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A general-purpose text database management system SIGMA was developed by the authors , and it is open
to the public at Computer Center, Kyushu University since 1981. We have revised the system in order to
cope with remarkable increases of the scale and number of machine readable Japanese texts in recent
vears. This paper describes the outline of the revised sysiem. We have replaced the fast pattern
matching algorithms, which are utilized in realizing many commands for searching, replacing, extracting
keys of sorting, etc., by new ones to deal with any texts including such Japanese texts. Since the algo-
rithms process any texts containing 1-byte and 2 -byte characters as they are, there is no additional
overhead caused by the replacements. We have also revised the file system to maintain large text files
efficiently. The new SIGMA system can be used for the management of large scale text database,the anal-
ysis of natural languages, the retrieval of bibliographic data, and so on.
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&ﬂ;f%ﬁk,xw%mﬁ,ﬁbﬁ@&ﬁ—t%#i
Ch¥sbXh 3z BBV, BETE, EFkfE-k
RUVEIZEIAT T, PRTRETIOHEDOIER
STETW3. TRbs, TROUR OEORERE
DL3RHEETES>N32>THB12].

K-> 30, ¥l~>325, Bs->Tibs,

HERZ>TE35)
SIGMA ¥ AL M REPLACE XY F it , M¥XFHEH
B SR> TVWEOT, ZOLDIREE
BUEELHBRITSIENTES.
EERSDRAFTI.TEXT 22 HRIZLT, LOY R M 2§
WRHRE FEERITS. (13DXZ L7257 % X b DRAFTL.T
EXT 25 1EHALVTHS. HULREREBE-TL
Z0¥bH 3. (14)REPLACE a2 Y F2#AT 3. (15)
FOYRAMRHTL 3@ e 2IRREETS. (16)Y
AP OBONENEHARERBASh RV IS, BE
BEMUTYWS. UDANT 7 A LRDRAFTL.TEXT & U,
CUBYHAHT 7 4 &% DRAFT2.TEXTE UT, BEME 2
BRI ERRTS. IDEIMALERERRTS.

4. 8 S_ORT, REPLACE :I?J F lg&ﬁﬁﬁm

%X&i(%k,ﬁ%iﬁmmﬂﬂi%ﬂﬁwﬁﬁk
WMEXhBZEBBV. FIATINMERPURRDIE,
AXhOXRETE HHEZIETSET LS RT LW,
K<HERT BT ETH3. SORT, REPLACE v F 2 {#
AW, TOXSIBERRHEL LTI ENTES.

DRAFT2.TEXT %33®2 UL TZ OVEERITS. (20)S0RT
avYFRBATS. QDL a—-FEYYERRET 5.
BEYR—KTH, XK D.<R>’ THDLHTV3

€6

DT, DID LS REZGThT LV, AXORMPSEE
TR0 E T ( ’EBEXR] <CR>’* ORfET) OFf
AHLa~FeUTY—FUT, FOZIBER—K
®#k<6&ok,mwﬁm&@MU# 22)% —0Y)]
P UHREREET 3. *] "R AOU TFind)EDHEI
HCEADHE(AlIphabet) BI0XFE > TE T(Get) %
1%—2U, '(19° OBEEEL 2HOBF (Nunber)® &
STETE2%—ET3. KIZWE 1 EFZORFTREN
WY, RRBEROT2HMASZ ERRS. (KR
FELa—FEME L, @DFHLVWLa—-FRYVER
NERUIRU, @HYVHULEF—R2RRURV LI
UT,Q&,QﬂA&ﬁ774w&ﬁiT%.
QAN iERE (DRAFTS.TEXT) RRUTHB L,
BEYHR—ROXHRYE, BRILLEBVRAIDEISN
TWEORDhM 3. SER, GOTRRIHTY 3R
YR E SR> T, DRAFT3.TEXT 2AROXRETRITS
B3, (32) REPLACE2R Y F2IZAL, BHXMEFTO
BERMAREETS. KWV T, DRAFT3.TEXT DQNDE
23y, GDOEIREEZORENE->TVWEETS
B, (30),(3B)TEEWMATE L. (360),GNDALRNT 7
4 BHEL,(C8)BKER (DRAFTA. TEXT) 2RRT 5.

4. 4 TR

FORITHTIE, PROJERATIRU RS, KPb
i, FZoTERE (¥ Iy 4N RaAI2F7aY
Ve UTEIFEEAT LV, BEO—B BT, B
ROWKETZT 7 L NERF—T7— FOIRE) EW %,
AAOLETZER, OFT7 L LELT + YTHELT,
BORFVATI TV Y v RESTLREDTET
53.

SEARCHZIR Y FCW, B3 A, HEBOF—FE&H
FHOF—YORE->RE 1O X3RRI 7 1 Licxd
LTd, BEEHELNRICIHOMMVRBETSC L
NTEDL. 74FLENVBERBELRTIL, BEO
BEBAE BT 3R ESHE LV S &SRR
LEBIZEHTEZ. TAOBOCD...1 DL, T
D1 BHEXOERELET ZTHEEN G . RAPER
TR S hiEARe, T0) NSELEHRATEXEE
FHE LV S &I RRROAYPLRITE 3,

ETBHUTER LS, SEARCH 22 Y FiX, BAE
EFE AP OBITICETE RIET 3 ENHEEh 3.
¥72, 1CPUBT2AINL L (RATHAF) BE
DT 7 AN RRRT ZNTELOT, KEEREAHET
FAMCHDHETEZDOLHEIATVS.

5. 3h Y

—HAEZABRESOETF SR P F—IN—IEHE
YAFASIGMA OV THETOEMRIEN, E2HOK
ERBHUE. 2K, T—-FTey3RETT
AP TPANEUTERXASHTVWAHEBETR AN
HEBRABEICRY, REPY—F 4+ VY, BEMRI
REOEEMELTILXh . B2RKIX, B62E10H
g, AMAEARHEREY Y —2EBUTARY 3 FE
TH 3. ToREOMNAZRFEHEhZZERPHL
24,

[&HH]
(4 0(39) DRAFTA.TEXTONZEREE. )



(1)D0: LIST DRAFTI.TEXT
1. QUi

N=YFNaYEa—-y¥Rpy—F7a
Ly HORELRFELH ST, hhbh

.

[16] Kinoshitak TRHE: BERFADIEX

Hifhi, hAF# 624 (1981).

(2)D0: SEARCH i
(3) RECORD DELIMITERS

(4) ITEM DELIMITERS
A=,
D5:=,
p8:=_(
D7:=)
D8:=(
D9:=)
D10:=T
Dlli=y
D12:=/

(5) KEYWORDS

Al5:=k dbhh
Al6:=Fbh
AlT:=Xbhh
Al8:=ftbhh
Al9:=ZEbhh
A20:=%hh
AZ1:=ifd
A22:=it 4
A23:=h i
A28:=

(6) LOGICAL FORMULAS
Z1:=(A1+A2+A3FALHASTABHATHABHADHAL0)
-CALI+AI24A13+A14+A15+A16+ALTHAIBEAL
9+A204A214A224A2342)>=1
22:=(AL+A2+ASHAQHASHABHATHABHADHAL0)
-(ALI+A12+A13+A144+A15+A16HALTHALBHAL
9+A20+A21$A224A23%2)>=2
23:=/

(T)FILE:=DRAFT1.TEXT

EE

Igl?’l?’

(8) RETRIEVED TEXTS

QUESTION 1 (Z1 )= 39
QUESTION 2(¢Z2)= 3
TOTAL = 39
CPU (SEC/1000) = 69
FILE:=/

(9)L1ST OF RESULTS (N/Y)? Y

SUMMARY

QUESTION 1 (Z 1) = 39
QUESTION 2 (Z 2) = 3
TOTAL = 39

(10)QUESTION:=2
CL1)NEW RECORD DELIMITER:=1#1
(12)0UTPUT-FILE:=T

QUESTION 2 (Z 2) = 3

$
AECEBERLLTOREN, BEDH 3
Ay yeLTIRBEh, BT
7AAWED Ly T RREDMN, BEZH
BBEVEOAY VIR S ZH/ED
T7ANBNY I 7V TREBDO My T
?sn%
ZHUTTERKD LS I, BRIZAR
BHIMY, BREIhRI7ILLEE
Th3

L]
HRARERTEY S h 2B (747 H)
2, T¥hTWatFEAShAB RED
&3, REV2ENLEHAT 5,
BEOHMEETAXTHS

4

QUESTION: =,

(13)002 LIST DRAFT1.TEXT

1. Wudk

N=YFAray¥a—ypy—Frno
Y YORERFEFELEST, bhbh

.

BROXBEEBLREY, RIBATH
HURXERBEYT ST, XHRORE,

BOREER-TIERCHT S bEh

BT EPBV. BETR, BFERHESR
BULRIREIRIT, PRTRETS

OPEFER>TETWS. KB, Tt -

DY AL OEOREIEDLS KB EE
TEINEETH B16].
Hd—>530, ¥E>525,
Hs->3bs, HES>TES)
SIGHA ¥ AF LD REPLACE 23 > Fid,
BEXFI R EIMCE % X SRELR
STW3DT, ZOLIRBEEU R
BRIBIRITS L BHRS.

[16] Kinoshitak FRilt: BRAEOEX
Hif, AF#E 624 (1981).

(14)D0: REPLACE
Q15)%01: = 4t

YOli=d 3\ ik
X02:=23%
Y02:2525
X03:=E05
Y03:=3 2hb
X04:=Hi3E 3
YO4:=T %3

(16)X05: =g i1~

Y05: =8¢ 13—~
X08: =3 i~
Y06:=1¢i§—~>

Ha. RITH O

€7

an

X09:=
INPUT FILE:=DRAFTL.TEXT

(18)0UTPUT FILE:=DRAFT2.TEXT

(19

(20)
@n

(23)
(29)
(25)
(26)
@)

(28)

TIME FOR REPLACEMENT 41 CPU (SEC/10
00)

INPUT FILE:=y

DO: LIST _DRAFT2.TEXT

1. wiwi

NR=YFLayEa—y®7—F7n
Yy G ORERFEEIHE ST, bhbh

.

.

BUXHERERUELY, $30IEKA
TAHEURXEL2ERT BRI, X
A, Xy RBRER—T AEREDT S
bXhzzeisw, BT, #BFER
o5 U WREIEWRY T, PRTR
RY3085203ER>TETWS. T
iahs, TROYZOEDRIERED
LS HEHIIES> N DS TH316].

TRit->-»30ik, ¥if->323,
Bis-+972b5, HERS>TE5)
SIGMA ¥ AF LD REPLACE a3~ Fid,
W EI R FIE X R S MR
STVWEDT, TOLIRBXEUER
BHBRITICULNTES.

[16] KinoshitaAk T4t ERROLEX
R, hAKT#E 624 (1981).

D0: SORT
RECORD DELIMITERS
pLi=).l
=BEYR] L
03:=/
KEY WORDS
Ki:=F/*] °/,G/108/
K2:=F/7 (197 /,G/2N/
K3:=/
DISPLAY:=
NEW DELIMITER:=).1
LISTING (Y/N):=N
INPUT FILE:=DRAFT2.TEXT
QUTPUT FILE:=DRAFT3.TEXT
PMM RUN TIME = 113 CPU (SEC/1000
)

SORTER RUN TIME = 84 CPU (SEC/1000)
REFILING TIME = 33 CPU (SEC/1000)
TOTAL TIME = 236 CPU (SEC/1000

)

SORT COMPLETED
BO: LIST DRAFT3.TEXT
1. Qo

N—=YFLayEa—ypy—F7ra
Ly ORERFELHE ST, bhbh

.

Bd3FETHS. ToWECOHAR
WIEAEh3ZERMBEURL.



29) D.
(30)[10] Aho,A.V. and Corasick,M.).. Ef

ficient String Matching : An Aid to
Bibliographic Search, Comm.ACM, Vol.
18, pp.333-340 (1975).
[ 51 Arikawa, S. and Kitagawa, T.:
Multistage Information Retrieval Sys
tem Based on Researcher Files, Proc.
2nd USA- Japan Computer Conf., pp.14
9-153 (1975).

GDL 1] ArikavaB)l, B, B, ER:

H7e [ 2 1Y X7 LSIGMAIL D0 T,
TMAFEARRHM L > ¥ —L#, Vol.
14, No.4, pp.550-573 (1981).

[ 2] Arikawa,S., Shinohara,T., Shir
aishi,S. and Tamakoshi,Y.: SIGMA - A
. n information System for Researchers

Use, Bull. Inform. Cybernetics, Vol
.20, No.1-2, pp.97-114 (1982).

[11] Arikawa,S. and Shinohara,T.: A

Run-Time Efficient Realization of A
ho-Corasick Pattern Matching Machine
s, New Generation Computing, Vol.2,
No.2, pp.171-186 (1984).

[12] Arikawa,S. and Shiraishi,S.: P
attern Matching Machine for Replacin
g Several Character Strings, Bull. |
nform. Cybernetics, Vol.2!, No.l-2,
pp.101-111 (1984).

[ 71 Arikava®B ), BRIEL: SCFEHINY —

SHBETNAY AL, aVEa—-FVT
Px7, Vol.4, No.2, pp.2-23 (1987

).

[ 91 Boyer,R.S. and Moore,J.S.: A F
ast String Searching Algorithm, Comm
. ACM, Vol.20, pp.762-772 (1977).

[ 31 Higuchit®1, #/FE: ARF—IN
—R P=TRX IV T7ANL/SIGH

ADAR, NHAEARINHRLY Y-k
% Voi.16, No.4, pp.379-393 (1983).

[ 41 Wiguchib®O: THFENE) bis O
HEEDWT, MIAXEHR, Vol .36, pp
.183-210 (1986).

[ 6] Inose, H. (ed.): Scientific In
formation Systems in Japan, North-Ho
t1and (1981).

[16] Kinoshitak TRkt ERIFRDIEL
By, AE#R 624 (1981).

[ 8] Knuth,D.E., Morris, J.E. and P
ratt,V.R.: Fast Pattern Matching in
Strings, TRCS-74-440, Stanford Univ.
(1979).

[13] Shinoharaté/®, H)I: BAEBF*
A b FD Aho-Corasick RINY— V&
FAIY XA, WHRAHEESTREE,
Vol.86, No.48 (NL-52), pp.52.4.-52.4
.8 (1985).

[14] Shinohara®§JE, Jued, B I
1 $%AE % I W 22 FORTRAN, BEFIB24E {# $R A0
%E*%‘)ﬂ#li&l‘t%iﬁiﬂ%ﬁ&(?ﬁ;’),
1987).

[15] UshijimadhBF0kiR: HARLWE
DRHOTOYSI XS TIBRIKOESE
- BABXEIBY - LORFELPLE

(32)00:

UT, WA IR EIEN (1986
).

REPLACE

(33)x01:=[10]

vor:=[ 1]
x02:=[ 5]
v02:=[ 2]
x03:=[ 11
vo3:=[ 3]
x04:=[ 2]
yod:=[ 4]
X05:=[111
vo5:=[ 5]
X06:=[12
vos:=[ 6
x07:=[ 8
v07:=[ 8
X08:=[ 3
vos:=[ 9
X09:=[ 4
v09:=[10
x10:=[_6]
v10:=[11
X11:=[16]
vi1:=[12
x12:=[ 8]
¥12:=[13
x13:=[13]
v13:=[14
x14:=[ 14
vi4:=[15
X15:=[15
vi5:=[16

(31)x16:=_[).1

Vi6i= [BE Y] |

(35)X17: -AM’EL'I

YI7:=H )]

X18:= lzuchlilg
yi8:=4801
X19:=Shinoharaf§JF
Y19 =f§ &
X20:=Ushi jimad: B
Y20:=4- B
X21:=KinoshitakF
V21:=ATF.

X22:=¢

(36)INPUT FILE: I)RAFT3 TEXT
(37)OUTPUT FILE:=DRAFT4.TEXT

TIME FOR REPLACEMENT 45 CPU (SEC/10
00)
INPUT FILE =

(38)00: LIST DRAFT4.TEXT

(39)

1. Wosi

N=YFpayEa—s97—Fra
Ly ORERIEECEST, bhbh

BMy3FETCH3. TBRBLOHAE
REAXh3ZERPFELEL,

E-2-5°4 8]
[ 1] Aho,A.V. and Corasick,M.J.:
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).

[15] #E, hd, B0 X7 ofthes
FI\ 72 FORTRAN, BIFuB2EE WA B 21
MEABR IR GASCR(FE), (1987).
[16] &EfXE: HABRLEDRLDHO
TRy 5y IRBRRORE-HAR
XEXBEY—-LOMFEEFLELT, B
MAFLTFRFBIFEH (1986).

Do:



