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i hi; pzjler deicrihes a genera: pxrpose text  atabas abase mal;aee~le;int L, system SIG&iA that, 

- ; <,q; -. - ?,,r; ,.I - v  - ,- .,c-x\:-. . ,  I'.., ii,i, , i l i~ l e i i l  ~ 3 ~ ; -  .. C L ~  seciuer:;-iiai processing of t:ext files. Fcr the ~;r:plement~tion: 2 fast pafizrn 
7 . . ,  - . ,  . - .  7 ' 3 C 

!;I;: L<:!I~:?:< ;:,lg.:>:;;,!: .> i ! :  ~ ; V l ; j ? : ~ j  C i j I !  <I?;<,! ~V[[,JI  ;-1;1.-ii 1 ipjc j.:<:iJS > s  s:it:sigIl(p(~j ycz;jz(! ( : ~ ) ] ~ : ~ ~ - j ; j , J ] ( ~ ~  101 s[>;>,J.ciiiil<~ a, 
7 .  . , . . ,  , . .  

rzi.iacl:;g and es;ractlng The a.igorithm also cci;es -7;::i~ cTa;3anese texts co-';aln:pc >-byt2 ' r: 
l .r . - $ .  

asd ?-byte cilaracters -i~itii ,sn:~t codes, A netr 612 s>-stefli is also aesioned r:-- t o  manage IcLrso a" text files 
<o . Y 

.:tilen[iii. The j~jste-il; SIG?<:';$ is l;o:;7 worjj;ic- a t  tile colllr;.fiti.r cen ter  of  I\ayushu ~ ~ n i ~ , - e y s i ~ - ~  for 0 

r , - - in co::trast sviih tile usual infg;ma,t,i~n ri.:l:.ieval s,l;sle~i~s i i ;j7 ~l ' i j  2nd database mznagenien'; sjiste;:ls 

r- pi !22]: tile text database m:tcc?gel~eni system sIr3MA si-.ires da t a  sin~ply 2s the form of text files: i,e., 

s c r i ~ g s  of characters: and exploits very przcise axld fast one-xaa.y sewential  processing nxethods. 

,TI, 1 ilt recent spread of per:sonal computers ancl ~vori'i Frocessors Ira5 been prodt~cirsg quite large amount 

. n of text 51es s i ~ r e d  in  exlernzl sioraee Ci devices or in rionnTr I ~ , 2 '  clisls. TL~ese files are, for examp';e, 

documenrs written in En~;lls?i, U Japanese t ~ s t s ,  @!;A files: t!;e wiloie volumes written by a noyelist, 
, - 

etc. ?:specially: ihe increase of 3apar;ese text files ivhich consists of both 1-byte and 2-byte cliaracters 

shift codes is rernarkab]e. 

,- 3 1 !- Q system SIGM-4. is designed to cope with these text files. Perhaps the struct~.zre of strings is the 

simplest and most h s i c  da t a  slrucclure rvhich aiio~ws complicated retrievals, editing and refiling oi" 
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D ~ R  <(c~SC~ICLJTE: VILLE31 il ,DIE GOHEfJ <GF;$&E ERZ=AELEI[SVEXT SCZEIBT 

( BEBET ZrJ <HAMS (USTORTS (GU!iSTEjJ JjEW>I DQCTJ ERigFERT 'TzplDE3,J SSLLTE , DA$ 
ES ~ ~ p j "  (GESCBIGgTE I S T  , LTiI: DA$ WICBT SEDEP: JEDE IGESECICBTE PBSSIERT > : 
DISSE (GESCHICBTE i 5 T  SEHR Lj'iBGE HEX , S I E  I S T  SOZCSAGZB SCssB GA3iZ B I T  
~ISTC~JSPVFT:J a*L-& <EDELF,OST =Tj'EEF;ZgGEx TB;.jT) LjJBEDIBGT IH DER <ZEITFOF,TJ DEg TIEFSTZIi 

<i;ERGABGEBEZIT 'fORZuTpLAGEIJ . 
.. R 7r Q 

#OSg03:7 DAS g=ABE REIB (IJACYTEIL F=ijiit EI].IE <GESCHICHTE , SOBDERI; EKER E I B  

<r?gRT"L ; 
#9390517 DEIJ;I'B <GESCBICHTEIJ ~ . ~ - I = ~ S E Z  17E2,GAI,IGElJ S E I B  , UIf3  JE iy?ERGAjiGEf,IEE)r , 
X=DT- p j ? : i E  -- RAzg SAGE31 , DESTO BESSER F=LP. 3iE I N  IHESE <EIGEMSCBAFT ALS 

<GESCSICBTEW u$ja F=irl I)E$j <:RZ=WjJLER , I)EtJ RRA'iiT{EPaEF; <BESCH>!=DREge DES 
<ITqDTnrr;.VTS 

a ~ i ~ L , l b r - . % . -  . 
$0300921 ES STERT jEDOCH 53 $iIT IBR , i-iIE ES HEUTE BUG3 B I T  DErJ <?fENSCKE$J iT:iiD 

TjqiITE8 DTESEIil: TiICHT Zby~l \-j-E:jjIGSTEM ?,$IT IjEH <GESCHfCi-iTEfiERZ=AaL.ER'rJ STEET : S I E  I S T  

VIEL =ALTER ALS IHRE <JAWRE , I K F S  <BETkGTNEIT I S T  KICHT MACH <TAGEW , D6S 
<ALTER, , D- lS  A T E  IHX LIEGT , ZiICHT BACH <SOFi'?iEi'T"3:lL=AITFEFi ZU BERECHNEW ; 
#0300926 B I T  EIBE!!I II-JORTE : SZE VERDbBKT DEN <GRAD IHRES <VERGAMGEWSEIliIS BIGHT 
EIGEfjTLICH DER <ZEIT  , - EIBE CAUSSAGF, , Ka;!IIT ALF DIE <FRBGk!-:=7mDIGKF,IT T l j D  

EIG%j:T=-J-.lLICHE < Z ~ I E ~ , ~ ~ ~ L ~ ,  DIESES GEBEIBBISVOLLE:tJ <ELZIE1tJTES IB <IJORBEIGEHEf! 
AFJCESPIELT CBD HIIJGE\-jIESEW S E I  . 
A L - >  

# 3 

a- Fig. 4: Thomas >,farm. File: from ""Zailberberg3/ 

-" ;he text in F g .  ? is taken fr~rorn Thomas ?\4a,nn File [12], [13]. If me choose some svords in the text 

a ~ r i  take :hem as deiiniters: for example $3:  theE the !ext is regarded as a collection of recorcls, 

where a recard in this case is a paragraph. This co!lection of records varies depending on the choice 

of delilniters. In this sense, a text 6le can represect various kinds of co!~ections of records. !doreover: 
, .  . . . if \ve use an.oi-her ir;elrmlters v;;thie records, for example a. blc?nl< (ti)? it a!,lc.\rs e:ihremely fine searciles, 

rn' . , . ;ills is a rei:lar!iahle feaature irr one-way sequentla: processing A'& of text files tirat is ~ o t  found in aaother 

sysielms. Ii; sho9ld be d s o  sta,ted that the current technology makes cne-rXiar;- seciuei-itial yrocessiil~s 
. . 

in  feasible time. For example, ~t is possible to  search a 2343  file (1 \ ?  000,009 2-byte characie~s,) in 
. 7 .  1CFC second or in 5 seconcls even ;f a:s!; a,ccessing time is included. 

. 7 

o Pc7,verSui and i'ast opera,tors orr text files (multiple 1;ey reLneral:  i:t!tiliiple key rep!a.ce, sori;??c "'-3: 

f ,  etc.).  son^? of coln1~:an6s are shown il-I Table 1. 



c- . T1f;;e s rs t  itzt?; is a,chier;ed 135. a fast einlzrent,, mrr!i.ip!f: k e y  pzttern n e t c h i n  algorifllm for ,'apzi=ese 
. , * - 1 3  

i es i s ,  ';T'i';;i this algorithm, ten thousands o i  keywords .-an he searche.6 3i-nd replaced ooth space and 
r < r  . . . P L tin,e eiilcrently, Tliis paiterll lxaScj:lng ajgnrit,hm lor Japazese tes t s  keeps the speed erTen lor sexts 
. 1  onlJr !;.][3 I-jS;;e cilaraciers, 

T, 1 .. . 
Gin ~ l r ~ : i c ~ ~ ~  ei;aS:es a simp]: but practical re;tilzat~ol: of 3 !ear:li~.g system. I P ,  al7:'aj.s keeps 

. . . - . . co?;q:~i~r,icatloas betr?tieen tile system and a i.:seI in a iog 5;ile. Tiis leg file is also a, t es t  file ccnslsting 
1 '  

gf 12 ~q: lence  of cc~ l~ rnands  zinc; inputs giver, by a user. It czrr ';;e direcdy used as a progra-rn that 

-e.7- n. 4 1 * 7 ~ * 
, ,l~e.,~~tes bile same commands. This :sea helps users to  canstruct Frograms rather easily, 

SIGT\:A n7as fil:st imi=lementecl on FA4-C01 h-1-786 135 I\T/F4 TvJSp at the Computer Center I<yushu 
Y .  - 7 

Universi?;y and hm been serving for researchers. i t  rs also use2 in the maln bnrea3-r of F~tkuolia 
. . . . 1 Pref2ciErz for rei;rier~ln.- organlzlng goi.ermel>ta! ac,t;af:nts. 5 

. ,~ 8 7 SiGhi,ci. made a noticeable contrlbutron t o  the naIilrai !angr;a,ge aridysis, liiguchi [I?], [13] con- 

strnctec! in SIGXIA the Thomas hrlann Fife (263!IB; 11,000 pages; 400,000 lines) from the complete 

volumes of Tllon 1.3 2- Mal;n (S. Pischer ~ J e r i a g ~  in 13 Banden, 1969) and investigated the usages of 
T , T  - words by Thoalas biiann. Re made some discoveries and proved them by SIGLIA [Ill; 1121. i rils n-as 

- 3 possible since I-, takes only one min:~t,e t o  r e ~ d  the vrhole volumes. Re is also firishing Goethe File 
1 ' horn Goetlzes Werke (Earnburger Ansgabe in 14 Banden) in October, 1988, ,4 new style of researcir ~n 

Literature is going with SIGMA. Further? Tada.uchi [20i has organized a databzse of insects reported 
. * 

in  ma,jor journals in Japan j1<43?JCIiUI 12,000 records) in  SIGMA. As far as da ta  are prepared and 

organized as :ext files, SIGMA can work and help in another fieids in various ways. 

m - %  - 2. The  r HLE SYSTEM 

TXTT'I  r - 7 -  7 rr r l ' l  r r The  files in s;b,-i~i/iB consists of three parts irhich are cal!ed a d6E-;JO space,  a ; I h : i l ~  s;jace and 
/-. \ - 3  , - - .  

an EE3c'TERL?Tili space  !,ii'lg. 2(t?,,):. b a c n  user ca,n h a x  these ti:ree spa,ces, ,", user m ~ ~ k p s  sics In 
,1 a TLJE310 space for his/fier 7L;se. Th.;.: files in  a XlEJ:IG space are not silared tritil, other users. 

r; i h e  5les in  SIGMA space are for s h a r i n ~  a -&-* 6 t h  other rzsers. X SiGhlA space s i ~ ? ! ~  consists of 

SIGAIA er_d SIGM:i-SACK-UP sec"Lofis (Fig. 2(c)). T h e  SIG:\IA-BACI<l-C' section forms a siaci.; 

of files. The  depth of tile stack is currently set 900. The EXTERN-%L space are the files ~ n d e r  the 
r 0 1  7 operatin.. o sx,istern, d ternGilais, printers, etc. The  sharizg 01 ir:es fr: the system SIQTt;fA is sho1ca In ,h ig. 

13 t*,!,n.. ~. 
, iiT:ie ail nrrc!nr represents I l ~ e  pcrilllsslon of ~ C C C S S .  

:.., 
1. jle iije-; i l l  a, ;;I] ]<,hiC> space ace [uiiriilcr classiiied jive sectiorls > b l s h i ~ ,  \\:()i<l<: LOG: i,\lDE>< 

- 73 > < , ~ [ , T  ---, /p. 7-7 r n  . . snd  f i ~ - i - . , ~ ~ -  (J 1- \.-, lg. 2jb)).  Each section e:*:cept 7shlr.,n~u sectlo:?. 1s also a. stac1; 01 files of hoxncied 

cls?pillL. Tlic roics of !.iiesi. eccfions are r3.s i'o'ilic>svs: 



, 
/ REPLACE : rep!a.ce midtiple iregis 

I SORT : extract records 2x6 sort them I I 
1 D r - T T r  

L L C ~  ALL : make ;t text Pile horn an index file 
L-- - -- 

I 

I CATEZATE : catenate files 1 

i GET : move a iile t o  WORK i 
j REYIM : write onto MT@FI1< 

I p - n  : put the iop  work file i 
/ SiiVE : store the top :vorkfile ! 

/ L O O K  

I. 1TELIO: Private files of a rrsei. are stored, 

2, %VORI<: This is the svorl; area for a user. file in this s e c t i o ~  is calied a wcrk fiie. Usudly, a 
c3 . nie iz another sections are moved or copied onro a work file for processing. 

3. : but some com111:lpications betv;eex SIGMA and a user a,re recorded in a fiie called 
. ". ,-- a ! .  i l l is  file: for exampie, lie!ps t o  cons t~uc t  a comrnand procedilre horn a s-?cpence sf 

cc:mmands which is already tested for corrzct rilr,. Ir, this sense, the use of log files realizes ihe 
.I'L learnig abli1t-y in the systeri~. 

"4. 1F~:;;:rDEX: ~ l n  execui,ion ,of SEARCH conlmand prodtices a file called an inciezi?~g jiie. Such S e s  
- .  3 

are in this section. T h e  files in IXDEX section a.re :.he o d y  files ~ h l c f i  are not t e s t  files. 

5. ~-~ir-r/- vii- T T ~ :  3 ,TI files fio~~:ipg over -from tile stacl;s in 15,70RI<, LQG acd IKEEX s e c t i o ~ s  aild the 
c- files deleted from &$E>dIg section are collected in tilis sec~icn .  some of tile fdes in EfAClc-GP 

- .P 2i.e deleted only 11 a31 space in a hE3I:ICS space is exhausted. 

r - s .  . , 1 . . 
since 1973 some of the arzihors have been concerned ~rltli  the specla: resea.rch project on i_nfol-~x>ation 

systems for researchers [3],  [4]; [14], The project concluded ar:d proposed a r ~ i e ~ ~  $ha: sciellt,ific 

in for ma tic^- systems consist of three 1.evels cia2 a, nameiv. ., , A ari.vate resesi-chem .files, vser d a t a  Iibrar!/ 
. & 3  and ce z t e r  data library [14]. Prior t o  SIShlA,  an experimental system hibill-RP that  dea!s .cnt:i 

. . r3l r- 

;~rivate rese;i,rches files and user data library was developed :,!, il;. I he sys;-,e:z SIGT\i,;TA is ~ ~ i a i n l y  

i~ased  oil this vi2.i~ and the experiences from AII71-RF. 





. , 7 .  For one-r;ai. r;eqlle:itiai pr-ocessicgs ol text files, p;itle~.n ~natcl-iicg algorithms p l z . ~  the k q  roie ill 

, ,  "I' . 1 .  

iaent;~:,~lr;g comn;and r:ames; e x t ~ a t i n g  keywords from a tes t  and replacing multiple k e y ~ ~ o r s s  n- 

~:~:.~i.a-.e.:ji~s]~. 'Tile sattern. matching proble~n is, given a text; file T and a collection of ':;eyt~arc!s 

_ii' = ...: k , ) :  t o  find ai l  Iccztions of occirrrences of each keyrvord 1;; for i = 1, ...: n. The most 
1 - 

ilnpoztai~': iecli:iicji;es are pattern matciling algorithms due t o  Knuth, Morris and bra"t [16], Eoyer 
r - 

ani: Xloo~e i 10; anci Aha ancl Corasick [I]: respectively. .The first t ~ v o  are for iocatiag a2 or the first 

occurrence of a s,ingle lceyword and tile third for mdtipie keyir;ords. 

The  system SlGBiiA is designed to  satisfy t.ire following iteni: 

n - 1 - 3s iho:lsa:lds of keJryqords sl~all be s e z r c ~ e d  -irer:v. fast. at  a time. 

. * 7 .  1 : .  , . 1 :  i L - .  pi,t!cr!l r ilatcl:ing ln,zc:ilirre (I:ri:~s f ~ r  siio~l.) is a i l  i l i t e  3utoi:latoil ttr!licii 

-7 . .  " t - 7  iocat.:r; ail occ::rrer,ces of given iieyt:-c,rdLs, It co:is:s% three fllnc;ions; gofc, Jcziu-e. i/:ifLua,t 
. .  . n .  (Fig,. ,!I. Tn order t o  speed up the pi31121, it. is realized 2s a. ~!~terl;lll~:silc :i~ilte a ir tmaiori  by 

t ra ,csfo~ming the failure l lnct ion lo the 6' c3to functiorr and i~s ing  the s tate  transition table bS- 

A ~ . e ~ ~ ~ ~ , l c i u e  ->.I,' so c&ed t a b l e  Icck-at [Is]. If the number of the states in the p:1-,ri1 is ,5 c?acl 
- - 7  

cllaraciers are codzd 5v 8 hits, then ihe size of the  t-a,nsl[lon table becomes 256 x s ,  \il]lep 

:ile n ~ ~ r n b e r  ol' keyi i -o~ds is large, even on a fa-rg-? scale cornp~lter,  ive face memory shortzge. 
7 7 i:-iirti;er, lfie problem i-jccnl-i!es Inore ser-ious since Ji?p;:.acsc i,exts use a.borrl '7,000 of c!xaractecs 

?.cd rea3ir.e ?-byte codes. 

7 r - 7  '- 3 .  2. Let ii = ( ( i c l j  yl), (x2; y2>; .,., (r,, 3~~ j )  be a set of p ~ i r s  or patterns. i'i?e problem 91 repacrng 
, , J i e p ~ o ~ d s  21,  .. ., x,, by specified jirords yl ; ...? :!in. seems to be sin-ilar to the panern  matching 

;=.~oljl:..m. l io~;e~~rer ,  the probienx is not 50 silxpie since i,ile patterns x i ,  ...; 2 ,  m 2 y  li,?r-e os~eriaps 
(r. w \  

?, r 1g. "'1. 

. . 
3. ,Texts in japanese use Ja.panese a1phsi:et i;.a;.lir ar~d Chinese letters k a n j z .  Kanji characters 

axe rerfesented by 2-byte codes. On the other !landt the u s d  I-hyie cha~a.cters ar-e also used 



t e x t  C B A A C 
s t a t e  I i 4 5 ----37 

i / ,  
+ 
2 

oi!lp. t 6 A  B A A  A C 

" , .  ,--. . The d;r.r;ms ~.e;:resr;nt il:e n .rose -i.,n,~c.igx, l ' h e  bTOi<,-;.n arrc~x;,. $'zr.c2~;241 -"i 

 rep^"^;^^ "he iai l ;~rc fnnc:ioIr: tyi;ere b;o.ICel; asrrJws to  the state 1 from all bnt 
7 - the states 1) 6 and 7 are omitted. Th.e nnee~isxed strincs u B~!OVT ithe states 

mean oatpnts from them: respeclfvdy. 

- 1 ' Tli.: first prcjS:em was soly;ed in A:i!cav,ia Shi~~c.~~7,o;a i,,e : I -JP~ is c{j~zi.Ljing each c~laIaCteI 
1 ' . . 

ccjae mto i;~+-o s ~ t c o d e s  and replacing each transitinz bi; two cor_sec-,.tive trarsltlons. This simrdn id-'- 

. ?  . . i T - .  , .  . 
idea sar>r:srz~giy ~ediaces ihe  amount of mexi":>rq.. ~ v i t ] l  t!i:s idea 256 x .: size table can be re&ced -0 
1 rib' . . - . .st ca,se, !- ar; amount of sn.~re 1s j;rst 118 lT~hlie :h rrlnning speed X ~ X  s = 3 2  x s i  ea;.eninthe;vo-- P ='- 

- 0  ,- is only ~ j 3  ~lo-ved d o n ~  ahmost ,  ,he experiments i)fi 17i7,rims pzttem. m z t c $ i i ~ ~  V mzcsnes sho\.~ed 
. . 7 .  r - 

thal,t t h i s  t e c ! l n i y i l ~  is most su;lci j  for n~~m_~~,ii:je Lei- .. q;i",tc;.::i i '- mz!,cfiiqgs ~b]. 

-pT 1 1 Y;) E P) 

rer,laces i: $vith tile p i r e d  7x0" g,, (Fig. 5). Tllis a'igor;.tilm is a l l  also nased on Aho-.Corasicl.; 
7 .  

pattern :xaiclling machines. 

7 .  1 .  . . 1. iria.!Iy we have to cope wit11 Japanese texts. .fikccor.c.ring irj japal;i?:$i. iri<lust;jai Sta.ccli?.rrds (JIS C 
.-.,a r-, ,-. ) 
t > : ~ \ > j *  i , l ~ < ;  (:<)<:{: S;,~S{,(:IJI f<.j~. J : ? . p i ? , ~ ~ i b ~ < :  !(%>:!,s i s  ] ) : I s ~ c ; I , ] ] ~ /  ~ ~ p ~ < : : i ] - > ~ ; ~ ]  f<t]j<j~b~s: 

; -. 1 byte is 8 bits. 1-byte c!larac~ers are f~i'rolm 00(16,1 to FLG'(16): where I ~ ; I I ~ ? I ~ P S  are represented in 
7 .  

i1exac;ieclma.l. R.ezce there a.rZ 255 j-byte cha,ra.cters. 



j :.: a . g d b  . 4 i e x t  j o c i p u i i e x i  
I 

[ O A j  I [Oil 

LO31 i : o z 1  ) y !  !Z: ' S l  
iocl  C 3 2 2 ) y 2 ( ~ 2  ) c 1  
[OD! 1 i O Z 2 j y 2 j Z 2  ' B 1  
LO52 C O Z 2 ) y 2 ( Z e  ' Z s ) y 3 ( Z 3  'El 
[ O F j  I [ O i l  j y4 ( Z L  ' F ]  

T'J 1' ,iie n n e  represents a test .  Strings 21: ..., xs are i ~ i 2 ~ ~ 0 r d s  t o  be repI;~~ceil. 
r%-, i f i n  2 table sho~J;s re!ationshlI; ~, ~e t~:p?en  i3.e iqnnt ;e.-t and text 

--1 . - 
repiacenle~li. e:;.;rump!e, r i  the test  is i'3, C]:  ~ h e r i  the keyword sz is replaced 
by y-, 7-i rtrc pain:. e;' sirlce zl is conbai~ied i:-L -r,, 

C 1 I r -- K I -bl7te characters e>:cept i i ; l ; S j  to i .b ;Is.) are $ ~ x t , . ; . x ~ s  d.?3ie~laSec'L .a. -- 
L 

7 . ?. . 
zcr slmpi;cltv. ass:r:Ee that no esczpe seqaerrce other ihar: KI and KO is ussed azd r,o redrrndani 

3 7 - f  - T T  - ,  occurrences cf and ;rO are alLo:ved. Foril.iai!:j-; only s i , r i i l ~ ~  bL accepted t.he f i r ~ s e  ;iui,oinaton in 
7 .  * . Fig. G are  c o ~ r c c i  Ja?snc.;e texts. i17e just rncnt,ii;n ilaiv :hi_? pa~,l,c'n nlalclliiig ~nc?.~i;il:e to:. i;eyrvorcIs 

. . 
];I = ;$ 3- (C3KS1s<iTig Of t-1,~0 cjlarscters '3 '? and "-" 1 "' 1 .  i;.? =I<i:ial>; k j  = 5 3- ab r t~ns .  T ihe nati:era 

i '  - 
. " . -. mai&inz 4 ;nac\une lor these I.;e:;;-~ords is described In li'ig. 7, it  . s h ~ ~ : l d  be noticed tha t  tile left part 

. F.  ef t i ~ c  prnm is the same as the k i t e  xitorsiaton accepting Japanese tests  :n r'lg. 6. Fig. 8 sho:5-s 
+ I  + + L o  - 
b n a ~  b ~ l b  moves 01 tile pmm oil the tes t  ?I 1- KIrzbab. 'The details of constructions are sho::~~; in [IS]. 

The  commands SErlRCH, REPLACE and SORT ( that  e:rtracts keywcrds and sorts them according to  

:he orii'er specified by extracted lceywords) in SIGMA are dl realized with the aigorithms and tech- 

niques develaped absve. Further, the cornnand n?~iIles are identified by a pattern matching machine. 

Therefore? it, sufE.ces t o  type in only necessatcy prefixes. 

As stzted in Introdaction, a text can be regarded as various collections of recorcls according to 

~ X ~ O S ~ S .  For example, in Thomas hlann File, words can be regarded as records by setting the 





,- ' i .  3 1 i i l e  cilolce cf the delimiter 8 specifies th3.t records are sentences, Al, A2, A3, A4 are caliea 
. 7  - i T ' . 7  7 ,rl..j;iciior.cs' ? i a ~ . ; n b i e s  eech of IT~IICII gets a :<e:;ivord. l n e  ti .:ple a o t  ", . . "  in Alaarrd A2 represents a 

. .: 
- - T I  ca rd  and the xnder bar - represents a blank synh~i. 'i'iiith each keyword variable a co~_:nter is 

associa-ieci to colilnt the number of occurrences of the iteyr~.:ord assigaecl to Ai in a record. A& :...:A4 

12750 &note these numbers. Tliese counters shdi be reset everytime the next record comes. 

7 + '; r 7 

&.~~..,,,.a axe c4,iled formula t iar?aoles.  -4 logical  Jormulau. is composed by using keylvorci vaira];les 
' ". << :> { ~ l ,  A2 :... :!, form:.ila vairabies ( Z L  Z22 !... ), integers. !ogica,l operators ("$?' ( 0 ,  (and),  

( ( A  >> 

'?'I , - aju!jl c o ~ ~ ~ p ~ , , r i . j o n  operators (<: >,...I: a.riti-rmetic operatcrs j+, -, *, j) parentheses. A Icgical 
.r_ *.-.._ - .  
itii ri_lrl?u is assigned to  each iogic! variable. 

-77 

2c;r each lo.-icai " variable, the SEARCH comrnalld retrieires the records decried by its logical form~ii,la 
- P ::u.'; S ~ = I & " , I I S  lor all Isgizz! variables. For e:camp!e, a:fte~. the execation of SEARCH, Zl the 

. ~ :'i7",j - ,-lo ~ . . 
sei of seniences contamlng ";ire forla ,I. . . . ZU:' ?.nd is tl;e set 01 serlseilces con2a~i:ng a worcl 

T,x,7ii;l pres:< Lig;>,. 

7 ~ The f:~llon;ing %d search is by SEABRCF.: tha t  cannot be a.chleved by informatioII l.etri2\~a! ~7;~telms 

'i;.ased 02 nyer ted  files: 



I i;xample 3. change the sentences ic Fig. I to Fig.. 2, 

1 +s@ \. w 'Y? 

\4&p9 ,yz~30~9907 Cie Geschichte Eans Csstofps, 2ie air erz=ahien ~ o l l e n ,  

- i l icht Ern seine-i~iilee ';den3 der Leser aifd eineil einfachen, sera 
auch ansprechen den jmgen  Kenschen in ihm k e ~ a e n i e r n e n )  sonderg m, 

\~ -0 6. , d . ~  
\ iL-" \+J395917 Das v=are  Xein Nachtei l  f=ur cine Geschichite, sondern ehgr ein 
60rtell; 

, " . . . . 





-- -- < ;., : ;. T- T;,? 
-: a,-.> A-:~..:.; 2 

s 
<y;-i i,pb/IA>Y,I:ST - 
3- ,i * - 1 7 7, * 
-. %.:Aa- *-  ~. .2* 

Tj7;c, is a to---' 
A L..z- .-*lL. 

3 f-= 
1 _ - I 2 b a ~ - x . V  

5TG :,/I.A.>LIST L 
313 :iis7; 
Fg,Z:=~<"T,2 

z,y-~j 
-. 3 T 
U-J~.  , L 

Po: 
- - -  %!i2E:=;y.2 

This is a ieexi, 
])O;E,ND 

DO:;{gVE L i;3382 
DO :El3 

~ ~ ~ ~ > v ~ A ~ . > E ~ ~ ~  
T3v A n-r 
ILL'-"rY Y 

7% 1 . '  ~. 
L, .,:;!.>:tincj ;I.-n these c~mmands.  i v e  can mzke very fine retr le~ais :  con..;ersions of 5les and sortings of - 

i - recar.<;_.. jllt21isiV% usage5 of Jiili?\i?-A are four,d in ill]: [12], [13]? [20]. 

. . 
[I] Xho M.2. Corasicii, Eficient strillg rnatchil~g: An aid to  bibliograpiirc search, Comm. 

r 3 - .  - - q / - I  j y r - .  
;-,id:\,; j.& \ s 1 333-340. - - 

. ,- - 7 - ,- 3 -  . . 
[3j S. IlLrlKai::c?., S. kana, T. Kitaga~za, 2nd b. ia>.eya; Organlzatlon and use of private re~eizrcher 

Pl . . 7  1 ' xyq,.4 ;,- nies In scientific research ~>/oi.i.~. Sciefiii-5~ IZIforlllaii:l Svstelms in J span {x. inos2, ea. j: 1,~ L~ ,-L 

1~To!12z1i-, (i981'j 43-50. 
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L - 
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