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An Algorithm for Selecting Sentences with Relation to Keywords

Tomoyuki Aoki  Hitoshi lima  Nobuo Sannomiya

Kyoto Institute of Technology

In this papef, we propose an algorithm for selecting sentences, which are desired by a decision ’inaker,
from reference documents in a database. Such a sentence is defined as one having not only inputted
words (keywords) but also words with relation to them. In this algorithm, the score of each word is
calculated on the basis of the similarity between words and sentences. The average of the score of words
in a sentence represents the desire for the sentence. The experimental results show that about 30 percent
of the sentences selected without keywords are desirable for a decision maker.
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7. UL, K7 LTy XATEENSY [BR%]
2 [XE| ETHIEOERIERTESL, HEET
EPNTVBRILDTTAMNSI Y b F—FR—2
LB LTEAT VT AL LER L, B
EEPHEZEDOT TANT 2 MEROSEIL o7
PEIDEBIET 5.

2 MEEBEHTAT7ZIIUIL

2.1 HH#

BEREE (Decision Maker: DM) AT 5%
DD F—7— F (Keyword: KW) ZEiZ, 7%
A= ZUZD 5 TV B EH OB (Reference
Document: RD) ®OH %5 DM OE L% #BHT
5. ZZTDMOZLX L, BIZKW 2ELX
BFTRE, KW EEANLTH2EELELX R
BEn b,

2.2 B

KT NT) XATIE, KW 2EGIXOREZITT
%<, #RDANEE L Ebh s HEE (Distinctive
Word: DW) & KW L 0BBELZERET LI LI
LoT, KW EEULTWS DW #8830 #H

FTHILNTELEEZLNS., T/, KWEDD

> DW & BWEUE D> DW 2 L % EH
LaEWXHIZT22 6T, KW EEHMLTWAIH
mEHEhsEEZLNE, UTOBRHETIEIKW &
DW %&b T [#—24 (Term)] EFERZ &L,
FVT) XL TUBEINDLEEEZ Y — LDORIZEE
T5.

2.3 F7ILIJYXLEEDKL

R7NTY) X LDOEEOFTIILTORY) TH 5.

HIALEE : 572 L& RD 25 DW #@REL T
BL.

STEP 1: DM#&@@KwtﬁﬁLtmimﬁ
L% ADT5.

STEP 2: &% — LAHOBLEFEUEHET IV
TYXAEDEET S,

STEP 3: KW iXx9 % & DW ORBER R A7
I, ¥ —bwOBE (R27T) Score(w)
BAATHEELVEET .

STEP 4: £XNAAT %, FOXFIEEINT
WEY—-LADAITOFRHHEE LTEET 5.

STEP 5: I@X:7®¢#BLHLM#H1%
BEHT 5.

STEP 4 BXU'STEP 5@ [xX] % [B#%] 5
Wit [RD] WEET 75T, BElixtgd [B%]
HH5WIE [RD) WEETHI LI TES.

2.4 BiALEE

EPDERICEDOT NI XL %ESH 2DDFH
MEELTETUTORBEIT) ZEHEE L.

o BFEDBER, BEROENP, HFROBEY
BB EOBEVICE B ER 200
EEBLZTICT 5, EDT’T’Z:']@TEEUEHZL‘
?TFEHH%% LT 5.

o BFACHER L2 EOLREFE (Stop Words) %

Boyk<.
o BMRLG EORTOBNEFHK —T 5.

2EFEEOHEBEOMERIBHTITR S, 1EFHLE
3SHEHOHEEDELIFEILEL RS,

RiZ, TVI)XLADMEELEHDW R EDSHTZ
B2 TF/IDF & [2] 2v:%. TF/IDF £ L 855
w T ANE dDEEE i(dw) ZFETLHOD
THAH. L VEEWHIZIZ, wddBIEREZTE
CHELTWRh 2w ) B tf(dw) &, w i
THERTENL SV D &) B idf (w) O
ZoRERLTi(dw) REHET S, DTICEHER
2R, KRAT nd 3LEORETH 5.

dicBIFbwOBBEEK (1)

d
idf (w) = log @mﬁﬁéyiwﬁ @

tf(d,w) =




i(d, w) = t£(d,w) - idf (w) 3)

EHELOVWTEIELNTIEER#EEL,
BXEEI i(d,w) > lognd %i#i/z T HiEL DW &
T5. Thbb, @XETIALTHEDLLZEED
EEFIDREVWERFOHELDW LT 5.

2.5 42— LEOEUENEE
2.5.1 HUEOEH

EMEROERE, XFHIBITEEBEORHEOE
U (similarity) 25 %5 & E 2 515, Karov 5
FHEOEROBEK S ¥ HET 572012, BEMO
EMEZEETATVT) X0 2RELZ[3). £
TAEARE, BMEMOBRICLIEED V- TLD
BEFEKFEILLoTEDL ) BT B ER B
HIZ, Karov 5OFEEFIF L 4] . FBHETY
Karov 5 D FEICHETNWT Y — AHOBEPEZETE
T5. ,

Karov 5D 5L, XHTOHEOFELNT,S
HEMOBUEZEETS. BUEL5IETLEL
B AHEZF, HEEXOMOMEKEYE (The
BAE (affinity) LIPRR) THH, Fhid, “EGBRIL
FEBIIEMLCHER, £/, Bl EW
SOREPL-BETERISNLbOTHL” Lw
HEZFTHH., COBRIRK1 OB ICRENS.

ZITHELICHENBEEHIE, KDL IZERE

na.

o affo(w,s): BYVELFEEMK n 2B LH
Ew OX s T 2BHE

e affu(s,w) : BB LEEEE n 2B 5
s DHEFE w T HBME

o simy(si,s7) : B ELEERE n BT B
st &3 sj DEUE

o simp(wi,wj) : BYVELEERH n 12BITS
HEE wi & BFFwj OFLE

BEROBKEZ L THS.

H1%AWCEMESET V) A8 BHT
5. 7, REPEICHEEELESEZ 5. BFw D
w (BT T 280E simo(w,w) , LsDs

simo(wi, wj) simo(si, §j)

aff+(w, s) aff+(s, w)

Sim (i, sj) simni(Wi, wj)

X 1: SO simn(i,7) & BRE af fu(G,7) OB

(BAT) 2ahT 2K simo(s,s) ¥ ZNEh 1 &
L, #hLUANOENES2 0 L35, FEISEZS
nhiE, #ho0EEBWTERIE of fo(s,w) ,
af folw,s) ZEHET 5. &5ICZNLDEMEDME
FRWTEEPE simg (wi,wj) , simi(si,sj) &
HEL, HOBEYEFT L. S5IIFRLDELE
DEEBCTERNE af fi(s,w), affi(w,s) &
HELMOEZEH TS, Z0XHI, TOFET
BV ELEERT-oC, B - XHEUEZED

T,

%7z, Karov 5id, XOBEEIDRVIEIEEZD
XDFOHEBIIEETHY, HLOXETHERTS
IIGHMERIHINVEETLRVWEEL, EEEICY
THEA® FEUEICHITLLIIZLTS,

BESHE 7L IU X L

Karov 5D 7 NI A AMZEDTNT, RFEDOHE
BB TO L 512975,

STEP 1: X0#% s, BFEOEH Iw, ¥—A
COBEOB wk RSB, TEXL s DY —
L8 lg(s) #FRFNRRD B,

STEP 2: #—2 w BLXUX s DEADER
factor(w) , factor(s) %, €TDF—Ahw k&
Xs i LTRRL D RD 3.

2.5.2

factor(w) = 1-(w DHEEE)/Iw(4)
factor(s) = 1/lg(s) (5)
STEP 3: #—A w DX 5 KHTIEA

weight(w,s) , BLUL s DY —4h w I



T2 EH weight(s,w) ¥ KA L VKD,

factor(wi)

weight(wi, s) = m (6) v
o . _ factor(si)
weight(si, w) = ——-——*-——ZSBW Factor(]) (M

STEP 4: #IEEZRADBEY IC52 5.

simp(wi,wj) =1 (wi=wj)
simo(wi,wj) =0 (wi # wy)
simg(si,s5) =1 (si = s4)

(si # s4) )

simo(si,ksj) =0
STEP 5: #VELEHEH n=0 &7 2.

STEP 6: ¥ — ALK T 2BHE af fo(w,s)
FETHO w & s IZO2WVWTRA L V)?}UOZ).

af fo(w,s) =

max sty (w, wj) 9)

STEP 7: XD ¥ — LT 58HE af fu(s,w)
2LTD s b w lzonThRL VKD S,

affa(s,w) =

max simn(s, sj) (10)

STEP 8: JCHIMEMEE sim,y1(si,sj) ZETD st
Esj itV TRRLDRD S,

simn+1(st, sJ)

L= Z weight(w, si) * af fn(w, s5) (11)

wesL

SERVEDE simpyq (wi,wj) EETD
ZOEIR

STEP 9:
wi & wj KOVWTKRRL Y RD S,
BICRTRAaTEETHwLNS.

Simp+1(wi, wy)

= Z weight(s,wi) - af fa(s,wj) (12)

sdwi

STEP 1 0: £T®D simyy1{wi,wj) 7% %—EM
(0.9999) %z T, FDOEOBZEYELEE
% N, ¥%bb N=n+1&,L, §&%
BT, #5TFE, n=n+1&LT
STEP 6 2R 5.

#* 1. HFE ﬁﬁ@z :rnfﬁ&

score(wi)(wy)
+Asim(wi)(wj)/KN
+Asim(wi)(wj)/DN
+Asim(wi)(wj)/KN
—Asim(wi)(wj)/DN

wi wj
KW | KW
KW | DW
DW | KW
DW | DW

2.6 XIJTEEX

2. 5EDT N TY AL TIRETOEMELES
B 1 ICH Do TR T 50010, EERUED
ENHECR, 22T, EREENELELRD S
TR D BENEOEYHREICT 5.

Y, ¥ — 5 wi O wj x> BREERELE

Asim(wi){wj) ERATRD 5.
Asim(wi)(wj) = Zszmn(wz Y(w3) (13)

n=0

KIZ, ¥—AH wi ® wj KHTHRIT
score(wi)(wj) #R1LYVRDB, L7ZLEKLIT
KN 2 KW 0%, DN 1ZDW OfHETHS.
THICEY, KW &80 —AMORAITHHER,
$ KW 28E20y—AMOXITHRSE I L
I2& ) KW 2E0XSRE SR TR 5.

B8, ¥— A w ODA2T Score(w) %, KA
TRDS. ‘

lw
Score(w) = Z score(w)(wi) (14)
: wi=1 )
—BELT, 2@ DEIIEFT— A wl~ud3 D
£ BRREMHEOENSZ ONTVIHEFOES — A
DATTERDBERDEL S Ih 5.

Score(wl) = +5.000/1+2.210/2+ 3.522/2
= +7.866
Score(w2) = +2.010/1- 5.000/2 —2.854/2
. = -1.917
Score(w3) = +3.814/1—2.018/2 5. 000/2
= +0.305 (15)



£2 AaT7EHENH (KN=1,DN=2)

(a): RI&REM B Asim(wi, wj)

wj

wl w2 w3
5.000 | 2.210 | 3.522
2.010 | 5.000 | 2.854
'3.814 2.018 | 5.000

wl (KW)
wi | w2 (DW)

(b): A7 Score(w)

wl w2 w3
7.866 | -1.917 | 0.305

IhED; ACUDW TH, w3 DFN w2 LI~
TRATHENI EdbPD, i, wd iKW
THb wl L OEYUENFEL, DWTH5S w2 & D
FUEIMENLLTH 5.

3 EAM

EBE%4 ACC (American Control Conference)
@ Optimization ¢ Manufacturing System (ZB§5
bty varoREBOTTANT S b3 5XE I
LT, ko7 AL eBEHETS. XOIT1
81 XTH5. FEIFZNIILEKRELZVDT, 2.
4AEOKMED 1 FH & 3FHOEEIIFEHTTo
7o, BULEEORER, DW Ot 2 0 9L o7z,

3.1 KW D#EH

DM OANT S KW % KW 1 & LTUTFISRY.
&KW O 4E2 72010 KW 2 ~KW 7 b
LT, #NHDKWOMAELERS, £/, 8
MADEFIZZD KW PFE TR T EXORER
LTw3, $72, BHT2XOHEZ0 KW H°8&
INTVEXOHENIFL LA, FIREKW 1T
i212X3=36XE®EMLA)

e KW1: multiobjectivé, vehicle, routing
(12)

e KW2 : multiobjective, vehicle (8):

o KW3 : multiobjective, routing (7)

e KW4 : vehicle, routing (9)

o KWS5 : multiobjective (3)

e KW6 : vehicle (5)

e KW7 : routing (4)

3.2 FHMEAE

BFEY AT A Q% &IHEARE 5] [6] 25% < H
wHhp, KBIETHE, BAEE, BHERLXO
355 LOREDTH DM ORD AL Th o7z %
RTIELTS. LML, DMOXDIILIEDM D
EHICEVRZE0T, BAKFA— KW TOHE
IR LCT7 v — bR, BAEERDHILT
ML ZOT7 - TR, BHINLX—D
Tk L CEW R BER L 2o TV A DPEIEHE
LTh OV, EOTHDE AL ENELOEEEK
D7z, :

3.3 WBEREEZE

3. 1HOZEKWIIH LT, TOTNVITYX L%
WHLE. FOREIINTET Y7~ FroBEESE
OFHEERDIZDDFRIIICRT. HERL LI
EBHEINEXORLS BV EH IR XOEE %,
BAEER2 L EIRHENZXOFTKW 2EE 2N
XoOFHHBWEHFSNXOHEEEERT.

RIDFER22S, SEMICE, BHINLX
OHTKW 2E5I2VWXOIRIZ3I I LIHEEL
TWAHEEZLAL. KWHICRA L, KWIZXDES
FIZESHTWBEIENFNE. KW HF—D2DL &
KW 72 b ¢, KW 5 bEVERE 2o
7o EIAN, FNSEMEAEDE KW TEE
T25E, 1fBEOKW DL EIZIIMEDE, 272 KW
5%&ATHSEKW I ~KW 3DOHFFKW 4 &1
BWERE:ZoTWS, ZOZEhL, KW 53%
RD OHT, MO 5 — A& DD IBRAE VD)
ZEAhhs. :



£ 3: HKW ST 2REXOBEE (FHE)

KW |#&E]l | #6F2
KW 1 | 0472 | 0201
KW2 | 0528 | 0354
KW 3 | 0540 | 0357
"KW 4 | 0444 | 0241
KW5 | 0519 | 0278
KW 6 | 0600 | 0.400
KW 7 | 0666 | 0500

Kz, EBIIEDI I BIFBVAITICRED
Dk, —OOBESHTTERT LD, KWT%
AHLEEEO R 1 2EE TOERISEH S hAX
LUTFIORT. BEREXLEZONERETT
b, 3, TrvF—FAVEKWTHHILE,
A5y 2 TEPNIETIIKW LHEEDSH DT
ThbHI EEZRT.

154: As an application a general routing resource
booking problem is considered.

168: These sets and operators imply a very compact
and efficient representation of complex routing specifi-
cations.

148 A deadlock avoidance algorithm for flexible
manufacturing systems containing both multiple ca-
pacity resources and mixed choices in part routing is
presented. :

162: A modeling framework for general routing and
resource booking problems is presented.

155: A specification language is presented which
makes it easy to handle both multiple and alternative
resource booking problems.

167: "Multiple as well as alternative resources are
easily specified utilizing sets of resources.

163: The task is to specify desired routes for individ-
ual objects (products, data packets, vehicles), which
are to be served by a number of shared resources (ma-
chines, computers, communication links).

164: A high level language is presented in order to
simplify the specification of desired routes. )

79. We discuss some related results on fixed gain
SPSA and describe an application of the method to a
resource allocation problem.

169: In fact, the representation is suitable for veri-
fication and synthesis based on symbolic tools such as
BDDs.

91: It is assumed that the target field information
is communicated to all the elements of the swarm as it

becomes available.

92: A network flow optimization problem is posed
whose readily obtained solution yields the optimum re-
source allocation among the air vehicles in the swarm.

¥, KWE UL TREINTWA I LT
bhd. Ko, KW &I LZVWIOFT, X 163
HADMOKDAHLE LTEBINATVS, N
KW T % routing & 3 154, 148, 162 I
resouce ¥\ MENH Y, ZOBEEN L 16312
VEET AL NELBERTHS. LELEO—
%, DM OROTWERWLTH S X 91 % EbEH
ShTwa,

4 BbYIC

ARETIY, HEEM, XHOBUEREELIOMH
EREREAY, ¥—7 - FEUGXETTERL,
F—7— FICBEDH HXEBBTET VT X4
FREL:. HAEFAICEALCER, BRIML
THHT, F—T— F2&TRVIOFHH 3 FILL
EF—7 - FICEEDH LI TH /2.

ABOBEYE LT, KFETIE DM OFEL 2V
AHFEENTVEDT, TRLZROT I TV
TY XL 2HBTILENDHS.
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