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30dm (3990l Mgsd@mmgdo

PREFACE

This volume introduces the new journal “The Georgian Journal for Language,
Logic,Computation” edited by The CLLS of TSU with support of the International Kurt
Godel Society in Vienna. The aims of this journal are twofold: It should increase the avail-
ability of the most fundamental publications of logic and linguistic to the general Georgian
audience by translating them to Georgian language. In addition it should promote the inter-
national access to important papers in Russian and Georgian language hithero untranslated
by editing them in English. The journal will therfore establish a forum for the Georgian pub-
lic and international and Georgian scientists to promote the awareness of the international
research in logic and linguistics in Georgia. It should be considered as part of the efforts to
reestablish Georgia within the European research space.

Matheas Baaz
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4. 39833M&0340), 3M6GI3SI3() RO 3603360 M3I30)

4.1. 3gbsgomn
398 93mM0Ds 300 300l 5830560l ghm-gfma dmagmgbo dgdg3bgdomo sgGo. 398~

98mM0bs300b 3MmM(39bdn oM 339Mmo 0boogoMSEYMo mdngddo, 3MbiGgd&ma
30dm (3000 gds, ao0sdMgds MmamM(z MOMd(3 YRO™M sdLGMsGmn mdogd@ab
(dgema(y Imozogb bbgs Mgomy® 0y 3m@Ggbiom® 3mbiMgd e mdogd@gdl) oo-
3Mb63M9&qdmo dogsmomo. 3gMdme, a5M339mmo (3bmggmo dgadmgds seabgmmb
mamg bobgmds JORT -0l s 3mb3fg®gds, 3mbiMg@ Mmoo Bgfal mmsds — Mmam(s
mgobgds BOOIIT -0l 3oboggb@ons ©s o.3. sbgom sdLGMoEm, bocdmbabzom
™d09d&L dg0dmads 3nbmomo 3mb333@smuMa 338gamMns. 3mb393E o atn
39&9amMogdo  dgbadmgdgmos gsbgzobommor Mmamz dgdgsbgdal Ladymomads,
mdgmba(g og3b Modwgbndg Dmaswn gubdzns:

(a) Lbosgems. Imgmgbgdo BYLbEGOE sGsbMmmb Jgmmpgds: domDy gsagngomgdmms
Bombyymo godm(30mgdosb Ms0dgl LBsgms, o 396 dggdmgdoom s6dymb gsdm(s-
omgdol ©83933069sL Bambmmo gsdmmnmgdolb dbgsegl sb3gJ@&qdmsb, 564 dom

dmd(3935L 03539 3mb(393& & 398 9amMngddo.

(b) s39ad35. 30bbgdobs s 39a33980L GFMEINmoMgds, Msms dgdpamd dsmo
35b6bmM(309mgds dgzdmmo, sbgzg dmombmgl 0brogowgdol dgbsobgd Rzgbo (3m@bals
356Dma00q6sL s dob s 3ogdamgdsl 0d (36909dmeb, HmImgdaz Mmdogd@ms 398~
28m6098L 5b0dbsggb.

(c) gmdmbogorzns. gbs m3gMamMgdl 3o6dmasgdmmo mdngd@gdom, 69 3989-
amMogdom. bgdolbdngMo mabagzab@nmo godmbomgzsdn, Mmammo gGomuMo o6
16s 0gmb ob, badmmmm gsddo godmbs@ogl Ibmmme MgBgMmgb@gdol 3o@gamo-
ob.

(d) 93mbmdns. gmggmmgol o6 oMol s9y30mgdgmo, MM (3mbs (30m 3gmm 69369dL
1393800©95mEgb. (3m©bol 360d369mmgsbo bsboma dgodmgds dmn(3o30gL 0bwo-

300000 ®aBgob. sbamo (3mebs, Hm3gemag dm3mzqdmmos gMom b Medgbndy nb-
030000056 YMN0gMonddgwgdolb bogyydzgmbdyg, dgodmgds sgznmo@ 3o6dDmasowmgl
39&9amMoob bbgs 693693bg (3. @s 3oMndom, dgbmnEymo Momegbmdal 3608 gHo-
n3980L Loggd3zgmDy domgdamo (3mEbs 030l dgbsbgd, Mm3 0bwogowo g3mmgbals
3903390 35 gammMosl, bgmdobsobgomdl gobwal dg3Mem BMm 898 0bym@ds-
(300b 53 0bogowal dgbobgd.
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030 gdmo@ Mbos gsb35Lbbgomm 9MmBs6gmabgsb obgomo dmaswo 3mb(393@9do,
MmamMog 3Mob, dsgsmomsw, J0&O s GIAMANLAN ©s 0brogoysmyMa 3mb-
3938900, EmamEng 5oL &MBN dRIAN s STIMIOEI. 358 gamM0Do300 YRO™
35bab® 3Mmm3gbbai ammobbdmdl, Lobgmmd®, (39 3gmmo asdmgzmnbydgdals
3eobogn3o(300L MmamM (3 9Mm0 s 0do3g 0bngnEYSEYH0 Mmdogddonlb godmgmoby-
3sb. mMngg 3g3mbzgzedo 30mgdm agd@om@L, mmmbo gL gsbbbgsggdama Labal
3998dmE0s. mMogg domasbn Bs@mdmbaobgomo mdngd@ns. 3mdMEnmds 50830563
0(30L smobmdom (39m3gmo Mdogd@o — oMo FoMGM 5053056900, 5Mddgw Logbgdo,
5©30mgd0 s 5.9. 03 Mdogd@ms oo babomoa, HMImgdbsz 5(36mdngFgdgb s MHmAI-
m9dbg bggmmdgh, sMbgdomsm 0boogomsmyMos: (36mdngMgdsda 3g8 Lo
50300 0b0g0YIMYMH Md0gd@gdb gomogl. Lobgmdoms 3mb393@gd0 doMoams-
3@ 0bEogzoms 00096@0x3035(300L /56 oLobabsmgdals gnd(z0sl sbfymgdab.
35M 33900 0beogomsmamo 3mb393@& 03 (3Mmebolb 3m33emgdbos s ob dgadmg-
35 domosb dneamag ngmb s domdg BMogdgb@ymon(s. mo350 nbngnEyysmn
3M6(393@0 o6 &0l Ladmmmm 3mblbE G300, Moasbsy 356 dgadmgds asbnbadb-
03690 HoMEgbmdolb dmEma305 gobozomb, 3obbs 3mmmgdom 85306, Mm(3s sw-
bgfMomn godmbsmg3zedgdals 3gdggmdoom abademgMgds (3sg.: ab dmoggmabGm Gada,
Hmoonmsb mmd gsb). sbgmo dobssmbol godmbomgzsedl mMdsgo gmbizos ogsb: ob
030660mgdL dgbadadobo Mgngc96@0b dogdal s619b s sbgbL 0bwngonsmymo 3mb-
(39380L Ladmmmm 3mbbE (300 ImEYms300L. MmgmBomm ©s 94b39Mndgb@mm
bodmmdms M3Mogmgbmds, Mmamz 3mabodoy® gLogdmemmansdo, aby 3mabogoy®
m0ba30b@ 03530, gbgdmes RREm bLobgmdasms 3mb3938gdL, 30 nbnznEsn&
3Mb(393@90bL.

3Mb6(393@momGn 308 9a3mM0gdo dgadmgds gsbboemme 0dbgl Me8gbndg asbLb-
39390990 mgombabdMoboo, Mmdmgdas, JoBmamons, s 3ogdomgdamoas gfmdsbgm-
™56, 30333 35063 (3boo® Mbos g5635LbgsMm gHMIsbgmnbagsb. Azgb doMomswsw
dg3969800 Lo3 Jomgsbl.

306390, 3mb(393&omNmn 358 9ammngdo dgodmgds gsbgzobommor MmamE(y 0b-
0300005 3Mgdmma. 3Madgmms m30bgdgdn asbbbzszwgds 0l dgds0agbgm 0bwo-
30005 30696980ba5b. MM Jobsbosmngdgmo, Mmdgmocs Rzgb yzgmsdy Pucm dg-
&d© 33506@9MgbgdL, sMab 338 gamGnsms badmgMmgdo s 338 gamcal Gomamgddn
™3099&0b ,,(396@Esmnmmdab® botabbo (Msdmgboms(z 3o@gamcnsl, Gmames babo,
593L doMomgo, Gmdmol 306 33990 mgabgdgdos byb@rgds (396@ 06 39Moxygmo-
abggb). 3gmeg, 3mbB(393@MomYGo 338 gamns dgadmgds asbgabommma 3ol dgdaco-
3969 0bogoms Logdzgmby: Mmam® dgagzodmos sgsbsbosmma obobo s
Mmam 356b33900m dom bbgs 3o@gammonl byzMgdabgeb? dgbsdyg, 3o@gamns dgo-
demgds absbosmwglb 398 9amME0ds(300L EMBNL dobgwgoms(s. bobommdmoag gb scals
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0b 3 Bogmmdal bsgombo = bmgo 3o@gamcns 3g0(393L bbggdlb, Mmam® 3 439358)-
23m6098b — s, 33©gbsw, 3o@&gamMods3nal Emby GoMomdoma (369dss, JogMad,
MmamMg gbsbagm, sMbgdmdl bogmdzgmo, gogeMmagomm asbbodmgMmma dobabo-
00 gdmgdol 3dmbg sdLmEmBNE0 EMbggdal sMLYdMdS (3. 3o&gamMadsznal Embgl
3563bodmgMogm 398 gammnal bggzMoms dgbabgd Imbmmgdmo 0bgm@mds300l &ndabs
5 MomEgbmdals dobgogoom.

e98rg (@0 eegbog) §mabodog® gbogmemaosbs @s e0bagob@ogsdn 3mbEgdéa-
S 358 93MM09dL YdmagMgbow gobobomsgwbgb Mmamm(z gogdboMmgdym 3mabo-
&0 Mmd0gd@ gL, Em3mgdo(z IyoMom 560sb s 39330Mgdmmbo 3gbsdsdol 9bmdmng
30dmbom35390mab. FogMad ¢3560b3bgm bobl gohbws ©bsdogzyma 3mb(3938gdals
gm0, Mol Mmsbsbdsws(y doma hadmysmndgds asdmygbgdol 3mdgb@do begds.
03 mg0mbadMobom, 3mb393@ s 3o@gamEmnnl ymggmo sbdgd@o sl @absdon-
3060 3mbLGM(309. 93 B0abdo gobosmMgdymmos LEmM g gb 3mMb(39%3 (300 s dgbodsd-
abo mgambabdMobo bo@yzolb 360d369mMdLMSb s 353300, 30y G SN
3563060330090 NBsT03NE JMBLEEMosms 3MbB39x 0L, Rzgb Rxg® d0dmgabo-
m3m 3mb(393@ oMo bEMNIGNMgoalb MmgmMngdl, Hmdgmms (3 Yrowgbo gogmyg-
bo 3mobobgl 3mabo@ oMo mabazob@ngol gobznmamgdsdy.

4.2. 3589a3mM0ab LGAEYJGuMab 3msbozyMa Imegma

3Mb6(393@ oMo 398 9a3mMngdol 9.6. 3emsbio 3o dmogmo 398 9amcngdlb asblbsb-
03Ma3b Mmamt siomgdgm s bszdemal Bndsbms LodMagmgl. gb 60dbgdn

(30 gd9m0s 0808 m3, HM3 abgmo mdngd@o, Mmdgmbag 56 sbsboscmgdl o3 b0dsb-
mo dogmo LodMagmy, o6 dgadmagds ngmb Im3g3mo 3o@gammMool 6g3cn s nbobn
Lo g8sMabos, Horasb, oggo mdagd@L 2g3b y3gmes gb 603sbo, b sgEeegdmor 0gbgds
83 398 9amG0ol Bg36n. 93gbs, 3o@&gammos COLT (‘330(30") dgndmgds aobabodb-
036mb 60369300 [EQUINE] (‘(3b5600L’), [MALE] (‘d586mdoma’), [YOUNG] (‘sbaen-
30D6M©s°). 9L 0gs dzgmabo EMHMNESE nym (36mdamo, 35g653 BLodmmmagdabmgals
ob 3sb d930aa aobs dabomagdo, Mo ob bGGYJG NN Lydsbdnzsdn gsdmaygbgl
(Collins and Quillian (1969), dmgg0sbgdom 3o — Katz and Fodor (1963)). 308 0bs
5 gmEmmob bobEgdsda dmangMon 6ndsbn dabsmmos, Dman — sMs. dobsmmem
60d658L 5300 FbmEmE Mo 360d369mmmds, ‘oMmal’ o6 ‘oM sfal’. dsgsmomaw, FIL-
LY-b (‘sbommgaobmos 335ds80’) 3obbodmgmgds gobbbgeggdmmo ngbgds COLT-0b-
356 bggbob 3sA396989mo0 60dbol dobgwgoom: COLT od6gds [EQUINE], [MALE+],
[ADULT-] 85d0b, dmeaqbsy FILLY ogbgds [EQUINE], [MALE-], [ADULT-];
MARE (‘©53580’) 30babsdmgmgds bodbgdoo [EQUINE], [MALE—-], [ADULT+]
> STALLION (‘gmaygo’) — [EQUINE], [MALE+], [ADULT]. 56530656 mn
b0dsbo, BmgmEng 900l [EQUINE], d9000b Lod@msgmgdn, Gmdmoab bgzgdos s6nsb
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56@mbodnmo 6-9mqdgb@&osbo 3m33mgdLbgda’, Gm3mol gmgdgb@omogseb dbmeme
960 dgodmgds ngmb BaMImwagbamo bgdobdogH 0bwogowdn (g. 0. badbgdol 3mddo-
bosos [EQUINE] (‘(369600L’), [CANINE] (‘docmabgd®oms mygasbol’), [FELINE] (‘3o-
&obgdmms mxebob’) 046908 @od3z9dgmn). 3o&gammonl sbgmo LEENJEYMs, Mm-
amz bgbo, amabb3mdl g. b. ,09omdMog 300b(303L“ (Hahn and Chater 1997:47),
AMImol mobobdos(y ©og39309dMgdnmo 3mb39380b (Mmammoay ool ROBIN
‘dggmemos’) gobbadmgmgdsdn dgob ol 60dbgdo, GmMBmgdo(s 3o6LbsdEgMe396 MBE™
dogamo Mogol 3mbzg3@L (Mmammacy ool BIRD ‘gMabggma’); 3mbb@mMadonm
a635@ 03590 535b gbmgds ,3533300MgMmd0mmds”. 3mabbIs ©s Joemnsbds (1969)
»o30b 19356803960 3gbbogFgdob® ngMoMdomm dmwamadn gsdmnygbgl dgmmeo,
Loaz 3mb(393@9d0b gobbabmzMgds brgds 3oM339mmo 60dbgdalb bogmdzgmdg ws
»OEMdM030 3M0b(30300°.

3esbog®o dmegmo 3o@&gammnnbsmgzol g 9bb dzox0m s bob@ Labmgmgdl. gb
dmEgeo sbgzg 00035mobbnbgdl gMma 398 gamMoal hemmzgsal dgmEal dgds0aq6-
mmdadn, dog@ed of Jgndmgdgmos 39&gam®ndsz00olb sdbmemmB Mo mbggdals
LaBMgMgdal ByLG gobbabmg®s (0b. J3gdmm). s9yEomgdmo Mbos sm3zbndbmm,
3 Mmd0gd@ob 3mobogymo gsbbabmgmgds o6 ool dabo bLEnmo smbgMs 56 dobn
0300l smbgms Ladysmmdo: bs3dsMabos go30bbgbmo Bzqbo gsdmmamgds s,
3md35m, 36980l dgbobgd Rzgbo (3mEbs s dggoammm abs sbgo gobbodmgmMgdsb:
[FELINE][DOMESTIC+][ADULT-].

3M6(393@ommco 358 9amcgdal 3mabogn® dmamb 39360 bsjmo 543b. yzgmady
bdoMo Joc0mgdgb Lod dmsege® Bs3mdy (doMomswsw LbmMgo dom godm sgom

Lomosgg om@gmbsgommo mgmMogdol aob30mMgdsol). xgM ghmo, Gmaméz gb
3965 3083963800635 md30b0 dsgsmomom (GAME), 3Msgsmo gmggmomontn
(369800L 5©7335& M0 gobLadbmgMs s¢y30mgdgmo s Ly3dsMnbo 60dbgdolb Logyyd-
39mbg MoMsmme dgdmadgmos. 330b goms, babgem bachelor-msb (‘dgmdogs’)
0535330696000 Gomdm@™3ds (1975) 9960365, M3 03 (3698980Lm3z0bs(3 3o, MMIgmons
356bsdmgMs (3 Mmomgmb dgbadmagdgmos, sbgmn asbbodmzMgds, Gmame s bgbo, db-
MEME 35633900 BoMamgddo dmddqwgdl. dgmEgs, 3mebogm®o dmmgmabomgals
LoDy 3MMmgdss abs, Bsbss hzgb ,(396@MsmPAEMEal baMobbL® 3nbmogdm,
3bg, ob o @0, B3 393G gamMnal bmangfma bgza, bbgs bg3zMgdmsb dgosmgdoo,
d00hbggzs Im398mo 39@9amE00l ,93909L“ 96 ,gBOM LEYmymRom BoMdmdso-
39bmo@” = 3mabognM 39@gammnsdn yzgmos 69360 msbsdamas. 3emsbo 3mn dmmgem-
0l dgbodyg bogmowm 30 ob nmgmgds, Hm3 gb dmegmo 396 bLbol, o MoGm3 sMob 358)-
98m600b badrgMmgdo 3@ n3nmem ymzgmm3zob dmbomgsbo s (335mgdsrn (dsm
bdoMo sbgMgb Mmam™M (3 o683 3ognmb®, doamMad hzgb Modgbswdg gsbbbgeggdmem
0693699 (300L 3g3mamegodgdm). 3o@gammonl LEGONJE Mol dmogmds Mbes
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dbbLbsb, o Mmame 3049bgdom 3o@gam®ngdl sdabbmgmgdolsl, eggadgabsl, dby-
9emdobal s 5.3, 3mobognMo gobbabmgmgds dbgmaw o) dgobmmmgdl o3 x¢b-
(300, Moa56 0l dombg 3606 0bggmEds(305L dga(ze3L.

d16g0M0g 309G 9a3MM070mdb 835330Mgd0m 3MLgdmdL Medwgbndy mgmos, ¢ad-
»o369bo GLogdmmmansdn, BogMad osogms, Hm3 3mabo@ oMo mobaznb@n ol gob-
3000M935bg Y39eodg 00 353568 3OMEGMEG03Ms M gMEN8d Mdbnbs, Hm3gmbs s
sbems gobzobomagon.

4.3. 35893mM0ab bOHNJENMab 3GMEGMEG03yma Imegmo
3OmGMEB03ms mgm@oal 3oMggmo 94L3gF0356E Mmoo mgmEommo bsddmdo dgb-
e gdgemons Hmdobs ©s dobo 08653dMm3mgdal doge (ob. Rosch 1973, 1978; Rosch
obe Mervis 1975), o330 gb 6536m3n gdysmgds 35653y sMbgdnm 3mb39%3(30900L,
356bs 3mmgdom 30 3083969E5060b (1953) s dMombal (1958) aodm33mazgdl.

4.3.1. 3968 M>3mnAEmdab bamabbo

39 93mM00b BoMamgddo yzgmes b9zl oGs ozl msebsdstin bGs@nboa. hzgbo 0bG M-
(300 33356b5bMBL, HMI 30 93MM00L DmgngFmoa bgzen Lbggddg 390 bomdmawaqbl

dm(3999m 39&9a3MM05L. 6033gda, HMImgda(z yzgmadg 39 BoMmBmowagbgb 3o&-
93m605l, dgadmgds Rsnmgommb 398 gammnnl yggmady (396@Gsmym Bg36gdoc.
MbgdmdL 3mabo@oymo Bbogjmmmagdol sMsgmmon 94b39M0dgbdmo gsdm33mages,
Mmdgemos ,00393d0b bLEMmYymBamgdob® (36930L ¢39330M©gds (Goodness-Of-Ex-
emplar; dgdmgmgdoo — GOE). yggmsdg bdoMawm sbgo 94b3gc03968L dodstmsgzab:
(3000L30693L babgmgdgb 398 9amE0sL s LesgzsbmMdgb 83 3o@&gammMool bogsmsey-
m 6936980l bosl, g8ga 30 bobmggb ymggm 6g36b doybgHmb Mm3gmndg Mozbzn
1-0056 7-3g 0d0bws dobgwgom, o) 53 3o@gammnalb MedEgbsw 3oMan dogsmomns
dm(39399mo bgzco. 1-00 506036gds domnsb 3ofgo dogamomn, 7 30 60dbagl 0dsb,
3 ob s60b yzgmadg bgb@o dogsmomn 86 HmA3 ob bagMHome o6 Bomdmsowmagbl &3
39 93mM03L, Mmam(y 60d4yda. Gmam(3 0633939, (30b3nMgdo szome bzwgdo-
ob, o) Mobo g9390790s Imgmbmggdsm 83 3Mm3gLbdn. goms 380y, Medmgbowa(s
30690 dgMhgymbo 56056 3g@-bs3mgdem gMmagemmgabo gbmdmago gHmmdowab,
dgm9agdo LESdomYME RaNBREIds ghmo asbbabmgMymo dggsbgdol oMgagmog
(Lbgs Lodyzgdom, (300L30Mgdn 56 3sbnbmdgb semomdgEdyg). oo Mommgbmdal
3ob3nMmms 3sbnbgdal gxgMgdom dgadmgds eanbgl ob 60dwdgda, Mm3mgdacs
Y39modg 1390 boM3maagbgb 3o@&gammagdl: Rzgnmgdmog, dso 3GMEBmEB03gdlb o6
39893mM00L 3Bm@m@adnm Bg3mgdb mbmmgdgb. dsgsmomsm, o) 8300900 358"
9am&0slb VEGETABLE (‘dmb@bgma’), bbgowabbgs gfmgnmgdalb Ggo@obaon (66o-
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&obgmo (300b30Mgdab 3sbabgdol dabgozom) sbgmn dgodmgds ogmb (gb (3bGoema
BomBmaaqbl gMm-gMmn s38mEMab dogM dgmagbom Mqo@0bal):

GOE
LEEK (‘prasi’), CARROT (‘bLgogommm’)
BROCCOLI (3gm3dmb@mb babgmds), PARSNIP (‘doMogms’)
CELERY (‘6osbgn’), BEETROOT (‘gotbaen’)
AUBERGINE (‘do@fMogsbo’), COURGETTE (‘ysdayo’)
PARSLEY (‘mb&msbado’), BASIL (‘dsbamogza’)
RHUBARB (‘6935600’)
LEMON (‘emodmbo’)

NOoO O MNWDN —

GOE-bL 9shggbgdgema dgadmgds momsm 0gmb @sdmzngdmmo 3nm@nmsdg. (mdo-
9980b , 39030 3mEbs* Madggmom sbgbl gogmgbsl GOE-L 85R396909m by, 35363
9L 9 3965L 3690 56 o0ny3569ds bLYbgdmem BoJGMEDBy). Jogsmama, dM0@sbgmms
dm@ab (3odzom, gBmmbgn@bgmms §ndon® xanydn) DATE (‘ggobogo’), Gmameis
FRUIT (‘bomo’) 3089300l bgzto, hggnmgdog omgdlb b60dsbl 3—5 85306, Hmwog-
Lo 0MOEbMmO s mMos ol gMcmbymmgbsw mbgmL 1-U.

GOE-U 35hg9bgdgmms mofmgdamagds 0ssb@nmos 03 94b3gcndg 6@ gdal dgogasw,
Mmdmagdos 33083969396, ™3 ol 3603369mmmzgebbomaw dqqbsdsdgds dm(3934emn
m609d@0b ©sdmy300gdgm 30b90gdL. amegadmdm Madgbndg sbgo mgobgdsl
(»GOE-Ub dsmamo 3shggb9dgmmn 60dbsgl, Mmd abs sbemms 1-msb):

(i) bobdnmg o @sbsbgemgdol Mogo. Hmabsas (3006306M93L Lobmggb Rsdmmges-
™6 dm393gao 3oGgamMoob Mo dgadmgds 3géo bgzdo (B3gnegdtos, dgdayey-
0 ©MmMolb 3obdogmmdadn), 835 o9 03 mdngd@ob sbsbgmgdal LagMom Lobdomg
3353650 dggLbodsdgds dob GOE-L dshg9b50gmb, bmmm 58539 Logdda mdogd@ms Go-
3000mds domo GOE-b 3539698 gdals 0b3g@Lammas.

(ii) smg0bgdol 05630dwggz6mds. Mmamez Bgbo, 65393980 3o&gamtonl 3g-
0g3gcom b3 gddg gRcm sMg 3oL 3GmE@GmME03mm bz gdb nmgabgdagb. (gb dgo-
demgds MdMmemmE ©sdm 30gdemo nymb 0dsDyg, oy Gm3gemo bodyzqgdo gbdom dsm
RO bdoMsw).

(iii)  geobmdmogo dbgsogzbyds. bLosdo GOE-L domsmo 35R39698mgdals 3Jmbyg 96
0 gmmgdl, GOE-b 0sdsemo 3shg9b9dmagdal 3Jmby gMogmgdmsb dgesmgdom, sdzm
3ebmdMmagn dbasgbgdab qudm domamo batnbbo (Mo3 boDosfm 60dbgdal Momwog-
bmdoom godmabe@qds) 08539 398 gam®onl bbzs bgz@gdmsb s Abgegbgdolb Ma@mm ©s-
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damo bamobbo — Lbgs 3o@9amEngdob 636 gdmasb.

(iv) 3960g035(300b  bobdomg. &odon@  g4Lb3g603968 9330 (300b30Mgd0L  Bo-
6539 93656%g B809Mo g93mAbrgds Mo Lo@yzs. Bomo sdm30bss, Moz dgodmgds
LEMogBo@ MBSLYYbM ,05b", oy gmMg LoGygs 5badbagl 0d 338 gamGaal Bg3z@L,
Mmdgmo(y 9060dbs 30Mzgmo bo@yzom, s 00" — babssmdwga dgdmbazgzada [dog.
VEGETABLE: CARROT, VEHICLE: CHAIR (‘dmb@bgnmo: bsgomm, @&sblb-
3mMGo: b3sdo’)]. begds (300L30MMs 3sbybgdol LohdsMal gsdmIgs. oM 3393, HmAI
3obybgdo g@mm LEGsGNs 03 gHmgmmgdol dgdmbgzgzedo, Mm3madbss odzo Muc™
domamo GOE 858396989mo.

v) 3Mondnbgon. 365030bg0L 94L3gM0396Egddn boMow 0ygbgdgb mgdbagzym
33m(3563b: (300L30ML BoMEagbgb sbmms Moal s 3sb Mo dgndmgds LEMsgsw
9b@s 3oLYbmL, M0l 0y sMs LoGygs sbmms dm393mo Mogo. Myy3o ngsdwy, go-
Mg (300b306AL Mgsmme BaMagbobab Lazgm gMomgnmb, dsb Yhzgbgdgb o3
960 9msb bLydeb@ 03 NMa© s 3o3d0Mgdam LoGyszsel 5b mgam 83 ghmgmmb (body-
350), 30b30Mgda 35Lbmd g6 YRM™ LbMoxgsw. gb Imgzgmgbs 3M030baabl Labgmoaomss
36mdoma. Azgbmzol Lonb@ g gbms ol dgdmbgggs, Mmzs BabobBsm bohggbgdo Lody-
35 560l 3o@gammonl bobgmo, dsgsmomsw, FRUIT (‘boemo’). 3nbmommo ,,3600306-
30b 95394@0" 3obybob ohdomgdals dohggbgdgmb. 30Ms030banl gi394@&0 dggbodsdgds
39&9amM00b bgzdolb GOE-b0dsbl, 569 608 sbgmagdobogolb FRUIT ggcm 398w
o5hJom9db APPLE-06 (‘30dm0’), g0t DATE-056 (‘g06030") 8393306904
3obgbl.

gbogmmobazob@mo  (33moqdo, Mmam@gdogss 3gMogogsinolb LoRdsmg o
36M50d0bg0, nmgmgds GOE-L a5bbojyomMgdom momgdym 3mMgms@gdse, Mopasb
(36md0gMgds oo 396 53mbGMMEgdL s 8d0@mds(3 3omadn gmnbrgds 3o gammonls
359)(36mdngMgdgmo mgabgdgdo.

3936096075 ML 5OLIEMBL sSDOMS Lbgoabbzamds gMmgnmal GOE-35R396909m-
Lo s 3o&gamMosdo dobo Bgg@mmdab basGabbob (degree of membership, d93m3mg-
doom — DOM) g@mog@mmdndstmmgdsbmsb ©s393300gd0m. Dman domgsbal sdMoo,
96mgamabmgol GOE-60d6g60b 30bgMom (300b30Mmgda 3L Gog@omae DOM-al
60db658bs5 MbgFab. JogMad Boemow sbgz o6 oMb, dsm Fbmmme ob bobmgglb, Hm3
dggBobgonbsm, o Medgbso joMmaswm bomamawaqbl gMmgmmo dgbsdsdal 3o@gam-
00b, Bmam@z dobo bg36n. 34gsb 30MEs306M 396 356336000, BMA (300L30Mg-
b0 83 dg3mbgzgzedo DOM-603698L 656g6. 0bobo, 306(3 9606s503ga9d056 GOE-bs
©> DOM-0b gongoggdsl (3sgy. Lakoff [1987:45], Pulman [1983], Cruse [1992Db]),
30009696 0bgo dsgsmomgddy, Mmammaiss OSTRICH (‘LofMogmgds’) 3989am-
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o> BIRD (‘g®Mobzgmon’). Gmam&z obobo s0b0dbsggb, mmsegms, MHmd LoMadmads
st BIRD 3s8gamnnl bogbgdoo 3obmbogfn 6g36n, dog@ed 53539 ©mmb ol
5330Mo adsmn GOE-3shg969d9mn s 93mgbsm, gb mMn o638 M0, Mmam(s
Robl, 9M0356900basb sdme3009dgmos. 1bagMgmo s ddowon (1996) s(3b5009890,
™3 0bobo og 3MMdmgdal 39 bgsozqb, oaMaad bomgmbos o6 3g9bgb 53 Lo jombl.
&gommemo 1989, [1997] 538 30(390L, ®m3 OSTRICH-0b mngg gb dggsbgds 0303+
JoMgds DOM-b, 3sg603 83 dga3obgdgdabol ammobbdmdgb m& gsbbbgeggdamsm
53900 358 93mM0sb. boMsgmgds gobabomgds abgmoa ,35(3609Mmo” 398 9amM0als
(BIRD) by 6936, Gm3gmbsz og3b bggdmdalb byb@o 3608 gfanda; Gms dsb
a560bomso3qb ,39@8-bs3mgd* Bg3cem, bgozgmmdsdn sdzm Rzgmmgdmogo BIRD
39&93mM0s, Mmdgmbag o6 goshbas bgzmmdal bybEo 3Mo@gMmonda. hzgbo sdMHoom,
9L bogdome dobgomambagfmmma dgb0dzbss ©s 30b0sMgdm 03 dgbgommgdsl, Hm3
0MbgdmAL bbgoabbgoggemom saqdmmao 398 9amMogda, MmImgdos gMmn ©s 0339
Lo Y3000 3000b0dbgds; FogMad Ggommmal sbbbs, oyy dob YRM™ gGsmYMaw as6-
30bomogm, badwgnmam 396 hoomazmagds sds3dsymenmgdmoac.

306039mgb ymzgmobs, 1bos 50bodbmb, Mmd 398 ga3mMomo (,0b/s6s%) gowsb-
Y3980mgdgdo s gMmos30mo (,MHoms3 baMobbom®) aswsbygzg@nmagdgdo me-
booMbgdmdgb Mmam3 sem@gmbsdoymo bdqgdgdo 3Magem bLadsbGoznE 3gmda.
5300mo, dogsmomsm dead (‘d330560’) o alive (‘3mbsma’). ggmo, Mmdgmbas(s
dgodmgds gnbmomo ‘vital status’ (‘LabomEbemm dogmdsmgmds’) bdoMsw 3mb-
LEMYEYEYmos odmEmInyMow: gsdmmdds John is dead (‘gmbo 333056M0s’)
>30dboMgdL 03 Bod@L, ®m3 John is not alive (‘gmbo o6 50l (3 3bsma’). Jogcsd
sbggg dgbedmgdgmos gmgdgem, Gmd John is more alive than Mary (‘gmbo qx6m
MBS, 30006 3gMa’). gb 56 (330l 8m (398 39emb, JogMsd gMsmas(30s 3god3b
dsbdo. ngogg gbgds 3o@gammool bgzmmdsobsz. BIRD-ob dgdmbgggsdo (ndoboos
donbgosgem, 3mbLEEMMaMgdnmos ob GmamEs ,Lsdgbogmm™ 358 gamns, oy —
mam® s R3gnmgdfngn) yzgmeggmo, Mss 30 badmg®mol dows dbatgbss, sGob 308 -
9amE00b Qomgmgddn, JogMsd 0dsgg @AM, (335 gdo00 4, (396G bodey-
amgdol 0dmygs Rsgmazammm, Mmd dmgogdomo mdogd@o mm dgow dgonb 398 -
9amE03do, 306 bbzgdo. sbg MmM3, oM 339990 gsd3sMmmgds dgadmgds 3Jmbogl
GOE-bL 0b@gm3mg@ o300l DOM-sc.

53539 @MOM, 06Go30Mmoe Medrgbsdg doymgdgmos 0dob 38 303905, MmJ, dog-
303, boMsgmgds dbmemme 30%-00ss BMabggmo s, semdsm, xdxmdgbo 0dbg-
33, 09 $ 96306 DOM-b 0ob@nbd0co mzobgdobmgal dg3mgabsbagm. 308 ga3mc0s
dgaz0dmos gobgobomma HmamEy 3mb@gobgdn (dsgsmomsw, o9y 3m393me 39mb
bom3mgomagbo moszmagobgnem CONTAINER-s@). s qbws dmagzngnogl sdMew,
30 md0gd@ob ombgFmabslb 339916698056, ™3 ol 3mbBGgobgmdns 30%-007? moyy-
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M@, M503g 3emdob smgbosl dogzato, MmImol Gomsz boboemo bomsdsdm ymmals
dogbomoss, Momsz 3o — 3ab gofMgo ©s oMo ob, Mmd gb Momsi ymob gogbosb
BOM sbemms, 30Mg dob (396N b. 5OLGEMBL oG gammns, HmAgmoa(s o3 bLyyFomb
dma353mbgdl. MmEgbss 303dmdm, MmI, Jsgsmomam, IM3Egmo gom3399emboems
30l bevzosenam@o bgg@mb dods yo, hg96 Mgomu@on dbmmme bsbommdmngsw goom-
23bg0m 3sb 338 gam@anl dogboo (ix. Lakoff 1973). géomo bo@ygom, Aggb ndggzsmsw
393900 35@gammngolb PRIEST (‘dmgwagmo’) @s SOCIAL WORKER (‘begosem-
D60 bygMmb dMds3n’), B3 bgds dsmn bobammdMmogn MYMHMN0gHNZSIBSMZS. dSem-
dom 3xmdgbos, DOM-b LEmGge sbgmo 3mMb95(300 ogEmL Logymdgmaew (36: of
DOM-0b d39bsbgd g98moddmmo mzsmbsbmabo 860d36mmabsm asbbbgegwgds nd-
0baob, MmIgmbsz 3O N6 gbgogdom: Cruse 1992).

DOM-05b s353d069899em0 94b3960896@ 90l dgmgasm Abogds mEo 3Mmdmads.
30M3gmo domgsbo dggbgds 0dsl, oy s ogymabbdgds g4b3gMndgb@gdal MmL
30dmygbgdmm obgm gMsbsdn, HmamEa(z 3Mab, Jsgsmomew, ,M33mgbsw goMans X
Bmam®i Y 308 93mM00b 6039307 beybB oo Mol mbos 6ndbszwgl ,Medwgbsw joM-
3057% ymggmemon (3bmgmgdsda bodyzgdo ,39Ma0" s ,390gb0" 56 0bg93L 3m-
316035(300L 3MMEMg3gdL. dogsmoma, dammol ,LogeMag®, o madszos 3o@omMs
353d30L mg33bg, asbLbgeggdmmoas 0d ,bozeMmaabasb®, Gm3gmbs gammobbdmdm
Lobeal 56 gM3ob sd(339m dommbdyg LoydMabab. gb o sbgmgszlb GOE-L (36900,
308653 533503 Fonmomngdlb 03 Bod@dg, MmI, myzo Jsmmmas 33000 dogommo
360d3b9mm3560 90098900, sm(30mgdma© Mbos 303Lxgmmo MmM03g 3o&gamGaals
bom3mbabgom 3mbbEmd3098bs @s ,3oMg0b” 360d369mmbady. 93 @MmL dgademgds
a0dmzgmagboem 04bgl LogaManb MMbosy bobommdmng gobbbzagqdmmoa (3693980 (nb.
dogomomos, Lakoff 1987:84—90). Rsd8mgmgmoom dofomswm §039db:

(i) B030mmmds/M9369 0968 nmds. 330h39698L Modwgbsw bybEn/gsdmbaowg-
305 35893mM00b ob (36935, HM3gmbes 30mgdm dobo dbmmme gMmo 3939893 mM0-
ob 3mEboo. gb gs6DmBomgds 335Ms© 393306 gds LobdoMmagl. ms3me0 smbad-
bogl, ®m3 hggb, Mmamei bgbo, gobogbor mgabgdgdal gobdmaswgdsl Godogmo
6930000 5658 0309MH by goabgmabsol s sMs 3ofndom. g0 3390w dgdmbggz9ddo
mdgmodg h396maz0L oMasw (36mdomo (39em3gmo 69360 dgodmgds dngohbomo
3abob @odonm bgzdow (dogomomawm, oy Rzgbo (3m©bs dmzgdmmo gemsbol dgb-
obgd oMb yymymanmos).

(i) bosbenmgy ogommsb. gb 3o3d0M@gds 0dsl, Mabai 3o (Cruse 1990)
MBmgdlb ,bomabbL®. ol gobobomogws by@INbEgdaL Fogsmomb. dsmmgbo
bomabbob by@3nbgdb sdzm m@s, 0bBgbbonco ggMo s 56 sjgm ddbemgdo; do-
3653 sbgon batobbol DMIMbE o0 dombg ndzosmsm 33b3wgds (835Lmsbagy M-
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InbGo M3 YBO™ ©owns, doo YFO™ 03305m00). Sbg ™I, obobo GodoyMsw 39-
Mog0mam dgdmbgzggado 39M Rsnmgmgdosh. Gmam(y ms3man dgbndbagl, ngsemby
MmM09b@0Mgds begds 3Mogem bygmmda. ob dgadmgds Bomdmoagbom 0dbgl 6-
LEEs G Mgobgdsms bLodFMszma, Mmam s gb Mol DyMIMbEgdal Jgdmbgzgge-
do, 5b dgndmgds (39m3g9ymo nbogowal (s 3magals &g@H3nbmmmannm —,6034dob")
063303 043696 mogdmymamo.

(iii) bBIMgMG03Nemds. sbgdmdl LonbGgMmgbm asbbbgeggds LEgMgmEode-
mmdsbs s Go3onEmmdsl dmal, dogmed 53 aobbbgeggdolb sdoggMgdgmo sblbbs
RIOS 9M330L Fmy308. md3mBal as63sm@qds (1987:85—6) axcim Jndmomg@e-
05 o dob bBYmymazam sbLbbsb 396 ogeMmddggm. mszmBo ;mgmoal, Mmd Mmams
bgbo, Bmdgmodg mdogd@Lb Mmami Godoncmb smodzedgb gonbmdngMgdmem ws
03@M33GMo@, bmmm LB gMgmE 0390l BmMEIaMgds go(36mdagfMgdaman bogds:
9L LodsMmormglb 3as3L. ob 83539 OHML 5mbadbagl, Mm3 LEgHgmEBodgdo a33mgds,
boaenm GodmdMomds, Mmamz bgbo, bEsdomyMos s@sdnsball Jmgmo (3bmgmgdals
dobdoemby. 353653 E030mmds 033 9ds Mgommdol (33m0mgdsbmsb gMmew (og-
smomdE, Godogda dobJobol, 3m33on@gial ob @mEBmodsma@olb (369d8s), dsdanb
MmEgbsg LEYMIMEN3gdo, oG Jgdmbzgzsdo, Mdmgdgb MMl (33momadgdl.
LEIMgMG39d0, Azgnmgdcog, dgnsbgdom Jobsboomgdmadmab s(0s6 ©s3ogdntg-
d9mbo.

5(3 9996905 BgmEg 3EMEmgdab: sGsgfmm 3mabogn® 9db3gM0dgb@do 308 gamEnals
bg3M 9000 d3939@93MM0gdo gncm asbabamgds, 30y 0bngnwgda: Jogsmomaw,
3000630698 GOE-6036580L dobobgMaw gdmggem 398 gameins FRUIT (‘bomo’) s
bomolb ¢03gd0b Rsdmbsmazsma — APPLE (‘35demo’), STRAWBERRY (‘do6by30’),
MANGO (‘dsbgm’), PASSION FRUIT (‘3sbogmms’), DATE (‘gobogo’), OLIVE
(“bgmobboemn’) s o.d. Lbgs 94b39FM03g6@gdo ammolbbdmdl nbrogowgdl, dsgswmoa-
»o@, Mmdob Jogm RsGoMmgdamo (30900 3OMEMEG 03N BMgdmsb ©s3353d069d00
(Heider 1971, 1972, da Berlin da Kay 1969) s bbg. 0beogoomsmut mdogd@gdl
— 5 M5 358 9gam@nnl bobgmgdl — 09gbgd96 03 94b3gM0dgbEddn(3, HmMImgddacs
35@oMd 35333980 3mbobomgdmdgb. 53 bbgomdol mammgdgmymes o6 dgndmgds.
39033900 35 gamMogdal ao8mygbgds Lbgs 3o&gamcngdal 6936-bocmdmdswgqb-
mab gnbgzonm 5dbom3z5658L 03 m30LgdgdL, GMBmadbss dgadmgds dma(zo39L
,L0goManb® (3698 (FMsBoEsb: ,H8dabsw jomgns X GmamMi Y 39833mM00b
60313dn?%). gb gbgds Dgdmblgbgdmm bamalbol (36935Ls(3. sbgzg asbomgsemalbbnby-
3gm0d ,6mE3obmsb Fgbodsdabmdal® mzgabgds: gobsggdos, Hmd gadmo sMabl bomals
Lom3gmgbm dogamomn, 3ogMed M9 gb 3530 ©8d3omns? Mmzs bogdy nbwngznwy-
s mdngd@gdb gbgds, ,6m@mBobmsb dgbsdsdabmds® dgadmgds gsbzobormma ,Lo-
3oM3a0b” boso@mbabgmda.
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4.3.2. 3mb(393@d3mMa 35833mM09gdab B5M3m©agbs

3OmBMB03ms mgmMmns bomdmeagbomoas m&o dofMomoo 356056@ 00 (gbodmemmg
3993@mbob dnbgmzom — Hampton 1997). mMogg 3o6M056@do 36n0dgbgmmgsbo s-
300 90630 4, (396@MsmYAmMdol boobbobs® @s ,Layzgmgbm badydol® Ao-
0960 Es393d0Mgdnm (369893L (mabagzob@gdo, Gmame Bgbo, dzzgmEon o
30bobb30396906 9M3bgmalogsb o3 mM 35M056@L). 3ofMggm goMnsbGdo (369ds
30b0bsdmgMgds 398 gamonl bygcgdol dobsbosmgdgm 60dsbms hodmbomgsmals
Loggmdzgmdyg. gb gmabogn® asbbodmaMmgdsl dmazoambgdl, memmbo 03 goblb-
3539%0m, OmI 3GMBMEB 03y FmMIfmomgdsdo dobsbosmgdgmo 60dbgda dgo-
dmgds oMz 93d0YymBomgdbgb ogy30mgdmmdobs o bsgzdomabmdal 3oMmdal
(0339 3MbzMmaGmemn 6036gdn dgbadmms s330ymyznmgdrogl 3oy sbgo 3omm-
390L). 3o@gammansdo dmzgdnmo ghmgymab (396@Mommmds ©sdm3ngdymas
035bg, 0¢) Mo8gbo Mgmg3o6@Mn bndsbo sbaboomgdl o3 gMmgymb: Mo YRGm
3980 sbgmn 60dsba 5g3L dsby, oo YR 3oMan 6odndo 0gbgds ob 3m(3939ma 358)-
93mM00bm3z0b. 53 09 0d 60dbal oGadbofMgds godstmmygdmmoas nd dgdmbgggsda,
030 83 60360l sMLgdmds 3565300HmMd9dL Mmdogd@ob @dm domsem GOE-cgad)-
0bal. dmg 3060568 3do dobobnosmgdgmo 60dbgdo gobrgds ndobrs dobgogom, oy
5390650 35bLsDM3Ma396 abnbo Mdogd@ ol (396G Mo NMMILL. sbgo goMmnsb@gd-
do dm(393mmas 60dsbms 33omogngzsool bagHom dgoms, Mm3gma(y sbabsoglb dom
9 g3950@ MMl 398 9aMM05d0 Mbdngd@nb 6g36mdal bamabbol gsbbadmgMabsb.
dgodmgds abgz 9mbogl, Hm3 308 gammool s ghm bgz®b o6 3dmbogl yggmes
36mEmB03mmo bodsbo. sbgm dgdmbggzsdo 39@gam®anl domgn bomdmmagbom-
05 08 693600 56 bggMgdom, GmImgdbss 030 yzgmedg 3g@n sbgmo dobsbosog-
dgmo 60dsbo (35dab bsdgamoa 3MmEGm™E 030 0db6gds abgmo o@gsyMa mdagd@o,
A3 gebog sbsboomgdl 83 badsbms LEMma bLodMagmy).

3OMGmEG03ms mgmMoal dgmeg 356M056@0 gdyamgds dbaogbgdal (369dsL. 535 oy
03 3mb(393@L of baMImaggbl dobn ngomyo gabgddmasma s bbgs mdogj@os
bg3mde o (396@MommmMds 3obnbadmzMgds 3MmEG™ME03mab domn dbasgbgdal
dobgmzom. 3933@mbo Loasbagdme 5mbadbagl, MmI 3GmEBME0dms mgmmaal gb
MO0 350M056@0 of 300l g33035mgb@ M. obgmo doM@ongo 3mb393@gdal dgdmb-
393590, ®m3mgdoz amobbdmdgb 3gMb 96 Bm@Isl, NEymm asdmwagds dbgseglby-
35%g ogdbgdmma doamds, bmmm abgmo Gogmo 3mb393@gdal sbLBALSL,
Mmgmmo(30s, dogsmomse, BIRD (‘gMobzgmoa’) o6 VEHICLE (‘Ls@mMablbdm@m@m
Lodyomgds’), YIdxmdgbos dobsbosmgdgm b0dsbms Rsdmbomgambdg wogdbgdy-
mo bomdmeanbs (ob. Hampton 1997:88). 3Gm@m@od3ms omgmEanl ol 30605680,
Mmdgemo(g gdysmgds dobsbosmgdgm 6odsbms hodmbsmgamb, bLbol nbgo go@aqgb-
d@o0bobgnm 39@93mG0gdl, Mmameaig oMol GAME, Gmdmol 3obbabdmgMgdscs
dgmdmagdgmos s9yi0mgdgm ©s Ls3demol 6odsbms Logmdzgmby, Jogmed MmAI-
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mobomgobsz Mgmagzeb@nmos 3mobmdmogo dbasgbgdol dndscmmgdgda. ob ggod@o,
3 sbgo dgdmbzgzgddo bogMormm o sMbgdmdL s9y30mgdgm ©s bs 3ol bndsb-
»o bLodMsgmg, 080053 ILEYMPYdS, BM3, MM (35 (30L30FMdL bonbmggb Rsdman-
35mmb 3o gam®mool @sdsbsboomgdgmo 60d6gdn, nbobo o6 nggemamgdosb 0d 6ad-
bgdom, MmImgdas 9g3b go@gamnnl ygzgme 6g3mb s 83539 MHML sbsbgmgdgb
obgo 60d690Ls(3, HMImgdaz sbobosmgdl 338 gamMoal bgzfmms 36n0dgbgmmgsb
M3Mogmabmdab. Mmamm(z 3933@mbo 50b0dbagl, 83 mgmEnnl mMogg 3605680
53533symayamgdmo bLbol ,dmgdnmo” mdogdgdol sMbgdmdsb. s donb(s,
3093905605, Mo@m3 dgadmgds sn0gmb ucm 3g&0 ,drzMmo” bndydgdo abgm
LobEBYdsdn, Los 39@gaMM0al BggMmmds edmzoadnmos Y Loowsb smgdme
X B0dobms 5MbLgdmdady (3m393m Mmdngd@adn), 3oty abgo LobEgdsdo, Lowas(s
bg3mde edmzomgdnmos Y Loowsb smgdnem Y 6036580l ombgdmdabg? dgmeg
dbM03, dgazodmos gbsbmm, o Mmam® Bs@3mImdl dbgsgbgdsdg woggmdbgdama
LobGgds , Dz Igdmbzg390L, 356bs 3nmMgdom d5dnb, oy 3o3ndgdoo a(33-
mgds dbaogbgdol 3®o@gmoydgdo.

4.3.3. 398 933mM0d>300b mbggda

3OmBmBodms mgmMos sbg3g gmobbdmdl 398 gamMabs300L EMbggdal sMLg-
dmdab. 398 9a3mM0gdo a3b3gds 0bzmbonmmdol Lbgoobbgs @Mbybdyg, YHG™

L3g30K03NM0 335G 9aMM0s gEob NBG™ 063N bonEol gofmamagddo:

(1) a.303mbgeob badyomgds — 306JO6Y — 3ghdgdo
b. bogo — 393V — 36960 bLdomo (33dmols godo)
c. 3m@Ebomo mMgsboddo — sMbgds — (3bmggmo — dIRTN — L3sbogemo
d. bogabo — noMama — LagMgmo nsMomo — RIBI — 3ol sbs
e. bogobo — o390 — 3930NRY — 656gmb dogows

Rggmgdmog, ymggm sbgo Mogdo osMbgdmdl bL3gngngszoolb obgmo w©mby,
Am3gmbag 9bmegds dsbaby@a (Rosch et al. 1976) 56 gemabmdMmaga (Berlin et al.
1973) s 3L 093b gobboznmmgdamo bGsGnbo s 36n0dzbgmmds (dsDabyo om-
bob gPmgymgdo (1)-d0 sdggwamoas 3o 3nMbogom). bobabyMo @mbal goMws,
Mmgmez 69bo, godmymazgb L3g0xngs30olb Mm@ Lbgs MbgLyy — bydgMmmen-
Boma@bs o byydmMmabsmymb. Jomo gobbadmgms o6 bgds goggdo domon sa-
ool obgegom — ombgdmdL Lbgs sdmenwgdgmo dobsbosmgdmygda, Mmdmagda s
96003569m0ba56 3565663539696 53 EMBYgdL. (YBH™ sBzMamgdom 3Mb393@900b
ngfMs@donmo b nmol dgbobgd ob. Murphy and Lassaline 1997).
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4.3.3.1 35babyyMo @mbab 3589a3mMagdo
35babyFo embal ghmgmmgdols doMomsn gobdsbbzezgdgma badbgdos:

(i) gL oMab yzgmadg abgemn oMo mby, Mmdgmbas ¢ 3ogdomogds Ji3g30b gobbe-
3YOMIogero dmegegdo.

aBcOm asboggdo Hm3 ogmb, boM3mgoaobme, Mm3 30639L Lobmgglb ¢ab@gdoom
30dmbo@mb, o Mmam 0d3939, 300J35m, dsmmmsb: gb domosb dbgmon of Mbrs
04mb — 500530560 IMdg3mgbmds sbgbl dommobmgal bymol aosbdal o6 dm-
®00936960L 030@)5(3000. o33 306dglb oy gombmgwom ghz96900bs, Mmam dma-
(39M03 36m39mm36, 3oL gb dom Dy gomFoMmgdmms, o9 56 398 ymom, 3mb3EMgE-
mo@ MHmIgm (3bmzgmb 339mobbdmdo. ngogg 3godmagds 0odgslb v39x006s @s b3edab,
Jm300bs s bo3900m30b dgbabad.

(i)  y39msDdy 0b3mdonn @mby, Hm3gmos 33oxgome dgadmgds BoMdmgomanbmm
30D NMo.

30 ggom, 3063gL Lobmggl godbPsmMYMo© bomdmnEanbml Mmdgmndy 3o@gammaals
bg360: gb o6 046905 dbgmo bmgswam dommalb, bzsdol 56 3odemal dgdmbggzeda, do-
a3 330l 30390908 GBod@onMo dgndmadgmos dmass (3bmzggmal, sg39x0b o6
bomobogol, 039y 0l 96 0465 ©83Mb 3 9@ gdmmo. 53 EMbydg sbggg yzgmsdy LbMogswe
bgds byMsmabs s dgbsdsdabn bo@ygzolb webygnmgds.

(iii) y39msdy 0bzmbon@mo ©mbg, Lo 9339Mo©ss 3odm3zgmamo dodstrngds
bsbomo—domgemo.

sgobgzgoanmalbbdgds 30dscmgdgdo bsbomgdl dmmnl. bgmmgby® bagebms yzgmady
Ly3gPmEENbsmMGn 358 9amE0gdnbmgal, Bmamnzss TOOL (‘bLadndsm nsMawma’),
CUTLERY (‘05bs-Robgoma’), CLOTHES (‘8obbs3dgma’) o6 FURNITURE (‘s39-
x0’), o6 5@bgdmdL bobomo—3mgma dndommgdal bmgswo LMY JGNEs. domem-
306 by3gMmMEAbsmNE 308 gammngdl 83 dbMog 3g@0 Mgamammds sbsboosmgdo,
d5gM5d 57 303036980 b3baemgdl dmMal dg3MaE YBM™ bo3mgdsw 99393wgdsMgds
3obbmaswgdsb.

(iv) ©@mby, Bmdgmo(y bdoMow gbszgmgds bbgs ©mbggdl (dsmn bga@Mmamadszoals
3M6894bE ).

L3g0gngsE0ol Kaggo, nbgma, Mmamemaz bsdmeagbomos (1)-30, ndmggs doge
Mog ©9M3nbgdl, Mm3mgdos dgodmgds asdmzoygbmo (303999 0bogoms
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ombobndbogs. 83g306Md, (30mm3gmo dommo dgodmgds 0dsgEOmMmam ngmb
L3obogmao(s, dommoz o 3bmggmo. s do0b(z, oy oM sMLdMAL Mondg goblo-

300 gdqgmo 3m3nbogsonmo bogommgds, mdogd@ob smbsobndbogsm, Mmames
bgbo, a8dmnygbgds dsbabyMo mbal &gcdobo (wg@omuMaw ob. Cruse 1977).

(2) A:gofgo Gomass bdsnMos
B: gb doeoemn/?L3sbngmo/? (36mggmo 0dbgds

35DabyFo embob §gc306gdL (g.0., §gM30bgdl, Mm3mgda(s, Mmamez bgbo, bam-
3mo39696 35babyMmn mbab 39@gamM0gdl) dmmsedams 3gqdo bdoMsew Mgygmgb-
&ob ‘Ggoma@’ babgmaw 3008bg396. HmamE (3 gbsmdm@nbo 33mg39d0 330h39b6980,
Amameg bgbo, gb 8 gMdabgda Lbgs mbal §gM30696vg WBG™ Imzmgs, hzgq-
mqdM0g IMmbmImM ez g3mons s doMgmmns 03 go3gd0m, Mm3 56 5Mab babgbbgda
bbgs bygmmgdowsb 360d3zbgemmdal g8 sgmEmmo gonsmmmgdolb dgogaso (Ber-
lin et al. 1973). 53sbmob, oo PYyGm bdoMsw 0ygbgdgb Idmdmygdn d53d390msb
LomdMabal s 83 bs, o6 sMal asbszgnta, MmAd ds3d39d0 3oMzgmom LbmMgw
03 LoByzgdL Lbogemmdgb.

v) (3539990 9o gmgdol 398 gamMads30s NBMm LEMogsw bogds doba-
Lo EMbab 358 gamconl 6930 9dsm, 3006 bydgMmEmEabsmao 56 Lyydmmo-
bomuMo 39@gamconl 6936 9dsc.

3og35momeE, FmEMbY 3s3mbsbyymo L3sbogmo MyMm LEMsgsw 0dbgds 39@gam-
0Dgdmo Mmame g doemo, gnMg Mmamm s 3bmggmo 56 b3sbogmo.

yzgms gb ogobgds 9dgemme as8m3obsmgmdl ojowsb, Gsbsi 9o s
mabgmobo (Murphy and Lassaline (1997:106—7) 35%0bgf0 ombolb og0bgdgdols
»35bLb35398960L SbLESL® WBMEgdgb. dobabyYHo EMbAL 3o@gammogdo Bomdmac-
39696 Lozgmgbm 398 93MM0g8L, MMImadowsy dgodmgds onygmb Mdmsmm Lyy-
3gMmMEobsmymn 358 93mMas dgdmgan 3Mo@gmandgdol bogydzgmdy:

o a5bbbgogzgdnmmdal bomobbo dmzgdnmo 39@gamE00b byzMmadbs s 3gDm-
dgmo 358 9amcngdal bg36gol dmmal;

®  3Jobogobo 3m3mggbn@mmds, 9.0. M3 bso 3335656 9MmBsbgml 83 398 gamEnals
693®9%0;

e 0bxm@mdszommmds, 9.0., M HomEgbmdal ©8dsGgdom nbgmmdsznslb dgaczegh
ol 085bmb dgamgdoom, MLz by3gMmENbamm@a G gMmdnbn ndmyas;

a5bg0bommor §gMdabgda (36mzgma, docemo s b3sbogemo. 3o@gamtns ANIMAL
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(‘gbmggmo’) Lsgzdomm aoblbbgsgmgds obgmo 3gdmdgmo 398 gamMogdabasb, Gm-
amnss BIRD (‘gMobggma’), FISH (‘ogzbo’) oo INSECT (‘d6960’) o 0bgme-
do(30m0(309, 35363 3baszbgdol bamobbo dab 6g36gdlb dmEal YBEM sdsmos,
3000609 398 9a3m®0sdo DOG (‘dommo’). 398 9am@0sdo SPANIEL (‘b3sbogma’) daces-
mos bg3Mgdl dmmnb dbgogbgdolb bomabbo, dogmed dabo 6ggmagdo bogmgdow 3s6-
Lb3930096056 3gDMdgmo 3o&gamMonl Bg3@mgdobagsb @s dobo nbgm®mdszonmmdal
mbg(3 YBRO™M ©sdsmos. 3o@&gammast DOG (‘domma’) domamoa sanmn ggomagl
439 3008 96M09dol dobgogoo.

4.3.3.2. byy3gemmEmEabsmuMo @mbab 338 9a3mMngda
Ly3gOMEENBMNE 35 gamMngdl o3, 3g3gan dsbsbosmgdmada (Josdz0go yu-
smgds: §gMmdnbo ‘LydgMmmEabsmnmn’ o4 oM abdomgds bB3nbs Mgmsz0Ma &g-
d0bob ‘3039Mmbodymaly’ gsggdom):

(i) LadgemmEabsma®mo 35 gammogda dsbobaFo embal 398 9amEngdmsb dgosm-
9000 bo3mgdom ,39M30% 358 93MmMN0gd0s, Mo@asb doMmsmos, dabn byzMgdo
bogdomm a0bbbgoggdnsb dgdmdgmo 398 gamMngdol Bg36gdobash, dogmsd
39693MM00L BoMamgddo dbasgbgds dgsmgdoo bsgmgdos.

(ii) Ly3gPmOabsmy® 358 gamM0gdl sgdzm dsbabyMa EmMbab 3o@gammngddy bs3-
mgd0 25b3LsbmzMgma dobsbosmgdmgdo.

cmdob 9Jb39608968 9330 (1976), Lowsi 3E0L3NEMEL LobmgEbgb Rsdmgmgsman
35baby@o embab gMmgmmgdal dsbsbosmgdmgda, bmmme Msdwgbndy domgsbo oy
30dmEa9dmEs LYY3gHMMEObsmMNEn 3o@&gammManlb 3563bsdmgMmam bodbsw. dogMsd
mamMg 36do 0badbagl (Cruse 1992b), b, semdom, o6 &0l bogyzgomgbm abs 0d-
obmgol, Hm3 gsdmgzmabogl bydgMmmeabsmuMa 3o@gammogdol dobsbosmgdmgdo.
398 93mM00b yggmsdyg godmgzzgonemn 6036gda 5606 nbnbn, Mmdmgdos gobsbbgegg-
396 3oL 8dmbogamo 3mMb@MILEGMmo LodGmsgmoal bbgs 6936gdobash. dsgsmoms,
(36960L g33m 339000 60dbgdn sM0sb LEMMgE ol 60dbgdn, MmMdgmagdos 3obsbbgegg-
396 3oL Lbgs (3bmggmgdabgsb. (300L30Mgdnbmzgal MM gobmgsm, AsdmgbgFom (3b-
960b 3sbobosmgdgmo 60d6gdo, Bo3zmadse bogsMamoms, sgbgfom ‘sdglb hmbRbo’,
Lybongogl’ s 5.9, Bowasb gb b6ndbgda sbobnsmgdm 3mb@MabGyma bodmagmal bbgs
6930g0ba3; gBO™ bageMamoms, dom s gbndbom, Mm3 ‘Fobdg sdbggds dgadmg-
33, “093L goggama’, ‘adsb a@dgmo 3mw0’, ‘Gabzabgdl’ s 5.3, 3o@gammos BbM3J-
Q0L 360dz36gemmzg560 obsbinomgdmgdals Jobsmgdsw dbmmmm ghomo g sMbgdmdl:
ol bws agg30mabdnfimo abgm 3398 gamcgdl, Gmamenzss 0133%(), 3GIBOMI,
36I&N. 0g039 gbgds OBIRLOG: 56 343L sBMN, 33 3oGgaMEnal Mgmg356@ M0 60d-
6930 0bxm@3ob@qbal 03 3sbybgddo 39dgdmm, MmImgdacs gbgds bjodl, dognwab ws
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dobo. gxcmm 30Dsbdgbmbomo 046905, o oo 330mbogm, Mo 60dbgdo sLbgsggd96
339%L, 3003000, Bogb0basb, bamnhgdobash, bgmbabymgdabash, dmbmgdabasb s
RbxM60basb. sbgm dgdmbgg3530 5B8mAbEgds, M3 539%0 3OMEME N3N stnls
3gomn (g56Lbgsggd0m bomohgdabgsb), dgodmads dabo gossmgnmgds (3sbbbzszgdom
b gdabgab) s b sMab saamo, bawsg dgndmgds Ms0dg Immagbogl (gobbbgsgg-
b0 bgmbobymgdabgsb, Mm3mgda(z 3odmaygbgds Mo0dglb aobszgmgdmaw). (03IXNL
398 9amM00b sbsmmmaono, dogMed @sdmMm3000989moa sbamoba 0b. dmmnbg g msb:
Bolinger 1992). 353653 obog gosgms, Gm3 bydgMmmmabsmymo 3s@gamogdl
MBOH™M 633mgdo adsbsbosmgdgmo 60d69d0 vgz00 s 33gbsw, 3ol 6g36193L dmals
bo3mgdo@as 3odm3gzgmomo 3emabmdmogo dbgogbgde.

(iii) 35BobyGo mbal 3o@&gammMogdol Mdnsmme dmIwgzbm Ly3gMmGabsmydo
39 93mMM0g60 BEM domamo bydgMmEnbsmado 3o@gammnnlb gomamagddo
dbmmme ghmo bagom 0306980b bogdggmby 9Mmnsbogdosb (3sy., FOOT-
WEAR ‘ggbbsdgmo’ — SANDAL ‘bobwsma’ // UNDERWEAR ‘bozgomo’ —
VEST ‘3g6sbg0’).

(iv) LadgMmEabsmu®n 308 9a3mM0gdol Lobgmgdo bdoMsw 3Mgdomn Lobgmgdos,
bomm 65DabyyMo @mbob &gMdnbgdo mgmsewm mdngd@gdl sxbadbsggb.

530l dogomomgdos: crockery ‘ g@mdgemo’ (cups ‘qobxbydo’ oo plates ‘ogedndoe’), cult-
ery ‘oobs-hsbgoemn’ (spoons ‘ 3m3zb9d0’ ws forks ‘hobgemgda’), furniture ‘sg3gx0’ (tables
‘Jognwgdo’ s chairs ‘b jodydo’), footwear * ggblbo;dgma’ (boots (6. .)  ggemosbo ggb-
bo¢zdgmo’ s shoes (36. M). ‘9bbs;d9ema’), hardware (hard disks ‘3gotmo ol jgdo’ s
modems ‘dm@gdgdn’). Jgsmgdom ndznsmae a363w090s badoMabdnfm dgdmbggzgdoa,
3o b3gmmMEobamamds §9fM3nbds dgodmagds doommlb 3Mezmmdocmol gmmds,
35babyFo embals §gM30bn 3o 3Mgdoma Lobgemoas: metals ‘dgBsemn’ (iron ‘3065
copper ‘b3oemgbdn’), beverages (3. 6.) ‘bobdgemn’ (beer ‘enmon’ s wine ‘mgobm’),
spices (3. .) ‘bobgemgdgemo’ (pepper ‘3oen3ocmo’ @s coriander). 5babaMo @Mbobs s
LydmEMEabsmuMo EmMbob GgMdabgdo 53 dbMng o 3obLb3sgHdnsb. 535Lmab, byy-
39MmEE0bsmycn &qgMdobgdo bdoMaw ImMEmmmaoMmaw Mmmo ©s/56 3mmabo-
m3dYM0s.

4.3.3.3. bndmEAabsmyMn ©mbab 358 53mMngda
LydmEobsmm&o Embol 358 9amE0gdL sdzo dg3gan dabsbosmgdmado:
(i) obobo d5BobyyFo ML 358 gamG0gdmsb dgsmgdoo bs3mgdow ,39Man" 3o8-

983M609305, MoEash, 0dob dombgosgsw, M3 dsma BzMgdol YHM0g@HcndL-
353bgd0b dohggbgdgmoa Lszdome domamos, abobo bsjmgdswm asbbbgszgwgdnsb
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39bmdgmo 398 9a3mM0930L bg3zMgdabogsb.

(ii) obobo go30mmgdom bo3mgd 08358 gdnm nbxrm@mdsznsl dgo3o396 oo MIysmm
303960mbodnm  35@9a3mM0sbmseb dgosMmgdom; s3gbsm, Mmzs (300b3nmgdl
bLobmzggh Rsdmmgemmb Ldm@mEabomn@mo 398 9amM0gdal a563s5Lbgsggdgmo
dobobnomgdmgdon, dom dogM dgmagbomo Logdo dombdyg (3009w asbbbgsgzwgds
dgbodsadabo 303g6mbadmma dsbabyyMo mbal gMmgnmgdobomgzal dgwmggboemo
Logdobgsb.

(iii) obobo bAoMoE 50056 3mmadmMmaygdnMgda, yzgmsdg go3M(39mgdmmo dmgmns
Lo@ygs Mmegdn oMM o IMmEngosGmMom (3sg., teaspoon ‘honb 3mzdn’, rock-
ing-chair ‘bogsbgemns-bsgsmdyema’).

9L B3390, dsgsmoma, 1bagmgmds s ddnwds (1996) ndal Lohggbgdmaw gsdmay-
9690, ®m3 LYdMFMENbsNE0 338 gamMngda dsDabyyMo EMBaLash dbmmmm gMon
®30bgdom gobbbgozmgdosb (dsg., teaspoon, rockign-chair). dsgsd 35063 o9)(30emg-
dgmos gMmdobgmabgsb gobgobbgomo Lbabgmmgds @s (36980L dobssmbo: gb 9000
»30bgds" Labgmbmgdowsb ao3m3nbamgmdl, 353Msd Rog@ oMo ymagmmgal
ML YEMAL 5M15 3MEaMgdMmn 3ob3sLbgeg9dgmo dobobosmgdmgda. dogsmoma, dom-
mamoy, spaniel b3sbngeno’ gfmdmeggdnsbo bo@yges, long-tailed tit ‘gmdyem 3o
6036035" 30 — g0 ®30L960b (3Gdgmo 3ol Jmbs) asdmadbs@3zgmo Goyymo as3-
mbosmggedn, mMngg dg8mbazgzedo L3g0R035(300 6 gMmabbdmdl dbmmmu 9o
®300bgdsb.

35bmmgd00 dbg bLENSE 53 mgmgbal 3Mmabo@ngzobG 0 BLommmagda(s,dogsmomac,
396530 s mgbgmobo (1997). sboEm3mmmaon® mabggzob@o3odos baggmdgmosbaoass
353dm 33 Mo 35 gaMM0gdal 0gMamJomo mEMasbodsz0s (0b.,dsgsmomsw, Brown
2002). 3500 3ogmds dMsgaemdbmog asbbbzszwgds gbogmmmagdol doamdabasb.
XIO g0, Bsmo gommon 3603369mm35660ma 93Yscgds bbgsmabbgegbmdmogo dm-
653989800 gbbogmab. 3gmeg(s, yzgmsdg Laggmdgmosbo gsdm3zzmggzgdo dommmao-
60 boboomaboes (30bbbzegads Rzgmmgdmog 3gowmgds ‘bambym 3mobogozsogdls’
5 ‘39360969 Lol gdgdL’ ImMal; godmzzmazoms 3@ gbmds sdsmasb omggml
96969); Bmgo domgsbo (dsga., Atran 1990) 538 30(390L, B3 dbmemE dommmannn
Lobgmdgdos §gddsfn@ o ngfofmdonmoa s dommmao@o bobgmdgdal (3650960006
09&sfdonmos dbmemme obgmo ,bmgsmngmEonma® 358 gamMgdo, MHmamMogss
(36m39e0, doea, bL3sbogemn, boggemo, §yob boggemn, dxhjo s 5.9. @s oMo abgmo
GOmoBOMMma 35&gammngdo, MHmammozes dmbGbyaemn, boMmgzgems 56 momobol
(36m39e0. 39L53g(3, 0bEbo 5089696 ngMIGJoDs(300L KRGO Borme LB N JEYOSL s
©mMbggdL bbgoabbgs §9M30bgdom 5mbndbsgzgb. gmagsbmdo ghom sbgm dogsmoml

(933035 gb& Mo gbogmmmaomo 308 gamMogdo dm3934mos gMAbomaddo):
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(3) Lobyobo 3396069
Logmsbemolb gm®3ds Shgo (=byy3gMmMmEabsmymn mMby)
33500 396700 (Z35BabyFn emby)
Lobgmds 30dGommo so (=LYdmMM b Mo mbg)
boo@mbobgmds »,dd300m35" (35M©al %ndn)

bobgmdal 5036033690 EMBL dobsbosmgdmada sMbgdomow o6 aobbbgszwgds by-
dmm gobbomymo dsboby@o embol dobabosmgdmgdabasb. Lbgswsabbgs §odabs s om-
bob 3@ N gddn ngfemommoa LEENJGNMMgdal 3sdm3zgomnmo ghmagzecmmgbgds
3399%30960g00b9dL, MHmMI gL boggMbomyGo s BMbEsdnbG MG dmzmagbss. sbotm-
3menmggdo 396 dgosbbdgdnmsb 0dsdg, oy Mo gom Logndgmawe bsgmabogogsom
LObLEY39d0L gobznmamgdol. gfMmn bymmes 338 30(390L, HMT 53 LobBgdgdol gobzome-
9056 B omo@ommmo ImbsdMgdgdo gobsdoMmmdgdl: 308 9amM0gdol gobgnmomgdsd
5530569380 3505MAg60L Ladmamagds Job(ss. bbgs bymmal sDMom, domemgoymo babg-
™0930b 3emaboggozozoob Lol gdgdal ggmm 300 0b&gmgd@MomMas (36mdobdmygs-
9md33 g53mnbgns. 88 3gmEg ImbsdMgdslb sGsgMmmn sMamdgb@n 83Y4smgdl. 83 35Mow
dbgogl LobEgdgdl 3bzgdoo Jbmagmamb bbgewabbgs Jmmbgdn, dombgosgsw ndabs,
3 dgbadadobo 3nm@n@mgdo s dsomn goMgdm3gs 36n0336gmm3bom gobLbgszads
96m3sbgmnbgsb; sGegmo 3nm@mmsdo dgadmgds 303mzmo abgmo gmobogozszos,
m3geba(s dmzg3gmo 3B Mcobomgzgalb o6 goshbos @@ omodsmmmo mamgdmmgds;
9L gmabognzse30960, Hmamei(s bgbo, gdmbzgzs 3g(3bng@mm 3mabogogs3ngdl. dMsm-
6o (2002) 5005693L 83 56318196890, Bog a3 gMmomgdsl sdsbgzomgdl 0d gotgdmy-
35y, M3 3mbanfg-dgdammagdgmms babmaswmgdgddn, AzgnmgdMng, aszoemgdoom
bogmado 398 gamMogdo s@bgdmdl, g0Mg 03 Lodmasmgdgddo, MmImgda(y dnbsws
3bm3M 9L dobg396 s Loy gobznmemgdymoas Lmgmalb dgnEmbamds. ob gomo-
ML, Mm3 335b 3Mog@ognmo sbbbs ogsb. 300y sgMotnmo Lsdmaswmgdgdocs 3o,
Gmamez 6gbo, 3mbswadg-dgdgcmmggdgmms mIgddg NEcm dMsgominzbmazsabos s
3mbogm0sbmdol ML sm@gMmbs@omm bszzgd Mabambadl dsmmzgol deembg arn
360d3bg9mmds 5743, 98gbsw, dm393nm 3o gdmda bgemdabebgmmadn bs3zqdolb g@om-
D60 (3m06s Jscmzgal gosmhgbal gMm-gfma badysemgdss. dgmeg AbGog, Bmbong-
dgdamagdgmms Lydmasmgdgdo aszomgdom 3(30M9M0(3bmazsbos s (3bmgMgdal
dmdognm@o Bgbosb godmadnbsmyg, abobo bs3mgdsw sdm jogdamo sG0sb 3mb3cg-

G aoc9dmdn bgmdnbebgmd bszzgddy; 93wgbow, s@aommdmago Grammabs ©
Rd1bal gGomnF (3m©bs dsmmzal bs3mgddbndzbgmmgabos.

4.3.4. 3GmGmGn3mnd mgmeanb biybGa IbsMgqda

3OMGMEG03md MgmMM0sLmsb ©s35330Mgdom sMsgMmo gz Rbpgds. 59 dbmmmo dm-
30960 domnasbdg dg3hgtogdoo.
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4.3.4.1. 603565 h3dmbsngsmbg 3dysmgdnman dgomeab
33O MmymBomgds

39&9gamMosms LGN IB Mol 3BmEMEG03nmo Imogmb yzgmsdg bdoMaw ndals godm
536080390690, ™3 6ndsbms Rsdmbomgamo, 0d dmmbmzbol dgbyb@gdol dgdmbggge-
do(z 30, Mm3molb msbsbdowas(z 60dbgdo Mbos ngmb s9y30mgdgmo ©s bs3dsmabo, do-
by 3535603909 LyMsmb ndmggs. dgosMmgdom YPMM Mommo dmwgergda(s,
Mmgmm0 305 d3MLamab (1992b) ,RsGhmgdbg (360@gMandms s 360d36gmmmdoms
LEEY GNP gdnm Losdg) oBNdbgdmma ImEgmo, 396 sLabagb yggms 0d mgzgolby-
3L, Mmdgmo(s oo mmos dbgdMng0, J0bssMLMIMnzo0 ,dnsmn” (36989300 SLm-
(309(30990Md0bS S 3o DI3OYMMal Momm Kogggdda. gb dg@&obdg@on LodsmEogzg
s@sbabmMggmos dMagamn dodgdal godm. gm-gMmon obss, Hm3 gb Imwgeo 56 no-

35m0bbnbgdl 3mb@&gdLEGL Bog@mAL. Mmamt(s 33939800 sLEMM©gds, abas 3o,

53 39&93MM00b by 3gmgbm bodydow nmgmagds, dgadmagds dgozgommb dbyggemm-
30l 3mb@ L@ 0L s3mbiMmg@gdom (Barsalou 1987). mgdmgds (1973) sbggg ¢hzgbs,

3 3m6894LE G0 Bobsbosmgdmgdol @sds@qdsd dgndmgds asgmgbs dmabonbml
dm3oxbsgg 398 9gam®0gdlb dmmal smbgdmm LadM3Mgddys. dgmeyg dgbndgbs gbgds
og0dbomgdagmn 60dbgdol MomEgbmdabs s GOE-b g@mmogmmdndstmgdsl. o3
303smmdab gobam 339300 AbmEme Im (393 60dbgd0lb oMgms oGS sMal bs 3do-
0bo. gobsmgamabbabgdgmos badbgdol MmogModdgwmgdss: ghomo 6adbob gu3gd@L
356bodmgMmagh Lbgs 60dbgdol sMLgdmds s domo aMmgdamgds. dosmnsb doM@ngn
dogamomn Mm3 dmgnygsbmm, bodsbo BOLBOE ROZBORIBINRN) 53(306798L 3m3bal
GOE-U, oy gb 330 358 0M0s, 353653 o6 533060900, o) ol o@os. bos sMbgdms-
gL smabmdoom 8dg396M0 MM gMmJdggds, Mmdgmmsgsb bmgogmmdn hstomyymn
bs 0ymb ghmommumsn Msdwgbndy bodsbo.

4.3.4.2. ,,3968 Mabzos 3s@spmdba

»3908 Pobgms 33MamJLL® sbg39 Joohbg3z9b 3MMEBME03ms MgmEnal 3Gmdmgdswm.
33LoMMbads s 30b3d Mbss3@MMYdds (1983) smdmsohabgl, Hm3 5sd056530 3I6S
0Gb3JBL sbomabbgdgb Bomo ,(396@Momnmmdab* dgbedsdabo — 0dals doybgos-
350, M3 3J6&N) HNGL3NL 358 gammnsl o43b (3bowo gobbod mgMmgds s9y30myd-
90 5 b53356M0b 60dsbms Laggmdggmdy. dom FngMm Jgdmmagsbgdamo gowsbyszgdes,
9.6. ,m®3sg0 BoMImea 960L” Jodmmgbs, 5gMM05698L 3MmMEBMEB03mm ©s 3emsbo 3n&
dgomegdl (Smith et al. 1974). 53 303mogbalb Mobsbdo, 3mb393@gdo dgndmgds
M3 356M50 50BgHML s 83 50b Mol B3mbd(30900 bbgomabbgss. sebgdmdl b0 m-
30L" 5mBgMs, MmMIgmbss doomswam 393L 3emabognmo gobbsdrmgmadol gmmds. gb
B gMs 3ma(303L 3mB(393@0b mmaoz® mzgabgdgdl. dgmmg smbgfs gdgystgds 3m-
&m@n3ms bob@gdob 03 Labgmdsl, MmIgmas 99396@L 39098L yzgmadg Gndon®
609658%7 s BmIgmo(y Ladmamgdsl admaggs LEMogsw 8mbr gl Im 393 6034dabs
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398 9amM0ds30s. o9 bogomblb sby dogmoagdoom, 35d0b ,,396@0 Mozbzol 3sMoom-
Jbo® 556 046905 goongMgmo 3Mmdmagds. JogMad 53 mMo mgmMonl sbgon gogm-
®00b9ds 3933300Mgmdoo 00gdb mMogg domasbolbashb gowomgmgm 3Mmdmadgdl:
3960dm, 89 Mmeg3086 Badmagmgds 3mabogn®o mgmmool doMomsw 3Mmdmgds, Mm-
dgmoz bogsMsmmme 3MHmEMEGn3ms mgmmosl ¢bos gowsgbyza@s, babgmomdm, abs
}9d@0, O3 yzgmadg a03M(39madymo 3mb39389d0lb owo 13Ms3mabmdabmgals
dg9dmgdgmos ,d0Mmaz0lb" 4o6badmgHs.

4.3.4.3. sbsbodsmgdgmma 60dbgdab 3HMdmgdqgda

3@bgdmaL 3Mmdmgds, Mmdgmocy gbgds 60db5ddg adystgdam 3mb33@momatn
LEOYJG ML yzgms Im@gmb: Mol BamImowagbl gb 60dbgdo s Lonwsb nrmydgb
domn? Mmgme(z Rsbl, obobo YoMsmmm Lbgs 3mbzg3@gdo oM0sb. Lbgs Lodyzgdoom,
3M6(39387%0 56056 3mMb(393 @y nEn daab By Enmmgda. gb bam(3Mow dmazsgmbgdl
Lo@yz0L 3603369Md0b LEEYJGNBomabEGNE obsbosmgdsl (ab., dsgsmaoms, Ly-
ons 1863, 1968). dogMs3 3 dgdmbgggado 3mb393@momyma bob@gds 393y mow
0dME0Mgdmmo 046905 bLadysmbasb s dbgma bamgdgmos, Mo 3063sMGgdoma dogms
6o 3mbrgl sbgom Lob@gdab. dob MM doMormsy 3dmbrgl sbgomo doms, dobsbin-
53769mo 60dbgdo ,sbsdymgdymoa Mbws nymb dzgboddmen® mbgdy” (Hampton
1997:91), 9.0. 9bs @o@sbEyMmgl dsma bob@gds@ Mo 3933060 08 sGamnba gzl
3obsbosmgdmadmsb, Mmdmagdos 3maz9(398s aMdbmdoom, Jdgmgdom, 356dMsbgzom s
5.d. 3993@mbo doymamgdl 30ggz gfo, Ecm 53356s dsb3ogm bMgdg. oy hggb gfm-
35690056 83539330698 BHNB3IT-L o 0103-b ‘o43b° 3933060 9339mdom, you-
Mool domds ©sa3MRgds nbgrgm®mads300lb oo bsbamo, o 56 ©o35dYLEgdm,
3 3bg39emmdsadn 335430 809, 30rd3m, L3ommb megn, 3885w BMbzgemal msgo.

4.3.4.4. 306@EILG Ym0 3385a3MmMngd0

3MBGELE MmO 39BgamMngdo, Mmam@gda(z 3056 30, JOXX(), ¥ M3N, SIVJAN
©5 0.d. 30073 9Mo 3GMdmgdsl 14dbal 3HMEME3ms MgmMasl. JoMmomma(s, sqbb-
bgmo Bhgds oo dmMals sMbgdymo HMmngMmgasdmmnzbzol d0dsMmgds. 5ol sb-
LBs mmgogMGom dgdmadgmo 06gds, o) 3BMEMEG3ms 3mbgMado o6 RsgMmogm
‘80bl’ 8603369mmdal 3Jmbg dobaboomgdmagdl (dsgsmomsw, ‘o3l Mdama d9b30’,
‘309&bgdL, Mmss bgmb gosnbzed’, ‘bEbzom @omdal’, “mutm ©owons, 3oy
Lodgomm sadnsba’, ‘odglb dgM(3mo’ — yzgmes 33 dobsbosmgdgmb dsememal gobbsb-
03698530 94693ms ‘30bylb’ 6ndsbo). Medwgbowa(s 30300, SLgma dgmmeal gsdmy-
96905 Do (3 9Md30L dmbgmos.
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4.3.4.5. LybmgMgdo 3OMEMEGN3N> MgMEMasdn

3MOMBMB03ms MmgmMgG03mbgdo 5Mdbs oMl yMmemgdsb ©mdmdgb 398 gamMonls
LodE3Mgdabs s Fomo dsanmal Lszomblb ©s 0gnzg 0mgdolb dGMsgsma 3mabo@og-
abBo-m0baz0L@nlb dodsGmss. ImBEg3bm (30&9@S30 mabagzgMo, Mmamts Rsbl,
LogFome Momymalb LabmgMgdal s®LgdmIsL: Mo o6 Mbos edIMEMgdmmo ngmb
dm(39399mo mdngd@o 3m@mEB030bgasb, ob dsnb(z dgadmgds Rsnmgsmmb dgbodsdo-
Lo gemabol Bgg@ow, 9 39@gammaodsznal gobdsbmm(30gmgdgmb ggm LadGsbmds
5 58mafobs 3 mdogd@nlb Ms0dg dbasbgds GodonE bodymdgdmsb® (Langacker
1991:266).

M53MR0 3050 gdL oo 3Mbgdmdal, JogMad d30Mg sanmlb ©m3mdl 53 bszombdby
Ly gmmdal. (3933@mbo [1991] s(0b gEm-gfmo 03 330MgMobmgsb gbojmemma-
®o3560, MmMImgdaz 3OMEMEG 03N MmgmMosdo 8d3oMsm 305Mgd96 398 9amMnals
LodE3Mgdal sMLgdMBSL). s o063, LadmgMgda 358 gamMoal smdsc ghm-gfMmo
439modg BnbsdgbGmmn dsbsbosmgdgmos. 338 gamns 3mb@gnbamb 3aszb: dabo
9M0-gfMmn dmogomn gbgz0s ob sMol, MM gMm3dsbgmobgsb d3ox0omm godogbmlb
Ladyo@mmb ob Mmdngd@gdn, Gm3mgda(z 35Ldo gnsb s nbnbn, GM3mgday dsbda oM

dg0sb. gb gubg30s 396 gobbmA(30gmmads Ladrgmal gomagdy.

03ma30039 (369005 3oGgamMoobomgol LodrgMal syomgdemmds. oy A 536mdb,
3 @Momsz mdogddo ool X ©s B 3o 933mdlb, Gm3 ob Gocmsz oM omob X, 35d0b
oo b Lbgsabbgegzsmam gbdom 08 Mooz MdoggBob Gaxgmab@o, 56 035Dy 396
dg05bb3gommab, oy Lo gowalb X 308 93mM00b babmgsa. 3o 339mmo dgobsom-
53900, Bmamnzes byemmzba@mo — bgmmzba& bsmgddo, s yoemdo — yoemd dmbgo-
dn, 085bg Bommomgdgb, Hm3 Mg5g696@0 56 dgob Im393ma babgmom smbodbyem
39&93mM05do; 3L3gbgmds LEMMs M3 gongamb bodmzomn-b 360d3bgmmds, abgma,
Bmamds 330d3b mogmagal (1973) dogé 3mygaboem dsgsmomda domy b3nd o ool
6093000 093 b0 (35673 L30G) (30 nymM MEEd30Mo IM(3MMd37), YbEs goo(36mdogHmmb
ob 530 @0, Om3 o6 3 L3nd (30 bLobsBE3mgdn Mgz > >Gab.'

LEmEN, BogMsd, oybgosgam 330y, PsMd39dgem0 35dmM30bsMgMal nbgma dogsmo-
o0, GmIgmbeis J3gdmom gmsegedmdm, dgodmgds s0bLbsl dbmmme 3o gamMogdals
LodE3Mgdal gomzamabbobgdoo:

(4) a. 3567060l bogomdgmo oMb LagaMdmal bobgmds

1 Mbs 5060dbmL, HM3 LadmgMgdal sELgdMdS > 30mmgdmo 36 ammobbdmadl ‘doMmzgals
356boDMgMab’ 5Mmbgdmdal sgy(30mgdgmo s Lsdsabo 3@ gMmondgdal bogndggmdy, Mmamm(s 83sb
330035bm3b 3mb (395309, MmMBgmbacs 3g33@mbas (1997:93) ,d0bsmmmo Joam3s® nbmms s MmBgma(s
Rodmagamndgl bdn@ds s Jobds Mobosg@mEgdds (1974).
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b. bsgsfmdgmo oMb s39%0
c. ? 8564560b boga@dgmo s@al s395%0

9Mo0-gfomn sbbbs (3933@mball dobgmzom) sbgmos: godmbomdzsdo X oMol Y dob-
smagdo MM 0gmb, Ls385M0bos, 3EMEMEN3nmo X dgommal o- 358 9am@0sdo; o6
s60b sy30mgdgmo, Hm3 yzgms X dgeomeal o3 3o@gammosdo. s3gbswe, godmdwo-
botgmds, Mm3gmos 3m393mmos (4)-do, dgndmgds s0bLbsb bobs@ 4.1-30 godmbabyy-
0 bLadE3gM9dolb aobmagqdoom (demng® gd9Jgdmmo sanmgdo sbndbagl 3GmEm-
&03mm dbommzqdl):

03003gMnbsgza

EIed3esbo

Bobo@n 4.1. 03003860bsgal, 3mobgMob s @ ed3mabab badmgMgda

od 3WO6IANL 3MmmEBmE03n dgool J130013VHNBO30L 3o gamtool Lodmgzsmdoa,
30gM3 RIVGI3RO6() 0l gotgor sxdmhbogds.

>bgomdL 3o gamMonl LadmzMob Bbommabazob@ Mo 3mEMgmsdo, Mo gmemabb-
3mdb 39@9a3mM0bo(300LMS6 ©S35330Mgdmm Jombzadg 3abybols Lohdemgl. Gm(3s
(3000b306MgdL 9300676086, 9390360L O 3G IM (39T GO YN M 3IZJNE 35E)-
93m605b, 35b9ybol LofdoMy odm3nEgdmmoas 0dsdy, oy M3Egbsm Sbemmb smals
9L 9B gamo 338 9a3mM0al LabMgaMmsb: Moz NEGO™ sbemmbss, Jom YRG™ ©sg30-
3bgdmmn 04690 3obmbo. 83gbsw, (5)-dn yzgmadg sa30869dmmn 0dbqds 3abmbgda
3:9do dGog@on dgdrom §Hhogamyddy:

(5) (B0XRN) 393emon ... .. 3530mMa .. ... 3oMEMBomn
(303MLERNOL LOBJOTWIBI) 3sbgsbs . . . .. 39mmbodgen .. ... b3edo
(LOBYBY) bgemo ... .. dsmza..... 3334

md0gd@ob 3oManbomy® LEIGNLDY 3ogs gMomo ascgdmagds doymomgdl: sgo-
omo BIBLOGIAR(), Mmami OBLOBITNL 358 gamMool bgzco. Rgdmesbdy,
mdgmdos Immagbgdamos bazgmgdo, 39Msbagdo, babogdo, dnxszgda domgmgdan
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s bbgs sMoggmo, yggmes bgmdg@o ymydsbob gomgdg 0@yzal, Gm3 ‘dsbdo semsgos
dbmmme Goblby(zdgman’. FogMad 3o35b0 Fo0b(3 oGndM©gds, gomg Rgdmosbdy,
mdgmo(s bagbgs BgbLszdmom, ogzsl, Mmd dsbda Ibmeme Gobbs3dgmoa smogos;
3gmeg b0z, ssbsoMo ggg0 o6 gohbogdmes, o 30 gb Rgdmmsbo bmen 39Msbagdom
0gbgdmms Logby. sbg 080@m3 brgds, Gm3 &O6LOGITNL 358 gamMosdo ggbbas-
dgmb, 39Msbamsb dgmamgdom, doMgobsman bGsdbo odsb. Mmames habl, hzqb
a56bbgeg9dmmem, 369 NROM BsMom 3358 gamMnsm boMmdmzgomagbo GSBLSGIIRL,
mEgbsz 3bgsgom &obLazdmab bonMmbabgmdgdl, dstanbomumal hsmgmom; Mm(3s
36905300 gggbLs339mb, A396 BoM3mzgomagbo @O6LOBIITL s BIBLLOGBGIIXL, Hm-
amM (3 YO0 gHmasdmaMo3bzgm 308 9amMogdl.

39 93mM00b LybMzM0 36 M0l ©sdm3ngdyma dob 3BMEMEG03Ddy, g.0. MG 358~
93600l dgodmygds 3Jmbogl gfmo s ngogg 3GMEME 030, JogMad aobbbgszgdy-
mo LabM3Mgdo; sg0mmom FEMSbammo bodyss corde. nbamobnMaw ol Rzgmmgdfng
0050336905 Mmam (s rope (‘dogota’, ‘om3a’). 53 mM gbsbdyg dmmsdsms jgms gsdm3-
0mbgs 430396930, GM3 33 Mo 338 gamEnals 3EMEBMEN3gdo dombyg sbrmb s0sb
96085690 m86: mEM039 96530 dgImaz:ma35bg396 9MLs s 03539 G030b Mdngd@gdl
BmamMg 03 3o@Ggammogdol Layzgomgbm badndgdb. sdob dombgosgsw, dsma Lab-
030930 aobbbgogmgdnsb. Le Petit Larousse-do ficelle (obgmobymo dgbs@yzobo —
string) gobbsdmg@mamos Mmames ‘une corde mince’; nbgmoby@®dn dombg ¢ 36-
>@om dmazghzgbgdmms, BMabammol sbommann@Ma string 30639L Hm3 asbgbob-
mgMs GmamE (s ‘a thin rope’. ¢bws noggsl, ®ma ficelle 3goolb CORDE 358 9am0als
goMamgddo, doacod string s6ob ROPE 358 9a3m&M00lb babdmg®ol gomgom. 930b bo-
3060b30oMm dogomomoa (gMmbsntn LabrgMmal, ogMsd gobbbgeggdmmo dofmzgals),
smdom, 046905 0bamobyyMo courage s bravery. dbgmo Bo@dmbaowggbos Jdgwmads,
M3 gebay 0bamobyMo ogMJdgmms courage, dogmsd sts bravery, sb 3ofModoo.
30gM5d 53 35 gamMogdal ,b0Mmzggd0”, LagsMonome, 4obbbgseggdamos. bGnwgbE
0bxzm®3568goLb Lobmgzggl @egbgMom dgwsmgdoma Mgo@nbgagda (6a)-bs s (6b)-bor-
300, 09130 3500 @obobomozbgb Mmame(s (i) bravery-ob dogsmocnlb o (i), ogzo
Roogmnebgb courage-ob bodydsw.

(6) a. 500580560 bGgds dmdmdst 3nbscgdo 30ms(30L goabamhgbac.
b. 5530560 Lagmmbals Bnbsdg 9ygbgdl magalb 3oMagMal s bssMbgdm Bysmmb
©5 55335M5398L bgmabngmgdal ¢356mbm ©s bsdsmommm J390gg9db.

3Mbgb0md© Yzgms msbbdgds 0dsdy, MmA (6a) stol bravery-ob 39mgbo 60d4do,
beenm (6b) — courage-ab.

LOBEZMYONSE6 s 3d3doMgdom dmsgsfn 3Mmdmgds ob sMob, M3 3MmEGmEodal
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356boDE3Ms 36 35b530MMdL oo dbgdFng obabgdsl. 33 dmogmal 35338 mbals
396b0sdo(s 3o bodrgMmgdol 3mbEMmaMmgds Pobadmgdob gomgdgbogds. 3MmEGmME03-
®d MgmMg&03mbgda, Gmam(z bgbo, s0bndbaggb, MHmd dmbgdMag 3mb393& o n&
398 93mM098L 565 g3 3 30530m badEgMgdo. sMmma(s, b gPm-gMmn dmsgsmn oG-
39996@ 05 3maobogyco dmwgemal Lobobssmdrgamm. LabrgMgdal M3 3ogommdals
35h396909ma0, 3g5moms, b 3o g3mgds cmgmgds, Mm3 bbgsmsbbgs (3006306580
035 09 08 3o@9amMonl Lod3MdL bbgomabbzogzemam asbbodmaMazab s 0gn3g
306Mgdn aobbbgoggdymm ol 3gbgol o39009896 gobbbzozgdmm 3mbdgdbGHsmu® 3o-
m6933d0. dgdma (3080695990 Bbogmmobazob@ o 94b3gc0396@0(3 babsbdmgHm
069 YBE™ 0dmg39, 30067 335530m LobEzeML. Bog®sed nbo(z Mbos 500b0dbmL, Hm3I
0653 3030m LabdmgaMbas od3b goM339Mmo danma. 5M3335x0m LadmgMab (36980l
36080399 565madL dzgdmo dgdmgmsgsdgdo.

4.3.9. 3dm@mGa3ab god@mmab sbbLbs ,Rs@Ahm-bJgdab®

bsgdzaendy
b0dsbms oG 0g0 bos sSMd5®Y335@YMo© LodrgMegh 3Mb(393& WO Y® oG gammnasl.
Romhm-bgdgdol 3mB(39B(30s 3307935BMBL (36980L, Amam (3 YOMogHmEs 3ogdatgd-
Dm0 (360l MHomo, b JEHamgdamoa bLbgymal Mudm ©sdszdsymagomgdgem
LyEsmb. sbgmo byGsmalb bogndzgmdg HRO™ sEznmsew dgadmygds 50bbbsb, dsgsoem-
0050, ,(390@Mdm Ml bafmnbbo®. (396G Mo nEMdal batobbo dgndmads gsbgabo-

mmo Hmam® 3 99Ls3530bmdal EMby MHMIgmndg 0bwogomsmMo Mmdogdd ol dobs-
Losmgdmgdlbs ©s 03 Rombm-bgqd0lb gMom ob Msdgbadg sb3gd@L dmMal, MmIgmoa s

39893MM00b ngom@ 0bngol sbabagl.

58 dgbodsdobmdsl dgodmygds 3Jmbrgl Lodo @mMds. M3omgzgmal ymgmabs, gbos
96m0 3bMog, 0bngnms s Jgmmg dbGog, hohmb dgbadsdnbo sMab 3mbzgcagb(so-
ol bagomba. s3000m0 JobJsbs @ GFHsJ§mE0 3¢ gammnsdo &&AOBLIMAE(). nbgm-
35b@ s ©3Msg3mabmds dobsbal 560gdgdl ngmm domam GOE-60dsbl, 3000 g §Mod-
@M. dmamz hobl, 580l JoDgdo ob oMb, GM3 ogemy@o GEHbL3MME 0 abgddy
Lodma BaNMME YBMMS g3bLabMzMMmN, oMy 3063MqdDY goEsbsspanmgdmaw,
5807650, 139mgbo dgbsdsdabmdss 306JO6ILO s &MOBLIMABL dmMal, gowmy
&OIGMALY s BHIBLIMAHBEL dmMab. (396@sCINOMSaL batabbolb dgmeg Godab
Lona@bEGs30mE 3odmmagds obgmn ghmgnmagda, HMImgdbsz odzm GMoa(zo-
aemo gobbabmgMgds, dsgsmoms, dgMmdngs. 83 dgdmbgggzeada (39b@MomMmdals
bocabbl gobbadmgmegh ngsmyMa ,g3mbabs" s dm393nmo gMogymal Mgomyco
»3mbob“ dbaszbgds. HmamE(3 sMg 3bsbgm, gb 4obLbadmgMgds s0g9ds 3B He
30Mmbdonmdsms bodMagmol gmbdy, MM3gmoa s ,(3Mm0sbmdalb® (369dsL gbgds: hzqgb
030@m3 gmgmom, Hm3 (3ommeo3g) dmgEgmo 5Mob ‘dgMdogsl’ (3m@n dsgsmomn
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(030l ombgszem, MmB ab 8 3dsymazomgdl 83 398 gamE0nals dofMomam asbbabemgmy-
d3b), ®m3 hggbo doDabyyMo ©sd3989d0 dmzemal dgbsobgd o6 dggboedsdgds hggbl
05339090806 ‘ngoma@o’ dgMdagel dgbobgd. s@bgdmdl dgbodsdnbmdal @swggbals
39bs38g aba(3: 83 dg3mbzg3530 3Mb(393&0 gobobadmgmgds ICM-gd0l 3m33gdLbols
Logyydggmbdyg, Mmammg gb oym RIVOL dgdmbggzsdo. of ICM-gob dobobosmngdge
bodsbms ggmbgz0e g30bMgdom, Medmgbowarz bLybgdmmoa 3m33mgdLbols Mo YBGHm
3980 60dsbo 560l bomdmoaqboemn 3mb 3698 6034ddn, Bom NgG™ (396 MmN

@300 9goMa3b 3m3934e 60dnaL dgbsdsdolb 3o@gammosdo.

4.4. 3mb(3938>myMo 358gamMngda MmamM (3 ©nbs3dnzyMa

3mbLEMmYImMgda

39&gamMosms dgbabgd s@Mbgdymo 3mbgy(30900L M3FMogmgbmdal bogfmmm
0bo 8743, MM ymggmo domgsbols msbobds, mommgmm 3o@gammosl bogyyd-
3o q3b LEsdomyGa Bommbabgomo mdogd@o. dogmed «3565L 369
Mmb gohbos sbamoa Joamds, Hm3gmos ggg30b 353 0y5693L sbgo goManwb.
dogomoms, bdomo s Lydygmbmbo 33530 530080390696 ‘BodboMgdaman
39893MM0960L° 3mb(39x3305L: ,LEsd0mYM0 398 93MMNgoaLs s LGsdomyMn
3M6(393@980L B1dgdgdmmmn 0ggdo oMz o9 boymayogMo s0dmhbrs. 3
3Mb(399830(3008 dgmgas ob dmo@ebs, Mmd gsbybyzg@mong Abgdmes 3mb-
(3938900L sbsm-sbom mgmGngdo, d93ga 30 brgdmes Jomo Mefmymeys, Mg-
3d0m0@)o(300 S 33moeg ofymas” (Smith da Samuelson 1997:163).

Ldomo s Lydngmbmbo 0dmB3gdgb dogmn Mogn gdL3gM0dgb@gdol dgwgagdl 0dab
Lohggbgdmo, Mm3 gojbomgdyma 3o&gammMogdol (36985 @s dsmn gbadsdabo LG e-
doena@o Bomdmbabgs dbmeme omons. 33 g4b3gMedgb@ms dmals Imblgbogdemoas
dombammal (1983) g4b3gM0dgb@gdo, MMImgddaz 3bgwgdoo Labgmeabgmme
BMOHIoMgdam obgor 338 9amE0gdlL, MmImgdbsag o goshbosm Msndg 3ofmmdoomn
bobgmgda. dogomomaw, ,35300Dg Immagbgdamo Bogmgdo, MmMImgdaz dgodmgds
30dmygbgdm 0dbglb cr@mb3bol oboggrgdmew®, o6 ,303603%g Bobomgda bagmg-
30“. (300L306Mgda dz0maE J360bgb sbom, 3MbE@gdLENL dgbadadal 358 gamGngdl,
AmImgdbaz 03039 030b939d0 og3m, M3 Loymggmmome domgdnm 358 9a3mM0 oL,
(3968 HomMmdal baMobbobs s dobsbosmgdgm badsbms hsmgmom. bbgbgdnm o3-
BMEOMS sDM0m, 358 gamM0s 0dMd30m39 (339 gdd0 Mdogd@ns s 036gds 3mb3Mg-
Gmo Lagommgdgdol baggmdggmdy. 93 dmbadEMgdsl Ibs@b Mg Mommbo (1997),
Mmdgmo(y 938 30(390L, HM3 sdLGMsEYmn (3m@bals 3obbs 3nmmgdamoa Lob@gdal
36bgdmds sMsbsnma LambBINbm Ladnmam o6 sLEYOLYds s MM Bojbomgdayma
3M6(393&980bL Lagomommm mz0bgdgdl Lbgs sbbbs dgodmagds Imgdgdbmb.
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L3omabs s Ly gembmbal Jobgzom, 3Mb393@L Lagndgmam Mwq3b dgdwgan gemg-
3968 9%0 — bo@byymo, s63ym s sMbLgdymo 3mbBgjLbEo. Moz dg9bgds bo@byml, sby
3aMmmMa0m 353m (300 gdsL, 53&™Mgd0 5cbndbszqb, Mm3d ymggmo 3mb Mg mmo ao-
dm(300emgds 3o3mgbslb sbgblb 390l ‘(3mEbady’:

babadmogam 98 (33em0mgdgdol @ogMmzgds Bam8mama bl bGsdamaEmmdalb Bysmmb

6y39@& 90 (33mem bobEgdsda. oy Rzgbl godm(3nmgdgdda sGbgdmdl b e@abEogncn Mga-
P@oOH™E730, 30633790 ImEyeEgdn, GmArgdboi 3b3RIS0m gaesg @ gaersg, sbge dgd-
ob3935d0, Modmgbswa(y (3m@bal ymggmoa 3mdgbdn ,bgdmwsb gogds® bo@bmm dmdgb@gdlL,
F3960 sDMM3b530Ls o J3930L LYLG Gabogbzngdo Bmax g 0dgbsw dmngMmgds, MHmA
abg sz0ma© 39mem dgo(z3mgds s, 53335Mow, dgadmgds godboMgdmmsowss 3magzghggbml
(Smith and Samuelson 1997:175—6).

Y39moxgMo, Mobsaz ymggmo 3mbimgdmmo Bambymo godmizmnmgds smbybbsagl,
dg0303b 3o8mg3gomec 3mbGIJLE PO Y® BoJBMMIOL, srddye s ae8mamgbor
39390698L (30DgbmdM0gb s bbg.) Lbgs mdngd@gdmasb, dm 393 9bsLmsb s &.3.
dgmg gemgdgb@o ool ol ambgdfngn 5480, Hm3gma(s dnscmme xdmgal bab (36950l
hodmysmndgdsl. 530l @b Maw dom 3Mondabgol 9g394@0 Im3yszm. 39Mdmwm, 3mb-
39380bL Rodmyamndgdolb 3Gim(39Lmab s 3533060900 53@™MMgda 5bndbaggb:

06bgdmdl Igomm 3933060 EMHMIn 9630dwg3Enm sbMYdL dmMab; dmgmagbals
3603369mmmds ©8dm 30@ademoans dob saamdg dmzmagboms ©nbgdsda. o) xgM 305306500
F035bg o 3gMg dayoygddy, 396 30806 9dm gsbLbzsz9dnma, 30Mg 09 30g30dMgdo K gc
393969619 ©> 9803 3040930y (0d30)-

1 3obabgbgmo gmgdgbBo oMol dnsmm 3mbEgdLEeL 3MbLEGWsmn, Mm3gma(y
dmo(3o3L mobazob@®, 3903983, bmgosemam, gbojmmmaon® sbdgd@gol,
56y 30bbgdbs s 39a390L, ©ab33b9dbs s Fmbammebgm dgmaagdl, seddwmm
30bgdmdMng 39390 9dLs s o.9.

sbems dmgmae dodmgobomsgm, oy 3mb(39389d0L gL 0bsdo gy bgogs Mmam®
s0babgds 3mb(3938gdal bad dmagat Fobobnsmgdgmdy, babgmmmdm, LadrmgMgddy,
Ro@hm-bgdgdLs s EMbggdDby.

4.4.1. 33893mM0ab bodrzMmgda

dbgmo oM 0gbgds dmzgdgdbmm obgmoa dogsmomgda, bosy gMomo s 0dsgg body-
30L Lbgoabbgs 3mb@gdLENL dgbadsdobsw s39dmm 3mBLEGMMomgdda Lbgsabb-
3933505085 adbmaggdmmo  3o@gammonl bLodmgMgdo. s30mmm abgmoabydo pet
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(‘babemal (3bmggmo’). egbmgmdom sMLYdmAL gemgd@Hmbamoa 394s60D39d0, Hma-

mgdo(3 dbgbgb (3bmggmgdal g6 339mo doboboscmgdmgdals 0dn@o(300L S Msbo(s
bo3emgd Im3mnbmzgbo s 6 3mgd 3mnbgbmnggdgmbo 5(056: dom DmaxgH bmwgdgb

cyberpets. 6s63moganbgm, ™3 hggb 3b303m dg30mbgsl, 5G056 Mgy sMs gl Mdo-
99&9d0 babemol (36mggmada:

(7) 60l oy oM cyberpet-o bobeob (sbmggma?

mEgbsz 88 dggombgom dodsmmazgb bLGogb@ms Gndon®m 3mmsbl, Mmames bybo,
3(30609bmds, dog M3 3603369mmz560 Y3 (30609LMds, 3oLYYbMAL sk, brem NI 3-
bmds 533mBL 8Ms. gb 50l B mJds Mbos, Godono ,oMmsd 3og0m™ gmgaon. sbems
a5630b0mmo 3ombgs (8):

(8) cyberpet-o 6s3g0mo babmoab (3bmggmas?

03 3oobgedyg 3obmbo MBmegmgbow oMol oM, MoEash LoGyszs bsdmzgomn asbsdn-
6980 0dsl, Hm3 bbgbgdmmo 3o@gammanl bobdrgamo gobbszmmmgdmman nggds.
dgmeg b0z, bomdmopanbgm sbgmo bzgbs: gmggem, Lzmmob GLogdmemmaon sbgm
Rg3oL odmyggl 3dmdmgdL (9):

9) a06hg3m NynEmo Medg babemob (3bmggmo, onboss gmgd@®Ombama.

83 d93mbgg3090, Azgmmgdmng, 55300 o6 bgweglh sndg hzgmmmb gbogdmemm-
30b a53mbsmg3zeddn, 0dal doybgwsgsm, MHmI o goGgamtas boygzemgma (36mzgemo

9 99d@OMbam (3bmzgmbsag dgoegb. 93 3mb@gdb@3dn godmbsmd3zedgda ‘Medy’ s
‘ombsis’ bobemob (36mz9emob @&, gotom 398 gammnnl 939306396 33080dg9d0.
35630b0mmo dg3gan dsgsmoma:

(10) domb og3b mmbo msmoa.

96mo dgbgogom, gb dsbomyMn Fgddomn@godss. dogmMad Mol nByzno dommagddy,
m3mgdds(3 dgdo dg8mbzgzob dgogasm gMmo 36 dg@n mema s3amagl? Mm-
am& (3 Babl, (10)-0b 06@qgM3E5E5(300L5L B396 dommol obgo 3o@gamEosl gogqdo,
mdgmoy dbmmme Azgnmagdmog dommgdl dgazegl. 3o@gammos ‘dogmoal’ Lob-
03M930b 3owg3 ghoma 3mbbGmysmo dmzgdymoas (11)-do:

(11 doemgdo 56056 dydndbmgmgdo.
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03 d99mbgg35d0 hggb obgom 398 gamEnsl gogqdom, Mm3gemaz dgqbadadgds domem-

30996 0bgPALL s MmIgmo(y Lodygbs dommgdbsy dgnze3L ©s ggmM® dommyd-
Las. gobgobommo sbggg (12)-0b bgsgbo dgdmbggggdo:

(12) doeo dgbobndbsgn 3mb3sbambas dmbyy (30 s@sdnsbabmgab.

57 398900 3o@gammoasl, Gmdgmos dogbooggds 5sdnsbms ymxol, s sbgomo 3od-
93605 dgo393L dbmmme Labmol docmgdl.

dmem Fogamoma® gobgobomma ool 3mbLGMmsmgda (13)-bs o (14)-do:
(13) 30bs Ro@ngno d939dmmb g3gbe.
(14) B396L domdn dg360 Rodno.

(13)-d0 ‘Bo@nl’ Rzgbo 3mbLEMMIMNEsb Mbos godmamaibmo Rodgdo (3Mbzgma-
d0), Bmdmgda(y oM EoRMbs396 s ob ©sdsggdmmo Rn@gdo, MmM3mgdbay BMgbs
o6 dgydmoso. (14)-30 ‘FoGdn’ (0r9) 03 §MaDOL 53dmdL 356RgLG M0l Gadonma go-
998b0b do(36mzMgdgmmn) Mbrs gogmmobbdmo ‘dmbEbab 3o sms RoGnl yzgmody
3930 (39 gdymo babgmds’, Medwgbswa(s 3gMagnb boMdmawaqbos LofMsdmgdal b
>fBogol go3mhgbsol Loz nmem dmb@sbda.

Mmam (s 3bsbgm, 398 93mG00b bEONJGYMab 3emobo 3o dmegmo 0da@Bm3ds(s do-
0hbg3o 9M0509335@ Mo, Mm3 ol gmabbdmdl 3339, LodmgMgdL, dnbgdmng
3989a3mM0g8L 30, BmamE(z 536509396, sMod3o50m LodmzMgdo sfzm. ©s Fonb(s,
06533550m bLadM3Mgdob (36935 YBO™ Lagndzmosbsw Mbos gosbsmndogl. sMs3-
3ox0ommdal 35h3969dmgdma, dsgsmomom, nomgmgds ob, Hm3 Lbgswsbbgs (300-
L3oMgdn LbgomsabbgogzaMmam gobomsagqdgb 835 o9 03 3o@gam®oal Lobmgmgdl ws
9600 ©s 03039 (300L30Mgd0 asb6bbgsggdmem 3mbEgJLEgddn Lbgomsbbgsggsmewm
0304LoMgdgb gMmo ©s 03539 3oGgam@aal LabdwgMmgdl. dogMmed oG8 3ogommdals
939w 35R396909m0, 939G gL 3g8bzggoda, ndmemedgdger mydboga® ghoggmy-
3%y Mgogd300bs s 3G 3Mb3Mgmo 3mbdgdbBgdol 3mBLEEMsmgdL gimdbgds.
dommamons, magdbognco ghmgymolb Logndzgmdy sg9dgma 3o@gamaal Lob-
gm0 dgadmgds dgoigommb 3mb6@gdLbEob (33mobmsb ghmew, dog3Mad gb LMy-
0o@d(3 56 603bsgl, MmM3 Mmeg0bmdzd© 3Msdgogoms bbgsmabbgs 3mbEgJb@3dn Lb-
39005bbgog gm0 oggdnmon bLodmzgMgda. bLadmgemn sMal ‘Fos’ s ‘gomg’ sfggdals
a0dymagn bado. ©absdngnma 3mblbEEmnsmal 3mbzgn ool 0sbsbdsw, Ladmgsmn
oMbgdoms d3ox30ms. B3q60 (3m©bs LodE3Mgdal dgbabgd 30 dgadmagds gobbbgagyg-
d9mo ngmb. dogsmoms, dgadmgds hzgb dbmemme gozmegom LodmgMol dgbsdmm
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356006930b BoMamgda. LodemzMob By dgdsMgmdob gom® 3393mmmds bLEMmos-
(3 30 a3dmMosbogb dob Lod3zgomMgl.

a06g30bommo Lodbmgamo ‘3mEbsmbs’ s ‘3305ML" dmMab. dobo owggbal 3Mo-
&9M0dn 0(33mgds 3mb@gJLGNL dobgmzom. 0y bogdg ©@dd0sbgdl gbgds, sbgma
LoBMZMlL oEagbabsl dgndmgds sbMms bbgosbbgomdsi ashbogl. asbzobo-
mmo 03039 LobMgaMo sdMOGMeb s 393d0Mgd0m v gbomn ©s30L 3mMbEg4LE 0.
03 mMogg 39dmbgg3sdn bodmzMob dgdsmgmds ool egabs s gonM3393mbals
Loasbo, dogMmad, Ms mdds Pbws, dm 3odsmggdabmgol ob Loagbgdom gomM 3394mos. db-
303b0 sbMmms Lbgoabbzomds 0dsbg 30560db753L, BM3 3MLYdmMAL @odm@mdonEn
3MbLEEMsmo 33550mE g5b6bsdMaMMmo gsdymazn bsboom. domosb bIoMow 3mb-
LBl LodmgsMo Fbmmme 0dsb @3 5bL, sl oy ss Imzgdymo Mmdagd@o
3989a3mM00b BoMamgdl dogbom. g.0. 83 dgdmbgggzedn LagoMms Fbmmmme swao-
md@030 LabdEgMab 3MBLEMYMYdS s 3G 338 ga3MmM00l LEYmo dgdmbsdrmgMe.
mosgmgn (1987) bogsbagdme godmymal abgomo 3o@gammagdol sMedzogommdsl,
AmamE0(359, dogomomase, JORIR() 30BN, Hm3gma(z aMsms30nm m30bgdsb 4 3o-
33060905, JogM3 ©0bsdn 3o 3MbLE®Msmal 3mb39%(300L BoMamgddo 53 @o-
3oL 3o@gammogdol 3mb@GgdLEsmMabgdyma asd3mgmabgdgdaz 3o aymabbdmol
3Mb3Mg@mmo mM0gb@nmal ogndbomgdsl dgbodsdal dzomady.

3dmemb, dgbadmms Dgdg@ o 0ymb 8663 3og0m Labmg@al (369ds: yggmoggma
dgodmgds s0bbbsb hggmmagdMngn, 567 d3ox0mE gsbbsdmazMMmo Labrgmal (339-
mgdsmdab bogdggmdy.

4.4.2. Rs@mBm-bdqdqda

BomImMo s msgmyn Rs@hm-bdq3goL/ICM-93L (bmg dgdmbgzggsda ICM-g60l
3M33mggLL) aobbabmgMsegab Mmame(s 358-bsgmadsm 0bzsM0sbGm LEMY]-
&698L, HmImgda(z JysMmsow 303900053056 mgdbozn® gMmgymgdl. Ro@hm bdg-
3oL bogyydggmbg dgodmgds 3obndsM@mb (335mgdswn Labmgmab dJmby 3mbLE M-
amo, 39MdmE, seddmo mdagd@abs s RomAm=-bdgdolb dgbodsdabmdal bamnbbals
Loggmdggmbg. 3o36sd Bobgmogo 0dabs, M3 Rs@Am-bJgds 3o@gammonl Lsb-
03690056 dgsMgdom ncm LGsdomMos, absdngnMa 3MbLEGMyYsmal 3mb(3g-
g 300b Bomamgddo dgbodmagdgmos sbg3g mgoom RsGhm-b]q30L (330mgdoo 3mb-
LBl 0ggds(3. boMbammb DgdmblLgbgdymoa 9439608968 gd0, bowsz begds
obgoo ad hoc 358 9amMogdal Asdmysmndgds, MmImgdbsi odgm godbaMgdama
39893mM0760b yggmos @sdsbsbosmgdgmo m30b9ds, 33535M99©950693L, MmI Rt~
hm-bgg8gdn3 dgodmgds s0amb Lagsbagdme 3mbiMmg@mmo dgdmbizgzgdobogal.
535Lmsb gMmo, 3o@gammos dORTN-b 35M056@ o0 BMsDgdda doengdo s Lbgs
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bsbemob (36mzg9cmgdo ©s doemgdo 86056 dudndbmamgdo, mame i RsbL, memm
©335%9Mgdma dgadmgds s0bLESL homhm-bdqgdol dm@ymasz0ab bLadysmagdom, go-
M9 i33mge Rs@hm-bgq8sbmsb (JORTN) dobo dgbodsdaobmdals bamabbol bogyd-
39mbg. 6960L30g6 Jgdmbzg35dn, 0dobos Jonbgwsgem, §d3930gds6gdash o oG
Ro@hm-bdqgdgdo dmdbom 3mbLEEMMaMgdsl, 3o&gammnnl LabmgMmgdol oagbal
394960930 33mogsz LagoMmgdl sbbbsb.

4.43. 35893MmM0b3300b mMbggda

09 3530m350bbabgdor 03 GodGL, MM 358 gamMabs(300L EMbYy sIMFowydy-
Mmoo gMngMmms d0bssMbgdbs ©s dnbssMbgdl dmEol nMmogGmdndsmmgdgddy,
of Mbs 35330330M09L, 09 gMmo s 03539 Mdogd@ob 3o@gamEndsznal @mbgl
Lbgowabbgoazomam aobbadmgmMagl bbgowabbgs dmmadamsgzg; s ghmo ©s 0dagy

md0gd@&obmgal gb dobobosmgdgmoa sbgzg o3gmagds 3mbGgdbBobs s ol zy®mbol
(33mobmsb gMhmow.

dbgmo o6 of0b abgmo dgdmbggzgdol dmdngds, Lowsy bbgowabbgs dmmadams g
960bs s 03539 9M0gmb bbgosbbgs @mbgl dos 3nmgbgl. sgocmo Lodygs oG-
006 ©5353d06989m0 358 9amMngdo. dBmgogfmn Immsedsmszobmgol AoGo swbad-
bogl LY3gMMMEENbsmM Mo EMBAL 3oGgammMasl, MmIgmbsg dgadmygds 3ybmomm
B&HN63IRIB0. 3obogg mbal 398 gamMogdas GbM3IN(N), 01J3%0, 36IA0 ©s
0.9., boemm 35Bobae mbol 43939 gamcngdo — 3IRIEAO, 35330, 3o3() 35330
3 5.9. bbgs dmmadsms ygmomgal oG, hggnmagdmng, s0badbsgl dsbabyymo ombals
3989a3mM00L, Mm3gemdog dgob dmb@bol ho@gda. 83 3565L369m0 EMBAL gobLb-
3939000 358 gam@0gdos sMs Jbmmmm OGS s JORTN), 560390 sbgzg bs3gmgd
»h399m0" Ro@gdo, Mmam@azes 16ROIMH(N, LOGOIITIZO s OMBN3() (Jolicoeur et
al. 1984). ho@ob abgomn Labgmdgda, Bmamay 5ol 3O33() s 3O3() 35330, sfn-
o6 RNEN-L bLydmEEobsmMo EMBOL 3939 gamGngda. 3ofggmo 3mobognzszos
NBOM g33sMnmgdamos dommmaonmn mzambsbdMobom, Goasbsz Labgmdgda
35DobyM ©mMbyDdy Moggdnsb. 3536Ms3 dg3Mn Fmmadamszg emBIMbgdoo 398 y-
300, ®m3 Jobmzolb dgmym@sbs s d8d3L ImmMab s@bgdmmo dodsMmgds ucm ,dg-
&o© 33536 3mmobs s L3sbagmb dmMal sMLYdMm Fndsmmgdsl, oMy 3oGobs s
domob M0 cmdodsmmgdsb. Immsdsmsiqggdl, 3obmgabsg AoGab Aggmmgdmo-
30 3mbLGEMYsma sM0b RNG(), dgazodmos gngsmonomm, mmd sbgzg 946900 AoGolb
Lbgoagama gmbbGMmamoacs, 3gMdm, ool Mmame (3 3MHabzgmab. obggg Mmame (s
350539980, 30Lbmgabsz (83 653HMBob 838 M0l dbgszbow) O330) sxbndbagl
35DobyyM0 Embal 3o@gamnsl, s gobmgobsis AoGab hggmmgdGagn 3mbLGEMsma
a0l BMHN63ITN, Lbgs LobEgdoms dgmdmasm M3gMaMgds, o9y 535l gomgdmgds
dmombmal.
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dgodmgds aoRbrgl sbgmo zombge: o asbbbzszqgdss dsbobymo @mbol JO33-
LO s LYdmMNbsmNMa EMBal O33L ImMab? Mmame(y Rsbl, 53 dgdmbggzsdo
360d3bgmmzsb0 Gogd@mMa 360l dnbssMbol Lodwnmg — (3m©bal, 3gbbogfMgdsdan
smdgdomo god@gdal, sbmsns3ngdol s Lbg. dsDoby@o mball 358 9a3mEM0gdl,
Mmgméz 6gbo, sgzm dowsta dobss@bo ©s ababo dzogome gsbomhgznsb gHo-
356900bgs6. 35d0b, MMz 3MmPgbombaemn dommmanbomgol joMgsss (36mdomn
obgoo bobgmdgdo, Gmammoi ool bogbogs, dgMbomo, dsdz0 s o.9., Jomagal
do(3bmgmgdgmads dgodmgds aizmeglb gL Labgmgdo, 3o3Ms3 domnsb (3m@o Med —
mogom 33 BM0bzgmgdal dgbobgd. sbg MHm3, ob 396 55393L dsDabyyGn EmMbBoL M-
®9mgdb: sbgmoa bobgmgdo dobmgal Lbgs sMexgMos, o oMo (39Mogmo ,xMg-
30", dmdgmo(y dgadmgds dgogbmlb dgbedsdabo (3m@boo. dob dgodmgds 3jmbogl
bmgown BaMmImeagbs (dmbEbob) Ro@ by, 3o36Mad o6 gdbgds Lsgzdetnbo gsdm(s-
omgds ob (3m@bs, MMI gobysmuMmo Bsdmowanbmlb (3omzgnmo babgmdgdo; dsb
96065060 ©sdm 30 dmagds 946935 dmbEbal yzgms ho@ob dodstrm. mygo AoGolb
3MbLbEEMsmo ol mMogg mbgbg od3b — Mmame (3 bydgmmEMEabsmu®, aby bdo-
Bobay@dg, gb Mo mdogd@o o6 0dbgds ghmo s 03539 398 9a3mEM0ob bbgswabbas
©mbob 3mbLGMMsmo, 5M5dg0 — mMo Lbgosbbgs 398 gammas, Mmdgmos a3bzogds
58 mM mMbgdy.

o 3mbrgds 03 dgdmbggzedo, MmEs Fmmadamazglb dggdmgds 0dmddgomb ma
aobbbgoggdanmo Lob@gdomn? gsbgabommo dommgdol dmddgbgdmal dgdmbgg-
35, ®m3mobmgabsz Rzgyem Ladmdom gomgdmadn abgmo 338 9a3mM0gda, HmamMacs
omob L3OBNITWN, SMRN, IVDBILIMO BIBODN, BIGNIAN  dsDobyFn mbals
398 9amMngdos. Hmam dmod3939, 0 dmbos sMab3g30omab@osb madsmszn?
Ly 33067, smmdom, dgq(37ds FmgMamb o3 sbaem Lo@us(300L s oNdMMbrogds
03 9306930l Rzgmm 3mMbLEMMOmMdL. JogMmsed bodpgomom 30 (330l 83 GgM-
d0bgdom 5mbndbym 3o@gamMogdl sbgm dgdmbgggzedn? oy MdMormme, dommgals
sbom @mbgl 9393L7 o9 ol oMMz 03086 5393L dgbadadals 358 ga3mEM0gdL,
dogomomsE, ms30bo 3Gmggbonmo 3mEbolb MHmgdom Manmgdgmymaom, dsdnb
ob gog@onmMom Jdbol sbom 3mb(393@ oy 39@gammogdl. bHmmo bogndggmon
335430 gogomonomm, Gm3 3o@&gam@oal embol 3mbLbEGMamgds dgdmgdgmoas do-
boombobasb sdmy300gdmawm, g.0. 63d0bdngMmn gsssanmgds bgzom e 43930,
&ogdbmbm3oyMa 0gfmomdool asbBgmng dmbogds dbmemme dgbsdsdobo mgdbogntn
960 gmoo 30bndbymo 3o gam@nnl bbgswabbzs 3mbLEEMMsmalb s3960lb dgg-

3°oR-

4.5. 3603369mmdab b330z yMa 3mbLbGAsSma
030bmgol, M3 ©s3s3dsymagzomgdmam 50bLbsl Lodyzgdabs s 360d369emmdgdals
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MOHN09M»3035Mmgds, Mbos 39343650 0bgomo 36303z mmo LyMsmon, Loy
sbobyymo 0gbgds Mmamm (s ghmgnmolb Lamgdbogmbm dobsobosmgdmgda, obg doba
3603369cmmdal  3mb@gdLEMomYMa  (339mgdomds. 3356 dgodmgds dogombomo
Logbgdoo bEsbEsMEG Mmoo abom: b JGnEs Jgodmgds Imzsmagbma mgdbozmbdo
(06, 13000996 9L 3gdmbgzgz9dn, 5358m0 0l mgdLogmbymn 456350 9d960b bLogyydgge-
bg) @s Mg o0gnmo bgbgdal Ladsmgdom s3bLbsm 360d369mmMdgdals (33emamgdgdo.
03 65dm3d0 gobzobomsegm sm@gMbs@omm dnam3dsl, ®m3mal Jobgozomss 360d-
369mmdgd0 s LGN IG AN JodoMmmngdgda 3sbabodmgmgdasb s6s bamgdbogmbm
30635M& 95900l Lodmomgdom, sMedgE brgds dsmn 3MbLEGMMNMgds 3Mb3zMg@&mn
Lo@d(30980L dabgozom. gb o6 sMob sbomo n@gs. mnbggzal@gdl dmEab gb 3ocgg-
mo@ d93magmegadgl 3mds s gofmmabads (1982), pmgbomgmdoo 3o bszdomm
393039 gdmos 3mabo®ngab@gdlb dm@abss (dogosmomsw, Lakoff and Sweet-
ser [1994] s Croft [2000]); s6smgom® doamdsb 3mabo@on® gbojmemmansdacs
3b3009d0m. 3ogM5d 53 ngol dndwg3Mgdo sMg, Mmamz bgbo, 56 nygbgdwbgb dsb
LEEYJGYOYmo mabazab@ozol 3MmMmgdgdol assobogmgmem. Ibgozgmmdsdo
33593L, 3sgsmomsw, 3603369mmdsms d0dsMmmgdgdn, mgdbogmco ggmagdo, 3m33m-
696@ M0 sbsmabo s 9.9, (3mmobgdns Gomomm 0dbs dgbbsgmomo, dogMad sbgm
303m33m9398d0, Hmam@ (3 hobl, 56 gmdmdms by 3dsMnbo ynMopmgds nbgo b G-
GO 60dbgdl, Mmammo 560l 3603369mmbol bLabmgmgdn). Ms 0dds Mbws, strs-
300 gomymal 0d go @b, HmA gbmdMngo godmbomgzedgdo 0d bgmma dobamoal s®bg-
doma 3m33mbgb@ns, HmImal bogydggmdy(z brgds 3603369mmdals 3mbLEGMMamgds.
dogMad, MmamM (3 3bsbogm, gb dbmmmme ghm-gMmo 3m33mbgb@ns Lbgs 3md3mbagb-
&9db dmMab. 53 mgambsdGabom, Lo ygzgdb doMmmai 36 vdzo 36ndzbgmmdgdoa,
o6 (3 — Bobomomgdgdl: 360d3b5mmdgdo o6nb ab, Mabss hggb goagdm mabazob@nn
93968 9d0b 030b95980L g93mygbgdom, dogMed sbggg — sMomabazab@nMo (M-
bob, 3m6&94LEGNL, 3M@baLs s 3L3g6gmal Mbsmnl gsmgsamabbobgdom.

Lo@yzob 360d369mmmdal Aggbo sblbs 3603369mmz5660ma© ©NbsdozMa 3mbLE M-

amgdal 3mb39%53(300L gdysmgds. dogad Mbos gsgnmgamobbobmm ol gocgdmads,
™3 3mb(3938 900 Ymggmm3zol oM 1bs 043690 3omsbsdmMgdnmoa 3mb@ gL momy-

o0 5390 360d369mmdq8mb, 569 0bGgMm3Mmg@s(3098m3b. 35630b0mmo 353w g-
30 boboowgdgdo:

(15) doemagdo o6 ©50d398006 53 dgbmdado.

(16) dg doygomb 398gdn, 353653 396 30856 domgdl.

mamd LoGMo305dog o6 Ybws asdmznygbmo gb babswsewgdgda, deemal abdgm-
36g@o(300 0gb67ds 0g03g, Mo 03539 3MbGgdLE30 3MBLEMMEMgdMma 3Mb(3g3E&0
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dORT(). 030l doybgosgsw, MM dMsgmoss sbgmo dsgsmaomgdoa, gb smdsom ds0b(s
396 hoomgmads Gndoym dgdmbggze. s30mmo Bobowawgds (17), bawsy madamsgos
Lobmob dommbg, HmImabomgabss bagdmal do(393s @ssg0bymom:

(17) ™, 3gbgg: 93 babysm (3bmzgmb omowsb sGaggma qdsdas!

dgodmygds 0mggzol, ®m3 bo@ygs (36mgzgemn 53 dgdmbggzedn bomdmawagbl dgbsdsda-
Lo 3mB(393@omGa 3o@gammonl GBM3ITNL 3MbLEEMsmb. s 35063, LEMma©
0890mmo 3603369mmmds ammobbdmdl 0bmogommsmy® 3mbi3938L, Labgmomdm,
Lobmol dommb, m3mob Logydzgmby bogds 360d36gmmdbol dgdmgmadn 3mb-
LEEMoFGdS 3MbGJLE MY BodGMMgdal gbodsdabsow (dsc ImEnbl, 03 Gog@ab
35035m0bbobgdoms(z, HmI go8mbsmd3eddo godmyqbgdmmo ogm Lodyss (36mzgeo
3 36 don). LBsGNbLE N0 Fmba393900L goMgdgz medsdsw dgazndemoas gog-
3om, M3 ymggmEeono 3m3bogsnnbsl, bLadmmmm xs3dn, Laddg nboogowy-
S Md0gd@gomab sb 3mbzMmgGmm ©0330569dmsb @™ a3543L, 30069 0boo-
300009 3mabgdmab.

3603369cmmdals Im3g3mo aob3oMmEGgds dmazegb mob dofomswm (369dsL. gbgbos:

3M6899LEMdm0bgdmmo ab@gM3Mg@s(309, dnbss@bon, dgbmmEzgdo s JMbLE M-
0. 3500 bbmM g sbgon 036308 3EMdom gsbgabamago.

4.5.1. 3mbBqdLbE N> Mabgdmman nbGgM3MgG (30

EMEbam 3mbBgdbEdo aodmyqgbgdmmo LoGyszs ymggmmgol gsbLszmmEgdaymos.
mamMg 30839638 00bo 5mbndbagl, ,ymgzgmo 60dsbo msgabmsgom 333wsM0s. Mo
odmggl 3ol Logmbmglb? ob dg@yzgmagdado aodmygbgdabol (3mEbmmgds. 30,
Jdo59d9Mgds 3oL Lozmbmg? — 96 04693 Mz00 g38mygbgds 560l dobo Lombemg?’
(Wittgenstein, (308980 sgo¢mos The Guardian-wsb, 7 byd@gddgmo, 2001).

F396 30 30 Y300, ®™3 60ds6L ,LomEbemg Jnsgdgmgds® 35d0b, Bmss dsb dog393s
3M6894LBMomabgdymn 068 gM3MgGs(305. 0DMmaMgdmm 60dsbl Jommmesy o3l
Ly3sbGNIYMoE MaMmgdymoa m3znbgdgdo, bLydsbG Mo 3mEGgbznomo; gb m30bgdgdo
353mgbsl obgbgb dgbadmm 068 9M3Mg@s(3090dg, 35363 obobo mbos gsbzsLb-
3omm 09350 0bBgMH3MgEo(30900basb. (6g60Lbdngfn admmamgdymoa bodyzobasb
d0gdmmo dbmgsbo Bamdmeoanbs 30l 360d36gmmdadg dngbawaggds dgbsadsdabn
Lo@ysob yzgmody go3M(39mgdae 3mbLEMMsmL). bamdzsdal Lsomyb@Mszomeo
35630b0mmor mMo dsgsmomo (9L dsgsmomgdo smgdgmos dabgd Ymm@gmbols Mm-
d5bnsb The Breaker):
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(18) d96@0 3dgdg abge 3oMob DEYMEmMb, Mmmgbss nbaqdds d0dzoMmsb dnaygbs
®030. dopmds godnmdgbomn mago sbbos s 3dndgm @esMGys 3nwn Bgbbabdgbol, 396y 3o
ohdomgdmom Bs8mnbos mamgddg o osdomdboms.

19 3060 . . . bIMENBAom 0¥ S 058 3D mbol bndMdb . . . baGro s sbbos
B9 RQS 0580307 & BI6Y 9M30 PO

0')030.

F396 963 39309000 53 656y39@ 0L ©g@omME asbbomgsb. gb BMead96@gdn 0d-
obmgol dmgnygebgm, g@Mm 53356 MMT gog3gbams (30 3gme badsbms “nmbomb-

mmds’ — doo bogydggmbg 939d0mo ‘3miEbomo’ ab@gMm3mgBo(30900basb asbLb-
3939000. B3M3mo@anbgm, Mo (36mdqdl dmagzsbzmoms mgdbogmbo abgon bodyggdal
3603369cmmd93%g, BmamEoss ddndym @em§yds, 63dmbggs, 86935, S dgosfgm
9L 03 3mEbam bLyMsNL, M3 93 LoByYy3z903ds 330G gL (308 0MdNm BMO33968 0~
do. dgoamgom Lo@yge 96930 M BMsbsdo: dommds godamdgbocmo mago obbos s
bgmzomems sbb0s 0s30. gb oG m 0doGmI 30 o6 5M0bL bbzosbbgs Jdgwadgda, Hm3
30639mb dommo sbEmmgdl s JgmEgb — gmambs: doemal msg0 03 J390090b dgwg-
35© 30b0sb @mm domam 3mdoz0obg 0bs(33mgdl; amambs dbmmme Bsdmbggl
»a3b 0byg, ®m3 Dgz0m sabgomb.

5 0g3s Mbs, Mmabyz 39890 53 L3960, 393gsMgdom Rz96L g™z (3m-
bob gmambabs s docmonl g3939bg Lbzosbbgs gomamgdgdda: o) dado, gordgom,
306439 0635 00@03bg s bngadn bogbdy gom, 308398 3o bobmgs ghggbgdabs gb
Bogbo, 3530b msogals 56935, EMBgembg 3 modsMms 3o 0dbgdbmms BMsbsdo 30808 sbbns
2530 35309300 YBO™M sbrmb 0dbgdmes 03 J3g0gsbmsb, GmIgembs(z sbndbagl
BO5DS domds sbb0s m330. G5 0 dds Ybos, gL bogysbLgda MINmme 56 ngmmabbdgds
Lo@yzedo 86935, oo dgozo3L 3MBEgJLEEL bogmdzgmbg saqdemo 860336gmmmds s
donmgds Mmamds bodygs sbg30L 3mbzMg@mmo asdmygbgdols 3oMsdnmn dgogan
(3. goemdmeMab gogqdol bgdsb@Gngs).

Mmsd Bggmmgdmogo 3m39bogsoob 36migbdo g39L30L Moms GgdbBob Gmog-
39680, Rzgb o4 33946905 go5bMgdalb 3mdgb@n, s ddmmo 360d36gmmdol ghmazstin
360LGomada300 — Aggb 3630700, Mo 0g3d 30005398 3 MM (86 sbgMs). gb do-
00b 33030 b5(36mda babals 5dm(36mdsL, ob 0dsl, MM (30 3o(36MdogMgdm, MmI Mabs(s
3bgogm, oMol dogemon ob bbgs Mondg Mmdogd@o. Mms Lobgl zbgoogm, YodMommem
30 06 3(36mdom, 30b0 Labgs gb, 8885 ndsgEMMMma© dgbadmms sgnbsbmm, HmA
9L 9530560 5M0l Mmoo, 56 d9bmbgdamoa, 56 ™ds 5L Joobasb s6gbamo s
0.d. 09 ©d380JM©gb0m, dgadmgds dogbzmgm, oy Mol 839mgds gb 3sd05b0n, 56
Go@m3 sMnb dgbabgdagmo. gb 3Gm39L0 dgadmgds NLoLEmmE goaMdgmogl, do-
a3, Jombgsgem 330y, sbgo dg3mbgg398d0 ymazgmmzgal 05Mbgdgdl sdm(36mdals
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s3Mom@yemo Im3gb@o.

Moma(3 dbgagbo brgds, Mmegbs 30b3gbe GgdbEOL BMeadgb@L. hggb dyobogMsew
363009800, M 0735, 353683 LabEMmmME dgndmgds gobzsg@mdmm sl 336580L go-
dm@obs. bsmgzadal goggdolb 3Mm3gLbdo LEmM g gbss Rzgbmgal dmagama. Aggb sdsb
396m@gom godmbomggedal 0b@gM3Mg@s(30s. Bgbm3gbmmmaonMa mgsembsdMaboo,
9L Lagbgdoo goboggdo Imgmabss. 3o3Mad LagnMms gMmdabgmaligseb aobzsbbgomm
36m39b9d0, MM3mgdos 60b dmgzal s 3o6530MMgdL 3MabE MBS (305L s dm-
(39b960, BMImgdaz 3mbrgab sbgo 3MabESmaBs(305L. 360336gmmdsbmsb ws 33~
JdoMgdmm 3936 3mb39%3(300d0 gobLabmzMmos 0b@gM3Mmg@e300b s39d0L Labynbo
dm3dgb@0n, 35363 56 oMl gobLabMgMma 53 3Mm(39L0L SLLAYMO. dogsmoms,
M9ma356@mdalb mgm@nsdn (Sperder and Wilson 1986) Lobyobo bgM@Goamo scals
a03mboemol dgbabgd 3oMggmo ©sbzgbs, Ladmmmm Bg@mEoma 30 (o ob bogHome
36bgomdL) sMab Jmgdswn mnfMgdmmgdal 35635 @ gdsms MLbabEmm Mogon. gsggdals
bomdmeagbom Imegmb o3l asbnbsbmaMgmo Labyobo bgMEoma (dnbss@bn) ws

356bsdEgEMNmo dmem BgM@nema.

0b@ g3 o300 dmMagzegmbgdl LyyMomb, Medwgbosz ab o6 gd399mgdatgds Lab-
e absLosmgdal bgdsb@nz Mo 60dbgdalb Logmdzgmdyg, o6 Mondg Lbgs dgom-
©0m. b530b30gM0 bndsbo Mg sl 3MbLEEMsmo. Mo Mdds Mbos, 360d365mmdsL,
3563390 sbDM0m, bws dggbsedsdgdmmgl LabMyma bgommbymoa bs@o, dogMsd 53
bo@nb dgdaagbgmo gmadgb@gdo 3md30y@gfal g3Msbdy godmbsobymaoa byGsmal
304Lgmadl YBO™ 3335606: s ddmmo LyFomo 560l 393G omEo. sbgzgs 0b6GgM3My-

&9(300L dg3mbzggzedo(s. gb dmgmabs 33magzs(3 bonwydmmagdomss dmzyema.

dg3603bs3m, M3 53 3Mm(39b0b 3m(393mmo obsbosmgds MmM0gb@ntgdemos 313 gb-
9 bg. bago@aommms, Mmd dmmadams ol gmbgdsdn yomadmgds Moms(s, M3 bab ¢d-
030L BEDaL boMmBmmddsl, 393 aoM339mmn sbBGom, Immadsmszgd o6 a(3ob,
o) M50 08y30b, 30067 Megz0L FEMHSDBIL o6 BoMdMmnd353L. Immsdams ol Mdmagcgbn
39m (3965 Lamgdgmol abg Asdmysmndgdss, Gm3 bomdmmdnmas gmsbsd dngdgm-
abmgol baby@ggmo 0bGgMm3MgG o300 sedMslb dbdgbgmab gmbgdada.

4.5.2. 30b>36ban

gmzaeo @gdbeggmo ghoggme (boggzolb gm@8s) @sgogdaMmgdgemas 3mbEgddigs-
@6 Mmd0gd@msb, Hm3gmba(z og 3bmogdm dabss@mbl. dobssmbo 560l 03 bymn do-
bamob bsBoeo, Hm3gmbas 30mgdm bo@yzob Ladysmagdoo s MmM3gmoa(z bomdmaco-
396L 0b@&gM3Mg8o(300L bagndggmb (Bgmeg baboro sGab dommdomo dgdmnwggdals
LodFMdgmg). Bobsombo oM dggbodsadgds oMz gfm 3MbiMg@m 0b6GgM3Mg@s30sl,

42



J6d

dLEMoJE b3 30, 0bg3g, OmamEz Bmaswsm bodyss 36 sMob 3@ 30390 ©s3o3-
doMgdmmo 3mbiMg@nm 3mb(393@MomYM 398 9a3mMnsbmab. 53539 MM, 0b@yoz0s
M3Md3malb 393mbzg3983dn sg0ma© 8353d0658L 9Mm3sbgmmab bgdabdogma Lody-
30b bbgomabbgs 408mygbgdq8b. 6560emmdmng qb dgadmgds soblbsl bGsdomu®a 303-
doM0o bo@yz0b BMEIsbs ©s Jabss@bl dmEab.

dobssbo dgadmgds ngmb dgosmgdom ghmagstmgsbn, doaMsd dgodmgds dgo-
(39309L gON3sbgmmsb bs3mgdom 39330090 3m33mbgbBgdLas (Mmamt(s
GMowooge ‘m3mbodnsda’); dgbadmms sbggg, Mmd dob bsbomgdlb sbsbnosmgdogl
3M39M96@mmmdol dnomgey®o bomabbo. (obgom Lodyzedy, MmamEnzss nbgmo-
Lo bank (1. “Bobsmol 6s306M0’; 2. ‘B56307;......), OMIals Jobss@bog mMsDOHMgs-
bos, R3gb oM 308 yz00, M3 ol 5g3L M [sb dg@on] dnbss@bon. doMmamas, dgzco
3R gM0 ©5353090MEs, sbgmo 33smogngsns Mmd dogzgise bgegbo bemzMyma
dgdmbgg3980bmaal, 85363 3o FoohJdsmgdmes ob god@o, MM sGLgdmdL do-
boombol 3m33mbgbBms ,oMagMmagzemmagbgdal” 3mb@nbymdn, Mmdgmdai sbgm
dgd:nb39390L 30 nMabo 3mbasns MoMagom).

Jdobssmbo o6 Mbos d0g30Rbomo 860d369mmdal 3mbLE MM gdmem 3o6M0sb@o. do-
boombL obgomngg dodommgds 5g3b 0b@gMm3Mg@o(300LmMsb, Mmammoas 33960 bL — ma-
980, 56 Bgz0mb — 3YMb: MbGmmmannmaow ob byym Lbgs 3o@gamMass. do-
bas@bo o6al 860d369mmd0b 06aMgngb@o s sMs — 335003 96gmn. dmaswsw, ob o6
dgodmgds aobgabomman Mmams s6bEMsd@mmo 56 LydgMmmonbsmymo 360d36-

9emds, Hm3gmo(3 3mb3Mmg@mgds dm(393m 3mb@gdLE@3d0. 0b@gM3M 5@ d(305 56 sMnls
d0bs36Lob 3MbEGgJLE MM s 3MB3IMY&gds, ob Fabo gofmEsddbss.

Lo@yzob dobssmbo godmnygzsebgds o3 Lo@ygal IMsgemx Moo g35dmygbgdowsb Lb-

3000bb3s 3Mb3Mg&m 3mb& gL 3n. ob 456x6y39@&mn3 3omemmagds: Lo ygol godm-
496960b ymggmo dg3mbzggzs 3o 339mmbomawm (330l ol Jobssmbl.

4.5.3. 39b 03900

5 0ds by, 06@ M3 9@ d(30980L 3MbLE MM gds 35633999 3gdr39dLS(3 8-
obb3mdl. dgdrmmm3qdo 3Magsmos s bbgsmsbbgs bLababss. abobo gsbbbgsgwgdosb
Lodmogfom s dgadmgds 3o5dmngfMmb sb gosdsmammb gMm3dsbgmon. domo gomsmab-
35 dgodmgds 99393690000 domabbdgzom, 3s3Me3 o3 YBMm demngMos dgdbmwoas,
doo ucm oo dgdg36gd0mn domabbdgzss Lagomm, Mems 3mbrglb obgma 3mb-

LBl s39ds, MMIgmo(3 Yamgdgmymalb 93 dgdrM3asL. nbobo sbggg asbbb-
393096056 Ma3056m0 bLGsdom Ml batabbom 3mbEgdLEnb (33mamgdabsl. dgb-

0903980 dgodmgds sogm@dsmyman sngmb 3g3amad 3o@gammogdswm.
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4.5.3.1. 50530560l 39393698000 4bsa

dgdmm30lb gem-gfo Bmsegmal o3l go65306Mmdgdl ssdnsbals d939(3650000
Lobgds. o 0gmmoabbdgds mMogg: Gmame(y 3mbodoyma sbdgd@gdo — bogg@boe-
960 §brgb0s, gggmsggo 8mydeal 3eM3350e LEGYIGIM0b BoMamgddo s
39983mEob Lbgs 3M0b3039d0, abg bgas@onma sb3gd@&gdo, Hmamn >0l dgb-
e dgbbngMgds s yMmamadol 3gdmoemo gbso.

4.5.3.2. Ag5emmdab bgbmes

dgdmm30lb 3oz 9o GodlL dgagzadmos NdMsmmeE 36momoe ,Mgommdol bg-
Beems®. godmzomgdol dmangMon sbdgd@ o NRO™ szoma© 9d399w0qdsgds 3mb-
LEMYOMGESL oM 339mmo dgommom s YYBMm dbgmo — bbgs dgomeoom. dsgamo-
»o@, Mmiss bdddg azed3b dobobosmgdmgdmsb, hz9b dgagadmos sgofmbomom dsmn
3MBLEONMEMgdal gDs: 56 BaMB3mzgoanbmm, MHm3 gbs o« ab Jsbsbosmgdgma ,o60b*
36,06 300", 56 BaM3mgoanbmm, MHmd gb dobsbosmgdgmo o0l Momsy bamabboo®.
53000mMm, dogdmomaE, 3amdsmgmds ‘sdm@mbabgdyma’: gszomgdoo 3B 0309,
0398m0 0b HMam& (3 odm@™30s (ogmmb0bgdmemo : Jo@mGmbgems), 30 g Mmam (s
aes@MomMo (36905 (domnob ofmmbobgdaemo: mwbsg @ Jmmbnbydmeman). dgmeg
dbeog, Omzs Laddg gbgds bMggog LogM (e Fobobosmgdgmb, gszomgdoo swgn-
05 5353m0 0l MHmam@ (3 aMoEs(30m0 J3oms, 300060 MmamMs odm@Gm3dos. 08839
d0bgbom, dbgmos o6 gosgmm sDMMIMngn bodmgstn bank-ob m 360d3bgemmdsls
dmEab, o gb MHmamE (3 08 PMYg30 Mgommdoms(z 30l gob3nfmmdgdamoa, Gmdmals
®0b5b3ds(3 5MbLYdmdL river bank (‘dnbstnl 6s3060’) s money bank (‘6s5630°).

4.5.3.3. 3o6mdoomdd

30093 gm0 domosb 3603369mmzs6o dgbemnegs sMab doMmdammds, sbg ab, oy
R3gmmgdcog Gmam®m smodzedgb Lbgswabbgs Logsz0sl, mam® 09gbgdgb Lo-
$Y390L s .9. 08 Labmasmydsda, Mm3gmdoa(y 33bmzgmmdom (dgdmNEzgdal mgme-
0ol dgbobgd ob. Lewis 1969, Clark 1996 s Croft 2000). s6bgdmdlb 3oMmbdocmdals
Mo 3b3gd@0. 30Mg9ma Jomasbo ¢ 303d0MEgds 0da356 dgbodsdabmdal, Mm3gemacs
36bgomdL Lo ygzolb BmMIgdbs s 3Mb(393@MomMo d0bssmbol sfggdl dmmals. mes-
30bmsgem, gb dgbemmegss. MmIgmadg mo bodyzob LydsbdozyMa 3m@abzosmals
a56bbgseg9ds 93gagds o3 L@ Y3006 ©s3o3d0Mgdmemn JobssMbgdal aobbbgszgdey-
mmosl. 30MHmdoommdal dgmeg sb3gd@ o oMab bodygobogol MHmIgmndy 3mbiMgd -
0 dobso@bol gm@m30Mgdal godbgmgds. 3o 339mmo 3mbLEEMMsmgda, dmogHo dgb-
00398006 3MbgdMdal godm, 0gdgb sEedsm 30madam (Bggmm) LGsGMLL s Bobasb
356bbgseggdamoa 3mbLbEMmmsmal s396s Imombmgl sds@gdoom dgdg(3696000 doemabb-
3935b. 3omdomo 3gdmmg5d0, Mmamz Bgbn, ©sd8mzomgdamoas 3mbG gL vy, g.0.
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3M6894LEG0L (56, YRO™m Db, 306 339mmo Godob 3mbdqdLbEnb) dnbgogom 3o-
Mmoo dgb 3900 55030l 3oM 3390 3MmbLEGMmgdol s3qdsl dm(3934ymn
dobssmbob boggydggmdy.

4.5.3.4. 3mbBg4LBo

obALOYM, asbgabomaogo sMsbsgmgd 360dgbgmmasbo Godol dgdbmwggdL, 39M-

dme, 3mb6@94LE MmN dgdbmEggdl. gb ssbrmmagdoo ol 5@ab, Gabsi gmomgn
(1996) 9Fm©gdl dmasw ggmbl.

(a) mobggob&an&o 3mbBgbGo

mobaz0b@ Mo 3mb@gdbdo 5Mob 3maMmzobgmmo 3gAbmbsmuMa dBmasa gmbab
9fm-gMon 3md3mbgb@on (bsdmgdgom bLagydgzgmn). sf dgazndmoas Ladn sb3gd@n
a0dmazymon:

(i)  bobs @abgynmMbo: b ab &9dLG0, Mm3gemas Im 393 godmbscdzsdlb dmsmme
@dmms 606. ob sGal dgdrmagdol demngfn Byscm.

(ii) mdmomm mabgagzob@mo gomgdmzzs: bodyzob gomIm3(339m0 BEMHODbs 56 babos-
5009065 dmngm Dgasgmgbsl sbegbl dobo 3mMbLEMYsmal 53985g. dogomomas,
@dgomm mobazob@nmo 3mbdgdbEob gomzsmabbobgdom, hggb  Lbgswabb-
358356 0b@ M358 53050 dog(399m LoGygs bank-b (20)-bs ws (21)-do:

(20) We moored the boat to the bank. (‘A396 d0gsdam bogn 3nbsmol bodnfMmsb’.)

(21) I've got no money — I'll call in at the bank on the way home. (‘g o6 8543L gm0
— 306 ©8646980bab 356 3d0 dg303ma’)

(iii) obgnMbol Godo: o 0anmobbdgds abgmo Bogd@mMgda, Mmamma(y 5ol ¢gsbo
(M0bmob g30g3b Loddg — 3mgdobmsb, bmggmsobmsb, Labgmddmgebgmmbmab,
35bgmal LEsGobmab, oMo BgMammsb, dgamddym LsndsMmsb, dmemo-
(30090 ©5300b35LMS6 s Lb3.), LMo (FMETsEYF0s 1Y) SBOFMEMISeNFn,
o) MOS0 — &q460 316005 07 938996039960, 0] SMSGMEBSNM0S —
0mImE0LGMmos 0y 36 s bbg.) s abyyMbal bygMm (ogGoammo, babyy-
mog&m, LMo, 3mmo@ 0 nco s bbg.).

(b) %0%03960 36895bG0

sbggg 360d3bgmmm3sbas ab, o9 Mol bgwseggb, gbdom ©s 8.3. 3mbsbomggdl msgals

45



LANGUAGE

M3maemm goMgdm33590. gb dggbedsedgds 3mamzob 3gMEaa e 33dsb, Mm3gmoacy
(30390 39MLmbasmyMo dmaswo gmbob dgbsjdbgmac.

(¢)  bmgoseamo 30689516@0

53 $ 930600 500bndbgds ol Lodys(308s, MMIgmdas M0sb dmbsobaemgbo, sbg3g
dom dmEalb smbgdamo bmosmaMo gMmngMomdgdo (dosmongmgdol dndsmog-
3900b homngmom). 5356 dgndmagds demngMo gogmgbs Imobabmb 3mbLEGmsmdy.

(d) ogMmmgoemo (3mobs

6980b3ngMo go8mbom3e30lb sdn3ag9ds brgds saMmgamon gsdmzEomgdobs ©s
(3M©bal doMoanlb bogudzgmdyg, s gb gogmgbsl sbogblb 35 oy 03 3mbLE M-
ol smdsmmdady. dogomomsw, bank-ob bgdmdmyzsbom dsgsmomda, (21)-0b 0b-
&9M3Mg@ (300 bbgoazama 0gbgds, 09y 339(3m©0bgds, Gmd dongdgmo sMab 94b396-
GEOmmo a5bwgaomo s magalb gmb 0bsbaglh dwnbsmal badomsl ynmdoa. (iii) s
(iv) 396g&gd3d0 dm3gdnmo gmgdgb@gdo ool 3mamzobgnmo babmasomgdmaga
gmbob oL@ ®asns.

4.5.4. 3mbbGMAYIma

3MbLGMMomon, mabgasigmal msobobdow, magdbogyma Lgdsebdozol (396@MomyYGa
369805. LEmEg 3mBLEEMsmal s3980L 3Bm(39L30 brgds sMbgdomso sGebgdsb-

&ognmo dabsombol aofMesddbs LEmew 3mbEGgdbEYsmMadydym 360d36gmm-
dgds0.

4.5.4.1. 30bLGFAEYIMNFMa %543980 S bnbsMg-3603369mmdgda

Mmam3 9339 00gdze, 360d369mmdol gm@Iamgds o6 sMob dJoMmEogo 3Gm39L0,
360d3b5mmds 560l dmgemo Mogo gmgdgb@smyymoa 3Mm39bgdal dgogan, Gm3gmos
boboemn amagdmos 6303wyt mam, bobommn 30 gMomEEmmYms© J0dwob-
o6 gmdb. 3@ gL gdmbggzadn, MmamM(s gbobogm, 3mbLEGMMamgdol bLBs©gdl
(30655Mb0sb 0bEgM3M B o(3009wY) sbobosmgdl 3bndgbgmmasbo Lgdsb@ozymo
®30bgd9d0. 53 IMomgEn® bLEswngdlb Babsmg-3603369mmdgdL 39bmwmgdm. dog-
smomoE, bLodmgMmgdol sa39ds J360b Babsg-360336gmmmdsl, GmIgmbsi oJgb
mmaognio 0gobgdgdo o Mmdgmog o6 oMol sdmzogdymo 3mbbEmamgdol
3m33bm 56 mabdbemgd 3Mm(39Lgd%Dy.
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4.5.4.2. 565356 30693 mo (R3g99eman) 3mbbGMmnsmgdn

306mdomo 3gdm3980 5Mbgdoo Mmmb sbHMmgdgb 3m3bozsznalb 3Gm3gLbdo s
bONb39mymB 96 Lodmasmgdsdn gbalb godmygbgdal gMmagzemMmgbgdsl. obobo ab-
03000005 3Mbgdadn 560sb, dogMed doma Lomagg nbogoms gofgm, LadgGyggmm
LodmgdEMgdsdn Mbrs 3gdomm. bbgsmsbbzs 3nMmdomn 3gbmymggdn 3o6bbgsgmadoa-
sb LodmogMoo. LyybGn dgdbrmmas bbgol sMogg@ml admygs, oy oM yzgmadg dab-
5mgd 96 ygzgmadg oo smdsmmdol 3gmby 3mbLEEMemb, Gmdgmai sznmsew
dgodmgds gosnmabmlb 3mb@gdLEmsmymo dgdbemnwzgdol Logwdzgmdy; demngfa
dg D30l go@amsbgzs 30 gozomgdoo o domabbdggel dmambmgl. 3mbLGmv-
0fgd0l  Lbgsabbgs sb3gd@gdo dgodmgds MYz dme  ©sgd393gdsMmb
30Mmdoo dgbemnoggdlb: dgdmyogol 3mddgmadol dgogase 0dgnsmo doomgds
LEme JMbLEMMamgdyma 360d3bgmmds, s YRM™ bogsMayoms, Gm3 ob agmb
b0bomg360d36gmmds s gmobbdmdogl, 3ogzom, dbmmme Labrgmob 53935 s
03 LogM oL gobbodmgmsl, Mmdgmoas Mbws dgozbmlb 3mMbLE MMM gdal dgdmamadn
36m39b0b dggase. 30MHmdomn dgbryyEgs 56 oMol 59)(30mgdma© sIMY) Jogdgmn
3M6894LB0bgsb: dmangMmn dgdmnas 3MbEgdLENL dbmemme g6 339mm 8039ddn
3md3ggdL. 0bobo sbggg dgodmgds 3md3ggdwbgb L3gz0x03e300L gobbbgsggdamm
©mMbggdbg — o8 dgdmbggzsedn I306935L3Gsdnsbo dgdmMw3s ,w@o0ddoggdL” gom-
om3sbid@odnsbo dgbmogol 3mddgwgdalb dgmgal. gomzzgnm dgdmbggzgddo Dman
dgdrm3s dgodmgds 3o914dwgl, JogMad dmaxge ob 3506(3 0dmg390gdL 3mbLEG M-
06960l g 33999 b3 90Dy, o) Im393mn 3MbEBgJLEO d3oBomE 56 Imombmgl
5039 g56badOgEMm 3MbLEM M. 83 IgdrM3960L ImJ3g0gbol dgogasw dngo-
0g0m 55356 3060984 (Rzgyem) 3mbLEG MY gdL. 58306 30 gdamn 3MbLE MMM g-

d0(3 dgodmgds agmb 3mbG94LE by ©eIM 3ogdyma. semdsm LEmM g gb sMsdsm 3o g-
dyemo 3mbb@mmaomagdo J3bnb 3b0dzbgmmdsms gadbofMgdymmdals oy basb.

4.6. 3603369mmdab LEGEYJGYHYmo S mmanzYca SL3gdEgda
Lo@ysob 3603369emmdals Hmam® (3 ©0bsdozyMo 3MmbLEEMMsmol 3mb3gy0nL geom-

9600 3m3MgL0 Jodsbns 3MI3mgJbnFow sbLbsL Lo ygzal 360dgbgmmdal MHmame (s
dyon, abg (339mgds0 sb3gd@gdo s dns33mamb 83 ghmo dgbgozom HMmngMmg-
03m3Mo(3b530 M30L98930L Lamsggl. ,dysm* Mm30L99830 ngMmabbdgds nbgmo sdHM-
d60g0 30dsmngdgdo, Mmammaz Mol 303mbodos, dgnmagbgdmmds, 3gmmbadas s
3b@Bmbndos, bGOYJE YO N mgdbo Mo LodMagmggdol sBbgdmds (Lo@ygol 3gemg-
30) s obgmo mman3®o 30dsMmgds, Mmammo(30d 393mIEnbasMmgmds. dsgsmomac,
Y39ms8 30300, M™M3 bobssgdowsb b oMol dommn 35dm3nbsMgmdl Bobswswgds
gb o@ob (36m390m0. 353653 Mol 60dbogl gb? @s Mmam 0dbgds gb obyg, oxyz0 doemenl
©d (36m390e0b 56 5d300 BodboFgdammo 860d369mmdqd0? 83 dg3mbgg3sdn 0@ Y3056,
Mmd sbgmo m30b76980 Gog@oMae 939m3b0lL babsmg-360d369mmdgdl, HmImg-
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d0(3 dofoms@ domgdamos LabmgMgdal saqdobs s dgbodsdal dzomgddg smzgemal
bgM@omgdal oaqbol dgogasm. ©g3mb@gdLEMemabamgdyma Bobswawgdgdal
dgdmnbggzado 3o@gammogymon 3830390900 30dm3nbafmgmdal dgbsobgd ammalbdmadl
Jdgbodsdabo bodyszgdal Rzgmem (bLabmgsmme domgdaem) sdOMIMog badwgmgdl. o3~
9650, BmgdLbogmmdslb g565306MmdgdL mgam dobssmbol d46gds s ob god@n, Hm3
3MbBLEMMEMgdal 3Gm(39LdDg go3mgbsl sbgbl 3MbEGgJLEMsmYMo God@mMmgda;
30Mmdomo dgdemm3qdo 3mbEgJLEMImNE (339madsmdsl gof33gm RsmRmgddan
59(393L- bodystgl gobs3ommdgdl obgmo goMgasbo b]gdgdal dmJdgogds, Hmammacs
s60b bggds-3mb@gobgmo s bfgdse-3zoms. LabemgMal 3MbLEEMMsmalb bogndzgmby
abgag dgodmgds s0bbbsl bo@yszalb 8360d369mmdolb 3M33Mbgb@mMmds. 53 dgdmbggge-
do o6 oMab o930 gdgmo 030l ©sdggds, Hm3 Lydsb@nzymo 60dbgda Lndyzol d603-

369cmmdob 3yedngn gmgdgb@gdo sMnsb.

3M33mBdoz0Mmdal 3(06(3030L Mobsbdow, Momo gsdmbscmd3s80b 860d3bgmmds
>0l dobo dgdsagbgmon bsbomgdols 360d369mmdgdal 3m33mbos0yMa b (30s. o3
65d6m™3do bomdmoaqgbomn mgambsdMobo bodyzob 360d369mmmdal dgbobgd 83 3oMaw
s0bobgds 93 3Mnb(3030L 0bB M3y o(305Ls s dobo BoMmgdymmdal dgaisbgdsdy.
306390, M3 9bs 5nbndbmb, ol sGal, Gm3 oy ,65b0mgdo® 50056 LoGyzgdo,
35306, Msdgbosz F3gbo dnamdol msobsbdsw, Lo@yzgdl ocs sdz0 360336gemm-
3960, dgdemgdgmo 0d6gds 53 36063030l 068 9M3M @S (30s. JogMsd 396 dgagzadmos
»3603369mmmd9d0" Rogomgommo |, 3mbb@mmamgdym 3d60d3bgmmdgdem” ©s sbgm
dgdmnbggzado ©bos gobgobomma 3m393mmo 360b(3030b ©1360d3b69mme dg(33emoemn
3560568 0:

(22) Bogmo godmbsmgzedaolb 3mbb@Mmamgdmmo 3603369mmds sGol 8obn bsBoemgdal
3MbBLEEMMgdmmo 8603365mmdgdal 3MI3mbazonEo gbizos.

30gM5d 56(3 53 boboowgdol 8@ 3039095 dgbadmgdgmo, Mowasb o4 ngbmmnmgdy-
0 3mb@gqdL&nlb Mmoo Morvymo g5dmbsc3980b 360d369mmdob 53 930bsb. gb 3606~
(3030 30093 3g0dmgds dga(339emmb ©s sbgmo gm@Fom Rsdmysmodogl:

(23) oo 3sdmbomggedol 860d3bgmmds oMol 3mbbE®amgdal abgma 3Gm gLl
dggan, ®m3mal gho-gmon bogndggmag s6nb 8obo 358508969 Bobamgdal 3mbLE -

smgdo.

9L Ladomadalb sdmazb 3mMbEgJLEL MG PMbyDy ndmddgmb: Labyolb g&se3dg — bo-
&y30b 360d3b69mmdalb 3mBLEMMgdabal s dmgmo gsdmbsmgzsedal mbgyby. do-
a3 gb dombg bsomEgds 3MI3MBo309MHMI0L Md30830M39e 3Mb(303L. gb 3mmo-
boMnsl @M dmagzegmbgdl. oMol oy sMs 3mmabsmos 3m33mbosoMa bgrmmds?
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oo a3, badmmmm dgmgan of aobabodmaMgds (a) 0bamgwogb@gdoo ws (b) gobb-
MM (30900 3MmM(39NMgo00 — sbg M3, 50l 8dsdn 3mMI3MmbozoHMdal gen-
9896@0. 353653 gb ol 86Mss, Maoboz RzgnmgdMog anmabbdmdgb o3 3G06(3030L dnd-
936 9d0. 00y Bbg39mmds30 339946908 ammdsenFo 3mbLEMSmgdo, 35dnb nboba
F993s60@o@ 3m33mdazonMgdo Fbmemme FMmobsMogma sbMom 8M0sb. doaMsd
dgodmgds ombgdmdoglb 360d36gmmdal abgomn sb3gd@gdn, Hmdmgdoi gd399wg-
356193056 3emabogy® 3Mnb303L — goM 339 ©Mbydmg Fo0b(3. mman 3o m30Lg-
3960 35babsdmgmgds LodmzMal dgdsfgmdbdom, sbg Gm3: 0d6gd babscg-360d36-
9mmds, Gmdgmo LodmgMgdolb dgdmagemagmolb dgmgasw 0gdbgds, zemsbonEa
Babob msbsbdse 3md3gwgdL? gb edoggMgdmam gmamb: Mmogbsi F396 gobogbm
bomgemo Jnwgdob 3mbb@Mamgdsl, hggb 30g90m baomgma bogbgdol 3o@&gammMoasl s
J0gd0b 358 gammnsb @s momgmb gdagmos, Hm3 badmemm 3o gammas 0dbgds o3
M0 35¢93MM00L Mbs339ms. 333683 gb doMmgdemos Ibmeme 3emsbol bgz@mdals
356bodrgMabmgal: Azgb oMo g3043L 030l goMmab@ns, Mm3 83 3Gm(39Mal dgwg-
350 303000980 3OMEMEG 03N Jogdlb ob MmAd domo ggMno 3GmEmEn3nmo Boomgmon
0469ds. bbgs LoByzgdom MM3 gmdzsm, 3mabogyMo 3m33mbozonMmmdal 3Mnbz030
domado MAgds 360d36gmmmdals gomyggmo sb3dgd@gdabmgal s 3mbLEMaMgdals
3503390 mbggddg, FogMad osMs yzgms sbdgd@nbes b embabmgal.
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ON LINGUISTIC PALAEONTOLOGY OF
CULTURE

T.V. Gamkrelidze

The picture of areal affinities drawn from the study of grammatical, phonologi-
cal, and lexical isoglosses among dialects of a proto-language provides a way
of determining how dialectal differentiation of the proto-language proceeded
and hence of establishing what contacts took place among speakers of the
dialects. In other words, purely linguistic facts make it possible to establish
extra-linguistic factors such as historical interactions among speakers of the
linguistic systems.

Of particular value and significance for linguistically based reconstruction of
non-linguistic historical and social relations is formal semantic analysis of the
dialect lexicons, since these can reflect all essential aspects of the historical ex-
istence of their speakers. The historical existence of the speakers includes the
ecological environment (fauna, flora, geographical surroundings, climate) and
human habitation and migration in the environment, as well as culture in the
broadest sense (including both material and spiritual culture). Semantic recon-
struction of relevant lexemes from the daughter languages gives us a general
representation (although sometimes only a fragmentary one) of the speakers’
historical existence. In such reconstructions, linguistic facts are a source of
information on prehistoric culture and its historical evolution.

Reconstructing elements of the extra-linguistic world of daughter-language
speakers in turn gives a clearer picture of the linguistic affinities among the
daughter languages and their development in time, i.e.of purely linguistic fac-
tors. This is particularly true of the semantic structure of language, which
simply cannot be studied in isolation from the external world that is reflected
in the content plane of language.

In formal reconstruction the proto-meaning often cannot be established with-
out going beyond strictly linguistic facts and bringing in typological data on the
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history of the cultural domains involved. For example, for the Proto-Indo-Eu-
ropean base Haios-, whose reflexes in the daughter languages mean variously
‘copper’, ‘bronze’ and ‘iron’, we reconstruct the prehistoric meaning ‘copper’,
not ‘bronze’ and especially not ‘iron’, since the period of Indo-European lin-
guistic unity was during the Copper Age and earlier.

The analysis of language as closely linked to its speakers’ culture was devel-
oped during the early stage of Indo-European studies.

This trend produced studies, dating to the middle and especially late nine-
teenth century, which have remained significant to the present day. Such
investigations were often called examples of linguistic palaeontology, after
Pictet, who analyzed (1859-63) ancient Indo-European culture on the basis of
linguistic data.

This trend in linguistics might better be called ‘linguistic palaeontology of cul-
ture’ since its object of investigation is not the proto-language but the proto-
culture of the speakers; what is reconstructed is not so much the language
itself as the extra-linguistic world reflected in the linguistic data.

The Saussurean principle of studying language ‘in and for itself became stan-
dard in the subsequent decades, causing a decline in language-and-culture
studies and narrowing the focus of linguists’ attention to the structure of lan-
guage. This restriction to structure alone is beginning to shift, as of the past
several decades, to the study of language, viewed as a product of human
culture, in close linkage with culture and with the history of its speakers as a
frame of reference.

This development entails that the study and reconstruction of lexical semantics
and the distribution of lexemes among the daughter languages are of particu-
lar importance to the structure and history of the proto-language. The lexemes
themselves, once we have reconstructed their original semantics, give evi-
dence for the ecological and cultural environments of the daughter languages,
which give us a first approximation to aspects of material and spiritual cul-
ture, and points to changes in their environment brought on by migrations of
daughter language.

Comparison of formally cognate words from the daughter languages and their
attested meanings yields reconstructions of both proto-forms and proto-se-
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mantics. These lexical archetypes may go back to proto-linguistic times and
be posited for the proto-linguistic system; or they may belong to the various
chronological layers reflecting dialect groupings within the proto-language.

Comparing the reconstructed forms and meanings makes it possible to discern
lexico-semantic fields. These fields define sets of semantically grouped lexemes
which designate extra-linguistic classes such as animals, plants, construction
and dwellings, handicraft tools, and others.

Proto-linguistic lexemes naturally reflect the general features of the envi-
ronment, material existence, and culture of the speakers of the daughter lan-
guages. These same lexemes provide the oldest lexical stratum of a proto-lan-
guage and its separate branches. A classificatory lexicon of the proto-linguistic
semantemes may be set up in individual semantic fields, bringing in whatever
information about the possible historical denotata of these lexemes is essential
to shed light on the ecological environment and culture type of the speakers
of the daughter dialects.

Such a proto-linguistic lexico-semantic system can be reconstructed through
comparison of cognate forms in the daughter languages. Comparing this system
with extra-linguistic reality, we obtain an approximation to a general picture
of the economy, material culture, and social organization of the speakers of
the proto-language or its dialect groups. The posited general picture can give
historical reality through typological comparison with actual cultures of the
past and present. This is a typological verification of a reconstructed culture
against attested cultures. In verifying a reconstructed culture, and in particular
its material side, archaeological facts which demonstrate the typological plausi-
bility of the reconstructed material culture receive a particular significance.

The comparative semantic analysis of words from separate daughter dialects
of a proto-language and text fragments in separate daughter traditions, to-
gether with the method that may be called ‘linguistic palaeontology of cul-
ture’, makes it possible to reconstruct a semantic lexicon of the proto-lan-
guage and a picture of proto-culture of the speakers of the proto-language
or its dialect groups. This points to a possible original homeland and suggests
routes of migration by which speakers of the proto-language or its dialects
may have reached their historical territories.

Determining the homeland requires, first of all, that we establish an absolute
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chronology, at least an approximate one, for the migrations. This can be done
by demonstrating affinities between the linguistically reconstructed culture
of the proto-speakers and particular archaeological cultures. This leads to
the question of how one correlates linguistic data with archaeological and
historical cultural data. Specifically, it raises the question of whether a par-
ticular linguistic community can be correlated with a particular archaeologi-
cal culture. Presumably a linguistic system can be correlated with a culture
if the culture yields the same realia as the language does: the realia are
identical in their elementary composition and the interconnections among the
elements are identical.

Fulfilling this task requires working out a typology of archaeological cul-
tures, with implicational relations between individual units of material cul-
ture!. If the implicational rules for a culture coincide with those for the
culture reconstructed from linguistic data, then the identification of the two
cultures becomes more plausible. Certain elements and features of the cul-
tures may fail to coincide, but essential requirement is that whole complexes
coincide and that there are no incompatible traits.

Since the reconstructions — both linguistic and historical — are necessarily
incomplete, failure of individual components to coincide is no obstacle to
their historical identification. With limited and incomplete reconstructions,
the size of the one complex (A, reconstructed linguistically) can be either
greater or less than that of the other (B, established archaeologically). We
can also have intersection of the complexes, with a large or smaller portion
of either the archaeological culture B’ or the linguistic culture A’ outside
the common part AB. It is essential that the non-coinciding parts A’ and B’
not contain features which are incompatible in view of implications internal
to the two complexes (as for instance if an element of A entailed that the
entire reconstructed system A contain some feature which is incompatible
with a feature which either is reconstructed for part B or is implied by other
elements in B).

When the question of the original territory of the common language and the
identification of its linguistically reconstructed culture with an archaeologi-
cal culture is posed in this way, the task of the linguist is to provide a

1 Similarly, if a typology of archaeological cultures is to be established there must be agreement on a unified
description and inventory of cultural artefacts. A unified inventory is a necessary precondition for typological com-

parison of different cultures.
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systematic semantic analysis of all reconstructed words and phrases which
point to individual features of material and intellectual culture than can ty-
pologically distinguish this culture from others. That analysis requires that
the reconstructed words and phrases be linked to denotata and that the cul-
tural-ecological and historical-geographical characteristics of those denotata
be determined.

Taking into account the linguistic and culture-historical data we can locate
the Indo-European community somewhere in the Near East and most likely
on the northern periphery of Southwest Asia, ie. somewhere from the
South of the Southern Caucasus to Upper Mesopotamia. This is where lin-
guistic and cultural contacts could have occurred in the fourth millennium
bc between Proto-Indo-European and Semitic, Sumerian, South Caucasian,
and other languages of the ancient Near East. Contact with some of these
languages, particularly South Caucasian and Semitic, can be assumed to
involve close interaction, in some cases of a substratal nature, over a long
period of time within a single culture-historical and linguistic area.

The main question associated with the problem of the actual existence of
a common Indo-European proto-language in space and time is the question
of chronology and the territory occupied by the Proto-Indo-European, this
lower chronological limit post quern non is the turn of the third to the sec-
ond millennium BC, when we find the earliest evidence of Hittite and other
Anatolian languages.

It may be concluded from Anatolian onomastics of the Cappadocian tablets
dating from the turn of the third to the second millennium bc that the vari-
ous Anatolian languages underwent an extremely long period of develop-
ment and formation after they had become distinct from one another; this
period postdates the time when the Anatolian family had become differenti-
ated from Proto-Indo-European.

This means that the differentiation of the Anatolian family of languages
from the Indo-European proto-language, and thus the beginning of the
breakup of the protolanguage, must be dated to a period not later than the
fifth-fourth millennium BC, and possibly much earlier.

Establishing an original territory for the Proto-Indo-European language and
people raises the question of identifying an archaeological culture within
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the Near East and Southwest Asia that can be associated with Proto-Indo-
European.

It must be noted at the outset that there is no archaeological culture in the
area and time period indicated that can clearly be identified as Proto-Indo-
European. We can only speak of possible connections, direct or indirect, of
known Southwest Asian archaeological cultures of the relevant time period
with Indo-European. Such connections of ancient cultures with the recon-
structed features of Proto-Indo-European intellectual and material culture
could serve as indirect evidence for the general possibility of identifying
them with Indo-European. And in relevant areas of the Near East of the
fifth to fourth millennia BC we do find a number of cultures exhibiting
great similarity to certain features of the reconstructed Proto-Indo-Euro-
pean culture.

Similarity of culture, and especially of symbolism, can be observed be-
tween Halaf in northern Mesopotamia and Catalhoyuk in western Anatolia
of the sixth millennium bc. Whole inventories of cultural, and in particular
cultic, symbols can be said to coincide.

The culture-historical links between the Halaf culture and the earlier Cat-
alhoyuk culture could be interpreted as due to migration of the Catalhoyuk
culture from Asia Minor in the direction of northern Mesopotamia in the
sixth to fifth millennia bc. Under this interpretation, the Catalhoyuk culture
could be traced to an ancient stratum of the Proto-lndo-Europeans who mi-
grated toward the east. This yields a deep chronology for PIE (seventh-fifth
millennium bc).

Establishing the original habitat of the Proto-Indo-Europeans in Southwest
Asia changes totally the traditional picture of the routes of migrations of
the carriers of the Indo-European dialects to the historical areas of their
habitation. We are especially concerned here with the routes of migrations
of the Proto-Greeks to mainland Greece through Anatolia in a westward di-
rection and of the Indo-Iranians from the same original habitat in Anatolia
in eastward direction until the ancient Indic tribes reached Hindustan and
the Indus valley.

Population-genetic consideration of inherited immunological properties gives
another perspective on the hypothesis of an eastward migration into India.
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For Asia Minor and the other eastern Mediterranean countries a correlation
is assumed between the range of malaria (from southern Greece and Asia
Minor eastward to Hindustan) and a hereditary variant of the haemoglobin
molecule which triggers sickle-cell anaemia: the sickle-cell gene under het-
erozygous conditions increases the organism’s resistance to malaria. This he-
reditary factor took on particular significance with the spread of agriculture,
when moist forests began to be cleared for fields, leading to an increase in
the number of mosquitos. If the ancient Indic tribes entering Hindustan had
not had genetic resistance to malaria, they could not have survived there.
Hence an entry into India from the west, from the Southwest Asian sickle-
cell area, is more plausible than the traditionally assumed migration from
Central Asia to the north, where there is no sickle-cell anaemia.

Further evidence for this is the nature of skeletal remains of the ancient
population of these regions. According to recent craniological data, a recur-
rent cause of death in the population of regions such as the Indian subcon-
tinent (in particular the ancient cities of Proto-Indic civilization Mohenjo-
Daro and Harappa) and some of the southernmost parts of the European
continent (the southern extremities of the Peloponnesian and Apennine pen-
insulas) was the after-effects of malaria epidemics, which triggered defects
of bone tissue in the skull (porotic hyperostosis) in broad segments of the
population. Significantly, almost all of the pre-Indo-European population of
these regions had precisely this type of skull

It is highly likely that the Indo-Aryan tribes arriving in Hindustan and the
Greek and Italic tribes arriving in the southern parts of Europe, who do
not display such craniological characteristics, had hereditary immunity to
malaria and its lethal consequences. Such an immunity could have been ac-
quired only in the area where tropical malaria is found, which excludes all
of the northern part of the original range of the Indo-European tribes in
Eurasia.

All these problems are dealt with at length in our joint two-volume mono-
graph on the Proto-Indo-European language, the Proto-Indo-European cul-
ture and the Indo-European migrations.

The monograph contains a relatively complete Proto-Indo-European vo-

cabulary reconstructed along new phonological patterns and arranged in dif-
ferent semantic groups covering the geographical surrounding of the carriers
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of the Proto-Indo-European language, the plant and the animal world, the
social and cultural environment, and a wide spectrum of the Proto-Indo-
European physical, biological and socio-economic reality. It is on the basis
of this reconstructed Proto-Indo-European vocabulary and their historical
semantic interpretation that conclusions are being made concerning the time
depths and the routes of Proto-Indo-European migrations (cf. Gamkrelidze
& Ivanov 1995).
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dbg39emmdsadn o6 dogomgdo 06@gmg @ o nEo 3359mpamgdal 0d gobzsl, Mm-
dgmmo(3 33 g30b 39009aqg0L Imsdzm dscmmzgals, 30b (s o(36md0gMgdl 3ol 360336gmmmdsls
5 506G gMgbgdymos sbgmo 3sdmygzmgzgdom. Mobsay sbems 30@Yysn, dggtobomgols
dgadmgds domgdgmag 0gmb s dggmdmEMamss grgmmgl, dogMad sfs dgmbos,
63 3936096 mmo b5dMmmBo, Hm3gmoz badystmb 039, 9(36mdab Ladmomgdsl gge-
demggb o dob g®m Jom3mbogm LyyMomb 3304360l bo 3mgdom 1bos nymb oxgsbyg-
o, 300067, 300435m, 30dmambgds, Gm3gemaz d903(306098L abgdolb 3mzoMmbygzmals
000 gdmmgdal 56 goondgmdgbgdl babmob bysmasygzsbommdsb.

boomgmons, MHmI sbmobsb gsdmmjdmmo dgbndszbgdo DML s 3oMmaagl, o LoGygs
»353myg09dsL* gabdoMm domnsb Gofmm s md30LyBsma 360d3bgmmboo. o=
dom, 36bs3mgd (3bswns obo(s, Hm3 gb bmgswo dgb0d3b9d0 sGeggmb 3585396 03
Lo gombgdal gof 339350, MMImgda(z 53 653MMId0 ngm gsbbommen; s JoMmma(sg o6
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30(30, bLydsb@ 3oL 33mg3s IMggdlL o) BosggdL dggobgdol 03 LEGSbEsME 0L sb-
96330b dg3mbgg35dn, MmIgmo(s 3y dgdmamagsbgom.

3960336430

1 dgoamyg Tarski [2] (dodmomamagas ob. LGl dmemb). 83 bsdmm3ddo
MRBEOM ©YEIMNMIQ 5 BMOISNEMSSS 8ddeggdamo dmgdnm LGs@nsdn
a56bomaema Lo 3ombgdo, gobbsgmmmgdom ab doboms, Gmdgmoy BoMImwag-
Bomos 6 @s 9-13 3omogMaggddo. ab sbggg dgozegl (36mdgdl hgdo sM0bogmo
313035309000 dgbobgd 136G 030l 3OMIMa39dDy (3MmembyM 9bsdg godm-
9394690690 LG sGns, 1930; BMbamm gbsdg godmdzgybgdama bEsdons Tarski
[1], 1931; a9M3sb9gema 3¢dmoga30s, 1932; 3mmmba@m gbsdy godmdzgybgdamo
Bogbo, 1933). sbmobogmo 6536Mal g5635(Ggd0ma bsboemo 303306 ©gds
Tarski [3]-b. hgdn g0dm 33m 93980 gddamo@gdob (36905bg s mgmMogem bgdsb-
035Dy 3obboemmmos bodmmadgddo: Hofstadter [1], Juhos [1], Kokoszyhska
[1] o5 [2], Kotarbinski [2], Scholz [1], Weinberg [2] s 5.3.

2 308900m3b9d, M3 ogmmogmo bgdsb@nzobowdn 0b@gmgbo sbms wBMm
350bMgds 9Mmn 3609369mm3zs60 bsdMmm3ob — Carnap [2] — sbsemo godm39dab
300035

3 39Mdme, Logsmm dbggmmdgdo, Mm3gmoag dgoas | bogMmsdmEabm 3mb-
amgbbg dg(36096950L gMmMnsbmdabomgal (3oM0bn, 1935) s 3g(360gMgdals g-
®056mdabmgal dodmgbomm LagMmsdm@abm  3mba@gbgdol  3MbygMgbznady
(35600, 1937); 3o. dog., Neurath [1] s Gonseth [1].

4 Lo®yzgdo ,(36900“ s ,3Mb(393@0" 3odmygbgdemos 33 bsdmm3dn yzgms d
dbmzgsbgdoms @s mEMsbOHM36980m, MmamGoms(z 0bobo Gommmbmgon mod)-
9658500 336373056 5333565, Bmax g 0bobo ¢)393d0MYd0SE PdMSmmE
&gM30bl, Dma kg 0dsb, Moz oMb bogmmabbdgdo &gMdnboom, s bbgs dgdmb-
3939030 0350, Moz 50bndbgds BgMBnbom. DmaxgH sMeMgmg356@MFns, o9
5300356 3gMdme Mmdgemo 360d36gmmds ogmmalbbdgds; s got339mm dgdmb-
3939090, smdsm, 56 (3 900 Fomadbo 3Mds ®7335@YM0. doMmamos, 3y 3G0b-
(3039md© 30D05Mgd IMbLabEGESL, MM 6gdabdng DabE dbggmmdsdn Lyxmdl
530 935M0Emm 53 bo@yzgodol 3odmygbgdsl, JogMad o6 gmgmao > 30mgdems,
08039 356356mM(309mm 53 sMOGMEAFsen® b oBnsdo.

5 RAggbo 33g530bgmn 80bbgdabomgol Me8gbadg ymm dmbabgmbgdgmos
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»353Mbo0 3539600, 6065739630, s 5.3., 30gmobbImm sfs (39em3gymo
hobsbgmgdn, sMsdgm dbgagbo gmmMdal Asbsbgmms LndMagmagdo (33335Msw,

865 (353900 B0D0 30 Mdngddgda, s68dgm sbgo MmdogdGms mabgda).

6 >M0bBMBgmgbynmo FmGIPmamgdabmgal ab. bgsdos [I], T, 7, 27. ©sb-
s6hgbo Mo BmEPmoMgds JoMasss (36mdomo mo@gms@mado, 3ogMed o6
30(30, 30ba356 IMFNbMgMAL. FgddaMn@gdolb 3mbzgy(30g00b bbgowsbbgs 3Mo-
&0gmmo gobbogs dgodmgds Bobmom, dsg., Kotarbinski-do [1] (owmgobogol
bgmdobobzmdns bmeme 3membaMaw), a3. 123 s Russel [I], 43. 362.

7 9d960d36960L 39 gbmdobogal, GmImgdaiz gobbomymos 4 o 8 3oMo-
360939830, Jomngfagds Mbrs asdmzmdzs 96 ao6b3ggbgdmn LesSniewski-ob
dndsMm; 356 gb dgb0d3bgdn Asdmaysmnds szl godmyydzgybgdgem myd3090do,
m3gmbay 306M3s30L MbnggMboG g dn goombymmdos (1919 s d93amad). do-
acsd LeSniewski s goMomomdos 5335608 980b b o mgmmoal 39303539500
dgbodmgdmmdsl, s 3owgs YBRM™ bogmgdsw — o3 (36900l gsbbasdrgMal dgbos-
dmgdemmdal; 0dgbow, Gm3s dogomnmgdwes (T) gm@mdalb g33035mgb&mdgddy,
Bmamg 3sGymemsl 3omomdbol Bsbsddmamgddy, ob o6 gsobobomsozws dom
g bo3domnl 30MmMdsL ggddamn@gdals (36980l sg339@ M0 godmygbgdo-
Longob (56 gobbodrmgmabmgal). 83539 MM, 39-8 3aMag Mool dg60dgbgda, Mim-
dgmoas gbgds 3s@ymemsl doMmomdbdn g330Mogymo B5653dmgMnl sMbgdmdal
©5 53 65653d3M0l sdmemgdol dgbodmgdmmdsl, dobgasb o6 dmdabaomgmdl.

8 Lbgowsbbzs mmaozn® ©s dgommmemaon® 3Mmdmgdgdmsb ©s3sgdog-
dom, HmImgdbay dgosogb gb bodMmdn, 330mbgzgmads dgndmgds dmadoml Tarski
[6].

9 do@ymomal 3oMmomdlbo (Bngbgmgds Eubulides sb Epimenides) of asbab-
omgds 39-7 s 39-8 3oMogMmagqddo. asbbodbmaMgdsmmdal 3stsmdbobomgals
(J.Richard-ol 8nbgogom) ob. 3sg., Hilbert—Bernays [I] §mdn 2, a3. 263; 358 qc-
mema03960 G 9Mdnbgdol 3stsmdbobmgal ob. Grelling—Nelson [I] 33. 307.

10 3mggbme Lukasiewicz-ob dobgogom (3963ds30b mbogzgMbodg@o).

11 gb @osbemmgdom sbg dgndmgds as3gmmgl: gogdgem, S s6ob bgdabdngma Bo-
boomgds, Mm3gma(z 0bygds Lo®yzgdoo ,ymzgemo bobsswyds” (“Every Sen-
tence”). Aggb dg3bodadgdom S-b sbom S* babowsowgdsl, Mmdgmary doomgds
S-0bgsb dgdmgao mGa (33momgdoo: hzgb hogsbs(zzmgdo S-do 3aMggem Lo-
89350, ,ymzgma® (“every”), asbbsdmgGnmo sGGozmom (“The”); s gbzsdm
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dgmeg bodyzob d930aa, »b0bo@smgds” (“sentence”), domosb S Bobswawg-
dob, Mmdgmbsy dMgysmgddn hoglbgsdm. S bobswowgdsb gnbmomo ,mgzom-
d0dsmmgdon” ob ,oMsmzomdndstmgdon” ndabs dabgogom, dgbsdsdabo S*
Boboomagds sMab ggddsmn@o oy 3(3056M0. sbems gobgobormmo d93gan Bobs-
©50705: Ymz9mn bnbo@smgds Mol sMHomgzgomdndstmmgdswon. st ogsw dgadmg-
35 gohggbmm, Hm3 gb Bobowawgds ¢bms ngmb mMogg — mzomdodsGmgdsmn s
5650300808500 535000; 539650, 3000980 B0bs30Igamdsl. dgndemgds mmaw
Boogmon o6 aymb, o) B sbBGam of dgozegLb 3oMamdbolb gb gm@IMmamgds
993060 65653dmgeml; 35g6e3 53 gMem 3 bognmbdg o6 dg3RgMmgdo.

12 896M30bgd0 ,mma03s” s ,mman3ncn” 35dmaygbgds 58 bodMmmddo Gofmmm
360336gmmdom, GmIgmoi gobos momddal GMswozomma 3560L369m so-
Brogmmdo; mmgogs of 0gnmobbdgds 3mobgdabs s dodsGmmgdgdol dmgeo
»gmMool (g.0., LodMsgzmggdal Jomgds@ogymo cgmMonl) asggdom. IMsgsomo
bbgoabbgs 3odgbalb godm 3y oMo gombggwon, Mm3 GgMdobo ,mmagogs®
353ma399496930bs RMm 30b6m, 9.6. ,gmadgbGommmo mmaozob® gsagdom,
9-0., boboogdsms smMazbzobs s (3066m) 3Mgwngs@ms smfnzbzol swbsb-
0dbs300.

13 . of, donb(3, Tarski [4] a3. 5.

14 539300 3gomeon, HmImol Dmgsw 3mbsbadbs(z dg8mamegsbgdo, dgbsdsdabo
(330egdgdom dgadmgds 35dmea gl 6gdnbdogMo gm@mdsmadgdymoa gbabmgal,
Mm3gmo(3 30 gobsmgals 3ol (36mdamo, mdss gb 03l 56 60dbagl, Hm3 o6
dgodmgds sogmb abgomo gbs, Hm3mabmgabsg gb 3gmmeo o6 godmeagds.

15 3 0@ g0l go6bm@ (309 gd0bab Abogds o 3399mn & qd6039M0 bLoMormmagdo.
Boboomadsms gmbd(300 3g0dmads dgo39309L mazobyyagsmo (33mawgdal bydo-
LAogH MOMEYbMISL; s 3oYMBamgdals (36900l mmaozy®o dybgds o(3gmagds
03 Momegbmdol dobggnom. 53a3oMo@, dm(3934)emoa (36905, Mm3s asdmaygbgds
960 (330560 BbJ(30900LM30L, 50L dabsfyemo dndsMmgds 83 Bubd0gd-
Lo s Mmomm Mmdogd@Lb dmMab; Mmzs godmaygbgds mM(33mswnsbo Bmbdgzngdo-
Logob, ob goond(393° &gMbad¥m dndoMmmgds B4bl3090bs s Mmdogd@gdal
byz0mgdL dmEal s 9.9.; 930qbs, 3303600 09 308Lgamgdm, hggb Laddy
33996905 ©@s33symauzamagdal s gfm (36985Lmsb, sMsdgm gsbbabrgMmgmae
3oz (36900Lmsb; godmeab, Mmd gb (3693900 o6 dgadmgds asbabodrmgMmb
96035b9m0bas6 s3MY300gdme®, M35 yzgms bomdmoaqbomo ¢bos ngmb
9MNEOMYMOE.
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9L Lodbgmaggdo MmMd  goEagmabmm, 3oygbgde LabEMmm FadpgzMmdal
35093580306 (369050 (56, dgbadmms, LabGmm adpgzmdsl 8 gfMagdal bydab-
dngfo MomEgbmdom). Aggb dg3mebbdmom, Mm3 gsbzobommo ©s33symegamgds
oG MmamM (3 3Mag5em-8gMm8nsba dodoMmmgds babswsewgdosms gmbdz09obs s
md09d&9d0L LabEMmM MomEgbmdsl dmMal, sMsdge Mmamz dabstymao
dndstmngds g3bd(3090Ls s Mdogd@ms 0dgzHmdgdl dmmal. sbgo dgdmb-
393590 053359mznmgdol gsbbabemzMgdal bmaswo s bybEo gmMIMmomgds
5o BoMmdmoaqbl oMmsbsnm Ladbgmgl; Fgddsmogo Bobswawgds sbems dgo-
dmgds 3060bad@gOML obgom Bobsomgdae, MmIgmbss o3dsymauomagdl yzgms
dndg3Mmds.

16 53359mz0mgdolb (36960L Mg3nEOLonmo 3sbbodmzMobogol Mbos gsdmg-
0ygbmo Mg3a@abonmo gsbbodmgMmal 3mMbiMgGmmo gm@mds, Mm3gmo o6
o600l 0sdggdmmo mdogd@-9bsdn. dwgbo, dg@egbol ,oMbgdoma Lodwnpmg®
dgodmgds oM@ nzom dpgmdamgmdogl o3 &ndolb asbbodmzMgdol sdzgdsda.
dgmerg IbE03, (36mdomos bmaswo Jgommeon, Hm3mob badnsmgdomsy dgodmgds
353moMosbmb yzgmes Mgzgmbommo asbbodmaMgds s hobszzmogl ol bemma-
seM0, 94L3mo0G Mo 3obbodmgMmadgdom. M9y 39309000 g5dmgoygbma gb
dgomeo ©s3359mxzamgdol gobbsdmgmabmgal, gbsbogm, Mmd 56 398 egbsdo
b d930896mm 035bg YRO™ Jomamoa mmangnco Godob (33megdo, oMy
33630985 md0gd&-965d0; 56 3g& 096530 5LomBsG Mo Mbrs s3mdzom yzgms
03 3emabdg MgEM Gomom 3msobgdo, Gm3mgdoz 3o 3godmads s03mb mdogd@)-
965d0. ab. Tarski [2], 33. 393 s Tarski [5], a3. 7.

17 08b8390Mm39 mman3odn 360d369mmma3bo g535M@030s 350935803900 38)-
3039000 (3690s. 3m(393m0 BMEFomadgdmmo ©ob303mobol babswsowgds 3@)-
30390500005, 04 ob dgadmgds domgdaem 0dbgl 83 ob303mabol 54bomdgdabasb
3560339490 356030 8 630bEs BmGIsemaEo Bgbgdol HmammMozss gsdmymaegs
s LydbGndY (309, godmygbgdom. s3wgbs, ndabmgal, Gm3 gshggbmm, HmA
Y39 38303905000 bnboagds ool Fgddamn@, bs3dsmabos 3538 30(3Mm,
Mm3 y39ms Bobswamgds, Mm3gmoa(z domgdamos HmamE(z 5dbomds, 5ol gqd-
doM0@0 s Mmd 3odmygsebals 6gbgdal g0dmygbgdoom Fgddsmo@n babswswgdgdo-
Lasb oomgds sbaemn FgddsMo@Gn Bobowawgdgda. Rzgnmgdmog, gb 56 bomdmace-
396L Lodbgemgl.

dgmerg b0z, 38 30(39090mdab (36960L domEng0 dmbgdol godm 3 (36980L dyL-
&0 a5bbabM3Mgds Bmombmagl bmmmE 35MG0g mman 3m& 39J560D358b. 3@ gl
dgdmnbzg398do, ob mmaozMo dg4s60Ddgda, GmBmagdoz 5MLYdMAL BmMIsemo-
bgdnm ©obz03mnbada (HmM3gmbs 3@ 30(39000mMdob (36905 M39330Mw©gds),
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bogbgdoom Ls3356M0L0s 33 Bobbabomgol. dogcsd FgddsMn@gdol asbbabemzMals
dgdmbgggedn, Mmam (s 30300, bEmmose bsbbssmdwgam gomsmMgdss. sdgwsb
353m3@nbsmg, Mmams bgbo, §gddamo@gdobs s 3@ 30(39090Mdab (3693900 o6
900b3935 gONIsbgomb; Bogmed Medmgbora(z yzgmes 3@ 30390500 Bobswawgds
o6al ggddsmn@o, bws 3Mbgdmdmglb abgma Fqgddsmo@n babswsowgdgda, MHmAI-
m9d0(3 56 5M05b 3@ 30(3905000.

18 53330M0@, 9335608 gdal mgmMos gmMdsmabgdamoa domgdsdnntn ob-
(303m0bgdnbmzgal odmggs sMsbabssmdgamdmomdol 0838 30(3900L bdmgsw
3900mEbL. dog®sd obo(s basmgmos, Mmd 83 dgommom domgdmm 3@ 30(3905L db-
meomeE 03 dgdmbggzedo dgodmgds 3mbogl aomMzzgmmo ab@ozono mafg-
dmgds — g.0. dgodmgds ©83356MB3MbmL 86 gosdystmlb hggbo Hb3gbs, HmA
356babomzgmo ob(303m0bs BoMmmmass 3M3B0bssmImaamdMmngas — o4y dmgob-
9669600 $9335608gdal gobLabMgMal nbgmn dg@ogbal &gMdabgdda, Gmdgeacs
56 d90(393L Mmd0gd&-gbsb Bmami(3 magol bobaml (3. 59 3960d36s 3g-9 3oms-
a659330). dbmmme 83 d93mbzggzsdn dgadmgds nymb 3989960L g 0mc0
53396900 0b@0300Mo0 YRM™m oM@ ngz0 s bamgmo, 30069 mdngd@o-gbabs
— 35d0bs(3 30, BM(3d ,MLgdomo Lndomab® 30Mmds BMEIsmMom ©s3doym-

Bomadymo 0d69ds. M. sds3 bz [3], a3. 7.

BMEIom0Dgdmo @abz03mnbgdol 3G (390 LodMogmal sMObEMmms dgow-
396L K. GOdel-ob 316005396860 ovgm@ 930l dofomsm dobsstbl; dom. GOdel
[1], a3. 187. sog0ms dgadmgds 50bLbsb ob Bog@ o0, Mm3 ggddsmndgdals ogmem-
05b by 30MEs30M dngyszstmo Godel-0b mgmEgdsbmab. Fgd8s6n@gdob mgmeo-
0sb GOdel-ob dgganlb domgdobsb, Az9b smbgdomaw 08 Bod@b 304qbgdm, Hm3
9935608900l a5bLabMzMgds o dgadmgds dm(39dmmo nymb nbgom dg@ogb6sdo,
m3gmo3 »,30005M0" Fbmemme 0dwgbs, Me3wgbswsiz Mmdogddn-gbs (Jo.
9609365 17); Jog53 93 0@ 0L @omagbabsl 8bggmmdol nbgym 3gomelb 30yg-
9690, HBmIgmoa(z Higsmme 9 393d0M©gds Godel-ob 8ngM doMzgmom gsdmy-
96980 Bgomeb. dgadmgds s3s8s@mm, Mmd GoOdel-o msgob 8830398930
0d30Mo@ bgmddmzsbgmmdms F9335608)5d0L (36580L dgbobgd as6 339490 nb-
&oEogmMo bomdmeoagbom, odie gb (3690 94L3moso@NHem o6 a3bzwgds
30l 88 30(3909380; 3. Godel [I], a3. 174.

19 5b0dgbabs s 3obbadmzMab (369390L dozysgemm dgbodsdobsow Grelling—
Nelson-abs s Richard-ob 3s6s0m]bgdomsb (dom. dg60dzgbs 9). domomjbals
dobomgdom ©s3dsgmaomadol (36980bmzgal gogqgdom dgdwmga aodmbomgzedl: bo-
bosgdoms BNbiz00 X o6 53d5ymeaomgdl X-b. babssmdogamds Abwgds ds-
dob, MmEgbsz 3939(30900m 35356 330Mm, 33354mMParmgdL o9 sMs magol moglb
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9L a93mbsm 3530, HmMBgmo(3 M350 83 3oM@ 560l bobssomgdsms ggmbd(zns.

20 53 35Md3Mox3do 5badbemn yzgms (36985 3godmgds gobabodmzMmb s 3dsy-
mgomgdol ¢9M3069330. dgazndmos godzom, 3sga., Mm3 Im33ma &gcdabo
5b0d6s3L dm(3939em Mdgddb, oy gb mdogd@o 9335gmBamgdl babssmgdsms
B64300L ,x 8m0ab T-b o@gb§mn”, bawss ‘T’ godmbs@ ezl dmzgdmem &gMdo-
bL. dgbededabew, Bobswamgdoms g3bg0s 3obbsdrgMmseglh dm(3938mm mdngd@L,
o) gb ¢ 3obsb3bgmo oMol gMmsgmmo mdogd@o, Mmdgmaos 83doymanmgdl o3
B9643000L. dgmganl 306356 @ qdobomgal ab. Tarski [2] bobmbodyEmdobogol —
Carnap [2].

21 Dmaown 1gdsbGngs gobbomymaos Carnap [2]-do. d. of sbggg 3960336930
Tarski [2], a3. 388.

22 . Lbgswabbgs bygnmbgdo Ness-0sb6 [I], a3. 13.

23 5 o d35bdbgmgdo 03 dgbndzbgdal s3@mMMms a35Mgdl, MmImgday oM
3°8mg3aybodyere.

24 05 35063, bobo b gogLgel, MmM3 Mo(3 dggbgds Lagsmommm 3sbgngm begL,
Lo@ons o6 dgozzmgds 35dobsz 3o, oy Lagzombl asbbbgszgdymo 3mbo-
(300056 d93bg0s30m, dogsmoms, Mmamtis gb oMol Carnap-msb [2]; g.0. oy
960L 5x0BgFals dofMomsw bobamaw dogohbggom 0d 3oMmdgdol Asdmysmadgdsl,
m3magdos 3sbbodM3Me396, oy Mmwabss Fgddsmodn dmgdnmoa gbol babes-
©50969d0. 3gmMg bz, dgadmgds 5c0bndbmb, HmI B9d4LE3d0 bomdmmagbo-
™0 »gombadMobo of godmmMobogh Fgddemo@gdalb (3bMomagdol 3sdmygbgdals
dgbodmgdmmdal mmangol ©gEndEonco ©s34ds3960L 3Mmzgbdn. dogmMad
sbgo d93mbzg353d0 b bEmgdo Mbs gsbzobommo Mmam (3 Moo
0bbEEM396E 0 aoM3399mn Bobssgdgdol 3@ 30(39000Mdalb dgLodmbdgdmaw;
©5 LN3dmEmgdL ‘4’ (‘“T”) s B” (‘F’), ®m3magdos Abogds dsmdo s MmImgdacs
R3gmmgdfng gobobomgds Gmam@(z 8dMg3058Mgdn ,ggddemndobs” (‘true’)
5 ,d3oMnbs” (‘false’), o6 ©bs 8ng(39L Mo0dg nbByo(30Ma dabss@bo.

25 do®. Johus [I]. ¢4bos gomnsfmm, M3 bosmmow o6 39Lbdolb von Johus-ob
d9600367960 5 96 30(30, Mmame Imgobnbm domoa 3mobogngs(3ns, s530@md, o4
dg3hgM0g00 Ibmmme bmgogto gmmdsmao babosmab bs jombdg. von Johus-
ds, BmamE(3 RoblL, o6 Mbrs n3mogl dgddsmo@gdolb Bgdgmmo asbbsdmgmgds;
ob gbgds dbmmme Tarski-b [3] sogmmdomy® dbggmmdsl, bows sbgomo
356LadMgM5ds bogHomm o6 sfal Im393ea. dob HMI bzMmEbmws sGLgdmmo
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356badmgMgds, bbgs oMaMdgb@gdol 3mdogds dmybgzws. dombgoszswm s3nby,
9930 96 3g356gds, MHmI ol 83 3obLbsdrgMgdsda(s sdmahgbrs goM33gem »©9-
39J&gdL". Moasb dsb LBS3L, MM 33 3039, BmMA ,3M0b(303Mma© Jgndmg-
dgemos sbgmo gobbodrmzmgdol domgds®.

26 203mbosmggzedn ,p oMol $9ddsmoG 0" s ,og80m0 536 p-b“ Dma R gH godmay-
96935 s@oxm@mBsme® as6bomizqddn, MdmozMgbsw LBomobGnEo dmbsdEMgdg-
dom; 3ogMad sbgo dgdmbggzgddn nbobo gsbabomgdnsh P’-on Bamdmea gbamo
Boboogdol LobmMbadn@ asdmbosmgzedgdo. dgmmg dbfng, Medwgbowas g
d9b380b, 3m(398m BMabgdL von Johus-o 396 asdmnygbgdws, Mmamei P-b
LobMBABYMOL; Mowasb sbgo dgdmbgggeada (T)-b Rsbszgmgds (T7) 36 (T7')-0m
o6 35dm0bgzg3s Mondg Labob ,dmeogn ool

27 3. 58 3Mmdmgdab gobbomgs Kokoszynska-boob [2], a3. 161.

28 53@MMms 398 gbmds, 3063 3oboboems Rgdo bedmmdo ggddsmn@gdals (36980b
dgbobgd, odmmdl, Hmd hgdo gobbasbmgmgds dggbedsadgds o3 (36930b 3mobognm
3mMb399533000; ab., 8og., Kotarbinski [2] @s Scholz [I].

29 do. Ness [I]. badbygbotme, Ness-ob 33mggol ob dggan, Gmdgmog @dgs-
mme 9bgds hggbl 3GMdmgdsl, o6 sMal gobbommmao 3 bngbdn; dgomsmg ag.
148, 39603360 |.

30 o330 gb 8BGO sEsgEMbgm dm3obdgbos, edggmamo Fbmmme gMmbgm
360bg o, Mo gobszzoMos, bodMmddn, MMIgmbsz Bod@onmom o6 o43L ggo-
mmbmgog@o bsbosmo — Hilbert—Bernays-do [1], §m3do II, a3. 269 (bowas,
bbgoms dmEnbl, ob sMds godmbs@mmo Mondg 3mmagdognMo gmMdom). dgmeyg
b3, Mo3gbswss 3030, 3MMPLombam gGommbmegmbgdlb Rgdo bsd®mdab
356b0om3z0LsL 33sbmsb ©s3ogdaMgdom oM ghmbgm 56 gsdmmmdzsdor Mondg
d96093605 (d. 3gb0dgbs I).

31 do. Gonseth [I] a3. 187.

32 oboemg Nagel [1] s Nagel [2], a3. 471. sbsmmgom&o 39603360 mbos agmb
Weinberg-msb [1] 3. 77; dot., sbggg, 30bo smgnmoa dgb0dgbgdo, a3. 75.

33 sbgon Bgbgb(30s 833oMs ngm Carnap-ob sEMgnm bsdOIMIgddo (ab., og.,

Carnap [1], gobboggommgdom V bsboma) o 3960L B&al Lbgs 69369d0L bod-
®m3933d0. M. 54 Kokoszynska [1] s Weinberg [1].
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34 §qddomo@gdol ;mgmEnal sbdamgdom domgdymo bbgs dgogagdo ob. GoOdel
[2]; Tarski [2], a3. 401; o Tarski [5], g3. 111.

35 53dmdgb, M3 mdogddo — doga., Moibgo 56 Moibgms LodMsgmg — oMol
356bodmgMgdon (8m3gdnm BmMIsmndIdn), oy 5MLYdMBL babssmgdsms
obgmo gbgz0s, EmMBgema(z dob gobbadrgMmegl; 3. d960dgbs 20. s3335Msw,
&9M3dabo ,a56LsDMgMgdo00", (30 39 s3smgds@nzcoa (bLgdeb@nznma) bom-
dmdmdabos, msgabo ,dmEgmmdon® ob 630bws Jo0gds@ 0 gnHns, Moasb gsdmb-
5&o3L 300793580396 mdogd@ms m30bgdsb (sb0dbagl 3emsabl). $80L dgwg-
350 g56badmgMmgdomdal (36968 dgadmgds mogomsb gsbababrgmml 6dobws
30035803060 963069600, 013(35 565 03 mMIsmobgdaem @ab(303emnbsdo,
m3gmba(s 3933060905 gb (36908; Bombgoszsm 530bs, gobbabmzMmgdals g3ub-
©3396@ M0 0gs M33mgmo MRgds. dM. g — sbgzg dgdmgan dodmomamMago-
a0 domomngdabmgal — Tarski [1];, 3obbabmgMgdemmdsbmab s 3ogdamgdama
bbgosobbgs dgwgagdo sbggg dgndmgds 3madgdbmb modgms@m@mada, dog., Hil-
bert—Berneys [1] §m3dn I, g3. 354, 369, 456, s 5.9.; s Lindenbaum—Tarski
[1]. 9godmgds dg3603bmm, MHm3 8 9fMdnba ,a56LsdmgMgdon” dBmax g gsdmoay-
96935 Lbgs, 398935m935@03M0 (o363 oMs Lydeb@oznmMa) 360d3bgmmdom;
dogdmoma@, Mm(3s 3530mdm, MmA G gMadnbn 3obbsdmgMgdswns bbgs &gMdo-
69330 (3m(393em sgbomdoms LobBgdalb Logdzgmbdyg). sdbomdsms Lob@gdal
dmegmob gobbsdmgmabmgal ob. Tarski [4].
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PROJECTIVE MONOIDAL
RESIDUATED ALGEBRAS

Revaz Grigolia

May 24, 2005

Abstract

A characterization of finitely generated projective algebras with
residuated monoid structure reduct is given. In particular it is shown
that an m-generated subalgebra of m-generated free algebra is projec-
tive if and only if it is finitely presented by special kind of equation.
Moreover, a characterization of finitely generated projective algebras
is given in concrete varieties of MV-algebras and Heyting algebras.

Key words: Free algebra, projective algebra, finitely presented al-
gebra, monoids, hoops, BL-algebra, MV -algebra, Heyting algebra.

1 Introduction and preliminaries

Residuated structures appears in many areas of mathematics, the main origin
of which are monoidal operation multiplication ® that respects a partial or-
der < and a binary (left-) residuation operation — characterized by t®y < z
if and only if x <y — z. Such kind of structures are associated with logical
systems. If the partial order is a semilattice order, and multiplication the
semilattice operation, we get Browerian semilattices which are models of the
conjuction-implication fragment of the intuitionistic propositional calculus.
The well-known algebraic models of the conjucttion-implication fragment of
Lukasiewicz many-valued logic are another example of special class of resid-
uated structures. We are interested mainly with those monoidal structures
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which have in common the following basic properties : Integrality, commu-
tativity of the monoidal operation ® and the existence of a binary operation
— which is adjoint to the given operation ©.

Bosbach ([4], [5]) undertook the investigation of a class of residuated
structures (with natural partial order). He showed that the resulting class of
structures can be viewed as an equational class, and the class is congruence
distributive and congruence permutable.

J. R. Biichi and T. M. Owens [7] named the commutative members of
this equational class by hoops.

The fundamental work is devoted by W. J. Blok and I. M. A. Ferreirim
to investigation of hoops in [2]. We shall use the definitions and some results
from this work, where hoop is defined as a naturally ordered pocrim (i. e.,
partially ordered commutative residuated integral monoid). If, in addition,
pocrim is a lattice, compatible with the partially order, then it is called by
integral, residuated, commutative l-monoid (see [24]).

We list now the algebraic structures which contain as a reduct a residuated
operation : Wajsberg hoops [2], residuated lattices and BL-algebras [22],
Wajsberg algebras [15], MV-algebras [8], Heyting algebras (alias pseudo-
Boolean algebras) , Godel algebras and product algebras [22]. We give to
such kind of algebras the name monoidal residuated algebras, shortly M RA-
algebras.

A structure (A, ®, 1, <) is partially ordered monoidif (A, ®, 1) is a monoid,
< is a partial order on A, and for all z,y,z € A,ifz <y, thenz Oy <y©z
and z @ x < z@y. A is integral if, for all x € A, x < 1. A is residuated if
for all z,y € A the set {z: 2 ® x < y} contains the greatest element, called
the residual of x relative to y, and denote by x — y. A partially ordered,
commutative, residuated and integral monoid (pocrim) (A, ®,1,<) can be
treated as an algebra (A, ®, —, 1), since the partial order can be retrieved
via x < y iff + — y = 1. The class M of all pocrims satisfies the following
axioms [2]:

(M1) z01 ==z,
(M2) r0y=y0Ou,
(M3) = —1=1,

(M4) 1 — 2 =ux,
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(M5) (z—y) = ((z—2) = (z—y) =1,
(M6) z — (y — 2)=(z0y) — 2,
M?) z—y=1&y—z=1=z=y.

Conversely, in every algebra (A,®,—,1) satisfying (M1)-(M7) can be
defined a partial order by setting x < y iff + — y = 1. This partial order
makes (A4,®, 1, <) a commutative partially ordered monoid in which for all
x,y € A x — y is the residual of z with respect to y. In addition to (M1)-
(M7), pocrims also satisfies the following properties [2]:

(M8) z —z =1,

M9) z—(y = 2)=(y = (v = 2),

(M10) If e <y, theny - z2<z—zand z -z < z —y,

(M11) z < (z —y) — v,

(M12) z <y — z.

Theorem 1. Any pocrim (A, ®, 1, <) satisfies the following identities
(M13) (z —y) O (y — 2) < (z — 2),

(M14) (z —y) = ((y = 2) = (r — 2)) = L.

Proof. (x —y)©(y —2) 0z <

according to the definition of residuation : z ® (z — y) <y,

< y®(y — 2) < z (according to the definition of residuation). Therefore
(according to the definition of residuation)

(r=y) Oy —2) <(r—2)

(z—=y) = (=2 = @@—=2) =290y —2)—=@—=22

according to M13
>(x—z2)—(x—2)=1.
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The quasivariety M of all pocrims is the equivalent algebraic semantics
- in the sense of [3] - of the algebraizable deductive system Sy, [31] :

(81) p—q) = ((r—p) = (r—10q),
(82) p—(@—r) = (e—@—r)),
(83) p— (¢ —p),

(84) p—(a— (p©q)),

(85) (p—(g—7) = ((pPOg) =)

The only inference rule of Sy is Modus Ponens :
(MP) p,p—qtq.

Let us note that if R is a commutative ring with identity 1 and Id(R)
is the monoid of ideals of R, with the usual ideal multiplication, ordered by
inclusion, then for any two ideals I, J of R, the residual of I relative to J
exists and is given by [ — J = {z € R: «l C J}. Hence, (Id(R),:,—, R) is
a pocrim.

Let us note, that the class BCIC of BC K-algebras consists of all algebras
(A, —, 1) satisfying (M3), (M4), (M5), (M7), (M8) and (M9). Since M satis-
fies all of these, the class of {—, 1}-subreducts of algebras from M consists of
BC K-algebras. Conversely, every BC'K-algebra is a subreduct of a pocrim
[30], [29], [14]. Wronski [33] and Higgs [23] showed that BCK is not a variety.

We say that a partially ordered commutative monoid (A, ®, 1, <) is nat-
urally ordered if for all x,y € A, x <y iff (3z € A)(z = z ® y) (divisibility
condition).

An algebra (A, ®, —, 1) is called a hoop if it is naturally ordered pocrim.

Theorem 2. [/] An algebra (A, ®,—, 1) is a hoop if and only if (A,®,1) is
a commutative monoid that satisfies the following identities

(M6) 2 — (y—2)=(r0y) — 2,
(M8) z -z =1,
(M15) (z —y)Oxr=(y > )0y

Denote by HO the variety of all hoops.
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1.1 Filters and congruences

Let (A,®,—,1) be a hoop. We say that F' C A is filter of A if (i) 1 € F}
(ii)ife e F, ye Aand y > z, then y € F; (iii) if x € F and y € F, then
rOyeF.

Lemma 3. Any filter F' of a hoop A satisfies the following condition : if
reFandx —yeF, theny € F.

Proof. According to the definition of residuation =z ® (zr — y) < y. But
r® (r — y) € F. Hence y € F. O

One can easily check that, given X C A, the least filter generated by X,
denoted by [X),is{b€ A:a1 ®ay---®a, <b forsome ay,as,...,a, €
X,n € w}. If) in particular, X = {a}, then [a) = {b € A : a" <
b for some n € w}. It easy to check that if p is a congruence of A then
1/p is a filter of A. Moreover, the map ¢ — 1/p establishes an order isomor-
phism between the lattice of congruences of A and its lattice of filters. The
inverse of this map is F' — gp, where or = {(x,y) : (r = y)© (y — ) € F'}
is a congruence of A. If F' is the filter associated with the congruence p we
often write A/F for A/p.

We express the considerations in

Theorem 4. Let F' be a filter of a hoop A. Then the binary relation or on
A defined by xorpy iff t -y € F andy — x € F is a congruence relation.
Moreover, F = {x € A: xppl}.

Conversely, if o is a congruence on A, then {x € A : xpl} is a filter, and
zoy iff (x — y)ol and (y — x)pl. Therefore, the correspondence F +— op is
a bijection from the set of filters of A and the set of congruences on A.

Proof. 1t is obvious that gp is reflexive and simmetric. From M13 it follows
that o is transitive. Hence op is an equivalence relation.
Now, suppose that zors and yopt. Since

TOYO (=)0 —t)=r0@ =50yl —1t) <sot

(sincezx® (xr —5) <s, yo (y — 1) <t),

(x—=35)O0(y—t)<xOy— sOt. Hence, z ©®y — s®t € F. Interchanging
x with s and y with ¢, we get s ©t — x ©y € F. Therefore z ©® yops ©®t. By
M5, we have that

(y—t) = (x—y —(z—1)eF
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and since y — t € F, we get that

(x —=y)— (x —t) €F.
By M14, we have that

(s > x)— ((r—1t)— (s —t)) €F,
and since s — x € F, we get that
(x —>t)— (s—t)€F.

Hence
(x—-y)—=(r—=t)o(r—t)—(s—1t) €L

According to M13
=y —(@—-H)o@—=t)—=(—t)<(r—y) —(s—1)

Hence, (x — y) — (s — t) € F. In a similar way we can see that also
(s > t) =z —y) € F. Hence (x — y)op(s — t).

From M2 and M3 it follows that F = {x € A : zor1}.

Conversely, suppose that ¢ is a congruence on A. If xpl and ypl, then
(x@y)ol. lf zpl and z < y,thenz wy=1land 1 = (z® (x — y))ol -=1y
Hence {x € A: xpl} is a filter.

If zoy, then (x — y)o(y — z)o(x — x) = 1. Conversely, if (x — y)ol and
(y — x)ol, then zpx ® (r — y) =y ® (y — z)py. Therefore zpy. O

Now suppose that (A, ®,—, 1) is a pocrim. As it is easy to see, if F is
a filter of A, then pp is a congruence of A. Moreover, (A/or, ®,—,1) is a
pocrim, where x/or @ylor = (x ©y)/or, x/or — y/or = (x —
y)/or and 1 = 1lu/,, = 1/op. Indeed, it is enough to check the quasi-
identity M7. If x/or — y/or = 1/or = (x — y)/oF, then 1 — (z —
y) = (x — y) € F. Similarly, if y/or — 2/0r = 1/0r = (y — )/0F, then
l—-(y—z)=(y—x)€F. Hence (x — y) ® (y — x) € F,i. e. zopy. It
means, that z/or = y/op. Therefore (A/or, ®,—,1) is a pocrim. Since all
pocrims form quasi-variety, but not a variety [23], the set {x € A : o1} may
be not a filter. In other words not every congruence o converts a pocrim A
into a pocrim A/ p.

From here we conclude that holds

Theorem 5. If (A, ®,—,1) s a pocrim and F C A is a filter, then
(A/or, ®/or, — [or, 1/or) is a pocrim.
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1.2 Wajsberg hoops and MV-algebras
A hoop is called Wagsberg hoop if it additionally satisfies the following con-

dition
(Wh) (z —y) —y=(y—a)—z

Any hoop which satisfies (Wh) is in fact a lattice, where the join opera-
tion is defined by ' Vy =p.r (r — y) — y. The identity (Wh) expresses the
fact that V is a commutative operation.

Wajsberg hoops are closely related to the Wajsberg algebras [15], which
are algebraic models of Lukasiewicz’s many-valued logic. Actually, Wajsberg
hoops with least element are termwise equivalent to Wajsberg algebras [3].
Moreover, it is easy to see that Wajsberg hoops which have a least element
are exactly the {®, —, 1}-reducts of Wajsberg algebras.

Wajsberg algebras are definitionally equivalent to Chang’s MV -algebras
[8]. It is well known that MV -algebras are algebraic models of infinite valued
Lukasiewicz logic. We assume the reader’s familiarity with MV -algebras. For
all needed notions in MV-algebras we refer to [8], [10].

We recall that an algebra A = (A4;0,1,®,®,*) is said to be an MV
-algebra iff it satisfies the following equations:

L (z0y)@2z=20(yd2);

2. 2y =yPux;

3. 0 =ux;

4. @1 =1,

5. 0F =1;

6. 1" =0;

7. 20y=(z"®y")"

8. (DY) dy= Wy r) .

Henceforth we shall write ab for a ® b and a™ for a ® - -- ® a, for given
———

n times

a,b € A. Every MV -algebra has an underlying ordered structure defined by

r<yiff ¥ py=1.
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(A; <,0,1) is a bounded distributive lattice. Moreover, the following property
holds in any MV -algebra :

zyLzANy<zVy<zdy.

A subset J of an MV-algebra A is called a filter provided that (1) 1 € J,
(2) ae J and b€ J imply ab e J, and (3) a < band a € J imply b € J.
The correspondence : 6 — ¢(0) = 1/6 = {a € A : (a,1) € 0} establishes
an isomorphism ¢ from the lattice of all congruences onto the lattice of all
filters (ordered by inclusion) [8], [10], [19]. The unite interval of real numbers
[0, 1] endowed with the following operations : @y = min(l,z+y),x Oy =
max(0,z +y — 1),2* = 1 — z, becomes an MV-algebra. For (0 #)m € w we
set L, = (Sp; @, ®, %,0,1), where

1 -1
Sm:{oa_v"'7m—71}7
m m

which is a proper subalgebra of the unite interval MV -algebra.
Denote by WHO, WA, MYV the varieties of all Wajsberg hoops, Wajs-
berg algebras and MV -algebras, respectively.

1.3 Dual hoops

A dual hoop is an algebra (A, ®, —,0) such that (A, ®,0, <) is partially or-
dered commutative monoid , with identity 0, which is the least element of A,
and for all z,y € A, x—y is the smallest element of the set {z: 2 < z®y}.
Let us note that while in hoops the partial order satisfies z < y iff x = 2 Oy,
for some z € A (2 = © — y), the partial order in dual hoops satisfies
x <yiff y =2@x, for some z € A. Thus if (A, ®,—,1) is a hoop then
(A, ®,—,0) is a dual hoop, where x Dy =z Oy, v—y =y — x, 0:= 1.
Conversely, if (A, ®, —,0) is a dual hoop then (A4, ®,—,1) is a hoop, where
rOy=xdy, * — y:=1y—x,1:=0. The classes of hoops and dual hoops
are therefore term equivalent.

EXAMPLE. Let (G,+,—,0,V,A) be a lattice- ordered Abelian group,
or Abelian (-group, for short, with strong unit v € G, u > 0. Define on
the set Glu] = {x € G : 0 < & < u} the following operations : a +, b =
(a+b) Au, a—b = (a—0b) V0. Then (G[u], +, —,0) is dual hoop. This dual
hoop may be seen as an instance of a reduction of the action of the Gamma
functor from Abelian ¢-groups with strong unit to MV-algebras [27], [10].
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1.4 PL-algebras

Product logic algebras, or P L-algebras, for short, were introduced by Hajek,
Godo and Esteva [21]. The fundamental work on PL-algebras belong to R.
Cignoli and A. Torrens [9].

A PL-algebra is an algebra A, ®, —,0) of type (2,2,0) such that, upon
derived operations: 1=0—0, v =2 —0, cAy=20(r —y), tVy=
((x = y) = y) A ((y — x) — x), satisfies the following identities :

(PL1) (A, ®,1) is a commutative monoid with identity,

(PL2) (A,V,A,0,1) is a lattice with smallest (0) and greatest (1) elements,
(PL3) 20 (yVz)=(z0y)V(r®z2), 20 (yVe) =20y V(ro:z2),
(PL4) (z0y) —»z=2— (y — 2),

(PL5) (z —y)V(y — ) =1,

(PL6) v -z =1,

(PL7) (—20((¢©2) = (y©2)) = (. —y) =1,

(PL8) =z A —x=0.

Let A be PL-algebra and F' a filter of A. Then by familiar arguments
one can show that the stipulation :

For x,y € A, zopy iff (x - y)AN(y — ) € F

defines a congruence relation or on A, and that F' = {z € A : zorl}. The
correspondence F' +— op defines a one-one inclusion preserving mapping.
Denote by PL the variety of all PL-algebras.

1.5 BL-algebras

Let us consider the real unit interval with interval topology. A continuous
t-norm is a continuous function x : [0,1]*> — [0, 1] that is associative, com-
mutative, monotone in each argument, and satisfying ax1 = a and ax0 = 0,
for every a € [0,1]. Every continuous t-norm # induces a residuum (i. e.
implication) — , defined by a — b =sup{c: cx < b}.
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The structure ([0, 1], *,—,0,1) is a hoop, and ([0, 1], V, A, %,—,0,1) is a
main example of a residuated lattice.

Every continuous ¢t-norm is locally isomorphic to one of the following (see,
for example, [22]) :

e Lukasiewicz t-norm ©®, defined by a ® b = maz{a +b—1,0};
e Godel t-norm A, defined by a A b = min{a,b};
e product t-norm -, i. e. , ordinary product of real numbers.

Given a continuous t-norm and its residuum , the algebra ([0, 1], V, A, x,
—,0, 1) generates a variety of residuated lattices, and the set of propositional
formulas in the language (%, —, 0, 1) that take value 1 under every interpreta-
tion is called the logic of x. Let us note that we do not need to have the lattice
operations in the language , since they are definable by a Ab = a * (a — b)
and aVb = ((a — b) — b)A((b — a) — a) [22]. Specializing to the tree basic
cases above, we have Lukasiewicz logic, Godel logic, and product logic. All
the tree logics are interesting, and the most general fuzzy logic is the logic
of all continuous ¢t-norms, i. e. , Hajek’s Basic Logic [22].

BL-algebras is introduced by P. Hajek in [22] as an algebraic counterpart
of one of the extensions of fuzzy logic. BL-algebra [22]

<B7 \/7 /\7 —)7 ®7 O’ 1)
is a universal algebra of type (2,2,2,1,0,0) such that :

1) (B,V,A,0,1) is a bounded lattice ;
2) (B,®,1) is a commutative monoid with identity :

TOg=qOp
pO@OTr)=(pPoqor
pO1=10p

(1) q

2) (p—q ©p)V
B)(p—(pVq)=
@ ((p—r)—=(r—(pVqg) =1,

5) pAgOr=(poOr)A(goT),

6) pAg=pO (p— q),

(MpVva=(p—q) —qAN(qg—p) —Dp),
®)(p—qVig—p =1

Denote by BL the variety of all BL-algebras.
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1.6 Heyting algebras

A Heyting algebra (H, \,V,—,0, 1) is a bounded distributive lattice (H, A, V,
0,1) with an additional binary operation —: H x H — H such that for any
a,be H

r<a—bifanxz<b.

(Here x <y iff e Ay=ziff zVy=1y.)

It is well-known that the class of all Heyting algebras forms a variety,
which will be subsequently denoted by H.A. Heyting algebras play an im-
portant role in different branches of mathematics: opens of a topological
space, the lattice of congruences of a lattice, the object classificator of a
topos, as well as algebraic models of Intuitionistic Logic all form Heyting
algebras. These (and other) important features boosted a thorough investi-
gation of Heyting algebras. A lot of results have been obtained. We will list
only some of them: representation of Heyting algebras by means of Esakia
spaces, which are ”good” Priestley spaces (Esakia [13]); description of finitely
generated free Heyting algebras (Urquhart [32], Grigolia [18], Bellissima [1],
Ghilardi [16], Butz [6]).

Idempotent hoops, i. e. , hoops which satisfies x ©® x = x, are semilattices
with respect to the operation of multiplication . They have been considered in
the literature under the names implicative semilattices [28], and Brouwerian
semilattices [25] and are the {A, —, 1}-subreducts of Heyting algebras.

All listed above classes of algebras are characterized with common prop-
erty : filter defined congruences, all primitive operation of algebras are de-
fined by monoidal operation and its adjoint - residuum. These algebras from
the classes we name monoidal residuated algebras.

2 Free and projective algebras

Let K be an arbitrary variety. Recall that an algebra A € K is said to
be a free algebra in K, if there exists a set Ay C A such that Ay generate
A and every mapping f from Ay to any algebra B € K is extended to a
homomorphism h from A to B. In this case Ay is said to be the set of free
generators of A. If the set of free generators is finite then A is said to be a
free algebra of finitely many generators.
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The name ”free algebra” came from the fact that free algebras of K are
free from any additional identities on the free generators. In other words, for
any identity p(z1,...,Zm) = Q(Z1, ..., Tm), P(T1, .-, Tm) = q(x1, ..., Tp) 18
an identity of K iff the polynomials P(gi,...,gmn) and Q(g1,. .., gm), corre-
sponding to p(x1,...,%,) and q(z1, ..., T, ) respectively, are equal to each
other in the m-generated free algebra F(m) € K, where ¢y, ..., g, denote
the free generators of F(m).

Also recall that an algebra A € K is called projective, if for any B,C € K,
any epimorphism (that is an onto homomorphism ) v : B — C and any
homomorphism 3 : A — C, there exists a homomorphism « : A — B such
that ya = (.

A2.B

DN

C

An algebra B € K is said to be a retract of an algebra A € K, if there
exist a monomorphism (that is a one-to-one homomorphism) p: B — A and
an epimorphism € : A — B such that ey = Idg, where Idg denotes the
identity map on B.

It is well known that in every variety K, projective algebras can be char-
acterized as retracts of free algebras of K. (In particular, every free algebra
of K is projective.)

Let K € {HO, WH, WA, MV, PL, BL, HA} .

Let F(m,$2) be the free algebra of m generators in a variety of K defined
by using the finite set €2 of extra axioms in m variables (for the definition
see [17]). Let us note that if Q is a finite set of m-ary identities, then it
can be represented by just one identity P = 1. Indeed, if P = @ is an
identity, then the one is equivalent to (P — Q) ® (@ — P) = lor, in
abbreviated version, P « () = 1. In turn, if we have finite number of
identities Q = {P, = Q1, ..., P, = Q,}, then we can replace the one by the
equivalent identity O, (P <« Q;) = 1.

Lemma 6. Let P be an m-ary polynomial. Then there is a filter J such that
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F(m,{P =1}) = F(m)/J.

Proof. Let J = [P(g1,-..,9m)) be the least filter containing P(g1, ..., gm)
where ¢g1,..., g, be free generators of F(m). We need to prove that the
“principal” filter J such that F(m)/J = F(m,P = 1). Let g1,...,gm be
free generators of F'(m). Then ¢1/J,...,gn/J are generators of F(m)/J.
Let also A be an MV-algebra generated by {a,...,an}, Play,...,a,) =1
and f : F(m) — A be a homomorphism such that f(g;) = a;, i =1,...,m.
Then P"(g1,...,9m) € f~1({1}), n € w and therefore J C f~'({1}). By the
homomorphism theorem there is a homomorphism f’ : F(m)/J — A such
that the diagram

F(m) ! A
s f!
F(m)/J
commutes. It should be clear that f’ is the needed homomorphism extending
the map ¢;/J — a;. O

Lemma 7. Let u € F(m) be a generator of the proper filter J = {z : v >
u,n € w}. Then F(m)/J = F(m,{P = 1}), where P is some m-ary
polynomial.

Proof. Let J be a filter satisfying the condition of the Lemma. Then u =

P(g1,-..,9m) for some polynomial P, where gi,..., g, are free generators.
We have that F(m)/J is generated by ¢1/J, ..., ¢m/J, and that
P(gl/J,,,gm/J) :P(gl,,gm)/J: 1F(m)/J

The rest can be verified as in the proof of Lemma 1. O

Proposition 8. If A € MV is finite and generated by m elements, then there
is a principal filter J such that A= F(m)/J.

Proof. Let A € MV be finite and generated by ai,...,a,, i. e. A =<
{ai,...,an} >. Let P, be the m-ary polynomial x;, and in general let P,
be a polynomial such that P.(ai,...,a,) = x for each x € A. Let Q be
the collection of equations of the type P, © Py, = Pygy, P © Py = P,oy,
Py = Py forz,y € Aand By =0, P, = 1. Then A = F(m,Q). For if
Ay =< {by,...,bp} > and by, ..., by, satisfy E, then {P,(by,...,by,) : = €
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A} = A; and the map h : A — A; defined by h(x) = P,(b1,...,bn) is a
homomorphism extending the map a; — b; ¢ = 1,...,m. Since € is finite,
the proposition follows. n

Corollary 9. If 0 < k < m, then there is a principal filter J such that
F(k) = F(m)/J.

Proof. F(k) = F(m,Tp = Tpy1, Tk = Tha2y -« Tk = Tpp)- O

The assertions 1-4, formulated above, is given in [12].
From the above mentioned we arrive to

Theorem 10. An MV -algebra A is finitely presented iff A = F(n)/J for
some principal filter J of F(n).

Now we give exact definition of finitely presented algebra [26]. An algebra
A is called finitely presented if A is finitely generated, with the generators
ai,...,a, € A, and there exists a finite number of equations

Pi@r, . am) = Qula, . )

Po(z1, . 2m) = Qum(x1, ..., T0)
holding in A on the generators aq,...,a,, € A such that if there exists m-
generated algebra B, with generators by,...,b,, € B, then there exists a
homomorphism A : A — B sending a; to b;.

3 n-generated projective MV -algebras

Theorem 11. [20] .Let F(m) be the m-generated free algebra of a variety K,

and let g1, ..., gm be its free generators. Then an m-generated subalgebra A
of F(m) with the generators ay, ..., a, € A is projective if and only if there
exist polynomials Py(z1,...,Tm), ..., Bu(x1,...,xy) such that

IDZ'(glw"agm) = a;

and
P(Pi(x1,...,xm), s Po(z1,. . 2m)) = Bz, ..., )

holds in the variety K, i =1,...,m.
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Proof. Let A be an m-generated projective subalgebra of F'(m). Then, there
exists an epimorphism h : F(m) — A such that h(g;) = a;, ¢ = 1,...,m,
and h(x) = x for every x € A. Since a; € F(m), i = 1,...,m, and F(m)
is m-generated, there exist polynomials Pi(x1,...,Zm), .., Pu(®1,. .., Tn)
such that

Pi(gi,. y9m) =a1,-.., Pnl(g1, - Gm) = am.

But then
h(a;) = h(Py(g1,- - gm)) = Pi(h(g1),-- -, h(gm)) = Pi(a1,. .., am) =
Bi(Pi(g1s -5 9m)s - s Pulgr, -+ Gm))-

On the other hand, since h(a;) = a;, we have h(a;) = P;(g1,...,gm). Com-
bining these two identities we obtain

P(Pi(z1,.. . &),y Py, .y x)) = Pi(x, .. T),

1=1,...,m.

Conversely, let A be an m-generated subalgebra of F'(m) and there exist
polynomials P;(z1, ..., x,,) such that

(g1, -, 9m) = a; (1)
and
P(Pi(z1,. s xm)y oy Po(T1, .y )) = Pi(xy, ..o 2), (2)
= 1,...,m. Since A is m-generated, there exists a homomorphism A :

m) — A such that h(g;)) = a; (i = 1,...,m). Let x be any element
of A C F(m). Then there exists a polynomial Q(z1,...,x,,) such that
Q(ay,...,ay,) =z. But then

h(z) = hQ(a1,. .., am)) = MQ(Pi(gr, - gm)s- - P91, 9m))) =

Q(Pi(h(g1),- - h(gm)), - Pn(h(g1), .-, h(gm))) =
Q(Pi(ar,...,am),...,Pnlay,...,an)) = (using (1))
QP (Pi(g1y--y9m)y- s Pn(g1y - 9m)), - -,
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Pu(Pi(g1s - 9m); - Pulg1,- -, gm))) = (using (2))
Q(Pi(g1, -5 9m)s -+ Pnlg1, .-+, gm)) = (using (1))
Qay,...,ay) = 1.
Therefore hidy = Ids and A is a retract of F'(m), which means that A is
projective. ]

Theorem 12. Any finitely generated projective MV -algebra is finitely pre-
sented.

Proof. Let A be n-generated projective MV -algebra. Then A is a retract
of F(n) : there exist a monomorphism ¢ : A — F(n) and onto homo-
morphism h : F(n) — A such that he = Ids and there exist polynomi-
als Pi(x1,...,2n),..., Py(z1,...,2,) such that Pi(g1,...,9,)) = €h(g;) and
Pi(P(x1,...,x0),...,Pu(z1,...,2,)) = Pi(x1,...,2,) holds, i = 1,...,n,
where ¢q,...,¢9, are free generators of F'(n) (Theorem 6). Observe that
h(g1),...,h(gn) are generators of A which we denote by ay,...,a, respec-
tively. Let e be the endomorphism eh : F(n) — F(n). This endomorphism
has properties : ee = e and e(x) = x for every x € e(A). Let

i=1

and [u) = {z € F(n) : © > u",n € w} be the principal filter generated
by u, where z < y = (2* @ y) © (x ® y*). So F(n,Q) = F(n)/[u), where
Q= {x; < P(Pi(z1,...,x,) = 1:4=1,...,n} [12]. Observe that the
equations from €2 are true in A on the elements £(a;) = e(g;), i = 1,...,n.
Indeed, since e is an endomorphism
e(u) = ()elg:) = Pile(gr), - e(gn))-
i=1

But Pi(e(g1),---,e(gn)) = Bi(Pi(g1, -5 9n)s - Pulg1,- -5 90)) = Pilgn, - - -,
gn) = €h(g;) = e(gi),i = 1,...,n. Hence e(u) = 1 and u € e (1), i. e.
[u) C e7!(1). Therefore there exists homomorphism f : F(n)/[u) — (A)
such that the diagram
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commutes, i. e. rf = e, where r is a natural homomorphism sending x to
x/[u). Now consider the restrictions € and " on (A) C F(n) of e and r
respectively Then fr' = €'. But ¢’ = Id.a). Therefore fr' = Id.4). From
here we conclude that 7’ is an injection. Moreover 7’ is a surjection, since
r(e(a;)) = r(g;). Indeed e(g;) = Pi(g1,...,9,) and ¢; < Pi(g1,...,9n) =
gi > el(gi), where e(g;) = eh(gi). So gi < Pi(g1,---9n) = Oiq 90
Pi(g1,---,9n), 1. e gi < Pi(g1,...,9n) € [u). Hence r’' is an isomorphism
between £(A) and F(n)/[u), Consequently A(= £(A)) is finitely presented.

O

Theorem 13. An n-generated subalgebra A, with generators aq,...,a,, of
n-generated free MV -algebra F(n) is projective if and only if it is finitely
presented by an equation

@J;i ~ Pi(xla"'vxn) = 17
i=1

where Py(xq,...,x,) is some polynomial such that Pi(gy,...,9,) = a;, 1 =
1,...,n.

Proof. = is given in Theorem 7.

<. Let u = O, 9 < Pi(g1,..-.9»). Then A = F(n)/[u). Denote
the isomorphism by ¢ : F(n) — A and the natural homomorphism by A :
F(n) — F(n)/[u). Then ph : F(n) — F(n) is an endomorphism such that
wh(F(n)) = A. Moreover h(g;) = h(a;). Indeed, a; < ¢g; = Pi(g1,-..,9n <
gi > u= a; < g; € [u) = h(g;) = h(a;). Therefore p(h(a;)) = v(g;/[u)) =
a;. This means that ¢(h(x)) = x for every z € A. From here we conclude
that A is projective. m

Let V be any subvariety of the variety from the following list : hoops, H, BL
MV, G, PL, where H, BL., G, PL are the varieties of all Heyting , BL-, Godel
and PL— (product) algebras respectively. In all these varieties we have
monoidal operation ®, which has left-adjoint operation - implication —.

Theorem 14. Any m-generated projective subalgebra A of the m-generated
free algebra Fy(m) is finitely presented.

Proof. Let ay,...,a, € A be generators of A and gy, ..., g, € Fy(m) be free
generators. There exist homomorphisms h : Fyy(m) — A and € : A — Fy(m)
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such that he = Ida, and h(g;)) = a;, @ = 1,...,m. There exist poly-
nomials P;(z1,...,%,) such that Pi(g1,...,9m) = a;, ¢ = 1,...,m. Let
u=0Or (P(g1,---,9m) < gi) and [u) be the filter generated by u. Denote
the natural homomorphism from Fy(m) onto Fy(m)/[u) by ¢ : Fy(m) —
Fy(m)/[u). Denote e by f. Since p(u) =1, p(Pi(g1,...,9m)) = ©(g), i =
L...,m, i. e p(a;) = ¢(g:i), and , hence, f(a;) = v(g;) (we identify
e(z) with z). It is obvious that f is onto homomorphism and fh = ¢,
since h(g;) = h(a;). Since h(g;) = h(a;), h(u) = O (h(Pi(g1,-- -, Gm)) <
h(g:)) = Oiry(h(a;) < h(g;)) = 1. Therefore f~1(1) = 1, 1. e. f is injec-
tive, and jhence, A = Fy(m)/[u). From here we deduce that A is finitely
presented. O

Theorem 15. Let A be an m-generated , with generators aq,...,a,, € A,
finitely presented , with identity P(xy,...,x,) = 1, subalgebra of the free m-
generated algebra Fy(m) over the variety V with free generators gi,. .., Gm.
Then A is projective if P(g1,...,9m) < O (a; < g;).

Proof. Let ¢ be natural homomorphism from Fy(m) onto Fy(m)/[u), where
u = P(g1,...,9m) and [u) is the principal filter generated by u. Then,
as we know, A is isomorphic to Fy(m)/[u). Denote the isomorphism by
f:A— Fy(m)/[u). Then we have the following diagram :

where £(z) = x for every x € A. Consider the homomorphism h = f~ 1.
Then h(a;) = f~'(@(a:)). But o(a;) = ¢(gs), since o(gi < a;) = o(g;) <
o(a;) > ¢(u) = 1. Therefore h(a;) = f~(p(a;)) = f(p(g;)) = a;. It means
that h(x) = x for every x € A, i. e. A is projective. O

Let B be finite MV -algebra and A a subalgebra which satisfies the fol-
lowing condition :

for every monzero smallest join-irreducible element a € A there

(P) exist incomparable nonzero join-irreducible elements by, ..., by € B
such that b; is the smallest join-irreducible in B for some j €
{1,...;k} and by vV--- Vb, =a

Lemma 16. Let A be a subalgebra of finite MV -algebra B which satisfies
the condition (P). Then there exists a homomorphism h : B — A such that
h(z) = x for every x € A.
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Proof. Let A and B be finite MV -algebras and A a subalgebra of B satisfying
the condition (P). Since A and B are finite, each of them can be represented
as finite product of simple finite totally ordered MV -algebras as follows :
A=L,, X xLy and B =L, x---xL,. Since A is a subalgebra
of B, for every m; (j € {1,...,k}) there exist n;,,...,n; such that £, is
a subalgebra of L, X -+ x L, , 1. e. myng, ni, € {ny,...,n;}, where
m|n;, means that m; divides n;,. In other words there exist positive integers
cgj), .. .,cff}, j =1,...,k, such that n; = mjcffj). Observe that L, is a
retract of £y, if and only if m; = n;. Let us note also that nontrivial
homomorphisms of a finite direct product are canonical projections. So, to
be L, a retract of £"¢1 X e X Enil it is necessary and sufficient that in the

integers cgj), e ,cff;.) one of them should be coincided with 1, i. e. c((lj ) =1

for some ¢ € {1,..., u;}.

Condition (P) says that if L., is a subalgebra of £,, x --- x L,,, then
Ly, = L, for somet € {1,...,l}. Let us note that the smallest nonzero
join irreducible element b;(= (0, ...,0,¥},0,...,0)) of B in the condition (P)
has the component 0 belonging to £, , which is at the same time the atom
of L, . It is clear that L, is a retract of £ni1 X e X £ml. Indeed, the
embedding € : L, — Eml X oo X E”iz’ since L,,, = L,,, every element
a € Ly, sends to (a,...,a ) € Ly, X =X Ly, . Then me = Id, where m; is

——
t-th projection. MalktinTgesthe same procedure for every m;,j = 1,...,k, we
conclude that A is a retract of B. m

By a inverse system in a category C we mean a family {B;, m;}ier of
objects, indexed by a directed poset I, together with a family of morphisms
mij © B; — B;) satisfying the following conditions for each i < j:

(i) 7 = mp; o my; for all & < i < j;
(ii) m; = 1p, for every i € I.

For brevity we say that {B;, m;;}; is an inverse system in C. We shall omit
to specify in which category we take an inverse system when this is evident
from the context.

The inverse limit of an inverse system is an object B of C together with
a family m; : B — B; of morphisms (which is often denoted by {B,m;})
satisfying the condition: m;; o m; = m; for ¢« < j, and having the following
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universal property: for any object D of C together with a family of morphisms
Ai: D — B, if mjo); = A; fori < j, then there exists a morphism A : D — B
such that m; 0 A = \; for any ¢ € I.

The inverse limit of the above system is denoted by liin{Bu mij b1, and its
elements by (b;)ier, with b; € B;. If m;; is understood, we may simply write
Hm{B;};.

Recall from Grétzer [17] that the inverse limits of families of algebras are
constructed in the following way:

Suppose {B;}icr is an inverse family of algebras. Consider their product
Hie[ Bz Call (bi)iel c Hie[ Bz a thread, if ﬂ-ij(bj> = bl fOI'j Z 1. Let B be
the subset of [[,.; B; consisting of all threads. Hence

B = {(bi)ier € HBi s mij(b;) = bi, § > i}

i€l

Then it is well known that B is a subalgebra of [],.; B;, and that B is
isomorphic to lim{B;}.

We denote by K,, the variety of MV-algebras generated by {L1,...,L,},
ie. K, =V({Ly,...,L,}). Let F,(m) be the m-generated free MV -algebra
in the variety K,, and F(m) be the m-generated free MV-algebra in the
variety MV.

Note that K, is a locally finite variety. It is obvious that MV = V (U, K,

On Z* we define the function v,,(x) as follows: v,,(1) = 2™, v,,(2) = 3™ —
2™ um(n) = (1) = (vp(n1)+. ..o (ng_1)), where ny(= 1), ..., ng_y
are all the divisors of n distinct from n(= ny).

By [11] (Lemma 2.2) we have:

Theorem 17. F,(m) = £ x .. x £om™.

Theorem 18. [11]. F(m) is isomorphic to a subalgebra of an inverse limit of
an inverse family { F,,(m) }new with free generators G; = (ggl), gZ@), ...), where

1 =1,....,m and ggn), e ,g,(,?) are free generators of the free m-generated
MYV -algebra F,(m) € K,.

Let V be a variety and Vj its subvariety. Let A be an algebra from V.
A homomorphism hg from the algebra A onto an algebra Ay € Vj is called
Vo-morphism (or universal morphism into Vg) if for any homomorphism
f A — B € V, there exists a homomorphism h : Ay — B such that
hho = f (for detail information see [26]).
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It is well known (see [26]) that if Fy(n) is n-generated free algebra of a
variety Vy, then its Vo-morphism image into Vj is n-generated free algebra
Fy,(n) in the subvariety V.

Theorem 19. A subalgebra A of m-generated free algebra F(m) is projective
if and only if m,(A) (— m,(F(m))) is a subalgebra of m,(F(m)) satisfying
the condition (P), where m, is K,-morphism from F(m) onto F,(m) € K,,
ncuw.

Proof. Let us suppose that A is an m-generated subalgebra of m-generated
free algebra F'(m) such that m,(A) — m,(F(m)) is a subalgebra of 7, (F(m))
satisfying the condition (P), where m, is K,-morphism from F(m) onto
F,(m) € K,,. Denote the embedding by ¢, actually e(a) = a for every a € A.
According to Theorem 11 the m-generated free M'V-algebra F'(m) is isomor-
phic to a subalgebra of the inverse limit lim{F;(m)}, = {F(m), m}, where
m;, being a projection, is at the same time K;-morphism. The embedding
e induces the embedding ¢; : m;(A) — m;(F(m)), where m;(F(m)) = F;(m).
Denote m;(A) by A;.

Fi(m) Fy(m) ~———--- lm{F;(m)}, ~—— F(m)
€1 # €2 7t €
Al AQ th{Az}w -~ A

Then, since A; — F;(m) satisfies the condition P, there exists a homomor-
phism ¢; : Fj(m) — A; such that ¢,e; = Id,,. Consequently, the mapping
© = (¢1,9p2,...) : F(m) — A will be a homomorphism such that gc = I Dy,
where € = (e1,€9,...). It means that A is projective. The converse is triv-
ial. O]

Theorem 20. An m-generated subalgebra A of m-generated free MV -algebra
F(m), with generating set {ay,...,am} C A, which is finitely presented by
an equation P(xq,...,x,) = 1, is projective if P(g1,...,gm) ©® ¢; = a; for
i=1,...,m, where gq,...,gn are free generators of F(m).

Proof. Let A be m-generated subalgebra of m-generated free MV -algebra
F(m), with generating set {ay,...,a,} C A, which is finitely presented by
an equation P(zy,...,x,,) = 1 and satisfies the condition P(g1, ..., gm)®g; =
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a; for i = 1,...,m. Then , according to Lemma 1, A = F(m)/[u) ,
where u = P(g1,...,9m) and [u) = {& € F(m) : © > u",n € w} is
a filter generated by u. Let us define new polynomial Pj(xy,...,z,) =
P(z1,...,xy)z;. It is obvious that Pj(ay,...,a,) = Play,...,an)a; = a;.
Consider new equation (), P;(x1,...,%,) <> x; = 1 which presents the al-
gebra F(m)/[u), where ' = ;" Pi(91, - -, 9m) < ¢; and [u) is a principal
filter generated by u’. Let us observe that (", Pi(x1,...,2m) < z; = 1
holds in A on the elements aq,...,a,,. Therefore there exists onto homo-
morphism h : F(m)/[v') — A sending g¢;/[v') to a;. On the other hand
we have homomorphism f : F(m) — F(m)/[v), where f~'(1p@m)/w)) =
[w'). Then f' : A — F(m)/[v) is a homomorphism , which is restric-
tion of f on the subalgebra A C F(m), such that a;/[u') = g;/[u), i =
1,...,m. Indeed, since a; = P(gi,---,9m)gi, @i < g = P(gi,-- -, 9m)gi <
g = Pi(gi,...,9m) < gi > /. Hence a;/[u) = ¢g;/[u), i = 1,...,m. Tt
means that f'(a;) = ¢;/[u'). Therefore hf" = Id4 which means that A =
F(m)/[u'). Consequently A is finitely presented by (i~ Pi(x1,...,Tm) <

x; = 1 either. Moreover Pj(ay,...,a,) = a; and, since P;(g1,...,qm) =
P<g17 s ;gm)gi7 Pi(Pl(glv s ,gm>7 R Pm(g17 s ;gm>> = Pi(gh s ,gm> for
i = 1,...,m. From here, according to Theorem 6, we conclude that A is
projective. O
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d001330&03I&() 3301MRIS0
206330L&EN3O3N

3. 3. 35MG0, 5. §96M Immaba, M. 0. Ymemo

3. 3. 336°3§ab, 3. 76 Imymgbab s M. 0. ymmab bogbo ,350935§0-
3960 dgomeEgdo mog3zab@ngzsda” (B. H. Partee, A. ter Meulen, R. E.
Wall, Mathematical Methods in Linguistics, Kluwer Academic Pub-
lishers, Dordrech, Boston, London, 1993) bbmge ab babgmddmgsbg-
mms, Mmdgmog dEomgdgmoas mabazab@o LEMg6@gdabsmganlb (s
365 dbmmmme bEG)6§gdabsmgab) 336bsznmmgdam Emgl, 965m3g;s-
606930l 335630056 930b 036537060 mM39 EMbdg, MmEgLs mabazab@a-
3% m330bn 33mg30bs 5 365mabab Igomegdoc mnmgdab gommsbsdmes
b 393606939080

6563m3503960 33 Lobym3ddmzsbgmmb Jgbsgmabs (3gdm3zmgdom)
©5 A 63B6amab I, IT 53980b (bags@mpndmgdab gomgdg) maadsbl.

dJaLO3OK0N

53 b0gbol d94360b ngs gohbos sy godm393mma mon ,,dqbsgamo 39@mbab® baggeyd-
39mbg. 9bgbos: doMdaoms dme 3oMEGab “,35mgds@ogolb Lagmdgmgdn® s MMdgME
ol 300935803960 mabazob@ngolb dgbsgemo®. mMogg gb Boabo godmass 5d3-
do 1980-056 Bmgddo. 53@mMgdds oy ©8065bgL mmommgmemo 83 bogbol bgmabsma
30dm(3930L LogoMmgds; s3m@madsz oo gowsbygzn@gl domgdol gogmmnsbgds o
domg 3OmMad@l, Gmdgmoaz nmgamabbobgdws o3 bogbol — ,ds09ds803mG0 Jgom-
960 m0bazob@nzodn” — g5dm3935L, JgmgEmms smab g6 dmyyemabo.

b0bs3mMbgadol dbaszbaw, gb Bogbo gobbsdmgmnmoas bEMwgb@gdobasmganl, Hm3-
mgd0o(3 390Lbsgm0sb mabagzob@ngol. G mdds Mbws, dobo asdmygbgds dgydmos
y39masb, gobog byy@b gog3bmb @abgMg@mmo domgds@ozob 0d bobaml, Mmdgemacs
BIMME 353m0ygbgds msbsdgommag mabazobEn® mgmmnsdn. @no Logmmboem-
00 393509, M3 gL ymagomagm 0da356M0 dgbagamn LodMagmams mgmEoabs s
mmaogob bogmdgmgddo (A s B 6sbomgdo), Mmdgmoa(y dgdmogsmgmgdmes bs-
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dmoemm bymmob mBolb dgbsdsdabo dosmgds@nzn®o (3m©bom. s JoMmms(y, Mod-
©96505(3 o BoMImeagbomo domgds@ngs BM™M abyMgdnm mgbmdgdlb gbgds
(Bogdmoma@, MmamMo(3es MmM3gmndyg 6356l sbmms 303g3Mmds) s 360 1byzg@
LEONJENMIOL (FmamEnzes bEMgg ob LogM(3g), 3300b39m0 NYBO™ dZz0Mmd© 03m-
30b 3basgLgdabs s bosbmmggl Ladysmm bgmmoab smagdfmsbmsb, oMy sGomndg-
$035L056 56 3B dYM 3 9mM3gGFMnsbmsb. 53 bsw, F3gbn gfMm-gMmn 3absba stnls
o, ®™38 3m3domgL Bsmmmas(s dsDobyMo 3@mbo LodMagmams mgmEnsbes s gm™a-
s mmaogado. gb ob @obzo3mnbgdos, MmImgdacs 30 gdgmos mobagzab@n®
(sggogg 9360 bbgs &030b) bodeimdgddn bamdmea gbnemo gm@mBsmnds(30gd0lb gob-
089050, 30 QROM, MH™I 8333500 bsdMmIgdal Mo3bz0 EEoMo-EMg 0dMEdS.

50babndbagos, Mm3 33 Boabolb ¢3g@gbo 656amn 330396938, oy Bmam dgndemgds
LodEsgmgms MmgmEnabs s mmanzal dabedyg s0amb gEsMgdoo Moymo ©s bonb-
&9ggbm LGOI Ngdo. 835bMsbs3y, 39(3909m, M3 339h3969006s, oy Gmamn
Lobomggdemm dgadmgds sd8mhbrglb gb LG NEgdo bLbgosbbzs mnbagzabE o
bgggPmgdobamgab.

50bndbyymo b3g30x039M0 FaBbab gomws, hzgb Lbgs sdm 3069803 33dmbms, Mm(3s
03 Boabbg ghmoe 33m3smdmom. bomdmgsmaqbo bsbyz98L dgbogmowsb Bogbabs
»300g358)0 35 mabgzob@gdobocmgol — bagmdgmgda®:

»3MOJN0 @S QRO™M dmaswo dobsbo 83 bogbabs sl ob, HM3 domgds@ozs asbe-
mb dg@o dobsomgdn, bojmgd aonagdsmo s 3ndgomizbgdm, Lobosdmgbmi 3o od
LEYY6EJdabomzgal, BHMImgdaz 3L vFMNEdgb domyds@ozsl Ndbgmdal gsb(s-
©ob godm o6 0d0@md, MM gro3Mgdsm gb Logsba. dgzMo Lomzgogbm Labgmaddem-
39b9mm s0bgMs o aobbommm bs3ombgddy. dz0mbzgmabsmgals dsmoa 1dg@gbmds
amabbdmdl do0gdo@ngzol (3mebol bsjdome domsm ©mMbgl, mydss 5Ms ndn@Gma,
3 gsbboemmeo Lszombo dmombmgl 53sb, s®sdgE 0d0@m3, MM Labbsgmmm 3Gm-
3653980b 11398 gbmdsdn abgmo mgdgda, Bmammnzss m@Ismymo baob@gdgdo s
33&™IdGMd gm0, Mmam s babo, 3oMggm Labbogmo bgmlb o6 obbagmgds. o3
Logbgdl Imagz00bgdnm gownsb, Mms 0339 babbsogmo sdzm Lszdsme own dm(s4-
mmdoom bbgs cmmao3n&o ©s domgds@ogndn bogbgdo. Mo mgds 1bws, 53 bogboo ggm
abegdom dgdmddgon 3333060 35093580390 mabazob@nzsdn 86 domgds@onzal
mdgmodg o aobbomme sMmado; oa®ed Mbos @eg3z0xgMmm, Mm3 LEMLI6EGgd0
383039 bogndzgmb Mgdggmew 90436056 0dobomzal, MmAd doMomssw go9M 33696
Bmamég mobagzob@ngedn, aby bmosma® ©s bbgs dodggomEab@mm 3g(36096M-
39690 353mygbgdmm gmEmBomndddo. 335Lmsbsgg, obobo dgBo MmzomEaxgMgdom
dgdmgdgb gosgMdgmmb domgds@ngnbs @s mmgozob dgdmamadn dgbbsogems.”
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60600 A. LO3AI3TINL MIMEND

015301

LodMmagmgms mgmeMonb doMaomswo (3698960

1.1 bod@Mms3mab (36985

LodMogmyg oMol goblbbgaggdamo  bogbgdol (mdagd@gdol) gMomdmomds. o3
1 39b6ob3bgmm Bm3g3ymo LodMmsegmol g 93968 9dL MbmEgdgb. gMmo LodGmsgemals
993896890 dgadmgds agmb bLEmmasw asbbbgszgdmmo dbgdol bogbgdo. Jogsmo-
»o©, Bomgmo Lsgbgdob LodGsgmyg dgadmgds 5gHM05690alL 35645698L, Lobbemals
MREO9090L, Boomo gongMagdnm gogmmgdl. bodMszmal gmgd96@9d0 dgndemgds
0ymb 3mb3Mg@mmo, Mmammazss 3567406, Lobbmoab MxrMgoo b BobagnMa dagms;
sbg3g, 9g0dmads nymb aomz3gmmo sdLE 300, BmamMoes Mozbgo ,m0®, ab-
amoby®o gmbgds /p/, 56 Raba@o 9bol Bobswawgds. god@mdmngsm, bLodmsgmgdan
dgodmygds 30359Mm056mm Laabgdo 63daobdngMow, Mboss dsm stoggma 3jmbogm
LogFomm gomms 0dobs, MM gMmo s 0dsgg LodFmsegmal ByzMgdo s60sb. dmsgstn
L3Oz gD MgMEMN530 s, dgbodsdnbaw, 3 Bogbolb doMggem (A) 6sBoemdo s@als ab,
o) M5 dgadmgds 00g35b 3333560 LodMogmggdol dgbobgd, doma gmagdgb@gdol M-
S0 d6980b gomgamnbbobgdal gotgdy.

LodFMogmg dgodmyds 0ymb NEO, dogomomsm, 5©sdnsbms LndMagmy, ob 3o@oMy,
dogdmoma, 83 Bogbol s3@mMms LodMagmyg. LodMagmy dgadmgds agmb LabG¥mo,
dgomoms, 53 B0abnb 3300b3gmms bodMsgmy ob bo@mMama®m Mobgms bod@Msgmy
2-bos s 98407-b dmMaby; sbggg, bLod@segmyg dgadmgds aymb LLEYEm, dasmomsw,
316906030 960L boboogdsms LodMsgmyg ob BoGyMamaum Mazbzms LodMagmy:
b0, 960, Mo, bado,... M8gbsws(3 LodGsegmab bg36n dgodmads ngmb s8bEMS]-
Gymo bdgabo, LodMagmab 693Mb 306 339mm d9dmbgzgzedn dgodmads BoMdmawagb-
gL BHmIgmoess bbgs bodMagmy. 333560, bndFMsegmg dgadmgds ogmb HmMIgendg
bbgs LodEMegmal bgato s s3s3EMMMEsew dgn(39309L Bg3Mgdaw Lbgs LodMagmagqdl.
53 m30b7930b Bysmmdam LodFsgmgms MmgmMos brgds ddmsgmn nsMamon Jomgds@o-
3060 ©s mobazob@mEo s6smababab.

LodFMogmg dgndmgds gsbbabdmgEMmaE (©s3obmbgdamasw) Rsnmgsmmb 353d0bs(y 3o,

M3 B3960 (3m©bs dabo Bg36gdol dgbobgd s@edystn s sEsbEmmoas. Mmdsgm nd-
396Ms@mEms bodMmsgmy 835(3Md© asbbadbmaMmons, dombgwsgsw 0d0bs, ®m3 dabo
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6936900 56188 bagmggmmamm (36mdomo. sbgag, 33530 aobbabmzMumos sbyg-
domoa bgmmob ymgne dobbsgmgdgmms Lod@Msegmg, Jogbgosgsw ndabs, Gm3 dbgmn
3bEagb0s 53 bLodMsgmal byzMms 30bsmds. LodMagmyg MmA 335(3Md© gobbabrgmy-
0 0ymb, 3dobomgal bagomms paanbmglb ob 36063030, Hmdmols dobgzoms s bgdoa-
L3ngMo mdngd@ob dgbobgd dgndmads ©ogsL3gbsm, ol Im393mn LodMagmal ge-
989680 oMb o9y oMs. dogamoms, hzgbo 37s30bmgmon 30bbgdobamzgal dgadmgds
35680350 ©334335m, Mm3 bomgm Logsbms bodMsegmyg 335300 gobbabmgMmas
5 4Mdmgds 56 30354(30Mm0 03 Bog@L (s bmgogmom Lbgs dybomzsbgdsl), Hma
36 560LgdmMBL 335360 LodrgeFn Bomgmbs s batnbgobygmb dmal.

L3Ozl FbmmmE ghmo BgzMom gbmwgds grmo (9Hmgmgdgb@nsbn) LndMagemyg,
dogdmoma, bodMagmy, Hm3gemn(3 bmeme 3gbasb dgmagds; smbgdmdl 303 gfon
a56bs3mMgdagmo LodMagmy, (39M0gma bodMogmyg, ob byyemmazsba LodMagmy, Hm-
dgmo(z oM (39600 6936b o6 dgo303L. (39M0gmo bLodGsegmg ms300056 dgadmgds 398 0b-
3990 (365650 3ma39hz96mb, Bogced bmemmm sbgmaw dgazndemas BoMdmgowaon-
b mob gmombs BMggdal LodMagmy ob LodFMsegmyg yzgms 03 Lagbobs, HMIgmmagsb
DOm0 5655 bo FHmamo moz30l 0gbG M. YBMm dg@o(s, 933356M0 LodMogmy
3o, 03 Mo 3mbabgmbgdgmos. o dgd3mgogsmamgdom 03 ©sdg3gdom, Bmd bod-
039 Mbos dgo3o3mgL Ly Mm@ 9o gmgdgb@lb 85063, 35306 LodMagmggdals
dgbobgd hodmysmndgdnm Dmasm 0gdymgdgddo bagomm gobogdmuos 3obbes jmomtgd-
aemo 300mdgdob ©8dg9ds (39M0gmo LodMagmobamgal. babmasme, domgds@n ol
360630305 a5b6bmaagdabsgab LEMsggs 8530653 3o, MmM(3d GMozosmm@n 56 dgb-

Emo dgdmbgzgzgdo gobobomgds.

LodEMsgmgms Mmgm@nsda Jormgdemos dgdwmagan bndzbgda: LodMsegmggdlb Rogbgmm
A, B, C,... boddmmmgdoom, bmmm bodmsgmol 693698L a, b, c,... boddmmmgdoo,
BmaRgM 30 X, Y, Z,... boddmmmgdom. 6g36mbdols dndsmmgds RsnbgMgds L3gosmaca
€ Loddmemb 89dzgmdom. sdg35Ms, hsbsbgmn b € A Bsozombgds dg3gabsnta:
b ool A-b bgzMo. dmbabgmbgdgmos, sgdgmgyg, bggmdol dadstmgdals omymegals
0mb0dgbo: gbos Loddmmm &. sdg3sMow, b & A Bangombgds 3g3gabsnMaw: b o6 sfal
A-b bg36o. Mo3gbswsy LodFMsgmyg magob dbEng dgodmgds oymb bbgs Lod@Msgmals
69360, bmgxr g dgodmgds hogbgmmo: A € B, Gm(35 A LodMagmyg sfnb B bodGsgmal
69360 @s oM gog0mzgamabbobmm, Mm3 bg3gdo 3o@oMs (sM3dmegfmn) sbmgdom
500b0dbyde.

1.2 badMmagmab a56babdmzMms (L3ginag0353309)
LodEogmal gobbadbmgMs (L3g0gngens) dgbedmgdgmoas Lsdo gsbbbgsggdmmo
avom (1) bggMgdal hsdmmgmom, (2) 0d m3z0bgdol sbobgmgdom, Mmdmol dobgco-
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30053 m309J&0 g5b0bsbmzMgds MHmam s 3m39dmmo LodMmagmob Bgzo, (3) 03 69-
Lgdob gMMMEmMomdals goblbadmzMom, MmIgmoai dmzgdyemo LodfMsgmal 6936mgdl
Bom3mImdL. gobgobommam mommgnmo dgmmeo (3oem-(39em 3g.

Loob R5dmBgMs: 03 dgdmbggzadn, Mmss LodMagmyg LabEyemos, dgbsdmagdgmoas dobo
6936900l RodmbBgMs gHmadgmmal Bngmmagdoo, 3000607 56 0469ds 5bndbyyemn yzgems
b9360. Mm3e LEdMazmy gdbnbadMaMgds Loab hsdmbgMom, GoamGm G®ARbomaddo
3630350 Rsdmabgmgds o3 LodMagmal Bgzms Labgmagdo, Gm3mgdo(y 9gM®3sbgmo-
Logsb godmoygmaezs 3dndggdoo. dogsmoma, bnd@Msgmg, Mmdmab bgzMgdos dbmggmo-
mb gamdgbo 3absty, 33960 30b dgg@omgdmmo 398530l 3oMggmo 3GgbogbG 0 s
03630 bLodo, honbgMgds dgdmgabsnfsw:

(1-1)  {80bstg 835Dmboa, xmtrg 35d0ba@mba, 3}
d960d360L boboo @szdgbo:

30M3zgmo — bLodMogmal 3333560 3obLsdEDZMNLLL Lod@Msgmal mammgyea 6gzGabio-
30b 30dmaygbgds Labgmo ob 3o 33990 vbgMs, o33 LndMagmy dgmagds @abob-
9 9dmo md0gd@gdnbogsb ©s oM mzom babgmgdabsegsb. hzgbl dogsmomda bod-
ogmab 6g360s 5d3-b 3Mgbagb@n, Hm3mab babgma, Imbrs nbg, HmT sGal ‘gmerx
3530b3&mba’. FogMsd 53 LodMsogmgl Jog Mczbgds 30Mmzgbgds @s 56 doba Labgemo.
Bbo@ow 0g039 bodFMsegmg dgodmgds senbymmb dgdmgabsnms:

(1-2)  {80bsmyg 585Bmbo, 53960 30b FggMmgdmmo 3@s@qdob 3oMzgma 36gDowgb-
&0, 3},

— 3b0dbymo 306mgbgdabmgal bbgs smbBg@als godmyqgbgdoo.

5 0gds by, dgadmgds bodMmsgmg dgo3e3gLb mabaz0b@nM Mdogd@gdl, Hmamea-
(399, 3335mM0md©, Labgmgdo. o3 90MHMbol Md308b SLo(30Mgdma Lsgymmoag ob
bobgmgda, Gm3mados LodEMsgmal BgzMgdas, hoobgMgds (3omsog dGgysmgddoa. 3-
©gbor, bLedBogmy

(1-3)  {B80bstg s35Dmbo, ‘gxmx 30d0bg@mba’, 3}

Mbos aob30bbzogzmom Lodmsgmoabagsb (1-1)-do, Modwgbosz nan dgo(393L dwnb-
069, babgmbs s Mozbsl, 8ogMed 56 dgo393L 30MmM3bgdsL, MmMBgma(y nym 830~
30b dggFmgdamo 3§s@gonl 3ofMggmn 3Mgbowgb@on. 36nd3bgmmgabos d936036ma,
3 gHmo ©s 03039 LodMdzmg dgodmagds s0bgmmb bbgewsbbzs bogdal dgdzgmdoo,
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Loy gobbbgozgdnmoem asdmba@mm gmgdgb@gdl sMoggmn sgzm bogmmm gomws
080bs, Mm3d gMmbs ©s 03539 Mdogd@&gdl 5badbaggb.

dgmtg — M33gbsmas(s gb LNdFMogmggdL gbgds, MBS 50nbndbmL, M3 dbmeme hgg-
bo bgMol oM (3bbnsb doMx 3603 BodoMorymgdsbmsbss ©s3sgdomgdamo ob, MmI
Lod@Mogmal BggMagdo aoM33gmo 36303 g3Mmdom RsnbgMgds. myydams, 0dab
LENmos LadnMabdoMmma, Mobss dg356M0 RsbgMs gz030M89gdnbadlL, LodGsegmy-
do (1-1) o6 560l o6 (3 3oMggmo, 563 IgmMg s (3 3gbadg bgzMn. bogmgd govag-
3MBsbmsbss s 3o3dnMgdama 5xbndzbs, MmIgmois bmaxg® aodmaygbgds @s Mm-
dgemog 6aMmImea 9bomons Jg93mo (1-4)-0b Laboo:

(1-4) XK 359003 &mbo
3

3000656 535Dmbo

Loab BodmbgMes, 8d3060®, 8g3Mem YBMm dmbabgmbgdgmos obsbgMmaw ©s sbabym-
350, 5308 ms(3 30658 LML ol 560ggd9b.

Loab RsdmBg@ebmab s 3ogdnfmgdom 300093 Mbws 50bndbml, HmM3 bLodMmsgmal bygm-
ol babgemol MedgbxrgMdg hsbgms 56 (33emab 93 LodMagmob Bggmms b s@bl. omzn
Rogbgfmoon:

(1-5) {a, b, c, d, e, e, e, e}
Bdd@™MdM0gsw RogbgMmmom dyb@ o 0dsgg LodMagmal, Mo J398mo hsbsbg@mdns:
(1-6) fa, b, c, d, e}

Lod@ogmgms mgm@nal BMbsdgbGmHn 3Mnb(30300056 a33m3wnbsmgmdl dgdwy-
a0: dm393mo mdngg@ ol dgbobgd dgadmgds gordzem, Mmd ol ob oMl dm(3934mn
LodEMdgmal bg3Mn, 36 o6 36M0b. Lod@Mogmagms Rzgbl MmgmMosdn oMdzgdgmos bab-
936506930mMds 56 3Magomggmsmn byztmds, sbggg ondzgdgmos Bgzmmdol Moma(s
bocabbo (330 o0l 3(30gmmds ,06M3335x0m LodMsgmams® mgmEngdol hodmyos-
m0dgdobs, 0b. Zadeh (1987)).

oo babmymo LodMmagmggdobomgal Lonb RsdmbgMs dgadmgds sMed3Msddosqmn
58mAbmgl s myy30 M08y 3obmbdmdngmgds Rsbl, dgbadmgdgmos dmbogl Loal
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dgdm 3mgds. Jsgsmoms, bmal ggGsms bodmsgmy bmowsb sbob hsmazemom d53-
©gabsnmsow Ronbgmgds:

(1-7) {0,5, 10, 15, ..., 95, 100}

3Mg035309mo 3¢bndzbs: Loob RsdmBgMs, 3303600 MM3 gmgdgem, dgndmgds
35dmg0ygbmm dbmemmm LabEmo bodMegmggdobsmgal, mMdzoms bmax g, gemog-
LMo bobom, ngo godmnyggbgds bogmazgmomome (36mdomo abgmo YLabEYmm LodMog-
m9980L RsbaBgMom, Mmammnzos bbgoabbgs Labolb Moibgms LodMagmaggda. dog-
SMOMd, 5800 dogem Mazbzms LndMogmg dmax g s3a35Mem snbndbgds: {1,
2,3, 4, ...} qbsbBnmm LodMogmggdaol smbsbgMom dxmdgbos 3obsgbabdmzmmo
ob m30bgds, Moz LagMoms dmgdnmo Lodmogmal Bgz@gdobsmgal. Lod@sgmal
0333500 5mbgFal babgs g.6. 3Mgwozszommo smbndzbs, Mm3gmois d93gabsnmsew
bomdmoanbgde:

(1-8) {x | x G0l eBo Gogbgo, Gmgmoac g@os 3-g}

3908035mMa  babo, MmIgmoi dmbegsl (33meo X-0b 3oMggm  g0dmhgbsl
50b0dbagb:‘obgmo, Bm3’. (1-8) domosbo godmbabymgds d93mgabsoMao mbwos bogo-
Joobmo: ‘yggms abgom X-ms bodMegmyg, Hmd X sMob mbo Mobgo, HmIgmos dg-
&0 3-bg’. o X BoMImoma bl (33mowl, Hm3gmos dgndmgds 3mz0sbMmo Mmam(s
536356y Loddmem, EM3gemag 50bodbsoglh sMs gMo MMIgmndg aoM 339 mdo-
998L, 963390 0dsl, AmMIgmbsz Im39dnmo 3Mgwmngs(30s dn0gdsmmgds. smbobodbs-
300, ®mM3 36900035300 5bndzboo ghmbsoMam smnbgMgds Mmam s LabGymo,
obg gLabEmmm LodMagmaggdo (3sg., 3090 3d(308: ‘X 560l mBo Ma3bzo 3-bs s 9-b
dmMol’ gobbodmgmagh LabEmm bodMagmgl {4, 6, 8}); 88sbmsbagy, BoJ@™dMngs0
9600 5 03539 0bggMMIs(300L dg3(339em0 M0 3G g0 3300 gPmbs s 08539 LodGsg-
gL aobbabemzMagl. Jsgsmomao:

(1-9) {x | X bodomm ngmazs 2-bg s 9@ 00 ob Gmeoas 4-abs}
bomdmaaqbl ndsgg LodMagmal, Mas (1-8).

abgag, 30903530000 dgadmgds gob0bsdmgmmML LndEMsgemal 6936 gdo bbgs Logsbomsb
30350 gdom. dog5momo©:

(1-10) {x | x G0l Boabo s 0go g390360b 8gFab}

53335050 35bLsbM3MYmn Lod@Mogemg Ima303L Bngbgdl, Mmdmgdars IgHal g3momg-
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COMPUTATION

Bal.

M5bgmab 3s@smgba: LodMagmgms mgmMoolb hodmysmndgdal sMgnm 3gMommdn
6930L30gM0 IMsDOGdMmo M30Lgds gsbobomgdmos Mmam® (3 LodMagmob 3sb3bob-
03M gm0 m30b7g0s; 3ogMad 6gMEMb Mabgmds 1901 Bgmb sedmashabs, Hmd bodGsg-
mob 83335635 35bbLod3Mgdsd, MmIgma(s bogbgdom dabamgdos, dgodmads 3oMom-
JLadwg dogz0yzobmb.

obgmads 3oMggmds 3960dbs, B3 0y LadFMogmyg asbbodmzMymns dobo byzMgdals
35033910 m30bgd0b dobgogom, 35306 bmgogHmo LodMazmg dgadmgds bsgmomstn
mo30b 69360 50dmAbrgl, Bmgoghma 3o s6s. dogsmoms, yzgms bdnemmb bodGsg-
mg 36 36M0b b3omm ©s 33 bswe, gb LodMagmyg o6 oMal Lo gnmamo msgals byzMo.
35363 ygzgmos dLGMad@mo (36950L LodGsegmg Mbws dma3e3gl Ls3YMSM Mozl
Mmamg bgzdlb, Me8wgbswsy LodMogmyg sdLGMOIEYma (369dss. 5dgwsb gsdma-
©0bsMg, 030693980 ‘0G0l Lsgmemn megalb Bg3Mn’ s ‘& sMab Lsgymema msegal
69360” mbs boMm3maagbmbgb Lndmsgmal go63LbsdmgMgm 030L9893L. Jodsbowsdy,
dgodmgds 3560bsbdmgmmb Lod@Mogmg U —ad bodGsgmgoms bodmsgmy, Mmdmagdos o6
06056 bagmmamo mogal Bg36gdo: U= {x | X ¢ X }.obmos g030mbmor U-b dgbabyd:
560l ob bs 3mmamo msegal byzMo o s6s? 3sbgbo dgbodmms mMmggemn agmb: (i) oy
Uos o60b bsggmamo msgal bggo, 35306 ab s 33symauamagdl U-b 4063bsdrmgmgem
»30bgdsb s 83mgbsw, ngo Mbos agmb U-b bgzMo, g.0. baggmsmo magab byzco; o6
(ii) o9y Ustob bsgmomsto megol bgzto, 35306 ngo o6 33859mxzamgdlb bodGsgmal
3563bodrgMagm 030bgdsb s 330 bse, Ust ool U-b, 5.0 bagmmsmo msgal bygmo.
03335050, mMngg dgdmbggzedn, Ugnbm ogmb, g0bm o6 ogmb Lsggmsetn msgal
69360, 390980 mmMa03n® 3oMmemdbl bomdmawaqbl. 5dqwsb d9bgdfngns sl 336y,
md sbgon U bodmsgmyg o6 sMbgdmdl, ogde 3obGmmab bodmagmgms mgmEnsdn
MR gM0 o6 35dmMn(3b530L 8dg356M0 g563LadMgMgmo ;Mmz0bgdol dgbadmademmdsl.

obgmob 3omomdbol smdmbgbs dg@owm 3b0dzbgmmgsba oym (39360 gsbbbgegg-
o, od3e 3Mbgdomem 933035t gb@men 396Mbogdo Rsdmysmndos dsb d93wga),
308053 300093 NRO™ 360d369mm3560 0gm ngo Lbgs Gog@ob gsdm, — mmaozmbgda
5 300gds@n3mbgdo 35653 (300mmdEbgb 9hz9695065m, GMA LodMagmagms cgm-
05 dgodmgds 0d(39L ymzgmazstn 3ocmgds@ozob bagmdgmaem. bLodMagmagms mgme-
00l boggydgmgddn 833560 3oMmomdbol 5mdmRgbsd dg3Mn sadnsbo @ssgd3s 0339
RIMME 353dmMmygbgdmm s bo36md domngdg@ngn® (36909000, d(zoms Jomgds@o-
380 dgdomds atdgmegdmes RzgnmgdMogsm, mocmdmb swbodbnmo ggnbosdgb@ -
0 300D0bo 80 3Mmadsl o6 BoMm3mawagbms. 89360 bmgs@mEmmon nwgs ashbos
53 3oMomgbol o306 dsbosomgdmaw, dob sboblbbgmow s 0dobmgabss, HmA
50bndbyymo 3oMamJbolb dgmgagdo 13 3ogbgmmm gsdbosmoym. ghmo 5333560
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00095, M33830M39ms© Mabgmal 809M d93mmsegsDgdmma, ngm Godms mgmns, Mm-
dgmoz 6oMmo@gdymo 0dbs 30dmygbgdyma Gmame(y dbgdMago 9bgdol d0dsmo
(Bogdmoma, 3mb@gaomb afads@oysdo; ab. bsb. D), 96980bs s domo Lgdsb@ogzol
36ma 3306930l 3mb@qdLEdo. o9 36 gobzobomsgm Bo3ms mgmMosl dmaswsw ©s
o6 (3 LodMageyMm-mgmMogmo 3omomdbgdolb bgdobdogm Lbgs gosbyzg@ol, Msd-
965053 gb Rzgbo Bogbol 0b@gMgbms Ladrgmadl Lzomegds (dss dgandmosm
obommo LodMagmams MmgmMoolb sjbomds@obszns 89-8 megdo, bsb. 2.8).

M9396bygma Bgbgdo: LobEmo bodGsegmggdabomgol, Mmdmgdas 3oMG0go@ 3ob-
0bodE3Mgds 693619800 R3mBgFnm s MMmgdbs(s, 38gbswm, sMbmmglb Bngyqzsto
50bndbyym 3oMomJbgdsdog, (33mamgdgdo bogaMm o6 agm. qbabAmm bodGsg-
m9980bsm30L 3o N3G ogglb gdob, MmIgmo(y 333356 3oMomdLbgdb sa3s(30mgdeos
5 33539 @MMb, ndmgmes dgbodmgdmmdal gsgzgbsdmgms domgdsednzmbgdobom-
30 ofMgdmm LodMsgmgms 139 gbmds, bomdmaomaqbos abgma bgbolb Rsdmysmo-
3969, HmImab dobgogomss LabBmo dsbabnEsb “Gg3ncObymen” Bomdmndmdmes
LodEogmal gmgd96@gda. dogsomomewm, bodmsegmg E = {4, 6,8, ...} (=(1.8)=(1.9))
dgbodmgdgmos bomdmaddbsl dgdwgan bgbob dabgogoo:

(1-11) a)4eE
b)oyyx € E,3590b x +2€ E
c) E-b o6 93990360L sMogg6a Lbgs.

dm(3939mo 6gbol 3nMggmoa bsbomal dobgogom 4 smals E-b 6g360; 53 6gbol 3gmeg
bobomob Modgbx M3y aod3mygbgdom 300agbo: Modgbswss 4 € E, 30dsbowsdg 6 €
E; ®03m9bs05(3 6 € E, 3595bo005379 8 € E; 05 5.9. bgbob 39Ls37 6560emn 335606896930,
m3d bgdobdogmo Lbgs Mozbgo, Gm3gmas a s b Bobomom o6 gobobodrgmgds, o
9300360L E-b. bod@sgmob bggms bocdmaddmd bbb dgdwgan babg ogsb: 3oMggmoa,
99L3mo308 Mo BsM3mmagbomos LodMmagmob gmgdgb@ms LabMymn Momogbmds
(9898 gbow bmemme gHma); dgdwgy Im393mas 0¢)-35d0b godmbomgedms Lab-
Ao GomEabmds, Mmdmgda gobbadmgMeggb asmzzgnm dodstmgdsl o3 bod-
30l 3m3gdnm b936gdlb Im@al s 98339Msem, LodMagmolb 6gdnbdngMo Bgzcn
3560b0D03M9ds M¢)-3530b godmbocmgzsdms abgmo goggom, Mmdgmoab absobyalidos
Bgbob 3nfmggmo 6sBomom goblbsdmgfmnmoa gMm-gMomo bgzco; sdsbmsbagy, bgdnba-
0960 bbgs gmgdgb@on, Mmdgmaz dm3gdne LodMagmglb o6 dog3mcmgbgds, o6 gob-
0bobE3Mgds 5333560 Rgodgom. sxbadbyma MagznMbymo 3gdsb0bdn Hucm ©sbgzm-
omgdom gobobomgds 39-8 magdo, bsb. 1.1.

69369060b mg0bgdab dobgogoom LodMagmab gsbbsdmzMalb sMgMmo dgmmeon 3Msd-
&035d0 33mag dgdmmhs, Modgbaoa(z ngn Lyzdsmm ImbabgMmbgdgmoas @s Jomgds@o-

141



COMPUTATION

3990 LdMsgmgms MgMM0ob 83 gmmeob g83mygbgdsl, Azgmmadmng, o6 (3 3oMom-
Jbyemo d93mbgza3q60 o6 1 393dMM©gds. MM0gzg 3gomMEo BoMmme gsdmaygbgds, oy
o6 Rsgmgmom b3gz0om @ IMmMBLb mz0m LodMagmgms mgmMosdo.

1. 3 0009 mMds LadMszmgmd ngmMmasdo S MIMEIbMdMamds
h396 1339 365bgm, M3 Lbgswsbbgs Longdoo s asbbbzszgdymo 3Mgwngsz0gdom
dgodmgds aobobodbemzmmb gMmo s ngogg Lod@msegmy. 083moodncsw F396 1339
5393300 bodMsgmgms 0gbEMmMdal (3695, 3g@sw 360d3bgmmagaba (36985 bod-
o3 gms mgm@nsdn: m&o bodGsgmyg 0gbG s 3530b s dbmmme 35dnb, Mm(3s
domo bg3Mgda sdLbmEG Mo 0 bEM0s. dogsmomsm:

(1-12) {1,2,3,4,5,6}

©d

(1-13) {x | X oMol 7-%g bagmgdo pogdomo dmgmo Mazbga}
o

(1-14) a)1 e A

b) oy X € A s X bogmgdos 6-bg, dsdab x +1 € A
¢) bgdobdogmo bbgs gmgdgb@on oM 53990360l A-b

bomdmaanbl Lado Lbgobbgs Labob asbLodrmgMgdsl, dogMmsd 0dolb godm, MmI
®000M g0 domgsbn Lod@Magmoal bgzMgdsw 0Mhgzb bybEow ghombs ©s 0dsgg gmg-
396890, 30894300, HM3 abobo gEmbes s 08539 LadEMszm gL 456LsDEgMeg96. LodMsg-

mgmd 000gb@YMMal 5mbabndbsgam aodmaygbgds Gmmmdal 6ndsba ‘=’. 5dazoMo,
dgazodmos Rsgbgmmm dgdwmgao:

(1-15) {1,2,3,4,5,6} ={x | X 360l 7-g bsgmgdo 0sgdomon dmgma Mozbga}

Bmemdol bodsbo sbgzg godmoygbgds LodMsgzmolb @obobgmgdabsl. dsgsmoms,
dgodmgds @ogbgfmmo:‘gmdgem, B={1,2,3,4,5,6}’; 58 d93mbzq3530 ‘B’ 0ogofgzom
(1-12)-30 Bos@3mmagboem LNdMozmaL. 3mMbEgd@alb dobgmzom dgodmgds gogoamom,
o9 Mobogol godmoygbgds ‘=" bLodMmogmabamgol Lobgmob obaM]dgzsw o) 0dals
50bobndbaga, M3 mMn sy gobbomyyma bodMsgmyg ngbGyMns.

LodMagmgms 0gbG MMMl (369800006 333mMINbsMgMdL, M3 (39M0gma LodMag-
mg b0 gomyMos, Msdgbswss dobo 0gbGnmmdal gs63bsbdmgmgmos b, Hm3 dobs
69360900 o6 ao5hb0s. 3308 MBs(3 Mok gmbs 66 g9d0L LndMazmy s 03 gmgdgb@gdal
LodMagmyg, MMM gdo(s o6 30056 L 3YYMIM0 Maz30l nEHbEMMbO, ghma s ngogg Lod-
ogmgs. 30bobodbsgns, MmI (30Mngmoa LodMogmabomgal stsbmogl godmoaygbgds
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Loob Bs8mbgEMobmzalb Rggmmo smbadsbs { }’; (39Mngmo LodMmagmyg snbndbgds L3g-
30o9Mo boddmmmmo:‘D’.

A Lo3Msgmob Bggfmms Mom@abmdsl gbmmgds LdMagmolb Mem@gbmdMmamds, Ma(s
Ronbgmgds d93gabsnfoco: | A | ob # (A). LabOgmo LodMogmal MomEgbmdMomds
honbgmgds Mmdgmodg basGmMomymo Moibgom. dsgsmomsw, (1-12)-30 gobbsd-
03690 LodMozmal MomEabmdMamds M0l 6 s Medwgbowsz (1-13)-do o (1-14)-
do 30bbsdmgmmas ghomo s ngogg bodmagmy, dgbodadsbose Mommgbmdmamds(y
03039 ©Mhgds (gobogqdas, Hm3d asbbobgzeggdam LodMagmaggdbss dgndmgds 3Jmb-
9o gm0 s 03039 MOMEIbMIMomS). YLabOmmm LadMagmggdbss sbabosmgdm
MomEabmdMomds, oyd(3d 0go oM gsdmabobgds bo@yMomuto Mozbgzoom. dogsomo-
0@, bsGnMomy® Goibgms LodMmsgmol MomEgbmdMnmds asbabsdmgmgds Mm-
ame 3 ‘dmgR-bymo’, Mo3 dgdwnabsoMow AsobgMmgde:N , Mmdgmos o6 boMmdma-
396L bo@mMomy® Mobgl. smbadbymoa Lsgombo qLsbGmm LodMogmggdosb
0053533069800 YBRO™ G SYMa© 3obobomgds g-4 magdo.

1.4 439L0dM33mg9da

MmEgbs A LodMagmol ymggmo 69360 8339 @MHML B Lod@msogmal byzMos, A bod-
539L 396m©gdm B-b 439b0dGsgmglb. bod@Msgmames 3m@al 58 dodsmogdslb sgbad-
bogo d9dgabonto: ACB. B dgndmgds dgo(zegmglb bbgs Bg3tgdbsy 0dsm gomws,
m3mgdo(3 9900056 A-3o, 99330 gb 563 393(30mgdgemo mmbmagbs. sdg35Md©, 35dm-
©ob, ®m3 gmggmo LodMagmyg 8ds3MMMMeE >0l Lo FHmamo magol J39bod@msogmy.
53 @og@ob (Hm3 LodMogmg oMol bsgymsmo magal Jzgbod@msogmg) gsdmbamnzbow
35dmoygbgds Lsgmm@ngn J39L0dMagmal (369ds, MmM3gmas 33 absntaw smnbnd-
bgde: A < B. 439b0dGogmuo 30dsMmgdal qamymazabsmagal oMmomme gopagbe-
Bog0 g3gbodmsgmoal Loddmmmb, dgomomsw, A & B 60dbsglh, Hm3 A of stab B-b
J39L03Magmy, Go3 035l 60dbsgl, Hm3 A-do @l bym 3m@Gs gMon bgzco obgoma,
3o 06 360l sdszMmmmsw B-b 65360.

oq Bomdm Boeo (36939030 oo qdmmos dqd 0 3525m0mqdoo:
J ©330000 (35999 WYL Jow HIS(CHTS 300y

(1-16) a){a, b, c} = {s, b, a, e, g, i, c}
b){a, b, jtz{s, b, a, e, g, i, c}
c){a, b, ctc{s, b, a, e, g, i, c}
d) @ c {a}
e) {a, {a}} c {a,b, {a}}
f) {{a}} < {a}

g) {a} < {{a}}, Bopsd {a) € {{a)} (1)
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COMPUTATION

939L08Ms3mob  g5bLbsdE3Mgd0Esb gs3mabsmgmdl 3mMombdymo dgmggn: bey-
mmgobo ((39M0gmo) bodMogmyg oMol bgdolbdogMo LodMsgmol JzgbodMogmyg. g.0.
6930bdogMo A LodMsgmabomgal sgomo og3b: @ = A. Medgbswsis O-b byzMgdo
o6 350Ab0s, 35dmbomggzsadn, Hm3 D-abs ymggmo bgzco s3s3OHmumew A-b Bgzmos,
Bod@MdM0go@ DML Imgmgdamons. 03039 dgodmygds ©agsbsdgmme bbgogzsma.
Gmame dgodmgds, Hm3 @ o6 ogmb A-b d3gbod@segmg? J39L0dMagmol asbbob-
036 930L dobgogom, @-do bos 5GLgdmdogl nbmo gmgdgb@o, Mm3gmoacy o6 scal
s8o3mMmymae A-b gmgdgb@o. gb dgmdmgdgmaos, Msdgbosz B-b LagMome o
355fb0s 9ma896@8 980 s 53®bsw, 56 dgagzadmoas 3mgzom, Om3 @ & A. Msdmgbowa(s
B3960 L grmds 3Mds IBMZoEgdMn 035Dy, oy A-b Labom Mo LodMagmags Bam-
dmegagbomo, ggddamo@ns dgdmgan ©obizgbs: bgdobdogmo A LodMagmabamgalb @ <
A.

bagm@emmgdms d98mgan: dsmmamas, @ < {a}, dog®sd {O} < {a}. gb 0do@m3, H™3
{O} LodFogmab g3mm360L 3o 33990 gemgdq6@0, bLobgmmd® B ©s sdo@mBs(s ob
o6 boMmImaaqblb (30M0gm LNBMIZ3mMaL. 3mgbo, o6 3Mob dsMmamo, Mmd {D}-ab
ymggmo 69360 oMb, saMgmgg, {a}-b bggmo; s8a356sw, {O} < {a}.

LodEMsgemal 6936930 s d3gbod@msegmggdo BaMdmagzomagbgb dndsmmgdgdl bobamo-
Ls dogmmob, FogMsd moommgmm docmasbmsb gl dodommgdgdo gobbbgoggdmmos
©5 0b0bo gMMIsbgmda o MBS s3Momm. Jzgbod@sgmyg, Mmams Labgmbmmgds
330h39693L, ymzgmmzgol sGal Lod@Msgemg, 35d0b Bimss Bgzcn dgadmgds agmb 56 o6
0ymb bedMagmy. {gsednbs, 3969Ms, do@boa} LodGmsegmoab bggmas Jombo, Jog@sd ngo
36155 30b0 d3gbod@msegmg. bodMagmy, Mmdgmoa(s dgozogL FomLL Mmam 3 gfmsgMo
bg3mbLL, {3ombo}, {gwsdabs, 3969y, doMbo} LodMmagmolb d3gbod@msgmygs; gb 0do-
&m3, HmM3 3oMg9mo LodMsgzmal ymggmo bgzMo (Bod@mdMogae ghmsgmMon 6g36n)
dgmeg LodEMdzmal BggMns. 335Lmdbsgg, MedEgbsws(s ymzgmo LodMagmy bsgyomstn
»030b J39L08Msgmas, sMss bamgmn, LodMagmg dgodmgds nygmb o sGs Mmegabo me-
30b bggto (Bmamz gb dgdmo 36sbgm Mabgmal 3sGomdbol gsbbamgabsly). yum-
2@ gds 30543090, 03] M53009650 360d3b69mm 35608 M 0356g00Logeb gobgabbzsgmm
3ombo — Mmam(g 3emobg@o s {JoMmbn} — MmamE (3 bndGMogemg.

Lod@Msgmyg, Mmool Bg36gdn LodMsegmggdas, bAoMaw go9a9dMmdgdl BoMIMIMAL.
a5630bnmmo, dsgsmomsw, bodMogmg A = {b, {c}}. A-bL Bg369305 b s {c}. Bobs
3oMoaMo3d0 308bxgmaom ©s gbsbgm, Mm3 b & A ©s {b} < A. sbsmmgon®ew, {c} <
A, Gopasbsoi ¢ o6 o0l A-b B30, 8ogMa8 {{c}} < A, 306500056 {{c}}-b ymggma
69360, babgmomdm, {c}, s60b A-b Bg360. 3 3000b39m3s gobboemm dsgsmnmcsb o-
39380693000 bos a305LEMMML g8mgan: {b} ¢ A; ¢ ¢ A; {{c}} ¢ A; {b, {c}} c
A; b, {c}} 2 A; {{b, {ch}}  A.
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b936g0bs s J3gLnd@mogmggdl dmmal dgdwmgan gsobbbgseggds m3o330Mmgds Rzqbl
b0bos dg60d3bsl LndMagmagms LodMagmal dgbsobgd. Mmam(s gbsbgm, b € X 0o X
€ C, 3590b o605 >930mgdgemon, Gmad b € C. gmgdgb@on b dgadmgds oymb C-b 6gz6in
5 o930 sbgs, gb 0g6gds dgdmbgggoma mzgabgds C-bo, JogMsd oMo s9y30mgdgeo.
099330 homngobmab ©s3ogdomgdom 9bos 500bndbmb dgdgan: oy A < B 0o B <
C, 35306 y30mmdma@ F9d3s6080s ab, ®m3 A < C; g.0. o9 A-b ymggemo 69360 scals
sdsgMmyma B-69360 s sbggg, o B-b ymggmo 69360 oMol s3s30Ommmew C-
L 69360, 35306 YYomMdmo© Fgddsn@os ob, Mmd A-b ymggmo 6gzco ool 8dog-
Ommmae C-b bggzMa. dsgsmoms,

{a} c {a, b} oo {a, b} c{a, b, c};o]gos6 3o8mBpnbstgmdl, Mma {a} = {a, b,
c}. od(30, Bgmmg Bbcng, a € {a} s {a} € {{a}, b}, Jog@ms8 a ¢ {{a}, b} (o7, B> 0gdos
6o, 035M3©gds, Mm3 a s b gobbbzozqgdmma gmgdgb@gdos).

1.5 sbsmabbgdyma bandMszmgqgda

Bmgxg® bLogoms dngdstomo bod@msegmal, Bmdemal bgzMagdos dm393mmo A Lod@sg-
mob yggmes 4d3gbndmsgmy. 3 Lodmsegmagl A-b sbaMabbgdygm LodMogmgl 1bmwogdgb,
Gm3gmozRonbgmgds Hmam&s ¢ (A). gogzem, A={a,b}; 85306 A LodFsgmal boGobbo
- ©(A) 0d6gds {{a}, {b}, {a, b}, B}. bobgmbmmgds ,obsM0bbadmmo bodGmsegma® s 303~
dofgdmons dgdega 399G 0b: o A-b MomEgbmdMomds 3odmabs@gds n bo@mmam-
M0 Mo3b300m, 35306 0 (A)-b BommgbmdMomds ngbgds 27, 569 2 n batobbdo, sbgy 2 x 2
X ... X 2 (N-96). Bmaxg® A-b sbomabbgdmmo bodGsgmy 50bndbgds Mmame (3 24,

1.6 3536001056935 > 5653390

obms 3539(36mdom Mm@ Mm3gMs300L, MMImgdaz LodMagmagms bygzomnbogsb sbom-
3dmgdgb sbo LodMogemal.

M0 A ©d B bodmsgmob gogmm0sbgds (senbndbgds AUB) séob bodMagmy, Gmdeals
b9369d00 dbmmme ol mdngd@gdo, MmImgdo(y 3093903698006 56 A-b, 56 B-U, o6
mM039L ghms. 3Mgrogsomo bamdmoagboo o3 gobbabmamgdsl dgdwgan bLabg

5730t
(1-17) AUB= _{x | x e As6x B}
3960336s: ‘56’ 30330M0bamgal (1-17)-30 obodgzgdas, MmI mdogd@n oymb mMogg A

5 B bodmsogmal bggmo. smbadbyemon doDgbal godm 3933060 ‘56’ 83 dgdmbggzedn
0b 3 BogMas (0b. mo30 6. bsb. 2). dogsmomac:
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COMPUTATION

(1-18) 3ogdgom, K = {a,b}, L={c, d} s> M = {b,d}, 35306:

KUL ={a,b,c,d}

KuM ={a,b,d}

LUM = {b,c,d}

(KUL)uM =Ku(LuM) ={a,b,c,d}
Ku@ = {a,b} =K

LuQ = {c,d} =L

LodFMogmgms MgMENadn gogMmnsbgds doM@Gngsm dgadmgds asbgsdmasmo s
35dm30y96mm m@dq 3@ 0 bodMsgmob dodscm. 53 dgdmbggzedn gogHmnsbgdols bndsba
0bgMgds 0d bodMsgmgms LodMagmal 60b, MMM gdLs(3 399MMNsbgdm. dogsmomsco:
U{K,L,M} = {a,b,c,d}, 569 gb s60b bLodGsgmg yzgems 03 gmgdgb@obs, Hmmado(s
809399369385 56 K -b, 56 L -1, 56 M-Ub. bod@sgmagmes ovgm@nsda s@bgdmdl 8d3960960
dgommEo m39Ms(30950L 3o b baboom BaMImbama 9bsw, MmIgmbass 3960 @os-
3635 gbmegds. mMn 6360bdngFae dg@mbgmmao LodMagmy BaMmImnanbgds Mmam(s
bobommmdMog mebsd3zgmbo — yzgmadg aobbmgsmmadaymoa 3gdmbgzggs — Mmamt(s
9L bab. 1-1-Bgs aodmbabyyma. LodMagmoal bobamo, Mm3gma(y swbadbymoas “17-00m),
dmo(303L 9emgdgb@gdl, Mmdmgdo(s d0g3mm3b906006 A-b, BogMsed o6 dng3m369d050
B-U; bobomo 2 5g6005698L gemad96@9dL, Hm8madoy 3ng3mm3b698056 B-b, 85363
36 8093103698056 A-U; 63b0emn 3 59Mm05693L 03 gemgdg6@8 9dL, MmImgda(s Bog 3mo-
3698056 Gmameg A-b, obg B-b. bsbomo 4-0b gmgdgb@gdo, @nsg®sdol gsmgm, o3
M0 LOIMOZNES6 oM (3 9P o dog3nm369ds. aoboggdos, MM 3mbiMg@yem
dgdmbgggado 08 6sBomgdowab gfMmon 56 dg@n dgodmgds (30Mngemn 5dmAbrgl.

A ©5 B bod@ogmgms go9M00sb9ds 3960b @nsg®sdabg gsdmabsobgds 53 bodmsgmgoms
Y39 63boemgdol od@mabgzom, Mmame (g gb bahggbgdas bob. 1-2-Bg.

dgmMg m3gMs 3000 bgdobdngMo mGo A s B bod@Magmoabegsb 3mgdemmdo bodmeg-
mgb, Gm3mal bg36Mgdois dbmmme ob gmgdgb@gdos, Gmdmgday dnggnmgbgdosh
m039 LodEMd3mgL, Mmamm (3 A-b, 0bg B-b. 938 m3g@Ms300L gbmegds A ©s B bodmsg-
mgmd 565339m8 8 30060367985 393mgabsoMma:ANB. 3Ggw03s3099mo sbodgbo-
Lol gb LodMegmy d93gabonto gobnbabrmgmgds:

(1-19) AnB=__, {x | xeA ©sxeB}
dogomoma, (1-18)-d0 K @s M bod@msogmggdob msbszzgoms ool ghmgmgdgb@osbo
(9me0) bodMogemg {b}, Ms8qbsss b 9ol ghmsgMmmon gmgdgbdn, GmBgma(s ng-

30936985 mMogg bLodMogmgl, Hmames K-b, obg L-b. gobgobommo 30093 Godgb-
0dg dogdmoomo:
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63b. 1-1. 3960b 0536335 6330b3ngMo mGo A s B bodGsgmabsmgab.

6sb. 1-2. A 5 B bnd@agmgms 35gMmnsbgds

(1-20) KNL =0
LNM ={d}
KnK ={a,b} =K
Kn@ =0
(KNL)mnM  =KNn(LNM) =
KN (LNM) = {b}

6930L30gM0 MM A ©s B bod@msegmol msbszggmol bmgswon dgdmbggss bomdmmag-
bomos 3960b ©osaMadal boboo bob. 1-3-by.

A B

65b.1-3. A 5 B Lod@sgmgms msbs33gms.
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COMPUTATION

abgag, dgbodmgdgmos 3sbzodmMasEMm Msbs 3390 s 3sdmzgnygbmo bado o6 dg@n
LodMagmal dodsmm; Jogsmomae: N{K, LM} = . 6530b3ng&o bodo A, B @s C bod-
03m0b 0065 339ms g33mbabmmos 3960L osaEadal boboo bob. 1-4-Bg. 54 dogo o
60l ol Bsboemn, Gm3gemoag LogMomms ANB, ANC s BNC bLod®Msogmggdobsmaab.
(35 3960b nog®eds baddg dg@ LodMmagmagl dmn(393L, (3b50s, HmM3 dobo gsdmbab-
35 YBROM ONYEOd S 5dom bd3magd bobamggdmm s, md(3s JoM@n3 3gdmbzgzgddn
39600L @0og ™335 3539806930L M35mbabdENbom 3g@om woMmgdamo 30bysmo bo-

dgomgdss.

65b. 1-4. 3960l 0s3Ms3s> N{A,B,C}bad@sgmabsmzgab (ANB, BNC s ANC (@33@Mabayma) oo
N{A,B,C} (3s30)).

1.7 bLb3omds > 335§ 9ds

6930Ld0gH M A ©s B LodMogmgdy gobobabdmgmgds 3oz gfmoa dabstmmo m3-
965300 — bbgamds, Mm3gmos honbgmgds d53gan boboom: A-B. 3 m3g@Msznom A-b
‘a03mo3mEgds’ yzgms ob gmgdgb@n, Gmdgmos doginmabgds B-b. 3Ggwnzsz0qmo
50bndgboom gb m3gMs(300 393gabsnto gobababrmgmgds:

(1-21) A-B=_ {x|xcA poxeB}

A-B-b5bg39 96m©g896 A-Ls s B-b gommmdoom 08358 gdsb. dsgsmoms, (1-18)-dn
3m398mmo L s M bodmegmagqdobsmgaolb L-M = {c}, ©809bs05(3 € 560l ob gfosw-
96mo bggma Li-obs, Mmdgmo(y o6 8nggnomgbgds M-b. o A-bs s B-b o3 gfon
Log@mm Bgg@n o6 goshbas, 35d0b A-b of(3 3MoxgM0 asdms3mmgds; g.0. A-B =A.
dgb0d3gbs: Joggbgmsegsm ndabs, MHm3 bgdobdogHo A ©s B LodMsgmaggdobsmgolb AUB
= BUA ©s ANB = BNA, Labdmgsmme s6ss Lbmen, Mmd A-B = B-A. oy Lbgom-
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35 g9308900 Mmam® (3 3o 339mmoa babob godm 3magdsl, bogbgdom d4bgdMogns, Mad
Lod@Mogmagms Mgl 3 dgdmbggzsedn owo 36n0d3bgmmds 57430.

39600 @nog®sds A s B LodMagmams Lbgamdabomgol godmbsbmemas bob. 1-5-By.

(1-22) K-M = {a}
L-K ={c,d} =L

M-L ={b}
K-@ ={ab} =K
K =0

53096037 053589000 dogsmomo:

9L m3gMo(300 Nbs 3obgabbgsgmm A Lodmsogmal sds@gdobogsb, Mmdgmacy Rso-
BgMgds Bmamtg A', — bodMsgmy, Gm3gmoa(z Ima3o3L y39maggmb, Mo o6 g3mog-
6ol A-U.

(1-23) A'=_ {x|xeA}

6sb. 1-5. A > B bod@Msgmgams bbgamds: A-B.

mdgmos ob LonEsb 3Mnsb ab gmgdgb@gdn, MmMdmgdas o6 dngimmgbgdosb A-L?
3obmbo 93 goombgeabg dgdmggns: ymggmo @adymagds LodMogmgms mgmEmosdn me-
30bmsgom gmobbdmdlb aomzzgnm mdogd@gol, Gmadmgdoy dgowagbgb dm(3934mn
b gmmdobamgol obnmbol Hbogg@LL (sb oMmgl). dogsmoms, MHm(3s ModsMsjos
0363000 MmgmEnnl Jgbebgd, mboggmbaw dgadmgds ImznsbOMmm yzgmes @egdoom s
MOMYmMPom b33z0em Ma(3b300 LodFMogmyg. Bog@moMngsw, dgmdmgdgmoas 334mbogl
©obgnmbol bsdegamo yboggMbomumo sy, HmIgmoi ghmbgm s badyosdmm
046985 godbomgdamo s Gm3gmdoy dg3d ‘Yzgmoxgmn’ 0d gmgdgb@qdol gomws,
M3 gmmegsb snggds LodMsgmggda. gb dgydmagdgmos 0do@md, MHmd 5333560 oMy
dgadmgds Ima30309L 0bgo 3aMam b Mmdogd@gdl, BmamEnzss ‘yggmes Lod@Mseg-
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COMPUTATION

mgms bodMagmy’. 93gbs, ol 3NMLOL YbnggMbn o33emads bggmmdasbmab ghmaw
ssbmmgdom nbggg, Mmamez ‘everything’ s ‘everyone’ abgmobymo bodygzgdal
0b@ g3 9o (300L 3gdbrE3s brgds @abgn@mbob 3mbGg4LE0L gbsdsdabsw. 0d dgd-
ob393590, GmEaLy obinMLOL MbogzgMLL M08y gsbLszmmmgdyma Lobgmo o
3g309, 80l 50bsbadbogom 3ommdomsm 30yg6g60 U Loddmemb. Mmegbsg abgym-
Lob ¢baggMbo 3mbE@gJLE 0L nbgs(3 (3boNs b nMgmg35bE Y dm(393mo dby-
9emdobamaol, ngo 3g0dmads 94L3moo@ncem M3 0gmb 3mbadbaeman, mndoms
535800l Mm3gMa(305 3ol 3oMgdg 396 3obabodrmgMagds. dodsbowsdy, A bLodmMsgmal
005358965 30l ©ab3YMLOL YboggMLol 03 gmgdgb@gdol LodMagmyg, MmMAmgda(z o6
30939936905 A-b, g.0.:

(1-24) A'=TU-A

Mmamig gbgosgm, (1-23)-0b 3Mgoogze@mm smbndzbsdo X  (33mownb sMgm (b9
L3Oz, Lonsbsi gb (33mon 360d369mmmdgdL Madymmadl) nd3moaznd Moo
3m05bM5ds LodMogmaEmo 1boggMbo U (bbgsms dmab, ngnzq dgodmgds omdasl (1-
17)-0bs o (1-19)-abogabs(s).

39600 05330, Laws(y 8IGMobmn bobamo dggbodsdgds A-b ©sds@gdsl, godm-
Lobymos bab. 1-6-Dg.

63b. 1-6. bodM>3mMaMNd NgMF0330 336bsdMzAYmo 3T>§gds A'.

1.8 dbmgngmmn §mmmmds bLadMsgmgms mgmMansb

56bgdmdL domgmon Mogn dmaswo 3obmbgdabs, Mm3magdos gbgds LodMagmaggdl s
35dm30bsMgmdl g59M056580L, Mmsbs3zgmal, d3gbod@msegmol s 8.3. dgdmo Bam-
dmeagbomn g56LbobdMgMgdgdowsb. dgzomhogo domgsb u®mm Lobsmggdmmbo s
bomdmgoanbgm 6sb. 1-7-0b Loboom, Lowsi gb 3obmbgdo oxanBgdmmos (hz94-
93603 byzomgdo — gfmo g359Mm056980bsmz0b s gMmn msbs 3ggmabsmgol) s

dgbodsdabow, dm(393mmos dommgzal GMmawazommeae 398 -bsgmgdom go3M39mgdey-
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0 bobgmbmgds(s. 396 5399850 o6 333067500 FMEMBSINFO 5353 30(3MM, HM3I
9L ©g8mgdgd0 LEmM0s bgdobdogmsew dgmhgnmn X, Y s Z bod@sgmggdabamgals (9L
38303900 gd560 bomdmoaqgbomn 0dbgds dg-7 mgado, 63b. 6), Bbmmmm 393009000,
©05360M63Mbogm dom Fq335608 90530 dgLodsdnbo gobbabmyMmgdadowsb sdmbgmom 56
3960L oogMdgdols 539d00.

sg0emo dobabggomns, Mm3d bgdobdogmo X LodMagmabsmgal, XUX ngaggs, Mo
X, M59009bws(3 yzgmoxngmo, Mo doggnmgbgds X-b ob X-b, @dMomme dmosogh
y39mox3gmb, Moz 36ab X-da. 0gozg 000ddob 03 gmgdgb@gdol dgbobgd, BGmImgdacs
306939036905 X-bs o X-b, 93mgbo: XNX = X.

obg39, YzgmoxygMo, Mo 3obg3nm3zbgds X-b ob Y-b (56 mMaggl), ggod@mdMogsow
3M0b yggmoxgfo ob, Moz 3065391013693 Y-b ob X-b (86 mMoggl); 933 396Ma0, XUY =
YUX. o6a91396@nfgds dbgogbos mabs3zgonlb dgdmbgggadags.

1. 0g03gmdol 356mbgdo
(a) XUX =X (b) XNX =X
2. 3M398s309mHmdolb 3obmbydo
(a) XUY =YUX (b) XNY = YNX
3. sbmEosog®mdol 356mbgdo
(a) (XuY)uzZ =Xu(YuZz) (b) (XNY)NZ =XN\(YNZ)

4. ©obGMdNE0YmmMdal 3obmbgda
(a) XU(YNZ) = (XUY)N(XUZ)
(b) XN(YUZ) = (XNY)U(XNZ)
5. 036G NMmmMdal 30bmbgda

(a) Xug =X () XN =
(b)yXuU=U (d) XNU=X
6. 5358 gd0mmdol 3obmbgdo
(a) XUX'=U (¢) XnX' =&
(b)(X')=X (d) X-Y =XNY'
7. ©g9dm&asbol 30b6mbo
(a) (XuY) =X'nY’ (b) (XNY)' =X'UY’
8.  3dgmo3Lgdomdal 3Mnb3030
(a) XcY 330 XuY =Y (b) XY 333 XNY =X

6sb. 1-7. BmangFon gnbrs3g6@nco §mmmds bodMszmamns mgmGonws6

sbmnso0nMmdol 3obmbgdo a39910bgds, M3 Lodn LodMmogmalb gogHmasbgdobols
3603369mmds 565 543L, 0 Mo 086303q30Mmd0m gob35bmE (309 gdm gsgmm0sbgdals
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COMPUTATION

M39Md(305L. BybBoe 03039 dgndmgds nmgzslb msbszzgmal m3gMmsznabasmazabs(s.
535b mgombsmmng s3065b53m, o) boMmdmgowagbor dgbadsdnbo ggbol osgmsdals
53900b 36m(39LL. 335430 bado YOHDogMmMad©s3 33900 bM Y, MmM3mmgda(s 5b0dbyymons
X, Y ©5 Z sbmgdoor. %96 0533@Mabmo XUY, 3530ga ©0533@Mnbmo Z. dg0qasw
©30d@Mabgds Jmgmo oMy 33 Lado 6ol dogboom, Moy dggbedsdgds (XUY)UZ bod-
03mgb. sbms ©33009mo 9300056 s KM ©d33GMabme YUZ, bmem dgdwmga X.
99030 03039 0J6gds.

3960L ©0o3M5d0l 93905 ©aLEGMOoYOYMMal Jobmbgdal LsomybEMmszomm (3m-
&om0 033L58 g0 83m(3568s. bab. 1-8-bg aodmbabyymoas 3960l @nsgmsds XN (YUZ)-
abamgob. smbsgdgmsem MHmI YRMm sznmo ymagomoym, X @s3d@obgom 396 o03smmatn
bodgdoom, (YUZ) 30 3mEadmbBomacn babgdoom. dgbsdsdobsw, 83 m&n bodmsgmal
2565339000 333mbabmmos Mmam s mMBogse (g35M0bs®) ©ed@Mmabyma s6y.
bob. 1-9-Bg go8mbobymoas dgbsdadabo osgmMads (XNY)U(XNZ)-bogolb. XNY ©sd-
GMobymos 3960 35mMa©, bmmm XNZ — 3mModmbGomyMam; 333356, 4596M-
056905L boMmBmaaqbl o6y, MmIgmo ©edGMobymos (9Mmdsgsw 96 mMIsgsw).
d30mbggmb 1339 dggdmos sogmb 3960l nsg®seds ol Mmadezommmdal 396mbgdals
(a) dg3mbgggobomgals.

63b. 1-8. 3960b 033335 XN(YUZ)-absmgab (X ©33@GMabymos 3gm@egsmamse, YUZ ©33Gaby-
mad 3mAEadmbGosmuMep, XN(YUZ) 3o m@GIszsm).

00096@MHMbols 356mbgdo asboggdos aogMm0sbgdal, mobszzgmal, (3oMngmo bod-
Mogmabs s 9bnggMbsmamo Lod@Mogmal gsbLadMyMgdadowsb gsdmdnbamy.
Y39moxgMo, Moz dgol X-do ob J-do god@mdMagsm dmaagh yzgmaxmgmb, Mo
9390300L X-b 8 5.9. 3358 gd0mmdals 30bmbgdas sbgzg aoboggdos ©s358gdals
356boDM3M9d0056 353mMINboMmyg s, sedom, o7 MGl 3oa30693L 39b60b woes-
aMds, Mmdgemoa(z bomdmeoagboemos bob. 1-6-g.
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6b. 1-9. 3960l 033335 (XNY)U(XNZ)-bsmgab (XNY@s3@Mabaymas 3968 033maMsw, XNZ
©338Fabymos 3mFHadmbGsmyFae, bomm (XNY)U(XNZ) 6363mawagbb dmmoasbsw ©33@Mabym
36égl).

(d) d98mbgg3s gRcm gsobsggdo gobogds, o dgzbgmsegm bab. 1-5-b @s go630b0mogm
03 569, ®m3gemn(3 399Lods3790s A-b 0565 33900b B-b 08358)9d5bmsb.

g 3mMasbal 3obmbgdo Lodg@Hammo byzomagdal babomss BoMdmwagbaemo. (a) dgd-
ob3939: 4Y39moRgMa, M3 o6 309310306968 X-b o6 Y-b, o0l yggmoggio ob, Mo o6
s60b X-do s o6 oMol Y-da. (b) dgdmbgggs: yzgmoxgho obs, Moz o6 5ol mGaggdan
(X-bs s Y-dn), 56 o6 oMol X-do, 56 o6 560b Y-do (o6 o6(3 90330). gb dgdmbggzs

(390 390dmds bs3mgd (36500 Ima3z9h396mb s o9 eg3gbdaMmgds 3960L nsgMmsds.

dg053bgdomMdal 360b(303L sbgma babgmo 080G M3 ogMd3s, BmM3 ngo gbgds asgm-
056980, 1365339006 ©s J39L0dEMOzmal gobbsdrmzMmgdsms LogMmm dgmagbgdes-
M. 09y bomdmznoagbo 3960b nsg®madsl, Gmdgmdoy A LodMagmoal dgbsdsdabn
b6y domosbo dmmagbgdgmos Y bod@msegmol dgbodsdalb bMgdo (sby godmababgds
XCY), 35906 s@z0ma© 0830656530, Hm3d XUY =Y. 3gmeg dbGog, o Bg9b 303000,
md XUY =Y, 35306 bGobms@m@m 3960b @nog®sedsdo ab ofg, Gmdgemacz dmazegh
9939689dL, Gm3mgdaz dgob X-do, dogMsd o6 dgwol Y-do, 0dbgds (396M0gmn
(Lbgsggemom, aogMmnsbgds o6 0dbgdmms Y-ob @meon). sdgzs6s, X-ob bgzmgdo
Ao m0sbs© dmmagbgdygmos Y-ob bMgdo, g.0. XY, sbsmmgogmos (b) dgdmbgage.

03 396mbmagsb bmgogtmal goboggdsm dgodmgds ©oa39635MmMb sbsmmangdo sem-
390600056. dg361980L M3gMs300 (+) @s 3odMagmgdals mM3gHs30s (X) 3MmAYEs(30Mm-
dob 356mbl 99393mgdomgde:

(1-25) bgdabdngmn x s ¥y Mozbggdobomgol: X +y =y +X @o X Xy =y xX
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COMPUTATION

SbammannMawggs sbmznsz0mmdal 356mba:

(1-26) bgd0L3ngMn X, ¥ s z Goi3bzgdobsmagab:
(x+y)tz =x +(y+tz)@o(xxy)xz =X x(yxz)

30gM5d yzgms 3obmbabomgol o6 brgds sbsmmann@msew. bLadmasme, LEmEn oM
0bds, MM X + X = X 5 M3 ob, Mmd: X X X =X, 0335 ©obGMady0mmmdals
39bmbo 393d0M@gds + @ X M3Mo(3090L dgdgabsnmsw:

(1-27) 6580b30gFn X, ¥ s z Goibzgdobsmaab:
xx(yt+tz)=(xxy)+(xx2z)

308M53 09 + s X M3gMs(3090L YOm0 gOMhs3565(33mgdm, gb 396mbo see® 0dm -
390930, 9.0. babmasmE s6ss LEMGN, Mm3 X + (y x z) = (X +y) X (X + z). (dsgsmo-
»o©, 30gdgom, X =1,y =2 w©s z =3;35d0b dom3b696s Ibocg moMab 7-b, beagnm dom-
%3960 dbomg Mool 12-b.)

00096@NM™Mdab 306mbgdal sGom3g@ogem sbsmmagdsw dnohbgzs x +0=x, x x0
=0 s x x1=X%, bowsi 0 0835dmdlL (396090 bodEsgmoal, bnemm 1 = xmbogg@boe-
260 bLodFMsgmal Ammb (0330 gb Sbsmmgns dmemm3deg dsmgdymo sMds: X + 1 oM
Mol 1-b.)

3530boady, 36sbgm, MmM3 sMLgdMAL LodMmagmgms smagdfs s ngo  3oM339mm-
Bomom sbsmmaonMos 08 sma gdMabs, Hmdgmoag asdmsegmgdsbs s dg369dsb gbgds,
omdgoms bodMogmgms omagdMmal magobo aobbsgnmmadmmo mz0bgdgdaz obo-
Losmgdl. 93 god@ab bnbsdy 3nwgy gMombgm s3ago0m, MmEgbsis gdymagdsms
mmaogsl gobzobommosgm 3g-6 megdn, bmmm 39-12 megdo gbsbagm, Mm3 gb mngg
30g5m0m0s 0dabs, Mobsz dmoab smaqdmsl 3mbmegdon.

5370350 56 335068 gMLdL bLadMdzmMgNS dSMagdML LB O N JGNMS; YoMsmmeE, 33060
35h396mm, Bm3 gb Gmmmdgdo dgndmgds asdmygbgdemo 046l LodMagmuE-mgm-
oy 353mbobmmgdgddg dsbndnmomgdabsl. gb amabbdmdl, Hm3d 6gdalbdngmM bod-
o3n@-mgmMogem a53mbabmmgdsdn gbs o9 ob bodMagmyg ymagmmgal dgademgds
Rogabszzemmor dobo Gmeo LodMmsgmom ©s dgmgase dngnmgdo gsdmbsobmmgdsl,
mdgmo(y 90bodbsgl 0839 LodMogmgl, Msobs Labyobo gsdmbsobymgds. dogsmo-
mo©, AN(BUC)" a53mbabyymagdsdo dgadmgds (BUC)' Rogsebsgmman dobo g33035em-
96800, B'NC'- o0 (09 3mcasbals 306mbob dgbsdsdobaw), Gsms dngnmma AN(B'NC')
30dmboabmmgds. sdwpgbosz (BUC)'-dn s B'MC'-dn gMon s 0gngg gemgdgb@gdos,
9600 s 03039 9eg3dg@&qdo 0gbgds AN(BUC)' -bs s AN(B'NC')-3o.
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9L B9gdbogs dgodmagds asdmznygbmor Mormeo LodFMsgmu@m-mgmmomo gs3mbob-
Megdgdol gobodam@nggdmow (ab. dzgdmo (1-28)), b LodMagmagms dgbobgd Lbgs
©q0mgdoms F9335M089d0L ©abad@ ogdmae (0b. J3gdmor (1-29) wo (1-30)).
LodmasEmME, QRO™ dmbabgmbgdgmos 33g3560 gdmbLEMaMgds Bamdmea gbno
04b9b 39600350 d0dg3mmdolb bobom, bawsy ymggm LEMaJmbdg domamgdy-
m0s 0l 3obmbn, HmImals Jobgozomss dgbodsdabo godmbabymagds asdmnygzebgds
Bobs LGF0JmBob godmbobmmgdnsb.

(1-28) dogomoma: gosdsm@oggo (AUB)U(BNC)' godmbobamgds.

1. (AUB)U(BNCY

2. (AUB)U(B'LC) g dmMy.
3. AU(BU(B'LC) sbegs.

4. Au((BuB)'wC) sbmgs.

5. Au(ULCY 5358,

6. AU(C'UN) 3039 ).
7. AUU 000968).

8. U 0©96@8.

(1-29) dogsmoma: shggbgom, ®m3 (ANB)N(ANC) = AN(B-C).

1. (ANB)N(ANC)'

2. (ANB)N(A'UC) g Imeg.
3. AN(BN(A'UC) sbmgs.
4. AN((BNA")u(BNC)) obE M.
o. (AN(BNA")U(ANBNC) obG®.
6. (AN(A'NB))U(AN(BNC) 3039 8.
7. (ANA")NB)U(AN(BNC')) sbegs.
8. (DNB)U(AN(BNC) 5358,
9. (BND)u(AN(BNC")) 3039 8.
10. DU(ANBNC) 000968).
11. (AN(BNC))ud 3M39E).
12. ANn(BNC) 000968).
13. AN(B-C) 05358).

(1-30) Bogsmomoa: shggbgm, ®md XNY < XUY

dgdsagbemmdals 3nb(3030L dabgogom gb gsdmbabeymgds dgddstmo@ns 333, Mm(3s
(XNY)N(XUY) = XNY. bbm&go o3 3656369m0b @obodnmgdslb bomdmgswaqbo:

1. (XNY)N\(XUY)
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2. (XNY)NX)U((XNY)NY) ob@ .

3. (XN(XNY))U(XNY)NY) 3M3Y ).

4. (XNX)NY)U((XNY)NY) sbegs.

S. (XNX)NY)U(XN(YNY) sbmgs.

6. (XNY)U(XNY) 0303. (MG RgM)
7. XNY 0303.

sbgoo 363Mng9d0 admygzs BmGIsmy® 38 30(39079mgdgdl (03 gogd@obs, Hm3 dmenm
LEM0gmBdn BaMBmeagbomo LdMagmg MMl LodEMogmagl, MmIgmai dofMggem
LEM0gmB3os BaMBmoaqbomo). 38 30(3980L L 3ombl Bzgb Lamsbowm 3n@LAdn gob-
30bomsgm, dzombggmo 30, Hm3gmo(s 9390s bagsmrndmgddo dm393emn 53m(356980b
03a335M00 898 30(3905L, MagFggmom Boobymgds 3@ 303900000 s 393d0Mgdaem
(36mdo LoMormmggdlb; 39Mdme, 35306 Mm(3s bszdsme JoME@ng0s s 03980L Lob-
bl dgdmb3gds, dgadmgds bszdsme Momn smdmhbogl sd@ 303900L LEmEo gbals
3m3bo. 53335600, 09 a303bbY3980 a39d3Lb 9dm(306s, dsgsmomaw nbgma, AmIgmacs
dm399mmos (1-19)-30, dgodmgds Imazabrgl dg36o Bomds@gdgmo abob gogms do-
653, Lobs3 gndmgoo LisbyMggm g453mbabymgdsdog dndsgae Ladmmmm LbmE gbsb. 53-
b5, mbammEbgymos, HmM3 38 30(390900LsL Medwgbxr a3y Imanbrgm sMhgmmn

a%0b 969398 s Sbemowasb (wms.

030 2

3035098900 > BYbg(30980

2. 1 dm3a9d9ma Byzamo 3 ©935MGma 633Ms3ma

3530bLgbmm, HM3 LodMagmob gemgdgb@ gl MmNl Mg gds 56 ngsMmangds. dogybg-
5350 530bs, hggmmgdnga bodMsgmggdal dgdzgmdoo gobabsbrgMgds omsggdemmn
bygommo, Hm3gmo(s, dogsmoms, (a, by babom RsabgMgds. 83 hsbobgmadn a goboboemgds
amagqdamo bygomab 3oMzggm Bgzfom, bmmm b — dgmemg Bgzfom. omoggdamoa
bygoemn dgdgabsntam asbobabmgmgds:

(2-1)  (a, b)={{a}k{a,b}}
(@, b)-b 3oMggmo Bgztn gsbabomagds GogmE(z 9mgdgbGo 9fmgmgdnb@nsbo(geymn)

{a} bo8Mogmabs, beagam 8gmg Bgzcn {a, b} Lodmsegmab ob gemydgb@ s, Mm3gmo(s o6
8093m03649d5 {a}-b. 533560, dga30dm0s 30350, M3 omsaqgdmemon Byzomabomgals
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LoDmasEME EsFsbsLNsMgdgmns d9dwgan: (a, by # (b, a). gb 0do@m3, HM3:

{{a},{a,b}} = {{b}{a,b}} (g.0. (@, b)=(b, a))85d0b s Ibmemm 8530b, Hm(3> a = b. M
0gds mbws, gb 356LsbE3Mgds dgodmads asbze3M(3Mo Imsa gdmm badgnmgddy s
Bmassm, amsagqgdye n-gmmdg, 6goobdogMa n bs@mMemuma Mo3bgobomgal. oe-
23980 badgemon dg3gabsnfom 3ob0bsdrmgmgds:

(2-2) (a, b, c)=_a,b),c)

0b@mo oMo dgodmads gmm 356G 030 04mb, MM Mmeg30005639 amsgqgdamo bygzo-
mo asbobomgdmegl Hmam@(z @sds@gdomn sdmbogamon (369ds (3Mndn@ngn), doamsd
3009dg&¢03mbgdl 135 53mbogama (3696900b 30603 dsdwy oygabe.

30 dzom, dm393gemns mco bodMagmg A ©s B. domasb dgadmgds dognmmo omagg-

e Bygomms bodmsgmy dg3ga0 3 Doom: bygomob 3ocggm gmgdgb@swm s30mmm gMhon
9939680 A-sb, brnenm 3gmeg bggMem — gfmo gmqdqb@o B-wsb.

A 5 B bodGsgmagms 0390 mo bsd@sagmo, Mmdgmoi AxB-b boboo Rsobgmgds,
Bomdmaaqbl bodMagmgl, Mm3gmos dgmagds 83 3ol yzgmes Byzomabegsb. 3Ggwo-
3930990 5badgbom gb bLedMagmg dgdgabsntism gobnbsdrgmgds:

(2-3) AxB=_{(x, y) |xeA s yeB}
5939 9936036530: 3obab3Mgdol mobsbdsw, oy A 56 B ¢omal J-U, 35306 AxB = .
bomdmgaaqbo ©g39MGmmo bsdMagmal Msdgbndg dogsmoaomb:

(2-4)  gogszsm,K={a, b, ¢} oo L={1,2},35306
KxL={{a, 1),{s,2),{b, 1),{b, 2),{c, 1),{c, 2)}
LxK = {(1,a),(2,a),1,0),(2,b),(1,¢),(2,c)}
LxL={{1, 1),(1,2),(2,1),(2,2)}

9939 Mbos 3356LmzEgL, MM3 g3sMEMmO BodMmsegmal bygMgdn sMss amsgg-
dmo gMm3sbgonl dodstm. dombgosgs 0dobs, Gm3 ymggmo bgzco bamdmaoa bl

a3 907m bygomb, ®55@ ©YMGYmo bo8Mmagmo 833560 byzorngdel ogeogg-
dgmo bodMmagmage.

Mgbsz 3m393mmos amsagdmm byzomms M bodMmagmg, Dmaxram Lanb@mMgbms
3560bsdEgH™L M3 (30M9L0 MG 633FMsgmmn, Mmdmal Jggbodmogmgbsy bo-
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dmoaqblb M. sbgmo ©3z0Mgbo A s B bod@egmggda, Mmdgmmsmngabsis M < AxB,
dgndmgds 3obababemg@mmb dg8gabonmac:A = {a | (a,b)eM, dbmgomon b-bogalb} s B
={bl(a, b)eM, Dmgng@on a-bogab}. 88 m& bod@megmgb MBmoadgb M-ob 3Gmgd 3090
JgLadadaba 30639 s FgmMg 3MMMEN6sEgdDg. dsgsmomaw, ova M = {(1, 1), (1, 2),
(3,2)}, 35306 LodMsgmg {1, 3} 06985 M-ab 3Gmgd 300 30639 3MmMEE06sE by, brem
{1,2} 0d6985 M-abs 3®mgdz0s 3gmtrg 3mmmnbs@ dg. s3g30600, {1, 3}x{1,2} s6ab ob
113(30609b0 g39MG M0 badMmagmoa, MHmImab J39bndMszemags M.

2.2 30350073

316536030 3039800, d085Mmgds Mol 303d0M0 M Mdogd@L ImEab, Hmdgmog oG-
LYEMBL 96 56 5MLgOMBL. Fogsmoma, ,gEmMdal® dodstmgds (,9M0b ©gws ... — ab®)
3@bgdmdL 67d0L3ngH gLy s dab dz0mgdlL dmEnl, BogMsd oM msgsw d3nmgdl
dnM0b. gofemsdszsmo Bbs bdnMmaw 50bndbogl Jodommgdsl. dsgsmomaw, B3bs ,,30(3-
bo" dgndmgds gogzom, HmA 5bndbogl soLEGMoE Y dodsMmngdsl mdngd@ms abgm
byg0mb dmEnl, bowsg 30Mggmo 3mbob dgmegh. R 3ndstogds a @s b mdogddgdl
dme0b Ronbg@gds dgdmgabsomaw: Rab ob, Mo 0gn3g9, aRb. sbgag, dgodmgds honbg-
mb: REAXB, dmegbsig R d0dsmomngds sMbgdmdl mco A ©s B bod@Msgmol gmgdgbd)-
9L dmal; 3 dg3mbggzedn 3oddmdm, Mm3 dndsMmmgds 3obnbodrgmgds A-wsb B-do.
mEgbsz R 808s6mgds Mbgdmdl ghmo s 0ds3g A bodMgmal gemgdgb@qdl dmeoab,
35d0b 3590mdm, Mm3 R dodsmmgds gobbsdmgmgmos A-do. R-ab 36mgd300b 3ofggem
3MmME0bs@¢bg mbmogdgb R-ob gobbodmgmol oégl, brnemm R-ab 3Gimgdzosl gmeg
3MmME0bsd¢ by Mbmwgdgb R-0b 360d369mmdoms sMgl. s8a35Ms, R 30dsmmgds A-
36 B-do dgdmgds 35630b0mmmor dmamez A s B bodfsegmgms ©g3om@mmo bsdmsg-
mo AxB. (bsdbbsme, 56 5bYdMBL bLagmggmmame domgdmmo GgcMdnbgdo abgomn A
5 B bodmagmggdabsmaals, Gm3gmms dodsmo gobbsdmgmnl sty s 360336gmmmdsms
369 J39b0dMszmggdns.) LoymMawmgdms dg360dbmm, Mm3 Bod@mdmngsw gb stal R
303560930l LodMmsegmuM-mgmMommn MgEN30d Mg gdnm byzomms LndMsg-
@931, 9.0 {(a, b)| aRb}. Bogsmoms, 808s6mgds oMol ©gws... —-ab*, GmBgmo(
3560bsdrgMgds H — 505305bms dmgem bodmagmgdyg, bomdmawaqbl nbgm @amsgqgdayem
bygomms LodMmagemglb HxH -do, Lows omommgnma Byznmda 3omggmo bgzcn scab
39m&g B30l gos. 0sgM35dy, MmMBgmdy (3 30dmbabamos meo A s B bodmsgmals
9g3dg6@9d0, R d0dsmmgds 93 me Lodmsegmagl dmmol dgodmagds gobdyemumow bom-
dmgoanbmo obMgdals baboo.
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6sb. 2-1. JndsMmgds R: A—B.

bob. 2-1-bg A ={a, b} s B={c, d, e}; abfmgdom godmbsbyemos R d0dsmgds -
a3 amsgqdam bygomms bodmogmg R = {(a,d), (a, e), (b, c)}. dnsagzngo yq-
MoMgds: gfma gmgdgb@o goblbsdmgmgdal sGnwsb dodsmgdsed dgndmgds @ss393-
domb 9Mmdg 39@) 98968096 33 d0dsmmgdals 360336mmdsms stgdo. RCAXB -abs
3358905, Mmdgemas Rsobgmgds R’ -ob Loboom, Mmamey bodGegmyg dgdwgabsntow
3560bobrgMgds:

(2-5) R'=_ (AxB)-R

ael
0dg35Mom, R’ 3mo(3030L 0935040 6536sgmab yzgems 03 bygomb, Gmdemgdas o6 3ng-
3003696056 R d0dsmmngdsb. sdzg dg3b0dbogm, ®md (R') = R. R cAxB dodstmmgdals
06396b0s, HmBgmoas Roobgmgds Gmam® 3 R, 8ma3o3Lb R 808560980l yggems Bygoeml
306390 s 3gmeg Bg3gdolb 39dMbgdemn Mogom. dsgsmomsw:gmdgsm, A ={1, 2,
3} @ gogzom, REAXA agmb {(3,2),(3, 1),(2, 1)}, &m8gma(3 s60b ‘Bg@&mdaly’ dodsmong-
35 A-3o. 53 dg8mbgg3990 5358)gds R 8ndatmmgds omab {(1, 1), (1, 2), (1, 3), (2, 2), (2,
3), (3, 3)}, ®m3gmo Bod@mMIMnzem BatMdmawaqgbl A-dn gobbsdmgmem dodsmmgdsl
Bogmgdos o6 Bmmo’. R-ab abggmbos R 0dbgds {(2, 3), (1, 3), (1, 2)}, ®m8gmo(z Bom-
3moaqbL ‘65 3mgdmdol’ 308s6mgdol A-Bn. 5939 8936086530, M8 (R')' = R s oy
RcAxB, 35306

R'cBxA, 853658 R'cAxB.
sdxgMo@ Aggbo dbxgmmds gbgdmes dobsMyym Fodommngdgdl, g.0. aomaggdaem

bygomms LodMagmyggdl. sbommaoyMawgg dgadmgds asbzobomma dodsMomgdgdo,

Mmdmgdos dg0aqds amsggdamo Ledgnmgdobogsb (&M03mg®gdobagsb), mmb-
90 9d0bs356 s 5.9, Labmgsme, asbabomaggb n-sanm0sb dodsmmgdgdl.
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2.3 g9bgns

LodMsgmams MmgmMoolb GgfMdnbgddn LodMsogmyg dgadmgds asbzbsdmgMmmo MHmam(s
350339990 Labol dndstmngds. R dodsmmgds A-sb B-do bomdmowagbl 34964 (300L
35906 o dbmenme 35306, Mm (30 ©d3dsymBnmgdmmos dgdwgan 3ofmdgdo:

1. 20BLodmgMolb oMnEsb ymggmo gmgdgb@o obygomgdmmoas 360d36gmmdscms
560l dbmmme g, 9emgdgb@mab.

2. R-ob gobbodmgmolb o6 gdmbgggs A-b.

bg8mm bam 3580 603653L, B8 AxB 0356 mmo 653Mo3mob d3gbodGagmg dbmemme
35906 dg0dmgds ngmb gbg309, Bmzs A-b ymggmo gmgdnb@o amsgqdam byznmms
LodMogmagdo dbmmme gMmbgm a3bzgds byzomal doMgzge 3mmMENbs@s.

dogamomnbomzal gobgobommo bndMagmggdo A ={a, b, c} o B={1,2,3,4}. A-0s6
B-do 356bsbdmgiyymn dgdegan 3n0dscmngdgdo bomdmswagbgb i3mbd30gdL:

(2-6) P={(a, 1),(b,2),(c,3)}
Q=1{(a, 3),(b, 4),{c,1)}
R ={(a, 3),(b, 2),{c, 2)}

%3964(3090L o6 bomImawaqbgb dgdwgan dndsmmgdgda A-sb B-do:

(2'7) S = {<a; 1>> <b; 2>}
T ={(a,2),(b,3),(a, 3),(c,1)}
V=1{@a,2),(,3),(b,4}

S o6 53309mxzomagdlb 39-2 30Mmdal, Mawasbss bygznmms 3oMggmoa 6g36gdal Lodmsg-
g, babgmomd® {a, b} o6 g8mbggzs A-b. T o6 5385ymepamgdl 3oMzge 30GHMASL,
03gboma(s a 9mgdg@o @ebygzomadamos Mmam(s 2-msb, 0bg 3-msb. V 30dsmmgdals
dgdobgggzedo 30 mMngg 30Mmds ESMMZg0s.

3964 (3090bg Abggmmdobal dofMomssw ngozg &gMdobmemmans g53mgoygbgm, Mobacs
3049690000 303513 9d93mab s 3o3d0Mgd0m. Mmam(3 3: 3000, Bb(30s, MmIgmacs
bomdmowaqbl AxB -0l 439L03@Mogmagl, go60bamgds Mmam&(3 gubins A-w©sb B-do,
35906 M35 AxA-b d39b03Ms3mg Bomdmaagbl g3bd300L A-do. Rsbsobgmn ‘F:A—-B’
50b0dbogl: ‘F ofal g3nbg300 A-0s6 B-do’. Dmaxgm i3ubg300b go6Lsdrmgmals stnls
99396@L Bmmgdgb 5Madgb@L. dsgsmamaw, P i3bd300L006 s 303d06gdoo (2-
6)-056 dgodemgds 0ogzsl, Hm3 ¢ sMamdgb@nbomgol ngo mgdmmmdl 36n0d3bgmmdsl
‘3’. Bggmmgdmog, gb Bog@0 dgdmgabsomae Rsnbgmagds: P(c) = 3, bowss gbdioolb
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obobgmgds Bab qLbbEMgdL sMamdgb@l, MmIgma(zy RobgMomoans B@mAbamgddn, bemenm
dgbodadnbo 36ndgbgmmds nbgfMagds Gmemdal 6ndbals domgzbog.

‘a0Msdbs’, ‘sbobgs’, ‘dgbedsdobmds’ — gb ‘gubd00l’ Gesmmme as3M (39 gdamo
Lobmbadgdas s bdoMaw hsbsbgmb ‘F (a) =27 3ombymmdgb dgdwmgabsntiow: ‘F gom-
obobagl a-b 2-30’. s3g35M0 35dmbsmgzodo Bub300L boMmdmazoanbl Gmame (s od-
Gom 3Om(39LL, EMIgmbsy sMam396@gdo 3qLadsdal 360d369mmdgddn gomadyssb.
B964(300L 533356 303935L 9MMg35Md0 35b530MMdgL 0l Bog@)0, Hm3 domgds@nzsdn
B0 (3000 99398 gbmdabomgal samdgb@gdal sbyznmgds 360d3b69mmdgdmab dgo-
dmgds 30dmababmb gm&mdnmgdom, HmImgddas dgmal cbgomo m3gfs30gd0, HmamEo-
(399 3936909, 359M03mgds, 3oYymMed s 5.9. dogsmaomsc: F(x) =2x+1 5600 g39b (300 o
03 dgdmbggzedn, o9y 0gn asbbabdmgMymoas dmgem Masbgms bLodMmagmagdy, s6yzomagdL:
1-0 3-0006, 2-b 5-056, 3-b 7-056 5 5.3. 5060360 G346 (305 Bga30dmns ImgosbEHmm
Bgbob Laboo, MHmdgmoaz 3399069ds: ,x-0bmgol ™3 godmgmam F-ob 360d36gmmds,
530bamgal bagomms X a0383Ms3mmm 2-Dg s ©o3nds@Gma gfma.” dmgagnsbgdom o3
b0gbdo 36sbsgm, Mm3 bagnmm aobogds gmbd0s bamdmgowanbmm nbsdoznma 3Gim-
39b0b Loboo, mm3gemai Mmdogd@gdl, Mmdmadoz 3zl 93 3Mmgbol dgbsogsemdo,
35M©54360b Lbzs mdogd@gdom 3Mm(3gL0b god8mbagamdo. sdxgMsew hzgb dg3hgwgd-
0o LodMsgmgms mgmEnal YBm™ bLGsGo3nem 39Mb3gJ@nzoDy. 93a35Mow, BMblz0s
F(x) =2x+1 g5babomgds Mmam(3 0omag gdmm bygomms 306 33g9mo bodGagmg, Hm-
dgmo(3 390353090 5bndzbnm d93mgabsntom asbobsbmamagds:

(2-8) F={¢x, Wl y =2x+1} (bowog X 8 ¥ dogmon Mozbzgdos).

03&™MM9d0, MM3mgdaz Bbd305L 3obobomaggb Hmam (s 3Mm(39LL, Bmax g ©or-
28909 Bygomms LodMagmgbsi 13933009096 Bbg0ol, mEmmbo omsggdym
bygomos dgbodadabo LodGsgmy dnnmgds 0dab dgegasm, Gm3 gabbabemzFal sfnwsb
ymz9e 9emg3968)0 aobozol 5mbadbema 3Gm(39L0L Bgdmdgmadsl s 83 dgdmbizgazs-
do bgdmJdggdsl o43L b d(300L gMagal boby. dgdmbgggzomo o6 sMal, Mm3 sdgzem
»35x3L* 458m3zLsbagm Hmam (3 Bodstormm badl, Mm3gmas go3mgdnmos 3mmMoo-
bo@ms bob®gdsdo.

5d39 1mbws o360dbmm, BM3 bmax g, o BbI30s 83359mBargdlb bgdmo smbad-
by 3039 Immbm3zbsls, ogMed oM 5 3d0ymaznmgdl dgmmgl, g donb(z gsbaboegds
a3 364300, 0330 53 dgdmbggzeda dsob, Mmame(s Bgbo, ‘bobormmdmng o3b-
J(30o’ dmoblgbngdgb. dogomomem, Rbd(309, MmMIgmoa(y badwgam Gazbgzms @som-
089899 Byz0emb (@, b)-b goMeabsbsgh a dggememadamo b-bmsb gsbsymezdn (6nde-
dobomgob: 93 gubgznom (6, 2) goMmanbsobgds 3-do, (5, 2) gommanbsbgds 2,5-3n), o6
3560b5b3Mgds 03 d53mbggz53n, Mmzs b =0. ond3s gb Bbz0s (3ombobss — gmggm

161



COMPUTATION

bygz0mb, Bm3mabogobss ngo 3060bsdgMgds, dggbsdsdnds gMmawgmon 360dgbgmm-
35 o 0dgbs, ngo ©3dsymamomgdl doMzgm doMmdsl. d3osMoe oY) 30dbyggmado,
00 56 boMImaaqbl gbd30ob Rzgbn gxabo(300l dobgogom, dogsd 3ol dgodmads
396mEmo babommdmogo gbd30s. 3wgbsw, babommdmogo gbd(30s BoMd3maa g6l
LEnm Bbgosb gobbsdmgmal sGowsb asm3zgmm JzgbodMagmgdy. dgdamaddo,
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NET REPRESENTATION OF
MORFOLOGIC PROCESSORS

G. Chikoidze

Abstract

The tenor of this work is expressed by its title, however the core of its
theme is included in the intersection of more broad and general contexts. In
the first instance, morphologic processor, which is only one component of far
more general and broad system, that is — of language model. The latter, in its
turn, represents a method of the contemporary linguistics oriented to mir-
roring of the dynamic aspect of language, without which it would not be able
to perform its main communicative destination: analysis/synthesis of speech/
text. Moreover, modelling should be a quite important approach for cognition
of that decisive part which language plays in the all mental activity of human
being, that is the role of its basic component, of “mind’s body” (according to
Hegel 1831). Such cognitive perspective is an inseparable aspect of “Meaning
—Text” type complete models since only right-hand member of this scheme
(“Text”) is available for direct observation; as to “Meaning” and “<=>” sign,
which symbolizes the dynamic aspect of language system, it is necessary to
start with some hypotheses related to their structure and functioning to reach
the degree of model completeness, moreover if the final purpose is the investi-
gation of relation and “interlacing” between language and mind. At the same
time, taking into account vast size and complexity of these models it seems
that computer is the only means for their realization and testing.

INTRODUCTION

Naturally, at this point there may arise a doubt about significance of inves-
tigation of such a “modest” model component like morphology on the face of
a huge system of complete language model? In defence of our purpose we
would remind that (according to F. de Soussure) just the object of morphology,
i. e.the word, is “a central entity” of language and moreover just that and only
that entity which “always is available for our consciousness”. It seems also that
just this “central” element is something like “axis”, around which the whole
language mechanism is revolving. Morphologic processor, which performs this
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entity’s analysis/synthesis, in case of the former (analysis) dissects the word
into its components (morphs) and in the course of this process collects whole
information coded in the text, passes it for the further processing and disam-
biguation to higher levels of model (syntax, semantics, pragmatics) and so is
for the latter the single source of grammatical-lexical information coded im-
mediately in the text; during the synthesis morphological processor is carrying
out an exactly opposite task: it transforms the whole information worked out
by the higher levels and encoded by peculiar for them terms in the final form
of language expression, that is produces the sequence of all words which
should represent the end of the whole process of synthesis.

Thus, the morphological processor bridges a primary representation of text,
i. e. word sequence, which is immediately available for us, and first level of
abstraction — lexical — grammatical features. However, this does not exhaust
the import of word and closely connected with it morphology: each of the
higher levels of the model representation retains a trace of this initial (for
analysis) or final (for synthesis) step of the processing, that is the structure of
each of them could be represented like a specific composition of objects which
in most cases are abstract correspondences of single word forms or of their
small combinations. So, it may be said, that all these high level representations
are somewhat “grained” and their “grains” are clusters of signs quite trans-
parently related with word forms of the text, analyzed or to be built.

It is note worthy to mention, that these primary sources of information, i
e. word forms, the basis for all subsequent structures representations, often
have quite complicated structure themselves. Just their decoding or, on the
contrary, - composition is the task of morphologic processor, which in many
cases becomes quite complicated, especially for strongly inflected (e. g. Russian)
and moreover for agglutinative (like Georgian) languages, though is not quite
simple even in case of a language with “notoriously” weak morphology (e. g.
English). Such complexity, in its turn, requires the search for such representa-
tion of morphologic system which maximally corresponds to the specificity of
its tasks, but, at the same time, fits to computer environment requirements.
The former condition implies that this representation, at least at the “peak of
perfection”, should simply and transparently reflect the fundamental charac-
teristics of language, such as its sign nature, unity of statics and dynamics,
parallelness and bi-directionality of the functioning, etc., and, at the same
time, remaining homogenous at all levels of the model and for all their com-
ponents. Of course, on the contemporary stage of modelling development we
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can not expect that some already realized model representation may simultane-
ously, perfectly and exhaustively satisfy all above mentioned requirements but
they could fulfil a part of some landmarks for the search of such an “ideal” so-
lution. Moreover the fast and successful development of computer environment
(both, hard-ware and soft-ware) creates some “material” basis to approach this
“ideal” (by some decisive steps at least).

It is worthwhile to consider the other side of model representation problem,
i. e. its computer realization and the role of computer in emergence and sub-
sequent development of language modelling as a very important trend of
modern linguistics. In first instance, we should remember the powerful impact
of computer on the very origin of this approach: truly, taking into account
huge size and unusual complexity of modelling systems we must own that it
would be impossible to create and test them without any automatic means and
computer turned out to be fit to fill up this “gap”. Besides this, the relation
with computer defined from the very outset of modelling oriented researches
their close interaction with the practical applications. As a matter of fact,
first step in this direction was stimulated by such a practical goal as automatic
translation; subsequently this application sphere was expanded by speech/text
dialogue systems, spelling checkers, automatic corpora taggers, etc. Notewor-
thyly enough, these relations are not one-sided: the fundamental aspect of
language modelling receives powerful stimuli from applicative side, which in
many cases requires perfection and/or enhancement of the model, however
the main merits of them is some specific influence which they exerted on
the some of crucial points of fundamental aspect itself. Perhaps as the most
significant example of such intersection of the modelling theory and practice
should be considered the relation between the most fundamental model

Meaning <=> Text, (1)

and translation scheme:

Text => Meaning => Meaning’ => Text’, (2)
which firstly defines correspondence between an input Text and its meaning,
then “translates” meaning representation of the input language into meaning
representation of an output language and finally expresses the latter by means

of the output language. It’s obvious that sum of the left-hand and right-hand
transitions of (2) is identical to (1) with the only exception that they pertain
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to different languages, however if we imagine besides scheme (2) one of the
just opposite directions, it would be possible to combine the components of
both schemes into two full models of type (1). Thus striving for building perfect
automatic translators quite naturally leads to conclusion that “ideal practical”
translation system is impossible without “theoretical” basis of (1).

Besides this most fundamental case we see in context of computer linguistics,
though not so essential, yet quite useful for both sides, examples of interac-
tion between practice and theory of language modelling.

Beginning of the Introduction repeats the basic points of the previous section.
Further is given a brief sketch of author’s and his collaborators’ many years
activity in the field of computational linguistics. Its goal is to demonstrate the
basic trends of activity characterizing defined above views on language mod-
elling and computer linguistics as a whole. The activity was stimulated by the
works on Russian-Georgian automatic translation system. The decade dedicated
to works on this quite difficult problem (60s of the past century) has played a
crucial role on preparing a personnel for future activity in the field of language
modelling; just the has been acquired the basic knowledge and experience to
cope with these tasks; and, the last but not the least, this work has given rise
to relations with several prominent scholars, in particular the members of
Moscow linguistic school (I. Melcuk, J. Apresjan, A.Jolkovski, O. Kulagina et.
al.); these scientific relations appeared to be utterly useful as in the course of
work on the project so after its accomplishment.

The project was successfully accomplished at the beginning of 70s. The ob-
tained system could translate mathematical and technical (from the field of
automatics) texts, but its lifetime was not very long: due to the change of
generation in computer techniques, the system lost its material (hard-ware,
soft-ware) basis, without reaching the sphere of its supposed practical appli-
cation. Nevertheless perspectives obtained in the result of works have opened
the way for further activity in the field of computer linguistics, but oriented
to other applied systems, different from machine translation: speech/text dia-
logue with computer, language teaching, automatic dictionaries with morpho-
logic processor, text printing grammatical (first — morphological) support, etc.
At the same time, all these tasks required working out of several grammatical
processors: Georgian morphological analysis (L. Tamarashvili, L. Margvelani),
Georgian (L. Margvelani) and German (L. Godabrelidze) morphological synthe-
sis, Russian morphological analysis (G. Chikoidze), Russian syntactic analysis
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(L. Godabrelidze), English bi-directional morphological processor (G. Chikoid-
ze), Russian generative morphology (G. Chikoidze), Georgian (L. Samsonadze,
N. Javashvili) and English (N. Javashvili) automatic dictionaries, etc.

Considerable part of our activity was aimed at creation of means of repre-
sentation of above mentioned algorithms. For that within the time course of
(1970 — 2000) have been worked out three formal languages: 1. “virtual au-
tomaton”, which was a sort of “interlingua” between high level algorithmic
languages (e. g. —JIMHI'BAJI) and the “lowest” level of computer commands;
2. A3AJI (A3sixoBeie AJlroputmsl — Language Algorithms) — similar to high level
programming languages (e. g. C — programming language), purely procedural
(with the exception of dictionary) operational language, through which was
represented the main part of afore listed processors; 3. Net representation on
the basis of which was formulated, the synthesis of Georgian nominal word
forms (1975) and within the last decade (1995-2004) a number of English and
Russian morphological processors. The main trend of this three — stage process
of development is a shift from maximally computer oriented representation
— toward one essentially congruous to the fundamental properties of language.
Chapters 3 and 4 deal with these very approaches and their evolution, but
before that in Chapters 1 and 2 we consider the fundamental context of this
research, that is computer linguistics its relation to the language modelling
(Chapter 1); at the same time, great attention is focused on the morphological
level of the model (Chapter 2), representing the main topic of this work, and,
especially, on the net representation of morphological processors (Chapter 4).
In its turn, the choice of the latter, that is - of net representation, was great-
ly stimulated by its fitness for bi-directional (synthesis/analysis) processors,
creation of which was one of objectives and aims of our research, and that is
why the next (5 one) Chapter contains description of two net represented bi-
directional morphologic processors. The typical feature of these systems is that
the processes of both directions (synthesis/analysis) are performed within one
and the same unchangeable scheme. Differently from that Chapter 6 is related
to description of double system, that is having specific sub-system for each of
two directions of the process, but, at the same time, basing on the essential
intersection invariable for both: the role of their invariability is played by the
morphological generator (BfP: Basic form — Paradigm). The practical merits of
BfP system (besides its possible theoretical ones) are demonstrated in the next
Chapter (7) via its application for automatic support the printing the text.

Chapters (8 and 9) consider the relations between morphology and higher lev-
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els: syntactic (Chapter 8) and semantic (Chapter 9). First of them gives a draft
of Georgian predicate — actant relations and proposes corresponding net rep-
resentation, within which the leading role and necessity of morphological data
for the proper functioning of the syntactic level becomes especially obvious.
The next Chapter (9) is related to significant contribution of morphologic fea-
tures to the general structure of meaning, i. e. to the semantics of language
(namely from the view point of cognitive linguistics).

The conclusion once again underlines the goals that were implied by this work
and assesses its results in relation with initial intentions which have stimulated
the researches and have given something like implicit evaluation of their final
results.

Three Appendices (A, B, C) attached to the main text give some more details
concerning the following points: A and B Appendices give more exhaustive de-
scription of S3AJI — language than the one included in the basic text, particu-
larly, A- Appendix gives more details concerning this language and B demon-
strates one of the points of its application; similarly C- Appendix gives more
exact and perfect description of the first net represented system (synthesis of
Georgian nominals) which we consider as the first step in development of net
approach to representation of morphological processors.

CHAPTER 1

Computer linguistics

As we have mentioned above the main purpose of this chapter is discussion of
some fundamental features of language, in particular, the aspect of its, which
makes necessary to address the method of language modelling, which, on the
one hand, deals with computer linguistics, and, on the other, includes as its
basic, “ideal” part, the type of modelling expressed by the scheme (1. 1):

Meaning <=> Text. (1.1)

According to (1. 1) scheme the knowledge of a natural language, cognition of
its essence and its application in solution of practical problems drastically de-
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pend on the internal structure of a language mechanism and character of its
functioning, that is — on dynamics of a language system. It seems that to-day
the only way to solve this problem is creation of artificial objects which would
imitate the language behavior and, at that have internal structure oriented
to satisfaction of present hypotheses about internal structure and functioning
of natural language itself (however scarce and hazy these suppositions may
sound!). In first instance, the fundamental fact that language is a sign system,
that is totality of entities relating meaning/expression, makes obvious, that
just (1. 1) mirrors the basic process intrinsic to the language as an active (dy-
namic) mechanism and thus gives us first and main “landmark” to which the
process of language behaviour imitation, ie. language modelling should be
oriented.

The main point of this chapter is consideration of (1 1) type language models,
yet its first part gives a brief account of the modelling object’s, ie.language’s,
general import and its basic properties; in the second part are discussed some
possible variants of language cognition by means of dynamic models; the
last section is dedicated to the most adequate and complete (1.1) variant of
model.

As a matter of fact, the first part of the chapter is based on citing of great
scholars of the past, concerning general import of language for individual
(mental) and social world of homo sapience: “language is a flesh of thought”
(Hegel), “language is available for us part of being” (Heidegger), “The forms
of thinking found and manifest themselves firstly in the language” (Hegel),
“The human being is a human being thanks to the language only” (Humboldt),
etc. Particularly noteworthy is that almost two centuries ago the great thinker
and linguist W. Humboldt was sure that language is a sign system, that the
opposite sides of these signs are meaning and expression and that language
knowledge in first instance implies the possibility to reach any of these sides
from the opposite one (see expression (1.1)): “As soon as his (human being’s)
consciousness becomes sufficiently strong to cross both these spheres (meaning
and expression) on his own, and at that provoke the same in the listener, he
(human being) takes possession of both spheres”, i.e. meaning and expression
that is — of the language as a such. This passage makes obvious that mirrored
by (1.1) dynamic aspect of language was estimated by W. Humboldt by its true
worth.

It is quite interesting that many remarks and whole passages of prominent
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scholars of the past touch several fundamental aspects of language: So, for ex-
ample, the leading role of a word in the spheres of both language and thought
is recognized in one of the most prominent Leibniz’ treatise about human rea-
son, where author allotted considerable place for consideration of word, of
its crucial role in singling out and fixation in conscience of objects, their states
and properties. At the same time, due attention is paid to metaphoric meanings
and grammatical functions of some words and their components, which serve
to unite the separate word forms into a whole — the sentence.

The leading role of grammar not for language only, but for the whole mental
and spiritual sphere of a human is underlined by Hegel’s phrase: “.. only the
who has acquired knowledge about language, can see through its grammar the
spirit and education of the nation .. He can also cognize general expression of
the reason, that is, — logic” by means of grammar.

So, afore mentioned thinkers definitely give its due to the language and its
grammar, on the one hand, and the dynamic aspect of them, on the other
hand, admitting, that the knowledge of the latter is a crucial condition for
language uptake as well as, for cognition of the language as a unity of its
static and dynamic aspects. As to this very important though quite difficult
problem, the only imaginable approach to its solution (at least for present)
seems to be language modelling, a brief, general overview of which is given
in the chapter, as well.

— Haieisiiuisisisisiieh m—

inp box outp

Fig 1.1. “Black box” modelling: observer (OBS) tries to build a model, which will answer each possible input by the

output identical to one peculiar for a modelling object.
The most frequently used and best known scheme of modelling is that of

“black box”, which as a rule implies an object of modelling with internal
structure inaccessible for external “observer”(OBS), who is compelled, as a
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result, to acquire the whole available information from the external reactions
(i.e. outputs) by which the object answers any stimuli (i.e. inputs). Fig. 1.1 de-
picts general scheme of such an approach, where the main point is difference
between “weak” and “strong” requirements: the former may be satisfied by in-
put/output adequacy of the model and its object, but, at the same time, does
not pay attention to correspondence of their internal structure and mode of
action; the “strong” requirement is opposed to the “weak” one just by the last
point implying that we must try our best to adapt the structure of artificial ob-
ject (model) to its natural prototype (object of modelling). It’s obvious that the
“weak” variant could be quite useful for a number of purely practical tasks,
whereas another one (the “strong”) from the very outset is oriented to the true
cognition of the object (which after all promises the best basis for reliable and
effective solution of the lion share of applied problems). However, it’s quite
clear that this kind of approach creates many additional difficulties, alien for
a “weak” one, moreover it would become virtually impossible in case when in
addition to the lack of direct information we don’t have any hypothesis about
internal structure of the object. Fortunately, natural language is not an object
of such “blackest” kind: according to some external facts (in first instance, by
structure of its inputs/outputs) supported by introspection and some general
considerations we can create some essential suppositions about internal struc-
ture of natural language mechanism, in spite of its location mainly in the
depth of our consciousness:

1. The only, but very important, direct source of empirical data is that side
of sign which is always available for our immediate observation. At first
sight, it looks like the system surface only, which serves as its external
input/output, however the structure of this expression is so complex and
to some extent transparent that it apparently dictates some features of
operations and procedures making it possible to built optimally single sign
or a sequence of them. In the course of several centuries basic for many
languages information had been collected in appropriate dictionaries and
grammars, which up to now serve as invaluable reference sources, par-
ticularly, for the contemporary language modelling.

2. In spite of the fact that the main part of language system functioning
is unconscious, some of its results are available for our intuition, that
greatly contributes to substantiation of some very important approaches.
For example, the generative grammar would be impossible without intui-
tive concept of sentence grammaticalness, as well as determination of
synonymy of language expressions on what the most important aspect of
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(1.1) type models, especially definition of “meaning” is based.

3. Some more formal and general (though hypothetical) principles give also
the optimizing guidelines for creation of model: such are, for example,
the most popular requirement of “economy”, which may concern many
aspects (the volume, speed, homogeneity of representation, etc. of the
system); “simplicity”, which may be sometimes an antipode of just men-
tioned “economy” (e. g. multi-level language model, which, on the one
hand, simplifies the system, but, at that, increases its size); “parallelism
of functioning”, which is supposedly characteristic for all mental process-
es and can not be alien for the language mechanism either (particularly, in
the context of multi-level mode it should mean that these different levels
operate simultaneously, in parallel, exchanging the information acquired
in the course of their “quasi-independent” functioning); in addition to the
previous point (i.e. “parallelism”) it may be posited the peculiarity of lan-
guage functioning according to which it is frequently (if not always) real-
ized by the processes of mutually opposite directions; the most prominent
of such directionally opposed processes is synthesis/analysis opposition,
the most fundamental and obvious one.

4. The hypothesis, prompts, restrictions, etc. may (and should) come from
the fields neighbouring with linguistics having essential intersections with
it, that is — from psycho — and neuro-linguistics. Particularly, the mod-
ern cognitive linguistics definitely insists on necessity of convergence of
purely linguistic results towards achievements of fields, which may sub-
stantiate or refute the former ones.

By all that it’s important to keep in mind that successful modelling would be
either confirmation or disproof of all mentioned presuppositions, general and
formal or intuitive, purely linguistic or drown from the “neighbour” sciences.
However we must take into account that the difficult task of language mod-
elling is essentially complicated due to inaccessibility of meaning for direct
empirical observation. As a result we have a sharp deviation from usual Fig.1.1
scheme of “black box”: only the expression of text/speech may be observed
directly; it serves as input for analysis or as output for synthesis but the op-
posite side, i. e. meaning, remains latent in both cases. Thus, return to the
usual situation of “black box” in the case of language requires preliminary
hypothesis about meaning, its structure and means of possible representation.
Just this situation is mirrored by Fig. 1.2, where the task of external observer
is essentially more difficult than in case of Fig.1.1 scheme.
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exp

ex;p | L____.

Fig.1.2. Language modelling: only the expression (exp) is directly available for observer (OBS); on the basis of its
(exp) analysis and with support of some additional hypotheses he can make some suppositions about meaning’s and
processor’s (P) structure, which should make possible to build model which will repeat the same exp<>meaning cor-

respondences as the language (L) itself.

Since the expression (exp) is “visible” only for an observer at first he/she must
build up some hypotheses about meaning, then about internal structure of
processor (P) and finally try to achieve the maximum possible adequacy of
both systems’ (P and L- language) behaviour.

Generative grammar offers the most popular way to avoid these difficulties
through ignoring (at first, “classical” approach) all vague components of Fig.1.2
scheme (marked by broken lines), that is the meaning and language/proces-
sor internal structure. Moreover it follows one direction of processing only for
which the role of start point plays an abstract symbol, element of limited set
of symbols ); proceeding from this initial symbol (e.g., S for Sentence) the
procedure should generate all grammatical expressions corresponding to the
chosen initial symbol: by means of some restricted set of operations (rewriting
and transformation), so, for example, if the latter was sentence symbol S,
system should answer it by generation of all word sequences which represent
sentences of the given language. The last condition implies that all generated
objects should be grammatical, that is, appertain to the normative items of
this natural language (according to our intuition). Obviously, such a system
may be useful for some practical tasks (e. g. for automatic teaching of lan-
guage), however it’s radically different from true (productive) language mod-
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el, which, in our opinion, should to some extent meet the above mentioned
“strong” requirement. To underline the difference between Fig. 1.2 scheme and
generative system would be suffice to mention that productive model realizes
the relation between two sides of language sign: even in the same direction of
processing, that is — synthesis, it starts by some representation of meaning
and then proceeds by producing expressions (one or more) not only grammati-
cal but at the same time synonymous to the input meaning; as to opposite mode
of processing generative grammar ignores it completely.

In spite of such sharp deviation from the course of the supposed main stream
of development of modelling, it should be noted that generative grammar
actually was the first approach to the study of language which is unthinkable
without dynamic aspect and what is more the scheme proposed by it may find
its important place within productive system: particularly being considered as
language knowledge or potency it may serve as basis for language behaviour
(activity), where the former generates grammatical expressions (e.g. sentences)
and the latter (selector) restricts its activity in accord with the context of input
(be it meaning or expression). Fig. 1.3 gives general scheme of such productive
system based on generative one.

Fig. 1.3. Productive model (P) basing on generative one (G): P provides contacts between external (speech/text) and

internal (meaning—mind) spheres and, at the same time controls and restricts the activity of G.

Similar structure is supposed in the first and unique up to-day outline of com-
plete language model “Meaning—Text” (I. Mel¢uk 1974), based on generative
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one (G) as a source of knowledge: P directly deals with input/output of G’s
activity. The represented model implies all five “traditional” linguistic levels:
semantics, syntax, morphology, phonology, phonetics. More detailed are de-
scribed first three (“deeper”) levels and each of grammatical ones (syntax and
morphology) is divided in two sublevels: deep and surface In spite of supposed
bi-directionality description is mainly oriented to synthesis that is from se-
mantics toward syntax and so on. On the two deepest levels the final (output)
text is represented by tree-shaped graphs, the nodes of which on semantic
level are filled with indissoluble units of meaning (sems) which on consecutive
syntactic sublevels come closer to natural lexical units. On morphological level
the structure itself gets nearer to the text becoming linear and its successive
elements by and by are transformed into usual word forms.

Each transition from one (sub) level to another is supposed to conform to the
scheme roughly alike to Fig.1.3: the role of P is performed by the so-called
selector (S), which controls G-generator and filters results of generating. How-
ever this time G’s productivity is reduced to issuing the synonymous repre-
sentations only and so S must eliminate out of them such ones which are
incompatible with requirements of corresponding level, i. e. “ungrammatical”
from its point of view.

The leading part in all these transitions and transformations appertains to
manipulation with elements which fill the nodes of tree structures (semas,
lexemes, basic forms). This transformations are based mainly on interpret-
ing — combinatory dictionary, the most important and best elaborated com-
ponent of the model. Each lexical unit of the dictionary is followed by its
lexical functions, representing something like lexical paradigm of basic entry;
two varieties of them are substitutions and parameters: former point at lexi-
cal units which may (with or without additional syntactic transformations) be
substituted instead of the basic entry without change of the initial meaning;
differently from that, the latter (parameters) define via which lexical means
may be expressed some standard meanings (Magn, Incep, Fin, Ver, etc.) in the
context of the given basic lexeme.
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CHAPTERII

Morphological level of model

This chapter deals with the functions of morphological level within afore men-
tioned “Meaning <> Text” model. The role and goals of this model component
are stipulated by the functions of its direct object, the word, firstly, in the
language and then in its model. For the most general consideration we address
opinion of F.de Soussure, who calls it the “central entity” of language, more-
over the one, which “is present directly in our consciousness” in spite of dif-
ficulties inherent for its definition.

The fact of permanent presence in our consciousness of the word entities could
have great influence on the initial stage of functioning of the model in both di-
rections: for example, the syllables of the text, which (again according to F. de
Soussure ) are primary etalons of speech recognition, should be firstly correlated
just with word forms and only then that the latter could be decomposed in morph
sequences, that in parallel makes possible to collect all necessary and available
morphologic information. In the opposite case of synthesis we may imagine that
the “event” which must be expressed by the output text firstly should be analyzed
and decomposed into elements (objects, properties, states, processes, etc.) corre-
sponding to the meaning of entities present in our consciousness, ie. words.

After that we try to demonstrate what does the “central role” of a word mean
in the course of model functioning, particularly, for the intermediate level
represented by syntax. In this connection are discussed some different schemes
of dynamic grammar (dependencies, phrase structures, special kind of the
latter — HPSG, etc.). For each of them has been demonstrated that, in spite
of their essential difference, the “central role” of the word and related to it
information always remains unchangeable.

In spite of significance for language system, the definition of word and its
usage in the language model are connected with some difficulties. Particularly,
in the course of text analysis: they are ambiguity of the word forms or their
components (morphs). Another side of difficulty (just as it is meant by F. de
Soussure’s statement) is a complicated problem of word (theoretical) definition.
In spite of striking diversity of words of different languages, intuition obvi-
ously recognizes them as particular items of a single concept and stimulates
search for some general definition of it. One example of such an approach is
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given in L. Melcuk’s “Morphology”: according to it a word form is autonomous
segmental sign which doesn’t decompose in to (more than one) autonomous
segmental components, where “segment” means sequence of phonemes and
“autonomity” characterizes segments which may independently express com-
plete utterance and so far could be placed between two “full-fledged” pauses
in speech. Further the word (which in this approach has replaced the term
“lexeme” is defined as a set of word forms having identical lexical but differ-
ent grammatical meaning.

From this point of view the dictionary is a list of words (lexemes) and morpho-
logic processor should supply means for generation/production of full paradigm
corresponding to each of dictionary entities. As a rule, one of these paradigm
members is selected as a basic, representing the word or paradigm as a whole.
In the most of cases the rest of paradigm may be considered as a result of
some transformations of the basic member. However these transformations may
depend on a given lexical entity and so it is necessary to add to the initial (ba-
sic) word form the morphotactic information indicating concrete transformations
necessary in each particular case of dictionary entry. Moreover, to play its lead-
ing (“central”) role in the rest of model’s functioning word (dictionary entry)
should be supplied with an additional information characterizing its behaviour
on the deeper levels (syntax, semantics). Being equipped with all these data dic-
tionary plays the role of a basic static component of a model.

The morphological component of a dictionary information may have various
structures, particularly it may be distributed among various sets of features.
So, for example, the main part of Russian verb morphotactic in A. Zalaznjak’s
dictionary is coded by a verb type parameter, but the rest of information is
expressed by special designations (e. g. aspect, transitivity letter/phoneme al-
ternations, parallel forms, etc.) An alternative variant is represented by the
approach which inserts the morphotactic information directly in the record of
basic form or its stem: so, for example, Georgian “truncateable” and/or “con-
tractable” stems like panjara-‘window’ may be recorded as:

panjArAl, (2.1)

where A points at a rule which solves the (a/0) alternation correlated with
different combinations of number/case categories.

The instance of complete ignoration of morphotactics’ explicit representation
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is given by BfP — generative morphology system which will be considered later
(chapters 6, 7). In that system morphotactics is coded by means of hierarchi-
cally structured lists of basic form stems: for example, in the case of Rus-
sian verbs, they are firstly divided according to their infinitive endings, then
by verb type and subsequently by some other categories (aspect, transitivity,
letter alternations, existence of parallel forms, etc.). The final classes of this
hierarchy contain only basic members with identical combinations of values of
all morphotactical or grammatical features.

As instance of one more step towards maximal reduction of dictionary and almost
complete annulation of explicit representation of statics may serve the system
which we shall consider in chapter 7. Of course, the area of such systems ap-
plication is be quite narrow (perhaps, morphological tagging in interactive regime
only); however, more fundamental usage of them is possible for generator based
fully automatic morphologic processor where they could function as selectors.

The works may be considered as an experiment testing probable relations be-
tween dynamic and static components of the model, the last mentioned sys-
tem being an example of extreme prevalence of the latter; as an opposite case
of their correlation, perhaps, could be considered as some modern feature
structure based approaches. However, the most sensible may be the method
which synthesizes the merits of several possible variants of this relation: for
example, it may use the stem records of type (2.1), codifying the rest of mor-
phological data by the above mentioned classification of dictionary entries; at
the same time, some part of this information may be included immediately in
the record of dictionary unit, simplifying the hierarchical structure of basic
word classes and accelerating the search in it.

CHAPTER III

Representation of morphologic
processors

The representation of language model is often considered as mainly oriented to
computer realization, however such a view is only partially justified. We have
already underlined stimulative role of computer for appropriate development
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of the language modelling, still taking into account final aims of its develop-
ment, that is creation of a model simulating internal structure and intrinsic
properties of its natural object, it becomes apparent that relation between
model representation and object’s fundamental characteristics deserves more
attention, especially, if we recognize the prominent role of dynamic aspect,
firstly, and secondly close links between this aspect and the way of model
representation. Such a case, in its turn, should provoke an aspiration to find
the kind of representation which will most adequately reflect the fundamental
structure and properties of language, that is all essential characteristics which
should be simulated by the “ideal” model should be intrinsically concentrated
in it (on some abstract level) and so it may be considered as something like a
theory of modelling.

Of course, contemporary stage of this development is quite far from such
“ideal” mode of representation, yet some cases confirm that the development
has taken the right direction. Particularly, the three subsequent approaches
considered below could be assessed as the steps directed from mainly computer
oriented representation towards essential characteristics of the language.

The first of these approaches (carried out in the 60s) was conceived as “inter-
lingua” between the primary record of language algorithm and computer com-
mands, which in that period were the only available means of final computer
realization. Both stages of this transformation were automatized: the initial
one by means of a compiler (for the most popular then algorithmic language
— JIMHI'BAJI), and the final — by interpreter, realized in two versions (for
“Delisi” and BOCM — type computers). It should be noted that the first step of
transition transforming algorithm’s original record into terms of “virtual au-
tomaton” operators was realized by a compiler built by means of the “automa-
ton” itself, that is by the “program” recorded in terms of its “commands”, this
is the evidence of its flexibility and potentially wide scale of applicability.

The internal structure of “automaton” almost reproduced that of computer,
though with two important exceptions: firstly, the operands of its “commands”
were symbol sequences (“chains”), which evidently are nearer to structure of
language units, than a single number/symbol with which ordinary operate
computer commands; the other peculiarity concerns the “memory”: it was rep-
resented by a changeable number of tables with variable structure. The latter
property of “automaton” was mainly oriented to correspondence with the style
of linguistic algorithms representation of those (partially of these also) times.
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So, for example, the most popular JIMHI'BAJI algorithmic language requires all
data, input, current or output, be placed in the cells of the tables which, in
their turn, serve as operands for the JIUHI'BAJI — operators (I Uukounze 1966).

The following stage of this development was creation of S3AJI algorithmic
language, this time oriented to the primary representation of language model
and so more similar to the high level programming language, which should, at
first, take into account conveniency of a user. At the same time, this new ver-
sion of representation retains the chain style of operands and even strengthens
it making possible to insert in these symbolic sequences the variable elements
marking the chain positions which correspond to changeable (alternating) ele-
ments, for example: georg. atAm, engl fOOt, russ. kIEV, etc. These variables,
marked with capitals, function as calls for the rules which must solve these
alternations (I'ogabpemmmse u np. 1978)

The record of algorithm as a whole in terms of A3AJl is organized hierar-
chically. Particularly, there may be singled out three levels: the lowest and
simplest one includes the most usual “atomic” operators (comparison (X=A),
assignment (X:=A) and call — (A), where any A may be constant or variable);
the next (“molecular”) level is represented by standard constructions:

(X=A=>Y:=B//Z=C=>W:=D), (3.1)

where as all conditionals so the whole right-hand part may be omitted; lastly,
the highest level is represented by “operator strings”:

L)CND=>M M,.M L_. //CND’=>M ‘M,‘ .M'L ', (3.2)

where CND, CND’ are conditions of (X=A) type, defining which of “molecu-
lar” operators sequences (M, or M’j) should be performed; either of them must
be concluded by some call-operator (L_,, or L ) pointing at the label of the
next “string” to be addressed.

From the modelling point of view such organization meant that each (3.2)
“string” should have performed some elementary component of model be-
haviour and the specially selected and organized groups of them should have
corresponded to some linguistically meaningful modules of the system and at
that, facilitate and simplify its final computer realization.
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These expectations were not vain: by means of SA3AJlI were recorded some im-
portant, mostly morphological (Georgian, Russian, German) algorithms, and
some syntactical (e.g. Russian) as well. However, the disadvantage of this ap-
proach is that it does not reflect any essential features of language (in first
instance, its bi-directionality and parallelism of processing) and quite vaguely
mirrors the other ones (e.g. sign structure of language). These considerations
and assessments have stimulated continuation of search of a “more language
oriented” representation and, resulted in choosing the net approach which is
considered in the next chapter. In conclusion we would mention the “interme-
diate” (between tabular and net representation) formalism, which was used in
the 70-s for synthesis of Georgian nominal word forms. According to this ap-
proach the processor was constructed as a quite complex net: some nodes of
it corresponded to grammatical categories and their arcs served for testing of
their values, but the others were related with tables organized in usual style
of tabular method of representation. Just the latter “complication” causes the
difference between this “mixed” approach and net representation which is
main point of this work.

CHAPTER IV

Net representation

In the nineties we reverted to the development of net representation which
had been begun some two decades earlier and then given up. Perhaps, the
strongest motive to address it again was intention to realize a bi-directional
morphologic processor functioning within single system or at least basing on
some substantial intersection of the both sub-systems (analysis/synthesis) that
appeared practically impossible by means of S3AJI. At the same time, this
approach seems quite a promising basis for representation of linguistic knowl-
edge, particularly, for demonstration of word form morphological structure
and characteristics.

The latter process, for example, may include three steps: firstly, should be
demonstrated the structure of word form itself, then its paradigm and its
place within it and finally the relations between its paradigm and other ones,
belonging to the same class. Moreover, it was supposed that both of these
steps might be accompanied by demonstration of the corresponding generative
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process (of word form or of whole paradigm), which would make obvious,
both the static, and the dynamic aspects as well. The net representation seems
to create proper means for the final purpose since this approach may be con-
sidered as a sort of peculiar synthesis of both static and dynamic aspects: its
externally stationary form still implies quite obvious potential trajectories of
the active point and corresponding to it dynamic process.

The basic structure of “morphological” nets follows that of “traditional” ones,
represented by a connected graph with finite number of nodes; from each of
them (with exception of final “target” node) issues at least one arc, and at the
same time each of them (with exception of a single initial “source” node) is a
final point for one arc at least. The functioning of the net is detected by motion
of the “active point”, which at every step of this process, firstly, is placed
at the some node and then chooses the one issuing from it arcs, continues its
trajectory along it and stops at the node at which points the chosen arc (in case
if such one exists). This trajectory of an active point always begins from source
node and reaches the final, i e. target, node, if the process finishes success-
fully, though it is not always necessary: the progress of active point may be
stopped at any node which has not an appropriate arc for continuation of the
trajectory, such a case results in a failure of a process. Finally, it should be
noted that, according to usual definition, morphological net does not contain
closed contours, that is, neither of trajectories would reach one and the same
node repeatedly.

The specificity of morphological net is related with labels of its nodes and
arcs; the sum of node label (NL ) and left-hand arc label (LHLij) represents an
united condition, whereas the right-hand label of arc (RHLi’j) alone expresses
another one. The movement of active point may continue only if both condi-
tions of some arc issuing from the current (N)) node are satisfied. The order of
arc testing is defined through their enumeration (0 < j > m), the active point
chooses the first of them (if any) which satisfies both mentioned conditions
and then shifts toward corresponding target node (TGNLJ.). Fig. 4.1 represents
the scheme of that single step of net process. Taking into account homogene-
ity of the net, the single step of an active point gives complete description of
processes proceeding in the net.
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NL » TGN

Fig. 4.1. (The comments in the text)

The entire semantics of the net approach is based on the import of two above
mentioned conditions (NL + LHL and RHL), which, in its turn, requires intro-
duction of two additional objects external for the net: one of them correlated
with the meaning (lexical/morphologic features) and another — with its expres-
sion (stem, morphs). Preliminarily, first of them will be defined as an ordered
set of X variables (0 <i<i__), and the either — as a variable symbolic string
Y. After that we shall identify the NL (node label) with one of Xi variables; to
complete the definition of left-hand condition it’s necessary to express by LHL
the kind of operation and its second operand (the first one will be represented
by NL ~ X variable). In the simplest case of a single operation (e.g. unification)
the first point will be excessive and LHL should codify the second operand only.
Now if the value of NL — variable and LHL are represented by the symbolic
strings, the left — hand condition will be reduced to the unification test of
these strings, which will be satisfied if one of the operands is void or other-
wise if their intersection will not be void.

Similarly, we begin with the simplest way of definition of RHL — condition:
we shall preliminarily suppose that its first operand is a single variable sym-
bolic string WF which therefore may be omitted in RHL — expression; suppose
this time again the existence of a single, though somewhat different operation
which as a result may be omitted either; and so only a second operand of cor-
responding operation should be coded by RHL. As to this operation itself it is
a kind of unification different to some extent from one defined for (NL, LHL)
— condition: firstly, it implies that both operand strings are represented by the
ordered (diverse from LHL) sequences of symbols; secondly, coded by RHL
string should be compared with segment of WF beginning from wap position,
where wap is some system variable, which initially has zero value then after
each successful RHL test increases by 1, where 1 is a length of successfully
compared RHL string.
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If both conditions (LHL, RHL) are satisfied, some assignments may take
place:

1) assignment of new value to Xi (i. e. NL) category follows only if LHL is not
void, if Xi(NL) is void it will be instantiated directly by LHL, otherwise
intersection of LHL and Xi(NL) value will be Xi(NL);

2)  Y(WF) string changes only if the position of it corresponding to the cur-
rent (before being increased by 1) value of wap-variable is void: then
Y(WF) string will be continued by RHL — string just from the mentioned
wap-position.

Apparently, import of Xi and Y, and of the net approach, may have a
straightforward interpretation: each Xi corresponds to some grammatical cat-
egory; Y is variable sequence of symbols which in case of analysis from the
very outset is filled up by input word form, and in the opposite case (of syn-
thesis) is firstly void and then eventually receives the additional substrings till
the complete output word form is built up.

In this primitive scheme NL + LHL / RHL relation looks as quite transpar-
ent embodiment of correspondence between opposite sides of language sign:
meaning/expression. Unfortunately, their mutual dependence is too complex
to be submitted to such simplified scheme of processing. To cope with these
difficulties enrichment of the repertoire of both side (LHL/RHL) operations
appeared necessary. So, for example, to the standard LHL — unification were
added: “pure” comparison (‘=’), ie. without any assignments following it; un-
conditional assignment (!); and address to the user (?), supplying possibility of
interactive regime. One more “innovation” concerns the value of LHL operand:
if the record is preceded by
tary to one directly expressed by LHL.

¢

sign, it means the set of values complemen-

The increase of RHL —operations is more essential and complex and we shall
outline them in connection with concrete systems which called forth necessity
of such “enrichment” of RHL possibilities. So, most of them (e.g. net recon-
structions and morphologic transformations) will be considered later; here we
shall dwell on one, though perhaps the most important, according to which the
nets may have two-level (in perspective — multi — level) structure, that is the
RHL may code a call of some subset. The structure of such subsets is identical
to the structure of upper level net with a single exception: they may not (as
yet) have their own subnets and consequently subnet call operation is forbid-
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den for their RHL’s. By the way, these calls function also as conditions, which
are satisfied only if the subnet process has finished successfully.

Translator of the system is realized by means of C- programming language.
The core component of it is net Proc program controlling the whole process: it
calls at each step of processing, firstly, tests LHL function, then (in case of a
success) — tests RHL, which test corresponding conditions.

If both conditions are satisfied it addresses the next node, otherwise, tries the
next arc of the current node (if it exists). The fundament of this interpreter is
a library of “basic” functions: copyStr, unifyFtr, convSn, etc. The nets them-
selves are represented by arrays of C-structures, each of them corresponds to
a single node one of components of which is again an array of C-structures,
each of them this time representing one of node arcs: its LHL, RHL and tar-
get node (TGN).

It should be quite obvious, even from this brief outline, that net approach is
really oriented to such fundamental properties of natural language as unity of
statics and dynamics, meaning/expression relation, parallelism of functioning.
In the next pair of chapters in the context of just mentioned characteristics
we consider one more essential feature of language behaviour, the bi-direc-
tionality of processing.

CHAPTERYV

Bi-directional processors

As it has already been mentioned we consider two possibilities of bi-direction-
ality: in the frames of a single united morphologic processor or as a pair of
partially independent systems, which are still based on some essential common
part. The former case is the topic of the current chapter, particularly, here
will be outlined two concrete examples of application of this approach: firstly,
Russian nominals of substantival declension and secondly English morphology
in the whole.

Such an approach, firstly, requires classification of words in accordance with
following principle: each class should include only words with identical corre-
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spondences between combinations of grammatical characteristics and means
of expression of these combinations. So, for example, all Georgian nominals
with unchangeable stem ending in consonant will be included in a single class,
since they have regular relation between number/case value and their expres-
sions (corresponding endings); however, for stems ending in a vowel the class
should be singled out whether this vowel is o or u, because of peculiarity of
their behaviour relative to genitive/dative cases of singular.

After that we may follow one out of two different ways of application of this
classification: one of them is to build set of nets (or branches of a single net)
each of them corresponding to one of above mentioned classes. Something like
that was mentioned in chapter 2 in connection with the discussion of possible
structures of dictionaries. Some realizations of such approach will be consid-
ered in the next chapter. In spite of principal validity of such approach for
the united bi-directional processors either, we shall here apply to somewhat
different method.

Processing, independently from its direction, is divided into two main steps:
first of them deals with stem transformations and is realized according to
the example (2.1), that is record of stem may include symbols which address
the rules (subnets) resolving correspondent alternations (see also Fig. 5.1). The
next, and the most peculiar for this kind of approach, step concerns ending
paradigm of the word: instead of building up various subsystems for each
class with identical structure of ending paradigm, we, first, subdivide the set
of these classes in subsets each including the “kindred” classes with identical
grammatical meaning structure (practically, appertaining to a single part of
speech) and then define for each of them a prototypical scheme of ending
paradigm which in the course of processing should be adapted to the peculiari-
ties of each member of the given subset of classes (i. e. of each variety of
ending paradigm behaviour of the given part of speech).

00

NBN foot - fOOt

P

ee
Fig. 5. 1. Net record for f00t stem record of English word “foot”.
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D(+ pg )

Fig. 5. 2. A net corresponding to 1pyG stem record for Russian word ‘npyr’. D- operator deletes all case-number
combinations represented by the second operand, if first is -’, and leaves them unchangeable otherwise, that is, if

first operand is — “ + .

Of course, prototypical scheme (net) should be chosen optimally, that is, it
should require minimal transformations in the maximal number of cases. This
requirement, though obvious, is not too simple to be strictly satisfied and so
we solved this problem mainly intuitively: as a rule this basic schemes (initial
nets) correspond to the maximal variety of grammatical values combination
possible for the given part of speech; as to expressions, only the most regular
ones instantiate the arcs of this prototypical net. Another peculiarity of this
approach is that choice of reconstruction which the prototype should undergo
is not finally defined by the class to which appertains a given word, it may be
additionally influenced by some rules of stem alternations (for example, if in
record of Georgian stem dedA, a-symbol is realized as a, it means that arcs
corresponding to genitive/instrumentalis singular and whole plural, at least of
its — eb- variety, are excessive). One more example is given in Fig. 5.2, where
D operator (see below) is represented in simplified manner.

To make the approach clearer it’s necessary to define three RHL — operators
which perform all reconstructions of prototype net. First of them — D operator
deletes arcs which are excessive in the current situation; it has two operands
REC and TRG, the first is unchangeable and functions as a pointer at the arcs
of TRG which should be deleted: particularly they are ones unifiable with
some of REC — node’s arc. Diversely from that I-operator (Initialization) as-
signs to both sides of TRG-arc, which turned out to be unifiable with one of
its (REC’s) arcs, results of this unification operation (i.e. intersections of cor-
responding LHC’s and RHL’s). Finally, N-operation (Normalization) addresses a
single (TRG) node and merges all his arcs with identical RHL’s: the so merged
arc retains its RHL but receives as LHL the concatenation of LHL’s of both
its “ancestors”.
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Fig. 5.3 gives an example of subsequent reconstructions of prototype cor-
responding to class of Russian substantives grammatically identical to ‘mom’
- ‘house’.

The picture is simplified the original net (“true” prototype), which has differ-
ent arcs for nominative (n) and accusative (a) in both numbers.

Fig. 5. 3. Reconstruction of nodes corresponding to Russian 1oM (‘house’) like paradigms.

In conclusion it’s worth mentioning that change of approach that will take
place in subsequent chapter does not imply the invalidity of this one, which
could be quite successfully used for generative system either. Moreover, in
spite of some complexities connected with necessity of prototype reconstruc-
tions, the intuitive (and fundamental) lure of this scheme is somewhat sup-
ported by association with general radial structure of our mental concepts
which it definitely calls forth.
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CHAPTER VI

Net representation of generative
morphology

The term “generative morphology” implies a system able to answer input basic
form (Bf) by whole its paradigm: for example, if input is same Russian infini-
tive, output should be the list of all members of corresponding verb paradigm
(P). In the course of its implementation we dispensed with some complications
of net approach used for united bi-directional processors described in the pre-
vious chapter. The main of these simplifications are connected with omission
of : reconstruction operators; the possibility of (5.1), (5.2) type records; the
use of “return points” for organizing of parallel forms/paradigms processing.

The classes of words with similar morphological behaviour are represented now
as simple lists (without any explicit information) addressed by corresponding
RHL - operators, and in case of success direct the process along the branch
of initial net which provides all necessary information for further performance
of generation. The size of these lists (strings) is essentially reduced by follow-
ing device (quite effective at least for Russian verbs): the stem of each verb
is recorded only once and then followed by all its possible verb prefixes, for
example:

nen + #3a + #ua + #nona + #00 + #B + #1o + #nepe + #pa3 + #npu + #10 + #ueno + #mo +
#npo + #Hot + #y + #BBI.

On the basis of so acquired information the process, firstly, singles out the
stem of input (Bf); secondly, transforms it subsequently into forms corre-
sponding to each member of paradigm and allots them to due positions; at the
third step process defines the structure of output paradigm, that is marks the
positions of members lacking in this paradigm; at the fourth stage takes place
concatenation of each already created stem with corresponding ending; in the
end, the system adds to each generated form its parallel versions (if such ex-
ist) and repeats the whole cycle for generation of parallel paradigms (if any
exists). The scheme is given in Fig. 6.1
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Definition of Generation Definition of Stem+ending Generation
Bf —»| paradigms |y ofstem Ll  paradigm [ —» of parallel [—»P
characteristics paradigm structure forms
1 2 3 4 5

Fig. 6. 1. The general scheme of paradigm generation (Bf— P), (the comments in the text).

The members of Russian paradigm (P) are alloted among Pi positions as fol-
lows:

P0 — infinitive,
P1 — P6 — personal forms of present/future tense,
P7 — P9 — infinite forms of present/future tense:
P7 — active voice participle, —
P8 — verbal adverb, —
P9 — passive voice participle; —
P10, P11 — imperative (singular, plural),
P12 — P15 — personal forms of past tense:
P12, P13, P14 — masculine, feminine and neutral of singular, —
P15 - plural; —
P16 — P18 — infinite forms of past tense:
P16 — active voice participle, —
P17 — verbal adverb, —
P18 — passive voice participle. —

Thus, the P- array of Pi —symbolic strings represents the whole resulting
paradigm, each of its elements (Pi) contains expression of one of these para-
digm members, and position of this element in P-array (i-index) points at
combination of grammatical features which characterize a given word form
(Pi) in the context of P-paradigm primarily defined by the input basic form
(Bf). However, to reach this result the generation scheme (6.1) guided by in-
formation collected its first block should transform Bf —stem in Pi — word
forms: firstly, generate all versions of stem (block 2), then concatenate them
with corresponding endings (block 4) and, finally, perform the similar opera-
tions on parallel forms (if some of them are present). All these manipulations
with letter sequences require some more powerful means of operations on
symbolic strings than those used in the systems and described in the previous
chapter (unification and some its modifications). The main operational innova-
tion called forth by implementation of generative morphology is a complex
RHL —operation, which is here considered as “morphological transformation”.
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Each instance of them is represented by series of elementary operations;
global transformation, corresponding to the series in the whole, has a single
object, symbolic string, which is tested and transformed by the elementary
components of the global transformation: unconditional single (!) and multiple
($) assignments; comparison from some fixed position of object string with
some substring (=) or search of it beginning from a fixed position (*); dele-
tion of object’s substring (-); insertion of some substring which may delete
(%) or not (+) the content of corresponding object positions. The most part
of these elementary operations depends on “starting point” of its application
marked by values of oap (“object active point”) variable, which, in its turn,
changes in accord with results of some mentioned above operations (=, *,
+, % ); moreover these changes of oap — wvalue are unidirectional within a
single global transformation, that is, it may increase or decrease only during
the single global operation, the former of these directions (from left-to right)
is marked by ‘>’ preceding the global record, and the latter (from right — to
left) is implied by default. The shifts of oap-position may be influenced by ‘|
symbol which somewhat “hampers” the movement of oap, e.g. “stopping” it at
initial (not after final) position of newly inserted substring, when the global
direction of process is “from right — to left”.

Quite naturally, morphological transformations, being fully aimed at word
expression, are included in repertoire of RHL — operations. Below are given
some illustrations of applications of morphological transformation:

a) Russian verbs
[mute] - 6 $ [P12:18] - u+ b § [P19] - + ¢ $ [P10:11] => mm, i, e
[Maxats] — TH$[P1:18] - xa + m $[P19] => maxa// mam
[moBopaunBaTh] * | aun — aum + Tel * 0 % & => MOBEPTHIBATH
[mogpimMare] > *| BIM - BI + HM => [MOIHUMATH

b) English examples
[foot] >* 00% ee => feet
[bring] — ing + ought => brought

c) Georgian examples
[pan3ara] — a +is *|a — a => panjris
[ ket ] > + v +a![vaket] + eb+ d + i+ t => vaketebdit

Some quantitative assessments of the described Bf—P system generating Rus-

sian verb paradigms are given in conclusion of the chapter: in parallel with
other data of this kind is noted that generation of nearly 30 000 Russian verb
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paradigms is based on net system including about 1000 nodes and that the lat-
ter value may be essentially (by 256 — 30%) reduced, if generation of parallel
paradigms is performed via external cycle on the basis of information included
in more usual version of a computer dictionary.

CHAPTER VII

Applications of BIP system

Here we consider two opposite possibilities of BfP-system application: funda-
mental and practical. Of course, they don’t exclude one another: it’s especially
clear for the “fundamental” aspect, which is oriented to building a bi-direc-
tional processor (this time on the basis of (BfP), that is, to the goal which runs
all through the book. Obviously such perfect morphologic processor should play
important role in the scheme of the language modelling, on the one hand, and
be useful for many practical purposes (tagging, spelling checking, word for
word translation, etc.), on the other hand. At the same time, the BfP — sys-
tem may be applied directly for solution of some practical tasks: the example
of this is described in the final part of this chapter. Moreover, it’s notewor-
thy that work on this purely applied problem (morphological support for text
printing) issued at the end in some purely theoretical hypothesis, will also be
discussed in the final part of the chapter.

BfP based morphological system may straightforwardly perform the synthesiz-
ing mode of process. Indeed, the input information includes both lexical and
grammatical data: the former defines corresponding dictionary (basic) word
form (Bf) and the latter points at paradigm member (Pi) which should be
chosen according to the input data. Strictly one-to-one relation between gram-
matical features combinations and values of i-index makes possible to build a
special net which exercises option of the Pi corresponding to the grammatical
data and vice versa.

Essentially more complicated problem is caused by the analysis since in this
case the basic form (Bf) and grammatical features (i) of a required output form
are “codified” in the input itself and should be “decoded” just by the process
of analysis. Of course, situation is not hopeless in this case either: The system
may in consecutive order generate paradigms (P’s) of all possible basic units
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(Bf), some of which necessarily will include members identical to the input
form (of course, if the latter is correct and if the former, ie.the system, is
exhaustive). Unfortunately, such an approach, possible from abstract point of
view, is utterly inefficient operationally and, quite doubtful, from fundamen-
tal view point of language modelling.

Thus, the main problem of building BfP based bi-modal morphologic proces-
sor is reduction of possible operational expenses which are correlated with the
product of two main component requirements: search of Bf in the diction-
ary and option of Pi corresponding to the input form. For reduction of former
component is quite natural to address the initial fragment of basic (dictionary)
forms, particularly in the case of language without inflectional prefixes (e. g.
like Russian , but not Georgian), and as a result — with comparatively stable
stems, often represented just by the initial fragment. Nevertheless, taking into
account that even the stem in a number of cases undergoes some (compara-
tively regular) variations, it looks sensible to single out the initial invariable
fragment of a stem and use it just as a marker of corresponding dictionary
unit, which means that BfP generation should be initiated only if initial part
of input form is identical to that of Bf-marker, that is to initial constant frag-
ment of Bf.

Unfortunately, such generations in spite of coincidence of initial fragments
appear “unwarrantable”, creating some paradigm (P) which does not include
the input form as a “lawful” member. Of course, such uncertainty stimulates
a search for some additional filter, particularly, that which would stop the
wrong process of generation as early as possible. In the case of BfP-system
with this function may be entrusted one of earliest stages of processing, that
is one which corresponds to the second block of Fig. 6.1.: generated by it full
stem paradigm in many cases may be helpful filtering off all cases when initial
fragment of input form is not unifiable with any of just generated stems.

This pair of filters should essentially reduce average number of “vain” para-
digm generations, however only their negative endings are unconditional, as
to positive ones they may be sometimes finally correct, yet may be wrong
either (so, one of many counterexamples are ‘He-’, ‘Ho - ‘ stems of Russian
verb ‘ners’ which would not filter off generation of its paradigm if input is
represented by one of forms of ‘mernaTs’, ‘mopsarh’, etc. verb paradigms).

3

Now, when the possibilities of initial fragment are exhausted we can try to
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obtain some additional information from the opposite side of input form which
(at least in case of strongly inflectional languages as e.g. Russian) is main source
of grammatical data, which will always reduce the area of search in the limits
of each paradigm and in some cases could be useful for reducing the dictionary
cycle of search either. The approach proposed here implies procedure of mor-
phological tagging which precedes the basic cycle of dictionary search. This
means that these taggers should function without referring to any dictionary
basis. Two taggers of just this type have been described, both of them dealing
with Russian verbs: one with reflexives only, and other with the rest of verbs.
Both are represented by nets, however the former only is computerized and
tested on quite broad corpus of examples. It is quite effectual: for example, its
“dictionary” is represented by a list of about 300 units (compared with nearly
10 000 reflexive verbs all in all); its results are almost always exact (with the
exception of 10 or 15 cases of hopeless uncertainty, like ‘ckpectucs’, ‘comnumce’
and few other). Of course, such success decisively depends on peculiar endings
characteristic for Russian reflexives (‘-cs’, ‘-cp’) and almost faultlessly defining
their part of speech. The other part of verbs (non-reflexive ones), devoid of
such advantage, is somewhat less informative, however both components of
verbtagger provide data sufficient for essential reduction of search area on the
field of paradigm members (which in case of Russian verbs may include up
to 100 units). Moreover, these data provide some additional means to restrict
dictionary search and, to brake unwarranted generation process. One example
of usage of these data is the case of ‘mon’ (‘floor’) input which has initial
fragment (‘n-’) identical to constant initial letter of verb ‘metrs’ (‘to sing’) and
moreover is unifiable with one of ‘mers’ stems (‘mo-’); only fact that can timely
stop this wrong process is incompatibility of the earlier supposed by tagger
(on the basis of hypothetical ‘-1’ verbending) verbal characteristic (past tense)
and paradigm area where this stem of ‘mets’ (i.e. ‘mo-’) is used (present tense
and imperative mood).

Naturally this tagging system being completed may be directly applied to mor-
phological tagging of corpora and so is the BfP generator itself: one of its ac-
tual applications is described below. In particular, BfP (as yet its verbal part)
is used as morphological component of Russian text Printing Support System
(PSS), the general scheme of which was created in KTH (Kings Technical
High school, Stockholm) and has already been used for 7 different languages.
According to this scheme the user (printing person) sees on the screen lists of
the most probable continuations of already printed part of a text; as a rule
these lists contain word forms which most likely should be the completion of
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the current, partially printed, word; however at some stages of this interac-
tive process it appears more profitable to propose to the user a whole paradigm
of a word. In the last case system shows the basic form (Bf) of this paradigm
followed by three dots as markers of the just mentioned possibility to get on
the screen the whole paradigm (P) corresponding to the Bf. Of course, the
crucial role of BfP becomes obvious in the context of the latter task: just Bf—
P process issues the required P-paradigm. The only impediment on the way of
direct use of BfP is the restriction on the number of units which may be si-
multaneously demonstrated on the screen in the course of interaction between
a user and PSS — system: this should not exceed 9, which gives a user the
possibility of making option by a single key click. At the same time, it’s obvi-
ous that the number of steps necessary for demonstration of whole paradigm
should be reduced as low as possible. Satisfaction of both these mutually op-
posite requirements, particularly, in the case of Russian verbal paradigm was
the main point of this work. It is solved by means of special system superposed
on BfP, which demonstrates its results (P) in conformity with above mentioned
restrictions. The basic units of this upper level system are symbolic strings,
the initial part of which contains pointers at concrete paradigm positions (Pi),
option of which is equal to final decision for current word printing; the rest
of such string includes symbols Ej which mean calls of the next string and
consequently continuation of paradigm demonstration. During the actual dem-
onstration each Pi is realized on the screen by the content of corresponding
paradigm position, that is, by there recorded word form; as to Ej symbols they
are represented, as a rule, by stems (followed by three dots), corresponding
to some sub-paradigm: for example, above mentioned ‘mo ..
verb will point at string corresponding to present tense and/or imperative sub-
paradigms, and ‘me..” — at infinitive and past tense forms. Consequently, the
set of basic strings is classified in accord with such sub-paradigms, and strings
of such class are united into a single table. The system is realized by means of
an interpreter which operates with these symbolic strings and performs proce-
dures encoded by them.

)

stem of ‘metp’

In conclusion, it’s worth mentioning that structure of the just described sys-
tem is equivalent to the scheme of net representation and the whole imple-
mentation could easily be reinterpreted in terms of the latter.

Finally, as it’s characteristic for the whole development of computer linguis-

tics, this act of application of some theoretically justified system (BfP) to the
purely practical one (PSS) has not remained without some, though as yet quit
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vague, theoretical hypothesis: particularly, we can imagine that mechanism of
morphological generation (like BfP) being situated on somewhat deeper layer
of our unconscious passes its results over to some higher layers (e.g. occupied
by phonological/phonetic systems) by portions selected according to the re-
quirements of higher levels (that is, functions as a “remote kinsman” of BfP
superstructure in context of PSS system).

CHAPTER VIII

Draft of the net represented syntax
level of language model

Apart from practical applications fundamental aspect of language modelling
unconditionally requires from each its component compatibility with the rest
of the system. Moreover this integration should not reduce merits of each
component or violate the homogeneity of a system as whole. Possibilities of net
representation in this respect are illustrated by modest component of syntactic
level and its interdependence with morphology.

The object of this test is Georgian predicate-actant relations, which represent
the core of a simple sentence. The quite simplified scheme of Georgian verb
valences may be given by the sequence

C SDI, (8.1)

where C symbolizes causative relation, S — subjective (agent), D — direct ob-
jective (patient) and I — indirect one (addressee). It should be underlined that in
that what follows a definite preference will be given to semantic (not syntactic)
relations. From this point of view, the tenor of the task is definition of rela-
tions between semantic roles (8.1) and their morphologic correspondences, that
is, between former ones and cases by which they are expressed in the text.

In the case of Georgian verbs these correspondences become more complicated
due to their dependence upon verb form, particularly, upon characterizing its
tense, aspect, mood features, i.e.its scrive category. According to this, 11 verb
scrives of contemporary Georgian language may be divided into three class-
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es (“diatheses”), each of them being characterized by unchangeable corre-
spondences between syntactic functions and grammatical cases by which they
should be expressed: particularly, case correspondences of syntactic subject
and direct object are alloted according to values of diathesis (d) in following
order

d=1:n-d »e—n—dn, (8.2)
d=2:n-d, (8.3)
d=3:d - n, (8.4)

where n- symbolizes nominative case, e- narrative (ergative) and d — dative;
arrow signs ‘—’ in (8.2) expression mark transitions from first group of scrives
(first series) to the second and then - to the third one, each of them having
its own case correspondences for subject-direct object in the frame of first
diathesis (d=1).

Now by mediation of (8.2 — 4) it’s possible to build, though essentially simpli-
fied, the scheme of case expressions for (8.1) sequence of semantic roles. It’s
illustrated below by example of wverb ‘Seneba ‘ - ‘to build’ having the maxi-
mally complete set of possible subparadigms:

d=1 (active voice)

a) direct transitivity
1 st series: Ond0 (‘aSenebs’ - ‘he is building’ )
2nd series: 0en0 (‘aasena’ - ‘he has built’)
3rd series: 0dn0 (‘auSenebia’ — ‘it turned out that he has built’)

The general scheme of active voice direct transitivity paradigm is:
Ond — O0en0 — 0dn0

b) indirect transitivity
1st series:Ondd(‘uSenebs’ - ¢ he is building for somebody’),
2nd series: Oend (‘ashena’ - ‘he has built for somebody’),

3rd series: lacking;
d=2(passive voice)

a) intransitivity
all three series: 00n0 (‘Sendeba’ - ‘is been built’);
b) indirect transitivity
1st and 2nd series: 00nd (‘uSendeba’ - ‘is being built for some

body’, ‘is been built for somebody’),
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3rd series: lacking;
d=3 (causative)

1st series: ndd0 (‘aSenebinebs’ - ‘he causes somebody to build’),
2nd series: edn0 (‘aaSenebina’ - ‘he has caused him to build’),
3rd series: lacking. (8.5)

The meaning of n, e, d symbols in (8,5) is identical to that in (8.2 — 4), and
their order repeats one of (8.1), that is, each symbol of latter expression cor-
responds to the case sign in the same position of fours of symbols in (8.2 — 4)
with exception of zeroes which symbolize the lack of corresponding semantic
role occupying the same position of (8.1): for example, none of verb forms
mentioned in (8.5), with the exception of causatives, imply semantic role of
causation agent (C).

A special net similar to one used in previous chapter functions according to
(8.5), that is, defines semantic valences scheme for each verb form proceeding
from following characteristics: diathesis (DT), series (SR), causativity (C) and
transitivity (TR). In addition to these features already meant in (8.5) the net
scheme uses an additional category (IR) marking such highly irregular verbs
as: ‘aris’ - ‘to be’, ‘dgas’ - ‘to stand’, ‘zis’ - ‘to sit’, etc.

The result is recorded by symbolic string (scale) containing one of (8.5) four
symbol sequences. It’s supposed that resulting data of morphologic analysis are
represented by a set of such scales either: particularly, one of its elements
should correspond to distribution of case markers in the text (sentence): posi-
tion of such marker corresponding to the place of noun, the case value of
which it symbolizes, and symbol occupying this position pointing at the value
of case category (n, e, d). After this the further process is organized as a kind
of unification of the both above mentioned scales: of semantic roles and of
noun cases. It’s noteworthy that process scheme implies leading role of mor-
phologic level: Morphologic processor is meant to stop its functioning at each
point, it comes across a noun word form with case characteristics which may
be relevant to verbvalences; in such case it calls upper (syntactic) level instan-
tiating it with just collected data.
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CHAPTER IX

Semantics of morphology

After brief excursus in domain of syntax it seems natural to touch upon some
points of morphology/semantics relations. Besides the purely functional merits
of these relations, they have very deep fundamental import either, as they
are straightforwardly oriented to our thinking and its relation to being. This
aspect of grammar, especially, of morphology and some its illustrations are
briefly regarded in the current chapter, and all through it runs the stance of
cognitive linguistics according to which grammar is considered as metaphysics
of language “ordinary” users, supplying them with basic concepts necessary
for perception of the world/being and creation of its picture: e.g. concepts of
space, time, object (thing), quality, relation, change, state, process.

Starting point of the picture development usually is the concept of space, in
which according to the meaning of the most fundamental verb “to be” exist,
are somewhere placed objects, things ( the prototypical nouns) characterized
by certain qualities (prototypical adjectives). These qualities may be more or
less similar and just in the case of similarity the things obtain common name
and any of their subset may be addressed via plural of their name. The fea-
tures of objects define several relations between them, particularly, their
positions in the space (the prototypical one should be a distance between ob-
jects in the space: nearer/farther), changes in the time (prototypical change is
movement) and thus, the state which is characteristic for some time segment
may differ from that of previous and/or subsequent time segments. All these
changes, the world as a flow of phenomena, is mirrored in verbs: the begin-
ning/end of the process, its proceeding (aspect), its time orientation relevantly
the moment of speech act (tense), the roles of process actants and their cor-
relations (semantic and syntactic valences). The fuzziness of borders between
objects, qualities and process/states is particularly mirrored by relevancies
between different grammatical classes: derivation of noun from verb and vice
versa, participle, derivation of adjectives, nouns and verbs from one and the
same root, etc.

In the process of language application, particularly, while speaking or lis-
tening, the language user projects this grammatical “net’ on “reality” and
shifts the entities (objects, features, processes which get in their “cells”) to
her/his own (“language”) space by means of same corresponding metaphor.
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Thus appearance of any “new” concept takes place not only in the result of
abstraction but of this “metaphorization” either. An important example of
such metaphorical shift is the function of a grammatical case in the context
of verb expression of some state/process. From this very point of view here
is discussed semantics of Georgian subjective cases (nominative, narrative,
dative); one of purposes of this investigation was illustration of cognitive lin-
guistics statement according to which each language entity is a sign, that is,
besides expression it should have the meaning also.

The proposed definition of case is based on two features of the verb, in con-
text of which given case is marking its subject: these features are “perfec-
tivity” (P) of the process and “reliability” (RL) of information supplied by a
verb form describing this process. The former is closely related with the verb
aspect category, and the grades of the latter are correlated with values of
mood (narrative/subjunctive) and tense (RL degree should decrease according
to the order of three tense values: past-present-future) The two-dimensional
scheme based on these features (P, RL) demonstrates dominance of the nar-
rative (ergative) case which is followed, firstly, by nominative and then — by
dative cases.

The consideration of semantics of Georgian case system is continued by an
essay concerning the genitive case. It’s based on the metaphor, according to
which “the relation between objects is mirrored by the distance between them
in metaphorical (language) space: the closer the relation, the nearer the po-
sitions of corresponding objects in this (language) space”. The prototypical
meanings of the genitive violate only the symmetry of this hypothesis: the
genitive case marked object attracts to its “environment” another, which is
somewhat related to it. The concept of “environment” looks very important
even from more global point of view, it should be relevant not for the objects
only, but for the verbexpressed processes either: the part of situation which is
singled out by an observer and expressed by (used by her/him) the verbalways
presupposes some “environment”, i. e. something which took place “before” or
will take place “after” the singled out part of global process/situation.

Simplified to some version of “environment” concept is used for description
of Russian ‘B(0) - /BbI' - preverbsemantics. Division of the space in two parts
“inner” and “outer” for the object appeared quite sufficient for description of
this pair preverbs’ semantics, since in this case only two directions of move-
ment can be considered as a prototypical: from outer part of space into the
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inner (‘B(o) -° prefix) or vice versa ( ¢ BbI-’).

For both cases, of Georgian noun case and Russian verbal prefixes, several
secondary metaphors are built on the basis of the prototypical ones and the
sum of former and latter gives quite complete description of the semantics of
these entities.

CONCLUSION

The final part of the work gives brief draft of its total content and underlines
main points which motivated its creation on the one hand, and a basis and
means for supposed solutions of all considered there problems on the other
hand.

The first point of final review defines dynamic aspect as an intrinsic and in-
separable quality of language without which its usage and even existence seem
unimaginable. This aspect only makes possible for us to speak/understand sup-
plying the means to reach from either side of language sign its opposite one, in
spite of difficulties caused by the lack of strictly one-to-one correspondences
between mentioned sides of sign (meaning/expression) in quite frequent cases.
Just the necessity to overcome these difficulties (created by synonimy/homon-
imy of language signs) defined the significance functional aspect, just in their
context it manifests itself as an essential part of language, turning the latter
into something what deserves a term “language system/mechanism”.

Naturally, dynamics is based on language statics and operates for it (pho-
nemes, morphemes, words, etc.): from the point of view of language as a
whole (“language system”), each of its aspects, dynamics or statics, acquires
its sense only in the context of opposite one (likely to mutually opposed sides
of the language sign itself). In the course of language system functioning dy-
namic operators use static units as their operands, decomposing by them some
complex expressions to decode its meaning or concatenating them with each
other to express the total intended meaning; the similar operations, though of
opposite direction, it performs at the same time with meaning entities.

All above said should make obvious that cognition of language as total will
never be perfect without investigation of closest relations between these two
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aspects, statics and dynamics, that is without mirroring their mutual influ-
ence and adaptation to each other resulting in their integration in a single
total system. At the same time, it is difficult to imagine the means for such
undertaking other than modelling approach, that is, attempts to create some
artificial system simulating the language behaviour and possibly answering all
knowledge or intuition about intrinsic character of language mechanism which
is available at present.

However modelling of such huge and complex object as language requires
powerful means of implementation and subsequent testing and correction,
definitely pointing at the single contemporary equipment which could cope
with such difficult problems, that is, at computer. By the way, if we acknowl-
edge that language modelling is the main and fundamental aspect of computer
linguistics, it would become obvious that the title of this discipline is quite
justifiable. Moreover, taking into account the purposes of cognitive linguistics
which should be the cognition of whole of the language (particularly, search
for valid approximations to the true structure and character of functioning
of this most important feature of homo sapiens), we may relate computer
linguistics to cognitive domain, where in addition it should play a leading role
guiding this discipline to its true purpose.

However, the most serious impediment on this promising way of language
research development is a radical difference between well known structure of
computer and means of its application, on the one hand, and partly obvious,
partly supposed or intuitively imagined structure of language mechanism, on
the other hand. It seems the most natural to reconcile this opposition by the
mode of model representation which can take on a role of mediating link be-
tween two disparate structures: that is be convenient for both language system
representation and computer implementation.

Such “weak” requirements should meet needs for practical applications of lan-
guage systems. The “stronger” approach may require that this representation
should reflex quite directly and transparently fundamental features intrinsic
to language (sign structure, parallelism of functioning, bi-directionality of it,
etc.). Particularly, such means of representation may be considered as a basic
metaphor rendering the global picture of language structure.

Of course, our approach in no ways could have a claim on perfect solution of
such a mighty problem, however we hope that it may be considered as a small
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step in the right direction which somewhat serves the final goal of language
modelling and in the end — of the language cognition as a whole.

We accomplish this review by enumeration of concrete tasks which were ad-
dressed proceeding from above mentioned global considerations and at the
same time, served as stimuli and basis for their origin and development.

1.

10.

SI3AJT —(S3ekoBeIe AJlroputMbl - Language Algorithms) — algorithmic lan-
guage (chapter 1, appendix A), by means of which where recorded many
processors, including Russian morphologic analysis (appendix B);
“Hybrid” representation of Georgian nominal word forms; the net compo-
nent prevails in it already on table and A3AJI means, what makes possible
to consider this approach as the origin of “purely” net representation used
later (chapter 4, appendix C);

Net represented bi-directional (synthesis/analysis) morphological proces-
sor for Russian substantives (chapter 4,5);

Interpreter of net representation formulated by means of C-program-
ming language (chapter 4) and computerization on its basis of English bi-
directional morphologic processor (chapters 4,5);

Expansion of net scheme by adding to it morphological transformations
and use of so enlarged system for representation of generative morphol-
ogy (BfP) (chapter 6);

Net representation of Russian verb morphological tagger (without diction-
ary) as a component of BfP based bi-directional morphologic processor
(chapter 7);

Application of Russian verb BfP generator to the Printing Support Sys-
tem (Prophet) for which it fulfils the function of morphologic component
(chapter 7);

Broad scale variations of dictionary structure: leading off with maximal
dynamism (alternations solution by a specific record of stem and affixes,
the process control directly from dictionary, etc.) — up to reducing it to
static, hierarchically structured list of basic forms included directly in net
scheme as its intrinsic component (chapter 4-7);

A draft of morphology/syntax interface scheme based on supposed net
representation of both levels and illustrated by example of Georgian
predicate — actant relations and their case marker correspondences.

The meaning of case markers (their contribution to semantics of grammar
and moreover to the whole mental picture of external world”) is consid-
ered in concluding part of work (chapter 9).
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