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UWjuwwnmwuph wpnhwwunyeyniup: Fwiht wwwnybpubph hdwunmwpwiuwywu
ybpndnipyniup nbinblwwnywlwu dwpunwpwghwnniejwu (Information Engineering) wpnh
fuunhpubiphg £: FHpw dbpouwlwu ndnudp Gupwnpnud k, np Yunbinddh hwdwlwng, npp
YYwpnnwuw vywpwagpb| Wwwnlbpubipt wjuwbu, huswbu Yupnnwund £ dwpnp: Lndnwdu
wnusynd £ wjuwhup nnpunubphu, phuswhuphp Gu dbpGuwjwlwu nwnigndp (Machine
learning), yhtwlwgpnreniup (Statistics), puwlwu |Ggniubiph Jpwynwip (Natural language
processing), hwdwlwngswihu nbunnniejniup (Computer vision), pqwjht wqnwuwuubph
U wwuwlbpubph dowlynuwip (Signal and Image Processing), huswbu uwl' hu$bnpdwghwih
wbunteintup (Information theory) U ubjpnytuuwpwunteyniup (Neurobiology):

([FJwjhu ywwybpubph hdwunwpwuwlwu Ybpndnipntu juwwpbip Gupwnpnu k,
np hwdwlwnpgh dnunpht wpdnn wwwnybph hwdwp wbwp £ duwdnpdbu wjuwhup
wnryntupubip, npnup wpnwhwnywsd Yhubu puwlwt (Ggniubiph wwppbipnyd’ pwntpng b
Uwluwnwunipniuubpny: Cun npnd wwwlbpp  tYupwagpnn  wnwushu  ybpgywd
$hghywlwu dbdnigniuutipp, oppuwl’ whpubih gnyup Yud wwwnlbph wwdwnnyeiniup,
sGU Ywpnn hwdwpyb] npw hdwunwpwuwlwt quwhwwnwlywu, vwlwju npwup Yupnn
Gu hwunhuwlw] pwnwlwwwlygniepywu Ywd twuwnwunyejwlu Jwu' ophuwl «yupdhp
dbpbuwy, «innudwpnp uunwd £ wywidwn ubujwynid»: lvunph hhduwywu pwpnnigintup
Ywjwunwd £ upwunud, np wwwnybpubph pdwunwpwiuwlwu ybpindnigjut dwu Yugqdnn
opjtiyunubiph hwjnuwpbpnwip W wnbnnpnanudp sh ndynwd dhwju wwwnybipubph dowydwu
U udnipubiph 6wuwsdw dbennutipny (Pattern recognition), pwuh np wwwnybpnwd gunuynn
«opjywnubipp»’ Ywudws dhdjuwug tfwwndwdp nuuwynpdwdnipiniuhg b dwupinwphg,
Ywpnn Gu nhunwpyytp npwbiu wwppbp wnwpywutp: Ophuwy' wnwudhu Ybpgywd
yGunwunt dwgbipp Ywupnn Gu pwwn udwu [hub] uwpnnunwjuubph: Wn ywndwnny
wwwnybpubph ubqubunwghwih wignpheyutpp nwnunw Gu wugnp wyu fuunph NGdwu
hwdwp: <Gug unyu Ytpw £ huwpwynp sh |hund hwjnuwpbipt opjtywnubpp, pwuh np
wuhwjin E, pbt wwwlbph np hwwndwsdutpp wbwp £ npw hwdwp hwdbdwnytu:
Uwnwgynwd k, np huwpwynp sk Yuwwpb] udnipubpp (pattern) hwdbdwunnud, pwuh np
hwjwnuh s&U wwwnlbpnd opjtlywnubiph Ggpwgdtipp, huy npwug hwjnuwpbpdwu hwdwp b
wuhpwdtion | twfuwwbu hdwuw| opjtywnubiph wnbuwyubipp: Wuwhuny, wwwybpnud
opjGYwnubiph hwyinuwpbpnid W mbnnpnantd uwwnwpnn hwdwlwpgp wbwnp £ odndwé |hup
hpwphg nuinquypnpbu Yuuqwsdnyeiniu sniubignn W Gwuwsdwu, U wbinnpnodwu
hwwnynigyniuubpny: Liwuwwhw fuunppubp h hwywn Bu quihu twb wwwlbpp dey
punhwupwywu gbpuwgpny (caption) ulwpwgpbihu, npunbn wnweowund U puwlwu
(tquny bwhuwnwunipjwu gbutipwgdwu hbwn Yuwwywsd fuunhpubip:

dbipohtu nmwphubiphu untindyb| GU wwwybpubiph hdwunwpwuwywu Yepindnipniu
Ywwwpnn wnwppbp hwdwlwpgbp: Hpwughg G wwwnybpubpp nwuwlwpgnn funpp
thwpenyprwhtu ubjpnuwihtu gwugbiph ypw hphdugwsd hwdwlwpgbpp: Hwug Yhpwndwdp
dowyyws Gu wwwnybpubpnud opjlnubin hwynuwpbpnn, Gwuwsnn W tnkinnpnann, huswtu
uwl wwwytipubph ybpuwgnpbipp puwywu [Ggyny gbubpwgunn gwugtip: Wn guugbph
ypw hpduqws hwdwlywpgbpp  Yhpwndnd  Gu  nnpninwohunyeyuu  dby, ophuwy’
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huptwywnwywpynn wywnndbpbuwutp b wuonwsnt pnsnn uwppbip Uwfuwgdtijhu, pwgh
npwuhg, Ghown ubpnubine nbwpnwd, Ynubuwu wnnbughw| wy Yhpwnnieiniu, ophtuwy’'
hhdunyhu Ywpnn Gu hbounwgub| wbunnwlywu fuunhpubip niubignn dJwpnywug wnopjw:

Muwnybipubph hdwunwpwuwlwu Yepndnigyniuttiph uplinp Yhpwnnigyntuubphg
GU Uwl npnunn (search) U funphpnwwnnt (recommendation) hwdwlwngbpp, npnup pwuwih
pwnbpny Ywwwpnd LU wwwybpubph npnund: Npnunwdp  Jwy  Yuqdwybpwbint
uwywwwyny wuhpwdbpnnipnit £ wnwowunwd  hwjnuwpbpb] wwwnybpnd  gunuynn
opGywnubpp U Ujwpwagpb] npwug hwpwpbpnigniuubpt nu hwnyniyeyniuutipp: <wdwfu
wwwnybipubph hdwunwpwuwlwu ybpindnigjwu hwdwp npng (ndnwdubpnid hwdwunbin
Yhpwnynw Gu wwppbp pdwunwpwuwywu Yepindniginiu uwmwpnn hwdwywnpgbp:
Pwgh npwughg npn (nidnwiubip oguwgnpdnd Gu nhuwdhy owywinhdhqughwjh dbennutp,
npnup 2w nwunwnwgnpd tu: Lokup, np dwdwuwywyhg funphpnwwnt b thuwnpnn
hwdwlwpgbpnu d&d Yuplnpnienu ntup wpwgwgnpdnieniup, nph wwwdwnny ybpp
upwéd ndnidubipt wuwpryniuwybun Gu:

Wuwhuny' hpwlwt dwdwuwynd  woluwwnn  hwdwywpgbpnud  wwwnybpubph
hdwunwpwuwywu Yyepndnipniu uwnwpnn hwdwywngbipp wbwnp £ huwpwynphtu phy
hwodwpyubp  Ywwwpbind  Jupnnwuwu  qgbubpwgubp  dnuwnpwjht - wwwybpubph
dwupwdwut ujupwgpnip)niu:

Uwbuwfununypju uyyuwnmwl k dowyb| pywihtu wwwnytpubph pdwunwpwuwlwu
ybpndnipyniu Ywwnwpnn wpwgwgnpd dbenn, npp Yywpnnwuw dnunpwiht wwwnybpp
ybpuwagpb| puwlwu |Gqyh pipwlwunigjwiup hwdwwwwwuluwunn twfuwnwuniejwdp,
dwuwsh] U wbnnpngk]  wwwybpubpnud  gqunugnn  oplywnubpp,  puswbu  uwl
hwjnuwpbpdws opjlywnubph hwdwp hwayby qbiphofunn gnyutipp: Uwyjws dbpnnh
hwdwp wuhpwdbown § unbindt) dpwgpwiht hwdwlwng, npp hweywpyubph wpwgugdwu
hwdwp  Yognwgnpdh  hwdwlwpgsh pl Yeunpnuwlwu L pE  gpuwbhlwyuwu
wpngtunputiph pninp dhgniyutinp:

CEwnmwqgnuinypyuu  dGennubp: BFJwht wwwybpubph  hdwunwpwuwlywu
dbpinwnigqwu  dbennubph dowlydwu  hwdwp  oguwgnpdyt] Gu wwwnybpubpp
nwuwlwnpgnn, optywnubp hwjmuwpbpnn L wbnnpnonn fjunpp  hwenypwiht  nu
wwwybipubph yGpuwgpbpp ptwywu Ggyny wpunwhwjnnn nbyniptun ubpnuwihu
gwugbn: Unnbubph nwnigdwt, quwhwwndwu b pbunwynpdwt hwdwp unbindjwsd
hwdwlwpgbpnd ogunwgnpéyb Gu qniquihtin hwodwplyubph dbpnnubp:

Upmyniupubpp ghnwlwu unpnipyniuutpp

« Uowyyby £ wwwytipubph dbipuwagptip qbubpwgunn nbynipbun ubpnuwihu

gwug, npp hhdujwsd L optywnubp hwjnuwpbpnn L wnbnnpngonn  funpp
thwenypwjht  Ubjpnuwjhtt  gwughg  nnipu phpdwsé  pwpdp - dwlwpnwyh
hwwynipyniuutph Jpw: Uprynwupnud unbindytip £ wwwybpubiph ybpuwgpbp
gbubpwgunn, wwuwybpubpnu opjtlywunubp hwynmuwpbpnn W wbnnpnonn dky
dhwutwlwu, wpwgugnpd guwug: Swugbiph nwngdwt, quwhwwndwu W
ptunmwynpdwu hwdwp uwnbnddk; U Spwapwihu  hwdwlwpgbp, npnup
hwoqwpyubpp gniqwhbn Yuwunwpnd Gu Yeunpnuwwu b gpuwbhluywu

4



wpngbunputiph pninp dhontyubph ypw: Uowyyb, £ ppwywu dwdwuwynid
wotuwwnnn - Spwgpwiht hwdwywpg, npp Yuwuwwpnd o wwwnybpubpp
ybtpuwagpbph  gbubpwgnud, optywubph  hwjwuwpbpnd,  Gwuwsnd L
wbnnpnonid, huswbu bwlb hwoynud £ opjyinubiph gbiphatunn gnyubipp:

o Uowyyty b pdwuwmwpwunpbu tdwu wwwybpubph npnudwu wignphped, npp
GooglLeNet gwughg nnipu pbpdwd pwpép dwlwpnwyh hwwynyeniuubph
Yhpwndwdp Ywwwpnu £ opjyuinutiph npnunw 89% togpuniniyejwdp:

o« Uowlyty £ dbd Ywpbwdwdybin hponnnigjwu (Long Short-Term Memory)
dnnh$hlwgyws wwpptipwy, npp wwwnlbpubph Jbptwgptiph gbubipugdwu
fuunpnud gnigwpbipt) £ wybh pwpép 62gpunnieynit: Nwinduwuhpnyjwt hwdwnp
uwntindybi £ dpwagpwihu hwdwYwng, npp eny| E nwihu dnwn 10 wuqwd Ypbwwnb
nwnigdwu JdkY thnpéh Yypw swiuuynn dwdwuwyp b ujugbgub| gpudbhluywu
pwpuh hh2nnnipjwu ogwnwgnpdnidp:

Wuwwnmwuph  Yhpwnwlwt  unpnypymiuubpp: Uwldws  wwwnybpubiph
hdwunwpwuwlwu ybpndnigintt yuwwnwpnn hwdwlwpgp Yupbh £ ubpnubp npnunn
hwdwYwpgbpnu' ulwpwgpnygyudp juwd pwuwh pwnbpny wwwnybpubph npnudwu
hwdwn: SGunnnipjwu fuunhpubip niubignn dwpnywug Ywpnn § oqub) huswtu yhpunnuwy,
wjuwbu £ ppwywu  woluwphnd®  wwind - wjunbn gunugnn wnwpluutph b
hpwnwpényejniuutph dwuhtu hudnpdwghw:  Ubpnubind  dowyywsd  Spwgpwihu
dhongubipp’ Ywpbh b wdwnndwwnwgubp npn2  huynnnugjuwu hwdwluwpgbp:  Lwju
Uppwnnyeyniu Yupnn £ nbuw] pE wpunwnpulwu, pE o ow) bswlwynipjwu
hwdwlywpgbpnid:

Urwlyywd hdwuwmwpwunpbt udwt ywwnytpubph npnudwu wignphedh Yhpwndwdp
Ywpblh £ fudpwydnpby (clustering) swhunwlwynpdwd wwwnybpubpp, huswbu uwl
funphpnwwnnt (recommendation) W npnunn (search) hwdwlwpgbipnud Yuqdwybpwb udwu
wwwnybipubph npnunid:

LEpnppmud: Unbuwfununiygjutu  opowtwlyubpnd  unwgywsd  wpryniupubpp L
dowldwd Jdhongubipp ubipnpyby Gu «Mplulpn UMC» pulybpniggniunad’ wwwnybipubiph
pdwunwpwuwlwu  npnunWd b syhnwlwynpwd  wwwybpubph  nuuwlwnpgnud
Ywguwybpwbint  uywwwyny: Uwydws dbennutipp Yphpwnyby Gu puybpniewu
ubipybpwiht hwdwywpgbpnud® wwwnlbph udwuwyubph hwpnuwpbpdwu, huswbu uwb
swhunwlwynpjwsd wwwybpubph whwnwywynpdwu, nwuwlwpgdwu b funphpnwwnt
hwdwYwpgh Yuwwpbjwgnpddwu hwdwn:

Ujuwunwuph wpyniupubpp qkYynigyby Gu.

o «Lwdwlwpgswihu ghwnigyniuubp b wbnEyuwnduwlwu  wnbuuninghwutp»
dhowggqwihu ghunwdnnnynud (CSIT 2017, p. Gplw, Lwjwuwnw),

¢ «International Conference Dedicated to 90th Anniversary of SERGEY MERGELYAN»
ghwnwdnnnynu (2018p., p. Gplwu, Lwjwuwnw),

o «Ghungwu b wbluuninghwubph  depdbgnwd»  ghwnwdnnnynwd  (2018p., p.
Gplwu, <wjwuwnnw),



e <L QUU hUMP Ynnwynpdwu b wgnwupwuubph dowlydwu ghunwdbpnnuywu
ubdhuwpnid (2018p.),
e L QUU hUMDP punhwunip uhuwn (2019pR.):

Lpwywpwlndubp: Unbuwtununygjut hhduwlwu wpryniupubpp hpwwnwpwyywsd
GU 7 ghnwlwu wotuwwniginiuutipnud, npnup pywpyywsd Gu ubindwgph ybponud:

Wuwwnwuph Ywnngwépp b Swywip: Unbuwfununyeniup pwnyugws £
wnwowpwuhg, shpu glfuhg, bLqpwlwgnipniuhg, 79 wunlu  oguwgnpdywd
gpwlwuntjwu gwulyhg, pwpgiwudws nkpdhuubiphg U 8 k hwybjjwdhg: Upfjuwwnwuph
punhwunip dwywiu k122 ko:

uchuusuuvLh ANYULTUUNRESNRLL

Unwowpwund hhduwdnpwséd b pldwih wpnhwywunyeniup, dbwybpwywsd tu
wofuwwnwuph uwywwwlubpp, hGnwgnnnypjwu dennutipp, ghnwlwu b Yhpwnwlwu
unpnypubipp, npnup ubpywjwgynid GU Wwaunwwunijwu:

Unwoht gifunid wdthnhjwd Gu funpp thwpnypwiht ubjpnuwihtu gwugbpny (deep
convolutional neural networks) wwwytpubph hdwunwpwuwlwu  Yepnidniejwu
dbpnnubpp b npwug wmwppbipp:

Y fund wdihnthwd Gu gwugbipp Yuqgdnn nwunigwuynn (trainable) W sniunigwuynn
obpunbnp, Jwuuwynpwuwbu' thwenypwihu (convolutional), dhwynpnn (pooling), fupany
unpdwihqugunn (batch normalization) U |phy Ywwwygwsd (fully connected):
Snipwpwugnip otpinp  hwdwp wnpdwd £ obpnp Gpwiht wpdbiph  hwoywpydwu
$niuyghw, huswbu twl uywpwgnpyws £ obpinh nbpu nu Yhpwnnyeyniuutipp: Udthnthywd
Bu uwl wwwybpubph pdwunwpwuwlywu Jbpndnigywu  fuunhputpnud  gwugbph
ytipwhulynn nwunigdwt Gnwuwlp (supervised learning), pp gwugh nwnigdw (training)
L Jwybpwgdwu (validation) hwdwp wpjwéd GU  hwdwwwwnwufuwt  nyjuiubpp
hwywpwdniubip (dataset), npnup pwnyugwsd U whwnlwynpywd (labeled) onhuwlyubiphg:
Uunpwnwpd t wpywd pniu nwinigdwt dwdwuwly Yppwnynn gpunhbunp wuydwu
(gradient descent) U G tnwpwddwu (back propogation, nbnwlwjyws & <wybiywsd 1-nid)
dbpnnutppu:

Gpypnpn  qiunid  ubplujwgwsd  Gu wwwybpubph  YGpuwgpbph  (caption)
gbubpwgdwu fuunhpubpnd  Yppwnynn funpp  qwpnypwiht  ubpnuwihu gwugtiph
hwwynigyniuubpp,  huswbu  twb  ubpluwjwgws £ wwwlbpubph  Ybpuwgpbpp
gbubipwunnph punhunip Yunnigwédpp, uunph dJwebtdwunhlwywu npdwdpp U nwunigdwu
wignphpdp: Swugbiph hwwnynieniuutiph hGnwgnuinieywu 2powuwlubpnd dowyyby §
hdwuwnpwunpbu bdwu wwwnybpubiph npnudwu dbenn:



Untinpwjht wwwnlbip

|

funpp
thwenypwhu
ubjpnuwihu guug

I

Lphy uuwwygywd
2tipwn
Lwfunpn pwn i
Pwn-yEyunp npnudwu Uto Lphy wwwygyws
nop »(  Yupbwdwdltn s CTTHWMWES
wnjntuwy obipuin
hhannnipejniu
% Lwonpn. pwn

Munpybp 1: Muiplylinhg Ybptwaghp qbubpwgtinn ubipntughte gwtigh dnnbih ptnhwbnip
upubdwii:

Muwnybiph yipuwgph gqubpwgnuip Yuwnwpynid £ hbnbyw) heppwlywunygudp (nbu'
Muwuwybip 1).

Funpp thwpenypewihu ubjpnuwihu gwugp qtubpwgund £ hp dnunpht npjwsd
wwwnybpp uupwgpnn pwpép dwwpnwyh hwnynyeniiutipp:

Muwnybipp uywupwgpnn pwpép dwlwpnwyh hwnynyeniiutpp npgnud 5u |phy
Ywwuwlgywd gbpwnh dnuwnpht: Shpnp wbnwinfund £ win hwwnynieyniuubpp
wwwnybip-uwfuwnwunipnu - ubpppywdnipjwt nmwpwsdnuyeinu (Jwupwdwut'
2.3.2 Ybwnuw): Mwwnybp-twfuwnwunyeniu ubpnpqwénipjut  tnwpwdnieniu
wnbnwihnfujwsd hwnynipyniuutipp dGé Yupdwdwdybin hhonnniegjwu pooh (Long
Short-Term Memory, LSTM) hwdwp hwunhuwunw U uygpuwlwu dnunpwjhu
ytywnp:

Ywwnwpynwd £ ulygqpuwlwu dninpwihtu ytYnnph dowynd d6é Yupbwdwdytun
hhonnnigjwu pooh Ynndhg, nph wpryntupnud duwynpynid £ npw ulgqpuwywu
YhGwlp:

Wunthtnb uwnwpynwd £ wwunybph ybpuwagph jnipupwugnip hwenpn pwnp
gbubipwghw:

o 3nipwpwugnip  uwfunpnnn  pwn  pbpynd £ wwwnybp-uwfuwnwuniegntu
ubpnpwdnipjwu  wnwpwoényeniu: - Upryntupnid  utnwigynid Gu Jké
Ywpbwdwdlbwn hhonnnipjwu pooh dnunpbipp:
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o 3nipwpwugnip hnbpwghwynd dbd Yuwpdwdwdybn  hhonnnigjwu pohot hp
dnunpht unwuwiny dninpwiht wgnwupwup, duwynpnud £ Gpwihu yeywnpp
U ypéwyp:

o 3nipwpwugnip Gpwiht yayunnphg hwadwpyynid £ bwfuwnwuntgjwu pupwghy
pwnh hwjwuwywunigniuubph pwyfunwp pwnwpwuh pninp pwnbph Ypw:
Pwsfunidhg Ywjuqwsd punpynwd | bwiuwnwuniyejwu hwenpn pwnp:

hdwumwpwunpbt tdwt wwwybpubph npnunwd: Flunpp hwenypwiht ubjpnuwhu
gwugtiph dhongny qtiubpwgywsé wwwnlbpubph pwpép dwlwpnwyph hwnynyeniuubiph
hGwmwgnundwt twywwwyny dowyyt] £ udwu wwwybpubph npnudwtu dbpnn, npp
ubpyuwjwgyws £ 222 Ybwnd:  Snipwpwugnip hunpynn - wwwlybph  hwdwp
hwodwpyynwd GU pwpép Yupgh hwwnynigniuubp b hwdbdwnynid pwquind gunuynn
Jnipuipwugnip wwwnybph pwpép Yupgh hwwnynieniuubph hbn, wjunthbnl npwbu tdwu
wwwnybpubp nhrnwpyynd Gu wdbuwdnn gunudnnubpp: Yhgnip, GoogleNet gwugnid
pwpdp  Jwywpnwyh hwwnynyejniwubpu hpbughg  ubpyujwgund  Gu - wwwnlybpp
wwpniuwynyejwt' 1024 Gpywpnipjwdp hpwlwu pybph yeywnp: Ujn Jelnnpu wjupwu
hubnpdwghw £ wwpniwynwd wwwlbph Jwuphu, np htwpwynp £ Ywwwpb] udwu
wwpniuwynypjwdp wwwnybpubph npnund 89% 6Gogpuninipjwdp, Gpp hbnwynpniegjwu
dbwnphlwu Ynpbwghwt £ Mwwnlbp 2-nwd ubpyuwjwgywsd Gu npnudwu wpnyniupubpp,
npnup niubU wbunqulwu udwungeyniuubp’ wwpniuwynd Bu dhwudwt opyblywnubp'
ophuwy [nwhu, Gpyhup, wdwbp, nwowm: Lokiup, np wwwnlybpnud wnwplwubiph dh dwup
pwgwywynid £ nwnigdwu nyjwjutiph hwjwpwsénth yhwnwlubph pwgdnieiniupg:

' Muwiplybp 2: Quifunid’ npntiynn u./me/bnhb hwonpnnud Gu npntdwi wprymbgbbﬁn

Ubk$ YupGwdwdlbwm hhonnnipju pooh Ynphgp (nbu' Mwwnlbp 3) hwunhuwund | ¢

hhonnnieyntup, npp Ynnwynpnd b wwhnud £ dhtus wn pwjip unwgwd hudnpdwghw:

Pooh ywnpwaghdp ntywywnynud k «nwpwwu (gate)»-utipny, npnup Ywjuwsd Gu twfunpn

Giphg U pupwghy dninphg: twpwwuubipp punnund Gu 0-hg 1 wipdbpubin, nph punphpy

dnunpwiht (input gate) b Gjpw)jhu (output gate) nwpwwutubtipp Yuwpnnwunw Gu Yunwywnb

dnunpwiht b Gipwihtu wpdbpubipp: Unnwgnipjwt nwpwwup (forget gate) npnonud &, b
8



pooh Uwfunpn wpdtiph np dwup wbwp £ wywhwwub; Snpdw| bwpwgpnieyniup npynud
E hbulyw) hwwuwpnuiubpny'

ir = oWixxe + Wimme—1),

fe = O'(foxt + Vmemt—l)v

0r = 0(Woxxe + WomMe—1),

e =fe Ocer+ it O h(Weexe + WemmMe—1),
my =0; O ¢y,

npunbin i;-U nt o,~u dniinpwjht U Gpwjht nwpwwutbpu G, f;-u dnnwgniejwl nwpwwul
E, ®-p nwpwwuh hbwn wpnwnpuubpu U, c-u' t wwhhu pooh Ypbwlu k, m-u'
nbunmbt‘m gwhgh t-nn hmhﬂWQhwlh bLQIl Wix'ni Wim'ﬂ: fo'nv me'ﬂ: ‘/Vox'nv I/Vom'n7
Wex-0, Wem0, Wom-' UGS YupGwdwdybin hhgnnniejw pooh nwuniguiuynn Yghnubipu bu,
a() L hC) hwiwwwwwuuwuwpwnp uhginhn W hhwbppnhy wwugbuu ny gdwjhu
dniuyghwubipp:

output LSTM cell
JAA gate mg

0 forget
mt—j’

%
o

updating

h term

MNuippybp 3: LSTM - UGS Guptwdwdlyligy hhonnnipjwt posh qéwuwjuinybpp:

Eppnpn qlund ubpyujwgywsd Bu wwwnybpubiph ytpuwgnpbiph gbubpwunnph nwnigdwu
L gndwpldwu hwdwp dowlywsd Spwagpwiht hwdwlwpgbpp, nbynipbuwn ubjpnuwhu
gwugh nwnigdwu pwjibpp, hnpébpp W unwgywsé wprynwupubipp:
Muwnytipubiph yepuwgntp gbubpwgunn dnnbih ppwwuwgdwu hwdwp Yuunpwyb k.
e  Quwpnypwhu U nbYynipbunm  ubpnuwhu  gwugbph  Jhwutwlwu  dnnbh
Spwagpwihu hpwlwuwgnud,
e Swught nwnignn dnnbh dpwgpwihtu hpwlwuwgnud,
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¢ Nuwnigdwt U ywybpwgdwu hwdwp bwfuwnbudwd wmyjwiutph hwwpwdniubnh

dowlynud,

e Munignn b ywybipwgunn dpwagptiph hpwlwuwgnid,

e Muwuwlybpubph ybpuwagptip qtubpwgunn gwugh nwnigntd,

e ULbjpnuwjhtu gwugh gnpdwpydwu hwdwp dSpwgpwiht hwdwlwngh dowynid:
Lbjpnuwghtu gwugh dnnbjh wpwg nwniguwudwt tywwnwyny, unbinddb) £ dpwgpwhu
hwdwlwpg, npp Ywpnnwunw £ uwwnb] d6é hwoynnulwu hgnpniejniu: Ugfuwwnwuph
onowtwlubipnd ogunwgnpdyb £ TensorFlow pwg dpwagpwihtu Ynnnyd gpwnwpwup, npp
huwpwynpnyeiniu £ wwjhu  uuwwplp  pwpwtwlwu  hwodwpyubp'  Yhpwnting
wnyjwiubph hnupbiph gpwdubip (data flow graphs): Mwwlbpubph hbun wotuwwnwupp
Ywqdwybpwtint bwywwnwyny Yhpwnyby Gu numpy, OpenCV, matplotlib gpwnwpwuutpp:
Muwnytipubiph ybpuwgpbp gbubipwgunn hwdwywpgh unbnddwu hwdwnp Yuwwpyb) §
dnntlh nwngwunud: Swugbph nwnigdwt  uwywwwyny oquwgnpdyt; £ MSCOCO
wwwybpubph pwqwtu, npp wwpnwwynwd £ nwnigdwt b Jwydbpwgdwu  hwdwp
Uwluwwnbujws uwfunpnp Yybpuwgpywsd dbé pyny ywunybpubp: MSCOCO wwwnytipubpp
pwqwu pwg bt W Ywpbh £ ubppbnub] hwdwgwughg: Nwnigdwu b Juybpwgdwu
wwwybpubph  hwjwpwdniubph  whwnwlubpp  tpwds bGu  dwpnywug  Ynndhg:
Uwutuwynpwwbu wjn hwywpwédniubpnud jnipwpwignip wwwnybtiphu
hwlwwwwnwufuwubgyws k 4-8 Ytpuwghp:

3.2 Bupwgqjfunid ubpyujwyws F MSCOCO wwwybipubpp nwnigdwu b Jwybpwgdwu
hwywpwdniubiph twutwywu dowydwu wignpphedp, nph wpryntupnd unnwgynid Gu
nwnigdwtu U Jwybpwgdwu ophuwyubph fupdbph hnupbpp (stream), npnup dnwnp Gu
hwunpuwund  hwdwwwwnwuuwuwpwp  nwngdwt b Jwybpwgdwu  dpwgpwjhu
hwdwYwpgbphu:

3.3 Gupwqpunid ubplwjwdwd Gu wwwnybpubph YyGpuwgnpbp gbubpwgunn dnnbip
nwnigdwtu b Jwybpwgdwu  hwdwlwpgbph  dpwgpwhtu  hpwlwuwgnudubph
Uywpwgnnipeniuubnp:

3.4 u 3.5 Gupwquutpmd uGpyuwjwywsd Gu wwwybpubph Yybpuwagpbp gbubpwgunn
dnnbih nwnigdwt, Jwybpwgdwu gnpdpupwugutipp W unwgywd wpryntupubpp: huswtu
uwl ubpyuwjwdwsd Gu dawyjws dpwagpwiht hwdwywngbp, npnug dhongny Ywnbih k£
Uppwnby nbynipbun Ubpnuwihu gwugbpp W wwwybpubph, W wbuwownpbph, W
wbuwfughyubiph hwdwp:

3.6 Bupwqunid ubpyuwjwdwsd £ nbYnipbun gwugbiph nwunwWiuwuhpnipjuu hwdwnp
dowyyws dpwgpwihu hwdwlwpg, npp eny) b viwhu wybh pwu 10 wugwd Ypdwnb)
nwnigdwt Jdby tnpép Ypw Swiuuynn dwdwuwyp' dhutunyu dwdwuwy ujwgbgubing
gpwdbhywywu pwpwnh hponnnigjwu ogunwgnpdnuip: UGS Ywptwdwdytn hhonnniejw
huwpwynpnipniuutiph dedwgdwu twwwwyny, unbndyby t hbwnlbyw| dnnhdhywghwu:
Uybwgyt £ Lu dbY nwpwwu (nbu' Mwnlbp 4), npp Jwutwlgnid £ unp yhéwyh wpdtiph
npnadwiup: ‘wpwwup Yuudwubp' pupbpgdwu (readonly gate), huly pohop' hwuwnwinniu
pwnwnphsny: Fwpwwup hwydupyynd £ pun (1) hwjwuwpdwu, npnbn W, U W,.,-u
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A

nwngwuynn Yohnubp Gu: “Ywpwwup dwutwlgndd £ opooh pdwyph hwodwpypt' (2)
hwywuwpdwdp Jupgwynpbny uygpwyw dnunpuwiht yeywnph swihwpwdhup:

softmax

y

y
output

gate

LSTM cell +
Read-only unit

forget
gate

% m,
: Ot
.
me_
Co

1

input
gate

updating
term

" x

My

Nuipybp 4: <wupuwgpnil pwnwnppsny Ubs updwdwdlyby hhpnnniygywt poop
qéwuyuplylipp:

1y = (WX + Wemy_y) M
e =fr Ocer +1: O x_g + it © h(Weexy + Weme—_1) )

Wuwhuny, dpwlyqwsd hwunwunnit pwnwnphsny Ubé Yupbwdwdlbun hhonnnigjwu pohe
niutignn ntYnipbuwn ubpnuwghu gwugp nunigwuytp E MSCOCO wwwnlybpubph nwnigdwu
wnyjwiubph hwwpwsnth Yypw b niubgh| £ 1.85 Ynpuinh niuyghwih windtip, wju nbwpnid,
Gpp sdnnhdhywgywsd dbd Yupbwdwdybin hponnnigjut hwdwp wjiu hwjwuwp k£ bnb
2.15: bul Jwybpwgdwu nyjwiutiph hwjwpwdnth hwdwp npwup hwjwuwn Gu bnti 1.90
U 2.05" hwdwwwnwuluwuwpwn: RFaunwynpdwu dwdwuwly unwgyb) £, np hwunwunniu
pwnwnphsny UGS Ywpbwdwdybin  hhonnnigjniup npnp  nbwpbpnud wdbh jwy &
gbubpwgund wwwnybipubiph yepuwgpbipp (nbu* Mwwnybp 5):
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a woman sitting at a table with a laptop.
a woman sitting at a table with a laptop
a woman sitting at a table in front of a laptop .

a woman sitting at a table in a dress
a woman is sitting at a table with a hat.
a woman sitting at a table with a hat on .

a woman in a bikini standing on a beach.
a woman in a bikini standing on a beach holding an umbrella.
a young girl in a bikini standing on a beach.

a woman in a dress and a hat on a beach.
a girl in a dress and a hat on a beach
a woman in a dress and a hat on a beach

Nuiplyep 5: Gplyne qpupplip dnnbjubiph Ynndhg qabpuwgyws wunplaptiph Jeptwgnbph
hwdGduwpnyaynitp:  bwwnyyy  JGpbwgpbpp hwdwwwpwouppwnid G4 Jbé
Guwpdwdwdlybyy  hppnnnypywip,  Gupdppbbpp' hwuppuwpni - pwnunppsny UGS
huwptwdwdlyby hhpnnnipjwip:

2nppnpn gifunid ubpYuwjugywsd b wwwnybpubiph yepuwgpbp gtubpwgunn nYynipbun
ubjpnuwhu gwug, npp hhdudwd b opjywnutp hwjnuwpbpnn W wbnnpnonn funpp
thwpenyrwhu ubjpnuwihu gwughg nnipu pbipdwd pwpép dwywpnwyh hwnynigyniuutiph
Ypw, huwbu twl pwpédp wpwgwgnpdnipjwu dpwgpwiht hwdwlwng, npp Yuwwpnd £
wwwybipubph ybGpuwgpbph gqbubpwgnud, opjlywnubph hwjntuwpbpnd, dwuwsnid b
wnbnnpnonud, huswbiu bwle hwoynid £ opjtyuinubiph gbiphotunn gnyubipp:

Uswldl £ dbYy Jhwultwlywu guwug (nbu® Mwwlbp 6), npp dnunpuwjhu
wwwybipubph hwdwp qgbubpwgnd £ dbGpuwgpbpp, hwjnuwpbpnd, Swuwsnd b
wnbnnpnand £ opjlwnubpp:
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v
MobileNet gwugh hhdpp
v v
Lwybigwy 2tpintp SSD hwybiyw 2bpwintip

v v v
Lnhy Ywwwlgyws 2bpin | Twuwlwnghsutip Stinnpnghsutip

v v v
MEYnipGun ubpnuwghu N dbdwgnyuubph quuynd

guwug
v v

MNuplybip 6: Opylintph hwyipiwpbpdwt b inbnnpnpdwt MobleNet-SSD guitigh ypw
hhdudws wuipypulinh Yaptwagnbph qtubpwipnph upubdwb:

Swugp Ywqdgwsd £ opjiynubph hwjnuwpbpdwu W mbnnpnadwu bwfunpnp nwunigwé
MobileNet-SSD guwiughg, niunigynn hwybigwy sbpntbiphg (nbu® Unnuwy 1) b nkynipbuwnm
ubpnuwjhu gwughg: Swugp nwnigwuyb E MSCOCO wwwnybpubih hwywpwdnth Ypw:

Unynwuwly 1: Opylilyiptiiph hwyippbiwptpdwt U gnbnnpnpdwt MobleNet-SSD gwiigh ypw

hhdtyws wuwipypulinh Yaptwagntph qGubpwpnpph upulduwynid wybjugdws hwybyuy
otipinlinp: (Conv - 2D Convolution, Conv dw — Depthwise separable convolution)

SGuwly  Swwnly bhyinnh swih UnLuinpuyhl suuth

Convdw | 2 3x3x512 dw 19x19x512
Conv | 1 1x1x512x1024 10x10x 512

Convdw | 1 3x3x1024 dw 10x10x 1024
Conv | 1 1x1x1024 x 1024 10x 10 x 1024

Uwnwgywd gwugh hwdwp hwoqwnpyyb) Gu BLEU 1, BLEU 2, BLEU 3, BLEU 4, METEOR,
ROUGE-L, CIDE dGunphywubpp b Yuwwpyb) £ hwdbdwwniginiu jwdwgnyu wpryntuph
htw (nbu* Ugnwiwy 2): <wdbdwnnygyuu dby uwl ubpwndwsd Bu dwpnlwug Ynndhg
wnwownyywsd Yypuwgpbph deinphywubipp: <wodwpyybi U pwnwpwuhg wwwnwhwlwu
pwntipny Ywqudws ybptwgntiph (Ghown Gplwpnigjudp) W Ghan Ybptuwgptiph puntipp
wwwnwhwlwunpbu Ybpwnwuwynpws twiuwnwunipyniuubph dGnphlwubpp: dbpohu
Gpynwp hwodwpyyty Gu, npwbugh huwpwynp (hup hbownnigjwdp hwulwuw], RE
Jnipwpwugnip deinphlwu puswbu £ quwhwwnnd ywwnwhwlwunpbu  qtubpugqwd
Uwluwnuwuntpniuubipp:
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Urynwuwly 2: Munpylipulinnid opytilyintipnh hwyipntwpbpdwi b ininnpnpdwt MobileNet-

SSD guwgh dpw hhdtudwé wupybptiiph Japtwagnbph qlubpuiyinph 62gnypnuyeywt
dbipphywubinh hwdtdwpnyeywt wyniuwly:

BLEU1 | BLEU2 | BLEU 3 | BLEU 4 | METEOR | ROUGE-L | CIDE
MobileNet hhdpny | 0.491 | 0.296 | 0.181 0.115 0.151 0.379 0.256

Vinyals - - - 0.277 | 0.237 - 0.855
Uwpn 0.663 | 0.469 | 0.321 | 0.217 | 0.262 | 0.484 0.854
Muwunwhwlwu 0.0 0.0 0.0 0.0 0.0 0.0 0.0

huwnuws 1.0 0.404 | 0.139 | 0.050 | 0.415 0.469 1.102

Urgnwiwly  2-nd ubpyuyugywd  dbnphywubphg Gpund k, np unwgyws guwugp
Gogpuiniejwdp ghonid | GoogleNet gwugh Ypw Ywnnigywd ytpuwagntph gqubpwunnphu:
UnbindJwd gwugp gnpdwplbint bwywwnwyny' dawlyty £ dpwgpwihtu hwdwlwpg, npp
dnunpht unwund £ wwwlbpubpp (nbuwpwpp Ywd nbuwfughyh hnbunh$hlwughnu
hwdwnp) b ghubpwgunid £ wyn wwwnybpubipp uupwgpnn yepuwgptp, hwjnuwpbpnud
E wwuwybpubipnud gunuynn opjyunubipp b inbinnpnanid npwup:

Pnpdwpybind dowldws gwugp U Spwgpwiht hwdwlwpgp' unwgyt)p Bu hbnbywg
wpryntupubipp: <wdwlwpgp npn wwwnybpubph hwdwp Yupnnwund § pwwlwupt jwy
gbubpwguby apuwgpbp (nbu' Mwwnytp 7): Npny wwwnybpubph hwdwp Gpund E, np
guwugp Ybpuwgpbpp gbubpwgubihu’ «ypu» pwnh dinfuwpbu Yhpwnnd £ «nnuidwpns
pwnu (nbu' Mwwltp 8) wjiu wwng wwwdwnny, np MobileNet-SSD gwugnid wnlw &
dhwju «wud» hwulwgnieniup: Swugh utdwu Jwppwaghdp Ywpbih £ pwgwwnpt) Glubing
wju hwugwdwuphg, np MobileNet-SSD opjtlwnubiph hwywnuwpbpnn W wbinnpnann gwugp
nunigwuywdé £ 100 nwuh optynubph hwdwp, puy wwwybpubph Ybpuwgpbpp
wwpniuwynid 6u wybih pwu 11000 pwn Uuwhuny unwgynd k, np db§ yupbwdwdlybun
hhonnniggniup thnpand | wwwynnwynptip 11000 pwnbipp' ogunygbiny punwdtiup 100 pwn
Uwpwagnpnn hwinyniejniuttiph Ytiynnphg (Unynwwy 1-h ytinght gtipwnp): <tug wjnwhuh
wwppbpngynuu £ Ungnwwy 2-nd ubpyujwgwsé gwdp Gagpningjut wywwndwn |
hwunhuwuntd: Wjuniwdbuwjupd, MobileNet-SSD gwugntd Ynnwynpynn
hwulwgnipyniuutph 2powuwynid, yepuwagpbiph gubpwwnnpp (ndnd £ hp wnol npywd
futnhpp:

Lotup, np hwdwlwpgh 6ogpunnpuu  dEdwgdwt twwwwyny Ywpbh k
ybpuwgnptp gbubipwgunn gwugp nwnigwub] wybh 066 pwuwyh opjtlywubph nwubp
hwjnuwpbpnn W wbnnpnonn gwugbph Ypw: Lotup twl, np gwugh dtdwgdwu hbun
dtywntin dEdwunid £ nwnigdwut wuhpwdtiogn hhonnnipiniup, npp wwwhnybint hwdwnp
wuhpwdbtomn  Bu  wdbh hgnp  wbuuthywywu mdnudubp, pwu  woluwwnwupnid
ognwagnndywd dtly GTX 1080 gpwdpphywlwu pwpunp:

Upryntupnud unwgyby £ dhwutwlwu gwug (Unnbkp), nph dhongny Intel Core i5-9600K
wpngbunph Yypw dbY wwwnlbph dowynuwdp dhohund wlbnd £ 0.67 Jupyjwu, wjuhus,
wuowwn guugbiph gniquhbin wfuwwnwupp wunwd £ 0.74 Jujpyjwu:
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0) a man riding a motorcycle down a street . (p=0.000589) 0) a man is playing tennis on a tennis court . (p=0.000467)
1) a man riding a bike down the street (p=0.000061) 1) a man in a baseball uniform holding a bat . (p=0.000335)
2) a man riding a motorcycle down a street next to a forest . (p=0.000030) 2) a man is playing tennis on a court (p=0.000206)

MNunpybp 7: Mwplybpuinh Jeptiwagnpbph qGubpwgnid, opjlyintbph hwyipbtwpbpnid b
ipbnnpnpnid: Lphuywgyws Gu 6hpyp Yptwanbph qbubpwgdwi nbupbin:

0) a man is standing next to a dog . (p=0.000051) 0) a man is sitting on a bench looking at the water . (p=0.000007)
1) a man is standing next to a dog on a leash . (p=0.000013) 1) a man is sitting on a bench looking at the water (p=0.000004)
2) a man is standing next to a dog on a leash (p=0.000006) 2) a man is sitting on a bench looking at the ocean (p=0.000002)

person: 88%

Muwiplyp 8: Muplbpubph Japtwagnptnh qGulipwgnid, optlyipnubinh hwyiptwpbpnd b
iptinnpnpnid: Lepluywgywé Gu Jbptiwgnpbinp pbph qtubpwgdwi nGupbn:

Wuwhuny uwnbndyty b wwwybpubpp ybpuwgpbp gbubpwgunn, wwwnlbpubpnud
opjtywnubpp hwynuwpbpnn W wbinnpnonn bl dhwutwlwu wpwqwagnpd gwug: Uswlyyb)
E hwdwwwwwuluwu dpwgpwihtu hwdwlwpg, nph Yhpwndwdp huwpwynp £ hpwlwu
dwdwuwynwd gbubpwgul] wwwybpubph Jbpuwgpbpp, hwjnuwpbpb ywwnybpnd
opjiyunubpp L wbnnpnotip npwup, huswbu twl hwjnuwpbpdwd opjYnubpht ww)
gniuwht uywpwgphsubp (nbu' Mwwnybp 9):
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0) a car parked on the side of the road . (p=0.000259)
1) a car is parked on the side of the road . (p=0.000203)
2) a car parked on the side of the road (p=0.000128)

0) a black and white dog standing in a field . (p=0.000051)
1) a black and white dog sitting on a bench . (p=0.000035)
2) a black and white dog sitting on a wooden bench . (p=0.000030)

whitesmoke dog: 94%

MNuwwnltn  9: MwuwnlGpubnh  YGplwgntiph  qtUbpwgnid, wwwnlbpnid  opyiliinubiph
hwyinlbwpbnnid L ininnpnpncd, opyGlywnlbtnh qnyUp hwynbwpbnnid: Gnynnpn tnnnnLd
utnyuwywgywé Gu opiinutinh qnhofunn qnyup hwywnbwpGndwl puwyjtnp:

-04 -02 00 02 04
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uchiusuuvLh <pUtuuul ur3nruLuere

Uowlyb| £ wwwlybtipubph ybpuwgpbp gbiubipwgunn nbynipbun ubjpnuwhu
gwug, npp hhdujwd L optywnubp hwjntwpbpnn L wnbnnpngnn  funpp
thwenypwiht  Ubpnuwih gwughg  nnipu phpdws  pwpdp  dwlwpnwyh
hwwynipniuutph Jpw: Upryniupnud unbindytip £ wwwybpubiph ybpuwgpbp
gbubpwgunn, wwuwybpubpnu opjtlywunubp hwynmuwpbpnn W wbnnpnonn dky
dhwutwlywu, wpwgugnpd guwug: Swugbph nwnigdwu, quwhwwndwu L
ptunmwynpdwu hwdwp uwnbnddk; Gu Spwapwihu  hwdwlwpgbp, npnup
hwoquplyubpp gniqwhbn yuwunwpnd Gu Yeunmpnuwwu b gpuwbhluywu
wpngbunpubiph pninp dhontyubph Jpw: Uowyybp £ ppwlwu dwdwuwynud
woluwwnnn  Spwgpwihu hwdwlwpg, npp Juuwpnd £ wwwnybpubph
ytpuwgnpbph  gbubpwgnuwd, opjtywnubph  hwjwuwpbpnd,  dwuwsnd b
wbnnpnanid, huswbiu bwl hwoynud | opjiyinubiph gbiphotunn gnyubipp: [1-3]

Uswlyyb| £ pdwunmwpwunpbu udwu wwwnybpubph npnudwu wignpppd, npp
GooglLeNet gwughg nnipu pbpdwd pwpép dwlwpnwyh hwwynyeniuubph
Yhpwndwdp Ywwmwpnu £ opjiyinubiph npnunwd 89% Gogpuninyejwdp: [4]

Uswyyby £ db6d Ywupbwdwdlybin hponnnigjut  (Long  Short-Term Memory)
dnnhdhlwgyws nwppbpwy, npp wwwnltpubiph Jepuwgptiph qtubpwgdwu
futunpnud gnigwpbipt) £ wybh pwpép 62gpunniegniu: Nwinduwuhpnyjwt hwdwnp
untindyby k dpwgpwihtu hwdwywpg, npp eny| £ viwihu dnin 10 wugwd Ypbwnbg
nunwgdwu dbyYy thnpédh Ypw dwiuuynn dwdwuwyp b bjwqbigut gpwdhlulwu
pwpuh hhannnipjwu ogwnwgnpdnidp: [5-7]
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Poghosyan Aghasi Stepan

DEVELOPMENT AND IMPLEMENTATION OF METHODS OF DIGITAL IMAGE SEMANTIC
ANALYSIS

RESUME

The relevance of the work. The term “semantic image analysis” means the derivation
of a meaningful, figurative description of the content of an image, similar to what a person
could give. The implementation of technology implies the creation of a system which will
produce results in the form of elements of a natural language - words and sentences for
incoming images. At the same time, the individual pixel values of the image, for example, the
color of a pixel or the brightness of an image, cannot be considered as its semantic
description, but can be a part of a phrase or a sentence, for example, “red car” or “a man is
sitting in a bright room”.

Today, this technique is used in development process of search and recommendation
systems, self-driving vehicles and unmanned aerial vehicles. Also, it can be used for
developing tools which could help people with vision problems.

The solution of the problem comes into contact with such areas as machine learning,
statistics, natural language processing, computer vision, signal and image processing, as well
as information theory and neurobiology.

The complexity of the problem lies in the fact that image processing and pattern
recognition methods alone are not enough to perform semantic image analysis, in particular
object detection and localization since the objects in the image could be considered as
different objects depending on their location. For example, hair of an animal may be
considered as a web.

Various systems of semantic image analysis have been created during recent years. The
state-of-the-art approaches are based on deep convolutional neural networks. There are
networks that can both detect and localize the objects in the image, as well as generate
captions in the form of a natural language.

The aim of this work is to develop a real-time method, which will caption the image via
sentence expressed in a natural language such as English, also will detect and localize objects
and compute their color attributes. Furthermore, the goal of the work is to develop a software
system, to accelerate the calculations by utilizing all cores of the CPU and the GPU.

The main results.

« A caption generator and object detector have been developed as a single model by
mixing a recurrent neural network and object detector. The result is a single high-
speed network that can generate image captions, detect and localize objects.
Software systems have been developed for training, evaluating and testing the
recurrent neural network. A real-time software has been developed that generates
image caption, detects objects and localizes them, also calculates the dominant
color. The software performs computations in parallel by utilizing all the cores of
the CPU and the GPU. [1-3]
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A method was developed for finding similar images, which has 89% accuracy when
GoogleNet's high-level feature's metric is a correlation. [4]

A modified version of the Long Short-term Memory has been developed, which
shows better results in image caption generation task. A software system was
developed that allows reducing the training duration of the recurrent network by
more than 10 times and also the usage of a GPU memory. [5-7]
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[Morocan Aracu CtenaHoBuy

PA3PABOTKA U PEANIM3ALNA METOL,0B CEMAHTUYECKOIO AHAJIU3A
LLUbPOBOIO U3OBPAMEHUA

PE3IOME

AKkTyanbHOCTb pab6oTbl. TepMUH «CeMaHTUYECKMIi aHanu3 usobpameHuii» o3Hauvaet
BbIBOJ, OCMbICNIEHHOr0, 06Pa3HOro ONUCaHUA CofepHaHnA U3obpakeHUa — Takoro, Kakoe Obl
cMor AaTb yenosek. Peanusauya TeXHUMKM MojpasymeBaeT CoO3faHue CUCTeMbl, KoTopas Afs
BXOAALLMX M30bpameHus OyfeT BblgaBaTb pesynbTaTbl B BU/E 3JIEMEHTOB €CTECTBEHHOro
A3blka — cnoB U npepnoxeHunit. lpu sToM oTpenbHO B3ATble (PU3NYECKUE BENUYWHDI
n3obpameHua, Hanpumep, LBET NUKCENA UMM APKOCTb M30OpaKeHNA He MOMyT CUMTaTbCA ero
CEMaHTWNYECKOI OLIEHKOI, HO MOTYT COCTaBAATb 4acTW C/IOBOCOYETAHUA WAWN MPELNOMKEHUA,
HanpumMep, «KpacHas MaLluHa», «MyM}4uHa CULUT B APKOI KOMHaTe.

Ha ceropHAlwHKil feHb 3Ta TexHMKa MUCMONb3yeTcA B Takux obnacTsax, kak paspaboTka
MOUCKOBbLIX U PEKOMEHJATENbHbIX CUCTEM, aBTOMUNOTUPYEMbIX aBToMObUNel 1 6ecnunoTHbIX
netatenbHbIX annapartos. TaKke, Npyu MpaBUNbHOM MPUMEHEHUU, C ee MOMOLLbIO MOMHO
paspaboTaTb cpeAcTBa, NoMoratoL e NIoAAM C MPOOAEMHbIM 3pEHNEM.

Peluenne npobnembl comnpukacaeTca ¢ Takumu obnactaMu, Kak MaluMHHOe obyueHue,
cTaTucTMKa, obpaboTka ecTeCTBEHHOrO A3blKa, KOMMbIOTEPHOE 3peHune, obpaboTka curHanos
1 n3obpameHuii, a Takke Teopua MHdopmMaumn n Helipobuonorus.

CnoHocTb NpobieMbl COCTOMT B TOM, 4TO BbIABNEHME U NO3ULMOHNPOBaHNE OOBbEKTOB,
KOTOpoe COCTaBfifieT 4acTb CMbIC/IOBOrO aHanusa W3obpameHuil, He pellaeTca TONbKO
meTojamn 06paboTKkM M300pameHuii U pacrno3HaBaHus 0Opa3oB, MOCKONbKY OOBLEKTbI B
u3obpameHun, B 3aBUCUMOCTM OT PaCMoONOKEHUA OTHOCUTENbHO ApYyr Apyra, MOryT
paccMaTpuBaTbCA Kak pasHble npeameTbl. Hanpumep, oTnenbHO B3ATble BONOCKU MUBOTHOMO
MOTFYT ObITb MOXOKM Ha NayTUHY.

B nocnepHue rogbl ObinM co3paHbl pasnMyHble CUCTEMbl CMbICNOBOIO aHanu3a
nzobpameruit. VI3 yncna KoTopbix CUCTEMbI, OCHOBAHHbIE Ha CBEPTOYHbIX HEPOHHbIX CETAX.
Ha ux ocHoBe pa3paboTaHbl ceTu, CNOCOOHble Kak BbIABATH, pacro3HaBaTb W 0OHapy#uBaTb
06beKTbI B N30bpameHnAX, Tak U reHepupoBaTh 3arnaBusA N30bpameHuii B BULE €CTECTBEHHOTO
A3blKa.

Llenblo paboTbl ABnAeTcA paspaboTka ObICTPOAEICTBYIOLLETO METOAA, C MOMOLLbHO
KOTOpPOro BO3MOMHO 03arfaBuUTb K300pameHWe NpefoKEHNEM, COOTBETCTBYHOLLIUM
rpamMmaTUKe ecTeCTBEHHOro A3blka, pacro3HaTb U ObHapy*uTb 0ObeKTbl B M30bpameHuu, a
TaKKe paccuMTaTtb NpeobnafaroLnii LBeT AiA HKUX. TakiKe Lenbio paboTbl ABNAETCA CO3AaHue
MporpaMMHOro obecrneyeHnA, OCHOBAHHOMO Ha BbILLEONUCAHHOM MeTofe, KOTOpoe, B LEeNAX
YCKOpeHuA pacyeTos, OyaeT UCrnonb3oBaTh BCe AAPa Kak LEHTPanbHOro, Tak U rpachnuyeckoro
MpoL,Eeccopos.

OcHoBHble pe3ynbTaTbl.

» bBbina paspabotaHa reHepypytoLLLaA 3arnaBua 13obpameHnii pekyppeHTHaA HelipoHHasA
ceTb, OCHOBaHHaAd Ha CBOWCTBAaX BbICOKOTO YPOBHA, BbIBEAEHHbIX W3 TNyboKux
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CBEPTOYHbIX HENPOHHbIX ceTeil, pacnosHatoux M obHapyMuBaronx obbekTbl. B
pesynbTaTe nonyyunacb efuHas bbicTpogeiicTytoLlan ceTb, cnocobHaA reHepupoBaTb
3arnaBuA usobpaxeHuil, pacnosHaBatb W ObHapy#uBaTb 06bEKTbI B HUX. Bbiimn
pa3paboTaHbl CUCTEMbI [NA OLEHKU U TeCTUPOBaHWA OOyYeHWA HEelipoHHbIX ceTeil,
KOTOpble MPOM3BOAAT pacyeTbl MNapaiienbHO Ha BCeX Afpax LEHTPanbHOro U
rpacpuueckoro npoueccopoB. bBbino paspabotaHo nporpammHoe obecrieyeHve ¢
BbICOKO/  MpOWU3BOAUTENBHOCTBIO, KOTOPOE BbIMOMHAET reHepauuio  3arnasuii
usobpameHuii, BbIABNAET, pacrno3HaeT U obHapyxvBaeT o0ObeKTbl, a Takke
paccuuTbiBaeT npeobnagaroLmii B Hux uBet. [1-3]

Bbin paspabotaH anroputM ANA HaxXOMAEHUA W300pameHuii MOXOMMX MO CMbICHy,
KOTOpbIii MCnonb3ya CBOIICTBA BbICOKOrO YpoBHA, BbiBeAeHHble 13 ceTn GoogleNet,
peanusyeTt nouck obbekTa ¢ To4HocTbio 89%. [4]

Bbin paspabotaH MogucMLMPOBaHHBIN BapuaHT [OArOi KPaTKOCPOYHOI namATH,
KOTOpbIii MOKa3blBaeT NyylliMe pe3ynbTaTbl B reHepauum 3arnaBuii nsobpaxeHnii. boina
paspaboTaHa cucTemMa, NMO3BONAMOLLAA COKpaLLaTb BpemA Heobxopumoe A obyyeHus
npumepHo B 10 pas, ucnonb3ya MeHbLUe rpacpuyeckoil namaTu. [5-7]
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