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PREFACE

This journal introduces a new volume of “The Georgian Journal for Language Logic Com-
putation” edited by the CLLS of TSU with support of the International Kurt Godel Society
in Vienna. The aims of the journal are twofold: It should increase the availability of the most
fundamental publications of logic and linguistics to the general Georgian audience by trans-
lating them into Georgian language. In addition it should promote the international access to
important papers of Georgian scientists hithero untranslated by editing them in English. The
volume will therefore establish a forum for the Georgian public and international and Geor-
gian 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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3obmdab dagfMgdbs @s 03 bo@ygzgdlb dmEnl, HMImgdo(s 1339 30(300, @S bobammdmng
— 35d0b, Bm(30 363009600, 1) MaDgs Ma3oM30; gb Yzgmoygfn 3o dMs(3bmdngMowm
bgds. bbgs Logyggdom MmMI gordzom, 3g@Yyz9mgdalb goa39ds dg@gboe gxmdbgds
0009680g30(3060905L 3603369emmdal Bobgg0m s sGs Fbmemme — 5 31LE0 39O nwagb-
&0g0(30679050. doMmamas, 3MI3onEgMoo 39L& 030lL 3EMdmgdslb sgnma@ 3oM-
039300 3L, 0913(35 3603369mmMdolb 3EMdmgds 3o0b(3 dbgma Imbogzamgdgmos.
5d0@mdd(3 9M0ab, HmA 53m (3565, 3MI30nEgMds gongmb badg@yzgmm gbs, ¥gM 3003

35051byY39@gmns, dobgosegse 843wy batdmgdmma 60-bensba 33emggabe.

33b@og Mo 3Mmdmgds  MormeEgds, Mm3d 398 Yy39mgdsdn  dgMmagmmos

04(39680. 09y 09396 ma3oMd3mdm ,LbEObEIMEG MM 539M03m 0bamabyML, 35dab
Lo@ygodo park ogzgb boM3modzedm 7 dagMob. vy dmb@mbowsb dMdobmgdom,

dgodmgds bom3mmdzom ,pahk”; 83603 oy 0d396 bogom 3g9mo dGdsbogdom,
dgodmgds oggem ,pawk®. yzgmo gb Bodmmgds, Jogbgmoegem gobbbzeggdgdabs,
960 LoByzee 0:3mgds 0dalb godm, Mm3 gsbbbgeggds Lol gdgddo, Mmdmadbscs
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®000m g0 b BoM3mmds 4969391013690, 3m80300, ymzggmmz0L gMon s 030390
(»heart vs. ,haht vs. shawt"; ,guard® vs. ,gahd” vs. ,gawd" s 5.9.). o gb yzgmoggco
36 360b. gm0 s 08039 3 9M3MdS Lbgoabbgs Lol gdsda dgndmads bLbgoabbges
bo@Yyz9gde@ Rsomzgsmmb. do39LEgMbgmal (dnsmsbsgmgmgmab) 39@y3gmadado
»gahd® o@al Lodyzs god; dmbLEBMbgmal boMmdmmddadn gb oMol LoGygs guard,
Bgbabgmmab gb oMol bo@ygzs guide. H5300gbss(3 BoMIMnJdal ymggmomzal sbmagl
2939680, 0b6@gM3Mg@&nMgdal 3obgbor hggba Logmmsma o4(396@0bL dobgwgoo.
08330050, M bmdgdol 9Mo s 03539 bo@yzow 0hbgzs @odm3nEgdymoas 0dady,
o M5 Lol gdslb (56 LobGgdolb MmMIgm 356M06EGL) a96g3mm3gbgds Mammgmmao
— 38 dg8mbgg393d0, o9y MmamEo 83960 sbabosmgdl Bamdmmgdsb. Lodysob
00096@0g30(306090s 6560mmdMng dgbodmgdgmn begds dobo saomom bobEgdsdo
— bbgs ®m3gm Lo®yzgdlb Y3oMabdomgdws, Mmdgm Lodyzgdlb 3gozb dggdomo
dgdo@agbemmdom s 8.9, 83039 MM, LoLEGgds 5ab LobEgds bmemme dobo
9350039690 boboemgdols Bysmmdom s ghm-gemo sbgmn 3gdomagbgmos bodyges.
b69Dg bm3 o6 dogmngecon?

dog®ad gb oM oMob Ladgrnlff gmm BMg. o ©o393300mgd0m, dbgsgbo
30000985 335430 Loddodommab s 303306 9d0m. MoGMI 3Gl gMmn MHmIgmoms(s
g b333sdsma? 0308 m3, H™M3 ol MLzl MEFsdsmb, Bab MLEMEL MmdbIsdoml
5 0bgg agds gabyymo boddsdomnwab 3300 Ml dgdwmaa. s©sdnsbgdl MHMI o6
©396Mdz00 babgmgdo mggdobsmgal, oM Lsddsdsmn 0dbgdmes (sbgs, 567?).
dogMod Madgbowais hggb 3m3gMomgdor gfmo s 0dsgg Lab@gdolb dogboom,
960dsbgmabs 393960360 a39L30b.

dgodmagds  00g3oL, Om3  boddsdomn oMol gfmgzeto  ,dgmobbdgds”. o3
dg0obb3gdal ghmo Bobomo 560l ob, 0y Mmool 0ffygds Lsddsdsma. Rggbmgals
bm@domaEns, ®m3  boddodsmo 0bygds 3Momsdoesb (Mo, mez0b  dbMng,
ddmzoEgdamos R3q6L  dgoobbdgdady, Moz w3o3d0Mmgds  Lassal (Mmool
90gmmb) ©s ©mmab LaM@Gymagol). dogmsd Mmool GMowazogmn goMsmmo
35396000 sbao mg 0bygds 3bal Robgmowsb (Mmam(s gb ,oodsgdob® bogbdas
boonggodo: ,o 0gdbs 36gbGo s 0ddbs gobomns Mg gMma®). Mgmogomdo
doamdom, Mo 0dds Mmbws, gL dobamgdos.

Bgdmm 50bodbymoa dbggmmds dobbo abobogl, ggzohzggbml, Gm3 bLodygol
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356bom3s, Babogob MmzombsdMabom, 393Mb sMoxgMmb a3998b69ds Mmaza Lo@ygal
dgbobgd. Mo 30bs30mmdgdl mMn dggMamdol ngb@nxniamgdsl gfm bodyzowm
30M39mgbo@, LognMms 8db@EMmodnmgds dmmadamszol b3ol nbwogomsmyma
dobobnomgdmgdabagsb, 3oL Gmbommdabs s bmaxad — oJ396@0bogsbss;
0J(396@0bogsb  s0LEMe30Mgdobomgal 30 LogoGms  (36gds  0d  dagMomo
LobGgdobs, MmImabmgabsi dmgdmo  od(396@0s ©sTsbsbnomgdgmo. oMy
960 33 bogomnbomogsbo s30bE 03zl BgMdnbgdda 39M mogbrgds. domn gobbomgos
dgbadmgdgmas 3bmmme 08 Lol gdgdal 8 gcM3nbgddn, Mmdmgdos Im(393mm gbsdy
33505 39Ms ,0539630" M0dobMgds 3Mmabo@nyMo ;mgambsdbMmaboo.
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6
M5 0013m9ds gMm S 03339 bo@yzswe?

AmEabsg 3bbsgmmdm Lo@yzob 360d3bgmmdsl, Abgds dmgma Mogo dgzom-
b3900bs. 83g35M0 dgz0mbggdn bdoGew Nhbogdsc Rgdbsom m0bazob@gdl o
3930950 30h396mm, o) M3 bsw Mommos Jocmdg 3oLyybab go(3gds.

©o30bymor doM@ngzn dgzombzom: oMl o ofs gMmn s 0an3g 93 ™o
Boboogdol dmemdn 3m393mmo bo@yzgda?

She went down to the river and stood on the bank.

»0b Romyg3s 3nbomgl s Ba3nMby owas.”

She went to town to take some money out of the bank.

»0b Bog0@s Jomoddo 856300056 gumal 30dmba@ebaw.”

09 ,LoBYzmdsbolb” 5medsdmdoe, 85306 bgMammds oMl dmsgetn o
d93000b35L5(3 3bM oMo og3b, FogMed oy gogomzamalbbobgdo 360d369mmdsl,
35306 96MLgdmMdL Mmoo gbs dm39dmmo Lodyanal smbgMmabs. ghmo abs sMab
dg3ga0: hogmgommm, Gmd bodygs bank-b sJ3b ™G 36n0dzbgemmds; Jgmeg abo
30 dg0dmgds agmb sbgmo: Bagmgammm, Hm3 boddg a3093L Mmoo gobbbgseggdmemo
3603369mmdal 3dmbg m Lo@yzebmab, Mmdgmoms bomdmmdds(3 s abgmammda(s
096G NM0s. 09 3030m35m0bB0bgdm 03 dgdmbgzgzgdba(s, Mmdmagdos dgdamddo
Mbs gobznbommm, Ngdm Jobsbdgbmbara RsbL dgmeg mgembsdMabo. sdwgbsc,
33 308y30, Om3 gb oMol mEo Lbgswsbbzs Lodyzs, MmImgdoi BaM3momddal
Mmames bank. ool b3gnsmy@o &qMmdnbo 83 dgdmbggzabomgal: gb memo bank
960035bgmals dndoGm gobaboemgds Mmam(3 ,m3dmbndgda“.

sbs gobgabommo bbgs mmbo Bobsogds. 83 bnboswgdgdal dmemb gMomn
5 03039 bo@yzqgdos?
The ice will melt.

»40bmmo ©swbgds.”
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Every spring the ice melts.

»§™30e 3>bogbymdy yobymo ©bgds.”

The ice is melting.
»40bmmo ©bgds (Im 398 3mdgb@dn).”

The ice has melted.

»40bmmo 35w6s."

»00BY3MdbsL" 23350l AHML, gb Lo@yzgdo Rsnmgmgdmms gobbbgsggde-
9330 (sbgMammdal godm), oydze GMoooymo aMmeds@ngs ©d GLogdm-
m0bgagz0bGMeMo 94L39M0dgbdgdn a39Md6gds, MmI, aoM339mmn sdDMom, gb mmbogg
9600 ©s 03039 Lo@Ygzos bLbgoabbgs amadsdo o gmmdnm (abgaba@ngn, dgbsdy
3ofob 3b. Mobgob gmmds sb3ym Mmdn, 568ym Ml dndmgmds, bodym pMmal
303 gmo).

sbs 36sbmm, Mab go@ Y30, bodyge smoke-056 s 39330696000 3m336m g43L
Bobowomgdado:

(1) The fire gave off a lot of smoke.
»(39(35mb oo dmema smgz00s".
(2) The fire smoked a lot.
»(39(350 domnsob dmemagos®.
(3) Bill smoked the cigar.

»003s Log oMo gosdmema®.

(4) Bill smoked the fish.

»003s M93b0 Fgdmems©.

(5) Do you have a smoke?

»8mbab6g30 goq3007¢

(6) Lets smoke him out.

»3M©0, 0b g33mzg33d356M33mmn”.
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96m0 dgbgz00, mnmgmb ngogg 3omomgds 43043b, Moz me bank Lodyzobomsb
0535330698000 50b0dbs. 3ogMed sdxgMow gb 943bo dgdmbggzs gMmBsbgml
360d3b9mmdnl dobgmzom ¢303d0Mm9ds. MmEgbas (39bemo dmemagl (Ne2), dob
sbob dmeo/3308mo (Ne1). Bmegbsaz LogaMmab sdmemagdor (Ne3), asbsdmmgdgemo
Logbob gMon dmemm gowgzm 30Mdn, doabom dgabmgo dmenl/3353mb s gy
133900 aoMmgm. 93bab o6 mmEal dgommgol M™L dmemn 1brs o¢z0gL oMo
doon (Net), sMsdgm dmmo mbes doyydgzem domdyg, MmAd dngbom dgomboml s s3sb
sbgMbgdo doma (393606 sbemmb asbmsgbgdoo.

3080g3Mmdom M3 go3y39m, smoke (Neb) 560l obs, M3 dgodmgds gosdmemb,
Moma3 bogomal dbasglbo. gb bodgamaow 56 ool abs, Mobsog dmmoggb (Ned) — Moma(s
mmagmmol dbasgbo. @odmmmb, GmEgbsg 3063gL godmsosdzemaggd, ob gomacs
a0dmayo3L goMgom sby@mmmoa LogM (30006, Gmammazss Lobemn 6 dmgndy, o9
M3965L3bgmnl dmmom/3godmam gog3bgdoo — sbyy 3g@oxrmmMmaw, dobs sndyymgdm
35dmaR0bmb Lo 3mmaMo mo30. Jogm 53 by grmMdsL MMI go3500936mm Mgama, Mo
abom dgadmgds bogowgm: dgndmgds gogdgem, Gma g3543L gdsbo gobbbzeggdymo,
0o ghHmdobgmmsob o393d0Mgdmmoa boGygzs, 96 a3543L gMon s 0dsgg
bo@yz0L gobbbgeggdmma 8603369mmdgda. dm(3939ma bodoznabomgabsg 560l
L3goomYMa GgmMdnbo: Lo@ygs smoke st0l ,3mmabgdanMa”, 569 b oMb gMomn
Lo@Yyzs 9PMBebgmmdb s 303d0Mgdyma 943bn gsobbbgeggdmmo 860d36gmmdao.
(dbmgog®onds dgodmgds hocmgammb, HmI of oMol mo bo@yzs — gMomn bBIbs o
900 sMbgdomo Lobgmo — s MmommMgYmo Jomgsbo 3mmabgdoyMos.)

(3ME9 39@o© bab GmM3 bogngom, 3bsbma bo@ygs smoker, Gmdgmo(s domgdamos
smoke-0bg56 -er LyygodLob 358 gdom. 53 bo@yzom dgndmgds smnbndbmb gomss,
3063 Rggpmgdtog g6gzse (Ne3); o6 o@abndbmlb dmbymdommds, GmImocms(s
dgodmagds G039 d9dmemmb (Ne4). gb m@o 860d369mmds dmE g dadsdzamgdow
dgodmagds Rsnmgsmmb, Mm3magdos gHmdsbgolb dbmmme ndoom 4303306095056,
Mmd Bomaz baghom sdgom smoke-mob (Ne1). smoker scg Lbgs 360336gmmdocs(s
30dmoygbgdmes, Mmdgmo emgb bszdesme dmdzgmagdymos — ngo smbodbsgwo
35oMgmab 3ogmbl, Mm3gmdo(z 33 bagMgdlb dggdmmo 3mbggs (Ne3). Mo dgadmgds
3om0obmdsdn ag30bsbma smoke s smoker-msb 35330696007 — mocmgmb 33543
96ma3o60 Jbgma (dsg) (3G YHMNgMNEs 393300 gdmmo bodyszobs, Hm3gmmagsb
Bmgo dLEGOE gHNbs0M© bofmdmomgdal, bmaal BamdmmJds 30 3303 gH0dsbgmb.
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o 0dds Mbs, gb Jbgmo dgagadmos gogogsMmmamo goM339mmo bodyzgdol
53589000, 3oa35m0md, Mmammgda(zds smoky (,a56mmoma, dmmoo bogbg®) o
smoked (653ym @m0l 30d3mgmds, dsg., 3603369cmmdom ,,dgdmemoaman®, ,,asdmmomon®
o bbg.).

M3 ghmo asbbomym Logombmogoba o6 gbd0sbgds adsl, oy, Azgymgdmong,
0053056960 Mol d00Abg396 Lo@ysom. gobagqdas, 396 308y30m, MM S©sFnsbgdds
oM 0(3006, M 500l Lo@ygs. smdsc YRO™ 3oGYymen, MM sMbgdmdL Lbgosabbge
doamds Lo@yzol 3Mmdmgdol dodomom s gb bbgosbbgomds ©sdm3ngdmmas
30bs6%Dg. dogomoma, m9) 330600 bgfMnmmdoom ©m 313968 do Lo@yzgdolb emgmo,
35306 3mdomdl hggmmgdfngn bomdmmagbs Lo@yzalb dgbobgd, ogad oy hggbo
dobsbos aobzobomma dodoGmgds gbol, sDHM36gdsLs s 360d3bgmmdaly dmeal,
35906 ¢bs 30(3MmEgm S go30mzomobbobmm bo@Yyzqdmob ws3o3dnMmgdamoa ob
0030b9306 98560, HMIgmms dgbobgdsz dgdmo gndbggmgon:

e  ™mImMbndgdo — mFo bodygs, GmImgdaz gMmbonto dggfomn dgoagboemm-
30bos o 3603369emmdal Bnbgoz00 sMoxM0c M39330M©gdnsb gMmIsbgmb
(bank, bank);

* M0 s 03539 bo@yzol aobbbgeggdama gm&mdgda (melt, melting);

e  3mmobgdogmo  bLoGyzgdo, Om3Amgdbs oz ™Mo ob  dg@o
AN O 353d0Mqd4mo 360d36gmmds (smoke Nel, smoke Ne2 s 5.3.);

e  Ubodysgdo, GmImgdai gHNIsbgomeb  ©s393d0Mgdamos  Mmam(s
dagMomo dgmagboemmdom, by 36n0d3bgemmdao.

56036y mo30b9dMgd93L ) 303d0gds 3sbbbzeg95900 gl 3mbgdl dmal.
m3mbndgdo ¢dg@&qboe dg@sbommns gobbbgaggdmm mgdbo3n® gMmgnmgdsw. gmo
LoBygolb gsbbbzozqgdnmo gmmdgdo bAnMow 5M (3 oM0b Jomomgdymo, astos nd
d93m393900bs, M35 9.6. 50156b0gH BMEIGdMb (HmamEa(z o6l think — ,go 60"
©d thought — 65dym ©Mmol gm™ds) a3sd3b Loddg. dmmobgdonma Lodygzgdo
bdoMow J3939b9Egdom 560l dg@eboma ghom bomgdbogmbm LEe@nsdn; dagfomo
Jdgagbommdoms s 36n0d3bgmmdam dbgszbo Lo@yggdo sbgzg dgndmgds dg@eboema
0ymb 439396489090, b ghma dgadmgds gsbobsdmaMmb dgmmgma, dogsmoma:
»Smoker: a person who smokes*“ (,8693gemo0: 306m3b9ds, Mmdgmocs gbgzs®).

19



LANGUAGE

3Mabo@on 035mbodMobl 30gndMybogdo s gobzobormmo dgbGsmmuMa
m94bogmba. Bgdn sbMom, mgdbozmbol d93agbmada, Lagsmonmme, bodyzgdol
3maobogozomgdol sbgbgb 0dol dobgmzom, oy mgommb Gmam® amMdbmdgb
03 30390698L Lodyzgdbs s 360d369mmdgdlL dmEal, GmM3mgdaz dgbsbyymoas
0053006 ,m5398d0". mabga3z0Lb@gdo s GLogdmmobazabBgdo JLgmMdsL o6
53magdgb, MmMI g05M330mb, oy s Godalb dodomgdgdo sMbgdmdlL Lodyszgdl
dm@ab. Rzgb Ibmeme dgosdommae dg39bgo 83 b gombl. dsgsmaomac, b 3dsmm
360390 Mo gee@ s sMbgdmdl bLodyss over-ob 3603369mmdgdal dgbobgd.
geobgddo: somewhere over the rainbow (,Loms (30LoMEGYgmoL domds®) s he
turned the pancake over (,356 3o@5586bs demobo®), gMmo s ngnzg Lodyss (over)
om0l g03myqbgdmma? 0d6gd Mm3mbadgdns? Mo dgadmgds nmggol over-ob dgbabgd
overeat-3o (,qdm3mE 535%) s gMobada overthrow the government (,30536mdobs

3000y9bgds“)?

Bmg g 5005305693L 4300 03g35M0 Bobabbofmn Fogmds: oy Mo LoGygs
96mbsnfo 0bgfMgds, mMngg Mbos oymb gfmo ©s 0g03g Lodygs. bank-obs wo
smoke-ols dgdmnbgggzodn sgomow 3ohggbgm, MmA gl sbg oM 5M0b. Lo@yzgdlb dmEal
oMb 8085M7dgdmab 8393300 gdmmoa boGMoyymggdal dgbobgd sm3b60dbog
030l go8m, ®m3 dobws gb gMmazemn boymmgbo gobogl 0d dgdmszgzgddo, Gm zs
03039 L033@m3gdn 0fgbl ®o3L YPMM Gommbmgan®a bmbob  Lodyzgddo,
AmamMgda(39, 3dg0moms, meaning ,3603369mmds”, consciousness ,,(36mdogmgds”
ob true ,3933s5M0@G0“. oy sbg Moryemos smoke, HoGm3 Ybos dmzgmmegm, HmAI
meaning 04b6q6s doMB0n30?
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7

mean-nbys (,603653L%) 0> meaning-ab (,,d603369mmd5%)
35dmyq693ab dgdmnbz93930

MOMS ©33530dMHgm 03sdg, oy Mo 3ol 3b0dzbgmmds. doacsed, dmazom! hggb
353046mdo 60N AGNV3GOLMIO80  (Goms(s 9RG™ 0MHIs >DMHom)
o¢) dbmemme Loyl 860d369mmdsbg? dmwom, mMnzgdg e3BnJMogo.

09 330605 3o30amm, Mo oMol 360dzbgmmds, Mol bos ©sg(3z30MLgm,
o bos dmzgodomm? 3g-20 Lomzymbol | bobgz®al (36mdomo gommbmgmbo
308 308396380060 Mma30L Boenmbmaom® g35dm 339539390 smbodbsgwa: ,b4)
MYnegdo 360d369mmdsl, mynEam gs8mygbgdob®. dg3a 93 bomgzedl abg nggdl,
M3 dbmmme gbob 35dmygbgdsl Mbos ogs3zotmmgm ©s v35dg goghgcgm,
150030653 oM 5MbgdmAL 0l goo God, Gz [fomdmowpagbl 96mdmnzo godmbomJgsdals
d60d5369cmmdol  dmzgdmemn  godmbomgzsdol  3mbyGgde  3mbGgdb@do
353mygb930L 306 93g. Rg330L Gommbmgmbob godmbsmdzeda bbgs Modglb 53dmdb.
B30 obG0m, 0b 439136905, HM3 56 bs g 30amb dobghz968s (364 boM3mmagbsd
030l dgbobgd, o Mo bos nymb bo@yzob 360d369mmds (EMawazogm, bszdomwm
3530 (39mgdnm 3535m0mgddy oytwbmdom). Rzgb Mbos Imgegmmgma dobamo,
dmgdgdbmm 3mbiMmgdmmo Lo ygzolb yzgmes aodmygbgds ndobomgal, Mmd LMymo
dmEgmo d93436s00. ,396 a53m03bmdm, oy Mmam® Bubdombomgdl Logysge.

1B o9 33060 Im (3930 bo@yzab go8mygbgdsl s 980l dabgogom dgadmgds
dobggo®. bbgs bo@yzgdom MM godgem, ¢bos nyma mabgagabdo.

(396 339mmbomac o gdmmos 308396380060l LEOBLIMG MmO
0b@BgM3Mg@o300. 3oL LggMmms, Fabn mobsdgommgg dg3tn gommbmymbol

dbaogbom, ®m3d 3g(360gMyma dgbbogms 9babs o6 dgadmgds gyMEbmdmuogl
ambgodsl, Mmdgmog dmybgmmgdgmos ©sbsjznMggdmo. 5dwgbsw, dobogol
Bom3moagbgmo ogm 3mabod oo dogmads 9bob dodsmon.)

308396380060l 30dm 33m93900  Logbgs  3MgoGoymo  ©s  Labsmobm
dsgomomgdom. 09935 93&MM0 5MoxBgML 53dmdL 0d sbomo@ oMo dgmmmgdol
dgbobgd, Gm3magdaz Ladyamgdolb dmaz393L gogbzegm gbmdMmng dmbas(3939db.
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»obLBbgdo LagoMm o6 sMab. Bbmmme smbgfMom ¢bws dgdmazngsmamma “. 3oMopaw©
Fgdmgol gomagdomns, Mmam® dgndmgds gonam Mady, o9y 56 g30gd0 dab sbLbsb.
asbmeon bobggamo Loy 3mbolb aob3s3mmmdsdn gbsmdg(36ngMgdobs s 3mabadoy®
393609693530 305369L g06339mm Ladyamgdgdl, Gm3magdos Rzgbo 3GMbmgdals
a006y3989d0  ©oa3qbdoMmgds. odg30Ms@, KM mnbagzob@ ool asgyzge o
35630b0mmo, o9 Hmam® godmoyqbgds mean s meaning. 359, Imgdbsgm, 3oMaow©
dmgbyggo!

©330bymo  doMomon g@meds@ngmmoa Ro@bhmmo: X means Y (,X 60dbagl
Y-b%). 8mg9nm Ro@mbmdo means Gomsgom 3ao3L smoke-bL — od3b Mdwgbndg
(96003569006 s 393306 gd4mn) 3603369mmds. 3b0dzbgmmdbsms gho ganeydo
bobowomgdol @sds@gds (Y) g0dmnygbgds 83039 bobowswgdol J393gdstal (X)
abLBaLY 9 0bB M3 9Bd(300L F0DBom (LoG Mo (30MaE: FMES356MS 39 35MOMEMA,
™3 3b3gbgmobmgal X bs 3mgdsw bo(36mdas).

Xmeans Y 353may6935 06§ 963698 s300b Jadbom

Rauch (3963sbmmo bo@ygs) means smoke. (0056Ma3560)
»Rauch 603653b 3mBgg0L.°
Slithy means lithe and slim. (3063568 9d05)

»Slithy 6036s3b 3bbgLo s godbemb.”

Osculating means doing this. (0gdmbLGMamgds)
»0b 3mmomgds 60dbogl 5dob 390gdsb.”

A red light means you should stop, (bLoddmEmb 356350 gds)
»000gm0 3970 60dbagl, Hm3 ¢bws dghgMmy.”

58009650053 035MoEgds, M3 boboowgdol J39dwgdafy, 53539 bobe-
0500900b ©53589d5Lmdb gsMgdom, bsjmgdsw bobmdas, 56 dgagadmoas Mogo
dg3086mbmm, 564 bo3mgdow bo36mdoom o30bymom Bobowawgds (960087360969~
3530 ,*“-00 50060dbgds Bobswawgds, MmIgmag sGsbbmons; J3gdmm 89 sbgzg
3049696 5b0d3gbgdL: ,?* s ,?7% 030b sbobodbogem, MM babswowgds dmmaw
59339090 56185, 0413(35 36 (3 3933 M0s 9bMdMngsw.).
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*Smoke means Rauch’.

»dmBg35 b0dbogl Rauch-b.“

*Lith and slimy means slithy.
»,3bbg o 3odbsmn bodbogl slithy-b.*

*Doing this means osculating.

»035L M3 839093, 9L 60dboglh ML 3o gdsb.”

*That you should stop means a red light.

»396 ®m3 b dghgMmyg, gL 60dboglb bomgem dudL."

MmEgbss gmodems 3mdo bo@yzolb, BMabal o6 Bobowawgdal 360d369mmdady,
R39mmgd6ng 3a99mabbdmdm gob63s6 8 gdsbs s mamadsbl. nbgmoby®o cmgdbogmbo
0bgmobyy®o bo@yzol 360d3b9mmdal odmggs gobdam@gdol Loboo. ggM3sbem-
0bgmabyyMo mgqbogmbo g9M3s64mo bn@ygzolb 360336g9mmmdal ndmgzs memadsbols

Lboboon.

X means Y BotfAmb Lbgs aod3mygbgds aodmbo@osl g zzgnma §odal 303d06b
means 5360l 39309056 gbs o 08858)905L dmEnb.

X means Y 353m0ygb33s 3533060l g53mbobs@gsgse

Smoke means fire.

»33990 60dbogl (39(3bb.*

A sharp pain in your left side may mean appendicitis.

»303939 @ 30300 dom(3b96s Abatgl dgadmgds 6ndbsgogl 939600308

This means war!

»9b 60dbogl mdb!®

3399mo oMb dgmgan (39(3beobs s 8do@m3Ba(3, Lowsi oMab 3388w, of
dgodmgds aymb (39bema. sbgzg, B3ogomoa scal dgmgan 3960dbol dg@q30Le,

5 gb Boboowgds dgodmgds Bamdmgmgdgem 30306, Mms nbgmobafem ggmedatmsjzgdom gg@-
3obmgbmzob  30Mmgbgdol, ®mdgmdsz o6 ool 3mbiMgGmmo obgmobyMa  Lodyzs. o3
d93:mb393590, abgzg Bmamz bbgs 393mbzq398da(3, Bobosomgdal §3989d0Mg o6 o0l bo3bmdo
©5 65(36md0s 835379 Boboomgdal sds@gdo.
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0809650, MmEgLbaz 3@ 3n3om, dgodmgds aobnbgdbmgm 83gbmn(30@0. FogMsd dmem
dogomomdo 3ogdomo dgdmnbgdymos. gb, Moz 30bws aymb, 56 sl m3dab dgogan,

030 LyEog dgodmgds asboglb dobgba o6 ImBngszns mabe.®

439 53 d93mbg93530 godmygbgdmmo mean ghomo s 0gnzg bodyzes? o0gdbgd,

Mmamt(y smoke-ob dg3mbggzedn ngm, o453 33993L YOHMgHNEsId3d0Mgdmemo

360d369mmdgd0, o6 0gbgd, Lyymaz M3mMbadgdas, Gmam(y bank-ob dgdmbgggsedo

oym? asboggdo Gm3 gobogl, Looo dogwogsmo, gsbzobommo Lado dgdmbggge,

(30 mean 53 3o Mm3mbodnco 3bndgzbgmmdbom godmnygbgde:

What does he mean to do next? [= ,a35bbMabga“]
0L 353909850 oMMl (53069dL) ol d9damad?“

That s one mean and ugly dog. [= ,badoggmn®]
»9b gm0 badoggmo s bLodabgema dogemons.

The mean temperature in Lower Slobbovia is minus 6. [= ,Lodyommm®|

,Lodgomm 89339MoG Mo J393m brnmdmgosdo sMab dnbyL 6.

6
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80Dgbabe s 3gmganl gdembgdmmo godmba@gs o6 oMab gobbasznmmgdamo mgobgds bo@ygobs
mean. sbg3g a30d3L Lo®yzgdosb reason (,80Dgb0") s Why (,Go@m8%). dogomomsw, Jzgdmm
8mbdmdoen Mm@ Babowowgdadn, Laogaans 3omggm Bobamdn s6ab dgmgan LoGonabs dgmerg
6560emdo:

The reason that leaves are green is that (or because) they have chlorophyll.

»BOgdo Hm3 3635695, 580b FaDgba s60b 0l (gb 560b 0808™8), Bm8 Boc 5gg00 JermGHmegamo.

Why are leaves green? Because they have chlorophyll.
»0&™MB 50l gmomgdn 8635697 0808m3, HMA3 Fom vgzm JrmmBmgnmo.*

85853 3m3g3bm M Bobowsmgdsedn, Logszns 3gmmyg Bsbomdn s6nl dgogan Lodmaganbs
30M39m0 baBormowab:
Why do leaves have chlorophyll? So they can metabolize carbon dioxide.
»610© 54300 FMEgdl JmmEmBama? Moms doo Jgdmmmb babdoMmmmegsbanl aomws]dbs.”

Beagg® aobbbgoggds godmabs@gds amMeds@ognmo gm@dom: Bobswowgdal gfmoa baBara
B360b 30M00ba Mmoo gsdmba@ogh odgdl, beaenm abgaba@ogal (to be able) 56 dmpsmaao
b360b (can) 398 (3390 8gmEg bobaemo go8mba@eglb dgogal. oy 3oMggm s 8gbedy bobsmsewgdgdda
B360b 306006 M@l Bogobs(33emgde 0bggnboBogom, s doModom, Bogomgde Mm@ ¢Eboye
Boboowgdgdl:

?? The reason that leaves are green is to have chlorophyll.

(98 3gdmbggzedn momadsbo asbemmgdam 398wmgan ngbgds: ,ammmgda Hm3 8635679, 80l
8090 M0l b, Gm8 oo 3mbogom JmmEmaama.”)

??The reason that leaves have chlorophyll is that they are able to metabolize carbon dioxide.
(3 398mbgg393n maMadsebo ©ssbmmgdoo 3gdmgan 0dbgds: ,gamomgdlb 0dobomgalb sggm
mOmRomo, Hmd Joom dgndmosc bobdommygsbaal aomosddbs.”
ug Jo VRIS Jo030b oM
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dm (3939 bod BnboEdEdsLMS6 JgEaMgdom, yzgmes dgdmbggzs nb@gMm3Mg@e-
300b B0bbom godmygbgdabs ws, sbgzg, yzgms dgdmbggge s ogdntgdol dobbom
309my969d0bo 9MHNFobgmnmsb domnsb sbmmbos, mndse ghmn s ngogg oM sMab.

9L Hm3 sgnbabmm, asbgabomme 3owgg mEa Lbgs ameds@ogmymo Romhm:
Bmgxgf obomn  amMadsGogygmo  hoMhmgdo 0ds39L  godbo@oeggb, Mo My
aobbomamo Ro@Amgdoo aodmobs@gdmes, dogMmsed dmaxgm sboema Rs@hmagdo
MG 3bayMo Robl:

Ros@Rm A: The meaning of X is Y

The maning of Rauch is smoke.

[= Rauch means smoke] (000Ma3ds5b0)

wRauch-ob 360d36gmmds 5ol dmfr 930

[=Rauch 603dbs3L dmf7 9390]"

The meaning of slithy is lithe and slimy

[= Slithy means lithe and slimy] (396LobEM3M)
»Slithy-als 360d3b9mmds ool dbby s g3odboomn
[=Slithy 60dbagl dbbybs o> godboamb 1*

?The meaning of osculate is doing this. (©98mbLEGMnMgds)’
»b 39emo® 930l 3603369mmmds sGal 580l go390m9ds”

?The meaning of a red light is that you should stop. (LoddMEML sbLGS)
»bomgmo dndob 3603369mmds oMol ab,

™3 mbs gohgmg.”

*The meaning of smoke is fire. (0053938067909)

»d3odmol 360d3bgmmds 5ol (39¢36em0."

7 Dmgo 58 boboawgdobs s 80l MInsmme dm3gibmb Lobsgnmme 800Rbgsl, BogMod sts — dom
dm393bmb.
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RocRm B: X has the same meaning as Y

(39M3bmo bo®ygs) Rauch has the same
meaning as (0bgmolbymMo Lo@ygs) smoke. (oomgdsbo)
wRauch-b (3963560 bodyss) ngngg 36ndgbgmmads

5743L, ®o(3 smoke-b (0bamoby®n bodyso)

Slithy has the same meaning as lithe and slimy. (356boDM3Ms)
WSlithy-ob 0g039 360d369mmds 543,
o3 lithe-bos o slimy-bL®

*Osculate has the same meaning as doing this. (0gdmbLGMamgds)
»Osculate-l 0g039 360d3b9mmMds 5743,
(3 930b 85390905

*4 red light has the same meaning as that you should stop. (Lo3dmemb sblLbs)

»bomgm 394L ngogg 360336g9emmds 543U,
3 mbs gohgmg.”

*Smoke has the same meaning as fire. (053933067909)
»Smoke-b 0g0gg 3603369mmds og3b, M3 (39:36eb.”

a6boemyemn Ra@Mhmgdn dmzgdym byo dgdmbgggelb Led xaM@o ymgl:
®0Madobobs s  gobbadmgmal  dgdmbggzgddo  bobowowmgdgdo  gsdsmomyymons

Amamig A, obg B Ro®hmb dobgogom; @gdmbb@momgdabs s Loddmemb sbbbob
dgd:nb3939830 Babomomgdgdl momdmlb oo mdazb A Bo@Bmb dobgwgom, o3 3o
@zomgobos B RaMAmb  8obgogom; ©edmmmb, ©s393d06gdalb  dgdmbgggzedo
Boboogds 30ma0b0s, mGogg RofmAmb dabgogao.

dogMod K9 gobbomgs of ©odmagmgdyme. Lonb@gmgbms 30093 geomn
dgdmbggge mean-ob g53mygbgdabs Rs@Rmda: X means Y for Z. o Y smbg®l, o
35033900 bodsz0o X Mmame bgdmJdgogdl Z-bg.
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b9a53mabab 333bs@3s: X means Y for Z
What the stock market decline means for us is that we can t retire soon.

»600L3(3 60dboglh hzgbogol gobgdol o(3gds doMgsdy, oMb ob, MmI 396
dg3dmgdom domg 39bbnady aobgmob.”

What do the latest insights of brain imaging mean for music theory?

»00b  60dboglb  3nbogol  mgm@oabmgal  gbgBsmmamegonm  domgdymo
dmmmEmobogmo dgogagda?”

30093 9Mo dgdmbgggel dgadmads 3bmomo ,gdmoncn bgaszmgbs®. of
535605305 035Dy, 079y MdMd(3 Madmgbow 360d369mmzgsbas (60dbsgl dg3Mb, (3m@Gob
o9 bymoi oMoggmb; o3 dgdmbggzsdo dgodmgds godmzoygbmo bgobsmmago
meaningfil (,8603369mm3560%).

99m@Eon@o dgas3magbab 333mbs@gs: X means a lot/a little to Z;
X is meaningful to Z
Your thank-you note meant a great deal to my wife.

»®J3960 oMol bgHama domonsb o Medglb bodbsgws Agda (smmabamgab.”

The situation in Rwanda means very little to most Americans.

»LOBS(300 MNObddn domnab (3mEolb 60dbagl 8dgHnzgmms Mdg8gbmdabac-
3&“

Graduating from Tufis was very meaningful to Karen.

»&OBBLOL PINO3Mgds domnsb 36nd3zbgemmazabo ngm 3ofgbobomgals.”

09) 393009000, H™M3 068 9M3MgGo(300bs  ©s3d3d0Mgd0l g53mdbs@ g9 dgd-
0b39390L dmgaamo gdmon®o Dgasgmgbol godmdbs@ggmo hombm, dogomgdm
MobOM Bobowomgdgdl (0b. J3g3mm). s30m o30bsbsgm, o9y Medgbaw gobbbgsesg-
dmemos g3mz0Mo dgasgmgbal aodmdba@ggmo 398mbzgzgdn obomRgbgdobegsb:

*Rauch means smoke very much to Sam.
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*4 red light means that you should stop a great deal to Igor.
*Smoke is very meaningful to fire.’

dogLodomy@om sdm3ByMago MM goym, asbzobommm, o9y Mol godmbs@esl
mean a530bocd35898da: what it means to be human s what it means to be an Ameri-
can Jew’. 30 sDM0m, 54 453maba@gds 3m380bs(300 08393306 gd0bos (Bmmadams 3gb
206@9MgbgdL, Mo dgadmgds Im3yzgl ssdnsbom ymabob) s gdmoydo bggeg-
m9b0bs (5003056500 ymgzbs Mo bgaszmgbol dmobgbl dmmadamsgal sMbgdmds-
bg). 08039 3MIdabs(300 god3moba@gds 3owg3 gMmn gMsds@ognmo RothRmaman: To be
human means to suffer (,505305650 ymezbs 6036s3L g96(3093d0 ymazbalb®).

35363 Lo dmgomamor gsdmbobymads the meaning of life (LoBygs-LoGyzomn
MoMadsbos: ,(36m3Mgdal 3603369mmmds®)? bLoyzgomgbm 3ofogmabo 808sRbns
‘the purpose of life’ (,,(35m369d0b 80bobn”), dgodmads, sbagy: ‘the deep value of life’
(Lo yge-bodygzomn mamadsbos: ,Lom@Iabgnmo MoMgdymgds (3bmzMgdabs“). gb
1 3960b 3690 Mmomgmb 3ao3L gdmEoyMo bgaegmgbol godmbsa@gol, Mmamts gb
360l godmbobyymgdsdo Your thank-you note meant a great deal to my wife.

3630090000 3093 ghm aodmyqgbgdol meaning-obs dmomgdda hadmbbdmemo
bymob 980398 dyg: Poland Spring: What it means to be from Maine? (dosbmmgdomo
moMgdsobo d93gga0s: ,3mmmbyMo Bystm: sl bndbogl, Gm3 ob oMol Maine-
©56%). 39 9ggsb 5bMn 396 a5dmBog3L. dgadmgds d396 b sBHO godmaBobmom,
™M 3EmbyHo Bystim 5@&ofMgdl yggmes 08 sMbgdom 3oa mgobgdsl, Mmdmagdocs
Maine-mab sbm 30600909, 353653 @oMB36gdmma 56 306, 09y dgadmgds 53 dbMals
5930650 godmbo@gs.

dgbodmms  5da356M3s  3bomndds  mgzgbo  smdgmmgdsis  gedmabgzomb,

3980b3gBon Robmomomymn dmgghzgbmm. ,bs8mzomoem Ybos aymb  NRO™
dom@ogo sbbbs, gb bmd Fbmmme gMmn boGygoes®. LEmG g 93 sDML sg0msMgdws

8 Bmgdpmo gobAm Bobomsemgdgdal moMadsbn, dgbodsdnbam, @ssbmmgdoo dgdwgans: ,Rauch
domnab 60db6ogl smoke-b (,8mBg30%) Lydobogol®; ,Bomgmo dndo domnsb o edglb Badbagl
0gmcabogal, Hm8 ¢bos dghgMog®; »3398ma domosb 360336gmmzabas (39(3bemoborgal®.

9 3m93mmo 308mbom 38580l moMadsbn, 3gbedadoba, 3g8mgans: ,Mob 6ad6sgl, nym ssdnsbn®;
»6b 603bogl, ngm 83gM0zgmo gdMsegmn®.
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308396380060, o930 ©oboddznEgdmew  Ms8g dgodmagds  0;md3sl, dabwo
©035Mb3Nbmm, ®m3 mean sEoPMom oMl gsdmEmAgmemoa.  3Gsgdd 0z nmew,
6930L30gM LoBygzobmab ©s333d0Mgdoma(s 08539 bLadbgmggdl Bogsbywmgdom. bmgo
653 ¢339 00030 smoke-0b s 3o3d0Mgd0m (60bs Moggddn smnbndbs language-o0sb
5 Word-msb s3o3dnfMgdom). Aggba dg3amdn dbggmmds 3owg3 dg36 533356
Lodbgemgl Bocdmshgbl.

10 mmgogmbgdds xmb domganbds s xmb 3gM08 ©ooxndbgl Bmgmn mgmGos (bogsoymma
bg856@&030) 08 J03mmngbadyg, MMB mean-ob 58bLEgmMMInmo godmygbgds (,Slithy 6036530 8b6gbo o
358bomb®) Bgndmgds s0bLbsL 3o3d0Mab go8mba@ g0l &qM8nbgddoa (,3308mn 60d6s3L (39(36eL*).
o Bam3mmaqboma sbomnbaesb (3bown ¢Mbos nymb, Mm3 gl 3asgb 08sb, Mm3 g(30mo s3bLbBsm,
Mmgm@ dmzBomo bogams 08 Bgbgddy oyM©bmdam, MmBgmms Bnbgoznms(z 3dmmoagm Jodayb.
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8
»™30948Ma” ©s ,bndogdGMma“ 360d369mmads

mean-obs gobbomgs xgM o 0830030 gdms. yzgms 03 dgdmbgazol goMwms, Moy
Babo mogdn oym BoM38mmagbomo, mean g53moygbgds sbg3g LoGysznob dndsmm
306m3b690al LYYdngd@ M0 ©sIM3nEgdNmgdals godmbaobo@ogem. 83 3oMmgbgdal
F396 39bmgdo ,0bEgM3MgEGMEMLE.

Lo@ysz0L, BA>bab 56 Babss®gdab bydngd@uca nb@gM3Mmg§ o0

In Bill’s opinion, “All trespassers will be shot” means anyone but him [. . . will be shot].

»O0mob sbFom, ,yz9me Lodommommed@mmaggsn ©onbzmodgds” 60dbagl, m3
Y39ms, 3ol oMy, [. . . @oabgzMn@gds].”

In the investigations, language game means any use of language in a context.

»353M 3339830  9bmdMmogo  medado b0odboglh gbol Bgdobdog®  gsdmygbadal
3M6894b@30."

Language means something different to linguists than it does to computer scientists or

philosophers.

»9bo 6036o3L ooz MEGM asbbbzozdmmb mobazob®gdobamaals, 3006 3m38-

0 G 0 006qdo Q900 o 0 ammbmom 0 -
[13
30b.

“No” may mean “yes” to you, but it means “no” to me!

w00 dgndmgds 6036s3L ,nobL" mdzgbmgals, dogod b 60dbagl ,oMmob* 1
When I say “no” Il MEAN “no”!
»Om (30 39 3033md oMol 39 33IRNLLIMS ,omob“!*

By reference, David Lewis means reference in all possible worlds.

w0 & 96300 60dborl @ n6(3000L o> dqbodmm
JBINIJoG 3 JIBVIMIoG gd39@o  0gboo
Lodgsmdn.”
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By “look to the use,” Wittgenstein means that we shouldn’t be trapped by our preconceptions.

»d95b90mm 35dmygbgdsol”, 53530 308a96d@s0b0 anmabbdmdws, MHm3 o ¢bwos
d9a35(30006mb Aggb3s 30 396Mdmgdmmds sDMIs.”

Babo ma3d0 gobbomymo 03 3g3mbzgzob dbaszba, Mmgs mean godmoygbgdmms
0b@gM36985(300L J0BBom (Mmam (3 9L 30l babssowgdsdo “Rauch means smoke”),
o3 dgdmbgggadoy mean 353myqgbgdmmos bo@yzolb 96 gMobal 0b@gMm3Mg@Gs30al
30bboo. doaMad, 60obs magabogsb gobbbgoggdom, gb 0b@gM3mg@o30s a30hz96900L,
09 Bmam 9b3ob 068 MH3MgBeGMML dm(393mo GMaDds. s@sdnsbo, HmIgemacs
Bom3mmg303L 3mb 369G M boboogdal, dgndmgds 563 gsbbdgdmegl ndsly, ™3
Bom3meoagbomn 068 gM3Mg@ o300 LEMGs s dgadmgds odmmdogl, Gm3 yggmab
96®bsoMsom 56 gbdalb 3m(393Mmo BHSDs. 53 dg3mbggzod0 dgadmgds gomadsms 3mm
mean-ob  ,bYdogdE M godmygbgdody — aodmabo@gds 068 gM3MgGSGMMab
»gombsb&nbo.

5b0dbymol badoMob3oMme, bobs mogdn mean-ob gsdmygbgds (0b@gM3My-
&3(300L B0Bbom) dm(393m0 BEHSDOL 0bBgM3MgEo30Lb BoMmdmagzomagbl Gmam(s
%359BL. Bog@&0ns, Mm3 Rauch 603d6s3L ,8mBg35L" o 306(3 sbg 56 GF0JMMBL, abs, Bo 04ds

Mbo, (30905. 39 19339 dgodemgds 30madsMsmo ,mdngd@&ne” 068 gMH3M @ 300by.

dgmeg sbomo gsdmynbgds mean-obs obgz asMzzgmm mgombsdGabL gsdm-
bo@ogL; 98%gMow a53maba@gds, oy Mmam qbdoom 3ogdamno M LoGms30oL dmEab.

Lydogd@ma 3533060 Mm@ LoGyszosb ImMab

In some people’s mind, the president’s behavior means that he's losing his grip.

»DMa04Mma sadasbal sdMom, 3Mgbogb@ 0L (3935 603653L 0dsl, HMA abb Mmogol
303960l bgggMmgdL 3oMasgl.”

To me the look on Bill’s face means that we’d better get out of here fast.

»Bg3mzals, ool Lobol gsd3mdg@yzgmagds b0dbogl, MM xmdos hggb sdonEmmdal
doemg 3oggEomo.”

o 33mog, gb dgdmbggzs aobbbgogogds 3o3damal aodmbs@golb 0d dgdmb-
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3930L5306, MM3gma(z babs msegdn aobgabomgm. sds@gdom o9 ob ngmmabbdgds,
™3 3039060 53 dg3mbggzedn sfnb goma3al 068 gM3Mg@ (300 M bodysznsl dm-
0l 3085M0gdol mamdodyg. oo, d0Mggm dgdmbgzgzada, gedmbs@mmoa 353d060
MdMdmmE 3M0b gogd@n, Abasgbo 080bs, MMB 3353mn dotomas( badbagl (39(3bmb.
sbg ®m3, Bobs dgdmbggzeda godmabs@qgdmms ,mdogd&nMa® 303d060.

»™0099@ ML dfMdyomagddn 3bzsdo 0dn@md, GmM3 dmmodamszg bmemm
LogModm  odmM30gdMmgdsl  aodmbsgoslb  LoGmsnolb 8odstom. dgadmgds
F396, 8LAgbgmgdn, oM ©oggMbbIM™ Fob. Bobowswgds o3 068 M3MgGs300L
BoMm3maznagbl Mmam®is Bog@b, 85363 0dob ®dds, Gm3 gb gogGns, o6
505LGMgdL, MM JoMoms Bogd@mab 33593L Loddy.

50bndbyymn  Eammds, asbbomeymo dg3mbgg3980L oymazs aodmba@gol

»M309@nmmdobs’ s ,Ldogd@nMmdal” dobgozom, god@mdmogswm, Lagbgdom

R39mmgdogos 0bamaby@mo bo@ygzgdal dodomms(s. (sbms, smdom, 9339 bgogdoom,
Am3 LbmMgm 930b ®Jdob godoMgdwon.) z0xnddmm Jzgdmm Bamdmmagbomao

dogomomgdal dgbobgd; 03 dogomomgdalb dgbobgd, ®m3magdog dogm oy
a06bbgeggdnm amods@ng e RsmRmgdl dmazeg96:
Tom adores Olive.

»&™AL (domnsb) xy3o6b menngo.*

Tom enjoys playing checkers.
»&™3L ©y35ML 3530L »sdsda.”

(also detests, hates, loathes, and many others)
(»9369939 9035 935, bdenl, 98B gds s dgzHn Lbgs®)

Syntax is fascinating to Noam.

»,L0BB Lo (domnsb) 50b6@qMgLbgdL bmsadl.”

Noam is fascinated with syntax.

,6ma30 (donsb) anb@gMgbgdemos bobdojbom.*

(also terrifying/terrifies/terrified of, surprising/surprises/surprised at,

disgusting/disgusts/disgusted with, exciting/excites/excited about, and many others)
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(50369039 dobogds/5d0b9dl/d godabs, gom(398mns/sm(393L/3omz9,

9808 9ds (dmz99men dmd 96§dn)/9B0Bmgds (LoBmgoomew)/d 9B0B s,

SMOREHNM 356 93l/ > RMHNM 356 9 mns/sSRMmomazsbms s g3Mn Lbgs®)

dm(3938m Bogomomgddo gomdm(3gdmos 30mm3bqdal (83 dgdmbggzeda —
&m3obs s bmsdnl) sdm3nEgdymagds 3mbimgGmmoa bogbobs oy oj@ogzmdals
dndofMor.  ogy30mgdgmn  5Msd, Mmd 0d  30Mmgbgdolb, Mmdgmoz  dm(3gdyye
b0boo©gdgdl bomdmmd3edl, ngogg ©edm3nEgdnmads 3dmbrgl o dgodmgds
abo(z 039N gdmmaL, ®mM3 Lb3ggdL LbgsgzsMo sdm 3nEgdnmads 946gdsm.

0993(30 03039 (56 3603369cmmdam 3basgLo) Lo yggdo dgndmgds godmgoygbmm
3068030 dg535Lgdab aodmba(3gdac:
Olive is adorable.

»M030 (domnsb) boygemgmaos.”

Playing checkers is enjoyable.

»35300b 053530 boboodmgbms.*

Syntax is fascinating.

»,b0bBogdbo LonbBgHgbms (80dDoE3gmas).”

(also detestable, hateful, loathsome, terryfing, surprising, disgusting, exciting, and

many more)

(»0bg3g bodoggma, Lodmmgagmon, LoBaBmoemo, badodo, bomzama, Ladabgema,
oMM 35693 gmo s 693t Lbgs)

dm399e  3dgomomgddo  Immadamazg aodmb3gdb  ,Bod@LE mmogmsb,
3450l 0035dmab o) LobGoJLmeb ©s39330Mgdom. ,5d@Ms6" dtgysmagdo abgs
a5dm304969 030l godm, MHm3 53 bobswswgdol 3bdgbgma dgodmgds dmmadams 3gb
o6 gmabbdgdmoglb s BodMmdogl, ®m3 gb ¢3b6sb3bgmo (30908 mEogz0l, dodal
0035d0bs s LBGSJLaL Momdody. ©dgzoMoE, gb Bobswswgdn 3asglh mean-

ob ,md0gd& M aodmygbgdsol. aobbbgoeggds ,Lydogd&nc* o ,mdagd&nm*
3603369mmd93L dmal magobmagaw Lonb@gmgbmas.
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9
> dgadmgds sbsbnsmgdeqglb 360d369mmdsbL?

59o8g gobgabomogoom Lo@yzgdls mean o meaning. sbems ™S ogzbzom
3q300b30: 65 560l GOIF3OTO SENT3CILMIOO (o430 sbgmo o3 bogHorme
36bgdmdL)? dmBg3bm Madgbndg magdo 39300900 3ohggbm, MmMA gb ol o6 sMab,
5(3 39330609 gon3xmdgbgdnmo mgdbogmbgdalb dg4dbsl godxmdgbgdaemao
356bodrgMmgdgdoo.

©53064mo 30839635060l mogbo@gbo dgzombgoom: Mals 60dbagb bodygs this?
— 365 08 bo@o30030, M3 Moms30Dy Jogomnmgdm, sMsdgo mzommb bodyse,
mogobmoge. mean-ob godmygbgdals ggdz gMon dgdmbgggs (gobboyyemoas VII
®03d0) 93xgMo 396 ©oaa39b3omgds. This-b 396 35b63Lob3Mezm Jgemgdom
MROM bo36mdo bo®yzqdob dgdz9mdom, Mmam(s gb 38 ga 3335rm0m3n 33Jmbes:
Slithy means lithe and slim (,Slithy 60dboglb dbbgbo o aodbsML). o3 dabo
©093dmbbEHamgds dgazadmas, Mmam@s dsb godmbs@egms dgdwgan bnbopowgdes:
Osculating means doing this (,mb3gmmomgds 60dbogl 580l 3gogdsb®). obg GmI,
abdmm dgzombgsls 396 335Lbmdo. 633gnms 36 dgazndmos 0dob mdds, HmJ
bo@ygs this 3603369mmdsL 3m3mgdmmos, Gm3 gb obgmogg MobEmm omM(zzomos,
BAmamMog 30ob, dogamomsw, bliff 56 thit. gb 5@ 5@l obEmm o (3350, Md MJds
b0y, 3oL 0306 360336gemds!

dogMad Mo sbG0m oMb this 360d369mmdol 3Jmbg? Rzqb 358dmdm, ™3
Lodmdomb oy LaboygzePymm 3o3do@b dgodmagds 3gmboglb ob of 3Jmbrgl
360336gmmmds — sdom Rzgb aoMmizgnem gdmsonm Dgasgmgbsl godmgbs@egon.
308 M53 this-b M3 360d369mMds 5743L, gb o6 ¢ 303d0Mgds g3m(309MH0 Dgasgmgbol
303mbsB3ob. 359, Mol godmbo@ogl this?

sbammmann 0o3L58gbLb a30RgbL J393mo dm(393nmo Medgbodg dogsmomo:

)

“The bear was chased by the lion” means the same thing as “The lion chased the bear.’
»QOMZ0 5009369000 0gbs mm3ob Fog®m“ 60dboglh 0doggl, Gobo ,mmdo
©29®)360 @oogh.”

“It appears that the war is lost” means the same thing as “The war appears to be lost.”
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»Omameg hobl, m3o boggdmmos® 0dagglb 60dbogl, Mobsa ,m3a boggdmmo
Robl.” 1

9L 8og5m000(3 9 (30 gdmS® s 355G ™M:
“X and Y mean the same thing “ means the same thing as “X means the same thing as Y.”

»X 5 Y gfmbos 0o 03o39L 60dbogLb“ b0dbogl 03539L, Mobos ,X bodbsgl 0dsg3qL,
obog Y.°

o modaMmagos 3 bo@yzgool, oMedgm bobswswgdgdol 360d369mmdgdals
dgbobgd. Mo 560b ob, Moboz Bobswawgdoms gb Byzomo bodbsgl, gMmn s ngngg Mo
060l 3o dn?

o mdds Ybws, gMomn ©s 03039 LoGYzgdo o 5Mds JmogaMa. Jogdsmoma,
3dm3g3bm M0 Bobswawgds gMombs s 03539 bo@yzgdl dg303L, 393603 gMmbs o
03539L o6 60dbogl:

The lion chased the bear.

»™M30 059093060 sM3L."

The bear chased the lion.

»QOMZ0 059009360 m3L.*

dm3g3bm mE Bobswamgdadaz gMon s 0gogg Lodyszgdas, omds dgmeyg
6og39Mb 6036530 (ymggm dgdmbggzodn, nbgmaby&don):

It appears that the war is lost.

»Omame (3 hobl, m3n Boggdyymos.”

*The it appears war lost is that.

»0b Bobb mBn Boggdmmo s6nlb ™. *

Mmaméz  gbgosgm, 0dsb, oy Mol b0odbogb Bobswowgds, gMmazmom
356baDMgMo3L Lo@yzoms gobmoggds Bobowawgdsda.

fgd0 sbMom, hggb 3aMdbmdm, Hm3 Lo@yzgdobs o Lo@yzsms Mogol domds
03omgds Moms(3 YRMm™m mMds. gb, Mo mdds b, 36 Mol asbbabmgMmgds Lbgs

11 6039 bobsomgdol msmadsbo Medwmgbawdy bgmmgbamos ndab godm, Hm3 agbnMos dgaggbsmby-
693065 0bgmobmn Babswowgdgdab bg Mm@ uMnmo megzobgdamgdsbo (Bmamadbymol dg6nd3bs).
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Lo@yzgdol 8gdzgmdom. Mm(3d 3o8dmdm, Mm3 bo@ygs this 360d3b6gmmmdals djmbgs,
5300 3935mdm, Hmd dob 593L 360d369mmds, by gMcns, Mo Lababes. s v0, LbmMgo
59 0bygds boMorymy. Gs Mbos ngmb gb sdsmyymo m@Ts Momsz?

3o@mbol sdMoom, 360d369mmds Lo@ygobs, Gmamma(zss, dsgsmaomaw, bod)-
ygzs dog, scal ,dommmdob® sMbo, Mmol LobdmgMmgdob gomgdyg. Momas, Mobo(s
MdommE sGsbmmb dggbgdogemm. dog3Mad ol sGoxgmn ¢odzedlb bobswawgdal
3603369mmmdal dgbobgd s 563 bo@ygs this-ab (56 obo dgMdbymn 533035 g6E0b)
3603369mmdal dgbobgd. Mo ¢bws nymb ,gbmdal® (“thisness”) s6bo? bbgs gommbm-
B0 035mbadM0bgdoms(z 3oy Lo ygzobs s Bobswawgdalb 360d369mmdals
356badmgMs, Labgmdal (dog-ob 360336gmmds sfal ‘dommol’ d¢bgdfngn babgm-
33), bod@magmal (dog-ob 36033bgmmds sMals yzgmes docemnl bod@Magmyg), dgbademm
bodysmms bod@sgmab (dog-ab 860336gmmmds sMal yggmes docmaob Lond@Mogmg yzg-
o dgbodmm bodysfmmeab) dgdzgmdoo. Lodysobs s Bobswawgdnl 860d36gmm-
3oL 3obbodmgMs sbg3g 3(3909m M0bazaLEG N0 MgmMmngdalb Ladysmagdoma(s, s8b-
BMogd@nmo bammdnbgmemo bLEE§gmabs s cnmgngmmo gmmdnl dobgogoo.
dobgsze 0dabs, Hm3 3603369mmMbobmsb s 3ogdnfMgdymoa gb mgembabdMobgdo
96085b9m0bogsb gobbbgegmgdnsb, nbnbo gMo Medgbg mebbdwgdosb: 860d36gmm-
30l mdnomm omdds o6 bgds — 360336gmmmds adsmmmos Rz9basb.

3930900 bodog-bsdox dnzombom 360d3zbgmmdall aobbadmgMal dgdmagan
d9300063980L ©abdoo: s dgadmgds sboboomgdogl Logygabs o9 Bobswawgdals
3603369mmmdsl, dogmbgoogem 0dabs, oy s oMol gb 860d36gmmds? Ms b3g-
(3063039600 35dmbs@nmgds og3b 360d369mmdaL? J39dmam Bomdmgomagbo gq3b
doboboomgdgmb, Mm3dmygda(s ¢bos agzobbmgwmgl.

1.3603369mmds 9353306 ©9ds B3AImanddsb

m30039mabo, o3 360d369mmdsl Imgmbmggds, oMol b, Gm3 oan bwos
139300009dmEglb 960b Ls3gGy3zgmm (56 byMommdbom) gm@dsl. This gm@Isb
139380609 3603369mmmds, bmenm gmMds thit-b — s@o. Lo ygs 0do@mdsz oMol
Lodyze, ®m3 ab, gMmoa 3bMog, 1393d0MmEgds abgm dggMoo Imbs3z9mb, HmImab
Bom3mmgds dgbadmgdgmos (g.0. 3939060090 ,53MbgG03YM* 56 ,3mbmmmmaonm®
LEOYJGOOL) s, Bgmerg dbng, — 36ndzbgmmdab.
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35633999 9bmdMng Mmgbmdsl gmbmomo ,gmbmmmmanyma® Lodyszs, oxy dab
0g3L bomdmmgds, dombgrsgsm ndabs, 303d0fgds o) oMo 3oL 3b0dzbgmmds. oy
gmbmmmann®o Lo@yzs 1393d06Mgds 36n033bgmmdsls, gMbmeomao 3sb ,,360d369mm-
30l 3gmbg Ln@yzs“. 3g-19 Lo 3Mbob Bgmmg babgzambs s 39-20 Loy 3nbal sMgme
Bmgddo 3mmieby 96033360560 BgMLNbIbr g LmbamGa 53g356 MEYbmdal xbm-
90 ,60356L%. Jogammamaw, thit s bliff YdMdmmE FMbmmmann®o bo@yzgdos — dscn
Bodmmgds dgbademgdgmons, a3 360d36gmmds 3o o6 ¢)393d0M@gds. This G0l
360d369mmdal 3dmbg Lo@yss (56¢) bodsbo); o3 (3o thgs sl Ibmemmeo sbmgdols 3nd-
360MmMs, HMIgm0o(3 56 (3 gHN0 mbmemanm®o bodygol Asbsbg@mb oM Bomdmawa 96L.

»3O0G0mmMbdn”,  3mo@mbol  gfMm-gMo  3bonM  @osemmado, bmzMadg
0dmahgbl, Hm3 momddalb yzgmes LoBygsl, MmIgmbgz ob oGodGgdayms, 543L
Bo@3mmdds, Mmdgmoag dyb@o dgbodyszobos 360336gmmdabs. Gmzs dgbzogds
Lo@yzs, BmImob BoMmd3mmdds o6 dggbodadgds 3b60d36gmmdal (36M0@gcomdo
530l dgbogabgdmam dgodmgds domnsb m3bsnaz nymb), ob d506(3 93ma36mab,
M3 gl dgbodyzobmds 9o EAHML oMbLdmdEs s EMHmMMS 3sbdsgmmdado,
33 9Mom(33m0mgdgdnlb dggasw, bomImmdds sdmmes msgal ,LEAmymegam®
gmmdab. gb g bmboy@ds domnsb goMgem ozmes. (36mdomos dobo ©gdymagds
»00360b 6930L3ngMmdal” dgbobgd: ‘dog’ LoGygal dagMoma bofmyg sEoxMm S0l
0535330609090 035bmsb, Mobaz BaMmdmowagbl dommo. LBmMgo s30@m3s(s
st0b, ®md Lo@yzgdo, MMAmgdaiz Mmomddolb ghmbs s 0dogg Logsbl (BomMorm
3603d369mmdom) 3093500 gb0sb, dogomoms, smoke s Rauch, bLbgssbbzs gbsdo
dgndmgds sdbmmm@ Mo asbbbgegdmobyb gMmadsbgomobagsb.

(Rggnmgdtog, Lo@yszolb dggMomo dgagbommds of asbobsdmgmads 0dom,
oboz Im3g3mo bo@ygs 5mbndbagl. sMbLgdmdL (3060 Mommgbmds Ln@yzgdabs,
356339990 b3056md0b 536033690 bo@ Y3900, 9.6. MbMBsGM3MgB Mo bndyszgdo,
Mm3magdos momngmb dsdeggb 0d dagMgdl, Gm3mgdbsy 90bodbaggb. dogMad of
dbaogbgds 9oL bmmme aoMzzgmo baMobboo. Jogsmomee, FMIbammdo
doeal  ygggob smbodboggb gnaf-gnaf-om, bmmm obamoby&do bow-wow-omo.
Lo@ygzgdn, MmamMgdosds mama, papa ©s dada o3¢ (39mgdmmos dbmggmomb
969000, doaMad oM 0do@md, MmI gb Lo@yzgdo 3g30606 56 ‘Fodol’ ob ‘sl
06039 0d0@md, HmI Rznmo oMggmam LEMM g 53 d396Mqdl bomdmod3sa3L. dods
ob g 30 93 EOHML Md3L 0bmMBYdL, Mgmoal, HmAd 3s@ oMo 3ob Lobgmlb 535mdb.)
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99L& gdab gbals dmgngMon badsba datoma(s 3go3Lb 30l oembabndbl, dogmsd
9L 3basgLgds oM sMab bEmma, Bbmemme dbaszbgdal gofM33gm bamabbbg dadmgds
30ma35Md3mm. o9 30635 398y3z0m, Gl bndbaglb dm(3gdmmoa badsbo ggbBgdab
960bs, dgadmgds d0sgbmam 8baszbgdsl; o603 01 (39639 54 6ndsbL byoazm,
dbgmns 080l 0gds, o Mol 1brs bodbagwgl ngo.

Lo brgds BaMdmmddobs s 360336g9mmdal @sbygzomgds? 03 mzambabdMabols
dobgozom, Mmdgmo 39MamEmdl, MGmd gbs Loma ,a9Mg bLodyscmmadns®,
3603369cmmdgd0(3 0gd 9bws agmb. 3g-19 Low3mbal dmemm Bemgddn Immzsbg cmmaon-
3Mbo amEmd gMgaqg LEmE g 93 mzgombabEmabLL 0basMgds. 53539 MgombabdMobl
0b0560Mg896  mobsdgmmgg obgmm-5dgMnzgmo g60b gommbmgmbgdo. dg dom
o6 39mabbdgdo. 3mabo@onMo mzombsbdMobom, o9 dmmodsmsigl dgmdmos
Lo@Yyz900bs s Bobswawgdgdol godmygbgds, sl gb yggmoeggmo ambgdsdn vbwos
3dmbgl. 83wgbow, 3603369mmmdgdn, nbgzg Mmamt( 3ogdodo Bomdmmgdabs wo
3603369mmdsls ImFnb, 1bos nymb Immadams 30l gmbgdada(s (magda).

39-6 m03d0 BoMIma 9bnma sbsmaba bo@yzobs smoke dgodmgds mgGm basmgemo
303b3mm, 4] 35305D 500 boMmBmmd3nbs s 360d369mmdnb obyzomagdol npgsb.
Lo@ygs smoke-b @E>bsdo smoke a cigar (,Logdsob dmbg3ze“) o Lodygs smoke-b
#Oob530 smoke a ham (,d5dbols dgdmgs”) gHmbsnto BoMdmmdds sfgm, ond(zs
33 gem BaMdmmd3sdg 30d3mos MM 3sbbbgeggdema 36n0d3zbgmmds. mommgmem
53 860d369mmdsedn gMo-gema d98s00396gmn 3m33mbgbBo oMol 860d36gmmmds
Lo@ygobs smoke g@sbS30 cigar smoke (,Logsob ImBg3s“). v80@mIs(3 sGal, M3
9L bado Lo yge M 3o380MEgds 9MMIsbgmb.

2. Bobsy09dab 3603369mmds 503985 daba 656amgdals
3d60d369mmadqdabogsb

3bowns, MM babsowgdol 360d369mmmds 08393300 gdmmo bos ngmb dsbdo
dgdagomo  bo@yzgdol 860d3b9mmdgdmsb. Bobswowgds The lion chased the
bear (,mm3do 59009360 ©om3LY) ©535330M90Mm0d  MMBMSD, ONZ:SL s
050936905Lmsb.. dog@ed Bobowowgdol 360d3zbgmmds dg@ons 3sbdn dgdsgsmao
Lo@Yyzgd0olb 360336gmmdsms ®0dDy. boboowgdsdn The bear chased the lion

(»3m30 59009360 mm3LY) ngogg Lo@yzgdos, onde gb Bobswawgds 0daggl o6
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603603l o 50, MoGMI: o®3690s M0l 3mddgmgds, Mm3gmdoy mGo dmbsbamgs
Roorgmn  aobbbgeggdmmo Gmmgdom — gmos ab, g0obi dobrggl, bmem
dgmgs ob, gobsz dobrggzgb. gb Mo Baboawgds asbbbgeggdamoas mmdabs ©s
omgal 3obbbzoggdyma Mmmgdom. aMsdsdogznmo bgGd@nes Bobswawgdabs
3399906909, HmIgma HGmIgmos. 39Mdme, Bobsmsomgdol J398gdemg sbabgmagdl
3g35Mmb, bmemm 3oMEsdnMn 8358 gds — og3b904mb.

b (3m@o gogomoymmon dogsmoma: Thefat lion chased the sleepy bear (,,dbdsbo
mmdn ©d9093bs 3dabofg ©am3L®). 306 om0l 3Ly Jsbo s 30b sMal 3dobatg?
9L ddmgzoEgdamoas dgbsedsdabo Lodyzgdal 3mbaznady Bobowswgdsda. The fat
sleepy lion chased the bear, The sleepy lion chased the fat bear ©s 5.9. 53 5065005009393L
dmeob goblbbgaggds 33mog aMads@nznmo bEGENJENHom gobabobrmgmgds: Mmzs
Bgbsmmsgn babgma Bob LbbMadL sMbgdom bLobgmb (abgmoby@dn), mgobgds,
m3gmbag sbobgmgdl Dgobsmmagn, dogbgmagds Lagsbl o6 oMb, GmIgmbscs
sbabgmgdl smbgdomo.

Boboogds 3sLoyMa 3mbLE G000, Bmamtagss: The bear was chased by
the lion, 3g0(353L 9GO 3o@oMs gMdsGn3mm oM 39mb (was), Mmdgmbag Imboggl
b3bs 653ymb d0dmgmdol @gmMdoom. smbodbymoa aMadsdogmn 3MbLGMNI(300
30g30b390MgdL Mg Fmbsboemg Mo Gmel SLENmMadL. ofois @omgb obgs
30bEY396 o mm3do oMol dEgzeMn. 33a335Mo©, Bobowowgds 0bsMhmbadl (56
000g30b 06560R693L) 08 360d369mmdal, HMBgema(z 3Jmbrs Bobowawgdsl The lion

chased the bear.

aobbommm  Bobosogdomagsb  asbbbgeggdoom,  Lodyzgdol  WbBEM
30300936mdob, Bogomoamac: The it appears war lost is that (,9b ob Boblb M3 Bag gdmemo
o6l ®mm3Y), amododogygmo LEONIJGYMS ofs og3b, ondzs dabo bomImmdds

dgbadmgdgmos. dogbgmegam 0d0bs, Hm3 yzgms (3939 bo@ygzel 360d36gmmds
0g3L, 360d3bgmmdgda ghmdsabgolb 396 139330Mmgds s, dgmgasm, bobswawgds
(986m BybEew, bo@yzems d0dwgzmds) 360d369mmdanl gomgdg MfAgds.

3bgogl dogomomgdl dogysgato ,3m33mbozommdal® (369603, MHmIgmoas
d09bgMgds 3Mgaqb.

»BM939bgnmo  3MI3MmbozoEmds”: 360dzbgmmds dgmagbomo  asdmbaby-
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m930bd (FAHDaLS 5b babowowgdalbs) 560l ggnbd300 dobo dgdowagbgmo bsBomgdals
3603369cmmd9d0Ls @S Fomn 3M3dabagdals aMads@ogqmon bgbgdobe.

BP0 (309930, BMgaqgbgmmo 3m33mdoz0Mmds 3s0agdmes dgdgabonfa:
Boboogdol 96 gMobab 860d36gmmds  Jmmonsbom  gobobadbrmgmgds  dsbdo
dgdagomo Lo®yggdolb 360d36gmmdgdam, HmM3mgda(z 9gMc3sbgmb 303d0MYd0s6
0d Bgbgdal Bobgmzom, G@Imadbsz dm393mo  aMads@ngnmo LGN JE MG
33396bobmdL. Fat-obs (,8bgyJo60%) s lion-ob (,emm30®) 860d369mmmdgdo gBmdsbgomb
M 39380609ds s 043bgds fat lion-ab (,3bgydsbo mmdo®) 360d3bgmmds: gb oGals ab,
(3 9PDEMOMYMIE oMol 3bydsbozs s mmdas. Chase-obs (,090936980%) o
bear-ob (,00030%) 3603369mmMdgda(s 3933060095006 gONTobgml s 0gdbgds chase
the bear-obs (,@om3L ©o©Y36935%) 36n0d3bgmmds — MMI sanmo 5J3L LoEg3b69d0b
48900935b s @sm3z0 oMab ab, Mabag 80bwg396, @s 9.9. 93653 Lobsdwznmgdn sbg
MG 03505(3 o6 dMab bogdg.?

12 xg® geon, Lodyzgdo o6 BoMB8mowmaqbgb 08 ‘Bobamgdl’, MmBgmmegsb dgwggds gMobs 6
Boboomgds. gobgabomma bbgs dg8mbggzgda(s, 8sgomamaco:

o 0RNM3IBN, mmam@gdages kick the bucket (bo@ygso-bo@yzomn mamadabos: ,390MHmbmgalb gggbab
336", 853658 8nbo dgbo@yzabo M@mm oMol JoMoymo nomds ,ggbgdo asgnds® — ,a0Mms(330-
mgdab” 8603369mmdom) wo cut and dried (bo@yzs-bodyzomo momadsbos: ,odMnmo s g5dma-
dMomn®, BogMad ngn 0bBoMgds ,6065L6s6 g5bLodEgMMmal, ©38083mmab* 86n03365mmdnm)
dgaqds Rzgmmgdmogo Lo yszgdabsgsb, ode nomBgdal 860336gmmds o6 dgmagds dsmn
BoBomagdnl 8603369mmdqd0bogsb. n@om3s ¢bos a30LBsg3mmo Hmamei(3 Foxmnsbn gMmgma.

e 3IR3IBNTN LOBIBIBN, HmamEgdazes snowman (,oomgzeob 3530%) s hot dog (smbodbagl
LEMoxg0 33980L gMm-gMm 3MmEYJEL, 3gMdm, gb 36l ,3bgmo bmbabo 3¢gMHdn*), 360336gmmdals
3gmby gognmgdos. bmaxg® 3m383mbo@dn dgdsgamo bo@yzgdo aom3ggnmbomaw dmbsbomagm-
396 8603369mmdsdn, Bmams gb oMol snowman-3do, dBmaxg® 3o oGs — hot dog 56 60l doals
%0do s o6 honeymoon-b (bo@yge-bo@ygomo MmaMadsebos: ,moxmo-Jmgemg®, doamsed 603653l
»3BmMbob 039L%) 9930 30MEa30M0 3933060 MOFMMSb 36 Bmgamgbmsb. bmgogMm dgoggboem
Lo@ygedo, dsgomomae, cranberry-3a (,38mdn"), gfm-gHon bsBoo (cran) 3bmmmo Gmbmmmaon-
a0 bo@yges, o6 360l 360d369mmdal 3Jmbg. oxnd(zse 853nba(y 30, Mm(3s 3gdsmagbgmoa Lo ysgdo
8609d369mmdal 34mbgs, dgoagboma Lo ygol 360336gmmdal dsma 3gdzgmdoo (3ombabow 396
3563bobmgMmegom. dogsmomow, a garbage man (,8965339") o6 50l bogznbgsb (garbage 603bsgL
»00g03L%) a0390m9dmmo 3o30 (man 603bagl ,30(3L) @s o3 a smowman scob 3530, HM3gmoz mzg-
b (snow 6036530 ,omgmb*) Mol (ngmemobbdgds 8basgbo 3mogmal gomamgdda 360d3bgmmmds-
@ bbgomds: bsgogh ymab, BogMsd omgerolbash gs ;90 9dvemo. — domosma. 396.).

* o0om3s o6 dgragbomo Lodyzs, Bmam@E ghognma, Gm8moal 860d3bgmmds 3MmBdabafgdl

B0boomgdol ©3bo6Rgb boBommsb, mu@mm 3g@ns, 3oy (om3g smgdama Lodygs. 3ogMsd
2@bgdmdlL 8603d369emmdal 8Jmbg 9o gmmgdo, boGygody gudm d30Mg, Bogsmomsw, babasbdnma

boBorgdo 398 BEeDgddo::

a ketchupless hot dog [= “‘a hot dog without ketchup’]
»(3bgmo bmbobo 398Rn30b gomgdg®
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3. 3633560 0b3ARNb93L 3603369mmdsL

d9bady, o3 360d369mmdaL dgadmagds sbsbnsmgdwgl, sGab ob, HmI cmomgdsbdo
dgbo@mhmbgd o mbs aymb Lo@yzgdobs ©s babsowgdgdaols 36n0d36gmmmdgda
- bbmGge gb oMol momadsbo. obamoby®n smoke s ag®dsbyemno Rauch oo
a0bbbgoggdmmon 960l gmbmmmann®o Lo@ygzgdos, MmMAmgdaiz gMmbs ©s 03s39
3603369mmmdsb 35330M©58056. boboowgdal nndowsb na3mby@mbg memadbobsl
0436gds  083mbyyMo  @mbmemmanymo  bodyzgdolb  dodgzmmds,  MHmIgmo s
13933060095 03539 360d369mmdsL, Moba(z M 3ogd0Mwgds dndmg3Mmds naddo. (gb
035b MmEo 60dbs3L, MM ymggm Lo yzelb nndowsb o3l nfMeadomn maMadsbo
003mbn&3do. dgbadmgdgmos, 0adals ghmo bo@yzob Mmemadsbo smdmAbogl dmgmo
BMDs 003mbyMda.)

ymggmongol sm3mhbgds 30ms(3, 3063 08y30L, M3 dgmdmgdgmos Moo
9600056 3gmgdg memadabo LEMmymBama aymb. M 0dds by, bdnMow dbgmoas
®Ma356d0 yggms 330679 bogabbol godm(393s, asbbsgnmmgdom 35306, Hm(gs
36Dl 96 3mgDaol gmaMadbom. odze ¢3g@gLo 3Mogdozmn dodbgdabmgal,
09bas(3 0bgo 360d3b9mm 306 LyzgMmdn, MmamEa(z 3ol Ea3mM3s@0s, nmgmgds,
™3 360d369mmd0b go@dm(3935 0oMadsbdn 3d39603Mem bgMbogds.

4. 3603369mmd9380 g65b 33679 LydysEMLMSE 3353306M9dL:
F989M96G0gcre 39bJes

dgmobyg doboboomgdgmn 360d369mmdgdabis dgadmgds nymb als, Hm3 domn 3gdggdom

3gotmgds 393d06n gboby o gomg Ladysmmb dmEob. gmdzem, 39 Moms3ady

303900090 s gqz0mbgdoor: “Is this a dagger which I see before me?” (,qb, Gobocs

an ex-copilot [= “a former copilot’]
»gmGomo Jgmeg 3ommm@ o
an unzippable jacket [= “a jacket that cannot be zipped’]

» MO0 30, EMIgEo(3 gmmgnom o6 033609ds"

Lygngbgdabs s 3Mgx0dbgdalb SsMogmabo Im39dmmoas bo@yzgdnb 89339mdoom s, sdwgbac,
9L 035 60dbogl, Mm3 Laygndbgdbs s 3Mgxndbgdl 39380MEads bagymamo sdme30gdgmn
8609369mmdgdn. bLygndbgdabs ©s 3Mgxndbgdal 3603369mmdgda 3m3dabomgdlb 08 Lodyzgdals
8609369mmdgdmab, MmBmgdba ©ogMmzgnsb, momddal Dabdow obgsg, Gmam Lodyzoms
8609369mmdgd0 3m3dnbncgdgb Mmabgdda.
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39 hgd bab gbgog, babxom0s?*) 0dobamzgnl, Mm3 dgz0mbzodg d03sLyybmm, mdgqb
1bs dobgogo,m, 3g Mo Logsbo dogzb ambgdado s babmm, 8 3dogmazamgdl ol oy oo

dagger-obs (,bobygomon®) 36n0d3bgmmdal. o9y 300093 YBROM 35D YLEJdM, LoBygs
this (,9b") a396bsbmdm, HM3 Fosgbmo ndsl, MsDy(3 Bognmomgdor (s0, Mbgdow
3 30g30m, 530b 60dbogl this, ymazgem dgdmbgzgzedn, 83 3mb@gdL@3dn). gb oMb

3603369cmmdals Hgx39Mgb30mmo gb4z0s.
o4y 360d369mmdgda R3qgblb ambgdodns (,003800%), Bmam dgadmgds domo

053933060905 3567 bLadysMMbMsb? 83 dgz30mbgel YRG™ J398mom, Bogbals gmeg o
39La3g bobagddn dogdFmnbogda.

9. 3603369mmd7580 9M0d3bgob ¥ 3533nMg0056:
0bggMgbpogca gabigas

dgbomg, Mo 360d3bgmmdol  dgodmgds  sbobosmgdwaglb, ofal  al, Gm3
360d3bgmmdgd0 Mbos J360wbgb 394560B3L @b 336l asd3mbsdebaw. oy 308y30,
6nd Amy is hungry and Tom is cooking (,980 3309605 ©d &mdo bLogdgmb 53bowgdL*),
0d396 dgandmosm ssbyzbom, Gm3 gdn ddngMos. gb @sob336s g98m3mabemgmdl
LESBEIOG MmO mmaozyMo sdbomdnsb: P & Q — P. sbms dobws dmasbmomn
bogmgd GMogosmyMn dogsmomon, Mmiss ©obgbs oM asdmdnbomgmdl s3@m-
oMo bLBbsME Mo MmmMan 310 54bomIoEsb. sgMdzom, gombaomam:

Amy convinced Tom to go to New York for the weekend.

»0803 5MbINBs Bmdn, MM Fobs0- 330650 Bobyymoym bogy-0me 3dn.”

0d396 dgandmosm sl 336sm d9dmgao:

Originally Tom didn’t plan to go to New York for the weekend. Now he does.

» 0300056 @™do o6 394353005 bogy-0mM 330 Babgmsl dsdsm-3306Msb. sbms ¢339
3933530.°

LEmEgE gb o3G0l 360d3bgmmdsms 0bygMgbzoymo gubizns: ghma Babes-
0509800056 35dm3nbsMgmdl dgmeg.

©ob33b0l  godm@obol  3Mm(3gbol  dgdobogyMedoy  oyzebol o dab
94L3mo0@ N BaMdmoagbsl (300emmdL baba@mdmngn gommbmaoymo GMawoa(zno,

42



J6d

3bYgdmmo 3MobGMEBgmglb Lommanddgdowsb, dgdamd mondboz0b, BMgagbo
> Mabgmol Rsmgmom, ®obsdgdmzg GFm@EIomy@  mmanzsdwg, MHm3moab
30638 mgdgd0s bgmmzby®n 0b@gmgd&olb dmepgmo s, sbgzg, 93M0bE 0 MmO
Imegmo  (58m(3560L  aoobyzg@e Loyzgogbm abob doabgdol @gM30bgddn).
08539 GMo0(3083 doggoygebs smam@omdgdol mgmmosdwyg, Madsy dadgo dab-
(3o 30gOYmo 3m330nEgHgdabs o9 bgmmzgbaa 0b@gmgd@onlb dmmgmol dgd-
36ob o (bmsd AmAL 3ol bysmmmdom) gm@EIsmy@o mabagzab@ymo mgmMogdol
Rodmysmndgdsb.

3mabo@onco 3gab3gd@ngs dmombmglb, Mm3 wxcmm ©sbzmamgdom gob-
gobommm, og Gmam®  Joombgzs obsbgge. Aggbo doamds Medgbowdy
a0bbbgoggdmmos  mmaognco 035mbadMobobogsb, Medwabswsis Azgb a390b-
&9M9LbgdL 5mbBndbyma bszombolb oMs Fbmmme BmEIsmey® dbofmyg, sModgwe ob,
09y h396, 5053056930, Hmam® asdmagedslb abzgbs — MHmam 8080bsMgmdl gb
3Mm39bo Rzqbl meggddo.

3603369mmds oMo 343L, Mo 035mbabEALL sg0MRg3m, — @obsb 330 sMegmom
353m3@0bsMmgmMdL gmbmmmann@o bodyzgdowsb. bgdmm dmbdmdoem dsgsmmaomdo
didnt plan-obs (,o6 a39335305%) dg9Mom dgoagbommdsl sMoggmn 543L LogMom
convince-ob  (,0050M63Mbgds") dagfom dgagbommdobmsb. dom  HmamG (s
96035690036 5353306980 3603369mmdgda.

Lo@ygoms 860d369mmdgdl dmEnlb  3ogdofn bIoMow GmEINmoMmgdamoas
0oL 330L Lobom. dogomoms, M3 Bogndenbogom smoke-b bobosswgdowsb Bill
smoked (Ne3) the cigar (,d60em3ds aosdmms bogss®), dgndmagds @o3L3zbsm, MHmAI
smoke (Ne1 = ,dmemo, 3308m0®) 30dm0b LogoMnwsb. Bobswswgdawsb The room was
smoky (,moobo godmemomo nygm®) dgodmagds @ogsb3360m, GmM3 mmabdo aym smoke
(Net = ,dmeo, 3398m0). o3 3bggmmdgdowsb gbgmsegm, oy smoke (Nel) Hmam
dmboboemgmdl smoke (Ne3)-0bos o smoky-ols 3603369mmdgddo.

6. 3603369mmd580 3gIMYmNd

©33906M9begm 03 3GMdmadsl, GmImaomsy gL mo30 ©ogobygom: WImagmgbo
»30bgds 3603369emmdabs oMol ob, Gm3 3603369emmdgd0 ogsMYms. (Mo sDMom
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36356md of ,oxsMmbLY, asdmhbogds dgdamd; Mo ™mJds Mbrs, dabBozymb
0Mox3gMb  3amobbdmd.) Gmegbsi bogds wobygzomgds 360d36gemmdabs o
boMImmJdnbes, gogdgom, this Lodyzol dgdmbazggedn, Rzgb a3q9L3al bomBmmds (56
36900030, OM (30 obgMnmns) s 3530639 30(30m, M™A3 ngo 360d369mmdob 3dmbgs.
o330 bdoMmow gz0g0tmlb 360d369mmdal sbbbs, 360d36g9mmdals 396 (3 og06sbs3m
5 3963 39308mbgdm, doybgmsgam 0dobs, Hm3 360d36gmmds Agzgblb ambgdsdans
(»o03305%).

Lbgs bodyzgdoom GMB godgem, da 9fs-860d369mmds byznemal 360336gemmdamo
dbofyg oMmo36mdngMns (o o6 Rsgmgmoam 08 dgadbgdsls, Gma bygzomal dagfMomo
dbomyg 360d369mmmdal 3dmbgs). 360d36gmmmdals 3GiMdmgdal 83 3ymbom bogbol
3gmg 6abomdn gobgnbomozm s ab3gzbgdbas dmasbzmom, Mosw gobomzamb,
(36m30g6 930l mgmEal mzembsdMaboo.

dgodmgds oM 053900bbdmm, Moash @odMmdm, Gmd dbndzbgmmds o
dgodmgds aymb ogsMumo s 3Ms(3bmdagfo. ymggm dgdmbgggzedn, MHmzs dgbdab
Lodygs dog, 3y dgodmgds dJmbrgl (36mdogMo g0DmomyGn  gsd3mbabymagds
dogmobs. gobs ob byyMomn, MGmIgmoi ambgdada dogdsl, o oMol ngogg, o
360336gemmds? dmgzmg 3obgbo oMol M. gydm gHigmo 3sbybo obomgm
dm3©93bm msgdo.

sbms dg3ox93mo: 3mabo@oymo mgembsbdMoboom, bo@yzolb o6 bobosowgdol
360336gmmmds oMol ol Moma(s, Mo gbolb ImIb3smgdmol (Immadamsagol b
dbdgbgmab) mogdans s MmMIgmo(s:

o @303d0M©gds BoM3mmddym oy @obgMom @mMdslb, o6 sbmznMogds
doboob;

e 3m330b0MgdL Bobomomgdal bbgs bsBoemgdal 8603369mmdgdomsb;
e 3938000985 g5dmbobymadolb momadablb bbgs 9bsby;

®  Jdgodmyds oy 3ogdamogl gomg badystmmb;

*  0dmgge obygbol godm@obal dgbodmgdmmdal;

e (36mdogMgdobmgnl @ogsmmmos.
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10
3d60nd3b9mmads 36 Jgadmgds aymb 30D gsmyMa 353dmboboymgds

bobs o330 oym 3nbndbgds: bmd o6 dgadmgds, Mmd Lo ygzobs o9y Bobswsowgdal
3603369mmds ngmb g0 domn@a godmbobamgds s s6s bodyzgdom godm(393mo
356boDM3M5ds. 33K MO 35LENMGdM, M) MOGMT o6 dgadmgds, HmA sbg aymb.

36mdaemons 89-18 Layy3mbob gommbmgmbol gmex dg6 3mob Ladzmmbgoab
dogamoma. bod3mmbgnlb gedmbsobmmgdsl goM339mmo gm@mds o43b. o3mdzem,
3 mg3gbo godmbabymgds bod Fnmbgoobs s3g35M0e:

Logdg ol gobmogom, GmA yzgmes Lsdzyobgolb gMmbsnMo gmMIs oMo oq3b.

J399m0 30g3 Mo Ledzymbgwos dm393mo. 0396 semdsm 0B ygzno: ,3m, gb
Lod 3mObggdo FMEMBom domnsb Mobmmzgdnsb Rgdl Lod Fnmbywl s dgodmgds

Lod 3mObggdoe hsomzammb.*

sbms 3093 ghmo gsdmbsbymagds 3bsbmo. 3x0dMmo, gb pamm 3as3b ;mdzgbl
Lodgyobyob:
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dogMad gl o6 oMb bLodgmobgron. mg396 dgadmgds oggeom: ,3m, o3
dooem gognmsl Lado azgMmo oMs o43b.” of ¢bws dgzhgMmgm: goDysmy®
a03mbabymgdgddn sMoxkgMo 339918bgds 0dab dgbobgd, Mm3 Lodn g39Mmal Jmbs
s60b 860336gmmm3gaba LadgMmbgoabsmazalb. Mmamti 3o 93sL Rsdmzgoysmndgdm
MmamM dofMomem 3oboboomgdgmb, 1339 g930035M0 03 dgbadmgdemmdnsb,
b3 30dPomGn godmbobymgds ndemggs. oz 360d36gmmdgda LyyGecmgdal
boboo g3943L, Loowsb 3oz0m, Hmame dgzosmao byMmomgda ,0gomuML*?

abg3g, oM (3 y3gems dommo 3go3L gMMIobgmb. dogsmoms, 3 9M3sbmmoa bogsbo
NBOM b 3mgdom 3go3L 35@oMs 3mamb, gnmg dagmb.

doQ®XN 33310

03335050, Mmam dgadmgds, Hm3 dommal gMon 30dysmao godmbobmmgds
0ymb  Lo@ygzolb 86033bgmmmdse?  objygbs dgdmgans:  ghmo  asdmbabymgds,
bomdmeagbsdo 0d6gds ol oy MgomuFo  dbsGymo, bL3gEogkegncn s
a0bboggommgdagmos o ggm osboboglb 0d goblbbgoggdgol, Mo, dogsmomow,
L3 3NMbggdL 56 doeemagdl dmMal seab.

abma 53 byyMomb dgzbgmon:

50, Ml 0@ ymes 30839638 s0bo:
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bomdmopanbgo  LyMomn, GMIgmdgi  godmbabymoas  dmzMogg dobogol
L39(30xFYG 3MmDbsda. gb byGecmn dgadmygds 3odmznygbmo ndabomgals, ™3 30639L
39h396mm, MHmam@o 1bos ngmb dobo @gm3s, G 3mbsda ¢bws nymb dobo Lbgmma,
ob Mo 3mDodn o6 bes nymb dobo bbgmma, 56 HmMIgmndg 3mb3Gg@ Mmoo ssdnsbo

MMM 0as MM3gEoms(3 3Mb3MgG MM s@a0mslb s o.d.

0dR 90033 30bMomm@n gsdmbobnmagds sMoggmb 339166905 08al dgbobgd,
09 o 36l 360d369mm3z960, Bmogedn, Mol ybos dngsdzomem ynMopmgds. Mo
30304Mmm, G 3603369mmmds godma(393s 93 biyGemom?

36mdaemos 8g-18 Loy gmbol 3093 gfon Gommbmgmbob ©gz0 3ogdab
dogamomon 30Dgb-3ggamdMomdabs. s 560l d3gdmo Im393mo Bobopowgdol
3603369mmds?

The white ball hit the green ball, and that caused the green ball to move.

»JNM0 S0 ogxebs 363565 dmal s 5356 godmabgns 363567 dyMomals
dmdMomdadn dmygabos.”

65 dg0dmgds 30 bMamMa© a53mababmb? —MHm3 mgoto dymmo grobgds 363564
dEob, Mobaz 3m3ygs 363567 S0l s3mdMsggds. doafad ngogg 30D by (300
dggbodadgds d3gdmo dmbdmdoem Bobowawgdsl, Mm3gmdoy sMoggfns boomdzsdn
30bgb-dgmgamdmomdsdy:

The white ball hit the green ball and then immediately the green ball moved.
»JNM0 SN0 EogReby 363569 dMmb s 393wmga 8530639 36356 dyGona
s8mdMogs.”

d0bgb-dgmgamodmomds ol doGomemn sb3gd@ns, Mm3gmog gobbodmaMagl
Lodyo®mb Rggbgmem bgaol, dogmad ol o6 RsbL g30byomnE gsdmbobymgdsda,
ob 0G0l 83 ao3mbabyymadol 0b6@gM3Mg@o(30590, 369 gb >0l 860d3b69mmds,
m3gmba(y go3mbabmgdsl 3ogs6gMo.

0ds, Mo a9d6gdmeam  gademn@®  as8mbabymgdsdn, HmIgmbei  bos
3503mg35 §398mo dm393mmo boboogdgdal 360d369mmdgda? 3o@ oM abMgdo
5 bbgs 0dg3560 60dbgdo Aggbl aodmbabymadgddn o6 godmaygbgds.
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There is a bird in that tree.
»08 bgDg 960 Ro@o.”
A bird was in that tree yesterday.

»08 bgDg 37306 oym Ro@o.

Is there a bird in that tree?

»08 bgbg 960l Ro@n?”

A bird might be in that tree.

»03 bgbg dgadmagds aymb Rogo.”

30N 39MHoRM0m 3odmzLabogm gobbbgeggdol s6dymbs s Bombye
Mmb dm@0b (JoM. 30M39mo s Igmeg bobowsemgdgdn), 56 mbGmdombs s gombzom
B0boogdgdl dm@al o6 goddob 3mblLEeb@sznsbs s goddnlb dgbodmgdmaw
Bom3mAgbal dmMab (dp. 30M39emo s dgmoby Babswsewgdgdn).

MG 39379L6MMo by gmmdsl s 3sbznbomma Bobswswgdgdo:

Birds like the tree.

»h0@goL 3mbbmbor gb by.”

That tree looks like a bird.

»9b bg Ro@db 3a030.

All birds sit in trees.

»439e0o Bo@o bggddg xegde.”

I owe you $10.

»3960 $10 33060093 b.“

Millard Fillmore was the thirteenth President of the US.
»30MdME Bomdm@o ngm 53d-0b 39(3939@ g 3MD0wgbE0."

300N 30dmbobmgdsdo 9Mox M g53mba@egl hn@ ol @sdm jngdemgdsl
bols 30356, Moba(z 30039 Bobowsomgds 3o@dmasz(393L. Im3g3bm babsowgdal
30bmomabs300bomgal dgadmgds ogbs@mo by, Mm3gmog gm@3om ho@lb 3go3L,
358653 bl 98 0930L9dnF 935D, 356bs 3P gdnmMIs by sGoR M0 Jommomgdb.

48



J6d

obg3g, 30bPIMNEMIE 396 godmgbobogo all-ob (,939ms”) 3603365mmdab
(89Lo3g Boboawgds), 3903 LmnsmyMo 3mb3938gdabs s moMmgdamgdgdal
3603369mmd93L (Hmamoa(z 360l gyyemo), 396 (3 »,330MMgdL" Bdbol 3603369mmdsl
(8gmobgBabomagds) s sbgz9dgndmadgmos 30bamaDs (305 dmemm baboawgdol
03 (3693980bs, BM3gmoms 360d369mmds Lyymog o6 3M0b ©sdm3ogdama 0dab
3mEbsdg, o Mmam® gsdmayn@mgdmes 3MgDoEgb@n GomImEa. ©sdmemb,
©331060bogm Agzgbl 3oMzgm mogbs@gbl: this-ob 360d369mmdss 3gMogcom
350dm0a(3935 30byomM a53mbabymgdada.

dmgmgE Mm3 3o gzom, dombgosgew 0dobs, Hm3 Lo yggdabs @s Bobswawgdgdal
3603d369mmdgdn  bdoMo  3obyomy@  bomdmoagbgdlh  ¢393d0Mmagds, Yzgmo
360d36gmmds 396 046900 30DPomGa as3mbobymgds. s3a30Me@, 39 33mog

3905L&M9d, M3 360d3b6gmmMds Labmasm (86 3@ gbow) ogsGmmos.

MmEgbss 303dmdom, Gm3 360d369mmdgdn ogsMyymoas, gb Gmeo 6n0dbsgl, Mmd
doon bgdmgdggdomo doms of goshbnsom. 360d3bgmmdgdal gdmddgmgdomn doems
Robl R39bL dogem Gog o4@03md93dn, Mm3maday 860d369mmmdadlL ©39330M@gdo.
R396 3ga30dmos 0gb@ng0306 905 s 3mabognzans bagbgdabs gotg badystmdo;
R39b dgazndmos dogyzgom 0abbEGNJ0sl, dgagadmos asdmgzn@ebmo ©sb33bo,
©o3b5@Mo bobo@n s BaMmdmgmdzem babswowgds, GmMIgmbs, LagsMenome,
bbggdo go039396. Aggbo yzgmos gb og@ogmds dgbodmgdgmoas 35306, Hmss ,bgmb
hogogmgdom, dmzobgmomgdm™ 360d3bgmmmdsl. 3sMamdbo ob gobemsgm, Hma hggb
3603369mmdals mbgmmgdsl gobgmbgdom abg, Gm3 860d369mmdalb gm@m3al dgbabgd
39360 5MoBgM0 30(3000.

»oMa3bs gog® beabgmosd
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DAS WORTFELD “FREIHEIT” IN
VERSCHIEDENEN SPRACHKREISEN:
DIE ENTWICKLUNG VOM SOZIALEN ZUM
INDIVIDUELLEN BEGRIFF

Irine Melikischwili

Worte, die den Begriff der ,Freiheit” bezeichnen, besitzen verschiedene Etymologien
in verschiedenen Sprachen. Durch die Betrachtung dieser Bezeichnungen ergibt sich
ein Bild der inhaltlicher Entwicklung, der im anthroposophischen Licht interessante
Deutung zulasst. Es ist zu verfolgen, wie der Begriff, der friiher einen sozialen Charakter
trug, allmahlich eine personliche, individuelle Qualitdt annimmt. In dem Aufsatz werden
verschiedene semantische Wege der Bildung der Worte fiir die Bezeichnung des Begriffes
der ,Freiheit” betrachtet, die mit verschiedenen Stufen der Entwicklung dieses Begriffes

zusammengebracht werden kdnnen.

1. Nehmen wir zunachst die Worte, die im griechisch-lateinischen Sprachkreis diesen

Begriff bezeichnen:

lat. liber und gr. eleuther-os “frei” stammen von der indogermanischen Wurzel
‘leudh- ,emporwachsen, hochkommen®; aind. rédhati, av. raodati ,wachst” und got.
liudan ,,wachsen”; got. laudi ,Gestalt”. Schon im Indogermanischen sind die abgeleitete
Formen: ‘leudho-, leudhi- ,Nachwuchs, Volk”; *leudhero- ,,zum Volk gehorig, frei”
gebildet. altsl. ljudje , Leute”, ahd. liute, ags. léad ,Volk”, mhd. liute, asachs. liudi, aengl.
loede ,Leute, Menschen”, lett. laudis, lit. liadis ,Volk, Leute”, burgund. leudis “der

Gemeinfreie” u. a.?
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Die semantische Entwicklungen kann so vorgestellt werden: Wachstum >
Emporgewachsenes, Gestalt > die Leute, das Volk (Emporgewachsene aus einer Wurzel,
vgl. deutsch. Stamm, engl. Stock mit pflanzlichen und ethnischen Bedeutungen) > der ,freie

Mensch”, der zu dem Volke gehort, da er aus derselben Wurzel emporgewachsen ist.

Der Begriff der ,Freiheit” grindet sich auf der Sozialisierung des Begriffes des
Emporwachsens der Menschen aus einer Wurzel. Die Zusammengehorigkeit beruht auf
gemeinsamer Herkunft, auf der Blutsverwandtschaft. ,Frei” ist der, der von der gleichen

Wurzel entsprossen ist.

Vgl. das Wort ,frei” im Altpersischen: azata (neupers. azad) ,frei <geboren im
Erbstrom”, aznd-ya ,geboren im groRen Haus”. Das Préfix a- bezeichnet das Niedersteigen
im Erbstrom bis zu einem gewissen Punkt. Der ist frei, der in einen bestimmten Erbstrom

hineingeboren ist.

2. Eine andere etymologische Reihe bilden die Bezeichnungen des Begriffes der

Freiheit im germanischen Sprachkreis:

Deutsche und englische Bezeichnungen frei, free stammen vom indogermanischen
Wurzel “prai- ,gernhaben, schonen; friedlich-frohe Gesinnung”, mit Ableitungen: “pri-

“ o*

to, ,geliebt”, “prijo, prija ,Gattin“, "prijota ,Liebe”.

Die Nachkommen dieser Wurzel sind belegt im griechischen, in indoiranischen,

slawischen, germanischen und keltischen Sprachen:

aind. priya-, avesta friya- “angenehm, geliebte”; asl. prijati- “glinstig sein, beistehen”
russ. prijatel’ “Freund”, prijatnij “angenehm?”, ahd. friudal aisl. fridill “Geliebter, Freund”,
schwed. frénde “Verwandte”;

got. frijon “lieben”, freidjan “schonen”, ahd. fridu “Schutz, Friede” , ags. fréo, fri, aisl. frijals

,frei”, urspr. ,zu den Lieben gehorig“.

Die Bedeutung ,frei” hat sich im germanischen Sprachraum entwickelt: Personen,
die man liebt, und daher schiitzt, sind die eigenen Sippen- und Stammesgenossen, die
,Freunde”, sie allein stehen frei, d.h. vollberechtigt in der Gemeinschaft im Gegensatz zu

den fremdbiirtigen Unfreien (Unterworfenen, Kriegsgefangenen).
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In diesem Sprachkreis hat die Bezeichnung der Freiheit wieder den sozialen Sinn, aber

mehr vom seelischen (gefihlsmaRigen, affektiven) Charakter.
3. Eine andere interessante Entwicklung zeigen die slawischen Sprachen:

urslav. *sveboda, ,Freiheit, Zustand des Sippenangehdrigen”, *svob-, svoj- aksl.
svobstvo “persona”, russ. ukr. bulg. serb. tschech. svoboda, poln. swieboda , Freiheit”.
Diese Worte stammen von der idg. "seye/sye ,eigen, selbst” abgeleiteten Form - *sye-

bho “von eigener Art”.

ai. sabha “Versammlung” u.a. In einigen germanischen Sprachen sind von dieser
Form die Worte fiir Sippenangehorigkeit entwickelt: z.B. got. sibja , ahd. sipp(e) , Sippe,

Gesamtheit der eigenen Leute”; germ Suébu, ahd. Swaba ,,Schwaben“,

Das slawische Wort fir ,frei“ hat den sozialen Sinn der Sippenangehorigkeit; dieses
Mal griindet sich die Bildung auf dem Possessivpronomen und die personliche Beziehung
rickt etwas mehr in den Vordergrund. Da hat sich die semantische Entwicklung - Poss.-refl.

Pronomen > eigene > zum eigenen Volk gehorige > freie — stattgefunden.

4. In georgischer Sprache (Stdkaukasischer Sprachkreis) wird der Begriff “frei” durch

das Wort tavisupali bezeichnet.

Das Wort ist zusammengesetzt aus den Wortern tavi - Reflexivpronomen ,selbst” und
upali ,Herr”: tavisupali ist ,der Herr von sich selbst, der Selbst Beherrscher”. Das Wort
enthalt keinen Hinweis auf die soziale Zugehorigkeit. tavisupali ist der Herr von sich selbst
und folglich kein Untertan. Er ist unabhdngig, hat keinen anderen Herren (upali) als sich

selbst (tavi).

Das Wort ist belegt in den &ltesten georgischen Ubersetzungen des neuen Testaments,
die aus den ersten christlichen Jahrhunderten (IV-V Jh, vielleicht auch friiher) stammen.
In den Texten des Evangeliums entsprechen dem eleutheros, eleutheria des griechischen
Originals immer die Worte tavisupali ,frei“ und tavisupleba ,Freiheit” in georgischer
Ubersetzung. Diese Worte sind belegt auch in den altgeorgischen Ubersetzungen des Alten

Testaments, z.B. im Deuteronomium 15, 12 u.a.

Das Wort bezeichnet den Begriff der individuellen, persénlichen Freiheit. Der Freie ist

der, der sich selbst beherrscht; der Begriff ist selbstorientiert — der Freie gehort sich selbst
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und kein Anderer hat Gewalt Gber ihn. Die Wortbildung entspricht in wunderbarer Weise

den Worten von Goethe:

+Wer sich nicht selbst befiehlt,

bleibt immer ein Knecht.” (Zahme Xenien)
So ergeben sich folgende Stufen der Entwicklung des Begriffes der ,Freiheit™:

I. Frei sind die Menschen, die aus einer Wurzel emporgewachsen, in einem
Erbstrom geboren sind (lieber, eleutheros, azat). Der Begriff beruht sich auf den
Ideen des ,Wachstums, des im Erbstromgeborenseins®, d.h. auf den atherischen

Lebensprinzipien.

Il. Frei sind die Menschen, die in einer Sippe in seelischer Zuneigung vereint sind

(frei, free). Der Begriff hat einen seelischen Charakter.

lll. Freisind die Menschen, die zu unserer Sippe, Gemeinschaft gehéren, die Unsrigen

(svoboda).
IV. Freiist ein Mensch, der sich selbst beherrscht, der Herr von seinem Selbst ist.
Erste drei Bildungen sind sozial-, die vierte aber individuell orientiert.

Diese Wortbildungen stammen aus verschiedenen Zeiten: Die griechisch-lateinische
Bildungistin der Zeit am meisten entfernt und die Georgische ist die jlingste. Gegenwartig ist
die Grundbedeutung von allen diesen Wortern der modernen Sprachen die Bezeichnung der
personlichen Freiheit. Aber sie sind auf verschiedenen Stufen der Bewusstseinsentwicklung
entstanden und offenbaren verschiedene Auffassungen der Idee der Freiheit. Diese Stufen
der Wortbildung stellen die Entwicklung des Begriffes von sozialer Zusammengehorigkeit
(Lebens-, Seelen-, Possessiven) zur individuellen dar. Diese Entwicklungsreihe ist im
Einklang mit dem Evolutionsbild von Rudolf Steiner. Er spricht davon, dafld der Begriff der
individuellen Freiheit impfte sich dem Menschen um die Mitte des Mittelalters, als die
flinfte Kulturepoche begann, und das Ich des Menschen in die Bewusstseinsseele eintrat.
»-..vom 10., 11., 12. Jahrhundert angefangen, sind wir in der Epoche des Eintretens des Ich
in die BewuRtseinsseele. So spat ist das erst gekommen. In die Bewusstseinsseele trat das
Ich erst ungefahr um die Mitte des Mittelalters... Damals impfte sich dem Menschen ein

ganz bestimmter Begriff ein von individueller Freiheit, von individueller Ich-Tiichtigkeit.
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Wenn sie noch die erste Zeit des Mittelalters betrachten, wiirden sie durchaus noch tberall
finden, dalR der Mensch in einer gewissen Weise gilt durch das, wie er in die Gesellschaft
hineingestellt ist”.* Rudolf Steiner hat oft darauf hingewiesen, daRB Freiheit sich nicht auf
die Volkheit anwenden 1aRt, denn Freiheit ist nur anwendbar auf den einzelnen Menschen
als Individuum. ,Mit den Begriffen, wie sie die heutige Menschheit hat iber den einzelnen
Menschen und seine Beziehungen zum Volk, kann man sich vor den Wesen der geistigen
Welten nicht sehen lassen... denn Freiheit, das erkennt man aus der Geisteswissenschaft
heraus, ist ein Begriff, nur anwendbar auf den einzelnen Menschen als Individuum, nicht

aber auf die Volkheit mit ihrer Gruppenseele. Da gelten andere Begriffe als Freiheit“®.

Das Eigentlimliche ist aber: das georgische Wort tavisupali ist viel friher als das 10.
Jahrhundert gebildet. Es kann nicht spater als vom 4. Jahrhundert sein (die obere Grenze
ist die altgeorgische Ubersetzung der Evangelien); wie tief die untere Grenze ist, kann man

- mangels fritherer Uberlieferungen - durch die dueren Tatsachen nicht bestimmen.

Man kann vermuten, dal8 diese Schépfung des georgischen Sprachgeistes im Kaukasus,
wo nach der Sage der Titan Prometheus an den Felsen geschmiedet wurde, mit dem

verfrihten Einimpfen des Ich-Bewultseins und Freiheitssinnes der Menschheit zu tun hat.

Diese Einimpfung der bestimmten Seelenqualitdt in einer Region, einem Volk und
zu einer bestimmten Zeit kann in Vergleich gestellt werden mit dem, was Rudolf Steiner
Gber die Einimpfung der Menschheit der Intellektualitét durch das Hebraische Volk spricht.
Prometheus ist derjenige, der den Menschen verfriiht den Impuls des Ich und der Freiheit
gebracht hat. Rudolf Steiner sagt, dald dieser Funken war von dem Geiste, der den Menschen
zum freien Wesenheit gemacht hat. Der Geist, der zu den Aposteln niedergestiegen ist
wahrend des Pfingstens, ist verwandt mit dem Geist, der heruntergefallen ist und sich
einverleibt hat dem Prometheus. Darum ist das Pfingstfest auch das Fest von Prometheus,
der Fest der Freiheit®. Der Pfingstfest stellt auch in wunderbarer Weise die Individualisierung
des Geistes dar: , Allerwichtigste an dem Pfingstereignis ist, das ein gemeinsames Leben
derjenigen, die an dem grofRen Osterereignis der Menschheit teilgenommen haben,
sich individualisierte. Die feurigen Zungen gingen auf das Haupt eines jeden hernieder,
und ein Jeder lehrte in derjenigen Sprache, die keiner anderen gleich und deshalb allen
verstandlich ist“”. Prometheus, der heruntergestiegen ist, um sich aus der Freiheit heraus

emporzuentwickeln, muR fiir sein Bestreben biRen dadurch, daR fortwahrend ein Adler
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— als Symbol des Astralleibes — an seiner Leber nagt und ihm dadurch die furchtbarsten
Schmerzen verursacht. Dieses Bild wurde in Agypten dem Schiiler gegeben, und ist dann

nach Griechenland hintibergewandert als Prometheussage®.

So kann man sagen, daR die Prometheussage von der verfriihten Ich- und
Freiheitsimpfung der Menschheit und von der Fesselung von Prometheus an den Felsen im
Kaukasus im Einklang ist mit der verfriihten Bildung des individuellen Freiheitsbegriffes in
georgischer Sprache. Das kann ein Hinweis sein, dal diese Impfung tatsadchlich im Kaukasus

und im georgischen Volk stattgefunden gehabt soll.

Nach der Mitteilung von Pf. Adamec (Prag) soll Rudolf Steiner in einem Gesprach gesagt
haben: ,Die Kaukasusmenschen kann man nie beherrschen, sie sind freie”. In diesem Sinn
kann man von der Mission des georgischen Volkes denken und vermuten, daR die Menschen

mit ausgepragtem Freiheitssinn Inkarnationen in dieser Region erlebt haben sollen.

1 Julius Pokorny, Indogermanisches etymologisches Worterbuch, Franke Verlag Bern und
Miinchen, 1959, S. 684-685.

2 Julius Pokorny, Indogermanisches etymologisches Worterbuch, S. 845. Das
Herkunftsworterbuch, Etymologie der deutschen Sprache, Duden, 7, Dudenverlag,
Mannheim, 1989, S. 203.

3 Julius Pokorny, Indogermanisches etymologisches Worterbuch, S. 882-883.
4 Rudolf Steiner, Das Johannes-Evangelium, GA 103, 10, S. 17.

> Rudolf Steiner, Menschliche und menschheitliche Entwicklungswahrheiten; Das Karma
des Materialismus, 176, 9, S. 356.

¢ Rudolf Steiner, Die Tempellegende und die goldene Legende als symbolischer Ausdruck

vergangener und zukiinftiger Entwicklungsgeheimnissen des Menschen, GA 93, 14.
7 Rudolf Steiner, Anthroposophische Lebensgaben, GA 181, 2, 56.

& Rudolf Steiner, Agyptische Mythen und Mysterien im Verhéltnis zu den wirkenden
Geisteskraften der Gegenwart, GA 106, 10.
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mo3bo@gbo, HmIgmoa(g oMol ,660dg635(3960L% 56 ,dmEmama@ g (3mmgdal® (36mdacmo
®03bs@gbol 3093 90 3oMNsbEo.

bomdmgoanbmo n MomEgbmdal ghmem dmmadsdg dagdgn. gb 45333900
©gEsd  gosgmomboms, Mmd, oy ©oobzMmgdmebgb, dzo3Mom ©obyrows.
03330600, mommgem 353936 b Mz000mb Lyygms aymb, dogMed oo
56 0sMEIdms, bbgs o 0onbzMmgdmes. obg dmbos, MHm3 0535d0bol dmy
domaobl, gmgdgem, k Mommgbmdol 35333L @ogbgems dndmoa. mommgmeo
bgogh  Gomobl Lbgolb dndmdg, dogmed 396 bgoogb, dobo dndemo
obgMomos 0] sMos. sbg MHMT, 5M306 5MOBGML 56 536MdL. 53 PMML dmeals
3535 5 536mdL, Ly (MBS 9o MJ396a56L onb(z Indemn Gomaobom oq3L
obgMomn” s 330m 5b0dbagl 08 Gog@L, MmIgmoa(s nbgwss (36mdoemo oym
3o0m30L 0493007(3, 306 303 Gadglb n@ymms (¢ k> 1). 530b d930ga 3535
33mo3 o 333 039mMgdl d9dwmgg dgzombgab: ,0(30L oy ofs GHm3gemndg
0J39635635 @obgMomn 543L o) 96 b 3ao dndman?” e 303 mmobbdgdom,
3 yzgmes 653330 50l 309335860, LodGNSbn, amMbAOggmo s Jombgsl
Y39 9MmOHmema© 3sbnbmdl, Ms mbrgds sbgo dgdmbggzeda?
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0@bgdmdlL 030l 0888 30(3905", M3 3oMggm k — 1 3oobgsb yzgmo
3obmbmdl oMb, JogMad Mmamt(s 3o Joobgs k-xgM as3gmMmgds, yzgms
353930, 30L5(5 LgMomo 5g3L Indmoa, M3sbnbgdl ,asb".

»059830(3900% bmM(309mgds k-dg abdzonm. k = 1-bogolb dgmgao
boomgmos: gfmo sbgMomo ds3d30 bgwogl, MHmI Lbgsl omsegaol o6 g3l
ddmo abgMama. Mo©asb 356 n30L, ™3 Ly (3MmEs, gMo 453936 donb(s
obgMoemn oL dndemo, ob sb33bab, ™3 LEMM g Mz0mmMbss ob gMmo ds3330.
b 83919300, k = 2. 837bow, by mE 3533300 L3O, a s b. ymgzgemo
domngobo 30Mggm xaMdg oMb 3obybmdl, Mopasb bywagb Gomasbl dgmmals
390mDy. o333 MM (35 b 53dmMdL ,,0M5L%, a bggds, MHmd 3oL Nbos 3dmbrgl
dmdmo obgMomon, Moash Lbgs dgdmbggzsdo b asnggdws, HmA Gomabo
LEmA g dob Ndm Dy 0ym s M3obnbgdos ,oob" 3nMg9mbsgg dg30mbgady.
03M0g50, a 3obnbmdlL ,osb* Jgmeg xgMdy. 3563 b-(3 sbggg Bbggmmadl
5 3mgdggdlb. sbms @ogmdzom, k = 3; sbg Gm3 dndemoa La3 do3d3L ofsb
abgMomo, a-b, b-b s ¢-b. 353930 a sbg Ly gEMEL: egMdzom, g o6 dogsl
39960 abgmamo. 35306, o) k=2, mMngg, a-(3 s b-(5 3sbbgdbgb ,nob"
39mM g ©obInm 300b35L (1339 gobboememn g8mbzgzol Mobobdo).
000306 0b0bo sbg 56 Fmngd(3646, 0b b3gds, M3 sd39ds sSBLEMEN nym s
3bma 3oLz abgMamo d43b s dgbedgm LAY 30mbzody Y3Lybgdl
»00b ", sbsmmaonMa 0393006 b-(3 o C-(3.

3bxgmmds bmgswn dgdmbzgzobomgabsy 03 gm&mdom g@mdgmeyds.

%39d&0 LY 3mES 9o 35330 Fonb(z sbgMaemn od3L ddmn® s360dbmo

p-mo0. 3936036530, ®m™3 oy k > 1, g.0. 9o d5333Dg 9L 993L IMdmo abgmamo,

30906 ygmggmo 353330 bgoazb Ly M@ g sbgMom dNdmb s s3wgbsw,
353339035 m03005637 0(3056 p. 53335M5©, 3g0dmgds 30x0dHmm, M3 3ods sSEdbs0m

Sbam 0bgm@Io(300L oM 5630l 6539398 s, dgbodsdabow, Mmss k> 1, byma(y o6

aym bago®m dommgol p-b odds. dogmsed gb s@abbmmns! ggoddoymdow, Mmam(s

Sbma 36obogm, 3odol MMB oM g5bg(3bogdnbs p, oLgMomo 35333900 39GabrMmL

d9dmgdbgb 0dals goggdsl, Hm3 dndema abgmamo 3dmboso.

30535bMdm 3B 30(3900L FMbobodL: G-y nbyydz00m 3538303900, B3

030b dogbgogem, oy Hmammos bodo(309, g.0. 030l dobgszse, oY) Madwab
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35333L o43L abgmamo dndmo, yggms 353330 3oLYbmdL ,omab“ 3530l 3oMggm g
d93000b35bg. aoboggdns, Hm3 0dab Boybgoszem, o Mm3gm 453d390L vg3m dndema
abgMomo, yggms 353330 135LbgdL 06l 3530L 3oMggm dgz00mbzel, Mowasb
353330 396 35606MRq3L 9MMBobgmabagsb Lo@a(300L, bowss 8oL @obzMama gdbgds
d9dmo s boGms30sb, HmBgmoa(z 30cg9moa Lo ms300b bEmow 0@gbBHn ngbgds
030l goMs, Mmd dob 3dmo o6 946935 abgMmama. sbammaoy@os 0bowd0m&o
bodogo(s: 0bnd(300L 303mmgbalb mebabdaw, do3dg9d0 3obmbmdgb ,omab® dodal
30639 g dg300b35bg. 93gbow, Mm(35 3535 (g + 1)-90 ©obgadl jombgal, dogdgo
i 33353 396 360Mhg3l gOMTobgmnbashb LoGmoznol, Lowsi dob @obgMamao
996965 dndemo s bo@yoz0ol, HmIgmos 3omzgma bodms300b bEMma© ngbGM&0
046985 030l goM@s, B3 3oL dMdmo o6 9469ds LM, Moasb 0boy0ab
303m0gbalb mebsbdo, 45393980 3obmbmdgb ,omab* 3530l 3oGggm g dgzombgels
030 309)bg0s350, oL3MMO 593L 0y 5 i-653d3L ddmoa. 580&mds(3 dob abgg o6
9(3™m069ds, 30bo Ly 3YMdMa FNdmo sbgMomns, oy — oM.

50gbom, Mmis dsds o(3bogdl Mmoo abgob, Mo ¢339 (bmdomos
yzgmos 35333060300, ob EmamEmmey dbgMbgdl dob3gb d53d398L Labomggdmm
0bggm@Bazns! Mmame dgodmgds gb Imbogb? Mo oMol 8580L aobzbogdal
BbEo BMbg0s? M mgds Mbs, 3odob aobzbogds LadMomgdal ggzodmasl
Rodmgoyomodmm 0bmd(znnlb 80Dy, dogmed gb gg® Roomgmgds 3o0b(3003506(3
05353doymagznmgdgem 3obybow. 530, g9 ablbgds, 0yy Mo nbgxym®Mds(3osl omgdgb
35333900 3530b gob(3b500900b dgmgasc.

53 300b3g8L dga30dmns g3sbybma Babs Jggmagzdn smbgmommo gMmmdmoga (3me-
Bob (36980L g03mygbgdom. 3o6g0bnmmem RO G YMo MM LgMamo dogdzal
dgdmbggszs. 943L o6 063930, HMI g0 3ods 3o 3L enbyqdoagl, yggmsd aczab p.
049 I9bem0 BoMGm gemabl s dmdl sdzm sbgneman, 35306, 30006 8585 Mg 0@ ymoal,
9eobo dgbadmadma 300Rbg3l, Hm3 b 56 0g3L abigMnmao dmdeman, Mo dgdmbggzeda(s
dmdo ggfagal 396 o0babogos @omabnaba dndmoam s 83gba b o6 g(3mEnbgdmes
p. 35L dg3ga, M3 3535 305393g8L M350 4ob(36owgdL, gmabds ¢339 0(30b, HMI dmdds
0300 p. B35 dmdo 3obgbmdl ,0Mob" 350l dnMgge dg30mbgsl, gemobo nygbgdl magal
(3Mbsb 030l dgbobgd, M3 dmdds a(30b p 03nbogals, Hm3 ssb33bsl, B3 dobo bsgyms-
60 Igdemo bz, (39360363m, M3 3mdds MM 56 n(3mEaL p, 0L doMgge K9
»060L* 0@yms 03 dgdmbggzeda(s, gmobol dgdemo bngms Bm3 ymezoemaym.)
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F396 Sbmabob @agnbabgm, HmA3 o1 BoM@m M 65333L 946gdms dndemo abgfoa-
0, 35906 yggmob o6 g(3m@nbgdmms, MHm3d yzgmsd o30b p 0dsdwg, 30Mg 3ods Madgl
0&YmMEs. 3ogMd3 bad do3d3L MM 3gmMbmes dMdmo sabigMamon, 35dnb yzgmasb gzm-
0bgdmEs, Hm3 yz9emad n(30b p 04s30y, 3oM g 3535 Modgl 0@ ymes. o geobl, dmdlbs
o hatemal @abgMomo g46qdmeam d¢Mdemn, 35306 gmobl g3meobgdmes, Hmd dmdo
5065653005 AL obigMoem dndmb, dmdL g(3m©nbgdbmms, HMA Rstmn @onbobogws
9e0obob obgMoem dndmb ©s .3. JogMad o3 dgdmbggzado, gomg dsds Modgl o@ym-
05, 439b 36 9(3M@bgdmEs, HMF yzgmsd o(30b, H™I yzgmsd o(30b p. dmgswsw, 0y
52360365300 E“p-010 08 g8, Hm3 yzgmsd o(30b, HmB yzgemsd o3ab . . . (k-%g6) p ©
Cp-o0 5360dbsgm gMmmdmog (3m@bal, 85306 3 300b39mb Moz dgmdmons 3godmb-
dmb, BHm3 oy BbEB O k Homgbmdal d53d3L 543L Indemo @sabgMarmn, 35306, 30y
3035 M339L 0@ ymEgl, Jsmgdemons EX'p, 3ogca3 oo EXp. Bmgmis scdmBbws, oy k
omEgbmdal d53d3L oJ3L dmdmo obigGaeman, 35dab £ p Liszdsmnbo 0gbgds 0dnbogal,
m3 353339339, 30Lo(3 abgMnma 543b Fndemn, gdemmb 580l gogqds, dogmsed EX~'p
530bmgol o6 046505 Lo 3donbn. 330l gob3bagds, BoJ@ MM, 35333960 (3mbals
dam3omgmdal £~ 1p-056 gommeddbals Cp-s0. 98 @ds@qdnmo (3mbal abdsmgdom
300 9339 dg9dmosm godmmzemmb, sbgMomo sg3m o1 oM dmdemo.

5330639090 330mbzgmo dgb0dbozws, Hmd bgdmdmyzsbom dbxgmmdsdn
003bo@gbol  5mbgFmabol Bm(3gdnmo  ©sd3z9d0L sty — Am3  ,ds3d39d0
86006 5®9335@ M0, LadMosbn s gMmMBOGgme” — Rz9b sEsgHM0 G,
033035309960 ©533905(3 393539909, 3003 9fmbgr ©a39dgem, Gm3 dndmo
dbmemme gemablb o dmdb sdgom obgMomo. aowsdbyzg@n 360d36gmmds 543L ndsb,
M3 mM0393, gemobdsz s 6mdds(3, n3mb b, MMA 45333950 5056 500933580,
LoBMNSBo S gMEbAmGgmo. Fogomoms, gmmabds Mm3 oG amEgl, Gm3 dmdo
LodsGnegb 538mdL, M35 0b dgmMg 3ombgadg ,omab” 3obybmdl, 3sdnb gmabo 396
M3obnbgdos ,aob* IgmEg dgz0mbzel (bwsz dmda Lobsdwgamgdo doMmamb
530mdgl). sbsmmaam@o, 6mdds ¢1bws n(3mEgl, Mmd gmobo bodsGmmgl 536mdb.
080l gofMEs, MmM3 gozom, Mm3 gmggmo 353330 oMab LodM0sbo, s©g339&YM0 s
ambAggmo, 396 sbggg Mbws gogmmobbdmm, Hm3 ymazgmds 4539335 o(30b, Hm™I
oboMmRgbgdo bgeg96, MmA3 ymggm omasblb gbdal 3580L @obdnma 3ombgs, Hm3
303o o6 Gymob s M3 53d398L o300 yzgmes 03 obyzbol go390mgdol Mboo,
m3gmo(z 3o bogoGmos 3530l joobgabg 3obyybob gobs(zgdac.
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BdGPFeE, RM™m dmogfn ©8d398980(3 Mbms go3gomEgb. oy dndemo
obgMomo og3b k Mommgbmdal d53d3L, yzgmoed ¢bws ozmegl, HmI yzgmsd
0oz0b . .. ((k = 1)-x9M), O™ yzgms 65333L 53L Lomsbom 5@Mndy@qda (6056
20933589100, LobGsbo, yzgmsl dgmdmos gooambmlb 3530b Bomgzedn s o.d.).
dogomoma, o9 bod 3533306 v93L I LMo s o9 gemobo dgbadmgdmaw
300Rbg3L, ®m3 dmdl dgbadmgdmaw dnshbas, Mm3 hatmal dgadmagds 396 aogambs
3530b aob(3boygds, 35306 gmobo gg& dgdmgdes 3530l dgbedg jombgady asgzo
3obybo ,00b" (boss Aol Lobsdwgnmgdo gogambs dodol 3obsbogds s
dmdLo(3 b bzMEbmMEs). semdom gmbogmvymon ndbgds, o) ©s33390m, M3 yggms gb
38M0dG0 sMal gMomdmogn (3m©bs s dommma(s, yzgmab, gobscz 3o Imnbdgbas
9L 033L5@gb0, Bmam(z Robl, 30939009008 3oy (3 dbgoo sd3z9ds.

35d0bosdy, Mm3 dggzoxedmm — MmamE (3 Robl, 3o3al gob3bowgdal gubdzns
ob oym, Gm3 doge 80393980bmz0L p-ob dgbobgd gMomdmoga (3m@bs (5647 0d
3ogd@ab dgbobgd, Gm3 Lyym (3MGo 9o d5333L obgMommn 3dmbrs dndema),
dogMad 353d3980L dogM aodm@obomo ©slg3bgdo gummobbdmdl, m3d xangdo
1339 9MLgdmMdEs bogdom Momgbmdals gMmmdmogo (3m@bs. Mmam® Rbpgds gb
9M0mdmogz0 (3mEbs? 08 dgdmbzgsedos 30, 09 Mammgdgmzymao bsombl, o9
MHMame 3505073935 9gHNMOM0g (3m©bs® nbgmo god@gda, Mmammgda(zes ,yzgme
353330 bgagb* s ,y39ms 353330 gmbMmggmos”, 3o0bg aobom 33930 0gbgds, oy
Mmam® 543936 p-b gHomdmog (3m@bo 530l gobsbogds.

dg360dbsgm, Mmd doxmsm LEmGo o6 0gbgds, 09y 308 Y3000, MMB p go©s0d(3d
90mdmog  (3mEbs 0dn@md, Mmd 353339835 asoambglb  3s30L  Bomggado.
0539335, 35353 Lomomome gs094356s a39Mmdg ymggmo 353330 (abg, Gm3
Lb3gdL 396 dggb603bsm) s MIbMS: ,Lym (MG gMom 0396356l obzMoma 5q3L
dmdmn“. 353383900 smdom 3509304 qdwbgb, MM (3m@o 9 (3bsMa nym dabasb ndals
3mbdgbs, Moz oo 99339 0(3M©BY6. d30m0 ELIBILNS, BMB sbgo dgdmbggzeda p
36 25507 (39M@s gMnmdmog (3mmbsc.

53 3og5momab go(36mdaldqdga 3535685390dmads nggod@mb, Bmd gBomdemago
(3M©b6s 030@&m™3d 3oRbwos, MHmM3 ygzgms 3533335 nzm@s, M3 3530l bocmdgsdn yggmed
3503mMbs. 3ogM33 gbg(z 30 o6 oMab bs33oMobo. 34300, 35333900 gMMTsbgmb o6
9600mdmMEbgb, @s ymzgmads domasbds hmdew dnsdsg®s dobos@mEmmo dogHmambo
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Y39 3bomRgb do3d30L. (6oMdmgamanbmm, Gm3 653939335 Babs boggbmma CIA-ab
LobMM3bgem dobo3dn gos@omal) 353sL nbgg godyssb a39Mbg Mmommgmmo dsgdgo
(390 (35039 @5 91669ds: , Ly (3G 9Mm 13963560 obLzMamo oJ3L Indma®. 53
dgdmbgg3edn, adammemon 3o 3Mmermbadol Bysmmdom, yzgmes 5333L g(3m©0bgds,
3 ymggmads Fomgsbds gongmbs dsdol boomggzedn, doamad dom xgM 3093 oM
9969050 gonmdmogo (3m@bs.

3MEdm@gbn  godMob dgdga  8zombzgmn  omdsc  aMbINbrogds, Mm3
9mmdmogo (3mEbs 53 dgdmbgzgzedo goRbmes 3530L aob3bogdol Logemmmdals
353m. qbgdo Mm3d gmggom, 3sdal dogH p-b LogsMme asbzbowgdsd ds3d39d0
356b5 39900 gdmm bodoznsda hosygbs, 39Mdme, abgmdn, HmM3 yzgms d53933s
030L 0bo(g, O™3 p 560l gddoMn@ 0, s abo(s, ™3 abobo 53 bLo@s(305d0 56056. 396
396396900, H™3 sbgo 306MME5ddn p G0l gMmmdmogo (3m©bs. dg360dbs3m, MH™3
9mmdmogo (3mEbs 56 ABgds 0dob godm, MHmA ds3d3980 Mmam®ms(z sbgMmbgdgb
006303730 mo asdmmgommb EXp g0 gda. (gb Gm3 sbg ymggomoym, 35dnb
96mmdmoga (3mEbal domBggeb, bagaMaemoma, NbobEmmm pmHm obdnfMogdmes.)
9mmdmogo (3mEbs 9Mmdadsn Rbwgds, Mmami 0dob dgmggn, Gmd ds3d39d0
sbgom gobbagnm®mgdygm LoGmo300d0 50dmMhbY6. 53 Lo jombl IM3gzbm Moz39do
339166916 gd00.

1.2 60gbab dndmbamgs

bgdmdmygoboen aobboemgsl bws ©ogMmbanbadobs 330mbggmo, Gm3 (3mEbob
dgbobgd dLxgmmdal dbgmam dmbabgmmgdgmo 513998900 HMbom FmEMIsmy@
3bomobL Imombmzgl. 39-2 ma3do goas3bmdor (3mEbols oM@ 0z, 8363 bszdome
dmog® gm@mdoemn@® bgdsb@ozne ImEgmb, s gbsl, GmImal Ladysmgdomas(s
308bxgmgdm  (3mEbol dgbobgd. o3 dmEgmb Logydgmew woggb Jgbodmm
bodyommgdn. abGmoogMoe Mma s3bbbom, oy 5396@L o6 543L LOYmymazamo
(3M©bs bLd3YsMMbL dgbobgd, 0l dgbadmgdma dnnhbgal Lbgs Ladgstmms mgm Moals.
9L badgammgda 3odmbo@ o396 085L, o Mmamo dgadmgds ngmb dabo goMomom
Mgomymo badgstm. godygom, Mmd 539683s 030l @ BogdGo, oy @-b saomo
0d3b yggmes 08 Lddysmmdn, MHMIgmbasi 3o 9396@0 dgbadmgdmaw d00Rbgglb. o3

L3sbE 03 YM0 dm@gmal 4odmygbgds Ladyamgdsl ggedmgsl dobgamambogmmmac
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306335M@mo obgMomo 353d3980L magbs@gbolb s@ogMmn dbgmow sbablbbgemo
dbomyg. sbgmo sbomnbo g30h39698L, o Mmame o33mgds d5333960L (3m©bob
dgmdstgmds 3530l gmggm obdnem dgzombzady 3obmbolb go3990L d53wga
5 M3@M3 begds, Mm3 09 sbgMomo 3533d3980L LagHom Momogbmds ofal k,
dbmmme k-x96 ©obdymo dgz00b30b dg3ga 3gdmgdgb d5333900, MMAmgdba(s
3b3Momo 8300 INdma, 83 oGl godmmgmab.

od Logobagdmm Mbs om360dbmm, MM LEYmosEs(3 >M> g3ambos, HmI
dgdmga mogdn BaM3mmagboma bLgdsb@ozyMa Imegmo gehmsgGma ,LEmGN®
dmEgmos (3mbabmgab. hggb g0 339mmo MM ©ogc3go 93 dmEgmdn (3Mm©bob
®30b9dg00b gobbomazsl. sMegHmds Gormmbmembds bamdmapanbs adoggmgdgemo
563 m396@&q60 0dob bLohzgbgdema, MM DmangFmo 53 M30Lgdomagsb ,oMabbmmns®.
358653 gommbmambgdobasb asbbbgszqgdoom, 38 bngbda R3q6 Mytm 3Gogds@mm
30bbgdL 30bobogm. Rzgb oMs a3ambas, MM 5GLYdMEL (3MEbaL ,LEMEN® BmEgmo.
309mygb9d0lb bbgoabbgs bygmmb (3mebal gobbbsgsgzgdmmao (36908 dngbowsggds.
dmEgmo, Hm3gmbs d9dmgy mo3do bomdmgaaqbm, godmbsowggns @sbgMamo
353d3900L ®o3Ls@gbal sbomnbabmgol s 3owgs dMagomo bbgs bygHmbmgal,
o33 dgndmgds y3gms bggmmb oMz dogbomegqgdmeal. 98 Boabolb gom-g&momo
30bsbos hggbmlb 330mbzgmb, oy Gmam® o3mgds L, 3mEbob* m30bgdgdo
35dmyg6gd0b by gMmb (33momgdsbmab gMms.

39-3 9330 301535Dmdm (3mEbol ™30L98930L LEME >SMBgML Jgbadmm Lady-
SOmMmd dmegmadn. 53M3m3o003960 sbgmo smbgMol mE Bogmdsb. 3ocggmo scnb
3§ 3039000-0 gmEoemo: ghzgbgdm, Mm3 (3mEbol yzgms ogzabgds dgodemgds
B Mo 838303l 39-2 mo330 gobbomumo mgobgdgdal Logwdzgmdy.
3gmMg 3oamds sengm@mocmdmmos: 396 d930L6s3mom sagmEomdgdl, Gm3madbacs
dgdemnsm 3056 330mb, Im(393mmo m30bgds JoMmgdamoas o oMs B3gb Jogh aob-
LoD (3MEBaLMZ0L s gob3nbamazm 88 3Gim(39Lob gsdmmzmom boMormmgb.

(3M©bol  36smnbal  aodmygbgdol gMom-gMo  3603d369mmm3zebgL  LggMme
dng3oRbos 3B 0s396@ M0 LobBgdgdn, 0dobos gobyMmBggmaw, 0d6gds gl
MO0 9MHNIMJ3900 0396895006 Lol gds o) JLgmdo 3MI30wEgHgdab bob@gds. 3g-4
mo3d0 39A39690m, oy Bmam dgazadmos 3odmgnygbmo (3mEbolb Ldsb@ o mHo
dmegmo  0dobmgal, AGm3  dogoffgmmo  (3m©bs  ©396@qdLb  dmE 003968 M®

66



M3N3d

LobEgdgddn. o3 dgdmbggzedn 304gbgdor Lodygs dnff gMmel, MoEash (3M@bal ob
(36905, m3gmbsz 3PmE00396@ G0 LobEgdgdob 3mMbEgJLEdo 3bzwgdom,
dgodmgds gobzobommm (3mEbol g3om9a06 (369850. o o6 a3543L Mo30L0 (3MEbNL
30dm3m3zmgmo 5g96@0b (36935 s oM (3 0L dmmbmgbs, Hmd 59968)b dggdmmb msegzobo
3m60b boggmdzgmdg dg300b398L 3sLyybmb. dgbodmms gb (3mEbab ¢3bay
356badmgMom 3mazqhzggbml, dogMed 393009000 3hg9bmm, Mm3 gb dggbodsdgds
Lo@Yzd »(3MEbal® gfMm-gMo go3M(39mgdmm 360d3bgmmdal. dg@a(s, Imgznyzobm
dogomomgdl, Mmdmgdaiz 3mbBImdgb dobo aodmygbgdals 30bobdgbmbormmdsls
FnmEnoggb@&ma LobEgdgdol sboemnbabisb.

39-5 ®53380 gob303M(3mdm dg-4 mogdn 653meagbam dmegmb s gobzabomsgm
J3909393b, 3HmEM 3mengdl s 3HMamedgdl. gb Lodmemagdslb dmag(39dLb BG™
9GO NES® 35359650 dmem BamBamgmdadol (33tmaemgds FmmEGnaa b bob-
$93898d0. Bz9b sbg3g 3563LoDMEMI3M L3 7300303930006 (369850 S 3563856 Bd3m, 09
0L 60dbogl 3BmMEBm 3mmab 86 3Mma@madnl dogm b3g(3093035(300L S 3dYyMBagds.

39-6 9330 39R39690m, o GomEgb d0bs6dgbmboemn dgadmagds aymb
LobEYdgdalb assbamabgds (3mEbol Logydzgmby. 3 mezda dmogzofn o7g396@0
3900985 9MmmMdmng (3mbsbgmobbgemabbgs 3mb@qdL@gddndabasbls gnmmgdaem
3603369mmdsDy. 39MdmE,399h39690m,HM3 0l oMl dgmsbbdgdobes s gHmommyemo
3MmME0boMmgdmmo 43gmgdol Babsdnmmds.

39-7 ma3d0 3063530 (3mdm 3MmaMadgdal (36935L s gobgobomagm (3mmba%y
ogmdbgdmen  3MMaMsdgdl, Mmdgmoiz agzodmgglb  (3mebolb  gdL3moznd e
&gbBomgdol Lodyomagdsb. dgodmgds omggsl, M3 (3MEbsdy oxydbgdeymo
3MmaMadgdo  g35dmag3qgb domomo mbol  gbol, MmIgmbgi bmMogmogds
3MmaMadnmgds ob LobEGgdolb L3g(z0ENge0s. amegzabmdor sMsgHo Fogsmomb,
Mmdgmo 3mbImdL  (3mEbal  @mbgdy  sBMM3gbgdobs s  3Mmamadamgdal
30b56d9bmboenmdabs.

39-8 mogda aobgabomogo (3m©bobs s ©MmMaL mgobgdgdlb s dmegemo
0439680 3gmgds Mmal gs63s3mmdado (3m@bal  gobgzomamgdol Lazombby
I @00896@M LobE9396dn. 3Rz9690m, MM (3069 (330 gd9d003 33909000,
mImgdoz 39390M©gds Lob@gdsdo (3MEbobs s EMmMAb YOHMogMmddgmgdsl,
dbgmom dmbobgmmgdgm, dogMad dmog® gogmgbal sbgbl (3mobol m30bgdgdby.
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Mmamt 39-2 mogdo 31hzgbgo, 93968 9g00lb mmaninto  ymgmobdzmeo-
bgmds 360l gho-gfmo ol mgabgds, Mmdgmoas, MHmams Rsbl, (3mobol dgbad-
e bodysmms Impgmal aobnymagmo bobomos. sbgfMomn 65333900L omog-
Lo@gbob dgdmbggzedn R3gb 9dL3moE MG ©399d300, MM ymgge ds33-
3L dg9dmm y39ms 08 sb3360L go39mgds, Mmdgmoaz bogoMm aym mogbadgbob
33mbabLbgma. dgbadmms, gl mgabgds godsMomadyma aymb asdmygbgdol
Bmgoghomo byghmbogol, dogmed dmaswn dgdmbggzobomgol ob 8dzoMo@ ofo-
ambog@emos. dmmmb s dmemmb, Rzgb o 1bos g3Jmboglb 0dob 0dgwn, GmA
dg3dmagdo  mmao3nfoe  ymzmobdizmeby Mmdm@aqdol dgddbslb. 39-9 mog-
do ombBgFomos ®e3q603g 3gommeo abgmn s8LEMJGMmo dmEgmgdal Sbo-
39000, Mmdmgdbsiz o6 goshosm mmanzno ymgmobdzmobgmdal mgabgds.
MMamM (3 9339 00739, (3mEbal (36968 3mEGnoggbdco balbGgdgdabmgalb yzgme-
bg 93990 50bgMgds MmamM (s aofMgasbo (3m@bs, Mmdgmoa(sy 9396@9db d0g6gMgds,
307300, bobEgdob obsnbgHals BogM. Aggb sMogomst dgdmbgggeda of 3ammob-
b3Amdo, HMI 539689635 Ybws 3odmmgammb magzobo (3mEbs ob mogobo (3mEbal
bogmdzgmbg o 30mgdmem Mbos 3sbmbmdobgb dg300b390L. 408mygbgdalb dmge
M0y LEgMmMgddn mogabo (3MEbAL Lagndzgmdy ©896@9d3s YMbos ndmJdgomb.
sbgm by gMmgddn aoMgasbo (3MEbs oM oMal bszdaMabo; s396@)L, MmMIgmds(s Mbwo
0dm743g0mb msgobo (3mEbol Laggymdggmdy, sbggg Wbws dggdmmb o3 (3mEbal go-
dmmgma. (3mEbobs s godmmgmab by gombo gobobomagds 39-10 mogda.

3g9-11 ms3d0 356bgdoom gMomdmogo (3m©bol 3Gimdmgdab. babs Jzgmegdo
303560 9m, MHm3 obgMomn 35333900L mogbo@gbdo gMomdmogo  (3m@bs
Abgds 030l godm, Mm3 3s30b gobsbogds ngm LogsGm. osfogMo Mgsemn
Lo@onsdn dgudmgdgmos Lage®mm asbzbowgdal gozgmgds obg, Gm3 dobo
d0bssMbo ghm@MmMmo ao5(36mdogMmmlb 3Magomds sgq96@3s. h39b 3mh396900:,
3 sbgm dgdmbggzgddo 396 aohbogds gMommdmogo (3mEbs 335360 asggdao.
9L M330gbowdg 3oMmamgbyyem damdsmgmdada 3354gbgdl, Mowashb gosbowgdm,
™3 gBHmmdmogn (3m@bs 30l dgmabbdgdolb o gmmMabomgdyma dmJdgogdols
Babodnmmds s, 58539 MU, b 396 onmBg3s. 93 3oMomJbL asbgabomago 3g-
11 mo3d0 @ 3300b39mb dgzmegabgdor o3 (36980L dgbnbGgdam 3060568 5dL,
Mmdgmos  dombggei 3Gegd@ngmmem dgbadmagdgmos s Mmdgmoz bdoMow
bogdoMabo(zes Mgome® Ladysmdo badmddgome.
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53306:&03(’0350

1.1 3% 930 o M 3006930 3568030 053530, o853 3m0cmbmzl dsbgzamambagMman
0336900l 303909l (3mEbals dgbobgd. 3ol @edodmdgb dsbgmb ©abEom,
mdgmog dgagds Ibmmmm mobo Gdobash s mmbo Mg0sbalbasb. 3mmsdsdy
bodns. MogEgds gdzbo dsbgm, mM-mEa ymzgmo dmmsdsdobmazol. @emRBgboema mo
dobgm MRgds dognodg oMo dzgdmo (abg, Hm3 o6 Robogl obo Moggzemmds).
abg, ®m3 o6 dgbgs396 g0l 3564mb, Immadadggda dob sbBg396 Fndmabzgb ws
1h3969696 05656MAG6 IMmmedsdggdl. 530b dg3ga IM™edadggdo FMng-Mogmdom
(300mmda6 assM330mb, GmM3gmo dobgm FaMogo bgmda (d564mbL  gogyEal
356LoDM3MS 56 BMgobmzgdom). o9 IMmMs85393 56 n(30L, HMBgema dsbgm Mmdomasl,
306 oby(3 Moo Mg30l. d3M330m, 93 08303l M33odmdor gmobo, dmdo s md3qb.
aoboggdns, MmMA gMomdmogn (3mEbss ob, MmMI 503 ghmo 0dzgbasbo o6 0Gyszol

& Y90l 8 Y39 3mme35dgL 943L bENmymazamo ©sb 3369300 g 39mgdab ybaMo.

(a) 3oz ®sdsddn gemobl, HmIgmog 30M3gmmo madsdmdl, MdoMagl mo
&0 @ dmdlb, Hm3gmas gmeg m8dodmdl, Mdafmoglh mo Mg0sbn. mMngg,
9abo(z 05 6mda(z,538mdl, Mmd 501 56 dgdm0sm 3obbodmgMmb, Hm3gmo
3564m mdofogom. Mo dsbdmgdo aogzm mg396? (8060dbgds: gobaboemgm, Mo
3mbogdms, 04396 Hm3 bgmdn 3 FgMmoam mGo B Da 56 MM M30560.)

(b) 3gmEg 3035ddn 5353L m7g396 abygdor. gmobl, Hm3gmois 0396 dgdwgy
®035dmAL, 543L MG Gg05bn. dmdl, Gm3gmog dgbodygs, bgmdo oMozl
&0 @ M30560. 33300 30639 Lamsdg 396 (5 gHM0 396 53dMABL, HMIgmo
33b6gm gamagh bgmda. Go dobgm asdzm mgdzgb? (30b0dbgds: (a) bobamals
30dmygbgdom gobobomgm, Ms 3mbrgdmms, mg396 MmA bgmdo m&a &wbo

aggmmsm.)

(c) 39body ®sdsddn mg3zgb FgmEg bmdMe Madsdmdm. gemabl, GmIgmacs
0035dmdL 3oMggmo, oMozl Gdo s M3z00ba. dmdl, Mm3gma(y dgbedy
®035dmdL, og3b sbgzg Gnbo s Mgnsbo. ggMsegab 396 0393l msgabo
306Mggmo bgmob ML, MM Moz MMTgmo dsbgm MFoMmsogl. gmobo 3963
mogabo dgmeg bgmal EAML 0ggdL, oy Mo dsbdm oMozl moze. Mo
d5bgm godzo og3qb?
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*1.2 9figgbgo, ®m3 1.1 bogomgodmb &dgdobs o M3056980L msdsaddn goma(s
4mgzgmmgob dgdmgdl 030l gobbabmgmal, o Mo dobJm ydamogh. xhggbgo sbgzg,
O™ oMmLgdMAL obgmo Lodasns, Gmzs dbmemme Moo dmmsdsdg dgdmgdl
030l 30633935, Mo dsbdm MdaFogl, bmmm mMo @sbschgbn dmmsdsdy, ndobws
dobgosze, o Medmgbn Mamboon goamdgmegds medado, ggMmobommlb 396
35039380, ®m3gemn dsbjm ndomsegl bgmdo.

1.3 3md 96 35(3930b 003653 9b0 5610L LI 353d3980L Magba@gbal 3oMasw
(36mdomo 3oM05bB)0. g5dm(3560L LEGSbosMmE Mmoo 3gMmbos sbgmns: dgxgb gobemes
bodo d@Mdgbo. gMmmdmngn (3MEbss, MMA Lyym oMb Ladn Bomgmo s Mo ;mgmto
Jyeo. 3gxg mommgym 6Mdgbl osbyMagl Jnob s ggzombgds (Mog-Mogmdom),
0(3006 0] 565 Mo BgMal Jywo sbyMogm. 30Mggmo dMdgba 3obyybmdl, Gmd dob oM
0(30b; 3gmEg(3 3oLYbmL, HMT 56 (3 3ob n(30b; 530l 93ga dgbedg dMdgba 53dmAL,
™3 356 a(30b.

(a) Mo ggcab Jnwo sbymogb 3gbsdg dcdgbl?

(b) 3 oo3Ls@gbdn Rzgb a3dmbos Gofmymo ©sdzqds 0dob dgbobgd, HmI
Lodngg dMdgbn byasb. 3mdzom, egmadzom, Gm3 3gbadg 6Mdgbo dMss
900mMdmogz0 (3mEbss, Mmd 30M39mo m@n d6dgbo bgwsesl. dgmdmaos 3gbadg
367dgbl 8506(3 godmmzgammb, Mo ggMabes msgew dobo Jmwon?

d960d364580

306M39mo@ (3m©bol dgbobgd sbBOM3bgdol gmMIsmy@n mmaoznto sbsmodal
00qd, Mmam@ Rsbl, Bomdmohabs gmb gMagmds [von Wright 1951]. Gmams
1339 903b0dbgm §94LEdn, 30bGngzsd [Hintikka 1962] 30Mggeds godmogzzmons
930b@gdnFn mmanzs dmbmamMogommow. mgbzgba [Lenzen 1978] dodmobomagl
1960-006 o 1970-006 Bmgddn g30b@ 93 mmaozsdo Ro@omgdam 33mg390L.
3ol dm3yogl oMadgb@gdo (3mebal Mogn ojbomdgdal Lobomggdmmm s Mogo
04bomB8gdol BobosmBoga. 3 oMadgb@qdowsb yzgmedy (36mdamoa g3mom3bab
33&0gb  [Gettier 1963], ®mdgmoz gB0bssmdmgaggdmes  (3mEbol, Mmam(s
933561080, badmmgdmmo Mb3g60b, 3emaboz M 0b@ M3 @ s (300L;30b0 653H™3n
d0030gmbgdgmon smdmhbos Lbgsmomgalb. ag@egb oMadgb@gdo s dmgogMon
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d93am3n dOm3s @ smYMa@ oMl gsbbommmo mgb3gbab doge [Lenzen 1978].
03 Lagbol Mabrmgbo gobboemgs abomgo dg3ga bsdmmdgddn: [Halpern 1986, 1987,
1995], [Meyer, van der Hoek, and Vreeswijk 1991a, 1991b], [Moses 1992] o [Parikh 1990].

Goagm®E 9330 3obbgbge, JoMzgmor  gHomderog  (3mEbaby  j3ergae
a56bm@ (309mgdem 0dbs mmeabab [Lewis 1969] dogc 3mb3gb309dal dgbbogmal
3M6894LE 0. 330 33335 Gab 543> 0dabs M3 ,Yyz3gms bLymgmds a30b”, ¥g®
30093 1970-056 bemgddo a3bzogds. 3ofmggmow gb &gMdnbo go8mAbos LGsEGnsdn
[McCarthy, Sato, Hayashi, and Igarishi 1979]. 3993560l [Aumann 1976] bog@o3m badmmdals
d9393 (3m©babs s gMomdmogo (3mebab (3658980 sbgzg o 068 gMaLL nbzg3s
93M6m30b@gdbs s ®sdadol  mgmGool  b3gnemab@gdlb ImEnb. SoMggmow
Inm@Gnoggb@ e  LobE@gdgddn (3MEbaLy o gHomdmoagan (3MEbaL  (36909d0
353mygbgdem 0465 33m3gMmbabs s ImbglLabl [Halpern and Moses 1990] o sbggg
93360l [Lehmann 1984] d0gM. 3emat3obs s ds@dsemab [Clark and Marshall 1981]
309t a5bbommos ghmmdmogo (3m©bal 3o3mygbgdal Logntmgds, Moms gogogmo
abgomo baboogds, Hmam@azes ol godmmd 3mb3img@m Bamddg?"; 3g6mbs
©3 3mgbab [Perrault and Cohen 1981] dog® d53mmogodgdmmoas gobbbgeggdammo
bggs 03 (369093bg. 3meMzn s JsMmIseman sbgzg d0bgMgb 0@ gMoMgdmmo (3mEbol
QM gMag0mob b3sbosmbg ogndbgdym dogomom, bowasg obbgbgdgb obl s
BogLmBL. @abE®ndnonmo (3mMbal (36985 dg98mmgdam 0dbs 3sm3gMbabs s
3mbgbab 309 [Halpern and Moses 1990]. mogadnfzgmo dsm gb (36908 dg3mamgl
Mmamtg 0d3emozodm@o (3m©bs, bmmm d9dmamd 036 3semab [Jan Pachl] 3o
dgdmmagabgdym 0gbs &gMdnbo ,obGMndyz0mo (3m@bs”.

bgMnmo 353339806 Ma3L5E)gbo ,dMmE@ams@ g (3MEgdal* Mmogbs@gbal gHo-gm-
™0 356M056@)0, MM3gma(y gobboyym nym g3dmgzgabs s 3Ggmbabl doge [Gamov and
Stern 1958]. 356 by [Gardner 1984] sbg39 4300935DmMdL 83 Md3LoGgbab bbgs gotn-
ob@L; 03039 MogLba@gbol Lbgswabbgs 30M056@ 0 gobbommumoans dmbgbabl, @memggzabs
©3 33m39Mbab dogm [Moses, Dolev and Halpern 1986]. 53 bngbdo 3myzsbamo 3960
0007430l (33 gmo aodm@obomos domgs0bal bodmmdnwsb [Barwise 1981]. 8-
Bgdobs s M3006980L godm(zobs 1.1 LogoMmgndmEab smgdymons 3sMggmab bod-
m3nob [Carver 1989]. dgmg dbasogbo godm(30bs ofal g.6. ,3mb3g0L domemdglbn®,
m3gemo(g 306M39ms@ aobbommamo nym 3mbggab, 3g@gMmbmbabs s ImbgmyL dogH
[Conway, Paterson and Moscow 1977], dg3coamddo 3o gsfmebg@ab dogc [Gardner 1977].
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930L@ 939 dM0emdo gb magbo@gbn gossbsmadgl 98wy dmsbads, 3mbybrsn3ds
©> b@mgmayds [Emde Boas, Groenendijk and Stokhof 1980]. 3 godm(3960b
30RdMNMgdmo 39MHL0s 3obbomymons oMo zol dog [Parikh 1992].

835 o) 03 Logombdy 35 gdoma modgMms@nfabomgals abamgo dgdwmgmaon
53900b dodmomaMogommo d96ndgbgda.

0330 2

3™mebob dmpgmao

®ob-do o 3msb-do Jobgo@mbmdmbgb 3omBg asdogoem
bo®g, MM ®meb-dnd Nobms mobsdabesmb: ,dgbgwoy,
mmamE sbmooemgdab [ ysendo 3o@oms m938980! so, gb
om0l 095389806 dgbogmgde.” ,d9b mogo bmd of bom
29380,“ 13sbbs 3mob-dnd, ,bonob Mbos nzmg, B sGal
09380bog0b 39060 gM 9ds?%, 56 (3d 9b bot xmeb-da®, doyam
®5b-dnd, ,,85d, bonwab Mbos n(3mmy, Gmd 56 0307

X)56-do, ask. 300 6. dg. b.

2.1 I5Lsdmm Lsdysmmas ImEgma

AmamMs 9339 90360360 30Mggm megdo, (3m©bob dm@gmamgdol hggbo bjgds
989o6gds dgbodenm bodyommgdl. dgbadmm badystmms dmmgmb Lagmdgmaw
1093L 06@MoE0Ho 0gs 080l Momdady, M3 MgomyMo FomsMgdol oM
0MbgdmdL 89360 Lbgs dgbodmm gomamgds, 5647 ,Lodysmm™. 539683 dab bymom
sMbgdmmo 0bgmmMds300L dobgmzom dgadmgds 396 gobLbadmgMmmL, dMogom
dgbodmm  Lodysmmmogsb Mm3mal bogndzgmdg Mbos smbgfmmb  s@bgdyma
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30m5Mgds. 83330050, 308y300m, MM 5396835 az0b & Gog@ob dgbobgd, oy ¢
993560805 y3gms 0d bodysmmdn, GmIgmbsz ob dgbadmagdmae dnohbggl (dob
bgmo s6bgdamo abgm@dsznol baggydggmdy). dogomomom, sgq9b@on 1 dgodmgds
3b056 mgl d09y390mEgl Lb-GMB(30L3ML Jrhol s sMEbsMA NbRMETs (300 o6
3Jmbrgl cmmbmbdn s6bgdemo 530bal dgbobgd. s3wgba, yggmes nd badystmda,
m3gmbaz gb 039680 dgbadmadma 300Rbg3L, bLob-RMabz0b3m3n 3bnsbo wmys.
(od oanmabbldgds, ®m3 0ggb@n o6 ©d3z9dL 0dal dgbadmgdemmdsl, Gmad dsob gb
yzgmoggmo ghggbgds o Lobsdgomgdo Lob-gMmsebi3obimda cmogbbds 6303ss.)
dgmmg dbMog, Moaob 5396@L oM 593L 5MbsaMm0 NbRM@Ts (305 MMboMbal 5dnbrnls
dgbobgd, ombgdbmdlL obgomo badystmgdo, GmAmadbsi 39680 dgbodmgdmoc
300Rbgslb s Mmdmgddois mmMbmbdn 3bnsbn s30bwns s Lbgs Ladystmgdo,
m3mqddag mmbombdn 6303b. v3mgbow, 9896@35 030, HMI Lob-BFMSb(30L 30
dbosbo 58060y, FogMed o6 ogob, dbosbo ©3abrns oy sMs  mmbombJo.
0b& 030060, Mo NRO™ (3009 MomEgbmdalb Lodysmmagdl 300kbgzl ©gqb@o0
dgbodmgdmam, door g™ 330695 30bm3z0lb oMM 3393mMbs s doo YRG™ 3980
0(30L. 09 03960 Fonrgdb ©3589d000 nbxrm@mIszosl — dogomomem, Lobwm
Byommbasb dgo@ymdl, ®m3 53geds@ mmbombdn 3bnsbo 88060s — 85306 0l s
3560b0mogl dgbodmgdmom 563 9o 03 badysmmb, bawsg mmbombda 6303db.

3m39M0bdgdmbzgzedngbdgbadmmbadysmmgda 3mb3Mg@mmnb@gmdmggeoslb
0dgbl: ol oGommE oMol IMmMs8sdgms dmGal ds6dmb gobsboemgdals yzqems
dgbodmm bggds. mogadnmzgmom dmomsdady dgbadmgdmae d0oRbgslb dsbgmb
yzgmos 0d aobobomgdsl, Gmdgmai o6 gbabssmdogagds dob bgmo sMbgdae
356gmb. 93530 3bgmgmmdobal 3mmedsdggdl dgmdmosm doommb ©sds@gdomo
0bggmEMdo(300, M3 350 Lodyyamagdsl Jab(393L godmEosbmb dBmgngfomn ab badystm,
m3gmbag 0dodwg dgbodmgdmor d00Rbg3wbab. gmobds mo30006 MmM3 o3
0(3mEgb, ®m3 dmdlb bgmom 543L yzo30L E¥ba, Momsz Im3g6@dn gemabds dgodmgds
9b go0amb, o9 Bomgdymo 358 gdomn 0bgmmdsz0s Ladyamgdal dabzgdlb dob
353m@03bmb ggzgms ab Ladysfm (6564mb gsbsBomagdgda Immsdsdgms dmmab),
Lod(3 dMdL o6 543L ygzoz0b Gmdba.

30093 9Mmo dogamomos sbgMoma d53d3960L mogbo@gbo, Gmdgmag babs
5390 gobgobomgm. o39d30m, gmobo bgwsgl, Gm3 dmdl s hommoal @sbgfMaemo
od30m 3dman, bbgs 60333900 30 — oMs. gb dob Lodygamgdsl sdmasl gedmMosbmb
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yzgmos bodysmm mMob gofMs: @omhigds gMomn, Mm3gmdo(y 3sb, dmdbs s RoGmal
3430 ©abgMamao ddmo (s bbgol sMagob); s Jgmeyg, Gmdgemdo(y 5333900056
3bmmmE dmdLs s Rotmoab o430 dndemn abgMomo. yggms (g.0. mMogg) badystmdo,
mdgmbag 30 gemobo dgbodmgdmew 300RBg3L, dmdbs s Rsimal @abgMoma sdzm
ddmo s yggmes 353336 dmdab, Ratmobs s 3ol gods dmdmo bygms ofgo.
gabol gon@mzggzemmds dbmmmm dobbogg dndmb gbgds; 3 gonmzzgzmmdsl
03 Lbodysmmms LodMagmyg sbobagl, MmIgmbei gmobo dgbadmagdmae d0nkbgzl.
Amam(g 3bobogo 2.4 43905330, dob dgdmga, Moz gemobo 3mobdgbl o8 53339000

3obybgdL 3030l 3oMggm M dgz0mbgedy, ob dgdmgdlb o3 Mm@ badysmmmsb gfMo-
9600 353mE0(36mb s oo 330mb, 543L o9y oM Mega@ 3ol Indemn LMoo,

03 dbggmmdalb M3 gycm dYbEo gm™ds dozzgem, h396 w©oazdammgds
965, BmIgmog Ladomgdal Ima3(393L WIMommE gs8mzboGmom  (3MEBILMSL
053933060900 (3698980. Mmamts 1339 3b0bgm, dmbgdcngn gbs o admgge
(3mbab dgbobgd Mormmo dbggmmdol bybEo godmbe@zal Lodmemgdsb. 3ol
bo33mo dmsmmma mman job gbsl godmgoygbgdo.

307350, 33993L Ramgyo, GmIgmoz dgeagds N Mammgbmdol 53968 0basb,
Amdmgdboz 3ommdomem 30gbadbogm 1,...,n. LodomEogzobmgol ©ogdgem, GmA

03 9396 9d0b BLggmmds Lodysmmb dgbobgd dgadmgds swabg@mmb domGngn
©90mm 93 930L sG15 (39090 O LodFMdz3mol badyysmagdom, HMBmgdLbs(shggmmgdcng
obyg 0360386s30,: p, p’, q, G, . . . gb o030 gdNmMadgdo dggbodsdgdosb dobaby®
%399B90L badyammb dgbobgd, Bsgomoms, ,L6-GM6(30L3MAn 3bnsbo 30bwns® ob
»90obb abgMomo 5930 d9dmon®. 080bmzal, MmAd godmzbsGmm abgmo Bobswawgds,
MMaMM0(350 ,dMmb3s n(30l, M3 Lb-GMIB(30Lb3mMdn Jbosbn 530bwns®, 53 gbsb
535358900 dmomn® m3gMoGm®gdb K , ..., K (moommb ymggmo saq6@o0bmgol).
35906 gm®Igems K d bodbogl ,0896@ 1-35 o30b d.°

&9dbogmc0 mgembsdMoboo gbs dbmmmm@ GmMIMmgdol bodGogmgs. sbems
dgagodmons sgbgfmo hggbmgal LanbGgMgbm gm@mInmgdon. ©s306ygdm ®-3n
dgdogomn doMm@ogo gomgdgdom ©s 9393900 PMM Mo FmEINmgdl
WoMYMBom, 3mboyybdsooms @ K, . . ., K dmeomyMo m3gho@mmgdol dodstom
Lod@ogmol Rs39830L gabom. 88G0gsE, o9 O s P FmEIYmados, 35d0b sbgszg
ROOIYmgdos =, (PAY) s Kb bopsi i=1,..., n. Bsgombgol gobssmgomgdmo
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353m3&™m390m gmhbomgdlb nbym gmMmIMmgddn, Mmam@azes (PAY), Lo 3o gb
mbOHM36900L o6 g53mabgg3L. sbggg godmgoygbgdom baobswswgdoms mmaon ol
LEObLIMG M dgdmymgdgdl, dsgomomse, ©o3bgmm GVYP-b  =(=dpA-Y)-0b
bozgmo, d=>P-b ~dV-ab dognzMom s d=UP-b (d=P)A(d=>1)-0b bozzmoc.
39ddsmodlb  asbgabomogo  MmgmEy  dgdmgmagdsl  Momsi godbomgdamo
&o3@mmmagoobmgal, dsgomomswe, pV-p-bogol, bmmm Jdioemlb — Mmames
d93m 3 gdob ~ggddomodo-bogab.

53 960l godmygbgdoom dgaz0dmos MInommm godmazbsGmm Lszdsme Mormmo
30dmbomg3edgdn. dsgomomse, FmMIms

KK

2

p A=K KKp

35dmboBo3L bobowawgdal 08968 1-3s a(30l, B3 53968 2-85 030L p, Bog @3
08968 2-35 o6 0(30L, ®M3 53968 1-85 0(30L, HMB 53968 2-35 a3l p*.

dgbodmgdmmdsal hggb (3m©bol mMopyma asbzobomagm. s3GMngowm, 539680 |
»3mab, ®m3 dgbadmagdgmos ¢ 35306 o dbmmme 35d0b, MHm(3s 356 o6 o(30L =P. gb
bo@o(300 dgodmgds 50bgmmb Bm@IMmoo ~K ~d. bobswswmgds ,063ds 56 o(30b,
bgds o) oMo ¢ 43903690, M3 @nbo mE0ggb — d-boz s ~d-ba3 dgbadmgdmac
3560b0mogL. 93000mm B0bs Mo3d0 6obLgbgdn Babowowgds: ,,@nbds 56 a(30l, a(30L oy
565 bogbmbds, M3 nbds 030, MH™I bogLmbIs o(30l, HMA 3o 33mMM IS ¥ 3obmbme
dgombos mdMangbol mgzalbido ymmgMagomdn®. o9y ©obl Regmgmom sgq6@) 1-ow,
BogLmBL — 53968 2-000 s p-b Bobswowgdow ,3033MMEES )356mbme dgomboas
mdM50960L Mmgzobdo YmogMagomadn®, 35306 gb gMObs sbgm Bm@Bsb doomgdl:

=K ~(KKKP)A =K ~(=K K K,p).

3oL dgdga, M3 903b9Mgo hggba 960l bobGoJbn (g.0. LS3Z3gd0 BMEBmadols
LodMogmy), B396 agdoMmgds Lydob@n o, obg FMEIsmyMo Fmegmoa, HGmImal
353mygbgdoma(s 49356339307, Im (39890 gmEBnms FgddoMn@ns o9 3(3sM0. bg-
35680300 306badE3ML gMm-gFMmn doamds, HmamE (3 5036036gm, s6ab dgbodmm
Lodyomgdo, Mmool GmEMomndgdobog gobwgbo (yMmad39L) LMy J&m®gdals
Lodmomgdom. (8m3wy36m mo398d0 gobzabomago gmm3magdobmgal Lydsb@ozol
d0boggdal Lbgs dgomegdbss.) D-bg asbbodmgMmo M 360339L LMY JG NG
n G3mgbmdal 3968 0bmzal ool 3m33mgdbo (S, m, Kl, e, Kn), Loas S o6alb
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30am3sMgmdgdol o6 dgbademm Ladysmmagdol bLodGsgmy, T o0l 068 9H3M 9B o309,
Mmdgmo(g S-0b ymazgmo dpamdstgmdabomgal gobbsdmgmeglh ®-ob ymazgmo dom-
030 ©gdmmgdob $g33sG0@8 e 860339mmdab (g.0. Ti(s) : @ {§933sGn@0, 360}
ymggmo SES dpamdsmgmdobmgal) s K ool S-Bg gsbbobmgnmo dabstmmao
d0dofmgds, 569y S-0b gemg396@9d0b Byzomagdo. Im (3934 bogbdn Imbs(3gmgmdom
3049690m §9M30bgdL ,dam3agmdab® s ,badysmmb®.

F99dstn@mema 360d369mmdols 30bgMol g3mbdzns T(s) aobbadbmgmagh degm-
dofgmds s-do p dgddoco@ns o9y (30060, 53335M5©, 0] P 5bndbaglh Bod@L ,Lob-
gM3b30b3mda 6308L°, 85d0b T(s)(p) = Fg3dsnGa ombg@l Lodmszosl, GmiEs M
LE®YIGPPOL s BamMIoMgmdsda bob-BMab30bgmda 6308b. dobstrmmo dndsmmgds K
abobagh dgbadmgdmmdsl 5396 i-0b mgambobMaboo: (s, t) € K o 939680 i badgstim
5-dn, 30l bgmo 5L gdmmn 0bgmMds(300L gomzamabbnbgdom, dgbadmgdmaw donhbgzl
badgsmm t-b. K-b Bggb gobgobomogo dgbodemgdemmdals 3ndsmmgdom, Madmgboma(s
ol gobbodEgMagL, o bgdabdogm dm(39d4m Ladysmadn GmIge badystmb 3nnhbggl
dqbodmgdmoam 539680 i. 535LmMdb, 53 Boabal ¢89@)gL Boboemdn (39 dme, 538 mse3da(s)
30amobbdgdo, Gmd K o6l $-Bg 39bbsdmggmo 9455035emg6@m30l 30ds@ogds.
$-%g 39bbadegHNmo 933035096¢™M30l Bndstmgds K dobstrmman 8ndsmomgdss, Mm-
dgema(s oMab (a)@gomgJbm@o, Go3 03sb 60dbagl, Mm3 yggmes sSES-bogal (s, s) €K,
(b) bodg@Eomemn, Mo 60dbagl, BmA yzgms (s, t) € S-bogab (s, t) EK 85306 s bm-
mme 35306, Bm(ss (t, 5) EK o (¢) §MmobBodmemo, 9.0. yggms s, t, UES—bogab o9 (s,t)
€K o (t, u) €K, 35306 (s, u) EK. K-0b 363b0bmgMago Gmam@(s 933030096@mdals
303500935, Moash a30bws 53Lsbmm ol nb@yynzomGo Mgsmmmds, MHmd 539680 i ba-
dyotm s-dn 300RbyaL t-b dgbadmgdmag, 0 93968 i-b MENgg 53 badysmda (s-bs o
t-30) gm0 ©d 03039 06xEMMIS(300 593L Ladysmmb dgbobgd, g.0. 939680 o6 aobsmhgsl
58 0 Lodyammb. bagbgdom d1bgdMngos K-ab gobbobdmghs Mmamm s g33035gb@m-
b0l d0dommgdabes s gb bEmom dggbedsdgds asdmygbgdol stsgmor bygMmb. dog-
SOMd, Mmam& (3 53sb d93mga J3g0e3do 3bsbogom, ob godmmagds wsabgmormo 539~
3900b 30L& bl sbaemaDabogals, bmem 89-4 s 3g-6 me398d0 399R39698m, H™A abs
3b939 90933580 SMdgMmn I 05396@ M0 LobGgdnbmgobs(s. dogmsd sbgmagg
bomds@gdom dgazgdmm dgbadmademmdals dodsmmgdgdobmgol doagzgbadgdabs Lbgs
»30b7g8980(3 (3dgdmoma, HgRmgdbnMmds s GMobbodmmmds, dogMed sts — bo-
39@M0mmds), Mmamz 53l gogs3gogdor 3g-3 mogdo.
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Sbms g063LodmgMogm, o Mol 60dbogl, Mm(3ds BMEINms 50l Fgddsogo
dm393m bodysmmdn s dm3gdym LE®YJGMSdn. LEYmosw dgbadmgdgmos,
g3 0ymb FgddsmoGo ghom bodystmdn s 300 dgmEgda. dogomoms,
960 HM3gemndg bodysmmdo 0gq6@ 1-85 dgndmgds o3meal, Mm38 Lab-RMsb(30L3mdn
3db0sbo 93060y, Lbgs Lodysmmadn 30 — ofs. 33 gofMgdmgdals sbobzabmgal Aggb
3563badmgMegm (36985L (M, s) Ed, Gmdgmoaz dgodmgds sbg bogozombmo: ¢
3gddsma@dns (M, s)-30%, ,d bmvmemogds (M, s)-do” o6 (M, s) o d0ymanengdl d-b*.
E 303ommgdol aob3bobmgMagm 0bwdznom d-ob LEMYJGNGsDY, 564 gabygdo
1356M&039b0 FMEIYMgdomn — FoMG0g0 EONM9dgdom — 8 Meb3ndEY3MYYMS©
35005303500 YROHM Monm ¢ gm@OINmgddg 030l gomgemobbabgdom, Gmd =

0330 3°6LodO3@Ymos d-0b yagme J3gBmmIgeroborgab.

LEONIGNPOL T 3MI3Mbg6EG 0 g39dmg3L 03 nbggmMIs(30sl, MmIgmaz bagoMms
Lodobobm dgdmbggzobogal, bosz ¢ 960l JoMEnz0 gdmmgds:

(M, s) Ep (bosi pED 30618030 0gdmmgdss) 35d0b s dbmemmem 35306, MM (3o
n(s)(p) = g933>m0@b.

3Mbo9b(30900bs s Momymeygdal dgdmbgggedn hggb gozegm bobswsmgdoms
mmao3zob LEObsMmEB M Foamdsl; 3mboybdios PAYP’ Fgddscn@ns 85306 o
dbmeme 85306, MM (35 FgddoGn@ns mGngg 3mboybd@o P s P’, beaemm gomymezals
d93(3390 gmOINms =P F9dd560@0d 35306 5 Fbmmme 35d0b, Hmzs P 56 >l
F99d3stndo:

(M, s) EUAY’ 85306 o 3bmmm 85306, MHm(zs (M, s) Ed o (M, s) g’
(M, s) E = 35306 o 3bmemme 35306, B (M, s) K.

3003090 yaMomgds 03 goMgdmgdsl, MHm3 momymagol a563LsdrgMgmo
39064&0b mobobds gb mman s mOgsbss. ymggmo U gm@dgmobsmgol agsg3b (M,
s) EY ob (M, s) E =y, dog®sd 5Ms mMogg gMoms.

©admmmU, bws gobzobomma K @030l gm@dygmgdo. 58 dgdmbgggado Rzqb
3(300mmMdm 03 0bGoz00b sbobgel, A3 M LGB NGl s Lodysmmdo s3968
i-3 0(30L Y 3590b s Ibmeme 35d0b, Mmzs Y Fgddomn@os yzgms 0d bodyscmdo,
mdgmbsg i doohbgglb dgboadmgdmow s Ladysmdn. gm@Ismymae gL sbg
a0dmobs@gdos:
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(M, 5) EKY 35906 ©s dbmenme 35306, Mmss (M, t) Eb gzgmes obgomo t-borgal,
Bmdmobogobsg (s, t) EK.

03 g0bLobmgMgdgdal LoomybEGsoznmo dom@Gog dogomomb dmgoygsebo.
3603396 LEMIGYOL gPm-gMmn  B3oMoGgbmds abss, Gmd ob  dgadmgds
bom3mmagboem 04bgL 356 3061980 3aFog0b BMmEMBoom, 569 Mmam (3 do oM gdae
b3gPmms  LodMmogmg, MmImgdaiz gMHmdsbgolb  JoMjomgdymon, dodsMoryeo
bodmgdoon  393d0M@gd006. B39Mmgda  sboboggb S-ob damdsmgmdgdl; sES
damdomgmdals doM 30Mgds 3353(36mdL, o9 s-do MmM3gmo oG ngn ©gdymgdgdo
56006 4gddoMn@bo s GmIgmo — J3oMba. Badmgdol oM z0Mgdsl gobrgbom
03968 930L LodMO3mMgqdaom; $-0086 t-b39b B0dsMommmoa Badmlb o oM gds dgozogl
i-ob, o (s, t) EK. 3ogomomo®, @s39dgem, ®={p} o n = 2, dgbodsdobaow, Bggbo
965 dg0(303L gfm 3G0do@onm asdmbomzed p-b s 939680 Mom@gbmds 560l 2.
og93350 sbggg, Om3 M = (S, i, K, K), bosz S = {s, t, u}; p §gddoto@os s o u
3amdamgmdgddn s 3(zaMns t-do (sbg Mm3 1i(s)(p) = m(u)(p) = g3dsGa@b o T(t)(p)
=3(303Mb), 539680 1 396 oBRg3L s-b t-basob (sby Hmd K ={(s, s), (s, t), (t, 5), (t, ), (u, u)}),
boenm 039680 2 g9 9®hg3zL s-b u-bgsb (sbg ™3 K, ={(s, s), (s, u), (t, t), (u, 5), (u, u)}).
9L LoBo(300 3g0dmagds snbgmmb 2.1 bobsddg Im(393ymn gMogom. yuMopmgds
305930907, Bmame sbabagb gb aMogn Azgbl 083393930 K 803s61mgdgdal dgbobgd.
396dme, ymggmo Bodm, Gmdgmoay doMzomgdamoas 1-0m ©d 2-0m, dmemmgogds
3o ymg0m, Moasb K, s K, 808smmgdgdo Mggmagdbacins; s8sbmabsgy, bobgdl
ob®gdo sgzm mM0gg dmemmdn, Mowash K s K, bodg@®onmos.

1,2

1,2

u
bob. 2.1 360339L oG og0 LGNGO

04) 39939007, O3 p 50b0dbogl godmbocd3sadl ,Lob-gmseb30bzmda 3Dnsbo
580bns”, 35306 s damdamgmdsadn Lob-gMabzobimdn Jbosbn 530bwns, dogfsd
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0396@35 1 gb o6 a(30b, Mo@asb s Bpamdsmgmdsdn ob mMogglb — s-Lag o t-bogs
dgbodmgdmoem 800fbgaL. (d936036s3m, MmB Rggb 30y9bgdmam GMabL ,539680
1 3960 a0b0MRg3L gHNTobgonbasb s-bs s t-b.“ Mo 0dds bs, 5396@0 1 3oGas
5(36mdogMgdl, MHmd s o t bbzoabbgs bodysmmlb 5badbagl. dmmmb s dmemb,
Lob-Mab(30L3Mdn 6303L s-do, ogMsed oMo t-dn. ob, Mobo mJdsz g30bmms 53
dgdmbggzedn, dgbadmms madm dbBowm go8mabe@gdmmgl babsmowgdoo ,08968
1-0b 0bggm@mBo (300 ML 33560L0S 080bmzal, HMB gosm 3gomb, HmBgmas Mgem@o
Lodystm — s o t.“ 03 Boabdo LoByss »,a069MRg39mL" Medwgbody oMsd3o(3Hon
3603369mmdam 304qbgdm.) 3gmeg Bbng, 03968 2-35 s Ipgmdomgmdado a(z0l, Hm3
53060 3D0sbns, Moasb nd mMngg badystmmdo, Hm3gmba(z 0g96@0 2 dgbodmgdmaw
300Rby3L s-do (390dm, s s U), FMGINms p ggddsMo@ns. t dpamdsmgmdsadn 539668
2-3s sbggg 030b bagddob ggddomn@o gomamMgds, 39Gdme b, B3 380bwa o6 sMab
3b0sbo. 0dgob go3mI@nbomgmdl, Gm3 s dpamdstmgmdsdn sgqb@ 1-3s o(30L, ™I
0396@ 2-35 0(30b, 3B0s60 530bns M9y 56 Lob-gMeb(30b3mdo: mMagg badystmdo,
mdgmbsg 9396@0 1 dgbadmgdmow 800Rbgglb s dgmdamgmdsadn, 39Mdme,
s-bo o t-do, 3968 2-35 030L, AmamEo 30b©0s LEb-RMSb(30L3M3B0. 8dg3zoMow,
doGmamns, 53968 1-3s s JpgmBomgmdado o6 a30b ggddomndo gomamgds, dogcsd
356 0(30b, O™ 03968 2-35 030l FgddeMmoGo gomamgds. 830b LodnMmab3oMme,
domamons, s dpamdsfgmdsadn 93968 2-3s 0(30L, MM LEB-BMIB(30L3MTn FDnsbo
530b@0ns, dogMd 356 o6 0(30L, MM 5396@ 1-35 o6 0(30b 93 GogG0b dgbobgd. (9™
Lodgsman, MmMIgmbag 9896@0 2 dgbadmgdmo dnnhbagzl, 396dme, u-do, 53968
1-85 0(30b, ®™3 53060 dDnsbns, Bog@ed dgmEg Lodystmmda, Mmdgmbay 539680 2
dgbodmgdmam 300Rbg3l, 39Mdme, s-do, 53968 1-35 56 n(30L 03 Gog@0b dgbobgd.)
dogmo gb Modgbswdg Rsbmommmmo d469dMng9bmgabo dbggmmds dgadmgds
dmgmaE g53mobs@mb ghmo 3omgds@ngncn godmbsobmmgdal badmsmgdao:

(M, s) EpA =K pA KpA K (KpVK-p)A =K,~K p.

yamomgds d0dd30g0, Gmd mMngg doamdstgmdsdn — s-bs s t-d0 —
oM 030 gdmmgds p (Azgbo gbol ghmogmo 3oMG0g0 ©gdymgds) gfmbs s
03539 $9935M0@m 3603369mmdal 0mgdlb. 30@m3 dgndmgds 30g0dGmm, MHm3 s
s t gm0 s 080395 s dgbadmgdgmons ghom-gMmo 3omasbol sdmdms. dogMad gb
obyg of o@M0b! FgmBomgmds 53m3bnMogem o6 3obabodmgmagds 08 Fqddamodmmo
360d36gmmdgdom, HmImgdba  dobdn  0mgdgb  doMmBogo  gdmmgdgdo.

79



LOGIC

dgbodmgdmmdolb  dndommgdgdoz  gomMgbsw  860d36gmmgsbas.  dogsmoma,
Lodyomm s-do 03968 1-b t dgbodmgdmow doshbos, bmem bLodystm u-do —
dgmdemgdma. 3gm9asm, 53968 1-35 56 a(30L p Ladyscm s-do, bmeam u-do — az0b.

sbma asbgabomme mEbsg MBMm Goyyma dogsmomo, MHmdgmdsg dgadmgds
DBOM bomgmo gobomb, o Me@md 0dbgdmes LabyMggma K-9d0b ©odgg0s
933039 gb@mdol 3ndoMmgdgds. gmdzom, a3043L dobdmb abiBo, Gm3gmacs
dgagds Lado — A, B s € = 3569dmb dJomameobasb. s596@qd0 1 o 2 0mgdgb
0mm d5bgmb 93 sbEowsb; 3gboedyg dobdm aoadMMbgdemos 3nMnm dogownb 3gb.
dgbodmm badysmm aobabodmgmagds 080b dobgmzom, gy MmMIgmo dobgm mdamogh
®000m e 5396@)b. Jogomoma, badystm (A, B)-dn 53968 1-b damogh 6564m A o
03968 2-b ggoMogl d564m B (bengmm dsbgm € Bogoady 3L gosdcnbgdamo).
59 30Mss, Mm3 a35d3L 993L0 dgbadmmm Ladyscm: (A, B), (A, C), (B, A), (B, C), (C, A) o
(C, B). 530b gots, abos bomgmos, Gm3 badystm (A, B)-do s596@0 1 dgbodmgdma
300Rbg3L Mm@ Lodysmmb: mogew (A, B)-b s (A, €)-b. 53968 1-35 o(30b, BH™3 3ob 543
356gm A, 353653 ol dgbodmgdmow 300hbgalb, Mm3 5g96@ 2-b gdommb dobgm B ob
356gm C. sbommmanyfo, badgystm (A, B)-do 539680 2 gobabomaogh me Lodysmmb:
(A, B)-b 05 (C, B)-b. bmgowaw, badysdm (x, ¥)-da s396@0 1 dgbodmgdmaw doohbgsL
(x, ¥)-b 0 (x, 2)-b, beogmem ©396@0 2 — (X, ¥)-b s (2, y)-b, bLowass z 3obbbzog9dmmas
mamé (3 x-0bgsb, obg y-obgsb.

08 0B gMab bogndggmdg s@gomaw dgzdmgdom K, s K, 30856093930l 0g 93,
5300 dgbodmbdgdgmaos, MHmA gL doMomsy 933039 gbGmdal dadommgdgdny,
AmamMi  gobbadmgcgdqgdomsb  gs8mdnbomgmdl. gl 0dn@mdss  sbyg, m3
®000m o 5396@0bm3z0L dgbadmgdmmdal dndofmgds gs630Mmdgdaymoas dab
bgmom sMbgdmo 0bgm@mds(300m, 3gMdme 0d dsbdmma, Mmdgma(s Aol goMagl. gb
3603d369mm3560 dmaso 3qbmdgbas: 6gdalidng® Lo@yys(30530, Loz 9396@0bmgal
dgbodmgdmmdal 3ndommgds aobobadmgmgds dab bgmo sGbgdmo 0bgm®dsznom
(0> Bmgméz 36sbogm, sbgmo Loduoz0gdo IMogmowmss), dgbodmgdmmdal
dndsMmngds sMab 933030 gbBmdol dodsMmgds.

53 bodn dobgmb dogomomal LEEONJGNMS smbgFnemns babaddy 2.2, Lows(s,
a0dm3Enbsfyg  0dosb, Mmd dodsGmmgdgdo g33035mgb@mdols  dadommgdgdns,
LodoME030Lm30L godmEmggdmmos oMy gdo s obMgda. (Mmame (3 dg360dbgm,
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04) 50LgdmMdL dgmdamgmds s-abs pgmdomgmds t-bLmsb ©s3s353300Mgdgmo Bodm,
Mbs sMbLydmdgl dogmsmgmds t-ob dpagmdomgmds s-bmseb ©sds3ogzdomgdgemo
bodm (3 bodg@Fonemmdals godm.)

(G, B) (4, B)

(C, 4) (4, C)

(8. 4) ~———(8.0)
bob. 2.2 360339L LEGNIEYMS, BmBgma(g sbgML bsbdmb JoMGog Msdodl

gL Bogomomo  (sbsymaxl, Gm3  LEEONIGYMsdo bos dgmomegl ol
Lodyomgdoa(s, GM3mgdbag 0396@0 o mgzmoalb dgbodmgdmo. dogsmoms,
Lodyscm (A, B)-30 03968 1-85 a(30b, Hm3 badystm (B, €) dgndmgdgmoas s6bgdmdogb.
(demb @s dmmmb, 03968 1-35 bodwgzomawm oz0b, Hm3 dob dobjm A mdamsgl).
030l doyybgmoge, Mowasb s396@0 1 dgbodmagdmeam 3nnhbgsl, Gm3 v396@ 2-L
dgbodmgdmam 305RbraL (B, €)-b smbgdmds, B396 LEEMMJBMMdo ¢Mbws dg30896mm
(B, ). bLEONYIGNSdn gb sbobymos 0dom, GM3 o g3043L (A, B)-@sb (B, €)-b3gb
dndoGogmo Bodm, Gm3gemoaz 3o 30Mgdemo ngdbgdbmms 1-0m, dogMad ofab (A, C)-
L 396 BndoFmmmmo Bodm, Jod 3o gdamoa 1-0m, boowsbs(s, megals dbcng, (B, €)-b3gb
30g3oMmmgds 2-00 oM 3o gdayemn bodm.

F396 xg® 3owg3 of asbazabomoglh o3 dogomomobogzgol asdmbaygbgdgmo
965, Moasb ©bos 30dbggmmo 93968 1-0b s 2-0b bgme sOLgdYm dobjmgddy,
aoboggdns, Hm3 bos 334mbrogl oM@ 030 0gdnmgdgdn 1A,2A,2B s 5.9., Hmgmms
069398 o300 dbgmos: ,3968, 1-b MdaFoglh dobgm A, 08968 2-L @doGagl
dobgm A, 08968 2-L mdomoglh dsbdm B, o o.3. 3m(393emo 068 gM3Mg@s(300b
boggydzgmbg d9bgdMngae 3ob3LodMEMego TT-b, bnemm M -mo 5mgb0dbogo dobgmls
03 0350l 503696 3603 390 LGN JGNMIL. Jggasw dogzomgdm, Bogsmoma, sbgm
353mbobymgdol: (M, (A, B)) = 1AA 2B. 330mbzgmb dgndmos mogoe dgodmbdmb,
Mm3 obg39 339906905 FMEIPms (M, (A, B)) E K (2BV 2C), Gmdgemos 393mbso@ogh 0d
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3gd@L, O™ o) 03968 1-b mdoMsglh A, 35306 356 o(30b, BB 93968 2-b gdoMgds
b B, 56 C. 5bsmmaoMom, 33946905 gm@dygms (M, (A, B)) E K -K,(1A): 53968 1-3s
0(30b, BM3 53968 2-35 o6 0(30b, B3 53968 1-b HoGogL A.

Mmamg o3 dogamomesb RsbL, Bggbo Lgdsb@nzs sbobseglh 03 0bdmazasl,
MmM3gmbay d969dMngom 393933069800 LoGYge ,»(3MEbsLY. 830l Jobgmogewm, gb
30063 96 dgodmads Rsomgommb Aggbo gobbodmgmgdgdol LB obodnmgdsc,
3960dm@, gm@Igms Kd-ob Rzg60 0b@gM3Mg@ o309 »93968) i-3 030b ¢ oG gdom
306306 89d5L dmambmglb. Rbpgds 3ombgs, oy s ¢bws dognhbomo gmbogHmem
3L gda. Ladmmmme, BoMdm3zoa96m MM obodnmgdsl s 0dgwn a3s43L,
dgombggmo  3oo  ©335330ymgzomgdmae  Remgmoabl. 3oMggmo  dpgmdsmgmdl
3358 gdoma dogasmomgdol F396965d0, HM3maddas Nbos os@aLEWO™E, HmA
F3960 go6LaDM3Mgdgb0 dggbodadgds LoGygs »(3Mm©bob® gambagfmmm asd3mygbgdsb.
9fmo sbgmo dogomomo  dmzgdymos  J393mom, Jzgomegdo 2.3, Lowsi hggb
350b0mnbgdm sbgmnemn 353d3980L 0o3bo@gbl o 3nhzgbgdm, HmM3 Gm@Inms
Ko sbobogl Rzgbl 0b@mozosl 353930 i-ab (3m©bal dgbobgd. dgmeg @obodymgds
3m3939mos Jggomegdo 2.4, Lowos aobzobomoego (3mebal 88 (36960L DmgngFom
030bgdsb s 39hg969dm, HMB 0l megLbgdawnsnd mzgabgdgdmasb, mmdgmag dgadmgds
3Jmbogb bEnmymaama 0b@Mmmb3gdnnbs s bBmymagama dbggmmdol Hbomals
3gdmbg LYbdogd@ol (3MEbLL. Mo mJds Ybes, gb oM 60dbogl, MM o6 >5MLYdMAL
(3M©bab bbgs gmbogMumo (3698900. Dmg Fomgsbl dmemm moggddo gobgaboemsgom.

F396 of sbggg dgdmgogemamam [obooowgdscms Imuamumn mmaozom. Azqb
56 a3573L 30Mzgmo Moaol 330680330 35(300 ©, 53 b, dSz0mMs© 396M 308 Y300,
M3, Bogomomam, gemobds 0(30L y3gms 3Go@0b g9dgMmbaBman. sbgmn gobsbawgds
dmombmalb mboggMbamum s 9aD0bGgbnsmy® 3356@0x035(300b. dogomoma,
F396 oL dgagodmos aodmgbs@me  gm@mInmomn  Vx(IGodns (x) :Ely(Kmnbn
andgmbodmmos (X, ¥)): y3gms x 38oGobmgal s6bgdmdl abgma y, Gm3 gmalbds
0(30b, ®m3 x-0b g9dgMmboGmEa 560b y. 53 Bogbal ¢3dg@& gl 6oboemdn hggb 30ygbgdm
dbmmme B0bssgdoms mmangol, Moasb ob LszdsMabsw dmogfos yzgme
h396030L Lo0bGgMgbm Logmo3nol smbsbgMom s, 83535 MML, Ladysemgdsl
a35dmg3b mogo sgsMn@mom 038 dmgogmor Lofmommgl, Mobsg doMggmo Mogob
mma03d 35dm0b393000s. 3909330 3.7 hz96 Im 3mg gsbzobomsgm doMggmo Mogob
mmangolb godmygbgdsb.
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2.2 900mdmagn 3mEbabl 03 336360madnma (3mEbab 333§ qds

bobo 4390330 bomdmmagboma gbs of odmgzs gfMommdmogo  (3mEbob
> 30bs6omgdymo  (3m@bolb  (3698980L (Gm3magdog 1 mogdo gobzobomgm)
30dmbs@30lb Lodyyamagdsl. o3 (5656930L godmbabs@ow gbol 3ods@gdm dImeamuM
m39Ge@mMgdl £, (»R3NNB G-do yzgmod a(30bY), C, (,G-d0 3gmgn 3968 gdobmgals
9L 8M0b gMomdmogo (3mEbs”) s D, (»G-d0 dgmx0 93968 gd0bm3zalL gb oMb
356560madymo (3mbs”) G-ob ymggmo {1,..., n} sMs39M0gma d3gbod@msegmoabomgals
obg, ®m3 0 ¢ 50l BmEIyms, 35dob E b, C.d o D b sbggg gm@Iygmgdos. Azgb
bdoMo godmg@m3zgdo 0bmgdb G-b, Mmzs G o0l yggmes s396@0b bodMsegmy. o3
30d0M9d4mo gboo dgazodmos abgomn §gMaDdgdal godmbs@gs, Mmammgda(zes
K;~Cpu P (»9896@ 3-35 0(30b, Bm3 p 56 sMob ghomdmogo (3mEbs 03968 1-bo s 2-b
dm@0b“) s DGA =Cq (,g 560l g56sbnemgdmmo (3mEbs, JogMad o6 sfal gMommdmogo
(3("’)@60“).

F396 sz0mem dgazadmos go6393M(3mo Fqddamo@gdol aobbabmamgds obyg,
M3 dg3dmmo ghonmdemngn (3m@boms s gobsbamgdmmao (3m@bocm Mm3gMamgds M
LG YJGPModn. Modgbowss E.P F9ddomodos Dyb@ow d5dnb, Hmss xayxy G-do
y39msd 0(30b ¢, dogomgdm

(M, s) E E_$ 35006 o dbmeme 35306, Mmzs (M, s) EKd yggmes i€G —bogob.

gmedgmos C.d dgddomo@os, o) G-do yggmsd o30b § ©s G-do yz9emsd o(3olb, HmA
G-3do 4393 030b ¢ s 5.9. ©o3dgom, H™A E D o0l d-0b 53Mgg300@ s, brngnm
ESd ofolb ELEfD-0b 00Mgg008m@s. 39Mdm, ESd oGob E d-ob 53693008 06e.
35306 dog0mgdm

(M, s) E C.$ 35306 o dbmemme 3530b, Moz (M, s) FE b bowss k= 1,2,...

9ommdmogn  (3m@bol  Rzgbl  asbLodmaMgdel od3b  Loob@gMgbm amog-
ngmEonmo 0b@gM3Mg@ o305, MmIgmoi bobomggdmm smdmAbos asdmygbgdal
sGogmom bggmmdn. 30b3LodmgMmo dpamdsfgmds t Mmami G-dorf 95900
s damdom gmdnsb k Gomwgbmdols bodnxgdol dgmggor (k 1), oy o@LgdmdL
0bgoo dpamdamgmodgdo Sy Spr o+ -1 S 3 Sy =S, S, =t o yzgmo j-bLorgab (0 <j <k
— 1) 56bgdmdb abgon i €G, Gmd (s, s,,,) €K. 308y300, O™ t 560l G-Jomf 93000
s-05b k GomEgbmdal Badoxgdol dgogase MHmIgmodg k =1-bogob. sdg3sMac,

sj+1
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t o610l G-80mbgzoo $-00056, 09 afmoxda sMbgdmdlb gbs s-0@sb t-8g, MHmImal
3mbs339mda(3 G-ab Bg3Mgdom 04693056 0bmgdboMgdmmba. 396dm dgdmbggzsdo,
3o G oMab yggms 0896@0b LodMagmy, hggb YoMommm go@yzom, Mm3 t sMmals
dowf; 93900 s-0sb. 33gbsw, t Mol Jombgzomn s-0086 DybE© 35d0b, o9y s s t
36056 gMog30b gMmbes s 08539 33 3m33mbgb@do.

mgds 2.2.1

(a) (M, s) = EdeD 35906 s dbmmme 35306, Hmzs (M, t) E & yzgms t-bogal,
mdgmo(y G-dowf 935000 s-0©0b k Hommgbmdol bodogxgdob d goyasw.

(b) (M, s) = E b 3530b o dbmmme 35306, Hmss (M, t) E ¢ yggme t-bogob,
mdgmaz G-domff 930000 S-00006.

338 30(39%3: 396980 (a) Joomgds k-bg JoMEngz0 063000, beaenm 346480
(b) mdnomme a53m3absmgmdl 31648 (a)-sb. dnsgz0go yudommgds, MGm3 gb
390930 oGmgdmos 3530bs(3 30, Bz Kol 6330b80g60 obsmmmoa 8ndsmmgds;
F396 o6 a3dnmogds 030l 833985, MM abobo s30madmo 933035t gb&™dab
3085093980 bs 0y3696. i

®ag G- og3Lb d-ob gobobomgdmma (3mbs, o9y G-0b BgzGms ,,3MIdnbaFgdy-
m0“ (3mEbnEsb 353m30bsMgmdl ¢. Mmame @by s3bsbmo Rggblb LJgdsdo
(3m©bob 3m3dnbomgdol 0wge? 2.1 bobaddg Imzgdmm 3M0339L LEMYIGMGSdn
0396@&0 1 dogmdamgmds s-do s-bag s t-bag dgbodmgdemsw 300hbgaL, dogMed o6
3ol dgbodmagdmom u-b, beaemm 539680 2 s-b s u-b doohbgzb dgbodmaydmeaw,
3ogMsd oMs — t-b. 3063gL MM dgbdemgdmms 53968 9d0L 1-ab s 2-0b (3mEbob
3M388060619ds, 9(3m@nbgdms, Mmd dbmemme s nym dgbadmagdgmo: 83968 1-b og3b
bogdamobo (3m@bs 080bmzal, GM3 godmMoibmb U s 03968 2-b og3b Lszdamabo
(3Mbs t-0b godmbafMnzboe. dmasms, xaney G-do dgdogomn 0396@89d0b (3Mm©bob
3M3d0boMgdol gobwgbor yggme 0d LodysMmb asdmmosbzom, Mmdgmbs ghomo
0396@&0 3506(3 dg9dmgdma 300R63L. & gdb0396e@ gb bm@(30g9mads badystmos

03 LodMa3mggdol Msbs33900m, MMBmMadbas gamRdo dgdsgemo ymggmo 39680
dgbodmgdmam 300Rbyal. 8333060, Rzgb gob3badmgmsgon:

(M, s) E E,b 3530b o dbmmmm 35d0b, Gmss (M, t) Ed yzgme t-bLogob,
MmBemobogobs (s, ) € n_ K

i€ G "
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©03106Mbogm B396L 656Jmb 0353L s ©ogMdzem, G = {1, 2}; s3gbsw,
G o600l gango, GmIgmoai Mo Im:msds30basb dgoagds. 330b dgdwmga 300
dgbodmbdgdgmos (mgds 2.2.1-0b godmygbgdom), Gmad (M, (A, B)) = C(1AV1B V 1C):
ab, Hm3 5996@& 1-b gdoGogh A, B 0d C 6564mgd00056 gfm-gfmn, sl ghommdemoago
(30005, dSMdom YBRM™ boobGgMgbms (M, (A, B)) E C (1B =(2A V 2()): ghormdmogo
(3M©bss b, Hm3 o9y 53968 1-b mgoFoglh dsbJm B, 35306 53968 2-b ¢gamagl ob A,
o6 C. gg36m dmasa, 3godmagds 0dab 396908, ®mB8 msdadal 69d0b3ogMa ggod@n,
Mmdgmog 3o dgbadmgdgmos godmaba@mb hggbo gbol godmbomggedgdom, oMol
9omdemngo (3mwEbs.

o 390dmgds 0:7g30b aobobamgdmm (3mEbabg? 330mb3gmb dgdmns mege
d999mbdmb, Gmd o3 dgdmbgggedn, dogomomsw, azedslb (M, (A, B)) = D (1AA
2B). 539690L ®m3 dgdmgdmmsemn Mag0sbmn (3m@bal ghmew msegdmyms, dom
9(3M©0bgdmMEsm, MHmA (A, B) Lodysmmdo ogq6@ 1-b oMoz dobgjm A s 53968 2-UL
— d5b64m B.

0bgg 9bs gogzem, Gm3 gl Jogomomo s3m3byMsgo 396 sdoMomgdl
A39blL aobLobm3Mgdgdl. doamsed 30yMmglb dgdmbgggedn 0dsdn donby ¢bwo
©35MbINbmb 330mbggmo, Gm3 gb 4obbodmgmgdgdo Mbogmdzmm donb(z o6 s6Mab.
9600mMdm030 (3mEbobs s g56sbnmgdmmoa (3mEbob m30bgdgdl YRMm ©g@smyGow
353m3033mg30m Jggmegda 2.4.

2.3 abg3 »SL3Mamn 33333980bL Mmd3bsGqgbab Jqbobgd

B396L obomnbIn o399d390m, BM3 ol God@n, MM o8> ammbMgggmos, s6ob
9mmdmogo (3mEbs; M™3 yzgms 353336 dgmdmos 3530L bamgzadal gogmbgds o
9b30b 30y(3 30bo Bomggedn; M3 yzgmos d5393L dgyydmns eNbsbmL s bywagl
30093, 09) o 3oMs MmIgen 353936 o43L dndmo @obgMomon; Hm3 3gM (396 mo
353930 396 bgsgh bs gmme® dmdemb; s MHmT yzgmes d53d30 o0l gmbmggmo ©s
(doemnob) bLodEnsbo.

Mo3a30Mggmo  asbgobomma  Lodyosns 0gdodwyg, 3oMg dods Modgb
08ymEgb. gmgzom, bLyym oMol 65393960L N GomEgbmds. MHmams Mg, dom
©03bmdMago — 1, ..., n. dmg 353936 Indemo abgFamo od3b, ©sbsmRgbgdl —
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oo, dgbadmm Lodyaz0s dgagndmos smgbgmmao 0-gdabs s 1-gdal n-gymagdol
badyemadom, MmMImgdbsz sbgomo m@ds gdbgdom: (X, . .. X ), bows X, =1, oy i
35393L obgMama 543L dndmo s X, = 0, 0y d53330L dydemo bLyBmss. 533300,
o n=3,35306 (1,0, 1) gm&M30b 3m33mgdbo godmbo@eglb 3od@L, Hm3 bybEoewr 1 s
3 653939080 o300 @abgMaema dndmo. ozdzom, MMA gb 3M33magdbo godmbo@egl
M@ bodmoosl. Gmdgm LoGe3090L Rsmazmos 803930 1 Jgbodmgdma
03 dm3dg6@ 93wy, 30006 3535 Medglh 0@ymes? Momasb 353330 1 bgoogb megab
30M@s Y39ms 0865MRgba do3dgzal dndemb, 3obogzalb dbmmmmm abss gon® 339390,
0350 3oL 9g3b o9y oFs abgMmamo dndmo. 33 bs, d53d30 1 dgbodmgdmaw
300Rbg3L M Lo oz09L, 3gMdme, (1,0, 1)-b (Bgomy® Lodyszasb) ws (0, 0, 1)-b.
sbommann@Ma, 453930 2 dgbadmgdmo mzmalb m@ Lodusgosb: (1, 0, 1)-b oo
(1, 1, 1)-b. 9936036530, BM3 bmgsa, 35333 i-b M dgbadmm badgystimdn g3l
960m0 5 03039 06gmM3s300 byb@o 03 dgdmbggszedo, o gL LoGwsngdo
yzgmo 3m33mbyb@dn gdmbgggs gMmdsbgmb i 3m33mbgb@ ol gomws (i 3m33mbgb@on
dgodmygds ogdmbggl, dgadmgds — o@s).

Bmgoeo boggszns dgagadmoas smgbgmo 36033908 M LEGONIG NGl Lady-
smgdom, Gm3gemag dgagds 2" Mommgbmdol damdsfmgmdabgsb, Mm3gmmagsb
®00mgeo 39qbadadgds dgbodmm n-bggzMs 3m33magdLl. megmsednmgzgmom Mbwo
300036Y4308mm, MmIgmo asdmbomzedgdo dgz08ebmm hggbl 96530. Moasb ¢bwo
308bggmmm 035Dy, 300l o sGs 3Mb3MgE Mmoo ds3330L dndemo abigMomo, Aggb
3009000 O ={p,..., p,, p}, bows(s, 0bGYoEoYca, p, 50bndbsgh gMHabsb ,d03d3 i-b
ddmo 593L obgMomo® s p 5xbndbogl ,Lym J(306Mg gMm do3d3L dmdemo og3L
obgMomo®. 58g35Mo0, 3563LoDMgMego T-b oby, Gm3 (M, (x,, ..., Xx )) E p,3530b ©o
dbmeme 35306, Mmzo X, = 1; s (M, (x,, ..., X)) £ p 35d0b @s dbmmmme 35dab, Hm(so
x=1 mdgmodg j-o0bogol. Mo mgds bos, p oMol (p,V ... Vp )-0b g3g030mgb@ o,
sbg Mm3, dabo ggddemodymo 360d369mmmds dgadmgds gsobobodemzmmb Lbgs
3068030 ©9dMmgdgdal dgddsMoGmmo 3603369mmdgdom. sMoggfo o6 g30dmal
bgmb, Gm3 sgo®homo g6s, GmMIgmdoz doMBog0 ©gdnmgdgdo o6 0dbgdnsb
53dm930009dgmo. Moash dmbsbgMbgdgmo 0dbgdmms 0d oM@ ogn gdmmgdal
5358 q0s (3gMdme, p-b), Mm3gmoz 3odmbo@ozws 3530L aobzbogdslb. Aggb(s
oLy 309393000, @LOLENM, MBS gsbgbadmgmme K dndsmmgdgdo. Modwmgbowa(s
453930 i dgbadmgdema 300Abggl MMIgemndyg Ladysmb, o ol gdmbgggs Mgomy@
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Lodyo®mb yggmes 3m33mbgb@dn aomes (dgbadmms) i-nEo 3m33mbgb@nby, Rgqb
3ob3LsdmgMagm (s, t) EK bgb@ow 03 3g8mbzgg9380, 01 s o t gdmbzgggs ghmdsbgmb
yggms 3md3mbgb@dn gofs (Igbodmms) - 3m33mbgbGabs. dosgngm
Ymomgds, ®md gb aobbabmgmgds K- g33030mgb@mdal dodsmmgdaw o7393L-
5300 gobmmgdom M-l smbgMob.

domamons, 300339 gb LGOI NG dgodmgds LszdsmE 3o gdmma©

dma39h396mb, Bogmed dob og3L gmgasb@umo gGogngnmo  asdmbabymads.
©339d35m, 9amgdgm3ys3000 030003035MMgds0 doMynggdo s Bodmgdols nb-

©94Lgda. 3530b 33996985 LGOI NS 2" MomEgbmdal B39MMgdoo, MM gmmagsb
®00mgmo 300bgfmads 0-9d0bs s 1-980b n-6536s 3m33mgdLbgdom abyg, H™3
meo B3ghm gmmdsbgmb oy 3e3domgds Bodmmo, o9 obobo dbmmme gMomo
3mM33mbgb@om 04696056 g5bLbgaggdmmoa. 3oan Bamdmbobgal dmbg 330mbggmo
dobg90s, Hm3 9L 046905 N-356DmIomgdosbo 3do. 3gHdm dgdmbgggs, Hmiss n =3,
30dmbabmas boboddg 2.3 (bawss Aggb obgg asdmzg@mggm mz300m30dsmmgdawo

doMy)¢1900 s nbMgdo).
(1,0,1) (0,1,1)
3 3
(1,0,0) (0,1,0)

(0,0,0)

bab. 2.3 300339L LEGNYIG YOS LM 35333980 MogLsGgbabmgal, baws n=3

0b@o 30650, moommgnmds 353d335 o30L, 0y bbgs GmIgm bs3d3L 3L
dmdmo  obgMoemo. gL 0b@mans BoM3modgs (3mEbol  bgdmo  dmygeboemo
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BmEO3om@o gobbodgMgd0sb. dogomomsm, s@znmn bbb, M3 Gm (3o
Mgommo Lodyszos séab (1, 0, 1), gomgde (M, (1, 0, 1)) EK =p,, Gopash Gmso
Mgoen®o Logogos otob (1, 0, 1), 353330 2-0b ddmo o6 3ol @sbgMoemo 0d
mM039 Ladysmdn, HMIgmbes 03930 1 Jgbodmgdmo 300hbg3L. sbsmmmanm@ac,
33543b (M, (1,0, 1)) EK p.: 3539385 1-35 a(30b, Hm3d 653330 3-0b dydmo obzMagmos.
doamod (M, (1, 0, 1)) = -Kp,. 653333 1-35 o6 o030, M3 mogo dobo Iydmo
obgMomos, MaEasb Lbgs Lodysmmagddn, MmIgmbeg ob dgbadmgdmaw dnohbgsl
— (0,0, 1) — 8abo dgdmo o 50l obgmamo. Bog oMo, ghmmdmngn (3mEbss
0b, Mmd ymggmads 539335 0(30b, yzgmes bbgs 3539306 dMdemo @obgMamoas oy oMo,
093 35M5©, dogsmoma®, ymGIPms p,=K p,, Gmdmol msbsbdow, oy ds3dz0 2-0b
ddmo abgMamos, 3odnb 3533335 1-ds gb a30b = oMl gMmmdmogn (3mbs.
d300bggmb dgndmos mogo dgodmbadmb, Gmd Clp,=Kp,) F9ddotodos ygzgmes
dgmdomgmdado abggg, Gmams C(-p, =K -p,).

Lodys@m (1, 0, 1)-3n, GM3gemdnz oMb Mo ds3d30 obzMomn Jndmom,
ymgzgm3ds 3533335 0(30b, M3 Lyyem (3mEGo gMo 353d3L o063 9g3L @abgMaema Indemo
0408093 30, 3000609 3535 Mgl 0@ ymeagb. dnbgdfngns, hz9b a394690s (M, (1, 0, 1))
EEp. 3ogM0d mgds 2.2.1-0056 30dm300bsgmdl, Gmd (M, (1, 0, 1)) E -E%p, Mooasb
p 56 o6l ggddsmo@o badystm (0, 0, 0)-dn, Gm3gmbess dgndmagds mea badogoom
dngomBomor Lodystm (1, 0, 1)-00sb. 830mbz9mb s3z0ma@ dgndmos dgodmBImU,
3 bmgow dg3mbggzedn, 09 N Mommgbmdal 603330006 k Bom@gbmdsl @sbgfMamo
5g3L dgdma (abg, Bm3 LoG o300 v0bgMgds n-6g36s 3m33mgdLob Ladysmagdoom,
OHmdmolb db@o k Momegbmdol 3md3mbgb@o ofmal 1-960), 35d0b EX'p oMol
93306080, dogcod Ep — oMo, Moasb ymggm Ladysemb (0-9d0bs ©s 1-gd0b
3M33mg4bL), HBm3gmo(y dombgzomos k-1 badogoom, o3b by mEe gMoo 1-0560
3506(3 (9, 98gbswm, nd gMcn 653330 3o0nb(z 3oL @obzMomn dMdmom), bmem
3m33emadLo (0, ..., 0) Bombggemns k Momegbmdals badognom.

3000609 356353MdMdqm, d3znmbggmds Mbos gos3bmdogmmlb, MHm3 Azqgb dagm
Boc3meggboemn bggds sGgMo Gofmmm, bagmmobbdgd ©sd3qdsb dgn(ze3b. Ladysmmb
Bom3meggbs n-bggms 3m33mgdLbolb Bm@Iom mgan@0dymos 0d dgdmbgggzedn, o
005393390m, G®m3 gb 3mMI3mgdLgdo dg0(30396 Aggbo b gmmdabmgal sgys0mgdge
0bgmM3s(300b. 09y IMBIY6Em0 o6 gofm 0dsdo, bgwagh myy o dogdgo 1, do-
dob 3am3omgmdals 5bg@edn 3 nbggm®mds300l dg@obaz 3mazobgsl. sbggg dg360d-
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bogom, ®m3 Bodmgdol dgmkggel gobodommdgdws Babobbomn odzgds ndal dgbobgd,
M3 gMomdmngo (3mEbss ob Bog@0, Mm3 yzgmes dogdgzo bgwmogb. dsgomoma, oy
n =3 s 09 9MH0mdm0g0 (3m@bss nb, ®mM3 d53330 1 363ss, 35306 Logszosda (1, 1,
1) 303930 1 b3 Bqbadmgdma donkbggws (1, 0, 0)-b. Job o6 g(3mEbgdms, B3
35393 2-b dndemo obgfmamo o43L (0b. LogeGgndmagdo 2.1 s 2.2).

Bmgoma, MmM3d 35bgbm dm393mo LoGo300L mamaMgdsol, dmogmadn
Y39eo039M0, M3(3 30 Mgmg396@mEns, 9bws 3g3089bmm. gMmn 8obgba, o Mo@Gm3
dgodmgds G039 BoJG0 yMmBomaygm ,0M3Mgmg356@ M@, abos, Mm3 ol 3033060
06 3gmbmes aobosbamnbgdgm Lodms300bmab. dogomomem, nbgm@mdszns 0dab
®omdady, 803930 1 dodns oy gmam, o6 dgwal dgbodmm badysmmlb smbgMado.
MM g356@AHmMdol dgmeg 30dgba oMol ob, M3 Gomsz Bogéo dgbadmms
0ymb 9M0mdmo3z0 (3m@bs. 09 gMmmdmogo (3m©bss b, MmA8 y3gms 353330 bgossL,
SBM0 oM o3l 93 0bgmmdsz00b dg@obol dgbodemm Ladysmmgdal smbgMado.
ol g9d3sMn@os LagMomm LyMasmalb yzgms dgbadmm Ladystmdn, sbg Mm3 dabo
bLgbgdoo 39MoxkxgMmL 396 99335890 smbgMol. 8dwgbow, gMmmdmoagn (3m©bs
dgodmgds 05339630 Lo@yo(300L smbgMab godsMGnggdado.

dg360dbogm, ®m3 Dgdmo dmygzobor dLggmmdada hgz9b B9MBnb ,gMm-
mdmog  (3mEbsLY 304gbgdmom Mo mEbsg gsbLbgeggdmmo, oydie YHmo-
960mEs3o3d0Mgdnemn  360d36gmmdoom.  sdomgeb  3ofMggma oMol 894bnz Mo
3603369mmds, oby), B3z9bL gbsdo gmE®Bmms b ofalb gMomdmogn  (3m@bs
dam3stgmds s-do, o ob gddoGo@ns yzgmes 03 damdstmgmdsdn, MHmdgmaocs
30 80mbggemns s-0@sb. dgmmg 360d36gmmds Modgbodg sMogmmdsmuMos,
(30 B396 3930mdm, H™MI GogBo (56 30l sy30mgdgmo, ob godmobs@gdmuogl
h396L gboDdg) oGl gMmdmogo (3mEbs, 9 ol dgddamndos LM J&Gal yzgmes
Lo@o(30930 (3gmIsmgmdadn). Mm (35 3888mdm, HmMT gMcmdmosgo (3m©bas ob, Hmd
960 353336 8506(3 oLEMOO 543L FMdemo, h396 gMmMdmog (3mEbal g0ygbgdm
30M3zgmmo 3603369mmdoom, Moasb gb dgqbadsdgds gm@mdmms Cp-b. dogMad MHm(zs
3038mdm, MHmI gMmmdmongo (3mEbss b, HMI oG (3 gMmn 353330 56 Mol 33y,
hg9b o3 §9M3nbl dgmg 360d3bgmmdom 304gbgdm, Mowasb Aggbl 9bsdn o6 a3od3L
O3NS g, HM3gemo3 0@ YmMEs, Mmd 563 §MHM0 353930 56 560l 663s. 53 &g dnbal
9L ™G0 3603369mmds 33 3oMd© YOHM0gHNES Jo3d0Mgdmemns. dogsmoms, o) h39b
965b g03980M9dm s 393089600 MBS g-b, MmBgma(z nGym@s, H™T oM 3
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9600 353330 o6 50l 363s“, 85306 Cq o d@nnFow Fqddamodn ndbgdbmws 300339
03 LEGOYJG L yggms damdsmgmdsdn. Bogbdn hggb 3 &gMnbl 33emazs(3
mfMogg 3603369mmdom g98mz0ygbgdm s 0dgmn a3043L, HmI 3znmbgzgmo megewm
dgdmgdl, bas(s o9)30mgdgmo 0dbgds, 3050 330mb gb mEMsbMHM3690s.

©331009bmgm Agzgbo mogba@gbol s65madL s gobgabommm, o o brgds
3oL dg3gg, Moz 3535 06ygdl a3 3l. 3ods 538mdL p-b, Ho(3, HmamE (3 sbesobabl
00360dbgm, 1339 (36mdamos yggmes 3533300306 0y MG ob mMdg 398 do3d3L
abgmMomo 543b ddmo. dogad 0dals Boybgozae, MmA 6533390635 339 03096 P,
(3M©bob Bamdatgmds 350b(3 0(33mmgds. o9y n = 3, bsdyscm (1, 0, 1)-30 do3d30 1
300Rbg3L dgbadmgdmo bogmazos (0,0, 1)-b. 83 ¢ 3065b 369 Lodystmdo ds33830 3
dgbodmgdmaw d00hbgslb (0, 0, 0)-b. s3gbsw, Ladystim (1, 0, 1)-do, ndedwyg, oMy
3535 0@ymeaglb Msdgl, 0dob doyybgozem, Mmd yzgmaed nz0l, MmI byym (3069 ghm
353930 35063 @abgMama 5g3Lb ddmo, d53330 1 BodEmdl, Mmd dgbadmgdgmos,
Mmd 353330 3 GogdMmdegl, Gm3 oMz g 35333L o6 ogd3b abgFamoa Jymdmo.
3oL dg3ga, Mo 30ds 0bygdl modamagl, ob god@n, Gm3 Ly oMy g,
35333L 3506(3 L3O 543L FMdemoa, bgds gHmmdemogo (3m@bs. (gL, G m7ds
M60s, odm30gdymmos Fz9bL ©d3z9d0y, MM yzgmes d53d3L dgmdmas gsngmb
5 gbdolb 3oy 85d0b bomgzsedn.) xanxydo (3mEbob damdsmgmdals dgzgme
dgaz0dmos gMeg03mmem asdmababmo (dmasw d93mbggzedn) 3dowasb (0, 0, . . .
, 0) Bg®Gomoab s8mdmom, Mol dgmgasmsg 30300900 6533500 393b. (g™
b, bggmm (0, 0, . .., 0) ARgds, Bog@sd JMgds yggmes ob Bodm, Gmdgemacs
030390693 (0, 0, . . ., 0)-b Lbgs b3zgMmgdmeb, Gm3magdoy bmemme 9o 1-056L
d90(30396, Moa06 gMomdmogo (3m©bss ol god@n, MM 0bosy dbmmme 9o
4539306 3Jmboglb dndmn sbgMomon, dsd0lb bamdzsedol dgdwga ol do3d30(3 sa
Roogmol dgbodmgdmom, Gm3 oMz gfom 35333L o6 343L abgFamoa dIndema.) gb
Lo@mogns gadmbobmmos babadbyg 2.4.
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(1,1,1)
2 |
(1,0,1) (0,1,1)
3 3
(1,0,0) 1 2 (0,1,0)
(0,0,1)

bobobn 2.4 360339L LEENJB YOS b g9y, Mo(3 853 0BygdL modos 3L

530l 3930093 39396900, HMB ymgzgm xgHDdy, Mm(30 35333980 3530l dg3ombzal
3obmbmdgb ,oMms“-ma, xamyolb (3mbalb dgmdsmgmds ni3gmgds s brgds 3ol
d99am30 35339(39- 3963060mmo, Mo brgds 3oL dgdwaa, Mo(3 35333900 35Lybmd g6
»ofL* 3580L 30Mggm dg30mbzol. hggb 308 yz0m, MM sbems dgndmgds yzgms nd
6396mb 8dm3ms, GmBmagdog Ibmmme geo 1-006L dgo3396. (9xGm Db,
360000056 g54Mgds yzgmos ob bodm, Mm3gmoaz o3 B3gHmgdmsb 8393306500
BbGo Mo 1-0560b 393339 6396MmMgdL.) B396Mmagda, Hm3magdas 3bmemm@ gem
ob 9Mmbg Bogmgd 1-006938L dga(30396, s 09696056 Jombgzown b39Mmgdawasb,
MmImgdoy 39039390 MG o6 mEmbg 9@ 1-05690L. gb Bbggemmds sbsmmaoy@as
03 3L gmmdobs, HMIgmbsz dgoegms ma3bs@gbdo dm393mmo 88 303905
gomm@o LoGmo0s ®m3 ymgomoym, godssm, (1, 0, . . ., 0), 35306 353330 1
»o3030M39ma© dgbadmgdmam 300fbgzos m& bodmaasb: (1,0, ..., 0)-bs s (0,
0,...,0)-b. 3oL 3939, Moz 3535 0@Yms 0dsls, Mo(3 039, gMmmdmong (3Mm©baw
0J39m©s0bgsd@0,mm3(0,0,...,0)s6 o0l dgbodmgdgmao,sbgHmd, ol dabgogdbmws,
3 sMbgdmo bodogns dggbedadgdmes (1,0, ..., 0)-b s s3wgbso, LbmG g
3oL M3 3Jmbs @abgMomma dndma. 35b dgdwag, Moz 8330l 30z dgz0mbzody
Y39 3obmbmdl ,oM0“-b, gMomdmogo (3mbs brgds ob, Gm3 LoGysios (1,0, ..
., 0) o6 560l dgbadmgdgmo. (89360365300, HMB 53 dg3mbgzgzodn Nbos ozmdzom,
M3 gfmmdmogo (3mEbss ob o0, MmAd yzgms 5ol gmbmggmo s bobMnsbo
030bogob, Mmd dggdmmb abgomn dbggmmds, Gm3gmoag LagoMm 0gdbgdmes (1,0, .

., 0)-0b 3gndmgdmmdals bLohggbgdmo.) sbsmmmanm®n dbggmmds Ladymamadal
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a35dmg3b gedmgmoibmo gzgms LoGons, Mmdgmoi dYLGs gMor 1-056L
dg0(3030. 93m7bow, 35L dg3ga, Ho(33530b 3oMggm dg30cmbzalb yggmes 453333 oMo
M35b9bs, gMomdmogo (3m@bs gobos ob, H™3 Ly (3MmEBo ME d53d3L @obLgMamao
5943L Indema.

03039 LEomoOb dgdamdo gobbgnm odzoMs brgds, Mm3 dob dgdwgy, o3
35393960 135L9bgd96 ,565“-b k-x g6, dgaz9dmgds sdmgzdommm aMagal yggms ab
b396m, ®m3gea(s 3g0(393L 354033 k Mom@gbmdal 1-05658L (96, Ygdm Db,
Bogdommm afmoggol s65MRg6 bobommab o3 B3gMmadal dgdsgMomgdgmo Bodmgda).
0809650, F396 gomgdor 360339L LEGOYIG ML Meb3ndgzMmdsl, Gm3gema(s
0B g@b 85393980L (3mEbsL 83 3MM(39L0L ymggm Bodnx Dy. sMbgdoma, brgds ab,
™3 09 Mm3gemndyg Bzgem s-do ghommdmogo (3mbs bpgds ob, Gm3 bzgmm t o6
o60b dgbadmadgma, 35306 yzgmes u bzgmbogal, Gm3gmas dombgzomas s-wsb,
33m0dmgds bodm u-sb t-3wg (o) sbgmn 5MbgdmdL); (gb oG ms30s Hudm oM@ ngo
smbabgMns oo, 930 bogHom LyMomb EMMLY(3 egMds@gdo. 83 Lygombl 39-7
0390 0337660bgdoom; 39Mdm, ab. Jzgmsgn 7.2).

300b3930L k Bomegbmdal Mambool dgdwga gHomdmoaga (3m©bs brgds ab,
03 by 3mBo k+1 Mommgbmdal d53d3L o43L obgMama ddmoa. oy Mgsmmo
Lo@ozns dggbedsedgds 3md3mgJbl, Gmdgmoaz DYLEGsw k+ 1 Momogbmdals 1-05693L
dgo(303L, 35306 0godwy, goMg 3dds oLgedwgl (k+1)-g9 gombgsl, ds3d39d0,
Mmdmgdbois abgFamo sdzm dMdmo, as5(36mdngFadgb Ggoma@m Loduszasl,
396dm@, Hm3 dom @sbgMammn 34300 dndemo s, gbadadabaw, N3sbbgdgb ,@nob“-b.
dg3603bs3m, M3 obobo 396 dgdmadwbgb asgom 3sbybo ,asb® 535bg oMy,
000306 93 IMIg6@93g ymggmo ds3d30, MmMIgmbes obgMomo 3gmbos dndmo,
dgbodmgdmom homgmows, Hmd dobo dmdemo sbzMomo o agm.

M0l 3oagy ghmo gmoge@ymo dmdgb@o, Mmdgmoary o9)30mgdmo bos
5006036mb. bgdo MM gogdgzom, 88 3mb@G94LEG 30 ,(3mM@baL® Imwgmamgdol hggbo
3900m@0b 0565b3s©, 3533335 ,030L Moma3 YOG, 09 ob 4odm3E0bsmgmadl dab
bgmo o@bgdymn 0bgmEm8s(3000056. Bog®ed dgazgdmm bocdmggzgoanbs abgomo
Lo@mons, O™ oy gMo-ghomo 08 d53d30m53560 3506(390058506(3 LadMnsbo o6
53mAbegdms, 35dnb dgbodmgdgmos 3oL 3963 gog(36mdagMgdabs, Mm3 dob
»0(3Md", Hm3 dobo IMdmoa sLgMomo agm, 0dob doybgosgsw, Mm3 bs3zdsmabo

92



M3N3d

0bgzm@o(300 3dmbms 830l goboggmgdmo. 3530b dgzombgedy 3obgbo ,masb®
M3 359(39, 930Lm30L Lo 3domabo o6 ngbgdmms, ™A abs, Bobo dgdmo sbgMamo
0gm oY) oM, a0dmdnbomgmdmagl dob bgmo oMLgdmmn  0bgm®mds(3000sb.
353330 Rod@ce Mbms d5(36mdngMadoglb 03 dgmgagdlL, o dgadmgds
30dm3E0bsmgmdegl dobmgal (36mdomn 0bxrm®mdsznosb — oby, asmzgzgmmo
SDM0m, 653930 b dggdemmb godmmgammb, Gmd 3ol og3b gb (3m©bs — 0dabogal,
3 dob dgbodsdabow 08mddgomb. Aggbo gobbabmgmgds nd3mazn@ Mo 13dzqdl,

md dbggmmdol yggms bLydogddo oMol mmanym@e ymgmalbdizmoby, g.0.
Lo 3doMobow LobENsbn 0dabmzgalb, MM asdmogommlb magol bgmo oMLgdeyma

0bgzm@3s(300b yzgems dgbsdmm dgmgao.

sbms  asbgobommoer  Lo@ons, Mm3gmdai d0ds  MO3O30MZMmOE  OF
033m38L p-b. sbgo Fgdmbggzedo 35333980L (3mM@bAL dpamdsmgmds sMabrmmb
o6 3903390 03abs Jombgoszew, o) M8gbrgm ©abgsedlb dsds 3ombgsl. ab
ymgzgm 9&o3dg dgodmagds s@mabgmmlb n-gs6bm3omgdosbo 3ol Ladysmagdoo.
F396 0339 39g30m, M3 0gody, goMg 3ods madaMazl @onbygdws, bodys(zns
00bgMgdmes N-gsbbm3omgdosbo 3ndol Lodgsmgdom. Mmzs 3sds 3oMggmowm
0300b53L, ,M3gm0dg 039635635 o) a(30L, obgMamo 543L o9y oG FNdma?”,
dmbgdMngns, 35333900 3oLybmdgb o065 -b 0dobms dobgwegem, o MmamEns
Mgomm®o LoGo(309, MoEash 63d0bdng®m LoGmsnada dogdzn dgbodmgdmow
300hbg3L LoGMo300L, MMIgmdas Job Indema o6 g4b9ds @obgMamon. Medwgbowa(s
0g080g, goMyg 3535 Joobgol @obgsedwgl, ghmmdmogo (3mEbss ob, MmA 3sbyybo
04690s ,0605%, 83 3obbosb oMIbsnM0 abgmmMdsznal domgds oM brgds ©s
530@m3a(3 LoGo(30d dgndmgds bomBmmagboem 0dbglb N-go56bm3nmgdasba 390l
boboor. m-bg Bo@omgdama oMmsednmn nboydos g30h39693L, GM3 gHmnmdmago
(3M6d> o, ®m3 3odob 3g-m ombgol sbggg »oMOL N3obnbgdgb (Modgbowa(s
08 3m3g6@&3n, Mms d3s L33l ombzsl, 0dobws Foybgoogew, oy MmamEns
gom@o LoGmszns, ymggmo d53d30 dgbodmgdmam mgemal bbgs bodyyagoabss,
m3gemdog 8oL o6 94690mes Indemo sbgMmamn) s (3mEbol damdsmgmds dab
d99m9a, M3 3585 abgadl 3g-m 3ombgal, 33megs(3 03 3ndoom gsdmabs@qds.

5300 35LEMmgdo oLMamn 65333960l Ma3bsGgbol S6smMaDBL.
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2.4 Gsznb m3nb36360

53 0530b 3oMggm bobomdo sx3bgMgo gbs, Mm3gmbsi g9dbgdmes K-ob dbgogbo
dmEsmMo Mm3gMoGmMmgdo o 3obgbodmzMgm Fgddomo@gdol (36905, Gm3gmag,
396dme, 5©aqbl, s®ob oy oGo Kd-0b dbasoglbo gm@mInmes gddsmodo 3mbimgémm
badgommda. ggb 30goMomEgm, Hm3 Kb bs bsgombym 0dbglb Gmami(z ,o3968 30
i-3 0300 . Jog M3 oMol 30 gb 98 FMEINmal Bs3ocmbzob gmbag@mma 396056807
39339@ Mo dLdbagL o oMo hggba Lydsb@ogs — d6v, 3M0339L LGOI NG
993560890l 456LbodrgMmal dgdmmagabgdym 3gomEmsb gMomo — (3mEbob
030b9396L7 GmamE dgadmgds gog(39L 3oLygbo 83 Jombgal?

F396 dgaz30dmos g(300mm 53 3ombgzobg 3obybab go(3935 080l go3m33magz0m, oy
o m30b93960 543L (3mEbsL (Ag9b0 0b@gM3MgES(300m). Aggba 0bEgM3MgEs(300m
dm9dmo  (3mbol  ®30b5d9d0L  @obsLbosmgdal  gMM-gMmn dgomeo  sMab
03 gm@m3nmgdol obsbosmgds, Gm3gmoai ymzgmmzob Fgddsmodos. HRG™
BmEIomMa Mm3 Rsdmgaysmodmm, oy a3sd3b LG ncs M = (S, m, Kl, .
.., K), Bggb 3o@ygom, ®m3 ¢ domogdymos M-3o o ©ogbgto M E &, oy (M,
S)ED LEYmEgds S-dn dgdsgomo ymggmo s dpgmdsmgmdobomgol s 30@yzom,
6md ¢ dgbEmen gdoos M-3a, oy (M, s)ED bLEmegds S-do dgdsgsmo Gmdgemndy
s 3amdomgmdobmgol. 3o yzom, M3 ¢ dommgdmemos s o3bgmm Ed, oy ¢
dommgdamos yzgms bLEOYJG M0 s 308 Y30m, MmM3 ¢ dgbEHmen gdowns, o9y b
LENEEYds AMIgeadg LGN IENGdn. sz dgbedmbdgdgmos, Hm3 Bm@Inmes
d doMogdymos (resp. doGmngdmmos M-3n), 3530b s Fbmemme 85306, o) = o6
LENmEgds (resp. o6 bEmmmgds M-3do).

b Rsdmgmgmom (3m@bal Rzgbgemo aobbobmaMgdal Modwgb0dg dsmmgdamem
030bgdob s BaMmImzomagbm domo doMmgdyymmdals m@mBomn® 3@ 30 (39050.
d9dw9a 303Lggmgdm, o9 MedEgboe ©oLEdYMgdMmas gb Mm30bgdgda. MHmam(s
20069, 98 J3gmegdo ogqd3z98m, ®m38 Jgbodmgdmmdal FodoMmmgdgdo K otal
933035968 mdols dndomngdgdo.

(3mbolb  Aggb  dogH  dgdmmogeadgdymo  gobbodmgmgdol  gMo-gHmo
3603d36gmmgabo dobaboomgdgmo oMol ob, HmI ymggmds 93968 3s o0l msgabo

(3M©bolb yzgms mmgoznto dgogan. o9 0396835 030 P s oob, Gm3 ¢
a9obbdmdlb P-b, 35d0b Bmams d, 0bg b= b Fgddocn@ns yzgms 0d badyscmdo,
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m3gmba(z ob dgbodmgdmoem d00Rbggl. sdwgbo, U ggddsmado ¢bws nymb yzgems
08 badyommdn, HmIgmbss gb 9396@0 dgbadmagdmo 300hbgzlb s, dgbodsdabew,

356 5bg39 Wb 0(3MEgL Y. 550056 gobzzbom

03 54bom3sb nbdMmadm 300l o Jbomds gbmegds, Mowasb dobo Lodysmgdom
bogds K m3gMo@mmol  ©ob@mMadyzos 033mogszosdy. gb, Gmamg Rsbl,
a99obbdmdl, Gma Aggbo 5g96@9d0 bs3domm dmago FmsdHM369950 5G05b.

ob o d@0, Hm3 (3m@bal Azgbo gobbodmgMmgds ,dmogm® 53968 9dbgs gomazmamo
ndoms(z LGOS, M3 539689035 03006 yggms gmMIYms, MHmIgmo(s

dommgdymos dmgdnm LGOYJGNGedn. oy ¢ Fgddomndos M LEMYIE Yl
Y39 bd3YsMm™In, 353nb d qddaMo@n Mbos nymb yzgmes 03 badysmadn, MM gmbs s

M-ob 6530b3096 bLodysmmadn dymezn vgq96@0 dnoRbgsglb dgbadmgdmea, s3gbsw
Kb $gddomo@os M-ob yggmes dgbodmm Lsdys@mdn. gm@mdsmy®a, 396 30mgdom
(3mbol 356Tm aomydalb [ obL:

6900bdogmo M bGEdGnMobogol, oy M =d, 35306 M =K. .

d9360dbsgm, MmAd 53 bgbob Ladmsmgdoom hggb dgazndmons gl 36sm, HM3 oy
$ 30930, 35906 5bg39 JoMMgdgymos K d-(5. 9L bgbo bHymosw gobLbzogwgds
BOOINmobasb d=> K b, Hmdmol mobobdow, oy ¢ §gddomn@ns, 35d0b 53968 3s i-3
ab oz0b. o6 oM0b o9y (30mgdgemo, 9396835 0(3mEgb yzgmoxgco ab, Mo3 §gddsmndns.
(Bogomoma, abgmamo do3d3980L 3gdmbggzado dgbadmmas dgddato@n aymb, Hm3
35333 1-b abgMomo 543L dMdmo, doaMod oMss dyy(30mgdgmon 356 gb o(zmEgL.)
dogM3 939689035 03006 yzgmes dommgdmo gm@EINms. abByozoncoe, gb ob
BmEINmgdos, HMImgdoz 30056 omzomgdemo F9ddsmn@bo 038 GmMIyMmgdal
badoMabdnMme, Hm3mgda(3 godmagds bmemm dm (3934 Ladysmmdo sdmAbgb
$9935608)60.

domamns, 5396835 dgndmgds o6 0(3malb yzgmos Fgddscn@ o gog@on, dogmsd
04) 5396@&35 0(30L G003y B0, 35306 gb KBodG0 FgddoMn@0s. Mmoo

EK o= ¢.
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9L m30bgds, HBMIgmbes Dmaxg® 3m@bol o Jbomdal 56 §9ddsm0d 9dal o Jbom-
dob ((3mebobmgal) MEmwydgb, Bommbmgmbos dngM dohbgmmos dmsegmglb bod-
bow, MmIgmo(y gobobbgoggdl (3mwbsl @[dgb0lgsb. 0d3zgb dgodmads gdmbrgm
dzomn MBIgbs, dogMad 396 396 39(3m@Nbgdoc Mama(s, Ma(3 9Gab d(zsmo. gb
®30bgds 35630mmMdgdmas 0d goMgdmagdom, Mm3 Mgsmmma badystm ymagmogol
5M0b 03 bLodgsMmms dmmab, Hmdgmbay 9396@0 dgbadmgdma d00RbyzL. oy K d
dommgdmos 3mbiMg@& e (M, s) badystmdn, 3odnb ¢ ggddamo@ns yzgms 0d body-
SMmM3dn, MmM3gmba(sy i dgbadmgdmoa 300Rbgzb @s 39Mdme, ob ggddamo@ns (M, s)-do.

dmmmb gobgobomasgm mm m3z0bgdsl, MmMIgmos 0sbsbdowass 93968 90L sgzm
0bBMmmMb3gd300L Yoot LsgMmaMo (3mEbals dodoMom. dom 03056, oy Mo 03056 o
5 56 0(3000:
EKb= KK,
K b= KK b.

03 m30bgdomaasb 3oMggmlb Rzgmmgdfog 3mBodov@mo  0b§H™L3 g 300b
s Jbomdsb ¢9bmgdgb, gmgl 30 6935§0E0 068mML3 g (300L o Jbomdsl.

dgdmgao mgmMgds  BmEIomMo@  ©oa35Mbdnbgdl 0dsdn, HmI  ygzgms
Bg3masbbomemo ;mgabgds doMogdmmos (3m©bab Azgbo 3obbabmgmgdobmgab.

ngm@gds 2.4.1 g30mms d 5 U gmEBgmabmgab, g3gme M bg@adgamobogab,
baag K ol 933035mgb@mdob 8ndstmmgds o yggmsi=1,...,n 03968 0bmgab,

(a) M= (KOAK (d=1)) =K,

(b) vy M =0, 85806 M =K &,

(c) M=K b=,

(d) M =K d=KK b,

(e) M E ~K b=K K.

053§ 30(390°
(@) oy (M, s)EK. A K (d=1), 35d0b yggms obgomo t damdstgmdobogol,
®m3 (s, t) EK, 303m80bstgmdl mMogg: (M, t)Ed ©s (M, t)Ed=>y. E -ob
356boDM3ML Mabsbdo, (M, t)EP yggms sbgomo t-bogal s 93gbswo (M,
s)EK L.
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(b) o9y M Ed, 3590b (M, t)ED yzgmes t dpgmdstgmdobomgolb M-do. 396dme,
6930b30gMo  godboGgdymo s dpgmdsmgmdobogolb M-3o (M, t)Ed
yggmos obgma t-omgolb, Gm3 (s, t) EK. s3wgbsw, (M, s)EK & yggms s
damdomgmdaobomgol M-do ©o, 5d9sb 30dmdwnbatg, M =K d.

(c) oy (M, s)EK b, 35306 yggemo obgmo t-mgab, Gma (s, t) EK, (M, t)Ed. Goash
K 6gxmgdbagtos, (s, s) EK s, 3g@dme, (M, s)Eod.

(d) goggom, (M, s)EK d. gobgobomma 63d0bdogfo t abgmo, HmA (s, t) EK o
6930L3ogMo u obgmo, G™A (t, u) EK. Mopasb K &®sbbognmos, (s, u) EK.
50356 (M, s)EK.d, (M, u)=d. 53gbowm, yggmes obgoo t-ogol, HmA (s, t) EKI,
(M, t)EK . 5dgsb 30dmdobotgmdl, Hmd (M, s)EK K. d.

(e) gogzom, (M, s)E =K d. 35306 Gm3gmadg u-bogal, Gmdmobmgabss (s, u) €K,
(M, u)E =b. og330,m, t abgomons, GmA (s, t) EK. Mowasb K Lodg@magmos,
(t, s) EK o Gopasb K &mobbodmmos, (t, u) EK. sdwgbow, (M, t)E =K ¢.
FoEash gb gddsmn@ns yggms obgmo t-bogol, Bmdmobmgabss (s, t) €K,
dogomgdo (M, s)=K -K .

03 m30b9d500 g NMOmMamds,mmdgemn(3549dgasbgzoboemgom —wobB®mndy 300l
odbomBs, (3mEbol  ogbom3ds, 3mBaBoyMo s bgas@amFa 0bGMML3g 00l
odbom3gdo s (3mEbab  gobDmaswadol bgbo — dgbedsdol mo@gMmeGm@sedo
boggdgmnobom ofal dgbbogmomoa. abBm@amma dmbodHgdgdoom, o3 030L9d5dL
B9 S5 050693936 6mgdgb. (Bog& oMo, S5 oMb s4bomdsms Lob@gds. dab
DBOM GeOdomn a56bsdmgMmgdel dg3ga 09330 dgdmamegabgdo.) Madwgbow
3badMmgdmos gl mg0bgdgde? 2.4.1 mgm@g30b 3@ 3039093 azohzgbs,
Mmd, 3353300 3083900m, (3m©boL 5gbom3al Jommgdymmds as3m3nbasmgmdl od
BogdB0sb, Hmd K o6ob Ggxmgdbaco; 3mbogogmo 0b@mmb3gdool sgdbomds
359m30bsmgmdlb 08 Bogd@owsb, Hm3 K §mobboGymos; ©s bggsGogo
06@mmMLb3ggz00lb  ogdbomds  3o8mBnbaMgmdl 03 Bog@owsb, ®md K sfab
bodg@MoYmo s GMbDaG M. FoMmsmos, K-ab g33030mgb@mdal 0dsmmgdaw
356LobMzMs Mmomgdmb gambagMyymoas godmygbgdal 3Magamo bggmmbomgol, dogMad
sbg393ga30dmns Bodmaznanbmo bbgs dgbadmgdmmdgda(s. Mmames 39-3 msegdo
gbsbogm, K-ob 8035G0g3930b 30bgd930b Im@ogngsnom dgagodmos dogomma
(3M©bobl obgmon (3690900, HMImgdbsz 3obbbgeggdmmo mgzabgdgdo 946gdsm.
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Mo ogobgds, Gmdgmocs, GmamEy Bobl, dgbadmm Ladysmgdal dgommas
dma3obg0 3L, o0l @abEMmady300L ogbomds s (3MEboL gobdmaswgdal bybo.
030bs Bogbgagem, o MHmame asMws34360m K 803sGmgdgdl, gb ogobgdgdo
a0M@o3zom0s.  (FmMIomyMoe 9856 dmIg3bm o330 83988 30(390.) gb
»30bgdgd0 dgbadmms gmbag@mamaew d030Rbomom, o as8mbsmgzedl 0896835
i-3 ool ®“ go39030390m g83mbocd3e8meb ,d go3mIabemgmdl sgqgb@on i-L
0bgxzm@m3s(300006%, Mmamg 03l 033mo0@ Mo 39390900  ©sbgMamo
35333900 0o3LsGgbal  ImeEgmomMgdobsl. 03gbse, Modgbowsy  (3MEbab
a0bgnbomogm 93968 960b 30gM 35bLK 0L 3Mm(35L0L dgmgasw dgdgboem mEgbmdsw,
9L 30098980 gmmobbdmdl, Gm3 Rzgbl sbomabdn v596@ b0 asbbgal @bsom
MBoMb b Fmmdwbgb. goM3zzgmm gocgdmgdgdda gb dgbodmms gmbagfmemao
00gomadd305(3 0oygmb (o gb  gqdL3moe@ o ©sdz9ds oym ,sbgMamo
353d3900L" 3L gbol s@bgMmabol), dogMmsd dGsgaom 3mb@gdLb@do ob 8d3oMaw
3fda3mMmbogEmmons. 39-9 s 39-10 mo396d0 Rzgb gobgzobomagm dgbadmm Ladgysmms
dm@gmolb  dmeogngsosl obg, Gm3 ob dogbosggdmegl o@obEMmymynmo,
»0M300g0mM0“ by gmmdob bndogd@gdb.

d3ombggmb  dgodmgds  gohbwagl  goombgs, od3b oy oMs Rzgb  dogm
a56badmgEmNm (3mbal (36585L Lbgs 360336gmmmzabo mz0bgdgdacs, MHMImgdacs
X9 o6 a30bbgbgdos. JoMomomons, dmgmo Mogo 3G gdomn m3z0bgdgdobs
30dm3nbofmgmdl  S5-0b  LadaDabm  ™m30bgdgdasb, doaMoed, dgozMoe oY
308Lxgmgdm, S5-0b mz0bgdgdo LEYYmMe s@byML (3M@BAL Aggbl gobbabrgmgdsl,
ymggm dgdmbggzedo 0degbo, Medwgbo@ay Logdg K m3gMmo@mmgdl gbgds. gb
bogoobo GO NMOEdS gobboryymn dg-3 mogdo.

obemo Rz9bL yuMomgdsl dogedy®modm E , C,. s D, m3gMo@mmgdl. Mowasb E b
933560800 DLEGow 35306, Bm (35 G-3n yzgms 9396835 o(30L d, Fogomgdo

EE. b= A KD

MmamM 9063 903603690, dgodmagds omggzsl, mm3 gMomdmoga (3m@bos
360l ab, M3 »,939d LyymgmBds” 0(30L. 3odnb sM (350 gobazzoMa, HmMI gMmmdmng
(3M0bsL 83MoRbrgds (3M©BaL Yzgms m30Lgds; (3m@bal o JLom3ol, ab@Made 00l
54LomBab, 3mboGoncn 0b@GMmML3gd(300L sgbomBab s bgas@ oo nbGMmML3g] 00l
5g4bomdols  sbommanyMo  5Jbomdgda JoMomgdymos gMmmomogn (3m@bobogal
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(ab. LogoMgndm 2.8). 30l goMms, sgomo dgbadhbggns, MM s396@ms xanxob
9omdemogn  (3mbs  amobbdmdl dobo bgdobdogfo dzgranxyob gHomdmog
(3m©bsb, g.0. C.d=>C_ b oy G2G’ (0b. abgg Logotgndm 2.8). Gmam(s s0dmAbws,
Y39 9b ®30b9ds 453mMINboMmgMAL Mo bbgs m30Lgd0basb, HMImgdaz DaLES®
3003mb (39396 gMonmdmogo (3m©bal sOLL. sbms 53 Mmz30bgdgdl gobgzobomagom.

a030bLgbmm, Gm3 3oMggm ®mogdo  asbbomyym ,obgMomo  ds3d3900L"
»o3bo@gbdn 35333980 p-b gbobgd gMmmdmog (3MEBLL (Mm3 Ly 3306 g,
35333L 35063 abgMamo 543L IMdmn) 0mgdgb 0dgbsm, Msdmgbowsz dodab
356360930l 3939 5dmMAbEbI6 LoGmo30dn, Lowsz yggmes 39335 ozab
p-b gbobgd o yzgms 3533335 oz0b abocz, HM3 ob sGal sbgo LoGms30sda. o3
350Mgdmgdol aobodmasgdl md@msgo fam@omal sfbomds, Gmdmal cmsbobdowa(s
d 560b G ganxob gMomdmoago (3mEbs 35306 s dbmmme 85306, oy G-ab yzgems
693635 0(30L d o 0(30L abog, H™3 P sG0b gHmMdmogo (3mbe:

F C.O=E (DAC, D).

5365w, YdMsgo BgHBomoal sjbomdol mobsobdom C b dgodmgds gobgobomma
Bbg0ob f(x) = E_ (G AX) gdMog BgMGomow, Hmdgmoaz gmmdyemes x-b gomsbobaglb
ROOIYmobdy E (P AX). (53 06@10(300b @mEdomobgds dm39dnmos Jzgmegdo 11.5.)

dgmmg omgobgds azsdmgslb dgomeb 0dolb obowggbow, Gm3d dm3gdqem
LEOYJGYM30 ghmdmngn (3MEbs >0l JoMcngdemmo.

yggmo M LG @ pcobogolb, g M = ¢ = E_(UAD), 35806 M = ¢ = C .

08 Bgblb bdoMow nbom ool [abb mBmwgdgb. 93 bgbob J3gommdab
538 30(3900L dgmgaem od3eMs brgds, oy Go@md odmgzs 6@ 93909680
Mdmagmglb 0bgMgmngb@b 0d0b obad@gozgdmewm k-bg 0boyinom, Gm3d ¢ = Ef
(L AD) Boongdymoas yzgmes k-borgal.

Sbms BMMISMMo ©53538) 30390, MM gb ;mgnbgdgdo dotmmas(z Jdgoomas
E, @5 C.m3gMs@mMgdobomgab.

0gmeg3s 2.4.2 yzgms ¢ o P gmddnmabogol, yggms M bLEOnd@ntobomgals
5 yggms stMozamogmo GE{L, . . ., n}=bogal,
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LOGIC

(o)M= E.d= A, Kb,
(b) M= C.d=E_(HAC ),
(c) oy ME ¢=E_(bAD), 35306 M = d=>C_1.

053§ 30(390>

396480 (a) Pdgsmme asdmdEobsmgmdl E -ol bgdsb@njowsb. ©sbsmRgbo
39164&9g00b 5b5d@ 3o(390mo a5dm30ggbgdom 960mdmngn (3M©bob
306LodM3Mgdsl, Mm3gmo(s dm(3gdymo oym mads 2.2.1-do, 39Mdmw, (M, s) E E b
35306 s dbmmme 35d0b, Mmzs (M, t) E ¢ yzgmes abgmo t dpamdstmgmdabmgal,
Mm3gemo(z G-30xmb 9300000 5-00056. bLodmdsgmme sM360d6s3m, MMA 3B 30390590,
Omgmbsz  sbmo  Jgdmamagadgdm, of  gsdmaygbgds ol god@o, Gmd K
933035m96@ ™ol 8n8sMmgdgdos; 88303908980 sMoxgMa Bgn33mgdmes, K

1

b560b3dngMo Lbgs dobsMmo dndsMmgdsz MmMA ymegnmoym.

(b) 396g@0bomgal ogmdgeom, GmA (M, s) E C_b. s3pgbow, (M, t) E ¢ yggme
obgomo t 3amdsmgmdabmgal, Mm3gmoa G-Bombggsmns s-0sb. 39Mdme, oY
u G-30b390009 5-00056 gfMmo badogolb dgogaswe, 35dob (M, u) E ¢ s (M, t) & ¢
yz9ms 0bgoon t Ipgm3smgmdobomgal, Mmdgmog G-ombggzo008 U-056. 533 35Ms,
(M, u) & dAC D yzgms obgmo u-bongol, Gmdgemos G-3ombggoEos s-0sb gHomo
bodogol dgegasw, sbg GmA, (M, s) E E_(dAC,d). badoMob3oMm 0d3mogs300bogol
©o39)3350m, O™ (M, 5) E E_(DAC, D). @o3933007, Hm3 t oMol G-3ombggzewo s-0©sb
o 5" M0l s-0b d93ga 30Mggmo b3gMm s-0sb t-b3gb dodogom absody, HmMImab
B0dmgdo(s doM oMgdymos G-b BgzMgdom. Mopasb (M, s) E E_(OAC, d), odgwsb
353m30boMmgmdl, Hmd (M, s’) = dAC d. sbs’=t, 06t 30mb 9300000 5™-00056. 30Mz9m
dgdmnbgggado, (M, t) E §, Gowasb (M, s') E §, benmm ¢3565L 369 d98mbgggeda, (M,
t) £ & myds 2.2.1-0bs 5 03 BogdB0Esb 3odmdenboty, Gm3 (M, s') E C_ b. Mowasb
(M, t) E & yzgmos obgoo t-bogal, ®m3gmag G-30mbBg3o08 S-0006, 3533600, ™3
(M, s) E C_ 9.

admemb, 3967d@) (¢)-bogol ogydgom, Gmd M=G=E_(bAd) s (M, s) E ¢.

k-bg 0630000 3mR396900m, BM3 y3zgms k-bLogal g3sd3b (M, t) E YA yzgme
03 t-bongolb, Hm3gmoi G-80mbgzomns s-000b k Mam@gbmdol bodngol dgmgas.
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30300, t 560b G-Fombg35000 $-00056 gMmo badogob dgmggem; mgds 2.2.1-0b dsmom
30300960 (M, t) E YAD. oy k =k’ +1, 85306 6b5dmdL 0bgon t/, &3 G-3oxmbggamo
0ymb $-0006 k" MomEgbmdal bsdoxnl dgmggswm, bmmm t G-3ombggemn aymb t'-
00sb gfMmo bodogol dgogasm. 0bd0nlb ©d3980lb Mmebobdaw, (M, t') E YA.
35bobyyMo dgdmbggzol sbommannMo dbggmmdom 3ob3zbom, Gm3 (M, t) E YA.
530 LEMYMEds 0bEYJ(30M0 3G 30(390s. MedEgbswss (M, t) E Y yzgmes 0d t
damdsmgmdobogol, Hmdgmoas G-3ombgzemos s-0@eb, gobggbom, Mmad (M, s) E C,
¢.1

3dmmb, asbgobomaogm gobsbomgdym (3mebsb. T-gm me3dn sm360dbgm,
M3 306560mgdemo (3m©bs 3gndmads go630b0mmo ,d6dgbob” (3mbac. 3gbsw,
a5bo330M0 o6 Mbrs nymb, M3 gobsbomgdmmo (3mEbs sbg3g ©3dogmepamgdl
(3m6ob yzgms mz0bgdol. aobsbamgdnm (3mbslb o3l 3omg3 mEn mgabgdsgs,
mdgmdg Imgmge  dgzhgMogdom. asboggdos, Gm3  gMmbgzms  gangob
356060 gd9mo (3m@bs 030399, M3 YOMammE (3mEbs. 53gbsw,

ED,b= K.

93 9BM™ 0RO J39X3 B, 300 YBOH™ Q0> 38 J39%aB0b 39bsboengdgero
G(Y)QBOI

E D= D, ¢ oy GG

030b 08388 30(3909, MM doMmngdnmos gobsbomgdemo (3mEbal yzgms gL
030bgds, 3MbmdMogam 2.4.1 mgm@gdal 038 30(3980b sbsemmannos s, 3gbsw,
030l g5390985L 3300b39mb 3megodmde (bogatgndm 2.10). 39-3 megdo sbgsg
396396900, ™3 gPmmdmongn (3m@babs s gobsbomgdmmo (3mebal gb m3z0bgdgdo
LEnmew BamImowggbl 3 (3693960L yzgms Mgmg356@M& 030Lgdsb.

2.5 3m3m9b93%q ©339dbgdnman Joamds

(3M©bob dm@gmamgdol gomeo, mdgmos 2.1 §3gmsegdn oym bocdmeoaqgboemo,
mfo  3m3d3mbgbBobasb  dgmggds. oL 0ygbgdlh  3M0339L  LEOYJGHMYOL,
magmM 300930803 nm  dmeamlb  3Mogomoagb@osbo  LoGszngdobomaal,
> 094gbgdl mmaozn® 9bsb sbgmo LoGmo30gdal dgbobgd godmbsocmd3s89dals
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Rodmboyomadgdmom. gb gbs gumdbgds domEogo ©gdnmgdgdol LodGsegmgl wo
Bo3g@nmos mmangnfo m3gMe@mmgdals dndomm. 9300gbsw, (3mmbs Lab@odbyMaw
a03m0bsBgds, FMmMINmgddy mmaoznto m3gMsGmmgdol dmddgmgdoo. Rggb
035b mman3oby oxndbgdam doamdsl 3MBbmogdo. @Momozonmew bbmMgw gb
30am3s 353mM0Yq69dmEs Bormmbmgnsdn, omgds@n e mman3obs @s bgmmgbey®
06&gegd 3o

03 J3gmoegdn om3bgfo (3mEbal dm@gmomgdol sm@gfMbsdonm dgomeb,
Mmdgmo hggnmgdfng asdmaygbgds ©03sdol mgmMosbs s Fomgds@ o
93Mbm3n3zadn. 83 dgommel dmzmgbgdsy oxdbgdmm doamdsl gubmegdo.
mma030%g ©oxndbgdymo doamdabgsb ob mMo Msdoom gobbbgogmgds. xge
gm0,  dmgmagbgddy  oyyydbgdymo  doamds  3Madzglb  LEGOYIEMgdab
bo33mo@ 30093580396 Imegmo 094qbgdl dobmeb dgoEmme ©s393d0Mgdme
LEOYJGMEPOL, EMBgmbsz F39b 0993560L LGNGO JOL 3NBmwgdom. gmMgs,
(3 9B ™ 360d369mmzgob0s, 3mzmabgddy ogydbgdamoa doamds, semdscmmdal
»gmEonb dbaogbow, 3mb(396@Mmamgdymoas bpmdoem9d93% 9, Hmdmagdog dgbodmm
Lodyommms LodMagmaggdl bamImowanbgb, s LAYmMgdoo o6 094gbgdl mmao 3
B3N gdL. of (3mEbs godmabe@gds Imzmgbaddy Imddgon m3gMmeGmmgdals
bodmomgdom. sbems dodmgabomogo Fmzmabgddy oxmdbgdam doamdsl ©s
308Lx9mgdm 30b IFoEM 3o3doMmdg mman3ody oBNdbgdem Joamdsbmasb.

0bg3g, mmam® 2.1 4390193380, Mm30 a9b30b0megmom mmao39bg ogdbgdmem
30am3sb, 33 d93mbgg3530(3 @o306y5dm doamdsmgmdomes badyscm S-am. Imgmgbs
om0l dpgmdsmgmdams LodMagmyg eSS. dgagzadmons, 3535m0MdE, J0md3sMs3mm
dmgmagbady mmbombdo [F30dL, ®m3dgmo dggbodadgds 03 dpgmdsmgmdoms
LodMagmgl, Gmdgm dpamdsmgmdgddoi mmbombdn 6303L. go@yzom, ™3
dmgangbos e-b sgnmo o3l dagmdsmgmds s-do, oy s € e. 533356Mo@, 0y e, sl
dmgmgbs cmmbombdo [;30dl, 35306 e,-b saomo o3l dpamdsmgmds s-do dYLESE
35d0b, MHm3s 5 3Mab gMo-gfmo 08 damdsmgmdgdowsb, Mm3gmday mmbombdo
6308L. ™G0 dmgmgbals 3mboybzns Bonmgds Bomn Mmsbszzgmom. dsgsmomas,
dmgmabs mmbrmbdo [f30dl o bob-g@mobz0bymdo dB0sbo sdobons 5ol e,-ob
056533900 FmMzmabobmob bob-gmobizobymdn dB0sbo 8dnbmons. SbsmmanmMmac,
dmgmgbol omymezs ool dobo 3o gds (S-0b dndstm).
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MMM 9339 o90gbodbgm, 8mgmgbgddg  @oydbgdmm  doamdado
gmEdome@o  dmegmolb dgbegdbgmow gs3maygbgds 8993560L  LGMYJGnmgdo.

o1dsbol bLGONIGYMgdo M0l 3M0339L LGOYIGNMgdol dbgogbn, Abmemmeo ™Mo
a0bbbgoggdom: 3oMggmo abos, MmMI of 56 560l T Gubdz00lb sboemman, Mowasb
dm3mgbqddy ogndbadym dnoamdsdo o6 33543L 3oMB 030 gdMmadgda. 3gmeg
aobbbgoggds 3o obos, ®mI dobsmggemo Jodommgds K-ob bozgmom, Gmdgmo(s
356badmgMogms, oy MHmIgm Lodysmmgdl dnohbggs ©g96@0 i dgbodmgdmaw,
03560b  bLGONJGMMgddo ymggmo 0396@0bmgal sMbLgdmdL S-ob oymes P.
(bLodMsgmyg S-ob ogmezs sMal S-ob J3gbodMogmggdolb nbgomo LodMaogmg {51, e,
S}, 6m3 5-930 06006 006033900 @O Joon gogMmnobgds ndmyggs S bodMagmal.)
oy P=A{S,...,S}, 85906 S, LEdMogmggdL 9bmegdsm P symyol vxMmgogdo, 56
03968, i-0b nbgym@mdoz0mmo bodMmasgem 99d0. 5356 Laggmdzmo g3l ob nbGmazns,
Hmd o S, oMb 03968 i-0b 0bgm@mIszonmo bodMagmg o oy s € S, 3530k od
3am3afgmdgdal LodMogmyg, MmIgmbsi 93960 i dgbodmgdmow doohbgsl
(Gm3gemo(s dggbododgds 0ggb@ i-ob 0bgm™ds30sb), oMb Db S.

BmEFomn@a, s1dsbal LGOI PMs A stab 3mddmgdbo (S, P, . .., P),
Loz § oMol badyaMmb damdamgmdgdal LodMagmyg s P oMol S-0b oymys
ymggmo i 5396@0bmgolb. P(s) 5x0b0dbogh P mogmayzolb 08 gxmgolb, Gmdgmdog
33630989 5. 389bs0s(3 P 960l ©oyme3s, 5986 399m8nbsmgmadl, Gmd gmggmo
i 0396@0bs 5 3agmdsmgmdoms ymggmo bygomobmgal s, t € S, agodalb o6 P (s)
= P (t), 56 P.(s) n P(t) = B. 0b@go30Mo@, Bm3s S, t 39000 53968 i-0b gMmbs
5 03539 0b6xm@s 304 LodMdzmgdn, 35d0b s damomgmdada dymagn v396@0 i
dgbodmgdmom d00Rbgslb dpgmdomgmds t-b. Mmams 1339 ©03603bgm, 303 39L
LEONIGNOYoabash asbbbgoggdoo o¢dsbal  LEGONIGNMYSdn o6  a3b3wgds
B6g300 T, ™3 gemo(3 S-dn 3930350 ymzgemo dam3astgmdabomgal gobbsbmg®agl
oM 030 ©gdmadgdal  FqddoMo@mm 3860d369mmdgdL. (o) as8mgoygbgdm
dm3g3bm ®a30L B gM3abmenmaasl, gb 60dbsgl, Gm3 ordsbol LMY JGHES
s@bgdoma ool Aombm.)

Mmame 30b3LodbmzMazm (3mEbsl Imzmgbgddy ogMdbgdam dnpamdsdn?
o306 o3 dgomedo 0b@gMgbol mdogd@gdo Imgmgbgdos, of ol ¢bwos
oymb  goboggodo, Gmd  (3m@bs  a3obobodmgMmagds dmzmagbgdol  Ladyamgdoon.
Moo, Im3g3mo o93s60l bEOYJG b (S, P, ..., P )-0b gomamgddo
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LOGIC

(3m©bolb M3g@ms@mMb K :2° 5 2%, bossi=1,...,n,dgdwgabsoMow 3563bsdmgMogo:
K(e)={s€S | P.(s) Se}.

K(e) 500b0dbogl dmgmgbols i-d ozol e. o 2° o0l S-0b yggmes Jggbod@ogmols
LodMogmy. (dg3bodbogm, Mm3 RAzgb 309ygbgdor dMoxk@L sans serif (3mEbal
m3gfo@mem  K-Logol aobbbgoggdom  39Mbogobaob, ®mdgmbsi  30ygbgdm
dm@omy® m3gMo@mm K-bogob o bymbsbgm dMox@lb dobsdymo dodsmmgds
K-bogob.) sgomo @obabobos, Gm3d K(e) ool 03968 i-ob 03 0bgmmdssogmo
LodMogmggdalb gogMmnsbgds, MMImgdLas dgn303L €. nb@ooyMow, 53963
i-3 s dgmdomgmdado o30L e, o) e-b sgomo v93L yzgms 03 dgmdsmgmdado,
m3gmbacs 0396@0 i dgbadmgdmsw 300Aby3zL s 3amamgmdsdo (39Mdme, P (s)-0b
439 3am3amgmdadn)). 833356050, 5396835 i-3 0(30L, H™3 0dnbs Joybgosgzewm,
gm0 09 5Md MmMIgmndg damdsMmgmods, o sanmn 543l dmazmabs e-b.

dmgmgbs xamy G-do yzgemad o30b € godmobo@gds E : 2° > 2° m3gMogmtom,
mdgmo(g obg asbabodmgmagdes:

E.(e) = nfEGKi(e).

h396 dgagodmos gog303gmMmo m3gMoGmto E , Moms gsb3bodmgtma E (e)
=E_ (e) 0o Ee) = EE/ (e)), Lowo k=1. xaney G-do dgdsgomn 53966930l
9P omdm030 (3mbs e dmgem9bols d gbob 93, HmB8gmoa(z asdmabs@qgds gmmdmmon C

G

(e), 560l Bmgmgbs y39ms mmsedsd gd ogz0b e, y59msd az0b, MmP ol y39msd ool
©o 5.d. ad infinitum. 3obo mGIsnEo gobbabmaMas:

Cole)=n"_E f(e).

3dmmmb, %ane G-do dgdsgoemn 03968 930l g3obsfoen gdmmo (3mobs e dmgem g-
6ol dgbobgd, Gm3gmo(s aodmobo@gds ym®Igmom D (e), sbg asbobobrmgMgdes:

D_(e) = {s€S| (niEGPi(s))Ee}.

0b&0(30M30, Imgmgbs e sMab gobsBomademo (3mwbs, oy e-b sgamao 543
yzgmos 03 dpgmdsmgmdado, Mm3magdoy MRgds dgbodmgdmow dob dgdwgy, Mo

3L 39YM00 yzgms 9396@0b bgma oMb gdyem nbggmmdssnsb.

09 335gd3L bLodGagmg S-ob MmE0 ogmzs — P s P, oymas P-b 3nbmegdm
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P-bg m6m [7 360006 (00 P-b P-Dg e dbbgacnl), oy Pls) SP(s) Bomogdmmos
yggms SES —mgob. 0bBooncee, o9 eygmgs P audm BzGomos, 30069
oymags P, 3030b P-ob Ladymomgdoom domgdamn 0bgm™mdssomoa bodGsegmggda,
Ly 3306y, obgmogg mEgbmdol 0bgm@dszosl admggs, edwgbbsi P-ob
Lodmomgdoom Bomgdymo abxm@dszommo LodMogmggdo (Medgbosz YBRO™
33069 GomEgbmdals dgbadmm 3amdamgmdgdal gobboemgs dgqbadsdgds MyMm
3980 0bgxgm@mszonl Jmbab). P s Prooymaygdol mobsyzgoms, Gmdgmag sby
506036935 — PP, s60b yzgmedg banmo pogmazs, Mmdgmos ngcm dbbgomos,
30069 P o P; P oo P 0oymigdol 309006 gds, Gmdgmoas 9006036938 obg —
PUP’, s60b y3gmodg 8bbgomn poymas, Mm3gmos gu®m baMomos, 3006 P oo
P’; 398ga gm&gdsdn Bggb 30ygbgdom mobszgzgomnbs s gogmmnsbgdol (369893L,
omd BYLEG O ogobILodMM™ gMcIMmMNga (3M©bs s 3obsBamgdemo (3mbs.

ogm@gds 2.5.1 mogndgom, A = (S, P, ... ,P) omol ondsbol L@ dn@e,
©o3mdgom, G S {1, ..., n} oMol 53968 930L xam%0 0o o39d550, €ES. dodnb

(a) s€C_(e) 35306 s dbmmme 35306, Gm(szs (M P)(s) Se.

i€G

(b) s€D_(e) 35306 o dbmeme 35306, Gm(ss (LI_ P)(s) Se.

©598 303903 ab. bogoxadm 2.15. i

0J90056  353m3nbomgmdl, MHm3  5396@gdol oYMy gdal  mobszzgoms
a56badM3Mogh o  gMommdmong  (3m@bsl, bmmm  939689d0b  aymygdab
3590056985 gob6bodmgMmegh doo gobsbomgdmm (3m@bsl. d936036s3m, Hm3
0gm9352.5.1(a) g9emobbdmdl, mm3ndnbsobomg gbsw,dm393mmsdamdstmgmdado
o609y oMo Imgmgbs e ghomdemoaga (3mbs, bozdaMobos domBngow dgdmbadwpgl,
o060l o9 oMs Ramzgs mM dzog0me gobLabmgMMm LodGegmglb dmMab; oo
60l s 30magdgmo gfmmdmoaga (3mEbob gobbedmgmgdol gedmygbgds, Gmdgmacs
DLOLENEM Pbs 3ggmsal Ima(zo3b.

mma035bg 0ogndbgdym doamdabes o 3mgmgbgddg 0ogmdbgdmm doamdsl
dmE0b o0l dgoE™ 3033060, HM3al gm@E3omabgdobs(z sbms dgdmamogzgodgdom.
0bgdmdl dbgdMogo YMmogMo(3ombobs dgbadadaobmds S-ab ogmegdbs o
5-bg 39bbadmzMmem 933035 g6@™dob 808sGmgdgdl dmEab. S-bg Im39dmma P
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oymx30b dgbodsdobo g33035mgb@mdab 80dsmmgds R obgasbobsbmamagds: (s,s”) ER
85306 s 8bmeme 85306, Bmzs P(s)=P(s). sbsmmmanmMa, oy S-bg 8m3g3mos
933035 9b@mdals dndommgds, S-0b dgbodsdabo @oymaezs {51' ..., S} 3doomgds R-obs
Ym39eo 933035c9b@mdob 3mobolb goMesddboom mogmenlb gxMmgw S-o0; ob meo
dgmdsfgmds — 5, t — odmAbrgds ghm xMgodo dybBow 35d0b, Mmss (s,
t)ER. 58gbs, bo3z8smE sE30mNs PsYMBOL M3ombsBMHELNESE 533035 gbGMdals
308oMmmgdoms m35mbadM0bdY goabzms s 3oMadom (ab. bogstgodm 2.16).

sbms og9dgzem, MmI Im393mos 300339L LEGOYJGNGS M = (S, 7, K_l, C
), Bawais ymggemo K, o060l 933030mg6@mdal dndommgds. h396 asb3LabmzMagm
dgbodsdal 0993560L LM JGnEslL A = (S, Pl, C ,Pn) (BogmBstgmdoms ndogg S
LodMsgmom) 0dagso6em, MM P oymesl dgzmbededgdom K g33035mgb@mdals
3030Mmgdab. sbms 4306@s gohggbmm, Hm3 M-bos s AY gfmo s 0g03g ,Lgdob@n o
3930. M-do 1g3sb@ 0 3o 35bnbdbPgMmads BMMIMmgdol Ladmsmgdoom. bGHM GG
M-30 gm@dnms d-ob dmmenmds, Gmdgma obg godmobsggds — M, oMb
M-ols 03 3gmBofgmdacms LndMagmyg, Mm3gmdog doMmgdymos , g.0. ¢V = {s |
(M, s) & ¢}. A¥-30 bLgdsbBngs asbababdmzMgds Imgmagboms Ladmsmgdom. ymggem
36030809 a53mbomgzed p-bogol gsbzbadmgHmm epM Mmamey dmgmagbs ,p
om0l ggddamo@n”; g.0. epM= {s | (M,s)E b} sbms dgazadmos ymggmo gmEdames
$-0bmgol gobgbobrgMmo dmgmabs ev,, (d) nbydnom d-ob LGN J&ncsdy:

eev, (p) =

cev, (b, AY,)=ev, (b)nev, ()
OeVM(-lIJ) =S-ev, (V)
ev,(Kb)=K(ev, (b))

ev, (C. ) =C,_(ev,, (b))

eev, (DY) =D_(ev, (b))

0b@oogMow, ev,, (d) oMol ,dmgmagbs, Mm3 spaomo od3b ¢-b.“ dgdwgao
ogmEgds  a30hz39693L, @3 gb 0bGyoios LEMGNS, g.0. HM3 FmGIPms b
dommgdamos 3M0339L M LEMNIG MGl s dpgmdsmgmdada 35306 s FbmEmme
35d0b, dm(3o eV, (d) dommngdyymos 5993560l A LB J&MEab s dpamdsmgmdsdo.
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ogmegds 2.5.2 pogmdgom, M ool 3003396 bg@mmddames, boosi ymagmn
dgbodmgdemmdal dodomogds K omals 94303000 96§m0l dodstrongds s ogmdgem,
AM s@0lb dgbodsdobn ondsbol Lg@mvJdmmes. dodnb ymagmo & gmEdmmobor g0l
dogomgdom ev,, (d) = .

©53830(398% ab. bogotgadm 2.17. i

F396 sbems 39R39690, o Hmam® Mbos gowagowgom 303 3qL LEGONJEYMowsb
0913560L bLGOYJGNEObY. Mo dgadmgds nmngdzol badoMabdnfmm dndsmmmmgdsdg?
30g3000, A= (S, P, ..., P) ofab o935b0b bgEnJ@ns. Azgb 33060 dgbodadabo
360339L (S, m, K, . .. ,K) bgeHnd@nmol gobbodmgms (8gmdsmgmdgdol 0dsgg S
LodFogmom). 5M3bs0m LoMommgl o6 BoMmImowanblb K-gdab asbbadbmgms: K-b
DOMIMME 30350303900 P oogmazal 3gbodadol g33030mgb@mdal 803smmgdsbosb.
dogMad MRgds 350030 gdmgdgdalb @ bodMmsgmyg s T G630, AmIgmos S-do
ymggem 3amdomgmdslb qbosegqgdl 3oM@0g0 ©0gdmmgdgdobmgzalb ggddsmodyemo
360d3b9mmdal 30bgMol. doMmamons, ondsbal LEEOYJE YOS o6 gmmolbdmdl
doMB0g0  ©oMmgdgdol  LodMogmol  oMLgdMdsl, FogMmed  3MbiMgd e
dogomomgddo bodobobm dmgmgbgdl Azgmmadmng sdzm Lobgmgda, dsa.: ,gmabo
0890b ©5853L% 86 ,,dgM6bIgds EgdNmNs®. gb Labgmagda dgndmgds 3Gndn@ 0
353mbom 393900053 aobgabomma. BzgnmgdMag, oboi bsmgmos, oy GmIgen
dam3dafgmdgddo brgds gb Lobgmegdymo dmgmgbgdo; gb 30 agodmggb m
B6g(300L. 93 y39moxncal gmEmBsmndgdobmgol ©ogmdzem, Mm3 Rzgblb bymo
M0l 5M335MG™M >1dobol LGMYJEYMs A, sMdg sbgzg doME0z0 ©gdYmgdgdal
6930b30gM0 @ LodMagmyg s T GMbg(305, MMIgmos S-3o ymzge dogmdsmgmdal
MbodggdLb  ®-do  Jgdogommn  FoMBogo  gdmgdgdabomgal  Fgddsmnd o
3603369mmdals JobgFmsl. sbems dgaz0dmos s@goma© 935a3mm 3M0339L LM JG NG
M A7, &8 gemo(s 399badadgds A-bs o t-b. oy A= (S, P, ...,P), 35806 M A" = (S, m,
K, ..., K), bssg K ool P-ob dgbsdedobo mogmazs s bosgi=1,. .., n. sbmo
mdgome dgadmgds 0dab Rggbgds, ®m3 MA™-0l dqbadsdnbo 58560b bG M J&nEs
560b A (ab. bagofgodm 2.18). 88330600, 2.5.2 mgmE 30l domoo, MA™-3n s6bgdmmo
BmEINmgdolb dmmmmdgdo ©s A-do sMbgdygmo o3 gm@EINmgdol dgbsedsdabo
dmgmgbgdo 9Mmdobgmb gdmbggge.

0gmE938s 2.5.2-0b s 03 dbxgmmdom, Gm3gemag dob bab Mdmms, anbogds
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dgom  3o3doMo  mmanzeodg ©oxydbgdmm  doamdsbs s  dmgmgbgddg
©055391dbgdnm doamdsl dmMab, Modyg s sy Bognmomgdoao.

bo3bﬁxnamgbn

2.1 ©o39335m, gfMommdmogn (3m@bss ab, Mmd ,obgMomo bs3d3900L"
mo3bo@gbdo yzgmos 653930 560l dMIs. Hmamn 046gds 03 3M0339L LEMNIEYMab
af53x303mmo a53mbobymagds, Hmdgmo(y smbgMms 53 Lodo(305L 0gsdwy, 30y
3535 006y5305 madamszb? s Mmammo 046905 ob 8oL dgdwaa, Ma(3 3585 onbygdl
300639300 obLASL?

*¥2.2 a3bgobommon @sbgMoma 353d3950L mogbo@gbol dg3wgan gomnsb@oa.
5313350, MM gMomdemogn (3mEbss, MmI yzgms 353330, gotms (dgbodmms)
453330 1-abo, 0b3gbl 8580L bomg3odl. ©dobmaeb, zmgzom, 603d390L dMg(3
05353050 3535bmb gb 338530 s gMmmdmongn (3m@bss ab, MM, Gmzs 3ods
mM3356M53mdL, ol 536MdL o6 ,Lyym J(30Mg gMo M J396a50L Fonb(y obgMamoa og3b
dmdemn, 8b sogMabdmddgm gMadsl, dogomoms, ,Ms Gomabasbas gb dabommn.
(03335050, 9M0Mdm030 (3m@bss b, MM OMbrsz d53d3 1-b o gogambmlb dsdab
bomd3980, 356 ab 35063 0(30L, BB 358538 boMTmm gz gMc-gHmo 53 BMsDoMsasb.)

(@) ombgMgor Lodnons (g.0. 303396 LEGOYJG M) Fodob gob3bowgdal
d9dwga. (8060dbgds: ymzgma dgbadmm bLodystm dgodmagds semnbgmmb
(n+2)-gmom, bowsi n oMol 35333960L LogMomm Momegbmds.) absbgm
360339L bEONIG PGS, oy n = 2.

(b) dgmdmoasm 65333900 3006 330mb, 36056 9] 365 abgMambn? (3060dbgdes:
09303003 9ma© 3560b0mgm dgdmbggss, Mm (30 353330 156 o610l Gomaobom
obgMoemon, 398ga aobobomgo dgdmbggss, Mm3s 0b abgmamos s gbdab
3030l 6omg3ze30, o dmemb, gobobomgo dgdmbgggs, Mm(3s ob obgMamons
5 d5dobs boomgdgodo ot gogyans.)

(c) dgmdmonsc 353d398L g05M330mb, 5Nl o9y ofs abgMoemn, o dods
™030530M39mso 536mdb: 0396300 mML ob gL obgMomo og3b
ddmn“?
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2.3 30035bmdm abgMoma 85393980L ®o3LsG bl 30g3 g goMNabEb.
©539335m, 3535, 030l dog03Mo, MmMI mdzsl ,Lym 3MEGs 9o m]396396L donb(s
abgMoemn od3b dMdmn®, 536mdL ,bmdgm 1 d53d3L obgMomo o3l dndma®.
dbgemo o6 Mbs 0ymb 0dsdn sMBINbgds, HmMB sbems 35333930 (353330 1-0b goMws)
oo dgqdmgdom aooM330mb, 830 oy oM obgMoema Indemo. go63sMGgm,
o@mIas dbg (3gMdme, Me@ma o6 dgyydmnsm 3533390L 93 Mmagba@gbal s3mblLbs
abgo LoGmo30do, Mmzs dom, gMon dgbgogom, dgdn 0bgmmdszns gdmggom).
9L dogomomon a30f39690L, GM3 03 Mo3LsGgbal 3oz gMmn ©sd39ds abos, MmA
»o3b58gbd0 3m(393mos yzgms Mgmg3zob@ Mo 0bym@mads(30s, 39Mdme, ab, Gm3
dsds Ibmemme 0dsb 536mMdL, MHmI ,Lym (3mEGo ghm mg396a56L donb(s sbzMoemo

0gd3L d¢mdmo.“

*¥2.4 53 Logofmgodmdo R3gb 30bgboy Gubgdal ©s M3006930L ®s8530bL
BMEIomaDgdsl, Gm3gemaz dm39dmmo nym bagstgndmdo 1.1.

(a) Bmgmeo 046gds o3 magbsdgbals Jgbsdemm badystmgdn, vy 3603369mmmds
996985 356gmb  gogn@gdlL? Medgbo dgbodmm Ladystim 0d6gds 3
dgdobgggeda?

(b) obms @ogmdzom, M3 anmgdgmaymym BogMgdl (Jogsmomsw, oM
a0b30bbgoggdm Rzgbl bymo oMLgdym byzomb — x36M0b Gdbs ©o
a9mob L yzogalb Gubobs s gmo Gubob Byzomobasb). Msdwgbo
dgbademm Lodysmm 0gbgds 93 dgdmbggzedn? Modgbswa(y 938 o3LaEgbdn
3oancgdlb 860d3bgmmds o6 og3zm, domn ngbmEamgdal dgdmbgggedacs
dg3dmgdom magbo@gbolb swg339@M M336M9d96@ 03050, 93 dgdmbgggzsedo
a5bbabomggmo MRgds 03gbow bogmgda dgbadmm Lodystmgdo, HmA
bodgomam oMb 830l gozgmgds.

(c) obodgo 98 Mmagba@gbal s8bgMo 3603390 LEOYJ&nEo.

(d) gobgobormmor Logotgodm 1.1-0b (a) Boboemdo smbgfomma Logyoznes.
LEONYIGNP0Esb MmIgmo Bodmagdo goddgds 3sb dgdwgg, Mo gonggdm,
M3 grobl s dmdb o6 dgydmonsm magobo d56dmb godm36mda? sbbgbom,
58m3 M0l sbms 360d369mm3560 3030dHmm go8dMam Bodmgddg s oMo
b3960mgdby.

(e) obems aobobomgo Lo@yssns, MmIgmaz dmbgMomos bagstxgndm 1.1-al (b)
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bobodn s yhggbgm, Gm3gen Badmgda aodMgds LG JGNM0w©6.

*2.5 53 bogocgodmadn Imgebgbom 36dg635(3900b mo3L5E)gbolb BmMmIsmabgdsl,
mdgeo(z 3m3939mn ogm bogemgodmdn 1.3.

(a) aobobomgor mogbo@gbol 3oMggmo 39@bos (BmagmEz gb smbgFamas
bogatgndm 1.3-0b (a) bobadn). @obsdgo babyabo LoGmaznab dgbadadobo

3603396 bEOYJG NS, EMmamE 0(33mgds gb LEGYJG S 3ob dgdwaa, Bo(s
3ofggmo 36dgbo 0@ygal, Gm3 3sb o6 o(30b, B B9l Juoo sbyMogh?

Bame 0(33mgds 0b, Hmzs dgmeg d6dgbos 0@ yzol, Hm3 dobo(y o6 n(30bL?

(b) Bmame dgozzmagds 3M0339L megadnmazgma LEMNIG YOS, o dgbady

36dgbo 36357

2.6 9h39b69m, B3 G-Bombggzomds oMol g33039mgb&mdal 80dstmygds, oy K
30356 gdgd0 MgBmgdbaeo s bodgdGammos.

2.7 9hg9bgo, ®m3 oy t oMol G-dowbggzowo s-0@sb, d5dob (M, s) EC_ d 35dob
o bmeme 35306, Bmzs (M, t) EC, d, 03 3ommdom, ®m3 K 80ds@mgds o6ab
MgBmgdbaeo s bodgmaymo.

2.8 ogm@9898dn 2.4.1 o 2.4.2 3myzobomo bgdsbdoznmo Bbggmmdab
sbammmaono s0am3g6@ s (3000 hzq6g0, M3 JoGmgdmmos ghmmdemoago (3m©bob
dgdga0 ;mgabgdgdo:

(@) F (C,oNC (b = W) = C b,

(b) C.d = ¢ (00 3933903, Hm3 K 80306mgdgdo Ggxmgdba®os),

(c) CGd) = CGCG(b?

(d) =C.d = C~C.d (0 053933900, Hm3 K 80356093930 bodg@Gommos),

(e)C, b= CdoyG=2G.

mamti  bogadgndm  3.11-00006  Robl, gL ®30bgdgd0  RoGOYGo©

00538 30(3905000 (3mEbal s gMommdmogn (3m©bal 08 ®30bgd5d0L Logydgzgmby,
mdgdo(s 93 m033d0 s3bgMgon.

2.9 ¢4fh396907, O3 oy M =Ed= P, 35306
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(@) ME Kb = KU,
(b)ME C.b = C.

2.10¢hg9bgm, HmM3 Jormngdmmos g56s60mgdyymon (3m©bab dgdgan mgabgdgdo:

(@) (Db A D (b = ¥)) = D,

(b) Db = ¢ (o) o3913390m, H™3 K 30dotmgdgdo Mgxmgdbacns),

(c) D = DD b (o) 053933900, Hm3 K 803sGmngdgdo &Habbognmos),

(d) -D,d = DD (09 ©5393390m, G®m3 K 30356093930 Lodg@Hogmo ©s
&M36DoGymos),

(e) D6 = K.,

(f)Dd= D_doyGcG.

2.11 bLy3s6G 03 M0 3Mad96E gd0lb g53mygbgdom ©s53E 303907, ™I (3M©bs S
9600mdemngo (3mEbs abGMady3onmos 3Mbonbdool dndstom; g.0. @3B 3o39m,
M3 JoMmngdmmos d93gan m30bggd0:

@K (6 A ) < (Kb A Kb),

(b) C, (b A b) = (Cb A C ).

sbggg dgodmgds 30hz96mom, H™MI gb mz0bgdgdo go3mdabomgmdgb (3m©babe
©5 9Momdmogo (3m©bolb §94b@d0 smbgMamo mgobgdgdowasb (bogsfgodm 3.31).

2.12 05538 30(399, ©m3 393980 FMMImgdo JoMcgdmmoas 03 3oMmdom, Hm3
K 80856398980 g33035m9b@mdal 3ndsmmgdgdos:

(a) = _'¢=>K,-_'K;¢f
(b) = --cb:Ki1 . Kl.k—-Kik. .. Ki1¢ 03968 960L bgdobdogMai, ..., i, dodmgzdmdobomgob,
(c) E ~K-Kd<= K .

9L BmEIMmgda sbgzg 3@ 3oRYdS S5 M30bgdgb0b bogmdggmdy, Hmdmagdo(s
bgdmo gobgzobomgom; 0b. bagsgndm 3.14.

2.13 ogdgom, A = (S, Pl, e, Pn) o60b 0993560L LGB NG, d34d300,G S
{1,...,n} o s, t 560b dgm3agmdgdn, 3089300, Gmd A-do t s@mal G-Joefj 93500
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s-0@sb, oy t 560b Bombgzemn s-0@eb A-b dgbodsdolb MA™ 36003 39L LGN IGMGsda.
0538303907, ®™3 tE (M,_ P)(s) 35306 ©s dbmmme 35306, oy t 360l Joxmbggan
5-00056.

2.14 ©539933500, A= (S, P, ..., P) 960l o998560L b nms, eogndgem, G S
{1,..., n} ©o83@ 3039, O3 tE (L, P)(s) 35306 o Jbmeame 35306, oy ymggemo i
0396@0bogal tEP (s).

215 003383033900 ogm@gds 2.5.1. (30b0dbgds: dgandmosc  doMmsedn
05538 30(3mm 96 30dmoygbmm Lagefgndmgdo 2.13 s 2.14).

2.16 ¢f396g0, ™3 dqbadadobmds, Mmdgmoz Im3gdmmo nym oygmaygdbes
5 933035 gb@&mdal 3085M5dgdL dmMol s dgbadadobmds, asbbodmgmmemo
bodoMabdnfm dodsMornmgdom oMl gMm3sbgmals dgd&nbgdayma. g.0. hggbgm,
M3 R o6ab 933030mgb@mdal dodommgds, HmIgma(z Bonmgds oymas P-basb
85306 o 8bmemmE 85306, 09y P ool poymaezs, Hm8gmo(z 3nomgds 533030 gb@&mdals
3030905 R-0bgsb.

2.17 0539993500, M ool 36103396 LB &M, bosz ymggmo dgbademgdmmdals
3035Mmgds K oMol 933035968 mbob 308503 gds o 0539d30m, A 560l dgbadsdabo
o356l LY JGce.

(a) o588 30(3907, Bmd
(i) sEK (eV(d)) BoGigdgemos A-3o 85306 @ Bbmeame 85306, oy (M, s)=K &,
(ii) s€D (ev(d)) BsGorgdiymos A-3o 85306 5 Bbmmme 85306, o) (M, 5)=D, b,
(iii) s€C_ (ev(d)) BoGngduemos A-3o 35306 @5 Jomeme 85306, o) (M, 5)=C, b.
(b) 358m0yg690 (a) MgmHgds 2.5.2-0l @sbsdE go3gdmar.

2.18 ¢9hggbgm, ™3 53sbals LG &S, HMIgmas dggLodadgds 3nd3gb MAT
LEOYIGPOSL, sMab A.
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d960336580

ImEsmafn mmaogs d3zgm ©Mmadn gobobomgdmes Mogo s38mEMgdal dog.
ombobndbagns Mmam(z sMob@m@gmgl De Interpretatione o Prior Analitics, sbggg
dmo  boygbggdalb mmangmbos dMm3gdo. od3s, Mmami mobsdgommay
39M0mesdmg d94dboma d6Gm3gdol 1dg@gbmds, gb bodmmadgdas sGoboddmemaMo
0ym o d3mesm Lol gdnMo dnpamds. 3oMggmem Loddmmuo s LobGgdymo
doamds a3b3mgds myabalb 1912 Bemol 653GIM3dn, Moz 3Mmdnbsz0ob smbgsl
m3bagmMmEnsb ghmow obgMam Boabda Symbolic Logic [Lewis and Langford 1959].
356bs3ds [Carnap 1946, 1947] 3meommdgdobmgol LgdsbGogzol daboboggdmow
dgdmagomogods  dgbodemm  Ladystmms  asdmygbgds.  dgbodmm  LadysGmms
Ly396@03d 398amIdn sTM30dma© 0465 363000 gdemn Mngo 338MMgdab
dng; 3o dmMab: [Bayart 1958], [Hintikka 1957, 1961], [Kanger 1957b], [Kripke 1959],
[Meredith 1956], [Montague 1960] oo [Prior 1962] (m3gemoa(3 3 n@gsob goRlL (PT. Geach)
300 39901369000), sbmobgmn gm®ds 30 doomm 3H03d39L bodmmddo [Kripke 1963a]
(B Lobomog boMmdmeagbomons of). hsdmogmoaa s3@mMgdosb dg3cds sbggg
dgbodbs, ®m3 K 30do0mgdgdol mgobgdgdol (33mol dgmgasm B39b gmgdymmdm
(3m©bob bbgoabbgs mgolgdsb.

dmeEsmyfn  mmaogzolb 3oz  bodMmddn  gobbomyyema  oym  bmemme
89)(30mgdmmdnbs s dgbadmgdmmdal dmeammdgda. Mmam(s 1339 d0gbndbym
306M3gm 93d0, (3mbol bydsbGnzalb dowgdob nwgs g3Mm3bal 30680356, 3063
30639m3s 5dmahRnbs bgdzns 2.4-do gobbomemo (3mEbaL ®30Lgd9d0.

3603396 bLEEMIGNMoal gM3abgddn ©sbzMomo d53d3950L asdm(z960ls
sbamobo 9390360L 35m3gMbLs s 33Meab [Halpern and Vardi 1991a]. o¢3dsbols
LEOYJGNPgoo  aobLadmgMymos  odobolb  dog® [Aumann  1976].  o¢dsbo
a56badmgMogh gMmmdmog  (3m@bsl  Mmebszgzgonl  Ladgemgdoo;  MRG™
3Mb3Mg@nmom, 59dsblb g3nmgbal 2.5.1 (8)-3n dm(393ymn s 3306390, dbgagbo
doamads, mm3gmda(z (3m©bs 3560LabMgMgds Mmamm (3 M3gMoGmmn dmgmgbgddy,
dgbbogmomos mmmgl ol dogm [Orlowska 1989].
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ON RESOURCES AND TASKS

Giorgi Japaridze
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800 Lancaster Avenue, Villanova, PA 19085, USA

Abstract

Essentially being an extended abstract of the author’s 1998 PhD thesis, this paper
introduces an extension of the language of linear logic with a semantics which treats
sentences as tasks rather than true/false statements. A resource is understood as an
agent capable of accomplishing the task expressed by such a sentence. It is argued
that the corresponding logic can be used as a planning logic, whose advantage over the
traditional comprehensive planning logics is that it avoids the representational frame
problem and significantly alleviates the inferential frame problem.

Dedicated to the dear memory of Leri Mchedlishvili (1936-2013) and Michael Bezhan-
ishvili (1934-2014): my first teachers of logic, colleagues, and prominent figures in Georgian
science and education.

1 Introduction

This paper is being revived after having been frozen, in an unfinished form, for more than
a decade. It is essentially an extended abstract of the author’s 1998 dissertation [10]. For
“historical” considerations, its original style and language are almost fully preserved.

Since the birth of Girard’s [5] linear logic, the topic of substructural logics, often called
“resource logics”, has drawn the attention of many researchers, with various motivations
and different traditions.! The common feature of these logics is that they are sensitive with
respect to the number of occurrences of subformulas in a formula or a sequent, the most
demonstrative example of which is the failure of the classical principles

A — ALA

and

A—B A—C

Ao BuC
as a result of removing the rule of contraction from classical sequent calculus.

The philosophy behind this approach is that if formulas are viewed as resources, the

conjunction is viewed as an operator which “adds up” resources and the implication is viewed
as an operator which converts one resource (the antecedent) into another (the consequent),

then A& A is generally stronger than A, and A — (B&C) is stronger than (A — B)&(A —
(). For example, $1&$1 should be understood as being equivalent to $2 rather than $1, so

1 An extensive survey of substructural logics can be found in [4].
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that $1 — ($1&8$1) is not valid; one cannot get both a can of Coke and a sandwich for $1
even if each of them costs a dollar, so

$1 — coke $1 — sandwich
$1 — (coke & sandwich)

fails, too.

Although this kind of resource philosophy seems intuitively very clear, natural and ap-
pealing, it has never been fully formalized, and substructural logics owe their name “resource
logics” mostly to certain syntactic features rather than some strict and, at the same time,
intuitively convincing resource semantics behind them. The present work is an attempt to
develop such a semantics.

1.1 Resources, informally

The simplest type of resources, which we call unconditional resources, consist of 2 compo-
nents: effect and potential.  Effect is the process associated with and supported by the
resource, and potential is the set of resources into which the resource can be converted at
the owner’s wish. The effect of the resource “My car in my driveway” is the process “my
car is in my driveway”, and its potential, at a high level of abstraction, is {“My car on
the Ross bridge”, “My car on the Franklin Bridge”, “My car at the airport”,...}. For some
resources, such as 2 x 2 = 4, the potential can be empty. And some resources can be “effect-
less” — their value is associated only with the resources into which they can be converted.
Money can be viewed as an example of such a resource: its value is associated only with its
convertibility into “real” things.

The elements of the potential can be viewed as the commands that the resource accepts
from its owner. My computer, when it is shut down, maintains the process “the screen is
dark” as its effect. In this state it accepts only one command: “start”. After this command
is given, it turns into another resource, — let us say “another resource” rather than “another
state”, — whose effect is “the initial menu is on the screen” and whose potential consists
of the commands “Word Processor”, “Games”, “Netscape”, “Telnet”,... When I give one of
these commands, it turns yet into a new resource, etc.

It might be helpful to think of resources as agents carrying out certain tasks for us.
Mathematically, task is a synonym of resource, and which of these two words we use, depends
on the context. Between agents a master-slave (ownership) relationship can hold. What is
a task for the slave, is a resource for the master.

Thus, intuitively, an unconditional resource is an agent which maintains a certain pro-
cess (its effect) and also accepts commands (elements of its potential) from its master and
executes them, where executing a command means turning into a certain new resource.

1.2 Resource conjunction

Let us consider some more precise examples. Let ® be an agent which writes in memory
location L1 any number we tell it to write, and then keeps this number there until we give
it a new command of the same type again, and so on. Initially, this resource maintains the
value 0 in L1.

This is an example of an inexhaustible resource — it can execute our commands as many
times as we like.

Consider another agent W which writes in location L2, when we give it such a command,
the factorial of the current value of L1, and keeps that number there (even if the value of
L1 changes meanwhile) until we give it a new command of the same type. Unlike @, this
resource accepts only one command, even though, again, infinitely many times. Initially it
keeps the value 0 in L2.

We denote the conjunction operator for resources by A. What would WA® mean? In-
tuitively, having the conjunction of two agents means having them both as independent
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resources, so that we can use each of them as we wish, without affecting our ability to use
the other. Initially this resource maintains the value O in locations L1 and L2. In every
state, it accepts two types of commands: 1) Write in L2 and maintain there the factorial of
the current value of L1 (only one command), and 2) Write in L1 and maintain there number
n (one command per number).

1.3 Conditional resources

Both ¥ and ®, as well as their conjunction WA®, are examples of unconditional resources:
they maintain their effects and execute commands unconditionally, without asking anything
in return. However, in real life, most resources are conditional. My car can travel, but now
and then it will require from me to fill up its tank; my computer will copy any file to a
floppy disk, but only if I execute its countercommand “Insert a floppy disk into drive A”.

‘We use the symbol = to build expressions for conditional resources. Having the resource
01505 means that I can make it work as O, if I can give to it the resource ©1. It is not
necessary to actually assign some agent accomplishing ©; to it. I can assign to it a “virtual
©1”, which means that all I need in order to make this conditional resource work as ©, is
to execute every command it issues for ©. So, ©1-505 can be seen as a resource which
consumes the resource ©7 and produces the resource O, or converts the resource ©; into
0.

Consider one more unconditional resource, I'; which writes in memory location L2 the
factorial of any number we give to it, and maintains it there until it gets a new command
of the same type. Just like W, initially it maintains 0 in L2.

Can I accomplish I' as a task? Generally — not. Even if I can compute factorials in my
head, I may not have writing access to location L2 after all, or I may have this access but
some other agent can have that kind of access, too, and can overwrite the number I needed
to maintain in L2.

However, if the resources ® and ¥ are at my disposal, then I can carry out I'. Whatever
number my master gives me, I first make ® write it in L1, and then make ¥ write and
maintain its factorial in L2. So, I cannot accomplish the task I', but I can accomplish the
task

DAY 5 T,
which is an example of a conditional resource.

If we go to lower levels of abstraction, it may turn out that, say, ¥, itself, is (the
consequent of) a conditional resource. It may require some memory space, ability to write
and read and perform some arithmetic operations there, etc. Let us denote this resource,
— the resource required by ¥ to function successfully, — by A. In that case, the resource
I possess is

O A (AST)

rather than ® A W. I have no reason to assume that I can carry out I' now. However, I can
carry out
(A A®A (A%W)) =T

Because I can use the conjunct A to do whatever (A-5>W) wants from its A, and thus make
that conditional resource work as .
What if ®, too, requires A as a resource? That is, can I successfully handle the task

(A A (A=) )\(Aé\lf)) s
No, even though, by classical logic, the above formula follows from

(A Ad A (A;qz)) =T
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I cannot, because I have only one A while I need two. What if the two conditional agents
A-=® and A5V issue conflicting commands for A? For example, the first one may require
to write in a certain location L3 the number 13 and maintain it there, while the other needs
14 to be maintained in that location? One location cannot keep two different values. In other
words, A could serve one master, but it may not be able to please two bosses simultaneously.
And not only because conflicting commands may occur. Certain resources can execute
certain commands only once or a limited number of times. A kamikaze can attack any
target, and the commands “attack A” and “attack B” are not logically conflicting; however,
I cannot carry out the task of 2 kamikazes if I only have 1 kamikaze at my command: after
making him attack A, he will be gone.

This is where linear-logic-like effects start to kick in. As we have just observed, the
principle © 5 OAO is not valid. On the other hand, all the principles of linear logic +
weakening are valid.

1.4 More on our language

In addition to > and A, we need many other connectives to make our language sufficiently
expressive. When we described ® and ¥, we just used English. But our formal language
should be able to express all that in formulas. In fact the language is going to be much
more expressive than the language of linear logic.

The formulas of our language are divided into 3 categories/levels: facts, processes, and
resources. Each level has its own operators and may use lower-level expressions as subex-
pressions.

Fuacts are nothing but classical first order formulas, with their usual semantics. We use
the standard Boolean connectives and quantifiers (without dots over them) to build complex
facts from simpler ones.

We assume that time is a linear order of moments, with a beginning but no end. An
interval is given by a pair (4,7), where ¢ is a time moment and j is either a greater time
moment or oco.

While facts are true or false at time moments, processes are true or false on intervals.

The Boolean connectives and quantifiers are applicable to processes, too. To indicate
that they are process operators, we place one dot over them. aAB3, where a and 3 are
processes, is the process which is true on an interval if and only if both o and 3 are true on
that interval. The meaning of the other “dotted” connectives (=, =, ¥, ...) should also be
clear. They behave just like classical connectives, — all the classical tautologies, with dots
over the operators, hold for processes, too. But, as we have already noted, this is not the
case for resources.

Here are some other process operators:

1 A, where A is a fact, is a process which holds on an interval iff A is true at every
moment of the interval except, perhaps, its first moment.

/A, where A is a fact, is true on an interval iff A is true at the first moment of the
interval.

o > 3, where o and (3 are resources, is true on an interval iff o holds on some initial
segment of the interval and ( holds on the rest of the interval; in other words, if the process
« switches to the process § at some internal moment of the interval.

As for the resource level expressions, they, too, use classical operators, with a double
dot, over them. We have already seen the intuitive meaning of two of them, A and ~>. The
other basic resource-building operator is >. The expression

> (Ah R3] A’rl)7

where « is a process and the A; are resources, stands for the resource whose effect is o and
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whose potential is {A4,..., A, }. The expression
a> zA(x)

is used to express resources with possibly infinite potentials: the potential of this resource
is {A(a) : a € D}, where D is the domain over which the variable = ranges.

To be able to express infinite resources such as ® and ¥ (Figures 1 and 2), we also need
to allow recursively defined expressions. Let

o= > a((f L1(2)?)

and

V= > ((gm(z(M(z)A 1 L2(!x))\I!’).

Then, resource ¢ can be expressed by (ﬂ Ll(()))@’ and resource ¥ can be expressed by
(ﬂ L2(0)) v,

For readers familiar with linear logic, we will note that > is in fact a generalization
of the additive conjunction or quantifier (while A and = correspond to the multiplicative
conjunction and implication). The generalization consists in adding one more parameter, c,
to this sort of conjunction. The standard linear-logic additive conjunction should be viewed
as a special case of >-formulas where the left argument of > is a trivial process, such as
1.

The semantics of > is that it is a “manageable >”. If in « > 3 the transfer from « to
[ happens “by itself” at an arbitrary moment, in the case of a > (¥y,...,¥,,) the transfer
from «a to the effect of ¥; happens according to our command. But at what moment should
this transfer occur? If we assume that exactly at the moment of giving the command,
then even the principle A5A can fail, because execution of a command, or passing the
command which I receive in the right A to the left A always takes time. Hence, we assume
the following protocol for o > (¥y,...,¥,,): at some time moment ¢ and some 1 < i < n,
master decides to issue the command

DO(T;).

Then, at some later moment t’, slave is expected to explicitly report an execution of this
command:

DONE(T;).

The transfer from « to the effect of ®; is assumed to take place at some moment between ¢
and t'.
For potential real-time applications, we may want to introduce a deadline parameter for
>
a>" (0, ..., ,).

This means that at most time ¢ should elapse between “DO” and “DONE”. Another
operator for which we might want to introduce a real-time parameter is >: o>t 3 is a
process which is true on an interval (¢, ) iff there is e with i < e < i+t < j such that «
is true on (i,e) and 3 is true on (e, j). We leave exploring this possibility for the future,
and the formal definitions of our language and semantics the reader will find in the later
sections deal only with the non-real-time version.?

2The reader will also find that the language which we described here is a slightly simplified version of
our real formalism.
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1.5 Our logic as a planning logic

Later sections contain examples showing how our logic can be used as a planning logic. A
planning problem is represented as AT, where I' is a specification of the goal as a task,
and A is the conjunction of the resources we possess. An action is understood as giving a
command to one of these resources or, — at a higher level of abstraction, — assigning one
resource to another, conditional, resource. Hence, actions change only those (sub)resources
to which they are applied. The effect of an action for the rest of the resources is “no change”,
and it is this property that makes the logic frame-problem-free. Some examples also show
how our logic can naturally handle certain planning problems which, under the traditional
approach, would require special means for representing knowledge.

2 Facts

The components of our language, shared by all three types of expressions (facts, processes
and resources), are variables and constants. The set of variables is infinite. The set of
constants may be finite or infinite. For now, we will make a simplifying assumption that
the set of constants is {0,1,2,...}. The set of terms is the union of the set of variables and
the set of constants.

We also have a set of fact letters (called predicate letters in classical logic), with each of
which is associated a natural number called arity.

Facts are the elements of the smallest set I’ of expressions, such that, saying “A is a
fact” for “A € F”, we have:

e | is a fact;

e if P is an n-ary fact letter and ¢y, ..., ¢, are terms, then P(ty,...,t,) is a fact;
e if A and B are facts, then (A)—(B) is a fact;

e if Aisa fact and x is a variable, then Vz(A) is a fact.

As we see, facts are nothing but formulas of classical first order logic. In the sequel, we
will often omit some parentheses when we believe that this does not lead to ambiguity.
The other classical operators are introduced as standard abbreviations:

o “A=A—];

o AVB = (-A)—B;

o AAB = ~(—~AV-B);

e A—=B = (A—B)A(B—A);
e T=-1;

o JzA = ~vyzA.

A free variable of a fact is a variable 2 which has an occurrence in the fact which is not
in the scope of Yz (not bound by V). A fact is closed, if it has no free variables.

A situation is a set s of closed facts such that, using the expression s = A for A € s, we
have:

o st~ |
e s=A—Biff sf£ Aor s = B;
o s =vzA(x) iff s = A(a) for every constant a.
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If s = A, we say that A is true, or holds in situation s.

We fix an infinite set 7 of time moments together with a strict linear ordering relation
< onit. i < j, as one can expect, means ¢ < j ori = j. We assume that 0 € 7 and, for all
1e€T, 0<i.

T+ denotes the set 7 U {oo}. The ordering relation < is extended to 71 by assuming
that for all t € 7, ¢ < 0.

An interval is a pair (i,7), where i € 7,j € 7T and i < j.

A world is a function W which assigns to every time moment i € 7 a situation W (i).

3 Processes

This section contains formal definitions for the syntax and the semantics of the process level
of our language. The reader can be advised to go back to page 4 to refresh their memory
regarding the intuition and the motivation behind the key process operators introduced
below. Some later sections — first of all, Section 7, — contain examples that could also
help the reader to better understand our formalism in action.

The same applies to the next section, where we give formal definitions for the resource

level,

the motivation and intuition being explained in the introductory section.

Definition 3.1 The set of finitary processes is the smallest set F'P of expressions such that,
saying “a is a finitary process” for “a € F'P”, we have:

1.
2.

3
4
5
6.
7
8
9

if A is a fact, then /A is a finitary process;

if Ais a fact, then | A is a finitary process;

. if A is a fact, then {} A is a finitary process;
. if A is a fact, then OA is a finitary process;

. if & and [ are finitary processes, then so is a—[3;

if v is a finitary process and x is a variable, then Vza is a finitary process;

. if @ and [ are finitary processes, then so is o > [3;
. if o is a finitary process, then so is [>]a;

. if v is a finitary process, then so is [>]a.

Some other process operators are introduced as abbreviations:

1 =01
T=/(T;
o= a1

aVvp = (fa)=p;

ahB = (mavap);
asf = (a=B)A(B-a);
Jra = Wz

Ta=’lal{a;
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o la=/laA] o
o al 3 =aV(arf).
A closed process is a process in which every variable is bound by ¥V or V.

Definition 3.2 Truth of a closed finitary process v on an interval (i,7) in a world W,
symbolically W |=; ; v, is defined as follows:

o Wil Aiff forall r € 7 with i <r < j, W(r) E A;

W =it Aiff forall r € T with i <r < j, W(r) = 4;
o Wi ;DAiff forallr € T, W(r) = 4;
o IV 'Zi,j Oc%ﬁ iff w %’L\J‘ aor W 'Zi,j ﬁ;

W ki ; Voa(z) iff for every constant a, W = ; A(a);
o W I=;; > 3 iff there is e with ¢ < e < j such that W |=; . a and W = ; f3;

o W = [>]a iff there are eq,eq,e2,... € 7 with eg =4, ¢g < 1 < €2 < ... < j such
that for every k, W ¢, e,y @
o Wi, Plaiff W I, ; [>]a or there are eg, ...,e,, € TT such that eq = i, e, = j and,

forevery k: 0 <k <n, W ke, ey, O

When we later define a semantics for resources, we will also have to deal with infinite
process expressions.

Definition 3.3 An infinitary process is defined by replacing in the definition of finitary
process the word “finitary” by “infinitary” and adding the following 3 clauses:

e if ap, ap, g, ... are infinitary processes, then so is agAa; AasA...;

e if ag,a1,s,... are infinitary processes and ki, k'1, ko, Ko, € T, k1 < k1 < ko <

k's < ..., then ag M}Z;I aq “”}1222 Qa... is an infinitary process;
o if ag,...,a,, (n > 1) are infinitary processes and ki, k"1, ....kn, k', € T, k1 < k1 <
o <k, < k', then ag «»2;1 ME:L” o, is an infinitary process.
Thus, every finitary process is, at the same time, an infinitary process, but not vice
versa. We will use the common name “process” for both types of processes.

Definition 3.4 To get the definition of truth for closed infinitary processes, we replace the
word “finitary” by “infinitary” in Definition 3.2 and add the following 3 clauses:

o Wk, ; aoAaiAazA... iff for every k, W =, o

’

;
o Wk ao lel aq M’g; Q... iff there are eq,eq, es,... € T such that eg = i and, for
each m > 1 we have ky, < ey, < k'py and W l=¢,, | e, Qm—1.

o Wi, ap Mﬁll «»Zn" a, iff there are ey, ,...e,+1 € T such that eg = i, €,41 = 7,
for each m: 1 <m <n we have k,, < e, < k', and, foreachm: 1<m<n+1

we have W l=e,, | e, Qm—1.

Definition 3.5 A closed process is said to be wvalid iff it is true on every interval of every
world.
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Here are some simple observations (all processes are assumed to be closed):

All processes of the form of a classical tautology, such as, say, aV-a or a-—»aA«, are
valid.

(ff AA f} B) <> {) (AAB) is valid.

(LAV/B) < L(AVB) is valid.

(ff AV B) = 1) (AVB) is valid, but f (AVB) = ({f AV} B) is not.

B> is associative: (> (81> 7))<((a > B) > ) is valid.

4 Resources

At this level of the language we have 3 sorts of expressions: resources, DO-resources and
DONE-resources. We define them simultaneously:

Definition 4.1

1. A DO-resource is an expression > 1, ..., T (P1, ..., D5,) (m >0, n > 0), where the z;
are variables and the ®; are DONE-resources. If n = 1, we can omit the parentheses
and write just > xq, ..., 2, ®; if n = 0, we write just >.

2. A DONE-resource is an expression < 21, ..., Ty (@1, ..., ®5,) (m >0, n > 1), where the
x; are variables and the ®; are resources. If n = 1, we can omit the parentheses and
write just < 21, ..., 2y, P;

3. A resource is one of the following;:

e a®, where « is a finitary process and ® is a DO-resource;

e &5 where ¢, U are resources;
o DAY, where ®, U are resources;’

e \/xd, where x is a variable and ® is a resource.

We also introduce the following abbreviations:

'l=J_>>;
OT:T>>;
o P =d5 ]

o DUV = (50) T,

o Jzd = “yzd;

o DAV =T > (€ O, < U);
e V2l =T > 2 < P

o OV = 5(=PAY);

o Jzx® = (Vo ™).

3In fact, ®AW can be defined as ~(=®V=¥) (see the A-independent definition of = and V below), but we
still prefer to treat A as a basic symbol.
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Thus, every resource is a (<=, A, V)—combination of expressions of the type
o> F(< G ONTG), -, O, (@ 50); - < G (PLE ), OF, (7 97) ),

where « is a finitary process and the @f are resources. This expression represents an agent
which maintains the process « as its effect; a command to it should be given by specifying
T as a sequence @ of constants, and specifying one of the i, 1 < i < n. The expression
to the right of > represents the potential of this resource. We see that this potential is
more complex than the type of potentials discussed in Section 1. The intuitive meaning
of < i (®4(a@, %), -- - 4321(6732)) as a command is that slave has to produce the resource
@j(d, b) fora j (1 <j <k;) and b of his own choice, and report about this choice (along
with the fact of executing the command) to master.

The operators > and <, when followed by a nonempty list of variables, act as quantifiers:
they bind the occurrences of these variables within their scope. An occurrence of a variable
in a resource is said to be free, if it is not in the scope of >, <, V, ¥ or V. If a resource does
not contain free occurrences of variables, then it is said to be closed.

Note that our definition of resource allows infinite expressions: there is no requirement
. is the smallest set of expressions such that...”. Naturally, we only want to deal with
resources which can be expressed finitarily. One way to express a certain class of infinite
resources finitarily is to allow recursive definitions for their subexpressions. For safety, we
will only allow definitions that have the following form:

“

= > (< gilal®l. . ak L), < ga(af Oy, af 97 ), (1)

where the a{ are finitary processes and the <I>g are DO-resources introduced by the same
type (1) of recursive definitions, so that, ®, itself, can be among the <I>f

A recursive definition is not a part of a formula but should be given separately, and if a
resource contains a recursively defined subexpression ®, we assume that ¢ just abbreviates
the right-hand side of its definition.

Another type of finitarily represented infinite expressions we will allow in resources is

1D,
which is understood as an abbreviation for the infinite conjunction
DADADA...

We will call the resources that are finite expressions, possibly containing !-expressions
and recursively defined subexpressions of the form (1), finitary resources. Since we are going
to deal only with this type of resources, from now on, the word “resource” will always refer
to finitary resources.

We are now going to give a formal definition of the semantics for resources. This defini-
tion is in a game-semantical style as we understand a resource as a potential game between
master and slave, where moves consist in giving commands and/or reporting execution of
commands.

A position is one of the following:
® a resource;
e a DONE-resource;

e O5W, where @ and U are positions;
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e PAT, where & and ¥ are positions;
° %Uq), where x is a variable and ® is a position.

When speaking about a subexpression of an expression, we are often interested in a
concrete occurrence of this subexpression rather than the subexpression as an expression
(which may have several occurrences). In order to stress that we mean a concrete occurrence,
we shall use the words “osubexpression”, “osubposition”, etc. (“o” for “occurrence”).

A surface osubexpression of a resource or a position is an osubexpression which is not in
the scope of > or <.

Such an osubexpression is positive, or has a positive occurrence, if it is in the scope of an
even number of —; otherwise it is negative.

Definition 4.2 A master’s move for a position ® is a position which results from & by

e replacing some finite (possibly zero) number of positive surface osubpositions of the
form o > Z(V1(Z), ..., U, (F)) by ¥;(a@) for some sequence @ (of the same length as )
of constants and some 4 (1 <4 <n), and/or

e replacing some finite (possibly zero) number of negative surface osubpositions of the
form < (W (), ..., U, (&) by ¥;(a@) for some @ and i (1 <i < n).

Slave’s move is defined in the same way, only with the words “positive” and “negative”
interchanged.

Thus, master’s moves consist in giving commands in positive osubresources and report-
ing execution of commands in negative osubresources, while slave’s moves consist in giving
commands in negative osubresources and reporting execution of commands in positive os-
ubresources.

Suppose ¥’ and " are master’s and slave’s moves for a position ®. Then the composition
of these two moves with respect to ® is the position ¥ which results from ® by combining
all the changes made by master and slave in ® in their ®-to-¥’ and ®-to-¥” moves. VU is
said to be a move for ®. Note that every position is a move for itself.

For a position @, a ®-play, or a play over @, is a finite or infinite sequence of the type
(®o, t1, Py, ta, Do, ),

where &g = @, the ¢; are increasing time moments (1 < t2 < ...) and, for each 7, ®;;1 is a
move for @;.

A play is said to be compact, if no two neighboring positions (®; and ®;41) in it are
identical. If a play P is not compact, its compactization, denoted by P, is the play which
results from P by deleting every position which is identical to the previous position, together
with the time moment separating these two positions.

Intuitively, the ®; are the consecutive positions of the play, and ¢; is the time moment
at which the position ®;_; is replaced by ®;.

Note that the (<>, A, V)-structure of a position in a play is inherited by the subsequent
positions.

Every (compact) play P produces a unique process P* defined below. In this definition,
“..” does not necessarily mean an infinite continuation of the list (play): such a list can

be 1-element, n-element or infinite; in clause 6, Q stands for an arbitrary (possibly empty)
sequence tq,'1,t2, 9, ...

Definition 4.3 (of the operation *)
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DoV, t, <I’1—“1’17 t27 L) =
g, t1, Dy, tg, )T (W, ty, Uy, ty, .)TF

(
(
(

3. <¢’0/\\I/0, t1, @1/\\1/1, t27 >* =
(Ro, t1, Dy, tg, )TA(Tg, t1, Uy, ty, ..)T*
(
(

4. \V/Iq)(h t1, VCE@l, to, >* :VCE«@U, t1, @1, to, >*)
5. oz>>:c(\Il ( ) ,\I/n(f)),t\I/1(ﬁ)>* :l~
6. If P = (
a>>w(<< i (L&, 91, O (E,370)) oy < yn(wsz-‘,y;,),...,wzn(f,ym)),
k7
< Gi (Y@, Gi)s s O3, (@, 57)),
m7
wi(@.b),
Q>7
then

Explanation: According to clause 3, a play over a A-conjunction of resources produces
the A-conjunction of the processes produced by the (sub)plays over the conjuncts of the
resource. Similarly for the other double-dotted connectives ~> (clause 2) and ¥ (clause 4).

A play over

o> #(< G (W@, o U, (50), o € G0 (V2 G), o W, (7 57))
produces «, if no moves have been made (clause 1). If a command
<G (V1@ 5), .., ¥}, (@ 57))

was given but a report never followed (clause 5), we consider this a failure of the non-
reporting resource to carry out its task, and associate the always-false process | with this
play so that it is never successful. Finally, if a report \II; (d, g) followed the command, the
play produces o ~}" 3, where k is the moment of giving the command, m is the moment of
reporting its execution, and 3 is the process produced by the subplay over \Ilj(d, 5), truth of
this ~»-process means that the process a switches to the process 3 at some time after the
command and before the report.

One can show that as long as ® is a closed finitary process, the process P* produced by
a ®-play P is always a closed infinitary process in the sense of Definition 3.3.

A slave’s strategy is a function f which assigns to every position ® a slave’s move for ®.
We assume that this function is implemented as a program on a machine, and we denote
by f/(®) the time this program takes to give an output for input ®; if the program doesn’t
give any output, or gives an output which is not a slave’s move for ®, then we assume that

F1(®) = .

Let &y be a resource and f be a slave’s strategy. Here is an informal definition of a
Dg-play with slave’s strategy f. The play starts at moment 0, and at this stage it is the
one-position (sub)play (®o). Slave, i.e. the function f, takes ®; as an input, and starts
computing an output for it, — thinking what move to make for ®y. While slave is thinking,
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master can make some moves @1, ..., ®,, at time moments t1, ..., t,, wheren >0, t; < ... <,
and each ®; (1 < i < n) is a master’s move for ®;_;. Note that ®,, is a master’s move for
®q by the transitivity of this relation. The play has thus evolved to

(Po,t1, @1y s tn, Ppy).

Finally, at moment ¢,,11 = f'(®y), f computes a slave’s move ¥ for @y, and the next
two items of the play become t,,+1 and ®,,11, where ®,,11 is the composition of ¥ and ®,,
with respect to ®g. Note that ®,; is, at the same time, a slave’s move for ®,,.

So far slave has been busy processing the input ®y and did not see master’s moves. Only
now he looks at the current (last) position and sees that it is ®,,11. So, he takes this position
as a new input, and starts computing a move for it. While slave is thinking on his second
move, master can continue making moves and the play can evolve to

<(I)Oat17 (Dh ~~~atn7 q>n7tn+17 (er»lv ---7tm: q>m>

until, at some moment ¢, 1, slave comes up with a move I" for ®,,; ;. The next two items of
the play become t,,+1 and ®,, 1, where ®,,,41 is the composition of I' and ®,,, with respect
to ®,,+1. And so on...

If, at some stage, f fails to compute a move, that is, thinks for an infinitely long time,
then all the further moves will be made only by master. In this case, master may make not
only a finite, but also an infinite number of consecutive moves.

We say that a play P is successful with respect to a world W, iff W = o P*.
A slave’s strategy is said to be universally successful for a closed resource @, iff every
®-play with this strategy is successful with respect to every world.

Definition 4.4 We say that a resource is universally valid iff there is a universally successful
slave’s strategy for it.

5 Resource schemata

In this section we extend our language by adding to it resource letters. Formulas of this
extended language can be viewed as schemata for resources, where resource letters stand for
resources.

Every resource letter has a fixed arity. The definition of resource scheme is the same
as the definition of resource (where the word “resource” is replaced by “resource scheme”),
with the following additional clause:

e if @ is an n-ary resource letter and ¢y, ..., t, are terms, then ®(¢y,...,¢,) is a resource
scheme.

For safety, we assume that the set of variables occurring in resource schemata is a proper
subset of the set of variables of the language introduced in the previous sections, and that
there are infinitely many variables in the latter that don’t occur in resource schemata.

A resource is said to be safe if it is T® for some DO-resource ®, or a (=, A,V)-
combination of resources of this type.

Safe resources are what we could call “effectless” resources: they are not responsible for
maintaining any nontrivial process and their value is associated only with their convertibility
into other resources.

A substitution (resp. safe substitution) is a function 7 which assigns to every n-ary
resource letter ® a resource (resp. safe resource) 7® = ¥(z1,...,x,) with exactly n free
variables which does not contain any variables that might occur in resource schemata.
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Given a resource scheme ® and a substitution 7, 7 is defined as a result of substituting
in ® every resource letter P by 7P. More precisely,

e for an atomic resource scheme ® of the form P(t1,...,t,), where the ¢; are terms and
TP =U(21,...,25,), we have ®7 = U(ty, ..., t,);

. (a > :z«‘<<< GHDL, . DL ), < g (@, .,cp;;n)))T _
o> F(< @D, (@), < (@) (9F,));
o (B5T) = HTHUT;
o (DAD)" = BTADT;
o (Vzd)™ = vz(®7).

We say that a resource ® is an instance of a resource scheme ¥, iff & = U7 for some
substitution 7. If 7 is a safe substitution, then ® is said to be a safe instance of V.

Definition 5.1 We say that a resource scheme W is universally valid (vesp. universally
s-valid) iff there is slave’s strategy such that for every instance (resp. safe instance) ® of ¥,
the ®-play with this strategy is successful with respect to every world.

6 The MALL and MLL fragments

Our logic, — the set of universally valid resources or resource schemata, — is certainly
undecidable in the full language as it contains first order classical logic. However, some
reasonably efficient heuristic algorithms can apparently be found for it. Also, some natural
fragments of the logic are decidable. This paper doesn’t address these issues in detail as its
main goal is to introduce the language and the semantics and show possible applications
in case efficient algorithms are elaborated. This is a beginning of the work rather than a
completed work.

Here we only state the decidability of two fragments of the logic. The first one we call the
MALL fragment. Its language is the same as that of Multiplicative-Additive Linear Logic,
where =, A, A and ¥ correspond to the multiplicative implication, multiplicative conjunc-
tion, additive conjunction and (additive) universal quantifier of linear logic, respectively.
Here is the definition:

MALL-formulas are the elements of the smallest class M of expressions such that, saying
“® is a MALL-formula” for ¥ € M, we have:

1 is a MALL-formula;

e if U is an n-ary resource letter and ¢, ..., ¢, are terms, then ¥(t¢q,...,t,) is a MALL-
formula;

e if U and ® are MALL-formulas, then so is ®--W;

o if U and ® are MALL-formulas, then so is PAY;

o if U and & are MALL-formulas, then so is PAY;

e if U is a MALL-formula and z is a variable, then V2¥ is a MALL-formula.
Here is our main technical claim:

Claim 6.1 The set of universally s-valid closed MALL formulas is decidable. In particular,
it is the logic ET introduced in [8]. The decision algorithm is constructive: it not only states
the existence of a successful strategy (when it exists), but actually finds such a strategy.
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We let this claim go without a proof. An interested reader who carefully studies the
relevant parts of [8] should be able to re-write the soundness and completeness proof for
ET given there as a proof of the above claim. In fact, the proof given there establishes the
completeness of ET' in a much stronger sense than claimed above.

A MLL-formula (“Multiplicative Linear Logic”) is a MALL-formula which does not
contain A or V. Since we have no quantifiers, we assume that all resource letters in MLL-
formulas are 0-ary. We have a stronger soundness/decidability result for the MLL-fragment
of our logic. Stronger in the sense that it is about validity rather than s-validity.

A MLL-formula is said to be a binary tautology, if it is an instance of a classical tautology
(with the double-dots placed over |, A and —) in which every predicate letter (non-L
propositional atom) occurs at most twice. For example, AU~ is a binary tautology, and
s0 is PA®-5® as the latter is an instance of the former; however, ®->®AP is not a binary
tautology. Note that in fact a binary tautology is always an instance of a classical tautology
where every predicate letter has either one occurrence, or two occurrences, one of which is
positive and the other — negative. Blass [2] was the first to study binary tautologies and
find a natural semantics for them.

Claim 6.2 A MLL-formula is universally valid iff it is a binary tautology. Hence, validity
for MLL-formulas is decidable; again, the decision algorithm is constructive.

The “only if” part of this claim follows from Claim 6.1 together with an observation
that a MLL-formula is a binary tautology iff it is in ET. The “if” part, as always, is easier
to verify, and instead of giving an actual proof, we will just explain the idea behind it on
particular examples.

The simplest binary tautology is ®—-®. Why is it universally valid? Observe that since
one of the two occurrences of ® is negative and the other occurrence is positive, what is
a master’s move in one occurrence of ®, is a slave’s move in the other occurrence of ®,
and vice versa. The slave’s strategy which ensures that every play is successful, consists in
pairing these two occurrences: copying master’s moves, made in either occurrence, into the
other occurrence. For example, let ® be

a>> (<< B>, v>), < (5>>)).
Then, the initial position is
a> (<< B>, v>), < (6 >>)) = oa> (<< B>, v>), <(6 >>)>.

Slave waits (keeps returning the above position without changes) until master makes a move.
If master never makes a move, then (after compactization) we deal with a one-position (0-
move) play and, according to the clauses 2 and 1 of Definition 4.3, the process produced by
this play is a—a. Clearly, this process is valid and hence the play is successful. Otherwise,
if master makes a move at some moment ¢, this should be replacing the positive occurrence

of a > <<< B>r>), < (6 >>)> by either < (8 >,7 >) or < (§ >). Suppose the
former. Thus, the next position of the play is

a> (B>, 7>), <O>») 5> < (B>, 7>).
Then slave does the same in the antecedent of this position, thus making
LB y>) 5 L (B> >)

the next position of the play. This move will happen at time moment ¢, which is greater
than ¢; by the time slave needs to copy the master’s move.
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After this, slave waits again until master reports an execution of this command. If this
never happens, then the play is successful because, by the clauses 2 and 5 of Definition 4.3,
the process it produces is | — |, which is always true. Otherwise, at some moment t3 > ts,
master reports an execution by replacing < (3 >, v >) by, say, v >. So that the next
position now becomes

7> L (B> >).
Then, as soon as he can, — at some moment 4, — slave reports the same in the consequent
of this position, and we get
TS Sy >
Since there are no moves for this position, the play ends here. An analysis of the clause 6
of Definition 4.3 convinces us that the process produced by this play is

(a~l7) = (aitn).
Since t; < t2 < t3 < 1y, it is easily seen that this process is valid, and thus the play is
successful.

A similar strategy can be used for other binary tautologies. FE.g., the strategy for
OA(P-5W) =5 U consists in pairing the two occurrences of ® and pairing the two occurrences
of W. This trick, however, fails for resources that are not binary tautologies. For example,
in ®-5>®A®, slave can pair the negative occurrence of ® only with one of the two positive
occurrences of ®. The (sub)play over the unpaired occurrence then may produce a false
process while the (sub)play over the negative occurrence — a true process. In that case the
process produced by the whole play over ®->®AP will be false.

7 The assembly world in terms processes

What is going on in a computer at the assembly language (as well as higher) level can
be formalized in our language as a process. Here we consider an example of a simplified
assembly world.

Our “computer” has only 3 memory locations or registers: Lj, initially containing 2,
Lo, initially containing 0, and Ls, initially containing 0. The assembly language for this
“architecture” has only 3 commands: command #1, command #2, command #3. Command
#i results in adding the contents of the other two locations and writing it in L;.

There are several ways to formalize this situation in our language, and here is one of
them.

Since giving a command is an instantaneous event, we assume that command #1i creates
a “puls” which makes the contents of L; change. Creating a puls means making a certain
fact — denote it by P; for command #i — become true for one moment. Between commands
another fact, Np (“no puls”), holds. It can be defined by

Np =qr ~(PVPVPs). (2)
The further abbreviations we will use for convenience are:

a1 =4 LPiA] Np

Qg =4f LPyA I Np

az =gf LP3A I Np

Thus, issuing command #i can be seen as starting (switching to) process «;.
The formulas A1, A\ and A3, defined below, are meant to describe the behavior of the
processes going on in the 3 locations:*

4 Although our language does not allow terms such as x 4 y, we can pretend that it does, because every
expression containing this kind of terms can be rewritten as an equivalent legal expression the language
defined in the previous sections. So that, for convenience, here and later we assume that our language is
based on predicate logic with function symbols and identity rather than pure predicate logic.
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AL =g [z](zpl A 1 =Py A 3o, y(LL2(x)ALL3(y)A § L1z + y)))
Ao =af [E](z& A 1 =Py A 3w, y(LL1(x)ALL3(y)A 4 L2z + y)))

s =af [E](ZPS A 1Py A 3a,y(LL1(x)ALL2(y)A f L3(z + y)))

Before we analyze the \;, let us agree on some jargon. Every (true) process [>]y or
Y1 B> ... > v, can be divided into >-stages, which are the consecutive time intervals on which
7 is true. A transition from one stage to another will be referred to as a >-transition.
Similarly, we will use the terms “>-stage” and “I>-transition” for processes of the type [>]y
or v ... By

In these terms, \; starts its >-stage when puls P; is given (the conjunct ZP;), and will
stay in this stage exactly until the same puls is given again. A >-transition to the new
stage before this is impossible because, due to the conjunct ZP;, that stage requires that
P; be true at the moment of the transition. And a late transition to a new stage is also
impossible because, as soon as P; becomes true, the conjunct f} = F; is violated. Throughout
each >-stage, except its first moment, the location L; then stores the sum of the values that
the other two locations had at the initial moment of the stage.

Now we need to axiomatize the situation where the initial value of L1 is 2, the ini-
tial values of the other two locations are 0, and these values will be maintained until the
corresponding command (puls) is given. This will be captured by the following 3 axioms:

((II Li(2))A (Y ﬂPl)) > Ay (3)
((II Ly(0))A(4 ﬂPz)) > Ao (4)
((11 L3(0)) A4 ﬁPa)) > As (5)

Next, for safety, we need to state that two different pulses cannot happen simultaneously:
O(~(PuAP)A=(PLAP)A=(PaAP) ) (6)

We also need to axiomatize some sufficient amount of the arithmetic needed. We may
assume that Arithm is the conjunction of the axioms of Robinson’s arithmetic (see [11]),
although, for our purposes, just

240=2A242=4N24+4=6AN6+4=10

would do as Arithm. In any case,
OArithm (7)

should be one of our axioms.
The final axiom below represents a program which, after being idle (| Np), issues com-
mand #2, then command #3, then command #1 and then, again, command #2.
(U Np) > g > g > g > . (8)

Our claim is that given the truth of these axioms, we can conclude that the process
{ L2(10) will be reached at some point. In other words, the process
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(BADAGIAGAMA®))=(Te § L2(10))
is valid. Indeed, in the initial situation,® we have
L1(2)’ L2(0)7 L3(0)7 Np-

While we have Np, the values of Ly, Lo, L3 cannot change, because a >-transition to \;
would require the truth (at the moment of transition) of P;, which is ruled out by (2). So,
the situation will change only if a puls P; occurs.

The first stage || Np of axiom 8 prevents occurring such pulses. So, the situation
will change exactly when the process (8) makes a >-transition from | Np to as, i.e. to
/PyA | Np. This transition forces (4) to switch to A2, which results in starting the process
1 L2(2): Lo will have its old value 0 at the first moment of the stage, and the value 2 after
that. On the other hand, in view of (6), no >-transition can happen in (3) or (5). Thus,
the situation at the moment of transition becomes

Ly (2)7 L2(0)7 L3(0), P27
which will become
L1(2)7 L2(2)’ L3(0)7 Np

right after the moment of transition because of {} Lo(2) and | Np.
Continuing arguing in this manner, we get that the further development of situations is:

Ll(z)v L2(2)7 L3(0)7 R37

L1(2), L2(2), L3(4), Np,
L1(2), L2(2), Ls(4), P,
L1(6), L2(2), L3(4), Np,
L1(6), La(2), L3(4), P,
Ly(6), L2(10), L3(4), Np.

s

Since the last stage of the program (8) contains the conjunct | Np, no further changes
will occur, and the value of Lo will remain 10.

8 The assembly world in terms of resources

In the previous example we dealt with processes that ran “by themselves”. We could not
interfere and manage them, so that there was no space for planning.

Presenting the world as a set of resources rather than processes allows us to capture our
ability to influence the course of events in the world. Our way to interact with the world is
giving and receiving commands.

Here is an attempt to present the assembly world as a resource. We assume that we
have, as an empty-potential resource, the A-conjunction I' of the axioms (3)-(7), suffixed by
>

=y (BADAGAGAD) >

As for axiom (8), which is a “ready program”, instead of it we have a resource which accepts
from us any of those 3 commands, as many times as we like.

5We use the word “situation” with a relaxed meaning: here it denotes some “core” subset of facts rather
than a complete set of facts.
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This resource will be expressed by

(4 Np)©, 9)

where O is introduced by the recursive definition

0:=> (<< (010), < (a20), < (age)).

Now we can ask the question if we can accomplish the task (T > (0 L2(10))> >. In
other words, whether

TA®9) = ((T > (0 L2(10))> )

is universally valid. Yes, it is. The strategy is:

Convert ({} Np)© into < (a20); after getting the report as©, convert it into < (a30);
after getting the report a0, convert it into < (1 0); after getting the report a1 ©, convert
it into < (a2©), and stop.

Thus, unless (9) fails to carry out its task, the only play corresponding to this strategy
is the following 5equence of positions:

0. FA(uNp)e ((T> (1 L2 0))) >>)
L TA(< a20) = (T (3 L2(10))) >)

)
)

e

1. TA(a20) ((T> 1 £2010))) >)
2. PA(K a30) = ((Tl> (T L2(10)) >>>
2. TA(as0) ((T > (4 12(10))) >)
3. TA(< @1 0) ((T > (§ L2(1 0))> >>)
3. TA(1©) ((T > (§ L2( 10))) >>>

)

TA(< a2@) (T (0 2200)) >
" TA(0) = ((Te (1 2200)) >).

,;>

One can easily see that this play produces the same process as the process described in
the previous section, and hence it achieves the goal provided that the resources I' and (9)
successfully accomplish their tasks.

However, this is not the best way to represent the assembly world. Although it avoids the
representational frame problem, — no need in anything like frame axioms, — the inferential
frame problem® still remains: in an analysis of the play, after every move, we need to
verify that only one A-conjunct of T' (which is the major part of the world) changes its
>-stage; these changes are not reflected in the current position — I' remains I" and we need
to separately keep track of in what stages the >-processes of its effect are. It is just the
presence of the operators >, >, [>], [>] in resources that makes a trouble of this kind.

A better way to represent the assembly world, which avoids the inferential (along with
the representational) frame problem is to view each memory location as an independent
resource which can directly accept our commands. Then we can be sure that a command
changes only the resource (the contents of the location) to which it is given, and we don’t
need to check or re-write the other agents of the system as long as their effects don’t contain
the operators >, >, [>], [>].

SFor a discussion of these 2 sorts of frame problem, see [12].
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Below is a description of this sort of axiomatization for the assembly world. Observe
that it is totally (>, >, [>], [>])-free.
Let

Ay = >< (30 y(LLa@ALLa()A A iz +1)) ) As )

Ay = >< ((390 y(LLy (x)ALLs(y) A La(z + y)))Ag)

Ay = >< ((Hx y(LLy (2)ALLy(y) A La(x + y)))Ag)

We assume the following axioms:

(@) (10)
(0 22(0)) A (11)
(1 L2(0)) As (12)

together with ((6)/\(7)) >

Thus, each of the agents (10), (11), (12) accepts one single command, the execution of
which results in writing in the corresponding location the sum of the contents of the other
two locations. A strategy for achieving the goal (T|> ¢ L2(10)) > is: Give a command to
(11), then to (12), then to (10) and then, again, to (11). A reasonable algorithm which finds
this kind of strategy and verifies its successfulness, would only keep track of the changes that
occur in the effect of the resource to which a command is given. As we noted, however, this
relaxed behavior of the algorithm is possible only if those effects don’t contain the “trouble
maker” operators >, >, [>] and [>].
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6J6Ja64030 I60L
30dM0O1I3KN010 3MKRITN)!

Memdbo 3sqbgma

l. 36md0gM9dalb 3m3xbazsiEonca dgds56nDdn

1. 3gomemmmmgnab by 3ombgdo

39(3609M9d5d0  39Mog0zs300b  dgomeo  dg(30m3gdabash  ®o30L  abmzg30L
30M39mmo drmegs. ob dgodmgds o3 3o ngmb dmmmdeyg ©sdydeggdmmo, oo
LogPomm dgbadmagdgmas abo mdngd@nMmdalb MdENb3gmymas. 3g6ngogsznal
3gomeo, Mmdgmoz Lagsbggdmess dgdd6omn MmBgmndy 3mbiMg@&ma mgm-
M0obogol (56 mgmMonsms 3mobobogab), obg Mbws MMmngMnddgogdoglb mgm-
0obmob, M3 mogom3zg bodmgMomagl sbamm-sbom bLogombgdlb, Gmdgmms ()
39 -bogmgdo 0dm3byMagn gowadmaz dgbadmagdgmo 0dbgds 3960033000
3m(399mo0 dgommeom s (Il) dgbedsdabo 3sbyybgdn 3603369mmm3z560 04bgds mgmenals
d93am3n 3obg0magdabomgal.

Lodmbydabdg@yszgmm Bg(360gMgdedn ggMogngsns damdsmgmdl 94b3g-
0396898dn, MmImgda (i) DYLGowss  gobLabmgHMmo  Momgbmdmngon
&9c30bgdom o (ii) dgodmyds go3gmMgdmm 0dbgl Lbgogsbss s Lbgob dogms(s. gb
dmombmgl mgmEonl (3693900bs o bLEMYJE Mol nbgo LodYLE YL, GmIgemacs
Logdomobo 0dbgdmms Lodgzbogfm g4b3gMndgbG ol Robo@emgdmaw.s30bmgals

1 BomImgnagbor Hmmobo 3ombg@ol Bogbol ,846986030 g6nl ge8mmgmoamn dmegman® (Roland
Hausser, A Computational Model of Natural Language Communication. Interpretation, Inference, and
Production in Database Semantics, Springer-Verlag Berlin Heidelberg, 2006) 3ofggmo m&a msgol
— »3gomEmmmanal bsgzombgda® (Matters of Method) ©s ,06@9Mx5g0bgdo ©s 3m33mbgb@gda”
(Interfaces and Components) ;o gdabl.
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(30 g0gm0s, Mmd ;mgmMool §9Mdnbgdo s LGMYJEMgdo ndgbow djogom
aymb, ®m3 94b396039689d0l 3g(3609Mma Ro@omgdol badmamgdsl ndmgmmgl.
dogmod  gbal aMado@oggmo  sbomobobmgal Gomegbmdfmngn 3gMoxknzs300L
dgomeo, Mmamz RsbL, aod8mubapgastos.

3900m0,mm3gmbo3080b65(33moa335bMIM, 3 nmobbdmdldnbgdagogbom
Bom3mgdymo 3m36035(300L b 30mbomyMo dmmgmals sgqdsb. gb dmombmgl
(1) @ggmomoiomm L3g(3083035(305L Md(30Mbomy® 033 gdgb@o(305Lmdb gMmow
(Bmodomszg MmdmEGolb 3MmEmE0dn), (i) ©s330M3980L mdogd@pmMo sMbgdol
30b6LobmgMsl s (iil) MMdmEob 439300 v®9339@NOMI0L go0a039d5L MmgmEoal
LoLEMEGLESD — o3 085L 60dbogL, HM3 EMIMEGL Mbrs 3Jmbrogl (iv) ssdnsbob
dbaogbo gaMgasbo 0b@gmggobo @s gbals sbsmabal nbgomn dgmmea, Hmdgmoas (V)
36m(39b0b Labynbo/Ladmemm 3mbs(393gdal MzomMLIBMNLOM d©F0s60L g gbals
sbamobals g33030mabGMHn ngbgde.

1.1 960b 565cm0%0 — mM0g680M939emn 60ds6%g oy 53968 09?7

dmbgdMogo gbs gmobmgds 6ndsbms gm@dom, MmIgmms LMY JGnEgdolb
d93doggds bgds dgbsdsdobo gbmdmngn 3mmgd@nzob gamamagdda. gb 60dbgdo,
mdmgdbois §3bol (36mdogHn v396@0 dmmodamszol bGosGnbom, Lbbgs v396@0
3o 3dLdgbgemolb LEIGMLom s dab 0bBgM3Mg@ oS30l Sbabl, asdmoygbgds
Imemadams job dog® 3L8g6gmobamzal dobssmbob goobs(398s0. 0dobrs dabgozom,
o) 3g(3b0gFmma sbamnba Modg 935b30mgdL yuHemmgdsl — admmoamgdmm
60dbgdbs oy 3m3bogaznal 3Gm3gbolb dmbsbormyg 9396893y, dgbadmgdgmas
353mgymo 60dob6Dg mMngb@0Mgdmmo s 93968 Dy ME0gb& M gdmo Joamds.?

60dobdg ™mM0gb@oMgdmmo doamds, Mo adababoomgdgmoas  gqbgde-
Gomo  afModsBngal, Fgddemo@mem-3ocmmdboma  bgdeb@ogzobs s  BgqLENL
m0ba30b@n30bmzgal, dmbgdcngn gbal gs8mbocd3s898L 88bsmnbgdl Hmam(s
Jomommby, 35360 M oMby 96 gemgd@Hmbyema badnemgdgdom ogodbomgdmem
m60948gdL.  0bobo  Yanmgdgmymxygb  3mInbogsiool  SbL3gd@L,  Mowasb
dmadams 3g-3bdgbgmal Mgeoddo Mgomabgdamao gbol Imamamgds o6 ymaoms
domo 3obobo o oM(3 aodmeagds sdobomgolb. 8dob bo(zzmo, 3mMIybogszoal
3Mm3gbdn  Bmbsboemyg  93968)9d0bgeb  0dmmoMgdmmo  gbmdMozo  60d4dgdo

2 3mofgn gobobbgoggdl mm @Moo30ol: gbo-MmamM(3-3Mimed&o s gbs-Mmam(3-4dgwgds,
Clark, H. H. Using Language. Cambridge, UK: Cambridge Univ. Press, 1996.
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3bomobgds Mmam(z ngfomdonmo bEMNIENMgdo s FMAIsmMa© 95¢dbgds
dgbadmm Robs(3gmgdoms 36nb3030.

03968 dg mG0gbG0Mgdmma dmbsc;gdms doBob bgdsbdo yo (Database Semantics),
530bgsb go6bbgeggd0m, 60d698L 55b5m0DgdL Hmam(s, 9Mmn dbGng, Immsads®s job
96mdM0g0 5d@ngmdol dggal s, dgmeg dbGng, Hmam@ (3 sdmbagom bgMmEGomb
dbdgbgmol  dog®m  gobbobmMsngmagdgmo  gbmdMagn  0b@gMm3Mg@szoobomgal.
53968 930L 9bmdMogo og@ogmdol/ab@gM3mg@ ool 3Mm(3gyMgdn dmambmagl
OMOMom-bMggog  obomadl, Moz gmmdomymo  dgbodmm 3063 dmdsmdals
3606(303L 93mdbgde.

dmbo39dms  BoBolb  bydob@Bngol Babsbo  dmbgdtog gbsdy Bamdmgdmemo
3M396035(300L mgmMool dg436ss, MmBgmaz 0g6gds LENm RYb0MGH0 s
LENO oGsMmagh oMbgdym Imbo39398L, Bomgds@nzntn mgsombsdmabom,
oM 046965 Gorgmon s dgbodmgdgmo 0gbgds dobo Mgomadgds 3m33owEgHdy.
dmbo(39dms 35B0l bgdsb@n 3ol Imsgama Lsombos:

Amame bpgds 3m3nbagszas 39bgdmangn gbab 35dmygbgdom?
03 30obgol 3abmbo oM@ ogow sbg dgodmgds asg3gb.

dbgdtng gbodg  gmImbogosns bgds (36mdog®m  93968gdL  dmeab. 3
Lodyommdn door oz Mgom@o bbgmmgdo s goMgasbo ab@gixygobo, ghomo
3bMng, sMo39Mdommo 5dm(36mdobs s §dggdabmazol 3mb&gdLE & mbydy wo,
3gmeg bM0g, 396dsm@n sdm3bmdabs ©s §dgmgdobmzal — 96mdMng mbgby.
4m3zgmo 0396@0 ,3g0(393L“ Imbo(398ms d5DoL, MmM3gmdos 0bsbgds ,,dnbssMbgdn.
90 ,d06556bgd0“ 50l 53 9680b (3mEbs, Jobo dgblbogMmgds, bomdmoaqbgdn, 3nbbgda,
3933900 0o 5.9.

(36md096  ©396878L  dgdmosm  goegMomb  dmsadsial  Mgygndowsb
3b3gbgmol Mgenddy s doMadom (turn-taking).’ 3m36ozso(300L 3Gm(39Ld0 39680
dmmadams 3ol Mg90330 sbgbl moz0b Imbs(393ms 65Dnsb dobssmbol 3moamgdsl
96mdMog bndbgdo, Moz bgosdoGmmmon bmM(s0gmmgds gbob  gsdmdsgsmao
068 gO5goLab Lodmsmgdom. gb 60d6gdn Fgmeg ©a96@0b dogH sdma3bmds gbab
dgdagomo ab@gmggobol badmaemagdoo, bpgds doma dabssmbol gzmmamgds

3 turn-taking gobboeggmns oxm@obmbmsb (Thorisson, K. (2002) “Natural turn-taking needs no manual:
computational theory and model, from perception to action,” in B. Granstrém, D. House, and I. Karlsson
(eds.) Multimodality in Language and Speech System, 173207, Dordrecht: Kluwer.
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5 830b dgdmgg dgobabgds dgmg 9396 0L dmbo3gdms dobada. gb 3Mmm(3gnEs
BomBo@gommon Rsnmgmgds, oy dmmadsmsgol dogf 3moomgdamo dobsstmbo
dgbodadobom @g3mMEnMmgds s dgnbsbgds 3bdgbgemnl dngM.

Imbozgdms doBolb bgdeb@Gngodo dmbo3gmgmdol Imgmomgds giudbgds
dmbo(393ms L3gz0omM LEMYJGYOSL s Jom(36603-56mboszomEn amadsdo ol
(LA-grammar)! o®mon-bMgog osmammomdb. gb smamomdn Ls3 3oM0sbE o
a53moygbgds — g.6. LA-dmb3gbs, LA-sD6M0, LA-398y3gmgds. 3mdnbogszool
36m(39b3d0 gb Ladn LA-gM0358)0 35 3939absoMam mfmmngmdgogdl:

1.1.1 3mbo33cmgmdob d5Dabyy&n dmegemo

LA-3:15396s ~= s [ LA-398)939emq0s

|

dofx3603 bohg9bq0 0596830 (Immodsamszol Mggndn) LA-godmo dgmhgzom
0@ mm9dL ©396@ 0L dmbs(398ms doDodn dgbobmm Bobomasb. gosd@oycgdamo

doboms LA-madofs 3ol badmamgdoo gommsnbabgds d969d6ng0 gbob bgosdntime
LEOYJG PO, Babo Mgamads0ss brgds gomgasbo bndbgdol gm@mdom (bL]gdsdy
dm393mos dz0Mg dm3al s-0m s0bodbymo 330G 0m). doM(3bbog bohggbgd
03968 d0 (dmbdgbnl Mgendn), LA-3mbdgbs sbgbl 0d 60dsbms ab@gfM3mg@sz0sl,
Mm3mado(g 896@0b dmbs393ms dobsda nbabgds.

1.1.1 bdqgdodg Bmgdnmo  Imbozgmgmds  dgodmgds  mMagemom  0gbgl
0b@gM3M g 0Mgdymo:

1.1.2 m60 o030mbadEabo 3mbo3gmgmdady

1. gom9ob @obobuyemn:
3mM31b03o300L 3GM(39bd0 BmbsBoemg Mo s396@0 Mog-Mogmdom 839098

»o30L bgmgdb. bfgdodg 1.1.1 gb go8mbobymos mMo 335000, MMImgdacs
Bom3moaqbgb 93968 9dL, 9ol —3b3dgbgmal, 3gmegl 30 3mEadams ol Gggadda.

4 LA-365858030b gm@damamo go6bsdmgms, dobo boMormmoab sbaemabo s ©g@smnn dgoamgds
mdmomm d93oanbgmoms 3Mads@03obmeb s oG gamtnsms gMads@ogobmab ob. Hausser, R.
(1999/2001) Foundations of Computational Linguistics, Human—Computer Communication in Natural
Language, 2nd ed., pp. 78, Berlin Heidelberg New York: Springer.
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2. dogbnob sbobyyemn:

3M36035(300L  3Mm(3gbdn Imbsbomyg gHom ©396@d0 gAMbyl (330l
3mmadamszabs o 3b3gbgmal Mgendgda. bgdodg 1.1.1 gb godmobs@gds ndom,
M3 Mo 33500580 dgodmgds asbbomeym 0dbgb gMmbs s 08539 0896890,
M3z Mog-Moamdom 3o009Mm398d 3madams ol s 3bdgbgmal Mgg0dgddy
(3900Mm035L 4o3mba@ gl dax 3603 dodasmormon Byzg@&ommo abamMo).

dmbo39dms 3Bl bgdsb@ogodo (DBS) dmbszgmgmds 8oohbggs LBMmawo
35bbodmgMNm, 3oMase ImEBogzoMgdam asdmmgmon 3Mmdmgdae, MmaIgemo s
3996936030 960L mabazoLbE @ sbomabals (396@MomGn Lszombos: LobGodbyma
5 1935680 30 sbsmnbo YbEs gobgl dmbsrzzemgmdal, Bmame s 3m3nbo oz0ab
439modg dobaby@n 394ob0D3nl, dgds0ga9bgma Bsboemn. 3ol goMgdy amhgds
dbmmme (39m3bEngn Imbmmmao Mmameg 39Mdm dgdmbagge.

1.2 39600035300b 3M0b3030

3169360396mdMng0  3m3bogasnals Imzgdmm mgmasl oq3b Bubdombs-
&0 dmegmol gmmds, Gmdgmoag Bamdmeoagbomoas MmamM(s ©g3maMs(30amo
L39(30x035(305 Fgbadadal 83sMoGMMmody IMINdogg 9ngd@&0sba 3M33ayEgemmo
3MmaMad0bmgalb.  ggmomsgommo  b3gEoxnogsEos oMbyl 3MmamMadymo
DbON639mymBal  s30mgdgem  3oboboomgdmgdl, Gmam@gdozes: goMgasbo
068 gm5gobo, dmbsizgdms  LEGOYJGYMS ©s smamGomdo. o3 dgdmbgggzedo
36550Lgdomns abgon ,,dg3mbzg30m0“° Fobobosmgdmada, Mmammada(zes 3MmaMa-
dotgdab 3mb3Mg@ymo 9bs 05/56 3MmMaMadab@ ol bBomabd & magobgdymgdgda.

mma03odn smaqd@amo 3obbabdmzMmgdobasb® asbbbgegqgdom, gzmemszommo
L3g(30B0Id(E0d oM guydbgds Fbmemme LodMogmgms mgm@oasl. dobo doamads
3MM (39O 5 DMad© 5O 08 9@ NMSL gobbadmzMagh dnobo 3m33mbgbGgdabs
d9&obal/asdmEobol 30mmdgdal, sbgszg, LoLEGgdal GubJombomy@a Bsjowals
dobgoz00. @ggmeMmszomo b3g3053035(300 Mbws aymb Ls335Moba Dmaswo,
Moms  dMbggmymlb 3Ystn 3omgdo@ognmo ©abodnmgds o LEMNIEYMab

5 Lodygs ,dg8mbggzomn” of as8mygbgdamos 3MabBMEgmaL Fommbmgon®o  GFswaznol
Babgogom, Bmdgmoas goba@Rggme sa30mgdgmb s 3gdmbgzggomb.

6 LA-g65358030b smaqgd@amon gobbodrg®absb(Hausser, R. (1989) Computation of Language, An Essay
on Syntax, Semantics, and Pragmatics in Natural Man-Machine Communication, Symbolic Computation:
Artificial Intelligence, pp. 425, Berlin Heidelberg New York: Springer) 38603d36gmmgo66nmac
30L5Ma95mgo ©bs LgmEGal obdsmgdam.
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0B gMs, s Lo 3doMmabow g N0, Moms sEgnma© ndmgmegl 3GmaMmadntgdal
Lodmomgdsl gobbbzoggdym aomgdmdags.

93maMdionmo 1393083035300 030@mMd oMol Lagomm, Mmd  ssdnsbo
s@30ma@ 396 Bangzomboglh 856dobn@m 3meb. ob 3Mmamsdgdoi 3o, MHm3gmaocs
obgMomos domamo mbol 3Mmamednm gbsdyg, dogomomar, Lisp-by, dbmmmme
99L39MBgd0bmgabos gobsggda. 3Mmamadsl 3o dbmmme 0d 5dm(3560L SoLEG M-
Gmo gubgombamuMo as06y39@s Wb dmgmbmggdmmgl, Gmdmabmgabs(s
o6l dg4dbagmo.

3Mb3M 9@ mmo @gzmaMsiommo b3g(308035(300 MMo ©Mbabasb dgoaqds: (i)
Bmgso mgmEonmo RsGRm (3sg., d31bgdMog 96sbg Bamdmagdama 3mdnboszoab
B96430mbaeMo Lob@gds) s (i) Dmgswn ReMhmb L3gz0g03(300 MBI gE MmO
30dmygbgdnbogol (dsg., abgmalymMo, a9M3sbymo, gm@gymo sb bgdobdngmMo
bbgs d96gdMngn 9bobmgal). mgmmogmo Resmfm b3gnsmobgdym gg@bosbmab
96050, m530L b3, dgadmgds Mgamodgdmm 0dbgl (iii) Lbgosobbgs gm@dnm,
dogomoma, Lisp-dg, C-bg ob Java-bg @sebgfamoa 36mamadoom.

1.2.1 @g3mo3099mob3g (309039300 @8 083mgdgb@ o (300bnMmogHmndndsmomgds

(1) ogmeommo Ro@Rm
B Q)3eroMo-
(11) / | \ Eogmo
L3g30x0-
L3ggnomabaz0s 1 L3goomadaz0s 2 L3gEoomadszns 3 35300
(iif) a yrd 4
033mydgb@szos 1.1 X 033mg396@ o300 2.1 & 033mydgb@sz00 3.1 X
Lbgoabbgs
083mgdgb@oz0s 1.2 033mg396@s(300 2.2 083mg896@o(300 3.2 | ) 0d3mgdgb-
Go0o
0338968300 1.3 033mg396@o300 2.3

ggmomsomm  b3gogngsansl dgodmagds 3gmbeglb sMbgdomo dobsbos-
0750mgdalb m35mbsdMaboom ghmdsbgmnl g33039mgbGnEa 3Magaoma bbgoabbgs
03393969305, dmbozgdms doBol Lydsb@o godn dgbodsdal g3zmoMszomm
L3gEOB0ZSESL ymggmmzol Ybws ghmgmmglb Lyym dz0Mg gMomn gobsbmmgdyma
033m9396@9(309, Moms dgbadmgdgmo ogmb mgmEnolb (©sdMdsggdalb sMbgdame
9893%g) BubgEnmboMgdall ©gdmbLGMmamgds ©s dabo godmes Lbgowsbbgs
03mM(306980L  aoadMabomgal. o3 aboom dgadmgds gobobobemg@mb  dm 393y
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COMPUTATION

9893%g oMbgdymo dg(3em3gda, sGabEmnmmds s bLybEo dbaggda (30d3mmgbab
99L3mo308 M0 hodmysmndgds), Mo (3o (30egdgmn bobodnmmdas g mamMs30gmo
L3g(308035(300b 3MBg36m, aoNBKMEgLYdMN 3oM0sbE 0L dgdndszgdabomaab.

dmbs39dms  doBol  bgdsbGogol 39Gnxg035(300L dgommo ol  mgmEoab
Rodmysomndgdabs s dobo o3@m3sGmHn godm (3000l 3GM(39009Ms. 0b gobbbgsgwgds
Mmamig LadYbgdabdgByszgmm 393609693983 35dmygbgdym Momwgbmdmngon
3900mEgdabgsb  (gdb3gMndg6@gdal  asbdgmmgdomds), abg  domgds@nzedo
dogdmmo mmaoznm-sdbomds@ Mo dgommgdobash (sMobobssmdmgamdmomdals
0538 30(39%9), 01330 Mo3bgdowns dsmmab.

mbs(390m 3sBols bgdsbBn 0l 396050353006 dgommen’ 360d3bgemmzsbos dqdwa
30bgbors godm. gaM gemn, 36986030 960b 60d6gd0 939936955 30mdncMdal 3Mnb(303L,
65(3 96 9939800906905 Ladmbgdabdg@yzgem 3736096589830 Jomgdm Mommgbmdmng
3900mEgdL. dgmEigs, dmbgdmog gboms  bamnbo  mabazobBngslbs s dmBogkbagg
0b(303m0690dn,  3gMdme, 9oL Bommbmeznadn MedMog Lgmemabs s d3gbgmmol
dmnbos goababnmagdammon s g g6s dama dgseMgdnon dggabgdal bs jombo.

1.3 gong03980b 360633030

dmbo(39dms doBol bgdsbGozs Fabbow abobogl bymmgbym 5396@9dL dmMalb
96mdMago 3m3nbozsz0ob dogbndsmuMam dmbgdfng Ammamogdsl mma dodgdab
a0dm. ®ge gemo, 3Gsd@nzmmo 3Mmamsedgdo Moy dgodmgds amema dmbobdsmo
1B nymb. 5@830560-3567560L YHN0gHNMsdn nmmo asdmyqbgds bodbagl, Hm3
5053006L 5 HMIMEL 9M35bgmals b gbdmego (i) LbmMao ws (ii) s@sdnsbl o6
16 MBg3009L 8564565L00b s3G0Mgds.t

7 ob. sbggg Hausser, R. (1999/2001) Foundations of Computational Linguistics, Human—Computer
Communication in Natural Language, 2nd ed., pp. 78, Berlin Heidelberg New York: Springer, dgbsgacmo VI-X.

8  sdabomgol GMmom@L bos 3Jmbrogl s©sdnsbymMa (3690930L 3GM(3gNAYma  3MmEgmaBgda.
dogomomo, bodygs red-ob asoboggdom MMdmEL Mbrs dggdmmb LndMsegmnEsb gobozyMow
a03mamBomb Boogmo mdogd@gdo; n8abomgolb, Gm3 gongmb (35696s happily surprised, dsb 6o
d99dmmb 8 gdm(z00b a0b(3s.

093(39, 030l gomgamabbabgdom, MmB sbgma @30l s@a3@nMgdslb jowgs abgnmmgds Moma(s
MM, @ a30035bML M0bsdgommgg Mmdm@ ol dgbadmgdmmdgdal godmygbgdsl sednsbals
80gM doMommn 3Mad@ngnmo 53m306980L gosbyzg@obsel (Liu,Haitao, “Some ideas on natural
language processing,” in TerminologyStandardization and Information Technology 2001, 1:23-27). 9l 560l
ambog®mo a0s6943980mgdal goMan dogomomn; abgmogg, Hmama 8564ebnm momadbada
9D mEnmo bl g08mygbgdss (3. Hausser, R. Foundations of Computational Linguistics, Human—
Computer Communication in Natural Language, 2nd ed.,1999/2001, pp. 78, Berlin Heidelberg New York:
Springer 3. 47).
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3M33NI&IGNBOBNY

d9megs, amMmdgmaonsb 39ML3gd@ngodn NbONbggmymagam bos 0gbgl
ogm&oob bEYmymegal dgbodmgdmmds. Immadamazg MmdmE ol 3mbl@ & ool
LEEmymas 60dbaglb 0dsb, M3 oMdM3Mmgdmow dgadmadmegl dm(3934ma
3OmEME03050 FNbgzombomuMon YRcmm LEMmyYmPom ©8/56 Fmbszgdms
aox0Mmmmgdam  dsbobg ImIydagg 3OmMEMEB03dg  goobams.’ 85(36n09Mgdal
ob@mMos  sboymaul, Mmd  sbgon  LEPmymyolb  bLodbgmg  3Mod@ngymawe
ym39mc30b 80mm0mgdes BMbosadgb@n® 3Mmdmgdsdy dgbedadol mgmmasda. '

0dobogol, MHm3 aMmdgmgonst 39ML3gd@nzodn  NBOYbggmymb  swgamo
353mygbgds s bEmymazal dgbadmadmmds, dmbozgdme doBnl Lydsb@n o bws
30mmdoglb s3bEMs300b bbgoobbss mbgbdyg 8odLodsmmMmo omsbmmgogl
9.6. ,gLogdmmmann® Ggommdsob®. 83 d0bbom gmegzebmdor dgdwmgy 3M0b(303L,
Mm3gmoz ogmEommo smbgMol LobBmEmgL s0a0398L gmgdEGHMbamoa dmogmal
(Bmo3oMs 39 HmMdmE ol 3mEBmE030l) J(393000 57335 NMMIsLmSD.

1.3.1 dmbs399ms 35%0b bgdsbBonz0b ,,a50303980b" 360b3030

1. Go3 9ucm GgomabBmcos (36mdogmgdol Mg3mbbEMedisos, doo w39m
#bg(30mbomgdls dmegmo.

2. 653 9399 ¥ubiEombomgdl dmmgmon, door PG™m  Mgomab@nmos
(36md0gMgdal Mg3mblb@ My d(sns.

»350303900L 360630306  30oMggmn  Bobomo  aymobbdmdl  obdsmgdals
dmdoxbo3g ©ob303emnbgdalbash o Fommob osbmmgdol 3MmE@m@ndol 34-
domdal gobamdxmdgbgdmaem. qb, dogosmoma, 6036s3L 0dsol, GM3 hzgb Mo300056
530(300g0m 60bssdmgamdal gommagbg@nzne s mb@magbg®ogn® asbzome-
1905L0006  d39330Mgdnm 339 ©oagb0m BB JOIMSb b @obedymgdaem
303mmgbgdmsb, MHmIgmboi  gobmmmaos ©@s  gzmmyiogco  Bbogdmmmaons

9 Bogomomom, FMbizonma LobEHnmg aumabbdmdl dmaswew, LoGygze-gm®mdol s8m36mdol
MbL. Bmbo(zgdms dBalb gogatimmgds 0dsb 603bsgl, Gm3 gbol Lym YxG™ Ig8o ws Ig8o
Lo@ygo-gmedal 88m(3bmds 0dbgds Jgbadmagdgmo; Bubjion®o LabEnmg, sbggg, dmombmgl
3768 94LE M0 J3ggdab gobbm@(309madal 30b(3034mm MBoMb. Bmba(398ms dobab gogatmmgds
30 08 3g8mbggzedo 60dbogl, Gm3 aohbogds Lm wycmm dg8o 3ol 3mb&gJbEnMa J8gwgdals
(Bmammgdages bbgomabbgs Bodab gomsswgomgds, 8obadgmaszns @s bbg.) gbodmgdmmds.

10 g933sm08m-3ncmmdom bgdsb@ngada sbgo LEMmyMEsLmsb s 3o3d0Mgdgma 3Mmdmgdgdan
35RB> 35306, Hm(30 (300mmMdB96 goEsgdMam 5308960l doMamjboom, 5396bn-3MmM3mboz0als
803aMmgdoms s MMsDMmM3badnm go8mBggmmo boMmoymggdo; 496gMo@omm aMsds@niedo 30 —
3935003 969mms bgMn Gl SoMoEmdbmsb s gmogba® 3mbLbEMmmd(309dmsb s 3o330Mgdamo
Logombgdal googfabab.
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COMPUTATION

330035bmdL s go30035mabbobgde  Bomgds@ngntn  LoMommol  cgmGoob
d9©9390L (06053mbLbsn s gJb3mbgbz0m@a smam@amdgdal godmbamosbaw).

»3903039006  3M0b(3030L% dgmeg Bsbomo NBEWbggmymRl  g3G0bEG0Hm
LE®Gga0oL  0dalb  gomzgemobbabgdom, M3  (36mdngFmadol  (s8LEGMSg(300L
bbgoobbgs @mbgdy) »Mgoma@ma® LEONIGYMS o 9d39800gdo6gds Inammm
©0533063985b.""  Rggbo  LEMSGganolb gs8myqgbgdom 3(zEommdm  dagsmbomo
Mgomab@® Mg3mbbG My 300L 5MO30M®a30M s RbJ(30Mmbomy® LBYmymasbs
5 dmbozgdms LEMm oGsMmzal NdOMYbggmagymauo bgmmabyma (36mdogmo
3396@0L mobomsbmdomo goydxmdgbgdoon.

1.4 m3099§9mmdab 3Mmnb3030

(36md0gMgd0b 536 (30mbamya Mg3mblbEMn300bm30L Dmassw, s 3gMdmew,
1658603 965dg 6oM3mgdeemn 3m3mbo3s(300L 3gdmbggzedo asdmoygbgds Lbgoabbgs
&030b 3mba(39879d0. 356Lb353905 35630MMgd4mns bsBammM03 03 3MBLEgms(30930b
3035y 9Mm3b9600m, Lonwsbsz dmIbomgmdl dmbs(3939d0, Bobommdng 30 od
bbgoabbgaggstn sMbgdom, MmBmgdo(s a5dmaygbgds dgbadsdalb 3mbLEgma30gddo.

3MBLEGgma(3098L gobLadMgMagl NMMngMmJdggdgda (i) dm3b3smgdgmb, (ii)
39(3609Mb o (iii) gemgd @b m@gmb (HMdmEL) dmEMob. 0bobo sbg goboMhggs:
1.4.1 3m6b@gma30980, GM3magdoz dOMb3gmymagb Lbgswabbgs Godolb dmbs-
(39990L

1. g@m0gonddgogds (i) 3mdbdamgdgmbs s (iii) Gmdm@L dmeob

2. 00 9Mmgdgegds (i) Imdbdsmgdgmbs s (ii) 35(36096L dmmals

3. mngMmgdgogds (ii) 3g(3609@bo s (iii) HmdmEGL dmEnb

3MbLEgma300l 030l dobgognm dmbs39dgdn dgadmgds gowsn3gb dgdwmgan
stbgdoo:

11 go8mbosgmobos (396@Mamn@o (36mdogMadol dnMmsdatmo dgbBogms bggmmmmansdn, 39Mdme,
B6g30mbaoramn dogbodnm-mgbmbabbymo BmImamognal bodnsmagdoo (3. Matthews, P.M.,
J. Adcock, Y. Chen, S. Fu, J. T. Devlin, M. F. S. Rushworth, S. Smith,C. Beckmann, and S. Iversen (2003)
“Towards understanding language organisationin the brain using fMRI” in Human Brain Mapping 18.3: 239—
247; Jezzard, P.,P.M. Matthews, and S. Smith (2001) Functional Magnetic Resonancelmaging: An Introduction
to Methods. Oxford: Oxford Univ. Press). 303653 @mgbomgmdom gb dmbs3939d0 gobbbgseggdamao
0b@gM3MgGonalb  dgbodmgdmmdal  admggze o  godmoaygbgds  Mmogmobsbabssmdogam
®gmE0g80b obobodmmgdmow.(do@. Matthews, P.M., J. Adcock, Y. Chen, S. Fu, J. T. Devlin, M. F. S.
Rushworth, S. Smith,C. Beckmann, and S. Iversen (2003) “Towards understanding language organisationin
the brain using fMRI” in Human Brain Mapping 18.3: 239-247; Jezzard, P., PM. Matthews, and S. Smith
(2001) Functional Magnetic Resonancelmaging: An Introduction to Methods. Oxford: Oxford Univ. Press).
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1.4.2 3008960353060 9H00gMH0ddggdalb dmbszgdms smbgda

1.038m-oMbodgdsogom 0bgmymmMds(300L 934735390L 03& ™G MMo 0o 35dm3dgom
0bgm@3d(300L 0dmgzs  ©3@MbmdomMo Mmamdiz 3mbGgdbEn®, obg gbmodmog
mbgdy. dmbgdMog (36mdngc 03968980, b dm3b3sMgdgmbes s 8g(36096dn,
03@™M-oMbo 0530005639 LEYmO sG3z0MMmgam d9domdl. 8dob bLodnFmab3nMme,
bgmmzgbn@® 08968 q0dn bpgds s3@m-smbalb MgzmbbE&mndios — s dmbszgdos
35%0b bgdobGngob 3adsbs, Bobo Mg3mbLEMY (300 Gos dgadmgds Mgomab@mcom
a0bobmmM(30gmmb.

2. 0b@mmMb39J00b g9JbEMm3memarz0s o0l s3@m=-smbol L3gzoomadaz0s s
dmdnbamgmdl dg(3609M0l 33 gmmdosb gosdxmdgbmb 50sd0s60-3564s60b
3M316035(300 300530560-8m3BIsGgdemals 3mba(znowsb. gb Igbsdmgdgmoas 0do@m3,
md 3g(3609M0(3 5 IM3bIsmgdgma(z dbgdMngn 5396@go0 sM0sb.

3. dmdboby® 9dal oMmbo 3g34daggdmmos 3936096l dogH, Moms dob dgdmmb
bogmmgby® 03968 vg ©0330603905 5 dobo  gmbGEmmeoa. dobo  Lodmomgdoo
b (309m©gds H™MImEGob (36mdogcgdol doMmadnmn Bgmds, Mowasbsig dabo
3Mabo@onMo sMd0d 9@ N s BNbd30mbaMgds soLmmy@Mam asbaggdo 1bws
0ymb 3g(3b0gMobogals.

9L La3n gMbLEgmM(300 @S Mmenn, HMIgeba(z 3mbo(39dms sMbgdo ododmdgb
dmdbdomgdgmb, dgibogMbs s  AMIMBL  dmGal  Emogmoddgogdsdo,
360930 3mmo@ by dgndmgds BamImzgomanbmo:

1.4.3 9fm0gmondgogds 3mdbdscmgdgmb, Mmdm@bs s 3g(36096L dmEals

3mdb3scrgdgeal(i)

Amdndo
(iii)

53@m-oMbo

dmdbobymgdals

6@EML3 b
0b@Mmb3ggen il

9g4L@Mo3memaz0
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COMPUTATION

dg3bogfn  v330M@gds ImdbdoMmgdmobs s MmMdmEBalb  asfMgash 43939L
33&maMbol badmamgdom, g.0. 35360960 bgoagb, oy Mol 3909396 0bobo, o
domon godmzombasz dgmdmoas 330l momdodg. 930l goMms, dg3bngMo s33060009ds
(a) dm3bdomgdmoal 3mabo@om® dpamdsmgmdsl sfmednMmsdnm, dg(3bogfmmo
3L 0bGMML3gJ300L gdbEMS3ME(300L Ladysmgdom s (b) HMdME 0l
3MaboBon damdomgmdsl — wdysmme, dmabobymgdol sMbob Ladysmgdoo.
d9(36096M0bmgals Im3bdomgdgmos @s MMdmB 03 bodysmmb ghmbsnfaoo Mgaomymo
53968900 oM0ob o dom gmabo@op® dagmdomgmdgdlbsy ghomo ©s 0g03g
mb@mmmaom®n bgsGnbo ofgm.

03 bodo  oMboesb  s3@memba  bgmdabobzomdns  3mdbdemgdemabomgal,
AmdmBobomgolb o dg(3609M0bogalb. gb sMbo yggmoedy bdoMow godmaygbgds,
dogM0d 53539 MM dg30m30b yzgmadg dg@ Mabgbag dgoogh: dsgomomar,
3M68994bB0b ©Mbydg Abmgds gobYsNEo omybagdn, gbmdMog mbgdy 3o
36dLBbMM0 0BG gM3MgGo(30980.  335L  goMms, asbsmgamobbnbgdgemos  0dab
dgbodmgdmmds, MHm3  ©obyy@bdo dmbsobomyg 3oMEbomEmBs  ©s35bnbygmb
LodoMormyg — a5(36mdngMgdmo ob go(36mdngMgdmesc.

09130 ©0b3nmLob 356M@bomMmsb bzomds dgdbmnommo 0dbgds s3@mamboom,
F396 dmmm3yg ©aMmbanbgdymoa 396 304b9d0m 0dsdn, MM ob, Mo nmggs, abg
0d6s goggdnmo hzgb dogH, Mmamz 3sb dmddgmo goMmommmds, b hzgbogal
bodaznmom aoboggdns Immadams job 4o6dMabgs, 56 ob, o9y o3 nmd3s, bodmznmaw
LodsGnyg 0ym. ommbmgnsdn gb gMm-gMon yzgmadg asbbgswo 3Gmdmgdss s
(36mdomns bmmogbobdal babgmoom (308396380060 1921).

dogMod  dbgdMnggbmgabo  3m3ybogsaznol  dgsbogPyemn  sbamababmgal
3MbgomdlL Lbgs 3MomMo@g@mo sMbgdo: (i) 0bGMmML3gd(300L gdLGMO3mmos(30s
s (ii) 3m3dLabyMgdal sMbo. 0b@MML3gd(300L ggbEEe3mms300da  3g(360g@bo
> 3m3b3smMgdgmb dmEal  ©abgymbo dgdbeonommos dmdbdscgdgmo-MHmdm@n
M009MmJ3g0950L LogM(z00. 93 bse, 359390MHMdal smdsmmds dg3bogmbs ws
dm3dbdomgdgmb dmmal gozomgdoom bsgmgdos, goMg megobygsma 3mdnbogsznal
dgdombgggedo, oydze 3o0bs oMbLYdMAL. 830L  gofMEs, MMEMGMSL  YIyormm
b3omds Im3bobnEmgdol s@bol Lodnsmgdom dgbodmgdmmdal sdmasl dg3bng@L
m309d@ Mo 3obLbadbM3MmL, oy Medrgbom  S®g339@ MM FMb30mbamgdl
bgmmzbMn 9396@0b (36mdogMgds. dgbodedaba, bgmmabama (36mdogMn 5g9689d0
030005(3 303m0MAg3006, HM3 docndg o 36(39mEgds Lmmogbobddal 3Gmdmgds.
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1.5 0689 gxg0babs ©s I3ds35mn/a33dmIds35ma Imbs (393980l
933035m9b6@mdab 3Mnb(3030

dmbo39dms 3oBol bgdsbGozol o403y BaMdmmagbama dgomommmaoymo
360b(303900, 39Mdme:

1. 396000 35(300b 36063030

369y mgm@nal 3934 daggds agzmaommo bdg(3053035(3006 mMIom, MHmIgmacs
35696y39@mn3 dmb3gds 3odmygbgdema 3GmEmE 030l badmsmgdom (ab. zgomsgo
1.2),
2. 3003039%0b 36063030

369 omgmEommo LobBmGab gsngnzgds 3EMEMEN30lL J39300 s©g 335 HM™-
dobmab gMmdgmagonsba LHmymealb 3Mm(39Lbdn (doM. Jzgosga 1.3) o

3. m309d&Hmdal 36063030

obyy dbgdMng o bgmmzbn® 539689dL dmMal gbmdMaga 3mBbozs(300Dy
00533063960b mdogd@&meo s0Mbgdals d943bs (do. Jzgmega 1.4),

dgdegrgmos

4. 069 390L0b 933035 9bEMS0l 36G0b(303000 S
5. d9dsgoema/asdmdsgoemo dmba(3989 930l 933035 9bGMal 3Gnb(303000.

06@gmxqobob g33035mgbBmMdal 36063030l (4) mobobdo, bgmmgbymo
LyEmas@osmgmtgomobosnygmbndsgzgnb@gmagoboom gomglbsdystmbdodsmo,
MmamEoonss dobo d9bgdMngn mMngnbamoa. sdbEMog300L MBsmmagl ©mbgyby
9L anmobbdmdl sdmzbmdabs s Jdggdol gomgasb 0b@gMxygabgdl: 3omggmb
- 3m6&94bB0L, s dgmegl — 960l dgdmbggzedo (M. 2.1.3). sdLEMsg(300b
y39madg adsm ombgdyg brgds 93 068 gMRgobgdal oggmabinsz0s bywaal,
smom, dgbgdob o 8.0 Fm@ommdgdor (M. Jzgmozo 2.2) s3m3bmdab
dg3mbgg3sdn o gowssmgomgdol, dobadyymannl o 8.d. Fm@ommdgdo
489900b dg3mbgggodoa.

0b6@gmxgobol  g33035mgb@mds Imegmbs ©s d4bgdMog mMogobomb
dm@ob gommgboe d60dzgmmgsebos Mgxugdgbzool, 569 gbobs o LadgsGmmb
dmeolb gEmagHomdolb 93@mIsG Mo Mg3mbLEMMJ30obmgab. dogsmomoar,
09 EMdMGL o6 dgydmos sdds, ob 396 350390l ©8308b0b MgxgMgbz0sl
sbogmo mdogd@nb 30domm Jommzgal bogMom bsdndom gocgdmda. nbGgMggobol
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COMPUTATION

933039 9b@&mdal 3M0b (3030 Bbsdgb@ M gog3mgbol sbgbl dbgdmngn gbals
Ly3sb@ogal MgMmM0sdy, asbbsgnmgdom dab MbGMEmmaon@® Logndzmgddy
(. 2.3.1).

dgdagomn/agedmadsgamo  dmbs(393980L 933030 gb@mdol 3063030 (D)
a9obbdmdl  0bBgmggobol  g33030mab@mdal  (4).  dgdsgemn/gedmdagamo
3mbs(393900l  933035mgbBmds sl 60dbagl, Gm3 bgmmzgbymo 3960 (i)
00gdl 08539 dgdsgoem dmbo(39390L o aob3gdLb ndsgg asdmadogam dmba(3939dL,
mam®bsg — 396906030 mMognbamo, (ii) dgdsgsem/asdmdagam dmba3939dL obggg
(Bmam&(z d16gdMng0 mMoanbamon) @sdmab bobomgdow wo (iii) 83 bobomgdl abgag
obgbMnaqgdl domgds/go3gdolb ©MmL. dgdsgemn s gedmdagsmn dmba(3gdgdo,
35093560 06@gMRgobol basgbsw, dmzgdymos 3mbiMg@mmo gmMdom ©
530096500 99393009056 985 Mg & LEON GO 365 Ddb.

dgdogomn/godmadsgamo  3mba(393900Lb  g33030mab@mds dmegmbs o d¢)-
696603 mE0g0bomb dm@al gobbs mmmgdom 360d36gmmgabas d9bgdog gbsdy
BomBmgdmmo  3m3nbozoznolb ML a0dmyqgbgdmmo b60dbgdol o3@&m™3sG M0
068 gM3M9@o(300bs o BaMImgdabmagnl. s3gbse, gb 3Mabz030 BMbosdgbEyM®
b9ao3mabol sbegbl dbgdMago gbals aMods@nzob mgmmasdy.

933035mgb@&mdal gb mMo 3Mab(3030 o0l JabndomyMmo dmmbmgbs Bmaswawm
(36md096M 560l bgdobdngmo dg(3609Mmmo Mg3mbLbE MM 30obomngol s, 3mbzmg-
Bmo, 59b6gdM0396m3560 3m3xbazo300L 8994560D30l M g3mbLE M (3Jnnbsmgals.
035b dgdgan 30Dgbgdo gobodnmmdgdl: Rzgb M3 g3dmbmws dmomm B3-
©m3d>  (36mdngMgdol oMo gd@nMsobs o BYbJ(30mbamgdolbomsb, Mmam(s
qLos Ladybgdaldg@yggmm 3536090 gdgdda Lbgmmalb MmEMasbmgdal gaba Mo
LEOYJGYMgdobs s FNbd30960L 3g3mgz0LoL (560@m™Tns, obammmaons, Jodos,
30b03s), badmemmm dmegmb bros ©ag33symyamgdabs 0b@gMxgobol g33039-
mab@mdabos s dg@obomon/gsdmbamo Imba(3989d0b 533035mgb&mdal 3G0b(30-
3gd0.

09930, 93gocm 630mM30b sGeMmbgdmdal godm, 3mabo@ona bali@gdolb dybgds
oMadnMmeadnfn aboo bes ©oEanbogl, JgMdme, bgmmgbyma LyMmas@ob
Fnbgombomu@o  gugd@ncmdobs  ©s dmbszgdms  dobol  Mebsmsbmdomo
bLEnmymgolb 3Gmgbdo, gb LEmmoswsi o6 53606986 dg@obaman/gsd8mbimmo
3mba(393gdal  aoMgasbo  0b@gMygabol  3b60d36gmmdalb.  3oModom, GHmams

3m63M9&gmo gmBIoc Jm3gdgen, PIPemm ©33003939b ©oJ393rgéoMgogero
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LEOYJG Mo, obobo  boMmImoagbgb  s3dmbogom  BgMmEBomgdl  dobsgsbo
3mabo@oymo  3Mm3gbgdol  dgsbogymow  oboedymgdymo  bgdoldngmMo
93M6LGMYJ300bmgab.

1.6 390530Mmmn 3mI3m daz09MmmM3Bs S eMmmMacmn 6Munzmds

06 gMxg0bob  933035mgbEmdabs s dg@obomo/asdmbyyma  dmbs(3935d0b
933035mgb&mdal  bmasmo 3M0bzn3g60 dmambmgl (i) o¢mbgdfngn sa96@&0b
0dm3(36mdo s Jdgadal 3m33mMbg6Egdal s (ii) 98 3MI3mMbgb@gddn godagsmmo
dmbo(398900b gFmmba sbamadlbs s Mg3mbLEMY305L. Imbs3gdms gfm-gfMmo
3603d369mm3s60 G030 oMb dbgdfngn gbol gMabgda, GmIgmms BsMdmgadbs
bgds Immadams 3ol Mgg0ddn s 0b@ M3 9@ o300 — 3bdgbgmal Mgg0dda.

aoMgabymo gb dmbo(393gdn oMb goMmygzgmmo dgooydol mdogd@gdo,
mdmgdo(z 6oM3Imeagbomba s0sb daqgMgdom, bgmbabgmn ob dgdon®an sbmgdom
o6 ¢9bBgdab gbol ¢ygbEgdom, Mmdmgda(z dgodmgds RsbgMom 0dbgl oMby o6
©ob3dg o go0bm3mb s °MabgMmb Lodybgdabdgdyzgmm 3g(36096gdgdals

dgomegdoom. MsdEgbsmsz gb mdogddgdo 3mbiMgGnma gmMdom gggdmygs,
abobo BoM3maanbgb mabagzob@m®n sbomobol gddnmMoym dobabl, GmIgmbacs

ofMdx®aMn o  dgadmgds  ©0gdo@mb  ob  dmogmealb. gL gmgdgbGemyymo
dgommEmemanno 3G0b(3030 Dgredntmyma 3m33mDazogmmdab Loabgmoo ool
(36mdomo (SCG’84):

1.6.1  Bgooedofgmo  3m33mDaz0nMmdogMads@ogma  sbomaodo oMb
Bgedommmae 3mI3mbogomo, oggzo ab 3m33mbaznal dmmzgdo 0ygbgdl
dbmmme  Lo@yzolb 3mbiGg@mm Fm@Igol aby, Gm3 dgoggbomo  GMsDab
yzgms Lob@odbymo s LadsbGogmHn m30bgds dgbodmgdgmoas Lob@qds@ G
80dm0y35698mEglb mgdLbognmMo ghmgnmagdol LobGodbymn 358 9amMngdosb ©s
30Ms30tMo 3603369mmdgdnsb.

Bge30Gmmo 3m33mDaz0nMmdal bayy390gbm onbG@a30s ol dsgamomgdoas,
mdmgdos 9Mm39396 93 36M0b(303L. 830l LoRzgbgdmow dmgnyzebo dgdwaa
36358039 sbaemadl:

1.6.2 sbomodn, HmIgmoi oMm3g3b  Dgosdodyma  3m33mbazomEmdob
360b(303L
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)
(np’ v)
(np) ?)\
(sn’ np) (sn)  (np’np’ V) (sn’np)  (sn)
every girl drank (4] water

030bmgal, Mm3 Lobgmown gMmsdgda every girl s water gMmbonfo oymb
0b& M3 98 0Mgdmmo, 53 36sm0dL d93madab bymmgabo gmgdgb@o . dogmsd
3m(399m0 ,m0baz0b@ Mo gobdmasmgds” sMamgan®ndnmas, Moasb water-ob
098963806560 bgednGmnm mbgdyg o6 oMl 3mb MG mma© godmba@mma.
830l Bobgoage, 1.6.2-0b 3989amG0gdn LbmMow dmEogzoMgdamos o
d9dmgabsnmom gobobodmgmgds:
1.6.3 1.6.2-0L 3o&gammMogdo
(sn’np) = ©9G9Mmd0bsbBn, sam39bGow 0mgdlL Labgmb dbmmmdoma Mosbgdo
(sn’) s admggs babgmo gGsbsb (np).
(sn) = bobgmo dbmenmdoo  moibsdo, o3LgdLb 9B gMBnbsbE o  (sn’)-ab
35mgb@mdol sgomb.
(np’np’ v) = goMmsdsgomo Edbs, standgb@em nmgdl Labgmum GMobsb (np) wo
0dmgge gommaggaem 3bsb (np’ v).
(np) = bobgemm@on g@maBs, 53b9dL B36sdo (np”)-0b gomgbBmdol sanmb.
(np’v) = gomeomgocmo B3bs, sGadgb@om 0madl LabgmaE gMabsl (np)-b wo
ndemggs (v)-b.
v) =%dbs, Gm3gemdnz of oMol 3omgb&mdal magobyygamo sanmgda
(Boboogds).

B9Lgdo, BMgmms go8mygbgdoma(y 560l Bomgdmmo dsgsmomn 1.6.2, 4894stgds
5653390 Robo(33mgdoms 36nb(303L o sbg gobababmgMgds:
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1.6.469b9d0,EHM3gmms dgdzgmdoms(z godmaomgmgds @abedzgdoRsbszzmgdgdo
1.6.2-0l dobomgdo

™) — (np) (np’v)
(np) — (sn’np) (sn)
(np’v)  — (np’np’v) (np)
(sn’np’) — every, ®

(sn) — girl, water

(np’ np’ v) — drank

ymagmo Bgbo 0bs(33mmgdlb obMob 3oM(36603 @obgMoamm 398 gamGosl domgsbos

dm393mo 338 gamGnom (dg3006 J39300 FadsGoymo ©gfngsa30s). dbgsg
©obodggdns  dofg3bog  dm3gdmmo  39@gamMngdol  Robo(sgmgds  daM(sbbog

dm(3939mo 398 9amMngdom (§393006 bgz00 Jodommgmn ©gMNgs(300).

1.6.2-30 ®m3 o6 ymgomoym dg8m@ebomo bammzgsebo 09898065680, Lmm
33067 ghmo bgbob @ods@nds 35063 gobogdmes LagnMm.8sa36sd bgmsdntmmo
3M33mD0o309Mmob3M0b3030bmsbablam,dgmmemmmannfopasndstmmgdgemoas
abgmo 3ol oMommm 3mbEmamgds, Moz o6 o@LydmAL, mydzs donkbggs
s (30mgdmae 96 LabyMzgme.?bgmedn®ma 3m33mdogonmmdob ©aMmggge
300935803960 M35mbabdM0bom dombdy sMYmgdL Imgmb ©s 3Mod@n nmawe
dgmdmgdgmb beob dgbedsdal godmmagmadl.

m0ba30L@nEn sbsmabol doDabyyMo gmgd96@gdal, 3gMdme, 3mb3Mg@mmo
60360l DgsdoMyma ©mbabs s domo LEbsGE Mo mgdbogyMa s6smabab
356baDm3Mal d93ga F0gndMbogm 53 dsboby® gmgdgb@gdl dmmal L gnmmag
36535803 3035Mmgdg0L. Boboawgdada Lo@yszgdl dmMal yzgmadyg oM@ ngo,
9939689640 d0doM0gds M0l Fomo MHM0m-bM 53030 956303 3MMbS. EH™Mam-
b 3030 6036536 @AMl Bbgogbow 63l s 08539 d0dsGmmgdol 3Jmbgl (de6.
J3gmego 3.4).

12 Bgosdatmmo 3m33mdaommmdol ommggzal badoMabdnmm dogamomos bgmedommm ©mbgdg
3mMb3Mg&mmaw Imgdmmo Lodyzgdob nabmmamgds dbmmme 0do@md, Mm3 abobo dooRbggs
M5 (30madmom o6 sMobobyMggmon MHmIgmndyg ,mobazab@ o g56bmasgdobmgab®. o3
Logombal NgGm ©g@smucn gobbomgs ob. Hausser, R. (1984) Surface Compositional Grammar, pp.
274, Munchen: Wilhelm Fink Verlag s Hausser, R. (1999/2001) Foundations of Computational Linguistics,
Human—Computer Communication in Natural Language, 2nd ed., pp. 578, Berlin Heidelberg New York:
Springer.
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d1bgdcng0 96930L EEMom-bEMgngo LENJEYMS 08 bsw RBbESIgbE Moy,
3 dmadamoggb Ggdb@alb bomdmmgds dgyydmoas dbmmme Bobswowgdgdol
0630336090 Bodmmddom, Bobsowgdabs 30 Lodyzgdob ©o630dwazGMmo
BomBmmddnm. 83335050, MMom-6G5030 3M0b(3030 08gbsw dma(393L g0dmanddals
36 39bL, O™ 356 39L Fns Bobowawgdsdn dgydmos asg®mdgmgdal sMRggs.

dgbodsdobow, 3L3gbgmb o6 LnMgds ogmm@ML GgdLEL 56 Bobswawgdal
3LEYMgdal s 0by onbymb dobo nb@gMm3Mg@Go(30s. 330L Bazgmow, dbdgbgemo
0bg 0bygdl Bobowawgdal @obobynbol nb@gMm3Mg@o30slL, Mm3 oMz 3o ool dabo
ababEymo.

dogomomo 1.6.2 5615 3o m bgmedn@mm 3m33mbaznn@mmdal smizq3lb, 868
OMOMom-bMgogmdal 3M0b303Lo3. gMeds@ngmmo sbomaba o6 ofMalb EMmom-
bAg0g0, Moasb dob o6 dgmdemas every girl-obs s drank-ob ¢dgomm 3mddabamgds.
ob ggndbgds ©obodggd Robs(zzmagdoms 3M0b(303L s MmegednMmgzgmom Moo
a0dmbsmdzsdal — drank water — gFngs(300 9bes Imbogl.

MOMom-bMgogn sbsmado, 530L LadoMobdomme, dgbodmm gsacdgmagdols
3606(303L gggndbgds. dogamomabmgals gobzobomme dgdwmagan OMom-bMgngo
©9M035(305, Gm3gemdoz a0dmygbgdymos 0g03g 3oGgammogdo (dom. 1.6.3),
Mm3mgdo(s — 3Md EMHMom-6MBng gMngsznsda (1.6.2):

1.6.5 gfngzs300 bgosdo@nma  3m33mbazondmdobs ©s ©MHmon-bMgnzmdal

3606303960l s (3300
)
(np’ v)
(np)
(sn’ np) (sn) (np’np’ V) (sn)
every girl drank water

03 439300056 bggnm dodsMmoyym ©gM0gs(309d0 brgds bobowawgdal pobabyobob
3M3d0boMgds d93waga Lo@yzobmsb s 0ddbgds Babsowgdol sbsma ababyobo.
03 3Mm3gbl  BoMmBommogh  dom(3bbog-sbmnszona  aMsds@nzolb  dgdwgan
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(30356@039d4mn) Bgbgdo:
1.6.6 1.6.5-0b gM035(300b030L dgbadmm goamdgmagdol godmmgmab bgbgdo
(VAR’ X) (VAR) =(X)
(VAR) (VAR’ X) =(X)
»0omgmo Bgbo dgoaqds bado 3m33mbgbBnbasb. gb 3M33mMbg6@ gdn dga(30396
(33mo9dL VAR,VAR’, oo X.1
bgbob 3oMggma 3m33mbgb@n, 3dsg., (VAR X), asdmbo@oglh babswmsowmgdol
obobyobl — s5, IgmEg 3m33mMbgb@0, dog., (VAR), s0bodbogl d93ga Lo ygel
nw, 3g9bsdg 3m33mMbgb@0, dog., (X) — dgogasm domgdeem bobswsmgdal ababynbl
58’ (330900 VAR o VAR’ 5000365396 Lgadgb@gdl, cmdmgdai dbmemmeo
9600 3o&gammost dgo3e396, bmmm (33memn X-0 90badbsogl  3o@gamMosms
056303©730mdab, Hm3gmoa(z dgagds byyma 96 g@n gemgdgb@nbasb.
dgbodmm aoamdgmagdol godmogmolb Bgbgdo gundbgds domn dmegmgdals
©5353306905L  dgdogom  30dmbomnd303g0mab s, ©dwgbow, Fomo (33mogdal
308dsb dgbodadal 398 9a3mM0gdmasb:

1.6.7 3gbadmm goacdgmagdol godmdmgmgmo babob gedmygbgds
N nw ss’
fobob dmegemgdo  (VAR® X) (VAR) = (X)
| | | | © 403006 935 5 dndds
g>893m@ogdo (s’ mp) (sm) (p)
Bgmadommmo omby  every girl every girl

©53933067980bab  (33mon VAR’ ,3960@030mGem”  d0ddmmos  sn’-byg,
3moeo X-0 — np-bg ©s (33mo0 VAR 30bd¢mos sn-bdg. dgogaswe, bogds (sn’
np) ©98gH30bsb@olb 3o@gammMosdo sn’-ob gomgb&mdals sgomol dg3bgds (56
309148965) s Fonemgds (np)-0b FoGgameoanls ss°, bmemm dmbsozgdoms dgyzobols
oMby brgds every-abos s girl-ob 3mb3s@8gbs(30s every girl-sc.

bdbobo 8 7B YM3nbsbGosbn 96  MgBgMBnbabBm  mdogd@n-babgmal
3m3dd0bofMgdobogal, dog., ...drank + a cokevs. ...drank + water, abg, Mmgam(y 5350

13 3mboszgdoms dobab Lydsb@nzolb FoMamgddn Bomgdgymoa 3Mog@ngolb mebabdom 3mbLESbEgd0
506036gds sMadmogHmn momabyMmn sbmgdom, bmemm (33mogdo domegfmmn momnbamn
obmygd0o 56 sEedNdzMmn dgMmdbyemn sbmgdao.
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Bgedommmo  3mI3mbozommds  Imombmgl, (33memgdolb VAR ©s VAR’-ab
3603369mmmd9d0 0D0Y©gds 8 Jomn JMmEges (300 5dg 356 Mm@l negdl:

1.6.8 (3300960l a5bbsdm3Ms @Mmam-bMg03 6gbgdda 1.6.5-0b abowgdow

099 VAR’ 560l sn’, 35306 VAR s@ab sn. (ngn39m35% 9 @ed yom 9demo d gorsbbd 9do)

o) VAR s60bnp’, 35306 VAR s@abnp, snsb pn. (306boBm 36 9355 9 @ed yom gdwemn
d9mobbd 9do)

1.6.5-1.6.8-30  3m(393mn  @MHMom-bGxogo  ©gM035(3006  FMEZomadIo
B0bobBoMo o sMobadmmmms. ob (LISP Lobyobo gmeom) god3mygbgdaem ogbs
NEWCAT’86-d0 221 96356990 s 114 0baemabao bob@odbymo 3mbb@ Mmool
MM0m-bM3030 565 bobmzab. ab, sbgsg, g98maygbglb CoL’89-dn 421 nbgmabyo
LoBBOJLYE-bgdsbGognGn  3MBLEMNIEonbmgal  Badsbdy  mENgbGaMmgdym,
0gfomdonm bgdab@n 3N 6 dMIb ghma.

2. 0b@9Mz90bgd0 > 3M33Mbgb6E9gda

ob gogd@o, M3 3mabodon® 5396@93L odzo Lbgmmo'™ s abdgMmaggobo
350 9bodysmmEab 3mabndoymndobssmbobdobamgdow (53m(36mds) s sbsmmanm®o
d0bosmnlb gotyg Lodysmmbogal goEabazgdse (J89wgds), Logsdsom o6 wbos
0ymb. 06@9Mxgabolb dobobosmgdmagdo dgodmagds @oanbgl goMgmsb — bbgos
0396@980L g56Mgdmbmeb o §MMIobgmmsb YMmngMmddgwgdsdy s 330M39500),
5 dngbomsb — 9396@0L dogM Logymoma 0b@gMxygabob gyMbombamgdsdy
0533060398000 068OML3gg300L bodnsmgdoom (Jom. 1.4.3). 530l goMs, 5GLYdMABL
30093560 068 gMxgabol  mMasbmgdal  sBomadas, Maboi N dOYb3gmymazl
Lod4y6gd0bdg@Y39mm Ig(36096 90980 — BLodmmmans, sbsGmdns s 53 MMasbmgdals
dmEgmomgds MHmdm@Enzsdo.

03039 @MMb, (36mdngMgdol Mg3mbLEMY300L ebygds 5896@gdol gofgasbo
068 90x890Lgd0L  dgbbogmom  gobsdnmmdgdl  dmborzgdoms  doBol  LydsbGo ol
mB@mmmgo@o baggndgmgdab abgm gobbsdmgmsls, Hm3gmas 8L dgmmogbgdgmb
boolb 60356Dg MmENgbGMmgdnm GMawoom mgmMogdmsb. 3oL dobgbo obsy,
3 60dobdg MmE0gbBnMmgdymn mgmmMogdo 3mabo@on 5396@L o6 033mg396 o
LYBobE0OL obLOBM3MO396 AMamME (330ME30M Jndommgdsls ,gbsLs s badysmmb®

14 Lbgmmob Hmmdg 3093 gPmbgm asdsbzames yuMmopmgds 989Ma9b@nb3olb Gomamgddn, dem.
MacWhinney, B. (ed.) (1999) The Emergence of Language from Embodiment. Hillsdale, NJ: Lawrence

Erlbaum.
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dmEob. sbgo doamdsl dgndmgds 306 339mmo Y30Ma@gbmds 3gmbogl, dogad
0396@0b aomgdg 396 00Mbgdgdl aofmgasbo ab@gmygobo, bmmm 3mabo@ oo
®gMM05 3563560 068 gMH5350L0L 3ofMgdg 396 3gobEMmadl Immadsmszg MmdmE ol
domMm3z0L demm 30l Bb(3000.

0@bgdmdL 03al dgbadmgdmmdsg, Mmd asmgasbo abdgmggobol s63dJmby,
60dobdg  ™mM0gbBoMgdmmo  mgmMogdo gogsmmmgwab obg, Am3 dgndabmb
9L dobsboomgdgmo(s. dogmsd gl ofg oby 0dgool dmdzgdo 39ML3gd@ngss,
Mmamtg gb ohzgbs 3GmaMmadnmo MdMYbzgmymRol gsbgzomsemgdsd: dmddgwo
36ma@adol bobomlb 3Msd@ogmmom 39Mobmmb gogogsmmmggdo obg, Gm3
dmo339L ob 0b@gMggobo, BmIgmoi ged8mazdhs 3Gmamsedal megmednMmazgemo
d939303980L @AML — aoMEs 03 dgdmbzgzgdabs, Gmzs bgMbogds 3mb3Mmgd e
Lo@oznodg ImMggdama bLogsbagdm dmdgdal dnmgds 3Mmamadal MmIgmady

o0 bsdgb@ntn  dobobosmgdmol  gygd@ncon  dgbozgmagmem.  dbgsgbo
36mdmgdgdol gomabogdfgmam 3Mmamads o306 Mbos s0bgmmb.

2.1 3mgbnBonmn 53966980, AmImgdoz gemmdgb 965b s 53968930,
Mmmdmgdocz 9656 56 gemm39b

0Mbgdmogb obgmo 3maboGoy®o ©396@ 900, GMAmgdaz oM Gmmdgb gbsl
0, 530l dombgmago, og3o gbob dgmmdgmo 3mabodoy®o 53968900l dbgsogbo
30693560 06@9MRgoba. Jogomoms, sdmzbmdaobmgal (3043L ©43L Mo mgsema,
M0 yueo, 363060 ©s 5.9., bomm Jdgqdobogol — bgmgda, m3960 ggbgda, 3ofo
5 5.d. 350 dg¢dmos mbamab hadaMbgs s MHm e @abdnMmmgds, mmbrs(z oo bbab
35b3mob dg3gg, dobo s3mmgds s Fods.

F3960 BgMdnbmemmanom, (3043Lb o43L domnsb gofgo 3mb6EGg4LE WG 3M33m-
696@0, 85368 o6 543L 9bmdMagn 3m33mMbg6@."° M3 d9a39dmmb bgmmazbamo
(30430L (36md0gMgdals g08mygbgds B396 3mbEgJLESw©, 80l yuMgdl dngsboggdmom
960L  3mb3gbol  MbBoML, ®og8ds@gdnm  LabmgbsGMEMEL  madsms jabmgal,
391393000 ©0E0 35dmImgmgma boddmsgmom s 9934360000 mgmGosl
d91693M0g9bmgzobo  3mInbogozoobogols dob godmboygbgdmeowm. sbgma mgmas
o60b 53 Bogbol dmagamo ;mgds.

09339, Mo3gbsws(3 Emabrmgmdoom bgmmzbamoa (50y3960 56 Imagz93mzggds,

15 o330 gb 3gndmgds Logadsmms nymb. ob. Hauser, M. D. (1996) The Evolution of Communication.
Cambridge, MA: MIT Press
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dmgmae  Rsdmgagsmndgdor  Lagofm  3mb@gdb@nmo  3md3mbgb@ ol  Lodsbobm
LEOYIG PO,

2.1.1 ®o@m8 o610l 30Dob3gbmbamo 3ofmzgm Gogdo 3mb6GgJLE NG 3M33mMbgbEnb

53905

1. 3m6894bE O ©mbydg dgddboema 3mbLE G J30980 dgodmagds asdmygbgdeme
0dbgb gbmdMog @mbgdgs. gb gbgds (i) (369090 — GmamE(3 3eabl, ws, sbgzy,
3Mb3Mg@mm gmagdgb@b, (il) aoMgaeb 0b@gmagobl dgdsgsemo s godmdsgaemo
dmbo(398960bmgals (iii) dmbs(zgdms LEENJGNOSL, (1Iv) dmamEMomdlb s (V)
0b@ gz g0bgdl.

2. 3m6&q4LE0 boggMbaomyMos — 03 goggdom, M3 ob o6 sMab ©sdmowgdamo
3Mb3Mg@mm gbsdg 35d0b, Mm(3s dgbadmagdgmoas yggmes gobbbgeggdamoa gbob
0b@gM3M 9@ o300 gfMmn s 03539 G0dob 3mbEgJbG Mo 3Mm33mbyb@nl dndomon.

3. gommagbgddo (93meey(30530) s MbGMagbgbdn (603330L gobgzomamgdado)
3M6&94LEG0 3MI3MbgbG o Mognm oMzgmos.

3M6894LE G0 3MI3MBa6EG L gocgasbn 068 gMggabn dggbodsdgds sGegbmasbo
3Mabo@ogmo 039680l 0689Mx3g0LL s dgadmagds bomdmoagboem 0dbglb dgdwgan

Lggdoon:

2.1.2 56596m3z060 3mabo@on®n 53968 0L goMgasbo 0b6@gmazgobo

Jmabodommo o396

(i)3mb@dbE o Bggds < 968G G0 (36m309 35
(1)3mb@gdLG N0 dm(3bmds

Y

39M0g 9Momenn (36m0 96 9do

356 9 M 9oenmdo

56bgd¢m0 doDbgdal dgbodsdabow, nb@gmhygobl Bomdmgsemagbo 8L e300l
doembg doamo embom 0dggeMo, Mm3 83 dg3mbgggedn sdm3bmdol s J3gwgdals
96085b9m0bgsb gomhgsss bEmoasw bszdamabos.

a0M9a5bo 0b@gMBgobolb oygMgbznsz0s Lbgsobbgseggzse® dmmsmmdgdsc,
MmamMgdazes bgogs, L3gbs, aswssanmgdol Bndgdn, dsbodymoszns s .4,
a5bbomyemn 046980 d3gomegdo 2.2. o9 gb Ggmggzeb@Mos 0dwgbow, Madmgbowa(s
39Moggtonmo (36mdogMgds 93m3bmdalb 3Mm(3gbdn Lbgowabbgs 0b@gmagabol

39&9mmagbym,  dmEommdady  sdm3nEgdmem  dmba(39398L  goMmsgdbabs
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(396@MomnMo  (36mdogcgdal 3mdmagby®  3meom. gdgmgdalb  (,93m(3bmdal®
LodoMabdomm §gmdnbn — dmsmyg. d96.) 3Gm(39Ldn 3gMoggmMonmo (36mdngfMgds
(395@GsmuMo  (36mdogMgdol 3mImagbnom  3mEoMmgdmem 6Mdsbgdgdl gom-
©54860L dmEammdady odmzoEgdam asfmgasbo 43gmgdal  3Gm(3gNEadab
398 9mmaqbmm Lobgmdgdoc.'®

350535350 bagggbME0 oMogbm35605896@ 0056 gbmzgeb 8396803 dgadmgds
300990 dgdmm 04bgL 3mb6EG94LEOL EYSMOMgdal BmMIom, bawss brgds sbmaw
398m@obomon  3mB83mbgb@olb moz30006 a5dmygbgds gbmdagn 3abbgdaborgal.!”
dogomoms, sMbgdgmo 0b@gmgzgobo (1) 3mb@gdb@olb sdmsbmdobomgal wo (ii)
3M6894LE G0 J8ggdabmgals dgadmgds megowsb 0dbgb godmygbgdama sbomo
96mdG0g0 3m33mMba6EGL dogM, dgbodsdabo, (iii) 6ndbol s3mbaosbmdom s (iv)
60360b bLobogdamgdobmgab.

2.1.3 gbmgoba (36mdagfn 5396@0bL gofgasbo 068 gmazgobo

4mabo@o@o 53960

A

(iv)60dbals boborgbo
(ii1)60dbol sdm(3bmds

Y

(96EM oMo (36md0 9 9ds

A

(i) gmb@adb&ato J8gegds
(1)3mbdgdbBmeo sdm3bmds

Y

390 9Mmommo (36md09m 9ds

356 9 M 9oenmdo

9fma dbGog, 960L (Dgos mby) s, dgmeg 3bMog, 3m6@&g74LEGNL (J3905 mMBY)
35M9gasbn 068 9Mmxgobgdal gMmIsbgmabasb aomhigzs dgodmgds dmEogomgdae
046gL Lbgomdoom 3om 0bGgM3MgG 3090l dmMnb. dsgsmomem, Mmiss gbgosgm

F0Md(3 3999633939 358mbabymgdsl bal JaMddy, dgbadmmes gd30 goa30hbogl, gb

16 B396 30(36mdm ™o Gndob 3mIma by 3mEaMgdsl: bgg@mmmanm@lb — dmbgdMag 539689330, @
9e9d@OMbgmb — 3m330BgMgdda. BubJEonGo MzombsdHnbom, (396@Moma@a (36mdog@gdals
03m (3060 560l ImEammdabgsb odmyy30@gdgmo (3mIma gbyn) BabssMbol sbsmnbda s dgbsbgs,
o@bgdmmo Jabosmbowsb ©ob3gb6gdal ao8m@obs s o3 ©abyzbgdol goMmaddbs sgdbomBsms
bggdgdow.

17 gb gosbbdgds gamemnadg g85Magb@abEm 3zombadGabl, MmBmal dobgogomsy brogds
dggmo gmmMdgdals bgmobamo godmygbgds sbama g3mbd309d0bmgal.
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dgdmnbgg3000 d9169dFng0 dmzgmabos oy) gomss bbgs s@adnsbol dngf 3o30Dbymo
53m3obMymn sbmgdol Mogo; dogomomae, gMmbamawe, 3ggbza! Hmiss YgEce©
3b3mgdom, MM gb gsdmbobymagds 3m3Nbogsoobmgal gs30bbmma badsboy,
30bgomamo dmbo(393980 0an3g MRgds, dogmed dabo 068 gM3Mg@s300L Bgbo
LEnmos bLbgss: Bzgb  3mBBYJLENGN MboEsb gs©s3gMmzgdom  gbmdMog
mbgby.'

2.2 3mEsmmdgdo ©d Lydxmsmqgdgda

d16gdc0g gbsdg boMmBmgdema 3m36o3s(300bmzgal dgndmgds asdmygbgdmem
0469L g56Lbgog9dmmo 394s60bIgdn dgdsgamn s godmdagamn dmbs(3939d0bmgab.
60360b  8dm(36mds dgbadmms  93gsmgdmealb  yuealb (b3mzgsbo gbs), mzgsomoalb
(BgMommdomo, b0dbgdob gbs) o 3obob  (dGsomo) 0b@giggebl dgdagsemo
3mbo(393960bm3zolb.  60dbol BoMdmgds dgadmgds  gudbgdmmal  g3mgsmyMo
BMag@nb s 30Mab (b3mgzsba 96s), bgmal (BgMommdoma gbs, dGsomab Rsmgmom),
bgmo—33mogo—bobolb ggb@&gdol (g9bGgdolb  gbs) 0bBgMmgzgabl  asdmdsgswmo
dmbo(393960bmgab.
2. 0689mx90bgd0 s 3MB3Mbgb@qdo

Lbgoobbgs 0b6@gMyqabl dgdsgomn s godmdagama  dmbs(393950bm3z0l
dmoermdgdo  gbmmgds  GMmame  gbmdMmog, obg  3mb&gdLENG  mbgby.
39M0ggfonmo (36mdogmgdals s3m (35600 bbgoabbgs 0b@gHagobol dmeammdaby
©odmjnEgdygmn  dmbso(zgdgdo  aoMmsgdbol  (396@MomyMmo  (3bmdogMgdals
3m3maqby®  3meew. dgdwmgan  dosgomomo  a30hgzgbgdl  dm@ommdboligeb
©053m9)30009390 8 3MEsMMsDY M0 dNMO 3MEoM7d0L dmby(33mgmdal
mmadams 3obgsb 3b3g6gmobmzalb gbmdmngn 6ndbab gowa(39dab MHmL:
2.2.1 3mEammdobasb  ©sdmyy300gdgmo  ©s dmEommdsdy  ©83m3gomgdaemo
3M@0Mgds

18 BgMommmdomn gbal gbdnmbafgdal 3gbobgd ob. Hausser, R. (1999/2001) Foundations of
Computational Linguistics, Human—Computer Communication in Natural Language, 2nd ed., pp. 578,
Berlin Heidelberg New York: Springer.
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Ndgbgmo org335698 31
boTols depsgmmboliysh msmmdsty 603601 Im@smmdsby dmsmmdsty Eobal Genosencdalinsh
T 0330300370 ~atr] 301 g0gd 0 |l @300 300370 L REQOO0BS
©33m30@gdgm0  JOEaMgds QIO FORIOYL! RI0MGORIOJE R30M340RQIOIYY 3 N o
abBgdgg0bo Ggomoba30s obBdgg0bo RIIOYFIRIOPTO 37RO

(396G O0 (36mdogHgds BB gt0 (36emdagHgds

3gdoggtogmo (36md0g@gds 396oggdonmo  (36mdog@gds

dmadamsgzol 3gMogg@ommo (36mdngfgds 60doblb Imeammdabasb ©sdm-
13009090 (3m3magbnfn)  3MmEoMgdoEsb geMmsddbol dmeommdaby  wo-
dm3zogdym gmeomgdse. dbdgbgmal 3gMogygMoymmo (36mdogfgds, doMadom,
60360l ImEommdadg sdmzomgdam 3mEoMgdsl gofMesddbol dm@ammdaligsb
R33m7 3039 ORISR,

J999d0L dmeammdgda asobbbzsgzmgds 33m(36mdall dmammdgdobasb. dogs-
03, bB3M3z560 gbs nbsmBmgds 3060l Ladyyamgdom, 35363 33ma(3bmds yyMoao.
sbammann@o, bgMommdomo s ¢gb@gdol gbs nBsmdmgds bgmgdom s s3ma3bm-
b5 mgomgdom. 530l 3oMEs, sMLYdMOL dmbmImmamyMn s IMmE0dmEsmyMo
83m(36mds s Jgmagds. IMmGndmeamy@n 3mbgLbE Mo 5dm(3bmdals dogsmomos
bbgs 0896@0bL ghmEEMum yneagds, dgbgds, ybmbgs s dmbagbs. mm@ndm-
om®0 3mbdgdbE Mo 43gwgdal dogamoamas boemal bgemdn oggMs s Rs3dghs.
0dm(36mds o §dgmgds 0bggzg dgadmgds dgMma3bebgb gHmdsbgml, Mmam(g gbos
m309d&0b ©absbzal (53m(36mds) s 8mgdab (§350090s) dgdmbgggado.

19 3ogomoma, ©og9dgzem, Mmd (396@Mamn®  (36mdogMgdadn gbs  3meoMmgdemos  ASCII-ab
bodmamgdom. gbal 603bgdn dgadmagds Bomdmeagbom 0dbglb s3mLG0gNMo 89 Yzgmgdals
boboo, 56 3obgamMa bymbabgmn, bodgdwon o6 gab@gdab gbol babom. 60d6gdnl Bomdmgdabsls
(Bmadamos 3ol Mggndn) 93968385 Mbws dgombomb Lo yzob Mgamabs(300b BmEammds; 58a30Mow,
Lo ygob gMon ASCII 3m@amgds 3gMoggfMoryemo (36mdogfgdol JogH gommsnddbgds, Bod@omcew,
babEnmm Mommgbmdal bbgseabbzs 3mEammdsbdy @edmgnwgdymn Mgsmads30980056 gMo-
960Dy, Mm3gmoi ogRndbgds 30bgomam, s30bE 03N 96 Jgamdbgdom Mgd3mgbgb@s309db.
60360l 53m(36mdabol  (8LBgbgmal  Mgyndn) Lodyzol BMogerm  Jgbadmm  BmEarmmdsbdy
©38m30gdamo M93MgdgbGo(30s, Mmammgdoiss d08dgyalb Lgds, dagMoms Gommgdo o6
53mdn@3mmo BgH@nmgdo (dMsnmn), 3gMnggmonmo (36mdngmgdal og gomoanddbgds abgs 0d
960 ASCII 3ms.
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LbgoEobbgs dmEammdady NRG™ FMogemygMmgabos sMbydmdal gmm3gdo
35Mg Ladysmmdo, dogamomsa, bbgomabbgs doboms, abogymo damdsmgmdgdo,
dmd@omdgdo, dmbgdal 306mbgdn, LmosmuMo bm@3gdo ©s ©.9., G™Imgdo(s
dgodmgds 53ma(36mb, osdMdomb s domdy 08mddgmb. do3Med 3gMaggMogema
(36m3096 930l dog® Bomo goMmsddbal dgmgasm smbgdmdal gb bbgswabbgs gm@ds
(36m8096 0396@& 30 BoMIma 9bnmons 3m3maqgbyMa 3mnmgdol gm@dom — oy 3o ob
LogMom 0gbs s ddgmo.

6930L30gM Im@ammdadn b gog35MRomo Mdwommm 53m(3bmds s J3ggds s
35995m9demn 33m(3bmds s Jdgmads. gb 13965L3bgma m393d0Mgds dgwnvdals
3b dgmonl goMome gso3M(39madmm (3693900, dsgsmomam, dggdn 3Mmwyd30sb
b Bgmg30bosl.  dmase, asbbbgeggdmmo  Ladyemgdgdo  BaMdmewagbgb
abbbgoggdam LydbEebzngdl Jabssmbols dgbobzabs o Mgog@ogszonbogab.
dogomomoa, hggb dgagadmoas @ognbobmm o6 gogogmbmem F396396 dmdmsgo
358069090 9dnsmmeE Mgommmdada 56 ©og0bsbmo s 35304mbme 3o34smgdmmao
a0dmbobymgds 306mdn, bowsg gb 8mgmagbs dgbsbyymn s Mgsd@ngzomgdamoa oym
gm0l Ladysmagdoom. mMogg 3g8mbzgzedo gb 93m(3bmds 3B ndm@amyy@os.

35306, Gmzs Imeammdol (36985 ¢393d0M@ads (36mdogMn s396@0bmgal
33sbobnomgdgm Imbs3gdms domgds/as3gdalb 394060baL, dgmandals oMhggs
m393d060gds  0396@80b  gofg-dgbobzol  Lodyemgdgdl (d. Meyer-Wegener,
K., Multimediale Datenbanken: Einsatz von Datenbanktechnik in Multimedia-Systemen.
2nd ed., Wiesbaden: Teubner2003). doafsd dgeo9ydol o dmeammdals (3693900
DOD0gONES 30330Mgdmas,  Moasb  ymggmo  dgwmomdo, dsx., dgdemEo
3OmEM (300, 3530Bbmos 306 339mmo dmesmmdobomgal (dog., byogobomgal) ob
dm@smmogdobomgol.

2.3 96ab Ladnsmgdom MyxugMgboab semEgMmbsGayma MbGmmmangda

96mdGngn  g98mbamd3e89d0lb @ 303d0MgdsL  badyemml  ao6 339mem
™309d@gd00b o6 8mzgmgbgdmeb MgxgMmgbzns gbmmgds. dmbozgdms  doBals
bgdob@Bngol 93968y MM0gbBoMmgdmmoa doamds MgugMgbznsl Bamdmawaqbl
AmamMi 0396@0b  msegdn 3030bstyg  3mabo@on®  3Mm390Malb. gbmdmng
5 3mb@ LG ©mMbydy goMgasbo 0bGgMBgoLol asMws, gb dmombmgl (i)
3mba(393ms LEGMNIG YL 59680 AL gdMmn JabssMbol godmba3gds ws (ii)
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Sam®003L 5396@0b Imbs(393ms d5bsdn dnbosmbal bobsjnmbaw s 5Dnsb dab
30dmbo@obo.

F933sM0@m-3ommdomo bgdsb@n3zol 6ndsbbg MmM0gb@omgdmo dnamds 3o,
530b badnMobdnMmm, Mgxgmabzosl asbnbomogl Mmamm(y gomgasb dodommgdsl
»90b0bo o LodysmmbL® Immol, bawag gb 1 396sb3bgmo asbbabmzMmas Mmame(s
LodMogmy@-mgmGogmn dmEgmo. MgRgMgbzoymo  dodommgdgdo ©anbwgds
398096000 3m(3931m0 356LsbMZMgd9d0L Lodysmgdam.3g@egbs,3sbbodmzMgdgda,
m3mgdoz HdOHNbggmymayzgb 960b dmEgmmsb dndoMmmgdsl, s megem dmmgmo
d1dogmgds mman3mbgdolb dngm.

bbgoaobbzoggetn mb@mmmangdo, Gm3magdos Loagmdgmaw Mog3L bndsbdy
mE096@0M9dm  F9ddomaden-3ommdoom  Lydsb@ogob s Imbozgdms  doBals
bydob@Bngob 53968Dy MM0gbBoMmgdmm Boamdslb, bigdodmmow sbg dgodmgds
30dm0obobmb:

d9d3sm0Gem-3ammdoon bygdsbGnzs dmbs(39305 35%0b L7356 035

sleep (Julia)

Julia sleeps ——>

(36md0gn

O O O 2396¢0
o O M_’

bodmszemam-mgmmonmo dmpgemo gomg Mgsemm3ds

LodFogmyG-mgmEonem  bgdsbGngadn  babowowgds  gbmdMng  Mbgby
BmEdomadgdygmos  Mmgmeyy  sleep(Julia), bLowoi sleep oMol bLodEogmol
53603369m0 Bnb@mMn, bmenm Julia — gmgdgb@ ol 50d60d3zbgmmn sMadgb@o.
398996530 35bLodDgAYM YOHDogHM 3ogdnmn gbmdMog godmbosmg3539dLs s dom
LodMagEYE-mgmEone 50bnd369dL dmMals gsdmbabmmas Byzg@oma badgdom. gb
560l 60dobdg mG0gb@0Mgdmmo Boamds, Medmabosa(z of o6 oMb vg96@0 o,
dgbodsedabo, o3 aoMgasbo 0b@gmgqgobo. odgoeb 3odmdabaty, o 3ol of(s
3300 8 30 (3 bogommgds o6 560b, Hm3 bom3mmagboe 04bgL 896@0b dobogsbo
3mb(39800 5B 96 039680l 3mMbBs (39305 dobab 653 3ombzgmo semagmEomdo. 3o s
580bs, Immadams 30b o Ab3gbgmal Mgg0dgdos o6 goboMhgzs gMm3sbgmnbashb.

dmbo39dms doBolb bgdobGozodn dsgsmomo a30R39698L s396@L 8LAgbgmals
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6990830.2%  Bobsawgdsl Julia sleeps ogqg680  ©30330698L  Hgu96968 0196,
Mmdgmoz aobobodmzMgds 3mbEgdbEomu®a sdm(36mdol dgogase. 39680,
96mdM0g0 as3mbomgzedn s Mgxgmgb@on (dobo mgobgdomy®o ‘aymlb ddabomy’),
439md oMb Mgomu@o badysmmb Bsbomo. Mgoma@ Ladysmmb of asbobomaggb
Mmamey Imgdmmdsb s M3 (300mmdgb dob dmegmnmgdsl LodGsegmmn-
gmEonmsm ob Mo0dg bbgs aboom. 830l bo3gmac, dmborzgdmes doBal bydsb@n ol
30bsbo 0396@0b ImEgmnmgdss. gb dmozagb ©896@0b oge Mgomy@o Ladysmb
33m(36mdal gbmdMagbes o 3mbEG94LE MO EMBygdDdy s, dbg39, 9396@ 0L §dgwgdgdl
- 3069a56L, Mgomamo bodystmb dodoGm, s dabsgsbl, cbgma 3Mm (390550l
30035mabbobgdom, Mmam@gdazos megobygamoa sbmzoszns, gobbxs, 3943930,
by@z0mgdab Rodmysmndgds s bbgs.

2.4 960b ;mgmmns s gMmsds§ogzob mgmmns

dmborzgdos  doBol  LydobGogs  aobbobmgmegh  dadommgdgdl  gbmdmng
30dmbomd30890Lbs o Mgxgcg6EgdL dmEal Mucm 3Mm(3gEuGnme®, 300M]
89899bmdM0z00.2" Mmamtz d0Mgzgmo Badogo MgngMgbzonl 3Mm3gnMmmo
93mbLEOMJ300L gbdg, 3EoEMme (36mdngMo 93968 0b megda ,dgz080bmm”
306bbgog98960 g6mdMngLs o Ladysmmb EmMbygdl dmEnl, Mo 1339 (36mdomoas
F9ddsG0@m-3otmdomn 1bgdsbGn3nEsb. 8dgzoMem, ,LodysMm® asMmsengdbgds
0396@0bL g30dmEYGn s b0 (3mbal Jobogsb Mg3c5bgbd (300,
b3 3mbB9JbE0 9bmmgds.

20 gbmdcog >  3mbBgdLEG  ©mbggddg  93mbmdabs s  J3ggdolb  Lbgssobbgeggeta
3mbb@gma30980 398 gamE0dgdgmas (36magmgdalb 10 SLIM 3mamdstgmdow (. Hausser,
R. (1999/2001) Foundations of Computational Linguistics, Human—Computer Communication in Natural
Language, 2nd ed., pp. 578, Berlin Heidelberg New York: Springer, Jggosga 23.5.

21 03obogal, m3 Jgbodmgdgmo agmb  3g@ogbmdmngn  aobbodmgMgdgdol  3m330gEgHmo
308myq6gds, Mbms Imbogl dscmn 3Mm3gEncnmo Mg3mbb@mndios. 3g@&0gbsdy ogndbgdmma
36bgdmmo LobBgdgdal YBMogmabmds, dogsmomom, ImEamGa mmangs, asdmnbsgastns
36m(390Mmn Mg 3mbbEmndnnbsmgal. ab. Hausser, R. (1999/2001) Foundations of Computational
Linguistics, Human—Computer Communication in Natural Language, 2nd ed., pp. 578, Berlin Heidelberg
New York: Springer, dzgmagn 19.4.
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2.4.1 396@E oo (36m3096 930L b J§mE0m 9ds Imodsms 39 5396@Gd0

(3630960 339680

(3bEHGsgco (36m3ogBgds

603601 sdc(36mds

960361030 3m33cbgbBo 36835040l mgmcos
60360l Lobogbo

1

365385th0g0 bl orgmros

306896800 33 (36mds

3908 Jbdat0 Jgmgds

3968 9JbB 0 3d3mbgbo

356y B730ms 39M0x960mmo  (36m3og@gds

bggs 2.1.3-056 dgoMmgdom (396@Mo M (36mdngFmgdol LEENIG NG of
MBOM ©0RJMY6(3060909m0s: 5OLgOMBL gobbbgozgds gbmdmng s 3mb@gdLbEyn®
3M33mbgb@gdl dmalb o dom YEMmogmmgezdo@mlb  gbmdMngn  3Mogds@ngo
9dG9b3gmymab.*

BmadsE, 3Moads@ngs gobobadmgmgds Mmamti aodmygbgdal mgmos.
3603358030L  sdm(3sbsms  dogomomos  Lobmobbobol  asdmygbgds bbbl
Robobmobbom, 53gbgdal asdmygbgds a 396J@nwsb b 3¢bJ@dno dabobgmgmerw,
35(303600L g3006 Ma8om ImAbEg3ze 0f LybzoRob oM8mbsoRgbsm s doddamals
obogdoymagamgdmae 56 30639 Lbgobmgol mbmgbs, dmadomb s dmagzn@ebmb
Lgbgoho.

030bs dobggzom, 4350gds gbmdMngn 60dbgdol godmygbgdoom bmE(30gmegds
o) 0Ms, Ma3sMs3zn dgndmgds oymb gbmdmng ob 3mb@gjLEn®m 3Meads@niody.
96m36030 3653858035 b g356sm0Ddoglb HmamE (3 3mb&gJLE NG 3Mogds@n ol
Bommagbgdmfo s mb@maqbgdmmn b3g30g039309; Abgagbawgg, 960l 88m(3bmds
> Lobmgba sbomodEgds Gmamm(z 3mMbEgdbE Mo 38mzbmdabs s Jdggdal
Bommagbgdm&o s MmbBmbgag by Ldgzngogsgas.

m0bg 3003930 o@n bbob 356domDg Manmadgmymaamn aym 3mb& gL mcn
22 8335600, mboggdors 3sBob bgdsbEosedo 3653858030l gHm-gGmo ambans sMab d98sgbab

ool Jgbmmads d938sMndmm-3ommdno Lg3sbB03od, JaGdmm, 338060l ©odgsHgds

»9babo s Ladyamb* BmMoab, 98 Jgdmbzgzeda 3o 539680b Bnbogob mbggdby sMbgdam gbsbs s
368 3dbEL dmab.
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3Md3mbgb@o — dobo goblsgnmmgdnmo Gmmolb doybgosgsw d¢bgdMaggbmgsbo
3M396035(300L 3Mm39Ldo. 3MbGgJLEG N0 3M33MbgbB ol asfgdg bgmmzbaymao
(36md0gMa 039680 396 dga358ymdobgdl, o1 sl smndzedl (3mbE gL
33m(36mMd9) @5 396 35539090L 0dob, Mobas gmdMdebgdo (3mbGgJLEM0 Jdgwgds).

96mdMogo  3md3mbgbBo  GMownzoymoee  amodsdogmeno  mgmmool  doge
0By gds o dma(393L ImEgmMEma0sl, mgdbogzmbl, Lab@odLbs s Lydsb@nzsb.
dmbo(39dms 35Bab Lydsb@n yob 30Dbgdosb godmdmnbamyg, §bmdMngn 3m33mbgb@n
1B 505 IbmemE 5565mndgdgl 60dbgdl, Mmamm (s 0bmmomgdaem mdngddgol,
o039 3390300l 03 asdmogmomo  3MmM(39Mgd0L  @g3maMa(somm
L39(30x3035(3050, MMAmmgdas 3603369mmdal goMmabobaggb dgwednMmm ©mMbyo
(Bmmadoms 3ol Mgg0dn) s DgosdaMyym ombglb — 360d369mmdgdow (8L3gbgmal
9¢0da).

96mdMogo 3m33mbgb@n, 3mbEgJLE W0 3MI3MbgbG 0 s gbmdMmngn 3Msgdodn s
9fomdmogse 4360sb ool mgm@masl. dmbozgdms doBol bgdsb@Bn ol 30bbgdals
30035m0bB0bgdoom, 60l mgmE0sd ¢bos NbEONbggmymb gotg Ladysmmbmsb gbob
30306mm5d0b dm@amamgds Hmam 3 3mmadams 3ab,nby8bdgbgmoal Mggnddo. madm
3980(3, 356 brs dgd8mazmegadmb 3mb(393@momnBaznol d4bgdfngn dgommn —
obg), dmadams 3ol sMRgzebn oy Mo mdzol s Mmam® mdzolb — abggg, Hmam(s
dmmadamazabs o 3Ldgbgmol Mggnddo gbol sMednMeadantn 360d3bgmmdom
30dmygb930L sbsmabals Igommags.

2.5 9dx93emm dndsF0193s 5 gosdnsemgdmemn dndsMmagds

mbBmagbg& Mo s Bmmmagbg@ o mzgombsdMoboo dndsmmgdal yzgmody
35baby@o gm@ds s@ob ydyomm Jodommgde. gb ammobbdmdl 9bals 3gdzgmdom
03 mb0998gd0L Imblgbngdsl, Gm3mgdaz 3mIMbo3o30530 dmbsoboemyg 3968900l
@dmomm  a069dmdo 80056, Bogomomem, bogbal, Gmdgmo dsom Bob wg3b.
03009650, 93968900L goMgasbo 0b@gMxygabo haGmyymoas Mmamz gbmdmag, abg
3M6899LG N EMbybg (Gmame (s 2.4.1-dn).

0dob goMms, gbol 39dz3gmdom brgds 03 MgygMgb@gdmsb dndsmmgds(s,
Amdmgdois oMo dgomm  aoMgdm(335d0, oMsdg dbmmme  3M3Ybogsznsdo
3mbsboemyg 039689d0L Imbo398ms dsbsdn 5M0ob, Bogomomem, SMabGMEgmgl
ob@mEonmo  Gogu@s. 33  godwomgdyen  dodommgdodn gfmggds dbmemme
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96md6030, Jogod oMo 3mb@ LG 0L EMBab asMgasbo nb@gmeggabo:?
2.5.1 gom gaebo 0b@g&mg90b0lb 3odmy9bgds godmomgdaem & 9096 9bz0odo

60360L 33m(36cds
6036030  333mbqbB0
60360l Lobmgbo =S| J 34 oo

|
3653308039

dmﬁ@gdh@‘aﬁm dm33m636®0

domomons, dmomm  d0doMmgds  Fommagbg@eo s mbBmagbgdymo
03ombabdM0bom  3oMggmowns,  FogMmed  mgmMoggmn  mzgombsbdMmobom ol
a0dmomgdmo d0doMmgdals 3gMdm dgdmbggzss. gb sbg 0do@mdss, G Mdsmm
d0doMmmgdabol sbggg aodmoyqgbgds aodomgdamoa dodommgdal 3mabo@ogco
3Mm3genmgdo. Lbbgs Logyzgdom M3 gmgdzom, Mdnsmm s aodomgdae
303060 gdgdL dmMals aobbbgszgds 0dsdn dgmdamgmdl, Gm3 ¢dnsmm dodsmmgds
53589600 dmombmgl 3mbGgdLEGYMo mbal goMgasb nbGgMmxygabl.

(36md096M0 53968960, MMAmgdbsy o6 aoshboom 3mbGgdLbEYHa 0bBgegzgabo,
dogMad o430, gbs (o, 38 bse, dgdmagamamgdosb dbmmme asd4smgdaemo
dndommngdom), 0b@agMmgbl dgdmggo ImbLodbEgdgdol gsdm 0b39396. K9 gMomo,
mobsdgmmag Mmdm@gdol 3mb@gJbGnMa 8dm(zbmdol s Jdgwgdol wbsto
RIO 3093 d9360@ hodmmzemmgds, dogomomam, (30ygobsl. gbmdmog ©mbyby
0dm3bmds o Jdgegds 3o, 530bgsb gobLbgezgdom, 3M0bzodymoa gubdonto
obo3oMagdal  goMgdg  ymzgmomgolb  dgbodmgdgmos  asbbm@(s0gmogl
00b653g0Mm3g  3M330n&gMgdal  3mogos@Mobs s  g3Mobal  Ladysmagdoo.
sdg30M00, 0] a30bws Ey3sbmgmn G gdbmmmangdol  godmygbgdom, g.0.
dgboggMabo HmdmEgdal gogdg, d9bgdfing gbsbdy bomdmgdmmo 3m3bogszonl

23 @dmomm ©s gademgdymo MgRgegbznol 3g8amdn asbbomgs ob. Hausser, R. (1999/2001)
Foundations of Computational Linguistics, Human—Computer Communication in Natural Language, 2nd
ed., pp. 578, Berlin Heidelberg New York: Springer, dzgomagn 4.3.
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dmEgmomgds, 1bos ©sg33symBomegm (36mdngMo s39b@gdom, GmMAmgdLay oM
305Rbosm 3mb@ gL Mo 06 gmxgobo s, 930 6o, 3m3mgdmmbo 5M056 W ysmm
953960 96(300L YboMU.

dgmég(s, 9MbgdmdlL dMsgomoa abgon s3m(3ebs, MMIgmms assbagMgmaw
bogdamnbos 83968980, MMBmadbag o6 goshboso 3mMbE LMo 068 Maggaba,
30gM0d 84300 gbmdMngn Mbofn. mgmGommo 33mgzob bLygmmdo gb gbgds od
3MabodogMo  m3gMo(30900Lb  Imegmomgdsl, Mmdmagdois dbmmme  dgbobye
3dmbs(39390L g1399dbgds; 3Mod@ngnm bygmmda 3o gb dmosegl obgom 93m(35690L,
Mmammnds  Imbozgdms  30Dg0meb s 0bGgMbg@msb  yMmngModdgogds
d169dMng gbody — sbama Jabss@bol Bsgombgobs s dmmbmgbgddg 3abybol
35(3990b Romngmoon.

dogMad  gMdgmgomnsb 39ML3g]@&nzodn  3mMbEgdbE Mo ©MBaL gofMgasbo
068 gmR0Lob (s dgbedsdabo s8m(3bmdabs s 43gwgdal YbafMab) smembgdmds
990098 39D M390msb 50l s 3ogdntgdmmo:

2.5.2 3m689JbEnM0 06§ 9m 39060 oM Jmboor godmfj 39mmo dgbmmozgdo

1. aobmboBmamagmmo @mhgds gbmdmog 8bod3b69crmdoms  3mb(393 &Moo
doMmgo.

0396@30 yggmodg ddabyMa  3mbzg3@gdo Rbrpgds dobo 3MbBEGgJLE MG
0b@ g5 50L0b 8dm(36mdobs s J3gmgdal 3Gm (390 gdol gmMdom. dgdamd bl
Ignmmdgm 5396830 bgds domon, Hmam (3 gbmdmogn 360d369mmdgdals dofmmgal,
bgmobamo asdmygbgds.? s8mgbaw, 53968930, MmMImadaz Bmmdgb 9bsl, Bogsd
o6 54300 3mbBg4LE M0 0bB g MRgobo, 0y969396 8603369emm9dL 36393 & om0
d06330b 356939 =330 YO0 OHNT0doM0gd5d0 3Mb(393& gL IMEMal, HmMImgda(s
2030m056mdal (3omgb@mdal) 3dmbg Lodyszgdom oMol BoMmdmmagboemn, do0b(s
dgodmgds aymb gobbadmgmmo GmamE(z sdbmmuE Mo (3dgomoms, is-o ob is-
part-of 0gGoc40gddn), obg bLE3mMsMma.

2. dobsombol  3m39M 96§ menmdol o6 oMo 3m3 g gbGmenmdol Lo gombo 396

3005f 4935 53§mbmInm@ .
35badn dgbobmmo dobssmbol 3m3gHgb@ymmdol bysfm 560l gomgbadysmmb

3m396968mmmds.208mgbso, Bbmemme  3mb6EgJLEmEa  0bGgMmRgobol  8dmby

24 Jom.Hausser, R. (1999/2001) Foundations of Computational Linguistics, Human—Computer Communica-
tion in Natural Language, 2nd ed., pp. 578, BerlinHeidelberg New York: Springer, j3gosgo 22.1

25 1Ibid, dggorogn 24.1.
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0396@93L dgdmosm gbol Ladymomagdoom ,3g3mE@obamo® dobssmbo oy 353306MHmb
mog0bo godmzomgdol Ambs(3939dL. 039b@L, MmM3gmbag o6 043l 3mbGgdLGYMo
068 9Mx890L0,5M3x8 M0 360 355A60d Jgdmbmmadmba(393960L gots —s308mdd(3dom
3M39696@mmdady 3obnbabdagdgmo dbmmme ©s dbmemmm ol dm3bdsmgdgmos,
m3gmbaz 390930 gb 8mba(3939d0 93968 d0.

dgboggMobo HmdmEgdalb s@mombgdmdalb godm dmbsrzgdoms dsBol bydsb@n ol
3MmaModnmonbOHNbggmymazs gs630cMmdgdamasl@ebos®@mon 3md3oy@gfgdol
dgbodmgdmmdgdom.dog®ed Mmamt(s 3o bgmdnbobzomadn gobrgds 3mb@gdLb@nmo
068 9Mx8g0Lobmgal bago®m B gdbmmmangda, asxmsmmmamgds dmbsizgdmes dsBals
L9356 0 30b MgmBogmaRsGRm(3. 530L bogydggmo abes, Hm3, mbgdsw MmB 3od3sm,
M3am MgRgMgb(300 sGal godnsmgdmmo Mgxrgfab300b 39Mdm dgdmbagge.

09335050, 3mbBgJLE M0 0bBgMxgobol aofmgdg 3mddogdymo 396Mboob
yzgms 3md3mbgb@o asdmeggds gogstmomgdamo bLob@gdobmgabss. gb gbgds,
dogomoms, magdbogmbol  3m33mbgb@gdL, LoGyzo-Bym@3gdol  s3@™IsG M
0dm(36mdabo @ BaM3mgdsls, bobGebm®m-bgdab@nne s Lydsbdngnm-babgedby®
3bamobo@mMgdl s dmmadomsjabs s 3L3gbgmol Mgyndgddo 3Mogds@ngzol
0330 35(3090b.

2.6 960b mgmmns SLIM

960L  ogmEosl, ®m3gmbsi  dmbogdms  doBol  bgdeb@Bnge gxmdbgds,
96m@gds SLIM. gbal bbgs abgmo mgmEngdobasb asbbbgszgdom, Hmam@gdazos
LEOYJGNOOMaDbIn, dodgngomEnddn, bo@nzgnddo, ImEagmms  MmgmEs b
398Y39mgdal 9948 9d0L mgmens, SLIM-0 0dmsgomgg 0dobogol  dgoddbs, Hm3
s6bmmgGgmer gdbdmogedamo, 3gdoboggmo (g.0. gergd@OMbYm-rma0go)
36m3909M960L  bodnomgdoor  LEYYmos  ogbbbs  Bodsbms  gogqgdabs s
30bs6303sMor o Bo3mgdal 3Gm3qbo.

536Mmbodn SLIM sbyg abbbgdo:

S = Surface Compositionality ‘dgosdoMymo 3m33mbozommds’ (dgmmeom-
mmaogMo 3M0b(3030, . 1.6.1):

LobGogbyM-bgdab@ozyma 3MI3Mbazns ©393d0MgdL BbmmmE 3MbzMgG M
LoBygo-gmMdgdlb s godmMoboglh bymmgsebo gmgdgb@gdal, 0goggmdMngo
306 5Lsb30L 56 BMobLEMMIs(309d0l 35dmygbgdsb.
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L = time-Linearity ‘o®momo b6ggngmds’ (9330fanmo 36063030, do. 1.6.9):

30dmbosmg358md 068 9M3M g o300 @ baMImgds guydbgds 339(3(0 EMHMNm-
bA 303 090353099 05680800g36OMBSL.

I = Internal ‘3060g560" (MBGMmmmaoyMo 3Gnb3030, . 2.3.1):

35dmbomgzedms 6@ M3Mg@o300 5 boMmdmgds  sbomobgds  MmamM(s
dmmadoms 39-3bdgbgmdn, doo ,,dngbom”, sLgdmmo 3mabo@onmo 3Mm(39NMgdo.

M = Matching ‘96085650006 ©s 303906985’ (nbJombocmytn 3M0bz03n,
doo. 3.2.3):

960b  Lodmomgdom BoMbymob, o63ymb o6 dmdogmob mdogd@gddy o
dmgmagbgddg MgxgMab30d ImEgmomMgdmos gbmdmaga 3603369emmdgdabs o
3068 994b@0b bJg3930L gOMNBSbgMNN L ©s3o3daMgdalb gD,

SLIM-0 3m36035(300b dm@gmomgdslb sbegbl 3msgdsdn 0l dzomo 3nb;030l
bogzndgoe .
2.6.1 3603858030L 306390 3M0b3030 (POP-1)

dogdgmob Bogf bogmmobbdggo godmbocmggadol 360d36gmmds (360dgbgemmds,)
oMol 60dbol doMEsdnto 3b0dgbgmmmdol (3603369mmds,) aodmygbgds dnbogsobo
3M6&g4LE0b dodsmron.

360d3bgmmds, oMol 60dbol doMmesdama dbod369emmds; 360d3b6gmmds, oMol
o Jd gemols Go g bogmmalbbdggo godmbomJ 5590l 360d 36 genmds, ndgmdas godm-
49b9dmos bodbols 360d36g9mmds . 3bdgbgmals Mgeeddo(s 3o, 360dgbgmmds,-b gv-
bmegdo ,,d00ddgmob 860d369mmdsb®, Mowasb 3m3xbo3s30s boMmdsdqdemaw dgad-
mqds hsomgommb dbmmme 3530b, Hm(3s Ab3gbgmo 0ygbgdlb 60dbal 360dgbgemmds -b
03539 Mmd0gg&nb 56 3mzmgbals sebobndbsw, Maba(y dogdgmo aemabbdmds.

b0dobo Bom3s@gdom bmmme 35dnb aodmnygbgds, MHmss ab@gMm3mg@ o300l
3068 94bB0 LEMGs® oMl aobbodmgMyymon (s dgdmgsmamyymo). 3mbGg4LENL
da9bs 93ndbgds 60dbnl STAR-L:

S = space ‘bogM (39" (sgomn, Loz badsba BoM3momdss)

T =time ‘MHm’ (06Hm, Bmss badsbo Bo@Mdmocdss)

A = author ‘s3@mM0’ (539680, HmM3gm3ds(3 bomdmmggs 6ndsbn)

R = recipient ‘Gg(30309680" (539680, 3obogobsg bomdmomgzs 60dsba)

STAR-0b o 50bgfgds 3Go3ds@n 0L dgmm g 3G06(303000:

2.6.2 3603858030L 3gmeg 361063030 (POP-2)

60dbolb STAR-0 gobbodmgmeglh dobo Bomdmgdabs o ab@gMm3mg@ o300l
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dgdszoem 3mb@39JbEL 3mddgmabs @s 3bdgbgmals 3mbEgJLEYM dmba(3gdms dobado.

Mmameg 3o STAR-Bg @oy®obmdom @omanbogds 068 9M3Mg@sznal babyobo
3M6&9dLbE0, Lbgs 3mb&gdLEgdn dgadmgds gobolobmg®mmb 3Msegds@nzol dgbady
3606(3030L dabgogoom:
2.6.3 360a358030b 39Ls37 3nb(3030 (POP-3)

6036980L s 303d0Mgds dgbadadal 4393mMbEgJLEJOMS6 0b3Mgdgb@mas —
9939689040 6036930 nbsmdmgds bogndzmow sMLgdnmo sbMHMEMga bs jowal
MOM00-bMxz030  mb630dmg3Mimdom, bmmm 06 gM3Mg@o300bsol  sDMMIMngo
bogon 3dndyggds dgdmdagomo  gmgdgb@edmmmo  60dbgdol  Mmocm-bMgng
®5630300930mMsb.

d1bgdM03 960Dy bom3mgdmmo 3m3bogs300bdgdmbgggeda POP-3 g«qmobbdmdl
POP-2-b. 346906030 gbals 60360l Bomdmgdobs o9 0b@gM3mg@o(300L 30Mggma
bodogo oMb dgbabgmagmo 3mb@gJLE ol Mo dgndmgds BybEo aobbodmgms (POP).
d93009a dgagbomo badsbn Lo@yze-bodyzom M 393306H s 3MbEGIJLEOL mbals
99596968 0> 096808g36Hmdsl (POP-3).26

dgdega aobobobdrgMgds 3b0dgbgmmds, s Lsdo dobobyyMo @odolb 60dbols,
3960dme, Loddmemmb, 0bogdbol s  bLobgmal  dgbsdadobo  MgygMgbzoal
9975603 g9d0. boddmmL oMo 360dgbgmmds, oMol 3mb393@ Mo @ndob.

2.6.4 36539580406 dgmab g 3@ab;030 (POP-4)

boddmmmb Mgxkgmgbzool 394060B30 guydbgds 360dzbgmmds -b, Mmdgmos
3560b0DM3Mgds Mmame(y 3Mb393@ G0 Gnda. bLnddmemm, HmIgmog Im 393 emo
Bobowomgdada gobbodmgmmm soanmb 030398L, MgxgMmgbznsl sbm&(z09madl

26 ©gFogoonb @Mmom-bMgngn  0ob3ndwgzmmds 3bdgbgmabs s ImEodeMazal Mgg0dgddo
3ombobom ob@mmogds 3maboGogma gbodmmmanab gdbdgHndgb@mmn Bgogagdom, gsbbs-
Jogdoom bdmgabo gbalb nb@gMm3mg@ e300l dg8mbggzadn. Bogsmoamsw, nb. bywagn, §obgb3snbn
o bbg. (Sedivy, J.C., M.K. Tanenhaus, C.G. Chambers, and G.N. Carlson (1999) “Achieving incremen-
tal semantic interpretation through contextual representation,” Cognition 71:109-147) agma3obdmdgb
»065m0Dal megmb, bawsz gbmdMango asdmbamgzedgdal bgdsb@ozmmn 068 gMm3Mgd o300 brgds
96430G°R @ 0563033 MR, FyBgHIbEYE Jnymby Pdgsmm gaMrIbobgen.” sbygy, 9d-
963sM©o0 s bbggda (Eberhard, K.M., M.J. Spivey-Knowlton, J.C. Sedivy, and M.K. Tanenhaus (1995)
“Eye movements as a window into real-time spoken language comprehension in natural contexts,” Journal
of Psycholinguistic Research 24.6:409—437) 560365396, ®m8 bydogd@gdo ,8mbdgboemn dmbs(398580L
ymggmo bo@yzal 068 gMm3Mg& e300 g30dMamm@0 abin®mbalb dmmgmmob dodsmom sbgbgb nbjmg-
39b@ Mmoo s Mgugmabnsl smagbgb ©oggMgbnsmm@n 0bgm®madsznob domgdobmobsgy.”
sbammagon® 8mbadMgdgdlb gbgogdom sbggg Spivey, M.J., M.K. Tanenhaus, K.M. Eberhard, and J.C.
Sedivy (2002) “Eye movements and spoken language comprehension: effects of visual context on syntactic
ambiguity resolution,” Cognitive Psychology 45: 447-48.
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3M683dLE PO ©mbgdy  msgobo  8b60d3bgmmds,-al s 3ogdoMgdoo  dgbedadols
3Mb(393@masb.

Loddmemgdal MgRgMabznnl 894sb0D3L gbmeads 30g@mamMmadmman, Mopasb bnd-
derenmb 8 30g@ma®madnl a3bd(30mbomgds Abassgbos: mMozg dgodmgds L3mbEGebmMaw
0d69L g53mygbgdnmo (36mdaema Gndab sbamo mdogd@gdol smbabndba. gobbbgazgds
o0l 360dgbgmmds,-0b s ,bgednmob® HHmogmmdodsmmygdadn, MGmdgmoars bgdob-
30905 LoddmEmb dgdmbggzedn s dmEngafMgdamo 3og@mamadal dgdmbggzsedo.

0b@ggLbob 3oMesdomMo 360dgbgmmds, 4o60bsdmgMgds Mmam (3 3o60dbgdgmo.
0bggLgdol dogsmomgdas here, now, I, you, this.

2.6.5 36033858 030b 3gbymg 36063030 (POP-5)
0bgdbob Hgu9Mgbznol 394s60b3n gdysmagds 360d3bgmmdal-b, Hm3gmaocs
3560bobMgMgds MmamMz mfmn Jobobosmgdgmo 3sb0dbgdmnesb gfMm-gMono.
3063900 do;masbo d05603693L 5396@)0b 3MmbGgJLEB b s §Emwads 3MbEGgLE WG
3560969890, obgy C (€ Context, JmnoMadbgmab d96.), 3gmEg 805603698L 03968 by
5 gbmEgds 539680l 3560369390, ob¢y A.
0@, bobgmo A omb. bobgemo C - Bgobommsgn A Bgobscmego C

I, we you here there
he, she, it now then
this, they

0bgdLgda, AM3mgdLaz odgm gMmo s ngozg 35603690gmn, dgndmads gsb-
Lbgo3gdMEbYb Lbgs LnddbmmuM-aMsdsdnzyma dobsbnsmgdmgdom. dogsmoms,
Lo@ygs this-ab 3mbGgJLE M0 3560dbgdgma JgdbmyEmos ghmgnmo, byymm
9896968 9d0m, bmemm bo@ygs they dgbonymos 3Msgmmdomo Mmam s byyemo-
960, obg Qbymm MgxgMHgb@gdom. sbsmmaan@aw, you dgdmmomos bgdobdngMa
omEgbmdalb s Lgbol MgygMgb@gdom, MmMImgdaz IMbsbamgmdgb 3m3mba jo-
(30090, bengne he dgdemnmos 353Gmdoma Ldgbol gPmgnmo MgygMgb@om, Bm-
dgma(z 3m(393mm 3m3gb@do o gobobomagds 3m3nbo o(300d0 3mbsbomyc.

obgo  bLogmomot  Lobgmgddo, Gmam@oiss John o6 R2D2, 3oMmsdomo
360dbgbgmmds ol Gmmb  sbEnmgdgb 39Mdm 0goggmdol dom3gMgdo. obobo
3M6894LEYO ©mMbydg Abgdash, Moms doggomnmmb 03sdy, M3 MgxrgmgbEob
a56bb35390mm0 bsGgdo 53mMo(36mds Mmam(3 gMmo ©s ng039 0bmnznwo.

96md6030 mbsfab 3gmby (36mdogH 53968 gddn babgmmgdal od@nb eMmb brgds
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396dm 306396900 (Bomoa sbmgdal) bgmaobamn as8mygbgds domo ©s3ogdomgdom
LodMEdEMgdMng ©EMbyLmsb. 3ol dgdwga Lobgmoo Ggxgmgbns 0ygbgdl
LobdmaomMgdMag Mbgl, Moms ymagmo 39680l 3gGdm oM 39600 dgnbadsdmb

ymaqem 9396830 M9x596M96(300L Mmdogd@nb 3mabo@on® Mg3cmgbgb@s300b.

2.6.7 36033858 030b 39943Lg 36063030 (POP-6)

bogmoomn Lobgmolb Ggxgmgbommo 394960bdo gdystgds 39Mdm 3o 39Mb,
3903 939330600900 HgRgMgb300Lb Mmdogd@ob 3mabo@on® Mg3mgbgb@s(znsdo
dgds35m dgbodadol dom 396Mb.

bobgmegdol d9@&0 dgndmgds 0ymb gdL3maadnEn, Gmamt Bsmmmdal
(39698mb00bab, 56 03330, MmamE (3 d93gg Bogomomdo: 539680 A bgwssl
dobogolb 036md domel, Mmgmoaz dhggddn omdal s bab Abmgds, bob ggomgds
1hggdb. 50430l ¢by39@mdabmzgal 3maba@on® b Mn & nMgddo, Hm3gmoa(s sbwgbl
A-b 3mb6@894bE 30 dommol Lbgomsobbzs gsdmhgbol Mg3Mgbgb@o(300L, nbgMmagds
396dm 0g0g39mdal Jot 39 $#%&, Hm3gmo(g 035Dy Jommnmgdl, Gm3 abobo gBmbe
5 03539 0bngomb BoM3mawa96gb. 30l dg3wag 3o&Mmbo gdabnl dameb babgmom
Fido. 5396@&0 A 5(36md096g8L 53 babgmb — 5393306930 Mo $#%&-b Labmasmgdmogo
©mb0b Fido-bmsb. 8309M0sb 93968 A-borgal babgemo Fido 430330690 3m(393<em
domb, Ma3gbosz  Lobgmmeb  3addymo  3gMdm  doMzgMo  3o3d0MHYdS
9%9696@&30 (80l 3mabodon® H930gDgb@o300d0) BsbgmMane dgbedsedalb dom3gMb.

b0dobos Lbgsmabbzogszsm §o39dL (Loddmenm, 0brgdbo, Logmmema babgma)
dmmob bbgomds dmeged dg@dysgmgdol boffoemgdl (D36s, bgobsmmagn babgmo,
36bgd0mn babgmn) ImEnb bbgomdolb mmommgmbamy@ns. dsgomomsm, bgobsmmsgo
(B9@Y39mgdal bobomo) dgndmgds dga3b30aL Mmamey Loddmem ob 0bogdLbo
(60dbals @n30) — dogMad ofs Mmam (s bagmmama babgma.

sbgoo oMY 3ogdmmds  Bb30mbomMmo  sMol  dmBngomgdymo:
398Y39mgdal bobomgdn 356105396 babowowgdada Logygol FmM3daboGmn sl
(BmE0dMbGomm@  3035Mmgdgdl), bmmm  badsbms  §odgdo  gobLabdmgHaglL
98909630 394960b3L, Mmdgmoaz Lo@yzob 360d369mmdsl 3mMbEgJLE b
039330698,  bndsboms  §03gdol o Fg@y39mgdal  boboemgdal  3mEgmss0s
smbgMomos 3Maads@030b 39330007 3G06(303d0:
2.6.8 360a3858030b 39330009 36063030 (POP-7)

boddmemado a3bzgds MmamEy 936500, Dgobodmaggdo s s@bgdoomn
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bobgmgda. nbr 9 Jbydo a3b3ads Hmame (3 bgobasMmmsggdo s sMbgdoma babgmgda.
bogmomomn bobgm gdo 3363905 Ibmmme Hmam (3 sMbgdoomo bsbgmgda.
0 30M0goo: oMb gdomo bob gem 9dn a3b30900 Mmam (3 bnddmmmagda, nbogdLbgdo
5 Lagmmemn bLobgmgdo; Bgobommesgdo a3bsmgds Gmamti Loddmemmgdo o
0b9gbgdo; 36930 a3b30gds IbMEmE MmamE (3 Lod8dmemmagda.?’
Loomyb@Mazome gobgobormmo d93gan dsgsmoama:
2.6.9 9009603085009 60dbals §039dLs s 398 y39mgdal babomgdl dmmals

bog. bobgemo | Fido

0bogjbo | this here

boddmenem | dog | black | see

oMb, 9on. %865
bob. b;?bQ

bodobms n39d000s6 dg@&Yyzgmadol bobomgdol d0dsmo ygzgmodg bmgswo
360l boddmenm, brem L gnmamo Labgmoa yzgmoedg dgdrEmos. s doModoom,
398Y39egdolb 6560mgdl dmeol Lbgowabbzs Eodolb 60dbgdal odsmon yzgmsdy
bBmgseo 560l 5GLgdoma bobgmo (mdogd@n, sMa0dgb@o), bmmm b3bs (Bndsmmgdy,
B:96J@mM0) oMol yggmady 39 gryme.

Bobomogdgddn brgds Lbgswabbgs dg@&yzgmgdol bobormgdal 3m3dobomgds
030l dogbgosgew, oy 60dbol Gm3gemo Godn sMal god8mygbgdmma. dsgomoma,
dgdga ™M bobosowgdsdo 3m3dabomgdymos gfmo ©s 03039 398Yy39mgdals
boboemygdn, dogmad go3mygbgdmmas bnodsbms Lbgowalbgs §n3gdo:

2.6.10 boboogdgddn 39@Y39mgdolb bobomms s 60dsbms §03gdal gmEgmasgns

oM. B3bo bgob.
Lob. Lob.
Log. babgmao John
Lnddmenm slept
Loddmem in the kitchen
0bogqbo he
Loddmenm slept
0bogqbo there

27 gb gbgds LyBsb@ngn® doMmmglb s of gbnbssmdogagds 03 God@b, Hm3 abgmabn®, g9@3bayem
©s bbgs ggem3mm 969830 B3bgda dgn (30396 33050m@ 0bgdLnE 3M33mMbgb@L, 39Mdme, @Mmac
LobEgdol, Mo(s o6 sbaboomgdl, dsgsmomar, Rnbn@b.
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3608358030L gb dz00 3M0b(3030 oMo oMmBm mgmMogymn cgzambsdGHabom
otal LanbBgMgbm, oMsdge LyMombdyem  aogmgbol  sbEgbL  3MINbogsznado
LobBg3ob 3Mod@ngNm ©obgMazobs s dobabyyM Gbznmbomgdsdy. POP-1
Lodmomgdal ndmgzs 9MBobgmabgsb gob3sbbgomo 6odsbms Bndal doMmadnmo
960dgbgmmds, s godmbomdgeddo 3mbiMg@mo 60dbal gsdmygbgdol 360d3-
bgmmmds,-ob sb3gd@gdo — Mo 96l bgwsdommo jmI3mbooy®mmdol 3G0b3030l
00bsb3o  LobEgInco  LobGo LyMm-bgdsb@ngntn  Sbomabol  babsdommds.
POP-2 ¢ bc¢bggmymalb sogmolb Bg@@omb 0bwgdbgdol ©Omom-bogMsmo
0b@BgM3M 9@ o (300bmz0lL s, 93 bsow, 353mygbgdol LbBmMa 3mbE gL ol 3mgbal
Bobodn@mdss.  POP-3  a0bLodmg®mogh  0b@gm3cg@oool  gbogozomgdmm
399960b3L, HmIgmog 3mdomdl Immadamazobs s dbdgbgemal Mgyodda. POP-
4, POP-5 s POP-6 b0dobms ygmggmo @od3obogol go63s0@80396, oy Gmgm
139330695 ab bagmmobbdgs Mgugmgb@lb 0b@&gm3mg@ o300l 3mbdgjLb@do. POP-
7 356boDmgMagL, 9 Mmommgyemo 398 y39mgdal boBomabmgalb MgugMgbsnol bLado
bLybgdmemn d94560B3nsb MMIgmoa Mbws ngdbgl asdmygbgdmma.

3608358030 dg0 360b(303bg oyMbmdom gbol SLIM ogmins sbrgbl
dbgdMngo 3m34603s(300L 394060B30l dmEgmomgdsal s8bLEMmad300b 03 mMbyby,
Lowaz gbol gosdMmgdymn aodmygbgds (i) 9od0sbbs @ 333056L dmEob oy
(i) 5033006bs o Lomsbosme JMbLEGMMaMmgdym 3mabodonm 3564565L dmMab
LogMom 3M0b(30398L 93yaMgds — DbGo© abyg, Mmame (s abofMo s sgnsmsnbgfn
OxM0b5396 59MM©Nbs3030L LogMmm 360b(303980L bLogmdzgmby.

dmbozgdms 3%l bgdsbdnyo d93mdsz0s Mmames SLIM-ab 894603960
Mgomadazns  dmddgn  3mI3om@agdgma  3GMmaMadol  gmmdoo.  SLIM-ob
0b& oo mgmool d934dsggds bogdmms dmbazgdms dobol Lgdsb@ngzol
&9dbogno  Lodmomagdgdol  dgdndeggdol  SsMomgmufo, 3gMdmeo, LA-
36358030L  smamMomdabs — CoL’89-30 o Lodygzems 3sb30lb dmbsozgdms
LEOYJG MLy — FOCL’99-3n (ab. sbggg TCS’ 92000 AlJ’01).

0033865 moom g 00d 30emdos
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A PARALLEL CORPUS OF THE OLD
GEORGIAN GOSPEL MANUSCRIPTS AND
THEIR STEMMATOLOGY

Natia Dundua, Armin Hoenen, Lela Samushia

Abstract. In the frame of LOEWE research unit “Digital Humanities”, a parallel corpus of the
oldest Georgian Gospel manuscripts is being prepared at the University of Frankfurt/Main.
The aim of the project is to establish an electronic synthesis of all of the most important
Georgian Gospel manuscripts on the basis of parallel-diplomatic editions allowing scholars
to compare the different versions of the text verse-by-verse. The software program used for
the storage of the texts is Toolbox, which has proven to be a convenient working tool for
entering a large and structured set of parallel text versions. In the present project instead of
collecting and editing the evidence from a minor set of witnesses, information from all of the
most important sources available has been reproduced faithfully and completely reported
in a parallel format for the first time. After the preparation of a comprehensive electronic
database of all texts available, it is planned to automatically group the manuscripts according
to the different redactions with a view to generation of their stemmatic interdependences

and to compare each redaction with Greek and Armenian sources.

Keywords: Old Georgian Gospel Manuscripts, Parallel-diplomatic corpus, Stemmatology

176



3M33NI&IGNBOBNY

1 Introduction

In the frame of LOEWE research unit “Digital Humanities”, a parallel corpus of the oldest
Georgian Gospel manuscripts is being prepared at the University of Frankfurt/Main. The
aim of the project is to establish an electronic synthesis of all of the most important
Georgian Gospel manuscripts on the basis of parallel-diplomatic editions allowing scholars
to compare the different versions of the text verse-by-verse. This kind of edition enables
the reader to grasp the variations between the witnesses at a glance. This is an extremely
useful prerequisite for identifying textual variants in a given context, and for determining

which version might be usable as the base text for a critical edition.

2 The History of the Old Georgian Gospel Manuscripts
The history of the Old Georgian Gospel manuscripts begins with the palimpsest
manuscripts from the 5"- 7t centuries and ends with the manuscripts from the 18 century.

Today, about 300 manuscripts of the Four Gospels are known in Georgian. Of these,

about 40 codices include the oldest text versions of the Gospels.

Scholars assume that there were three redactions of the New Testament in Georgian,

each representing different stages in the translation process:
* the Adishi redaction (IX c.)
* the Praeathonic redaction (5™-10% cc.)
e the Athonic redaction (from the end of the 10%" c. on).

Within the Athonic redaction we can further differentiate two sub redactions, known

as Ekvtime and Giorgi’s redactions.

3 The History of Editing of the Georgian Gospels

Traditionally, there are several types of manuscript editions: 1) critical editions,
which use the evidence from all manuscript witnesses to create a single (“critical”) text; 2)

diplomatic editions, which aim at providing an exact rendering of the contents of one or
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several given manuscripts, sometimes —in parallel arrangement; 3) facsimile editions (from

Latin fac simile “make - alike”), which provide photographic reproduction of a manuscript.

For the time being, there is no critically accepted text of the Gospels in Georgian. A
principle feature of all previous editions has been the eclectic nature of the text, which means
that the edited texts mix together words or phrases from several different manuscripts.
Only recently scholars have started to publish also diplomatic editions of some Georgian

Gospel manuscripts.

In the present project, however, instead of collecting and editing evidence from a
minor set of witnesses, information from all of the most important sources available has

been reproduced faithfully and completely reported in a parallel format for the first time.

4 Sources

Our scientific group is working with the following kinds of sources (all dating from the

9th to 12t centuries):
I. Photos of the manuscripts [Kurashi 11 c.), Tviberi (11* c.), Vienna (11%*c.)];
Il. Facsimile editions [Adishi (897 A.D.), Anbandidi (9 *" c.)];

lll. Edited texts: diplomatic, parallel and critical editions [Opiza (913 A.D.), Jrutchi (936 A.D.),
Parkhali (973 A. D.)], Sinai (978 - 979 A.D.) Theti (995 A.D.), Urbnisi (beginning of the 11t
c.), Palestina (1048 A.D.), Gelati (12 c.), Vani (12*-13% cc.), Echmiadzini (12"-13% cc.)].

In the editions which are built upon the evidence from several manuscript witnesses

I/I

to create a “critical” text, variants are usually given in an apparatus criticus. In these cases
we reconstruct the original wording of the manuscripts from the apparatus and edit each

manuscript separately.

The resulting parallel corpus of the Georgian Gospel manuscripts will present the texts
in their original form side by side, which means that a) nothing is corrected, not even the
mistakes presumably made by copyists; and b) abbreviations remain discernible as they are,
with the abbreviated letters being indicated in brackets. In the manuscripts of which we have

photographs or facsimile prints, the punctuation marks used in the texts are rendered as well.
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Differences between the Manuscripts

The manuscripts that are treated are written in two types of script: majuscule and

minuscule. The major difference between these scripts consists in the spelling of the sound

u,

which in majuscule manuscripts was written with a digraph (ow). The electronic corpus

maintains this difference by storing the digraph where applicable.

6 Toolbox

The software program used for the storage of the texts is Toolbox that has proven to be

a convenient working tool for entering a large and structured set of parallel text versions.
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7 Manuscript variation and the Vorlage problem

According to E. Tov (1997:4), “the study of the biblical text involves an investigation of its

development, its copying and transmission, and of the processes which created readings and texts

over centuries. Some of these differences were created in the course of the textual transmission,

while others derived from an earlier stage. Scholars try to isolate and evaluate the readings which

were created during the textual transmission by comparing them with other textual data”.

It is known that medieval copyists used to work on one or more Vorlagen. As a rule,

copying the text caused changes in several ways, and the reason of the changes could have

been of two natures:

1)

2)

Clerical mistakes: Although it is known that the copyists tried to be as accurate as possible
while copying, that is why they are known as ‘mirror-copyists’?, they were nevertheless

not secure from errors (such as misspellings, homoioteleutons, homoioarctons etc.);

Purposeful change of text: Adequacy and accuracy were always aimed atin the production
of Old Testament and New Testament translations: As the Holy Book was regarded as the
word of God proper, people believed that “it should say the one and the same” in every
language. The translators of the Bible were keen not to add or take away anything, but
to protect the original shape and wording. The old translators did not attempt to adapt
the texts to their readers by adjusting readings etc., but to transmit the wording of the
original as exactly as possible — both in its semantics and in its style of expression. For
them, the primary concern during the process of translation was to provide the sense of
the internal faith in their translations, thus preserving what “the Holy Spirit would have
given” them (Kharanauli 2003: 17-21). In spite of this, however, the editors or copyists

of the manuscripts used to change the text purposefully under the peculiar conditions.

Such changes between the texts were of two natures:

1. Intra-lingual:

Different spellings: changes may be due to misspellings or cases of adaptation resulting
from language change. If, e.g., the language of the copyist has undergone a vowel change,

the copyist may decide to replace the “incorrect” form of a given word by a “correct” one;

Different kinds of abbreviations: abbreviations were usually copied as they were, but it

The term is from Benskin & Laing (1981).
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happens that a given word is abbreviated differently in different manuscripts;

e \When the translator or the copyist did not know the exact equivalent of a given word in
Georgian, he tried to select a maximally exact equivalent, but this was not necessarily
the best choice for the next copyist. This person then exchanged it with other words,

thus establishing new notions, or transliterated foreign words;

e Grammatical changes such as, e.g., the exchange of passive and active diathesis, relative

constructions, or other examples of modernization of the grammar;

e Addition/omission, mostly in an attempt to make clear the meaning to the reader.

2. Different sources:

Variations among the Georgian Gospel manuscripts sometimes are caused by different

sources:

e When the different Georgian manuscripts have different Greek, Armenian or other
Vorlagen; for Greek, the project can rely upon Swanson’s (1995) parallel edition of all

Greek Gospel manuscripts and for the Armenian so-called Zohrab’s Bible;

e When differences between the manuscripts are caused by the internal interplay of

different Georgian redactions.

After preparation of a comprehensive electronic database of all texts available, it is
planned to automatically group the manuscripts according to the different redactions with
a view to generation of their stemmatic interdependences and to compare each redaction

with Greek and Armenian sources.

8 Stemmatology

Stemmatology studies the genealogical relationships of textual witnesses. Furthermore
it comprises the representation of these relationships as graphs, most often as trees. It
addresses questions, such as which manuscript has been the vorlage for the other or which
manuscript is the closest to an archetype or whether there are several archetypes, can
redactions be located, which manuscripts are the most peculiar and so forth. A special
focus of attention can be the multilingual stemma generation involving both Armenian and

Greek sources.
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9 eHumanities Desktop

In the] eHumanities Desktop, a web-based computing platform for humanists, one
module, the Collation Browser, shall enable textual scholars

a) to compare Manuscripts via a File DIFF algorithm and

b) to generate parameterized stemmata for individual (sub)corpora.

The Collation Browser
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10 Parameters for Stemma Induction

For the stemma induction, different parameters can be used to generate a stemma
with the focus on different characteristics of the witnesses. By choosing a distance-based
method whilst ignoring differences of easily confusable, thus likely corrected and hence
stemmatologically less significant deviations, a stemma can be obtained that might be

different from a character-based stemma. A comparison of the results can lead to new
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insights on which methods are preferable for which textual data as is known in biology. We

focus on the following parameters:

Layout: the graphical layout of the relationship-graph
— Linguistic Unit: the linguistic, metric or textual unit (performance related)

— Method: Distance-based (letter similarity, performant) and Character-based (sequence

sensitive)

— Algorithm: various bioinformatical algorithms, plus new variants and implementations

of exclusively textual analyses stemma generation

11 Innovations of the system

To the best of our knowledge, it is one of the first platform for web based automatic
stemma generation, with a choice of individual subcorpora, algorithms and linguistic unit.
The TTLab Alphabet XML in which the letter similarities are stored is another development
generally applicable for the representation of alphabets and other writing systems.

12 TTLab Alphabet XML

The header contains the general information about the applied writing system, such as
letters, letter names, the canonical sequence of the letters and so on. For each letter pair
of a writing system, the three modal distances of the visual, acoustic and motoric faculties

are stored in a range of 0-9.

<letterPair>
<name>®P Y</name>
<type>bidirectional</type>
<visualDist>3</visualDist>

D
</letterPair>
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13 Character-based Stemma Generation

For the Georgian data we applied a character-based stemma generation where each

verse line was converted into a genetic letter for a manuscript.

1) The data of a verse and letter assignment according to identity:

\c Jo0.20-28

\taC domzam o 3hgm3zo omdo m{3goc}o Bgdo o w{dghlmo Bgdo >> A
\tc doyam omdo o 3hJyo dob: 3goco Bgdo o wdghoo Bydo! >> B
\tcR 8opagm omdo> po 36gyo dob: ygogo Bdo o edghmo ABgdo! >> B
\tcP dom3zam omdo o 3hgmzo dob: m3gogo Bgdo e mdghmo Bgdo! >> C

2) Appending the letter to the genetic code of each manuscript:

taC cccccccescccesce + A
tc AAAAAAAAAAAAAAAA + B

tcR DDDADDADABDDBCADD + B
tcP EEEAEEABABEEDDDEE + C

This letter was appended to a manuscript DNA and served as the basis for a given

stemma: Georgian Manuscript Stemma

=K
tgH
tgl
tg
tcK
| tek
teG
tpb
__________4_____4mx
™w

t1
d
tc

tcR.

tcP
te

teF
teA

| tcE

taC

tcAn
tet
tcD
teB
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