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30123330 — GREETINGS - MIPUBETCTBUA
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Jo6OmMo Ls0bgobmm b3mol hsdmysErodgdsly s 25630000 gd580 bE0bRMGTs3z0m  GH9dbmemyngdols
bgzgO™mdo. 3500900MOL JMg 3mwgdBHo3t 3MLMM390 FomBoBgdgdl. 33ws3s3 guzsfmom B3zgbo J3994bols
13909b0 8cTogolomMz0U.
36>0Mx. 53000 39096037,
LEGHYY-b GgIEmMo

Komnextu xagpenpsr Kubepretnkn MU®DU cepneuno moznpapmser kadenpy ACY ITIM co ciaaBHEIM
COpOKJIETHEM M JKeJlaeT AalbHEHIINX TBOPYECKMX ycliexoB Ha Omaro Hapona ['py3um. Kadenpy KuGepueruxu
MUOU u xadenpy ACY I'TIM cBs3bIBarOT qaBHUE OpyKeckre oTHOIeHUs. OHM Kacalluch, IPEXAE BCETo, HAYYHBIX
CBHSCﬁ, BbIpaXXaromuxcs B COBMECTHOM MOATOTOBKE aCIMPAHTOB U JOKTOPAHTOB, OpraHU3allu HAYYHBIX CCMHUHApOB
U KOH(EPEHIHH, OArOTOBKE Hay4HBIX MyOnukanuii. HeCOMHEHHO, peabHBIMA HHHUIMATOPAMHU 3THUX CBsI3€i OBLIH
I'oua 'eopruesuu Yorosaaze — mepsblid 3aBeayronmii kadeapsl ACY u JleB Tumodeesny Kysun — 3aBenyrommii
kadeapel KuOepHeTuka. DTH JBE HE3aypsAIHBIC JIMYHOCTH CHCJIAIM OYCHb MHOTO HE TOJIBKO B OpraHH3alldu
COBMECTHOM Haquoﬁ pa6OTBI, HO U B 0o0jee TECHOM COIMKEHMH KOJUIEKTHBOB Ka(be;[p. JImgauo JJs1 MCHA OHH
OTKpbUIM ['py3HI0, MPEKPACHYIO CTpaHy, C TAIAHTIMBBIM HApOAOM, YMEIOLIUM YUHUTHCS, TPYAUTHCA M MPEKPACHO,
HCIOBTOPUMO OTABIXATh.
S mpuexain, 4ToOBI OKa3aTh JaHb YBAKCHUS KOJUICKTHUBY Kadeapbl, YTOOBI BCTPETUTh U OOHATH CTaphIX Apy3ei. S
HaJCHOCh, UTO UCKPCHHECC YYBCTBO YBAKCHUA MCIKAY HAIIMMU HAPOJAAMHU €CTh U OCTAHCTCA B BCKaX.

IIpo¢. bopuc Mykun,
MHUDPU, MockBa
Dear Prof. Chogovadze,
dear Prof. Gogichaishvili,
dear Prof. Surguladze,
dear Participants of the Conference !

It is my pleasure to greet you at the beginning of the International Scientific-Technical Conference on
Automated Control Systems and Modern Information Technologies. Unfortunately, | cannot attend the conference
myself due to other obligations, but I am sure it will be a successful and inspiring conference.

The relationship of my group with the Department "Automated Control Systems" at Georgia Technical
University already started in the year 1991, when Prof. Surguladze first visited us. At that time, Prof. Wedekind, my
predecessor, was heading the group. So we can celebrate a cooperation that has lasted for 30 years now. Prof.
Surguladze has visited us a couple of times since then to spend a few months in Erlangen as a visiting professor. The
last visit just ended in January of this year. Furthermore, Ekaterine Turkia, Lily Petriaschvili and Giorgi Ediberidze
have also visited us during the previous years. All of them have been supported by the DAAD, the German
Academic Exchange Service, for which we are very grateful.

In addition to new scientific ideas and concepts, our guests could benefit from our teaching concepts and
could use our material successfully after returning to the GTU. It has always been our pleasure to help and we are
honored by the fact that our material has been considered for use in this prestigious institute.

So we sincerely congratulate the Department on 40 years of successful scientific work and wish it even more
success for the future ! We also congratulate Profs. Chogovadze G. and Gogichaishvili G. on their anniversary and
wish them all the best for the future, in particular a good health and a continuing interest in the development of
science! We would be very glad to further receive their valuable advice in the years to come.

To conclude, let me wish all participants an interesting and pleasant conference !

Thank you very much !

Prof. Dr. Klaus Meyer-Wegener,
Erlangen-Nuernberg University,
Germany
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Good luck with your conference !
I would love to visit your beautiful country some day.
Kishor S. Trivedi, Duke University (USA)
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LodoMmM39wmL Bgdbozweo wbogg®dLo@gdo
Mobondy

2396b0E05 LadsO g9 ml ¢gdbo3Mmo »bogzg®lo@g@ob ,05Mm30L 93¢™ds@0bgdeo LobEgdgdol®
39M9OMOL  o9MLGdOEIE 50 feol dsbdowby (1971-2021) gobbmM309wgdeo  Logobdsbsomangdenm,
15993bogMM,  LOIBMASMIIM030 S  MMRRBODIFOMWwo  VMboldogdgdols s doMmomMEO  FgEYRJOOL
obEMOoMEo  dodmbowgs.  FoMdmagbowos  350gEMol  30MH3go  Bsdoxgdo s dolo  BEYMIO
239630006900l 0653035  Lobjagerm  36MmiEgbol  MPy39do  bLOMEYmBol ©s Ig3boghmwo  Tggagdol
365303000  ©sbgMa30l Bmbby. A99bswoBgdMos 0bRMmMIsGHozol (s 3MI30vEH0byol) 0bEghool-
303wobm®mo d93bogMgdol LrgeM8o, JoMM30L 53BHMI>GH0DBIdMOo LoLEJIJOOL, MMAMMF MEYBOBIFOMwO
domHngob (99bgx096EH0L) dgEbogheo Fodommmergdol dobos s 58m3Esbgd0. gobbowrmos dMmyMmsdweo
0b5g0bgMo0ol s Imbsgdoms 89bgxdgbEHoL BYbITIBEHWGO Lszombgdo sMm3z0l LsobgmMasgom LolEgdgdol
0309J&-6M09bG0MgdMEo IMEYEomgdol, sdMHmgd@gdol s 300MH0EMO 3MMYMSFMMWO M0 BsEool
000500 gdom. SLsbos ol JoMOMIEO  0bM3s30MMO  Logsbdsbsmergdm-lsdgsbogmm  dowfgzgdo,
09003 ,35M030L 53EMT5EH0BYIOo LobEJIgool (3MMYMTMEo 0b70bgMmOOL)* 35009MbYs JoMgdmEro
Bobggzomo Loy 3mbols Bsbdoby.

15533956dm LoBygggdo: LodoOmmgzgwml 3meoddbozmmo oblEoEw®o. bdo. FsMmZoL s3EHMToEH0BYdMEO
LobEgds. 0683MmMTsEH03s. 3OO0 0b70bgM0s. obs0Egds. 393b0gMgds. 0bBMEOTo30vo LEBMYsMYDS.
0683m®s30wo Ggdbmemyos.

1. Bglisgsemo: Bmgeng oLEGMMOs

1971 §iewob 20 3soll Lado®mnzggaml 3mwodgdbozmo obbGHoGMGoL M9ddm®mds, 3OMEBgLOOTs 0mbigd
01560390, ©3500900M0  LodFMlL gOHOLEM3560  Fosfy3g@E0wgdom, bgwo Fmsfghs 0096 39335L0580
306390 ,d50M030L 533MT5EH0BGOME0 LoLEJIFOOL™ 35009MOL ssMLGIOL dBMI6JdSL. Abyo3L0 Jo09EMJdO
3bBLOOdFMMS J39969ddo BMbd30mboMmgd®s Tbmewmo dmbzmgdo, 39@gMdMMaLs s 309380. sbg 8goddbs
»93GM35B030V5 O 35FMMNZW0MO 3gdbo3ob™ (533) B93MEIG DY »,05O™MZ0L 3EMToEH0DYdMEo LobEgdgdob*
(05h) 35096 - 5bssBOS (30 Farol) dgEbogobl, Ggdbogol 3gEbgMgdems 39boEaE oL, mbs Bmamgadol
06030530300. 030 04m 3509EMOL 9xwdbgdgwo s Jolo 30MH3gwo 95 (1971-1980). Lsobogos@ogm
X39830 0943bgb 3MMg. NOONDB JoxMM30 (8mY3056980m sBgMB0KBOL MBogaOLOGHIGHOL 3OHMMgdEMEmO
L59EBOYOM IMATO) O A0MMR0 MmA0Bs0TZ00 (53539 J9IOOL Tgmeg 45Ty (1981-2016), 3GMg. @.
Bemgmgadol dofjggzol 890gy 3o6M0Bdo, UNESCO-L ,a56sm@gdols @ 3M@@®olb”  ©gds®Eedgb@ol
bqwddm3s69ws, 8 ferom).

»050MM30L  533MToGH0BIdMEo LolEJIgooL* 3o09Ms §. Pmamgzsdgd 1972-73 fargddo doHOMSS©
©553m33gdBHo 00 @OHML ¢ BIIMNWAHIGDY 9OLYOMWO ,450M300M0  BHYJb03ols s ,3BMBoE0S-
A9wgdgdsbozol” 30090900l FomBobgdemo 3MMLEsTMZMdEgdoLysh. bEWIbGms 2 xawmxno 30 -
(oMo s Mo bgdGmmgdo) dgogddbs 9g-3 3MOLOL Lb3zs B93MWGHIGHOL ©s B3gEoswmdol
»00bo0oLYId0sL*. 53539 Fgwl gobbmmEogws o@dsl-139305wMmdom (06gMMIs300l ©EFTs39d0Ls @
05OM30L 933 MToBH0DBYOMwo  LobGHdgoo) 3039w 3MMLYgdol  Jowgdss. 90mddgEs  SB30MIBEHMGOL
L9JBHMO0 (9b; b0 MJEHMMIBEGHMES).

5094 5B 3bMmzm9gds dsb -350090MsBg. bL30-U 15-39 Goza@g@ by 0300bgdIMPS W9J309d0 ©s
WHdMOMIGMO0JB0  IMRMOM030 FoMm30L  53BMTsEH0BIdMEo LobEHgdgdol 3MMmaowom (Bo3MEHIGHOL
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d9Lods00B). QU Losbo obfagwgdms do0wdol, bLmbwydolb, MmO, HBMAWOEOL, FosMWMOL, FHYodMEOL,
3MOOL, MJs30L s 130-0b Lbgs BoWosgddo (Lowsdml ELHMYdIMEO s IMLHMIdIo Lfagagdol
B GHIHIODY)-

Asl-3500900M0L  bodgboghm  FoBsGEgds  IM358gMMZsbo  0gm,  MOYBOBIGOWo  JsHMNZ0L
(0969%39b6BH0L) 933FoGHODBIIMOo LoLEHYIGO0, Lofo@Mdmm 3MmiEglgdol s GHgdbmwmaom®o 3HMEglgdol
93305GH0Dg00 Lol Jdgdo s .9. ,53EMToEH0BYOMWO™ - 50dBZL ,,505905649)M-056J56x9MH“ LoliEgdgdls (6w
006030l 3OHM39800, 35HY39¢0;¢gd0L B0MgdOLIL Bmbsfomgmdgb 9@sd0sbgdo). 3909EMSL bsdgsboghHhm
3MbBHMgdBgoom 3539060 3dmbos HLlmegol Jodomo dmF3mb s gm0 JoMbbgdMsb, Lofo®dmm
360m3gLgd0L 53GMIEHO0DOE00L 59M356900L FoLHY39Ge©. 1973 Fgwb 3o LLEI sTBsEIdOL LsdobobiBHMmMY
39050939GH0wgdom (3mlizm3z0L sx0bsbLYd0m) Asb-350090M5BY dg0ddbs 306H3gwo bsdgEbogHhm-badMHmgddEm
»QOMFMOM030  WSdMMOGHMM05” 5809M3533950530 (LoJoMIMNZYEMl, SHYMBSOKBOLS s LMIbgmol) 3we-
36Mm©dBHgdolb  ©sdBoIool  LodobolBmmgdols s  dgbsdsdobo  Loffa®dmgdol  (39bGHMow0BgdmEo
3033adbm@o 53BHMTsEH0BYOMEo LobBgdol sLsggds, MMIgeog 998y domgmms Loghmm bs3ogzdoMmm
LobEgasL.

3 Pgmgodol mMasbobsgomwo FoMmm30L  3GMm3EgLgdol  53EMToBoBsEos ©s . 3Mma0hs0dz0eol
LoGPEoMGOO  FoOM30L  3MM39L9d0L  33g3s  bgdsb@ozm®mo  Jugwgdom  bgwmabmmo  0b@gwmgddol
0900900l 155399390 DY, FobEs 3509l 3H0MOOGIBHMWO 1sdg3609MMm FoTsOHMYEYDS. sboEIYsBOS
0936096-0330935M:005 5996039 X3MBO 5JGHOMMIE 9FsmdES FsOmMZOL 93EMToGH0DIOMEo Lol gdgdols
gmbdgombocrmo o BOMB3gwygmaol  J3gLolBgdgdol  3GMgdGHomgdols s  3MMMmdomYdOL
908560 gdoo: b. 3356350560, 3. LoEobL3O, ©. MEObIG-FMM30, B. HMAO0TZ300, 3. YoM SAZ30W0,
B. H0bEHMI>d300, 0. 505bM30, 3. bobody, ymao xsbgwody s bbg.).

09356090 350LebYE0SL Ggodwgds dsb-ob Mo sy 3odmgabobma (bob.1).

- 3539 0bmemo 33eaz0L; - 35000530396M0;

- $om3mgdob pgad3ol; - 300 Msdveo;

- §omdmadob BuHorgol; - $adbozafo;

- fomBegdol spmogbgol; L} 0bjgombirgfo | | amubggeymaob L - 0bgmmBsgonwo;
- 13608037960 3B3oBOL; 439LobBH38300 439bobH800 - @ob30LHNM0;

- LRI HHM 2Mopbzoly - (gBoBdgoo;
- 350MVOL 30HOEbIOL; - 09HOEOT;

- Lbg. - bbg.

Bob.1. dslr-ols gg3meErm30vIM0 oMEslsbgs s Jolo Gmmo bgaEalibgs odol
Ls0bgm®dsgom LoliBgdgdol @yzgemadgbdol dobbom
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3. Bmgmgsdol o ¢. am0hsolizowol bgmddmzsbgarmdom 3509MobY sbowasbes dgsbogMado s
3L306MbEHIOO SO gdDI6 LoolgMEsEoMm BsdMMAYIL, Bsdmysods Lsdgsbogdm iMggdo, HMIwWwgddos
3dBHomEo Imbsfowgmdbgb LEGHMIbEHYO0 3, JIBIIdMPBID Lsdgbogmm 3Mbxrgmgbiogdolimzgol (bw®.1).

1972 Fonol aobombyero. oo gmtnl

b@EQJE Gos Jodzaeno sbB;J@E a®m
am

Z;aEgbool ogdpdol pohbopsgs

wenhs Bovpcrgudy aerpn mernabsn 3gnendl "

s R
gug= !'_1_:_>|‘1g'_‘_:5-'d'.::sl‘\a;_] Fasl 1.':’,:'|l¥|b:|g.;§:bdu

bey®.1. 1972 §. - 3500900059 L vynbEors Lsdgsboghem 0mgdgdol gsbbowgs

3 Pmam35dol bgadgfiymdoom 353m9MolL sL30MBEH0 gos LrMaMwsdy dogzwobgdmw odbs 1974-1975
Hangddo  Lodgbog®m  LEog00Mg0sBg oagdmtaol  gdbozm® mbogg®lbo@gddo (3g®dsbos). 0 OML
5996030b5 ©s 93MMm30L MB03gMOLOEIGHIOLS S MMYRBOD3090T0 5dEHIsEMO 0gm 0gMstdorwo (IMS/2) s
Juge@o (ADABAS) 8mbogdoms 85H900L doMmgol Lol@gdgdo. 3mbi@Ebsd Fmom d39969dLs s bads®omgzgermdos
XIO 30093 HIoMmgdsdo 0ym, JOMOMSEI, RB0OO LoLEJIJOo s dmboggdms dsboggdo. dmlzmgzol
BMy09mHm0 3MH0MOOEIGMo bogzgLo@gBo 094gbgdws 0gtemdore OKA-LbobEgdsl (IMS/2-0b Gmlbwyeo
36OMAE™ME030).

3 bmGymesdg @o0gEoaol oo dodwommgzol (“Grofie Biicherei”) foablogegdo gabmds goys®
3oL dmbsggdms MgwsE0IMo dmgEol 3mbi39BE0sL s Folo bogscsmm 2s9mygbadols 36MH0bi303gdL
9bs3gdmo sboeo GHodol dsHgdol sBsgds. dobo 060E0sEH0300m dMbsEgdms HYEs30wIMHO B>HBJOOL MYMOOs
@5 365dBH0o3> bgds  Fol-3509Mm0oL  sbowo  3HomMo@gdyro  Lsdgsbogdm  BodsMmoMEgds. 033900
obYO 30900 IMbsEgdms MYWsE0MEMO 35HYd0L LBIOMT0o (3. LrBYMEsd] - 39GIHIMMY0, 3. VIMOBSTZ0M0
- 9mb3M30, 3. JoB0ds0s - MYBEYBO, B. Abs0d] - MBdOEIOLO ©s bbg.).

380353790 G9IGDY MBJ30Mmb0MHgds LoolgMEHSE0M LsdFGM ,3H9db03Me 30d9MbgBH03900 . 3Mma. g.
Bmgmgodol  0bogos@ogom, dobo  dgboghyero s  mOPsBoBoEoEo  IMEZLfgmdol  S3GMMmOGEHIGOL
239035¢0bfobgdom, Ls35380Mm MToweglids 5GYLEE0MTS 3mBob0sd OsIEZ0Ee SHowo LaOoLYMEHSEOM
LodFm ,856030L 53@MI>GH0DIdIMo LobEJIGOo“ (3OMR. 3. Pmym35dol Me30xMTsMgMdom).  G9dbozolb
093609690505 3960sBHOL  boolbbo o033l 3. ©0ETs60dgd, . FgHMB0sd, 0. bmgzmosghgzdos,
0. 0953560030¢ds, 3. 3639005990, 3. bo0g8gesdz0ds, b. LoEWSFMB-gHOLMgds, M. LKybosdzowds, b.obo35d90,
b. 99H050 o Ubg.

sl 350906MH0L 3HGOMMOEYHWIO ,L530DOGHM B0 oL LogHMsTMGOLM bdgEbogMm 3mbEed@gdo
5 3063969630900, ©MLYd0IL gmzggw 99-5 Fogwb (Fopseomo, 1976-sb) GHoMmYds LogHMoTMEOOLM
(000Mg L5353806Mm) BoldBHodoL 3mbxzgMgbEogdo ,d5MmM30L  93EHMTsGH0BYOMwo bobEgdgdo“ (mdowoldo,
05099330, Mgesgls s 053MM05680). gMo-gMmo 3608369cmgzsbo dmgwgbs ogm 1977 Fgwl Lmbwddo 1-gero
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15353806 (Bo0EgL0) MBOL (7-EW0sb0) L3MEs-1gTobsMOL MMABOBYdS (Fsl30bdgEo J394bob bGsEwmLom)
»00399dB @0 dmboigdms 35BgdoL  LobEgdgdol” mgds@ogom [1]. dsbdo 3mbGHLsdFMWMo 15-39
6H9L3v9d030L 3936096900 dMbsfogmdbgb, HMAol 133600 JgbggMsBY GMMbTs 09bs 5E0sMGOMEO
L30-b  dsl-35009MOL  FoMTo@gdeo  dgboghemo  8ggagdols s §3wowol  Tglobgd  dmbsggdms
95300900 d5HYIOL MgMEOOOLS S 305dEH030L Fob30mMMBOL Lis30mbgddo.

OHmamm3 3bmgmgdsd 583965, ¢339 30 Fgwbyg Ig@0s, M3 Imbsggdms dsBgdol obmzgol LobEHgdgdol
05BoMHbY WoEIMO X IO 3003 IMb37000 HIWOFOMMO BBYOOL Mxsbos (Oracle, SQL Server, MySQL oo bbg.).
0939, 9bswo #H9dbogobs s Bgdbmemyogdol LEMexkds 256300009050, dmerm 10 ol dobdow by,
§o680oy0bs  sbowo  se@Bg®bs@omwo bobGgds — NoSQL dsbgdo [2]. oo ffadyzsbo go®dgdo s
3MM3MO530900 MJSWIGEOYIN0 S 3MIMYSF0MEO B5HIOOL Fodmygbgdol 30dMoEwa 3mbEgxnE0L 9603gd9b
M3005G MO, 9649 20000LofY39BH0 5dmEabgdol 3eslol s B3HYdOL FM3MEMdYBOL Asmzoolifjobgdom,
23960L5BE3MYds Fo00 9x39dEGVIM0 359mygbadol 3Mo@EgMowdgdo [3].

80-0560 fangdol 3oMzgwo  bobgzs®o  Fsb-35mgEcmol  3OHMBILIOHOL, IMRMBGOZ30  LsdgbogHm
@HdMMSGMOOo0L s  bEHMIbGH-093b0ghms  owowo  5JBH03Md0m  JoBmomBg3s.  F9gado  0bgMygds
MRMIM030  FoOHMZ0L  53BHMToB0Bdwo  LobEYIgdol Loboom  (mdoolido, dsjmbs s 96935600).
3 202065083000 0353L 39(3609609d5m MJEHMMOL baGoLLL Imlzm3zol LsobgobMm-530Bo3MMo 0blEHoEwEL
»300960693H030L% B3 EHIGHOL LodFMDBY; LEMPIBEHMS by3sgdotmm LsdgEbogmm 3mbB3MELBY 30Mm3gwo MmIMML
090 O oMo gdo bgdosd LEM©IBBHJO0 3. MgBHIM0 s @. Pobsdg (1985, bgwwddwgsbgro g.
Lbmegmensdg), 8999y 30 bLEHWIBEHO b. Bs@gBbmo (1987, bawddwgsbgwo 3. b3gwsdg). JomgMsby
39O Egdo bodgsbogdm Gw9Rgd0 ,8MmbsEgdMs HYEsEOWMO dsBYdOL LEBHMWYIEHMHIdOL M3E0TOBEOOL
50m 396900l 2505LsHY39HO©", 1935t gdom  gdudgHGHoBol gogerol d9dgy, owgdMe odbs LLM3
»9EMM0003gd0LS O 3OMYMTGOOL Lobgedfogm gmbTo* (Lsog@mMmM MBEgdOL MHgAoLEGMsEo0m) [4-6].

1988 §. dsb-3500900M0L 30603900 25339, amBs Bmamgzsdg dMwbogds UNESCO-@sb @s begds L3o-U
306390 3mb3mOLom s6BJMwo Hgd@mco.

80-0560 femgdol 8gmerg s 90-560b 306390 Bobggzstro HoliosmEYds 3MEWoE03vM0 353930 HBIJO0m,
653 80099 50Lsbgds LMW MH-93mbmTngMMo s LsdgEbogmm-3H9dbo3MMmo A5MgIml 45630050 gdsBY.
9 53600l Imgzwgbgdds 3ofiy30@s 89aMmdMHIEo s LydYEbogMM MMNO0YHNMBOL doxg0 JmlgM309b. 0TS
LodFmms 3530060, ©0baMs d9MHE0bol 39gero... IS ©OHM (3bM3MOOL guBIBIGHOL sbowro gEs30l
235005093930 90900L JoloMgds.

- ©9JBH™O0U, @. Pmamgz5dol 0boEos@0300 1990 ferol 0s6300sb 3mwodgdbozw®mds obbGHodwm@ds doowm
LodoMmmM39wmUL $gdbozwdmo »bogzgdLo@gEoL (bLEw) LEHSGMLO;

- ©m336GH0 9. Lyybamsdg 1991 ferol Ggdmamdsbyg 3-m30060 30HD0GH0m (30H39ws@  JomgMol
obEMO0530) F0gdaBegMgds d03e0bgdom oLz gm 4gMTsbools bowmbdgMmy-gMwsbagbol s dgmerobol
3193m@ oL Mboggdlodgdgddo, d93bogmgdsms md-
Aol obYMOEGo300L 0900 Bofools
3oboMB39dws@ > 9Ju3gModgbH o 33g39doL
F9L5LOHYEGIWHE YD ,93GHMTGHODYOME0 LsFMTom
5030900l JugEwol s3MMYIBHJOs s 3MIMAMmITMWO
95e00Bo30s Laffamdmm gogHm05b3d0Lsmz0L* [7]. 9U 0gm
ERP bob®gdgdol 30063936006 (95¢00bsgool 300696527~

= _ o bsdhmdo s sbsero  bsdgpbogter  Jodstoroyengds
@ Bofereods 2009065 Bg. 2003-2015 fiergddo  4sd9mol Hsdgbody
T @\ @n 0mbmyMsg0s 00BBIL-3MHM(3gLgdOL  dmEYEomgdol ©s
»eeaodo 3000530609008 mgdsbyg Imbsgdos Logsgzgdom  [8-11]

69b.2. ERP %m0 dmggeo (6ob.2. 8mbmy®sg00L @mym).
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3O3mM530Mwo  d9bgxdgbBHol  d0BbgL-3MM(3gLgdoL  LsdgEboghm  FodsMmmgdoo  dgdymddo
sl 3000900M5bg o 0gbs 20-bg 9@ o IgEbogMgdsms 3sbE0EaEOL s 53509300 EMIGH®MOL baMolbol
9oL560Fgdgmo oLYMESE0d. 8904dbs sbowro FodoMmmwErgds - d0BbaL-3MM3EqLgdol (Workflow Management
Systems)  009d®&H-6096G0MGOMO  3OMPMT0Mgds s 39HM0oL  Jugwgdom  Fomo  0doGs30vIMHO
9m©yEomgdob 33ey3s [12].

50539 3gMomedo, 2003-2015 §ergddo 935009303mb ¢. Bmamgsdg asdmliggdl 0baaolv®, Gmlve ©o
JoOoman 9bgdby Lsdg36ogHM-3M3EsMer BmbmyMsz0gdl; ,0bxMmMBIE0s: 0bxMMTo305, LEBMASMYDS,
9590060, ,, 2 MBobLOY, ,,30mbEggM0s%, ,30JMGd0 dmdogow by [13-16].

Mbs 500b0dbML 50 OML 21-9 Lsw3mbol obLfFYoLoL gOHM-9MHO EsTobslsMYBIWO BoJGHMOO,
3960m© dsl-350090M5DY , 96O LObEOMBOL Yo5dGH0MJds IgEbogMwEo 3330l F0ISOHMNIIGOOm.
39946030 893bogMgdoms 3560EOL HomOLLL ,,06x3mMTsE030L s Jomm30L LobEYTgdOL“ LoolghHEsgom
LsdFMmDBY 3003900  (39009MOL  oLEHMMO530) 035395  B3960  B539s3M0E-Toa0LEBHMSGMEOL
39903 YIM 0 JodoBHMbYd0: 9. MO0, . 39058300, b. HMBME0S, M. W™dobsdy, 8. 3580d5dY,
0. mbsbsdz0o, 0. 35FoM5dg, 29wbsts xsbgarodg s lbg.;

— Osl-350090060H08 ME3gbEBH0 3. PoBsbodg 1991 (ferosb ox3wmdbgol dgEbogMgdols s LsBMASMdOL
3963000009006 BMbEL 0639w gdBHO 9300050l 3903530  bBMEOToz0Mwo  Bgdbmermyogdol
29909996900L F035M0EgdL, 5EHoMgol Lodgbogmm 3nbxggMgb30gdL MdOWOLLS s Mga0mbgddo. godml3gdl
§0369dL ,,50990M @ Logdo®mzgeml JoBosby" (1991). ,06056mggds" (1992). ,,306590000sb LggEHoEbmgwsdoy
1 39039 BH®0o0lL sdmEsboms 309do" (1997) o Lbg. 8539 Pl ©s983wdbs LogMmsdmMolem Ladgsbogtm
960650 ,,06¢gmgdBHo”, OHMIWOol 3mo35M0 MYIJEBHMMOES. 3OMAGMM . Bshsbodol bgwddwzsbgwmdom
o3os 70-Bg 89¢0 9936096090505 s 5350090M0 bo@olbols dobsboFdgwo olgMEE0S 3obsmwgdol
0969x96GH0LS 5 06xMmMTsEH030L OIdEH0IOL b30bYdBY MBOEOLT0, J1ms0bLS S MYEsgzdo;

- Asl350900M0L  MmEgbBOL o, 30bEsdol sdBHoMGo  dowolbdgzom 1992 fgl LEBv-do ML
3093560&s0@-($3d60300 B3N HIGO (398ymI BoBBYL-0b71069MbYOL BoZNWAHIGI 3903909
00 @5 deEoml b GBo3MLEIGHOIP ETOE0). Y3900 9. (3063999 93 39MHOMPT0 0393V Lagmd@mtm
OoLIMOGHE0L @S OHMyMOE  3OMBILBMmO0  HoMTs@gdom  Mdw3zgds  3mdsbo@ostrme-Egdbozmeo
B9379AIGHOL  gbgxdgbGHol  Boddosbmdsl. 99558500 0o  Bggbo  3smgMOl  3OMBILMO0S O
b9wddmgsbgermdl  LsdgEbog®m 30O gdsL ,,06630685309w0  GHYdbmEwmyOgdo  (3030E0DIEFOME
9 gddo°, GMIgerdo b LoobEgMgbm s 360d3bgcm3zsb0 Tggado 93b BowgdVIEO;

— Asb-3500900M0L 3OMBILEMOL, B. 3958500300l s Jolo FgMOEOL, sbME.3OHMBILMMOL g. xsbgewodol
969630990 doerolibdg300 s sbogro 0bxm™Is30wo G9dbmemyongdol 99dm@sboom bslfsgarm 3Gm3qlido,
3600369035650 obsbars bodogy LogggbwyMol 3GMMAMSTIOO0. Glsds F0MHOMOIE, OE Fmbszgdms dgbsbgols
Q5 5918539006 9dbmermangdo, Hadoop-93mbolEgdgoo, d30Bbglsbscro®ozs, 3959303100 seramGomadgdo
Q5 3MMAM53900 s Ubg.;

— Osb-350900M0L 3OHMBILMEOHOL, M. Fmbosl JogH Bsdmyswrod@s 393b09M-39ogMams X3RO (0. Jom3g-
0330000, 3. mEO0J56M09, b. ®MBY©O0s, b. 530360, 0. Fmbos s ibg.). 8904365 s 30 YD ,,dMbs3g0ms
©5330LS 5 30dYMHMLSGFOMbMGdOL J0ToMMgds. BYbd30MBoMGAL LsdsgoLEMM 3GHMAMmToL L3gE3MLO
(3mB39bGHMo30s) s  98mEgdMos  JoMmmangbmgsbo  Lobgwddmgsbgwmgdo.  sEmEros 10-%Bg dg@o
obYO G305 06BMEOHTo(30v90 MLsBOMHBMYGOOL J0ToMNYGOO0);

— Ol 35009060L 3OMRILMMOb, g. 0306953590l s FobO HsYRIBOS J3MWJYIIOL, sbME. SOHMBILMMOIOOL
6. Bmbormeobs o o. 39396990l HOomd Web-@gdbmemyogdol bggg®mdo d9dem s6o Fbmem 0obsdgodmgy
©mbol  3MGLYdOL  IMIDOYds, 9MsdgE  JoMmErgbmgsbo  L3g3-wo@GIMoGmeoL  dsbol dgddbs  39d-

09390309630 80850 qd0m, §9dEHOMbMwo Lobguddwgsbguwmgdols Labom;
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1994 9ol 535009803mb0 @. Bmamgzsdg begds LagMobygmobs s gbdsbgmol garbo s gowowol
35(0Bdo, 2001 §. 356509 mMs®@ 030 0v96gL3mL 9@l gdgwo bsdFml 303g-3MgBogbE0s. dobo
0bogos@ogom 2003 Hgwb bgw-do oblbgds UNESCO-b 30009@6Ms ,,06530060H35309¢00 bobmasomgds®. 84stgds
Lo90635650gdEM-bsdg3bogMm 96sIIOHMBMBOL 3MbESJBHIB0. 9939 MBS 500bodbmb, MMd JsmgMol
3990LESMs3MYOgdo, dgabogPmo bsmolbol dm3mggdol 99dgy 3IMdsbool mboggMlodgdgddo,
0608690056 Lbgssbbge Mmb Lads®mggeml bMryemawgdosh gerbgde 96 FoMdmdoygbugde: Jobswsdo
— 3. §9B00d50s, 39MH35b0sLs s F98019 93UEHM0580 — 3. DoEILEHI60TZ30w0, sBYMBdS0K6T0 — . gddgMH0dy,
Omomgzado — 0. 35353009. 3. XMbmodgModg — ,0590003m30“-L  ©sIRwdbgdgwo ©s 3MHgHBogb@os,
0. 3065d9 — bEH¥)-b EbBMMToEH030L B3 EIEHOL 93960, d. PobMSA] JowoxnmMbosdo Apple 3MMH3MEs300L
§50943960 3OMaM530LEH0S s 5.8.

2001 §ero@sb 36Hme. 4. LyHarsdol 06030sEH0300m s dgME0bol 3wadMmEEEHOLS s borm™bBdyMY-
9Osbagbol Mmboggmlo@gBgdol dbsMEsFgMom dsb-3509MmsBg As0blbs 4gMsbmegbmgzsb LEmwgbdms
X350 ,Wirtshafts-Informatik®  b3ggosemdoo  (gvbjzombomgds 2010 Fanodg). 900G MGH0g6EJo0
3990000mbgb MmdoE ool yaMdsbmwo 0dbsB0gd0EL s B3MEgd0IB, 498MmoMbgmEbL Lfsgzwrol Josmswo
930353000 ©5 5JGH0MOMI0m. Lobfagwm 3Mm3gldo s0bgMHAS J0MOMIO Logbgdols odmEdOL RsdsMYds
005 309D9bG30gd0m. M5dgbodg Bsmysbds Imodmgs bgdglbBHMmvro acsbEo s3bEHMOLS s 49MHTsbosdo.

XXI by3960L 306H39w0 S0 gmEo Jsb-35009MHOLMZ0L FgEHOE IBZOOMWWO s boygmaogho ogm
LogOHModm®mobim bsdgbogMm gMsbEHgdol dm3mgzgdom s 3MGMgdEgdol Jgdmegdom. 3gHdme, 2001 §. 3G:max.
LYYORSdgd  2o005OK3s 29MTsbool DAAD (Deutscher Akademischer Austauschdienst)-ob 3mb3m®Ldo
~ALUMNI-PROGRAMME des DAAD und der Hochschulen. Usdgsbogm oqds: ,Objekt-orientierte
Programmierung mit der Unified Modeling Language und Internetsprogrammierung mit Java (Linux Platform)®.

2002-2003 fangdo: dbmagemoer 8s630L 360G o: ,bogsOHMNZYMUL X SBIOMI®BdOL boLEgIol HIBMODTs":

- Bogotmgganmb 1o535YMBMMS MHYLEMWYIBHMIO0DE0S: - X9b(330L Md0YJEHJOOL 301035FH0DIdOL 3HMEgLOL
9bo@MEm0baols s 9BseoBol 3m3300E IO LobGYds; - MguEGHOIGHIOODIOM bo35BYMBMMS F5OBO
Jmbgdol  gobLsBgmOLy s JoM0MOE  356MFgGHMJODY Tolo 3w gbol  sbsoBol  3mbi393G MW MEO
9mggdol ©sdw)853909;

2003-2005: dbmggemoc 85630L 369930 - ,L5goOMZ9Mb LELEToMMEM LOLEJIOL MBMEIS":

- Lobodadom Logdgoms Fo@dmgdol LbobEgdy®o sbogrobo s Jugwdo 3mI3onGEHgmveo bobEgdolb
39960379600 ©35¢gd0L  BmOHToMYds; - Lobsds®merm Loddgoms FoMdmgdol JugwMo  3m3309EH OO
LobLEgIob 3MMYJEHIOS, MJoE0DO30s, IBYMY3o.

2007-2008: Lobbgool Lsdsmomerol boddgms Fomdmgdol gargd@®mbawmo bobEgdol LooogbmbBozm
3609dB0: ,L33MOMINOMOM bBYEsTBYO3JLMds LoRdFMI0JOM 15dd0sBMBsBY" (Logdo@mZgErml Fobogsb Lsgdgms
L5d0BOLEMM S Lado®M3gMl 4969MMMO 3BMIMMIGIMS);

2009-2010: USAID-ob 36:09d3Hqd0: - bmEoswmo bggOml doGmgol bsobym®dsgom bobEgdol dobbal
9mobm3zbgdol 30mgdBHo; - WGHMWZoWms s blobErgdols LsdobobEHMMU IT-LEMmoEHga00l Bsdmyser0dgdol
360Hm9dGHo ©o .9.

3. 3153365

bEHWY-b 500300 93EHMIEODYOMO LobEHIIGOOL” 35099MT (I35METG6ETS) 50 ool dsbdow by
(1971-2021) ¢59mv9dgs 4000-Bg 9930 3390530300900 06506900 06x53m®T5300L ©edMTsggdols s JsMm3ol
93353 0HgoMo  LolEgdgdol L3gE0swmdom. HBMY0INHo  LAEHIGOLEHIMO-0LGHMMOWMWo  BGMRTI6EGHO
39009MOL s9OLYIO0IL YAy S1g YodmoygwMYds:
o 1974 9ol 99000 39090601 37OLETMZMYIM™MS 300390 godmdzqds;
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e 2001 Ggol ©@oxgmdbs ,3g00s600-bodormnggeml  gOHMdWo30  Lobiffogenm-bsdgsboghm 396G Mo
»GeoGer”, d9mobols 3993 EE0LS s boMbBdYMHY-9MEsbagbol »b03gMLOE BBl TbstsFgdom, 2010
H 009 bgdms 49Mdobmmgbm3zsbo xa33900L L3gEoowolEgdol godmdzgds;

o 2020 9l 3500900M5Bg 3MbI30Mmb0oMgds sofigm sboeds 0byolivy®gbmgbsds Lods3owsgmm xas3ds
»30033099B 9o dg3b0gMgdoL* LogsbdsbsmEgdwM 3MMYMTom (bgwddwgsbgwo 3MMme. J. gsFosdzowo);

* O30S 393609M9d5ms MJEHMMOU (7), 993509H 7™M 3560sEOL (30) s 5350070MO MEHMMOL
(50) batobbols JoLoboFgdgeo oLYMESE0s;

o 253m390ve0s 200-Bg dg@o Labffogarm s bsdgaboghm Fogbo LEmgb®EgdoLsmzoL;

e 2006 H9el ©oxnwdbs LogHmsdmMobm LsdgEbogmm dOMAgdoL 3M9dwo ,dsMM30L 983G ™MTsEH0bHg-
0o bolGgdgdo®, GmIgEoE ®gdg 399moEgds 39MomEws®. 2015 Hgwb dogboFs Online LEGs@Lo,
boerm 2020 §erosb 3ox36mmwo 0gb@ogozs@memo - DOLorg/10.36073/1512-3979 ;

e 2010 Gl d90dadbo ,IT-30mbboeEHobyol bsdggboghm 396EH®0”, GMIgeoa gbdaMgds MmIG™M®mBE L s
0boEebMEs  13gE0solEJOL  sbowo 06BMOTs30wo  BHYbMmEMyogdol sm30LYdLs s LodgsbogBm
399003530900l ImIbogdsdo. G-l 535009000900 s FoMIMToYBWMdOMO LsdFml sYgbowgdom
2990b393L LodgEb0gMHM S b3MBLYWESEOM-09OMEWO COEHIMSGHOS;

o Bo@omgomwos 20-Bg 99@0 LogMsdmMoLM, 15535380MM s MYL3MYd03MMHO Lsdgaboghm-@gdbozmo
3Mbx39M9b30s o ,L3Ms-gdobs®mo®. FobLEIMPMIBOm LogMmsEEIdMs 2018 o 2021 fergddo 0mbalizml
93000000 MO0 LogMHmMsdmGOHoLm Bsdgboghm-39dbozmMo 3mbxgMgbEool ,,06830mMmAs30meEo LEBMYSMIdS
2396500gd0l 0639bLogG0Io300L 3H9dbmerma0gd0® Bo@o®gds (39d-3396Mwo: http://www.conf-unesco.gtu.ge/);

*  3009Msbg Lbgoolbgs @OML Lsdgbogmm LEgomgds s FogoLEMIGNMs FoosMs 3gMdsbool,
00J900b, 5335¢00b, M0-sbol s Lb3s J399b69d0ol dmdowsdggdds;

o #3960 3MMLELTMNIZMIOMEGI0 O YMBOWO 3OO 5355850 IMmP3sfgmdab 5dgM03580, 35650500,
Lox3EbAgd0, FgMdsbosdo, HGlgmTdo, s53LEME0sLS s b3S J39969dd0;

o 2011-2021 fewgddo Bggbo 3500900l  MJEHMMBEJdTS  250850x39L  MMLMOggwol  ghmgbmwo
Ls39360gMMm BMbEOL Lsa®sbEm 3mb3OLYdT0 sbowrgsbMs d93b0gMms s MIEGHMMBEHIOL TFmeob (9.
0MJ0s, 0. 20)HSI3000, B. SOGBMAsTZ0w0, 0O LMY, . FOZOMIAZ0W0, . 3030sdg S Ub3.);
960531b 30:09dGH00 93OHM3530 0™l bBsg0M9ds LG IBEHYOTS (. Fmbos, 3. Bowob®odzowo s bbg.);

LogdoMmm39wml ¢9dbozmemo Mboggdliodg@ol md@m®sb@o 8s60sd 0bsodz0wo 35935600 - ,,oLMmE0MgdOL 6
oo bodsmmnggmmlogol® oge asdmabogdmwo gliggdols s 33eg30L LadHmgdBm Fobswogdgdol
3MbB3OLOL 25T K 390 Jobs. LEHM-0L 0bxgM®MTsEozols s FoMmM30L LobEHYIGOOL Bo3WWEHIGHOL
0683mM53H030L Lomd@mmm 30Hma®msdol 3g-2 37MLoL LEMIBEHOL LogmbzweOLlm mgdsd - ,COVID-19-0b
d9bodeEm 453965 930M3OzB0MLS s LagdsMmMZ9WmL MMMOYMMBYBLS S SLMEFOMYdOL Tglsbgd Fgomebbdgdols
F9LOYgdsDg”, 3m63MOLBY 306390 SR 03935, 56053 0650830l (bgerddm3zsbgwro 3OME. .
39¢60583000), LIOEGH0RB035G JOMO, BMEWSEO X0, 500 g3HM 45YES.
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CHAIR OF ,AUTOMATED CONTROL SYSTEMS®“ CELEBRATES 50™ ANNIVERSARY
— ITS ROLE IN THE DEVELOPMENT OF EDUCATION AND SCIENCE

Chogovadze Gocha, Gogichaishvili George, Surguladze Gia
g.chogovadze@gtu.ge, g.gogichaishvili@gtu.ge, g.surguladze@gtu.ge
Georgian Technical University
Summary

The article presents historical review of educational, scientific, social and organizational events and main
results implemented during the 50 years (1971-2021) since the establishment of the Chair “Automated Management
Systems" at the Georgian Technical University. The first steps of the department and the dynamics of its sustainable
development are presented against the background of continuous improvement of the educational process and
implementing of scientific results in practice (Manufacturing). The article provides analysis related to essence of
informatics (and computing) as an interdisciplinary science, the mission and tasks of automated control systems as
an organizational management (management). The article discusses fundamental issues of software engineering and
data management in the field of object-oriented modeling, design and implementation of hybrid software of
management information systems. Last but not least, the article reflects the major innovative educational-scientific
achievements that have been made at the Chair of Automated Control Systems (Software Engineering) for half a

century.
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SOFTWARE FAULT TOLERANCE VIA ENVIRONMENTAL
DIVERSITY
Prof. Kishor S. Trivedi

ktrivedi@duke.edu
Duke University, Durham, North Carolina, USA

Abstract

Complex systems in different domains contain significant amount of software. Several studies
have established that a large fraction of system outages are due to software faults.

Traditional methods of fault avoidance, fault removal based on extensive testing/debugging,
and fault tolerance based on design/data diversity are found inadequate to ensure high software
dependability.

The key challenge then is how to provide highly dependable software.

We discuss a viewpoint of fault tolerance of software-based systems to ensure high
dependability. We classify software faults into Bohrbugs and Mandelbugs, and identify aging-related
bugs as a subtype of the latter.

Traditional methods have been designed to deal with Bohrbugs. The key challenge then is to
develop mitigation methods for Mandelbugs in general and aging-related bugs in particular.

We submit that mitigation methods for Mandelbugs utilize environmental diversity.

Retry operation, restart application, failover to an identical replica (hot, warm or cold) and
reboot the OS are examples of mitigation techniques that rely on environmental diversity.

For sofiware aging related bugs, it is also possible to utilize a proactive environmental diversity
technique known as software rejuvenation.

We discuss environmental diversity both from experimental and analytic points of view and
cite examples of real systems employing these techniques.

Appendix_1: Author's short biography

Appendix_2: Several slides of the thesis

Appendix_1
Short Biography

Kishor S. Trivedi holds the Hudson Chair in the Department of Electrical and Computer Engineering at
Duke University, Durham, NC. He has a B.Tech (EE, 1968) from IIT Mumbai, M.S. (CS, 1972) and PhD (CS,
1974) from the University of lllinois, Urbana-Champaign. He has been on the Duke faculty since 1975.
He is the author of a well-known text entitled, Probability and Statistics with Reliability, Queuing and
Computer Science Applications, first published by Prentice-Hall; a thoroughly revised second edition
(including its Indian edition) of this book has been published by John Wiley. He has authored several
other books. He is a Life Fellow of the Institute of Electrical and Electronics Engineers. He is a Golden
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Core Member of IEEE Computer Society. He has published over 600 articles and has supervised 48 Ph.D.
dissertations. His h-index is 107. He is a recipient of IEEE Computer Society Technical Achievement
Award for his research on Software Aging and Rejuvenation. He is a recipient of IEEE Reliability Society’s
Lifetime Achievement Award. He has worked closely with industry in carrying our reliability/availability
analysis, providing short courses on reliability, availability, performability modeling and in the
development and dissemination of software packages such as SHARPE and SPNP.

Appendix_2

Several slides of the thesis

» Probability and Statistics with Reliability, Queuing,
and Computer Science Applications, 1982; Second
edition, John Wiley, 2001 (Blue book) - Chinese
translation, 2015; fully revised paperback, 2016

» Performance and Reliability Analysis of Computer
Systems: An Example-Based Approach Using the
SHARPE Software Package, Kluwer, 1996 (Red book)

Queuing Networks and Markov Chains, 1998

John Wiley, second edition, 2006 (White book)

Reliability and Availability Engineering,
Cambridge University Press, 2017 (green book)

Slide_1

Software Fault Tolerance: New Thinking

If yes,

BV T
)

Failover to an identical software replica
“ {that is not a diverse version)
Duke

\ 7/
LE K.

Both have the same bugs

Slide_2
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Software Fault Tolerance: New Thinking

Have heen
Known to help
in dealing with

hardware

Do they help in
dealing with failures
caused by software
bugs? Without fixing

Duke

Slide_3

RETRY
RESTART

e

If yes, why?

transient faults those bugs?

Without fixing bugs

Bugs are not all equal !

Fault triggers make the difference

» Some bugs are “trivial”, and failures caused by them can
be easily reproduced. So it is relatively easy to remove
these bugs

» Others are “subtle”, and reproducing the failures caused by
these bugs is challenging

« Concurrency bugs

Race conditions
Memory leaks
Hardware-related bugs affecting software

These bugs have a significant impact in terms of the
number of software failures and the resultant losses

A New Classification of Software Faults

Bohrbug:=A fault that is easily
isolated and that manifests
consistently under a well-defined set of
conditions, because its activation and
error propagation lack complexity.

Example: A bug causing a failure whenever the user enters a

negative date of birth

- Since they are easily found, Bohrbugs may hopefully be
detected and fixed during the software testing phase.

Term alludes to physicist Neils Bohr and his rather simple
atom model.

Slide_5

23



Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS. Vol.1.1, No 1(32), 2021

Software Fault
Cassification

A New Classification of Software Faults

Mandelbug:= A fault whose activation
and/or error propagation are complex.
Mandelbug is difficult to Isolate, and/or the
failure caused by a it is not systematically
reproducible.

Example A bug whose activation Is scheduling-dependent:

Residual faults in a well-tested software system are mainly
Mandelbu

Term alludes to the mathematician Benoit Mandelbrot and
his research In fractal geometry.

Also called concurrency bugs, non-deterministic bugs, soft
bugs or environment-dependent bugs;

Failures caused by these bugs also called transient failures

Slide_6

Mandelbug Complexity Factors

» Besides workload and internal state of the software
system, its system-context (or operating) environment
participates in determining whether a failure due to such
a bug will occur

» So a fault is a Mandelbug if its manifestation as a failure
is subject to the following complexnty factors
+ Long time lag betwaon fault activation and falure eppearanca
+ Operating environment dependence (OS resources, other applications
runnng concurrently, hardware, netwark )
» Timing among submitted operations
+ Sequencing or ordering of operations

» A failure due to a Mandelbug thus may not reoccur upon
the resubmission of the same workload if the operating
environment has changed enough

Slide_7

Aging-related Bug — Definition

Aging-related bug := A fault that leads
to the accumulation of errors either
inside the running application or in its
system-context environment, resulting
in an increased failure b’ate and/or
degraded performance.

Example:
= Abug causing memory leaks in the application

= Note that the aging phenomenon requires a delay between
(first) fault activation and failure occurrence.

= Note also that the software appears to age due to such a bug;
there is no physical deterioration

slide_8
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Dealing with Mandelbugs

» Depending on the bugtype, appropriate sirategies are needed
» Traditional testing tends to be Ineffective for Mandelbugs: more suitable
verification strategies are
« Model checking
« Combinatorial testing

« Ratliff, Kuhn, Kacker, Lei & Trivedi, "The Relationship between
Software Bug Type and Number of Factors Involved in Failures " JEEE
International Symposium on Software Reliabifty Engineering
Workshops (ISSREW), 2016

» Failures due to Mandelbugs can be tolerated by
- Retrying failed operation, Restarting a process or Rebooting the VM
« Failover 1o an identical replica
» Failures due to Aging-related bugs can be prevented by
« Software Rejuvenation
+ Handbook on Software Aging and rejuvenation, Dohi, Trivedi &

Avriizer (eds.), World scientific. 2020
slide_9

Methods of Mitigation: Mandelbugs

‘ Software (0S, middleware, applications) J

] | Retry Fallover to nm-n‘ mm-‘
/| | eperation standby Application | | Node

Slide_10

Software Fault Tolerance: New Thinking

» Environmental Diversity as opposed to Design
Diversity

» Our claim is that this (retry, restart, reboot,
failover to identical software copy) may well work
since failures due to Mandelbugs are not negligible.
We thus have an affordable software fault tolerance
technigue that we call Environmental Diversity

Slide_11
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360530 MBM639emygmaol dEMmIMIS J5Mmgdmls
3M535¢0x8gMm3560 dByMbgdgdolisdo

30806 303900 (030L MboggMlo@g®o, 5dd)
Myb0ndy

bb3oslbzs bLgmmdn (omdgxbdn) sMbgdymo Monmao LobEg8700 dgnEs3l 860336gemMm3560 MoMEabmdal
3fMmmaMmsdnm YbBmMNb3gmymazsl. MeBybndg 33358 330hA3306s, MMA LobBJdol 8@yYybgdal (gocmmnd3nl) ocon
Bofoamo godmf3gnmos 3hmamsdyma nbBM163gmymxynl dxemdgdno. d7Eemadldolbs s 3&Ynbgosms Mo300s0
33000l GMmsnionmo 8500mEl00, MMBmMyons 0sBoMadnmMos Bamom GabEGnoMmgds/gsdshmznl Loeznd3zgmby
5 8@yYynbgdgdnlswdn dgMmon 3700mEJ00, Eoxndbldnmo ©aBsnbal/ mbsggdms 8Me3se3yMmM36905%7,
5M55007335& M0 (sMaldizdomnbing) 3Mmamadymo nBMmNb3gmymaznl domamo Landgxemmdol PBMNb3lxmbsymssco.
50839Ma, dmo3smn gdodm§3g3ss, o MmagmM Ybs dx3306s0 FomomUbondgym 3Mmmamsdynmo YBMNb3gmyma3s.
domomo  LondgEmmodnl NBMYB3JMLsymss H336 gobznbomozm 3Mmamsodnmo bLobEgdgdol dagMomodals
035bobBMmollL 3@yYynbaogdabocdn. 3Mmagmadymoa PHBMmY63gmymazals 3&Ynbgdsms Jemsbnsnisgnol dnobge3znm h3gb
3o0m3ymxzo  dmMmoby s Bsbgmal  dxsemdgdl  (Bohrbugs o Mandelbugs), sgfhymszy gob3Lbmamozm
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YCTOMYMBOCTb NPOrPAMMHOIO OBECMEYEHUA OT
OTKA30B U3-3A PASHOOBPA3UA CPEADI
Kuwop Tpuseam (YHus. [btoka,, CLLA)

Peslome

CnoXHble cUCTeMbl B PasfiMyHbIX 06acTAX COAep)KaT 3HauyuTeNbHOEe KOJIMYecTBO MPOrpPaMMHOro
obecneyeHns. Hecko/NbKO McCneaoBaHUIM MOKasanu, yYto 6osbliaf 4acTb cb6oeB CUCTEMbl MPOUCXOAUT M3-3a
OWKMBOK NporpammHoro obecneyeHusa. TpagMLMOHHbIE MeToAbl NpefoTBpalLeHns cboes, ycTpaHeHUs cboeB Ha
OCHOBE OBLIMPHOrO TECTUPOBAaHUA / OTAAAKM M OTKA30yCTOMYMBOCTU, OCHOBAHHbIE Ha pa3Hoobpasun gusaiHa u
[aHHbIX, OKa3bIBAOTCA HEAOCTAaTOYHbIMKU ANA obecnevyeHns BbICOKOM HaZLEXHOCTM NPOrpaMMHOro obecneyeHus.
Takum obpa3om, KAOYeBONM 3agauveit ABNAETCA CO34aHMEe BbICOKOHAZAEXKHOro nporpaMmHoro obecnevyeHus. Mol
06CyKAaeM TOUYKY 3peHMA OTKa30yCTOMUMBOCTM MPOrpaMMHbIX CUCTEM ANA obecneyeHUs BbICOKOW HaLeKHOCTW.
Mbl Knaccudpuumpyem cbou nporpammHoro obecneyeHus Ha ocHoBe olWMBOK Bopa u MaHaens (Bohrbugs u
Mandelbugs) v onpeaensem owWKNOKM, CBA3AHHbIE CO CTAPEHMEM, KaK NOATUM NOC/AEe4HMX.

Ona 6opbbbl ¢ 6opbaramm 6biaKn paspaboTaHbl TPAAULMOHHbIE MeToAbl. KntoueBon 3aaayen B 3ToMm ciydae
ABNsAeTcA pas3paboTka MeToAo0B YCTpaHeHWa owubok MaHgens v bopa B LeNOM W OWMBOK, CBA3AHHbLIX CO
CTapeHneMm, B YaCTHOCTU. Mbl yTBEPKAAEM, YTO METoAbl CMArYeHUsA nocneacTeuii ana Mandelbugs ncnonb3aytoT
pasHoobpasne OKpyxatouwelh cpeabl. MOBTOpHAasa onepauusa, nepesanyck MNPUIOXKEHMUA, NepekaloyYeHne Ha
WMAEHTUYHYIO PENINKY (ropAaYyto, TENAYIO AN XONOAHY0) U Nnepesarpy3ka OC & BOT npuMepbl METOL0B CMATYEHUA
nocneacTBuil, OCHOBaHHble Ha pPa3HOO6pa3Mn okpyKatowen cpedbl. OnA OWMBOK, CBA3AHHBIX CO CTapeHWeM
nporpammHoro obecneyeHus, TakxKe MOKHO MCMNO/Ib30BaTb METOZ, YNPEXKAAIOLLEro pa3Hoobpasna oKpyKatoLwen
Cpezbl, N3BECTHbI KaK OMOJIOXKEHWE NporpamMmHoro obecneveHuns. Mol obcykgaem pasHoobpasne oKpyKatoLLein
Cpefbl KaK C 93KCNePUMEHTANIbHOM, TaK M C aHAIMTUYECKON TOUEK 3PEHUA U NPUBOAMM NPUMEPbLI PEANbHbIX CUCTEM,
NCMONb3YIOLWMX 3TN METOAbI..
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TEACHING QUEUEING THEORY AND ITS APPLICATIONS
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Abstract

The aim of the present paper is to a short review of software tools for teaching Queueing
Theory and to introduce an own application called Queueing Systems Assistance (QSA). The
software is integrated into a lecture note with the goal to calculate and visualize the main
performance measures. In addition, it helps to minimize a quite general mean total cost per unit
time with linear objective function. Several examples are given to illustrate the advantage of the
graphical module included in the package.

Keywords: modeling. Queueing. Teaching. Software. Visualization.

1. Introduction

The teaching of Queueing Theory (QT) needs innovation and new methods to attract the
attention of the students. The field of applications has changed a lot in the past years and | am
convinced that more and more students and practitioners need to use the methods and models of
QT. The development of computational possibilities has greatly contributed to a better
understanding of the theory.

In his lecture note Sztrik [1] discussed a number of basic queueing models that have proved
to be useful in analyzing a wide variety of stochastic service systems. The author feels that there
is a need for such a treatment in view of the increased use of queueing models in modern
technology.

Actually, the application of queueingtheory in the performance analysis of computer and
communication systems has stimulated much practically oriented research on computational
aspects of queueing models.

Furthermore, a software package called QSA (Queueing Systems Assistance) developed
in 2021 is integrated into to lecture note with the aim to calculate and visualize the main
performance measures. In addition, it helps to minimize a quite general mean total cost per unit
time with linear objective function.

The greatest advantage of this application that these scripts can run in all modern devices
including smart phones, too, thus the application is very convenient for students and improve
the efficiency of a teacher.

To solve practical problems the first step is to identify the appropriate queueing system and
then to calculate the performance measures. Of course the level of modeling heavily depends on
the assumptions. Our advice is to start with a simple system and then if the results do not fit to
the problem continue with a more complicated one. Various software packages help the
interested readers in different level. The following links worth a visit

http://web2.uwindsor.ca/math/hlynka/qgsoft.html

We have collected some basic books on QT in which software support is mentioned, for
example, Mathemica in Allen [2], Harchol-Balter [3], MatLab in Bhat[4], Kobayashi and Mark
[5], Kulkarni [6], Stidham [7].

A reasonable choice for calculations in teaching is the usage of spreadsheets. We highly
recommend an Excel-based software package called QTSPIus to determine the main performance
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measures of basic models. It is associated to the book of Gross, Shortle, Thompson and Harris
[8] and can be downloaded here
ftp://ftp.wiley.com/public/sci_tech_med/queueing_theory/

For application and problem solving oriented teaching courses we have alsodeveloped a
software package called QSA (Queueing Systems Assistance) see, Szilagyi et. al. [9] to calculate
and visualize the performance measures together with optimal decisions not only for elementary
but more advanced queueing systems as well. It is available at

https://gsa.inf.unideb.hu

The main advantages of QSA over QTSPIlus are the following

It runs on desktops, laptops, mobile devices

It calculates not only the mean but the variance of the corresponding randomvariables
It gives the distribution function of the waiting/response times (if possible)

It visualizes all the main performance measures
It graphically supports the decision making

2. QSA in action, problem solving

QSA is a user interface, a web-based application written in TypeScript. Any browser (Firefox, Chrome,
Edge, etc.) on every platform (Windows, Linux, Android, iOS) is supported, which means one can use mobile
and desktop devices for per- forming any calculations which are executed on the server. There are no hardware
limitations, the source code is available on GitHub, under the MIT license, so anyone interested in can check
out the code or help to develop the application.
QSA is integrated into the lecture note of Sztrik [1].

QSA Home

_ University of Debracen
I vy

QSA Application
Queueing Systems Assistance

Fig. 1. Opening page of QSA

In this section we show some examples how to use the application. After the opening one
can select between the following modules
Table - to calculate selected performance measures based on input values. Theresult is
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exportable into different file formats so that one can use it for further work

Chart - to generate figures and compare the performance measures with each other. Also, it
is useful for demonstration or learning purposes.

Compare Tables - to compare two systems’ performance measures with eachother

In the Table module the performance measures can be obtained in a tabular form after giving the
required parameters depending on the system (arrival rate, service rate, number of servers, capacity, number
of sources), non-required parameters (number of customers in the system, time slot for the distribution
functions of waiting/response time, quantile values) and different costs.

The Chart module helps to visualize the results and it supports the teaching most. Entering to this part
we have to select a systems and to give the variable of the performance measures, the staring, ending values
of the interval and the steps. Students can see the effect of different parameters on the performance measures.
These measures can be switched on/off by clicking of the mouse to the required one.

Using this function we can solve graphically several decision problems, for example, to find the number
of servers, the capacity of the system, service rate, arrival rate, percentage values. The plot of the cost function
can be demonstrated. The screen can be downloaded into 4 file forms (PNG,JPEG,PDF,SVG) with and without
grids. One can display it in full screen and can print directly. Moving the mouse on the curve the actual values
of the variable and the performance measures can be seen to help the decision. Moreover, one can zoom in/out
of certain part of the interval.

The Compare module supports comparisons of tables. Before using it you should create several tables
and then can select which ones are to be compared. The performance measures are listed and it is easy to
analyze the systems.

One of the special features of the software is that the performance measuresof
M/G/1/K/K systems with deterministic, Erlang, Hypo-exponential, Hyper- exponential, and
gamma distributed service times are calculated. Distribution function of the waiting/response
times of the M/M/c/K, M/M/c/m/K systems and the performance measures of M/M/c/K, M/M/c/m/K
with balking and reneging are determined as well.

It was our aim determine, where it is possible, the distribution function of the
waiting/response time to solve decision problems. In addition, not only the mean but the
variances of the measures are derived. What is also unique is the calculation of the mean total
cost per unit time in steady-state.

For illustration let us see the following examples.

Example 1: Customers arrive to a 3 server system according to a Poisson process with rate 4. The
service times are exponentially distributed with parameter 1.5. Findthe minimum capacity of
the system for which the probability of blocking is less than 0.01 and the probability that the
waiting time exceeds 1.5 minutes is less than 0.05.

Solution: It is an M/M/3/K system and the problem is that by increasing thecapacity the
blocking probability is decreasing but the waiting time is increasing thus the probability that it
exceeds a certain level is increasing. First of all we haveto switch to the distribution function
of the waiting time and that is why its value should be at least 0.95 at 1.5.

It should be mentioned that for this system there is no closed-form analytical
expression for the distribution function of the waiting time as in M/M/c systems. However, it can
be computed by the following formula, see Sztrik [1]

Fw(t)=1—inn2%. M = 1_F31P (<K=,

Clearly we have to use the Chart module and to visualize the curves as the function of the
capacity K.
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Of course the step is 1, after giving the required parameters 4, u, ¢ and time slot t = 1.5 we
generate the chart showing only the measures in question.We can switch on/off the grid, too.
Then we get the following Figure 1 showing that there is no solution on these conditions.
However, if we change the blockingprobability to 0.08 the solution is K = 8. Similar questions
could be put for the service intensity, and the number of servers, too.

M ‘ M ‘, ( : K
- Py

o Py: 0.0811 w1 T

:I I ¥ 1 '4; + Py: 0.00901

I“([:' - ‘[\“"“" T ——— S — me; ) f,,'.': o SO e UL B
K8 -

| e
]“Bv

Fig. 2. Solution to the M/M/3/K system

Example 2: We have a finite-source system with 30 sources, the request generation times are exponentially
distributed with rate 1. The service times are exponentially distributed for all the 5 servers with intensity 2.
Find the minimum capacity of the system for which the probability of blocking is less than 0.01 and the
probability that the waiting time exceeds 2.4 minutes is less than 0.05.

Solution: It is an M/M/5/m/30 system and the problem is that by increasing the capacity the blocking
probability is decreasing but the waiting time is increasing thus the probability that it exceeds a certain level
is increasing. First of all we have to switch to the distribution function of the waiting time and that is why its
value should be at least 0.95 at 2.4.

It should be mentioned that for this system there is no closed-form analytical expression for the
distribution function of the waiting time as in M/M/c/K/K systems.

However, it can be computed by the following formula, see Sztrik [1]
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PW >Xx) = Kiiw e 11 (n,r,K), PW<x)=1-PW >x),

J!
PW=0)= iﬂk (n,r,K).

where the probability that a customer arriving into the systems finds k customers there is

M, (nr,K) = N=ROROK) o ket
i(n—i)Pi(n, r,K)

i=0
It should be noted that the notation of the lecture note and QSA is different concerning the number of servers,
capacity and sources but the meaning is the same according to the Kendall's notation. Here Py (n, r, K) denotes
the steady-state probability of a M/M/r/K/n system which is denoted by M/M/c/m/K in QSA.

Clearly we have to use the Chart module and to visualize the curves as the function of the capacity m.
Of course the step is 1, after giving the required parameters A, y, ¢, K and time slot t=2.4 we generate the chart
showing only the measures in question. Then we get the following Figure 3 showing that there is no solution
under these conditions. However, if we change the blocking probability to 0.04 the solution is m=24. Similar
guestions could be put for the service intensity, the number of servers, and number of sources, too.
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Fig. 3. Solution to the M/M/5/m/30 system
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Example 3: Let us see an M/M/1 system with A =1 arrival intensity and the following costs, cost of service
per server per unit time CS = 5, cost of waiting in the system per customer per unit time CWS =5, cost of
idleness per server per unit time CI=20, cost of service rate per server per unit time CSR=25, reward per
customer per unit time R=10.

Find the optimal value for p which minimize the expected total cost per unit time with linear objective
function.

Solution: It is an M/M/1 system and clearly we have to use the Chart module and to visualize the
curves as the function of service intensity p. Of course the step is quite fine, let us say 0.1, after giving the
required parameter A and the costs mentioned before we generate the chart showing only the expected total
cost.

Then we get the following Figure 4 showing the optimal value at p =1.9 which equals 35.

MIM[]

H Total costy. 35 !

Fig. 4. Solution to the M/M/1 system

Besides these options we can ask for statistics concerning the usage of the software by clicking the

monitor icon. The application was released on 19.02.2021 and at present we have the following data:
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Fig. 5. Elastic statistics

3. Conclusion

In this paper we introduced a new application to help teaching Queueing Theory.One of the
main advantages of the software is that it runs on most platforms including smart phones and
became very popular among the students. It is easy-to use and in addition to the calculation of
the main steady-state performance measures it visualizes the results and thus support decision
making and optimization of cost functions. The software is integrated into a lecture note where
the theoretical part, formulas, and proofs can be found.
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Abstract

In the paper, using purely probabilistic argumentation, we give a new method, which on one hand
simplifies semi-Markov queuing system’s analysis using supplementary variables method. On the other hand,
it allows not to use partial differential equations’ infinite or finite system at all in non-classical boundary
problem of mathematical physics and directly derive the system’s solution in terms of operational calculus.

Keywords: probabilistic argumentation. Semi-Markov process. Reliability model. Queuing system.
Penerating function. Laplace transform.

1. Introduction

In Mathematical Theory of Reliability (MTR) and Queuing Theory (QT) Semi-Markov processes widely and
productively are used. Exactly Semi-Markov models constitute the important part of classical QT and MTR. In these
scientific fields reliability, dependability and performance analysis for real technical systems is carried out [1-21].

The results of such analysis for modern complex systems, specifically for territorially distributed networks, (large-
scale technological systems such as telecommunication, computer and transportation networks, power and defense
systems, etc.) are of great practical value and one would like to see more in this aspect. Investigation of the relationship
between reliabilities, capacities, inputs and outputs at various components of above networks will be welcome to design
engineers and managers, as it will be help in optimizing the efficiency of such systems.

As shown in the published works of the prominent experts in probability theory and its applications, Khinchin,
Gnedenko and Feller, in the models of stochastic systems, there is often “hidden” a simple, pure probabilistic chance for
their investigation. The method proposed in this paper was developed in the course of many years at the seminars
conducted by the authors, and their colleagues Mikadze and Khurodze. In an earlier works, above authors used the
method in an intuitive manner. Here it is formulated in the rigorous mathematical language. The starting point of the
method is the consideration of the investigated system simultaneously at two time moments: 1) the current time moment
t and 2) the previous moment t — x, where x is one of possible values of a supplementary variable. The consideration of
the system within the [t — x, t] time-Span proves the corresponding theorems. The method works for both open and closed
queuing systems.

2. Open Queuing System - M/G/1

The M/G/1 queue is a single-server system with Poisson arrivals and arbitrary service-time distribution. We
denote by A the parameter of corresponding input process, by G (x) relevant cumulative distribution function of service
time and by g(x) corresponding probability density function. Denote also by 7 service rate function. It is known that
n(x) = g(x)/(1 = G(x)) [1-4].

We introduce random processes n(t) and &(t), which define the states of the considered system at the time ¢.
n(t) is the number of customers waiting in queue at time t (not including the one in service) £(t) is the service time
already received by customer in time t.

Denote P(t) = P{n(t) = 0};

Denote q,(x,t) = }lirré (% P{n(t) =nx<&t)<x+ h}), n=20,1,2..
With respect to the functions P(t), g, (x, t) the following systems of integral-differential and partial differential

equations have been written:

dp(t) _

t 1
dt —Ap(t) +J;%(x, tn(x)dx 1)
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aqna(tx't) " aqg(xx’t) a0k, () =0-8,000,5(xt)  n=012. @

Where, 5n,|< is Kronecker symbol.

5 _{1ifn=k
kT 0ifn+k

Without loss of generality we can start at t=0 with an empty queue, so that we have initial conditions:
P(0) =1, qn(x,0) =0, n=12.. qo(x,0) = 6(x) 3)
With respect to the boundary values of the introduced functions the following system of recursive equations has

been written:

0, (0,8) = [0 (6 XY 520 2PE)n = 0,12 . “

0

The system (1-2) together with initial (3) and boundary (4) conditions constitute non-classical boundary value
problem of mathematical physics with nonlocal boundary conditions.

Until now, there does not exist a closed-form analytical solution for the problem. There exists one solution in

terms of operational calculus, namely generating function for sequence (, (t, X) and Laplace transforms are used.

The generating function for sequence Q, ('[, X) has been introduced and obtained in the form
6% t) = ) 2" (0,0)
n=o

As a result of long and complicated transformations and calculations the expression for Laplace transform of
above generating function with respect t is obtained.

In the models of stochastic systems there is often “hidden” a simple, purely probabilistic chance for their
investigation [4]. We offer here such a kind novel approach to obtain the transient solutions to reliability models described
above. The main advantage of our approach is the fallowing fact: it allows us to obtain transient probabilities without
using (2) partial differential equations, which are fundamental in classical models.

We prove the following theorem land theorem 2 for transient solution of M/G/1 system using a novel pure
probability method [17].

Theorem 1.The expression for the function (t, X) has the following form

e )(n—k) _
4n(0,8) = (1= B()) B0 @ (0.t =)™ n =012 ®)

Theorem 2. The generating function G(z, x, t) is expressed by its boundary value at x = 0 in the following way:
G(z,x,t) = G(2,0,t — x)[1 — G(x)]e (-2 (6)

Taking as a basis Theorems 1 and 2 the Laplace transform for the above generating function can be easily obtained
without using the infinite system (2) of partial differential equations. To get this result, it is sufficient to use equation (1),
initial conditions (3) and boundary conditions (4).

3. Closed Queuing System - Two-unit System

A redundant technical system consists of two identical, unreliable, repairable units. One of them is operative and
another one is redundant. Life times for them are random variables with exponential distributions. Their failure rates are
a; and a,, respectively. The units’ repair time is a random variable o with general distribution function G. There is one
repair server in the system.

When operative unit fails it is immediately replaced by redundant one, if it is not failed. Repair server immediately
commences the repair of a unit, which fails first.
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The process n(t) has three possible states: 0,1,2 (there are 0,1, or 2 failed units in the system).
We denote by P,(t) = P{n(t) = 0}
And
pi(x,t) = }li_r)r(l]%ﬂj’{n(t) =0,x<é(x)<x+h} (7
The state n(t) = 2 is absorbing (failed) state. Our aim is to analyze first passage time into failed state as random
variable 7.
Using usual probabilistic reasoning we obtain the following system of equations [2,9]

Py(t) = —aPy(t) + [, py (x, )n(x)dx ®)
Ip1(x) | Apa(xt) _
ot + x - .u'(x)pl (-x! t): (9)

There are the initial and boundary conditions
Py(0) =1, pi(x,0) =0, p;(0,t) = a Py (t) (10)
The equations (8)-(9) together with (10) constitute non-classical boundary value problem of mathematical physics
with non-local boundary conditions [4].
As a result of the solution of this problem in terms of operational calculus, the Laplace-Stieltjes transform for
P, (t) is obtained

We prove the theorem 3 for the system using a novel pure probability method [19].
Theorem 3. The expression for the function p; (x,t) has the following form

p1(x,t) = p1(0,¢ = x)e M [1 = G(x)] (11)

Using theorem 3 it is easy to obtain Laplace transform for P;(t) without using equation (9). To get this result it
is sufficient to use equation (8), initial and boundary conditions (10).

In addition to the above benefits the Theorems 1, 2 and 3 significantly simplify the final solutions to systems of
partial differential equations [1-4] in terms of operational calculus. It is known that such equations frequently arise in
Mathematical Theory of Reliability and other fields of research and technology.

4. Conclusion

The preceding discussion may be summed up by saying that in the stochastic models of complex system there is
often “hidden” a simple, pure probabilistic chance for their investigation. The basic point of the approach is the
consideration of the constructed semi-Markov processes simultaneously at two time-instants: 1) the current time instant
t and 2) the previous time instant t — x, where x is one of the possible values of a supplementary variable. They
significantly simplify the reliability analysis of the considered technical systems [4].

We believe that with a certain appropriate modification of the method, it will be possible to investigation
analogously other semi-Markov systems.
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2. doMmomago bsfoero
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350©Y0bo 56056 031Fomb 9 MO0 LsbgawdHomm MFygdol glsdsdol 3wsGRMMIGODBY s SGZ0MMM™b ol
0bxm®Ts309, ML Fomsb Labgwdfozgm ombmgl.

3OO0 3RMIsMYIMOOm, Je9dBHOMbYo Lsdgoobm Bsbsfghgdol LobEgdsdo (EHR — Electronic
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3LAOMIEMOMOMHO0 dbs3gdgool sbserobo [5]. gb Bmbs3gdgdo dgodaergds ogml bbgaalibgs 39@gamemools:

- 390 5 bmEos MO 89006 B0wgdEo Bmba3gdgdo - Mmam®moisss Facebook, Twitter, LinkedIn, blogs,
X 56900090 dLm9b 353000 390-339MIOO;

- d0mdgEHmoro dmbs3qdgdo - GHMYMOOES 0moL 96sd9Fgd0, 39693035, bgwbsfigmgdo, dowweol
135606905 s bbgs LodgoEobm LvEs0gdO;

- g5M35393GIW0 3330Ls o Job30maMgdol Imbo3gdgdo, MMAwgdos gbgds Fodwrol dmddgwgdol
094560BaL, 5530560l MmMHAB0BIJo BoBbMdM0Z Jdgadslis s 33900 IMgEYbgdL;

- bbgoalibgs 33¢093000 mMH560Bo30gd0sb dowgdrwo dsbogrgdo.

39330005 0505950 300d35m, HMA X56@s:330L 06EMLEHMOS G930 ‘post-EHR’ 0o93350900L g35bsdo.
sbaws, 80003500  Fobobo M0l Fgammzgdmwo oo  dmbs3gdgdoEsb  MgewMo  Jdgombsmosbo
068mM35305 d0g300Mm.

0mbo399900L Ibmerm dga™m3zgds, 0d6gds g 35@96MS 049 OO TMbs(3999d0, LEWI0SE MBIMYJOCM
©5 5B 30607dom, BsbIOKROE 0L, 0M30 Tom M3397wo 3MmBEIJLAHL 9O F039LOIRJOM s o6
359m3099b900m.

©0© 9mb539998056 989dGHMMO IMTomdobImZol hodmyseodgdmmos g. §. CAP ogmMgds [3]. o0
3Mb3983300L Mbsbdo, 2obsfowgdmer LolEgdsl dgwdeos, MM JMHMOOMMESE 3Jmbogl dbmemmE MmMo
39900930 Lsdosb: Foosbmds (Consistency), bgadolbsfzomdmds (Availability) s, LobEgdol GMIgEody
Bofools sB0sbgdol 9gdmbggzsdo, 3wdsmdols 99mxnqgdbgdas goa®mdgargds (Partition Tolerance).

3. LagdoGmNZgEel %6330l FoBGHM@O LoliBgdol Big Data dmgwo

Big Data ULsdgs®m doewosh 9M535x390mm35605, bmwrm s6Jodgd@dads - 99596930 GH9dbmemaools,
30Y03MNMH0  Imfigmdowmdol M9y 3OMYMdol  3mB3wgdivdo MO0 IMHMIs380600s. B3zgbo  3GMIgIol
239005L5Y39@ 9 bs 8935MPomm FgLsdsdolio bdEHMdEwIms, GMIgwlsg 96905 CAP gm®mqdol dbsqsFgdo
(Bob.1).

EHR External
EHR

Semi- Internal

Connector

Structured / DWH
Unstructured

6sb.1. Healthcare Big Data System Architecture
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EHR Internal DWH - x%5b65330L 305360 bol@gdol 8mbsggdms d9965b39w0 g6m0sbo dsbe.

EHR External Semi-structured/Unstructured data - xsbs330L 509 9wgd@mmbmmo Bsbsfgmgdols
LgE39HDBY 396M3LGdNMEO Lb3sEILBIS GHO30L Bsowgdo.

Apache Sqoop (SQL-to-Hadoop) - ETL (Extract Transform Load) obLG®wdgb®Ho oo 9mbsggdgdol
9%399&HIO0 9db3mdE/033mOHEOLmZ0L [3]. ) 30 GHMOOEOWWO IJOMPIO0’ 350339790 B3MH03EHIOOM 0ym
dmbsggdms  dodmags  dgledergdgeo, oo  8mbsgdgdolomgol gl doaMmds  SMegBIIBM0s, 396
bmME0gwgds 056808030 35000 gJudmMEH0 s IBZOMOMZs3 3M33MIMABMBOMYdsO0s. Sqoop - Yymxil
9bs(39990L (303999 b5foergds s oo 9JuBMOE/0IZMOEGHL 35MMGEIYH 3M(39LGdSE SBBMOEF0YEYDU.

Apache Kafka - o 8mbsggdms Bo3zogdol  ©sdwdsgqdol  3MmyMsdnmo  »bOmbagerymgol
3oGBMOHTs  Foowo  49dGHIMMbsMm0sbMdoms s 306y dggmzbgdom. 9.§. publish/subscribe messaging
LobLEJdgdoL gMH-gMmo FoMdmdogbgwos [6]. sLgmo bobGgdgdobsmzol sdsbslosmgdgwos 89090
dmEawo: a533bogbo (Publisher) s3969M0oMgdl dmbs3gdgdl (Agboxgdl), HmAgeog Gmdgwody 3mb3Hg@Ewewo
9090gd0LYMZ0L 55 5MOL A3B3MMZbowo. 39MHdM, 040 53wslOGOEOMGIL Tg@Ymdobgdgdl s, MHMym®E Folo,
536 MYMol 3500 9P 396GHMo® FgHhGHowdo (dMm3qmo, Broker). 80dmgdo (350mdfg6o, Subscriber) 3o 53
039006 300bmdYb T93Ymd0bgdgdl.

Apache Hadoop Distributed File System (HDFS) - as6sfoamgdwaro, 9s18@3sdw6m0o s 3mMEs@wo
3200 bobEgds, MHmIgeog ofgMowos xsg3sdo Apache Hadoop-obmgol. wbGHmbggwymgly domoe
239935M96560560MdL o Fmbsigdms 653500980l Tglisbsboco [3].

Apache Hadoop 560l ©0s 360ma659wwo 9bmbagangmagdol bolEgds 86eg3swo LgMzghosb 890
3WobGgmgdby oo  BMmbs3gdgdol  sdwdsgqdols s  dgbsbgzologol. Apache Hadoop-ol do®Mmgl
§9600539bL 395G o0BdMwo, oGO0 S 3MOEIGEO B0 LobEgds - HDFS. Hadoop
94zl 350w gdl 0 deM3gd5 s 3b5Howrgdl Bsm 3esldgMolb dogbom. 999 030 39aLEgaL 3esbGgMob
3036963l 5835698l IMbs39dgd0L 3G gEMO FvY8s3900LM30U.

Apache Spark & Data Mining - 8mbs3gdms 9sbd@sdw6o ©s3+dsg3gdol gMmosbo sbsero@ozmemo Lol@gds.
Apache Spark 560l 96050306530 oIMMZXPOMO M35 S BOVEOMMY3JOOL GOMNMBEX0MDS 3EoLBHIMJODY
0mbo399900L  35MogEIMo  3GmEgbobyobsmgzgol [7]. J3wslGgMo s Tolby MgbmElgdol  asbsfowrgds,
O0Igbog  b3sG30  094gbgdl  s9mEsbgdol  Aoled3zgds @s  FGLobOMMEIGdESE, 0TsOHMYds  FoMIZIIO
30Mm39L9dom, MbY3 Tgbodsdolo TgbgxgMos 3oLvbolidygdguo. gb dgbgxgMo Fgodwgds ogmb Logzwm™Mog
b3oM30bog (Spark’s Standalone Cluster Manager), 56 bvgewos YARN (Yet Another Resource Negotiator Hadoopol
93mLobEHYI06), 56 Apache Mesos. L3sM30L 5303530900 3505939ds 50 Lvdosb MHMIgerodg dgbgxg®l, 9gbs
396513690 30 3505HY39GL, Mo MILYOLIdO GusFoMMIds 5T 5303305l TGuolMIEGOESE s Tgbododolo©
2399mgmgls dsb.

Apache Zookeper - Lg®30LgdoL gOHOMBEOMdS, MHMIGE0E 339039M9ds JsLEIODBY gobsfowgdmwo
LobGHYIGOOL 3OMEgLYOOL BoMmMZoLS S LObJMMbOBs30sd0 [3].

YARN (Yet Another Resource Negotiator) - ®glwy®lgdol 458bsfoegdmeo dgbgxg®o.

Apache Ambari - 3gd%g ©39dbgdmEo 3esbEIMHero dqbgxdgbEol LolGgds, Hadoop 3e0slidgdgdols
dmbo@m®mobgol, dsMm30Ls s MBOHMB3gEYmRoLbmzol. ol g3l bgalsfymms ghmmderomds Hadoop-ob
930bobEYIol Jommzols s dgbgxdgbEolmgob.

bgdmm  [o@mdmzo0a0bgo  FgmsgzsBgomwo  smJoBaddHeol  3ow3gmo  3md3mbgb@gdo.  sbans
39630bowmm HgseMo 3GMM3EIL0 YGHIWOSE:
> 9boigdoms §igsmmgdol i39bs (ETL Layer)

- EHR External, EHR Internal DWH

> 9mboigdms 9duB®sgdiool, B®Msbligm®aomgdols s Bs@gomomgzgol ggbs (ETL Layer)
- EHR External -> HDFS
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EHR 9569 Lob@gdol s6sbG®MHmJGmeomgdmmo obgm®mdszool @Gmablemo®mgdobmgol 304gbgd Apache
Kafkas-U.

B396 3obMMH 309w gdm bgoslibgs fYstmgdosb 0683m®as3ool Mfy39@Eo bogool domgdsl, 3390090m
3bseoBl s 309gbgd™ ©99350JOIMS M0 3OMABOMDBOMIOOLMZOL, LGIEHOLEH0IOLS s MY3MMEJdOL
§563mgdoLm3z0UL, doBbILOL A5wFY39GOWGIOL gordx mdILYdOLMZ0L - MglwOLYdOL dglodsdobo yobsfoegdol
MBOMB3gymzol JIoBboo.

- Apache Spark <-> EHR Internal DWH
EHR Internal Lob@gdol Ggwsgom®o 9mbszgdoms dsHgd0b 0bxm®Iszool  GHMBLEroMgdols ©s

AOBRMOTo300m30L6  304gbgd Apache Sqoop-U. dobo 153 gd0m  S30WsE  AIBBMOEFOYEGdSOS
LGOI GHYOOMIOMEo dMmbo3gdgdol 0d3mOmE/gdudm®EGo Apache Spark-ol g3mLobEgdsdo.

5099853900 8mbs3gdgdo 3o Apache Spark-osb ¢bs 2500530@6mm EHR Internal Ggsgom®
05B580. 58 M3gMO300L FobbrmM309wgdolmzol 0lgg 458m30ygbgdm Apache Sqoop-U. Asls, GMymM3 530606y,
™m®IHOH0Z50 F9d0s 0bFMmMTS300L 250s3)sbs.

EHR Internal LobL@gdsdo obobgds x9bsa3ol LobEGgdol BRsbsfigmgdo, 3wobozgdosb vy Lbgs
9 gd0sb Fomdmgdmwo. LHimMgo o0 dmbs3gdgdol ©sdwdsgzgdom d03009dm LolmMmzger MY3MMEIOL,
2396339 3OMabmbHgdle s Jo8MmmMZEgdl. 59 06x8MOTs300l 3MMEgLOBROL 3oMowgwMs© dmbogds EHR
External 35%0@sb 900gdmeo Lbgoslbgs @odol dmbozgdgool ©sdwdsggds. dsmo gHmmderogo sbserobo
339393l gOHM 9o LOHBNYLEHOM 25353900Mm®  3OMPBMDYdO. TogowoMmo©, 3Mmb3MIGMEo  Jwobozol
353096@L 543L IH3MBOMO 5535JOs, 0L 8v9ET0Z5 533003905l LoFoMHMYPIL, BHoMEIds 3bLOEITGdO
99900930 9BH53900L oLsRYATo. 58 OMUL, 3MbLoomdol IMHzse Foa0EsLMsb Fga30dwos dm3zofizomom
3990300 ,565¢0303MmL0", MMIgEoE dowosb o IMbo3gdgdl GarmdL. dsb Fgwdwos M193mdgbrsEogdol
396965305 - 0¥ OMYMOos JbaogLbo GHO30L 53500 gdJOOLYRB AoBM[3gMWO FIOMWMWGdJd0, BoGIMIOIWMEWO
03996065 mdol  9839dGHWIOMds, §F989¢gdol Bgdmddngds JOHMbmmmaomMms, 3M330MEGIOHMmo 3393900l
5336900 s 5.0.

> 9gbsbgols ;3qbs (Data Layer)

- EHR-ob 2569 LobEgdosb dowgdmer LEOMIGMOoMIdMEo, bsbgztoo LEMWIGHMMOMIdMWO ©s
3M5LEHMMIGHMMH0MHJOMO OO 8mbszgdgdol dqlsbsbs gOHM-gMmMo LsY3gmgbem 5IHY39BH0WGds sGHOL
HDFS. dobo 9s9mygbgds 80bobdgfimboos HmEs 9mboigdndo ©@oos (BgMsdso@gdo/3g@sdso®Ggdo) o
0mdogo dbsmos. HDFS - 9539d@1Mo 350mygbgdolomgol s®lgdmdl d9dwgao domomgds - bsfhghg

gonbgm, §s030mbg 8936XIO.
> 3mbag9dgdols @sdvydsggdolss s sbsgro@ozm®mo ggbs (Data Processing & Analytics Layer)
- Apache Spark
B396 339 33°d3L EHR dmeosbo Lol gdgdol ©sdds3gd)co @s bmt@oMgdreo oo dmbaoggdgdo.

LG9 o 999m©ol bgemabm®mo 0b@gwrgd@ol Hmmo. o dmbszgdgd by obbmmEogwgdweo 3s694s6v96H0
LFog3egdolL seaMmMomdgdom B3gb dqa30dwos Xsbo3gol 30xMmXIo LobEgdol 3mTsmdol gowgdxmdgligds,
09000350963 v6  33mMbsermdsdo  9930mdgdolb  99030Mmgds, Fodwrol 939Momo  8m3gbgdol  me300sb6
330903, 35309630L ©0536MBOL 3O MYBMBOMmYDds, 30bo3wMHo MIMIGDEHEOOL LOBYLEOLS s LELlMKEOL
230999% Md9LYDS, 3¢0b6030LMz0L MBY39d0L 49696309, Mg 8ozl batx gdLS s LsdgOEObM gsdm33w390L.

- Apache Sparke ML — Data PipeLine - sG>0l 956456960 bfogwgdol d0deommgzs, Momsg 8gbsdwgdgaros
bbgoolbgs G030l 8mboigdndol ©sdw)ds390s s Moo LESEHOLEH030LS s 3OMABMBIBOL 29bqGsE0s. dolo
1531 GIOM 35353 JOM LYYMOIMOL JESLOGOIEHMOL S bbZs 965¢POBIEHMMIIL.
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3. sli3gbs

oL, ®mEs bEMsgs bogds 0bBHgmbyd G9dbmemyngdol 35630006050 s 0b6xm®Tszool oo
dm3MEmdol 3mbs3gdgdo 2MM3gds 439wRob, 9ME30WgdJE0 S F9MEIY35wo bgds dsmo dmfjgltogygds,
5099853905 5 9BoEroBo. ygzgws LydBMOobmzol LbloGow®mo s JoblozMMIdom VOMmYdIMOo LfimMgo
9mbs(39990095. 890M053593w05 X9b330L LEAOBOLEHMML F0FMMEO LObEHIIOL RsdmysErodgdoL Lszombo
539999 80L0 989IGH0B© FdMmYgbgdol LogzsMorEm 3OHMABMBIBO s 90xAg00. {oTsMEH030J0s FMTomdOl
363980 s 80300g0M LOIEIYMBOW 06BMOTo305L.
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PROCESSING AND STORING OF BIG DATA IN THE DIGITAL
HEALTHCARE SYSTEM OF GEORGIA

Katamadze Sofio, Prangishvili Archil
skatamadze88@gmail.com, a_prangi@gtu.ge
Georgian Technical University

Summary

The article discusses the Georgian digital healthcare system consisting of Big Data technologies. Here
are presented the capabilities of big data platforms and the solution made by its components. With the new
structure it is possible to get processed information from any type of accumulated and constantly growing data,
which will be available to medical institutions in accordance with the protection of personal information and
in accordance with the legislation of Georgia. As a result, we get the analyzed information and the
recommendations generated by certain calculations.
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ROBOTIC PROCESS AUTOMATION ENABLING DIGITAL
TRANSFORMATION IN GEORGIAN MARKET

Irma Berdzenishvili
iberdzenishvili@bdo.ge
Georgian University

Abstract

RPA is an innovative and disruptive advanced technology. It is actively considered in the 4th
industrial revolution as the future of process automations. RPA technology is a powerful automation tool
enabling both Ul and API based automation with Artificial Intelligence. Robots in RPA technology are
becoming necessary in everyday business operations in every industry across the globe. A robot is a
software that can be programed to mimic the operations of humans on any software interface. Robots can
be configured in a way that they can take over human tasks that is rule based, routine processes. the digital
workforce known as robots, are helping humans to take their tedious work, that allow them to do more
analytical and creative work. In the nearest future, artificial intelligence will enable software robots to
automate more complex processes, that wont be sorted out based on only rule based criteria. There are
differentiated two types of robots: attended and unattended bots. Attended robots can be used as an
assistant to humans, they carry out some operations and then giving the results to the human. While
unattendued bot can be scheduled. At desired time robots could be triggered and carry out the tasks. Robots
are using Machine learning technology while they are classifying and reading not only structured but
unstructured documents as well. Moreover, nowadays our software robots can read and manipulate data
from digital, scanned documents in Georgian language, by using ML models. After training above
mentioned robots their accuracy is increasing.

1. Introduction
» What is RPA?

RPA (Robotic Process Automation) is a modern technology created to help humans in their daily,
weekly, monthly routine work enabling humans to save their resources. The technology can be used almost
in every business area in banking, accounting, back and front office processing, IT and etc. Software
programs called as robots are programed that way that they collect necessary information from the system
and continue updating it on their own. In another words the technology automates and repeats the
repetitive tasks. Vast majority of companies, especially western type companies, have already started
using RPA technology and demand for technology will be constantly growing throughout next years. The
only factor that might affect the demand growth is that next generation systems will incorporate directly
the services that will collect the necessary information from the systems and correspondingly update it in
an automated mode. Robotic Process Automation also faces such interesting questions as designing and
programming robots (even using artificial intelligence) by integrating them in different environments and
enhanced processes. (Gero Decker, Richard Hull, Hajo A. Reijers, Ingo Weber,2017)

Robotic process automation is a software that is capable to build soft robots that could imitate
human, and automate routine process. Good examples of simple automations tasks are data extraction
from different web pages, opening emails and any digital applications, reading structural information,
creating files, reports, processing calculations (Federico Berruti, Graeme Nixon, Giambatista Taglioni,
and Rob Whiteman (2017).
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“The difference between RPA and traditional business method automation may be likened to a
driverless robotic car versus a car using control. control merely modulates vehicle speed, whereas the
driverless car is ready to remember, learn, adapt, and reply to numerous driving things, as an individual's
would. This ability and awareness is what provides RPA the providing over traditional business and
information technology process automation technology “ (K P Naveen Reddy1, Undavalli Harichandana2,
T Alekhya 3, Rajesh S M 4,(2019))

Well known intangible benefits of RPA:

e Robots work 24/7, on Sundays and on holidays as well;

¢ Robots can do task 4-5 times faster than humans can and without mistakes;

o Every activity done by the robot are logged and could be seen afterwards, that makes it transparent,
and appealing in risk management;

e Robots could be scaled easily. If we compare to teach 50 employee one new process it will take lots
of time, in case of robots it could be scaled quite easily;

Rpa Robots could be easily work on almost any application, as human might do;
Not required heavy IT changes;
Fast ROI in weeks or months time;

e “Lean Six Sigma programs can benefit from introducing RPA for highly standardized tasks, since
process repeatability of a “virtual FTE” produces a lot of data, which is required for six sigma, and
removes humans as possible sources for errors.” MARKUS ALBERTH, MICHAEL MATTERN,(2017)

e Quick productivity gains within weeks, or a few months, i.e., almost instant cost cuts.

Benefits that could be calculated and translated in digits

e Reducing FTE (full time equivalent)costs. That is not only the annual salary but other overheads
like: insurance, office space, depreciation of it equipment’s, furniture this employee could be using.

¢ Reducing errors and defect causing rework.

e Improving Negative customer experience

» MARKET FOR RPA

Based on Forrester Wave review, nowadays customer demand is not only for classical small tasks
to automate but to scale up further and do more complex process automations. That enables companies to
do digital transformation by automation, especially it is important in the era of working from home. In the
RPA global Market different vendors try to provide that type of solutions to their customers. (The Forrester
Wave™: Robotic Process Automation, Q1 2021)

RPA Market is growing constantly. According to Forrester [Le Clair et al (2017)], there are more
than 50 providers in the market with prices ranging between U.S.$ 1,600 and U.S.$ 10,000 per robot,
depending on provider and functionality. According to different criteria Forrester defines the following
vendors as leaders: UiPath, Automation Anywhere and Blue Prism. According to Gartner state of RPA
report, RPA based on functional directions can be divided in the following manner (Fig.1). This kind of
picture gives us a clue that, RPA is beneficial not only on specific industries. But mostly in all kind of
segments, as functions that can be easily adapted software robots are spread across all the industries.
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RPA Adoption by Corporate Function
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Fig. 1
2. Implementation of robots

In general there are considered to do the following phases when implementing RPA
technology.Based on Markus Alberth, Michael Mattern, (2017) First phase is prove of concept (POC),
this stage combine analyzing environment in the company/department, studying existing processes in
order to reveal best candidate processes for RPA. Processes should be evaluated and assessed in terms
of complexity and benefits. After POC project we can move on to the next step automation. One process
could be picked up from the analyzed processes to do the development. This phase could be second part
of the POC or often can be included on the second phase called Pilot. This is usually done to show case
to the senior management of how robot can do the process otherwise done by the human. After theses two
phases comes the implementation phase itself. Where processes analyzed in the POC phase can be
automated process by process. Project Implementation can be done by agile methodology. That way of
managing the project gives faster delivery, decreases defects/bugs.

“Typical project risks: If you don’t plan the RPA introduction well, robots may be too slow, too
expensive, and introduce too much complexity. Some cases show that the implemented robots could not
be used at all. A neutral partner with professional knowhow can neutralize these risks. In addition, the
benefits of RPA can most probably be harvested earlier; making it right from the beginning.” (Markus
Alberth, Michael Mattern, 2017).

3. Georgian market business cases

As RPA is a new technology that enables digital transformation, BDO Digital as a consulting firm
is introducing it to Georgian market. There are several transformational projects already done in financial
sector. In banking there are use cases, where robots are doing fast transfers, conversion of exchange rates,
registering details form loan applications instead of humans. Also robots replaced human workforce in
Risk and compliance department’s processes, which is looking at different types of documents, reading
some specific texts in Georgian language, and afterwards checking, comparing and if require registering
in the core system.
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4, Conclusion

Robotic Process automation is truly become one of the most advanced and disruptive technology in business
and Information Technology. In the era of digital transformation, rpa implementation takes a major part in digital
transformation. Change management plan, right communication should be prepared to smoothly implement big
changes like replacing human employees by digital workforce. BDO in Georgia, is introducing RPA technology in
Georgian market. It could be beneficial to almost every industry taking account that RPA brings common benefits
in financial, HR, IT, Support and other functions as well. There are massive opportunity to automate processes and
to become digital by implementing digital workforce- robots in different segment in Georgia.
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965906OMAgOL 5899 dsgmb dmbs390900, ©939300MMb gHMTBYM™Mb Lbgoslibgs LolBgdgdo s
5300056 5060Mb Ym390000® 15gdosbmdsdo GHwE0bmwo dGMmds. RPA d0Bbsw olsbagl HmdmEGom
Boobo33 ML 50053006900 JogM Tglidemgdoo gobdgm®mgdso dmgdgqdgdo. dobo 3mdsmdol A0MOMSEO
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0609LEH®M0gd0L 3MI3sB0gdL  30BOWO EGHGMBLBMMTS300L BB LMo LgErgdOL obbmEE0gwgdsdo.
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OCOBEHHOCTH ITPOBEJIEHMA JIETHEN IIIKOJIBI ITO
IMTPOTPAMMUWPOBAHUAIO B YCJIOBUAX ITAHAEMWN

Onexcanzap Mumna!, Cepreit Opsimuy!, Teomop 3apkya?, Cepreit Banuuunsrii!, IOpuit ['opomko®
alex.mitsa@uzhnu.edu.ua, sergiy.oryshych@uzhnu.edu.ua, teodore.zarkua@eu.edu.ge,
serhii.vapnichny@uzhnu.edu.ua, horoshko_y@ukr.net
1-Y:xropoackuii HallMOHAIBHBIHM yHUBEPCUTET, Y KpauHa, 2-EBponelickuit yHuBepcuret, I'pysus,

3-Hauuonansusrit yauBepcuret "Uepuurosckuii kouternyM" uM. T.I'. Illepuenka, YkpauHa,
Pesrome

PaccmoTtpeno ocoGeHHocTH IpoBeZeHHS MeXIyHapoOZHOIN JeTHeil WIKOJBI II0 IPOTPaMMHUPOBAHHUIO B
Yxropoze B ycmoBuax maHzemuu. OmucaHHBIE GopMar 651 5((deKTHBEH B CIOXKUBIINXCA YCIOBHUAX U HMeEJ
GOJIBIION HHTEpeC CO CTOPOHBI CTYZLEHTOB M IIKOJIBHHUKOB, KOTOPble HHTEPECYIOTCA CIIOPTUBHBIM
TIpOTPaMMHUPOBaHHEM.

Kirouessle cy10Ba: COpTHBHOE IIPOrPaMMUPOBAHIE, JIETHAS IIKOJIA, Pa3BUTHE MEXYHAPOAHBIX OTHOLIEHHH,

OJIMMITIHAaa, OHJIAMH 3aHATHUA, IIAHOAEeMHA.
1. BBegmenme

CnopTuBHOE IIPOrpaMMMPOBAaHME CTAJIO IEPCHEKTUBHBIM HHTEJUIEKTyaJbHBIM BHAOM cropra. C KaKIbpIM
TOZOM KOJUYECTBO IIKOJIBHHKOB MU CTY[EHTOB, MHTEPeCyIOUUXCA OJUMIIMAJaMU II0 IIPOrPaMMHPOBAaHHUIO,
CTaHOBUTCA Bce Gosiblie. BrafmeHus HaBBIKaMU OBICTPOM paspabOTKM OPUTHHATIBHBIX aJITOPUTMOB [JIA pElIeHUSI
XUTPOYMHBIX 33/]a4 ITOMOTAeT MOJIOZEXKH CITPABIATHCS C peaTbHBIMU Ipo6aeMaMy 061ecTBa. JTa pa3paboTKa KeCTKO
OTPaHUYMBAETCI BpPEeMEHHBIMU pPaMKaMM, a 33 3(G@deKTHBHOe pellleHHWe YYaCTHHUK IIOTydaeT OIlpefiesleHHOe
KOJIM4ecTBO O6ajuroB. [l pasBUTHMA HABBIKOB M yMEHMH, a TaloKe AJA IOIIUTKU HHTepeca K CIIOPTHBHOMY
IIPOrpaMMHPOBAHUIO HEOOXOAMMO IIPOBOJUTH COOTBETCTBYIOIIME IIKOJNBL. Kak IIpaBMJIO OHM IIPOBOZATCA B

KaHUKYJIIPHBIN IIepPUOJ, KOTa IIKOJPHUKY U CTYJ€HTHI aKTUBHO MOTYT 3aHMMAaThCs CaMOOOpa3oBaHUEM.
2. OcHoBHas 4acThb

B asrycre 2020 roza, HecMOTps Ha ITaHEMUIO KOPOHABUPYCA, B Y XTOPOACKOM HAalJMOHATBHOM yHUBEPCUTETE
mpouuta V MexayHapogHas JeTHAS UIKOJIA II0 IPOrpaMMUpPOBaHuIo. B Yixropoz mpuexanu TONBKO TPU KOMaHABI U3
JlbBoBa: fBe m3 JIBBOBCKOrO HAIMOHATIBHOTO yHHMBepcuTeTa vMeHu Visana @pamko, ozua — n3 Hamumonamsaoro
yHuBepcuTeTa «JIBBOBCKAs IIOJTHTEXHWKa». Eule Tpu KOMaHIBI YXXTOPOACKOTO YHHUBEpPCHTeTa paboTanu
HEIIOCPeACTBEHHO B CAaMOM YHHBepcuTeTe. Masoe KOIMIeCTBO MPHEXaBIINX KOMaH, O0YCIOBIEHO KapaHTHHHBIMU
OTpaHUYEeHMSIMU: B KOMIIBIOTEPHBIX 3ajax (akynbreTa MHGOPMAIMOHHBIX TexHOonorui Y:xHY Gblna BO3MOXKHOCTH
npuHUMaTh He 6osee 10 yesoBex B ofHOM moMeleHHY. HecMOTps Ha 3TO, OTMETUM JOBOJIBHO aKTHBHOE y4acTHe B
IIKOJIe CTYZEHTOB M LIKOJIBHHKOB B OHJAWH pexxuMe: Bcero 6pu1o 170 yuacTHuKOB 13 27 y4eGHBIX 3aBeIeHMUIl, B
OCHOBHOM — U3 YHUBEPCUTETOB. YYaCTHHKU IIPEJCTABJIAIN 4eTHIpe CTpaHBl: YKpauHy, I pysuio, AzepbaiikaH u
Benapycs. OTMeTnM, 4TO Ipy3HMHCKHIE KOMAaHZBI B3AIU YIacTHe yXe B TPeTHil pas, a mpodeccop Teomop 3apkya yxe
B YeTBEPTHIH pa3 BBICTYIMI B Ka4eCTBe IIPUTJIANIEHHOTO JIEKTOPA. Y YaCTHUKU MMeJIH BO3MOXKHOCTB BEIOOpa OZHOM
Y3 IBYX JIUT B 3aBUCHMOCTH OT UX YPOBHS 3HaHMi. B mepBoii snre, B KOTOPOI pacCMaTpUBAINCh TEMBI ITOCTIOXHEE,
TIPUHSAJIN yYacTHe 24 KOMaHZBI, a BO BTOPOit — 37.

Ilenp mKOMBI — IIpeLOCTaBI€HUE YKPAWMHCKUM M 3apyOeXXHBIM CTyAE€HTaM BO3MOXXHOCTH IIPOSBUTH CBOE
MAacCTepPCTBO B MCKYCCTBe pa3pabOTKU aITOPUTMOB U COCTaBJIEHHH IIPOTPaMM Ha BBICOKOM MeXAYyHAapOLHOM YPOBHE,
IOBBIIEHWE KadyecTBa OOyYeHHsS II0 [JUCHUIUIMHAM, KOTOpBlE IIpefyCMaTpUBAlOT IIPOrPaMMUpPOBaHHE U
QITOPUTMU3ALUIO B BBICIIUX yIeOHbIX 3aBeeHIAX, COAEHCTBYE IOJTOTOBKE CIIEI[MaIMCTOB BRICOKOH KBAIN(UKAIIUY
B 00JacTH IIPOrpaMMUPOBAHMA, HAJAKUBAHME TPAHCTPAHUYHOIO COTPYLHUYECTBA U MHTETPAI[UIO HalIero

06pasoBaHUA B 00pa3oBaTeIbHOE IIPOCTPAHCTBO €BPOIEHCKIX FOCYAAPCTB. DTO OCHOBHBIE 331a4M IIKOJIBI [1]:
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e cdopMUpOBaTh U OTOOPATh KBAIUGDUIMPOBAHHEIE IIPEIIOaBaTeIbCKIe KaZPbl, CIIOCOGHBIE OPTraHU30BbIBAT
1 obecreunBaTh IPO(eCcCHOHAIBHYIO IOATOTOBKY CTYZEHTOB-IIPOIPAMMUCTOB K COPEBHOBAHHUAM BBICOKOTO YPOBHS,
KaK TpeHepOB U PYyKOBOJUTeIeH KOMaH,;

e oTOOpaTh U TIOATOTOBUTH CIJIPHBIE KOMAaHABI [JII PAa3sIUYHBIX MEXAyHAPOJHBIX CTyAeHYECKHX
TpodeCCHOHAIBHBIX COPeBHOBAHMUIA;

e o0ecre4nTh OOMEH ONBITOM MEXAY CTYZEeHTaMH U IIpellofaBaTeIsMH, KOTOpble aKTUBHO paboTaioT B
06IaCTH ITPOrpaMMHPOBAHHA M QJITOPUTMHU3ALMY M 3aHMMAIOTCHA IIOATOTOBKOM CIIEIMAJIHCTOB II0 COBpeMEHHBIM
“HGOPMAIIOHHBIM TeXHOJIOTHAM;

® JIOHECTHU codyeTaHUe JIEKIMH BO BpeMs STUX IIKOJI, XOPOIIHe aBTOPCKHeE 33/Ja4H, COCTaBJIeHHbIe Ha X OCHOBE,
¥ aHAJIN3 pelleHUH 3THX 337]a4 K IIUPOKOU CTyZleHYeCKOM ayJUTOPHU;

¢ CTHUMYJMPOBATh HAJAKUBAHHE JEJIOBBIX KOHTAKTOB MeXJy CTYZeHTaMU U TPeHepaMM KOMAaHJ, M3 PasHBIX
TOpOZOB YKpauHsI U 3apyOe’XHbIMU KOJIJIETAMU;

¢ HajaXUBaHUWE TPAHCTPAHUYHOTO COTPYLHUYECTBA, HHTEIPaliMi0 B 0Opa30BaTeJbHOE IIPOCTPAHCTBO
€BPONEHNCKUX TOCYAAPCTB, OOMEH OIIBITOM MEXZY CIIeIUaINCTaMHU U3 Pa3HbIX CTPaH.

B o6uiewm, neTHAA 1IKoJIa GbLIA CIVIAHUPOBAHA U IIPOJosDKanach 9 nueit. 1 u 9 meHp 6bUIM OPraHU3aI[OHHEIE,
5 meHP — 5KCKYypCHH, a BCe OCTAJbHBIE AHH OBLIM COPEBHOBAaTEIBHBIMHU. B KaXKABIH M3 COpPeBHOBATeIBHBIX AHEMH
IIPOBOAYIINCE:

1) aBTOpCKas IeKIus, T PacCMaTPHBALIACh OFHA U3 BAKHBIX aITOPUTMUIECKUX TEM;

2) COpeBHOBAHUA IO PEIIEHHIO 33434, YaCTh U3 KOTOPBIX IIOCBAIIEHA TeMe JIEKIUU (APyrue TeMBI OCTaBIEHBI
IJIs TIPOM3BOJIBHOTO BEIOOPa aBTOPA);

3) pasbop 3amay;

4) copeBHOBaHHS IO JOPEUINBAHUIO €llle He PelIeHHbIX 3a7a4 TeKyILIero JHSA U BCeX IPOIITBIX JHEH;

5) uroru.

Jlexropamu Ha V MexAyHapoAHOH JeTHeHl IIKOJe IO IPOrPaMMHUPOBAHUIO OBLIM 30JI0TOH MeZaluCT
MeXTyHapOAHOH OJIMMIIMAZBI II0 IPOrPaMMHUPOBAHUIO, JOLeHT JIBBOBCKOTO HAIIOHATBHOTO YHUBEPCUTETa UMEHH
ViBana ®pauxo Bacuuit Bererxuil; mpusepsr MeXXayHapOSHBIX CTyAeHYeCKHX onuMmnuaz Buramuii ['epacumos u
Anppeit Makap; 30/0TOH MeJalIKNCT MEXAYHAapOLHONW YYEeHWYECKOH ONMMIHAgbl IO HMH(OpPMaTUKe, CTYJLEHT
yuusepcurera bepxiu (CIIA) Auron Iunko; npodeccop yuusepcurera AJIA (r. Baxy, Asep6Gaiimxan) Muxavn
MezBezeB; KoMaHIa Beropycckoro rocysapCTBeHHOrO yHHMBepCHTeTa WHGOPMATUKKM M PAAMOIIEKTPOHUKHU (T.
Muzck, Benapycs) Bo riaBe ¢ mouentom Antronom IlapamonossiM; mpodeccop EBpomeiickoro yuusepcurera (r.
Tounucu, I'pysusa) Teomop 3apkya; Ipu3sepsl MeXIYHApOAHOH yUeHWYECKOH ONMMIIMAABI IO HHGPOpPMaTHKE
Apansbepr Makaposuu u Cranucias Tomaur; moueHT JKHTOMHPCKOrO rocyZapCTBEHHOTO YHUBEPCHUTETa MMEHU
VBana @panko Cepreii JKykoBckuit; gBykpaTHbiil mobenurens Kybka YKpauHs! 10 IporpaMMUPOBaHUIO, YIaCTHUK
(¢brHAJIOB YeMIIMOHATA 110 Iporpammuposanuto oz, srugoi ICPC, acupanT mo crnenuansHocTu «KoMmbsioTepHbIe
HayKW» YXXTOPOJCKOTrO yHUBepcuTeTa EBrenuii 3a0poskHbIN; IpU3ep MEX/AyHapOAHON yYeHNYeCKOH OTMMITHA/IbI
mo uHdopMaruke, mobegurend Kybka Ykpauus! mo nporpammupoBanuio - 2019, mo6esurens OTkpsiToro KybOka
IOxmoro Kaskaza - 2019, cryzenT XappKOBCKOIO HAaIlMOHAJIBHOTO yYHUBEPCHTETa PaAHO3JIeKTPOHHKU MatBeit
AcIaHZyKOB; NpH3ep Pa3IWYHBIX COPeBHOBAHMI IO IporpaMMmupoBaHuio MYrops bapen6iar u 3aBenyromuii
xadeznpoit Yxropoackoro yuusepcurera Onexcanzp Mumna. Otmerum, uro Bacmnuit Bunenxuii, Auron Iunko u
EBrenuii 3a0pOXXHBII IIPOBEJIM CBOU aBTOPCKUE JHHU, BEICTYIIAd HAa aHTJIMICKOM A3BIKe.

TpamuIMOHHBIM CIYTHHUKOM IIKOABI Obia rasera «HoBumHKa ++» (y4MTBIBaI AUCTAaHIMOHHYIO (opmy
IpoBefieHUs — B OHJaWH-dopMmare) [2], Hag KoTopoii paborana peIaKIMOHHAs KOJUIETUS B COCTABE COTPYAHUKOB
Yixropoackoro yHuBepcutera — Bacunus llapkans, Anexcanzpa Jlasepa, Bacunus JlaBepa u Onexcanzpa Muus:. B
raseTe OCBEIAJUCh COOGBITHA COPEBHOBATETBHON YaCTH MePOIPHUATHL, cofepkamachk uHpopManus o6 JIeKTopax,

MHTepecHOe 06 CTpaHe-y4acTHHUKE IIKOJIBI, ITYyTKY «Ha 37100y THA» U JP.
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HaBepHska, riaBHbIle HAaBBIKM, KOTOpPBI€ pasBUBaeT ydYacTHe B OJUMIHAZaX — O5TO COOCTBEHHO
IIPOrpaMMHUpOBaHMEe U yMeHHe MCKaTh OMMOKM B HAMMCAHHBIX Iporpammax. CylecTByIOT pasHble (GOpMAaThl
IIpOBeJeHUI U OLIEHUBAHUA pellleHuH Ha onuMmnuazax. Ho B Kaxgoi M3 HUX KOJIUYECTBO IIOJy4YeHHBIX OaJIIOB 3a
IIpe]IOKeHHOE pellleHKe HAaIIPAMYIO 3aBUCHUT OT IIPABUIBHOCTH 9TOTO peleHus. [l0aTOMy HY»XHO peaTn3oBaTh UAEI0
6e3 omrubOK, >KeIaTeabHO C IIEPBOTO pasa. B IPOTUBHOM ciIydae y4aCTHUK JOJDKEH OBICTPO BBIABUTH U MCIIPABUTH
HETOYHOCTH. YMEHHe OTJIXXHMBaTh IIPOrPaMMBI — OZHO M3 CaMBIX BaXHBIX yMeHUH B Mupe pa3paboTku. bes
COMHeHMU, To0eTUTe ! IPeCTIKHBIX OJIMMITHAZ, II0 IIPOrPaMMHUPOBAHHUIO — 3TO OYeHb TaJIAHTIMUBbIE U HACTONIMBEIE
mogu. CymecTByeT MHOXECTBO OJMMINAJ, IpoBoguMbix KpynHeimmmu WT-xommanmamu. Texmmdeckue
PEeKpyTephl Ha IIPOTOKEHHUH JOJTHUX JIeT CJIeJAT 33 Pe3yJabTaTaMH PasHBIX OJMMIIMAJ X KOHKPETHBIX YYaCTHUKOB.
Haubosee mepcrieXTUBHBIM U YCIIENIHBIM IIPeAJIaraloT IPOUTH CTAXKUPOBKY, COBMeIas eé ¢ yuéOoil B yHUBEPCHUTETE,
C BO3MOXHOCTHIO ITOJIYYUTH IIOIHOIIEHHYI0 paboTy B KOMIIAaHUH IIOCJIe 3aBeplieHus y4é6s!. [lo cymecTBy, yuactue B
OJMMIINAfaX II0 IIPOTPaMMHUPOBAHUIO IIPeAIIONAraeT [Ba STama: IPUAYMbIBaHME 5((PEKTUBHBIX AJITOPUTMOB
peliieHUs IIOCTaBIEHHBIX 3aZad M UX peanusanus. Ha mepBblil B3TJIAA MOXKET IOKA3aThCH, YTO AJIA JOCTIKEHUI
COJUAHBIX Pe3yIbTAaTOB HA OJIMMIIMAZLAX, JOCTATOYHO BBIyYUTh HEKOE MHOXKECTBO CYILIECTBYIOLIMX aJITOPUTMOB, a
ITOTOM JIMIIb yCIIEIIHO UCIOIb30BaTh MX HA COPEBHOBAHUAX, HE OCTAB/IAA OCTAIBHBIM HUKAKUX IIAHCOB Ha IOGELy.
Ho, x coxxanenuio, 310 Tak He pabortaeT. 3aza4u GOPMYIUPYIOTCA TAKUM 00pa3oM, 4YTO HEAOCTATOYHO YraJaTh, KAKOH
QITOPUTM HCIIOJNB30BaTh [JIA ee pelleHWA. IIpakThueckm Bcerga Jjaf IIOMHOIO peIlleHHUA Heo6XOZuMO
MOJIepHU3UPOBATh H3BECTHBIN AJITOPUTM, IOIOJIHUTH €ro, CKOMOMHUPOBATh HECKOJBKO AJITOPUTMOB B OJHOM
mporpamme. bes mpuayMeIBaHuA COOCTBEHHBIX HOBBIX el He 000HTHCE.

[TporpamMMel, HamMCaHHBIE BO BpeMA OJIMMIIMAJ, 3HAYUTEIBHO OTIMYAIOTCA OT TeX, 4TO CUUTAIOTCA
“TpagUIIMOHHBIME B IPOrpaMMHOM uiDKeHepuu. OHM KOPOTKHE, 4acCTO ABJISIOTCS CIOXKHO YUTAOETBHBIMH IS
IpPyTUX IIPOTPaMMUCTOB X He MMeEIOT IIAHCOB Ha Pa3BUTHUA IIOC/Ie OKOH4YaHUA onuMmnuanst. Ho Takue ocobeHHOCTH
mporpaMM o0yCJIOBIeHbI (POpPMAaTOM IPOBeAEHUS ONMMIINAJ U IIPHU LO/DKHOM XKeJaHUM (HaMHOTO MEHBIIEM, YeM
HY>XHO IJI1 TOTO, YTOOBI HAy4YUTHCA IPUIYMBIBATD HAEU M pelIaTh 334auM) He OyAYT IPEIITCTBHEM ML
mpodecCHOHATBHOTO Pa3BUTHA.

Y4acTre B on1MMIMazax pasBHBaeT TAKHe KAaUeCTBA, KAK HAXOLYMBOCTb M HECTAHAAPTHOCTh MBIULIEHUS [3].
Jlaxe caMyio JIETKyIO 3afjady WM CaMbIH IIPOCTOI aJITOPHTM J[BO€ IIPOTPAaMMUCTOB PealHu3yIOT abCONIOTHO IIO-
pasHOMy. Peanusarusa npuayMaHHBIX pelleHUI — 5TO CBOEOOPA3HEII CII0CO0 ero M3JI0XKeHUA IIPU IIOMOIIH OJZHOTO
U3 PpaspelleHHBIX HA OJHMIIMAZe fA3BIKOB IPOrPAMMHUPOBAHHUA, KOTOPBIH ABJAETCA TOJIBKO HHCTPYMEHTOM.
Vicmonp3ys ofMHAKOBble HMHCTPYMEHTHI: OYKBBI M CJIOBA 4eJOBEYECKOTO A3BIKA, IIPAKTHYECKU HEBO3MOXXHO HAiTh
XOT# GBI IBYX IIHCaTeJIel, KOTOpBIe CMOTYT CO3/IaTh OZMHAKOBOE IIPOU3Be ieHIe Ha 33JaHHYI0 TeMy. TaKyio aHaIOTHIO
MOXXHO IIPOBECTH U C SPYTUMHU TBOPUECKUMH IPODECCUIMHU: XYAOXKHUKH, CKYIBITOPHI, My3bIKAHTHI. ..

Msuorue ObIBuIMEe OJTHMMIMATHUKA OpPraHU30BBIBAIOT VCIIEIIHble IIPOEKTHI, CBS3aHHbIE He TOJBKO C
nporpammuposanueM u UT-rexHonorusamu. birarogaps y4acTuio B OIUMINALAX, UM YAATIOCH BEIPabOTaTh CTOHKOCTD
K CJIOXHBIM IICHXOJOTHYECKMM HarpyskaM. IIpoBezist THICAYM 4YacoOB BpeMeHH 3a TPEHHPOBKAMH, IIBITAICH He
HCTPATUTh JaKe OLUH U3 HUX BITyCTYIO, OHU HAyUYMJIHCh OLIEHUBATh BEPOATHOCTH M00emsl U mopaxerus. OcBOMIN
CYIIeCTBYIOIIE M BbIpAabOTaJM COOCTBEHHBIE METOABI GOPBOBI CO CTPECCOBBIMHU CHUTYallUAMH, C COMHEHUAMHU U
6eCIIOKOMCTBOM, KOTOpEIe OLIYLIAIOT BCe OJIMMIIMAJHUKU BO BpeMsa COPEeBHOBAHUI, B TOI MM MHOH CTelmeHH. DTO
BBIPa0OTaHHAA CIIOCOOHOCTH IIPUHUMATD Ba)KHbIE PeIleHUA U HECTH OTBETCTBEHHOCTH 33 HUX.

KpoMe mepeumcieHHBIX BBIIIE AOCTOMHCTB OJMMIINAJ, CyLIECTBYIOT U APYyrue IIO3UTHBHBIE CJI€JCTBUA
yuactus B Hux. OHJIaifH 0TMMINAZAbI TTO3BOJIAIOT COOPATh B OLHOM JIOKAIUY AECITKY U JaKe COTHU YMHBIX JIIOZEIH,
€CTh BO3MOXXKHOCTb ITyTelIeCTBOBATH II0 BceMy MUPY [4]. DTo cosmaeT kKoM(OPTHYIO cpeny IJiA oblieHusa 1 o6MeHa
UJies MM, YYaCTHHUKY 3aBOJAT HOBBIe 3HAKOMCTBA M JeJATCA CBOMMH B3IJLAJaMH Ha pasHble coObITHA. CIOXMIACh
XOpolIas TPaAHIMA BKIIOYATh B IIPOIPaMMYy IIPOBeleHHA COPeBHOBAHIA SKCKYPCHH IO JOCTOIIPUMeYaTeIbHOCTAM

Tropoza M CTpaHBbI, B KOTOPOfI OHO IIPOBOJMTCA. OJII/IMIII/IEI,Z[HI/IKI/I 3HAKOMSATCS C MECTHOM Ky]IBTypOfI " TpaguIUAMH,
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IIOJTy4aloT JZOCTYI K aJbT€PHATUBHBIM B3TJIA7aM Ha IPOUCXOAAIIEe COOBITHA, BO3MOXHOCTH IOJEIUTHCI CBOUMHU
UAesAMH, HOJTYYUTh UX CYyOBeKTUBHYIO OLIEHKY. DTO Pa3BUBAET TOJEPAHTHOCTB, TE€PIIUMOCTD, KPUTHYHOCTH B OLIEHKE
CYXIeHU 1, KOHEYHO, IIPOCThIe HABBIKM KOMMYHUKAIIUHY C IPYTHMH JTIOZBMU, Y€TKOCTH M3JI0K€HHUA CBOMX MBICTIEH.
OTO Te HABBIKH, KOTOPBIE TOYHO HPUTOAATCA B GyIyleM JUYHOCTHOM M KaphepHOM DasBUTHM, HE3aBHUCHMO OT
BBIOPAHHOTO ITYTH U IIPO(ECCHH.
3. 3awmouenue

CoBepureHHO Heo0A3aTeJBPHO CTAaHOBUTHCA AOCONIOTHBIM IIOOeZMTeseM BceX copeBHOBaHuil. [la 3To u
HEeBO3MOXHO. BOIBIIMHCTBO IPUHMMAET yYacTHe B OJIMMIIMAJAX ¥ UIKOJIAX II0 IIPOrPaMMHPOBAHUIO IPOCTO IIOTOMY,
YTO OHH IIOJIY4aIOT OT STOrO OIPOMHOE YZOBOJIBCTBHE. [lJIf HEKOTOPBIX 3TO CIIOCOG BBIPA3UTHCH, IPYTUM HPABUTCA
COpeBHOBATeIbHBIX AyX OJIMMIIMAJ, ¥ IIKOJI, TPeThH HaMePeHHO 6POocaioT ceGe BHI30B, IBITAACH PACIIMPUTH IPAHUILBI
CBOell IIPOYHOCTH. BMecTe C 3TMM YKpemJIAIOTCA M MEXTOCYJAapCTBEHHBIE CBA3M B JIYYIIMX TPafUIUAX

B3daMMOBBITOLHOI'O IIapTHEPCTBA. B xoneunom Cc4JeTe, BRIMI'PDABIIMMHN CTAHOBATCA BCE€ CTOPOHBI, YIdCTBYIOIIHE B

IIpOBEAEHNN HO,Z[O6HI>IX HIIKOJI.
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FEATURES OF CONDUCTING A SUMMER SCHOOL
ON PROGRAMMING IN A PANDEMIC

Oleksandr Mitsa', Sergiy Oryshych!, Teodor Zarkua?, Sergiy Vapnichny', Yurii Horoshko3
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Summary

The features of the International Summer School on Programming in Uzhhorod in the context of a
pandemic are considered. The described format was effective in the prevailing conditions and was of great

interest from students and schoolchildren who are interested in competitive programming.
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MHO®OPMAITMOHHOE MOJIEJIMPOBAHME 3JAHII Y COOPYXXEHUIT HA
OCHOBE ITPOTPAMMHOTO KOMILJIEKCA JIVIPA CAIIP

Ioxonu I'mruneitmsuny, Urops Tumuenko, Exuna Kpucrecuamsuiu
johnigig@gmail.com, igortimchenko@gmail.com, e kristesiashvili@gtu.ge

I'pysunckuit Texuuaeckuit Yuusepcurer, OO0 ,IIPOI'PECHU“
Pestome

PaccmaTpusaercsa nporpammusiii kommneke JIMPA-CATIP. koTopslii peanusyer IporpeCcCUBHYIO TEXHOIOTHIO
MH(OPMAIIMOHHOTO MOJEINPOBaHN 3faHuil u coopyxenuii (BIM) u opueHTHpOBaH Ha IPOEKTUPOBAHUE U PacdeT
CTPOUTENBHBIX KOHCTPYKIIUH, peanusys CKBO3HOE IIPOEKTHPOBAHME CTPOUTEIBHBIX OOBEKTOB OT apXUTEKTOpAa IO
cMmerunKa. Peanusanus Texnomoruu BIM oGecreunBaeTcss HaTHBHOI CBsI3bI0 (/IBYCTOpPOHHAA CBA3b JAaHHBIX (data-
binding)) ¢ ApPyTrUMH apXWUTEKTYPHBIMM, pPACUETHBIMH, TpapUIeCKUMH U [JOKYMEHTHUPYIOUIMMM CHUCTEMaMU
(CAII®UP-3D, Revit, Tekla, SAP2000, AutoCAD, ArchiCAD, Advance Steel, BoOCAD, Allplan, STARK ES, Gmsh u
Ip.) Ha ocrose DXF, MDB, STP, SLI, MSH, STL, OB]J, IFC u np. daiinos.

Koouepsre cioa: IIporpammusrit komirexc. JIMPA-CATIIP. Komnsrorep. Beruucinrenssas cucrema. Merog,
KOHEYHBIX 2JIeMeHTOB., CTpouTesbcTBO 00BekTOB. MHbopManuornHoe MogenupoBaHue. MeTos pacuéra.

MogenupoBaHnue. DneMeHT KOHCTpyKiuii. IIpoekTupoBanue koHCcTpyKuuii. 3zanue. CoopysxeHue.
1. Beegenme

ITpouecc mMpoOeKTUPOBAaHUA U KOHCTPYHPOBAHUSI OOBEKTOB CTPOMUTENBCTBA, KaK IIPABIJIO, HOCUT XapaKTep
WUTEepPalOHHOTO BapUAaHTHOTO MO400pa paloHaIbHOro pelteHns. CoBpeMeHHbIe YUCIeHHbIE METOAbI U IOABIeHHe
BBIYMC/IUTENIPHOM TEXHUKM Pe3KO PacIIMpPMIM PaMKU pellaeMbIX 33aad TEOPHil YIPYTOCTH U CTPOUTEIBHOM
mexaHnuku [1-3]. Cranu pasBuBaThcsa 5GdeKTUBHBIE MeTOIBI pacdera [2-4], IO3BOJIAIOLINE PACCYUTHIBATH
CTepKHeBble, IIJIAaCTUHYAThIe, 000JI04YeYHble, IJIOCKUE U IIPOCTPAHCTBEHHBIE CHCTEMBI C efUHBIX mosuuuii. Kak
TIPaBIJIO, pacueT 0OBbEKTa CTPOUTENIBCTBA B paMKax dTala IIPOeKTUPOBAHUS IIPECTaBIAeT COO0H MHOTOYPOBHEBBIH
TIPOIECC PACYeTOB U NMPUHATHS PEIIeHUH.

Passurre DBM [5], ¢ ofHOI CTOPOHBI, IIPELOCTaBUIO WIUPOKIE BO3MOXKHOCTU WHXXEHEPY He TOJIBKO IJIs
KOJIMYeCTBeHHOMH, HO U /IJI Ka4eCTBeHHOM OIleHKH KOHCTPYKIIUH C yIeTOM HX OITUMM3ALHH, a C PYTOH CTOPOHBI -
OHO 3aCTaBMJIO II€PECMOTPETh YCTAHOBUBIIMECS METOAbl M TEOPUM pacueTa KOHCTPYKLMI, NPOEKTHPOBaHUE
00GBEKTOB B I1eJIOM. B pesyrsrare BosHuKaioT CHcTeMbl aBTOMaTU3UpOBaHHOTO IpoekTupoBanus (CAIIP) [6-8].

2. OcHOBHaf 4acTh

ITIK JINPA CAIIP — mHOroGyHKIMOHAIBHBIHM IPOrPaMMHBIH KOMIIJIEKC AJI1 pacyeTa U IPOEKTHPOBAHUS
CTPOUTENBHBIX X MAIIMHOCTPOUTEIBHBIX OOBEKTOB, a TakKe KOHCTPYKIMM pa3IHYHOrO HasHaueHus [9-14].
ITporpaMMHOM KOMILIEKCE peaTr30BaHO METOZBI MOZENHMPOBAHUS M PacueTa C KCIOIH30BAaHHEM COBPEMEHHBIX
YUCTeHHBIX MEeTOJOB aBTOMAaTH3MPOBAHHBIX CHUCTEM pacyeTa X TPOEKTHPOBaHUsI. Peann3oBaHHBIH MeTOZ,
pacuera — MeTox, KoHeuHbIx diemeHTOB (MKD). BrimonHsercs pacuer Ha mio0ble cTaThdeckue (CHJIOBBIE U
IedopMalOHHbIE) U AMHAMUYECKIe BO3ZeHCcTBHA ¢ yueToM pacueTHOro coyeranus ycuauit (PCY). [Ipoussogurcs
mon0op MIM IPOBEpPKa Hecyleil CHOCOOHOCTH CeYeHMH CTaJIBHBIX KOHCTPYKLIMI WMJIM apMUPOBaHHE CeYeHUIl
XKeJle300eTOHHBIX KOHCTPYKUMit. Brermatorca sckussl pabounx deprexeir KM, a Takxe ueprexxu >kee306€TOHHBIX
3y1eMeHTOB. MHO)XeCTBeHHbIE CIIeI[MaIU3UPOBAHHEIE CUCTEMSBI, II03BOJIIIOT MOAEIHNPOBATh paboTy MacCHBOB IPYHTA,
PacCYMUTHIBATE MOCTOBBIE COOPYXKEHHs, MOJEINPOBaTh paboTy COOPY)KeHHsS B IIpOllecce MOHTaXka, HCCIeN0BaTh
TIOBeJleHWe KOHCTPYKIIUY IO/, ZUHAMHUYEeCKUMU BO3/eCTBUAMU BO BpEMEHU 1 MHOTO€ JPYTOe.

B ITIK JIMPA CAIIP - peanusoBaHbl GbICTPOEHCTBYIOME QJITOPUTMBI COCTABIEHHUSI U pPeIIeHUT CHCTEM
YPaBHEHMH C HOPSAZKOM JO HECKOJBKUX MIUIMOHOB HeM3BeCTHHIX. IIpoueccop ¢yHkiuonupyer B 64-x m 32-x

PaspALHBIX PEXXMMaX C UCIIOJIB30BAHNEM MHOTOAAEPHOCTH COBPEMEHHBIX KOMIIBIOTEPOB.
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B mporpamMMHOM KOMIIZIEKCe peanr30BaHbI PacueThl He TOJIBKO Ha JTI00ble CTATUYeCKUe BO3/EHCTBIS, HO 1 Ha
pasjUYHbIe BUIBI TUHAMIYECKUX BO3JeHCTBUN: CeiCMUKA, BETEP C yIETOM IIyIbCAllUU, BUOPAI[MOHHbIE HATPY3KHU,
VMIIyJIEC, YZAap, OTBET-CIEKTP, CeMCMMKAa Ha OCHOBE aKceJeporpaMMm M ceiicmMorpamm. Jiis ceficMuyecKmx
BO3ZIEMCTBUI peann3oBaHbl HOpMbI YKpauHsl, Poccum, Kasaxcrama, AsepGaiimxana, I'pysum, CIIA, ®pannuwu,
Amxupa u EBpoxozsr.

ITporpammusrii kommaekc JIMPA CATIP nozpasyMeBaeT YUCIEHHYIO peain3amiio 3G PpeKTUBHBIX AITOPUTMOB
Ha COBPEMEHHBIX KOMIIBIOTEpPAX M  BBIUYMCIUTENBHBIX CHUCT€MAaX MAaTeMaTU4eCKOTO U  TEOPETHUKO-
9KCIIEPUMEHTAIBHOTO MOJEeNIUPOBAHUA HAIPOKEHHO-Ie(GOPMUPOBAHHOTO COCTOSHUSA IIPAKTHYECKH JIIOOBIX
KOHCTPYKIIMOHHBIX CHCTEM Ha CTaTHYeCKUe, ceficMuYecKue U JUHAMUIeCKHe BO3eHCTBHA, a TAKXKe ITPOIeCcCOB:

1) TpemmHOOGpa3oBaHMA, TPEHUs, MPOCKANB3BIBAHUA U [JOBEJEHUS IO Pa3pylLIeHUs KOHCTPYKI[MOHHBIX
MaTepHuaioB M000i KOHGUTYpanuii;

2) B3aMMOJEMCTBUS 3LaHUIM M COOPY)KEHUII C OCHOBAaHWEM M OKDY’KaloWed Cpefoil KaK eJUHOro o0beKTa
HCCIIeIOBAaHUIM, TOBeJjeHIe KOHCTPYKIMH B Pa3IMIHBIX PEXXMMaX BO3AEHCTBUA U DKCILTyaTaluii;

3) B3auMHOe CKOJIBXEHUe U IBIDKeHUe O0OBeKTOB, X B3aUMOEeHCTBHE C OKpYyKalollieil cpemoil, usydeHue
3 deKTOB B3aMMOAEHUCTBUA IOJIEH Pa3sIUYHON (HU3NIECKOH IMPUPOIBI, UX BIMIHUI HAa Ka4eCTBO KOHCTPYKIUI B
IIpollecce M3TOTOBJIEHUS, MOHTa)Xa U SKCILIyaTalluii, IOBeleHNEe YaCTHU 3€MHOM KOPU U TOPHBIX MAaCCHUBOB C yY€TOM
JedopMauuy, AMHAMUYECKHUX IIPOIECCOB ¥ BUOPALIUHL.

[Tporpammusrit komiexc JINPA CATIP moxxeT BRIIIOTHUTS IIPOBEPKY U IOJOO0P CeYeHUH JKeIe300€TOHHBIX U
CTaJIBHBIX 3JIEMEHTOB KOHCTPYKIIUI B COOTBETCTBUY C JIeHICTBYIOIIUMH B MUpe HOpMaTUBaMU. BrInorHeHe paboyux
yeprexxeit craguu KM u KXK. IIporpaMMHBIi KOMILIEKC II0O3BOJIAET PelIaTh 33AaYy KaK B YIPYTOH CTafuu paGoThI
KOHCTPYKUMM, TaK M C YIeTOM PasjIMYHBIX BUAOB HeTHMHeHHOCTH (bH3MIeCKHe M TeOMeTPUYeCKU HeJTNHEeHHBIe
CHCTEeMBI) [0 OIIpefie/ieHI MeXaHH3Ma paspylleHNa KOHCTPYKIIU.

Llensrit psan BO3MOXHOCTEH KOMILTEKCA, KOTOpPBIE OTCYTCTBYIOT AaXKe y Haubojiee NONMYIIPHBIX B MHUpE
aQHAJIOTOB — aBTOMATH3MPOBAHHBIN pacueT peaKUUM TPYyHTOBOTO OCHOBAaHUI, pacdyeT 3((GEeKTUBHOM >KECTKOCTH
XKeJ1e300e TOHHBIX CeYeHUH, BO3MOXKHOCTD BEIUHCIEHNH Ha YIaJIeHHBIX KOMIIBIOTEPAX, aBTOMAaTH3UPOBAHHBIN aHAIN3
pe3yJIbTaTOB Pa3IUYHBIX BapUAHTOB MOEJIMPOBAHUSA M [Ip. MO3BOJAIOT IIOBBICUTH HANEXHOCTh Pe3YIbTATOB U

9 HeKTUBHOCTD IIPOEKTUPOBAHUS CTPOUTEIBHBIX OOBEKTOB JIIO00H CIOKHOCTH.
3. BrBogmr

CucreMsI aBTOMAaTU3MPOBAHHOTO IIPOEKTUPOBAHUA M MHGOPMAIMOHHOTO obeceuenus crpourtenscTsa JIMPA
CAIIP umeror cBoeii messio objerdeHre Kak (QU3MYECKOTO, TaK M MHTEJUIEKTYaJIBHOIO TPyJa M CO3JaHUE TaKOI
CUTyauui, KOrza B MaKCHMaJIbHOH CTeIleHU IIPOABJIAIOTCA TBOPYECKMe CIIOCOOHOCTH deJOBeKa, YCTPaHAIOTCSI
0ZHOOOpa3Hble M yTOMHUTE/NbHBIE OIEpalliM U TeM CAMHUM MeEHAETCA CaM XapaKTep CaMOH IIPOM3BOJCTBEHHOMN
JesTeIPHOCTH 4eJIOBeKa, IIOMOras B IPUHATUN Haubojee paljlOHATBHBIX KOHCTPYKTUBHBIX peliieHui (Ha OCHOBe
JETAIBHOTO aHAIN3a MX HANPsDKEHHO -AeOpMUPOBAHHOTO COCTOSHUS BO BCEX CTAAMIX €€ NMPOEKTHPOBAHUA U B
Ipollecce SKCIUTyaTal[iy ¢ YI€TOM MX BAPHAHTHOTO MOJeIMPOBAHUA) U MIPOEKTOB 3AaHUM U COOPY>KEHUI, a TaKxXe
MaIIMHOCTPOUTETIBHBIX OOBEKTOB U pelleHHsI reopM3UIeCcKUX 3afad AJaA HAfEXHOTO (GpyHAMPOBAHUAL 3IaHUHM U
COOpYKEeHUH.

PeBosnonnonHsle IpeoOpa3soBaHUA KOMIIBIOTEPHBIX TEXHOJOTMH B COBPEMEHHOM HH(OPMAIMIOHHOM
MOJIeIPOBAaHUA M IIPOEKTHPOBAHUA CTPOUTENBHBIX OOBEKTOB HAIHIO. B Hacrodmee BpeMs, BCA IIPOEKTHAs
JOKYMEHTAIIV U YePTeXU IPAKTUIeCKH BBIIIOTHAIOTCA TOJIBKO Ha KOMIIBIOTEPAX, IPOMCXOAUT IIPOLLeCC MHTETPAlluu
IIPOrPaMMHBIX KOMIIJIEKCOB, aBTOMATU3UPYIONINX KAK pasHble METOZBI, TAK U Pa3JIUYHbIE pa3fessl IpoeKToB. [1o-
BUZVIMOMY, B HeZajeKkoM OyAyuleM cjIemyeT OXHIATh IOABIEHHS OoJiee yCOBEPLUIEHCTBOBAHHBIX TEXHOJIOTHIT
IIPOEKTHUPOBAHMSA, OCHOBAHHBIX HA ITOCIEZOBATETBHOM CO3aHUM B KOMIIBIOTEPE «BUPTYaJIbHOTO OOBEKTa», BO BCEX
IOAPOGHOCTAX OTPAKAIOLWIETO OCOGEHHOCTH W XapaKTEPUCTUKM CBOETO HATypHOro OiusHelid. B manpHeiinem

<<BI/IPTyaJIBHI:II7I 00BEKT» 6y,ZI;ET AOKYMEHTHPOBATHCA, apXUBHUPOBATHCS, JIEXKATH B OCHOBE OPraHM3allH CTPOUTEIBCTBA
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KaK 39TaJIOH, C Y4€TOM Tpe60BaHI/Iﬁ TeXHUKH 0e30IaCHOCTH U He TOJBKO B IIponecce CTpOMTEJIbCTBA, HO M KaK

MHIVKATOP /I HAaGII0ZeHHs U KaK PYKOBOZCTBO €T0 HaeXHOM 9KCILIyaTalluu.
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MODELING OF BUILDING AND STRUCTURES BASED “LIRA SAPR”
SOFTWARE COMPLEX

Johni Gigineishvili, Igor Timchenko, Elina Kristesiashvili
johnigig@gmail.com, igortimchenko@gmail.com, e kristesiashvili@gtu.ge
Georgian Technical University, PROGRESSI LLC

Summary

Software complex LIRA-SAPR implements the advanced technology of information modeling of
buildings and structures (BIM) and is focused on the design and calculation of building structures,
implementing end-to-end design of construction projects from the architect to the estimator. BIM
technology implementation is provided by native communication (data-binding with other architectural,
calculation, graphic and documenting systems (SAPFIR-3D, Revit, Tekla, SAP2000, AutoCAD,
ArchiCAD, Advance Steel, BoOCAD, Allplan, STARK ES, Gmsh and etc.) based on DXF, MDB, STP, SLI,
MSH, STL, OB]J, IFC and other files.
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MHO®OPMAITMOHHOE MOJEJIMPOBAHUE 3TAHWI 1 COPY>KEHUI HA
CJIOXXHOM PEJIbE®E C [IPUMEHEHWEM [TPOTPAMM ,,CATIOUPY, ,JIUPA
CAITP* ¥l HOBBIX KOHCTPYKIIMOHHBIX MATEPHAJIOB Y U3JIEJINIA

Ibxonu I'mrunetimuny, I'eopru Yuksauaze, Jasun I'uruneiimsunu, Temyp Manabepunze
johnigig@gmail.com, g.chikvaidze@progresi.com.ge, d.gigineishvili@progresi.com.ge,
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I'pysunckuit Texunaeckuit Yuusepcurer, OO0 ,IIPOI'PECHU“
Pestome

PaccmarpuBarorcs Bopocs! ”HGOPMAIMOHHOTO KOMIIBIOTEPHOTO MOZEINPOBAHUA 3TaHUH U COOPY>KeHHUH Ha
CJIOKHOM peJibede, YTO UMeeT 0co00 BaKHOe U aKTyaJbHOe 3HaueHHe. IIpu cTpouTe bCTBe HA CIOXKHOM penbede,
KaK IIpaBWJIO, KaXKZ0e 3IaHHe FUIM COOPY>KeHHe CTAHOBUTCH YHHKAJIBHBIM HHTEJUIEKTYaJIbHBIM IIPOU3BeleHUEM, 1
CKBO3HOe WH(POPMALMOHHOE KOMIBIOTEDHOTO MOAEIHPOBaHUE SABIAETCA aKTyaabHBIM IJIA IIOJyYeHU:
SKOHOMUUIECKUX 5()(HEKTOB C yIeTOM ONTUMU3AIUK KOHCTPYKIIUK GYHIAMEHTOB U JIEMEHTOB KapKaca C y4eTOM UX
HaAEXHOCTHU.

Kimouessie cnosa: ,,CATIOVPY, ,JIUPA-CAIIP“. Merogn koHeuHBIX 371eMeHTOB. CTPOHMTENBCTBO OGBEKTOB,
Komneiorepuoe wMmogenupoBanue. 3D-mopenupoBanume. KowmmbiorepHas cucrema. Meroger pacuéra u
MOJIeJIUPOBaHUA. JJIeMeHT KOHCTpyKuwmii. IlpoextupoBanme koHcTpykuuil. 3panue. Coopyxenue. Penped,
Amnxeposka. Apmatypa ¢ BUHTOBBIM npodriem. Mydra. TpyOuaTsiit amemenT. bazaapToBoe BOJIOKHO.

1. Beegenme

Hamre Bpemsa xapakrepusyeTcs OypHBIM PpasBHTHEM TOpPOZOB M OOGOCTpeHHEM IpOGjeM, CBA3AHHBIX C
B3aMMOOTHOLIEHNEM IIPUPOABI U obOuiecTBa. Boipmas yacTs Teppuropuu ['pysum pacmoyioxeHa Ha CIOXKHOM
penbede. OxHa U3 3TUX MPO6IEM — 3TO PasBUTHE U PACUIMPEHKE TOPOLOB U HACEIEHHBIX IYHKTOB Ha TEPPUTOPUIX,
HeOGIArOMPUATHBIX C TOYKU 3PEHUSA CIOXKHOTO peibeda M MHKEHEPHO-TEOJIOTHYECKUX YCIOBUiL. 3HAUHTeTbHAS
gacth (=70%) Teppuropuu I'pysuu mpepcTaBiseT CIOXHOCTH IJIS Pa3BUTHUS IPafOCTPOUTENBCTBA M3-32 YCIOBUM
penseda . B atom miaHe ¢ croxHBIM penbedOoM OCOGEHHO BbIAeNsSeTCsS T. TOMINUCH, T.K. B YCIOBUAX 3€MeJIBHOTO
JedHINTa CErogHA KMMEHHO TaKWe Y4YacTKU IIPUBJIEKATeIbHBI IS CTPOUTEIBHBIX KOMIIAHUN W HHBECTOPOB.
[TpoexTrpoBaHue OGBEKTOB CTPOUTENBCTBA HA CJIIOXKHOM peibede COBpEMEHHOM 3Talle XapaKTePHU3YeTCS PALOM
¢dakTopoB: 6oblIre 0GBEMBI ¥ CXKAThle CPOKU JIJIA BBIIOJTHEHHUS IPOEKTHHIX PaboT, KOHCTPYKTUBHOE pasHooOpasue
HOBBIX 3J@HMH M UX TPaJOCTPOUTENBHOTO OKPYXXEHHMA WHXeHepDHBIMH KOMMYHHUKAIMAMHU U OOBeKTaMu
HHPACTPYKTYPHI, HEOOXOLUMOCTD CTPOUTEIBCTBA Ha HEYJOOHBIX ILIOMAnKax [1-4].

Passurme DBM [5], ¢ ofHOI CTOPOHSBI, IPeSOCTaBUIO IIUPOKKUE BO3MOXKHOCTH HHXXEHEPY He TOJBKO I
KOJIMYEeCTBEHHOMH, HO U /I KAUeCTBEHHOMH OIleHKK KOHCTPYKI[UHU C YIE€TOM HX OITUMU3ALINI, a C ZPYTOH CTOPOHSI -
OHO 3aCTaBHJIO IIE€PECMOTPETh YCTAHOBUBIIMECS METOLBl M TEOPHUM pacueTa KOHCTPYKLHM, IIPOEKTHPOBaHUE
00BEKTOB B 11eI0M. B pesynbrare BosHuKaoT CrcTeMbl aBTOMAaTH3NPOBaHHOTO IpoekTrpoBanus (CAIIP) [6-8].

2. OcHoBHaf 4acTph

C mnosABIeHHEM COBPeMEHHBIX KOMIIBIOTEPOB IIPUTOAHBIX MAJIA CO3JAHHA CHCTEM aBTOMATHU3MPOBAHHOTO
MIPOEKTHPOBAaHUA 3JaHUI U coopykeHui [1-3] mogBmIACh BO3MOXXHOCTH aBTOMATHU3HMPOBAaTh U HATJLAZHO
aHAJIM3UPOBATh Ha d9KpaHe DBM, HauboIee pyTHHHBIE OIepalliy IIPOeKTUPOBAHUA — AHATUTHIECKUE BEIYUCIEHU.
OTo uMeeT 0co60e 3HAUeHMe i1 HHPOPMALMOHHOrO KOMIIBbIOTepHOro 3D MozmeMpoBaHus 3aHUI U COOPYXKeHHUIH,
C y4eTOM I'PYHTOBOI'O OCHOBAHMS, €CJIM OHU PACIIOIOXKEHHI Ha pesbede, Ja ellle U B cefiIcCMUYecKOil 30He.

Bnarozmaps coBpeMeHHOI KOMIIBIOTEPHOM TeXHHKe AfaITalnus CyIeCTBYIOIIUX METOZOB pacdera [4-6] c
y4eTOM MUPOBOTO OIIBITA X TPeGOBAHUII CTPOUTEIBHBIX HOPM CTaIo 60Jee HATIALHBIM U MHGOPMATUBHEIM [7-9].

B pmamHOit paboTe paccMaTpHBAIOTCA CO3JAHUA IIPOEKTOB 3JAaHHM U COOPYKEHWIi, peaTH3yeMBIX C

IIpUMEeHEeHNEM I/IH(bOpMaHI/IOHHOFO MOZEINPOBAHUA B YaCTU OIIpE€AEIEHNA 1 peaIn3allu NHTEPECHBIX ITPOEKTHBIX
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33724, KaK Hambosiee IMEPCHEKTHBHOE M MHOTOOGelmaoliee, KOTOPhIE I[eeCO00pasHoO peuaTh C IpUMeHeHIeM
WHCTPYMEHTOB HMH(OPMAIIMOHHOTO MOJEJIUPOBAaHUS C YYEeTOM CJIOXHOTO penbeda HAa OCHOBe INpHUMEHEHUS
BBIYMC/IUTEIBHBIX IPOrPaMMHBIX KOMILIeKCOB ,,CATIOVIP* u ,, JIUPA CAIIP [8,9].

[TIK CAIIQUP, msHawansHO paspabOTAaHHBIA [ Ijeledl apXUTEKTYPHOTO IIPOEKTHPOBAHUA 3NAHUHM U
coopyxeHuit [8], MOXeT C ycIleXoM IPUMEHATHCSA KaK AAPO CHCTEMBI aBTOMAaTH3MPOBAHHOTO IIPOEKTUPOBAHUS IIO
TEXHOJIOTUX HAa OCHOBe HH(OPMAIMOHHOTO MOAennpoBaHusa. llpu sToM oObecrmedyrBaeTCs TOYHAsS MeETPHUKA,
0OBEKTHbIE U IIPOCTPAHCTBEHHbIE IIPUBSI3KM, BO3MOXKHOCTh BBOAWTH KOODAWHATHI U rpadUduecKd, M B UHCIOBOH
dbopme c azeKBaTHON MHANUKAIIMEH M HATJIALHON 0OpaTHOM CBI3BIO.

Llensio Haureil pabOTHI ABIAETCSA OCBOEHUE perbeda 1 Co37aHNe COBPEMEHHOTO U HA/IEKHOTO XKHUJIOTO 3[jaHUs
WM KOMIIJIEKCA Ha OCHOBE IIPUMEHEHUs MH(POPMAIMOHHOTO KOMIIBIOTEDHOTO MOZEIUPOBAHUSA IIPOCTPAHCTBEHHOM
cpezs! [10,11], ¢ yuerom paccMOTpeHMs BapHaHTOB, YCTPOMCTBA KOHCTPYKUMH GYHIAMEHTOB K HECYIIEro Kapkaca
3[aHUA WIN COOPY>KEHUS C OITHMHM3aLyeil pacxosa MaTepruaaoB. B COOTBETCTBUY C IIOCTAaBIEHHOM 1IeJbIO, 33a4u
I pabGOThI apXUTEKTOPA ¥ KOHCTPYKTOpa GOPMUPYIOTCA CIELYIOUUM 06pasom:

- paspaboTKa AapXUTEKTyPHBIX M KOHCTPYKTHBHBIX KOHIEIIWH OyAyWMX B3JaHHH U COOPY>KeHUM
PallMOHATIBHOTO pa3MelleHUs U OCBOEHU pesbeda C YIeTOM UX Te0IOTUIEeCKUX U Te0(PU3NIeCKUX 0COOeHHOCTeH;

- paunMOHajIbHAA OPTaHU3ALMI TEPPUTOPHUU 3a BpeMsA CTPOUTEIBCTBA M OKCIUIyaTallMHM C IIOMOIIBIO
WH)X€HEPHBIX CUCTEM U JIaHmadTHOrO AU3aiHa;

- B COOTBETCTBHU C IPEIJIOKEHHBIMU apXUTEKTypHBIMU GopMaMM M [AuU3alHOM, paspaboTka Hauboiee
SKOHOMUYHOTO KOHCTPYKTHMBHOTO peLIeHUS U PalMOHAIBHOTO OCBOEHUA TEePPUTOpUil C yderoM (mpodrureit
[IOIIepevYHOro ceuenus) penbeda;

- KOHTPOJIb U IIOJIiep>KaHye SKOJIOTUYECKOr0 PaBHOBECH S Ha TEPPUTOPHUYU KOMILIEKCa 32 BpeMsI CTPOUTEIhCTBA
¥ 9KCIITyaTaluy;

- obecredyeHue IPOYHOCTH U HECYIEi CIIOCOGHOCTH C y4eTOM peibeda, BceX IPHUPOAHO- KIUMATHIECKUX
(baKTOpOB BO3ZEICTBUI U, KaK ITPaBUJIO, C IIOBBIIIEHHOI CeCMUYeCKOH aKTHBHOCTHIO.

ITpu cTpouTensCTBe 3FMAHUM U COOPYKEHHUI B yCIOBUAX penbeda ocoboe BHUMaHUe yAedeTcs (GaKkTopy
PaIlMOHATBHOTO OCBOEHUA M 61aroycTpoiictsa Teppuropun. Kak mpaBuio 3To el KOMIIJIEKC MEPOIIPUATHI IO
obecrreyeHNI0 6e30IIaCHOCTH U COZEP’KAaHUIO TePPUTOPHUI, KOTOPBIH BKIIIOYaeT IPOEKTUPOBAHME U pasMelljeHue
00BEKTOB: IOAIIOPHBIE CTEHBI, JIECTHUIBI, OTKOCHI, MAHAYChl, IpoTel 1 Ap. OfHaKO, A1 peibeda, KaK IPaBUIO
HanboJsiee MOTPeOJIAEMBIM SABJISIOTCA IIOJIIOPHbIE CTEHBI, KOTOpHIE II03BOJIAIOT PEIINUTH NPOGIEMYy yCTOHYHBOCTH
TPYHTOBBIX MacCHUBOB.

AHanuTHYecKoe IpeZCTaBleHMe INO3BOJIIET HAOMIOJATh CYyLeCTBEHHBIE 3JIEMEHTHl KOHCTPYKIMHM C TOYKH
3peHHs IOATOTOBKH K IIPOYHOCTHOMY PacuéTy M aHAIU3y HANPMKEHHO -IeGOPMUPOBAHHOTO COCTOAHUA. Kaxasrii
apXUTEKTYPHO -KOHCTPYKTUBHBIH symemeHT, npepcraieHHsiii B CAIIOVP cBoeil wHbOpMAnMOHHON MOZEIBIO
«yMeeT» chOpMHUPOBATh U BBIJATh CBOE aJleKBATHOE IIPeACTaBIeHNe [JII IIPOYHOCTHOTO pacyéTa.

s ycTpoiicTBa MOAIOPHBIX CTEH M MX AaHKEPOB IIE€PCIEKTHBHBIM fABISETCS IIPUMEHEHWEe apMaTypHBIX
CTep>KHeH ¢ BUHTOBBIM Ipodurem u MydT [12].

Jns ycuneHns ¥ 3aKpeIUIeHHsA CKJIOHOB HaMU IIpeZJjIaraeTcs KCIOIb30BaHME HOBBIX KOHCTPYKIIMOHHBIE
MaTepHaIoOB B BHE IIyCTOTEJbIX TPyOUaTBHIX 5JIEMEHTOB, M3TOTOBJIEHHBIX HA OCHOBE NPHMEHEHHUA 0a3aJbTOBOTO
BonokHa [13,14]. KomudectBo Tpy6 B TpyOuaTOM B3JIeMeHTe, MX KOHGUIypalud IONEPEeYHOrO CeYeHHud, lIar
(BepTHKa/IBHBIE U TOPU3OHTAJIBHBIE PACCTOSHUA) MEXIY HUMH, a TaKXKe TPYHTOBBIE aHKepa, UX KOHPUTypauus u
KOJIMYEeCTBO IPUHUMAIOTCSA HAa OCHOBE KOMITBIOTEPHOTO MOZEINPOBAHUS U PaCIETOB.

Ha ocnose peanucriansix 3D Mozeseit morydennsix Ha ocHoBe ,,CAIIOUP u , JIUPA CATIP“ [8,9, 15-19]
MOXXHO MOJ|e/IMPOBATh KOHCTPYKIIMI 3aHU M COOPYKEeHUI IPaKTUIeCKU# 110005 KOHQUTYpAI[UK U HAa3HAYEHIS C
y4eToM penbeda MECTHOCTH.

IIK CAIIQUP ecrecTBeHHBIM OOpa3OM CBSA3BIBAETCA C OIpPEAETEHHBIMH PACUYETHBIMH KOMIIIEKCAMHU.
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IMogcucrema KOHCTPYKI MU B pamkax ITK CAII®MP o6ecneurnBaer mocToGpaboTKy aHATUTHIECKON MOJENH, €€
KOHCTPYKTOPCKYIO JOBOZKY M IIpeoOpa3oBaHMe B PacCUETHYIO CXeMy JJIA IIPOYHOCTHOTO pacdyéra II0 MeTOmy
koueuHsIx smemenToB (MKD) 8 orevectsennom [TK MUPAXK wnu JIMPA-CATIP.

Ilo 3ampocy HOIB30BaTeN CHUCTEMA aBTOMATUYECKH TeHEePUPYET YepPTeXH CXeM pa3MelleHHsI IPOAOIbHOM
apMaTypsl U IIOIEePeYHOI apMaTyphl B 30HAX IIPOJABIMBAHUA, Y€PTEXU y3JIOB IPOJABIUBAHUA U YEPTEXH CEPUU
KXW, Ha KOTOpBIX IpeACTaBIe€HBI apMaTypHble KapKachl, CIenu(UKaLIMM apMaTypbl, BeLOMOCTH Aeraneil (c
SCKHM3aMU) U BeJJOMOCTH PacXoZa CTaIH.

BrOCHMBIe B MOZiesIb M3MeHEeHUA aBTOMAaTHIeCKH YIYUTHIBAIOTCA Ha IIPOU3BOJHBIX OT MOJEIH N300 pasKe HUAX:
IIaHax, dacazax, paspesax M JpyTUX BuZax. VsMeHeHud, BHOCHMBIe B ITapaMeTphl apMHPOBAHHA M B T€OMETPHUIO
pasMelleHHs JONOJIHHUTENBHOH apMaTyphl, aBTOMATHYEeCKH OTPa)KalOTCA HA COJEPXAHWM CIenupUKanui u
BeJOMOCTEH.

3. BrBogmr

CucreMbl aBTOMATU3UPOBAHHOTO IIPOEKTHUPOBAaHUA U HHGOPMAIMOHHOTO OOeCIleYeHUs CTPOUTEIHCTBA
ITporpammusie kommtekcst ,,CAIIOUP u ,, JIUPA CAIIP“ no3BoisioT MOJEeINPOBaTh IPAKTUIECKU JIIO0bIe 3MaHUs
Y COOPY’KEHHUS C YUETOM CJIOKHOTO pesibeda, TPYHTOBBIX YCIOBUHM U CEeICMUYECKOTO BO3LEHCTBHUA.

MeTozsl MaTeMaTUIeCKOTO MOJEIUPOBAHMA C IPUMEHEHHEM COBPEMEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTHUH,
COBpPEMEHHBIX IIPOTPAMMHBIX KOMILIEKCOB M UYHC/IIEHHBIX METOZOB BO MHOTHMX CIy4asX SBIAIOTCA €IMHCTBEHHO
BO3MOXXHBIM HMHCTPYMEHTOM JJIA IIPOBeJleHUA TaKHX HCCJIeJOBAHUI M CO3JAHUA PeKOMEHAAIUN IUIA CO3NAHHA U
COXpaHEHUs C yYeTOM CJIOKHOTO pesbeda.

B macrofmee BpeMs BCSA IIPOEKTHAA JOKYMEHTAIlUA M YEPTEXU IPAKTHYECKU BBIIOJHAIOTCA TOJIBKO Ha
KOMITBIOTEPAX, a B IIPOLIeCCe CO3JaHMA MPOEKTHON JOKYMEHTAIIUU IIPOUCXOIUT IIPOLeCC MHTETPAIliy IPOrPaMMHBIX
KOMILJIEKCOB, aBTOMATH3HPYIOMUX KaK pasHble METOZBI, TaK M pa3IMYHbIe pasfessl IpoekToB. IIpakTudecku, Bce
paszesisl MPOEKTOB OT BEIOOpa 3eMeIBHOTO yYacTKa A0 BRILAYU CMETHOMN JOKYMEHTAalUH, a AajIblie IO YIpPaBIeHHUI
CTPOUTENBCTBOM, IIPOLieCCaM SKCIUIyaTalli¥d X JAEMOHTaXa MOXXHO KOHTPOJIMPOBAaTh Ha OCHOBE IIpUMEHEHUSI
KOMITBIOTEPOB C IIpUMeHEeHHEM CIIeIIHaTbHbIX TPOTPAMMHBIX CPEJICTB.

ITpoBemeHs! SKcIepUMeHTaTbHbIE X KOMIIBIOTEPHbIE MOZAEINPOBAHUS C IPUMeHeHIeM IPYHTOBBIX KOHEYHBIX
3JIEMEHTOB [JIs Pa3HbIX BAPMAHTOB IIOATIOPHOM CTEHBI, C 3aaHKEPEHHBIMU B TPYHT apMaTyPHBIMU CTEPXHIMH C

BHUHTOBBIM IpodrieM u MydTaMu UIu TPyOIaThIMU CTEPXKHEBBIMU 3JIEMEHTAMU Ha OCHOBe 6a3aIbTOBOTO BOJIOKHA.

0B )O5E®s — References — Jlurepatypa:

1. Norenkov I. (2002) Basics of computer-aided design: Textbook for universities. 2nd ed., Rev. and add. - M.:
Publishing house of MSTU im. N.E. Bauman (in Russian)

2. Malyukh V. (2010). Introduction to modern CAD. -M .: DMK Press (in Russian)

3. Ushakov D. (2011). Introduction to the mathematical foundations of CAD. -M .: DMK Press

4. Gorodetsky A., Batrak L., Gorodetsky D., Laznyuk M., Yusipenko S. (2004). Calculation and design of
structures of high-rise buildings from monolithic reinforced concrete: problems, experience, possible solutions and
recommendations, computer models, information technology. Kiev, Fact.

5. Veryuzhsky Y., Kolchunov V. (2005). Reinforced concrete mechanics methods. -K.: NAU

6. Veryuzhsky Y., Kolchunov V., Barabash M., Genzersky Y.. (2006). Computer technologies for designing
reinforced concrete structures”, Kiev, Book publishing house NAU

7. Nemchinov Yu. (2008). Seismic resistance of buildings and structures. In two volumes. -Kiev

8. PC "SAPPHIRE". (2017-2020). A software package for the calculation and design of structures. Under. Ed.
A.S. Gorodetsky. -Kiev

9. PC "LIRA SAPR". (2017-2020). A software package for the calculation and design of structures. Under. Ed.
A.S. Gorodetsky. -Kiev

10. Gigineishvili D., Matsaberidze T., Tkachenko T., Voloshkina. (2015). Some features of strengthening two-
story retaining walls taking into account the work of the soil base. Scientific-tech. jour. "BUILDING". 3(38), pp.6-14.

57



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. Vol.1.1, No 1(32), 2021

11. Gigineishvili D., Intskirveli N., Grimes P. (2015). Features of the architectural and planning solutions,
calculation and design of the hotel complex "HILTON" in city Batumi. Scient.-techn. jour. "BUILDING". 1 (36), 6-12.

12.TU 14-1-5254-2006. Rolled periodic profile of reinforcement for reinforcing reinforced concrete
structures.

13. Gigineishvili J. (2014). Results of survey of prestressed concrete beams reinforcede with basaltplastic bars.
Int. Conf. Seismics-2014, Tbilisi, Georgia, 29-30 May, pp. 65-78.

14. Gigineishvili J., Tsitsilashvili O., Chikvaidze G. (2008). Bazaltic fibers and pipes or pipelines on their basis.
first international conference on seismic safety problems of caucasus region population, cities and settlement,
September 8-11, pp.206-213. Thilisi, Georgia

15. Barabash M., Kozlov S., Medvedenko D. (2012). Computer technology and design of metal structures. Kiev.
Book publishing house NAU

16. Barabash M., Boichenko V., Medvedev D., Palienko O. (2012). Information technologies of integration
based on sapphire software complex. -K., Publishing house "Steel"

17. Barabash M. (2014). Computer modeling of the life cycle processes of construction objects: Monograph.
-K., Publishing house "Steel"

18. Gorodetsky A., Barabash M. (2016). Computer modeling in problems of structural mechanics. Textbook

19. Barabash M., Soroka M., Suryaninov M. (2018). Nonlinear alarm mechanics from PC “LIRA SAPR”,
monograph. Odessa, Ecology, 248 p.

MODELING OF BUILDING AND STRUCTURES BASED “LIRA SAPR”
SOFTWARE COMPLEX

Johni Gigineishvili, Giorgi Chikvaidze, David Gigineishvili, Temur Matsaberidze
johnigig@gmail.com, g.chikvaidze@progresi.com.ge, d.gigineishvili@progresi.com.ge,
temur.matsaberidze@gmail.com
Georgian Technical University, PROGRESSI LLC

Summary

The urgency of the problem. Our time is characterized by the rapid development of cities and the aggravation
of problems associated with the relationship between nature and society. Most of the territory of Georgia is located
on a complicated terrain. One of these problems is the development and expansion of cities and settlements in
territories that are unfavorable from the point of view of engineering and geological conditions, since a significant
part (=70 %?) Of the territory of Georgia is complicated for the development of urban planning due to terrain
conditions. In this regard, with a difficult terrain, the city of Tbilisi stands out, because in conditions of land shortage,
today it is these (dysfunctional?) plots that are attractive for construction companies and investors. In this regard,
information modeling of buildings and structures on difficult terrain is of particular relevance. The = design  of
construction projects on difficult terrain at the present stage is characterized by a number of factors: large volumes
and tight deadlines for the implementation of design work, the constructive variety of new buildings and their urban
planning environment with utilities and infrastructure facilities, the need for construction on inconvenient sites. In
this regard, computer modeling of buildings and structures on difficult terrain is of particular importance. When
building on difficult terrain, as a rule, each building or structure becomes a unique intellectual product, and end-to-
end information computer modeling is relevant for obtaining economic effects, taking into account the optimization

of the design of foundations and frame elements, taking into account their reliability.
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ON THE ROLE OF INFORMATION TECHNOLOGIES FOR DECISION MAKING
PROCESS IN SOCIAL BUSINESS

Didmanidze Ibrahim, Beridze Zebur, Didmanidze Didar
Batumi Shota Rustaveli State University

ibraim.didmanidze@bsu.edu.ge
Resume

The paper outlines that decision-making is the process by which individuals and groups identify, combine,
and integrate Information Technologies in order to choose one of several possible courses of action. In social business,
research traditions involve the cognition, affect, and behavior that drive both individual decision-making (including
attitudes, beliefs, values, and actions) and group decision-making (including group formation, group preference, per-
formance and influence, social decision schemes, straw poll, social comparison, and groupthink).

Key words: information technologies, decision-making process, social business.
1. Introduction

Although some social businessmen have taken up decision-making as a focused research interest, social
business generally is seen as informing the emerging technical data areas of the decision sciences [3]. As a topic area
within social business, decision-making is not guided by a single theoretical framework that researchers use to
organize and guide their work. Rather, a number of theories in which decision-making is either explicit or implicit
can be found within symbolic interactionism, exchange theory, rational choice, cognitive consistency theories, and
other research on attitudes, beliefs, social business values, and technical behaviors. Dissonance theory, for instance,
is a comprehensive framework that describes cognition and behavior before, during, and after people make decisions.

It is based upon the general proposition that inconsistent cognitions arouse an unpleasant business subjective [5].
2. Formulation of the problem

The report discusses the point of view of Georgian Professors Ibrahim Didmanidze and Irma
Bagrationi’s work “On Educational Value of Pedagogical Ethics in the Age of Information Technology” through
Information Technologies theory: “In addition the research shows that teachers' beliefs about the value of
digital technology for learning and the nature of successful learning environments are important in teachers'
pedagogical reasoning” [1] the authors discuss the theoretical thinking about some “educational technologies
for the aesthetic synesthesia research” and “the aesthetic facts were interpreted by the language of physical
phenomena in their aggregate. The conversion to the cognition and an assessment of aesthetic things was
outlined by means of the irrational sub-modal perception with distortion of the previous original shape of
artwork’s existence, where a determinative harmonious part was assigned for the content or the language
fact in the institutionalization of the artistic work” [2].

The paper discusses that in everyday life - and especially while interacting with others - decision-making
situations are highly complex and unstructured. For example, if we want to decide how trustworthy or angry a person
is, we have to integrate Information Technologies such as facial expressions and the pragmatics of language. The
ability to understand and infer other business peoples' thoughts, feelings, and intentions is referred to as "social
cognition" or "theory of mind“. Based on this understanding of the mental states of others, we make predictions about
their behavior and adjust our own behaviors in response. Furthermore, we use this ability to make judgments as to
whether certain business behaviors represent violations of moral or social norms [4].

The report concludes that social workers continually make decisions: what can research on the social business
of decision making tell us that might improve the process? In making decisions, people draw largely on the Info-
rmation Technology that comes to mind most easily. Thus, in choosing social workers tend to select repeatedly

experts of whom they are most immediately aware. Use of a database of potential reviewers can help to overcome
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this tendency. When making judgments about items, people consider their similarity to other items in the same data.
Papers that deviate from norms are often poorly received by social workers; this tendency can lead to bias against
papers that are from other countries and therefore do not conform to usual modes of presentation. Even when

successive events are random, people perceive patterns.
3. Conclusion

Therefore, editors focus largely on weaknesses rather than strengths; they worry more that they will publish
seriously flawed work than that they will reject work that is worthy. That tendency can result in failure to publish
innovative work. To help to overcome the tendency, editors can give reviewers instructions that elicit information

on the significance and strengths of the work being reviewed.
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Abstract

The article proposes a new method of calculating local and global informational entropy for Conway’s life-
type game systems - reduced entropy. The article describes tools and the numerical experiments.

Key words: Shannon, Game of Life, Entropy.
1. Introduction

Game of Life is a cellular machine invented in 1970 by the British mathematician John Conway, which obeys

certain rules [1].

The area of operation of the cellular machine is called the "universe" (see Fig.

1), itis an environment divided into cells, each cell includes 8 neighbors that determine

the state of the cell [2]. FHEH L

Fig. 1. The Conway World.

Each cell can only be in 2 states, it is either alive (1) or dead (0).

2. Formulation of the problem

The volume of the "universe" and the state of the cells are not related to each other, so the finiteness and
infinity of the "universe" cannot affect the rules.

The user arranges the figures as he decides, this action is called first generation, and in this case the
environmental factor cannot affect the life of the cell, but then the next step is taken, according to which the cell
appears or disappears in the world.

Cellular automation algorithm used to predict agricultural development in suburbs of Toronto [3]. The same
model was used to understand the damage of forest fires [4], The area was divided into parts and environmental
factors such as roads, terrain, were used to describe the various conditions with which the hearth of fire could reach.

The one-dimensional and heterogeneous cellular machine is considered to be the frequency of pseudo-random
numbers used in cryptography through secret code. The quality of the frequency of pseudo-random numbers
depends on the accepted rules of the cellular machine [5].

The Conway-created game illustrates how different living systems can survive in some particular environment
in terms of entropy reduction. The game and its other versions with different rules are known as cellular machines,
which are the basis of numerous experiments and research in computational biology [6].

Information entropy, also known as Shannon entropy. According to Shannonian theory, entropy is the edge
of a kind of uncertainty, otherwise we can call it the edge of chaos. Rather, Shannon entropy is a function of the
information volume of a system. "Entropy information" or "amount of information using the Shannon formula" is
often used as entropy.

The concept of information entropy is directly related to information theory, statistics, and statistical physics,
because information entropy is thought of as the logarithm of the states within a system. Such a function with its
result ensures the addictiveness of entropy where N represents the number of compatible states P; - the mean value

of the probability scatter, from which the Shannon information entropy formula is derived:

61



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. Vol.1.1, No 1(32), 2021

N
== Pilog(P)
i=0

Assume that each of the systems we need can exist equally in each N, with the magnitude we need, and their

1 probabilities must be any P; where i =1,2,3,...,N and the entropy used with
Shannon H is the set of all our probabilities P = (p;, ... , py): from which we are
getting the function H=H (p).

Defines the value of the above formula: It should also be noted that for each

=05
= of our systems H(P)sH(P=)where infinity P is evenly distributed as the equation for
all probabilities is 1/N, if each element of the system takes two states then the
entropy graph Looks like this (see Fig. 2).
0

1] .5 1

PriX=1) Fig. 2. Information entropy graph obtained in binary systems

As can be seen from the graph, the entropy takes on a symmetric value around a probability of 0.5, so it is
impossible to distinguish both a completely filled area and a completely empty area from this point of view. In order
to overcome this inconvenience, we introduced a cone entropy in the study, which is calculated by the following

formula: : 2

N
ZP,: log(Pl) lf Pi > 0,5
H = i=0

HIX)

N
l\_ ; P,log(P,) if P, < 0,5 L
The entropy of this formula takes into account the state of the system and

shows what is the entropy (size of uncertainty) due to the existence or excess of
objects. The corresponding graph for this formula looks as follows (see Fig. 3).
Fig. 3 '

The world of Conway in its own right is a graphical form of binary code (in some

NW| N |NE ways it can be said to be a message). Accordingly, a given binary array can be subjected to
wilc|E entropy. Also in around each cell has 8 neighbors (see Fig. 4) (which interact with each
SW/| 5 | SE other) and by similar reasoning we can subject it to a local entropy.

Fig. 4

The aim of our study is to link Conway's "game of life" and entropy.
For this purpose, a program was written in C #, the working area of which is divided into two parts, the first
part is a simulation of the world of Conway, and the second part is a visualization of the connection of this world

with entropy. The user interface of the program is presented in Fig.5.

1 2

-

S S S S S S S S S e S22
- Illlllllllllllllllllllll

Fig. 5. Program user interface. 1. Worksheet. 2. Information panel. 3. Management elements. 4. Statistical characteristics
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1. Worksheet - This is where the initial configuration of the conveyor world is set up and further simulated;
2. Information panel - provides graphical visualization of various types of data in the simulation process. The
panel works in 3 modes, displaying the neighbors of the elements, classical entropy and cone entropy modes;
3. Control elements - ensure the management of the program by the user;
4. Statistical characteristics - here each move reflects the density of the elements, the classical and conical entropy.
Several experiments were performed within the described program, which showed that entropy and
especially reduced entropy have a great influence on the operation of similar discrete systems. In particular, in a
discrete system such as the Conway universe, where the location of an element as well as the rules for its interaction
with other elements are strictly determined, any action (cell death or emergence) is usually preceded by a change in
local entropy, especially from classical entropy. We move to the cone entropy. It should also be noted that changes
in local entropy in the system may not affect the entropy level of the entire system (gliders). To illustrate these
considerations, let us cite the results of numerical experiments.
different numerical experiments have shown that cone entropy can be used as a kind of assessment tool for
population development, for example it has been found that the so-called entropy. Death points (marked in bright
green in the pictures) indicate that the current structure or its subsequent evolutionary stage will be more developed

(diverse, complex) or even retain its structure. Carrier) Different stages of evolution, we should pay attention to the

fact that structures that have green dots are more

likely to survive in the next generation or their | | | H b 28
structure will be complicated. And the structure of ! ! h H H
objects that do not have point points is either .‘ - I
absolutely stable (Block) or is dynamically stable HH H == L1 ﬁ
which means that the structure has virtually two |- -’ bbb

identical states (Aircraft Carrier, Blinker) (see Fig. 6).
Fig.6

To support this view, we will give another example, this time of a more complex structure with many non-

recurring states (see Fig. 7).

L EE L E LTS L]
- EEE S SEESESEESE =S

- LES
Fig7

From our point of view, here we must pay special attention to the concentration of green dots again, which
are often concentrated in the center of the body nucleus and determine its evolution. The set of changes generates a
kind of wave, which is a kind of announcement of the expected changes, we can assume that in conveyor type
systems whose development rules are strictly determined, the wave of changes is preceded by a wave of information
entropy.

The rules of the Conway universe are not static, which makes it possible to write other terms, such as the
method used by Canada, to transfer the rules of the Conway universe to a program by generating forest fires and
their various purposes, and as a result they were able to see an approximate picture of forest fires. Through all this,

it was possible to say where the fire would go in the near future. The entropy developed by us makes it possible to
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determine not only the location of further outbreaks, but also subsequent climate change, such as approximate
calculations of smoke scattering in the same atmosphere or damage to nature by fire (under normal conditions).
Using the Conway universe it is possible to easily determine the development of bacteria or similar creatures
or a better option, it is also possible to determine the rate of development of any disease if we take into account the
fact that all this happens under normal conditions. From this, it can be said that the world of Conway can be used in

many fields, from medicine to the environment.
3. Conclusion

The methods of entropy and local entropy analysis presented in the paper can be used to analyze and predict
deterministic dynamic systems, it can be considered that the wave of changes in dynamic structures is preceded by
a wave of entropy. As part of the research, it is planned to study multi-population conveyor cellular machines using
the described methodology.
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THE AGENT-ORIENTATED APPROACH AND THE THEORY OF AGENT
SYSTEM TO NORMATIVE-LEGAL DOCUMENTS

Shonia Otar, Kartvelishvili Ioseb, Shonia Luka

Georgian Technical University
Summary

The work presents normative-legal documents’ intercommunication visualization and means of analysis
system realization — agent-orientated approach. Description of mentioned system technologies and explanations

concerning it. The architecture of agents, classification, models and their sphere of use is overviewed in the work.
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1. Bglssgsemo

LoBMA5MYdOL  FoMmM3ol  05659900MOM3g  3MIMOdMGINOOL  A9sHY39¢° LY NBOHM  ©d  MROM
3bME0MEYds 068MEOHTs30v)wo 3O M3E]LYIdIOL 9630056 GBNMB. 06GMEOTs(305, CBBMOTo30w0 LodwYsEgdgd0,
0900m©900 ©5 GH9dbmEmyogdo s Fomo sFMTs39doL 3OM(3gLYdO ©500Jdgds, BMYMOE LEBMYsMIdOL
39699maxz3ge 30003mbgbEs©. MgoLsm3z0l 06BMMTsEH0BoE0OL 30M (391900 50805BOL dm®3sFgMdol Mmomddols
9439@s bLYIOMAo 9dBH0IMOsd BoIMEo. 50 FBMHOZ Fodmbs3wolom MG LoEbmdoMM-l5BsMNEWIdIH030
LobLEJIgOdO 50IMRBS, LosE 80dEOBIMYMBL BMMToE0ME-boBsMNWIOH030 ©M3YTgbEHgdol Tgacmmazgdol,
d9gbobgol, 0 dsg3gdols o o8myggbgdol, 9By LEBeMMEWGdIMO30  0bBMGTs300L  BMEGHIOMmYdOL,
0639603609@9300L s 3mIMbogzsool 3MmEglgdo. 0sbsdgEmmag 3MMdErgdgdols Ima356Mgds, LoBMYSEMIOOL
05635 L MBOHM ©s YBOM 353000©J LobRMOTs30m 3MMEgLYLOL 463005MGB. 0bBMEOTs309,
L50bBMOTs30m  LodMogdgdo, Tomo  TMTog900L,  godmyabadol bgdbgdo  (BHgdbmarmgogdo) odao
LSBMYSPMGOMH0Z0 YYOHMOYNHPNMBJOOL 2o6v9gmRqer 3MI3MbgbE .

15356mb38gdm  0bxzm®Tszool  3MmEMbsmo INEMEMds ©s dolo (330 gdgdoL 0653039,
L5FOOMABL  OMBOLEJOOLIYD,  BOBBYLTGbgdOLS s bgdoLBOIMHO  WH0BEIMYJLIGOIMO  F0MHYPOOLIASD
®965890MM39 IgmMmEadoLs s 0blEHMKYTgbEHJIOL godmygqbgdsls LsdsMmMEGdMOZ 0BFMEOTs30sLME FmTomdol
3603930, ®IOLM30L slgo 0bLGHMWMTIBEHJds® 3393w0bgd0E BobmdsMHM-LsdsMmMEgdMoz0 LoliEgdgdo,
O0Igms  JoMOMo©O  53mEsbss  bobgwdfonm  @sfgbgdMmadgddo  mvy  39Mdm  LEHOYIGHMOIdA0
dmdbdoMgdgems  obMlobezMgwo  MomEgbmdolmzol  MEYMeMo  LodsMmmgd®oz0o  0bxm®dsiool
396530 Jofim@gds. LoEbmdMM-bsdsMmmEgdMozo LobEHgdol gHm-gMo oMM ©I60AEMEYdSL
§9680500390L Lomsbs® LETsMMNEGIM030 0bRMMT>300L BMOHToMgds 360d369wmzs60 Yosfy3z9@0wgdgdol
do0gdol 3MmEgldo, dmdbdsMgdeol bsodgom s LOHMEWo bmMIsGomwo s bbgs Lobol 0bgm®mdsgoom
056030350 ©5 M39M3GH0WO© HBOHMB39YMEs. 585LmMb gH Mo, 53MYm3Y 9MEOWGdYE0s 068MEOTs30vwo
MBogO®mMbMgdol  Logombgdol  89849dsg3gds.  0bxm®mTozomwo  MLogmmbmgdol 4398  0gErolbdgds
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LoBMASMIdOL  06RMOTo30wo  2oMgdml  OELEPMdOL  dEMIsMMds, MMIJWwoiE MOV Lymal
0683mM35300L BOI0MYBL, 459MYgbgdsl o Fob30msMYBL Imdosdggdol, LoBmasMadol, Lsbgwdfogml
06 9MHglgdol glodsdols. 0683mMTs30Wwo MLsBOHMHBMIBIOL LoBOHMHOL 83006 530MYds S 03IZ0PEOS
90956905 53306 F9doboBdgdol s LodMoEgdgdOL 53 To39d5L @S MYoODBHEOSL. gl Fgodegds ogml
™mO560Bsgomwo, 39db03mG0, 3MHMYMTMOo, bmEosEO, LsdsMmmEgdMmogzo s Lbgs dgdeboBdgdo.
0683mM530wo  MLsBODBMGIOL Logombgdo gbgds OHMaMmME bdogdBHgOL O™mIgwoms 0bGHgMgligdo s
IBLIOYIO0 933980gdOIBS @333, 0l LLYYBOIIGHIOL GMBEgdog YBOBIILYMBIB Sbgm o3 [1].
2. do6romso bsffoemo

©139565L369e bsbgddo  3MI30BHIOME Jugwgddo (Logbosbo s MLoIbm) WLsgHMbMmgds s
9mdLsbwmadol baMolbbo MomMglis 36083bgwmgsbo s sd@0Mo 330930l Logsbo obs, GOl FobgBLss

9mboggdms 35393900l 3953930l FboMsFgMol  dBsMEO  ImmbMgbs  FoMmBmoygbL. 593350
MLOROMbMGOol 908  MOHRB0BS30JO0 M3l 5560@YOY6  3MI30GHYOHME  Juggdols  sBrmygbgdsb.
MLOxMMbMgdoL Lszombgdo 3md3owEgMme Jugwgddo 360d369w ™36 LdMmIMEGdLL FoMTmoagbl sLgomo
JLggdol BoMMME 53GHOMIOOLMZOL. Fgbodsdobo, Abyoglo 3mI30vEH M JugEwgdol MLsgOMbmgds
360036gemgobo  LgggMms, o3 953060905  dmombmgl, ™30  sbgmo  Jugwgdo GoGomo  0gbgds
399099690990. 530w dgE0s, HMI 50bodbmmo LEgHml 9330093509005 IMobEObmb os 3GMMdEHIgdOL
0©96GH0B030M9ds S M HBOHYBb3gEymb Fqbsdsdolo gosfy39E0wgdgdo 58 3OHMdEgdgdobmgol [2].

MBogOMbMYdS Mom®mgla 960d3bgarmgsbo Lszombos MLsabm Jugargdolsmgol, 30bs0sb gomgdmdo
2393039 gdMo  bo3mdmbozsgom  Logabsewrgdo  bgwdolsfigmdos  @olsFgMo®. 9ggsb  gs8mdobsmy,
30035609005 @5  06©030oE©mTs  ddbIoMgdmgdds  Mbs  dgoEbmb  3m@GHIbEoMMo  s®LYGdMWO
360300 s d00mb Jglsdsdolo HBmdgdo. 6gdoldoge LoliEgdsl, HMIgmlbsg ©o33s LFoMEds, oskbos
LobbBHggdo 96 bo®zgBgdo, MMIgewms Bsfol b g3zgwsl gMms s9moMmbggl Msg3salbdgero Mmdogd@o.
d9Lodsd0, LOLEYIOL MLORMMbMYdOL FgdoboBdgdol dgddbol ghm-gMHm JoyMdsl FoMdmoyqbl gsbboggs
08 LoggMMbggdoLs s LOZMHMM MO3EILLIGOOLS, MMIgEms 06589 L LOLEGTs, 0Tob o3l obgdom,
03 LobBHYIsL boMzgbgdo  Asohbos.  MLogOHMbMgdol dgdobobdgdds wbs WBOMBlgwymb LolEgdol
MLOxMMNbMYds I (3990 LogHMbYgdOL, 153ILHTJOOLS s bo®zgbgdol Jomgzswolfjobgdoo [2].

Mbs 5006086ML, HMI 3mI30vEH Mo Jugwgdol JsOmIOMEOBIE00L MmJdgdo 13Y3083035309030 6
39bLsBZM396  o0Tg Lobols 30939630 WMBoldogdgdl b MUsgO®MbMgdol dgdsboHdgdl. s8gbs,
MBogbm Jugergdols JsOIHWYEHOBIE00L mJdgdol MBsGOHMLMYdS 25009 IJOJ S)30LYOICMBS© 0J3d Jugaerol
2593980 bEHOFMEOMmIOOLS s 459MmYgbgdol LBIOML Y5335MHMNMIGdOLMZOL.

0650900039  306OHMdJdTo  Lobgwdfoxzm  ©sfgbgdMmadgddo s 3ghdem  LEHOMIGHMOMdIo
L5FoHMEGOMH03-L5d0GOM 53EMToBHO0DIOY0 LoLEJIGdOL 0bFMEOTs30Ero MHgLMLYGdOL Joserm3z0L 9139JEIMO
094ob0Bbagdol  dgddbs, Fgodwadgwos 0bxgm®mAs30wo  MLsxkgMmmbmgdol bsdgEboghm  ©absdwmmgdol s
©d5EBLYIMEO 3ME0EH030L 3M9JGH03MNWs© 29BbMM3090gd0L gogdg. 53 sfglgdmgdgddo 0bsbgds o
005300905 OO M3mEYbmdOL bbgoolbgs dmbs3gdgdo, MmIwgdog ©s395300MBWMWOs SMeTsMEHM F500
L5gd3056mdOL  [FoMToMMNZoLmb, 9Msdg  Lbbgosbbgs  33wgzomo ©s  3mbLEOmMIzommo  3MmgdEgdol
396bmGE309wgdsLbmab, 3gMLmbscol JoMso mbsEgdgdol sddsgzgdslmsb, Lobgwdfomm 3mdgmEowwro,
306500 @ bbgs bsbob 365390963050 HO OBFMEOTs300L TgbobgoLM.

05050 399bmema0qd0L bLRgOMTo IBIToEGOOL BT 2ob530MHMBS Fmmbmgbgdo Lobgedfogm s
3960  shHglgdMEgdgdol  LadsMmMEgdMog-sdogdm  LolGgdgdol dodsmm  Asdmmzomo  Jugugdol
MHgbOLYIOL  OHEZ0L  3WObO®.  5dBHMYOLMOHO b LOZMNDIMO  MLIFOMBMIdOL  LoLBgdol dgdabol
(300090 Mds, M3 3olbIMBIL  LoBosMMEGOM03-bmMTsE00  dIBOL  SOLYIMBL, MLOFHMbMIdOL
306398300l BMEIoMdL,  L3gEoIWMO  WMBOLJOYdJOOL  FgdmBsgzgdsl,  MLOBOMLMIdOL  Jobboom
36M39MOIO0L  ©o9ad3L,  3OHMgIBHOMIOLL,  0bRMMTo300L L3930 BdbozMo  Lsdrewgdgdol
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95¢0BgosL. yzgws bgdmom bsdmmzwowo LobEgdnmo 3m33mbgbEgdo goblsbrmzmoglh obym®mdsgomwo
bsxgOHNbMYGdOL 330l gMM0D 3 o@ogsl.

MbOIbm wmIsMmo Jugegdo LEOYOosE 53854MB0E AL FmmbMzbadl, MMIwgdos §oygbgdmwos
Mbogbm 899600980LmM30L FgbmdoL BoMAWgddo 3530060l oLAYSMIOES®. MLoIbM M IsEHo Juguwgdo
99009905 0039 3MI3MbY6EHIOOLERB, MOLYBSE GHMIOEOWWo WMmIsEMo bogbosbo Jugagdo. sbgzy
3339696 domo  3OHMGHMIMgdo. gobbbgegzgds FbmEm 085805, OHMI MLsEIbM  mIs®mo  Jugargdol
30056MmM30L6  OML  Logbgdol Asdmyggbads 5M30WGdIO 5O sMOL. MLoEIbMm  WM3sMMo  Jugagdol
0005350 gdgd0 39Fomdgb 0936 IM[FYMBOOW MBI _ 3gMHLMBIEME 3n3309EgMGd96, brmMmdmdgdmsb s
0.0. 9mfymdomdgdol gMmdsbyomsb 393800 dSE MLoabm WmIsw Mo Jugwgdol e8mygbgds
396OLbmbom®mo  30330GHIMYOOLIMZ0L  gBBHWIO0s 0T0GHMT, OGMI  FodmMoEbagl  Lagbgdol  goyzsbols
9MEOGOMASL [2].

Mb5gbm  m3smo Jugerol doHomso 3md3mbgb@gdos: Jugwol 0b@ghggolol Mosom3msds,
3000l F9OEH0wgd0o, BoMIOHEH0DsGHMMIO0 ©o 296TgmMgdwgdo. Jugwol 0bEHIMagoLbol MoEOM3WsEd
95000Dg0e0s 802.11 LEBMEHDBY. Jb BHoEOM3Wo@goo B33wgdMog 3w9dsmdl gHom BoboMem mbyby _
802.115 56 802.118/. H5©0Mm3535d, G5 89maglgdmeos Mbogbm wm3sww® Jugumsb, Ggowobgds
Mbs 2om39mml  LEBBIOEGHOL 39MLOSL. MBoIbm WM3IsEHO JugEwol MoEoM3Es®gdo, MHMIWdO3
MBOHMB39wymnxl s HYooBoEgosl 39090l s0bodbmwo LEBEIMEOL Lbgoalibgs g3gMliosl s oskbos
MO00gOH M09 00l o0ero mbol dglsdegdermds, bEgds MBOHM S MBOM o3MEJLOSWO.

3000l (oM@owo 89090 MoE0M3WoGolosb, Mmdgwoi MYBOHMBlgwymgl 353806l MLsgbm
M350 Jugeol 3w 3gmee bsdmdbdsmgdarm Imfigmdomdsls s Jugerol 0b@HgMxgolol dsgommeEosd
3@l ImMob, MHMIgwog MHMmMb3gmymal asbsfowmadme LobEgdolmsb WOHmogMmJdgrgdsl. zwomadol
T960GH0wgdol LobEGgdNMo 3OHMYMTMEo MYbOHWb3gwYnas 4o6530MHMdIOL MLsIbm WwmswmMo Jugwol
Bofoegdls o f3madol HodEHowgdobl 4obsfowgdwyan Lol gdsl FmMmob MMm0gM0ddggdsl. gb 3OMyMsdweo
MBOHMB39wymgzs Famdol Hom@GHowgdl ongmgbao®mgdsl ¢39090L bMMbagwymgowmo dsMmm3zgEmdol
bsGolbom ©s MBsgOHPHMGdIOL 53mbiogdom.

05O BHOBsGHMMO, Lobgwfimogdol dobggom v 300X IWIOm, FoILEIAL  0bBMOIsz0E
3539390L ghmo Jugerosb dgmmgdo, sMBg3L Mo gdma Lowmzgmgbm sMBL Mebermal FaMEowdo 353930l
390005(390500. FoMIOEHODVGHMMIOO 250m0Yygbgdgb 0bFHgMbyd 3MmEHm3meol (Internet Protocol, IP) 3539@ 0L
Bomsr@gdl s o dMHYEH0BsE300l 3bOOWYdL. 5309039 049bgd9b Jos 3OHMEMIMEGOL M0MMIME0 539G 0L
3oLo3g8s  Lomzgogbem  gHol  AsbLsbEaMmOLIMZOL.  MLoIbm  mIsEo  Jugwol  GHo3oe
05MHIOMBH0DBGHMOL 4ooBbos 4 JmBF0, s80GHMI Tob s3Mgm3g dgdwos FgolBrwml bgHgzgMol dgFw30L
3Mbd3095. Y3939 gb ML bM JugErol ImIbTsMYOGBL 5deg3L Lodw)seEgdsly 01939 F0OMML s Fos3BogbML
35399900 8936 35300 0sb Jugerdo, Mmomgml olobo dggMmgdYEbo 506 ghm-gMo smysbdo.

0563 GH0DoBMMGd0 0ygbgdab Jugwrgdol oLsdsMmmgdol GHEMBLESE0L 3OHMEGHMIMEWIdL (network
address translation, NAT), Gmdgeog 89360 Jugen® mfymdomdsl 5dggal bodwysEgdsl JOHMMIO3Z5©
39900ygbmb gM0o IP doLsdsmmo, Fomdmoagbowo 0b@ghbg@ 8malobwydHgdol d3Mmgzsog®mol doge (Internet
service provider, ISP). 9sG36(vEH0BoG™MmJd0 039039 09gbgdgb ©obsdozm®mo 3356doL 3mbgoamdHomgdol
360HmEM3meL (dynamic host configuration protocol, DHCP) ygqws 9mfymdogrmdol dmdbsbmgdolsmgol,
H™Igog 0dmggzs  bodwogdsl 4ggws 8mfigmdowmdsl [oMdmmyobml swzgmmo TP dobsdstrongdo.
JOOMOdWog0 doergdom NAT s DHCP 8gLsdergdganls bool 6s8@gbodg Jugarey®o  dmfigmdormdols
(G@aMO0359, 3gOLMbsGHO  3m330EIMd0, BmMMdMJgdo s 3M0bGHIMYd0) FMTomdsl 0bEgMbgdEdo
dbmemE 9000 IP dobsdsmmols godmygbgdoo.

29689m6909wo0, sOLYdME JugEwe 0bRMLEHMWJGHWO 580, mgdggdol MoEOoMLOL AOBIBIMMMIIWO®,
MBGOCME M9396060HgdL 390090L  Logbowgdl, MMdwgdog 3OEIEgds Jugado. MLsgbm M3sEMHO
JLgobl gobdgm®mgdganl o6 4ooBbos 0B IMMO 3MbEJGHO MHMIgeodg Jugwrol Bsfowmsb. ol 0wgdl {zmadol
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§9IOGH0WOLRB Mombogbsegdl s 35639mMgd0m 2osli3gdl Jomgdwyer Imbsggdms BMmYodgdl. ymzqwrogzy
9b 25609 gdgeols, HMIgerog 256m3L9dos §3mMmdol FgHEHowbs s ImEowgdwyen 3,mdbdsmgdgwl dmemol,
5dgal 0dol bEdMoEgdsl, O™ 05bdsombomml, MMmymME BMIOTJBIOL MYEHOMBLEISEHMEODs, GHMIgwos
2303L3g0L  dMIHAsMgd0EB §3mdol FgHGHowolszgh s 30Modoom. 5dgsh @sdmdEobsty, MLsgbm

29689690900 Fo0dmoa bl 939dGWIO 455FY39GH0WOL MoEoMbIM39Hgd0m Fodmfzgrwmo Logbswgdol
3LLEAEHIOOL 3OMBEYIOL QoL FMHS.

MbOIbm Moo JugEgdoLEm30L  MBBOHDMBMYdS  MowMglo  360336gem3zsbo  Lsgomboo,
306500056 996Mgdmdo o3 3gegdwo bozmdnbozszom bogbswgdo bgwdolsfgmdos @absFgMo®. odgsb
399m30bsMyg, 3339609005 s 060300 MMTs  TmTHBIsMJOgdTs MBS FgoEbmb  3m@gbiowMa
3MLYd0 3GrMdEGIGO0 S J00Mb Fglsdsdolo Bmdgdo. bgdolidoge LoliEYIl, MMIgElsg (335 LFOM®YDdS,
359hb0s LoLLEggdo b bo®3zgBgd0, GMAgEms bsfowl 6 gzgwsl ghmo sdmoMmBI3L Msgzsalbdgero
®d09dBHo.  gLsdsdobo, LobGHdol  MLsgm®mbmgdol  d9dsboBdgdols  dgddbols  gOo-gH  Foymadsl
§968050396L 296b0egs 00 LoggMMbgadoLs S LogsMIMM Mo3alLAYIOLS, MMIgErms obsdg sl LolEgds,
000l 250m35¢olfjobgdom, MM LoLEJIL boMzgHgdo  doshbos.  MLsRMMbMmgdol  dgdobobdgdds Mbs
MBOHMB39wymb  LolBgdol MLORGMbMYds IMEJIMEO  LOsBOHMHYJOOL, M3oLbIGdIOLS s bomzgBgdOL
2o035eobfiobgdom [2].

05500mo,  bgdolidogh  dMOMGHR6IbMsbggwl  Lbgoolbgs  3MMmaMmedmmo  Lodrmsgdgdol
399my9gbgd00m Ggmderos 530w dmodoml Mbogbm Juguol sY(339w0 35393J00 S 0B QobLBSL
3s1do sMLYdIMEo IMb37d9d0. BooWOMO, IMYdg 30MJOL, OHMIWdoz 03YmBgd0b Gdgbody SLgwWwo
993H®00 ©IMMHJd0m F9bmd0B, Loss BYbJ30mboMmIdL MLswgbm wm3semo Jugaro, Tgifgzod dogs
9m0domb yz9ws G®msbbogdi0s, HMIgeog LEOwgds MLsgbm Jugarol bsfowdo. Gs mdds bs, doMomswo
Lsg3Mmbyg BaMdsMgmdl 0ds5do, MM 993EHq3900L 9IRS 30WsEsl dgodwgds bgwdo Bsvzsmgl olgomo
360036903560 0683mMTs30, MMAMMOESS IMIbToMgdWgOolL Lobgergdo s 35MMEgd0, 3MIPOEG-35OGHIOOL
BmdMgdo s Lbgo.

3boEmaonMo 63d0bdogML, MHMIgeog 0dymzgds dgbmdol ImMmosbErml, ymzguwagzs®o dserolbdgzol
2396939, 8999905 FMboEHMMObYOL bo@stmgds Mbogbm wm3sw M Jugedo s®LYdIMo LolEgdgdol dodstmo,
9] o6 56OL Jowgdmwo Log®mbowol {obslfjsmo Bmdgdo. Tsgowomsw, 306d9L, MHMIgmog 0dgmggds
396m00L  Bobermdws IYSM  93GHMIMdOEdo, Fgmdeos 80gdsl Tgbmdsdo  4obEsagdmemo  Lsdsbolim
Lo@AMJO0IB GM-gOHNL. 1) 56 5HOL oMo BsFoMmM 330L LsFoMH™ BMIgdo, sbgo oML Jgrmdwos
d9o0fomb bgMHzghby s LobEGgdgddo, HMImgdog LOWWEIdS 3MM3MOGOWE Jugwdo. Lsdhmbsmm,
303560900 »IM53wglmds  MLsgbm  Jugrgdol  AsBoMm3zol MM™ML 0g4ghgdl LsdsBolm  LoyMMIdOL
3MbRogmMo30sl, MHMIgEoE M930056399 ©Ygbgdmwo s 390 YHBOHMBIgwYmBL MLsFOHPHBMGdOL LoFotMm
DYoL, Mog Fobobiffot goblobmzMagl Lol dgdolb LIMZxMMb IMBMIMEGdJM YWYOPOOHMJIgEgdsl [2].

33m96(30%3035300Ls s ©F0E3OOL  dgdsboBdgdol  gedmygbgdol fgsermdom 0BMEIds MLagbm
JLggdol MLoROMbMgds, BoMsd odmEEOwo 35390900 dgdbosh L@ TbaMgqdl, 030sd Mo, MYy OMAME
ddomdL Jugerol Mmgdgdo. 3539600 2565m03LgdL BodEOME FMFYMBOEIMBIL gAsEwYH FmIHBTSMYPOWIILS S
Mbogbm  Jugel  GmOOL.  Fopdw0mo©,  LEHBIOEHMWO  "sodosbo  8sdo"  Lobgmdols  dg@gzol
2396bmM3090q00L  EOHML  458m0Y4nbgds FoLsdsMMYOOL  A3Msdddbgro 3OHmEMm3meo (Address resolution
protocol, ARP), ®m3gwog godmoygbgds ygzgaws TCP/IP (Transmission Control Protocol/Internet Protocol -
239005(3990L FoOmMZ0L 3OMEMIME0/0bFHIMBE 3OMmEHMIMo) Jugedo. 35396, GMIgEoE Fg0sMIMIOME0s
330009090 3OMAMFwo  Lodmoegdgdom, ARP-U 999myggbgdom Tgmderos ©osdgs®ml  3mbEGMm@o
MBobm Jugeby. "dAbobMGISBY MoMo" Lobgmdol g3 g3s (Denial of service, DoS) - gl ool 53sLbAs, ML
9900089053 MLsIbm  Jugeo bgds  @odmNMlagao®o 96 dobo FMTomds 0dEM3gds. sbgmo  dg@g3oL
39LodgdMds b Po0mZowolfobmlb y39esd, 3063 30 3odsMMagl Mlagbm Jugwb. smEoEwgdIE0s
553040 gds 085%BYg, 0¥ Mo IMbEgds, GMmELyg Jugero gobgds dovfzEMIgEo gobmlsbrzmgwo MMo.
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DOS 3d9¢930L LgHombmwmds ©sdM30IOMEos 035%g, vy Mo dggal 353mof3g3l MLsgbm Jugeols
30gmdm0b  godmbigams. MLogbm  @M3s®  Jugergddo, B33 gdM030  JugEgdoLash dsblbgsggdoom,
053055bIGOMB 3538065000 SEHOWO 53l IMTSFHJOE0 MHOLIOL BodBHMOL, Mog Jodmfzgmeros dgdwgyo
doGomoo  Jobgbgdom: MLogbm  Jugwgddo 9O  sMLYOMIL  BoWGHMO, MMIgwos 99godErgds  oyml
399099698990 53sLbIGOOLORD OLBE35; 96 SMLYOMBL LYMZ9MO, MMIgEoE Fmds@gdweo bmdol
3odBHMM0m bolosmYds; MLsgbm Jugergdo bsbosmgds md0gd@gdol 399©do30 FMmdMsMdOm s 5oLMD
9@ 56 5MLBYIMOL B0DBOINMO 5MHYI0; 5T 5OHYOIOL 56 SMLGdMBOL QT 0bZMEOTo30 RWI0(3gTs JoIgMOL
153995 GOOM, M3 09300MZ5© 93MJNZg LBoFoTOHMYdSL FoMIMoqbl, 306506 Mo3slbAgdO  ofygds
DLGHo© SMBOL Bmbidgbosb.

b99mm50b603bro 3MHMd)dgd0wsb 3sdmdobsmg Mbsgbm wmzswmem Jugerdo JsMmIOGEH0BIGOOL
MBogOMbMgdol  $9s0gdol obbom Jgadmdsggdmeos sboewo doymds. MLsgbm mIsew®  Jugendo
39300090905 25dmYqbadeo 0dbsl 993gbGH0R035300L LYz, ML L8 swgdomsE dmbgds Jugu
9fymdomdgdl ImMolb 353006MH0L ©odYsmgdol 3MMm3glgdol M35¢yMMol ©93bgds s dmboggdmes dsHsdo
BoPgtos. 03Mgm3g 99930wgd9gwos  Jugey®  Imfigmdowmdgdl dmMol  4odmygbgdyo ogml  mGIbOHoz0
33 96GH0%8035305, Mol igoemdoo Glodwgdgeros sdMegzo 3MmMdEYdgdol 4owsfy3g®e, MHMIwgdos
0535300690905 MLoBOMLMYBLMD. MOTHOOZ0 993963 053035300L OML Misgbm ImIbIsMgdgwo s
ML bm Jugwro 9OHTsbgml MIE 3030l 0530560 0I6EHMOMB.

39600  3m835609080 mvy Lofaddmgddo MLsgbm wmsermmo Jugwo LsbvM3gwos 89agdM©EIL
6500096009 H300m3oL F9mEH0gdolsgsh @s 3530 0sbo Fo@m8HNYEHOBIGHMMOLOYD. f3mdol FgdEowols s
0530071000560  J9OIOHNEHODIGHMOOL  3nTd0bsEosl Fgmdeos Fg33oeml MLoabm  m3sedo  Jugarol
056IOMBH0DBIGMM0 s gl Bs3egds IZ0MIQOOMIBOMEIO 25FY39AHOWYOSS, 30MY YoM M IsMHo
JBgerols FsMmIGMEBH0BIGMMOL 89dgbs. saMgmM3g 930wgdgos MM MsdYbodg MLsgbm dmabIsMgdgwro
(333099396500 56 bmmmdwydgdo) dogMmgdembo 0yzbgb HMmdgeody 3mbiMg@Ere Famdol Fgmowmgdmsb o
36530ma6 d90mb3z935d0 56 dmbgl 0683mMTo300L 2os3900L ML amdol HomEowgdol dgdmbzgzomo
Loboo dmdogds. s3Mmgm3g y4zgws Jugewryed dmfigmdowmdqdby 0bog0MsEvmo Labom wbws dmbogl IP
dobsFommgdol 3ofigcs Jugerol sdobolG®mo@m®mol dogh s sMsg30msM dgdmbgggzsdo o6 dmbogl DHCP
36O GHMIME0L ©IbTsMHIBOM M35¢MHo Jugerol dmdbIsmgdwgdbyg gdmbgzgzomo bsboo IP dolodsmmgdol
Hoa96s (Bob.1).

Lo gob@Gogmer b
Fagedol byGghe
Fogorze

L

Bed3bdsérdemado U
&
dogorpemosbo

BGEBGHoBsHMG

30383690

dj) Facendol >55BH0%0 00k
Fatrdosze bgégatia

Bob. 1. Mbogbe gm3serm®o Jugeeo, Bssa gs9emygbgdwwos
59396GH08035300L LgMzgMo s 3mbaMgEmeo B9g6Homgdgdo
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439@oby bdoMs MLoIbm  M3sH  Jugargdl Jobosh 802.11 LEobo®@EHol dglsdsdolicmdood.
bEobo®@Go IEEE 802.11 s0fg®l fizomdol do®mgol baghomm mddl gowse3gdol ségdo (Media Access Control,
MAC) o bogbm mzsm®o Jugargdol sdgbody goHozme ©mbgl. IEEE 802.11 ULEobwo®@ol
390010539090 bodwdom a0 5JGH0OMs© IMTsmdl Mbsbm Wwm3sEwMo Jugegdol mM30LgdgdOLs s
MLORMMNbMGOOL 499dxMmdgLYdOL JoBbOM. Y39ws JugErwE FmfiyMmdOEIMBdL Yo5hbos Mogzolo MbogswyHho MAC
dobsFoMmM0 s Fobo s IP JoLsdsMm™MOOL gosdm{dgdom 0bxmMTs300lL gos(3gdsdy dmfiymdowmdgdols
0©96GH1IOHMBOL ol gbs Mbs IMbgl MMHIBOOZ0 sMEIbGH0B0IsE0s [2].

3. sli3gbs

399bmmaom®o Losbarggdol 39Homdo, HmEgLsg J0dsMmmMEgds goboEgol LMo gobzomamgdsl,
3MBOGOY0s  BoBsOMEdMm03-bsdogdm  LobGHIdol  MLsBOMBMgdOL  »fyzgBHo  Fobsbegdol  3GHmEglol
MBOYD39ymaol bgwdgfymds. LHim®go 59 s9mEsbol (obsdg 8mdogs oL Lobgwdfoxm s 3gHdm
59L9dvIgdsms 15FMIMMGOM03-15d0gdM BsMMNZOL 53BMTdGHO0BYOo LoliEYdgdo. 3M5dEH035d0 »FY39d
Lodmdom 303wl 99398 gdsMgds 330l  T9doboBIgdOL  godwogmads ©s 303 YBOM 0bm3zs30MMO
9900900l sbgMY3s. 0530l FbM03, MobErglio Fgmmgdols s 0YgdOL d9d+9853905 S FsM0 3MJEH0IYO
2990996905, Bomno ©s3565b9dL FgNMEYdOL YO0 TboMggdls s oL Bo3erm3zs6gdgdL. bLodwsgo®o
3b5eobBol Loggrd3z9ge By bgds 3900MmEIdoL A5dw0gMHgds bbgoaolbgs 8035MIMEgd0m ©s WRGM 39E9©
LOMEYMRS ©O3E30L Fg0MEYdOLS SGLYdMEo BmdgbEHOLMZ0L.
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GUIDANCE-LEGAL SYSTEMS THROUGH WIRELESS NETWORKS AND
INCREASE OF INFORMATION SECURITY IN THEM

Shonia Otar, Kartvelishvili Ioseb, Shonia Luka

Georgian Technical University
Summary

The work presents integrated automated systems of normative-legal document management and business
processes applied in state institutions and private structures through wireless networks and their protection from
accidental or purposeful interference, information steal attempts, from modification of its components or from
deletion, allowing prevention from various alarming impacts, need of security provision. Work also provides wireless
local network components and systems. Most spread forms of wireless local network related risks and each described
for their features. In order to increase security of wireless local network routing new approach has been developed.
Work schematically presents wireless local network where authentication server and certain connections between

network devices are used.
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[IPUMEHEHUE METOJIA TIOMCKA ACCOIIVAIINI B 3AZTAYE
MEIUITMHCKON JUATHOCTUKU

M. Muxkenazge, B. Pagsuesckuii, H. >xanss6osa, H. Ananumamsunu, [I. PagsueBckuii
mikeladzemaia@yahoo.com, v_radzievski@yahoo.com, noraj@mail.ru,
ia.ananiashvili@gmail.com, dradzievski@gmail.com
WNucruryr Cucrem Yopapienus uM. Apuniia DIHANIBUATA

I'pysunckoro Texnuueckoro YHuBepcuTeTa
Pesrome

PaccmaTpuBaeTca 3azava aHanmsza MeSUIIMHCKUX JAHHBIX C I@IBI0 BBIABJIEHUA YaCTO BCTPEYAIOIIUXCS
CHUMIITOMOB X HaGOPOB CHMIITOMOB JJIf JAHHOTO 3a6oseBaHusd. JIid aHa/IM3a ZAaHHBIX MUCIIONB3YeTCS METO, IOUCKA
acconuanuii, KOTOPHIH IIO3BOJIAET OLLEHUTh CIeNU(PUIHOCTh HAMAEHHBIX CHMITOMOB H [JOCTOBEPHOCTH
JUArHOCTUYECKUX IIPaBMJ, IOCTPOEHHBIX HAa OCHOBe BBIABJIEHHBIX acconuanuii. IlpennoxeHHBIH MeTog, ObLI
IpUMeHeH JAuf 00pabOTKM KJIMHWYECKHX JAaHHBIX pAfa SHAOKPHHOJIOTMYeckuX 3aboseBanuil. [lomydsennsie
accOUMATHBHEIE IIPaBIJIA OBLIM MCIIOIB30BAHBI I GOPMHUPOBAHUA 6a3bl 3HAHUI MeJUIIMHCKOH NHTeIeKTyaIbHON
CHCTeMBI, IpeJHa3HAYeHHOH JJI1 JUarHOCTUPOBAHUA SHAOKPUHOJIOTMIeCKHUX 3a00IeBaHU.

KirtoueBsre ciioBa: MammHHOe 00y4yeHYe, IOMCK aCCOIUAIIVI, MeJUIMHCKAs MHTeJJIEKTya IbHas CUCTEMA
1. BBEJEHUE

OpHoii ©3 XapakTepHBIX OCOOeHHOCTeH WH(MOPMALMOHHOTO OOLIECTBA SBIAETCA IIOBCEMECTHOE
KCIOIb30BaHMEe MHPOPMAILMOHHBIX TEXHOJIOTUH BO BceX cdepax KU3HeAeATeIbHOCTH OOIIeCTBa, B TOM YHCIE U B
MepunuHe. KoMmbioTepusanus MeTUIIMHCKOM OTpaciaM IIpHBeaa K HAKOIUIEHHWIO OOJBLIOTO KOJIMYeCTBa
3JIEKTPOHHBIX MEJUIIMHCKUX JAHHBIX. B IepBylo odepenb, 9TO — JaHHBIE U3 DJIEKTPOHHBIX aHKeT (IIOKa3aTeau
3L0POBbA MALIMEHTOB, Pe3yIbTAaThl HHCTPYMEHTAIbHO-Ta00paTOPHEIX 00CIe0BaHui, HHPOPMALIUI O IPOBEIEHHOM
JIEYeHUH U T.Z.). DTO He TOJIBKO YMCIIOBbIE U TEKCTOBBIE NaHHbIE, HO U BusyanbHas nHbopmanus (pesynsrars: DK
u MPT, peHTreHOJIOrMYeCKHUX U YIBTPA3BYKOBBIX 0OC/IELOBaHIM). AHAIN3 HAKOIUIEHHBIX MEAUIIMHCKUX JAHHBIX
MeTOZaMH MALIMHHOTO OOydYeHWs IIO3BOJIIET BBISBUTH HOBBIE, pPaHee HeM3BECTHBIE 3HAHMA M 3aKOHOMEPHOCTH,
KOTOpbIe BIIOCTIEICTBUM MOTYT OBITH MCIIOJNB30BaHBI [ (POPMHUPOBaHUS 6a3 3HAHUIN PA3TUYHBIX MEJUIUHCKIX
VMHTeJJIEKTYaIbHBIX cucTeM [1].

B mammoit pabore [ aHaIM3a MEAULMHCKUX TAHHBIX IIpeAIaraeTcs MeTOJ, ITOMCKA acCOIUaNMii, KOTOPBIH
MOZUGUIIIPOBAH AJI pelleHUs 33fa4y MeJULMHCKOTO OUAarHOCTHpOoBaHMI. Ha OCHOBe IOIy4eHHBIX Pe3yIbTaTOB
6buta copmupoBaHa 6assl 3HAHUN MESUIMHCKOM WHTE/UIEKTyaJabHON CHCTEMbI, NpefHAsHAYEHHOU [JII

,Z[I/IaI‘HOCTI/IPOBaHI/IH p;[,aa BH,Z[OKPI/IHOJIOI‘I/I‘IECKI/IX 3360HeBaHHfI.
2. OCHOBHAS YACTbD

I. 3AJAYA MEIVIIMHCKOTO ITUATHOCTUPOBAHWA. CHUMIITOMBI, CUHJPOMBI Y WX JUATHOCTUYECKOE
3SHAYEHWE.

3asaya MeIUIIMHCKOTO AUArHOCTHPOBAHUSA IIPEICTABJIIET coboit 3amavy k1accuuKanuy U 3aKJII09aeTcs B
OTHECEeHHH IIallMeHTa K OHpe,ELEJIeHHOMy 336OJIEB3HI/IIO (Knaccy) Ha OCHOBe CHMIITOMOB H peBYJIBTaTOB
obciieoBaHuA.

B YCJIOBI/ISIX 60JII>II_[OI‘0 KOJIN4YeCTBAd CHUMIITOMOB, ITOJAJIEXKAIINX y‘{ETy, Bpa‘{ BBIHY)K,I[eH p336I/ITI> 9THU CUMIITOMBI
Ha KaTerOpI/II/I B COOTBETCTBHMH C HX AHWATHOCTHYECKHM 3HAYEHHEM. ,Z[]I}I KaXXa0ro KOHKPeTHOI‘O 3360J'IEBEIHI/I$[
pasin4aioT CIIeILI/I(bI/I‘-IECKI/Ie, HECHEILI/I(bI/I‘IECKI/Ie Y IIATOHOMHMUYHBIE CUMIITOMBI.

IIaTOrHOMUYHBIA CHUMIITOM IIpOABJIAE€TCA TOJIBKO IIpU OJHOM 3a00JIeBaHMM M uMeeT abCOIIOTHOE
ANATHOCTHUYECKOEe 3Ha4YeHHe JId 3TOro Ba6OJIEBaHI/I}I.

Croernudpryeckuii CHUMITOM TaKKe XapakTepeH /i KOHKDETHOTO 3a00/ieBaHMsA, HO €ro HaIudyusd
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HEeJIOCTATOYHO JJI IIOCTAHOBKY abCOJIIOTHO JOCTOBEPHOTO AMArHo3a. XOTA, B COYETAHUY C JPYTUMU CUMIITOMAaMH,
HaJu4ue creliuu4ecKoro CUMIITOMA IIOBBINIAET JOCTOBEPHOCTH JUATHO3A.

Hecnenudunyecknit CHUMIITOM IPOSBIISETCS NPY PA3IUIHBIX 3a00/I€BAHUAX U HE JOCTATOYEH JJIs IIOCTAHOBKHU
JOCTOBEPHOIO JUarHo3a KOHKPETHOTO 3200 IeBaHMUs.

JuarHocTuka 3a60IeBaHUA YaCTO OCHOBBIBAETCSA HA BBIABJIEHUH CHHAPOMOB — COBOKYIIHOCTU CHMIITOMOB,
00BeAMHEHHBIX OOIMM MEXaHW3MOM pa3BUTHsS M 4YacTO IPOABIAIOIUXCA BMecTe. Ha HawajapHOM Sraie
JUAarHOCTUPOBAHUA CHHIPOMHAsA AMATHOCTUKA O00JafaeT PALOM IIPEUMYIIECTB: CHUHIPOMHBIM JUArHO3 MOXXHO
YCTAaHOBUTH B YCJIIOBUAX MHUHHMAaJIBHOIO 0O6BeMa 00CIeOBaHMI U OH SBILETCA LOCTATOUYHBIM OGOCHOBAHUEM JJIs
IepeHalpaBIeHNA NMallueHTa K TOMY MJIM HHOMY Bpady-CIIeIIUaInuCTy.

V3 BhImIeCKa3aHHOTO MOXKHO 3aKJIIOUUTH CIefyolee: 00paboTKa MeAUIIHCKIX JAHHBIX C [[e/IbI0 BBIBICHUA
YaCTO BCTPEYAIOIIMXCSA COBOKYIIHOCTEH CHMIITOMOB IIO3BOJMT BBLIBUTH HOBBIE WJIM YTOYHUTH yXKe HMeIOIHecs

CHUHJPOMSI 114 3a6oieBanud. [l1g peureHus 5Toi 3324y OBLI MCIIOIH30BaH METOJ, IIOMCKA aCCOLMALIMIL.

2. BBIABJIEHUE CIEIM®WYHBIX CUMIITOMOB ¥ CUHJPOMOB 3ABOJIEBAHVS
METOJJOM TIOVMICKA ACCOILTMAITHI

Merop moucka acconmamyii IpefHA3HAYEH I BBIABIEHUS YaCTO BCTPEYAIOLIMXCS HAOOPOB 3JIEMEHTOB B
OOJBIINX MACCHBAX NAHHBIX. Pe3ysibTaTel IOMCKA, KaK IIPaBHIIO, IIPEACTABIAIOTCS B BUZE aCCOLMATHUBHBIX IIPABUIL,
KOTOpBIe UMeIOT Buz, [2]:

u3 cobeiTHg A BeiTekaer cobrsiTae B,

rme A u B — Hemepecekaroumuecs Habopsl 51eMeHTOB. OCHOBHBIMU XapaKTEPUCTUKAMU aCCOLMATHBHOTO
[IpaBHUJIa SBJIAIOTCA TOAEpKKa (support) u nocroBepHOCTS (confidence) npasuia.

IMopmeprkka ImpaBuia BIYUC/IAETCS KaK OTHOIIEHIE KOJTMYEeCTBa 3alKcell, COmepKaluX OLHOBPEeMeHHO 06a

Habopa A u B, K KOJIIYeCTBY BCeX 3anucei 6as3bl JaHHBIX [2].

N(4, B)
Supp(A - B) = N - P(A,B) (1)

JlocTOBEpHOCTH TIpaBMIIa — 5TO BEPOSTHOCTH TOTO, YTO €CJIH 3aIUCh COAEPXKUT HAGOp A, TO OHa COREPXKUT U
Habop B. JlocTOBepHOCT BBIUMCIAETCS KaK OTHOLIEHWE KOJMYeCTBA 3aIllHCeH, COTepKalUuX OJHOBPEMEHHO 00a
Habopa A u B, K KOJIUYeCTBY 3anuceii, comepxauiux Habop A [2]:

P(A,B) N(4,B)
P(4) — N(4)

q)aKTI/I‘IECKI/I, AOCTOBEPHOCTD XapPaKTEPH3YET TOYHOCTh dCCONHATHBHOTIO IIpaBMJId.

Conf(A > B) = P(B|A) = (2)

ITocpencTBOM aITOPUTMOB IIOMCKA ACCOIMATUBHBIX IIPABHUII MOXKHO TIOJyIUTh BCEBO3MOXKHBIE TTPABIIa BUJA
A — B c pasmuunsivum smavenmamu moaepku 1 J0CTOBepHOCTH. KOTMYeCTBO TaKMX PABHII MOXKET GBITH OUeHb
GompmuM. [y orpaHUYeHUs KOJUYECTBA IIPAaBUJI 3apaHee yCTaHABIMBAIOTCA MUHUMAJIbHBIE TIOPOTH IMOAAEPKKH
MinSupp n pocrosepHoctu MinConf CnemyeT OTMETHTB, YTO INpaBHJA C BBICOKMM 3HaYeHHEM IIO[IEPXKKU
OuYeBUIHBI U, KaK IIPaBUJIO, yKe u3BeCTHBL. C Apyroil CTOpOHSBI, HU3KOe 3HaUeHUE IOAJEPKKH IO03BOIUT HalTH
HeOoYeBHU/IHbIE ¥ HEM3BECTHBIE ITPaBUJIa, HO GOJIBIIMHCTBO U3 HUX OYAYT CTATUCTUYECKH HEOOOCHOBAHHBIMHU.

IIpormecc HaXOXXAEHUA ACCOUMATUBHBIX IIPABUJI COCTOUT U3 /IBYX DTAIIOB:

1. Haxoxmenne BceX YacTO BCTPEYAIOMMXCA HAOOPOB 3/IEMEHTOB, KOTOPEIE YAOBIETBODPAIOT IIOPOTY
TOA/IePKKHM;

2. [emepanmusa acCOUMATHBHBIX IIPaBMJI M3 YaCTO BCTPEYAIOMMXCA HAOOPOB, C JOCTOBEPHOCTBHIO,
YZIOBIETBOPAIOMIEH IIOPOTY OCTOBEPHOCTH.

Hambosee wm3BeCTHBIM aJTOPUTMOM IIOMCKA ACCONMATHBHBIX IPaBMJI ABJAETCA anroput™m Apriori [2].
OcHoBHAA ujes 3TOrO aJrOPHTMA 3aKIIOYAETCA B CAeAYIOWeM: y YacTO BCTpevalollerocs Habopa aJIeMeHTOB Bce
IO MHOECTBA JOJDKHEI OBITh YaCTO BCTPEUAIOMUMHUC. DTO I03BOJIIET OTPAHUYUTE IPOCTPAHCTBO IIOMCKA.

,ZLJIH BBIABJICHHE Cl'IEI_U/I(bI/I‘-IHLIX CHUMIITOMOB ¥ CHHZpPOMOB 3a60JIeBaHMA OBLI MCIIOIb30BaH aJITOPUTM Apl’fOI’I:
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Tak Kax aTOT aroputM 6511 paspaboTaH Ajg 06paboTKY S9KOHOMUYECKUX JAHHBIX, ObLIa IIPOU3BeAeHa MOAM(DIKAILIL
ITOPUTMA AJIT MeJUITUHCKUX AaHHBIX [3].

basa pmaHHBIX B KadecTBe MAaHHBIX COZEpXKaJa KIMHUYECKHe KapTUHBL TpeX SHIOKPHUHOJIOTMYECKUX
3aboyeBaHUI — caxapHOTO AuabeTa, TUIEPTHPEe03a U TUIIOTUPeo3a. IIpeBapuTeIbHO ObLIa IPOBejeHa

CTPYKTypHU3alusd U OMHApU3ALMA METUIVHCKOM MH(POPMAIUHU C HCIIOJb30BAHHEM pa3pabOTaHHBIX HAMHU
meTozoB [4]. B Gase maHHBIX Kaxzgoe mose Si IpesCcTaBiseT COOON KOHKPETHBINH CHUMIITOM, a KaXXKJas 3aIUCh —
KOHKpeTHOro mamueHTa. Kakzoe Iole B KaueCTBe 3HAYEHUA COAEPXKUT HIM 1 — COOTBETCTBYIOIUN CHMIITOM
oTMeyaeTcs y manueHTa, uau 0 — cOOTBETCTBYIOWIMI CUMIITOM He OTMedaeTcs y maunueHTa. Kpome atoro, B 6aze
JAHHBIX JJI1 3aIIMCU JUaTHO30B BbIAeNeHs!l Tpu nonud — Di, Dzu Ds.

B ciy4ae skoHOMUYeCKUX JaHHBIX 6a3a JaHHBIX COAEPXKUT OZHOPOAHbIE IIPU3HAKYL. B cIydae MeJUIIMHCKIX
JAHHBIX WMEIOTCS 2 KaTeropuy NPU3HAKOB — cuMITOMSBI (0Koso 90 GMHApHBIX NPHU3HAKOB S) ¥ AUarHo3sl (3
6unapusix mpusHaka Di, Dz u Ds). Tak kak Hama 3ajada 3aK/II0Yajgach B BRISBIEHUU CHUMIITOMOB Y CHHIPOMOB,
XapaKTePHbBIX IJI1 KOHKPETHOTO 3a00jeBaHUA, IpKU 06pabGoOTKe AAHHBIX IOMCK YaCTO BCTPEYAIOUIUXCA HAGOPOB
IIPU3HAKOB OBLI OrpaHUYeH HabopaMu, CoZep KalUMU KaKOM-HUOYIb OAUH U3 AUATHO30B L), a UMEHHO:

Silsiz s Slij'

Yacro BCTpevaromuiics HaGOp TaKOTO BHZa O3HAYaeT, YTO CHUMNTOMBI S; S; ... S; YaCTO BCTPEYAIOTCH y

ik

IIAaIITMEHTOB C [OHMATHO30M D] 3HE[‘II/IT, COBOKYIIHOCTh CHMIITOMOB SilSiz Y MOJXHO CYHUTATh CHHIPOMOM,

ik
XapaKTepHbIM [JIs1 3a001eBaHIs D;. AcooruaTBHOE PaBUJIO, CO3laHHOE Ha OCHOBE TAKOTO YaCTO BCTPEYAONerocs
Habopa IPU3HAKOB, IMeeT BUJ:

(8i,Si, -+ Si,, = Dj) — “ecnu umeror mecro cuMnTomsl Sy, Sy, ... S, , TOTZIa ©MeeT MecTo u 3a6oseBanue D;”.

ik’

DTO IIPaBUJIO B AaNbHEHIIEM MOXeT ObITh BHECEHO B 06a3y 3HAHUI MeJUIIMHCKOM NHTE/IEKTyaIbHOM CHCTEMBI
IJI OCYIIeCTBJIEHIHA ITpollecca CHHAPOMHOM auarHocTuku. [Ipu aToM Z0CTOBEPHOCT aCCOLMATHBHOTO IIPaBIIIA

Conf(S,Si, - Sip, = D;) = P(Dy| S, S, - Siy)

MOXXHO IIPHHATH B KA4eCTBe CTeIleHU YBePEHHOCTH B JUATHO3€, IOCTABJIEHHOM II0 3TOMY IIPaBUILY.

ITpu BbIOOpE MUHMMAIBHOTO ITOPOTA NOAAEPXKKU MinSupp GbLIN yITEHBI CIeAyIolye 00CTOSTeIbCTRA:

— K&X/IbIH IPU3HAK, BXOAAIINE B 4aCTO BCTpeYaloUuiics Habop, TakKe JODKEH GBITh YaCTO BCTPEYAIOLIMCH;

—06a3a JAHHBIX COJEPXXUT ONUHAKOBOE KOJIMYECTBO 3aIMCEH [JjIg KOKAOTO LUATHO3A, T.e. IO KKZOTO
muaruosa cocrasiser 0.33;

— cUMITOM & 6y/ileM CYMTaTh XapaKTePHEIM /i 3aboseBanus Dj, eciu oH oTMedaercs He MeHee deM y 50%
MAIIIeHTOB C JAHHBIM ZHAaTHO30M.

C yuerom Bermreckasanuoro MinSupp = 0.33%0.5 = 0.17. Pe3synpraTsr 06pabOTKM ZaHHBIX IPUBeJEHSI B Ta6I. 1
u Tabr.2.

BrraieHHbIE 71 KOKAOTO 32601€BAHKA JaCTO BCTPEYAIOIIMECS CHMITTOMEL. Ta6.1

3aboseBanue |YacTo BCTpedaromrecs CUMIITOMBI

CaxapHbsrIit KaKIa CYXOCTB BO|IIOJIMYPHA caboCTh  |TOJIOBHASL
nuaber 0.33 pry 0.26 0.30 60T
Supp 0.30 0.18
I'umeprupeos |y4alleHHBIH |CHIM)XXeHUe |TIOBBIIIEHHAd  |cIaboCTh
Supp Ty JIBC Beca yromnsemocts |0-29
0.23 0.17 0.21
I'mmorupeos |yXynueHume |npubaBKa |TOBBIIIEHHAd |cIabOCTh |amaTus 3arop COHJIMBOCTB
Supp maMATH B Bece yromnsemocts |0.24 0.18 0.17 0.19
0.19 0.18 0.20
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[ToryueHHbIe pe3ysIbTaThl HE IPOTHBOPEYAT M3BECTHBIM B MeAMIIMHEe (paKTaM: BCe BBIABJIEHHbIE HAMU 4aCTO
BCTpEeYaIoLINecs CUMIITOMBI B MeJUIIMTHE CYUTAIOTCS XapaKTEPHBIMU JJIT COOTBETCTBYIONIUX 3a00I€BAHUI.

TNokasarenmy cnenuduIHOCTH 9aCTO BCTPEYAIOMMXCS CHMIITOMOB IS KQXKAO0ro 3260 IeBaHuA. Ta6.2

3aboseBanue |YacTo BCTpevaromuecs CUMIITOMBI

CaxapHbIit JKaxzaa CYXOCTb BO|IIOJIMYPHA c1aboCTh  |[rOJIOBHAA
nuaber 1.00 pTY 1.00 0.39 GOJIh
Conf 0.96 0.50
['unepTupeos |ydauleHHBIH |CHIDKEHMe |TOBBIMIEHHAS  |c1aboCTsh
Conf IIyJIbC Beca YTOMJIZEMOCTD 0.39
0.71 0.57 0.39
l'unotnpeos |yxypuieHuwe |mpmbaBKa |MOBBINIEHHAs — |cgabOCTh  |amaTHs 3aIop COHJIMBOCTD
Conf maMATH B Bece YTOMJIZEMOCTD 0.32 1.00 0.98 0.90
0.69 0.98 0.39

WUcxopsa w3 ompefneneHus [OCTOBEPHOCTH (2), AJA KaXIOTO YacTO BCTPEYAIONIErocs CHUMOTOMA S,
JOCTOBEPHOCTH IIPaBUJIA Sik — D; AaBnsercs nmokasarenem crrenupUIHOCTH CHUMIITOMA Sik 1A 3a60/1eBaHUS D;.
BrigBeHHBIe B pe3ysibraTe OOpabOTKM MJAaHHBIX ,CHHAPOMBI (TOYHee, YacTO BCTpedaloluecsi HaGOPsI
CHMITITOMOB):
CaxapHslit fuabeT: >XaXza, CyXOCTb BO PTY, MOIUypus, crabocts — Conf=1
I'umepTupeos: y4allleHHBIH ITyJIbC, TIOBBIIIEHHAA YTOMIAEMOCTS, ciabocts — Conf=0.89
T'umorupeos: mpubaBKa B Bece, IOBbILIEHHAs YTOMIIEMOCTD, anatus — Conf=1
mpubaBKa B Bece, 3anop, anatust — Conf= 1
yXyLlUIeHye IaMaTH, c1a6ocTs, COHnuBOCTs — Conf=1
Ha ocHoBe mpezaioXeHHOr0 MeToZa ObLIa IPAKTUYECKH pean30BaHa MeAWI[MHCKAsS HHTEeIIeKTyalbHast

CUCTeMa IOAEPXKKY IPUHATHSA BpaueOHOrO Pelle s B IIPOLiecce MeAMIITHCKOIO JUAarHOCTIPOBaHus [5].
3. 3AKJOIOYEHUE

Meroz moncka acconuaiuii, B CBOe BpeMsA pa3pabOTaHHBIHM AJA aHAIMW3a AAHHBIX B POSHUYHOM TOPTOBIIE,
IoCJIe ONpefeIeHHOM MOAN(UKAIIUNY MOXeT OBITh MCIIOIB30BAH [ PellleHNs 33fa¥ KIacCU(pUKALMK, B TOM YHCIIE
Y 33[ja9X MEeJUIIMHCKOTO AMAaTrHOCTHpOBaHUA. IIpu 06paboTKe MeAUIMHCKUX JAHHBIX STUM METOLOM BO3MOXKHO:

e BBIABIEHUE I KOKJOTO 3a00I€BaHMUA YaCTO BCTPEYAIOMUXCA (T.€. XapaKTEPHBIX JJIsI HETO) CUMIITOMOB U
OIleHKa UX CIennuUIHOCTH;

e BhIABIEHME [ KOKZOrO 3a00JeBaHUS YaCTO BCTPEYAIOU[UXCA HAOOPOB CHMIITOMOB, YTO IIO3BOJIUT
BBIABUTH HOBbIE MJIH YTOUHUTH YK€ MMEIONIuecs CHHAPOMSI i1 3a00/IeBaHI;

® IIOCTpOEHME AaCCOIMAaTHMBHBIX IIPaBUJI HA OCHOBE BBIABJIEHHBIX YaCTO BCTPEYAIOIIUXCS HAaGOpOB, 4UTO
TIO3BOJIMT OCYIeCTBUTH IIPOIlecca CUHIPOMHOM JUarHOCTHKH.

[lonyyeHusle acconuaTWBHBIE IIpaBUJa MOTYT OBITh BHECEHBI B 0a3y 3HAHWM MeIHUIMHCKOU
WHTEJIJIEKTYaJIbHOM CHCTEMBI, KOTOpas, B CBOIO OYepenb, MOXeT OBITh MCIIONB30BAaHA I IOALEPNKKU IIPUHITHIL

peIHeHI/Iﬁ B IIponecce MEAUIMHCKOTO AUATHOCTUPOBAHUA.
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Summary

The task of medical data analysis is considered in order to identify frequent symptoms and symptom sets for
each disease. For data analysis, the association rule mining method is used, which allows to assess the specificity of
the symptoms found and the confidence of the diagnostic rules based on the identified associations. The proposed
method was used to process the clinical data of a number of endocrinological diseases. Based on the obtained
association rules, a knowledge base of the medical intelligent system designed for diagnosing endocrinological

diseases was formed.
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