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Multiple Document Summarization Method Based on
Optimized Cuckoo Search Algorithm

ZHOU Shiyuan, WANG Yinglin
(School of Information Management and Engineering, Shanghai University of Finance and Economics, Shanghai 200433, China)

[ Abstract] To maximize the amount of information of generated summary,this paper proposes a multiple document
summarization method based on the Cuckoo Search ( CS) algorithm and multiple objective function. The method pre-
processes data of multiple documents by using sentence segmentation, word .segmentation, removal of stop words and
word drying to transform the documents into a basic processed form of words. Then the score of information amount of
pre-processed sentences is calculated to serve as the input of the CS algorithm. Based on the multiple objective function,
the sentences including key information of original texts are generated to form the ultimate summarization. Results show
that compared with multiple document summarization methods based on Particle Swarm Optimization ( PSO) algorithm
and Double-layer K Nearest Neighbor( DKNN) algorithm ,the proposed summarization method maximizes the amount of
information in the generated summary while keeping high readability and low redundancy. Its average accuracy rate on the
DUC benchmark dataset reaches 0.99.

[ Key words] multiple document summarization; Cuckoo Search( CS) algorithm; data preprocessing; multiple objective
function; amount of information

DOI:10. 19678/j. issn. 1000-3428. 0054780

(2] el H /1 S 22 By ML & N
0 ik e HRE A 4R LA OC 17 B A0 ok 1), 35 B A

B 3 SCRY S 75 H a8 W] 321, DAL I A BT 45 R F 5 Y
W & % sl LK R0 B PR A, R 2% b B 4 B R

AR R, R IR R B AR A TR
AP BERT R R A BT B R H AR 5 T SO
TRl Bt B A oy . SoRmE N R
TEAN 25 0% JRU3C 3 B N 4 B9 R B2 T B 4 2R g

EeW B EE A RIS (61375053)

A )

AR B A S R v B SO BCE AT R 2y
Shy LSO B L SR R T & SO R A
HUE ey 1N g -SSR )
MERE T o Ay A A AL SR SR i R B R A

PE&E B A AR IR (1982—) 55 W L0 5 A, B0 D5 1) D i oMM SCR R 28 B Aoy o) s ek, 3042 i A S0

W %5 B 8 :2019-04-30 & Bl H #§:2019-07-18

E-mail: zhou. shiyuan@ foxmail. com



46 B T

JHPEIR, F IO« 5 T A 45 S 18 R A T30k 10 2 SO i 207 ik 59

T, SCHR LS ] BT 56 T 3 B0 vk FLA) 0 Ak 4% =X 22 ¢
R4 A S 2y, Rk A 28T R R
SUA I, A JT B4 B2 /), I XoF A% 3 47l 4] 2R A7 10
I e T A BUE A 2 A AR S ] s
[, SCHRL6 ]2t —Fh e T K S5 4 /) - [ A5 Al
() Bl A SO 22 J7 1%, AR 4l K3 408 0 ) Ay s — A~ XL
JE A IR il RS T % R R 4y g 2 R R R R T
XA HEAT F R 53, T 45 A I ] DR R R )
AR DA ER B A S . Sk [ 7 ] R B
1k, ( Particle Swarm Optimization , PSO) 5 ¥ % i1 81 3¢
RU A B W ok A 5 R TU AR BE R AR Y i A
By, 3RA% H AR pR B, 13T E SCRY RS . SCik (8]
P —Fh ) FE B A Ok E A
SIEMTE O FR, FIW ) 2w R T E
BAE R R B — i 5 TR A ST B 2 W I
REZR, BLAh, BUA BFE R A PSO Bk 254y ik b
( Differential Evolution, DE ) & ¥ &% & & 3=
( Genetic Algorithm ,GA) """ LDA = i i #11" J7 7
R A bR A A SO T
15,48 % ( Cuckoo Search,CS)Fiik """ 71 2 H ARtk
[ 700 e A P BB A 3, A SCd BT CS AL Y 22 SCRY
W 5, 3 R A A TR B A R R i
TR o

1 SXHEEE

22 SCR A B N NSO [ 8 B — A 1A ]
SCR (PR ) B9t e o 22 SCRS M 2ad 7 AR R0 4%
TAL B g A RS R 2R R 3 A R Ak B A
KL J7s o 10 28 R G 1 g A O 224> SO, Se X i gk
SCRYFEAT B Ak B, P38 O A R s R 3 R L
RANHE

X '
N '
'

'

4 '

'

'

'

s
__________ .

...................

iz )

Bl SXEBELERE

Fig.1 Procedure of multiple document summary processing
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Fig.2 Procedure of preprocessing
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Fig.3 Procedure of input representation
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Fig.4 Procedure of summary representation
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Table 1 Parameter setting of DUC dataset

2R DUC2006 %3 4 DUC2007 %4 42
REHE 50 45
BRIy SR 25 25
e A S 1 g R 30. 12 37.5
BEEE I NIE 79 125
PR P YNG4 5 9
B IR AQUAINT AQUAINT
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Table 2 Parameter setting of three multiple document
summarization methods
T PSO 1y 4£T DKNN [y ES'E S Y=
ESCE RS Z SR 5 D ik 27k
S8 ZHUE S ZHUH 28 ZHUE

FEER/N 50 ASSCRY FREER/N 50 ASSCRY  AREER/DN 50 4SS0y

c, [0,2] SMP 3 P, 0.75
C, [0,2] CDC 0.2 S, 0.5
Vi Vaae  [0,1] SRD 0.2 A 0.8

w 0.45 MR 0.5

w 0.5

4




62 R - N | A D -

202047 A 15 H

3.3 WMEIFMIER

AR SC AR AR (Sen, SR B PHAME ) | BH R T
M {& ( Positive Predictive Value, PPV ) F1 43 %2 ik i iF
(S.o) FEPRXT B L AT VA o FRAn i LT
o A 22 Cand,,, (A SOy 6B U T 22 ) &%
%L Ref,,,, (N AR BURY i ) | K SE 4] F True,,
(Cand,,, fil Ref o [m] 3004 4] ) AR 82 2 40) 5
LS., (Cand,,, 5 Ref,,, R A A1) o

TR E SR

Sen \ True,,, \ (9)

\ True, \ + \ Ref, . \

Hr, [True,,, | %R B4 F KB, |Ref,, | #R
ZEMENBRKE, S H MU N AR, T E
L TP R IR 2 . 50 (9) ik AT A R 2 R
AHCS L PR REAS BRI B B P A A B LA, R
JE T B Y4 B A A 4 B, U R SRR
Jo B A

FH M F5000 4 5 SCanF

PPV _ ‘ Truesen ‘
" | True,,

T+ [Cand,, | )

o, [ True,,, | %R HI A FIIKE, | Cand,,, |5
o B 48 B 0 S B o 5 (10) 28 Al DL S B BH PR A
A FBH PR A KO i FRPE REAS KLY LB . PR
TIUIAE 3R 78 A B A 22 5 D b SCRY 4R A A TR] 04 HE
2, e AR ARLEE FOAROMEBLBE (Y 4 X A S HE SRAE N
PR M 48 B R B AR B A O o
R B T T 25 G VN A SO VR AR U 1Y
HERA I 2 B B B AV 46 b o 8 25 M BB o, 3R
W A= B 408 2 5 D 0 SO AR S TR R AL A
S
B | True,, | + |LS,, |
“ | True, | + |LS,, | + |Ref,, | + |Cand,, |
(11)

S

3.4 ROUGE ##

ARSI Sk [ 19 1 & B9 ROUGE-1.5.5 T. A
AR R SCAS Hil 2 O M FE & H . ROUGE {3 4§
ROUGE-L .ROUGE-N F1 ROUGE-S % £ #h T. H., ]
T R R S N T 1] (% S0k (N-gram)
VEfic, 76 T HAH ,ROUGE-N & 55 L 5 it ik 2
f) N-gram Jf 315 U i 50 i

> > Count,,, (N-gram)

ROUGE-N — Se Sum N-gram e §
> > Count(N-gram)
N

Se Sum N-grame

(12)
Hrp N %IR8 N-gram fJ K &, Count,, ., ( N-gram ) 3
J AR A 2 R 2 25 4 2 b W] B B N-gram Bz K

¥ i, Count (N-gram ) /R £ % fiff 2 ' i) N-gram

73 {#i F§ ROUGE-N (ROUGE-1 il ROUGE-2)
FER X SRR AT VAN, O S AN T AW fE 78
A G . ROUGE-1 &8 & 48 28 i 2 M T
B 4k 2 2 8] () — I 43 18] 19 T & 1 &L, ROUGE-2 |
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(ROUGE-1 #il ROUGE-2) f#j F 5 {H 1Y i 2 {H °F- 34
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I, ROUGE-1 ) & 1 )F E & E N 0. 409 67 ~
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Table 3 Comparison of F measure value based on ROUGE-N
of three multiple document summarization methods

) JEF 4k EpS F R fE
T i
o OmEM PHM RO
PSO 0.390 87 0.4009 0.411 27
ROUGE-1 DKNN 0.400 30 0.407 0 0.422 90
VN8 0.404 22 0.4115 0.431 10
DUC2006
PSO 0.058 48 0.065 1 0.078 40
ROUGE-2 DKNN 0.07140 0.083 1 0.090 33
VNS 0.076 77  0.086 4 0.139 86
PSO 0.391 60 0.399 1 0.409 67
ROUGE-1 DKNN 0.390 80 0.409 8 0.420 70
VNS 0.400 00 0.4116 0.424 30
DUC2007
PSO 0.074 30 0.075 8 0.076 20
ROUGE-2 DKNN 0.08090 0.088 1 0.089 03
A 0.081 70 0.089 2 0.103 40

FALHTHT PSO L M E T T
DKNN [ 22 SCHY 41 B2 77 1 FIAS SC 22 SCRY 41k 22 07 1k 7
DUC2006 1 DUC2007 % #i4E -, ROUGE-N (ROUGE-1
1 ROUGE-2) B & (1) A [l % K5 B A F R & (8 L A
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Table 4 Comparison of precision, recall and F measure

value of three multiple document summarization

methods

Bomge EREITE WMEIE OKE PEN S F Ji it
PSO 0.384 91 0.441 51 0.411 27
ROUGE-1 DKNN 0.41520 0.430098 0.422 90
e 0.425 80 0.436 55 0.431 10

DUC2006
PSO 0.074 69 0.082 55 0.078 40
ROUGE-2 DKNN 0.082:71 0.099 50 0.090 33
Vi Ng'e 0.161 29 0.123 46 0.139 86
PSO 0.378725 0.446 79 0.409 67
ROUGE-1 DKNN 0.386 62 0.461 58 0.420 70
ViNg'§ 0.395 10 0.458 30 0.424 30

DUC2007
PSO 0.069 70 0.084 10 0.076 20
ROUGE-2  DKNN 0.08590 0.092 40 0.089 03
AT 0.098 24 0.109 30 0.103 40

RS 3WMEXHBEF ENERE PPV FARHELL R

Table 5 Comparison of sensitivity, PPV and accuracy of
three multiple document summarization methods
N . A B
B WMENE —
R YE S PPV TR
PSO 0.500 0 0.400 0 0.973 4
DUC2006 DKNN 0.560 0 0.529 4 0.980 0
AL 0.600 0 0.570°8 0.990 0
PSO 0.500 0 0.3529 0.980 8
DUC2007 DKNN 0.583.3 0.500 0 0.990 4
VNS 0.620 0 0.540 0 0.995 1
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Fig. 5 Comparison of the cohesiveness scores of three

multiple document summarization methods
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Fig. 6 Comparison of the readability scores of three

multiple document summarization methods on
DUC2006 dataset
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