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UuchusSuLLek CLR ULNF M ALNFRUSRIrL
RGuugnuni pj wih upnhuwjuwinL pj nLup

PugUwehy st ntédJws yndphlUwwnp punphpubpned  wnwdb|
wnpnjnruwGw ncénedubp nErnbu vw hu 6GU Jhw U h wd wwywnwu fuwl
npnpwubph thnpdwgbwlbpp:

Utlup LGUwupnlUuwunitd GUup hdwgwywlu $nLuyghwlubph pluni)ph
hGuwgnuniL ey wu Jpw: U u up fuwnwupne d ntuntdbwuphpdnid E npuwug
UhpwnnLe)nLlp wpnhwywunrp)nel nLubgnn UndphUuwwnnp
funhpubp pungpynn Jh nwuntd (RGT nwu), npnug L nténLdubph
pwgUnLp)ntulbpp UGpYw wgynid GU JGpwpuwwnpGrh fuwnw hl
Suntph wGupny (RGT):

RGT nwup UGpwnntd E  pwqUwphdy YJwnplunp punhplubp®
hwdwywngs wy hu guwugbph ww nwwlunLp)ntlup hwnédwyntdubphg,
dpguwyguw hu dhowJw pno d wpnjnruwtbwn  Juwrwjwpnedp L

JdupptphUgw hu nwagUwjwnnt ) wu qupguwgnLup, wnwnpbp
hwpéwynrJdubphg gqpudnpwywlu JhwynplUbph wupunwuwluncp)nLlp,
hwnnpnuwygJuwlu fuunhputpp, hwdwywngs wy hu guwugtpniLJ

wundw, hwutph hwy wuwpGpnedp, npn2wyh wGuwylubGph nLruncgduwl
Gnuwuwyubp, 2 wudwwp U 2 wiJwinhU Udwu fuwnGnp:

Ruwng E wnwpwuntd® wpnjnp htwpwdnp E uwnbnét| ghwt hplubnph
dpw hhdujwé RGT punhpubph pnuéncdubp (wuncthGuwl® RGT
Lnténedubp), npnup hwdtdwwG h GU tnpédwgbwbtph [ nLténedubph
hGwn hptug wpnynirlwjbunepe)wdp: U YbGpw wuws, huwpwdn®np E
unbnéb| wj Uwhuh Spwagpw) hlu wwwhnyntdubn (UJw
wwywhnynedubpp hGunwgnune p) wlu 2 pgwbwylutpnid Yngyned GU RGT
Solvers), npnup Uy wnnnuwlwl RGT juunhpubpncd wn bt yyuwn
UnnbLwdnpt ynpduwghwnwywl ghwt| hputipp:

Uwwgnrgyws E! np RGT punhpubpp pGpdnid GU Jhdj wug,
Juulbwydnpwwtbu® npn2 wyh unwlunwnun RGT juunph,ophlbwy’ 2 wiwwwh:

Ujuwhuny, bbpgpwdb| ny RGT Solver-utpnL U npn2 RGT fuunhputph
Lneénedubpnid unwgyws [ wjwagnej U &dbnppbpnidubpp’ dJbup
hUwpwynpnrp)ntl GUp unwuntd Yhpwnb nt npuwup guwuuwgws RGT
fiunpnc J:

Lwhiyhuntd Juwuwpdb]p GU Solver-ubph hGuwgnunip)nelulbp U
Spwagpw hu  hpwywuwgnrdJdlubp2 npnugned JnnbGpwdnpyby Gl
npn2 wyh tnpédwghwwyuwu ghwt| hpubpp:

cGunUuh (Shannon) L Upw hGwunpnutGph wnwp wpws 2 wwwwnwy hu
wgnphpdUubGpnLtd, hlUswGu Lwl dwdwuwywyhg 2 wiwlwunwy h'u
2uwpdhsUtph w gnphpdUtpnid, 2wwwnh ghwb| hph Entpjnilp
punLpwapyntd E  wwpwdbwptpny, JhUugnbrn, nhuvwnlyynn RGT
fuunhputph hpwjhswyltiph YndphlUwwnp punijpep uygpnelpnpbl

'E. Pogossian, "Combinatorial game models for security systems", in NATO ARW on Security and
Embedded Systems, Patras, Greece, 2005, pp. 8-17.

’s. Grigoryan, “Research and development of algorithms and programs of knowledge and their
effective application to resistance problems”, PhD, Yerevan, Armenia (2016), 111 p.
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¢h Yunnn wnGyduwn Yepuny Ubplw wgybp wwpudtunbph Jhengnd,
hUs wbu nwpulwpyyby E PnundyhUUhyh (Botvinnik) up fuunwuplubpne U°:

Uynru Unndhg, RGT hpwjhfwylGpnid (RGT funhpubph

UGpyw wgdwlu hpwdh8wyubp™ 2 wruwJwwh hwdwp nwwnpy wé 2 wmwwwnwy hu
nhpplu k) upnnn GU h hww gw npn2wyh wludlbwynpyws
nwuwywnghsgubp, npnup npn2 6&2qpunipe)wlp UJwpwagpyned Gl
wwpwdGuwptnpny, vwyw) U wnhwuwnpwy s 6U wpnn UWwpwapyb| wnwlg
npwug: Swiwdwunt J bdwl nwuwywngs h ophbwy £ «pnLj | nwp wp»:

U uwhuny, RGT Solver-Uutipp, hwdtJwunws ULdwlwwhwy hwdwywpgbnh

hGw,nLtUutUnpn2 wnwybtip nLpynLUultp:

e RGT Solver-utpp | hnyhu hhdudws LU qghwt hpUubph dpuw,
dhUgntn, ophuwy, 2wwwunw ht 2wndhglutpntd (ophbwy®
Stockfish®, Komodo®), ghwti| hpUubkpp whn-intn s 65U Ubplywy wgyne U
npwtu wnwudhl hwuluwgnLpynilUUbp, w| hUuwegpdws GLU
Spwgnph wwpwdbwntiph Jbg:

e RGT Solver-utpntd Ywplunp E, hUwpwynpnrpjwu nbGwpeniod,
) w fuinhplutpnud tnpp pyny hpwlhdwylutph nhwwnyne dp,
husp qquw  hnptlU UJwgbgunLtd E hwnwpydwlu Yphpwrnedp U,
hGwbwpwp, wdG h nGunLpuww nnwywu E:

e RGT Solver-utnni J Uhpwnynn dnwbgnudubpp fuunph
Lnténudubnp hwpgnio J wyb h dnwnn Gl dwnnyw hu
dnwmgdwup, hugp wnwyb nLeynLlU E,pwlh np wyn punhpubnh
wlGlUwwnn) ntbwdbw [ neénedubipp nGrnbu wnwpwpyyne d Gl
tnpédwgbwutph Ynndhg:

e RGT Solver-utinp, h nwnptnpnLpynLl thn n & wg h iy wu
huwdwywngbph Joswdwulnt @) wl, sl yGUwpnluuwunc U
npnwyh fdunph pneédwl ypw: Iwdwywngp hwpdwn E RGT nwuh
JjnLpwpwlgs jnep puunph (ntédwt hwdwp® wuhpwdb2wm £ wyn
flunph  ghwt hpUbtiph jnipwgdwl hpwyuwlwgnidp npnpuwh
thnpdwgbwubph ogunL gy wdp:

Ujuwhuny, RGT nLténcdubpned JGup hGwunt d GUp PnnyhUlUpyh,

Mhwnpuwwh (Pitrat), NLh YhUuh (Wilkins), Qunth (Zade) GL SOAR &6pwgph
hGuwgnuwywlu nennnipyneluutpht L 1957 pR.-hg 3w wuwnwluh
QGhuncp)ynetuubph wyunGdhwy h bu$npdwwhlwy h GL wy wn Jwunwg Jwl
wpnpr Gdubnph hUuwmhwunLune U punthwenn Jwuwwpynn
hGuwgnuwnL )y ncuuGpphU, Juubwdnpuwwtu® hdwgwywl w gnphpJdutnph
LU JnnGrutph L[wpnpwunphw h hGuwgnunip) ncbubphl, npnup
UGpwnntd GU wphbGuunwywl pwlwywunipjwl npnpwh wwnpbp
ntuntdbwuhpnepynetbutbp U Lwwunwywnennjws GU YndphlUwnnnp
fiunhpuGph pnténedubGpned dupnne UnwGgneJdubph unni gnnwywl
LYJwunUwdnp dnntp UGph urnLgdwlp:

3 M. BorBunnuxk, “O peuieHur HETOYHBIX epeOopHbIX 3a1au”’, MockBa, Kubepuetuka, CoBeTckoe
Panuo, 1979, 152 ctp.
4 [Online]. Web Resource for Stockfish Chess Engine Available: https://stockfishchess.org/.

5[Online]. Web Resource for Komodo Chess Engine Available: https://komodochess.com/.


https://vk.com/away.php?utf=1&to=https%3A%2F%2Fstockfishchess.org%2F
https://vk.com/away.php?utf=1&to=https%3A%2F%2Fkomodochess.com%2F

Wunenpunitd Jwu hGunwgnuniL p) wu wwppbp nunnnee) nculbp,
ophuwy” JGptUw wywu nrunLrgdwlu JGpnnUuGpp, Jwulwlnpuwwbu®
UGy pnUw hU gwugbpp, npnup YGUwpnUwuntd GU dwpnne ninbknh
JGUuwpwlwywl punc ) ph Unnb wynpdwl ynpuw:

JdGpnl2 ) w nLnpwubpp hhdud wé Gl thnn & wg h tnwy wu
dnwngnLuduGph dnnGL wynpdwl ypw, UGpwn ) w *

e hpwyhswyhl h wJ wuywnwu fuwl G g U wiu wgnphpdlubp®
hhdudws ghwt hputiph Jpw,

e ghwt hpUtiph Swlws Jul w gnphpJlutp,

e ng hu unwy wpwdwpwlniLp)nel u ng huuuwy
pwgUunLp) nLclulubp,

e ghwt hputph dJpw hhdudJwsé npn2nidubph Juw wgdwl
w gnphpUltp:

Mental Doings®-h wtuniLpjntlup wwwhnyntd E wvwppbp hdwgwywl
$nLuyghuwutiph (hugwhuhp GU nuuwywngne dp, pwgwipne ey nrup b
wlU) YwenLgnnuwyuwl L wnbydwwn dnnbpubph dbwynpduwl
Gnwuwyubn:

Uju wp fumnwupnie d wnwp wplyyned E RGT Solverl8 ghwb| hpwhbGlup
hwdwywngh hpwywlwgnedp, npp Yuwpnn £ Yhpunt| wn hJdwgwywl
$nLuyghuwltpp:

RGT Solverl8-p tnpédwgbwubphlU pnLjp E ww hu ghwb hpubp
uGpdnL st (nwuwywnghgutph wupny), U nw nphuwpydynid £ npuwtu
ghwt| hpUutp é6np pGpGLnL nLtbwynLpynLU: Uy unthtwl, Yhpwnb ny
dbnppbEpJws nuwuwywpghsgUbpp, hwdwywpgp Yuwuwwnnid E wvwppbp
hpwdh8wyubph (npnlg uGpdnLénLdp hwdJwywnag wnwudhl
nhuvwnydnn funhp ) hwJwwywunwu fuwuEgne dp wy n nwuwlywpghsubphl:
Solverl8-p hpwywlwgynLtd E uhuwbdhy nuwuwywngdwlu hhdwu ypw, nnpp
wnGydwnt Jupnyuw hu Jnwtgduwlp:

UnnbGLwdnpJduwl, nwuwywnghgUGph puuw, Jwl, hus weu Lwl npuwlg
h wJ wwywinwu fuwl 6 g J w wnnLuny, Solver-utiph Lwhwhu
nwnppbpwyuGpned wnyw Gl npn2 wyh pGpnLeynLlUltn,
Juulbwynpuwwtu °

e nnpn2 nuwuwywnghglubn huwbgpyws GEU npwbu  wlywpu
Jhwynpltp 4wy wé stu wj |
ghwt hpUGph/Mmwuwywpghsubph hGw), uvwyw U Jup
U wuwinwy ntublup wwwhnyb pnLnp ghwt| hputph
Juwwwygdwsni ey nLlp,

e npn2wyh wbuwyh ghwb hpUtp wluhlUwn E wjbpwglb,
ophlbwy, nhbtwdhynLp)nLl nLubgnn ghwt| hpubknp
(nhuwdhy ghwb hputip),

e ghwt| hpUbiph pujuw, Julu dwdwuwy gnpénnnrpejnrllbpp
(actions) yuwyws s GU gnpénnnLpe) nLU Jwunwnnnh (actors) hGw,
husp hwjwunitJd E Jupnyuw hu Unwgduwlp,

e nnn2 w| wEiUhywywu ptpnL ey nLlultp:

°E. Pogossian, “Constructing adequate mental models”, Transactions of IAP NAS RA,
Mathematical Problems of Computer Sciences, vol. 50, pp. 35-51 (2018).
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Swppbn funhpubpniod hpuwjhdwyutph pLwywl
UGpyw wgnedubpp wwpptp 6GU, huly plLwywu hpwjhswylbph
hnfuytpwndp Spwgpuw hu UbGpYuw wgdwl | w Unptl pUlwplynn
hGuwgnuwywl ptdw E, npwen [ nuénudubpp hwdwhu wpdned Gl
JGpGlUw wywu nruncgdwl JGpnnuGpny: UGp hGuwgnunitpe) wu Jbg
UntjUwGu wunpwnwnuntd GUp wu [UnphU’ JGpGlLw) wywl
ntuntgduwl Japnnutph dhgngny RGT nwuh npn2 funhputph hwJwp
hpwjhdwyh plwywl UEpluw wgdwl gnfuybpuwduwlp nGwh uhddng hy
uGpyw wgno J:

RGT Solver-utpntd wnw GU pwgdwehy pwg hmunhplubp, npnughg
npn2ubpp YnruntdbwuphpdblU wu uwpfuwnwupnid, hUswtu ULwl
Junwp wnyyGU npwlug L nLénudubpp:

REuugnuni By wil bLyuwndjutpp

1. RGT Solverl8-nLJ uhuwmtUhy nwuwywnghsutph dnntLwynpnrd b
npwug dtnppbpdwl w gnphpdutph UGpYw wgnL J:

2. UhuwbUdhy nwuwywnghgutphlu h wJ wiwywnwu fuwl 6 g U wiu
wgnphpdUubph dwynL J:

3. Ng huwnwy wpwdwpwlniLpjwl U gnigwnpyws ophlLwylUbph
Uhgngny wudbwynpyws uhuwGUuhy nwuwywnghsutiph
wnGyuwuniLp) wu pwnbp wdne J:

4. ULUbypnlw hl guwugbph nLuncgduwl dUhgngny hpwy wu
hpwyhdwyutphg uphddn hly UGpYw wgdwlt  Yuunlwdnp
thnfuwytpuydwl hwdwywngh Jwyni J:

5 ®npédwpynLdutpnh Jvhgngny UGpjw wgyws nwuwywnpghsUbnh
pUjw dwlt U phpwghfwyntd npuwtg hwdwwunw fuwlbgdwl
w o gnphpdUubph wnGyjwunLp) wu gnegwnpnLp) nLl:

RGuugnuni By wil unupuiltpp

REunwgnunL p) wl wnwpyuwubpl 6U Mental Doings-h wGunL ) nLlup, RGT
Solver-utipp, wwwnytpubph nwuwlywngne dp u wwwnyGpuGpnod
opjGywubph Swlws nLdp, w gnphpJUubpp, ng huwnwy
wpwdJwpwunLp)nLlup:

RGuugnuniL pj wil UEpnnutpp

RGuwgnwnt @) wl JGpnnUbpp hhduywé Gl uhuwtUhly
nwuwywnghsutiph, Utjypnlw hu guugtiph, Spwgpuwynpduwl
LGgnLutph (C++, Python), ghwt hpwhbtlup thnn & wg h twy wu
hudwywngbph, hdwgwywl hwdwywngbph ypw:

Shuwdjuili UnpnLj Bp

1. bpwywluwgyb| E uhuwbUuhy nwuwywnghsubph
dnnbLwdnpniodp:
2. Upuwyyby Gl uhuwbUuhy nwuwywnghsubnph

pUw, Jwl/dtnppbpdwl u npwlg h wJ wwyjwuinwu fuwl G g v wiu
w gnphpdlutpp:

3. Ywuwnyby Gl thnpdwnpynedubp® npwGu dGpnl2j w
dnnb UGph wnGyJuwwnL p) wb gnLgwnpnt ) nLU:



4, Ng huwvmwy wpwdwpuwlnce ey wl GL ynrwvwyyws thnpédh dhgngny
ubpyuw wgyt| £ wudbwdnpdwé nuwuwywnghglbiph npn2wyh
whwh hUwbgpnidp RGT Solverl8-hlu, punbGLwjyty E w nwhuh
nuwuwywnghgUph wnGydwuwniL ey nLlp:

5. LGypnuw hu guwugtph Jhgngnd dJdpwyyt| E wwnybplUbphg
uhddni hy uGpyuw wgne J JuunUwynnp thn fuy 6 p wd wu
hwdwywng, b w U hUwtigpytiy £ RGT Solverl8-h u:

thunuuulluzulluum.m nLlup
RGT nuwup UGpwnnitd E gnpélLwywlu fuunhpuGph JG6 funLdp:
VwyJws  dnpédwghwwywl  ghwt hputiph UGpluwy wgduwl
Unnb uGpp, hus wGu LwbL h wJ wwywinwu fuwl 6 g J wiu
w gnphpdUutpp U nwguwjwpnipE)wu npnUudwu JGpnnubpp
Jwnpnnn GU oguwgnpéyb RGT nwuh guwuwgws funph hwdwp®
npn2nLtdubph Juw wgdwl Lwywunwyny:

2. U2 fuunwuph wpnj)nruplubpp Uhpwnb h Gl n wq Jwy wu
dhwynputGph/dhgngubtph hwj nbwpGnpdwlu GL u inwg y wé
hpwjhdwyubpned [wjwgncLjl hwywgnbgnLp)ntlulutph
(hwpdwyned, bwhwlug, hGuwgnuwnLpEynLtl G wU) puwpduwl
wpnhwywu hunhpuGpnud® wlonuwsnL prsgnn uwnpbph &L
npwughg unwgyws wunyputph dvhengnd:

LEpnpnLd

RGT Solverl8p Uhpwnyb, E UCOM LLC plUybGpnipjniluncd
hwdwhuinpnuGph uvwwuwnydwl nwgdwjwnnipejuwlu JYGppneénLpe) wl
huwdwp® hhdudwé npnpwh tYnpdwgbwubph qghwb hpuGph Jpuw
Spwgpw hU wwwhnynitdp UGpYw wwhhlU UGpwnned E ghwG hpUubph
puw,ntdp npwtu uvuhuwbdhy nwuwywpghgUbp U hpwdhfwylUbph
(oguuwntintiph ) w ubph) h wJ wuywunwu fudiGgne Up w n
nwuwywnghgubphl: Nwguwjwpnrpjwlu npnUudwl  w gnphpJdubpp
ntuntdbwuhpyned GU UGPYw) nLdu:

Mup uuyuiine pj wil U UEpYuwy ugyne d htwlyy g ppnLj pukpp

1. RGT thn n & wg h vy wu ghwG hplUutnph UGpyw wgJduwl
Junntgwsplutplt no dnnbGpUubpp, hUusgwtu Lwl upuwbUuhy
nwuwywnghgubph dGnppbtpnLdl nL npwlg

h wJ wwwunwu fudttgdwl w gnphprJdubpp:

2. Npn2 wudlbwynpyws nwuwywpghsgubph huwmbgpnL U RGT Solverl8-
ht U nwuwywpghsUbph wnGyuuwnip)wu pwnbpwlned ng
huwmwy wpwdwpuwlne ) wu LophUwyutnh dhgngny:

3. LbGypnlw hu gulgtph dhgngny hpwyh8wyh plwyuwlu
UGpyw wgno Up RGT Solverl8-hu punncub h 4 Lwg wihh
hnfuwyGpwnn hwdwywpgh hpwywuwgne U:

U2 hauruiiph upny neuputpp Ukpluwy ugyt Gu
1. 3w -pnruwywlt  hwdw, uwpwuh wlGlUwdjyw ghwwdnnnyghl,
Epluwu, 2016, nGywedptp:



2, 3w -pnLruwyuwl hwdw, uwpwUh uGdhUwphl, Gplwl, 2019, wwphy h
23:

3. Wwpuwjwlu npwywdnpdwl wp fuuwnwlph wup tnwwunt @) wup, INI,
GpbLwl, 2019, wuphy h 25:

4. Computer Science and Information  Technologies Uhguwgquwy hl
ghwwdnnnyhl, hu$npduwwnhlywy h L wy wn U winwg J wiu
wpnpL Gdutph huuwhwne wn, Gplwl, 2017, ubwncdptph 25-29:

punpupulinedutpp
U2 fuwnwuph hhdbwywu wpn) ntUpbGpp hpwwywpwydws GU hGwl wy
up fuunnL @) ncuubpne J [1-6]:



US hSULLk ANYULIUYNE @SNEFLLE

LG pwé wywu gL nLfup Uywnpwgpnio J E wp fuwnwil p h
wpnhwywuncep) ntup, bwwwyubpp, ghunwywl Unpni ) pp, gnpSdlwyuwl
wndbpp L yhpwenLpe)nLlp:

Y nrful-p Uyhpyws £ ntuncdbwuhpynn fuunhpubph punhwunctp
PUlwnyduwlp: U2 fjuunwupp YyGUupnUwgws £ JUh 2wpp JGpnnubGph dpuw,
puswhuphp &U  upuwbdhly nuwuwywnghglUbpp, dnpéwghnwywl
huwdwywngbpp, UGy pnUw hu gwugtpp,ng huwnwy wpwdwpwunL ) nLup
U wil: Uu grfuncd dJeup plUUwpyntd GUp uwpfuwuphnid wju
dGpnnutph dwdwuwywyhg  (state-of-the-art) hbGuwwgnunL ey ntulutph

wnnjnLuplubplu nL ujwénLdubkpp, Juulbwynpuwuwtu’® Jdtp

hGuwgnunt pj wu fuunhputph Q@ wwwwh U nwqduwnup wh Runhplutnh)
nLnpuwnLJ:

Puwdhlu 1.1-ntd plUlUwnyyned LU

ouwwh Jwy nwgUwjwpnt @) wu

Game Tree (uwpuwwbghwubph) wwwh ny Jwl

fuunhpubpp (OSP), Jwulbwdnpuwuwtu®
RGT nwuh funhputpp: RGT nuwunp
Uywpwgpnid E wU RUunhputipp,
npnlg L nLénLUp UGpyuw wgyne J E
roes  yGpwpuwwnpbp b fuunw b Swnbtiph

(RGT - Reproducible Game Trees) wGupny:
motss hUuswtu UYwpwgpyws Lt 1.1.1
Gupupuwdlnt U, RGT nwuh
fjuunhpuGph hwdwn Jwu hGwljy w

white
moves

2068 48 18 31 53 87 B4 225
Lhyun 1. unuy hu Swn

wwhwugUbpp.

w) thnfuwgnnn nbEpwyuwinwpubph (wnuwgnnUubtip, dpgwyhgutip L w | b)
wnwy nLpyneU,npnlup uunwnpnio d Gl

p)npn2wyh uwhdwuyws gnpénnnLp) ntulbp

g)npn2wyh dwdwlwywhwinjuwsubpned b

n)hpwdhdwyubph npnz wbuwyubpno J:

Npn2  hpwdhdwyutp vuvwhdwlynrd GU npwtu ULwwnwywy hlu
ynuyptwn Juuvlwygh hwdwn: hbpwdhdwylutnph hwdwhint Jpp fuwnw hlu
6wn E (Uywp 1), nph hwugnLjgutpp hpwjhdwyutplu U, huy Ynnbpp"
thnfuwgnnn  Ynndtph®  hpwdhédwyp YPnfuhbpwnn  hwd wuwwnwu fuut
gnpénnnLp)nLulbpp:

112 GUpupwdlntd ULGpLw wgyws GU wu nwuh &L Solvers
Spwgpw) hu wwwhnynedubph YphpwenipynebUubpp, Juubwnpuwwtu®
2ufwlwinh, hwpdwynLtdubph nGd guwlugh wup tnyuwunct e wu U wwnppbp
wGuwyh  hwpédwyncdutph nGd Jhwdnp Uwdh wuwp twwlnt @) wl
fuunhputipp:

Pudhl 1.2-nLd ntuntdbwuhnpyne d Glu ghwt| hpwhtup
thnn & wg h tnwy wu hudwywngbpp, Juulbwynpuwwgu® ophuwylubpnp,
UJwéntdubpp U wplU: Uwibwdnpuwwtu® 1.21 GlUpupuwdlnt U
pUlwnyyned GU 2uwmwunw hu hwdwywpgbpp (Stockfish, Komodo): RGT
Solver-Utpp UnitjUwbu ghwt hpwhtlUp bhnpdwghunwywl hwdwywngbn
GU, nLuwh npuwug A4&Gnpptpnudutpp UGpYw wgynLtd GU 1.2.2
GUupwpuwdlunt U:



Puth np RGT Solverl8-h hpwywuwgnLrdp hhdujws E Mental Doings-h
wGuncpe)wlt ypw, 1.3 puduncd UGpLYw wgyntd GU wn wbunLp) wl
hhup hwunhuwgnn uhuwGUuhl dnwbgnLdp u uhuwGUuhy
nwuwywnghsubpp: LGpyuw wgdntd GU wunnodubp, hUswtu ULwbL
npn2wyh hwulwgniLp)ntbubph vuwhdwunLdubp® mdoers, msystems U
w LU Uwulbwynpwwbu® 1.31 & 132 Glpupuwdhlblbnpne d UWwpwapne U
Gup whuwyuwlu Jwubpp L npn2 whhuhywywlu pwnyuwgnrghslubp
pUlwnynLd GUp 133 Glpupudlnt U:

Ujuwmtn Lwl UubGplYw wglncd Gup h wJ wuwywnwu fuwlin @) wl
w gnphpJubph (UGpwn ) w dhpuwnt wy h wJ wwwuinwu fuditgne Up),
nwuwywnghsgubph wwnpbp wbuwyluGph, y wulbph U LwwwwyluGph
npn2 hhdbwyuwlu Uwpwgpniop) ntulbp:

Puwdhlu 14-ncd plULwpyyYynrd GU JEpGEUW wywlu nrunLgduwl
dGennuGpp® wwpwdGwphly, ng wwpwdbwphly: LULwpydnid &L
dGpnnubnph Juwnnigdwspp, dGnpptpnedUubpp, wnwyb nLp)nrblbpp
U pbtpnLp)ynLlUlbnp: 143 GUpuwpwdlnt  huunty nL2wnpneeynil £
nwpnéyned UGy pnUw hu gwugbphlU: 1.43.1.1 GUupwybwnLd pUlwnpync u
Gup UubjpnUw hu guwugtph UL JGpGUwubtph nruncgdwl wy|
dGpnnubpny 2whdwwh npnpunetd 4&dGnp pGEpdws UJwéniLdUbnp,
Jduulbwynpuwwtu*® 2uwfulwinwy hu rnwfwnwyubph hw bwpGpdwl UL

2 whud wuinwy hu fuunwpwnbtnh nwu wy wn g uwl fuunhpuGpnLd:
PUlwpyynrd U wpnynrupubpp, JdnnGLutph &2gpunitpeynilup U
hhJUuwywu ptnnLeynLlultpp, npnlughg wd & U wunwip wé J wé p

JuwwwsnL ey ntUl E vwfwnwyh U fuwunwpwntph urnergdwsphg: 1.4.3.1.2
GUpwyGunL J pUlwpyynr d Gu n wq Jwy wu Lwlwynt ) wl
fiunhpuGpnid Udwlwwhw funhputph (hwywrwynpnph nRwqgdwywl
dhgngubph hwy mbwptpnid L nwuwywngne J)wnwnténedubnp:

144 GUpupwdlnt S UJwpwapws U ) w UGph wnLtgdGUwnwghwy h
JGpnnubpp, npnlup Uwwwbudws GU  wdjw UbGph  npwyuwyuwl
pwpbpwjdwtu U phUsg-np hdwuwny Uwlt wdjw Ubtph pwlwywywl
wyb wgJwl hwdwn:

Utbp ULUwwuwylubtphg dJGyp wlédlbwdnpws nwuwyuwnpghsubph
wnGyuwuwni ey wt pwpbpwdnedl E: Yw wubp e hwdwnp oguwgnpéne U
GUp ng hunwy wpwdwpuwlunL ey Ll U 1.5 puduncd pLLwpyne d Gup, RE
hus E ng huwvwy wpwdwpwlniLp)ntlup L npwben E ogquwgnnpéynL J:
Putwnyynetd U Uwl 2wdwuonid ng huuvwy wpwdwpwlnt ey wl
UhpwrniLpeynLtlUlbpp:

16-pp W 1.7-pn pwdhUubpp UGpUw wgUunLtd GU wu q| fun
Gagpwywgnrpeyntlup 6L up fpuunuwuph punhwuntp LUwwunwylubph Yuwné
dGrwybpwprduGpp® 1. hpwjhdwylubph hnfuuyGpwne v’ wuwnytpubphg
uhddnp hy uGplyw wgdul, 2. uhuwtUhy nwuwywnghgutph
dnnbGLwdnpncd, hwJwywngh Unnuhg npuwlg pUjwy nu d u
hpwjhdwyuGpht npwlug hwlwwwunwufuwltgdwl wy gnphpdutpn, 3. ng
huwmwy wpwdwpuwlnepjuwlu W gnigunpws ophbwylUbtph dJhgngny
wudlbwdnpyws nwuwywnghgubph wnGydwwne gy wu pwnpbp wync J:

bpwghfwyh yEpwd2 wynrdp Solver-utph gnpépupwgh Jh Jwul E:
Solver-utph Uwhunpn vwnpbGpwylutpnid wnwp hlU 26pwp (uGUunplUbnp)
hpwhdwyh upddnyhy ubpdnrénidlu E, npp hpwywlwgynrd E
hnpdwgbwuGph/SpwgpwdnpnnUbph Ynndhg LW wupwpGUwwuw £, pwlh
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np wwnptpdyntd E hpwphdwylubph plLUwywlt ULGpJw wgnidhg L
Lpwgnrghg punnnLp) ntultpn £ wnwp wgluntL J:

Y nfu 2-ntd Uwwenwy nrubUup pneénid guubp wu puwunphu®
yGUwpnuwlw, ny hpwyhsdwyubph UGpyw wgdwu L RGT Solver-nL U
npwug hnfuwybpuwdwl ypw: 9 funed LUwpwgpned GUp wwnytpubnphg
Solver thnfuyGpulduwlt hwdwn JGp wnuwwplws w gnphpdlubpp U
Spwapw hUu hpwywuwgnLJubpp:

Uj u bwwinwyh hwdwp wnwp wpyyne d £ Gpyne wygnphpd. wnwg hlup
(wyunLhbwl® Simple algorithm) UGpwnnLd E hpwdh8wyh hwy mbwpGpnL Up
Quwlwunwy hu nhpp), npw pwdwlntdp hujwuwn Jwubiph (nugwbph) b
JnLpwpwls ynip nup wh nuwuwyuwngnedp Jud npuwbu nunwnply nup wh,
Yuwd npwtu npLt fuwnuwpwnh Guiwws gnijUhg W wiuwyhg): Gpypnpn
wgnphpdp (wunLhGwl® Enhanced algorithm) UGpwnni U E wwnybphg
opjyuwltiph  (unwpwntph) hw wbwpbpnid, nputg Jhgl Gnws
hGnwynpnLpe)yntUUbph pdprnUnctd’ puwn YnnpnhlUwwubnph, npuwlg
dhglu Gnwés nuwuwny nup wbph [ pwgned b vwhunwyh pung w Untd® puwn
pwgwywjy nn wnntph W wujncubph: U gnphpdubpp Juwlpwdwul
Uywnpwagpyws GU 2.1 (Simple) b 2.2 (Enhanced) pudhUubkpnL d:

Pudhlu 2.1-ntd UJwpwgpyws w gnphpdp Jowybpnt hwdwp Uwiu
hwjuwpyb| E wwnppbp dUubph fuwnuwpwntph wwytpubph wdy w Ubnh
hwJwpwéne, W npwhhdwl ypwnruntgwub| GUup UGy pnlw hu gwug*®
VGG7 UbjpnUw hU guwlgh UdwunLpjuwdp: UnnGLh &2gpunLe)nLlp
JuwgdnLtd E dnw 97%, b wytG h ntupybpuw E WnnbGLp Yubujwlublup
ntuphybGpuwy, Gert punnctlbwy E wvwppbpbGpne UncjU fuunwpwph
nwnpbp Yurnnigywsplubpp) pwu hwy wuh dnnbpUubph Jd66& dwup, np

utplw wgyby

Bb E [E E E E E

Bb E E E E Br

E

E E Bp Bn Wb E E E

E E

E E E E E E W E

#E Wp E Wn Wr Wk E Bn

E E E E E E WqE

: E E WnlE E E E E
E

E [E Bk E E E E

; gLnLful-nLd:

Ulywn 2. Enhanced wy gnphpdh up fuwmuliph onh Uudy
Fudhl 2.2-nLd uGpyw wgyws w gnphprdp Uyuwp 2-nLd

UGpyw wgyws E opphlwy)UGpunne d E hGwuy wg pwy | Gpp:
1. Mwnybpnid 2wdwunw hU fjuunwpwntph  hw mbwpbGpnod
(GUpwpwdhl 2.2.1) ULypnUw hU guwugtph oqunLpjwlp

7 Simonyan, Karen & Zisserman, Andrew. (2014). Very Deep Convolutional Networks for Large-
Scale Image Recognition. arXiv 1409.1556.
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(Pw L tpp UJwu U 2.1 pwdUph hwdwwwwnwufuwlt pwy [ Gphl,
MobileNet SSD® puwnytip E nputu nLunLguldnn dnnky ):

2. Unuwgyws fuunwpwntGph YynnpnhlbwwnbtGph hwdGdwuwniL ey nLl
(2.22G6URwpwdhl):

3. Lwpubwyuwl nwfunwyh Yurnignid (Gupwpwdhl 2.2.3):

4, Pugwywy nn  wnnbtpny WYHwd uyncubpny  Lwhibwywu
nwrunwyh L pwgne d (GUpwpwdhl 2.2.4):

225 GlUpupwdlntd upwé E wnwpgwnplyws dbGpnnuGph U wy|
hwj wnuh dbGpennlutph wnpnj)nLrupubiph hwJGJwuinLp) nLlp:
Upnjynirupbbpp UGpJw wgyws GU wnj nLuwy 1-nL U:

Puwdhl 2.3-nLd JulbpwJwul Uwpwgpyned E Gpypnpn w gnphpuh
gnpénnnLpjwu Gpynt ophlUwy, npwtn wrwehlU ophlLwyh hwdwp
pwjwnwn GU wpgnphpdh wnuwe hl tpbp pwybpp, uww U Gpypnpn
ophuwyh hwdwnp snppnpn pw | p wwnwwnhn t:

[{"cx": @, "cy": @, "fc": 2, "ft": 4}, Pudhlu 2.4p JGpwpbtnpnid E RGT Solver-

(o0, "oy"s 1, "™ 2, "R 3L, npd dnnbpUbGph’ npwsu wwnybpubph
},,g,.f ik ek e g? ubpunLddwl hunbp$bj u oguwgnpddwlp:
cib ] G gy NpuGu  hpudhSubh — Uniupw hu
{cx%: B; "eyT: 5 Hch: 2 EtT: 4} nj) w, Ubp Solverp uwwlnid E 64 wunphg
{"ex™: 0, "cy™: 6, "fc: 2, "ft': 6}, puwnwgws  JSON  qulgws  (ophlwyp
{"ex": 0, "oy": 7, "fc"i 0, "ft"i 0, Ulwnpwagnpywsé E UJwp 3-nLd), npnlghg
Coci 1, "oy 0, 7 0, R 0 jnipwpwls jnupp Yepwebpnod £ ynuyptin
{C’]“l’ oL 2 2L Supwh U wwpnilwynid B Uniyp Gup
(Untypbwp U w|] nuwwywnghglbinp
gﬁf/jﬂ%ﬁmfﬁ duupwdwulnpbl Yubpyuw wgybu 3-nn
Iiknifn'1 An'1 ifn Qaluer gL funL d) nwuwywnaghgubph wndbplubnp:

Onpphtwy, wwwnybnp 3-ntd  upws quugywsh wnwe hl wnwnpn
h wJ wwywinwu fuine U E ©;00) ynnpnhUwwnubpny nuwp whlu, npp
hwdwwwunwu fuuine d £ a8 nupwhl, wn nuunid wnlw fuunwpwnh
gnLjup ulb £ (2), huy frwnwpwph wbuwyp™ Lwjwy 4): Upnynrupnid
2uwfwwuinwgy hu hpwyhdwyp ptpyws £ Solver-hu punnLUub h dLwgs whh, L
uuynrd Euhuwbdhy nwuwywpghsuGph Jawyne dp:

PudhlU 25-ntd Ujwpwgnpned GUp 2 wiwwwnh U nwqUwywl fuunhputph

gnrgwhbtnUbnp, dGpnlup ) w dtnppbpnLdlubph hUwpwynnp
UhpwrnLpe)ntlUlbpp n wq Jwy wu fjunhpuGpncd, hlUgweu L wl

Criterion Simple Enhanced Chessify Chess ID ChessVision

Algorithm Algorithm
Accuracy 97.3% 95.1% Unknown 99 % 85 %
(high)

Universalization | Yes Yes Yes No No

Open-Source Yes Yes No Yes Yes

Costly Training | No Yes Unknown Yes No

Board Detection | None Custom Unknown openCV Custom (needs
& Wei TRghnia¥agomir Anguelov , Dumitru Erhan | Christian Szegedy , Scott ReB&kitHleng-Yang Fu,

Alexandeng, Berg,.6SD 1&ingle-ShotdMuiBoxiDetectory ECEN b 2046/ wmn e 2y ne U
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nhuwnpnyntd GUp wn hwpngnid wpwpwgnn npn2 nduwnpnLpe)nLuubp:
UWu grfuncd ubpyw wgdws dnnbph hUwpwdnp Yhpwnnip) wl
ntuntdbwuhpnep)nelp n wq U wy wu fuunhpubpncd, UGpwn) w
gy wp ubph hwjuwpwgpnidp® npuwlg ypw Uaws hpwlhsdwyutnny L
nwgUwywu dJpwdnpubpny (uuwuybp, hpphrutp U wl), dnnGLh
JunnLgnounp L Uywpwgpyws ndywpnLp)nrulbnh hLUwpuwynp
Lneénedubph hw wbwptpnidp, hGurwgw hGwmwgnuwne gy ntuuGph Jwu
Eyuwguncd:

Y ncfu 3-ned pLULwplyynid E uvhuwbdhy nwuwyuwnghsubph
6pwanpw hU  hpwywlwgncdp, ULGpwrjw npwug pUluw ncdl no
h wJ wywunwu fudllgne Up:

3.1 pwduncLd pulwnpync d

NetworkManager: :oreateMinimalNode (const

Gup uhuwGUuhy
nwuwywnghgutiph pnLnp
wGuwyubph

dnntpwdnpnidp: Uhuwnbuhy
nwuwywnghs Utph  whwtpp
hGwly w U GU™ Unc Y| Guwn,
UhUhuuy , punuwnnj W ,
pwgUnLp) nLulbp,
gnpénnnLp)nLllutn, . ‘ -
nhuwdhy, Lwwunwy ubn, | mininAINoda > amtRagatd (nodaTeon (nagatadkey] -tanos] ()
W wulbip (UtnpghUltpu
dhgng &U Utipyuw wglb| nL
thnn & wah nwy wu
umpuwntighwutinp): Uju
pwduntd lLwl gnLjg Glup
nw, hu  « ww nwuwywnags h i
ophlbwyny uhutbUply e

nu(attributeskuy)) [

containad astributes fimld in

nwuwywnghsutiph L
JwnnLgnodp:

Pudhl 3.2-nLd e S
pUlwnynLd GUp hwdwywngh o EREE
Uhengny upuubdpl eI
nwuwyuwnghgutiph f Lhup 4. Upupdw nuuadjunas h
puluw, nLdp: Onpé wagbwp fromee o e

Ywnpnn £ wwppbpwpwn gnfudtgty hp ghwt| hpubpp/nuuwywnghg Ubipp
Solver-hlU: QGhwt| hpp thnfuwugyned E Solver-hU JSON &bLLwg whny, nnp
UGpunnitd E nuwuwywngsh UnLjbwgnighgp (ID), mGuwyp, hbtwpwdnnp
Sunnh ID-U, UpwwwphpnLwuGpp, gnpénnnLrpeynLultpp (GRE wnjwEl)
Uw U (wuwnytp 4):

Pudhlu 33-ntd plUUwpyyntd GEU uvhuwbdhy nwuwyuwnpghslUbph
h wJ wwywinwu fuwl 6 g J wi w gnphpdUbpp, npnlp UGpunnt U Gu
punhwunctp hwlwwwwnwu uutgned Une Yy Gwn, Jhupdw, L JjnLu
wbGuwy h nwuwywnghsutphl h wJ wwwnwu fuuutgne U) L Jby
nwuwywngs h  hwlwwywunwu fuibtgned, npp Ubpwenid E dhunduwl
h wJ wuywnwu fuuugne J:

Fudhl 3.4-nLd gnLjg Gup nw hu wnwnpbn wbuwy h

nwuwywnghs ubiph ypw hhduws  ghwk| hplutph pulyuwy Juiu
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ophuwyutn, pusgwbu Lwl «Jwn» pwnwnnpj w uhuwdhy nwuwywngs h
hwdwnpn gnLjg GUp ww hu hwlwwwnwu fjuubtgdwlu wy gnphpdp: Utlp
uwhdwunct d GUp «dwuw-p hGwnl ) w wnphpnowutGpny.

e «ufw’ pwnwnpjw nwuwyuwnghs,

e «wppwlgsniUhpw | » nhUwhy nwuwyuwnghs,

e «wnpwUsnLUph ww2 nwuwunL ) nLtU» nhuwdhy nwuwywnaghsy :

dbnnl2 ) w nwuwyuwnghsutiphg JnLpwpwus ynLph huwdwn

UGpyw wglunLtd GUp hwl/wwwuwufuwutGgdwl w gnphpUdp UL pwdlh
yGpgntd wvw hu GUp «dwu» nuwuwywngs ht  hwdwwywnwu fudtnt @) wl
wlpnne wywl pURwgpp:

Ul uwn 5. RGT Solverl8-h up fuumuliph nunhwlne n
RGT mTrmiin Solverl8-nL U

hwennnip)wlp hpwywlwgdws £ ng unLpjtywhyd nuwuwyuwnghgubiph
dnnGrwdnpnodp, vwywy U wudbwdnpws qunuwhwputph JGé Jwup
hwdwywngnied sh Ywpnn wntyduwun YGpwny dnnbGpwdnpybp: Ublup
dguncd GUp pwpb wb] wudlbwdnpws uhuwbdhy nwuwywnaghsubph
wnGywunipynelup U wn Uwwowyny oquuwgnnpéb|p GUup ng huwwy
wpwdJwpwlunt @) wu JGpennlutp u thnpédwgbwlbtph wn wp wn Y wé
ophbwyutp:Uju Juwuhlb Uywpwgpyws £t 4-pn g7 Ant

41 puwdhup ng huunwy wpwdwpuwlune gy wu dhgngny UGplyw wgune U
E «hwpédwynitd pnrjp nupwh Ypw unLpjbywhd 2 whwww) hlu
hwulwgnt @) wl $npdw hqugnrdp:
dpnl2 g w hwuuwgnLpeynLlnp
wwnnrluwyned £ Gpbp guwnuwthwn® «pnLj
nuwp vy, «hwpédwydwlt Juwugh wwy gwuynn
nuwp uy, «Juwup: UJu hwulwgnrpeynillbpnp
dGprneétGrne hwdwp oguwgnpéyned £ ng
huuvwly wpwdwpuwlnt ) wl  Jwpet Jwwh lwy wl
wwywnpwuwp b uGpyw wgyned GU  «pnLj|

"attribute

nup wh» hwlwyuwngsw hu nL Jdwpnyuw hl ']'f”‘”"”'“":@:
gUwhwwnwywulbnph punncUub h
]
14 Llhwn 6. MupuwdGunhly
nuwutungs h

dbGnpptinnL up
huduwlyungh vhpngny



hwdGdwwne gy ncbubp: PwdhUp uluynid E hwulwgnipynelulbph
uwhdwuncdJdubpny, 2wpnilbwyyned E  ng  huwwy dJnnbpubph
Junntgdwdp, tnpdtph U dJwpnw ht glUwhwunwywlulUbGpnh hGw
hudGdwunnL p) wdp:

42 pwdlUncd UGpJw wgynid E ng huuvwy nuwuuwywnghglubph
UnnbGLwynpnedp RGT Solverl8-nL J: Lwfuhunt J Solver-uGpp UGpweni d
Epu wudUwdnpyws ghwb hpUtph npn2 wtuwylubp, huswhuhp GU
Lwwiwyubpp U w wulbpp: Uydd dJGUup nL2wnpnipynetl  Glp
nwpélUntd wludlbwynpyws nwuwywnghgubtph pUlw Jwup UL npwlg
h wJ wywunwu fuibtgdwup® ng h u nwy npwdwpwlunt @) wdp u
ophuwyutiph vhgngny:

UGup douwyncd b pblbwnynid GUup hGwlj wp pwunuwgnrghsubpp:

e Ng huwnwy UnLypbup nuwuuwyuwnghgUbip (ophuwy’™ $hgniph
UndhUw, wndbpp) (@.21GlUpuwg; nL [U):

o «Mwpuwdbuwnbp» JtennUGph huwtgpnudp nuwuwywnghgubpnno d
422 GUpug;ncfy: Lywn 6-nLd ubpyuw wgdws £ «wywpwdGwpbpny
nwuwywngs h»pulw, Jwl & Lwg whp:

e Ny hu iy (fuzzy) nuwuwywnpghgUbph UbGpnpniodp (4.2.3
GUupuwg) nL fU):

e OphlLwyubnph u géwj hl ntgnpGuhw h dhgngny
nwuwywnghsgubph Yuwuwnbp wgnpénud 4.24 GUpug; nef)y: Ljwp 7-p
gnLjg E wnw hu wj u dGennny nwuwywnghgutph
hwdwwwunwu fuilnt @y wu - pwnbp wjdwl  w gnphpUdh wpuwwgn nLdp:
Lwhy, ophbwyubpp gnrgunpyned GU ¢pnpdwgbwhlU U hwdwywpgs hu®
hpwdhdwyntd wyu ywd w U nwuwywngs h wnjwy nt ey wu qUwh wnwy wu
unmwuw, nt hwdwp  (@©pplwy® gqUwhwwt]; wu Ywd wl pwh

[H _[c | ([ c |
75 77 79
90 95 o5
5 3 14
90 71 74
95 100 — P H=088x+C+11.2 29
60 54 59
75 59 63
95 97 o7
95 99 o8

Lhun 7. UL bu/npyuws nuuwulyunghs bUbpnh unbyduumne @y wb pup by wfnt J
ophluwyubph vhgngni

«wbuwwub| hnLp) nLlp»): utlup dgunL J Gup hudwywngs h
gUwhwnwyuwlulubpp Unwtglubp Ynpdwgbwh qUwhwunwywulGphU: Uju
Lwwuiwyny 46np ptpqwé wdj wuGph Jpw Jurnigyntd E qbéwy hl
ntgptuhw h JnnGp U uuvwgyntd E géw hU hwjwuwpniedp, npp
hGurwgw) ntd  Yhpuwnyb ni E hwlJwywngsh gqUwhwnwywllUGph
Lywnduwdp:

425 Glupupwdne Jubpyw wgyws GU ng huwnwy nwuwywnghguGpphu
u «wywpwdbwnpbpny nwuwywnghsubphUu» h wJ wuywuinwu fuwt & g J wi
wgnphpdlutpp: Uju wGuwyh nwuwywnghsutiphl
hwJwwywunwu fuibtgnedp wbenh E ncUGUnid nwuwyuwnghsUbph Jdyniou
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wbuwyubphl hwlJwwwunwu fuuutgne Uhg hGwn, pwuh np JbpnU2 ) w
wGuwyh nuwuwywnghgUbpp ubpunpblU Juuwjws GU hpwh&dwync d
wnnbl huy bhw wbwpbpyws UdniL2UbGph hGw (ophlLwy® fuwunwpwph
UndhUbwg, hgnpnipjnitlup wUu nupwtph pwlwyl E, npnlug wpywés
nhppned wyj w funwewnp Ywpnn £ hwpduwéstp Yud wbnwhnfw b
wuwntn): Uju nuwuwywngsh bhwlwwwnwufuwubnip)nelup sh Juwnpnn
hpwywuwgytbp Yuwunlwdnp hwdwywunwfwutbgdwlu JGennnd, npp
Uywpwapyws £ g nLfu3-nL d:

426 Gupupwdne Jpulwnyyned GU YGEpp U2 Jws nuwuwywnaghgubph
wbuwyubph Juupwdwul ophbwyuGpp: S8ntgwnpUynid GU «wluwwub| h
Ppw» wudbwdynpyws nuwuwywngsh dnnGLwdnpnedp, puw, ncdp L
npwl hwJwwwnwu fuuitgnedp: Mw wubpne hwdwnp uGpyuw wgyne d Gl
nnwuh puwlh pwnywgneghs utip.

e fwnuwpuwnh Undhlw, wndbp,

e fuwnwpwnh Undhbw, hgnpnip)nLl,
e fwnwpwnh hpwywl wpdbp,

e nhpph M-P glUuwh wunwy wl :

Lhywnpwapdws 6U wj u hwuwgni ey nLUlUtph ng huwwy Unnt| ukpp®,
L JGup dbtp ppwywbwgdwlu dGg hhdudnid GUp npuwlug Yypw: RGT
Solverl8-nLd hpwywuwgybp U wu wudlbwlnpyws nwuwywnghsubph
pUyw  ntdp U npwug hwlwwwiwufuwibtgnedp: Unnbpwnpws Unp
nwuwywnghsgutph whwtpp hUwpwdnpnipr)ntlU Juwlt hGuvwqw nLd
wybGL h hG2uwnLpe)wdp UGpnubpnt wudlUwdnpyws ghwb| hputpp RGT
Solvers hwdwywnqgbnpnio J:

v, Vahradyan, “A Model of a High Level Chess Concept “Beautiful Mate™”, International
Conference on Computer Science and Information Technologies, 2013, sept. 23-27, pp. 164-167.
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U2 hauruiiph hhdbuwljuii upny nLuputipp

U2 fuwunwupne U uGpyw wgytbghl gnjnLpjntl nLubgnn
ghwt| hpwhbGlup RGT Solvers thn n & wg h vy wu hwdwywnagbnh
pwnGLwnLJdubpp L npwugnc U npn2 $nLuyghnlw nL ) wlu
wybG|p wgnedubpp: PupnGL wynLdp Juwuwnyb|p E Mental Doings wGunt @) wl
hhdwu dJpw, nplu wwwhnyntd E dJdwpnnt wwppbp hdwgwyuwl
$nLuyghwutph (nwuwywngned, npn2nirdutph Yuw wgned L wyb)
Jurnntgnnwyuwlt U wnbGlydwwn dnnGpwdnpnedp, UGpwnj w, uhuwtdhly
nwuwywnghsubph Jdnnbwdnpnidp, hwdwywngh Ynnudhg npug
puluw Juwl u npwug h wJ wiwywinwu fuwl 6 g J wiu w gnphprdlutpp:
OnpdwpynLdubnpnp h wu tnwwnG | Gl JGpnlu2j w w gnphpdubph
wnGyuwuni ) nelp: [1-3]

U wyJws RGT Solverl8p 2wwwnmh hwdwn Ywpnn E dgnfuwybGputb
hpwjhdwyh plwywl UGpYw wgnidp (hpph wwnybtpp) uhdyng hy
dGLws whh: hpwdhdwyh UGpUw wgdwlu wu JdGpnnp wjbGih Unw E
hpwjhdwyutph plwywu Ubpyw wgdwup: dnfuwybpwdwlt hwdwywngp
Junnrgdb, E wlUwtu, np hGuwqwy ntd wb h hGaw [ hUh npuw
UhpwrnLdp RGT nwuh npn2 wy| fuunhpubph hwdwn, Juubwdnpuwuwtu®
nwgUwyuwl fuunhpubnh: [4]

Lepyw wgyws £ wbdlbwdnpyws nwuwywnghsubph uGpyw wgdwl
pwnbpwdnedp ng huwwy wpwdwpwune pj wu W ophbwyUbnph dhgngny,
UGpwn)w wludlwdnpyws nuwuwywnpghgUbph npn2 wkuwylubph
dnnGLwdnpnedp, npwug pUlw nidp LU hwlwywnwewaubgno dp,
huswtu Uwl ophUwyUbph oqUniLpjwlp npwlug wnblyyuwwne ) wu
pwnGLwdnidp: dGpnlU2 ) w hGuwgnunip) wt hwdwp hpwywuwgdb| E
Jh puth 2wmwuww hu wudlbwdnpywsd nuwuwywnghgubph ng huuwnwy
dnntrUbGph urnigned, hug wbu Lwlk oguuwgnpéyby GU LwryhUno d
wpntlU UnnbGLwlnpyws npn2 guwnuwthwnpubp: Pwpbpwynedp pnLy| E
bl qqu h wnwgplUpwg nLtUbUw, wludlUwdnpywsd nwuwlywnghsUubph
dnnbpwdnpJuwl U RGT Solver-nL U npwug UbpnpJdwu hwpgnt J: [5-6]
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AxonsiH Haupu Ilapyiiposny

PA3PABOTKA U [IPOT'PAMMHAS PEAJIU3ALIASI MOJEJER ATEKBATHOI'O
IPEJCTABJIEHUSA SKCIIEPTHBIX CTPATET A

PE3IOME

B pamkax wuccremoBaHMS —paccCMaTpPUBAIOTCS HEpEIIEHHbIe KOMOHMHATOpHBIE —3a/auH,
oIIpefeNsIeMbIX Kak IMpoOJIeMBl, T MPOCTPAHCTBA PENICHHUH MPEACTABISIIOTCS BOCIPON3BOIUMBIMA
urpoBeiMu fepeBbsiMu (RGT). B Hacrosimee BpeMsi JKCHEPTHBIE PEIICHMs B MAHHBIX 3ajadax
SIBIITIOTCS CaMBIMU () (EeKTHBHBIMH.

Knace RGT Bxitodaet B ceds BaxkHbIE IPOOIIEMBI, TAaKME KaK 3alUTa KOMIIBIOTEPHBIX CETEH OT
BTOPXKEGHHH, pa3paboTKa ONTHMAIbHOW CTpaTerdyl YIPaBJICHUS M MapKETHHTa B KOHKYPEHTHOM
cpeze, 3allMTa BOWHCKUX EIUHUI] OT Pa3IHYHBIX THUIIOB aTak, MPOOJIEMBI C KOMMYHHKalHUeH,
HaxOXKIEHHEe aHOMAaJINi, HEKOTOPBIE TUIIBI 00yJIeHHs, IIaXMaThl ¥ UTPBI, TOJOOHBIE IaxXMaTaM.

Bbuto nokasano’, uto 3TH npo6aeMbl RGT cBOAMMBI APYT K IPYTY, B YaCTHOCTH, K HEKOTOPOU
crangapTHoi npobaeme RGT, ckaxeM, K HEKOTOpol cTaHAapTHOU 3agade K kiacca - K mraxmaTtam.
JlocTrxeHus, oJTydeHHbIe Ui 3a1a4u K, MoTyT OBITh IPHUMEHEHEI KO BCEM 3ajadyaM Kiacca.

HampaBnenus, wuccienyrompe MOACTMPOBAHUE OCHOBAaHHBIX Ha JKCIEPTHBIX CHCTEMax
peutenuii 3amad RGT  akryanbubel U HaunHas ¢ 1957 roxa uccnenyiorcs B MHCTUTYTE mpoGiieM
nHpopmaTHKU M aBTOMaTH3anuK HarmoHansHON akageMun HayK ApMeHHH.

JlanHas paboTa HampapleHa Ha YIIy4IIEHHE YK€ CYIIECTBYIOIIMX CHCTEM, OCHOBAHHBIX Ha
sHanmsax (RGT  Solvers) mocpeacTBOM — MOAENHPOBAHHS  CHCTEMHBIX — KIACCH(HKATOPOB,
MPEUTOKEHHBIMI  allTOPUTMAMH  MX YCBOGHHS M COOTBETCTBHS UM, a TaKkKe YIydIIeHHe
a/IeKBaTHOCTH TI€PCOHATN3UPOBAHHBIX KIACCH(HUKATOPOB, YCTpPAaHEHHE TEXHUUECKUX IIpodiIeM
CHCTEMBI H T.1.

Llesu nccieqoBaHust

1. VYiyymeHwe CymecTBYIOIIMX Mojneneid u mpeseHTauuii RGT 3HaHWA W cTpareruit
MyTeM MOJEIHPOBAHHS CHCTEMHBIX KIIACCH(UKATOPOB U IIOCTPOSHHUS aITOPUTMOB UX
ycsoenusi B RGT Solverl8.

2. TloctpoeHHe alTOpUTMOB COOTBETCTBHS (matching) cHTyamuii CHCTEMHBIM
KJIacCU(pHUKATOPaM.

3. Pa3paboTka MeETOZOB MPWIOKEHHH HEYETKOH JIOTHKH W  HAKOIUIEHHOTO
NEPCOHAIIBHOTO OIIbITa JIA IMMOBBILICHUS aICKBATHOCTU K.]'laCCPI(bI/IKaTOpOB.

4. Pazpabotka unTepdeiica peryIsapHOro pacno3HaBaHUs pealbHbIX H300paXKeHUH 1 NX
nepeBoja B cuMBoNIbHEIH opmat RGT Solver mocpencTBoM o0ydeHus HEHPOHHBIX
ceren.

5. IlpoBemeHme SKCIIEPUMEHTOB, MOATBEPXKAAIONINX aJEeKBAaTHOCTh ITOCTPOSHHBIX
KJIaCCU(PUKATOPOB U AITOPUTMOB COOTBETCTBUSL.

1%, Pogossian, "Combinatorial game models for security systems", in NATO ARW on Security and
Embedded Systems, Patras, Greece, 2005, pp. 8-17.
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OcHOBHBbIE pe3yJbTaThl padoThl

e B paboTe mpeACTaBICHBl YCOBEPIIEHCTBOBAHMS CYIIECTBYIOIIMX, OCHOBAaHHBIX Ha
3HaHWSIX SKcmepTHbIXx cucteM RGT Solvers, n HekoTopbie n00aBIEHHBIE B HUX
¢byHKIMOHANBHOCTH. YiydlieHne OblIo ocHOBaHO Ha Teopun Mental Doings,
KOTOpasi 0OecreunBaeT KOHCTPYKTUBHOE U afeKBaTHOE MOJEIMPOBAHHE Pa3IHUHBIX
KOTHUTHBHBIX (DYHKIHMH denoBeka (KiaccuUKauus, NPUHATHE PEIICHHH U T. I.),
VirydiieHne BKIIIOUaeT MOJEIMPOBAHHE CUCTEMHBIX KJIACCH(PUKATOPOB, IOCTPOCHUE
AJITOPUTMOB UX TPUOOPETEHHS U ANTOPUTMOB COOTBETCTBHUS HMM. ODKCIIEPUMEHTHI
HOJATBEPANIH aICKBATHOCTH BBIIICTICPEUNCICHHBIX alroOpuTMOB. [1-3]

e Pazpabortanmmeiii RGT Solverl8 mmg maxmar mo3BoisieT IpeoOpa3oBaTh
€CTECTBEHHOE MpPEICTaBICHHE CUTyallun (M300pakeHHE IIaXMaTHOW MO3UIMU) B
CHUMBOJIEHBII ¢opmar. DTOT METOA TPENCTABICHUS CHUTyalud ONIKE K
ecrecTBeHHOMY. Cucrema KOHBepTaluu ObUIa IOCTPOGHA TakUM 00pa3oM, 4To ee
OyzeT BO3MOKHO HCIIONB30BaTh Ml HEKOTOPBIX Apyrux mpodiem xiacca RGT (mpu
HAJIMYMH COOTBETCTBYIOIIETO aHHOTHPOBAHHOTO HAaOOpa JIaHHbBIX), B YACTHOCTH, AJIS
3a/1a4 BOCHHBIX Ha3Ha4YeHU. [4]

e [lpencrasieHue NepCOHAIM3UPOBAHHBIX KIaCCU(UKAIMIT pea30BaHO IIOCPEICTBOM
HEYEeTKON JIOTHKH, BKIIOYas MOJEIMPOBAHUE, YCBOCHHE OIPEICICHHBIX THIIOB
MEePCOHATM3UPOBAHHBIX KIACCH(HUKATOPOB, COOTBETCTBHS MM, a TAKXKE YIIydIICHHE
UX aJIeKBaTHOCTH ITOCPEACTBOM JEMOHCTPAIMH MPHUMEpOB. sl BBILICYTIOMSHYTOTO
HCCIIeI0BAHUS ObLTH TIOCTPOEHBI HEYeTKHe MOZENH HEKOTOPBIX
MEepPCOHATM3UPOBAHHBIX IIAXMAaTHBIX IIOHATHH, a TaKXke OBUIM HCIIOJIb30BaHBI
HEKOTOpHIE paHee M3BECTHBIE MOJIEIH. BEIIIEYNOMSIHYTOE 3HAYUTENBHO YITyUIIMIO
MOJICIIMPOBAHUE MEPCOHANN3NPOBAHHBIX KiacCH(UKATOPOB M MX BHeapeHue B RGT
Solver. [5-6]

IIpakTHYecKoe 3HAYeHHE

1. RGT xiacc Briroyaer B ceds OOMBIIYIO TPYIy MpakTHUeCKuX mpobiem. PaspaboraHHbIE
MOJIENN TIPEJCTaBICHUs OSKCIEPTHBIX 3HAHHWH, a TaKkkKe alrOPUTMbI COOTBETCTBHS M IIOHCKA
CTpaTeTHH, MOTYT OBITh MCIOJIB30BAHbI JUIS MPUHATHS HaWIydIINX pEelIeHui B M000# mpobieme
kiacca RGT.

2. Pe3ynbTaThl paboThl IPUMEHUMBI K aKTyalbHbIM IpobiieMaM 0OHapyKEHHs CPEICTB aTaky U
3aIIUTHI IPOTUBHUKA B PEXXHUME PEATEHOTO BPEMEHHU C IIOMOIIBIO0 aBTOHOMHBIX IPOHOB W NPHHATHS
HaWIy4YlLIMX PeLIeHui MPOTUBOACHCTBU (aTaka, OTCTYIUIEHHE, UCCIIEAOBAHNE) B TAKUX CUTYaLUsX.
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Hakobyan Nairi Paruyr

DEVELOPING ADEQUATE MODELS AND SOFTWARE FOR PRESENTING
EXPERT STRATEGIES

RESUME

Within the framework of the research, we consider the class of unsolved combinatorial
problems, where the spaces of solutions are presented in the form of reproducible game trees (RGT).
Expert solutions are still the most effective in such problems.

RGT class includes important problems like computer networks intrusion protection, optimal
management and marketing strategy elaboration in competitive environments, defense of military
units from a various type of attacks, communication problems, anomalies detection, certain types of
teaching, chess and chess-like games.

It has been shown that these problems are reducible to each other, specifically to a standard K
problem selected from the RGT class - chess. The results obtained for the problem K can be spread
over all problems of the class.

Research on RGT problems - modeling of adequate expert knowledge-based solutions, is an
actual problem and has been researched since 1957 at the Institute of Informatics and Automation
Problems at the National Academy of Sciences of Armenia.

This work is dedicated to the development of previously-built knowledge-based systems (RGT
solvers), based on modeling of systemic classifications, including the development of algorithms for
acquisition of and matching to them, enhancing adequacy of personalized classifiers, eliminating
shortcomings in previous systems, and so on.

Aims of the research

e Enhance existing models and implementation of RGT knowledge presentation via
systemic classifiers in RGT Solvers, including modeling of systemic classifiers and
acquisition of them.

e  Provide algorithms for matching those classifiers to situations.

e  Provide experimental evidence of adequacy of enhanced knowledge presentation models
and matching algorithms.

e  Enhance adequacy of personalized classifiers by fuzziness and cases.

e Develop system for regular transformation of actual RGT situations to acceptable for
Solver symbolic form by machine learning solutions.

The main results
1. In this work, the improvement of the existing knowledge-based expert systems RGT
Solvers and the addition of some functionalities to it were presented. The improvement
was carried out on the basis of the Theory of Mental Doings that provides ways for
constructive and adequate models of various cognitive functions (e.g. classification,
explanation, decision making, etc.), including the modeling of systemic classifiers, their
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acquisition and matching algorithms to them. The experiments have confirmed the
adequacy of the above mentioned algorithms. [1-3]

Developed RGT Solverl8 is able to transform situations’ natural presentation to Solver
known (symbolic) form and regularly use acquired knowledge in decision making based
on previously introduced PPIT planning and decision-making algorithms. This method of
situation presentation is closer to the human / natural perception of situations. The system
has been built in such a way that it will be easier to use it for some other RGT class
problems, particularly, in ‘battlefield” problems. [4]

Enhancement of personalized classifiers' presentation by fuzzy logic and cases, including
modeling of personalized classifiers, acquisition of them and matching to them, as well as
the enhancement of their adequacy by cases was presented. For the above mentioned
research, some chess personalized classifiers fuzzy models have been built, and some
previously suggested models have been used. As a result of above mentioned, a
considerable progress appeared in modeling personalized classifiers and including them in
the RGT Solverl18. [5-6].

Practical significance

1.

RGT class includes a large group of practical problems. The developed models of expert
knowledge presentation, as well as matching and strategy searching algorithms, can be
used for decision making in any problems of RGT class.

One of the most practical problems of RGT class is Battle Field Problem. It can be applied
to detect enemy military units in real-time screening by autonomous drones and real-time
decision making in those situations (attack, retreat, research etc.).
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