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MM gbmgabo gu@mbomo ,96s, mmgogzs, 3mI3anBgmnbszns” saMdgmagdl, gMmo
dbcng, 9bal, mmagozobs ©s 3m330y@gmadsznol 33mg3oLmab ©s393d0Mgdmmo
3aobog®o s Mobmgbo bmgbmasbo mo@gMms@ Mol Jotoym 96obg moma-
3067930l 303mg3994690sb, dgmmg dbMog 30, LogMmedmmabm bLedgzbngMm BMmggdl
3(36mdL Jommzggm 393609 ms 3EM3gdL 0bgmobn ©s/s6 g9M3sbym 96506Dyg.

FJEbsemn 3mIbses mbyy ,960l, mmaonzobs s 3g@&Yy3gmgdob® (396@ Mol nba(z0s-
03000 s bogMmadmEnbm bLnd3dmbaydal LLC ©og3nbsblbgdoom, Mabmgabsy bamm-

3060bs(30m 3m30B)g@L NrEm3gl dommdal dmgoblbgbgdo.

a0dm (3930l Mgsd@mmgdo

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 Sympozium LLC.
The aims of the journal are twofold: It should increase the availability of the most funda-
mental publications of logic and linguistics to the general Georgian audience by translat-
ing 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.
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dqbogaema

dogbgsga 0dobs, M3 Aggb ymggmomonmee 30ygbgdo gbsb s dgbadsdabo
Bomdmoagbss a39d3b dobdy, 0dznsme 3x0dMMdm ol gobomem  dmbgdady.
39(3b096M9d0  3Mogammn  Lagombol dgbobgd  Bbgammdgh; dsgsmomewm, gbol  g.6.
»99b39OG0“ Momnsd Lggsogma (William Safire) a39bomdMgds Lodygol hopefully
3@3LBmMM 358mygbgdadyg, 96 mad300L g30300bsogl Lo yzal boondoggle Bosdmdmdals
dgbobgd, dogmsd, hggbws asbsgzoMo, obobo ggMobmegl Mobrmmgmgdast g6l
F938oM0@o@ aobamzam dmbgdsb: Lobsdwgnmgdn Gmam® dndomdl gbs MmamE(s
Moo 394560b30. Imwom, bsdom ©s3R0dMLgm. d3gb joobnmmdo s ggLbdom
6980LdngFn  BgduBOL Bnbssmbon, Bog@sed oMs godgo  go(3bmdogMgdamo  (3mEbs
030l Jgbobgd, oy Mmam®  sbg@mbgdor 83sb. 83  KoEMIHMboL  dgbbsogms  sfab
960039 (36096980L  Lagaba. gb Bogbo gbgds gbolb dgbbogmal gfm-gHor sb3gdEL:
Mgm® LEONIENMMEYds bobswswgdgdo, 569, oMz MM godzem, babGsdLb.

965 BoM3maagbl  ©@s80560L  GLogmemmaon® 86 3mabodom® Lo gnmEgdsb.
qb, dsgomomom, b0dboglb, ®m3 Ryl  B30bdn bgoMmbms  asM33gmmo  xamBab
35000b056980b dgga90 3g o9 30z s BoMmImgJd6n sbmms 53 30dwgzHmdaL; sba3g,
0g396L &306d0 bgombos Lbgs gamyal asmobasbgds Ladmemgdsl asdmggzo gb
Robeamormmn d0dggmdgdo maMadbmo dgbodsdal aoboggd sdMgdoe s nEggdsw.
y39moxzgmn gb Medwgbndy J3gLobE Yol Bmdemdol dgwgans. asbzaboemma obobo
dm3gma. o) bdgbo hgdb madsmszl, 3g Bodmz4dbo dggMoms @sommgdl Agdo Labdm
Lodgdom s BsMBmzmd3ed aoM339mem Ladg@yzgmm dagmgdl Rgdo gboom, dsgggdom
o babdm Lodgdom. 3MMm(39Lol dmmmb 0dzgb Ybws gongmbmm bdmgsbo Gommgdo
5 bs mMadbmm obobo Lodg@yzgmm dagMmgdos mgzgbo Lobdgbo s3oMo@ o0l

a53myqbgdom. 398 Y39mmagdal s®E0gnma0nbs ©s 531bG0galb Jgbbsgms gmby@nzab

1T 300350mdo 9. 3o6bogl Bogbol dnzgma boBamals (396gMe@ammo afsdsdngs. dqbogomn) oamadsbl:
Andrew Carnie. Syntax: A Generative Introduction. Third Edition. 2013. Wiley-Blackwell, A John Wiley &
Sons, Ltd., Publication — Part I. Preliminaries. Generative Grammar. pp 1-29.
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Logobos.  Mmami 3o 90530560  3oM©oddbnl  b3mM3zsb  Gommadl  badgGysggem
339M980L 3gb@omum bomdmoagbgdsm, ngn 33g S3bsmndgdL dsor FoM(3zmgde
5 3mdggol dgbodednbom. dogsmoma, abamobnm gbsdg dmmadsmszggdds o(30sb,
3 bodmddboemn Lo@ygs bluve dgbsdmms agmb abgmolyma Lodygs, bmemm bnuck
— oM. 3g(36096980L 53 Boboml gbmmgds BMbmemmans. dm3wg3bm Loggbm@mdy
053056930 00gdgb dagfoms o3 xaMBgdL s domo LobGgdnmo omaagdom §dbosb
360d369emmdals 3Jmby gEmgnmgdl (amﬁ)cggagbb) 5 bo@Yyzgdl. dogomoma, Lodyss
dancer 35003905 360d36gmmdals 3Jmbg mto gfmgmobsgsb: dance s bLygajbo -er.
960l 53 EMbydy 33mmg35L gbmEgds IMmMBmMEmans. dgdwga 0396 smaggdm boGysgol
BMbgdo > Babswamadgdsm. 9bmdmogo LobEBg3alb o3 @mMbal JgLbsgmabsmgals
Bmgaswo &gmdnbos babsgdba. Ladmmmme, BMsDgdLS s Bnboawgdgdl, MmImadacs
39L30m, 35MEsJdbom sbMgds s 0 gdsm. gb oMol dmemm bsdogo, GMIgmacs
d0gdommgds 9bmdmogn Lab@gdol dgbbsgmol bydsb@nznm mbgl.

LobGogbo dgobbogmal gbolb 03 @mbgL, Mm3gmory Imgignmos Lodyzgdbs ©s
353mbomg358780b —Bnbssewgdgdal — 860d369mmmdgdL dmmab. gb o6l gns@mermmon
©mby Bo8mmddnm 3a96qdbs (Bm3mgdo LoByzgdsm Mol mMasbnbgdmymon) s
035 dmE0b, Mobo omdds bLyGo.

960b  3gbBogmol  gfom-gMmo  doGomsy  gobomzatn  sb3gd@n, dmdsm, o6
a9eobbdmal dbmemmeo bo@yzs demerit-als bodmdsgmmdol dgbbogmal, 31bd@msznal
BgLgdl o6 03sb, oy Mmam® asbaMmagl do3d39d3ds nbamabymoa gbs. bobsdwgamgda,
9L oMol 33mg3s 030l Jgbobgd, oy Mmammos ads dagMgdowsb ©s Lo®yzgdowsb
360d3690mmdgd03g. b G0l Lob@ogbob dglbsgmoal Lagsba.

1. bnb@Gsgbo Amagmem(3 3mabnGoymn dg(36096985

Jmabodoamo dg3b09mgds dImo3o3L 03 @abzndmoboms  ganxl, Gmdgmomss
sdzm gfomn s 0gogg 30bsbo: smbgmmb s sbLbSE s@adnsbal dgbadmagdemmds
05bOM36mb (o6, QROM  3Mb3OgG Mmoo, 0x50dMmb  sdLEMSJG M (369393,
mgm@gdo(30s bmdo@mnmo babomszgda, Lbgs 3emsaby@gddg Lozmzbmob s@bgdmdals
Jqbodmagdmmds, b ombwsy Medwgbo sbg3gmmbo ©og@gzs 673Lol B39Mdg, o
bb3.). 9o M9, M3 5sdndbgdl gobsobbgaggdl Lbgs (3bmggmgdabogsb, oybos(s
dgamgdoo gcm 330060 d03356Dggo0bs s L3nemgdabsogsb, oMol ob, Mm3 Aggb
dga30dmos  3Mmend@ommem  gsdmgoygbmo  gbs. gbs 335dmdL  3603369mm3s6



J6d

Gl 33LbGEG e (36g00ms  gosDEMgdado; o6, L dzaMg, AsbL, Gm3  gbs
LEOYJGHPMYENmos 0333505, MM ol azedmgsl  sdLEMJGMmn (3690900l
353mbs@ g0l Ladmamgdsl.? sda30Mow, M0baznbEngs sl 3maboGoymn dg36ngMgdals
gfo-gton  3b0dgbgmmgabo  J39mob30dmnbs.?  Bobswswgdgdom  gsdmgbs@ezm
BLEMo G mmn sbMM369d0l  3Mm(39LgdL, dbg MM, LobGoJbalb BgbBogms sMal
360d369emm3560 LayMagbo 0dob gobsggdsm, o) Mmam® 3839sMgdo 3mMIM6a (30l
5 3MMHMN0gMNMOm §Mm3obgmnmsb.

2. bobBofbab Impgemnigds

bmod AmdLgnbs s 3ol Mebsdmadmgms dngd dgddboemn dmagmgbo Labdsdlbyma
ogm@onlb  dmegmomgds 1950-0060 Bemgdowsb 0bygds ©s aMdgmogds ©emgdwy.
83 ogmeosl, Gm3gmbs aobznmemgdal 3Mmzgbdn Lbgswabbzs bLabgmo 3dmbes
(BO6bggmMBsz0mmn a@sdsdngs (TG), GEMobbym@mBsomm-agbgMagammoa amads-
G039, LGSbsME Mo MgmMns, 3o3M(3Mdamo LG SbEIMEG MmO MgmMos, dotmgabe
5 33gmmdal ;mgmos (GB) (Government and Binding theory), 3606303980 ©d
3565398 mo 8ngmds (P&P) (Principles and Parameters approach) s 306085mab30
(MP)), bdoMo 3mablgbogdgb, Mmams agbgMms@oym amsds@ngsb. 33 33etmgz0mn
36MmMaM330sb Bomdmndgs dmgmo Gogn LobGodbaMmo mgmEngdal asbdGmagdgda.
qb dmoze3b madLognE-gMbdsombormn@ amMadsdn ol (LFG) 5 0153000-35MOYO
BMbob  LGONJG PO gMddoG03ob (HPSG) (3[5360(3 39690580  aMadsdn oo
ool 30Rbgmemn). aqbgMo@ommo aMmads@ngol gMm-ghma 39Mbos, MMPgmbsi of
39@&9bow 393969800, 360b, Mbgde MM gmdzom, 36nb3035dLs s 3MedgGMgddy
©58ysMgdmma mgmtommo Jogmds (Principles and Parameters approach), oygd(ze
57936 dogomadng goegobMgdom a@Mm sbama 39Mboobggb, Mm3gmbsi gbmeagds
d060d5emnb3n.

3969Ms@0mmo  afMeds@ogolb  dofomswo  mgbabos  ab, GmI  Bobswswgdgdo
Bom3m0ddbgds d39(36mdogo 3Mm39Lgd0b dgogaso (JmBSn‘g@gﬁan 3Mmamadgdols
3basgbs). gb 3Gm(39bgd0 BoBBmaaqbl Bzgbn sbGHMZ6530L, 56 bbgs Lo@yzgdom Gm3
30d300m, 3mabo@on@o dgbadmadermmdgdal, Bobomb. LabGedbnEn mgmmaal dnbdsbas,

2 Dooogh o o6s gbs 08 s8LEGGSJE MM MEgbmdgdl, BmBmgd b3 396 380JHMdo (58 0gsmbobEHLL
9bmegds Lg3of-gmMgol 303mm3%o), DomMgboe Logsdsmm bsgoombos ©s LobGodbol Bsmamgdl

(3900.

3 gbogmmmansbmsb, bgommdg3b0gMgdgdmsb, 3mdnbogsz0sbmsb, gommbmgnsbmseb s 3m83nqEd-
e 3g(3609698980006 gfmow.
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35656(8mmm 53 3Mm(39L9d0L BmEgmomgds, 364, Rz9b 3(300mmdo BaMdmznaobmm,
s 303000 J39(36mdogmow hzgbn 960l LobEogbol dgbsbgd.

39696s@0m aMsds@ogsdn 3 3Mm39Lbgdol dmegmomgds brgds gm@Isemm®a
aMsds@ogamo  bgbgdol LodGagmoal dgdzgmdom. ombobndbagns, Gmd o3 Bgbgol
0MxxgMo oz LogFom 03 gMsds@ognm  Bgbgdmsb, Mm3mgdbsz  bgmeado
Lbogmmdom. obnbo 56 gobbBogmnsb, Mmam® Mbws abdstim LEMMs© 39bJéms300b
60d6gd0 Boboagdsdn, 36 Mm3 oM bs gobmofm abgnboBogn. 830l bozzmac,
abobo  a39%869b00b,  Mmam®  Mogb, ogsmsgmm  Ln@yzgdo  Bobswawgdada.
dogomoms, abamobymdn Lydogd@o gmggmogalb bob wdemgol B3bsl — gb sMab
abgon 0bgm@mdss0s, MMIgmai 3MmEoMgdmmos a9bg@sGomm bgbgddn. 83 Bqbgdds
mbs BoM3mMJ3bsb, Fmaboobmb babswomgdgdal agbg@szns g6sdn. oJgwsb Bmenls
Labgebmegds 3969 0memo afsdsGogs. md3zqgb dgandmnsm ogoddmm o3 6gbgddy,
mgmM3 660dsbgdedg 3m33onGgfnm 3Mmamsdsdn. ob, 3m33nm@gemmn 3MHmamadals
dbgogbow, badng-bsdoy ogsmagqdabgdo Lo@yzgdlb bobswswgdsdo.

3. bobBogbo mmgmez dg(3609M985 — d9(3609(9ema dgomeon

558056ms 3Oz abmdobamazal 9bols dgbbogms Fogzmmgbads 3mdsbo@ommem
39(3609698908L, Mo 6adbagh, Mm3 gbolb dgbbsgms gdLobyMmgds Bbmemm  gbal
a53mygbgdolb  ,333960969d0b 30Ma (0> oMoy abg  3oMa)  mo@ Mo m@ado.
091339, oM 3MbLYdMAL bbgs 3mb3Mg@mmn 3odgbo, aotws Azgbo dobEMoxgdabs,
Londobme, M3 gbolb dgbbogems dgzdmEmem 3dsbo@strmma doamdom. sbggg
dgbadmgdgmos, gbolb dgbbogemal Fogmoagor dgzbogdmmo 3gMbL3gd@ngowab; gL
960039(36096930L bggFms. s@sd0sbgdo, MmM3mgdoz dgabbagmnsb mo@gMmodmmsl,
bdoMo 5ebsdomgdgb 9bsm3g(360gMgdl, Gm3 ababo asm@dosb Fofgo 3Gmbab
LodEoEMgL s AfMwamdo 3439396 9bol 3d39609MgdsL. b Lodsmmmalbgsb dmMbss.
960339 (3609Fms  AMagmgbmds, 83 635dMM3al s3@MM0L Rsmgmaom, Losdmgbgdom
300bmmdl mafmgdam dbs@ 3zt mo@gme@ Mol s 89803, dm3oxbaggw, obobo
bdoMo dg0bbagemnsb gbol 3mdsbodemmm sb3gd@qdL. gb, Ms mdds Mbrs, 56 60dbsogl,
™8 0bobo o6 5735L9396 s 5 LBs3EMMEg6 gbal BMEBomME 0305893l (56 Bgbgdl)
s 83sLb Ibmemme 3g(360gM o 3gML3gdEng0sb gsbabomsggb. 9bol dgbbagemals
9L mM0gg doamds moMgdymos, abobo s3bgd90 gMHMISbgl s o godmmn(zbeggb
9ol dgmEnbogsb.

39(3609M9385,  dgbadmms,  gfm-gMmo  yzgmody  meMmodamom 363G gdmmn
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Lo@yges 0bgmobn® g6sdn. Azgb 3g(36ngMgdaw nbgm 8sdnsbgdl dngnhbggom, GmBmgdacs
LBOgEMEI6 d59@&gM0gdL, BobagMM boborms3gdl, dodommn BagMomgdol Bamdmddbsl,
o19(39, Jmhodn Mm3 3Jznobmor 69d0Ldogf kML o6 goeb, s ofMal  3g(3bogmgds,
35g0gotegdsm  Mognsbo  aob3sMEgdol domgds. BoaMmed mogsw  dg(36ngMgdabogals,
F9(3609M985  Bogdstimgds  dgbbogmol  geMzzgmm  Bgoxmmmemanal:  Ladg3bngMm
3900m@b. Ladg(3609Mm dgommgdal (36988 Laggmdggmb 0mgdl mdggmagl Ladgmdbgomdn
(o@nb@m@agg, 933000003, o@doagggg). dgomEo 3mo(3o3L dmMba(39390dy 0330639030,
dmbs(398ms Imegmgdal gobbmasmgdsl, 303mmgbdgdalb asbgnmsemgdsl s docgdmemo
303mmgbgdal  30edmbdgdsl mytm dg@) dobomady. Ladmmmme, gb 3n3magdgdo
350506900985, Mams 3gbadednbmdado 8mgogl sbaem Fsbomabmsb s ddwga  33eme3
35053mb3ab. 3500m@olb Msb30dg3Mmds sbg dgagadmns Bamdmazsanbmon:

1)

dmby(39dms 3gaMmm39ds s s dy 33063935 -

!

356Dma39ds

!

303mc9bab Rsdmysmndgds

"

I
y

LobGodbdn 83  dgmmEmEmansl  babsowgdal  LEMYJG ML 33emgz0LAL
30949690m. LobBogLob L3gznamab@gdo 0bygdgb* gbmdmng dobomsdy wszz30Mgzgd0m,
399 dobarmsdn Im3mggdmem Bmegmgdl  asbobdmaswgdgb (Bsy., 0bamobmmab
356803 bGMdnm Bnbowsgdgddn Lmdogd@o Bab MLEMgdL b3bsL), 9daa 589396
303mmngbgdlb s 93mB3gdgb 3o g@mm g8 LObEGOJLME Bobommadg. dmemmb, oy
Laogotm gobos, NdMbmgdnshb s aossxysbgdgb dodmmgbgdl.

4 gb mEbsg Bymdg@om asBsm@nggdmmoa La@smns. of bLoddy agzsdsb »dom8abs s  339M(3babL®
3MmdrgBabmsb. mgdggb o dgodmads omegm, s dsboms mbos 3gobBogmmm, o o6 gsdzo
303mmgbs 080l Jgbobgd, oy Mo oMol 8608369mm3s60; s ®d3gh o6 2394698500 3n3magbs, oy
o aodzo Momaz doMomomo Bom3meanbs 3sbamodyg. LadgwbogMme, abgzg, Bmam®s bobdedbda
8m3nds39ms gb GoenmbmgnyMmo orgds bdnMaw sMsMgmgzebdmmns, sbggg 8gazodmoas gowsoggdgem
mM039d0 geobs ©s 03539 EMML — 303mmgbab BmMIamgdobs s dsbamal sbsmmnbdo.
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303mogbgdo Labomagdmms Fbmmme 3MMabmbab asbs3zgmgdmom. 3ndmmgds,
Mm8gmoag o6 odmgzs 3Gmabmdl (56, @amgl 39dmbggzedn, yzgmomg@lb «dz93l)
1goMa0bos  Ladgsbogfm  mgombsobdnboo.  39fMdme, 3odmomgds  Ybos  aymb
dgLBmAgdswa. gb 0dsl 6036sgL, MM Mbrs dgazgdemmb dmgzndomom sndg Jobome,
m3gmoz, 0 F9d3560@0s, a30h39693L, HM3 3ndmogbs d(35Mns. Azab BInMow
399960 393mb3zq39dL, Mm(3s, Azgbo d0dmmgbgdal dobgwznm, Babswawgds ¢Mbos nymb
2608580390 (s ab o6 560b), 56 98mbzgzqdl, Bm(3s, 303mmgbgdal mobsbds,
Boboomgds sMogmads@ngnmo 1bws aymb (Bog@ob bsbobssmdmgamm).

LB SL3n J03MMxDBYdL gbmmgds Bgbgdn, bremm Jodmmgboms xanib, Mm3gmoy
smbg@b 96ob Lob@oJLl — aMsds@ogs.

&9gM30bds  gmsdoBogo  dgbodmms  bmang@mo  hggbasbo  dgodgmaomb,
0di3e 0dmsegomzgg Ibos 50bndbml, MmM3 oMmbLgdmdL amsds@ngmma bgbgdal
Rodmysmndgdol mfn abs: ghmo — Gmdgmoai sLbogmol 5s305b93L, Mmam
@6@s 0md35653mb (gl oMol, o ®gds b, 0bgmabyal 8sbBogmgdmgdobs
s Mood@mmms  bsgddgs); qLabos  3MgLbzMagonma/bm@m3sGayma Bgbgda
(30600(906 0bobo  5356mbgdgb, Mmam®  Mbs gomodsMogmm  LEBbLMEG b
39bods80bow). sbgomn Bgbgdal BmgogHmo Fogomomns: ,oMbmEaL ©osbEHYEm
boboowgds bobogdnmon®, ,as9maygby whom s oMo who" o o6 asbmohm
0bgnbon@nggda®. gb Bgbgdo a3993bg9ds, MHmame Mbrs asdmgoygbmo Rzgbo gbs.
dgmcg doamdss, s3bgMmo obgmo Bgbgdo, mMImgdo s0bgFab, o Gmame
LoYEMMBGD 5F0sbgdn MgomaMmowm, 39@Yzgmadgb o oMs obobo ,LbEmMs©®.
03000 gbmegdsm wgbgMagagma Bgbgda. gsbz0bormmoe Foamads, MmIgmbscs
53 bogbdn 30ygbgdm. Lonb@gMgbms, Mmdgmos o3 ™Mo Gndnwsb (omgaﬁomn/
©gbiMoxyoygmo oy 363[)360%30‘3@0) NGO 39(36ngMma? Amdgma Bgbo
dgdmgdl m39mgbo 3533539306mb, o Hmame 0ggbgdlb gmbgds 9bsb? Rzqb maem
39@o© Bm3nboMgdnmbo goMm ©gbiMogsomm babgddg. gL, Mo dds vbws,
o6 60dbagl, MHmI 3MgbzMogogmo Bgbgdo sMes 360d369mmgsba, dog@ad, hggbo
30b69300056 353m30bsMg, MY30Ms@gbmdsol ©gbifMagomm bgbgdl gobnggdm.®

5 3mgbgMogonmo/ogbimogonmo bsgombgdolb bLanb@gMmgbm asbbamgaobsmgol nb. Pinker (1995): The
Language Instinct.
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3.1. bsd9(3609mm dgormeab 6ndxdn, 33dmyg6989cmn bLobGofbdn

dogmdmmbogm badg(3bngmm dgomwol RoJ@MOMag asdmygbgdsl s 33g94mn
9bmdmngo  dobamolb dodstion. Jzgdmam Bomdmmaqbomo  dsbaos gbgds s@bgdoomo
Labgemal L3g309mA BMEIsb, HMIgmbsaz 9bmegds sbagmeMs. g dmazogl sMbgdom
bobgemgdl, BMBmaday dmemmazoads -self donmmbstmoom (3sy., himself, herself, itself).
39-5 9330 3ndmboenmmn 04693 gb BgbmBgbo MRGM B dmYMew, o 3o dbmmme
dob gMor bgosdoGygem sb3gd@b dgzgbgdom. J399mor dm3gdmm babsowgdgddo,
LobGogbyMo oG gMo Mol LbGsbsMmEnb dobgoznm, gaMsds@ninmon gomdsmmsgo
Boboowgds 5bndbymons gs@bggmagnm . dm 39999 Bobosgdgddn gogmmabbdmo,
3 Snemn 3530mdamn bqgbobos, bmem boemn — dpgommdomo.

2) a) Bill kissed himself.
b) *Bill kissed herself.
c) Sally kissed herself.
d) *Sally kissed himself.
e) *Kiss himself.

3333090 M35mobmzgol  aMads@ngmem  aogydsmmagn Bobswawgdgdan (2b
s d) Lymgma®o Bsbb. (sbowns, domb o6 dgmdmos s3mmb herself-b, Goash
0gn ds3Mmdamn bgbobss. od(3e, o3 oM Mbos (3bon ogmb, gb BomImaowagbl
DROM 0o 3obdmasgdal 6sbamlb sbogmmgdal asbsbomagdals dgbsbad. 396dme,
(2) Boboowgdgdol asbbmasmgdnm, sbogm@s mMbos gmobbdgdmoal bdgbda 03
obgdom bobgemb, Gm3gmbsz ngo 8ngdstimgds (mogal 56@9(39096@L). ©8335Mow,
2a-bs s b-do gbgosgm, M3 sbogmms Mbws gmebbdgdbmmgl Lgbdn doenb, msgal
3689(39096@L. 9bsxnmMMSL Ybos 3Jmbogl dsdMmdomo gm@ds — himself. Lognsos
sbamaom@os 2c-bs o d-3n(s; oboggm@sd mbws Bnommlb gm@ds herself, Goms ab
dgnmsbbdwglb bqbdo dgmmdom boemab. sbggg, bobsswgds, Gmamtniss 2e,
3300396980, B3 sbaggm@sl ¢bos 3Jmbogl 568)(39096@0: sbsxrmMMs 36@ 93960960
356939 Bomgdgmos. $8gbse, ©3oxgMgdgmn 3ndmmgbs (56 Bqbn) Im(393mma (2)-
do, gmMIYmoMgdymos (3)-30:

3) Sboggmmaly mbos (1) 34mbrogl sb6& (3009680 o (i1) 90056b3gdmeglb bggLbdo

(853mdomn, dgMmmdaon o6 Ladnsmm) 56@9(3900968)b.

39360960 Bgomememanol 3g3amdn Badogns 83 3ndmogbal dgdmbagds

a@cm g8 obomodyg. asbgobommm (4)-30 Bo3meagboemn ©s358gdncmn 3mbs(393g00:
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4) a) The robot kissed itself.
b) She knocked herself on the head with a zucchini.
c) *She knocked himself on the head with a zucchini.
d) The snake flattened itself against the rock.
e) ?The snake flattened himself/herself against the rock.
f) The Joneses think themselves the best family on the block.
g) *The Joneses think himself the most wealthy guy on the block.
h) Gary and Kevin ran themselves into exhaustion.

i) *Gary and Kevin ran himself into exhaustion.

Boboogdgdn (4a, b o ¢ 5385ymnamgdgb bgdmor 8m(398memo  3ndmmgbals
dmobmzbal, M3 sbagms Mbs dgmmsbbdogl bgbdo cmsegal sb@g(390abEL, Ma(s, Ly
33069, 53LENMYAL, ™3P 303mmgbs LEME gbsbgs. Moz dggbgds 4d s e Babswawgdgdl,
Robl, MHm3 momgmb 6380L3ngMa bgbo Ymogbogds 6@ 9(39bwgb@L the snake , 3390
ab 3o, BmamEis dgosdotrmma Rsbl, gbnbssmBrgagds Bggbl 3ndmomgbal. dmmoom,
Rogmm®dagogom o8 dogsmnmgdl: ool o9y sfs 4e bobswsomgds aMeds@ngmman LBmen,
3m 300098m0s g396L goMmanmdg aggmob bgbomseb s 393d0Mgdom: oy Bogshbosm
(56 oz300), BMB aggmo 3s3Bmdamos, 85306 The snake flattened himself against the rock
LBMMsE 50l GmMMInmgdamn, Boamad ndsgg dgdmbzggabogols The snake flattend herself
against the rock-bg 339 (3659605, 09339, 030 LbMMO 0d690s, 017 gogsMamwgdm, MM
3390 3gmmdoomn bgbobss. sda3sMom, RsbL, M3 gb Bsgsmomns ©33sgmay3nemadl
(3)-80 33989 asbbmasmadel; Bmamtis Bgbn, o aomagd®mdsl 0b3q3L ob, Gm3
hggb ndgnsmom 3o sMBAMBydMma a3gmol bgbdo, s 5@s b, o1y aMedsd03mmao
530965 LbmM0s Babswawgdals Mgsenymmn LEMM]EHGS.

sbms dg3bgomor Bnbowowgdgdl 4f - i om3zbndomor, M3 g o 1 Boboswgdgdol
SLbmMn gm@m3nMgds Rgqbo 3sbbmgsmgdom 396 gobnbodemgmgds. bnbsdwgamado, Rggbo
3o6bmMaegds 33986985, MM 4i bobsagds dgbadmmms aymb aMseds@ngmma Lbmo,
oy himself gosbbdgds Lgbdn (8586mMd0m) 3als 6@ 9(309096@qdL Gary-bs s Kevin-b.
09(39, (3650, Mrs(3 3MLBMENS 53 Bobasagdadn. 3ndmmgbs LagnMmgdl gosbgoaab.
mamrz Asbb, sbagmms mbs Mmebbdrgdmogl LJgblbs s Mazbzdn S68)9(390096EL.
03630 B0g3afogds 0bwngoms MomEgbmdal, Mmdgmos dm3gdmmos Bobsagdado.
0bgmobm®mdo asbsbbgaggdgb dbmmmdam s dMagemmdom Mnsbab. b sobsbgds Aggb g
39LBmEq3mm (5) 303mongbado:
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5) sboggms mbos d9mmsbbdrogl Lgbbs s Ma3bzdn mog0lL 56@9(3900968)L-

09 9689390968 d0 Im393gmas ghndg 8g@n bLogsbn 6 30Mmzbgds, 85d0b
3bsggmMs Mbos nymlb dGsgmmdao Gosbzdo (3.0., themselves).

09) dg399mb3dgdor 535L BH™M o Jobomady, dgazodmos ©sg0bsbmm, M3
boBoemmdmog LEmMo gomonmns 6a bobsowgdsadn, dogmsd  ggf asbabadmgmgds,
099bs0 dabamgdos 6b-e Bnbswawgdgdoa:

6) a) People from Tucson think very highly of themselves.

b) *I gave yourself the bucket of ice cream.
c) I gave myself the bucket of ice cream.
d) *She hit myself with a hammer.

e) She hit herself with a hammer.

9:0. 3093 OBO™ g0 3505dmbdgdss  LagoMm. ab, Mo 6b-e-do oMol
333mbs@mmo,  135330Mgds  gMads@ogpm  asblbbgsggdsl  3afal  Lbzswabbgs
39893mM0793L ImEnb. 3o sbsbogl dmsdamszab 3gMb3gd@&ngalb badg@yzgmm og@ab
©5656R96 8mbsbomggdmab 3ndstmgdado. dafMggma 3on dogdsmmgds dmeadsms3qL;
dgmmg 30Mn - sMgbs@l; dgbsdg 3aMa 30 FogdoMmmgds  30Mgdl, Mm3gmos
dgbobgd mo3sMo3mdgb s MmImadaniz 3 8M0sb 398 Y39mgdol 8d@ob mdmemm
dmbsboemgbo. J39dmor dm(3939em0s mommge 30Mmsb s 353306 5dmmn 0bamobyfo
30c0b bozgambobgmgdo (6m30bs@ngn oMol 36mbzab BMOdsl, Mmdgembs oMol
Bo339mbabgmo 0mgdl, BmEgbsai ob bmdogd@os, MmamEnss | Bobswswgdsdn I love
peanut butter; 339bs§ngo 560b gm®Is, HMIgmbsaz 0mgdl, Mmegbsi ob mdogd@nb
3mbo(305d0s, MmamEinss me bobswswgdsdn John loves me”):

7)
Nominative Accusative Anaphoric

Singular | Plural | Singular | Plural | Singular Plural
1 I we me us myself ourselves
2 you you you you yourself |yourselves
3 masc |he him himself
3 fem |she they her them herself themselves
3 neut |it it itself

o8 (3bMomoEsb gbgoegm, Mm3  sbogmmol gm™mds, Mmamm RsbL, sbgag
M0dbbdgds 30Mdo mo30L 968)(39096@L. 9dgsb gsdm3wmnbamyg, dgazadmns 30093
96G0bgm 3935LBmGmo Bzqgbo 3nd3mmgbs (Bgbo):
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8) sbsx3mMs Mbs Fgmmebb3gl 306330, Lgbbs s Hasbzdo Mogal 56@9(39096E)L-

53 303mmngbol msbobda, 1339 33993L 93 G030l sMbgdoom babgmms gsbsbagdals
(39embabs Bgbo, ®mdgmorz dngomgo Lsdgsbogfm dgomeolb asdmygbgdom. dzgdmm
bodmeagbom 3GMmdmadsms 3mb@gdbEdn, s sbggg 89-6 ms33dn, dgbodmagdemmds
dmaq(399500 goss3mbama gL (8) Bgbo xdm 3039 dobomody.

3.2 dmbs (3930 bysmmgdn

G LobGodbolb  3g(3bngE e  BgomEgddy  gLomdMmdm, 360d36gmmzsbas
3363bobm3Mmm Azgbo dmbs(393930L Bystimgda. gMm-gHomn bystim sdzofsm ofab
bgFommdomo s dgdnto §gdb@gdol 3mmgd0gd0. sbgo dmbs(39393L 3m@M3nLgda
9bmgds. sMLgdmdL dg3to 3mm3nbo, Dmgogfma domasbn nb@gmbg@nmsrs 0dgdbgds.
abgmo  gbolb  dgdmbggzedn, GmBgmbsaiz oMs g3l mo@gMmsGnEmo  GMowo(309,
obs MmmMIgmbgis 900d0sbms domoshb J06y xanBo LamdmmAL, 9bsmIg3bngHo
adgemgdmmos, bogogl, sgomdy dgogmgmb  Lagomm dsbaems s dgoanbmls
3mm3qbo.  gobamo Loyzmbal sMgmm Bmgddn gbsmdgzbogcgdo m3oMggmgbew

53000 0943696 ©530390mbo s Mgbas 3o 4930 d33mmg3otn bosdsyno sbMmgdl
53 Ladmdomb.

9650039360960 3500 3stma (Heidi Harley) oogol demmadn® >mbg@b, oy Mmamm
a53maygbs badngdm badmsemadgdo mobazobE o sbsmabobmzgolb. ngo 5mbadbsgl,
3 dabo guMobogal godmmdds half full of something gemaML dybgdMogew, dogmsd
half empty of something — s®s. 0go ssMgdl half empty vs. half full-b s half empty of
vs. half full of-b s s@3mahigbl, Mmd half full-ob dgxscgds half empty-bosb, of-obs
356M9dg, oMol ssbenmgdoo 1:1; bmem half full of-ob dgystwgds half empty of-0sb
- adbmmgdom 149:1. gL aobomamo Lbgomdss. Jstmnd dgdmm gs8mgygbgdobs
390-3396M©0, Goms gh3z9b6gdabs, Mm3 sbgmo mebsg dgbodhbgzn gobbbgszgdgdo
333mbabyegdgdl  dmEal  sabobgds  dm3gdynem  godmbobymgdsms  3s3mygbgdals
Lobdomggddo.

dogMod  3mM3gbmmo dogdgdo  ymggmogol oM oMol 093358 M0 adobomgab,
3 dmgodomo  0bgm@ds(z0s, MmIgemog bobEodLolb L3g30emabBgdlb LfomMwmgdsm.
1398 gbboma, 3MO3Mbgdo dgozezb dbmmme afMeds@ozmmom LEm® Bobsmsewgdgdl.
30333, dmaxg® Yy3gmody 33980m abxgm@dszosl  admgzs Azgbo  (3mbs  0dals
3gbobad, HmMI (30mm3gmmo Bobomowgds sMoaMeds@ninmoas (g.0. stss Bggmmgdtngo

6  http://heideas.blogspot.com/2005/10/scalar-adjectives-with-arguments.html.
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0bgmabim@ol Bobowowgds), 56 Gm3 mma 8basgbo Bobsswmgds Bobsstbmdmngso domnsb
336bbgoggdmmos. sbabyobobomgal asbzobomma Bobswsowmgdsms dgdwgan bygnmo (9):

9) a) Doug blew the building up.
b) Doug blew up the building.

0bamobyymn gbol yggmes Fo@omMgdgmo ©oa390sbbdgds, Mmd mngg domgsbo
LEMENS, M35 N30MSGGLMBSL Bnsboggdl 9b-b. oo, sbggg, 03086, HMI 3oMzgmo
Bobsomgdal 360d36gmmds  (3ombobss, bmem dgmegh o3l ™o 860d36gmmds
(He destroyed the building using explosives vs. he blew really hard with his lungs up the
stairwell). 3somomos, dgmeg babomo (3m@o Lymgmns, Bog®ed bobswsowgdal
5da306M0 0b@gMm3Mg@ oo bogbgdoom mgan@ndydos.

(9)-0b Boboowgdgdn dgzmwstmo (10)-0b dbgogl Byzamb. 53 Bm@MIgddn LoByszs
the building Rsbs(33emgdemons Bozgambabgmoom it:

10) a) Doug blew it up.
b) Doug blew up it.

o o@dmgofigbon 0b@gMm3Mg@ e300l aobbbgeggdmm dmmgmb. 10a sl abymogy
(39mbosbs, Mmammo 9a, ol dogdsmmgds sxgmdgdol dmddggdsl s dgydmgdgmos
3gmbgl 3603369mmmds, MM mMan 8350, M530L0 GomE39d0m MdgMegEs demng®
Gomo3ob (Doug was blowing hard with his lungs up something). Bobsswgds 10b 30
Log@3Mnbos. Ib-bash goblbbgsggdom, 10b-b o6 dgadmgds ondg LogHom 3Jmbogl
090 dqdobmab. 3abo ab@gMm3mg@sos dgndmgds agmb bmemme b, M3 man
Mdgmogs 309Mmb 3ol (Moma(zab), Mo o6 Mbrs agmb gb 8L (“it”). gogabbybmo,
3 (9)-0 Bogombgs, Gm3gmo 3sgMolb Jgdgmzel ammabbdmdws, Lymgmanmo
o6 @3ban@o oym, ogdze 30Mab  Bozgambobymmsb gl gMmewgGomn  dgbadmm
0b@&gM3MgGo(300.

dogbgoega 0dobs, M3 3mM3bgdo Mosgme 3dmbs3gdms maMgdmm bystimb
bodmoagbgb, 0bobo dsob(z dbmmme  bsbommdmog 330436056 BocImmagbsls
0dob dgbobgd, ory Mo brgds hzgblb gmbgdsdo. gdm 3mbiMgdmmom, mmM3nbgdo
bdomo  dqn(30396 bmemme  Jobowad (6, MRGm  bab@ew, aMedsdnzmmso
LBME) BnbowsgdgdL  (Bnbowsmgdgdn, MmBmadai goMasw (,0k) gmgmgb qbal
80@)0636@360[)0’)30[5). dogomoms@, bow-ommy Gondbolb mbesnb asdm(zgds dgn(zazLb

domnab (3m@Bd 9Moa3M35@03m bobsamgdsl. dbgdngn dg@yzgmgdal 3m@3bags
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30, bogbg 03 dg(30mB8gdnm, MMIgmomsy Yyggms dmemadsmszg 1dzgol, bedwgoman o6
dgn(303L 03 dsbogmal, MHmdgemas azgotegds hggbo 30dmmgbgdal @obabybgdma.
sbg O™, 3mM3nLbgdo YoMsmmE 5MdbsdoMabos: 3Msagab og3ol, gm@m3nbo dgozeslb
oY) 36 gfMads@0gmmo Bobswawgdgdalb yzgems dgbadmm gm@dslb. bobsdwgomgda,
960l 3Emend@onmo 696g00sb go3m3rnbamyg, 3mMm3nbo 3gMabmmgl dmasazb gbal
Yggms aM35@03mm BmEIsb, oybsis GodmdMng, Lsbodmdm dogomomgdlbsi go.
030bomgoal, Mm3 g9396 3399, s 303000 Rggba gbals dgbobagd (6obbm3ggaoo, Lob@ogbo
3mabo@onmo 89(360969dss), bogoMms 30(3mEgm, Bmamen Bobswowgdgda o6 8noRbggs
aM335803ma© bLbmmswe. gb 60dbsgl, MmAd 0dnbsmgal, Mm3 g3o(zmgom 0bamabymal,
0@omon@ob o6 0admb ©sbydzgdo Bnbswagdgdal ©osdsbmbo, msezsed3nmzgems
Mbs 3ozMEam, o) Mmam@o Bobswsgdgdo of oMol obadzgdo abamoby@do,
0@omon@do 36 0gdmdn. sbgmo babol MoMymazomo 0bxmMdsos desmdg 0dznsmsw
336300905 3MmE3MLgddo, MM3mgdo(s, dofomowsE, 33963050 aMads@oznman LEm®
5 3oMad 539dmm Bobswawgdgdl.

aobgaboemmon dgdmgan Bobsswgds:

11) *Who do you wonder what bought?

0bgmol 9bodg Immsdams jgos Namsegmagbmdabsmgal dm3gdmmo babswswmgds
oMds godsmomo. bonwsb gogom gb? mEgbdy Limmadn MLbogmgdosm, HM3 o6
390dmads ogzs (11)-0b 8bgogbo Bobowswgds? mwgbdyg Bodmmmjzedom gb Bobswowgds
5908009 0g3960 05b@sLEMgdom? gdg0 dg3s6gds. ab, BmI (11)-0b 8bgsgbo Bobsmswgds
g@gmb 3600, bemmm (12a s b)-ob basgbo Bobsswgdgdo dobomgdas, sMbowss
sbabymo 3m&3mbdo:

12) a) Who do you think bought the bread machine?
b) I wonder what Fiona bought.

sbgo B93mbgg3580 B396 Mbos ©o39YMbmm Bzg60 38mdmammn gbal (3m@bol (56
08 9659 Is3565 39 3MbLMmE68)0L (3mEbsl, BMBgmba(3 B396 396 3o35Ms 3Mdm).
sbobndbagos, MHm3 gb oMsos go(36mdogMgdymo (3m©bs. gdgo 3g3sMgds, 0bamabymo
960l 39360 Bo@oMgdgmon 5dmhbogl, Mm3gmoy dgdmgdl gombmom, oy o@ma
S0l (11) bobsomgds Ladabgmn, dogMad 3@ gbmds gg@yzom, Mm3 ab badabgmos.
9bss J39(36mdogFn (3mmbs. 83 39(36mdogMo (3mEbal smBgMmss Lanbdgmgbm.

Abogdmmmann® 94b396M03968)L, HmIgmoa(y godmaygbgds o3 J39(36mdogMa (3mwbals
08mbo@obom, 9bmmgds gMmsdsGngaema gsbbxnb sdmzs6s (grammaticality judgment
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task). 0go  gmobbdmdlb dgdmgal: ddmdmon@m  gbsdg dmadsmszgl  s3ombgdgb
Boboomgdgdal. 3ob ¢bos goblbogmb, gl babsowgds 3oMasm HmMGInmgdmmos
(gﬁ)oao@od‘gwno), 39030 gmmIomgdal dmgemdge oY) (399050 BMEMTnMgdymos
(Bommadgemn o6 sMroaMsds@nnmos).

oMbgdmdl  aoblbbgoggdmmao  Lobggdn gMmads@ogpgmo  gobbygobs. dogsmomsc,
J399mo  3m399mmo Mo Bobomagdnsb ™Moz (3omss  vgqdmo, dogMed
bbgowabbgs 3ndgboo:

13) a) #The toothbrush is pregnant.

b) *Toothbrush the is blue.

(13a) Boboomgds sbmsmayMom gmgmb (ngﬁ). the toothbrush is blue), 500356
30300, M3  3domolb  xoamabo  (goMms  RBobBILEGFNGN  mad GG mmabs o6
3m3°onnbo) 396 046905 m@bmmo. Bobswsmgdal 360d36gmmds 3bsmMos, ord(se
gm@m3s LBmEns. Bggb s3sL gMbmegdo Gy Lgdsb§nznm gmmdnmgdsl (semantic
ill-formedness) s 5360365300 #-000. 530l LoBobssmdwgamem, Azgb dgagadmos (13b)
Boboowgdol 360d369mmdal asgqds; ob bgdsb@nzm@owm dobowgda BsbL (3d0emals
®oaMobo  dgodmagds aymb  mafxo), Foamed  LEENIGYGNmo  MzsmbsdHaboom
(30ds  dgqdamo. 364, asbbadmgtmmon sMBGogmo the os@mabBmE sgomabss
Boboomgdada. LEmMge 3sL 34300 LabGsgdbyMam (3w d338mmn bobswswgds.
0bgolyyn gbolb dmmadsmsgg mmogyg o3 Bobowagdsl dgogsbgdlb Mmams (3ns©
0898mmb, mEmbo LMoo asbLbzeggdanmo 30dgbgdol asdm.

3.3 3m339896(309 vs. 39Mm@dsbbn

dbaogbo bagombo gbgds aMsdo@nimmon doymgdgm RmMIgdl, dogomomsc,
Mmam@agss (14). 0bamaby® 9bady 8mmoedsms3gd, Mmdmabmgabs nbamoabummo
ddmdemogns,  M3gbxaMdg  Mbws  Bongombmlb gl Bobswswgds, sbM0  Mm3
353m0@dbmb.

14) # Cotton shirts are made from comes from India.

sbgon  &n3dob  Bobowawgds (ﬁ)maaqwboe 9bmegds garden path sentence)
domnab Moggemns  goboggdem ©d bLosbsmndme. o3 dogsmomdo 3Mmdmgds abss,
63 dmbammebgm-babymggm  Bsgombgeda  cotton  stab  s@bgdoma  Labgemo,
m3gmo3 ImEogo(30Mgdamos Mg 30Mgdamo asbbsbdmamgdomn ©sdm 3ogdeemo
Bobsowgdoo: (that) shirts are made from. b&x0g0 d0dggmmds — cotton-b 3
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dmbeoggl shirt — 436ob dmbomgsb GMsDsl: cotton shirt.  ¢bos sm3bndbmm, m3
sbgon @030l odmzoEgdamo  Bobswawgdol  LEGNIEHGS  Lbgs  3MbEGgJLEG 30
dobomgdos; dggostimon: That material is the cotton shirts are made from. 3g-14-ols
dbaogbo Bobowawgdol goggds 393G BoMm@ng0s, oxm dob bogogombsgo 333g0mMsw
aodmbs@mo 3o9bgdoo (... 60dbogl 3obob): Cotton ... shirts are made from ... comes
from India, 56 that-ob Bs3s@gd0m, Mo(3 ©IYMRL MG gbs0nMo MEMsdMM3sb cotton
shirts dndg3mbsl: The cotton that shirts are made from comes from India. sbgoo o030l
(garden path) boboowgdal bogmo ol oMb, Mm3, MmeEgbsi bagemabbdgg dnbssmbl
3508930, 33mdmom® gbsdg dmmedsmszgd dgndmgds assngngmb ogn aMsds@ozmem
B0b50og8980b, 56 b3 nbgm Bobssgdgdmsb, HMImadbsaz momgmb dbasgbo
LEONIG TGS sdzm, MI3e 3MNSb gobbbgszgdmmbo s gMsdsGogymaw Lbmma.
dogmod Aggbomgal, Mmams mobaznbdgdobmgal, 3GMmdmads abss, MHmd ddmdmman®
965bg dmbandmgd dgodmgds domosb dbgmoae smnggal dmzgdmemn babswswgdgdal
3b0dgbgemmds 6s300b30L 3oMggm Medwgbody xgMdy.

dbaogbo  Logmoos  Bomdmngdbgds, MmEgbs a3ed3b  dotmms  amdgmo
Boboowqdgdo Bomma Lobodbm@oa 393806H9d00. dg3bgma (15)-b. dobo 3oggemo
Bogombgs dgedgmmgdl 0bgmobymsm Ladygsmm @mbol dmmsdstsggl. dsgMsd oy
3ol MdgbxgMdg bongombogm, bomgmo gobwgds dobo dobss@bo. Lobsdwgomgda,
Boboomgds aMmsds@ngmoae asdstomyyemo Asbl.

15) Who did Bill say Frank claimed that Mary seems to have been likely to have

kissed?

300, Mo@masz gb babowsowgds dogmaw asbaggdos, sl ab, GmI gombgomo
Lo@yss Who doemosb dm@bss 03 sanmoEsb, Lawsg ob dobo 068 M3MgE0Mgds mbs
dmbrgl (Bmgmes mdogd@o kiss B36abs), ©s, 58sbmsbsgg, 53 me BgMBomb dmmal
35bmogbgdmmao dmbszgzgonz Logdomem Moyymo LEGMYIEYMoLss. ogMsd MHmamM(s
30 RogmMBdsgmgdom, ©o30bsbsgm, Mm3 ob, Mmamy babswsowgds, 133g dobomgdo
bogds. 3335600 98gd@0b yzgmody (36mdoem  dogemoml  3gzns  (396@Mnb Asb3s
(center embedding). obamobige Bobsowgdodn, doMmamos, bdofsw o6 3bzogdom
Rooem ©33m 300909 Bobomagdgdl bmdogddbs s H3bsL ImMolb ws, s3gbsw,
(16) Bsogomoon, GmIgmoa(z (3mBo00 aomdamsdnbgdgmos, 8s0b(y 3oty Bobsmswgda
0003 gds 063 oL@ dMmadsmszgms 1398gbmdobmgal. dsgsmomswm, Rggb a3s43L
3MEd obgmo yzgmo, MmamMoi mo3390L yzemom, ©d ob gomb (We have some
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cheese, the kind that mice love, and it stinks.). o aogofo J398mo dm3gdmemo
Boboomgdal gogqds, gsszgogo amdgmo 3ombdgdn cheese-obb 3989y s stinks-ab
Bnb.

16) Cheese mice love stinks.

o0913(39, 39Mbsnmn 3abs 3gM 358mabbmmgdl Bobowswgdsl, Lawsz dgmeg
d9339G30m0  ©83M3ngdmmo  bobswswmgds  dmmegbgdymos  mice-ob 3g3wga, 03
360d3bgemmdom, M3 gzgmo, MmM3gmoz NY3om mog39dL, Mm3gmosi odggb
39®900, yo@b.

17) #Cheese mice cats catch love stinks.

53 Bobo@agdal 068gM3MgBo(30s BJEMdMagsw  dgndmgdgmons  abgaly
9659 Bmmodsmszgmomgalb. Amabzn (1965) 59830(39d@s, GmB3 o3 Babswowmgdsdn
26358035 oM §dbol 3MmMdmgdal (608(9360@0(3 0bamobymal aMmsds@ogs ¢dzqdlb
893390 ©33m30gdmm  B0bowsgdgdl  Lmdoqgd@ob F98wmgy s D6l Bob),
3Mmdmgds ofob ob, MHm3 dgdbemwmmos hggbo bsbdmgmyg dgbbngFgds’ o6 sbgag
Jgbernommos Rggbo gmbgdMozn dgbadmgdmmds @aymb bobomgdsw Bobswawgdgdn
35d0b, Mmss  doom  30L3gbo.  abgmoby@ma  LabGedumMn  Sbamabals  @sdems-
56569393800 (parsing) Lob@gds BaMBmowagbl LobEgdsol, Mmdgmoz Bobswawgdsl
demal bobomgdo s ngn goM33999mbomo dgdmbsobdmgMmmos, dobo LsdrgMgda
o6 qdmbggzs aMmads@ngmmmdal  aobdbadrmgmgm  LabmaFgdl. 0bgmoba®o  gbal
do@omgdgmmamgals (14), (15) o (16) Boboomgdgdo doymgdgmos 30bgdMogom
a56Lb3398mmom, 300609 Bobsswagds (13).

a56Lbgsggds, GmIgmocy hggb agobobgom bgdmm Bomdmeoagbom dogsmamygdda,
3bmdamos  Mmam@i  gmd39B96(305/395mm3sbbalb  (competence/performance)
aobbbgoggds. MmEabsz gmodsmsimdor 6 31Ldgbm, 83 @ gbals go339mm
BM53396@ 0L Bomdmaddbom. gb 3gMegm®mdsblbo dgadmagds 396gwgl bbgoabbgs Labol
35Mga0bo god@mtom, dogsmoms, hzgb ambgds dgazg3zommb 96 3mzabynbmom,
©o30b3gmmom 36 goyMyzgzmo  BaMdmgmgzem  Lo@ygzgdo, 3353004 gl, Mo
35303900 35653y, 96, dgbadmms, Rsgmoma o3@mdnbolb bdsymal asdm 396
3930ambmo  3603369cmmzoba  Lodyzs. 39MxmMdsbbo  God@mdMmoge oMol ol
9bs, @mdgmo 9M0b BaMdmoddmmo 86 asgmbomo. 3m339896(309, 3oModom,

7 bob8mgzmyg (3n3s) 8gbLogMgdal 3n3mogds Logdgms, Mdwabomo Bmmsdsmszggdl abgom 9693y,
mMamMMgdn(300, 8og5mnms, 0s3mbyMma s 3gMdsbmma, dgmdmose M3GHmdmgdme asngmb 3basgbo
Boboomgdgdn mognsbor gbgddy.
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dngdatomgds 0dsl, o goioo hggbo gbol dgbobgd; dobdy o6 Dgdmddgogdl
Lbgowabbgs  Rogd@mMo, Modsis dgodmgds  53xm3Mnmb  3gMxrm@dsbbol  Bysemo.
350bbgbgm dommoszs aMdgmo s 3maddemgdbyco 83-(15) bobowowgds goggds.
03 bobsamgdol mezmadnmzgmo dommgdmmds gsdmbzgmmo oym 3gMgm@dsbbol
3Omdmgdom. dogmMad, MmEaLd(3 ©EIPNIMPOm ©S ©S330ME0M, ©snbsbgm, MHmJ
ab ogm Aggnmgdogn ameds@ogmom  asdsMormmo  abamabn@o Bobswswgds
- @0MommeE  JoMomss Moo, MmeEgbs gb assggmgm, odzgb Rsbzoom
0bgmobyn gbalb amse8s@ngzsdo mgdzqblb 3m839@96(30L (5649 (3m©BSL).

ymggmogg 3L dogysgemon  sbaem  Ld3znmbmsb.  ymMommgdom  dmyLbdabgm,
MmEqLs(3 30053 MO35M53mBL (9 o6 ameolbdmdlL mgd300L 56 b3sBsmms jombgsl,
560890 BoBmms  Ma3oMo3l, MmEabs goms doMoms  qbamdMgds  gomssob).
3 (30mgdmo@ 3960dbsgm, MmM3 oG5 gfmn domasbn o LaMdMMAL aMsdsdn o
bobsomgdgdoom. abobo Gmggdgb Momo3gdl ©d BMadgbGymam  madams3mdgb.
abobo 0bygdgb o By39@96 gHmbs s 08539 bobowawgdsl Medrgbyg®dy. yzgemo
obg 093939, yzgmedy 34q363g@&y3gmoi 3o. ©3Mogse, Mdg@gbo Bsbommn 0dabs,
o3 a39bdolb (56 gbgsgo Lomodsmsim 96alb 3m@3mbgddn) ,oMegMododnmmn”
BMM3gdabasb dgoagds. omdss, o 0gzgb abamobyma gbal do@omgdgmo bastim,
dgandmosm aobbagmo, gb Bobswawgds dobamagdns o) oM. gb mfo M3, babomdmm
960l goggds s Bobowaagdal LaLBmEMgdy bggmmds, Lbgswsbbgs wbotos s
309356 gds, Mbgdo, 39OHRmE™Bsbbbs s 3m33gEg6(300b.

Sbammgons, MmBgm3ds(s dgndmads sbgo asbbbgeggdsl bamgma dm3gabml, dgdwgado
damdatgmdl: Bomdmnpanbgo, HmA bato 3Mmmamsdnmo mdEmbggmymazol nbgobgfo
s bgMor 3m33nn@ g 3meb. cmegoedafggmsm 839ds3900 83 3meb bLsgmosm
3330 @gidg o ob gofgsm dMdomdl. 3md3nm@gimo 3meal d94dbs dofomawn
3m33989b(300L gFmgzeM0 39Mum@mdsabbns. d53wga 0d3gb 3oL (300m mgzgbo 3s@oms
0l dggem 39Ebmbama® 3m33098)gMdy. 5m8mAbogds, M3 3Mmamsds o6 dqdsmdl
abg, Gmame dmgmmeoo - ob dommdyg Bgmns, ogggds, asdnwdgdom 831dsz90lL
Jamg@b s sbmgdl 3Mm3gbmMb. g3gb dMbrmgdom 1396 ©s 3dmMbIgde M.
3m@do dg3emds 3Mss s 3Ma3o@gfmmo gbol yggems dmobmgbsols 83dsymeamgdl.
8360350, 3mM3398)6(300L Mz5bsBENLNm, yzgmengmo Mogdgs. MgarrmMan 3Gmdmgds
oMb oMs 3medo, 5Msdge 03 dsbgdsbsdn, MmBgmbys 3ol 0ygbgdm. 3Mm3gbmmMn dagmasb
dggmos, oMs oL Logdamabo dgblbogMgds s md3gb gogzo 3mMI30yEgmn, MGmIgma(s
doM9 30000 450sbyMgdabggb. gb yggmoxngmn 3gMPMEMIsbLolb dMmmdmgdss.
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s Mol 60dbogb  ymggmogzg gb  mobazoLEobogal, GmIgmai  0ygbadL
aM335@03mmdal gobbgsl BmamE(z bLobGogbab 33mgzal Ladgemagdslb? gb 60dbsogl,
mqbsas 3obbxsl gdystgdom, bommowm b Asdmaysmodmm, Mo gsbbabdrzmMagl
0350, 3mbyMg@ o babswswgds dabomgdos oy Joymgdgemo. babsawgds dabomgdos
dbmmme 030@m3, MHm3 0g396 06xzmMMIs(300L oo Bsboemn 3MbEgJLENL Babgozom
350390 (88 d98mbgg308n B396 Jgazndmoas b dngoRbomor 39MuM@BsbLal 9339J8ow)?
o9)  3mb3gboem  bobsomgdsl  mgmom  dogmgdmo  0d0@m3d, Mm3  dmbamdmg
domnab LbMogsE MadaMagmds s Gm3zgdes dmangdo LoGyzsl, o6 0dal godm,
M3 bobsowgds oM ogm abgmabymo gMmsds@ngzob dabgogom gsdsmygma? gl
a5bbbgogqdqd0 domnsb gojobos = gL o@ab ol Lsgombo, Gabgos LobBoJLab
L3g(305m0bE YIS LoEsE MBS gssdsbzammb ynMemmgds dmdsmdal 3Gm(3qLdo.

4. LyoES6 ImEab B7byda?

bgdmo  Rggb gLbamdMmdoom  LabGodummn Babgdal J39(36mdogH  (3MEbady,
dogfod oM dggbgdogemor 0dslb, o9y LooEsb gomgdo o3 (3MEbLL. gb gMomggzsfswo
dmdogbogy Logombos, dogmMed dob dgbadmms 0dmddgmb Rggbo mgmanl gm@mdsaby.
o9 B3g6 30300, Gmam 003009896 35393980 msg05b0 Bgbgdl, 3sd0b 3909L
3mboznado 3o bLsndnbme, ™3 dggdmmmdsmo LbmEn gm@Igmamgds. ob, oy
MAMamE 0300009096 35333980 gbal  (3mEbsL, oMol 3mabo@om@o  dg36ngFgdals
360d36gmmmzabn bagnmbo. 39bgMs@ommo afMsdsGogalb mgmmos s39mgdl Medwgbody
L39(3080396/ 36BN (s domby gobomzem) gobssbowlb 58ab dqbabgd.

4.1 bbsgems vs. sozabgds (learning vs. acquisition)

9Om-gMmn  439modg  go3M(39eadamo  sMsbbmEn dgbgommgds gbol dgbsbagd
360b ol 8DM0, M3 35393900 s IMDoMEgdo ,LbogmmMdgL gbsb. gog0bLgbmm,
63 dofoomsmo  (3m@bs, MHmMIgmdgs hzgb of 3gLodAMbm, ofol  J39(36mdogFin
(3m@bs. MHmEgLsz bobssmgdsl sagbm, o6 5(36mdogMgdm, o6 godMmdom, oy Lo
bgom 4399mgdamy, Lo — B3bs s Lbg. mgzgbo J39(36mdogma gbs sbGymadl &3
36m(39LL 0793960300, 3Mmabo@om@o 3g(360gMadobmgal asbbbgseggdyma 3Gm3gbgdas
35(36mdngMgdmmon  (3mEbol  dgdgbs s  gom(3bmdogMadgmo  (3mmbol  B3om3s.
35(36mdogMgdmmo  (3mebs (Fmgmﬁoeoo omagdmolb bgbgdo, LabGodbmma mgmas,
mE356mmo  Jodools Logmdgmgdo o6 Gmame  ©sgdsmmm doﬁbmﬁo@)mﬁn) 560l
65L63gemn. bengmm 3593(36mMd0gHgdgmn (3mbs, MmaMEMN(355, 3oadmMNmMd®, Md35Md30 56
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(3939990 bagbol gobmamm@o 0gbdngngs300l dgbadmadmmds, stals dgdgbaemn-
3:30b989cmn. Bobommdng, gb bLBAL, oy Mo@mds oMol bdoMow hogsmmbs wsbm
960b gm@EIsmMo afMsds@ogal 3mabgddo, Mmwgbsi g3060s 5@ednsbgdl 53 gbady
ma35M530 35bbagmma. LadomMabdoMme, 0d goMgdmdn dmbggoms, Lawsy dgandmoas
J3036m30gHor gaRmm gbb, 3g3Mor PRGM 9BgdGTMH0s. of Aggb PlaMadgbor
335068)969bgdb, o9y EmaME 0:30b9g6 33056580 Mdz3056m0 gbol Bgbgdl. o33,
aM3358030L yzgms Bgbo dgdgboemo s@ss. bmgngfomn gad@o gbal dgbobgd momgmb
md30bmogae dmzgdmmons Aggbl gmbgdsadn, b4 esbmsgmenaemns.

4.2 005bsymemaenmds: 965 Hmgmmz 06bBnby§n

0] ox0dMEgdom  (3mmbol  Lbgs Bn3gddy, MMBrmgdoz g (36MdogMadgmos,
o0bsbogm,  MHmd  dg3fn  domgsbo (aogoqmmogg, Lostrmmob HObOdQvUBQ’mbo)
30Ms3060 hgabl ambgdsdos Rsgdamo — gb oMol 0bLENb]Ggdo. o6 oym Lognmm
30639L gLbbsgmadnbs md39bc3z0l, o Gmam® Mbos nstmm (Sn‘gbaggogogg 0d0bs, Mol
RB0JHMg6 535dy ;mgzgbo 83076@360!). 35333900 LosGyenls ;z3000mMb 0bygdagb. Lostmemo
o0l 0bbB0bg@n. bmad Amabgol, smdsm, yzgmsdg dg@ow bobssmdmgamdmogn Do
LB abss, mMI 9bsz 0BLENbJG0s. 9ol oo Bsbaemo Babslbath Im(3qdmmns, sb¢
03b3gmemnemns. 960b oo baboema oMol mbatin, hggbl gmbgdsda mMdsw Rodbmgoemo
hggbog aqbgdom. sggdmmo dFoMme ©s3o3dofgdmmoa Jbgmagdoom (hard-wired).

(3b5©0d, (393gmo  3Mb3MgE o gbs oMss  Mmoboogmmoamo. o6 sMbgdMAL
dgdmbggas, HmP, dogamoms, RMnmmgm sdgMogsdn gsbdfMmnma 653330 — Lenmgsgo
3dmdmgdol  dgoemn,  MmM3gmbs  LemmgegmMem  sMoLEMML  @omedsts 3gdosb,
5m530653009L  bemmgoezm@om. ol 0modsmsjgdl  obamabymew (6 Mo 9653
™335M53mdgb dnb 0Ma3mng). 586M0asm, Dgrsdotmman, 13650 RsbL gobgssboomo,
M3 gbs oMb 0bbENbJ@n, odie dgzto  ofgn Bodgbo  sMLYdMEL  0dsdo
3boMBBMBgdmo@, MM 8©s8nsbab 9bmdMngn dgbodmgdmmdgda (smdsm, 30630
»960L MARBMLY gmGHnm) Mobooymmoamos. Bzgb 3 gbodmgdmmdgdl 3mBmogdom
960396bsem@ 3653380350 (Universal Grammar 56+ UG).

4.3 960b @os9oym9Bab cmmgagmn 3-mmdemgds

9398mm 3mbdmdoemn dobams 5ol momddal Gg4bognma 3@ 30(390mgds, ymagem
dgdmbggzedo, odsxgMgdmom  mMasbadgdmmo, GmI gbs oMol mebmsymeamo,
®030000039 dm39dnmo bobgds.
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o3 mogdo  Bomdmmaqbomo  oMamdgb@n doamdstgmdl  0dsdn, Gm3  obgmo
3Omnd@ogmo  Lob@gdab, Gmam@oiss gbolb bgbgdo, dgbbsgms ob smzgobgds,
Logsmaome, dgndmagdgmos.  babEmmm  bLobGgdgdo, 3G0b(303d0, goM 33940
35M5950L gomzgamobbobgdom, stal abgon Lab@gdgdo, MHmIgmmsz 396 abbsgmo
5 3963 0030bgdm. Medgbowsy 396 yzgmel a3s93L sbgmo MLabEmmm Lobi@gdgdo
h396L ambgdsdndn, Bsmn smzgobgds 563 360l bagoMm. s]gwsb godmdabsmgmadl, Hm3
080 0030000639 500l dm(393mmo. o9 Bomdmeagbomo sMadgb@o ©agydbgdmmos
smgy 96Msb30b (Alec Marantz) gs3m9d3qybgdgm LEsB0ady, Fogmed gdystrigds
Mg nd9b@L, GmIgma(s, bodmemmm xs3do, AmALgowsb (1965) dm3@0bamgmadl.

mog0030M39mse  bamdmanoaqbor 8@ 30(390megdal  dmbabsdl,  Gm3gema,  go-
3c30065(gmdal Bqbol  Loegmdggmdg (modus ponens), sManmdgbdoMadal  3msbozn
RBMO3L 0egdb:

6565ddmgzomn (i): LobGodbo oMol 3MmEydGoymon, MginGbommo o
DbsbEnmm bLob@gds.

B5603dmz0m0 (i) Bgbgdoo Bstorgmoa  bobGmmm  bobBgdgdo  stss
dgbbBogmagon.

@bl 330: 3535bo©s3g, LobBoJbo oM0l dgnbbsogmomo LabEgds, dogMsd
0dgbsws3 hzgb LobBogbo a3od3lb, g.0. Lobogbol Momsy babaemgda
350b(3 900l Mobsymenmo.

bodmeagbomn  sMandgb@ol gom3zgmmo RMoadnb@gdn dg@ow Bobssmdwg-
amdM0305. 53 330l dmemb BomImmagbomns 3Mmdemgdsms Madgbndg Lndmsgmy
> dmanbmegdo 3M0Gngnmo mzgsmoo dgbgomo 3@303909mgdal 83 GmEBsb.
ody &9db@ob  dofoms  bsbomdo, Bomdmgnwagbo  dm3gdmmon  bsbsddmzgmgdals
boMEsboggm 3mabngnm 39Mbogdl, 3GoGo0galb gomgdy.

dmEoo, ©d306ymo (i) Bobsddmgmom. gbs 3Gmemd@omma  bob@gdss, Mo
6036530, MHm3 dgg0dmnsm sbsMmImmo s gonamo Babssowgdgda, HmImagdas 9788wy
o6 a3030amMbndm. Bogamoma, 3Msd@oimmae dgdodmoas dmgzgm 3oMsb@ns, Mm3
575809 o6 asa0ambosm dgdgan Bobswawgds:

18) The dancing chorus-line of elephants broke my television set.
LEBGSJLL Bogammds LBmEMgE abss, M3 dob dgmdmmns 08 gmMEBoms ggbgFnmagds,
mdmagdoz SO oM gmgoems  Bamdmgdmmo. 83 3Mmend@ommo  m30bgdmHomdals
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300093 9o dogsmoml 9Bmegds Mggmbas (recursion). 3qbodmms BamBmnmggsl sbgon
Boborowgdscs (19):

19) Rosie loves magazine ads.
obggg, dgbadmgdgmos gl Bobswawgds hogbgsm dgmeg Bobswawgdol dngboom,
IZMM0(300 (20):

20) I think [Rosie loves magazine ads].

dbaogbawgg, 39a30dmos gb gcm amdgmo Babswsmgds hogbgem jowgz Lbgsdo:

21) Drew believes [I think [Rosie loves magazine ads]].
s, Mo mgds ¢bs, dgazadmos gb RGm oo bobswswmgdsy Rogbzso Lbgs
bobsowgdado:

22) Dana doubts that [Drew believes [I think [Rosie loves magazine ads]]].
s obg 3999 o by d99mga YLaLEMMmME. 3390 Bobswswgdol dogbocm
ymggmmgob  dgagodmos  Rogbgem  Lbgs  Bobowowgds; gl 6adbsgb, m3  gbs
3 J@&ogmo (HOdeQ’mo, ‘gbobtﬁ‘gwm) LobGgdss. o6 oMmbgdmdlL dgdrnwagda,
mdmgddg3  d9a30dmos  goemadsmsgmo.  Lab@odbolb  dMmEnGommmdal  Lbgs
dogomomgds  dgodemgds  dngofbomor  al, Amd  dgbadmgdgmos  LabEMmmE
a5303gmemo B3bndgoqde (23), ©s, sbgzg, YLobEHMmmME Bgagodmos ©o3MdsGmm
3MmB0b0Mgdmmo sMLgdoma babgmgda bobgmuyE® RMsbgdL (24):
23) a) a very big peanut
b) a very very big peanut
c) a very very very big peanut
d) a very very very very big peanut
o bbg.
24) a) Dave left
b) Dave and Alina left
c) Dave, Dan, and Alina left
d) Dave, Dan, Erin, and Alina left
e) Dave, Dan, Erin, Jaime, and Alina left

o bbg.

9L 3mB3mAL 03sb, M3 gMmo abamabyma bobswawgds dgadmgds gowagzsdzomo
QBB 3039 Bobsomgdsm  (Mg3m@bool  GmBgmady Bgbdgy  syFMobmdaom,
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Bybosmmogal as8gmAgdom o6 3mmEmobsznom). gb 30 60dbogl, BmMI gbs sGals, by
3306, 3maEdE LabENmM. gb B5653dmgamn dgmemgdom sMebabssmdogamdmngas.

dogdMbogm (i1) 65653dmzgoMb, Hm3 qLabmemmm bob@)gdgdn o6 560l dgbbsgmao.
DBMOM g0 ©3mbiMg@gdabmganl, dmmnm gsdmgoygbmo mabazabi@yma dogsmamals
3mag8Gmn s3Mdsgqds. BoMmImowanbgo, M3 ds3d30L 83m(39bss 3obLLBrgH™L
BgLgda, Am3gemms Jobgogoms(z dobo gbss sggdmmo. 353amd, menm, 383535MG03mMm
9L 98m (3968 s FMbEsm do3d3L, BMB YoM dgbadsdmlb Mgsmn badysemb
Lo@yo30900 03 383mbom35390L, MMImgdos gbdol.? sdg35Mo, godmbomgzsdal —
the cat spots the kissing fishes — aoambgdoboobsgg, ngo s0g0390L 3ol dgbodadals
Lo@mooobmab 3ab oMagzmog s@bgdmmo 3mbEBgJbEEL FoMmamgddn (Mmamms gb
Botdmeagboemos bin@andy).

25) “the cat spots the kissing fishes” =

0dgbo, 3ol ggomgds, LbmEoew  dgmbedsdml  Bobswawgds  Logmsgosl.’
a3bbsgmmgdom  3603369tmmzebos  goymor  @eMBAMBadmmo 03530, M3 ol oM
dgmbodadgdl  bobosemgdsl Lodmanol yggms Lbzs dgbodmm  sem@gmbs@ogsl,
MmamMgdo(zos dob 0z gmog dodwnbamyg bbgs s9@0gmdgdo (aogonnmoQ, dobo gxmmbo
dds B yo8L 939%b BgbL, 96 gsdabo 58Bs@gdL Layb3gL, s bbg.). bLodmszngdab
0333500 5353806988 35dMbsmJ3589dmab gFmggetn domgda@nimdo Fodsfmgdss
(5699 53mb(300), BMBgemo(y goMm@obobogl, Bnboswsgdgdl 3mbsmgBmm Lodms3gddy.
3gmmg aDs bobaagdgdal Lo@me309dmab LBmAa dgLbedsdabmdal dobambgzewm sGal
ob, ®m3 3533335 LEMMs© Asdmaysmndmb 63[)(36)0, m3mgdo(3 sbgbgb Bnbowawgdals

8  33m(3065 L0bsdgomgdn MedEgbsdy YBGM Gomos, goMy of oMab gl BamImeagboro,
00035b5(3 3533335 b 3obbadmzMML, sbggy, mbmmmans s bbg., JogMed sMandyb@omgdobmgal
053994Mbmo g5doM@ggdnm dogsmomb.

9 805730900 yuMamgds, ®mB gb ggammgds ds333L, BmBgmo(s 0ggbgdl Mbaggmbarn® aMads@ngsb, ©s
360 33350 bnggMbamn@m afMseds@ogsb.
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360d369mmdab ©g3m©0Mgdsl. 38mAbrgds, Mm3 gb agemads, ymagm dgdmbggzeda,
M0l Ly 3dome Mormmo, dgudmgdgmoay 3o.
8mgoo, gmggemody gb 823boRM™ JoRgy YBMM sdbGMYGYmn, GmI Jorgy

d9@om  doggyebmmaogm  Loo@yeool  domgde@ndaz0slb.  dngobogmor  gmggem
Boboomgdael Mams bmdgmo. smbndbmmn Mnibggdo Bomdmemanbgb aom 33g4mo

Bgbol  Lobyol, Fgdsgoem (input) 0bgmGBs(30sl. Abasgbowmgg, ymagm Lodsznsl
5360365300 Moma3 Moisbgzom. 960b sm30Lgd0lb dmEgmomgdol Gnbdsos (06‘3 63[)0)
33mMsobobgol  Bobswsmgdsms LadMmagmgl  Lodmozngdol bmdgMoms  LodMsgmagdy.
sbems, Bamdmgoanbmo, Mm3d d53d3L dab3glb Bobswawgdgdol LadMmsgmyg, Mmams
8935350 0bgm@8s(305, ©d LBEMEs© Fgmsbsadmmoa Logmszngde (LogsMomome,
bL3g30oE Mo dobogol Bomomgdammoa 3dmdmagdal 8ngM): X 50b0dbs3L Bobsowgdsl,
mdgmocz gbdol, beem y — 3sbmeb LEmMow w@s3s3d06gdgma bogyszool bmdgmb.

26)
Boboogds (398535tm0 0bggm@mdszos — input)  bodwozons (3Gmoydos — output)

y
1
2
3
4
5

U B~ W N = K

dm(3999emo dgdsgamo nbgm@mdsgonbsl (input), Amamt Bodhmdm, Mo 0gbgds
3OmEnd@0, 30dmdsgomn abgmmBszns (output), Mmegbsig X = 67

6 ?

55305bmd 1139E8)gbmds 3oMmadat ©asl33bal, MmAd output ngbgds sbgzg 6. 69,
abobo goMmamomdgb, Hm3 gmbdz0s (Bgbo) sbsbgobs 8gdsgam (input-bs) s go8mdsgsm
(output-U) 0bgm@Mds(3090L MmNl oMol x=y. BogMsod Mo 0dbgds, 030 39&Y300,
md Agdb 30dmag@n® Lodmonsdo Lbmma 3sbygbos Logmogns bmdcoo 1267
Bgbo, GmBgmdsz Imobonbs gqbgntgds (20) (3bGomal ReMamgddn Rod@mdMogzsm
Jq809ab5060s:
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27) [(x-5)*(x-4)*(x-3)*(x-2)*(x-1)] + x = y

53 Bgbob dobggom, yggms input, Gm3gemoz oMol o6 bsgmagdos 5-by, g35dmag3l
input-ob 933035mgb&M output-b, dogMed yzgems 0d input-obogol, GmIgmocs dg@ons
5-Bg, 3ma3(393L YRO™ ©oE bmdgAb.

MmEabsis 0g39b 0gsmanogm, Gmd bgbo aym x =y, ogdzgb o6 gdmbosm yzgmes
860d369emm3560 0bggm@Is(308; 0g3gb Ibmemme Bmbs(zgdms Boboemo g Jmbosom. gb
60dbogl, M3 o ogzgb asogmbgdor Azgbo  (3BEOMNEEE dMby3gdms  bmeme
3oMggem by babomb, 396 doomgdor BqLL, booemm o oyds@gdm 39943LgL, 353nb
30036900 bgbl. gb doMomosg sbge? LadbyboMme, sMs: 3530bs3 30, Y] 335G O™
399d3Lg Moglb, 396 0dbgdom @oMBINbgdmmo, MM godzon LEmMMa Bbdz0s, Lobs3
439es dgbadmm babyol, dgdsgom 0bgmmMdsznsl o 8mabdgbm. 860d36gmmmgsbo
0bgym@mdszos  dgbademms  agmb  8g9d3bg,  FogMed,  sbggg,  gbodmms  agmb
7,902,821,123,765- 5 bobowswgdsdn, Gmdgmbss 7g396 3mabdgbo. od3gb ggMobsnfswm
396 ©3M63Mbgdom, dmabdabgm oy ofs yzgms Mgmg3sb@mEo dm(39dmmmds,
Lobs3d yzgmes Jomasbl o6 dmabdgbor. LabEmmm LabEgdsdo mdzgb 3gM Imabdgbm
y39mab, 85d0bsy 3o, ogygo dogmo mgggbo Lozmsbemal obdambg ymggem 10 65330
3mabdgboom 1 Bnbswamgdsl. o9 ©o393d3900, HMI Ladmsrmmm ssdnsbo 75 bgmb
36mM36OMAL, s ol sbar Bobssmgdsl ymazgm 10 65330 gMmbgem obdgbl, s oy o6
Rogmgmom bo3nsb bemgdbs s dogol 3gMomeb, magobo Logmbmal 3sbdamdyg ol
dbmmme 39,420,000 Bobowawgdsl asngmbgdws. gb gsznmagdom bsgmgdo Mozbgas,
30069 qbsbENmms. dgdsgaommn 0bgxgm@mdsznol 83 Lomsmadol doybgwsgsw, 5 Bemals
sbagobogol 8538398L 91339 8ysMo dgdemosm gs8maygbmb Gormmao Lob@sdLamo
3mbLEMMI(309d0. 3BmENGommo LobEgdgde (Jgbodmms) o6 sl FgbBogmacon,
o056  oMobmmb  asdzo  LogBstnbo  dgdsgsemo  abgm@Bs(sns  (input) 03sdo
baMb3Nbgdmae, Mm3 aodzm yggmes Mgmazeb@mo xod@n. 3oL gbmegds gbnb
s:30bg30b mmgnzMn 3Mmdemgds (the logical problem of language acquisition).

3969Ms@ommo  aMads@ngs o3 mmangnm  3Mmdmgdsl  mogh  sM:mdgzL
Jdg89absnMa: ngn 00hbggL, MHm3 353930, 0g0LgdL Mo 0bamobnEL, nGEsboyMmbs
o) 0L, 9339 BemAL Moy Labol abdamgdsl; ngo nygbgdl dmJboem 3MmadEL
960l dgbobgd 03 (3mEbal sboggda, MmM3gmbsaz gbmmgds Wbnggmbsemwmn gmsds@ngs.
b0ggMbamy® aMsds@ngzsdn dgdbommmmons 03 dgbadmm xubg(30960L Mommgbmds,
M3 gdo(3 M0 MHogsMEabobsggb Lodmo3gdbs s 383mbscgzedgdl. s3a3sMsw,
965 JgbbBogmorn brgds.
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4.4 bbzs 5mg93968 900 9bnz96bsenymn gM3dsGnz0b babsmagdenme

Mbogg@bomyMo  aMads@ngol  sMbgdmdal  sbodygmgds  dbmemme 533936
mma0346M 3MmMdmadsl oM gxdbgds. 3oz 39360 Lbgs sMamdgb@n dboMb wggMl
303mogbol, Mm3 gbol 30339 baboemo 35063 Mbsymmamos.

oMamdgbBo, Mmdgmoz Mdsemm 303306M3d0s gbal sm30Lgdol bgdmo gobboemmem
mman3g® 3Omdmgdsbmab, stol goddn, Mm3 Azgb 30300 Rzgbo gbol a@Msedsdozal
abgon  Lagoobgdo,  Gmmagda,  dgbadmms,  ofi  ag0bbagmos.  @sgabymom
dmbs(3939d00, GmMIgmas BoMmdmeagbamos (28)-30. d03d3L dgbodmms asogambs o3
&03ab bobsowgdgdo (bobo BoMdMaagbl saomb, boowsbs jombgomo bo@yss who
39badmms 0Bygdmegl — 964, gbos mdogd@o o6 Limdagd@n DI6abs will question):

28) a) Who do you think that Ciaran will question ————————— first?
b) Who do you think Ciaran will question ———————— first?
c) Who do you think = ---------- will question Seamus first?

3539335 Mbms  dmbsdmL  Jo3mmgbs Lo@ygzs that-ab  aobsboemgdol dgbobgd
abamob@ bobossewgdgddo. gfomn ©sbggbs, Im3gdnmo dmbs(3939d0Lb dabgogom,
oMol ab, Mm3d bogygs that abgeobymdo gsgnm@oe@mcos: ab dgndmagds a3Jmbogl
o6 oMo, LadbYboMmE, gb ©IL3g6s 3@ M0l byYbE. asbzobomme 89-4 boboowgds
35600335 (28)-3n. gb 0gngg Bobsowgdss, Mo 28¢, 8bmmme that-oom.

d) *Who do you think that ——————- will question Seamus first?

35dmal, omoogmb  that gs3amEodnmns, Mmugbsi goobgomn LoGygs (o8
399mb3gg3580 who) 0bygds md0gd@olb 3mboz000006 (BmamE(3 28 a s b- 3n); ob o6
Mbs 0gmb baMdmmoa gboemn, Hmegbs 3ombgomo bodygs asl bydogd@ob 3mDa(30sdn
(ﬁmgmﬁe 28c s d-do) (o8 336bMa g0l ©g@smgdlL ynMewmgdsl by 800d333m).
obobndbagos, Mm3 smsagzolb qbbsgmagdos mgzgbomgol, Mmd babswswgds 28d sfals
8Md3M5do@ngmo. 393 md396 dngH dmbdgboemo dmbsa(399gdalb Lagxdzgmdyg 396
dobgomeom 88 ©sb33b83g. Mgz 30dmmgbs, ©ogdbgdmmo 28 a-c-by
35M5mM3L, HmM3 babssowgds 28d oMol gMsds@ozmmo. d93s35mn 0bxmMds(3000050,
mdgmo(z 653336 gbdal, 3gMoxgMo donygsbos 3ol 03 ©sb33bs3y, ™I 28d om0l
3M33M535@0 3o, 0rd(3d Yzgms 0bamobyMsew dImmsdstszg 6533335 gb oczob. o3
®33b5@gbol gPmsgMon sblbs oMol gomamwn, Mmad Rggb agedsl mebosymmamo
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(3M@bs 030y, Hm3 28d-b 3basgbo Bnbsagdgdn sMogMeds@ozmmos.® Mboggmbsemmamo
aM335@030b 83 Labal oMandgb@l bdnfsow gbmeagds dmzgdmemmdsms dmenmdwg-
dg55L98emmdnl (underdetermination of the data) >t 31396@&0.

ddmdgmos  3Mogmgbmds  @o0xo(39dL,  Mm3  obobo  dzommgdl DN,
obbagm0sb M35 3L s LbmMa gbmdMngn BMM3qdal gsdmygbadal Bgbgdl. cmd(ss,
a3b(3bogds, MM JImdmgdol BngH dobmegdymo Bgbgdo Mondy Mmel 0sdsdmadl
353930L gbmdMng gobgzomatgdadn, s30me gobsdsmomadgmos. gbol smzabgdal
99b3960396E o oG gFsG Ml Fmbs(39898056 (3bo©Ns, MMA M (3900 3dmdgma,
oo 3(30gemmdal dombgoszsm, Mabmegl LEmMgdL dogd3l  ameds@nma
3E3LBMEM BoboomgdgdlL. nbobo Madm dg@ e MLBMEGEg6 Jobssmbl, g30Mg mE™Asl
(ob., dogamoma, 36 39emn dbggmmds Holzman 1997-30):

29) (Marcus et al. 1992-00056)
Adult: Where is that big piece of paper I gave you yesterday?
Child: Remember? I writed on it.
Adult: Oh that’ s right, don’t you have any paper down here, buddy?

mEabsis 3dmdgmon  (300emmdL  dgobBmMmb  853830L  dogm  Bom3monddmemo
Boboomgdal  LEONJGNES, Bogmado bwgds, Mm3 gL dgbndzbs oM aymb
0gbm@omgdmmon ds3d30L dog.

30) (Pinker-ols dobggoo 1995: 281)
Child:  Want other one spoon, Daddy.
Adult: You mean, you want the other spoon.
Child: Yes, I want other one spoon, please, Daddy.
Adult: Can you say “the other spoon”?
Child: Other.... one... spoon.
Adult: Say “other”.
Child: Other.
Adult: “Spoon”.
Child: Spoon.

10 (28)-0b 39bmBgbl dmaxged 96megds that-trace effect. 56 gozmdo 08 Bod@dg, HmB gb gmbgdgba
o ofnb 3gbbogmamn. odse, sbggg Bogd@ns, HM3 0go o oMb yggms gbab mboggMbagamma
Lo gmoMgds. dogomoms, BMbammbs s nMmoboom®dn, Hmame RsbL, s0bndbmmn gi3qd@0 (36
that-trace effect) >6 33o>mdl.
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Adult: “Other... spoon”.

Child: Other... spoon. Now give me other one spoon?

9L 0gBmEabG o dogomomo GodnEos o sbobagb Fdmdmagdal J3gmmmdsl,
d53d3b 30b(396 0bLEGENJ30900 LEmEO 3g@yzgmgdobmgal. sbgmo 33egmmdgdo 396
535(0mgdl.  dombgsege  odabs, 65393900 donbs Lbagmmogb gbsl  ymagmagsto
3000098960 goMgdg. dgbadmgdgmos, 330b gfom-gfomn yzgmady sdoggMgdgmo
abLbs oMol MboggMbamyma gMads@ngol s@bgdmds.

ofbgdmdl  sbggg  Godmmmangmo  oMandgbBgdoiz 0dob  Lobamggdmme,
™3 gbs mobmoygmmomo ggbmdgbos. aoM3zzgmo dobosbosmgdmagdo LagMoms
dbmggmomlb yggms gbobogol (Bogonnmogg, yggems 3omasbl o43b Lydogd@gdo
o 363@030@360). sbgo  doboboomgdmgdl gbmegds gbol  ¢bnggmbsemngda.
0930 bamdmgomagbo  ¢baggMmbomy®m aMmsds@nzol oMbgdmdsl, 85306 6ol
boggMbomogdaz s0bLbgds — abobo oMbydmdgb 0do@&md, Gmd yzgmaobmgol,
3063 500530560l dbgdMog gbsdg LodMmmdL, LogMoms ol msbosymeoaemo
dobomes, MmImomsg dobo gbol gMods@ngs s0ggds. dIMmogomo dbasgbo LagMom
dobobosmgdmol gomws, 9bolb s030bgdsbMsb ©s3sgdnMgdm dmmmummanbogm
33ma398d0  asd3mhbes, ®m3d  Lbgowobbzs  Godalb gbgddo  Logdomm oo
Jdgbodadobmds  gbol  sm30Lgdsl  3Mm(3gLgdL  ImEob.  Bsgsmomew,  gbol
Jdgbbagmoboal 35333960 ao@0sb gMmbs s 03539 ©MbggdL ©s 339896 3bgagl
d9(300m393L, oybgszse domo 3nmEENma gomgdm3zabs.

©9M9d d039m@&mb3s (Derek Bickerton 1984) wm3ndgbdmom oswsbEmms,
Mmd  3Ogmen  gbgdLb! sdgo dg3tn LogMom dabsbosmgdgmon, ombosi gb gbgdo
dbmgmomlb aobbbgoggdymn sanmgdosb oymb s gMomdsbgmal smedmbomgbogy
969000056 dm30bsMgMdwbgb. dogomomsa, yzgms domasbl sbsbosmgdl SVO bymds;
yzgms  domasbobmgol  @ibms  oMobdg30x039Mn  asbybadmgMgmn 3B mgdo;
Mmab, gommbs ©d sb3dgd@nl godmbobs@egae yzgms domasbo nygbgdl Imesmym
b3673L; oo gz dgdbememo BIbYM0 Bmgdbos s 3owgs dMsegsma bbgs $8g3560
babosonl dbgagbgds. u&m 3g@ns, gb dobobosmgdmagda dgnbodbgds 3Mgmm 9bsbdy
Immadomagg 35393900L dg@yzgmgdado(s. 6039MEMbn goManmdl, Mm3d sdgzsMo
3abobosmgdmada 56l gbab msbosymemamn dnm3Mmmamadnb gbdi0s. gb Bmbabmgds
RmAL3olb MbogaMbomuEm aMmsds@ngsl g35ambadl.

11 36gmemo gbs 36l sban 9bs, HmMBgmaz Ysmndegds, Hmgbs(z 3mmadsmsggms cmomds Logsgmm b
30506 9bol go8mygbgdels 0bygdl doMggmom b s babemda 88 gbsDyg modsmszmab.
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3dmemb,  sMbydMdL  dMsgamo  domemgoyMo  sMadgbBo  MboggMbamumn
3M3358030L babomagdmme. MmamEz dgdmomsi omgbndbgm, gbs, Gmamez Asbl,
505d0sbols  L3g(30x3039M0  Joboboomgdgmos ©d doxmnsbo  dmo(33L  vdTnsbos
dmabsl. o3gms 5005305bL, o) Job oM od3b Mendg Lobol BobogyMa Bsgmo,
Mmam@g BbL, od3b gbs. gb Bommomgdl, ™I ob oMol 3969@03mMs@ Foboggdemo
0bb&nbg@o0. 335Lmsbsgg, Mmam3 bgztmmabazab@mdo 3339800006 Rsbl, ARggbo

&30bob 3oMg39aer0 boboergdn gdgomme ggogdatrgde 3oM33gae bageLEY
B06d30gdL-

33009 353mbsgmabol aoMes, a9bgMe@ogabd 9bsmdgsbogmms 1dMmagmgbmdsl
bggFe, M gbs aoM33gmmbomsm M0l Mobmsymemaman. bs3s8smm JvmemmE obss,
590gbo  mebmaygmmomons s mabpagmemoammds  gbals b3gz0x0zs oY) HRO™
Bmgswo 3maboGonmo gmb300980056 353m3nbsMgmdl. 83 3ombggdl of ¢3sbmbmeo
3&m3g%0

4.5 965015 35M05(300b 56LbS

38 30(3909mgds baggmbaorMn aMmsds@ngol LabMagdmme, Rsbl, GmI dommnsb
3yotos. o993(39, 33md35(3 33930094gds ol 3Mmdmgds, Mm3 9bgdo gEmBsbgomnbasb
asbbbgogogds. Lbmmgo gl 3Mmdemgds od393L LobGodLalb dgbbogmal sbgMoaswm
Lo0bGgMgbmE. M3 gb 3MMdmMgdss godNFMgmo.

domemagdobamzgal gobs 3goMo sGss o d@n, Hm3 msbmsymmoama bob@gds 1dz9dL
35605(309080. oG JMHom md3zgbo Mmzemgdob BgMdg. yzgmes Ibgrgge 50sd0sbL o3l
»35mgdn. m35mgool Jmbs (30mbsbo mebmaygmmoamoa Fobsbosmgdgmos s@sdnsbabs
(56 ddndBmazmnbs). gdgo 893s6gds, 30689 9893085mmb o3 obsbosmgdgmdo.
dobgoogo  8dobs, gbgmegzm  39M0s30g0L  m3zemgdol  gg@dn,  bmdsbs o
gm@3ado; 8939, BIMOME 3536 (39 gdMENs 35(05(30900 MZamadol BMEPobs s
3mboz05dn Lbgosbbgs dudndbmgatos dmMab. gbob ygzgmodg sbemm sbsmman
3g0dmgds 0gmb Bo@gdal dogdngn. 1962 Bgmb domegmds s Godymsd (Marler and
Tamura) go8ma3m0bglb @osmad@m@o 3060530980 MgnMaz063306mbsb dgmmMomes
admmdadn. 83  dgmyMgdol  dgbadmgdmmds s ImE03z53080  gmamndsz0nbes
30Rbgmons, MM meboagmmoamons, o9d3d  3Mb3Mg&mo  aommds, dso dog
39bEmmgdmmo, o8mzngdnmos 03 bobyab, Bgdsgem 0bgmMBssnsdg (input),
Mm3dgemag oo gbdonon.

9m-gMomo 60dsbo, Goms gbgdo 9MmBobgmabgeb asbLbgsezmgdash, oMb
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96530 303mygbgdygm LoGyzoms LodMogmy. Lbgosobbzs g6ob Lodyzgdo bws
©530b6s3mmo 36 ©o3035bLM3zMAM™, 0baba 5@ 3MNSb Meboymmoamba. sbgzg Mbws
sgomgobmo bbgs aobbbgsggdgdaz gbgdl dmmnb. dogsmoms, 45339335, Mm3geacs
LBsgMMEL abamabyML, Mbws a3obLsdmgMmb, M3 babsswgdol LEmMa Bymds
560l bmdogd@o-b3bs-mdagd@o (SVO), boaemm omsboon@ob d93Lbsgmgmabogol
Bymds 6ol BIbs-bmdagd@n-mdogd@o (VSO), 35806 Gmabsi omdnmabogol
boboogdal  Bymdss  Lbydngd@o-mdngd@o-bdbs (SOV). sdggMoe  dbmemm
dg3b0dbogm, Mmd  amsds@ngmmoa  asbbbgeggdgda gbgdl  ImEob  onygzebgds
3903390 Mdbosgmmom 3sMsdg§mos ghmnmdmaomdadg, Mmdgmoa sdmombggs
Jdgbodmm 3560568 gdL  ImEob. 8dgz0Mm, gbmdMogo goMns30gdn  33(3069db
obobBsgmo bo@yzgdal LodGsegmgl s Brrmwegh sMhg356L Babsbbomasbbsdmgmmem
dgbadmgdmmdsms bLodFmsegmowasb.

Bg39@d0 35356 03909ma© MHmI g30gzem, gbsms NaMsgmabmds babswswgdsda
9mg396@gdL smegqgdl dgdgan msb3ndwmgzHmdao:

31) a) Lmd0gd@o-bdbs-mdngd@o (SVO) (aogo@nmogg, oBa@nb‘gﬁm)

b) bmdogd@n-mdngd@n-bdbs (SOV) (Sogoqmmogg, m‘gﬁd‘g]@o)

c) b3b6s-bmdogd@o-mdngd@o (VSO) (aogoqmmoQ, 0(4)@.56@0‘360)
5309603y gbs 0ggbgdlb dndwgzmdsb:

d) 9365-mdngd@n-bidagddn (VOS) (Bsgsmomsw, semsnbomo)
36396000 (56 M0:g8ab o6 (39600)2 965 56 049693l 808wg3MMd93L:

e) md094&0-bndogd@n-bdbs (OSV)

f) m3099@0-b8bs-biydngd@on (OVS)

dmeoo BaMmd3mgomanbmm, ®m3  gboggMbsmumo amads@nzol dgdswagbgmmn
boBoemns Fomosg 3o60dg@Mn, Mmdgmoai 3obbabmamagh Bobswowgdsdn Lo ygsms
dofoomom oal. 0go a3390mb65bmdL, M8 88mbaMRgg Bymdomsasb mmbo (SVO,
SOV, VSO, VOS) s6ab 80obomgdo Gmam@ dgbsdmm Bymds.  Lodygsms yggms
dgbademm Mngo@sb mMo o6 sMolb YbnggMbammmo aMmads@nzolb boboemoa. 533330,
Mmdgemoi gBRegos abamaby@l, odmsgomgzg ool LoGygzoms go3M(3gmagdyemo
Bymdol dgbobgd; Mmegbs dsb gbdal sbgmo Bobswswgds ,Mommy loves Kirsten®
s 030L moomggmo 83 Lo yzob 3603369mmds, 35dob 3oL dgmdmons ngsMamomb

12 gb go63399mbomon  boge8smm  Lsgombos. ©gGdndsomo (Derbyshire 1985) 5383039005, Hmd
30gL3oM0sbs gbab ogglb Mdngd@om obygdmmo Gogo.
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Lo@ygoms ™o dgbodmm Bymds 0bgmaby@abogob: SVO ©s OVS. ok goo
©3bsMmhgbo oM dggbodedgds o3 3mbiMgdym dm(39dmmdsal. 83a30MsE, d53d30
353mM0(3653L yzgmes Lbzs 3n03mmgdsl. OVS w@sydgzgdgmos, Mowasbss ob o6 oMol
mobpsgmmoamao dgbadmm gm@mds. sbg Mmd, Mhgds SVO, Gmdgmog ool Lbmmo
Bymds abgmaba@mabomgol. s3Mogsm, 5393980, MmM3mgdas guBgdosb 0bgmobymb,
00Mhg396 Lo@ygoms Mogol 03 3oMsedg@Mb, GmIgmo gobbodmgmagl dgbodmm
mobrsymenom SVO d0dmggtmdsl.

3563 3903960 0s30b dgbsbadbag Bogbdo ,g60l sBm3gda” (Mark Baker, ,,The Atoms
of Language®) o3gmgglb gbmdmogo 3oM0s300b Bgbodmm  3sMedg@mms  bLodMmsegmgl
Mb0ggMbaem@o  aMads@n3olb  3odmogbob  geMamgddo. gl o0l Lamzgogbm s
3989 bgmBnbobgomdn sdndoggds 35Msdg@Mgdabs. gmmbOggmem  gofbgzom o3
Bogbols Bognombgal 030bsmgol, BmM3 ©sabsbmo, o) Msdgbs Magbgdswns gbmdfngn
35605(30900 b039MbmH 3M535@)03oLmb.

5. bobE>4Lab MgmEngdab IgMmAg3s

Mmgm® as3sMhomm 3oMgn dodmmgds (310bgsb? Amalgo (1965) 3300035bdMAL,
M3 dgbogobgdmae dgazadmoas gbsbmm, o Bmam® 0ygbgdgb LobBodbal jeMaon
®9m@0g80 08sb, Mobog S@9339@ M0l mbEggdn (levels of adequacy) qbmogds.
AmAb 3oL dobgmzg0om, s@bgdmdl Lado mbg, HMIgmbss gMsds@n3sd ((ggbdﬁ)oqggng@o
BgLgdal gMmdsd, GmIgmoaig dysmdgdlb dgbl mamﬁmob) dgndmgds  dosmboml
309335&MmMdal mzsmbsdMHoboo.

o) 073960 mgmEIns 0mzsmabbabgdl dommme 3mM3nbol dmbsa3935dL (3md30m,
bodgd &9JLES LyHNgL) s FgBL SBORIAL, 583mM76, BMAI g sGal s 330M393n050
3©933%90 363358035 (observationally adequate grammar). bgd980s 080l
0gds, Gm3 gb ose godmbspgan oMss, o930 3(30mmdor gbols dgdg(3698000
dbotol sbLbsl. Mmamy bgdmo gbsbgm, o3 dgdmbggzsdn o6 g3qdmggs doremasbo
Lg@oma. hggb sbggg azdotmgds ndolb (3mEbs, oy Mo bbb Bobswswgdgdo dnokbggs
Bomgdmom ob gMsds@ngmae sMsLBEmMMom. mgm@osl, Mmdgmog ncgzemalbobgdl
m6039b,  3mE3qLgdbs s gbol  Bo@oMgdmal  gsbbgsl  ameds@ngmmew  LbmEo
Boboomgdgdal  dgbobgd, gbmwgds  @gbzMngzommo s9g3358W0 3M33303d
(descriptively adequate grammar). 9600 dgbgogno, 3gbadmms, 8mgz9hRzgbmb,
a3 gbss LEmMgo ab, Mo aggomomgds. ogds, Amadbgo oibowgdlb, Gmd Rgzgb
dgag0demos 300093 9fmo baggbymom Bagobomo bab. ngo Jommomgdl, HmI mgmos,

35



LANGUAGE

3903 0035mobB0bydlL 353d3980L doge 3dmdmoamMo gbals scm3z0bgdal 3Bm(39LL,
0L bamzgogbm. ogo 33sL bmEgdl  3dbbbgemmdncs® swg3398M 3M333§nzob
(explanatorily adequate grammar). 39bsdmgdgemos, gb nsBemoyn 3565398 Mgd0l Jom@ g
ogmosl dngognmgbmm. 39bgMa@omma afMsds@ogs 300LbbMaggal 53bLEgmmdomaw

309335 MM0 gM33s80 3900 396.

05633690 65005 ©bSd 5 0650106 89689530
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PRONUNCIATION OF GRAMMATICAL
WORDS IN CONNECTED SPEECH:
A CASE STUDY OF ALBANIAN EFL
LEARNERS

Marika Butskhrikidze
AAB College

ABSTRACT

Pronunciation is considered to be the most difficult aspect of a language for adult learners
to master. This paper analyzes the pronunciation of function words in connected speech by
Kosovo Albanian EFL learners. Following the existing discrepancy: native speakers favor
speed over clarity in everyday speech, while non-native speakers favor clarity over speed,
we propose the following two hypotheses:

H1: Non-native speakers produce much longer utterances than native speakers.

H2: Native speakers use the weak forms of grammatical words much more than non-
native speakers.

The first hypothesis is verified by comparing the duration of the same utterance produced
by non-native Kosovo Albanian EFL speakers with the ones produced by native British and
American English speakers.

The second hypothesis is tested by comparing the usage of weak forms of grammatical
words by native vs. non-native speakers of English. All the data come from Steven
Weinberger’s “Speech Accent Archive” (Weinberger, 2015). The durations of the selected
sequence is manually measured using PRAAT (a free computer software package for the
scientific analysis of speech) (Boersma and Weenink, 2018)).

The data suggest that Kosovo Albanian EFL speakers, give an overwhelming focus to

37



LANGUAGE

clarity and hence assign an equal stress to each word (including function words) in a phrase.
Consequently, they sound unnatural and end up producing much longer utterances than
native British English or American English speakers. Some recommendations for classroom

activities are suggested in order to improve pronunciation of EFL learners.

Keywords: pronunciation, connected speech, function words, Albanian EFL learners

1. Introduction

Broadly speaking, there are two main approaches to teaching pronunciation: bottom-up
and top-down. In the former, pronunciation is taught in a building-block fashion:

)

sounds — syllables — words — phrases — extended discourses

The textbooks used in teaching pronunciation at large reflect the above depicted
hierarchy, introducing initially the notions of a vowel or a consonant, and later the larger
units such as phrases and utterances.

In the latter approach, by recognizing that segmental and prosodic features are closely
interrelated, the naturally occurring stream of speech is studied first. Initially a big picture
is taken into account and later on its smaller components (i.e. by examining micro features
such as syllable or consonant/vowel) are studied.

The results of the study advocate for the top-down approach by analyzing the behavior
of function words in connected speech. We are comparing non-native (Kosovo Albanian)
and native (British and American English) pronunciation of English continuous strings. All
the data (recordings and phonetic transcriptions) come from Steven Weinberger’s “Speech
Accent Archive” (Weinberger, 2015). The data suggest that the pronunciation difficulties
could be linked to the following discrepancy: native speakers favor speed over clarity in
everyday speech, while non-native speakers favor clarity over speed. By an overwhelming
focus on clarity, non-native speakers (in this case Kosovo Albanian EFL speakers) give
equal stress to each word (including function words) in a phrase. Consequently, they
sound unnatural and end up producing much longer utterances than native British English
or American English speakers. Some recommendations are made to improve teaching

pronunciation to Albanian learners of English with a special focus on function words in

38



J6d

connected speech. When reviewing the literature on L2 pronunciation teaching, Derwing
and Munro (2005) point out that there is a lack of empirical research in this field as well as
inadequate application of research findings to classroom practice. We hope the present study
contributes to our understanding of teaching pronunciation to L2 learners and gives concrete
recommendations for classroom activities.

The rest of the paper is organized as follows: firstly, we consider the characteristics of
connected speech. Two hypotheses are proposed related to the discrepancy between speed and
clarity vis-a-vis the native vs. non-native speakers. Section two describes the methodology
of the study. In section three, the data is presented; recordings and transcriptions of Albanian
speakers of English as a foreign language and of native British and American speakers are
compared in order to verify the proposed two hypotheses. In section four the findings are
discussed and analyzed. At the end, the conclusions are drawn and some recommendations
are made in order to improve teaching pronunciation to Albanian learners of English with a

special focus on function words in connected speech.

1.1. Connected speech

When we put words together, they are no longer pronounced the same way as they are
pronounced in isolation. To make speech flow smoothly, the way we pronounce the end and
beginning of some words can change depending on the neighboring sounds (i.e. changes
predominantly happen at the word junctures). The most frequently attested changes are the
following: sound link, sound disappearance, sounds joining together, etc. More importantly,
in connected speech, speakers use pause and intonation to divide speech into listener-friendly
chunks. Important words get extra stress and a rise or fall in pitch. The resulting pattern of
stressed and unstressed syllables creates a rhythm that listeners use to comprehend what they
hear (Goodwin, 2014).

Many agree that there are two main types of languages in terms of their rhythmic pattern:
a syllable-timed language and a stress-timed language (Pike, 1945; Abercrombie, 1967; for
other opinions see Nespor, Shukla and Mehler, 2011).

In a syllable-timed language, every syllable is perceived as taking up roughly the same
amount of time and is given approximately equal stress. Examples include French, Hindi,
Cantonese, Italian, and Brazilian Portuguese.

In a stress-timed language, some syllables are stressed, but there is perceived to be a
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fairly constant amount of time (on average) between consecutive stressed syllables. Some
stress-timed languages are Swedish, Russian, Arabic and European Portuguese.

The difference can be depicted as follows:

2

a. stress-timing
TgoO oo oo GO OO GO

N | | N | IS |

b. syllable-timing

CV CCVCCV CV CVC
LIl I | B |

(Nespor et al., 2011)

English is a stress-timed language. As Catford notes: “Within short stretches of
speech, feet in English tend to be isochronous (i.e. of equal duration) and isodynamic (each
involving about the same output of initiator power)” Catford, 2001:172). This has an effect
on the unstressed syllables, which have to be fitted in quickly between the stressed syllables.
Stressed syllables (strong forms) often occur in content and meaning words, while grammar
and function words are often weak forms.

Function words are the words that help us construct a sentence, e.g. articles, prepositions,
conjunctions, auxiliary verbs, etc. These words usually have no stress, and so they are
weakened. The reduced form is called a “weak form” as opposed to a “strong form”, which
is the full form of the word pronounced with stress. The strong forms only occur when we
pronounce them alone (in isolation), or when we emphasize them. Consider the following
example in (3):

3)

We can wait for the bus

[wi k([ In wert f] o[ bls]

In the sentence given in (3), the grammatical words ‘can’, ‘for’ and ‘the’ are unstressed
and have the weak forms: £[ln, fIJ and O[] respectively. Roach (1998) lists about forty
English words (most of them function words) that have both the strong and weak (reduced)
forms. Below there are just a few function words listed with the both strong and weak forms

in order to illustrate the difference in pronunciation.
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“4)

A grammatical word The weak form | The strong form
that /dat/ /ozet/

was /woz/ /woz/

there /8a/ /0ea/

shall /Jal/ /Jeel/

some /som/ /sam/

am /om/ /eem/

do /da/ /do /

Foreign students, when they learn English as a foreign/second language, predominantly
use the strong forms of grammatical words. Consequently their speech sounds very unnatural.
On the other hand, native English speakers use the weak forms all the time, as it is also
demonstrated in the example above (see (3)). Foreign students find it difficult to understand
a natural speech because they don’t even know about the existence of weak forms and the
contexts they occur in.

The paper by Alimemaj (2014) addresses the difficulties Albanian learners usually
face in learning the English pronunciation. The author points out few important differences
between these two languages: one is that the Albanian language does not have weak and
strong forms, while English does, and another difference is that English has primary and
secondary stresses, while Albanian has only the primary stress, which is predominately
fixed. Concerning the stress placement the author writes: “In general the main stress in an
Albanian stem falls on its last syllable, the main stress of an Albanian word (for compound
words with more than one stem) falls on its last stem, and the main stress of an Albanian
phrase falls on its last word” (Alimemaj 2014: 162). From this generalization one could
conclude that the Albanian language has a stem-based stress, but Trommer (2013) argues
that in determining the stress placement in Albanian, the phonological factors like: a syllable
weigh and a vowel characteristics (e.g. high and low vowels attracting stress) are crucial as

well as the distinction between the noun and verb.

1.2. Hypotheses

Following the existing discrepancy: native speakers favor speed over clarity in everyday
speech, while non-native speakers favor clarity over speed, we propose the following two

hypotheses:
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H1: Non-native speakers produce much longer utterances than native speakers.

H2: Native speakers use the weak forms of grammatical words much more than non-
native speakers.

The first hypothesis is verified by comparing the duration of the same utterance produced
by non-native Kosovo Albanian EFL speakers with native British and American English
speakers.

The second hypothesis is tested by comparing the usage of weak forms (forms with
the reduced vowel, the schwa) of grammatical words by native vs. non-native speakers of
English.

2. Methodology
2.1. The materials and procedure

We base our study on the recordings and transcriptions that comes from the Steven
Weinberger’s “Speech Accent Archive” (Weinberger, 2015). The speech accent archive
uniformly presents a large set of speech samples from a variety of language backgrounds.
Native and non-native speakers of English read the same paragraph. Recordings are carefully
transcribed following the 2005 version of the IPA. The font used is called Doulos SIL font.
Details concerning the procedure of recordings and some other technical details can be found
on the following website: http://accent.gmu.edu.

Each subjects reads the following elicitation paragraph: Please call Stella. Ask her to
bring these things with her from the store: Six spoons of fresh snow peas, five thick slabs
of blue cheese, and maybe a snack for her brother Bob. We also need a small plastic snake
and a big toy frog for the kids. She can scoop these things into three red bags, and we will
go meet her Wednesday at the train station.

From the elicitation paragraph we have chosen to analyze only one sequence: “...and
maybe a snack for her brother Bob”. Since the focus of the paper is on the pronunciation of
grammatical/function words, the above-mentioned sequence contains four such words: and,
a, for and her, and thus provides a good testing ground to verify our hypotheses.

The duration of the entire sequence: “...and maybe a snack for her brother Bob” for
all eight subjects is manually measured using PRAAT (a free computer software package

for the scientific analysis of speech). The comparison between the duration of the sequence
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produced by the native and non-native speakers is made. Additionally, the pronunciation
of grammatical words is studied in detail and again the comparison of the pronunciation

differences between the native and non-native speakers is made.

2.2. The expectations

Firstly we expect the duration of the sequence: “...and maybe a snack for her brother
Bob” produced by native English speakers to be much shorter that the same sequence
produced by non—native, Kosovo Albanian EFL speakers.

The sequence: “...and maybe a snack for her brother Bob” contains four grammatical
words: and, a, for and her. We expect the weak forms of these grammatical words: /on/, /o/,

/fa/ and /o///ha/ to occur more in the native rather than in the non-native speech.

2.3. The subjects

All the detailed information concerning the biographical background of the eight
subjects (four native and four non-native) and the phonetic transcriptions of the recordings
considered in this study are provided in the Appendix.

We have randomly chosen four Kosovo Albanian EFL subjects, two male and two
female; all of them residing in the United States of America for a period of 3-13 years. From
native English subjects, there are three female and one male: one British English speaker and
two females and one male American English speaker.

In the rest of the paper the Kosovo Albanian subjects are referred as ALB1, ALB2,
ALB3 and ALB 4, while the native English speakers as ENG1, ENG2, ENG3 and ENG4.

3. The results
3.1. The duration measurements

We measured durations of the sequence: “...and maybe a snack for her brother Bob”
for eight subjects manually in PRAAT. For the details of duration measurements, pitch track
analysis and respective spectrograms please see the Appendix.

The results of the measurements are summarized in Table 1 and the comparison between

the native and non-native subjects in shown in Figure 1 below.
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Table 1. Duration measurements (in ms) of Kosovo Albanian EFL and native English

speakers
Albanian English
Recording 1 1.99 ALBI1 1.65 ENG1
Recording 2 1.91 ALB2 1.77 ENG2
Recording 3 2.09 ALB3 1.62 ENG3
Recording 4 1.91 ALB4 1.5 ENG4

The comparison between the durations of Albanian
EFL speakers vs. native speakers of English

25
g 2 % —
E 15 L= = m—— o —
=]
g ! =o=Albanian
205 .
=@=English

f=}

Recording 1 Recording 2 Recording 3 Recording 4

Four Kosovo Albanian EFL speakers and four native
English speakers

Figure 1. The comparison between the durations of Albanian EFL speakers vs.

native speakers of English

The Figure 1 clearly shows that the native British and American English speakers
produce much shorter utterances than the Albanian EFL speakers. The difference is significant
regardless of the fact that ALB3 and ALB 4 have the duration of English residence for 12
and 13 years.

3.2. The weak/strong forms of grammatical words in connected speech

We extracted the four grammatical words: and, a, for and her, as attested in the sequence:
“...and maybe a snack for her brother Bob”.
The transcriptions of grammatical words for eight subjects (four native Albanian and

four English speakers) are presented in Table 2.
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Table 2. The grammatical words attested in the speech of the four native and the four non-

native subjects.

ALBI1
ALB2
ALB3
ALB4

ENG1
ENG2
ENG3
ENG4

and
[een]
[&n]
[&n]
[&n]

[@n]
[on]
[an]

[on]

a
[
[o]
[o]
[e]

[o]
[o]
[o]
[o]

for
[fo1]
[fo1]
[fo1]
[fo1]

[fa]
[far]
[fa]
[fa]

her
[hsi]
[hor]
[hos]
[hor]

[ho]
[hor]
[hs]
[ho]

The same data translated into the weak/strong forms in presented in Table 3. The weak

form corresponds to the form with the schwa (a reduced vowel), while the strong - with one

with the full (not reduced) vowel.

Table 3. The weak/strong forms attested in the speech of the four native and the four non-

native subjects.

The Subjects
ALBI1
ALB2
ALB3
ALB4
ENG1
ENG2
ENG3
ENG4

and
strong
strong
strong
strong
strong
weak
strong
weak

a
strong
weak
weak
strong
weak
weak
weak
weak

for
strong
strong
strong
strong
weak
weak
weak
weak

her
strong
weak
weak
weak
weak
weak
strong
weak

As shown in Table 3, concerning the native English speakers, out of the expected 16

weak forms 13 are attested, while regarding the non-native speakers, out of the expected 16

weak forms only 5 are attested. We think that this data illustrates the significant difference

between the usages of weak forms of grammatical words by native vs. non-native speakers.

It shows that the native speakers use weak forms of grammatical words more than the non-

native speakers.

45



LANGUAGE

4. Discussion

The duration measurements presented above confirm our hypothesis saying that: “non-
native speakers produce much longer utterances than native speakers”.

Concerning the grammatical words, we found more reduced/weak forms with the native
rather than with the non-native subjects, which also confirms our second hypothesis: “native
speakers use weak forms of grammatical words much more than non-native speakers”.

We did not measure the durations of the grammatical words in the utterance, but just by
comparing the pitch tracks of the native vs. non-native speakers, one could suggest that the
weak forms attested in native speakers’ speech is the result of a correct assignment of phrasal
stress on the content/lexical words as follows: ...and maybe a snack for her brother Bob.
By stressing the content words: maybe, snack, brother and Bob appropriately, the vowels in
function words naturally get reduced so that the smooth rise-fall pattern is created. In the
case of the Kosovo Albanian EFL speakers, equal stress is given to each syllable (including
function words) in the phrase that makes the utterance sound longer and unnatural. The
difference is clearly seen in the pitch-track analysis of the respective phrase for native and

non-native subjects (for the details see the Appendix).

4.1. Limitations of the study

A larger scale study is desirable to test if factors like the age of English onset or the
length of residence in English speaking country makes any difference with respect to the
hypotheses proposed and tested in this study. Another important factor could be naturalistic
vs. academic learning method affecting the second language acquisition process and learning
outcomes.

Swan and Smith (2001) and Major (2008) point out how L1 pronunciation influences/
interferes with L2 speech. In this respect, a contrastive analysis of English and Albanian would
be necessary. Due to the lack of experimental phonetic studies on the Albanian language,
we could not explore this issue (i.e., if the Kosovo Albanian L2 in English is affected by
native Kosovo Albanian (Gegh) rhythmic/intonation structure). A detailed contrastive study
between the two languages, Albanian and English, would contribute to improvement of the

pronunciation of the Albanian EFL learners.
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5. Conclusions and Recommendations

We started the paper by observing the discrepancy: native speakers favor speed over
clarity in everyday speech, while non-native speakers favor clarity over speed. Related to
this, two hypotheses have been proposed:

H1: Non-native speakers produce much longer utterances than native speakers

H2: Native speakers use weak forms of grammatical words much more than non-native
speakers

The duration measurements and the comparison between the pronunciation of
grammatical words by native and non-native speakers confirm both hypotheses.

We advocate for the top-down approach to teaching pronunciation to foreign leaners.

Following this study some recommendations are suggested for classroom activities in
order to improve teaching pronunciation to Albanian learners of English with a special focus

on function words in connected speech:

=  Making students aware of the discrepency between the speed and clearity vis-a-vis

the native and non-native contexts.

e The most common sound in the English language is the schwa; thus should be

taught in great detail. All the contexts in which it occurs should be considered.

e  Speech-monitoring activities are suggested, e.g., to encourage a learner to record
himself and compare it with a native speech. Additionally, we can ask the learner to
trascribe his own and native speech and analyze the differences between the two.

e Activities with a special focus on strong/weak forms of grammatical words are

advisable for learners in order to know all the contexts (strong/weak forms) they

can occur in.

e By making an extra physical affort on stressed syllables (i.e., by making them
louder and longer), a learner will automatically reduce the constituents that are less

important and as a result the speech will sound more natural.
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Appendix

All biographical data and phonetic transcriptions come from Steven Weinberger’s
“Speech Accent Archive” (Weinberger, 2015).

The elicitation paragraph is as follows:

Please call Stella. Ask her to bring these things with her from the store: Six spoons of
fresh snow peas, five thick slabs of blue cheese, and maybe a snack for her brother Bob. We
also need a small plastic snake and a big toy frog for the kids. She can scoop these things
into three red bags, and we will go meet her Wednesday at the train station.

3

The analyses of the phrase: “...and maybe a snack for her brother Bob” for each

recording are done in PRAAT by the author of this paper.

ALBI: Biographical Data

birth place: Prishtina, Kosovo

native language.: Albanian

other language(s): Serbian Macedonian Bosnian
age, sex: 19, male

age of English onset: 6

English learning method: naturalistic

English residence: USA

length of English residence: 3 years

[pliz k"ol stela ses x31 ta bain o1s
Finks wif hax f15m &2 stoa siks
spinz Af fief sno piz fart Ok slaebz
a blu iz 2en merbi A snaek faa haa
biradoa bab wi ol¥so nida smoal
plEstik sneitk #nda bik t"ar fiag foa
da K™jits Ji kéén skMup™ diz Finks
Tntu &ri ased beegz £2n wi wrlY o mnit
wi wil go mit haa weEin=zder a2 da

t"1€in ster3n]
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ALBI: Analysis of the phrase: “...and maybe a snack for her brother Bob”

0.994195011

0.3068
0

-0.4418

200

e -

0.9 11

1.988

Pitch (Hz)
{

Teecsenena,,, "—-f-.-.._h P

ssoe,

0.99M950 11

1.988

Frequency (Hz)

| ‘.I w‘ i l !",'I'I:HJIP mﬁ ‘

Time (s)

ALB2: Biographical Data

birth place: Mitrovice, Kosovo
native language: Albanian

other language(s): German Serbian
age, sex: 33, male

age of English onset: 28

English learning method: academic
English residence: USA

length of English residence: 5 years

[plizz kal stela zesk hax tu brin
Ais Oings wid haa (T wid hoa fam
da stoa siks spams of el snow
pis farf Oik sleetbz av bla tliz @&n
metbi o snmk fHi haa baadoaa bab
wi 2ls0 nid & smol plaestik snetk
@#n 2 big tor flo:g faa da kMide i
kdn skutb dis Oins Tntu Oai ased
barks @n wi wil get’ wil gouw &n
wi wil gou mit hsu vEnzder et
da uem sterfan]
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ALB2: Analysis of the phrase: “...and maybe a snack for her brother Bob”

0.956269841
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ALB3: Biographical Data

birth place: Prishtina, Kosovo
native language: Albanian

other language(s): Serbian

age, sex: 45, female

age of English onset: 11

English learning method: academic

English residence: USA

length of English residence: 12 years

[plis kol stel¥a sesk ha a bain dis
B7Ins wi0 ha f1im 82 stox siks
spiimng 3f fief snou pirs farf Ork
slaebs of blu: tfits @&n merbi o
snack”™ far hoaa baadox bab wi also
nid 2 smal p"laestik sneik s:end a2
brg tor frag for 42 kids fi k3n
skurp dis Oinz Tntu Oai: zed baegz
#nd wi wil gou mitt hax wEzdern
et T da set T da tidin sterfon]

J6d
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ALB3: Analysis of the phrase: “...and maybe a snack for her brother Bob”

1.0444898
0.2444
o
-0.3823
o 2.089
10 59
200 = - < = ~

Frequency (Hz)

Time (s)

ALB4: Biographical Data

birth place: Prishtina, Kosovo

native language: Albanian

other language(s): Serbian

age, sex: 43, female

age of English onset: 9

English learning method: academic
English residence: USA

length of English residence: 13 years

[p"lis kal stela sesk hex ta barmn iz
Bmz frAm her? £ wid hex faim da
stoa siks spins of fas) snowu pits
fary ik slaebs av blu tfiz #&n merbi
E sneek”™ faax haa baadaa batl wi
al*sd nid 2 smal pleestik snertk 3 o
brg t"or fiag” foa do kids fi ks#En
skup™ diz Bz nita Bai asd beegs En
Wi wrrlY goas mit hea wa¥ wEn=zder

1 do trein ster{Sn]
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ALB4: Analysis of the phrase: “...and maybe a snack for her brother Bob”

0.957732426

0.3974

(] 1.915

0.949554h6
200 -
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ENG1: Biographical Data

birth place: Davenport, lowa, USA
native language: English

other language(s): none

age, sex: 35, female

age of English onset: 0

English learning method: naturalistic
English residence: USA

length of English residence: 35 years

[pPliz= kPol stela £slc o re bir
Gir= Jinz w1 he fidm d2 stooa
siles splinz ay L1z snoo phu=
fary ik slsetbz A blu Hit= £n
meibit 2 snEk far he baabee
batbh wi olso niir 2 smol
pPlastilke snéilke En 2 big? thor
fra:g fo &2 kPidz [i kén skup
dim Hinz T nt™s A1 i=d bz
E=n we WwWIlY goos radit hee
weEnzde st Oa t18in sterlin]
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54

ENGI1: Analysis of the phrase: “...and maybe a snack for her brother Bob”

1.64603175
0.3035
04
-0.5152
o 1.646
Time (s) 1.64603175
200
= -s,, . LrT— Pt
= eenere, e bad ""‘-""'-.
=
50
P 1.640
Time (s) 1.64603175
__ 5000 T WA
:EN, i m ﬂ[ \w H .,“ 1-\“%“‘!
g ) il i L . [
g I o m
% | ¥ # ' il )
E B
o [ ) L
0
Time (s)
ENG2
Biographical Data

birth place: Pittsburgh, Pennsylvania, USA
native language: English

other language(s): French Spanish

age, sex: 52, female

age of English onset: 0

English learning method: naturalistic
English residence: USA

length of English residence: 52 years

[p"™lizz kMol stela sesk hoa ra
ban di:z sigz wib hax faam nd
stor stks spounz ov faef fnowu
p iz farv ik slae:bz o% blu
tfiz= on merbi o snaek fox haa
baador bob wi olsou mir o
smal plaestik smeik an 2 big
thor fio:g fox 0o kid= fi kdn
skup Mz sm=z= mtu Oii: aed
bae:gz @&n wi wil geu mit haa
neks wenzder st O trem
stefan|



ENG?2: Analysis of the phrase: “...and maybe a snack for her brother Bob”

0.88569161
0.3947
0
-0.6525
o

200 - -

Piteh (Hz)

Frequency (Hz)

ENG3: Biographical Data

birth place: Staffordshire, UK

native language: English

other language(s): French

age, sex: 35, female

age of English onset: 0

English learning method: naturalistic
English residence: UK

length of English residence: 35 years

[pPlitz KPa:il steli aslke 3 to bag
iz ginz wid 3 fasam 2 stos
sikes spurng Ay fis] snoo phiss
fary Bik slabz 2+ blu ffit= &n
mebi a snalk f&a hs baads bdhb
wi olzo nid o sma:l plastile
sneik an 8 big t"or faag? fie &2
kidz [ kKPen skup™ diz 8=
inte B aed bdéEge wi wil goo
tmiit 3 wenzmde =tf &2 tien
ste1la n]

J6d
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ENG3: Analysis of the phrase: “...and maybe a snack for her brother Bob”

0.808639456

-0.2026
o 1.617
020885556
200
. .
é esetenetttenent e e "-.__‘. seareattay, ..
-
=]
£
®ye
1.617
— LA
=
= TR
z DR
2 A
=
2
o
1.617

Time (s)

ENG4: Biographical Data

birth place: New Britain, Connecticut, USA
native language: English

other language(s): none

age, sex: 39, male

age of English onset: 0

English learning method.: naturalistic
English residence: USA

length of English residence: 39 years

[P™izz kK™al” stela sesk & ra hain
Oz 3inz wio 2 LrAm OO0 st siks
spiitnz av Tief snou pMirz farv Bik
slag:bz 2w blu t"fi:z 3 merbi o
snagzk o har basada baiba wi al¥so
nira smal¥ p"laesuk” sneik En o
big t"or frarg G 02 kKMixdz i kK3n
skup Hiz Finz mta 8 aed bas:gz
En wi wil¥ gou mir & weEn=zder at”
O t"adin sterfan]
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ENG#4: Analysis of the phrase: “...and maybe a snack for her brother Bob”

0.751292517

ot

1.503

Pitch (Hz)

1.503

Frequeney (Hz)

Time (s)
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40 0MNL IR IFIEBGIGIIN 3IM3IGMNY’
S Gombgo

Institute for Basic Research in Science,
University of California, Berkeley, California, U.S.A.

933009b 9madgb@gdal GFawa(300bs3936 dg@bydemoa 0d (3696980L s mgmEg-
d9%0b gBommdemomds, Mmdgemo dgoagbl Ladsmm-babgmmm gqgmdg@&moal 39MmLL
Labamdmm gbsdn, mogobygmsw dmablgbngds gfMdnbom gmgdgb@styemn agmadg-
B3, 53335M5m, GgMdnbl sMmed3o3Mae gobbabmatmma 8603369emmds o93b s ab
dgndmgds 93980 9006mmb  bbgosbbgs 0b@gm3mg@sosl. o azba®mb gmgdqb-
Gofrmmo ggmdg@Mns as3bsmo domgds@ognmn dgbbsgmolb Logsbo s dogocmmom
BbBo 39gagdo (s6s 8ol ggomamagddn, sedgm Lobdmasm), 85306 s 3nmgdgmo
bogds goM33gmo 0b@gm3mg@sonl skggs. 3gMdme, Mbos smgbgmmm, byb@ewe
mdgmo bobsowgdgdo dgagodmoas Rodmgsaysmadmor gmgdgb@etmm ggmdg@Mosdo
s MmIgmo Jomgsbo dgazadmos g3bmm dmaswdstmmgdamaw; Lbzs bLogyszgdoom,
Mbs 350anbmm gsdmbs@zabs ©s 3@ 30(3960L Ladmsamgdgda, HmMImadoms gb
0b(303m0bs sMals segmMgomo.

o3 LEdG0sdn, Az9b, M3aMggmal ymgmabs, yyMemgdsl 303sb30mgdo gmadgb-
Gofrmmn agmdg@maal (36960bg, Mm3gmocs bgdew dgndmgds dgdwgabsntism smoa-
bgemb:  gemgdgb@otym agmdg@mos  dmgablbgbomo ggmdg@Manls ab baboma, Mm-
dgmo(z dgndmads Bedmysmndalb s ©ed@30(309L LodMsegma@m-mgmtonmo Ladey-
amadadols gomgdy.

1 oomgdsbn dgb@mmmadmmos 838mgan 3mdemongsznnlb dobgogoom: Tarsky, Alfred. 1959. What is el-
ementary geometry? In: The axiomatic method with special reference to geometry. Leon Henkin,
Patric Supper, Alfred Tarsky (eds). Proceedings of an International Symposium held at the University of
California, Berkeley, December 26, 1957-January 4, 1958.
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Bmm babEee, gmgdgbdommmoa agmdgG s o9 asa9dmmo mbws aymb [25]*-0b
SDG0m, Mmamtz LEGebsMEB Mo BmMIsmadsznal 3dmby mgmmons. ol gmEmdsmo-
Bgogmns gmgdab@ofmem mmaniadn, 3oMggmo Mogolb 3MgEngs@os smfn(3bzsdoa.
bogmobbdggas, Gm3 yzgms ob (3300, X, ¥, Z, ... , H™3gmoz 93 ogmMosdo g3b-
300905, g50Md9bLb mog0l 360d369mmds @exgndLoMadmmo LodMsegmal BgMmEomgdals
9600M3momdsl. mgmEnol mmgo o bLoddmmmagdas: (i) Bobswsmgdoms 35353306 9-
dmado — @amymazol bnddmenm =1, 083emo3s300L (,893mB0bsMgMB0L ) Lo8dmmm —*
, @0bombd(300L (,06%) LEBdmEm V s 3MBombd(300L (o) Lddmenem A; (ii) 3356@m-
960 — bgdobdogHhmdals (‘360336on1‘360) 3396@mM0 v s 3Mbgdmdol (33%0[)@)36-
Gno@‘gﬁm) 3356@mto 3; (ii1) mEo L3g (300N, MMsEanmNsbo 3MgEn3ds@0 — 0go-
39mM30L boddmem = o gobLbgsggdmmmdal Loddmem F. sMommaoznm boddmem-
90500 (0gmEnal 3G0do@omem Lo8dmmmgdow, agmBgdMonm (36909ds0) 39a39demm
333ma39(3b5gd0bs b67d0LbdngMn 3Mgoze@n, MmIgma ©mbodbsglh Fndsmgdgdl
BgmE&nmgdl dmEnlb s GmIgmms §9Mmdnbgddoz yzgmes (3bmdaemn g gm3gH@ogyemo
(36905 0g650m©s asbbadrmgMgdswa. bobsdwgomagdn, 53 Bobbabogol gowgdor ™
36900358)L: Lodsgomnsb 3MgwngzsdL B, mdgmo(z 5bodbagl dmmabmdals (B0l
agmcgmbnb) 303500 gdsL, s mombsmanmosh 3Mgooge@lb =, Mmdgmoy ombodbsgl
0065356©05dMMdmmdol Jodommgdol; gm@mdnms B{xyz) ojombgds dgdwgaboo-
o ¥ 898569m3L x-bo o Z-b dmmab (3g8mbggzs, Gmmgbs ¥ g8mbggzs x-b o6
Z-bL oM oMb 608(060(353@0), beem XY 2 ZU o30mbgds dgdgabsntse: X 0bgzgs
@sdmmydamn ¥-1gsb, Mmgmei(s Z oMol podm@gdaeno U-bgsb.

5da30Md0, 9mgdgb@otmmn gqgm3dg@Monls hggbgnm @m@mIsmads(309dn 0boogo-
aomadsm gsbgobomazm Jbmmme BgMmGomadl; dgbedsdabsw, obobo bsMdmuoag-
Bombo 56056 (306390 Mogob) (33msgdom. Moash gmgdab@gHmm agmBg@masl
36 543b LodMagmnE-mgmEommo dsdabo, dobo gmEIsmodszns o6 dFal segmm-
30000 doammo Mogol (33memgdoms s Loddmemmgdoo, MMAmgdoy BaMdmawanbgb

36 5b0dboggb agmdg@maem goammgol (636@0@0)0 b08603q)336b), 39m39@ Mo
Bogcsms 3mabgdl s .. gbos 0mdzel, Gmd, 530l Jombgosgew, Azgb 85063

2 58 bBo@nab gMom-gMmn, yzgmody Bmogemn 8n0bsbns BomdmgsRnbmm mebsdgommay mmangabs @
89@9350935@030b (3693980 8603369mmds agmBg@Manl agmdbgdal Jgbbagmoda. 88 ©obgybosda
bobbgbgd mmanzm® s 89@e8smgBagngn®m (36989830 asbamiggzaw ab. [24] s [25] (d0dmomaMmagns
abomgo bLEd@Nolb dmeamb). Bosgsn 8g@eBsmgds@ngnmn dgogan, MmMgmbs 9dystgds gb @ab -
boo, Bomgdymon aym [23]-3o. semaqgd@nmo (3698980L © Bgmgaqgdal gobosbmdaw ab. [27]. smbgdmdl
08 LGGNLMOb MyBad Mo ©s3e3dnMgdmmo s 08539 3gMomeal MeBgbndy LG ns: gb dnMggm
0ado gbgds Scott-ab bGo@nsb [21] s Szmielew-ab bGo@nob [22], sbggg, Robinson-ob bGs@osb [18].
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dga30dmos gs3mgbobmo Bggbl gm@mdsmndddn yzgms ob dgmgan, Gmdgmo dg-
96905 LEMABIBM396 BoamEgdlh ©s dgndmagds dgazbzwglb Labgmenm ggmdg@moals
Lobgeddmgabgmmgddo; dsc dmEal  ababo, Gm3mgdo yomodogds  3gmdg@ M-
amo Bogmagdol bbgssbbgsgzsm gmobors 3gdggmdam, GmamMgdazes: bMgggdo,
b&9b06gb0, dmbsj339mgd0, Ladzmmbawagdn, mobimobgmgdo ©s, YBO™ dmaswmsw,
IMog5m3mbgogdo B3gMmms Momss axgdLofMgdmmo Labfmmo Mommgbmdaom; sbg-
39, 99330305 godmgbsbmm aoM339mmn d0dsmmgdgdo 3 Jmabgdob ggmdg@ Mo
30g99M38L Imtol, Mmgm@gdozes 3mbaMab@mds s dbasgbgds. gb ¢dg@gbbormac
0d g5g&nb dgogans, Hmd ymggm bablbgbgd 3mabdo ymggmo ggmdg@Monmo gognms
a560badbemagmgds BaMmEomgdol oxndbomgdgmoa babGmmo LodMszmoom. dsgsmomsw,
030b ddob bozzmee, M3 69 nemo £ dwogdsmgmdlb 6Mmagdy, Hmdgmars gowob
B95&0mgd%g X oo ¥, 39a30dmns 30300, Gm3 bEHmmegds Blxyz) o6 B(vzx) ob
B(zxy); boeom Boggmo 080bs, Gm3 godgem: dmbs 3390930, Gmdgmms dmmmgdo
XY 00 X'V 306361968 Mmoo, MdHomm 308y300, G0 bEHmmogde Xy X x'y'

F396L  BMEFomndddn  Asdmysmndgdymoa  Bobswomgds dmablgbogds  Mmam(s
Bmgo8smmgdamo, o ob (bgdsbGogmMom) as8m3nbatmgmal Bobswowmgdgdnwsb,
m3mgdoz dgERgmmos 5dbom3dgda; Lbgs Logyzgdom, o9y ob LEMMmEIds yzgms
30093580306 LEONIGNEsdo, HMImgddos 3o LEMmEads yzgmes dsgdbomds. dmzg-
3 393mbzggzedo, gemadgb@emyymo (30633@0 tﬁnanb) mmaog3olb LobGyemal cgmemg-
3ol domom, Bobswawgds dmasdstmgdamos, o) ob 353maygsbgds ogbomdgdnsb
3oMas@ (36mdoema asdmygebols 6gbgdol dgdzgmdom. Lamsbswm sdbomdgdols bodmMsg-
mob Bobamgds, ©o3069qdm sdbomdsms Lob@gdnm, GmBmol dgbobgdss (36mdamos,
3 ob 0dmggs dogmo g33moENM0 3gmIg@F0olL 8g335@ME mmao3n® dsbobL s
3omman3n® bnddmemadso dg0303L Fbmmme B-b s Z-b. Bzgmmgdcng sbgo Lab-
8999330 gPmogMmm0 5MogmgdgbBommma (s6s dnMggmo Mogol) Bobswowgds stal
mby39@mdal 5dbomds, Bm3gmos (306@0 30M39mo Moaol (33mogdobs, MHmImgdo(s
350639696 636@0@36[)) dgn(303L 3gmg ogab (33megdl X ¥ ., Mm3mgdo(z mo-
30b 360d3bgmmdsw dnnmgdgb (600663636) by @&omoms 6gdabdogm LodMsgmggdl, s,
obg3g, d90(303L oG gd0m Mg 3N® LoddmeEmL, & MmMIgmag bodboglh dozmom-
36980L 30doFmngdsl Bgm@madbs s LdMegmggdl Imob. ©byzg@mdol sjbomds
dgndmagds d59mgabsnotom hedmysmndgl:

VXY{AzVxy[x E XAy EY = Blxyz)] = quvxy[x E XAV EY = Blxuy)]}
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[ 23
2

v=\,./
X Y

h396 s3mzgomgo LobBgdosb gb sgbom3ds s dg3(339mmgo b BYy39@™dolL yzgmes
9mg39b@otrmma 3g4bomdalb YLabEMmm gMmmdmomdam; Lbgs Lo@yzgdom, bgdswe

M3 gogzom, yzgms 03 bobsowgdal gHommdmomdaom, Mmdmgdoy dnomgds bg-
dmmndmygzsboema sMsgmadgb@emyyemo (o630 30Mggemo Fmgnb) 5JbomBnsb, oyy X E X
-b dg3(33em000 6930LogFn gmgdgbGeMmo Bm@IMmom, Mmdgmdoz ¥ dgoob ms-
30bggme, s ¥ €X-b dg3(33tm0o  6930LBngMn  gmgdgbGeMmmo  BmMBmmoao,
Gmdgmdoz ¥ 390l mogobygmom. 0wgqdal LoRzgbgdmom waMRgbaerm bBoboemdo
dgdmzogemamgdom mmMasbdmdormgdosbo (bn&ﬁ@gnb) 9 g39b@strmmo 39mdg@Hoom
> dmgoygebo 3o oz odbomdsms bobgdsl, Mmdgmaz donemgds 03 gboo, Gm-
dgma(g sbems smgbgmgm. Lob®gds dgwagds cm®mIgGo gmgdgb@smmmo sgbomdabash
A1-A12-bs s Al3-basb, GmIgmog 500l Mbyzg@mdab gmgdgbGotmm sjbomdsms
ALoLEYM gMOMdmomds.
Al [ognggmdolb s5gbomds dmEnbmdabogal].
Vay[B (xyx) = (x = y)]
A2 [dows BMbboGymmdal sdbomds dmMobmdabmgal].
vxyzu[B(xyu) A B{yzu) = B(xyz)]
A3 [goMg 339mmdal sdbomds dmEobmdobogab].
Vxyzul[B(xyz) A Blxyu) Alx = v) = Blxzu) V B(xuz)]
A4 [O9xmgdbammdolb sgbomds 0sbsdsmmsdmmgdmmmdabmgal].
Vxy[xy 2 yx]
A5 [0g03gmbol 5gbomds Mebsdsmadmmgdmmmdabmgal].
Vyz[(xy 2 zz) = (x = y)]
A6 [$M3bDo@mmmdol 5Jbom3s MbsdssdmEmgdmmmdobmgab].
Veyzurw[(xy 2 zu) A (xy 2 vw) = (zu 2 vw)]
A7 [353ab odbomB8s (o6 gm@dno)].
Ytxyzu 3v[B(xtu) A B(yuz) — Blxvy) A B(ztv)]
A8 [933mo@gl 5dbomads].
Vixyzu Jvw[B(xut) A B(yuz) A (x = u) = B(xzv) A Blxyw) A B(wtv)]
A9 [bgon dmbs339000L o4bomas].
Vix'yy'zz'ud [y 2 x'yIA(z 2y 200 Guz x"u)AaGu 2 yulalu=v) A
ABlxyz) AB(x'y'z") = (zu = z'u")]
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A10 [8mbs 33900 08980l odbomas].
Vxyuv 3z[Blxyz) A (yz 2 uv)]

All [439ms 2-356bm3aemgdasbo sgdbomds].
Ixyz[-B(xyz) A ~B(yzx) A =B(zxy)]

A12 [Bgos 2-356Bm3nmgdosbo sgbomds].

Vxvzuv[(xu = xv) A (yu = yv) A(zu 2 zv) = Blxyz) vV Blyzx) V B(zxy)]

A13 [9by398mdal gmgdgb@emmo sg4bomdgdo].

d980930 Mol yggms bobsswgds

Vow ... {3zVxyle A — Blzxy)] = uVxylp A — Blxuy)]},

Losz @ oMol gmEGdnms, Gmdgmdos X, U, W, ... (33000 dgoosb msogolyy-
B, bomm oM ¥, Z ©d oMz U — oo (35dsbowsdy, o9y dgnsb, dgonsb ©od-
Immo); basgbagg, W oMol gm@dmms, Lo ¥ W W, ... dg0sb msz0bagmo,
boognen X, Z o U — 56 (3535bosdy, 09 9096, 9006 sddMmac).

9mg396@ofrmm  agmdgBMoasl, GmIgmoai  gdyscigds  Redmmgmor  5gdbomdgdl,
5360865300 LEBdmmmmn £32. d398mm, mgm@g893da 1-4, RsB8mgoysmndgdo 8 ogm-
00b BMbEsdgbB MM Fomgds@nzn® c30bgdqdL.?

3oMggem Moadn, gobgobommmon Ea-0ls bomdmeanbol Logomba, Lbgs Lo@yzgdoo,
5d ogmtonl 3megemgdol sbsbosmgdals Lsgomboa. Ea-0l dmegmo 3o oMol abgomo
Lob@gds MM = (4, B, E), &m3 (i) 4 560l 6539 oMs(39M0gem0 LodMogmy, B 5 E 30, dg-
bods8abow, bed- s Mobsgnmnsbo 8ndsMmgdgdn A-b gemg8968)gdL Bmal; (ii) M-Jo
LEmgds Ea-0b yg39ems 54bomds 03 @sdzgdom, MM Y39 (33500 350MdgbL A-l
9m9396@93L, bmmm 3mbLEsbBdn B s =, gbodedobsw, s5mbadbsggb B-bs oo E-b.

Ea-0l dmegmob yzgmadg bosbmda (Qo obggg obobo, MmAdmgdaz doMB o035
dmbgmmgdo@os smam@omdmemn 830)00@3600)) b0dyydgdns amaggdmm 3gmdy -
390G mmo bogM399d0, BMIgmms (36505L J3g3mom gobgbadbmamegm. of o6 gobgbab-
0360300 s, 39bsdadnbe®, 3mgmom, Mm3d dz0mbggmabomzals (36mdogmns, s doGm-

3 ogmos Ex-ab Imgmy gobbomgs s 8obo dg@edsmgds@ogmmn mzgobgdgda dm3gdmmo aym [23]-do,
a3 43-056. g@omno asbznmstigds (GmBgmai gytbmds [23]-b) mzgdnmos [19]-80, omdss
og Bsdmeagboma gmgdgb@emmma agmdg@mnnlb Ladababm Lob@gds asbbbgegwgds o gobboemmma
LobBgdnbgsb magabo mmaoznGo LEGNIG M0, 3G0dnGozgdal Loddmmmagdoms ©s sgbomdgdoo.

0gm@os E2-0b sgdbomBams bab@gds, MmBgmoa dmgdnmos bydmm, Bamdmawmagbl 08 Lobdg-
80l g085MGnggdmem 3oM0ab@L, HmIgmars 8mzgdmmo ogm [23]-3n, a3. 55-b. @BmogMgbow ao-
85603930 3amBomgmdl DgBg@n gbnmB8gdal gsdm magdadn. 080l ©s3E30(39ds, MM sdmmgdemma
5gdbomBgdo as8mygzabans sMRgbamgdawsb, 3nmgdamon oym Eva Kallin-ob, Scott Taylor-obs s bo-
658gdoMg 65dMMBnb s3@mEalb FogH dgMzmol ¢bogg@bngg@da 1956-1957 Bemgddn agmdg@mnal
oggndbgdol gbobgd Bo@omgdnma bamgdiom 3ambol gemamgddoa.
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3930 gbmeagds LobBgdslb F=(F, +, -, =} momoggdmmo 390 s Hmam® gobobsd-
036985 ©omogqdmmo 3gmabomgol boddmmmagdo 0, x, —, x? (Lo F ool o@o-
(39609m0 LodMageg, T s * 30D MMEaNMNSBn M3gMs(30900, MMBgmos dndsMos(s
F Rogg@omos, boagam = ool F-0b gmg896@gdb 3mmab oomaggdal m@smanemasbo
3085609d5). omsgqdmm F g9mlb g8mmgds g33momn, o) 4ggms sGomemymenoo
9m9396@0 F-3o o60b Go08g 9emg396@)0b 330006080; omsggdam 39mb F 9Bmoagds
6o3gnem-Ro3g@nmn (real closed), o¢) ob g33moMMns s 396@0 batabbal yzgms
36535mb936L 3mgB0(3096@ 9300 F-wsb goshbos byma F-3n. asbzoboemmor F-obs gen-
9896@9%0b  @omosgadym byzomms Lodmagemg Ag=Fx F. 3oL 9gdgb@gdl o43L
dgdgan Lobg: X = {xq,%2), boaz X1 o X3 96006 F-ab gemgd96@gdn. gobzbademg-
Mmoo sbgo Byz0mgdl dm@olb Br oo Er 3035M0939d0 d98mgabootsc:
Br(xvz) LEmemegds 35906 o dbmemo 35306, Mmwgbs(s
(=) Oz —z) = (x2—y2) - (1 — z1),
0=(x;—) - 0n—2), o 0= (xz—w2) - (2 — 22);
Er (xyzu) Ep (xvzu) begmogds 85806 o dbmmme 85806, Gmoqbs
(g — )2+ (x— )2 =2y —wy)* + (25 —uz)?

LobGgdab €, (F) = (A, Br.Ep) 96m©gds  (MmGHasbdmInmadansbn) g3
bog@isg F-bg. 3960dme, oy F-ab Gmmmdn gobgobomsgo 6s3wgam Gozbzms mom-
03980 39mb R, 80300980 Rzgnmgdtng (mMasbbdmBomgdnsb) mgiem@amm bogmzgb
€, (R).

ogmeigds 1 (Bs(3dImeagbab ;mgmgds): 08nbogol, ®m8 M agml E2-0b Bmegmo oq-
(30m93gemo s bozdstabos, Hm3 MM aymb 0DmImM B0 ©g3dMEMma LogMzabs
E2(F) Go0dg 658g0em-Ro3g@0mo omoggdnmo 3gmobmgol .

0538303985 (3mbabada): (bozdsnbmds) — 3oMaso (36mdomos, GBmB E3-ab yggme
5gdbomBs LEmegds E2(R)-Jo o 5d0@md E2(R) 560l £2-0b dmegemo. [23]-d0 dm-
(9990 BYbRdgbG M Jgrganb meboblom, ymggmoe bedwgor-Boggdomo 3gmo F
9m939b@strmma 533035mgb@Mns badmgam Mo(zbgms 3gmoabs R; bbgs bodyzgdom,
439 9emgdqb@omyyemn (30633@0 ﬁognb) Boboomgds, Mmdgemay bEMmeads gHo-
96 58 3gado, beregds gmMgdags. 9R0a5E Ym3gmn RIIMEI boghsg E2(F)
Go08) badrgoer-fozg@ne gomdy F gemgdnb®etamer 93g03emabeamos €2 (R)-obs
9, d9bods80bow, sbggg, sl E2-0b Bmegemo.

»gmEgdol dgmmg dbamals (0‘3(30@36@00601)) obd@ 30390  35dmzg0ygbgdm
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99396 sfrmm-a9mIgGHomo 3GHmM3mMM30980L mgmEolb Jgomegdbs ©s dwgagdl,
m3mgdo(y 0@ gMs@yMadn dgddseggdymoas bbgowabbgseagzst 3n0dgboms oy 30bbals
asdm (ob. dog. [9], 3. 51-0056). gobzobommor E2-0b dmpgmo M = (4, B,E); gorgz00 2
s U 560l A-b mo Lbgowabbgs Bg®Goma, brnmm F ogmb BMgg, GmBgmos asmab 2
s U BgMBomgddy, Lbgs Lodyzgdom, yzgmes 0d I bgMEomos bodMsegmy, HmMIgmo-
sog0bo(s bEmmends Blzux) 6 Bluzx) o6 Blxzu). bgsbosG@nmo 3mbbe&nds0gdab
39839md0c 53 BHggdg 3Ladmamege + s © M3gMo3098L s Bn8sGmgdol =, F-obs
ymgge o Bgh@omb, X-b oo V-b, dImMob. 39Mdme, 3036mdm, M3 X = ¥, o X =V,
o6 Blxzu) oo ots Blyxu), o6 Blzxy) oo o@s Blxzu) (Lbgs Logysgdom, LEqe-
©gds  BmOIYeS ['[x =)V {B{:xz“u] A —l.B{:}’xu}} W (B{:ZX}-‘] A ﬂB{:xzu}}]); x+v
356badrzBmmas Bmagmez F-ob gMomsgmon abgon v Bg@M@ oo, Hm3 E(zxyv)
s Z=X o VEV, ob ¥ =2 o V=Y (bbgs Lodysqdom, LEMmogds gmede-
mo Ezey) Al Ay = w))v((x=2)A v =2))], oo, 3gbsdsdobom, Z mo-
358m3L 0-0b MmeEnb). x - ¥-0b a068s6@qds MBHM Rsbmamommos; Jobogal Lagomms
Bgm@omgdo F-ab aofgo o ob oMbgdoosw g8ysMmgds 3sMammgemymo BMggggdol
0g0bgdgdL (ob. [11], ™330 18). dbmmmeo Al-Al2 5dbom3gdals gsdmygbgdom (A13-0l
353mygb930lL a56989) dgazadmoas 3oB396mm, Gm3 F = (F,+,-, =) 560l omogqdmemo
39e0; 5dbomBsms gMmmdmomds Al3-0b 89339mdoo 3o dogomgdom, H™I F, Lobsdco-
30emqdn, bs3zam-Rszg@omn ggmos. asbzobommo G BMgg, GmIgmacs E b0l
doMomdmmos s ool Z ByMBomdo; dgmgasm 30adnmmdo dsMomgnmbs Jmmem-
©0bs@ms Lab@Bgdsb M-3n s 358ysMgdo YMHMNgHO(3mbabs MbogsMomdsl A-b
BaBB0mgdl, X,V 0 3000 3mmMbs@gdol X = (x1,X20,F = (¥1, ¥V2)i .. ommog-
e By30mgdl dmEob F X F-8n. 3nosgmtol ogmegdol 39339mdaor (38 30(3009ds,
®m3 ol bengodsMmmgdnmoas E3-30) dgagadmons 35B3960), HM3 ggmEImems
E(xyst)
LENMEgds 6530L8ngMn Im(393mma X, ¥, - BgMBomgdobomgol A-sb, 35306 o
dbmmme 3530b, o BT ms
Ep(xy5t)
LENmEgds F % F-ab 39bsds8nbo gmg896@8gdnbogol (3mmmoabs@ms Byzomgdals-
ngol) ¥ = (21,2207 = (¥, Vad oo bbgs Lo@yzgdoom, oy
(= y) 2+ (x2 =207 = (51 — ) + (52— £2)3
sbammanm® dgogal dogomgdom B{:X}-‘Z}-nbmgnb. 0d9sb 353m3Enbaty, LobEg-
3930 M o E2(F) 0bm3mGBgmmos, Gog sbfmmgdl ©od@30390b.
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M3N3d

aobgobommo  E2 mgm@oal LobEnmal bsjombo. Ho0dg MmgmEsl gBmmgds Lfy-
™m0, 09 ymggmo T Bobowsmgds (RsBmysmndgdamoa o8 0gmenolb Lo8dmEmab3dn) o6
LEMEES 33 MgMEoL yzgms dmegmdo o6 o6 LEMmEds 33 MmgmMool sM(396Mm
dmegmdo.  mgmmogdobmgal, MHm3mgdbsi  aoshboso  LbGbosME Mo  Bm@mIsen-
03309, gb 356356 9ds dgndmads Rsdmysmmndogl Modwmgbody bbgs g33035mab@m&o
gm®dom; 3sa., dgagodmos g3mdzem, Mm3 ogmEns sGob LEmmo, oy ymggmo @
Bobsomgdabomzal dmasdsmmgdymas T 56 bmasmdstimgdmmos —1F, b oy o3
®gmEool gmggmo mo dmegmo gemgdgb@otmmmeae §33035mabBMos. Mondy mgm-
05b 9bmegds magbgdown, oy dob aoshbos by dz06g gMon donb(y dmegmo; o3
dgdmbggzedo (36mdommns Ms3gbndy g33035mgb@mHo GmmAnmoamgds. oy sMbg-
3mdb 8megmo M, abgon, B8 Bobswswmgds bEmmogds M-3o 35306 s bmeme do-
dob, HmEgbsz 0b dmasdstmgdamoas Im 393 mgmE0sdn, 3530b (3bsos mgmEns
06905 mo3bgdsn(z s bEmas; sbgzg LEmGas dgdtnbgdmmo ©gdgmads. mgmos
Ea-0b Logoobl bomgmb 339bb 3m3g3bm mgmmgds.

0gmg3s 2 (bLabAyemab ngmE43s):

(i) €2E€2-3n Bodmysmodgdmmo Bobsswgds Dmasmdstomgdmmos 35906 o b-
mem 35306, o9 ob bHmmogds €2 (R)-Jo.

(ii) ogmEns €2 bEmmos (s Mms3bgdown).

58 gmmg8ab (1)-6sBoemo 368mBnbsMgmdl ;mgm@gds 1-sb ©s [23]-d0 8nmgdamo
B6005396@ M0 dgga0sb, MmIgmaz godmygbgdymoa agm mgmcgds 1-0b ©od)-
30(3980bsb; bmmm (ii), Gmames 3odg0m, Batdmaaqbl (i)-ob wdmsmm Jgogal.

dgdgan Lagombo, Mm3gmbsy of aobgabomsgo, stal E2-0b 58mbLbsmMdals (60—
Qogggg@)oggmbnb) Logomba. gb oMol abgmo smamMomdmmo (83d0603‘360) dgomeob
36B9dmMBab Lo gomboa, BmBgmag Ladmamagdsl gzedmasgl E2-8n RsBmysmndgdamo Bo-
6o050098980b030L, ymggem 396dm 9dmbig3s8n, asze3z0mo (asesbyzn@mon) Bot-
29890 bobssgds, o — oM. dg300b35L sbgmo gomeal sMbgdbmdal dgbobgd
333 ©agdomn 3slgbo o93b.

09933 3 (53mbbbsmdab ogmEgds): cgmos £z sl 58mbbbowo (aosbyzge-
©0).

gm@g3s 2-0b 0boba, mgmos bLEmos s 33 cmgmEmool 3o6bsdrgMgdosb
30300, M3 ob 5dbom3s@nDgdowos (bbgo Lo@yzgdom, dob d43L abgo ojbomdsms
Lob@gds, MM Bm393Mmn Bobswagdobmgal ymggmmgol dgazndmos 3356 330mm,
ool o9y o6s ab ogbom8s). omd(3s, (36mdans, HM3 ymggmo LEMmo sgdbomsdn-
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Bgdon mgmMos, MmMIgmbsag goshbos LGbLsMEGMmn FmMIsmads(zns, sMnl sdmb-
Lbowo (ab., 8oga., [25], a3. 14); 353sbowsdy, €2 58mbLbswns. bnbsdwgnmagda [23]-do
dm3999ma abinboolb gssbsmndgdol dgmgaswm dgagzodmos (sbosw Rsdmgsysma-
dmm Eg-obmgnb 3500by3980b dgommen (ob333, ob. [6]).

£2-0b dmem 850535803900 Logombn, GmMIgmbsg o gobgobomsgm, sl Ea-ab
LabEemo 54bom3sGodsznnl sbgdmdal bsznmba. Ea-0L 3563508 9d5d0 3bgsegm, Mm3
83 mgmosb og3b sgbomdsms Labi@gds, Hm3gmo(z dgoagds LabEmmo Homwgbmdals nb-
©03005c)M0 5gbomdgdobasb s sgbomdsms YLabEymm gMcMbdmomdobasb, Mmd-
magdo(z gm0sbgds gfMon odbomBs-bggdal 393. gb sgdbomBs-bdgds (GmBgema(sy sGnb
A13-30 s0bgdymo LodmenyMo 608mbob‘3@32’)o) dgagndemos dbmdmds dgg(33ommon
abg, ®m3 dogommo gemn Bobswsmgds 3GMgmogsdms smenibzob Lobgdsdn (33-
maEo 306390 Mognl 309003089000 ©d 8 YLaLEYYMM 3mmgd300b yzgems 3gMdm
sdbomBs doomgdmogl 93 Babsagdnwsb Asbdalb m3g&sznal 39dggmdom. dg4dboemo
Lo@mons Imgmae dgdrgabsntsw dgazadmoas smgbgmmor: goblbabmzmgdal mabs-
b3, mgmos €2 ,000g80b LabEmmam sJbom3sdnbomMgdsns® s g3506@9MgLgdL,
M0l o oMo ol d3ozMo sDMm LabMmop sdbomds@obgdswn; Lbgs Logyzgdom
M3 gogzem, bmd o6 dgodmgds mezadomzgmo sgjbomdsms bob@gds 3g3(330mmm
£9-30 BoBmysmndgdammo 933035mgb@ Mo LabBHmmoa sdbomdsms LobEadom? s35bg
3obgbo afmymazomons.

0gm3g3s 4 (LabAmmo 3gbom3sGadsznnb 3G3MbIdMBb MgmMgds): mgmtns E2 o6
M0l LabEmmow odbomds@ndgdswo.

©538 30398 (Imbabobn): cgmgds 1-0b 8@ 3039800006 RsBL, BMI 5gdbomBgdals
babEmmm gHommdemomds Al3 533035emab@ Mo dgodmgds dgo(33oemmb Babswawg-
3930L LobEMEm 308g3OMBEOD Sgs e s Sy e Lo Sp-000 bog35805, HMB MgmErg-
35 1-30 sg93mm0 @omoggdnmo ggmo F o6l g33mooan@a, bmmem 5, bowsig = 0,
353mbs@ogb R3od@b, HmB 88 ggmdn ymazgm 3Mogombgzil, GmBmal batabbos 21 + 1,
5d3L Bymo. ymggmo doMGogn Mosbzobogob P doMEogsm dgazadmons sg03mo -
03909mo ggmo F,, Gmdgmdos ymggen 396@0 21+ 1 < p bsGobbolb dMogombgzml
0d3b Bymo 85906, MmEgbsz B bamabbob gMo 3s0bz IMegembgztlb o goshbos
Bmemo; 9996 godmBnbamg, oy Zm + 1 =p sl 3oMB 030, 35306 yzgms sg4bomBos
A1-Al12 @5 5y, bowsi 1 <M, LOygmegds E;(F,)-do, boem Sy 35630 o6 LEyE-
©gds. gb 3o 35dnbgg 0b393L 03 Fod@L, MM YLsLENYm™ sjbomBsms Lobgdsl Al,
v A12, Sgoeee, s 06 0736 LabEmmo J3gbob@gds, HmImnsbsy godm3abatgmdl

66



M3N3d

439es 3b3MRgb0 54bomds. s3g35M80, oM ngo Abggmmdom 35b3360m, HMA, YgH™
BmgsmsE, o6 3MLdmdl LabEmmo sdbomdscms bobGgds, Mm3gmai g33n3omgbE -
05 €2-0b bobyolb sgbomsms bab@g8abes.

bgdmm, dmbababolb baboo dm(393mmo ©3E 303900056 3bgosgm, Mmnd Ea dgo-
dmgds ognndbmb sdbomBsms Lob@gdsl Al, ..., Al2, Sg,ee, Sy, e, GmIgendoy (Loby-
ob sgbom3sms LobEgdobash asbbbgsggdnm) ymzgmoa s9bomds dgadmgds BooBgMmb
1b0ggMLaem @ Bobowowgdal 96 5@Mbgdmdal (9a3bob@gb(snsmmmn) Bobsswgdol o6
1b0ggMbamM-qa3DabEgb300m Mo gmEMdom; Lbgs Logyzgdom, ymggem ogdbomdsl
3d3b gfm-gcon babg d93wgan Lsdnsb:

ob

Vxy ... (@)

Loaz @ 3ol gm@mInms 33bGmmgdal gocgdg. o3 LMMJG PO mgz0bgdal
39000M9d00 (3bsw0 Jgggos: Ea-0b Bmegmadal godaal (o6 dndomoremo mxobnb)
35900569385 0bgs 96l E2-0b dmegmo. gb Jgogan NIMsmme Mgm@gds 1-0b ©o-
3830398009653 39339dmm 393ma 3993960

9 939b@stmmo ggmdg@mMnals 3mb3gy3ns, MMIgmbs 94odwg asbgobomsgwoom,
Mo 0dds Mbws, oM Mol gMmsgMmo dgbademm. 439dmo, dmymge gsbgobomagm
&9f30bolb —,gmgdgb@Gocma agmdg@mns” — 30@g3 M dgbadmm 0b@gMm3MgEs-
(3000; 0boBo bm@(339Lb3mBo 04693056 ™ Lbgswsabbgs gm@GIsea® mgmGoasdo: £;
-bs s €5'-3o.

ogm@os €5 8oomgds €20l mmangn@® dsbobdy LodGsgmgms Mmool 3306y
BM53896@0L BogMmgdom. jgfmdmm, E3-0b LEdmMEBITo RegBmogm sbom (33megdlL
XY .. Mmdmgdo(y 300Mdgbgb ByMEomgdol 6gd0obdng®m Labfmm LodMogmggdl (o6,
o3 o3 dgdmbgggzadn 0goggs, bg@mEomgdol 6gdobdng® Lol 808Q33(¢)m636b);
abg3zg, RogMomsegom sbae mmanzne Loddmmmb — dozMm36gd0l Lddmemb &, by En-
™33Ls ©d LsbEHmm LodMa3mgg3L Fmob 80gym36930L 803sGmMgdal sebsbodbsw. €3
-0b ojbom3gdem gomgdm abgg Al-Al13-b; od(3d, b 50b0dbmL, M3 sdbomdsms
3mmgdos Al3 sbems matm godmBba@zgmos, 30y E2-0b d98mbggzedn, Mopash @
©s P Bom3mawagbgb 6930L30gMo BmEIMmadl, GmAmgdars s3gdmmos E3-0b bLoddm-
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m0D3d0. Igbsdsdobow, mgm@ns €7 3gbsdRBgge 5mgds@gds Mmgm@s E2-b 3s8mabob-
39md0m0 bsdamgdgdoms @ boddmsg@am. €3 -do dgaz0dmas Bsdmzaysmodmo ©s
dggobbogmmae dGsgsmn abgomo (36985, Mm3gmoaz GMoazomae  gmgdgb@smmemn
39m39&m00b Labgm8dm3sbgmmgddn gobobamads, 8ogmed 396 aodmabobgds E2-3o;
3sg., 3Mogomnmbgool (36909, Mm3mal BggMmms Mommgbmds bgdobdngMsw nwns;
abgzg, BAgBamal bog@mdobs s GoMmmdal (369ds.

653 999690 03 3omgdoGogn® Ls3ombgdl, Mmdmgdocy asbznbomam E5-0b dgdomb-
393590 @5 GM3gmms(z 3sbggbo asg3e MgmE9893d0 1-4, oy oo E5-msb Fodsong-
d5do aobgabomogm, Lsdo domasbo — BaM3mEagbol, LobEMYmObs s LabMmymawo
0JbomBs@ndgdomdal — xgMRIOM0m M0sd (30[)‘3660‘3(3383@00). 396dme, Rzgbo-
30L 9(36m30s E3-0b yggms dmEgmol G0y bsbol 8o@@og0 obobosmyds; (3 ob
30300, G0l oy 56 yzgms gb dmEgmo g33035mabE @ E3-30 Bodmysmadgda-
™m0 439ms Bobowagdals sDEno. (Fm’)gggl)og 3baydGHMbo Eg-nb dmegmgddy, 389"
mobbdmdo g.6. LEbMG MM ImEgmagdl; Lbgs Logyzgdom, Mmegbsis 36939,
dm3999em dmegmdo bOmegds ory oM 55-30 Rodmyamndgdmmo @ Bobowawygds,
3a0bb3mdo, Hmd -0 dgdsgeemn 30Mzggmo Mogol (33moEqdo X, ¥, ... 35060390696
LEdMsgmal gmg896@gdL, gmeg Mogol (33mme@adn X, Y, .. 3506dq696 LodGHogmal
LobEmm 439L03MOgmggdl, bmem Leddmmm £ ymggmmgol asggdgmos Gmam(s
dogmgbgdals 808060’)360). 55-30 dgagndemos Asdmgagsmndma oMdodggl 3mbEy)-
™G0 ©d 53598 30(3Mm dobo dmasdstmgdymmds £3-3o. Jdggase, ogmegds 1-ab
»obobdo, Eg-ob ym3z9emn dmEgmro 0dmImMegmos ©g3oMEmmo bogMsobs E:{:IF}, bo-
o3 F o0l o6 9n8g0mman bs3mgom-Rs3g@omo ggmo (SUQ’L’ 9bmgds s dndgoeema,
o9y 3sbdn ymggmo mEn gmgdgb@nb 3300M9@gdolb %880 mz0mmb 560l Mondglb 330+
ggﬁo@o). 0993(39, 9Mbgdmdgb sMdndgyymoa Bodwgom-hszg@omo 39magdo, GmIgmo-
smgz0L G5 (F) o6 o6l Eé-nb dmegmo; sbgmos, dogsmomsm, badwgomn smagdfmmo
03639600 ggmo. s Jodgemo 3mbEnma@olb dgogans, Mma Eé-nb 439 dmegemo,
byem oo, 3MbG0byymd LoddmagmMalies (0o 9L 85306, MmEgbsig domemme mgmmgds
1-0b domoo £2-b goshbos 6930b3gMa MbabHmmm Loddemszmab amggaqwgbo). bnbod-
©30m930, €3-b as5BB0s dmEamado, GHm3gmms LoddmszHg BbEsw JMBENEYYdns,
3oga., E2(R), 353659 sbggg Fgaz0dmos 30B396mm, GmA Fobs o3l mgmso dmogemagdo.
53335650, MgmMENS 55 dgndmgds 50dmhbgb LEMmo, dog@msd dob MoymeE o3l
960m0 s 03539 LoddmogzMal, dogMed sMdndMAMMGYma dmEgmgdo ©s, dgbodadn-
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Lo, ob oM 398 gamMommons.*

g0y €1-0bmgzol Fbmmme 58mbLBsEm30l (30oBY39@eMmd0b) bsgombl odslb
33bbs DOz MmO 3sbmbo:

0gmEgds 51 ;mgmeos 55 o6 oMab sdmblbswn (50Q06333@)0ggo), s sbgmoggs dobo
439 03bgdowo gogsmmmgds.

9L 359m30bsgmdl 03 Bog@0wsb, MmMA 3gobml sMnmdg@n s (%oﬁmeomoQ) 0b-
&9F3G980Mgds0s £3-30; ab [25], a3. 31-s6.

080bm30l, Gm8 8ogommo mgmEos €5 E2-0b LEBBMMEDL 3BM3IdP W33,
dogMad 3obybBgdm E3-0L sdbomBsms Lobi@gdsb. 3g@dme, Azgb 3965(33tmgdo gem-
9896@ Mo mbygg@mdal 5dbom3gdal MLabEmm 3mmad0sl, Al3-b, gfomn bobs-
o©9d0m, Al3’-00, Mm3gmocy 93 sgbom3gdnwsb gMom-gfmmalb dgogans. Bobswswgds
353mba@ogb dg8mga Bogd@L: oy 3mbsgggmn sgfMmgdl e BgMmBomb, MHm3gmomsgsb
96m0 Im3g3mo bEgbacol dngbomss, bmmm 3gmmg 3539 BBl gomgor, 3530nb
ob gowszzgmb dmzgdam 66g60Mb; Loddmmumo gm&mdao gb sbg RsabgMagds:

Al13
Veyvzx'z'udy [(ux 2 ux') Aluz 2 uz') A Bluxz) A Blxyz) = (uy 2 uy') A B(x'yv'z")]

sdbom3asms LobBgdal dgbnb@gdob dgmgase dMsgsmn Babswsowgds, MmMBmgdon(s
gomodgds s sMob dmgedsmomgdnmo E2-30, smeM oMol dmgsdstmgdanmo E3'-3o.

4 gb dmenm dg60336980 8nomgds dmaswn 8s0mg8s@ognmo mgm@gdal (bgmmgd-rm39635080b mgmeg-
80b) Bysemmdom, MmBgmon(y Bogbaaggds yggms 08 cgmEnsl, Gm3gmbsais od3b 0gogg mmaongnmo
LEGNIG PGS, B3 E1-L, bbgs Logyzgdom, yggmes 03 mgmEnslb, Gm3mgdoz dnomgds LB SbLSM-
Gmo gmEdamadgdol 3Jmby mgmEnobgsb sbsmo (33megdabs (60)8@360(3 290639696 LabEme
bn3603@336b) o dbamn mmangn®o € bLoddmemb ©sds@gdno ©s, dgbadmms, sgbomdsms Lbabynbo
LobE oL gogsMmmmgdom. 88 Bmasmo MgMMgdal Mebsbdsw, o cgmtns T Mol smBgMomn jma-
Lob @gmE0s, H@Amab boB8dmmmms gROMdmomdal LoddmszMyg o6 smgds@gds B-b s dsmgds@o-
3060 Lab@gds T ool T-b LBbLsMEmo Fmegmon, MMBgmbss 593b YLabEYmm @ LoddmagMg,
85306 TM-L o43L 6920LB0gHo ¥ . F =¥ =& LoddmogMob Jagbob@gds, BmBgmors ool T-b LEsbro-
OG0 Imegmo. bbgbgdnmo dmaswa mgmMgdal 3@ 30390 (6m83@bo(3 80536 og@m(ﬁao) 53
LESGOL sdggogalb dImBgb@nbogal (1959) o6 o6l 293md399b690mo; ol gobbbgegogds, od(ze
830690000, LEObEIME MMM FMEomnbs300lb Igmby mgmEngdal dgbobgd sbsmmaanno cmgmegdals
©0598)30(3900L356, Bm3gmag dmgdmmos [26]-30, a3. 91-©s6. LEbIGENmO FMEBommaDds3nal
8Jmbg 0gmEngdabasb gsbbbgaggdom, o8 3mdgb@emdn asbbomum T ogmEnsmeash dmgngHmb
aoofbos qbabEmemm, &, s yggms gxrcm bogmgdo Loddmezmab megmon, FogMsd ofs NGO™
Bocamao boddmogmal 8mmgmado; 530b 60dydas mgmEas E-_: , ©mImaborgobsg & oMol 3mb@0bamdals
LoddmagMyg; 39MdmE, dmg mgmmasl 543b Bbmmme mgmawn ImEgmgdo s, Lobsdwgomgda, abobo
36006 3o@gamEanmbo. sbgmns mgmens, Gmdgmag 8nomgds 3gobmb s0mdgBnz0wsb 08s3g 3boom,
Ae3moms(3 EE »gmEnd doogmgds E5-bgsb; dogmad, obygzg, 9MbLYdmMAL mgmMogdo T\ AMBmgdbs(s

ot

33 6930L3ngH0 PLobEmmm Loddmagmal Bmegmada, sbgmas, Bsa., Mgmtns £x . Gm3gmbsg gob-
Lbgdm 33 msgals dmemmb.
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396dme, gb gbgds 5Mbgdmdol cmgmmg3gdl, MmBgmms @aagbs 3gmset bgMmbogds 9.6.
9mg39b@otmmo 3gmdg@mogyemo 539898000 (dgﬁ)dmgg, BoMamobs s Lababsgolb asdmy-
363600’)), 3o0g., mgmMgds 6360LdngMn Fnmbol bad Gmen babomow goymazal dgbobgd.

o3 dggbgds 03 domgda@ngnd Logzombgdl, Mmdmgdbsi 93 LESG0sdo asbgabo-
30, ng-ob dqg8mbgg3odn Lodmsos Db MM LadoMobdnmmm asbbbgszmgds
£3-0b 398mbg930La06. 08 L3 Logobl, GEmMAmgdars €a-0bogolb s, dg3b donsb
Bom@0g0 3obgbo €1'-0b Bg8mb3g3930. 3gMdme, 3sbubo dgz0mbzedy £1-0b Bomdme-
3960b dgbobgd 3m(393mons 3mB3g3bm mgmmgdsdo.

0gmegds 6: 030bongalb, Gm3 dmegmo M oymb £7-als dmEgemo, 393009390 ©d
bogdsMabos, Gmd M oymb ©gze@GNm LogMzol E2(F) 0dmImtgmo, bowsig F
6oL 933moRgo ggwo.

9L ogmEgds  3oMase oMol (36mdamo modgMedm@mada. 30Mmdolb  bszdsmabm-
ds 3mbB3gds dgomme; sy30emgdemmdal bsbomo 30 dgadmads doemgdamo aymb
9m939b@smmm-aqgmdg@Momo  3MmM3mM (30960l abdsMgdom (Fmgmﬁ)e ab aogo-
39090 ;mgmmagds 1-ab Qoaédngabobob).

0gmEgds 6-0b g93mygbgdoom oMoz dgagadmos gohggbmm, M3 mgmMos 5;
3G3bEMmOs, brmem dobo gob3sm@ndosb gbgmsegm, Mm3 ab babEymaw sjbomds@on-
bgdons.

GBE™ Gorgemos £3-0b 53mbbBaMd0L (as©sBY39@90m30b) Lsgombo. [17]-30 8o-
0adamo 3900939006 3ddy 03@™M0 303mm 353L 3n3mogbal, Mm3 83 3oobgedg
3obgbo momymayzomns; s 3903, 0b goMonmdl, MHmd LEYmEyds YRM™ demngHo
B3ogd&0, 3gdmm ob, Hm3 E2-0b s@gMomn LabEnmow sgbomBs@nbgdown Jzgorgm-
605 56 500l 38mblbbswon. gb 3ndmomgbs Imaz0s69d00m 0dbs 3@ 3039090 o~
&0b (30amgmob dng@ [31], [3]. (30amafo 83830(390L mgmegdsl ndolb dgbsbgd, Mm3
o9 39m9d0b LabEmman 5dbomBs@nbdgdom dnMzgma Mogal mgmEsl T assBbos
96m0 35063 dmegmo Jdgdgan Ladnwasb: (1) smagd@ymae A 39@nmo, (i1) bod00-
gmen-Rozg@nemo, (iii) P-symmo Goibzgdolb g3gmo Mondg 8o ngo B-bogab, 85306 ob
sM0l 39333000 gmbdomae s3mblbbawn (30@036333@0@0). 5d ogmmgdol dggaswe ob
0gommdb, MHmd g33moEnGo 39mgdalb s domegmEmo 39emgdal mgmmos dgd-
33006M9mdoms s8mabLbans (gosnByzg@own). gb Jgogan gomgsmabBobgdmmos
[20]-30. (39a5bLabgdom, Bm3 39mb K 9bmogds q33moonda, o 8obo ymzgmo qmag-
396@0bmgal @ € K, 56 @ 56 —a 560l 3390M58)0; KE-u 9bmegds dnmsgmrmmo, oy
6930b8ngn M0 3350650l K%d0 Mg00mb sl 33oMs@)0.)
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o 8930006b3qd0m, GMI gmgdgb@etmmo agmdg@ ool Bobsmsowgdsl (Bnbs-
009350, BmBgmo(y Bsdmysmodgdmmos £3-3n) gMbmomo Dmasdstmgdamo, o
ob DmasEdstmgdmmos €2-d0 s 3mbmomo gmgdgb@emnmom 3830390500, 07
ob BmgedsGogdmos £3-do, 35306 Logmaios J8wgabsoms godmagds smabg-
mb: Bggb 383mmdo dmas domgds@nin® dgomoadl 030l sbsmaqbsm, Mol o
36 gmgdgb@emyma ggm3g@Monl 3m(393mmn Bobswawgds bmasmdstmgdamo, do-
333 36 30LdMdL Jgomen, MmImal Ladnsmgdocmss 35039601, 360l o oG gb
Boboomgds gemgdgb@otmman 338 30(390500.

E2-bo o E;-bn dotol Lbgomds Jfgds, oyy dgdmgogsmgmgdoo 1boggMbamyn
boboowgdgdom. 39Mdme, azsedslb

gm93s 7: £1'-30 Bsdmysmodgdmmao mbogg@bamao Bobswswgds dmaswdstog-
3mos E2-30 85906 o Jommme 85806, HmEgbag ob dmaspdstomgdamos €1 -3o.

530b b3 3n(39dmaE go306Labmm, MMB ymggmo smsggdamoa 39mo dgazndmos
3935¢5Mmmmm bsdgaem-Rs3g@om 39medwg. 35306, mgmegds 1-0bs s mgmgds
6-0b g53m, E;-nb ymgzgmo dmegmo dgadmgds asgsmomgoglb £2-0b dmogmsdog.
dgbodsedobow, Yyzgms boggMbammmo Babswowmgds, Mmdgmo dmasdstmmgdymos
£2-30, BmasBstmgdamos, sbgsy, 5;-30; 3936mbgdmmo (3bons. (mgm@gds 7-abs
MRMm doME030 338303999, Lobsdwgormgdo obgma(s, MMBgmoy ©STMM0Egdgr0s
gm@gds 1-0bas6, dgodmgds ©sgyHEbmML mgdsl, MMMl Mobsbdsw, amaggdsymo
390l ymggmo babeemo 439LabEg3s ndMBMMGYms© dgodmgds honwgaslb badwgaem
Bobgms @omoggdgm 3gmdo.)

09m@g8s 7 @sBgds LBm@n, oy €5'-0b sgbomBsms bob@ggBowsb s8mgsawgdom A13™-l
(gb ogmgds 9dysmgds 300093 BM™ Lrbd odbomdgdbscs Jn). 53335M50, 3bge3m,
M8 E2-0b BmasBstogdmma mMbagg@bsrm@n Boboswmgdgde 3@ 30(309ds Mby3g@m-
dab 5gbom3olb ao6gdg. b dggan 3M(39mEgds 03 bobosewgdgddys, MmMdmgdoz o6
3M05b Ybgambaemm®gdn, MmEgLys Yormndogdnsb £5-Yo, 35303, mbgda MmM3 godzsom,
bogdnsb mboggMbaemmMado, MmEgbsz aodmaba@gdnsh ©g3sm@ M LogMzgda G, (F).

»gmMgds 3 s ;mgmcgds 7-0b dygsmm dgoganl boboo g3mgdammdo:

0gm93s 8 mgmeos €7 58mblbsos magabo Bagg@bsmamo Bobswswgdgdal bo-
36Mogmol dodston.

9L 603653L, M3 3MLYdMBL semamGmImn dgmmmo 0dob gosbabyzg@ow, by~
0905 Y] 30> £7-30 Rodmysmndgdmeman 3m3g3memn boggMbammmo Bobowswgds o3

ogmenal yggmes BmQOQBO.
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3ga39dmm a398bggms €2, €1, @5 E1-0b ©530330Mgdmm bbgs mgm@ngddy;
dog., 0gmME0s EE”-%Q, m3gmbaz 0gngg Loddmemaddn d93b, o3 £5-U, s dgbom-
dooms 0gngg Lob@agds, Moy Eéf-b. 030l goabyzgde, gmgdgb@emyymo gqgm3dg@manls o3
03096037 dgbademm 3mb(3993(3000056 MMIgemn MR®™M sbemms abGmEomem GMown-
(300L006 s 83 (36950L ymzgmEEONEM 353mYyqbgdsbmsb, Mndgome 353maynMgds s
dm3mgdmos Batom ab@gmabl. 53@mML doshbos, MmM3 53 Modwgbndy 3Mb3gB(30sL
dmob, ob 3mb3g5(30s, GMBgmoaz bme(3d9Lbammos E2-8n, godmamBggzs LoBst@n-
300, baggyydgmoe @a@gdymon ab@mozonl bozbswom, 3sdmbooms s magabo dgwg-
3960L Loddmsgmoon.
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d960336930 3JLoM3gdab Jqbobgd

A2. [3nbsgsbo @Mobbo@memmdol sgbomds dmEabmdabogab].

® & 2
x U z U

Yxyzu[B (xyu) A B{yzu) = B(xyz)]
A3. [gofg 33gmmdal odbomds dmGabmbdobogab].
Vxyzu[B(xyz) A Blxyu) A (x # y) = B(xzu) vV B(xuz)]

b1 /A /R

A7. [3580b odbom8s (o6 gm@dno)].

Ytxyzu 3v[B(xtu) A B(yuz) — Blxvy) A B(ztv)]

3590l 54bomads LodMEyab dgbsobgd o(3bowgdl, MmM3 oy bMgg 33900L Lsd 3mobgwal
960 339ML s oM 3ol Lad Pmbgwol b3gMmgddg, d5dnb 356 sbggg bos go-
©0533900mb LsdgMebgol Mo smBgbamo 339Mm0EsL gMm-gMmo. o9 Bsdmysmndg-
dnmo 5gbomds G0l 3530b sdbomdal g.6. Las69“ Bm@ms, MHmPgemo dgdwgabsnfswm
Bongombgds: ovm Axyu bLadmobgoobogal Z BgMmEnmo 8gdsMgmdl UY 8mbs3zgoab
203Gdgmgdadg Y-©s6 U-b 8bo@gb (9b as8mbobymmos Blyuz)-om) wo 2-bg aodsgsmo
B6Hxg 33gob XU g396b t ByMBomdn (ZE-b Jbnwsb ,dows a3gmwb®, Mo godm-
bobamos B(xtu)-on), 35906 ob 3390b XV 33960l (ZE-b JbMowsb, ,astg a396wob®)
Gomos ¥ Bg@Bomdn (Gog godmbsbammas Jv[Blxvy) A B(ztv)]-o0).

A8. [933m0@gb 5q4bomas].
Vixyzu Jvw[B({xut) A B(yuz) A (x = u) = B(xzv) A B(xyw) A B(wtv)]

93300qL odbomds o(3bogdlL, M3 LVXZ 3mobob ymggem dos t ByMmEamdy
dgodmgds gongmmb BOgg — of: W 663y, GmIgmai 33gob o8 ggobob mMogg
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33960b, of: W s ¥ BgMEomgddo. gb g33momgl dsMamgmmdal dgbmomg 3mb@mma-
&ob 9330309b@YM00.

w

A9. [bgorn Imbsgggonl sdbomads].

Vix'yy'zzluu'[(xv 2 x'vIA(Gz 2 vz A uzx"u)abu zy'ulalx =y A

ABlxyz) AB(x'y'z") = (zu = z'u")

bmorn dmbszggonl ojbomds (06060Q0630636‘@Q 838mb333080) S(3bogdl, Mma3
o dmgdgmos  AXZU ©o Ax'z"y Lod gobgogdo s xz,x'z' dmbs33909b0lb dos
bg&nmygdo, dgbododobow, ¥ o V', 85306 dgbodsdobn 3mbsgggmgdol Gmenmdoa-
6 (Bm3mgdoz LoDy ombadbymos 3sfsmgmuto JGMobgdom) Bgazodmos
5356336000 ARYb0r Fgbodsdal Imbs33909ddg (BMBmagdoz LyGomndy sbodbe-
m0d K35M90bo 3@)60b360m). ab 9g4bom3s, Magobo bobosomom, g933moEYG ggmdg-
&M0sdo LadgNMbgEgdol 3Mbafmgb@Mmmmmdol 3oMaswm (36mdaemn 60dbgdals dbasgbos.

/
1 w

A10. [3mbsgggmol sg980b sgbomads].
Vxyur 3z[B(xyz) A (yz = uv)]

83 3gdbom3olb b0 Fabssmbo dgdgado damdstgmdl: dm3gdmemn UV
dmbs339m0bmgol dgbadmgdgmons v35amo dabo  3mbaGgbByma dmbs3zgon, Gm-
dgmo(z 0bygds Babsbbsm dm(3g3mm Msndg ¥ BgMGomadn ©d as@agdamoas Mondg bo-
bbb ogngboMgdymoa s ¥-0b 3md(339emn Lbogal dodsGornmgdom. bbogo asbbod-
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m3mos bbogalb Lobyobo X BgMEomom s BgmGomam ¥. Ladgdbo 3dmbszzgoab
dgmmg dmem sfab BgHGomon Z, HmImals sMbgdbmdsz dmmbmazbamos sgdbomdao.

v

=e
e
=3 ]

All. [d390s 2-356Dm3oemgdnsbo sdbomas].
Ixyz[—B(xyz) A ~B(yzx) A —B(zxy)]
J390s 2-356DmBnmgdosbo sdbomds d3bagdl, GMI sMbgdbmdl Lsdo asbbbzsgg-
dmemo, 96o B6R9Dg 9M3mgdsmy (865 3mmabgsemmmn) BgGHEnmo.
Al2. [Bgos 2-356bm3oemgdosbo sgdbomds].
Vxvzur[(xu = xv) Alyu = yv) A(zu 2 zv) = Blxyz) vV B{yzx) v B(zxy)]
Bgos 2-356DmBomgdosbo sdbomds o3bogdL, MM BgdabdogMa Lsdn BgMEGoemo
(od: X, V, Z), MmImgdoz ogndboMgdamo mEn by nmoosb (od: U, V) 00bsdMo
367056 IMAdmmo, g BMRgDg 8rgdsMmgmdl (3mmabgstmmas).

[
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1)

4)

5)
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dodMgdbgemab 3960336930

bagombol dgbobgd obEMGoNmaE YROM sEMbogmn b53GM3gdnwsb Yzgmady
Sbemb, magnsbo Lyymobzgzgmgdom, ©asbsb Pieri-bs s Veblen-ob 6sdmmdgdo
[14],[28].

58 6536m3do BoM8mmagboma £2 mgmEnol sgbomBsms bobdgds 1965 Bgml aos-
dom@Bogs Gupta-3 mogobo Lom@mEm ©obyMEs(300b Gomamgdda [7]. 396dme,
356 shggbs, Mm3 bamdmeagboema LobBgdnlb Al ©s A3 5dbom3dgdo gs3mnygsbgds
5656MR769600056; ImemEabal LadoMabdoMme, gb gedmygsbgda oM oby doMEngo
5dmRbs, bmmm sgJbomds A3-0l dgdmbzgzedo — Lo 3dome Rsbemsmormmacy 3o.

30d3500 335d3L @amagqdmmo ggmgdal 9bsdg RobgMomo 3oMggmo Gogol ggm-
Igms @. Gombgolb mgm@gdol cmsbsbdsw [23], Logombo, Dmasdstmgdamoas oy
ot ab 6s8goem Moibzoms omeggdam ggmdg, ©8mbbbowos (gosbygg@ewn)
33968 mMgdol  3mbLbol Lodmsmgdoor. odis, GoMbiolb dog®m BaMdmuoagboemo
8dmbLboL 3Mm(39Mol LoMormmyg 94L3mMbgbs0MMsE ndMEds ymzggmo 33568m-
0l 8mbbbobogal. gb LoMormmyg Log@mdbmdmo assndxmdgbs Collins-3s 1975
bgmb (ab. [6]), 3933 dmayzebs gm@mImmal Bmdolb dodstor mMdsgswm gbdm-
bgbz0omco smam@omdn. dg8mam3dn babbgms agm s oMol bgmo. 3Mmdmgdol
®0653900Mm3g damdsmgmdal gobozbmdo ab.  [2] ws [6]. oyd(3e, bodwgoem
obgms amaggdmmo 39mdg  3396@MMgdol 3mbLBal 3mmobmBdnsm@o sen-
am@0omdol s@bgdmds domnsb bogdgms, Mowash gb asdmabzggms ndsl, Mma R-%a
Blum-Shub-Smale-b go8mmgmom dmwgmdo [4] a394696m@s Pr = NPg, [15], [16],
653 360b smabbmammol gfm-gMon s3m (306 (Millenium Problem) [5].

&omb 30 mo30b0 9rgdgbBommo 3gmdg@ ool sdmblbamdol ©s3@) 30398530 nyg-
6gdLb mgmgdsl badgnm-hs3g@nmo 39mgdol doMzgmo Mogol cgmEnal s3mbl-
bomdol dgbobgd. gb mgmMgds, GoMbznbasb @edmzngdma, sbgsy, esd@3n(ze
A. Seidenberg-ds (ob. [1]).

0Mbgdmal ggmB8g@ Mol 3mmEmEnbsGobsznol mmo abs: o a3943b ImEabmdol
5 M3b3dsMEadmMgdammdol (3698980, dgagz0dmoas dgdmzamma 3mbs3zgmgdols
sM0mg@ngs. gb Logombo sbMamgdom gobboemmmoas [11]-do, msgo 18. oy gb
(3690900 o6 33543L, BogMod 33593L 3sMsmammdal sgbomds, 35306 sG0m3gE 039~
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mo m39Ms(30980 3ga30dmns 306335 GmMam 38349L0b sdbom3al 35d39800. b bg@b-
©qds 3537bab LodMEGYabogabs go. 3oMggmew gb d953Rbns gonbol LEMEIbE3s
K. G. C. von Staudt-ds [29],[30], booemm 393093 — 30mdg®m@ds [8]. sx30bmo
s 3Mmgdaogmo 3gmdg@mogdol 3mmmEabs@nbaznol doMggmn msebsdgommgy
3(3009mmmds BomImapanbs M. Hall-3s [10].

dmamgadbgemaborgol maMadbol 3gMomedn  ¢y(3bmdas £ ogmtool Bomdmwaq-
bol LobEMmOLs ©s LabEmsw 5gJbomdsGnbgdsmdal Lsznmbolb dwamdstgmds.
abg3g, Ebmdns Eé” ogmMonl sbsbosomgds (o8 Logoobdg dmddegg d3zemggem-
o 6699830 5 mo@gms@msdo dgdbolb dgogasw 396 0dbs Im3mggdamo Mandy
(36mds BmMIgmndg o8 Logombal asedol dgbobgd).

59 LGoBnddn gobbomyem Lsgombgdl dgwsmgdam bymdobsbgomdo gm@mIam dzomb-
390 dgadmgds g59(36mb 0m3sb 8s3mazbgol Lamgdiom gnmbol dobamgddn [12]
5 dob BngH asdmdzgybgdmem LBdEnsda [13].
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FROM BELIEF to KNOWLEDGE

LEVAN URIDIA

ABSTRACT. We investigate the modal system KS. We characterize rooted frames
and their bounded morphisms in terms of properties on pairs of natural numbers.

Using algebraic methods we describe the lattice of logics over KIS and prove the
main result, which states that the cardinal number of the interval [KS, S5] (of all
logics over KS and under S5) is 2. As an application we show that KS does not have
Craig interpolation property.

1. INTRODUCTION

In a notion derived from Plato’s dialogue Theaetetus, philosophy has tradition-
ally defined knowledge as justified true belief. The relationship between belief and
knowledge is that a belief is knowledge if the belief is true, and if the believer has a
justification for believing, it is true. Dropping out the part about justification we can
express this connection in a standard modal language by well known translation
Sp (splitting translation from S4-logics to K4-logics [1]). The main clause of which
states: Sp(ICp) = Bp A p.

Following this line we are interested in two main questions: How strong should a
belief be to consider it as knowledge? What is the tool of measuring the closeness
of belief to knowledge? We provide possible answers to these questions by using
propositional modal formalisms. In particular we make use of the modal system KS
for modeling belief of an agent. To model knowledge we stick to the classical epistemic
modal logic S5 [2].

In these settings we provide the answers to the stated questions in the following
way: We consider the partially ordered set £x g of all logics in the interval [KS, S5],
where the ordering is just a set theoretic inclusion. We state Li-reasoner’s beliefs to
be closer to the knowledge then Lo-reasoner’s beliefs if Lo C Li. As a main result of
the paper we show that the cardinal number of £xg is continuum. Nevertheless any
road (chain of logics KS = L1 C Ly C ... C S5) going from belief to knowledge does
not exceed w.

KS was first introduced in 1980s by Segerberg as modal logic of some other time [2].
In 1990s it was rediscovered as the modal logic of inequality [3], [4] and recently it
was adopted as a doxastic counterpart to the classical system K D45 [5]. An algebraic
semantics for the system KS was introduced by Esakia [6]. The semantics is based

TSU Razmadze Mathematical Institute, 1.uridia@freeuni.edu.ge.

81



LOGIC

on a notion of weak-monadic algebras. It must be pointed out that the class M A of
monadic algebras (which serve as algebraic models for the system S5) is a subvariety
of WM A of weak-monadic algebras. Monadic algebras were introduced by Halmos
[7] in his study of algebraic logic. The equational class of weak-monadic algebras (as
well as the class of monadic algebras) is semisimple and locally finite.

The paper is organized in the following way. Section 2 provides basic definitions and
some known facts. In Section 3 we prove the characterization theorem for bounded
morphisms of rooted finite KS-frames. In the same section we describe the partially
ordered set of finite KS-frames in terms of pairs of natural numbers. Section 4 de-
scribes the variety WM A of weak-monadic algebras which serve as algebraic models
of modal system KS. In the same section we show the duality between finite KS
frames and finite weak-monadic algebras. In section 5 we show that KS does not
have the Craig interpolation property. In the last section we prove the main result,
that the cardinal number of a set of all subvarieties of WM A is continuum.

2. THE MobpaAL Loglic KS

In 1976 Krister Segerberg [2] explicitly formulated a modal logic KS in which the
diamond modality <> is interpreted as ”"somewhere else”. In this section we define the
system KS and it’s Kripke semantics.

2.1. syntax.

Definition 1. The normal modal logic KS is defined in a standard modal language
with infinite set of propositional letters p, ¢, r, .. and connectives A, [, =,

e The axioms are all classical tautologies plus three axioms containing modal op-
erators. Namely:
O(p = ¢) = (Op — Ug),
Up A p — Olp,
p — OOp, where $p = —O-p.

e The rules of inference are: Modus Ponens, Uniform Substitution and Necessita-
tion.

Observe that doxastic interpretation of the last axiom states that If p is true then
agent believes that it is not the case that he believes negation of p.

It is not difficult to show that if we add axiom Up — p to KS we will get S5.
Following Smullyan [8] this means that if the KS-reasoner is accurate (never believes
any false proposition) then his believes coincide with his knowledge.

2.2. Kripke semantics. Kripke semantics for the modal logic KS is provided by
weak-transitive and symmetric Kripke frames. Below we give the definition of weak-
transitive relation.
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Definition 2. We will say that a relation R C W xW is weak-transitive if (Vz, y, z) (x RyA
yRz Nz # z = zRz).

Of course every transitive relation is weak-transitive. Moreover, as it is not difficult
to notice, weak-transitive relations differ from transitive ones just by the occurrence
of irreflexive points in clusters. As one can see the frame on the picture is weak-
transitive, but not transitive.

The picture represents the diagramatic

view of kripke structure. Irreflexive GO
points are colored by grey and reflex-

ive points are uncolored. Arrows repre-
sent the relation between two distinct
points. So as we can see yRx and =Ry,

but y Ry, which contradicts transitivity,
but not weak transitivity as y = y.

pic. 1

In the study of modal logic the class of rooted frames plays a central role. Recall
that a frame (W, R) is rooted if it contains a point w € W, which can see all other
points in W. That is R(w) 2 W — {w}, where R(w) is the set of all successors of w.
The class of all rooted, weak-transitive and symmetric frames can be characterized
by the property which we call weak-cluster.

Definition 3. We will say that a relation R C W x W is weak-cluster if (Vz,y)(z #
y = zRy).

It is easy to see that every weak-cluster is just a cluster where we allow irreflexive
points. We will see the detailed characterization of finite weak-clusters in the next
section. The following proposition makes the link between weak-clusters and rooted,
weak-transitive, symmetric frames.

Proposition 4. A frame (W, R) is rooted, weak-transitive and symmetric iff it is
weak-cluster.

Proof. It is immediate that every weak-cluster is rooted, weak-transitive and symmet-
ric frame. For the other direction let (W, R) be rooted, weak-transitive and symmetric
frame. Let w € W be the root. Take any two distinct points x,y € W. As w is the
root, we have: wRxz and wRy. Because of symmetry we get x Rw. Now as R is weak-
transitive, from zRw A wRy and = # y we get xRy. Hence R is a weak-cluster. [

For the sake of completeness we will just briefly state the main definitions, like:
Kripke model, satisfaction and validity of modal formulas. These definitions are
standard and can be found in any modal logic book.

Definition 5. The pair (W, R), with W an arbitrary non-empty set (set of possible
worlds) and R C W x W is called a Kripke frame.
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If we additionally have a third component V' : Prop x W — {0, 1}, then we say
that we have a Kripke model M = (W, R,V) (Here Prop denotes the set of all
propositional letters).

The satisfaction and validity of a modal formula are defined inductively. We just
state the base and modal cases here.

Definition 6. For a given Kripke model M = (W, R, V') the satisfaction of a formula
at a point w € W is defined inductively as follows: w |- p iff V(p, w) = 1, the Boolean
cases are standard, w I+ O¢ iff (Vv)(wRv = v |- ¢).

We will say that a formula ¢ is valid in a model (W, R, V) if for every point w € W
we have w IF ¢. We will say that a formula ¢ is valid in a frame (W, R) if it is valid
in every model (W, R, V') based on a frame (W, R). We will say that a formula ¢ is
valid in a class of frames C' if ¢ is valid in every frame (W, R) € C.

So far we defined the modal logic KS syntactically and we gave the definition of
weak-cluster relation. The following theorem links these two notions:

Theorem 7. [6] The modal logic KS is sound and complete w.r.t. the class of all
finite, irreflexive weak-cluster relations.

Mainly because of the theorem 7 the modal logic KS is called the modal logic
of inequality. As the reader can easily check the interpretation of box in irreflexive
weak-clusters boils down to the following: w IF O¢ iff (Vv)(w # v = v IF ¢).

3. THE CLASS OF FINITE WEAK-CLUSTER RELATIONS AND THEIR BOUNDED
MORPHISMS.

In the previous section we have seen that the class of finite weak-cluster relations
fully captures information about the modal logic KS. In this section we characterize
finite weak-clusters and their bounded morphisms in terms of pairs of natural num-
bers. Let N be the set of natural numbers. The following theorem states that the
set of finite weak-clusters can be viewed as the set N? =N x N — {(0,0)}. Let wCL
denote the class of all finite weak-cluster relations considered up to isomorphism.

Theorem 8. There is a one-to-one correspondence between the set wCL and the set

N2

Proof. For every finite weak-cluster we apart two invariants: the number ¢ of irreflex-
ive points and the number r of reflexive ones (see pic.2). The point is that the pair
(i,7) represents the frame uniquely up to isomorphism.

pic. 2 @ w
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Let us describe how we construct the function from wCL to N2. With every frame
(W, R) € wC'L we associate the pair (i,7), where 7 is a number of irreflexive points in
W and r is a number of reflexive ones. We will call the pair (i,r) the characterizer
of the frame (W, R). It is clear that the correspondence described above defines a
function from the set wCL to the set N2. Let us denote this function by Ch.

Ch is injective. Take any two distinct finite weak-clusters (W, R) and (W', R).
That they are distinct in wC'L means that they are non-isomorphic i.e. either |W| #
|[W'| or R # R'. In the first case it is immediate that Ch(W, R) # Ch(W’, R') as far
as [W| =i+ r. In the second case we have that the number of reflexive (irreflexive)
points in |W| differs from the number of reflexive (irreflexive) points in |[W’|. This
means that ¢ # i and again Ch(W, R) # Ch(W', R').

It is straightforward that if none of these cases above occur i.e. |W| = |W’| and
H{w € WjwRw}| = |[{w’ € W|[w'R'w'}| then (W, R) is isomorphic to (W'R’) and
hence (W, R) = (W', R’) in wCL.

Ch is surjective. Take any pair (i,7) € N2. Let us show that the pre-image
Ch=Y((i,7)) is not empty. Take the frame (W, R), where |W| = i+ and W contains
i irreflexive and r reflexive points. Then by definition of C'h, we have that Ch(W, R) =
(i,7). O

Definition 9. The function f between two frames (W, R) and (W', R) is called a
bounded morphism if the following two conditions are satisfied:

(1) wRo = f(w)R'f(v),

(2) f(w)Rv' = (Fv € W)(wRv A f(v) =').

The bijection given in theorem 8 can be extended to bounded morphisms. In the
following theorem we characterize the bounded morphisms between two finite weak-
cluster relations in terms of conditions on the pairs of natural numbers.

Theorem 10. The finite weak-cluster (W', R') with the characterizer (i',7") is a
bounded morphic image of the finite weak-cluster (W, R) with the characterizer (i,r)
iff the following conditions are satisfied:

=0 (5,r) = (1),

i >,

2x (r—r)<i—i.

Note that the operation minus is defined within the natural numbers i.e. n —m = 0
if m>n.

Proof. For the left to right direction assume f : (W, R) — (W', R). This means that
i+7r >4 +1', as far as f is a surjection. First let us state some general observations
which will help us in proving the theorem.

e for every irreflexive point w' € W', we have that f~'(v') is one irreflez-ive

point. Assume - not. Then either f~(w') contains some reflexive point w € W,
or it contains at least two irreflexive points u, v € W . In the first case we have wRw
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while f(w) R f(w), so we get a contradiction. In the second case we have uRv A vRu
while f(v) R f(u) and again this contradicts to f being bounded morphism.

Now we are ready to begin the proof of the theorem. Let us check that all condi-
tions are satisfied.

case 1 Assume 1’ =0 but (¢,7) # (¢/,7"). So either r # 0 or ¢ # . In both cases
we get a contradiction by above observation, as reflexive points can not be mapped
to irreflexive ones and also two irreflexive points can not be mapped to one irreflexive
point.

case 2 Assume ¢ < /. Then there is at least one point v/ € W'’ such that
f~1(v') = @, because there are not enough irreflexive points in W to cover all ir-
reflexive points in W’ and we know (by above remark) that we can not map reflexive
points to irreflexive ones. So we get a contradiction.

case 3 Assume 2 x (1" —r) > i —¢’. This means that " > r. So there are at
least ' — r reflexive points in W’ which have no reflexive points in their pre-image.
But then there is at least one reflexive point w’ € W’ such that f~!(w’) contains
less than 2 irreflexive points. This is because at least i’ irreflexive points out of ¢
many are required to be mapped to irreflexive points in W’ and the remaining 7 — 7’
irreflexive points are not enough for ' — r pairs by our assumption. But this gives a
contradiction because either f is not surjective (in case f~!(w') = @) or f is not a
bounded morphism (in case f~!(w') = v with v irreflexive).

Now let us prove the converse direction. Let us enumerate points in W in
the following way: Let wq,...w, be the reflexive points and vy, ...v; irreflexive points.
Let us use the same enumeration for points in W’ with the difference that we add’ to
every point. So for example w] is the reflexive and v} is the irreflexive point in W’.

In case ' = 0 we know that (¢,7) = (i/,7') and we can take f to be bijection
mapping w; to w;.

In case 1’ # 0 we distinguish two subcases.

case 1 When r > r’. Let us define f : W — W' in the following way:

f(v) =2} for j € {1,..,41},
f(wj) = wj for j € {1,..,7] — 1},
foig) = f(uig2) = .. = f(vi) = f(wp41) = .. = fwy) = wy.

case 2 When r <7’. Let us define f : W — W' in the following way:

f(vj)—vj for j € {1,..,i'},

flw;) = wf for j € {1,..,7},

S (virga— 1) fuirgor) = wly for ke {1,..,r" —r -1},
f vy 142(r' =) 1) = f(Ui'+2(w_T)) =..= f(v;) =wl.
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In words we send each reflexive point w; € W to the reflexive point wj; € W’ and

each irreflexive point v; € W to the irreflexive point vé- € W'. As far as we have
that ¢ > ¢’ and r < r/ there may be left some irreflexive points in W on which we
have not yet defined f and also some reflexive points in W’ which have no pre-image,
so we associate to every pair of such irreflexive points one reflexive point which has
no pre-image. We go on with this process until there is left only one reflexive point
without pre-image (we know that such exists by the condition ' # 0) and associate
to it all the rest of irreflexive points on which f was not defined. The condition
2 x (r —r') < i —i guarantees that there are at least two such irreflexive point left.

It is easy to check that f defined in the following way is indeed a bounded mor-

phism. ]

pic.3

We can impose the partial order < on wC'L in the following way: We will say
that (W, R) <= (W', R/) iff (W, R) is a bounded morphic image of (W', R'). Picture
3 represents the poset (wCL, <) where instead of Kripke frames stand their charac-
terizers and (i,7) — (#/,7’) stands for Ch=1(i,7) < Ch=(#',7'). As we will see in
the following sections, partially ordered set wC'L plays a crucial role in the study of
logics over KS.

4. THE VARIETY WMA

An algebraic semantics for the system KS is based on the notion of weak-monadic
algebras. In this section we investigate the variety of weak-monadic algebras denoted
by WM A. The name weak-monadic comes from the fact that WM A contains M A -
the variety of monadic algebras introduced by Halmos [7].
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Definition 11. We will say that a pair (B,d) is a weak monadic algebra, if B is a
boolean algebra and d : B — B is an unary operator, such that for every p,q € B we
have: d(0) =0, d(pV q) = d(p) vV d(q), dd(p) < d(p) V p, p < 7d(p), whereT(p) =
—d(—p).

4.1. semantics. Let us consider a translation % from modal formulas to polynomials
of WMA: p* =p, (a AB)* =a* A B (o) = —a, ($a)" = d(a*). Let - stand
for provability in KS and let = mean that equation holds in every weak-monadic
algebra. The following theorem states that algebraic models for modal logic K S are
provided precisely by weak-monadic algebras.

Theorem 12. [6] F ¢ iff = ¢* = 1.
We will use the following fact in the next section.
Theorem 13. [6] The variety WM A is congruence distributive and locally finite.

4.2. Duality. As far as the variety WM A is locally finite only finite algebras are
enough to generate it. In this subsection we describe the duality between finite weak-
monadic algebras and finite weak-transitive, symmetric relations. We assume that
reader is familiar with the Stone duality. We just prove the parts which are specific
for this variety and skip most of the standard proofs from Stone duality. Let us denote
the class of all finite weak-monadic algebras by WM Ay (f stands for finite) and let us
denote the class of all finite weak-transitive, symmetric relations by WT'Sf;,. We will
use the same names for the corresponding categories. For example WT'Sy;, would
also denote the category of all finite weak-transitive, symmetric relations and their
bounded morphisms.

Proposition 14. There is a one-to-one correspondence between WM Ay and WISy, .

Proof. With every weak-transitive and symmetric (W, R) we associate the algebra
(B,d), where B = P(W) and d(A) = R'(A) for every A C W. Here P(W) denotes
the power set of W and R~1(A) = {w|(3w')(w' € AANwRw')}. It is immediate that
d(?@) =@ and d(AU B) = d(A) V d(B).

Let us check that dd(A) C d(A) V A. Assume w € dd(A) by definition of d
(d(A) = R71(A)) this means that there are points w’ and w” with wRw' A w' Rw"”
and w” € A. We distinguish two cases w = w” and w # w”. In the first case
w € A. In the second case as far as R is weak-transitive we have wRw” and hence
w € R7(A) = d(A).

Now let us check A C —d — d(A), Assume w € A. We want to show that w ¢
d — d(A). This is to show that for every w’ with wRw' holds w’ ¢ —d(A). Hence we
want to show that for every w’ holds wRw’' = w’ € d(A). The last implication could
be rewritten as wRw' = (Jw”)(w” € AN w'Rw"). For such w” could serve w itself
as far as w € A by assumption and by symmetry of R we have that wRw’' = w’'Rw.

Let us denote the function defined above by ®. It is immediate that ® is injec-
tion. Let us show that for every finite weak-monadic algebra (B, d) the pre-image
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®~((B,d)) # @. For this consider the set At(B) of all atoms of B. Recall that
an element ¢ € B is an atom if ¢ # 0 and for every other element b € B holds
b <a= b=0. We impose the following order on the set of atoms: for every two
elements a,a’ € At(B), aRga’ iff a < d(d).

Claim (At(B), Ry) is weak-transitive and symmetric frame. Assume aRza’Aa’ Rga” A
a # a”. This means that a < d(a’) and o’ < d(a”) and a # a”. Now as d preserves the
order we have that d(a’) < dd(a”). Combining with a < d(a") we get a < dd(a”). By
the third axiom of weak-monadic algebras dd(a”) < d(a”) Vv a” we get a < d(a”) Vv a".
Here we use the fact that both a and a” are atoms and a # o’ and imply a < d(a”).
Hence aRga” and R, is weak-transitive.

For symmetry assume aRgb i.e. a < d(b). The subclaim is that (%) (Ve)(b < ¢ =
a < d(c)). For contradiction assume for some ¢ € At(B) we have that a £ d(c).
Because of our assumption this implies that d(b) £ d(c). Which on it’s own implies
that b £ ¢ as far as d preserves the order. Another subclaim is that (x) implies
(xx) (Ve)(a < 7(c) = b < ¢). Indeed assume a < 7(c) this means a < —d(—c). Now
as far as a is an atom we have a € d(—c). Now because of (x) we have b £ —c and as b
is an atom b < ¢. Now let us take ¢ = d(a) is (x*). So we get a < 7d(a) = b < d(a)).
And because of the fourth axiom of weak-monadic algebras we imply b < d(a). Hence
dea.

That ®(At(B), Rq) = (B, d) follows from standard duality techniques. O

The correspondence ® can be lifted to the duality of categories WT'Sy;, and
WMA;. We do not give the proofs of the following two propositions as they go
exactly in the same way as for the standard Stone duality for finite modal algebras.

Proposition 15. If h : (B,d) — (B',d’) is a homomorphism of weak-monadic al-
gebras, then ® 1(h) : (At(B'),Ry) — (At(B),Rq) (defined in the following way:
®(h)(a’') = h~Y(d')) is a bounded morphism.

Proposition 16. If f : (X,R) — (X', R’) is a bounded morphism of finite weak-
transitive and symmetric frames then ®(f) : (P(X'), R~1) — (P(X),R™!) (defined
in the following way: ®(f)(A) = f~1(A)) is a homomorphism.

The following theorem is an easy consequence of 14, 15 and 16.
Theorem 17. The categories WM Ay and WT'Sy, are dually equivalent.

Birkhoff showed that subdirectly irreducible algebras form the building blocks for
the variety [9]. Recall that an algebra is subdirectly irreducible if the lattice of
it’s congruences contains the minimal element. Let us denote the class of all finite,
subdirectly irreducible algebras of a variety V by Sif(V). It is known that Stone
duals of subdirectly irreducible algebras are rooted frames. Hence in our case we
have Siy(WMA) = wCL. Let us consider a partial order < on Sif(V'), where A< B
iff A€ HS(B) (here H and S are homomorphic image and subalgebra operations).
The following theorem states that the poset of finite subdirectly irreducible weak-
monadic algebras is the same as the poset (wCL, <) described in previous section.
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Theorem 18. (Siy(WMA), <) is isomorphic to (wCL, X).

Proof. As we mentioned function ® defined in 14 establishes one-to-one correspon-
dence between Sif(WMA) and wCL. Now assume A < B. This means that A €
HS(B) by definition of <. Hence there exists By € WM A such that A - By < B.
Now A — By implies that By is finite hence we can apply duality. So we have
dYB) - & 1(By) — ®71(A). Now as ® !(A) is a weak-cluster ®~1(By) —
®~1(A) implies that ®~!(By) = ®~!(A). This is because by 10 weak-clusters do
not have strict generated subframes. Hence ®~1(B) — @& !(A), which implies
d~1(A) < ®~1(B) by definition of <.

Conversely assume (W', R’) < (W, R). This by definition of < means that we have
surjective bounded morphism f : (W, R) — (W', R’). Because of duality we have
that ®(f) : (W', R)) — ®((W, R)). Hence (W', R")) € HS(®((W, R))) as far as
id: ®((W,R)) — ®((W, R)) is a surjective homomorphism. O

5. FrRoOM BELIEF TO KNOWLEDGE

We consider the lattice £xg of all normal modal logics over KS. The lattice
structure is given in the following way: For logics L1, Ly € £xg the meet Ly A Ly =
LiNnLyand Ly V Ly =(\{L:Li CLALyC L}. The order induced by the lattice
structure is set theoretic inclusion, so for the logics L1, Ly € £xg we have L1 < Lo
iff Ly C Lo. It is well known that lattice of logics over some normal modal logic
L is anti-isomorphic to the lattice of subvarieties of the corresponding variety V(L)
of boolean algebras with operator. So instead of investigating the lattice £xg we
deal with the lattice Ayypra of all subvarieties of the variety WM A. We reduce the
complexity of studying lattice Ay ara by moving from Ay ara to some special lattice,
which we describe below. First let us introduce some definitions.

Definition 19. A subset C of a poset (X, R) is called a lower cone if x € C and
yRx =y e C.

It is not difficult to verify that the intersection and union of two lower cones is again
a lower cone. By Con(X, R) we denote the lattice of all lower cones of (X, R). The
following theorem proved in [12] links the lattice of subvarieties of a given variety with
the lattice of lower cones of partially ordered set of subdirectly irreducible algebras.

Theorem 20. [12] Let V' be a locally finite congruence-distributive variety. Then
A(V) is a completely distributive lattice and is isomorphic to Con(Siy(V'), ). This
isomorphism is given by the function p(V') = V' N Siy(V) for every V' € A(V).

As a corollary of theorems 13, 20 and 18 we get the following theorem.
Theorem 21. A(wMA) is isomorphic to Con(wCL,=).

Theorem 22. The cardinal number of Con(wCL, =) is continuum.
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Proof. Let us consider the function x : P(N) — Con(wCL,=) defined in the fol-
lowing way: x(N) = =~! ({Ch=(n,0)|n € N}), where N C N and <~! (A4) =
{W,R)|I3(W',R") € Ast.(W,R) < (W' R")}. Assume N # M for some N, M C N.
Without loss of generality we can assume that In € N such that n € N and
n ¢ M. This by definition of Y means that Ch~'(n,0) € x(N). On the other
hand Ch~1(n,0) & x(M) as far as by theorem 10 there does not exist weak-cluster
from which we would have surjective bounded morphism on Ch~!(n,0) (see picture
3). Hence x is injection, so 2¥ < |Con(wCL,=)|. On the other hand by theorem 8
we have that (wCL| = w. Hence |Con(wCL,=<)| < |P(wCL)| = 2%. O

Theorem 23. [10] The cardinal number of the class of all logics over S5 is equal to
w.

Now we are ready to state the main result of the paper. It immediately follows as
a corollary from 21, 22 and 23.

Corollary 24. The cardinal number of the interval [KS, S5 (of all logics over KS
and under S5) is 2%.

6. INTERPOLATION IN KS

Craig interpolation property C'IP is one of the most important properties in the
study of logic. As a small illustration of the importance of partially ordered set
(wCL, =) defined in section 3, we show that KS does not have Craig interpolation

property.

Definition 25. We say that a logic has Craig interpolation property (CIP)ift ¢ — 1)
implies that there is a formula y such that - ¢ — x and - x — ¢ and Var(¢) C
Var(x) N Var(y), where Var(a) denotes the propositional letters contained in .

Replacing implication sign by deducibility sign we get interpolation property for
deducibility.

Definition 26. We say that a logic has interpolation property for deducibility (IPD)
if ¢ F 1) implies that there is a formula y such that ¢ - y and x - ¢ and Var(¢) C
Var(x) N Var(y), where Var(a) denotes the propositional letters contained in a.

It is immediate that C'IP implies I PD while the converse is not true in general.
The algebraic analog of IPD is the amalgamation property.

Definition 27. We will say that a class B of algebras has amalgamation property
if for every tuple (8,,B,,B, h1, ha), where B,,8,,8 € B and h; : B — B; are
monomorphisms, exists B’ € B and monomorphisms g; : B; < B’ such that the
diagram commutes.
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The following theorem proved by Maksimova [11] describes the connection between
amalgamation and interpolation.

Theorem 28. [11] Normal modal logic L has IPD iff the corresponding variety
V(L) has amalgamation property.

Now we give the definition of dual notion of amalgamation property which is co-
amalgamation.

Definition 29. We will say that a class C of relational structures has co-amalgamation

property if for every tuple (§.,3., 3, f1, f2) where §,,8,,§ € C and f; : §; — § are
surjective bounded morphisms, exists § € C and surjective bounded morphisms

gi : §i — § such that the diagram commutes.
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It is immediate from theorem 17 that WM Ay, has amalgamation property iff
WTS ¢, has the co-amalgamation property.

Theorem 30. WT'Sy;, does not have co-amalgamation property.

Proof. Using theorem 10 (see pic.3) we know that we have surjective bounded mor-
phisms from Ch~1(2,0) and Ch=1(1,1) to Ch~1(0,1). While again by theorem 10
there does not exist a weak-cluster from which we have a bounded morphisms to
Ch~1(2,0) and Ch~1(1,1). Moreover it is easy to see that the only weak-transitive,
symmetric frames from which there exists a bounded morphism on Ch~1(2,0) are of
the form (W, R) = |4 Ch~1(2,0) (disjoint unions of Ch~1(2,0)). Hence we can not
have surjective bounded morphism from (W, R) to Ch=%(1,1). O

Corollary 31. The modal logic KS does not have CIP.
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JM33MHbNGNIM0 ROLEMNSIGNITN)
LJIFO6EN3D bdbdAITN33(MIIIR(
bd63MITI IIbLOIMIBNAN

3mb mo s 30m9d Do

ngn&nb, 360[) [N aoamngqwoanb nGb@n@g@n
33LEME33nb YbaggMbnGgGn, bogMmsbogdn

9bowdg

9390bogm  bgommbym  Jugmb gogsMmmgde babamdmngdmJdgwn babdm gmy
dgbbogMgdol oM JoBgd@ Mol 356056ENL gs8mygbgdom. gomsmmmgds Ladmamgdsl
admage gombggzolb bgdn odms dgdstg nbgmmMds30s dgbsbyyem 0dbsl dgbbng@gdals
930b@®Md0  (,89bbogMgdal M) ©s godmygbgdmem 0dbsb, Imgznsbgdoo,
a5thg30l  bob  @dm  docems  dgdsfg  3306dgddn. gl bygzg@L  gogdmmdswo
3M500096@0b 3MmMdmadal s badyemadsl sdmgab Jugmb, sbabmb abEsbsoymo
5dm300qdnmgdgdo. 9JL3gMndgbGmmn dgogagdo a30h39698L, MM LG oBMOAL
a3bbymdals bgoms 3563dg hggbo  3mI3mDazos  M3gmgb dgogal odmgzs, 30wy
GMonomo bgammbymo Jugmagdals 3m33mbacsas.

1 39Lsgoemn

39J&mM9ddg  ©oggydbgdmem  Lgdsb@nzsdn  mgdbogmFosb  3MB3mbozon®
LB N3oDY oEaLams Fmaombmgl 3sbybl MM Moyym Fombgsdy: (1) o Lobolos

1 oomgdsbn dgbEmmmagdmmos 838mgan 3mdemngsznnlb dobgognom:
Phong Le and Willem Zuidema, Compositional Distributional Semantics with Long Short Term Memory,
Martha Palmer, Gemma Boleda and Paolo Rosso (editors). Proceedings of the Fourth Joint Conference on
Lexical and Computational Semantics (*SEM 2015), June 4-5, 2015, Denver, Colorado. The *SEM 2015
Organizing Committee, 2015, 10-19.
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3m83mbo300L gMb(30980 (080l gomzgomabbobgdom, M3 (330l ©3Fobongals
333s smM0(3b3s 5@ as8mnyqbgds); s (ii) Mmame 3abBsgmmor 8mbs(398980bash
53 g39bg(30900L 3005398 Mgd0 (m‘gdo door  sbgmo 3oMa3g8Mgdo odSm)? 306390
dggoombgol  3sbgbo  FMbdznoms  Medwgbndy  3mobo odbs  dgdmmagsdgdymo,
300 dmob domBogn BMxgozo Gubdzngda, Mmagm®gdozss 39d@mEMma dgzMgds
(Mitchell and Lapata, 2009), s®s66a030 5346430930, GmBmadbs dMsgomdtnsbo
bgombamo  JLgmagdo  gobbadbemgmaggb (Socher et al.,, 2010), o 39J@merme
Fo@Mozoms  aodMagmads s  Bgbbmermmoa  BMggogo  sbobgs (Baroni et al.).
3o@M0(390Ls s BgbDMMYddy oxydbgdamo BMbd309d0L N30MsGgbmds sfal ab,
M3 0bobo gm@Ism® bgdsb@n3obmsb asM3zgmmo Mmzambadmaboo oMwsdntn
Jdgomgdal Loggmdggmb admggz0sb, omdie dMszemdMosbo bgodmbamo  Jbgmmagda
agcm  dodboEzgmo  dm@gmbsBngss, Moashb gssd@omagdol abgomn sMsbMgagn
BbJ(30g00m,  Bmammoiss  Logdmown, doo  dgmdmosor  bgdobdngfo  byzg@o
3mbg300b 336mgbodszns (Cybenko, 1989).

dgmtg 3g30mb35dg 3aLbolb g5(3930L d3gmmdabal 30y YBO™ (3bown brgds
03 doamdoms 3003 gbmds, Mmdmagdos bgommbamao Jugmgdals sMdndgd@ncsb
98399d6gds.  sbgmgdos, dogsmoms, Mg3gMbogmo  bgoMmbyma  Jbgemals (RNN)
dmgemo (Socher et al., 2013b) 5 3mbgmeam oMo bgoMmbyyema Jbgmol dmegeo
(Kalchbrenner et al., 2014). 53 3sMs0adolb dmEgmagdl dgmdmosm Bsmdsdgdom
353m0ygbmb 1318936 (39mgdsdy oxdbgdmmon sbbagmal dmaswo 3Mm3genmgdo
©5, M3>  ©dbBagmal  aobznmaMgdobomsb  gMme, gogeMxndgdol  dgdwamaon
3513%md9bgdobmgal godmbawgan bbgsabbzs 9i394&mM0 smamMomdn oyy dgommeo.

Jdg3omaqbgm boboemms aoMhgzeda batds@gdmmo asdmyqbgdal dqdmag (Socheret
al., 2011b), RNN-0b 8mpgmoab gogstiomagdsms ma gmabo 0gbs dg8momsgsbgdamo.
96 3mabl bomdmaagbl dmegmoals 3m33mdazoMmdal asdmogMgds Egbdmmos
653Gogmal  3odmygbgdnor (Socher et al, 2013b) o6 RNN-530L 3mG0bmb@ormco
3505335 Jbgmol gobom@Bogqdmoscw (Irsoy and Cardie, 2014). 3gmeg 3emobo sg3oomgdl
JLgmolb  Gm3mmmansl gRGMm Gomom b3gd@mab sdm356930L dgbabEmmgdmar,
MmMamM®gd0(300 ©3Im3oEgdmmgdoscms gotBgzal s8m(3sbs (Le and Zuidema, 2014a) o
35669mdol 3m6@9JLE g e8m 0Egdmma sbamaba (Paulus et al. 2014).
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wl?ﬂ
0000000) ¥, w, w, 2
w, | 666 [©59)
Fess) % Xy

x

6ab. 1. 3oz dMmnsbo bgn@mbmma Jbgemo (8068b603) o M939MLommo

bgommbymo Jbgemo (8069@3603). Rabo(33madal 39d@mEgdo 3sd3mEmggdamos
LodaM@ngobogab.

h3960 o0gos RNN-ob dmegmol  gogsmomgds  3m33mbozon®mdol  goboyd-
®MOgLgdmom.  dm@Bogons obss, Mmd Mg MgbGmmo  bgodmbymo  Jbgmgdol
3535M%0d980L Abasgba, RNN-930b m&ds bggddg gogemgndgds dgodmgds Bosbywgl
354Mmdan aMmongb@nl 3Mmmdmadsls (Hochreiter et al., 2001), o3 60dbogl, Gm3
gBmommzgsb 3396d9ddo goma(393mmn dg3emdgdn gdLdmbgboMem 3o@eMazmgds.
33t 5dobs, FmomoEsb bolb B3zgMmdn  ao3bogboemo  abgm@mdssns  dgodmgds
358bmzgbogl, 0y Bmommbs ©s 63gMmb dmmal dsbdoemo owos ©s, $3gbsw,
Bot3m0dzol obBObEN® ©dm3nEgdymgdsms sbobgal 3Mmdmgds. 83 dodgboes
3o9m,  Mg39Mgbgamo  Mggambogero  Jbgergdolb  33mg3gdeeb  3bgbbgmmde
bobaMdmnzdmddgon  bob8m3zmg 89bbogegdal (long short-term memory, LSTM)
s do@qd& sl (Hochreiter s Schmidhuber, 1997). 3msgstn nogss, go@Rggol bgdo
odms dgdoMyg 0bxmMds30s dgz0bsbma dgbbngMgdol Mxmgrdo ©s gsdmgoygbmm
35(30mgd0m 33056 35MRgz0L bob YRG™ Jomms Bgdsmg 3396dgdda, dgbbngmgdals
MxM9098d0 Bogmo  8gbbogMHgdal Gg3m@bonmer  J39300006 bgznc  (bottom-up)
05358 d0m. 83 30 ol dg(30mIgdo, HMImada(s LEEYJG M0 9 393ndsMornmgdom
360390, oM JMgds. 83539 ©MML, Gmommgsebo 3356dgdals 0bgm®M3dsz0s KgM
30093 ©Ed(3Mm0s s dgodmgds 30MEsdnf asdmgzgnygbmo ngMatmdnsdn q@mm dogmems
dgdaomyg bgdobdng® 3356ddn. 53 3M33mMba300L gobbymdals sbsmababmgal goygbgdm.
99b3960896& Mmoo Jgwgagdo oh39693L, HMI Rzgbo 3MB3MmDbozns M3goglb Jggal
admaze, 30067 GMo@o30amo, bgoMmbam Jugmgddy oxmdbgdmma 3mI3mboczos.

b0bsdgdemg LEBSGNS d53mgabsnfomss MMasbadgdMmo: MmegEsdnMggmsm, dg-2
boBomdo dmymgm gbandMmdm bgoMmbam JLgmgddy, doo dmEal IHsz5emIMNsb
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Bgodmbm Jugmgddy, HogaMbogm bgoGmbae Jbgraddy, GgaMgbE e byotmbaw
JLgmgdbs s bobafMdmnzdmddgm babdm mg dgbbogmgdsdy. dgdwga, 3g-3 boboemdo
dgdmagod3l babgmdmngdmddgon bsbdm jmyg dgbbogmMagds Mgznmbomma bgnfmbmema
Jbgmgdobmgolb. 3ol 353mygbgdsl aobbymdol sboemababogal gsbzaboemogm 39-4
bsBoendon. 89-5 Boboemdn bohzgbgdos hggbo g4L3gMndgbdgda.

2 byggydzemado
2.1 3Mms35emdmMmnsbo bgommboyyemn Jbgemn

36035 dM056 bgommbyem Jbgmgddo (multi-layer neural network, MLN) bgombagda
3699gds@ss mMasbobgdmma (ab. Bsb. 1, domsbbog). i 3Mgdg dgdstyg bgnMmbo
Logbomb 0emgdb i —1 dMgdg dwgdsty bgammbgdobash s dob dgwgal gosl3gdlb
i+ 1 369y dgdsty bgoembl.? godmmgms dma3g8s gm@8mmoao

V= g(Wi_y; w_, + b;).

boa(s

*  633m30mm0 394@™M0 ¥; 3903030 I Mg dy Fgdamg 6goMmbgdal assd@oncgdgdl;

o Wi ; e Rl 5@0l i — 1 360l i IGgLomsb 3o3d0Mms Bmbgdal o@ma(ss;

o b;e BFl 560l i 360l 6506mBgdal Bobs3zmadocms 39J@meon (vector of biases);

| —
J |—tenns
el |- -sahsign |

g2 -1
g2r 41’

1
1+e~*

6ab. 2. 3554&0Mgdol gbd30gd0: sigmoid(x) = tanh(x) =

softsign(x) = flxl

2 gb go8sMEn3ggdamemo asbbobmagmss: 3Mogd@ngsdn 6gdabdng® j = & gl dgmdmons wa30380tmgb I 3Mgb.
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o T M0l 255d@0Mgdol Bmbgz0s, MmamMgdozss, dsgsmomaw, bLogdmoawo
(sigmoid), 3039GdmenEo &obgqblo (tanh) o6 softsign (ob. bob. 2).

3mabognganal  83m306980bmgol  Jugmb bgos Mg 9ds@gds  bmyBdsgbob
(softmax) d6g o smdscmds 0dobs, HmMI Jgdogem 30689 X-b dngbnggds 3mobo

£, godmomgmads g¢bdz00m

e i I-.E"Yll:-p J

(1

Pric|x) = softmax(c) = mEETE
E-"EQEE s P

Lowa(s

° [u{fl .]'rtup]-- ---u{:f|c|' thup:l]r = w}’:up+ b;

° £ o0l gzgmes dgbadmm 3emsbal bLodMagmy;

o W e RIFenl &0l Bmnbols 308 M0(39;

o b e BRI s@0b Rsboggmgdoms 39d&meo.

MLN-bL gogs@gndgds 5ol mdogd@meo gubdznab, J(F)-0b, 306080Ds305, bows(s
8 ool 3o603g@Mms LndMogmyg (3emsbognzsznobogal J(H) bdnMowm Motymeomo
mmgoMomdnmo ©oboggMMBLs). M3mas3M3gmgdal smmam@omdnls (backpropagation
algorithm, Rumelhart et al., 1988) 89d39md0om dgbodmgdgmoas 3]/38 aMo0qb@ob

9B0JHVHeR gedmmgers. o833eMoe, aMorngbd e ©sd3gdab dgmmen gedmaygbgos
J1-b 306030Bs(300bongabs.

2.2 My39mboyema 69063mbyema fbgemo

M9300bogmo bgodmbymo Jbgmo (RNN) (Goller and Kiichler, 1996) stols MLN,
Losz Imgdpm bob LEONIJGHOSdo Mmommgyem dogs 3396ddg MgzaMbogmsc,
939300056 bggz0m 304969800 Bmbsms gMmbs s 08839 Fo@M0(35L. 080l banembEMszome,
o) Mmame dndamdlb RNN, as630b0mmon d93mgan dsgsmomo: ©s3m3d30m, MHm3 a3543L
3935>0a969m0 (constituent), Gm3mob aoBgzolb bgs (P2 (P x¥) 2) (Bsb. 1, Botrg3603),
©> Xy.ze RS dgbodsedobo, 36l 39d&mMmo bamdmoagbgdo Lo@yzgdabs x, ¥ s
Z. 3dmdemab 39d@mMalb godmbsmgmama 30ygbgdor bgodmbam Jbgmb, Mmdgmo(s
390aqds bmbgdol ds@Mnzobasb W, € R dot(3bgbs dznmgdobmgol s Bmbgdals
do@ozobgsb W, € Rud doMx396s dz0mgdobomgol. godmmgms bogds J3q30056
bgz0m. 3595boedy, K%gH gomgmom pi-b

p. =g(W,x + Woy + b), (2)
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boaz b o@al Robssgmgdoms 3gd@mco s g stal gosd@onmgdalb gubdises. Py
-0b 308mmgmol 3999 39d30035M™ gMmn mbom Jsmms ©d 300300 Pa-b:

p.=g(W,p,;+ W.z+ b). 3)

9L 3m3gbo afmdgmeagds 35653, Labad BzgMmb o6 dngombggon.

Bab. 3. doMBng0o M939M96@nmo bgoMmbyma Jbgemo (806(3&‘)603) 5
bobaMdemngdmdgn babdmjmyg dgbbogMagds (3069@3603). Robo(3gmgdals

39J&™Mgd0 asdm@mzgdymos bodsMGogobogal.

MLN-U gogotigndgdal dbasgba, RNN-b aogsmgndgdss afewogbdmmo ©sd3980b
dgomelb 094gbgdlh mdogd@udo xbgioob J(F)-0b 306030Ds300bmgol. gMsngbdn
9]/98  980d@aMeR  3edmomgergss  LEGYIGYMOL  gogeon  Y3YaEMEImIdel
smamm0omdal dgdgzgmdom (Goller and Kiichler, 1996).

RNN 8megmo s 8obo  gogemomgdgdo Bomds@gdom o0dbs  gs3mygbgdaemo
3Mmdmgdoms  gofmom  b3gd@mdy: aoMhggol  3Bmdmadgdom  ebygdyemo
(3380@6363@070 aomhggse (Socher et al., 2013a), 5dm30gdnmgdolb gomhggs (Le and
Zuidema, 2014a)), 3emoboggozazonl (8sa., aobbymdals sbsmoba (Socher et al., 2013b;
Irsoy and Cardie, 2014)) s Lgdsb@ozmem Gmemos dmbndzbal 3Gmdrmgdgdom (Le and
Zuidema, 2014b) ©5d053Mgog)emO.
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2.3 Mm939196@ <m0 Jbgemgdo s bsbgmdemnzdmfdgwn b563m 3emg
dgblbngmgds

bgombamo  Jugemo  Mg39MabEmos, o9 dob megalb  LEEYJEYMSTn, Ly
oMy, ghomo Mammo doobz o43L. gedsbals (Elman 1990) 309 dgdmegdememn

doME0go  Mg39M96@ Mmoo bgoMmbymo  Jbgmo (SRN, ob. 6sb. 3, 806(3b603) 5
dobo  gogmsMmmgdgdo  as3mnygbgds  dmbgdMogn gbgdolb  ed¢dsggdal  LgzgGmdo
3030g3Mmbsbmsb  s35330Mgdmmn  abgon  3Mmdmgdgdobmzgal,  Mmammgdogss
3564060 motgdsbo (Sutskever et al., 2014) s 960l dmegmogds (Mikolov et al.,
2010).

SRN-dn dgdsgammn 3mba(3gdo x; JLgeb dogbmegds @mmol mocmmgme t 3m3dgb@do.
gofrmemo d0g h, Gm3gmbs odsb od@ogsaos hi; dybGoew 03 dmdgb@edwmg, Mm(zs
x:d93mE0l, 3335dmdl dgbbogmagdal Lobymdol Bmmb, Mmdgmo dogem obGmmasl
(Xge Xeg) 0893L. Gmegbai X, Jdgdmenl, oMo 36y sobmgdl  magal
5d&035(3000L dg3gabsnMaco:

hy=g(W,.x,+W;h._, +b)

Lowa(s W, € Rl W, e BIMHN D 5@006 Bmbols do@Mn(3900, be BY &0l
Robo(33mgdal 39d@mM0, o g oMol gssd@omagdol gbis0s.

83330050, Jbgmal gb dmEgmo cgmEommsw dgodmgds godmygbgdam 0gbsb od
3md3nMbg0L dgbogsbgdema, Hmmagda(z bobamMdmoag abBmMogdbgs sdm jowgdyma.
3oR0gbGgo0b  addmogms  98gddater  brgds  @Mmde  g373°3MEImgdel
semam@omdol Ladmomadao (Werbos, 1990). oxd(se, 3Mog@0zo80, 9306968 mmo
bgombamao JLgmgdol gogemxndgds aMsngb@mmo ©sd3zgdol dgmmemom bszdsme
dbgmns, Goash aMomogbdgdo @ /dh; (j = &, J; sGob mdogd@aco xabsoes t
mmab 8mdg6@dn) LBMogsm JMgds M3mas3M(39madol Msdwgbn8y dogal B93waa
(Hochreiter et al., 2001). 336Ms 530bs, dbgemns @abGsb(30mHo sdmnEgdaymgdgdol
sbobgs, o6y dgrgan ©Mmob £ 3m3dgb@dn  adm3oEgdymos  bmg  dmgmgbady,
M3 gdo(3 doemnsb oo bbol B0b dmbs. 33 3MMdma8nwsb gfm-gMmn 3sd3mbagaema,
Mm3gmoi 3mbMon@gmds s 8803ndgmds (Hochreiter s Schmidhuber, 1997)
Jq8ma3me35dgb s gqmbds (Gers, 2001) 355993 %mdgbs, 36l bobafMdmnzdmddgmo
bobdm gy dgbbogMgds.

babamdmngdmgdgn bsb3mgemg 3dgbbngMgds.  bobaMdmogdmddgmn  babdmgmyg
39gbbogmgdol (LSTM) 640 9J@nfob dmsgstn awges dgabsmBmbmb  yzgmes 0d
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dgdsg5m0 dmba(3930b dgbbngMgds, HmPgemas @OMmMS 3o63sg3emmdsado donemm gacmmds
dM93. dgbsthmbgds brgds gommma dGol yzgmes dgdsgemn dmbs3gd0lb dgbbogmadals
MRME30 05358gd0L 3 bom. dgrgase, ©H™dn 38536 (39cadamo dg3emdgdo o6
J6gds, domnsb oo bBol b0ob domgdmemn dgdsgsmn dmbsa39dgdo 3g@-bogmgdsw
35063 d90bsmfnbgdymoas s dom Jbgmal dgganlb 3edmmgmasda goM3zzgmmo Mmeal
53590 dgmdmosom (ob. oL Eszns (Graves 2012, msgo 4)-3n). bobadmngdmJdgwo
bob3dm3emg dgbbogMgdol MxEgoa (ab. Bsb. 3, Bsig3boz) Bgwagds 3gbbogMgdol ¢
MRMJobasb, dgyzsbal i ggomobash, ©s3069gdol f ag000bashb s gsdmdsgsmo o
390m0ba56. 53 YRMgedo 30dnbsfg gsdmmgmgdo Jzgdmmss dm(zgdmemo:
i, = o (Wyx, + Wy:he_y + Weeeoy +by)

f = o(Wopx, + Wysh,_, + W_pc,_, + bf)

c.; =f Oc._,+i, ©tanh(W,_ x,+ W, h._, +b_.)
0, = o(W, x,+ W, h,_, + W_c.+b,)

h, = o, (O tanh(c,)

bos 0 oMol Logdmow-gnbdi0s; iy fr. 0, 50l dgbedsdabo ggomgdals dgwgagdo
(06‘3 od@ogoeogbo); €. o60b dgbbogFgdol xEgoob damdstgmds; & ombodbogl
9mg396@gdo 353Mogmadal m3gme@mml; W-gd0 o b-gdo, dgbodedobow, bmbal
do@M0(3960 s Aobo(33mgdols 3g9d@mMgdas.

030l g3m, Hm3 Logdmnw-93b(300L Jggagdo (0, 1) s6gdas (ob. bob. 2), 58 ggomgdals
0d@035(30980  dgbadmgdgmons  bmn@domobgdmm  Bmbgdo  Asomzgemmb.  sdo@m3,
0b@mooncse, Jugmb dgudmoas snbbsgmmlb dgdsgsmn ggomal gadmygbgds, Msms
35005by308mb, o9 Mmool Mbs ©s0dobbmgmml nbxmMds30s, ©s, Sbsmmgonmsw,
50Lbsgmmb  gsdmdagsmn ggomol godmygbgds, Goms gomsbyzn@mb, oy Mmool
<bs dnbbgogb 0d dgbbogMgdsl. wsogobygdal agoomon, Lsdmemmme, dgbbogmMagdals
39058 30M035L 9dbaby@gds.

3 bsbgmdemnzdmzdgon b36dm 3emg dgbbngmgds RNN-dn

58 bobormdn gdmagedab bobamdmnzdmddgon bobdmzmyg dgbbogmgdol (LSTM)
35535Mnmgds RNN-0b dmogmdy (ob. Bob. 4). RNN-ob Mdmagigbo daboboscmgdgmons
3dmdmolb  394@mE0lb  godmmgmobmgol m&o dznmoesb domadamo 0bgm®mdsznal
09GsMdommom  3m3d0bncgds; Azgbo nwges 0dg3s5Msm asogeogstmmmo LSTM, &m3
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353m0yg69dmEal oMs bmEmmE  mommgmmo  dzoemol ao8mBsgaemo  360dgbgmmds,
oM339 domn  dgbbogMagdol xEggdol dogomegboz. 83356s@, Jugmb g46gds
Jqbodmagdmmds  dgobobmlb  0bgm@mdssns, MmEgbs  ©34deggdlb  gombgzol  bgdo
admys 3gdamg d9dsmanbmgdl, s ab bgmdnbsbgomdn gobsmlb 35306, Mmogbs(s
0037)35390L aoMhgzal bgdo docmes dwgdatyg dgdsmanbmgdl.

Bob. 4. bobaMdmnzdmddgmo babdm jmg dgbbogMagds GgznMbomma bgoMmbamao
Jbgemabogols

LoBsMB03z0lb 3ogmEabbdmm HmB JImdgem P 3396dL 3yozb Mo dgoemo a s b.3

LTSM-b p-bg ogd3b d993960L mn ggomo iy .12 @ ©o30694qdolb mGo ggomo fi.fa mo
dz0mobomgol. 58 LTSM-do 803mnbsfg godmmgmgdo dgdogans:

i, = c(Wyx+ Wiy + Wiy e + Weo ¢ + by)

i:= oWy + Wx + W0 + Wiz + by)

f,= o(Weyx + Weoy + Wepop + W + by)
f.=0(Wry+ Weax + W0, + Weeacp + by)
=00+ 0c, +g(W xOi, +W,LyDi,+b,)
0= g(W,x+W,.vy+W_c+b,)

p=00g(cy)

Lo@sz U ©d € 50056 dgbodadnbaw asdmdsgsmoa 3b0dgzbgmmds s dgblbogMgdols

3

M-s0a0m0sb0 bggdobogal go6Dmaswgds GMagosmymns.
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IROMJoob damdstgmds u 3306ddo; i;.i..f.f..0 06056 dgbedsdabo ggocmgdals
0d@035:30980; W-980 ©5 b-gd0 6006 Bmbgdol do@Mozgdo s Robszzemgdals
3998™MM9d0; g 500l 30598 0Mgdol BMbs0s.

0b@o30Mo, dgdsegomo ggomo i; badyamgdsl sdmggl LSTM-b ddmdmol 3306ddo
3505by308mb, 0 Mdgbsw 360d3bgmmasbos gsdmdsgsmn 360336gmmmds dabs f-m
dzomdg. o0y 0go 360d3bgmmagsbos, dgdsgaem ggoom ;=L ggbgde ogGogoes 1-00b
sbemb. 53539 Mmb, LSTM 05306g4950L 39000l }‘}--b 353mygbgdom 53mbEMMmdL,
09 M5 M3MEabmdal 0bgm@ms(30s Mbrs ©s93s@mb dob 3gblogMgdsl f-mEa dzoemals
dgbbogMgdnsb.

®0mmgmemo 330mobmgol geomn dgdsgamo ggomol s gMomn egobygdal agomal
a03mygbgds  bobgaMdmngdmddgo  bobdmjmg  dgbbogMgdsl dmdboemmdsal 33580l
dgbboggdol  dgbobgobs s  3mI3mDa(300L  gedmmgmado.  dogsmoma,  MM(3s
Gomo  Bobsswgds dgozegh 8mogef s ©admogdam babomagdl, dgodmgds
babamagdmm ogmb, o4y Bsmam MbyDdy gowsg(393s NbRMMBs(305 IbmMEmE doMomswo
boBoemols dgbobgd. gl dgadmagds Fowbgmem 0gbsb 0dnm, BM3 M oEgdmo
boBomols dgbedadobo dznmo-3306dnl dgdsgom ©d ©o30694qdol ggomgddy edsemo
360d3bgemmdgdo a3dmbroglb, bmemm dmegsto bobomol dgbedsdabo dgoemo-3356dals
3900gdDdg 30 doesma. YBcm™M LsobBgMgbms ob, Mmd 53 LSTM-b dggdemoas dgbsedadabo
dgdsgommo  ggomolb  gssd@ommgdom dzomb 6gds ©sGmmb, dooemmb dmbsbomgmds
3mM33m 0305380, 35g6M33 33537 MHML 0gbmMaMgds as3gmmb dznmol dgbbogmgdsl
dgbodsdobo eg06ygdals ggomol ©ged@ngs(300m. gb brgds 35906, MmEgbsz dz0emal
309 dmbmegdymo 0bgrmmds30s dbmmme ©Hmgdomss 360d36gmmgaba.

E } sofmen
[a]s]s]

The

Bsb. 5. RNN dmpgmo (8s6(36603) s LSTM-RNN 8megmo (3s653603) asbBymdals
3bsmobobogab.
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4 LSTM-RNN dmggemo g366ymdab bsomn%nbm@;nlf

5d b3bnmdo dgdmzgnmgdom Imegmb 3o66ymdal sbaemababiogals (sentiment analysis),
m3gmdoz godmg09qgbgdm aobboruem babacdmngdmJdgo bobdmzmg dgbbogFgdsb.
R3960 Bmgmo, Lobgmbmwgdoor LSTM-RNN (long short-term memory recursive
neural network), ool GMsniogmo RNN-ob dmmgmol gogsmomgds (ob. BoBoemo
2.2), bosz @Mowonmemn  3mddmboznalb g gbd0gdan (2)-(3) 33b@mMgd93do
033mgds Bzgb dogh dgdmmagabgdmmon bobamMdmnzdmddgmo babdmzmyg dgblbogMgdom
(0b. Bsb. 5). gmabab 6 Lodygalb gbedsdabo 3356dalb a3%g, o9y dabo gobBymdal
Jmobo  (Bogomomom,  e@adomo, Mofymanmn o6  Bgo@feemmn)  dm3qdymmos,
358589300 LmyEdogbol ML (ab. aobBmmgds 1), GMoms godmmzsmmmo dobogol
3mabolb dobnggdols sendosmmds.

Lo®yYy3goob  39d@mEMmn  BaMdmeagbgdn  dgademgds  agmb 86 dgdmbgzgzacm
0boznomndgdymo, o6 babsbbBsm  aogefgndgdmmo.  bgdobdngHo W gmormal
dgbbogMgds, 569 €, o6l 0.

0Abmolb o 3oMeol (Irsoy o Cardie 2014) 3baszbow, B3gbs 3oLab@gdm 33sb
BMommzgsb 3396dgdbs s dns 3396dgdL dmEnl: Bmbals 3@ Mn30b gMmo Lodmagmy
353m0yg6gds gmmemzsba 3306d5d0bmgol, Lbgs Lodmsegmyg 30 dos 3396dgdabogab.
089bo, o) d,. o d, d9Lsds8nbow, 3M0sb Lndyzgdob Rsmm3zgdol (gmommgsbo
3306d360b) s @madgdalb  3gd@mEgmo  BaMdmegagbgdol (dogoo ‘3306d360b)
336bm3nmgdgda, yzgms bmbol do@Mozelb Bmommagsba 3356dnwsb dows 3396d53wg
0d3b Mogo d X d,, s yzgems Bmbol 3s@Mn(30L dos 3356d0wsb Lbzs dows 3396d53wg
ogd3b Gogo d x d.

3533Mndgds. o3  ImEgmolb  gozstigndgds  60dboglb  dgdgan  mdogddyen
B9164(300L 306030bgdsL, MMBgmoy BaMBmomaqbl K%35MgEnb 9b@MmM30sl Lagstxodm
Bot(8) = —%;}FZBMEPT{EH p)+ % 18] |:,(4>30l> Mgammomodazonl @gmab:

Losz B 3oM33g@Mmms LndMmagmgs, £ o0b P gMabob aobbymdol 3emsbo, p
ool p-b dgbodadobo 3306dol 3gd@mBmmo BoMdmmanbs, Pric,|p) asdmomgmgds
Leogy@dodb  Fbgznom, bmmm A  Mganmaendszool  3s6edg@mns.  RNN-ob

4 bob8m3zmyg bobgmdmngdmd8gmn 3gbbogMgdol s®dodgd@nms M339 oym gs8mygbgdmma asbbymdals
obomadobongal, ab., Bogomoomsw, http://deeplearning.net/tutorial/lstm.html-3n  a56badrg Mo
dmgmo. B3gbash ©o8m30gdmow, (Tai et al. 2015)-3n o (Zhu et al. 2015)-30 393memgdmem 0gbs
Rg960 8mmgmal 8basgbo dmEgmgdo bobgmdmngdmd8gmn bobdmmyg dgbbogMgdal s Mgzn@Lamma
Bgombymoa Jugmal godmygbgdoo.
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3935M%0dg80L  dbasgba, 30ygbgdor  30bn-3539@9d0L  gMeNgbG Mmoo 533580l
3gomeb, Mems 30b0ddsdwg dgd3060gL [, Lowss afewogb@o @] / 88 gugd&atee
0ngemgds LBGEMJGMMdn 33936 (39mgdolb 3gdzgmdaoc (Goller and Kiichler, 1996).
®ommgmmo 350339l @abbsgmal dohggbgdmal s38m3sdnMsw asbosbmgdmaw
304969300 AdaGrad 8gmmel (Duchi et al., 2011).

4.1 bomormeng

F396 gosbomndgdem RNN ©s LSTM-RNN dmpgmgdol Lomormggol 6obbgmal
5ob33d0, 864 dows 3396dgdobmzgal 394@mE o Badmoagbgdol s 3mabognzsznab
3mdsmMdgdal  gsdmmgmabslb.  LoGommggdo  3nbamol  gobsdn, obyy A/ IE
aM50096@930b godmmzmobsl, dgadmads sbsmmaonom gosbamobogl.

™Mo dmegmol LoMornmggdl ©mdoboMgdl doGMo(39-39J&MMMS godMagmadols
Ro@ofgdmmo  m3gMa30900.  30bs0sb  gsobbymdals  3mobos Momegbmds  domosb
domgs d -bosb ©s d,- Lowb dgsmgdooc (5 o6 2 R396L 3db3360836@3680), 396
dbmmme 03 3o@M0(39-39J@MEPMS  a0dMa3mgdsl  gobgobomogm, GmImagdaiz dos
3356d93bg 399&mOmo Bomdmmaqgbgdal godmbsmgmgmem gsdmaygbgds.

©ogdzom, Mmd N  bogysobogeb dgoagbormn  babsomgdol  asmhgzal by
30banbgdymos  gmazgmagsto  bo@yyema  GmBolb  aotgdy (6(03(*)6(3 ab  bogds
dmbos(398ms 03 LndMagmgdo, Mm3gmbay hzgbb 94b3gM0dgb@qddn 303363607). dodnb
dsbdo g394698s N —1 dos 3356da, N (35m0 d3emo ggmorenmgabo 3356dgdosb dngos
3356d980b396 s N =2 (30tm0 330 dows 3356dgd0sb Lbgs dows 3396d9d0L396.
Jdggase, RNN dmogmol bodormmyg Bobbgmolb 530bs80 @ssbmmgdom 0dbgds

Nxdxd,+ (N-2)xdxd

boaenm LSTM-RNN 3megmolb boMorgmg @ssbenmagdoom 0gbgds

Nxéexdxd, +(N—-2)x10xdxd+(N—-1)xdxd

og) dy, = d, 35dob LSTM-RNN dmpgmolb LoMogmmg ossbemmgdoo 8.5-%96
doamos, gomg RNN dmegmals booyyemy.

h396L 9dL3gM0d96@8gddn gb asbbbgaggds o6 J3bol 3GIMdmgdsl, Mowasb LSTM-
RNN 3m@gmol gogstigndgds s dggabyds domnsb LBGogsw brgds: sbsdgotmag
3mM330998 9ol 9o  doMogdg  ©sazdatms @ssbmmgdom 10 Bymo  dmegemals
aobogamgndgdmow (d = 50.d, = 100) 8544 bobowowgdsdy s @ssbermmagdoom 2 B30
dob dgbogabgdmae 2210 bobsswgdady.
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5 99L39Mnd9bE 500
5.1 3mbys(39305 bndmszemg

R3qb a8mz04gbgm LEYERMEMEAL gs6bymdal bgms 56 30° (Socher et al., 2013b),
mdgmog dgeggds 11,855 Bobowowgdol 215,154 gmebadn byymbsntom dmbadbymo
ao6bymdal  35R39693em0bgob  (dommnsh  mefymezomn,  Bgas@oma,  Bgo@@ommen,
g60m0,  doemnsb Qogabomo). LEBIME MmO  EIbEgRzs(3 Bm(3gdmmos: 8544
Boboomgds ao35Mx0dgdabmgals (training), 1101 3dq3mbE3gdabomgal (development ob
validation) s 2210 &9bEnmgdaborgals (testing). Bobowagdal Ladgsmm Logfmdgs 19.1.

sigmaid tanh saltsign
50| 50|
48 4a 40|
48 . aa | 48 | i
awf | a7 | ' a7 |
46 S| E ] A6 |
st L s | ' as |
a4 aa a4 |
N LsTM “ITRNN LsTM “ITANN LsTM
6ab. 6. B MM0 3mobognzsznal 88m(30b6530 La@gb@m LodMmsgmgbg RNN-ab
©5 LSTM-RNN-0b sor-sm0 g03mygbgdol Lodyb@goms demmzmo osg@eds (LSTM
56036031 LSTM-RNN-U).

aomEs 580bs, bgms 356330 Bgbadmgdgmos asb6bymdals d0bstrmmo  (owgdoomn,
@063070300’)0) 3mabogngszns, 0 bgo@Mema®m Jwggdlb dmzsdmmgdo. gb gzedmggl
6920 Bobowowgdsl  asgsfigndgdaborgal, 872-L  dgdmbBdgdobogol s  1821-L
&9bB0Mgdabmgzals.

100 ¥ #correct
#rotal

3q539Lgdob g@Mngs o0l LodybEg, BMBgmng Im(393Mmns, HmMmamE(3

5.2 LSTM-RNN-b o5 RNN-b 3900565935

3563398Mgdn. LoGyzoms 39d@mMgdal  nboznamabains  gogsggomgo  GloVe-U°
100-356%m8nemgdosb  (100-D)  Lodygsoms Rsthmngnor  (Pennington et al., 2014),

5 http://nlp.stanford.edu/sentiment/treebank.html

6 https://nlp.stanford.edu/projects/glove/
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mdgmoag 8mIdbsws LoByzems 6-8nmnstosh (6B) 3m@3mbdg. Bmbol ds@Mo30lb

1 1

bsbgobo 360d3bgmmdgdn gMmagammgbs ogm dg@mbggmo [—=.=] bodg@Moymo

r Iy
Wy

0b&gM3omn@ab, Lowsy N sMab dgdsgem gMmgnmms dormosbo Momegbmds.

®00mggyemo dmEgmobogol (RNN 5 LSTM-RNN) 353m3(39090  gosgd@ommgdals
Lodo ggby(s0o: softmax, tanh o softsign, ®sdss 993 J399mmagmadeg dnggoyzsbs.
J399m@gmagdal dgbedmbdgdgem LodMagmgbg ImMa gdabalb dogs 3356dgdal 3gd@mEyemo
Bomdmoagbgdol as6bmIomgde s30Mhnge d = 50, ©obbsgmal LoRdscgo 0.05,
Mgammomodo30olb 3o6edggmorn 4 = 1072 ©s dobo-3s3980b dmBsq 5.

ooomgmmo  d3gdmegmo  10-gg6  383mdsgge  moomgam  8dm(396sDg.  ymazge
®9M™dg 9399mmgmado 20 g3mdol gobdsgmmdsada gogstigndgo s dggathngo Jbgmo,
m3gmdsz 3ol LodPLbEgL Fosmbos LaGgbBm LodMagmagby.

sigrnaid ianh saltsign

a8 a8 B8

a7 ar| | a7

a6 ] a6 | a6 |

sl | ast - a5

sl L asr a4 | |

a3 | a3 851

a2 a2 82 |

# ArMM LETM # AMM LSTM # AMM LSTh

Bob. 7. d0bstrmmo 3mabognzaznal s3m306530 Lo gb@m LadMmsgmgbdg RNN-ab s
LSTM-RNN-0b sor-s00 go3mygbgdol Lodbggms demmgndo osgsds (LSTM
56036536  LSTM-RNN-U).

dg09a9%0. bBob. 6 s 7 5h3ggbgdL Ladmemmm  Jbgmgdol LobYLEBIL LaGgb@m

LodMS3mgDy  IGIPM0  Jmsabogogaoobs s dabstgema  3msbogngsznab
5dm(39698d0. dgadmads nonggzsl, Hm3d LSTM-RNN-3ds RNN-%g 83 3oMs0 9390gb0 dgogan
AmMa3(39, M3 355J&0nMgdol BMbgz0gdee tanh ob softsign oym godmygbgdyemo.
59 gbg30o0 sigmoid-ob 353mygbgdol ML asbbbgsggds by (sboow o RAsbl,
BogmMod Mmamty g@ymds, LSTM-RNN ooz mmbsg 390gbos. Tanh-LSTM-RNN-b
o softsign-LSTM-RNN-b 54300 93l 890006460 LodabBqggdo (48.1 oo 86.4)
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dgbodadobom gGdmMa Jmmabogogsonl 53m306sbs s dobsfmmn 3mabogogsgonl
sdm(3965do.

RNN-0b 3m@gemdo gobsgzotos, dmd sigmeid gubiosd 3oGan dgogan dmas(zs.
9GO dm(3565d0 gb dgmgan Mo Lbzs Gnbdz00lb dgganl Lowsmns, dabstrmem
sdm(3960d0 3o softsign gbg300L dggal LxmdL. sbgmo Bohggbgdgmo asbszgotas
0ol gomgamobbobgdnm, GmI Longdmowl 83 dmmm EMML bdoMow o6 Fodsmmagzgb.
softsign g3mbg(300L, MmBgmoag M8s Jugmagddy tanh-by m390 8mdsmdws (Glorot and
Bengio, 2010), B396L q4L39M089683n Go08g asmdxrmdgbgds o6 asdmmbggzns.

LSTM-RNN 8mggemdn tanh b 300, babmgsome, 39dsmdws yggmadg 0390, beaeam
sigmeid g3bg(300 yzgmady (3mws. gb dgmgan gosbbdgds LSTM sdndgd@mtnborgals
350480Mgdol gbg300lb oMhgzal 03 Bmasw Ggbwgbzosl, Mo Mg3mEg6E M
Jbgmms 33emg3ed0 s@MbgdmdL (Gers, 2001; Sutskever et al., 2014).

5.3 dgs985 bbzs Immgemgdorsb

LSTM-RNN-0l (tanh-oo,) 353mygbgds babs 94b3gM039bE3dn dgzoatgor sMbgdyem
dmgmadl: Naive Bayes-bL doa@sdygmo  6036930L  8mm@nbod@ogmoom  (BiNB),
9390bogm  bgombyyem @36%(\06‘3@ Jbgmb (RNTN) (Socher et al., 2013b),
3Mb3mem30m& bgommbye 4Lgmb (CNN) (Kim, 2014), 065303996 3mbgmem 309
bgommbym Jbgmb (DCNN) (Kalchbrenner et al., 2014), 86Do(300 399@MMdL (PV)
(Le and Mikolov, 2014) s 03> M93090bogm Bgommbayem Jugeml (DRNN) (Irsoy and
Cardie, 2014).

dso dmenlb BiNB gfhosmg®ons, Gmdgmai o6 oMol bgodmbamo  dbgemals
dmegmo. RNTN ©s DRNN s60b RNN-ob mGo bbgewsbbgs asgstonmgds. RNTN
0650Rmbgdlb RNN-L LEONJ@nEsL s  3MmI3mDa300bmzol  0Yygbgdlh Gmams
3o@M0(35-39J@MEme g33Mogmadsl, by &gbdmem 6sdmageml; DRNN 30 JLgmb
5M35398L gMmdg g0 RNN-0b 3mEobdmb@omumn aswsddno. CNN, DCNN ©s PV
oM gdyotgds Lob@odbm® bggdl. CNN 0ygbgdl 3mbgmmmsom o dogdb-3ymabgyol
dMqqdL  bbgosbbgs Log@dob 3dmby 808wg36Mdgdmab Lodymdome. DCNN  s&al
09M36 oo 038 mgambsdFaboom, M3 ob gMm3sbgmdy smoegqdl  3mbgmeyyznals
dgqdL, Mmdgmms dmEnlb  k-3ogdb-3mmobgol 3Mg dgodmgds Bmmazbroglb. PV-3n
Boboowgds (56 m 3n3g6@n) Bom8mmagbomoas, Mmamz d98s35moa 39J@mtn dsbdo
dgdmaagamo Lo@yzgdal 3Mmabmbomgdabomgal.
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dmqmo GOm0 b0bstrumma
BiNB 41.9 83.1
RNTN 45.7 85.4
CNN 48.0 88.1
DCNN 48.5 86.8

PV 48.7 87.8
DRNN 49.8 86.6
LSTM-RNN_ GloVe-100D-000 480 86.2
LSTM-RNN GloVe-300D-0;m 49.9 88.0
bGoemo 1. tanh LSTM-RNN-ob Lodb@ggdol dgosmgds Lbges

dmEgmgdosb

3bGoea 1 (6833®°Q’° bobob %gamm) 330h39690L 3 dmegmgdal LobybGggdl.
LSTM-RNN- ob bobgb@ggdo smgdgmos Jbgmoesb, Gmdgmdss bamzgomgbm dgogan
3ma3(3> 999mbdgdol LndMagmgdy 10-%xgM BgbEmmgdol 39dwga. Lbzs dmogemgdals
LoDNLEY goEdmBaMnmos dgbedsdabo LGs@0gdosb. LSTM-RNN sd3s6e@ afgbo
oym goég DCNN, PV, DRNN mfngg sdm3565d0 © otigbo, goetg CNN dobstmem
5dm(3965do.

3.4 b5 39019bm d900939300 396 bnGyzoms 993909bo Rsmmnz9300m

B396 393RgMqdnc DRNN-%g, Gm3gmoz mob dmogmb (CNN, DCNN, PV, DRNN)
dtol yzgmadg dg@oe 3gogb LSTM-RNN-b. dotonemss, oMbmab o joMoob (Irsoy
and Cardie, 2014, (sbGoemo 1a) dobggom, LSTM-RNN-ob dogm bohggbgdo dgogan
3653600 BsdmM3560098s” doson 9 d0sbo DRNN-ob (d = 340) dogh pm3smmom
(5697 a035615%08980b5b J98mbzgz000 Jg@BgMma Dman Bgombal sdmawgdno) 6sR39693
Jdggal. eMm3smon bganmmbygmo Jbgmgdol gogeMxndgdol ddmogmn @gdbogss oMo
dbmmme 0308md, GHm3 ob dmogHo Mganmands300b dgomeal Hmmb sLBHmgdlL
6g0ombgdall mg00ms@ad@ o300l 83Mdomgadn, ©Madg 0dn@mass, Mm3  dgmdmos
989dEMs@ do3mb babostm Bmbgdol dJmbg bgombym JLgmms on Momegbmds

7 06bmod ©s 3ow0d (Irsoy and Cardie, 2014) as8moyqbgl 300-D word2vec Logygsms Botinggdo,
mm3gmai 100B bodygooms 3m@3qbdg agm gogefgadgdamo. Rzgb 30ygbgdwono GloVe-L 100-D
bo@ygoms Rammggdl, asgamgndgdmmlb 6B Logyzems 3m@3mbdyg. 08 Bod@0wsb, MM 8s01 Bnsmbogl
45.1 LobbEgb RNN-0m (d = 30) ©9GdmY® 53m (356590 83.3 LoDYLEGL doboGem $8m(3565d0,
boaemes RNN-abs (@ = 30) Bzq68s 0839396853008 1g36m (39900 Jggan sh3gbs (ab. (sbaemn 6 oo
7), 35b33600, B3 GloVe-b 100-D Lo@ygooms RsMmgado s6ss Mamm dgbsgggabn, 3ocMg word2vec-
ab 300-D bogygsoms Ratonggdo.
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(Srivastava et al., 2014). Gm3smoolb 89d39mdom, 0Mbm0d o joMeed (Irsoy and
Cardie, 2014) 3mobgmbgl LsddGosbn DRNN-ob (d = 200) LodnbEEL 46.06-s6 49.5
-39 30DMEs gGSmNE 53m(356530.

dgmeg 94b39Mndgb6&3d0 dg39(3909m, 35339913 %MdgLgdobs LSTM-RNN 8megemols
LoDYLEY. MLmOL s FoMwab (Irsoy and Cardie, 2014) a53mgbom, dg39(39090
359ma 3994969806 @MmM3ymmn s boGyzsms 3gmgbo RaMmggda. od (3, EMHM3snmn
LSTM-oob o6 gs8megs. d0dgdo dgodmgds ol ogmb, Hm3 Gm3symmds dabo
dgbbogagds ©o0Dsbs, omsi go3oMxndgds gomommes. badsgngmmm, Lodyzsms
139009L3s Rofmggdds gosdstmms. Azgb godmgoygbgo GloVe-bL 300-D Logyzoms
Rotmggdo, Mmdmgdocy 840B Lo ygoms 3m@m3mbdg ogm aogsmgndgdmmo. d3mbdgdals
LodMSgmgdy (3000LsL, 3039M-35M3dg@Mgdabmgals ngogg 36n0dzbgmmmdgda sz30Mhogm,
o3 30639 9JL39MNdg6@ 30 goMmms 0dabs, MM ©sLBsZmOL LoRjstg 0.01-00
3563b0DM3Mgm. ImEgmo soxgE 3539353900 s dgz96bogo JLgmgdo, BMImgdds(s
L@ gbEG™ LNdMogmgdy MBommgbo LobbEg 8magsqL. bGomo 1 (Byzg@nmo bobob
dggamm) oh39bgdL 83 dggagdl. GloVe-b 300-D Lo@yzoms hsbstogdals godmygbgds
domnab  Labomggdemm oym: LSTM-RNN-ob dgmgan ofegmoo Rsdmyzsmmgdmas
DRNN-0b dgogal @g@omad s3m3065dg o CNN-ob dgogal dobstrmem sdm(35bsdg.
0d0@m3, ™mMngg sdm360lb  gsmzemabbobgdom, LSTM-RNN-3s GloVe-b 300-D
Lo@ygoms Retmzgnm yggmes bbgs dmwgmb sxmds.

6 abgbos s L3365

Rggb 3dgdmgomgo  3mB3mbazonl  sbomn  dgomwo  Ggza@bonma  BgoGmbamo
Jbgemols  (RNN)  dmeagmoboigol  bobgédmngdmddgon  bobdmzmg  8gbbogMgdals
(LSTM) 30 J0@ & Molb  gogsmmmagdom. gl 13065L36gmo BoMome g53maygbgds
©9390b&gero bgodmbamo Jugerab gaemgzedo.

ab3ob  goobgs, oy Mo@m3d 0dydsgs LSTM-RNN-3s  @moniogem RNN-bBg
13997, 030l gomgamabbabgdom, Gmd LSTM RNN-gb0bmgolb ¢bos d9domdoglb odals
dbgogboe, Omam&z 0bdmdsmdl LSTM 6396968 mmo bgotmbama Jugmgdobogal,
B396 3Lgbbmemmado (Bengio et al., 2013, bsboemo 3.2)-d0 dmygsborn o(am8968L >3
3000b35%7 3obgbnls goba(39350. 8gbg0m g56356B93L, M3 LSTM 8mddgwgdl, Mmamis
admn g505(3930L BomB Mo, ,0Jgsb 3odm3nbsty, ngo dgadmgds gsdmygbgdaem
0gbsl  (39m3gnmo  mdogd@gdol  BmIYLoMgdobogal  dmbo(3gdgool  Lbgosbbges
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LobdoMolb Bganmbgddg”. b amEobbdmdl, Gm3 LSTM 0353mdL @sbs3atagdasbo
d933m3d39mals Gemenl, Gmdgmo ammdsmyd 0bgm®ds300L 0bs@hbldlL ©adsemn
LobdoMolb  Bganmbgddy @minboMgdom s dmal  bIsm@L  doesmo  Lobdomal
930mb6930L  0gbmmoMgbom. dodsbowsdg, 3 dgdmbgggado 3m33mdaczns dgadmads
a3b30bommon Bmam&s dg30333s, Mg3nEbogemo 33 m-3mEnMgdals (RAE) (Socher
et al., 2011a) 8basgbo. Moasb RNN-ab Gmames RAE-b B0bsbBomo gogofgndgds
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Abstract

Anti-unification is a well-known method to compute generalizations in logic. Given two
objects, the goal of anti-unification is to reflect commonalities between these objects in the
computed generalizations, and highlight differences between them.

Anti-unification appears to be useful for various tasks in natural language processing.
Semantic classification of sentences based on their syntactic parse trees, grounded language
learning, semantic text similarity, insight grammar learning, metaphor modeling: This is an
incomplete list of topics where generalization computation has been used in one form or
another. The major anti-unification technique in these applications is the original method for
first-order terms over fixed arity alphabets, introduced by Plotkin and Reynolds in 1970s,
and some of its adaptations.

The goal of this paper is to give a brief overview about existing linguistic applications
of anti-unification, discuss a couple of powerful and flexible generalization computation
algorithms developed recently, and argue about their potential use in natural language
processing tasks.

1 Introduction

In this paper we discuss a formal tool coming from logic (anti-unification), which has
been used in various natural language processing tasks, see, e.g., [13-15,19-21,31,36-40].
Our motivation is to introduce novel anti-unification techniques to natural language
researchers, presenting the corresponding algorithms and some illustrative examples. We
hope that these techniques can have helpful applications in linguistics-related areas, and
experts can find more elaborated use to them than we envisaged.

Anti-unification aims at computing generalizations of the given objects. Generalization
computation is a pretty common task in learning, where one would like to extract common
features from the given concrete examples. In logic, the problem often is formulated for two
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terms: Given s and ¢, the problem is to compute their generalization, a term 7 such that s and
t can be obtained from » by some variable substitutions. The interesting generalization are
those, which retain maximal similarities between s and ¢, and abstract over their differences
by fresh variables in a uniform way. Such generalizations are called the least general
generalizations (1ggs). For instance, the terms fla, g(a)) and f(b, g(b)), where a and b are
constants, have several generalizations: x, f{x, y), f(x, g(v)), and f{x, g(x)), but the lgg is one:
flx, g(x)). It indicates that the original terms have in common the main binary function
symbol f'and the unary function symbol g in the second argument, and that the first argument
of fand the argument of g are the same.

Anti-unification has been introduced in 1970s in two papers, published in the same
volume of Machine Intelligence, by Plotkin [32] and Reynolds [33]. The algorithms have
been formulated for first-order terms over a fixed arity (ranked) alphabet, and they compute
the least general generalization for input terms. The original motivation was the application
in inductive reasoning, and later the technique (extended to richer theories) has been used in
the areas such as inductive logic programming, machine learning, analogical reasoning,
software code close detection, program analysis, proof generalization, learning custom
gestures, etc. The name anti-unification indicates that the process is dual to unification [34],
which computes most general common instance of terms.

Semantic parsing is a natural language processing task where anti-unification has been
used in the past. The system Wolfie [39] applies Plotkin's clause anti-unification in the step
of computing an initial set of candidate meanings for each possible phrase. In the Cocktail
system [38], two inductive logic programming approaches have been combined for the task
of learning semantic parsers. Also here, Plotkin's anti-unification is used. More modern
methods of semantic parsing are based on statistical approaches.

There are other works related to natural language processing, which use some form of
generalization computation. One such instance is the construction of information extraction
systems, which are supposed to obtain information about certain items from natural language
documents. It is a shallow text processing problem. Building a system that would solve it is
a laborious task. Machine learning has been seen as a possible means to address this
difficulty. The Rapier system [15] uses machine learning (inductive logic programming)
methods to learn rules that can be used for information extraction. In the learning process, it
needs to compute generalizations of rules and also of word senses (taken from WordNet).
For this, it uses an algorithm of computing least general generalizations, which is a bit more
elaborated than the one used in induction logic programming. For instance, for word sense
generalization one needs to take into account the semantic hierarchy. In general, inductive
logic programming methods, where anti-unification for least general generalization
computation is a core mechanism, have been intensively used in natural language processing
for tasks which involve learning, for instance, learning grammars, as in, e.g., [31,35,42]. A
different kind of grammar learning method, insight grammar learning, also makes use of
anti-unification [36,37]. The relation of these works with the focus of this paper is a bit
remote and we do not elaborate on their details here. However, we would like to discuss a
special form of grounded language learning, which has been introduced recently.
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Grounded language learning is an established research topic in computational
linguistics. It is related to semantic parsing, mentioned above. According to [12, 13], the
problem can be formulated as follows: Input consists of example sentences and a context,
and the goal is to learn a mapping between n-grams (sequences of » words) and meanings,
where meaning stands for whatever is in common among all the contexts in which that n-
gram can be used. Both context and meaning are specified in first-order logic. In the process
of learning the meaning of n-grams, their generalizations are computed with the help of
Plotkin's anti-unification algorithm.

The above mentioned applications can be largely classified as grammatical inference
problems for natural language.

Feature structures [16] (or their equivalent expressions, w-terms [1]) are a formalism on
which unification grammars [18] are based. In [18], the authors say that they are not aware
of proposals to use generalization of feature structures for linguistic applications except of
two works on coordination phenomena and grammar learning.

In [19-21], a method to automatically infer semantic features from syntax is proposed.
Anti-unication over syntactic parse trees is used to compute similarities between them,
which then can help to classify sentences as being informative and can serve as
recommendations. We will speak more about this work later.

Motivated by using syntactic generalization for finding similarities in texts, anti-
unification has been included in a multi-layer system for semantic textual similarity [40], as
a tool to extract the syntactic structure information from texts.

In [23, 24], the authors propose an approach to model and analyze natural language
metaphoric expressions, which is a quite hard problem. They use the technique called
heuristic-driven theory projection [22], which generalizes of classical anti-unification by
permitting formulas as inputs with the corresponding equational/equivalence theories. It is
guided by heuristics.

In this paper, we first recall the original anti-unification algorithm, then consider some
of its adaptations/generalizations and their applications. After that, we discuss more recent
algorithms, obtained from their classical first-order counterparts by relaxing the fixed arity
restriction and permitting second order variables, and show advantages of their use for
natural language processing tasks.

2 First-Order Ranked Anti-Unification

First-order ranked alphabet consists of the disjoint sets of variables and function
symbols, where each function symbol has a fixed arity (rank). Terms are defined in the usual
way, by grammar ¢t ::= x| f(tq,...,t,), where x is a variable and f'is an n-ary function
symbol. The letters x, y, z are used for variables and s, ¢, » for terms.
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Substitutions are mappings from variables to terms, where all but finitely many variables
are mapped to themselves. They are denoted by lower case Greek letters and are usually
written in the form of finite sets, e.g., the substitution ¢ can be represented as {x = o (x) | x
# o (x)}. For a substitution ¢ and a term ¢, application of ¢ on ¢z, written fo, is defined as
follows: If ¢ is a variable x, then fo = o(#); If ¢ is a compound term f{t4, ..., t,;), then to =

fityo, ..., t,o).

A term s is more general than ¢ if there exists a substitution ¢ such that so = ¢. We write
s < tto denote this fact. The term ¢ is called an instance of s. For instance, f(x, g(x, y)) < A(b,
g(b, h(a))), because f(x, g(x, v))o = fib, g(b, h(a))) for 6 = {x » a, y = h(a)}. On the other
hand, it is not the case that f{x, x) < fla, b), because no substitution can map x at the same
time to a and b.

The relation < is quasi-ordering. It generates an equivalence relation, denoted by =.
The strict part of < is denoted by <. A term s is a generalization of t; and t, if s < t; ands
< ty. It is a least general generalization (Igg) if there is no generalization r of t; and t, such
that s < 7. For first-order ranked terms, 1ggs are unique modulo variable renaming. The terms
fa, h(a)) and f(b, h(Db)) have generalizations (up to variable renaming) x, f(x, y), fx, h(y)),
and f(x, h(x)), but only the last one is the lgg.

To compute least general generalizations, one can use, e.g., Plotkin's algorithm from
[32]. Reynolds' algorithm [33] is essentially the same. Later, Huet [25] formulated a simpler
algorithm for the same problem in terms of recursive equations: Assuming that ¢ is a given
bijection from a pair of terms to variables, he defined a function AU, which maps pairs of
terms to terms:

* AU(f (tq, -r tn), f(S1, o, Sn)) = f(AU(tq,51),-..,AU(t,, S,)), for any f.
* AU(t,s) = ¢(t,s) otherwise.

Huet's algorithm was analyzed in detail in [30]. A modification of syntactic anti-
unification for a finite set of terms was considered in [4], proposing to generalize the given
set of terms not necessarily with a single term, but with several of them, to reduce
overgeneralization. Each computed term generalizes some subset of the input. The bound on
the number of terms in the generalization is a part of the problem.

Plotkin in [32] also proposed an anti-unification algorithm for clauses, which are
disjunctions (or sets) of atomic formulas or their negations. The notion of generalization
there differs from the same notion for terms: A clause C is more general than a clause D
(written C < D) iff there exists a substitution 9 such that C9 € D (in words, C 9 -subsumes
D). For instance, {—q(x.,y),~q(1,x), p(x)} < {—q(x.x), p(x)}, which can be seen easily, taking
9 = {y » x}. Lgg for clauses is unique modulo < and the equivalence generated by the
subsumption relation.

In the presence of equational axioms, there is no single lgg, in general. For instance, if
£ is associative with unit element, then the terms f{f(a,b), f(b,c)) and fla, f(b,c)) have two
minimal generalizations: f{(f{a, b), fix, ¢)) and f{f(a, x), f(b, ¢)). Even more, for some theories
and terms there can be infinitely many incomparable generalizations.

117



COMPUTATION

Another kind of knowledge can be a certain type hierarchy or taxonomy among notions
function symbols stand for. For instance, such a taxonomy might tell us that a square is a
quadrilateral, which is a polygon. A triangle also is a polygon. Then one would generalize
position(square, p1) and position(triangle, p,) into position(polygon, x). Without the extra
knowledge about polygons, the 1gg would be just position(y, x).

In applications related to natural language processing, first-order ranked anti-unification
and anti-unification for clauses are probably the most frequently used techniques of this kind.
A concept taxonomy might be also available, when generalization affects semantic
structures.

Anti-unification in inferring semantic properties from syntactic parse trees. A
recent work on an interesting use of anti-unification in a linguistics-related application is
reported in [21]. The authors try to obtain semantic properties, unobservable on the level of
keywords, from syntactic parse trees with the help of generalization. The semantic properties
they are interested in require a deep natural language understanding. Hence, instead of
shallow parsing, they are interested in obtaining a rich linguistic data structure, such as
syntactic parse trees.

They also illustrate that for their problems, these structures, as a subject of learning,
perform better than keyword-based approaches. The primary motivation of their work is the
automation of content management and a delivery platform, to support recommendation
forums for a wide variety of products and services. Users as well as automated agents answer
questions and provide recommendations based on previous postings by human users.
Therefore, finding similarities between various types of texts is required. The use of more
rich structures to represent texts' meanings is justified by the fact that it indeed helps to assess
similarities and relevance more accurately in practice, as the reported results illustrate. The
practical problems addressed in the paper include detecting expressions suitable for
automatic ad generation, classifying user postings with respect to how well she understands
what product she needs, and classifying search results with respect to their relevance to
queries.

The process of generalization computation described in [21] consists of several steps,
including pre-processing and post-processing. The actual anti-unification is done only on the
processed trees. The authors describe these steps for two sentences as follows:

1. Obtain the parsing tree for each sentence. For each word (tree node), we have a
lemma, a part of speech and the form of the word's information. This information is
contained in the node label. We also have an arc to the other node.

2. Split sentences into sub-trees that are phrases for each type: verb, noun,
prepositional and other types. These sub-trees are overlapping. The sub-trees are
coded so that the information about their occurrence in the full tree is retained.

3. All the sub-trees are grouped by phrase types.

4. Extend the list of phrases by adding equivalence transformations.
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5. Generalize each pair of sub-trees for both sentences for each phrase type.

6. For each pair of sub-trees, yield an alignment, and generalize each node for this
alignment. Calculate the score for the obtained set of trees (generalization results).

7. For each pair of sub-trees of phrases, select the set of generalizations with the highest
score (the least general).

8. Form the sets of generalizations for each phrase type whose elements are the sets of
generalizations for that type.

9. Filter the list of generalization results: for the list of generalizations for each phrase
type, exclude more general elements from the lists of generalization for a given pair
of phrases.

Equivalence transformations are performed with the help of predefined rules. For
instance, such a rule might convert \camera with digital zoom" into \digital zoom camera".
Depending how the word sub-trees are paired, multiple generalizations may be obtained.
From those, one may select the interesting ones (or the best one) based on some heuristics,
for instance, the parts of speech may be assigned different weights and the generalization
with the highest weight is selected. In [21], an example of such a weight assignment is
presented, giving to nouns highest weight and to prepositional phrases the lowest, treating
common and frequent verbs inferior than less common ones, etc. Generalization scores are
computed based on the weights. The same process applies not only to sentences, but to
phrases and paragraphs as well.

We take from [21] a simplified example, which can illustrate how the method described
in that paper works for sentences. Assume the following three sentences are given:

S1. I am curious how to use the digital zoom of this camera for filming insects.
S2. How can I get short focus zoom lens for digital camera?
S3. Can I get auto focus lens for digital camera?

The parse trees of S2 and S3 are pretty similar and their generalization, written as a list,
is {MD-can, PRP-I, VB-get, NN-focus, NN-lens, IN-for JJ-digital NN-camera}. For S1 and
S2 they are quite different. Therefore, they are split into chunks of phrases. Examples of
chunks for S1 are (SBAR-how to use the digital zoom of this camera for filming insects),
(NP-the digital zoom of this camera), (NP-the digital zoom), (DT-the), etc. There are in total
29 such chunks for S1 and 19 for S2. Afterwards, for each sentence, these phrases are
grouped so that phrases of one type (NP, PP, VP, etc) are placed in one group. Then one
takes a phrase from one group, say, from NP, in S1, another phrase from the same group
from S2, and tries to generalize them, provided that certain integrity constraints are satisfied.
This process is repeated for all phrase-pairs, aiming to establish correspondences between
as many words as possible. The result can be several generalizations, returning meanings
which are common to the sentences. For S1 and S2, there are six such generalizations. Two
of them are quite interesting: [JJ-digital NN-camera] (the sentences have a common concept
“digital camera”) and [VBP-* ADJP-* NN-zoom NN-camera] (a phrase talking about
“some-kind-of zoom camera”).
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In [21], further interesting themes are discussed, e.g., how to get logical forms from
generalizations, generalization-based search, etc., but they go beyond the scope of our
discussion.

Anti-unification in grounded language learning. In [12], the authors propose a
method of learning the meaning of phrases from phrase/context pairs in which the phrase's
meaning is not explicitly represented. They aim at modeling the way how children learn
language. Often, learning from a physical context means to find a correspondence between
the phrase elements and observed things. The phrases are assumed to be linked to the
context, but it is not required that all context elements are mentioned in phrases.

Contexts and meanings are represented as first-order logic expressions, and an
incremental learning algorithm is presented. A phrase is represented as a sequence of words,
and a context as a set of ground facts (ground atomic formulas). For instance, a context in
which a big red square is to the left of a small green triangle is represented as

{object(o1), shape(o1l, sq), color(ol, rd), size(ol, bg), object(o2), shape(o2, tr),
color(o2, gr), size(02, sm), relative-position(o1, lo, 02)}.

To define the meaning of a sentence, phrase or word, the authors propose a pragmatic
solution: the meaning of an n-gram is “whatever is common among all contexts where the
n-gram can be used”. This “common” knowledge is formalized with the help of lggs with
respect to 8-subsumption. For instance, for two contexts

{obj(ol), clr(ol,re), shp(ol,sq), obj(02), clr(o2,gr), shp(o2,tr),
relpos(ol,lo0,02)}

and

{obj(03), cir(03,gr), shp(o3tr), objod), clr(od,re),  shp(od,tr),
relpos(o3,lo,04)},

their lgg, the most specific common pattern of both contexts, is

{obj(B), clr(B,re), shp(B,D), obj(E), clr(E,gr), shp(Etr), obj(A), clr(AC),
shp(A,D),
relpos(A,lo,F), obj(F), cIr(F,G), shp(F,tr)},

where the capital letters are variables. It states that there are red and green objects (the
objects B and E, respectively), E is a triangle, and there is an object A to the left of triangle
F. It does not imply that these objects are necessarily distinct.

The meaning of an n-gram is the most specific common pattern of all the contexts where
it can be used. There is a simple algorithm that incrementally learns the meaning of specific
n-grams: whenever a new example (context/phrase pair) (C; P) appears, update the meaning
of each n-gram G in P with respect to C, i.e., use the procedure Update(G; C), which can
be defined as
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Update(G;C) :
if Meaning(G) is undefined then Meaning(G) := C
else Meaning(G) := lgg(C; Meaning(G))

In fact, the learning algorithm from the paper is more involved and takes into account
how the meaning of an n-gram depends of the meanings of k-grams for k < n, but the main
idea and the use of generalization is sufficiently demonstrated by the algorithm above, which
we borrowed from [14]. It has been shown that the system, which is based on the
implementation of the algorithm from [21], learns to understand and generate simple natural
language utterances using only the context/utterance pairs, without taking candidate
meanings as input. The latter are constructed by the system itself. Learning from more
complex contexts (which may include actions) and learning more complex languages are
mentioned among topics for further research.

3 First- and Second-Order Unranked Anti-Unification

In many applications, arity of function symbols is not fixed. XML documents, hedge
automata, and the programming language of Mathematica [41] are prominent examples.
Alphabets, where symbols do not have fixed arity, are called unranked, variadic, flexary, or
polyadic. We use here the term “unranked”. It is interesting to notice that parse trees can be
also seen as expressions over an unranked alphabet. For instance, in Fig. 1, one can see that
the nodes labeled with NP have one, two, three, and four children at different places. It
indicates that if we consider NP as a function symbol used in the construction of parse trees,
it should be unranked.

In unranked first-order languages function symbols do not have fixed arity.! there are
also hedge variables, which stand for finite, possibly empty sequences of terms. Such
sequences are called hedges. In anti-unification for such languages (see, e.g., [29]), they help
to deal with position mismatches for similar argument pairs in terms to be generalized.

Sometimes the expressive power of first-order languages is not enough and one would
like to bring in higher-order variables. In the context of generalization computation (see [7]),
it gives a capability to detect similarities at different levels in terms. We use a special kind
of second order variables, called context variables. Contexts that we consider here are not
the same as contexts in grounded language learning. Our contexts are hedges with a single
occurrence of the distinguished symbol “hole”. They are functions which can apply to
another context or to a hedge, which are then “plugged” in the place of the hole. Unless
otherwise stated, in the rest of the paper the word “context” is used in this sense. Hence,
permitting the use of context variables helps to abstract vertical differences between trees,
while hedge variables will be used to abstract horizontal differences.

1 Often there is also a set of ranked function symbols, see, e.g., [27, 28], but for simplicity here we assume only
the unranked ones.
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Figure 1. Parse trees of the sentences “How can I get short focus zoom lens for digital camera”
and “Can I get auto focus lens for digital camera” (obtained from http://corenlp.run/)
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More formally, following [7], we consider pairwise disjoint countable sets of unranked
function symbols F, hedge variables Vj, unranked context variables V., and a special
symbol o (the hole), and define terms, hedges, and contexts by the following grammar:

t=X1fG)1 X©®) (terms)
Si=1ty, ., ty (hedges)
€= 51,051 51,1(©),851 51,X(0),5; (contexts)

wherex € Vy, f € F, X € V-, and n = 0. (For simplicity, we do not consider here the
standard variables, for single terms. If necessary, they can be brought in without any
difficulties.)

Hedges are finite sequences of terms, constructed over F and V; U V. A term can be
seen as a singleton hedge. A context can be seen as a hedge over F U {o}andVy U V., where
the hole occurs exactly once. To improve readability, we put non-singleton hedges and
contexts between parenthesis. The letters X, Y, Z denote hedge variables and X,Y,Z context
variables. The empty hedge is denoted by €. Terms of the form a(e) are written as just a.

A context € can apply to a hedge §, denoted by ¢[5], obtaining a hedge by replacing the
hole in ¢ with §. Application of a context to a context is defined similarly.

Examples of a term, hedge, and a context are, resp., f(f(a),b),
(X,X(a,X), f(f(a),b)), and (X,X(a,X), f(f(c),b)). The latter can be applied to a hedge
(a,X(a)), resulting in

X.X@X), f(f().b)[aX(@] = X, X(aX),f(f(aX(@),b)).

A substitution is a mapping from hedge variables to hedges and from context variables
to contexts, which is identity almost everywhere. When substituting a context variable X by
a context, the context will apply to the argument hedge of X.

The notions of more general term / substitution, instance, generalization, least general
generalization are extended from terms to hedges and contexts straightforwardly.

The second-order unranked anti-unification algorithm described in [7] first constructs a
“skeleton” of a generalization of the input hedges, which corresponds to a hedge embedded
into each of the input hedges. Next, it inserts context and/or hedge variables into the skeleton,
which are supposed to uniformly generalize (vertical and horizontal) differences between
input hedges, to obtain an Igg (with respect to the given skeleton). The skeleton computation
function is the parameter of the algorithm and the soundness and completeness properties of
the anti unification algorithm do not depend on the particular instantiations of this parameter.

The skeleton computation function offers quite some flexibility in unranked anti-
unification. With its help, one can effectively control the computed set of generalizations,
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Figure 2: Generalization of hedges (h(a), f(h(g(a, b,b),c), b, b)) and (a, f(g(a,d),c,d)). The
highlighted skeleton is the longest common subforest [3] of the input hedges.

which is very handy in linguistic applications like considered above. For instance, choosing
common nodes based on predefined priorities (as required in [21]) can be a part of skeleton
computation. To give priority to words over parts of speech (POS) can be implemented by
requiring to maximize the number of skeleton nodes corresponding to the leaves of the input
hedges. Also, in case of the existence of a taxonomy for the involved words, one can put the
least upper bound of two distinct words in the skeleton of the corresponding parse trees, e.g,
female for woman and lady, instrument for violin and guitar, etc.

Fig. 2 shows an lgg of two hedges. One can see that the variables X and Y are used
twice, to abstract the same differences in two different places. The context variable X
generalizes h(°) in the first input hedge, and o in the second. It is reflected in the triple
X: h(o) 2o. The hedge variable Y generalizes the two-element hedge (b, b) in the first input,
and the term (singleton hedge) d in the second. Besides the generalization, the algorithm
returns such difference triples for each variable, which can be used to define anti-unification
distance between the original hedges. In general, there is no single lgg for unranked terms,
unless the skeleton computation function returns a singleton set. However, the minimal
complete set generalizations exists.

We can apply the algorithm to the parse trees of S1, S2, and S3 above. The skeleton
function should maximize the score of leaf words in the generalization, where verbs, nouns
and adjectives weight more than other POSs. This would give 6 lggs, whose leaves are [; €
{I,how}, [, € {digital,zoom} and [; = camera. In comparison to [21], computation of
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Carnera

digilill‘

Figure 3: Least general generalization of the parse trees of S2 and S3 from Figure 1. The skeleton
is the longest common subsequence of the leaf nodes sequences. It is highlighted.

these generalizations saves the effort of generating and grouping all those chunks and
applying the syntactic anti-unification on the pairs. Unranked anti-unification can do the job
directly on the parse trees.

Having said this, we should also mention that the current implementation of the
unranked second-order anti-unification has only the longest common subforest as the
skeleton computation function. More alternatives is planned to be added in future, including
the one that gives priorities to leaves and returns the set of their longest common
subsequence.

The generalization tree of the parse trees of S2 and S3 (see Fig. 1) is shown in Fig. 3.
Not only the skeleton, but also the corresponding parts of speech are displayed, showing
similarities in the input trees. The differences are generalized by one context and two
sequence variables.

A useful extension of the unranked anti-unification algorithm is its commutative
version, where the argument order of some function symbols does not matter. When
combining it to the axiom f(X,x,Y,x,Z)= f(X,x,Y,Z) (unranked idempotence),
properties of sets can be easily modeled. (A special case of such a combination is used in
anti-unification for description logics [26].) It can be used to compute generalizations of
grounded language learning contexts in the examples above. We can wrap the whole learning
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{obj(03), clr(03,gr), shp(o3,tr), obj(o4), clr(o4,re), shp(o4,tr), relpos(o3,lo,04)}
as

context(ob(obj(ol), clr(ol, re), shp(ol, sq)), ob(obj(o2), clr(o2, gr), shp(o2, tr)),
relpos(ol, lo, 02))
context(ob(obj(03), clr(03, gr), shp(03, tr)), ob(obj(o4), clr(o4, re), shp(o4, tr)),
relpos(o3, lo, 04)),

where the unranked symbol context is commutative-idempotent and ob is commutative.
Then anti-unification gives their generalization, computing four (not necessarily distinct)
objects:

context(ob(obj(B), clr(B, re), shp(B,D)), ob(obj(E), clr(E, gr), shp(E, tr)),
ob(obj(A), clr(A,C), shp(A,D)), ob(obj(F), clr(F,G), shp(F, tr)), relpos(A, lo, F)):

Moreover, anti-unification gives information how the original contexts can be obtained
from the generalization, saying, e.g., that the objects A and B have the same shape D, which
generalizes sq from the first context and tr from the second, etc. This information is in the
result computed by anti-unification.

Our anti-unification algorithms are a part of RISC anti-unification algorithm library [6]
and can be accessed from http://www.risc.jku.at/projects/stout/library.html. Particular
algorithms from the library are described in [5, 7-11, 29]. Yet another open-source anti-
unification library, for order-sorted equational theories, has been described in [2] and is
available online at http://safe-tools.dsic.upv.es/acuos/.

4 Summary
We discussed some applications of anti-unification in linguistics, presented recently

developed algorithms for this problem, and showed that they can be conveniently used in
some natural language processing tasks.

Acknowledgments. This work has been supported by the Austrian Science Fund (FWF)
under the project P 28789-N32.
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