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Abstract

From the early stages of artificial intelligence, logical and probabilistic
methods have been used independently to solve problems that require a
certain type of “intelligence”. Probability theory studies problems caused by
uncertainty, while logic is more often used to reason about complete knowledge.
Considerable effort has been devoted to unifying logical and probabilistic
methods into a single framework, which has led to the development of various
formalisms and programming tools. These languages and formalisms have been
successfully used in many areas. Some such applications include web mining,
natural language processing, robotics, transportation systems, communication
networks, social networks, medicine, bio- and chemical-informatics, electronic
games, and activity recognition.

All probabilistic logical formalisms studied so far allow only individual
variables, i.e. variables that can be replaced by a single term. On the other
hand, theories and systems have been developed that use not only individual
variables, but also sequential variables (these variables can be replaced by a
finite, possibly empty, sequence of terms). Recently, the usefulness of sequential
variables and unranked symbols (functional and/or predicate symbols without
fixed placeholders) has been demonstrated in various formalisms and illustrated
in practical applications related to XML operations, knowledge representation,
automatic reasoning, etc.

Our research has mainly concerned the development of new theories where
sequential variables, unranked terms, and probabilistic primitives are available
together. Such formalisms are interesting from both theoretical and practical
points of view, as they provide a very flexible and expressive platform for
modeling various real-world problems.

In the project, we developed unranked probabilistic logic and studied its
properties. In particular, the correctness and completeness theorems of this
logic were proved. We showed the possibility of using this formalism in natural
language processing tasks such as ambiguity recognition. We also studied
the methods of reasoning in unranked probabilistic logic. More specifically,
the possibility of introducing a probabilistic operator into the sequence
enumeration, as a result of which we formulated the Urango probabilistic
sequence enumeration. A proof-theoretical study of the obtained formalism was
carried out. The latter involves the proof of the elimination theorem of the rule
of exclusion. We extended the procedure developed by Gentzen to cases when
a probabilistic operator is introduced into the enumeration.

The study of probabilistic and logical theories is an established scientific field
that is actively developing due to the importance of its practical applications,
for example, in image processing, computational linguistics, etc. It is an
interdisciplinary direction where different subfields of mathematics, computer
science, logic, artificial intelligence meet. The results of the project are aimed
at solving some of the fundamental problems raised by such integration,



contributing to the development of algorithmic, constructive methods in this
field, and the emergence of new areas of knowledge and application.
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bgemmzbyho 0bhgwgdhol aobznmatgool dMgnmo ghodnab3g mmmangyko o
dmMOdMYG0 dgomgdn @odmoyggbgomes 9emdabgmnlgeb odmyzngdmo abgmo
0dm30bg00L 8dmbbLbbgemaco, Gmdgemog ok 3zgneo hndab “0bihgmmgdhb” dmombmab.
0d3mmdnl mgmtns LBIZEMAL oM 3393emdnm godmb3gnem 8dmEabgol, bmenm
mmangs 33mm bdodo godmaygbgds bmymangm 3mEbody dbzgemodobmgal. dbad-
369emm3060 dogmolbdgge ogmdm gmandnho o dsmodmy&o dgmmmgdal goghmos-
5900l gbm habhmdo, Godog dmobnby bbgawobbzs amMdsgmnddabs o dhmatado-
63900l 0bbhENd9bdHgdal gobgnmotgds. gb 96900 O BMGOIsmnddgdn Bobdohgdom od-
bo godmygbgdymo dMozama dodobmymgdom. dmgnghm dsbgm goadmygbgdsdo dgnl
390-d006006g0, 036906030 960L 0dYdaz9ds, MMOdMMHNZS, HEMbLIMMHNGM9dNL Lobhg-
dg00, bLozmdybogosom Jbgemagdn, bmoowydo Jugegdo, dg0Enbs, dom- s Jodom-
0603m&3oh039, gegdhembymo 0odedgdo o d9hHn3mdgdal d3mEbmds.

070dg dgbbogemommo gzgms dgoommo mmandnmo ggmMdagmeddo ydzgol dbm-
M 0060003000996 (33600900, 9.0. 33eag0l, Mmdgmms hobdgzmgds dgbodmg-
0900 9hmo mghdoom. dgmbgl db&og, obznmaMs mgmtngon o bobhgdgon, Grmad-
9003 094969096 96 dbmemme 0bngznNIMYM 33e0ogolL, 96odgo dndg3ztmdnm
336000090003 (83 33¢0c0900b HoboE3Egds dgbodemgdgmans babMymoa, dgbadgms 3o-
6090, mghdgonl dodgzdmdom). mdo bbob 60b, dodwgzhmonmo 33¢mogd0bs
16obgm bodomemgol (1316d3nmbagmyda 36/ 3GgEnzabhya boddmemgon i3ngdbo-
9079eM0 00a0eM03bmdnl otgdyg) bakggomnabmds bahzgbgdn ndbs bbgoalbzs a3mb-
dogmndddo o 0gbhmoMmgonmo 046s 3Maghngne godmygbgdgddn, MmdmgdnE ©303-
doGydyemos XML 39603090000, 3mbol Bathdmoagbolbmob, s3dhmadodyt dbzgemm-
00Lmob, oo bbge.

h39b0 33emg30, dobomao, dggbgdmes dbogmo mgmMogonl dgdydezgdsl, Lowsg
d0d936™M00m0 (336000900, NMobam Hgkdgdo o dsmdsmydo 3Godo¢nzgdn ghma
0600b bgemadobobgmdn. sbgmo a3mmddagnddgdn Lonbhgthgbms Gmamby mgmboyma,
obg39 3MOJH03Imo M30emLBGONL0M, Mdasb nbobo ndemg300b dogmnob dmdgbogn o
303mALdbggmmd0m dgmohammdsl Mgogmymo badgotmb bbzawobbzs sdmEabgdal dm-
9e0Mgonbm3nl.

3bmggdhdo dg30dydazgm Msbam semdsmymo mmangs s dg30Lbs3emgm dobo m3n-
190900. 3g6rdme, IH303909e 0gbs 80 Ermangal LobBmGELY o bobMymal mgm-
(90dg00. 30h3969m 03 MMAde0Bdal godmygbgonl dgbodemgdemmos 076306030 gbol
008373039000 0bgm 3dmEebgddn, HMamMoEes MMdOM3b3d0L ddmEbmds. dsgMgmag dg-
300603¢m900 PMb3M deMOdMYE cmmangado dbzgemmonl dgmmmgdo. YR3tm 3mbibgbh-
™o, 193396300m0 dMNEb3dAN deMISMYM MIghohmbal dghobol dgbodmgdemmas,
ol dg9asmoE hodmzaygaemndgm Mobam semdsmymoa 19g33906300m0 dboEbzs. 3ob-
bmMEngms doggdymo s3mmdagoddol odh3nEgos-mgmmonema dgbbogms. gb n3o-
bob3gbgemo gyemalbdmol gob33gmab Bgbob gemadnbsinal mgmgdol adhanEgdol. hzgb
39630360390 3963960 dogc dgdndoggonemo 3hmEgEyco nbgm dgdmbzgzgddy, Gmwog-
bog dsmMoEbzado dgdmpobogmns dgmdsmM0 MIghodhmMo.

0O3mYHO0 d MME03Y&o d0ndohnzgonsbo mgmmngdnl dgbbogme ad330wMgdy-
o bodgboghm beghms, Mmdgmog odhoMop 30maMgds dobo dMaghodnmo go-
dmygbgonlb 3bnd3bgemmonl godm, dogownmoE, godmbobymgdoms sd)dozg0sdn, o-
domzmom gnbzznbhnzado, o o.d. gb 0bhghnbndemnbymo dodotmyemgdss, bowog
domgdohnznl, 3maddnyhgbyemo dgeboghgdgdol, emmanlnl, bgemmgbydo abdhgemgdhol
bbgogabobgo J39otMagdn b3wgdnob gMmmdabgmb. dhmgdhol dggagdo sbgmo 0bihga-
00k g00bol badmgMomo dmagnghmo 03ybsdgbindo drmdgmgdol sdmblbobzgbos do-
dobmymo, byl nbymab o8 obado semamMomdymo, 3mbbh®mydeoyma dgmmgdal
3963000069000 o dbdgmo 3MEbaLY o 3odmygbgdal 86 ggonl Bocdmgabob.



1 dgbogzoemo

bgemm3byMo 0bhgemgddhob g3ebznmotgonl dMgnmo ghadnwobzg mmangyto o dgmde-
060 dgmmEgdn 3odmnygbgdms 9ehmadabgmabgob admy3ngomam nbgma d3mEabgdal
0dmbdbLbgmoE, Mmdgmog aoh33gnmo hodab “0bhgegddb” dmombmal. sgmdsmmdal mg-
™mG0o LBIZEMAL ok 3393MO0m odmb3gNe 3dMmEEbgol, bmenm mmanzs y3tm bdo-
o 30dmnyggbgds LMymymanm 3mebodg dbzgmmonbmzgol. dbnd3bgemmzsebo dognolbdy-
39 39MAM ¢Ma03NM0 s dgMO3MYMN dgmMmEYoal 3oghmnsabgosl gt homhmadn, Mody
dmobgnby bbgoslbgy B3m&donddalo o dhmacodotgdal 0bbhydgbhgdaol gebgome-
900. obgm BMEHTI0BdgdL dmMal y39madg gadmbhgnmans Independent Choice Logic
(ICL) [38], PRISM [42], Markov Logic Networks (MLN) [41]], CLP(BN) [15], Bayesian
Logic Programs [25], P-log [2], ProbLog [16], and Probabilistic Soft Logic (PSL) [L].
9b 96900 o yMEMAsemaddgdo Botdodhgdnm ngbo godmygbgonmma dMozomn dndabmyemy-
d0m. Bmgnghom sbgm godmygbgdodo dgwol 390-donbnbgn, 336906030 gbol 8dydazgode,
hmdmbngs, HGobbdmManmgdaol Lobhgdgda, bozmdybozognm Jugmmgdo, bmzosgyba Jug-
900, 390003069, d0m- S J0d0m-0003GOTd(H030, JegdHE™bYmo Mededgon s dgbhngm-
0900b 9dmEbmoo.

0gd0dg dgbbogmogmo gzgems dg0dmYMo mmangnhn a3m®adoeddo 8b 3Ghm3mbogny-
™09, b 3d390L dbmemm 0bN307OMYM 33emagol, 9.0. 33egol, Mmdgmms hobos-
3900 dgboademgdgemns gbhmo mghdom. dgmgl dbéog, gobgnmaebs mgmdngon s bob-
(93900, mdmgdnz 04gbg09b 96 dbmemnme nbn30o M 33¢0g0, 96ddg dndg3-
Om000 (33600090003 (00 33¢000900L hobdEzemgds dgbodgmgdgemos babcymmoa, dgbodgms
30M0gmo, mghdgdnol dndgzhmonm). 3m@d bbob 60b, dodwggzhmodomo 33¢00g00Ld O
160630 LEddME™goL (9336d30MbaENYE 06/ 3Brgngodyemo bodomenmgdn Bogdbotgdy-
0 90a0e03bmdnl gatgdg) Lahagdendabmads bahzgbgdn ngbs bbgaalbzs a3m&dogmnbdddo
5 0ebhGomgdymo 0gdbd 3Mdghndne a30dmygbgdgodn, Mmdmgdoy 3030069000
XML [9, 28, 10, 11, 12, 131, bggdol BHEObLaMGAdE00L M3ghoEngdmsb [40, 81, M-
bob Botdmagbsabmob [18, 22, 21, 34, 93hmdshyc dbzgemmdsbmab [37, 19, 26, 23, 71,
3000696MmdLmob [20, 43, 241, 53ybdomboemy®, 3nbd3ombemyé mmandnd, o bgbgddy
00039dbgonem 3hmamodntgoobmeb [33, 3, B1L, 321, byghom mmanldobmsb [14], dbm-
M 08dgbndg ™A ogzobobgmmm. 36bgdMOL dndgztmonl 33smagdom 3Mhmats-
dogonb bobhgdgdn, MMBIEMOZSD dMISM Y39emadg godmMhgymos Mathematica [44],
demogho bgbgddg o931dbgdmo dmakodntgonl gbom, Gmdgmmog 0ggbgdl (gobbogym-
09000 306390 GH0galb, Hoemdnsbn) Mebam dgmabowgdsl dodwgzhmdomon 33emag-
dom [4]. 363b63m mghdo 360l 300390 Mogal mghdn, bdIE ghmo O 03039 31bJ0m-
bogmyéo bodomenm dgndgmgod dga3b3wgLb bbgoalbgd danmal, bb3dawobbgs Momgbm-
d0b 060andgbhgdom. HMsbam a31bgnmbagmy® bnddmemgdl o dndEg3thmdnm (33¢o©gdb
00 96030 dgdmog30 00 3odmabobggmmadnmo 3bokn, hmdgemag dgbodgdmmmasl g3ad-
™93L o3696hmm dm3emg, 3mbMo s d30maE Babsznmba 3meo.

0¢b0dbyemo 3hmgddo gbgdmes sbagmo mgmonl dgdyndazgool, baoE dodwgzthmonmo
(336000900, 3Msbam Hgkadgdn s semdsmMo 3G0do¢n3gdn ghmo 0gbgomes bgemdalab-
goomdon. dbgmo m®dsmoddo Lonbhghgbms Gmgmbiz mgmMoymoa, sbg3g dMsghagywo
30¢mbadM0b0m, Moaed ol ndgmgze dogmnab dmdbogm o godmdbab3gemdnm dgmog-
03mMdob GgogyMo LddgaM ML ddmEebgdnELb godmdpnboty bbgoalbgd dtrmdgmgdgdal
dmgmomgdobmaab.

dMOMYM0 O mmandnmo 3M0dnhn3zgdnsbo mgmengonl dgbbogmd ad330&gomo
bodgbaghm Lazghms, Gmdgmoag ddhorho 30mebmgds dobo 3Gvdhnsdnma godmygbg-
d0b 3b0d3bgemmonl godm, dogomoma, aadmbobymgdoms ©edy)degzgosdn, odmm3aom
w0bggobhogodo, o 8.0. sbogma MomEgbmomagn dbmahmodobgdal gbgdal gohgbal dgd-



098, 3030M0MOE, OMZMMHNEdS d¢MISMYGOH0 Mmmangytha dhmaModotgds, dsmn dbndzby-
MOd N0y, Miasb nbnbo dgboxgtobo bodgoemgdss od §bgdal Lbydobingolb dgbsb-
Bogmac. dbdghzgtal dobgznm [5, 6], domgdahnzgydo dbzgemmodnl bodo dmazoto of-
H03M08d 8dh303900, 9dmbLbs O gadmmams. dd 3hmgdhdo gobbmMzngms od dg¢o-
3009000 d9b0d0dnbdE dbdgmn PMIbam demdsmyMo mgmbmonl dgdndaggds.

2 33mg3zol dgmmegdn

00 33em930bom30l dgdndazgdyeo 0gbs dgdgan dgommen: abdnmo 3hmogmgdol gogs-
LG g, d0dbo o30bebgm B3gEnA03nM0 Mmgmboal dgdndoggds, sbogmado s 0ddgmyg-
dgbhoEns mommgymo doMomoo dghn3monbm3znl. gb odho3zmdgdn yhmoghomaogezdatg-
000, dom dmbob, hzgblb d9dmbzg3adn, 931badgbhtn ngm adh3nEgdol s ddmbbbol
0gH03m0900, ©oadb 8d babogmabmaznl dgdndoggdyema hgdbogs Lagobm ngm godmmzemabo
000 090793000 39H03mdgd0Lmzab.

939dmm dmEgdyemns 3hmgdhdo obdyemo sdmEebgdn o dgboedsedobn dgmmegdn. sdm-
306900 99hn3mdgdL y303d0tgdmes dgdgabontoc:

o 33dmE0bo 1 0830330607909em00 ddh3039000m0b.

o 33ME0bd 2 3033060790908 3dMbLBOLY S IEYJ30OLML.
e 0dmEobd 3 3033060090700 ddMbLEILY O Fodmm3mabmab.
e 3dME0bd 4 3033060909008 Y39ema d9H03MILmAb.

hodmmzgmomo dghngmogonl gabbmtdingmmgdal dgommegon Loogydzgmlb nggdlb domy-
dohgob, odmmzmomo ¢mmanzdol o 3mddnyhgtymmo dg3boghgdal bbgowobbgs d39006-
300000, HM3amMM0EdY, 3939MNMS:

o 3mab037600 s 36Md3emabingyhn mmandnto mgmdngdn, sgodmmdnl mgmbny,

o 33Mm©M0:mdgo0Lo s mgmMngdol dgddbs, sbogmodo (gohghgdomos, bLobkyemyg, bob-
Bmg), 033093960030,

e 9(h30390000 MgmMns, 3db339m0b Bgbolb gemndnbognal dbmEgoyke,
¢ 330™ddBhyMo Ab2geMOd O MYMMgdamd d3hMAdHYGO0 ©Od(H30EI0Y,
e 303307H960 MZn3d, MmngYeo 3hmamsdngoo.

3 333300 dg93900b 3gobbogngd

36mggdhdo dbdemo ngm mmbo dsdm3sbs. h3gb gobznbogmogm mommgyem domasebl o dm-
3093060 d9bododnb d9c09390b.

3M063m demddmM0 mmgnzol gmmdamaddob dgdndazgds s dobo LobbmGabs o
LobOymob m30090900b Agbbagzems. gl vdMEbY O303d060g0NNS dHh 303900l
0gh03m00bmsb. dob ddmLAbLbgmma Hzgh gogenebmmagm doMzgmo Gogal dgmds-
0960 mmangiob gmmdownddo dndgzthmonmo 33¢00©g000 o dg30bbagemgm dabo
30090900, MmagmMogos bobbmMg o LobMywg. gb 96 ogm HE0300¢M0 ddMEBe-
b9, 3060000006 3GBgdIMAL mMmE0IMo BMGOdsgmnddolb bobbymal mba sgmMds: byboo
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bobéyengy - mbdnms 6ol dMobnboomdpgamdtngn dodnb o dbmenme dodnb, oy
ob 360l dgbeyemgdan, ob demnghmn boltyemg - mGIHEIms BodMszmg dtal skeo-
B06000dgamdcngn dodnb o dbmemmeo dodab, 0 ab skl dgbkyemgdoeo. 3bons,
bybdHo Lobeymg addmdEnbaMgmol demogho bobMymoasb, dogted dMs dobadom.
3ab0396 cmmangiodo gb mgmegdgdo 993030 abhndns gmddoghycmdnl mgmégdo-
b 3odmdnbdthg - mGOTNmms bodMegzemg dgbtymgdsns dodob o dbmeme
dodnb, 0y dobo gmzgemo babéyemo J3gbndeogzemg dgbtnemmgdswns. mydys, [36]1-0b do-
bg300, 33O cmmanigddo LddmoME 3Mddadhytmdol mzobgds o6 33093l
0 39003, demogha Lobeymyg 06 330936 Bmaghm dbgm mmangsdo.

30639¢0 9dmE3bd ondagms MG J390dmEaboe, bowog dozgmm g¢hoddy h3gb dg3o-
039003900 36bam dmodmydo gmmaniol bobdodbo o LYdobdogs. o3 dodbom, H3ggb
03060h0gom LFOP; 9gmdsmyMo ¢nmangld o hogadgbgm dobdo dndwgzthmdnmon 33eme-
0900, 8 363b3m Rbdmbacmybo o 3Ggnldpmo boddmenmgdo.

[351-0b dobgz0m, 86bgdmAL ™G Hodob sgmdsmydn mmandol a3mddsgmabddo: Gm-
dgemog 3903030 96 0emB0mI® M39MVAHMEIOL Pssar (-l 9gmodm™AS 360l dobndyd s)
00 000096 33060ME90L (Px > r)a(x) (bLod0sgmab {z | a(z)} 9emdsmmMIs dMab
r-89 390)0). h39b 930Mmhongm doM3z9mo doamdd o dgdmgadhobgm dodgzbmdnmn
(33600900 0bgm mangodn, BOOE 339930 dEOIMPMN MIghvHmEgde. dgmbg Lo-
039by&Bg, h3gb [27, 351-d0 gabbogmymo hgdbnigdal dgbaodsdobog dgzobbogmgm do-
090y LFOPU 36sbam semdomybmn gmangol bgdabhngo o o30d¢h3n3gm dobo
LOLBMENLY O LobEMYmAL Mmgmegdgdo.

30063m dmddmyMmo mmanzabomzol dbzgemmdonb dgmmegdol 3933353900 O
300300-dmJ393900 RM33dg6hgd0b Fgbbogmo. gl ddmEdbd 303006500
0dmbLbobY o 9EIJE00L 9dhngmoobmasb. 83 dbtog Hggb yu3bm g gnMomgdsl
300d0b30mg0m g3odmy3bal nbgm hgdbn3gddg, mdgmog a303d0cgdnmnd ddmEobs
1-do doggonm emmanldbmaeb. Mmogbsg dndgzthmonmo 33¢ogo0 dgdmeob gbsdo,
160030303000 0dME36 bgds 3MLBLGOYN, 17dEe dgbademgdgmns babkmo )3koa-
dgbpg00b ngbhnaznEncgos [29]. sbgmo 3o63oE-dmdi3g3e0 03¢sadgbhgdnl 3m3bs
db0d3bgemm30b00 3G09MH03nemo godmygbgdgdabsmaab.

00 0dmEobolb ddmLabbbgeme hzgb 930mgm [27]1-d0 dmEgdyemo 3gbigbol bhngmal
bobEHgde G O dob EO3YTIHIM dOIMYM M3ghdH™MMa 0do3g adom, Mmamb do-
000 dmMohohds goozgmo emabognmo bobdogdsms Bgd3390E300ms Jog3neybob-
30l [35]-d0. h396 30h3969m, G™A sbagma bobhgds Gl G LobRhgdolb ForaMmMgds
00 08600, O™ HMEILOE Y39ems d¢NBIMMOd 3M0b 1, sbogmo bobhgds gdmbzgzs G-b.
03M9m39, 030d(H30390), MmA sbagma bobhgds 0bahybgoL nbgm Mm30bgdgoL, Mmam-
60300 bobbmbyg s bobbyemg.

d93603bmm, H™d bEYmo YOHIbIM dEBIMYOHN M3 30l d6d-9dmblbon, doa-
o3 3G0gH03n0 3odmygbg0900b0m30L 33mbLbaMs babykzgmns. sdothmad, dogno-
0b 3b0d3bgemm30b0s dobn dgdmy3s 30Mad-dmdi3g300, 0dmblbdw 03Megadgbhgddy.
dbgmo 0363dgbhgd0l doboggde Modgbndy dgmmeon 3bLYdMOL. H3gb godmaznys-
690 9396930mbdgmyE0 Lodomenmgonl dgdmy30l dgmmeo. dggade dn3omgm, Gmd
06903 ghoE0dms Mg gobos bbby, Mg 330deg3L 13d3dgbhnl sdmblbopm-
d9U.

70363m  omdsmyMmn mmgnznobs o dgbodsdobn AbEgmm@Onl dgmmegdnb
©033h303900-mgmMoygema dgbbogma. gl 0dmEebs O303d06gdEad ddmblbo-
bO O odmm3zal dghHn3MOLMb. 8 ddmEEbNL ddMLAbLEgmS© H39b hogohotgm



B0obo 0dmEdbol dggasm dogmgonmo ggmémdogmoddol, dwmdsmybdo 179339630000
390 39emybob, dmEgm-09m&0mo 8 ©8dh303900-09MmE070 dbogmado.
dmgdyemo 33093L Godgbndg dbnd3zbgemmzgoebo LhdyddhnMyemo Bgbo: dmbmbpmbyhm-
d0b (M 1, M |) o 306339000 (cut).

L2 A A THIA FFA A ATRIA
rraa M T T e BN
¢ max(a,c) ’ max(0,a+c—1) =

dmbmAhmby&mdnl dgbbazems 36033b9mm35b0d, MM L3360l nbhgtzagma 36 gab-
30090 0c039b0¢m bade3zMgol ([0, 1]) ob 86 dedmhbgl nbg, G™A 0bhghzomo sksb-
Botons (0bhghzomal 39000 dzakn dghno 89 d306Bg) o Bnboomdwpgamos do-
300090.

30633900l B9bobomzgal bohggbgdos dobo gemadabsgnal mgmegds, Mmdgmoy guyd-
6gdo 39b63960L 3MMEgEYGOL. gb 0ol ATH30(3900m0 3oabMedy oagydbgdymmo
dgomn. dogammomog, hzgblb dgdmbggzedo, ghm-ghmo goabgtal Bgbns, hmad od-
h3039000 dodgmbo:

o1 05 ®3
ABF  rbA  HiB s
poin(lbrd) 4 p A A
max(l,a+c) “ 7’ ) e

cut
min(1,min(1,b4+d)+f)
11 I_max(O,max(l,a—i—c)—i—e—l) A, B

39000696900 odh3nEgdodo:

b2 ¢
b
hA AUHA g
min(1,b+f) d
II Fmax(O,a-i—e—l) A FC B Wi r
min(1,min(1,b+f)+d) )
I l_max(max([),a—i—e—1),0) A B M
T

min(1,min(1,b4+d)+f)
1 I_max(O,maX(l,ULJFC)JFQ*D A’ B

00 3dobgholbol dyE3nemgdgmns, Gmd badmemm 1g3396E300L dgMdsM™MANL nbhgh-
3000l gobbmmgde dgbademgdgemn ngmb dmbmpmbymmdnl bgbob godmygbgdom. 8do-
bomzgal EOEaIbagmas JobMmogdn, ™I 3gMOdM™MOgd0 Y ngmb LogdeMabsw dome-
0. sbgmo goobghab Bgbgdal dMogzomzgtan gadmygbgos badmenmm 29ddo g33d-
93L 08dh3039000, bdE 3db3zgmal bgbn 36 g3bzwgds.

dOhmpmbodymo 0d3emgdgbhogndms gJbdgmadgbhgda. gb ddmEobs 303006 gdNY
9390 39hn3m0sLmab. dobo dgbymgdd bgommo y3zgms ghoddg, 30bd00b h3gb
d039390m00 03 LdbEsbH Iy 360bEndl, Mmd 3hmEgEyhol 0y demambomdol
d99360b b b sbemggl dobo Mgogmadains s Hgbhncgds. Mmamdz gb ymzgm-
300 begds, dbgmo 3rmEgbio 06393L dgmaMmMomdgonl dbndzbgemmabo 3oydimdgly-
0ol dmami mgmMoyma, abg 3GMoghnymoc.

99b39603d96h9d0b SL3ggd@Hdn dgbodemms gebznbognma doggdyema dggagdal bgntm-
bodomemybo bgemmgbybo 0bhgmgddolb 8dmEebgodo godmygbgds. hggb 3ohzgbgm
16M3bagm dmdsmyMo mgmboolb dgbodemgdemmos 836906030 gbol mMEdMM3bgd0l
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00003960L 0dmEd690d0. 0d dodobrmyengdnm 33093900, dgodmgdd nmg3sl, Ghmd bo-
Bgob gh)oddg0 o Nobemgl Bemgddo domn d6rd30¢mabMnzn 3abznmatgdos dmbsgmmeo-
bgmo.

3609H03ne0 m30mbadMbom PGHdbam dgmdsmhn mmanzal sgmmdogmnddo bojdo-
M ddgmazmo o bonbhghgbms mE dL3gghadn: dgmdsmYMn dmboEgdgonl dmgemabg-
d0b dgbodemgdemmdgdn s d9emdsmMma dmbogdgonl adyndsggdalb dgbadengdemmdgdo.
mM03g db3gdhob BHabhocgds dgbodemgdgmns 1dobhngdn® 390086 303300 g0
30dmygbg090dn (nbogmgm, d8g., [39, 301). 99b3900dgbhgdal sb3gdhdn, h3gbo mb-
dogmnddol godmygbgde dgbodemgdgemns b3oEsbbgs LodgnEnbm dvdmEebgddn, hmam-
00300 OZOTINM:

* 3b0db98d9 oythbmdnm Lb3dobbgs NagbmBAL dgMddMMONL oEaYbY;

* bhognmbatdn dndnbotyg 33Mbogmdal dokodghtgonl dbogmadol dgwgaso
93mbdohogmodsinol 3mabmbotgoo.

4 ©db336900

00 30m9dhob naMamgodo dgdndazo PMebam demdmydo mmgangs, dmbgd dobo m30-
19gdg00lL dgbbogems o dobdy dbzgemdnl dgmmeolb Eebghazs. Hhzgbo doamdal Loob-
g dgmdotgmos 0dsdo, GmAd hzgb 3eb3036EIm demdsmydn gmmangs dndwgztmdnmo
(3360009000 0 JM3bam 9336g30mbagmycn o 3Mgn3oh e boddmemgdnm. doggdyemo
x3mMdoddol godmygbgonl 3ymbom, 3edmznizemgzm dobo dgbademgognmdgdo d3bgdco-
30 960b 0d31d03900b 33mEobgddn, 3gMdmE MMEdMM3bonlb awagbal dndotmymgdam.

doeyoemo d90093900 3odmd399bos d9dwga bodhngdbe o 30gdcnbigodo:

1. Merium Hazem Anwar Labib Bishara, Lia Kurtanidze, Mikheil Rukhaia, Lali
Tibua. First-Order Probabilistic Logic With Sequence Variables and Unranked
Symbols. Short papers of Advances in Modal Logic, Prague, Czech Republic,
2024.

2. Merium Hazem Anwar Labib Bishara, Lia Kurtanidze, Mikheil Rukhaia, Lali
Tibua. Probabilized Unranked Sequent Calculus. In proceedings of 13th
Conference Logic and Applications, Dubrovnik, Croatia, 2024.

3. Merium Hazem Anwar Labib Bishara, Lia Kurtanidze, Mikheil Rukhaia, Lali
Tibua. Unranked Probabilistic Logic and its Applications, Lecture Notes of
TICMI, vol.27, pp.71-81, Thilisi University Press, 2026

4. Peter Csaba Olveczky, Mario Reja, Mikheil Rukhaia, Kyungmin Bae, Mircea
Marin. Efficient Verification of Lingua Franca Programs. S. Junges and G. Katz
(Eds.): TACAS 2026, Lecture Notes in Computer Science, vol 16506, pp. 23-41,
Springer, Cham, 2026.

0¢bobodbns, Mm3d 83 d99ag0dd 339 33mM39L @odmygbgds obagmgmoa 3mengagdal
démdgoda, ©obog dmbdmal Bgdmm hadmmzgemoamo Lhohngdab godhocgdgdn. gb 3o dmddge-
™0 0060ddOMIemo0b boogydzgeml Jdbab.

3hmgdhob 6936gdds dmbobogmgmds doowglb dMoghom boghmadmbabm boadgzbogbhm
g3m6Myddo dmdbbgbgdemol, mebsdmdblbgbgdemal, dhmamodyma jmdohghol bgztal Mob-
a3do o dnb3zgyembo 0y3696 LomoboddOmdgmme ob dmbLgbgdal Boboznmbo Lb3dwobbge
1603960bohghdo, doom dmtol:



o Logbhmodmbobm 3mbaggtgbiznd bgembobygmgdn o sgmambamadgdn Lobhgdgdal o89-
d0bo 0o dbdgmabBobm3zol (TACAS);

* 930m3m0  3agMmnabgdymo 3mbayghgbgns mmangs bgmmmzbyd abdhgmmgdndo
(JELIA)

e 1OYOMITMENLM J:MbRghgbEns ,,303MM3MIEMAS g3tm3adn” (CIE);

» dmgdgn ambddogmyho dgmmegdol boddmboydo (FROM);

s m9mM9dsmd 0bhghoghoyto dh30z90900b boghmedmMmabm 3mbaghgbizns (ITP);

* MMEN3d, 9330ty o §9ddodontgonl batobbgdn (LATD);

* dmEoyto mmaninl mobsdgotmzg dombgggdo (AIML);

* LOYOMIAMENLM bddmBoydo Loddmey® s Mopbznm demambomdgddn LogdgEbog-
o 3odmm3mgonbomzgol (SYNASC);

* |EEE eScience 19-g baghmodmMabm 3mbaghgbizns (eScience);

* md0gobob baghmedmmabm 3mbagMgbins ,,968, Mman3s, godmmagemgdn” (TbiLLC);

e 1OJoMM39mML Jomydohngmbmo 3o3dnkmab Laghmodmbobm 3mbagghgbing;

o LOYOMITMENLM 3MmMJIM30 MMaN3d O dadmygbgdgon (LAP);

* cm0bgab yboggbbodgdn, o3bdHMmny;

* 306080l 360396OL0GgG0, LoyMbagmo;

* Hhndodmotmdl nbn3zgbbobgdo, Mydobgmo;

* mbemmb 360390Lo¢pgHa, bmbzggans;

* 096bob ybozgbbohgho, d3g030600.

5 bddmdagmm My3mdgbogngdn

d0I3mYHO0 s YOHdbaMm MmgmMngdal dgbbogmo dogmnsb nbhgbboytaw dndnbotgmadl do-
00 360dg0hmo LonbhHghgbm godmygbgdal godm. gobbogymegdom dbnd3bgemmzebns dmenm
Bemgddo googdhoycgdnemo dodobmyemgds, Mog dodboe nbabazb boddmenyko s Momwy-
bmdbango (9gdbnzgdal abhgatndgdsl o bgobm-boddmemyda bgemmzbyto 0bhgmgddob
0dm30bg0dn dom godmygbgdsl. hzgbo dmgdho bLbmMgo sbgmo nbihgatndgdal dgdydesy-
0ol 9bgdmo PMebam dgmdsmydo mmanzol bebom. 8d dodsbmymgdom 33emg3gon, dg-
0dgmgde 00g30b, Mmd bobyol ghoddgo o Yobemmglb Bemgddo domn dMozaemdbéngn aab-
30000607000 dmbdgnmEbgmmn. gb 0bhghabndenbybo dodobmyemgdss, bosE domgds-
0300, 3mddoyhgcnemo dggboghgogdal, cnmgangal, bgemmabyto abhgemgdhol bbgowobsb-
39 93900063900 b3wq003b ghmdabgmb. ndgEns, ™A 8d d0hmgdhdo dogmgdyemo dgwgagon
bgeml dgnbymol bodobmzgemmdn 9¢badbyemo akaal dmdymamndsiznol o baghmsdm-
Mobm Embolb 33¢93900b Botmdmgdsl.
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