shared Sentences

Precision = .
# Sentences in Summary



...but these methods are not appropriate

- Multiple system units
contribute to multiple
model units

- System-Summary and
Model-Summary do not
exactly overlap

- Overlap judgement is
non-binary



We need new metrics!

Welighted Recall (if C =1 itis just Recall [R1])

(# MUs Marked) - C

Retention, =

Total # MUs in Model Summary

Pseudo-Precision

# SUs Marked
Total # SUs in System Summary

Pfrecisionp —



I DIDN'T HAVE ANY STUDIES HAVE SHOWN HOW
ACCURATE NUMBERS THAT ACCURATE MANY

SO I JUST MADE UP NUMBERS AREN'T ANY STUDIES  EIGHTY-—
SHOWED SEVEN.

MORE USEFUL THAN THE
ONES YOU MAKE UP,

)

THIS ONE.

5§08 ©2008 Scott Adams, Inc./Dist. by UFS, inc

www.dilbert.com  scottadams ®acl.com

© Scott Adams, Inc./Dist. by UFS, Inc.

- Unfortunately, these metrics are no longer
widely used
- ROUGE is now standard



Results

R1 All Rw All Pp 400 R1 400 Rw 400 Pp 200 R1 200 Rw 200 Pp 100 R1 100 Rw 100 Pp 50 R1 50 Rw 50
35.53%Y | 18.48%" ] 38.50%™ | 25.12%™ w 3562% | 21.37%" 4353% 32.82%% 14.28%% 4905%  3517%7  13.80%7
b 37.52%% | 1792% 6101%" 4121% |23.90%7 63.34%" 3821%° |21.30%° 5879%") 36.34%7 16.44%” 51.72%" 3431%™  1098%"
4158%) [1776%) 4978% 3B72% 20.04% 43.63% 30.90%" 1686% 4TSN  4327%C) |1830%) 37.88% 44.43%C) 1556%)
. 33.04% | 1578% S721%® 3776%  22.18%° 5145%  37.49%  19.40%  4647%  31.64% 13.02% 43.10% 28.85%  9.09%
| 3367% 1549% 5262% 36.34% 2180% 5351%  36.87% | 18.34% 48.62%% 2000% 1254% SIIS%®  3247% 9.90%
30.98% | 1456% 60.99% 3351%  1835%  49.80% 33.27% | 17.72% 47.18%  20.48% 14.96% 31.03% 27.64%  8.02%
30.52% | 12.89% 5555%  36.83% 20.35% S8.12%7 38.70%7  10.93%> 40.70%® 2581% 1072% 46.43%Y 1923%  4.04%
2727% 1132% 5478% 381%  1986% 4550% 27.80% | 1327% 41890% 2340% 9.13%  31.30% 2407%  505%
27.63% |1119% 48.63% 24.80%  1215%  43.96% 31.28%  1517% 38.35% 2761% 1146% 36.49% 26.84%  6.17%
2587% | 1119% 5073% 2753% | 1576% 42.04% 26.80% | 1307% 4085% 2513% (036% 40.80% 24.02% | 7.03%
2321% | 8.99% 4751% 3117%  17.38% 46.76% 2565% | 1283% 2891%  1720% 545%  28.74% 1874%  3.23%
18.86% | 745%  3348% 1758% 908%  43.13% 1860% | 865% 30.23% 1742% (6.05%  24.83% 21.84% | 4.20%
2038%  6.78%  38.14% 2589%  1210% 26.86% 2101% |7.93% 2831%  1915%  536%  27.01%  1546% | 321%
2138% |657%  31.49% 20.76% 1317%  24.20% 22.64%  8.49% 19.13% 1754% 377%  20.69% 1557%  3.04%

Table 1. Pseudo precision, unwaghted retention, and weighted retention for all summary lengths: overall
average, 400, 200, 100, and 50 words.

Zhie .
)z Prezi

Grammar

C

L 3.72

M 3.54

N 3.65 2 2.22
o 378 2.15 2.33
P 367 1.93 217
R 3ae 2.16 2.45
S 3.67 1.93 2.04
T 3.51 2.34 2.61
] 3.28 1.31 141
w 3.13 1.48 1.28
Y 2.45 1.73 177
z 328 1.8 1.94

Table 2. Averaged grammaticality, cohesion, and
coherence over all summary sizes.




BYS Pp All R1 All Rw All Pp 400 R1 400 Rw 400 Pp 200 R1 200 Rw 200 Pp 100 R1 100 Rw 100 Fp 50 R1 50 Rw 50

(r

Results

5871% 5300% 2881% 5933% 5295% 33.23% 5091% 57.23% 3382% 5873% 5467% 27.54% 5687% 47.16% 2162%
48.06% 35.53%Y 1848%" 5851%'® 38.50%™ 2512%" 5385%Y 3562% | 21.37%W" 4363%  32.82%% 14.28%% 4105%  3517%? | 13.89%¢
58.72%'" 37.52% 1792% " 6101%'" 4121%'" 23.90%® £3.34%" 3821%" 21.30%" 5879%'" 36.34% 16.44%F 51.72%" 3431%  10.98%"°
4151%  41.58%" 17.78%% 4978% 38.72%@ 20.04% 43.63% 39.90%" 1686% 3475%  43.27%" 18.39%" 37.88% 44.43%" 1555%"
4956% 3394% 1578% S721%™ 37789 2218%™ 5145% 2 37.49% 1940% 4647% 3164% 13.92% 43.10% 28.85% 9.09%
5147%® 3367% 1549% 5262% 36.34% 2180% 5351%  36.87%  18.34% 48.62%"™ 2000% 1254% SLI5%® 3247% 9.90%
4727% 30.98% 1456% 60.99% 3351% 1835% 49.89% 3327% 17.72% 47.18%  29.48% 14.96% 31.03% 27.64% 8.02%
5253%® 3052% 1280% 5555% 36.83% 2035% 58.12% 38.70%% 19.93%'® 49.70%® 2681% 10.72% 46.43%Y 1923%  4.04%
4339% 2727% (1132% 5478% 3381% 1986% 4559% 27.80% 1327% 4189% 2340% 913% 31.30% 2407% 505%
4186% 2763% 1119% 4863% 2480% 1215% 43.96% 31.28% 1517% 3835% 2761% 1146% 36.49% 26.84% 6.17%
4376% 2587% 1119% 5073% 2753% 1576% 42.94% 26.80%  1307% 4055% 2513% 9.36% 40.80% 24.02%  7.03%
37.98% 2321% 8.99% 4751% 3117% 17.38% 46.76% 2565% 12.83% 2891%  1720% 545%  28.74% 18.74%  3.23%
3202% 1886% 745%  3348% 1758% 908%  43.13% 1860% 865%  3023% 1742% 605% 24.83% 21.84% | 4.20%
30.08% 20.38% 6.78% 38.14% 2589% 1210% 26.86% 21.01% 7.93% 2831% 19.15% 5.36% 27.01% 1546%  321%
2388% 2138% 657%  3149% 2076% 1317% 24.20% 22.64% B849% 1913% 1754% 377%  2069% 1557%  3.04%

Table 1. Pseudo precision, unwaghted retention, and weighted retention for all summary lengths: overall
average, 400, 200, 100, and 50 words.

SYS Grammar Cohesion Coherence

Human 3.74 2.74 3.19
B1 3.18 2.63 2.8
B2 3.26 1.71 1.65
L 3. 72 1.83 1.9
M 3.54 2.18 2.4

N 3.65 2 222
L) 3.78 2.15 2.33
P 3.67 1.93 217
R 3.6 2186 2.45



N <sicHn 7102z 2r

Grammar

3.74
3.18
3.26

3.72
3.54

3.65
3.78
3.67

3.6
3.67
3.51
3.28
3.13
2.45
3.28

2.74
2.63
1.71

1.83
2.18

2
2.15
1.93
2.16

1.93
2.34
1.31
1.48
1.73

1.8

Cohesion Coherence

3.19
2.8
1.65

1.9
2.4

2.22
2.33
2.17
2.45
2.04
2.61
5.0
1.28
127
1.94

Table 2. Averaged grammaticality, cohesion, and
coherence over all summary sizes.



ROUGE

Recall-Oriented Understudy for Gisting Evaluation

ROUGE: How many reference n-
grams are covered by the candidate

- Like BLEU In MT

- Uses N-Gram Overlap

- Actually a suite of metrics BLEU: How
- Recall measure rather than many

nrecision candidate n-
- Proprietary :/ grams
occurred In

the reference




Where are we heading?

- RNINs for sentence
ordering

- Abstractive
summarization

systems

Check out DEFT (Deep
Exploration and Filtering of
Text) for a look at some
near cutting-edge proposals




tl:dr

- Extractive summarization dominates the field
- State-of-the-art systems are quite good: even the
NeATS prototype was decent
- All extractive systems follow the same three steps:
- selection
- filtering
- presentation
- Heuristics play a huge role in generating summaries
(especially ordering)
- It's quite difficult to agree upon an evaluation metric
(the ones used here are now out-of-use)
- ROUGE is now the default scoring metric
- True abstractive summaries still evade us
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Questions?

=lies] (53] ) [

Should you?
v

Are you the Seminar organizer
asking a question because no one | Yes
else is and the awkward silence is || .
making everyone uncomfortable?

]

W |
v
Ok, you have a legitimate
tion. Do you actuall
care about the answer:

o
v v
FINE, ASK YOUR QUESTION.




