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. .. bdiea Minoiyiey adliadieofial ey
la Thitaa naiauaiey ageaeao-isaiadaciaaiey
N daaeaéuilie iaediiitie haoyie

I.A. laiaoeéiaa L2 AA. Eeeeéeia 12

oksanaml
fif6ece+anéesd e
.5 .

|6daéiaedi 1a01a 1oaiée fiodidie aiciouaiiifioe daiiadieoit ai ey, initaaiioé ia
ftaianoii ideiaidiee édaoiiiangoaaiial 4aéaeao-idaiad aciaaiey i daaéaeuidie iaé-
aiiidie naoyie. Tiodadedin dacilianegoaaila fifoaaeypued 8aaenodessaind aaiitd
aatiaaieoiial ey, dadaéoadecopuea fodiaiu aai aiciouai iifoe, & éco+aia ed Nnodoeé-
000a. 1d84eieedi fitita 6idiediaaiey daacasuiial nely iaés fiiié faoe, Ticaieypueé
A6uanoaaiit 6idilgéol éiéé+anoal enielcoails iveiasia e ifadfnéon éa+anoai dagaiey
caaa+e eeannedeeanee aaNaaieoins aaiins. Aistaasey iaot aa admneiyéana ia aaiiao
fidaivee ¥siadaooieds, Eaitaoneeé €daé (ddaenodsadep aaiilé adileiyao EEED AAI
PAI)

Eép+4a0d féfaa : adNaaieoind aaiind; i&éaniind naoe; aaéaeao-idaiasacia aied;
geanneodegaoey aaiito; iaaieoiia iiea Caiee

Estimation of degree of the geomagnetic eld disturbance

based on the combined use of wavelet transform
with radial neural networks

O.V. Mandrikova %2, E.A. Zhizhikina %2
linstitute of Cosmophysical Research and Radio Wave Propag#on Far Eastern Branch of the
Russian Academy of Sciences, Paratunka, Kamchatka RegiorRussia; 2Kamchatka State Technical
University, Petropavlovsk-Kamchatsky, Russia

The present paper is focused on the development of theoreti¢ tools and software for the
analysis of the geomagnetic eld parameters and for the esthation of the geomagnetic eld
condition using modern methods of pattern recognition and dgital signal processing. Existing
methods for the geomagnetic data analysis do not allow to idetify some regularities in the
data and lead to the loss of important information.

A method based on the combined use of the wavelet transform ahradial neural networks
has been proposed. This method allows to study subtle structral features of the geomagnetic
data and to extract informative components which characteiize the disturbance degree of the
geomagnetic eld.

In the present paper, geomagnetic data structure was studie in detail, the signs of the
geomagnetic activity increasing were de ned and classes ffahe radial layer of the neural
network were o ered. Furthermore, a way of forming a radial layer was proposed. This
way allows to signi cantly reduce the number of examples andto improve the quality of the

baaioa adiieiaia i6e oefaifitaié iaaddeedd DiO, 161480 « 14- 11-00194 & OND 1071 ION (istasaiia
%0IIEE), afa 0006065.

lageiila 1ao+aied & aiagec &aiins, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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geomagnetic data classi cation. On the basis of combinatia of decisions of the developed
neural networks, a decision rule to estimate the geomagneti eld condition in the automatic
mode has been suggested.

The method has been successfully tested on the geomagnetiatd that were kindly pro-
vided to the authors by the Institute of Cosmophysical Reseach and Radio Wave Propagation
(Paratunka, Kamchatka Region, Russia). Using the proposedmethod in combination with
other methods and approaches allows to enhance the qualityf@eomagnetic data automatic
processing during space weather forecast.

Keywords : geomagnetic data; neural networks; wavelet transform; dat classi cation;
Earth's magnetic eld

Addadied

paaioa faidaasaia fa filcaaied 0al0A0e+Anees & i51adaliins  Adaafoa alaseca ia-
3ai4051a aafiagieonal ey & foaiee A&t ARoIyiey it Aaiid | fAcAiins TAfA5a01-
386 i iDLIATATRA] FAGAIANNG 180T4TA dafiiciaaaiey Tadac 1a & 6e051aIé Tadaaioee
Fediasia. DAAeN0GEA6RI04 FaTIaaieoi0a Aaif0a eiabo figiel  Ob AOB680656, iT4A&deAIl
aseyieh aidaied 6260151a dacee-ié 6ece-aRT6 i3851al, 0 T cia+eoasull ofeieiya0
iBT0ARAR 66 ec6+aiey. 1ie flaadeead daciiiafngdaAlla eleasii  0A TAAITAOS, Siapued
dacee=iop 01316 & 1Af6Uea Tifaiop eiiiasep 1 minoyiee | &y [1, 2]. NOUaRoas-
bUSA AB&AM0AA TadaAT0RE & alaseca AATIaaIe0I06 Aaifa6 &idp O AEaAopUsA 1AaiNoA0Ee:

1. faaifoaci+iay AO&IAIH AaoNiadoecasee & AGUAROAAIGA i 3

1, 3, 4]

2. NOUAROAGPUSE 180TA0 Alaseca AATIAAIROIN6 AAIT06 A TicA  18ypo AGYAEYOU iaéi-

o1504 caeiimasiifoe a Aaiia6 & ideatayo é T0Ada adseiié &io isiacee [4, 5]

Agy effisaaiaaieé idaa8a3aa0My 1401, THAAIGE fa MAIaR  Offi ieiaidice A86A-
8A0-idATASacTAAIRY [6, 7] i Gaadaslinie A&aTiGie fdoyie  [8]. IBLIATATea A86A8A0-IDA-
Tadaciaaiey icaieyad eco+aou olieed TRTaailiioe AOd6806 o0 AaNadiecind aafias &
A0438y0U 161510804 MM0AABYPURA [1, 2]. A IfffA4 dadea &IN5 A6BTIT06 AAOAE 84
2280 131A021A008-AMBeé AACANTANGEE BEANREORAOTS, TTICATEYDUSE A0AREYOU A AABRABEYD
ey eeanfeoeeaselins ideciace, 6a0360a3Ecopled RO&IAT U AaT ATGiOLAIlTiOe [8].

A 534104 fa TAiTa8 e5aoMafgoaailal A46A6A0-I0ATABAcIAA ey addaslll eco-aia
AOB68065a AATIAAIROIN6 4Ail06 (1A IDLIAGA Aldeciioasiilé  &Niifaion aanaaieoiial
ifey), A04R6AI0 deciade, 5adae0adecopled ROAIAIU Alciou  Affifioe ey & idaasieed-
10 eBARAD 48y DaACABUINTAT A& A6TNé fdoe. 1a TAMAA TR 0d7Aley Tadacia esanfia
i58a&TeAl fiTia oidiedtadiey daacasutal Aety, iicaieyp Ueé AOLAROAAIT GiAfl-
gedll &lee+AR0AT SRTBUCGAIN0 iDLIASIA & TA0AeOU Aa+Af0AT OAsAley caaa+é esarnfe-
6ecatee AATIAAIROING 4ali06. Asy dacee=(06 &Niiliaio aade a0eé adnaaieoiiat ey
TROBTAIN T26B1TT04 fidoe, A0TTEIVhues T64ie6 &6 fodiaie al ciGUAiiifioe. ia Tfias
aliaeiadee dapaieé 1A6dIT06 RAOAE iDAAETRAN BAgAPUAA I  AAes! 1T T6AIea ATRON-
ey AaNaaiRoMAT ifey.

Aisiaasey 1a01aa, alielaifay ia aaiios foaioee viasaosié a; (Eai+aonéeé 85as),
1Ta0A&0a664 A4l yOOABORAITROU. ERNGUCTAAIRA 18014a A i 18&GHA A adoasie 140faaie
& iTaoiaaie 1caleyao iManfeol ea+-aR0aT SAcoBI0A0TA AA0TI  a0&+AREIé 14da4l0ee A&TAA-
120106 4afi06 T8¢ id1adadiee idiafica alie+aneié Tamaa.
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v AN s/ 0 N0 \ A N\

lienaiea 1aolaa

Edaoitiafigoaaila adéacao-idaiadaciaaied aaiiio e ataaea iead éiii-
jaio. A éa+anoaa aaciaiai idinodaifioaa 9aaenodedoailo aenédadic aaiind fo(t) dan-
nitooei géiéié(‘)?é 1oinodainoan i 6‘965@°|’é°‘| ] =0:

Vo = clos zry) (2 (2°t  K)): k2 Z);

idlee&diita neyéeeia-ooieoedé ' 2 L3(R) [7, 6]. ia 1iilad édaoiliangoaailal 4aéaedo-
idatadaciaaiey ai 68iaiy  m lieeii MMe6+eol 1daanoaaeaied aaiitio a aéaa [7, 6]
Xm
fo(t) = g2t +f 2™ ;&89 2t 2W;;f 2™t 2V ; (1)
j= 1

| j, iBleeadiiia 486a680-43CeATT 4 (1) = 2072 (2 It
F N, i, VAEYPORY a8036ecedopue-

P
I'él'(‘)a f [2 mt] = C r'n’kI m’k (t),

é
k

Cmk = H' ki YAEyaony aiigiéneiedopuaé

A 534104 [2] iféacaii, ot ély60eoediot aaovaééceddpued & iMaio aaéaeao-ivaia-
daciaaiey di, (fil. Aifioilgaiéa (1)) Gadaéoadecopo fodiaiu aigiouaiiific e aaniaaieoiar
ey & a iadeial aicdanoaiey aiciduaieé nouanoaaiii 6adee+ gaapony &6 aaniépoita
cia+aiey (den. 1). liyolio ca 1ado aaiiadieoiié aiciouaiii fioé élyodeseaioa éiae+it
ideiyol aal aaniepoiia cia+aiea.

banfiiodel 00é aiciieeild Ainoiyiey aadeadee ey
(1) Yfileiéiae ARoied (1-6 ean);
(2) Y4MBAATAICIGUAITA: ATROIe (2-¢ e6anf);
(3) ¥aiciouaiiiae fifoiyiea (3-é éean

SIS
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. Adoageceddpued éfiiliaion aaseaceé a

aoa Alddeé 3-ai iidyaéa: (a) a 1adeia nilé

aafiadieoiial ey

daageaiey o0ieseé M, (t): NA&OET-iadteé
M =3 (M
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(1) ¥ -fiiéiéidas: maxjd;, (1)j 6 T, *;
n
(2) ¥, -Aiéiéitae: mr:axjdj;n ®j>T,

(1) ¥ -neaaidicioudiitas: maxjdi, (t)j 6 T; 2;
n

(2) ¥ -fieadiaicionaiitas: maxjdy, (1)j > T, *.
n

(1) % -&iciouaiitas: maxjdi, (t)j 6 T, °;
n

(2) ¥ -alcionaiitae: maxjdi, (1) >T; °.
n

Aey acaioa otata T ', i = 1;2;3 danfiiiode 0604066 iacidilisdé a0l ieeale
(aTR0RAAAI06 1604 Toaie ailf0AdTdNAT defiea [9]). Ayol | Aes-aa iidiae Tisaadeyhory
6041 iefeiecasee ailfioadeidilal senea [9]

[iROSTAIEA Gaaeasunial A& 1aéaiiiié Aaoe Pascasiiina iaésiiioa faoe [8]
&iaho 038 RETy: adiaié feié; Res000é AETé iBeIAdIA (Baacas  (i0é AEie), Maddeaneé
iBeciace esantia; AGGIANE 8eiaéiné Aels, TiDaaAeybUeé 48 Biyoiinol ideiaasdselifioe
AB1alAT TAdaca & eeanfio.

A saacaenii fisia a0ieiyaony AEAachUAA i0aTadaciaaied a6  14i06 Aeaiasia
1. T68iea minolyiey 1a&aiia fa iifad o6iéoee Acadoeaaiey r=jip wijjb 8aap

436010 4d1aa; w 436015 4afia; b MAUAIeA
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lifieletes aamiepoiia cia+aiey elyooeoeaidia 4a0a6ecedsp  1ed &Miilaio  di oa-
5a80&BECOPO MORIAI AlCIGUAINROE A&TadiRONAT ey, if & 11560 400U TIdRAAGAID
4 Ba-Af0AA I08CIAGTA GEAMMIA DAAAGIINTE TA6BIINE RAOR, A0 TEIYPUAE DACARBAIRA T4-
BAGIA 14 VATEI0a,, VaNeAdialcionalita:, & YAaiCIouAIinas,

R 6aéup Tideidcacee iOB6BO6AN iaéaTiié A0S 158 6idiediaa  iee daatasniial few
a6y aceaial AARAAINAT TAGEARRA Kk MAOGTE] A1  1081A0-TA0AC

" bl
k u=1 b
Pl = v @
n (0]
aadDy, = di' cu iliAG efiifiaion fiageanna kU @&iée+&noal enmiaio
aéeania k, "

Adilaiaiea aaifié 51634000 Micaleed NOUANOAAIT Gidilige ol BlGe+&R0AT SRITET-
CORING IB1AGIA, & 1068+84 10 0BAARGANNAT aGTaa, &file (ICOAITAT A GAARARUING 1A6-
51106 HROYE [8]. A YOTi EG-A& A8y Basealdl MAGEANRAA A 0AAGA &UM NETA A0S A6AA0
Ficaal ofeUeT 148l 26511 (i AdNAle TORIADA-TA0ACA AG6aR  fid). 1e6+Ail0a 158150
TAGEAMNTA PN A6y GacA8paieé j = 4&j = 6ieacaid fa 3ef. 5 & 6

O+2008ay BACITANEOAANAOU SARGAAGAIIAT TBT0ANMAA, 46y 6A cedlé AROABECRBOPUAE
SiiiTIAIO0 4041 ficAAAAdU 1A&BTIOp AAL, AGITEPUGH 16 &ie6 A& ARoTyiey. 168
adileiaiee 181644080 (1), AGAAGY 0AATOA [10], 1a0aid+&ify  OOIAIAl Sacéieedidy m =
= 6. A&y 16&iee Mnowyiey Aaliaaieonal ey 40481 efN&lCIAA ol ABAAGPUAAGAZAPUAA
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(1) anee ana éiimiaiot eidpo ¥afi

([TT0a40M0A6&0 AITETéI6 AinoTyiep aaniagiee
(2) &fée 610y A0 Taia ec ENITIAI0 A36ABRD-TBATA0ACTAAIEY & 1880 YLAICIOUAINA: ATAOT-

yie, of 46441 f+e0adl, ~Of AA0eA0RY JAYAONY YATCIGUAITE ¢ (FTOAROROAGAD ATCIH-

LAIITI6 ATROTyiep AaTiadieoial itey);
(3) & TROABUING fE6+ay6 A0AA1 Ai+&0adl, ~Of Aa0ea0ey S1Aa0 YaRaTalCiouAlTa:, AROT-

184 (ANOAROROAGA0 REAATATGIONAING Mifolyiep adliadie  offal iley)

Dacoéelioaol yéniadeiaiola

A i510&ARA eRfcaaTaaieé 4067 idTalasecediaal 100 %Aieié 08, 190 ¥:A8aaialcis-
LAIT08,, & 86 %ATGIGUAITNS: Aadeaces AANAAICONAT ifey oa  foee %iadaosiea., (Eai-
~30fieeé 6336, fi. [ada06iéd) ca 2002, 2005 & 2008 44,

i5e Ficaaiee i6eiadia-iadacia wieiéiniey fi-eoaseni aa8  eadee, 6 8101306 AGOT-
i0é fGliadiné eiaden aanaaieoiie asoeaniioe E (E-eiadef) & i58A0pae cia+aiey
10. Neaataiciouaiitie fi-edasefiu aadeasee, 6 601306 AGOT= (06 AGIIadiné E-eiadef
8146 cia-aiey A AGAACTia 10 11 &T 18. AlCiGUAiGie A-e0aseR U Aadeasee, AGOTi0e
RGIIABIOE eiadeh E-&iaden 8101500 i5aa0pae cia+Aiea 18.

Asy Toaiae yodasoealioe 534624241141 14014 TABad0ca 4 alf06 AlTeiyeant oas-
e 180141 A THiTAd odaaeseliiié ad6e0a80650 daadasnlié I AédIINé fdoe, fa asta
8107516 iTadaasenil eRGIAI0A Aadeasee aNaaieonal ey ( AAc IBEIATAiey AR6ABAD-TBA-

1adaciaaiey
i5e1400-145ac0 SaaeAsUNAT AET 0A&Té AA0e, & fiTDAROM0AS & f 151624681 (2), filcaa-
A36eR0 NBaacpuei T1adacT
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Dbeén. 7. 18e1add0-1adach ifaéeaniia daaeaeniial nely iaéaiiiié nao e (ifhodiaia aac ioeidia-

peéf. 8. Nifiolyiey iaéaliia daaeacuital ety odaaeoeliiié iaéatii ié fiaoe ide Taa+a ia aa
adla ¥, -fiféiéino:, aadeaceé (4ac ideiaidiey adéaeao-ivaiadacia  aiey)

aa&fl, (1) efdiaiay aadeacey iaseaffia k; u (a8 aadeasee iaeeafiia ki U
Slee+AN0AT AA0BA0RE TTadeaRnA k. Te6-AII0A 0adel TadACT T68IAG] Tlassanifia

iéacail ia oen.7

ia 8ef. 8 & 9, 4 éa+anoaad 8eiada, ieacail flfolyiey aéalil  a daaeaeuiial new
filcaaiito iaéaliitd facaé ioe ifaa+a ia e6 adia ¥4 -fiiié1éil0;, aadeaveé. Aiageg 8e. 8
e 9 1iéaclaado, +oi ideididied aaéaeao-idaiadaciaaiey iic  aiéyao fivuanoaaiii ifatfeou
aifofadosiiiou éeannedeéaoee aaiiao.

A daae. 1idaanoaasain 6acoeltioand ifasagiinoe 1vaieée flfiol yiey aaliadieoiial iley
idaaeadadidi 14o0faii e fa iitad daaeaéuiié faoe, MModiai ité odaaeoeiiiti AitAl-
ail. bacoéeltoaol 0aaé. 1 ifaoaddeedapd ydooaéoeaiiiou iddaéa aaaiiar iaoiaa e iiéacd-
aapo, ~of fa aal nifaa imacaeiiiou dagaiey cada+e ciareodé Uil 1aiued, +ai a fied+aa
ioeiaidiey odaaeseiiiié addecaéo6dl daaeasuiié naoe

Caéep+aied

A daaioa Tieniai aaofiaoe+anéeeé iaota 16aieée Ainoiyiey aall  aaieoiial ey, ii-
aaiité fa nAlaidtaiee adéagao-ivaiadaciaaiey i daaeagniti e iaéatiidie naoyie, e ao-
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pef. 9. Nifiolyiey 126aiia daaeasuial fely aéaiiieé faoe afiff 8100 dacodvdiey | = 4
58 iT43+4 4 A4 ABTA % -ANENéInd, EMitiaio aadeaeé

fiaseann Odaaeceiiiay | 154462538106 18014
20680480634
faoe
j= 1]j= 2]j= 3|j= 4]j= 5]j= 6| Pacapudd
i5aaeat
“3LATTET6- 64,29 714 0 0 0 0 0 0
i0é¢,
_ANEN6- 81,03 13,79 | 1552 | 6,90 1,72 3,45 3,45 13,79
i0é¢,
-¥4neaal- 26 34 32 17 15 16 17 1
aiciouaité,,
-¥neaal- 28,89 25,56 14,44 1,11 4,44 2,22 14,44 11,11
ATCIOUATNé:
-Ya8ici6- 43,18 20 18 14 11 16 9 0
ATGée,
-¥.aicio- 23,81 19,05 9,52 4,76 7,14 0 7,14 0
ATGée,
iéfaia 16aiéa aai yooaéoeaiinoe. Aiéeég i1e6+aiitod dacoe ti0aoia Méacae, ~oi iddaéa-
daailé iaoia iicaleyao cia+eoaéuii ifatneol yooaéoeaiino U ddoiliaoe+anéié 1adaaioée
aaliadieoins aaiitio a cada+ad adaaéaiey aiciouaieé e ioaié e finoiyiey iadieoiian
ey Caiee. A yéniadeiaioad enilélciaacent aadeacee aaiia aieoiiai ey, iéé+aiita
ia foaioeée vsladaodiéas, Eai-aoniéeé édaé (dadenodacep aaii 06 adiieiyao EEED AAl
PAI)
A\ N\ O \ N 7 Y
Eedadaodoa
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binfiey

I5daeieedia 1a01agéa Tiddadediey nodidie adioéeinoe 66iéo ée, Tiifaaiiay fa aa
fioidanoe-anéié aioiéneiacee fa anaé efneaasaiié 1aéanoe . Iiifailé eadaé ifadiaa ya-
éyaony iloi+a~ifa efnedaiaaied adioéeinioe ooiéoee i ied+  aéit adadaiili faidadsa-
ieyi e fefoaiaoecaoey 1esd+aiiié eididiacee i 6aeup 1ed+a iey eioaddaediié oaiee
afioéeinoe. Yooaéoeaiiiou idaagisediiié oaoiiéidee idiaa iflifodediaaia ia ayaa ii-
4aeuind ioeiadia iaaieuged oaciadiiioaé, aey éioioad 1o olait e aecodaéecediaail
iaéanoe alioééinoe 6o6iéveé

Eep+4a0a félaa : altioééinol o6oievee; iaoiad Tioeiecavee; 4&1aaéiité yenosd a-
i0i

Computing technology for estimation of convexity degree
of the multiextremal function

A.Yu. Gornov, T.S. Zarodnyuk
Institute for System Dynamics and Control Theory of SB RAS, 134 Lermontov Str., Irkutsk, Russia

Background : Optimization problems arise in the application of mathemaical modeling
method. Advance in applying of mathematical modeling depeds on how successfully the
researcher can construct a valid model and, primarily, on tle convexity or nonconvexity of the
involved functions. It can be argued that the class of convexXunctions is mathematically well
studied. However, the situation greatly changes in the casef nhonconvex problems.

Methods and Results : This paper proposes a technique of determining the degreef the
function convexity based on its stochastic approximation br the considerable area. The main
idea of the approach is the pointwise study of the function cavexity on the stochastic selected
areas and systematization of this information to obtain an integrated estimate of convexity.
The e ectiveness of the proposed technology is demonstratedn a number of model examples
of small dimensions, for which the areas of convexity are catructed and visualized.
Concluding Remarks : The selection of functional used in the mathematical modehg can be
produced to choose more convenient for optimization analyis with the application of the pro-
posed computing technology. This technique allows one to daonstrate \the areas of convexity-
nonconvexity" for problems of small dimensions. The algoithm can be easily parallelized. The
e ciency of the considered approach is investigated on a nurber of test and model problems.
The obtained numerical results allow to expect for the creaton of a new computational software
useful in solving practical problems in various scienti ¢ and technical elds.

Keywords : function convexity; optimization methods; global extremm

Daaioa adiieiaia ise oeiaifitaié iiaaddeeéd DOOE, 161480 +15 -37-20265.

lageiita 1ao+aied & aiagec &aiins, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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Aadaaiea

Caaa=e 7ioeiecadee anoanoaaiil aicieéapo ide ideidiaiee i aoiaa iaoaiaoe+anéial
ilaaeediaaiey. 1e yoii ai 1iiaed neodaceyo enneaaiaacaelu  eéiado fivdaaeaiiop naiai-
ad a ataioa ifaaee, i6e iiiue éioioié oaeaniiadacii ecé+ac U daffiaodeaadita yaea-
iy, i8T6anAG eee aaiina. Oniad a ideididiee iaodiaoe+anél ar ifadeesiaaiey Aaidi
faduacii Tadacii cadeneo 10 o1al, ianéietél éaa+ii 6aagin U noidiediaaol aadéaaoiop
iladel e, a iadadp +adadau, 10 adidéeinoe eee idanivéeinoe i1 6eaea+aiitud 6oiéveé.

Naiéenoar atiogeinoe yagyaony, 1+aaeail, 1aiél éc RAIlo 64l 4ild Raiénoa i idaeé-
0e+anéii aiageca e fiogiecasee 66ieveTiagiind caaeneiind  aé. liodiecaoee aliveend
06iéveé Tiiayudia idfaicoeiay iad+iay €e0adaodda, idicaai 0 yodaéoeaita odidace+a-
fiééa 1iadial, dacoadioai & iifaacaelit efneaaiaai aielel  é iaald ~eneaiiio aeaideo-
ila, daaéeciaail iglasaiiiia noaanoaa, eiadony aleugié i (0 T6aéoe+anéed iveiaia-
ieé (fii., iaioeids, [1 8)). iayaiti 1adacii aielugay +anoi o Acoelinaoia aey adivéend
06iéoeé iadaianaia ia aéecéeé éeann oieiiaaciins 6oieveé, ai iiiaed ned+ayod aieda
idaéoe+anée cia+einé. lieeil 60addaeaadi, +01 ééann ativéed o & oieitaaduitd 6oie-
oeé i&ieTdt 1natai iaodiace+anée. 1aiaél neodasey naidi o uanoaaiiti 1adach ia-
iyaony ide daffitodaiee iaatioeend casa+. Eaé i0aaesl, aid  eioe ia 6aadony 1eo+eoi
y00aéoeainsd 16aiié +enea eiéaelitd yénodaioiia, Tneleiya Ofy 0didaoe+anéeé aiaéec
caaa+ i idaeo6oadaiveddadidie 66iéveyie, ia ianéienér Maya éia 6anodo ad+eneeoadéu-
i08 caodaod ia aifoeeedied 4614a63I00 dagaieé & 0.4. [afilod  y ia iifaiedoied oneeey
iifaed adniéiéaaeedevediaaiits niaoéagenoia (fi., iaide iad, [6, 9 14]), ia idaéoeéa,
aey caaa+ aefaaeliié fioeiecadée noUAN0AAIito daciddiiio aé, 0adwadild iaaaoadiéie-
diaaiitie aeaideoiaie, ieélaaa iao aadaioeé, +oi Med+aii 04 dacoetoact ad+eneaieé
T0dazeapo iaeed+geé ec diciieilido aadeaioia dagaiey.

A 02404 16a48aaado0ny idTfioay 1a0iacéa 1iddadédiey foaiai & alivéeinoe ooiésee,
iiifaaiiay ia aa noidanoe+anéié arndiéneiacee ia anaé enne aadaiié 1aéanoe

f(x)! min;a6 x6 b;
aaaf (x) : R" I R, f(x) idicastaii aedoadsaioesdaia e a favdi fed+aa iaadioéea,
a;b2 R"

Tfitaitée eaddé masiaa yaeyaony 1moi-a+ita efinedaiaaied a  (ioéeifioe osievee i
fed+-aéii atadaiili iaidadeaieyi & nefodiacecacey ed+ai iié eididiacee i 6Gaeup
ife6+aiey eiodasasiie vaiee ativeeinoe. Yooaeoeainol iddaeieediiié oddiieiaee
aailinooessdaoy ia ayaa iiadenits ioeiadia iadlelged dagi aoiifnoaé, aey éioiols ii-
fiodiail e aecoaeecediaail 1aeanoe adioéeinoe o66ieoeé

A&aideoi ienéa 1aganoaé adioesinoe ooiesee
1. Caaapoiny aedideoie+anéea iadaidodi: ns +efél noidanoe+anéed 1614; np - ~enél

faidaaedieé, i éioidai Tnouanoaeyaony ivaiéa fnodidie adi 0é€inoe; h gad aey

f6aiée noaiaieé adioéeinoe; C iadaiacd, ibaa+apueé ca 6+eo0taaaité i1oia adioeé-

eifioe 6oiedee; Ny, +enél neo+aeiio iaivadeaiee, it €ioio0i 66ieoey iéacaear u

adioéeie a anadaiiie oi-ed; Ng, +efiel oi-ae, a éioiond fodiait atioeeinoe ooie-

oee daaia 1 (fivadoiaid cia+aied N7, = 0)

Agy anddk = I;ns
2. ADaesadony cia+aied idcadeneiié iasaiaiiié xk = k¥, daakl fe6+aéiia cia+aied

&c caaaiiial 1o8acéa [xK; x|, NX =0,i=1n
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N ANA NN AN

(57234411 0AROSSTAAIRE 1DAAETRAINAT a64I5e0Ia, & GACOBU  0ad& &0IdIAT A0AGAI0
cia+aiey MHMAI0s aeaideoie-afeed 1adaia081a, OROBAIAIN  1A0T+iifoe &aT i514daii-
iié daasecaee. A MOAOUA TBAAMOAABAIN GACOBUOAON efifieaatdey 10-08 0AM0TA06 cada+
idafeugié daciadiinoe. isiecadadia 16diea fodidie atioes  Hoe S & iHOBIAI0 eas-
010 ANIGEETROS 46y BafMA0BeAaI08 IAlyenodRiasuins 6  6ieoeé, filoadonoadpuea
BACiOl cla+&iey 1adaiddda  C, 68efiedopudat 6+e002a4i06 1514 AtI6EETROE (Befi. 1
10).

fi(x) = ) )+0;1(x2+ x3) ! min, x;x2 2 [ 3;3].
Nodiaiu adioééeinoe aaiité d66iévee S, Ted+aiiay a 6acéelioaoa daaiol agaiseoia,
daaia 0,2

AN ANAZ
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(a) (@) (@) (@)
Peéfi. 1. 1aganoe adivééifoe 0anoia
(&) 40; (3) 60; (a) 80

16 66iedee 1 158 BACIB cla-dieyd  iadaiaoda: (d) C = 20:

Oaaeeda 1. DAcOelioad daalol agaideocia aey 1adand feo+aéind idta a 0ano 1afl 1eidadé 1

k ko i C=0 C=0;20 C=0;40 C=0;60 C=0:80

1 0,62414 2.3488 0,00

2 1,7029 2,3488 1,00 1,00 1,00 1,00 1,00
3 1,8136 2,5077 0,97 0,97 0,97 0,97 0,97
4 1,2763 1,3144 0,00

5 1,9267 2;,1066 1,00 1,00 1,00 1,00 1,00
6 1,72630  0,20775 1,00 1,00 1,00 1,00 1,00
7 1,8399 2,0492 1,00 1,00 1,00 1,00 1,00
8 2,7546 1,0509 0,00

9 1,9680 0;51916 0,89 0,89 0,89 0,89 0,89
10 1,5229  0,75407 0,21 0,21

11  0;77342 1.,152 0,00

12 2,0478 14416 0,79 0,79 0,79 0,79

13 2,7265 0,40888 0,38 0,38

14  0,75612 2,8267 0,00

15 2,3304 28998 0,36 0,36

16 1,2342  0,88662 0,00
17 2;,5920 1,0757 0,00

18 0;16534 1,8077 1,00 1,00 1,00 1,00 1,00
19 0,34112 0,041409 1,00 1,00 1,00 1,00 1,00
20 2,0490 1,0385 0,49 0,49 0,49

fa(x)= x3+x3 cosl&; cosl&,! min,x; 2[ L;1]j =1;2
OARdTANE i381ad 3 (B6ie6ey Dicaiasiea)
f3(x) =100(x2 x2)2+(1 x1)?! min, x; 2 [ 5;10] X, 2 [0; 15]
Oarnoiané iaeiad 4 (66iésey Camel)
1 .

fax)= 4 21x2+ éx‘l‘ X2+ X Xo +4x3(x3  1)! min,x;2[ 22, x22 [ 1;1]
O°ﬁoAéO i0eiad 5

f5(X) = cosxycosxpe *1 ) (2 )*1 min, x; 2 [ 10,10} =1;2
Oarfiotane ideiad 6
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(@) (@) (@) (@)
pefi. 2. 1asanioe aticesinoe oanoialé 06iesee 2 (S, = 0;229 ide daciid cia+aieys iadaiaoda:
(2) C = 20; (4) 40; (3) 60; (8) 80

(@) (@) (@) (@)
Pefi. 3. Taganoe alicesiioe 0anoia
(2) C = 20; (4) 40; (3) 60; (&) 99

16 66i66ee 3 (S, = 0;649) ide BACINB cia+Aieyd iadaIadda:

(@) (@) (@) (@)
Pefi. 4. Taganoe alicesiioe 0anoia
(2) C = 20; (4) 60; (a) 80; (&) 99

16 66iesee 4 (S, = 0;334) ide aciid cia+Aieys 1adaiaosa:

!
sin(p X2+ x3+1)%2 05
(1+0;001(x% + x3))2

Oanoiade iaeiad 7

fo(x) =035+

min, x; 2 [ 4,4} ] =1;2

_ X2 : Al =1 -
fo(x —xfm. min, x; 2 [ 44],j =1;2
Oafotané iseias 8
fg(X) =sin xix2 ! min, x; 2 [ 66],) =1;2
O

afiofadé 19eiad 9
fo(x) =3(1 xg)%e Xt 02*D® 10(G2x; x} x3)e I ¥ e D31 min, x; 2 [ 44],
2.

I
=
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(@) (@) €y €y
Pef. 5. 1asanoe AliGesiRoe 0AN0TATé 66/e6ee 5 ( St = 0;008) id3e BACIB cla+aieyd iadaiaosda:
(3) C = 20; (&) 40; (a) 80; (&) 99

@) @) @) (@)
Deéfi. 6. Taganoe atioééinoe 0anoiaié 6oiesee 6 ( Sy, = 0;250) ide dacilo cia+aieyd 1adaidoda
(2) C = 20: (&) 40: (&) 80; (&) 99
@) @) @) (@)
pen. 7. Taganoe adivesinioe oanoiaié ooiesee 7 (- Sg, = 0;075) idé dagilo gia+aieyd 1adaiaoda
(2) C = 20: (&) 40: (&) 60: (&) 80
Oanoiané iseiad 10
fi0(X) = X3x3+sinx; Injxj+10! min, x; 2 [ 88],j =1;2
N Anp. . 9720
Caéép+aiea
N i6eiaiaiedl ivdacadadiné an-eneeodeuiié oaasiieiaee aic ileeil idfecaiaeol fa-
gaéoep efiielicéaito ioe iladeediaaiee 66iéoeliaeuinsd caa efieiifioaé i 6aelp ao-
Alda Alead 0aiailo aey 1nedadpuddl Tioeieécadeliilal aiaé éca. Aeéy caaa+ idaieu-
ped BAciAdiioAs 0AGITETASY TicATeyad ANTEIeo0 A8caBRe  AGRD YilaBaR0Aé Ali6aETHOe-
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@) @) &) &)
beri. 8. 1aéanioe alidééinoe oanoiaié doiéoee 8 (- St, = 0;219) 16é dacitd ¢ia+aieyd iadaiaoda:
@) C = 20 (&) 40; (a) 80; (3) 99
@) @) @) @)
beri. 9. 1aéanioe adi6ééinoe oanoiaié ooiéoee 9 (- St, = 0;080) 16€ dacitd ¢ia+aieyd iadaiaoda:
@) C = 20 (4) 40: (a) 80: (&) 99
@) @) @) @)

i3a0i6eeifoe:. Asaideol Iieedd 400U 63467 Safiadaceasal. D AATOMITATAIAOU iBAAET-

ce&iilal Masiaa efifieaataaia ia 6yad 0AROTANG & 1TAA6UI06 ca  Aa+. 186+AiT04 BAC6EU-
0A00 ~ERBAITN0 VeRiABeIAIoNa TcaTeyhO 1AAAYOUAY fa filcad (84 MATAT Al+-eReeoasi-
fial eifiod61aioa, 1TEACTAT 08 dAvAiee idac0e+AMeed caad  + & dacee+ind fas+ii-
0AGIe+-AMeed T48aM0aé
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linéaa, Ad+eneeodéuiné 6aiod PAI
bafifiacdeaadony eciaidiea i ool oi+ilfioe aidiéfieiace e 6noié+eaial iéaeaoilar

idAanoaacaiey 618i0  aacialal feaedoa. Yolo isloann itade €806a0fy foedaiedl 5aaad
Tiddadeaiitie iadaie e8eand. 16e yoii aacialé neagao ileedo dacaaeeoudy fa ianéieu-
& fiayciad éfiiniaio. Mitoliinou & iAidadtaiinou ecidid iey ilcaiéypo danfiaode-
aaol 1adaiaode+anéia naiaénoal aaciatd néaeaoia e nodieouiafigoadeddaidp adaie+ii-
fiéaeaoiop ifaaeu 61610, fiefitaapudp naiéfoaa ddaieod ide 6 acito fodiaiyd adoaee-
caoee. Agy aiaééca faiénoa 6ioia, idiyaeypuediy ide dacée+ {00 cia+aieyd oi+iinoe,
enifélcoaony iadaiaooe+anéeé aanéoeiois, idaancaaeypue é fiaié ifieeanioal addeei
ali6éend 6aeia adaieou aidieneiedopudé 1auaéo iiaioaie uiié 6€a6ada fi Tidaaaeai-
ilé T6aiéié cia+eiinoe. A 8aaiod iddanoaacsail iatanaied ae aioeoia at-eneaiey Toaiié
cia-eiiioé adidéens fiadiiinoaé aey ned+ada iadogdiey na  yciiioé dagiaial néaeaoa e
enneaacaony aiciteiinol enitéluciaaiey 1adaiaode+anéiai  aanédeioida aey dacee+ilo
oeiia fadogaiey nayciinoe

Skeleton base connectivity and parametric shape descriptor

K.V. Zhukova and I. A. Reyer
Dorodnicyn Computing Centre of RAS, Moscow, Russia

A skeleton base connectivity is described. A skeleton bass ia stable shape representation
constructed with the use of a polygonal gure approximating the shape. The change of a
skeleton base with the growth of the approximation accuracyvalue is modeled by erasing of
edges of the skeleton by pairs of curves. The composition anlibcation of erasing curves is
de ned by the boundary elements generating an edge, a certai subset of convex boundary
vertices, and the accuracy value. A skeleton markup is a setfgoints of skeleton corresponding
to essential changes of the skeleton base's structure. A dk¢on markup de nes a marked
skeleton, in which every edge is erased by a unique pair mowinin one direction. A skeleton
markup may have points where the skeleton base's connectiyi changes. Monotonic and
continuous change of a skeleton base allows one to examineetifiamily of skeleton bases and to
construct a variously detailed boundary-skeleton shape mdel. An analysis of this family allows
one to calculate signi cance estimations for curvature fetures generated by convex vertices of
the polygon's boundary. The set of convex vertices with thei signi cance estimations is used
as a shape descriptor. In the paper, a generalization of therpcedure of curvature features
signi cance estimation for the cases of changes of skeletdmase's connectivity is proposed.

Keywords : shape analysis; skeletal shape representation; skeletoask; parametric shape

descriptor

Da&ioa adieidia i oeiainiaié naaddeeéd DOOE, 1614800 «» 11-07-00462 & 14-07-00736.
lageiiia 1a6+aied & aiageg &aiing, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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6 i0é “-anonoeidé eésca aey P. Oi+ée, a éloid0s floadonodas-
buéé iaéneiaéuité ionoté éaoa  CO éanadony adaieol 064080, dacaéaapo adaiedo ia
0d8adiaiot Py;P,;:::; Py, n> 2, a dadéont éddaac, ididiayuea ~adac yoe oi+-ée, dacae-
aaho 1686eeiifol e568a C 1a 4688 Li; L, i1 L, (38R.1).
livdadeaiea 6 [aéneiaeniné "-anonoeiié és6a C iachaadony aaciali e06al aey
iifaiéaieaiié 6eaood P, anéegi;j :i6j;16 i6 n;16 j 6 n oaéea, +oiH(P;;L;) > "
e H(Pj;Lj) > "

Tivdadediead 7. Aaciali Reaeaoll  Spase(P;") iilai6aIeNITé 628600 P iacGaaaony
ifleeanioal 0aiodia anao aaciatd ésoaia 6eaodi
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pef. 2. Noedaied éseadie 5aada: (a) ildleeadiiial
1 i adaieod

|
é e fa il 46aieod; (a) iidleeddiiial 1adié
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banfiiodel y.eadaelité; ned+aé, éidaa a dagiall néaeaoa iao oi+aé iadogaiey fayc-
iifoé e foedaied cacai~eaadony a 6aiodaeliié oi+éa (def. 5). Caidoei, +oi altivéeta
aaowgeil asaiedd yaeypony oddieiaéuitie aadeeiaie nédeadoa 6edoad, iyolio aaeaa
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bailée ciazeiinoe  4éy 0adieiadiins aao-
it Tiefaoy, 1d  1a3ay aiaeiaep i Aloda-
aifadai 4iit 10Ad00po 44a6i0. A
a (0.4. & Aaaddoweiad neaedoa noaiaie
ifoaiaae eaadony & anataado ec aniee,
T0A80M0A0PUAE efibiaiié oadieiasi-
ot i . paine
i0aailaaied éiaaa ana inoaageany aaao-
Eiee+anoal 4daoita, 41 adadgeodny &l oaiodaéiiné
il Ae&eaoin a daoa.
644 olviae Uit. Aaeaadiny 10 0ao-
caimeiay cia+a ied oi+ilfioe a addweia.
aan (il iaidaded  iep noesaiey) 6aada ia ya-
8, o1 I816aMA oA adeeaadony & yoi cia+aied
éa+4&noaa 16 aiee cia+eiifioe. Oaéei 1a-
dieiaguind a adwei idivann ad+eneaiey
Efdlayied  6dasa Tiddadeypo aaéu-
i,iféai  &1éasediny a oaiodagiiné
+iifiog 4 8 € a404do iaéfneiasgiil & a6-
400 aiioténel  eoiaaci ffloadonoascpuea

M(p,)={r,,9,,9,}
M(p,)={P,,9,}
M(p,)={P,,9,, 9}
M(p,)={r,.a}
M(p)={r..9,9%,9,,9,,9,}
M(p)={Pr,9,}
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oi+ée ia+éiaaony
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fi 30+, |08 -84
fioe & 534dt noedadony 1adaaiéaie a idioealiieieilo iaidade  aieyd. Ciatdied " a oi+éa
sanaiey 6aal ileiasia sanfolyiey 10 ol-e¢  f af AAAIAI0A 40aie60, Tida46yPUAAT Al-
dieeadiiop 1adaaieo.

[adogaied fayciifioé e 0diodaéuita oi+ée A feo+ad, anée ia 63464 anou 6ai-
odaéuiay oi+éa, of aicileeill 00e dadeéaioa foedaiey dddda: 4a & 1adl €deand foedapo
93401 10 é1i0aalo oi+aé é vaiodaeuiié oi+éa (daéay oi+éa a [l 0] iacaaia 6aiodaeuiié oi+-
éé | 0eTa); 434 1ad0 édealo noedapo daadi 10 6aiodaéuiié o+ ée é élivdani of+éai
jadogdiedi nayciinoe (6aiodaeuiay oi+éa Il 0éia); 6aadi o  edaaoiy a iaiil iaidaacaiee
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peéfi. 12. ad6gdied nayciinoe a addgeid feaeaoa
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fitfioieo ec addwei féaeaoa 1ops a yaeyaony
cia+-aied oi+iif : aadpei néasa-
oaiop, ai ¢ i ofy a ( po)
a jaidaasaieé P, Yaéyaony
cia+aiea of+if
161,27 5,35
x"’
6,40
S S —— £
5,78
187,17
5,98 163,48
=
120,02
8,53
8,28 8,02
X
5,87
8,32 8,35
ki.
10,41 130,27 163,48 6.49
pefi. 15. 16aiée cia=eiifioe MTadiiifiodé 618i. Daciadd 62aod: (3) 462 309 (4) 495 495 (4)
376 371 (3) 442 445
[a aen. 15 idaanoadcai 0acoeiinad 6aaion agaideoia iioatai ey aanéaeioida fi ad+ef-
gaiitie cia+aieyie 16aiié cia+eiifioe Tiiaaiiiioaé ddaied
Adaiad
A 3aaioa Tienain aiciieeila feddasee iadogaiey nayciiioe a2 ciaiail neaeaoa e 1daa-
fioaaéadil 1alauaiea aeaideocia ad+eneadiey iadaiaode+anéia 1 aanédeioida 61di0 aey
0aéed ned+ada. liéacaii, ~0i 4 dyaa ned+ada id0e aiélwged cia+ aieéyd oi+iifioe ileeil
meo+eou adaié+ii-néaeaoita itaaee 61dia, a é1010006 Tidaa a&iilio 600adidioo asaie-
00 ia Afiifioaaéail ie 1ailal dacialal ésdaa i anoiéneieddp uaé yoio 68adiaio aoaié
Téddeeiifioe. Oaéel 1adachi, ia+eiay fi iaéioidial cia+aiey o +itAoe, ifed+aiitd iiaa-
ée 61810 11ado, aliaua aiaidy, ia atnou éiddaéoitie. Aiageg & acia+aiial neaeaoiian
adada aado aiciieeiinol cadaiad Tiddadeeot, aicieéiao ee oa éay neodavey. Aldin alai-
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da aiionoeilal aéaiaciia cia+aieé oi+iiioe e ffloadaonioasp UAAT iaaida iiadeaé o61oi
a éliédaoiié caaa+a fnoadory ia onifodaied enneaaiaacaey
A\ O \ N\ 7 Y
Eedadandoa

[1] Rosin P.L. Multiscale representation and matching of curves using cashs // CVGIP: Graphical
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Efféaa6aony cada+a faiadosediey 4aeae0uadiny ae6i+iial ifa 00¢+eea ia ae4aal ide ia-
ge+ee 1Mao, a éioidié ool odaaedeliiial Atiinoaaéal &y éléaelito aaneseioisia
(SURF, SIFT, FAST, ORB) i dificaodi+ia. Iddaeieedi iadé agaid €0l, ia 1asafn yoaia
81016141 ia éaada anadéypony adeaeduedny 1atdéod, 1ineéad +aa 1ia 1adaaiaé ~anoe 1anae-
04 iadiaeony iodiveaciiay 1aeanou aeé & 406ca. ia aoidn yo  aid adadéypony éiiosad,
caodi i imiulp iid6ieTae+anéed iddiadaciaaieé ad+eneypo fiy yeaidioasioa aanao-
de+anéed ideciaée 1audéoa. fieacail, +of 0agié 1asia iica 16yao ia 7% e 50% itiéceol
aaoiyoiiioe éieeiié odaaiae e ialionéa ntatoey, fiiodaornoa  aiil, 16e aaodéoediaaiée
TONOTAT TTad0c+eéa 11 Ndaaidiep i 1aoiall FAST, yaéyaony on oié+eadi é aaaeoeaino
20106, a 1adadioéa iaiial eaada ioiefdiaed a fndaaiai ia 30 i a 0fodaa.

Eep+4a0a fnelaa : Taiadosedied 1a0&éoia ia aeadl; cagoiédiiay nddaa; motion
history image; i106iéiaey

A noise-resistant morphological algorithm of video-based
moving forklift truck detection

V. O. Chernousov, A.V. Savchenko
National Research University Higher School of Economics, Mscow, Russian Federation

Background : The problem of video-based detection of the moving forklif truck is explored.
It is shown that the detection quality of the state-of-the-art local descriptors (SURF, SIFT,
FAST, ORB) is not satisfactory if the resolution is low and th e lighting is changed dramatically.
Methods : In this paper, it is proposed to use a simple mathematical mgphological algorithm
to detect the presence of a cargo on the forklift truck. At rst, the movement direction is
estimated by the updating motion history image method and the front part of the moving
object is obtained. Next, contours are detected and binary norphological operations in front
of the moving object are used to estimate simple geometric &ures of empty forklift.

Results : The authors' experimental study shows that the best resuls are achieved if the
bounding rectangles of empty forklift contours are used as & object validation rule. Namely,
FAR and FRR of empty cargo detection is 7% and 50% lower than FAR and FRR of the FAST
descriptor. The proposed method is much more resistant to tie e ect of additive noise. The
average frame processing time for the morphological algdtim is 5 ms (compare with 35 ms
of FAST method).

Concluding Remarks : The proposed morphological method is task speci ¢ and can & used
only for forklift truck detection. Additional detection pr inciples need to be added to adopt
algorithm for other moving object detection in noisy environment.

Keywords : video-based object detection; noisy environment; motion istory image; binary
morphology

baaioa adiiéidia ¢a fi+ao fnodanoa ddaioa Dififieénéial iad+it ai ofiaa (167aéo «14-41-00039).

lageiila 1ao+aied & aiagec &aiins, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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FOAAIT0I 4A8ee0UeiRy TAUAGON 1A ACAAT;
3) AGUATOAGPO 4Aa 08T TABGC+EaTa: AGET+I0é & f Taiel aseii (i BARON A6y 430cA.
ifoaasaiiay caaa+a odaacoeliil 530adony Aol fMefiea @  8p+3a08 of+4é (Asai-
3801 1) ia eamall eciadamaiee aeadiilieaaiaa0asuiinoe & A5 AAIAIeal &6 &16asiins
48M85RI0151A fi efefitl eciadasediedl (SIFT [1], SURF [2]). A  Afi0é i&ofa Tadacoia-
4380 OROTE+ATHOU SRENTAT 1aU8e0a @ A00RII01 Id&TAdactaa  ieyi, jaiaél, efdiay ec
MA4INOAE caaa+e, 448 TAG6C-e6 AAeaedOfy OT6UAT A 046 ale 0 & 180, fdaaidied
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(2) 16701 a8&i+i0é 1580c+ee () liadoe+ee fi a86¢T

Den. 1. 16eiad0 eciadamedieé 4308808306

aaneseioidia iolecaiaeony oleéuél i 6+aofi aideciioaguiié eée addoeéaslilé 16eaioa-
oéé 1atdéoa (a 66ieveé Compare). O aaiilal agaideoia eidpoii v fedaopued 1adaidodi
M, éiee+anoai ffaiaaaieé aanéoeioioia yoaeiiiial e iaéaaii Tal ia aeaai 1auaéoia,
ioe éioial yoe Tauaéod ideciapofy eaaioe+idie; M; T1i6id éiee+anoaa éaasia ae-
aai (a4 % 10 1auadai +~eféa), ia €101000 aleaedi 400U Taiaddaedi 14  0AE0, ide alfoéaediee
glotofar i fi+-eoadofny iaéaaiill ia aéaar, N; élee+anoal éaadia f 1aiaddeediiti
aaeéaebueiny tauaeol; N, élée+anoal éaadia, ia éiolold ate 1aiaddeedi enénideé
4G40 & 1616aMNA 6aaio0 agaisecia. Ovievey Area 1048+a80 ca dafi+40 i€llaae iadaaai-
ilé &é 1aeanoe. E fiseacaiep, oi+iiol yoial iadiaa (aeaioe o1 1) Aduanioadiil caaeneo
10 éa+anocaa aodiaiial aeaadineaiaea. liyoiid 6eed iddiéugeéd i 1idde 11ado ¢ia+eoadedii
000ageol oi+iinol dafiiciagaiey

Aey Tfalgaiey éa+anoaa faiadoaediey ia cagdiediiis aaiitd a fafiolyuaé daai-
04 10daeieedil 6+e00aaou Niaceoeés cada+e aey dacdadioée iaiaa oieadonasuiiar, i
41684 O1+i1al aeaideoia. Efielcoaony eididiacey 1 igigia élil dacidoda 1Masoc+e-
éa fToiifiecaslil daciada éaada (aleliga iéiaeit) iéfuaau o aézed dann+eotaadony
06iévedé Area, 14 10fdof0aee a06ded Tauaéoia ifataiial dac iada e aaiida 7 ofi, +of
i1d006c+eé adeaeaoiy ia aeaal dioeciioaglil eee aadoeéaeuil eegl i idaieligeie 108&1-
jaieyie. Id6daeiaediiié agaideoi (agaideoi 2) iifoieo eg aao 0 +anoaé. A iddaié ~anoe
iglecaiaeony Tioaadeadied iace+ey aaeseduddiny 1aldéoa & ja i0adeaiey aal aséaediey
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1iTAOU éaadia fX(t)g, t = 1, T, eciadasedied i6nold aeé Xy,
1814 Afaiaadieé aaneseioidia My, [i61a éiee+an agla i i
fauaéoti ia aeaai
Result : True afnée i6fioda aeed iaéaait, False
1 kpts_ trn := DetectAndCalc( X, ); // Tiefié éép+aand oi+aé e dan+ao ed
aanéseioioia aey Xy
2 N :=0, N¢ :=0;
4 /1 i51addéa 1aéanoe aaesediey ia fifoaacnoaea iéieiaguiiio daciadd a 0.5
éadoa
if Area(frame_moving_region)> 0:5 Area(frame) then

N¢ := N; +1; kpts_t := DetectAndCalc(t); // Tiefié éép+aald oi+aé e dan+ao
&0 aanéaeioidia agy t

7 match := Compare(kpts_t; kpts_trn); // dafifi~eoaadl éiee+anoal fitaiaaapued
aanéoseioisia

8 if match> M g then

‘ Nmatch ‘= Nmaten +1;

10 end

11 end

12 end

13 if (Nmatch :Nf) >M then
1 | return True;

15 else

16 | return False;

17 end

[a aeaar: iineaajaaoaelit eadueé éaas X (t) noaaieaadony f idaadaocuel Xpg 18014l
MHI (i6eidiyaofy aaaioeaiia 1aiaiala ioaiadaciaaied 1ao an Aaofina, aad ioiatard
ciaraiea T(x;y) anolu acaagaiiay fidiia blocksize blocksizeiédanoiinoe 1eénaey (x;y)
C)(8ei. 4, a) [8]. Caoadi aey Taiaddeaeadiiié aaésedudény 1aeano e nodieony 1adaie+-eaapueé
idyitoaietieé. Caiaoel, +of aéy odaaeoeliiial acaideoia, Thifaaiiial ia ienéa éep-
~2305 0-8¢ & fdAAAiee &b AARESEIDISNA, caaa+a Taladomaiey aadeeaiey ia VASYAORY
iataoiaeiié, 1iéietés il ileedd atol ecaea+ail ec iaodeol a6oeiilal i6atadaciaa-
&y, leo-aaiié aReaanoaa 6a4lon asaideoia RANSAC [9]

2 201871 yoaia atieiypofy Tladacee Taiadoeeaiey &lio6sia 4 18084146 ~anoe Tafa-
doaediiial adesedudainy tauaéoa (éioidté ane foia+ai 1adaie +eaapuei ioyiioaiedie-
&ll) A Miudp Tiasacida Byiie [12] (3&R. 4, 4). iHea yoial fi 0BIOfy Tadaie-+eaapled
idyifoaielieée aey aieluged éiioodia (daciad Tiddaaeyaony endiay éc daciada éaada
& faéaaiiié ia iai adéseduaény 1acanoe, ~01ad 1ofayou éliodd (1 11ad), fidaae éioidio
caoadl atdedaaory iada idyii6aielnieéia ive iiue Tidaadea ii00 eseoaseda ndaaia-
jey. Tie eeanieoesedopony daeé 1adaie+eaapued isyiioaleii eéé 10no0o aeé imaooc+e-
éa (oen. 4,a)

A&aideoi 0884680 6fioaitaée nedacpued 1adaiaodia: oei 6eel odadee, eniéucoaineé
i0é iddaaadeoaeiiié T1adadioea eciadaseaiey e daciadiinol y ada yoial 6eeloda; ieie-
iaéuiné daciad aaésedlddiny nadidioa éaada ia aeaal (i onel  aeyi oadieé+anéial casa-
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Data : life&41aa0a8uiiRou eaadia fX ()g, t= LT
iagaai

Result : True anee 16noda aéen iaéaain, False eia+a
1 Xpg = X (1); /I N+@0adi fiaité iadaneé eaad oiitaai
2 rectangles := Q object_found := False, contours := 0;
s fort=2;:::;T do
4 Xeur = X (1) Xpg;
5 Filter( X cur);
6 /[ideldiyal aaaioeaiia iioiaiaia iddiadaciaaied é Xeur;
7 Xg := ToGrayscale(X cyr);
8 Filter (Xg);
9 UpdateMotionHistory(X ); //iaifaéyai efioioep aaeaedieé eciadasedied Xg;
10 bound_rect = BoundingBox(X,); // €udi éiio60 aaeseduddiny fieedyoa & fodiei
aal 1adaie~eaapueé iayiivaienieé
11 /] id1addéa 1aeanoe aaésediey ia filioadonoaead iéieiaéuilio daciado
12 if Area(bound rect) > 0:5 Area(frame) then
13 DetectMoveDirection(X 4; X g); contours := Canny(X); //éudi afiddiciiseita
éli0080 & aaéaebudény Taéanoe
14 MorphClosure(X 4; rect; contours), //adiiéiyai iiooieiae+anéia caidéaiea
élioodia i isyiieaieniti yeaiaioi
15 for each cont in contoursdo
16 /I daciad éliodda aiéaedi aliol alelga Tidaaaéaiiial 1oiaa
17 if Size(cont)> threshold then
18 rect := BoundingBox(cont);
19 if motion:isHorizontal AND rect:width >
rect:height OR motion:isVertical AND rect:width < rect:height then
20 \ rectangles+ = BoundingBox(cont);
21 end
22 end
23 end
24 /lidiecaiaei adaioéo iadaie+~eadapued idyitoaiénieéia i ¢ aaaiiai
&0e0a0eyi
25 if 8i 2f1;::;59C; = true then
26 | object_found := True;
27 end
28 end
29 Xpg = X (t);
30 end
31 if object found then
32 | return True;
33 else
s | return False;
35 end
Algorithm 2: 16eioei daaiod iiodietae+anéial aéaioeoia
ey & 14idd i1eé1aeil éaada). Oadeed 0084040NY A0A0A0U €080 Adee 1041da 1adaie+eaa-
pbued idyitoaielieéia, éioidna idiaadypony ia cadadgapuai yoaia daaiol aeaideois
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@) (@) @) (@) (@)

Peén. 3. Eaeoadee 104ida 1adaie+eaapued idyiioaienieéia: (a) Width > W ; AND Height > H ;;
(d)Distance(Rectl; Rect2) < D ; (8)jArea(Rectl) Area(Rect2)j < A; (A)R, < jRectlix Rect2xj <
R1; (&) jwidthl  Width2j <W

(2) Pacoeioas ad-edaiey 4a6s  (4) 11a06c+eé fi a86¢H
1641220860106 6a4d1a

(a) Baad A 11a06c-een iifed

AAAAAAAAAAAAA "
Taiasoeaiiie aceaie (iNa-
+8i0 A860ie TayiToaTeUeea-

i)

idyii6aietieéa aleseia alou alelgd W, = const & H, = const, fili04a0R0AAiiT;
iaéneéiaeuiia dannoilyiea iaaead iayiidaieuieéaie (aeed fa i 1800 adou dafnfoaaeail
ficegéil gediél) ia aleliga oeénediaaiiié aace+eil D = const; (C3) 1aéneiaéuiay
daciiiol iéfuaadé isyiioaielieéia (iMidaaéa ia idaieugia f0ééliaied aee 1o aioe-
clicaelitai/aadoeaeuiial daniieieediey) aiéseia atou iai Ugd A = const, (C,) iaé-
fieiaguiia e ieiéiaénita Toééliaiead dariieieeaiey 1M Myl (& acieda a oaaiiiéisediee
aao0ieé0 eaand oaeia 1 e X 1de dideciioaeuill aaeaediee é iie Y i8¢ aadoeéaei-
il Aaeacdiee) iadiaeony a aeaiaciia iasead +eénéaie R; = const € R, = const, (Cs)
iaéfnéiaeuiay oaciiioll aeéi iailgd W = const (ilidadéa ia idaiélugié i1aioio eeal
+afoe+ila aliaadied aée ec éaada)
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Dacoelioaol yéniaoeiaioaeuito enfnedaiaaieé

iTi66y3108 0&6H065104 a841de0i0 (SURF, SIFT, ORB & FAST), & 036 id448ieal-
06 id0ieTae-afeeé asaioeo alee dAaseciaall a idlofoeia i51a0aIITAT idTa680a
Taiadoesaiey acel-lal Mad0c-6ea fa AGadl aey i51ARAAIeY i OAATROABUNAT yériase-
1804, Aey daasecasee efiileliciaasani 46asel0déa OpenCV 24 [13]. ia adia i31adaiia
T42807Y [A4T0 ACAATAAING, 6101006 cadAl T4024a00AA80RY  EpAlie & 6RACAIND A8Al-
3e0i1a 1T 204136 TT8iicTaa088Y, iTHed +AAT AcoRU0A0N Baald 0 i31AdAI0 A0ATAYORY A
6ace eae TAIABAAN0AAIT 1A yedal. AaSAaa0eY BACOEU0A0TA A BTOARRA 5aATO0 a8aIsediia
iSTecaiacony 0aaeni a8y easealal aeaal. Eoialaay 104i6a &  A+Af0aa 0AAI00 aeaideoiTa
1i53488ypofy &c Teacaodsaé FRR & FAR jaiadoeediey iofotal i 1486c+esa. Adoasoesi-
aaiea iB1aTae0ny 1AcaASRelT 48y eaceaial caada. 158 T64i6a 4  AdIAT Taiaddeeaiey (true
detection) 1404804 A6y OABROOGIN6 A8ATBEOITA 4AA0A0RY 15T 4 elee+An0Aa SaASIAM, if
fofiodiep & Taudio elee+an0as eaadia Acadl (Asaioedl 1). Ae  y 11d0TeTae+-ARETAT as-
Aleoia 0AsTé 11514 1A efifelic6AORy Afee 1aUAed A T4iad6  eeai loy Al ia fafi
6a4d3, Tf fi-20AROMY I5eRG6OR0AGPUSI ia Aeadl
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Cia+aiey SURF SIFT ORB FAST
11614 Afaiaadieé aaneoeioista M, 25 19 40 30
614 éaadia i 1aiadoaeaiiti 1aiaéol My, % 1 2 20 5
FRR, % 0 65 87 75
FAR, % 64 53 0 13
Adaiy 1adaaioée éaasa, in 751 1888 355 445

25}. lioeiadiid cia~&ied 113142 M. SURF 1%, SIFT 2%, ORB 2%, FAST 5%.
Pafifiiod&ii04 cia+aiey iidida: SURF {0.5%, 1%, 2%}, SIFT {1 %, 2%, 4%}, ORB {10%,
20%, 25%}, FAST {1%, 5%, 7%). i5e Ti0Siagiiias cia~aieyd iada 1808714 a0ée ife6+aid
3ACOBI0AON, 1DAMN0AAEAITNA & 0248, 1.

Eaé aeai, cia+&iey FRR & FAR A&8eee aamd id¢ Tioeiasui i 4168 ciasdiee
12821408714, YOI & 140a6p 1+46340 AAycal fi 0&l, +0f I6A00& A¢ &0 1A A0ASAING Aeadl
i5acoe+afee 18 A0AA6YPORY ec OTia (8c-ca fdieaé 6adoIalé fa AOLAITHO). T+&Adar,
i6caTa Ba+&n0AT Taiadoeeaiey & Al+efeeoasiiay YOORGORANT Ol 0BaaoNAT TAsHA
18 yasypony 6a1a880a1580480I0I8 46y 44T iBacOS-ANETAT 158  1A1&ieY.

A7 201576 +anioe Yeniadeidioa idioanoesiaaia dasecasey It doieiae-aneiat aai5eo-
1a fa 8a+&R0AT Talad6eediey. AGea alyAsaia cadefielinol of+i  1Hoe aeaisedia 10 ofeTaseé
104784 1adaie+eaapues idyoaIsUIeEIA A6y &10651A 486, A (8e 3aRAINOBAI0 AEaas-
bued cia+&iey 1adaiaodia: 0i 0esl0datee i544AABC04EINE  1adadioee 1Aasaliay,
5a07ATAd, 1611106 0e8U0d & fdiaseciaaliné 1éliiné 0eeuod [9, 15]; Baciadn yasa
6e6U0da 10 1 &1 9; ieieiadiité daciad aaeaeoudény 1adanoe 62 4da 0,3 & 0,5. Yéfia-
3RIAI0AGNI 406e Ti5A4A64I0 cia+aiey 1adaia0a1a, ide &iof 306 26415801 18ac0aado
jasaielgop o+iAoU Taiad6aaiey 58 1aeciaiins ede0ddeyd  104ida idyitoaisuiesia:
1848ai1ay 06810536y 4 1854M0NMA0E 5 5,168 3ACIAd4 4Acee00A6RY Ta6afioe 4 0,5 8a4da
[a086+088 6a+AM0AT 430880851aa1ey 4087 TEG+AIT 48y HBAA0 bued cia+aieé 1adaido-
514 658045844 104182 iBYIT6AIEIIREIA:  H, = 150 (46eid), W, = 35 (gedeia), D = 150,
A = 1500, R; = 150;R, = 80, W = 20. A 88c0600a04 i31adaaiey yeriaoeidioa a0ét a0-
yasail, ~of afa 1acaaiiia 6080A5ee, ca efdep-Aiedl 1aefidia &ufié daciifioe isluaaaé
iayiioaTenieaa, ide dlaaacdiee &0 eaé ORETAcé A IBTOARR 10 416 AGUAROAAIN Tie-
aeapd FRR i1eféa i6f006 Aee, el fAcia+e0a6uil iTAlgay cias  Aie& FAR. [adidiigda
FRR 16% &5% FAR &ifi0eaad0fy ide Ataianoi efifeiciaaiee  iyoe ede0aseia. Eai-
14 ofal, 5acsaaioaiiné asaioed) T+ail A0R0ST 145242004280  GAwAlé 6aad  Tloyaea
51, +07 iTGATEYA0 1186+a00 BACOBI0A0N A BAAGUI ASAIAIe.  CaAeneiifon 1doeiae-
-&fieTaT asaioeoia 10 658045844 104104 Tadaie+eaabued idyi  T0ATeliesTa &i0651A ade
i534M0a4641a A 0348, 2.

A 0580046 +afioe Yefiadeiioa idTalacony 0anoesiadied 4adciaaliins asaideoiia ia
6fOTE+2ATR0I @ pGial dacee+Tal oeia. AR&al daffiaodeaast AU ode o&ia MAas, yasy-
buedfy oeie+itie A6y 6R&Iaeé TMOAABAITNE caaa+e: A44e08a 106 A&E0é AAGAMA @0,
AEG+A6I06 SITOBURINE PO & +afde+14 HAR0BAICA/CA0AITAI &4 eaada. Oad, &iiceunind
Mase 11460 alciecadct 10 0edeR0IBING dAAGEYOISIA & 8ali &I AAMAT AAA0A e ec-ca of-
814 jedaiey 6foBIER0A, 6+af0achues A 1ada4i0ed fediasa (HeIBaIII0a A fdoup NAGe).
A&E06 AAGRMA @01 iTeedo ATCIeAdU 158 161686 6NEIAeys I58al  a Rediasa fi 6aiad0. ia-
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Oadeeda 2. Caaefeiiiol oi+iifioe 11o6ielae+anéial agaidedia 10 édeoa deda idfadoée
laéneiaeaiia N A AN g
2. saaxas lEICIAEUIARY  eme £ a8 AR A AR AL A S laéfeiaéliay
Edecadee .. .. . . Daciiiol  oaaéaiea laéneiaéliay .. ...
A% XA aeeia e ge- . 7. .o, : s XA daciinou
idlaacée IéTuada aooa i0 gedeid o x
oéia v x 2 xn aéei
aooaa
FRR, % 0 0 [as) 118 163
FAR, % 789 789 341 155 5
Adaiy
iadaaioée 4;8 4.9 4.9 51 52
€adoa, in
F+
I = [] ’7
‘D O o O n

daiaal faauaiey oeie~il 16é aaesediee iT iadaailiasii ifiaa uaiiai imanaieyi eée
éidaa efoi+ieée nadoa daniiéiaedil fa ia iMoleéa, a ia foaiad e faauapo imavaiea ita
dagitie 6asaie. Agy iied+aiey daoniiaa goia aaiadesdaony i 1diaglii-danidaadéaiiay
fie6+-aéiay adee+eia i i6eaali noadaiel e iaoaiaiiié aeniaone aé (jadaiaod, 6adaéoa-
decopueé 6d1aadil goia), idedadeypuayny & éameaiio ieéhadep é  asedldl éadda, caodi
ciaraied eofaialal 1eénaey onoaiaaeeaadony a ivaadéad [0, ..., 255]. Caaefneiiiou éa+a-
ficda danfiiaodeaaaitd agaioeoiia (cia+aiey FRR & FAR) 10 aéfi iaofnee goéia iiéacaia
ia oefi. 5e 6.

l6e efiiiéliciaaiee féo+aéiial eiioéufilal goia (6éf. 11), 6 eénessdaony 1aei +ef-
élaié iadaiaod éiee+anoail iiaedesesoailo ieéfacaé eclao aesediey 11 1oilgaiep é
TAUAi6 +~enéo ieéndedé Taial éaada. Aacda ned+aéili 1adagt 1 adaedadony élisaeiaoa
i1420686e80ai1a1 ieefiaey & ifaia cia+aied &4l yoeinoe. Niio aaonoaaiit, ~ai aiétuga éi-
ée-anoail eciaiyaitd oi+-aé, oadi feeliad imade. Caaeneiiio U éa+afoaa adcaeoediaaiey
aedioeoiia 10 yoiai iadaiaoda iiéacaia ia 6éf. 7 (aey ¢ia+ai ey FRR) é ia 8éf. 8 (FAR)
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bef. 6. Caaefeiiiou ¢ia+aieéy FAR 10 aefniadnee aaaeoeaiiai aadéidai @ oia
o3
y |
O\O
“
&+
) I
"
Oys# O)+#, 0. O#), mWO01234
bei. 7. Caaeneiinou cia-diey FRR éieée+anoaa ieénaeaé i eréeuniai  goill
Agy didaaeadiey 1addiaaia nayuaiey ia aeaai efifeiciaagin U aefaie+anéia vaaee-
+3ied yoéinoe ieénacaé iaié ieiaeit & aa iliesediéa ia addéa  1é iélaeia éaada iz
0eénediaaiiop adee+eid (eioaineaiiiol), éioiday e fnédeeed  1adaidodii yoial gdia.
Aéiaiééa éciaidiey cia+aiéé FAR é FRR iiéacaia ia déf. 9 (FRR ) & ia 6en. 10 (FAR)
Dacoeuoaod yoial yéniadeidioa ifacaddaedaapo idadiléieedie AT alelwaé onoié+eainoe
é Tladail 16aaeieeaiiial acaideoia. Caidoel, +0oi ide +ail a Ofiiél 6aiaia @oia oi+-
iTA0U dacoaaiodaiiial aéaioeodia (aéaideoi 2) foaifaeony aé  ecéié é oi+iiioe odaaedeli-
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#5% & ()

1 e [T

|O*+o6# O*# O.9% O#- W01234]

" #$ %

L& O&) O+ 0.8 m-/01

i0e cia+eoaeind 1Madad
N AL . 9720
Caéép+aiea
A dacoeii0acd i61adadiey ennedaiaaiey ané dacoaaloai 11607 &iae+aneeé aeaiaeoi
faiaddeediey adeaeduadiny 1atdéoa ia aeaai, éioioné Taania+ eaaao ia 40% é 27% (dag-
ieda idesead ondaaidiitie cia+-aieyie FRR e FAR ( FAR + FRR =2) 04é1i060i00 aeaideo-
ifa & 116o0ieiae+anéial agéaiseoia ide Taiaddeediee 16f000 aé ) aieadad oi+ité dacoeu-
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Pacdaaloaiié 1aota, jaiast, &idao fGUANOAAITNE fAaifoad 16, oae éae af ifal
fleasadony fa aideisiop eididiaoep 1 fiAoeoesa inoaasaii ié caaase (0ACIAd aae-
6UAAIRY TA0A804, [ase+a 400485 TA0A80A 1A Ae4AT & 0. 4.). Neaaiaaoasnl, A4 faelcy
40880 T0SIATROU 48y Taiad0maiey 400486 0iia TAIA80TA 44c & [ARAey Afitéieodsnlé
siaeee 534100 A 146aieci dafiiiciaaaiey. N oi+ee ¢daiey daca  eoey Aaifié 0&il faas-
buei oadll, fa fag AcAeVA, 1iedd Moadl AaeiiAéead iTalsaied of=fifoe asaisesia
(i efifieliciaaiedl enaeiestaaiey GaRAITOBAITN6 140TATA) , & Oadeed AaT AAAIDAGEY A8y
456880 i5ac0e-AMee aami06 caads dafilciaaaiey aacaedUeshy TAI480TA & cagdisaiiié
AB&4A.

E€0ddaooda
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~ \ \ JAA \ A N O A [o] N\ A A A O \ d F\ s~ \
Onoaitaeageany daaeeil a iidaée OVieiaa
\ o O NAr A\ A N A\ s \ ~
€ aa llaeoeeaoeyo
A.E. 1aéasta 1, E.A. Adeeasyi 1, O.A. Aadgionia 1?2
beklar@cemi.rssi.ru
1OYIE PAI, lineaa, iadeiianéeeé 1a., 47; 2[EO AQY, lifeaa, 6é. Iyiieséay, 20
pafifiaodeaadony itaden Odieiaa iladadiey imoeyoee e &4 11 aédeéaveed. 1deaiayony
ilagbeéacee, a é10id00 daiaieadapony idéioidia idainoao ée iiadee Oaieiaa, naycai-
i0a i yooaéeoii aeaaee iMiéeyoee a dacoelivana aiboderioeyo  eliiio idioeaida+eé. Yoa
odia yaeyaony aaseiié aey éco+aiey, oaé éaé Malaida yaeaiey  iadépaapory éaé a aeéié
i6e814d, 0aé e a enoidee +aélad+anéié veaeeecaee. lidaaae yaony oaéeed iladed, a éiol-
oié, a 1oeé+ea 10 1fadee Oaieida e aai ilaedeéaceé, acaeiiaa €énoaead ideead aaaioaie
Tiddadéypony yiaiaaiii, o0.a. acaéiiadénoaea, iiilaaiiia fa daaéoee oeia seifioeiéos,
caiaiyaony ia acaéilaaénoea f efifélciaaiedi yeaiaioia 3uy 0eéé
Eép+8a04 félaa aadioi-16eaiediaaiiia nadeeaiaaied; iadeu Oaieiaa; ao ieda-
ied 1Mi6eyoee; 6aéoid ianoe; anneidaodey ai acaeiiioiigaie Yo

Steady regimens in Henning model and its modi cations

V.L. Makarov !, L.A. Beklaryan 1, and F. A. Belousov 1! ?2
LCEMI RAS, Moscow, Nachimovsky prospect 47;2NRU HSE, Moscow, Myasnutskaya str., 20

Background : This paper is based on work of Peter A. Henning published in kecture Notes
in Economics and Mathematical Systems in 2008. In his modelHenning explores an e ect
of death of populations owing to intrinsic causes. This subgct is interesting to study, since
such phenomena may be observed both in unexplored wilderngsand in human civilization.
Degree of survival of population depends mainly on level of ggression between agents in this
population. There are many papers on interspeci ¢ aggressin. In particular, it was considered
in one of the modi cations of well-known Sugar model. One canhighlight another paper of
S.Younger published in Journal of Arti cial Societies and Social Simulation in 2005, in which
interspeci ¢ aggression and, in particular, revenge are ao considered. Other works studying
positive interspeci c in uence may also be mentioned. For xample, there are papers where
populations with altruistic agents are considered. These gestions are studied by S. Bowles
and E. Blume.

Methods : This paper consists of two parts. The rst one is dedicated b consideration
of Henning model and its modifcations. In modi cations of the model, the authors try to
overcome some disadvantages which initial Henning model lsa In particular, such factors as
revenage and asymmetry are considered. In the second parthé same questions are considered
by using another model, construction of which di ers signi cantly from Henning model and to
a greater extent, it is similar to already mentioned Sugar malel.

Results : The main distinction of the second model from the rst one isendogeneity of behavior
rules between agents. In other words, if in Henning model andts modi cations the rules of
interaction between agents are determined randomly, in thesecond model these interaction
rules are determined based on conditions of agents and coritins of environment.

DPaaioa adiiéiaia ive 6efaifitaié iaaddeeed DOOE, 161480 12 -01-00768.
lageiiia 1a6+aied & aiageg &aiing, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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Concluding Remarks : In modications of Henning model, the factors of revenage ad
asymmetry are studied. It was shown that if these factors arenot included in the model, then
death of population is not observed. In the second part, wheg behavior between agents is
determined endogeneously, many other interesting reguléies are found.

Keywords : agent-based modeling; Henning model; population death;wenge factor; asymme-
try in relationship
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y6 Acasitadsnoasy idsead asaioaie Tidaa46yaony Ae6+aéiai 1 Adach, of Af A015T6 iTadee
yoe idaatea Ti5AAAEYPORY 1A TRITAA ATROIVIEY a3aioia & Ao  Tyiey AlAsiaé ABAAU.

TAifaiié 6a8ip Baaiol yaeyaony eRfcaalaaied 6R&tacs, ide & 101606 aashaalony
AieBaiea iTioeyOee ARBAAR0AA AIGOBSITIORYOSTINS (510  eAl0A+eé iAsead itayie
Si06e0RAf TTYOf, ~0f & fe06asee, &iaaa TiAe A Afelgaé RO  AiAle 1A8R0RAI aeeypo
4564 13 40632 AAGIONNOU ANIeSAleY iTi0ey6ee 6AABE+6AARD fy. EIOABARN iTHosIeol
0ABGp 114480, & E10I5IE al60de iTiGEy6ee Teieedasiiia & A  &a0ealid Aseyied Triaaé
4504 fa 45684 Raasaifnestaain, if ide yoii yooaed adiedaiey i Tiveyoee AoBaiyadHY.
A fidadta 240180 TMGoAseRl TTROBTE0U 0Acsp 1TAa80.

ATiBIA ai6008a4TATé aABAMMES 15AAM0AAEYAD (AIAB0E a6+ 06 &i0AGAR. Yoié 0&ia
TTRAYUAT 6380¢ 3ya 1a6+100 5a4T0. A ~anoiifioe aibodeacsiaa v aadafAey A06a caodiiooa
4 Taiié ec 11ae0e8a68é 6iNyioolé algd %:Nasasiié iadses [2 ]. EBTA yoial iieefi
a0a38e00 AdAdUP S. Younger [3], 4 8101516 dadaed eco+apofy iRl fafeeey & Toaasnfl
&fifieaA080MY 628013 1afi0e. 1aiadt AliSIA Aliedaiey 6A806 1T i68yoeé A iTATails daal-
A8 84T ATTAUA T& cadBTI00, BeaT AI6 1A 6AAEYAONY Sa8IAT 884 1 cia=eiial aiiarey.

Ec6+aiea ATidiNa Aliedaiey iMiceyoeé Tieell 0ataea (ad0e 404 @ 1aciaddiid yiead-
1eT6Tae-AMee 11a46y6, A 8101506 Saffiaodeaadony dafisii 0daiaied yieadiee it (Al
oisTé dadseodee, AfAsaiié aadicaie. 1aiadl yieadieh A0  aéié fieosasee ilell daf-
BATeAAOL ead [aBTOTB0E AlAgieé 1AFA0LAINE 0aOTS. CAAMU =& Aaasell MitAA6es1Aadl
yOOABO Aliedaiey iTiveyoee ca fi-ad efieeh-eoasil Al6oBall &8 ide+ei

AB631é Aaseiié MTAAMROUD Tadee, &1015ay i58af0AA641A & 1 A0IBIE +afioe daaldd,
yasyAoRy of, eaé aaaid 1i53aasyao RATA T0ilodied & fasiayud 16My oyl aadios. A daf-
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Miaodeaadinl Aec-aa 1if TiDAAEYA0RY AsaaTaady oo, a8l & eifideled aTeiedsad a
Aiciaiee aaaioa. A idaasi=aiiié cadfil 1adee 46400 4aa &ifid eféda  yoi &ifioeidd ii-
HBaABAIRY (~0TAl 1A 61ABA0U fi AT6T40) & eifideied daciiiedie  y. Afee a Tiiae alieied680
Sifoeieo ModaAsaIRY (0. 4. AU Ai6Taa), Of T1a 5afMacd  eaa&d 406484 ifilae A ea+&f0A4
51166541014 & 11 afgiieelifoe 2028680 &6. N 486416 foisHa, &  fee T/l 14 aietaa, of
fa+eiado alieiesiaaoy eifioeies & daciiieedie, & 5AcoBU0ad & ~AAT 400484 ifil4e Bafifiao-
deaapofiy 84 1ad0iadl asy Sieeadiey f1aié Tiae. A 6aea 6eacal 06 5aaioas %:Nasasiié
iladee; & 5a4load S. Younger daéeed Safifiaodeaadony adaseadieead iniayie, i alcie-
eapuay 11 AToeABUINl ie+eial, 0.4, ec-ca OfAf, ~of fie idei 2363230 884l & Bacili
Aioeasuitl A86iTAl, 8847 & dAciOl Teaiaial. Adoasie Aetaal &, idefoeieasninl dac-
se+841 YASYAORY Of, +0f 10ToAied A44i0Ta 4004 & AB6AG6 A 1544 f0AABAINE caARl Tadee
ileedd 1AIyOURY fARETEUET Bac & 0&-AIeA &6 seécie, 0134a A A 4 B6ASH 11AA8y i 14
1AIyA0RY 64T lieedd 1aIyOURY, fcaseadl, Tael Bac ca aeecit 4341  oa.

fieell daGzed 10180800 BAAIO0, BI04 eco+apd face+ea Tléle  0ABUINS Ai6008-
TGEyORTinn Acaciiagénoacé ideead iMayie. aideias, ec 6+apony iiveyoee, a &
Ol506 &MU A&AI00, AIATAINA 1A Aslodoefde+aniees iifosiee . NBaae 5340, a 8101506
BaRfiacseaapony 6eACAINA ATISIG, Vel a0adeeou Aoaote  N. Aideca [4, 5], & dacaea
544106 E. Blume [6]. 8¢ yoii fioTeo 101a0eon, +of iifaitl 1a  ofall effeaaiaaiey a oa-
4704 E. Blume [6] yagyaony sediet sanisifiodaaiine 0aidaoe &1-easiaié itasia. A 0aees
1144676 11a24414 A3A101A Ti5aa46VA0NY efitiay &c 6fieiace & aafaaney (a +afofifoe, 5aa-
fia&ney it fyed). Taiaet Adaae AOLARDAAING 1AaTR0A0ETA &f  ifélciaaiey Oastal 1&ol-
43 Vel 10120800 038 fAcOAAAITA 6NBAATAIES, S10TSIA 15841 1624340 ea&ide+iifol ARAS
A3&101A 1T aNAl 1adaIA00A1, ~Of, T-AAcAl, AaaeT 1o 6Aastl  TRoe. Aaifial jaaifioaces
Beoal AAAI0N-TBLAI0ESTIAAITNE TTAGTA, &101606 SRTBUC6R0 Ay Aa0idAIe 5RAR0AABAITE
334700,

Taueé a0ata éc Aléligeifioaa 5aald AiNoadT=i &l06208aadl & | alélsa Aaaoeaiial
a1 acagifionoaieyd 1aeead intayie, 04l 14144 seecianiifiar 2 iTioey6ey a 6ast. E fa-
141610 A&l AlelioA A8a&TOATONAT aseyiey TATAe Téac0Aapd & 004 ia 48683, 04l Al6aa
seea6+46 16ac0ARA0RY iTivEYOeY. A yOié ROAOUA A60AT0 AG4A0 ARSI 14 OT6UST 1A Aseyied
1T&Teee0A80106 & AFA0SAIN0 0a80TSIA A 2ead6+AR0U ITEY6e &, i1 & aBeyiea THoasiins
63601314, TOMAYUSERY 6aé & 5adA0AdER0LRAI RAITE TMGEYD  &&, 0aé & 5a0acOAdeR0eeA
1636eeapuaé fd4Al

0

ieé , éioidté 19aanoaaeyao ec naayn-iadité adéoio, yeaiaiol é1oidial itado ioeie-
iaou cia+aiéy eean 0, eeai 1 0 1

X1

Xn
daax; 2f0;1g,i = I;n

Anee x; = 0, of i-é 4aai0 14004, afiéex; = 1, of addio f+eoadofny aeeali. E¢ 1adeiaa

a iadeia ninoiyied nenoaia iaiyaony eaéea-oi adaiol 6iéda  po, éaéea-oi disedapoiy
Nifioiyiea nefoaia a inaio asaiaié k Taiciatei +adag .
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Tliepal 261080l 14dasiaa e Affolyiey k 13 fiRolyied k. A i6edané idoeia idda-
iiéadaaony, +0f ana aaaiol aeeéal, 0.4. © anoun-iadiné aaéois, ana yeaiaiot éioiaian
daain 1. Aajaeony a danfiioddied (n n)-iaddeda iadddiaa M, éioiday a iveaalé 1adeta
fifaiadado i aaeie+iié iaodeovaé.

Tiew&i 1516840006, i1 €10181é 1iotandasyaony iadasia 1o iad v Mk 1a Mk, A éaee-
aié fod1ed 1a0desn Mk 1 anaedadony 1aéi yedidio é caidiyaony ia iaéloidop neo+agio  p
adee+eio, danidaadcaiiop saailiadii ia eioadaaea 1o 1 a0 1. Oaé, 1addéna M ! i3éido
aea: 0 1

1 Lja 0
M 1= % 1 22 § :
0 njin 1

e
~U[ L1Ji = In. Ca&nuu[ 1;1] oaaifis
1], a U[L;n] oOagi-eneaiiia daaiii :
. 4330

A

\\\\\\

Ofoaitaéageiny ddaeelii eée, +01 Of aed faila, daaitaaniai it fiofyiedl dacaeoey
ili6eyoee adaai iaglaaol 0aédp aeiaieéd ecididiey éieé+an  0aa 1ilaaé a inioeyoee,
ioe éioloié yoi éiee+anoal aadueddaony aieéooad iagioioial i 1folyiilal cia+aiey. baa-
ifaanité +engaiiinoup imoeyoee, Alioadonoaaiii, a46aao 1 Afcia+=aouny oaéia 1nolyiila
cia+aied, aiéooa éioiaial eciaiyaony ~enéaiiiiod imoeyo  ée

DAacoeloaot 6aaiod iadee Oaieiaa Alié 1571848441 8y4 +eneaiits ddasecaceé i
iladee Oaieiaa. Acaailé dacoeiinas yoes saasecaseé finoieoa ofi, +of, alidaée 60aas-
aeaaieyi eg [1], a daiéad yoié iiaaee, ide aifioaoi+it aieuat cia+aieé iaéneiaguiiar
giee+anoaa itaaé imoeyoee (o.a. ide aifioaoi+it aiéleli ¢ fa+aiée 1adaidoda n), iie-
il adiesaiey imoeyoee ia iadépaadony. ia oen. 1 & 2 i5eada aia Taia ec dadagecaveé
ifadee Odieida a neo+ad, éidaa n = 100, T = 5000.
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100, T =5000

a a fieé+aan

AAAAAAAAAAAA

peéfi. 2. Dagoéiivao daaiod iadee Oaiéida a fé6+ad n =100, T = 5000
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peéfi. 3. Dacoéiioao daaiod itadee Oaiéiaa c aioeneiiaosedé a éo+ad n =100, T = 5000

7 AN AN
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DPeén. 5. Dacoeiinad daaion iiadee Odieida c iNoeodelitie addiocaie afi  €6+adn = 100, T = 5000
(2) ORBAATAIEA ca 100 iadeiaia (4) ORBAAIAIEA ca 400 iadeiata

iNeit yoral ieeil 10140800, +0F & fie6+a4 fase-ey dasoida ia ROS iTiveyoey A0F0-
534 a051480 fa GROAITACACRENY dAmeel dACARORY IT ABAAIAIED A 1 AEG+adl fase+ey alde-
Reliaosee

AGAaTa0, RAYCAITOA i iTacoesaceyie iadee Oaieiaa xfBAIT04 yefiase-
18100 TTeacase, ~of A efidiaiié iadee OAieiaa Mceyoey Al AT AGROST fa+efadd
3AcataAdUNY ATE00 T&ET0IBTAT GROANACACAAIRY daseeia & 10 AGOROAGA0 YOOARD iTeiial
aiedaiey. Asy ile6+aiey yooaeoa iteiial Adiedaiey imoey Bee IBeGIAeOny AaTAeOU
18610156p aioeneiiaodep a Acasiiiofgaieyd oae, +oial ia 520AIMAT AI60BRITIORY-
6&TITAT Acaeiiagéfoasy ANl alelnd, +4l iiéleedasuiial

Aazeiié THTAAIITROUD AAI06 143646 YASYAORY 010 04, <0Ta  casiiadéhoasa aadioia
615185640/ VACTAAIT fi MTuiip 53ae0ee oeia %eifoeieds,. A 11adse, 80154y I53af0aA-
Baia feaed, YA TATAAINNOU 40440 & AGASITAGER 0ASA AAAIOTA AG4A0 OTBIESI-
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liefiaiea iadee A ifadee OAieiaa & SanfiodaITn6 11ae0esa0eys Acaeiladé-
Roaey 1aeead TRiayie oiBied0pony VECTAAlT. ASGacie Agtaal &, A 11aase 1A Ti5AAa8AIT
i1-816 244100 fa+efapo &ear 6idiet Toiineouny & 406481 s yi, 8841 Adaceadalt. Yol
1i53436y40fy fe6+aéiai Tadach. Aey id&iaisdiey yoial iaa  THoacea daffilodel itadsd,
4 &701516 yiaiaai caaadony Al6odeiliceyoeiiiia Acaeita 86f0ASA 1aaea0 THayie. Agy
yOial AATAGORY 136101606 Tadaie+Aii0é SARGSA, ca &ioidié a  iineaandase Tiedd atol
dacadsicoa &iiesdaidiay aiodeiniceyoeiiiay aiduaa. A <a  Roiifioe, idaacea, it &ioi-
301 Tfifae 11460 adfoe RAAY AABARRGAN 1T Toilsdiep & Ratel it Biad+al, TIBaAaeypony
yiaiaai

Paciaidi Tiefiaied 1iadee fa 1aneieusl yoaiia.

TAifai08 yediaion & casaeoasencese iladee ifadet TieRtaadony ( dim dim)-
12088086, Sasalé YEaIAd 8101516 iledo ideidiaci ciazaiey 0080 oeifa  Afélsa
168y, 5aAIA 68p & T05e0a088UNA cia+aied, 5aalia -2. lieg Al Aameals O&i A ToAd&u-
foe:

Afiee YBAIai0 5a4ai 0, Of 116d fi+e0adoRy I6AOI;

Afiee yeAIAI0 iTeTeeedasiiia ~efiel, of A 4aii0é 1808t e caiyor aaaion, +efel

5a5280458c680 651AAIU AAT GAIGTALY:

Afiee cia+aiea ey 8aafl -2, of yoi cia+ed, +of fa fal iyaee Ry (A08i) B&AGAH, Ti-

0B&ABYY E101606, 4410 6aee+eAadd 6OTAAII cATBTALY fa 2. Afiee a8 a3ai0 4 easié-of

180814 13 1100348YA0 YOI0 GARGSA, of 651AAII 44T cAlSIAlY 61 Alligadony fa 1.

~N A~ ATA

aaoan-

7N
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Teaied 101506 TIBAAREYVAONY ME6+aéi. A Aa811A6eAl, yOT0  TA0AIA00 AfA cAAeRelind
o Baciasiifoe ley 46aa0 ANoAROROATAAOU TTyAGAIeh BARGS fa A 4 86A08A6 1a08e00
acea0a 100 884078 (0. 4. Afiee 14008620 20, 0 & YOii AE6+a4 SARGAA Tjacony 4 16 &8
a6 &c 400)

(5623441 0246806 TRITAING 6adasoAdefioes iTadee
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4
5. lioiaiaia cia+

6. 13aakaiii aigiieeit
7 C')ﬁéiééy, i8é &101000 aaaiod
8. [a+aéuita éiee+anoar aaaion
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e
i, ~of i8lofifol daRRABAIeY THTaaé 4 yoed Re6+ayd eleaasad fy aled6a 68ialy 10% i
efieap+af, +oi ide i31+60 33AI06 1AdA1A0545 cia+aied i&foi  1Roe daffiaeaiey aaaioi
JAsy&ORY 126101801 eiaadeaion foiifieodsuit ecidiaiey da ciaaiifoe. Eidadanit daesed
10120800, +01 iTideyoee, 6101304 atiedapd, 108&TPoOfy 1o yoié adse+ei0. A feo+ad
dim =10 & 15 yoi j08&Taied aiec, 4 A fe6+a& dim =14 yof 1o8&liaiee Aa450.
Aseyied ia+asuital 6aTaly caidiay Caafil i51A4441T NGAATAIEE seead+amoe ii-
i6eyoee A caaehieiinoe 10 ia+asuiial 051aly caldTany ide add  Anfeail iladadice aaai-
ota. Nsaaidied fadeail a ne6+as, &idaa dim = 10, & A Ae6+ad, &iaadim = 20. A 7aied
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Péni. 11. Dacoelivao daaiol itadée, aeiaiééa 1eioiifiou Moeyoee a ca aenéiinoe 10 daciasiifioe
ey dim

A neod+addim = 10 aeaii, +of ana iliogyoee dail eée 1icail atiedapo, 1aiaél it eeil
f01d0eou, +0f cadeneiinou diaieeaeeddéuiinoe aeecie iMiéey  6eé ia iiiioliil cadéneo
0 fa+aeliial 6ofaiy caiatauy. A eiaiil: anyaeyaony iaélol dia fioelaédiia cia+aied
yoiai 1iéacaoaey, id6e éioion ididieaeeoaeuiiiol seeciée il oeyoee aieliga, +ai ioe
4004880 cia+aieyd ia+aguital oa1aiy caidiauy. ia a0aceed ae  aii, +oi éc i9eadaaiins
ciaraieé faedieligay idiaieseeodéliiiolu aeecie TMoeyoee ai foedaaony 1de fa+aeuii
6a1aia caidiaty daaiii 20. [8e aielged eée 1ailiged ciaraiey 6 yoiai 1adaiaoda idi-
aleaee0a80inou aecie moeyoee 1aiuga. Oaiadi ileeil idiai aeecediaaol aeeyied 0ad
aed 6oiaiaé ia+aeniial caiotaldy a nedv+aa dim =20

A Aeo+addim = 20 iadépaadony asoaay aeiaieéa. iotaieaeodduiiou aecie il 6ey-
oee 1MifofiiT cadeneéo 10 fa+aéuilal éaiaiy caistady, o.a. + Al algd yoio 1iéacaodéd,
0dal éeal algad 1adeia aeecie iMideyoee, eeal alpga nddaida éieé  +anoal hiaaé a oénoa-
ifagagainy daseeid dacaeoey ilideyoee. liadaie+idié cia+d ieyie ia+aéuiial ooiaiy
CATSTALY JA8ypony 6 & 7. EI0ASARIT dasaed 10180800, +0f Afee i 88 14806 cia+aieys yoi-
&7 fleacacasy &al eciaiaiey calaol aseypo ia aéiaieés iiio ayoee (Aeall ia I5eiasa
AdaATaiey fa+asiil 651A1A caldTany 53aiN 5 & 6), of ide 4fé (12&5 cla~aieyd yoe ecia-
jaiey osed &ldacal 1aiaa caidoin. Oae, ide ia+aelil 6diaid ¢ aioiauy = 14 iioeyoey
a ¢

é
~A .. TN AA N A A s by

jaady aaoueod 1aaiep dacee+ild iéac
' ' 010006 1M6eyoey a éiio

ieé iliéeyoey ia ad-
apaainy daseeia, of-

uaaony e caaeneo
yaeyaony dacias-
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fi. 13. Dacoeuoao daaiol iiadee, aeiaiééa éiee~anoaa iiiaaé a iliéo  éyoee a caaeneiifioe 1o
ja+aéuilai ooiaiy caioiauy ioe dim =20

>
g_)/
Qx
-
o
=



ili6éyoey adiedado, adaiy aeecie ilicéyoee, aitaua aiaioy, fa iitoliit caaeneo 1o
daciadiifioe iéy.

Ecididiey ia+aeuiial 6diaiy caidiauy oaéaed iiéacltaapo eio aoanitad oacoeuoaol
|6 &ificaci+it 1aétd cia+aieyd dim, éidaa ifoeyoey dadaic ediaaiit atiedado, iéa-
claadony, +of eeead+anou ifioeyoee cadefeo ia ifiioliiiio i  araéuilal 6otaiy caistady,

e iuanoasao iaéioidia fioeiaélila aai cia+aied, 10ééiiyy  fit 10 éi0io1aT éaé a aléliaop,

0aé & 4 1aiugop 071616, eeead+anou ificeyoee 600agadony. N a d6&ié noisiia, idé ainoa-

oi+ii &léuged cia+aiéyd dim aeead+anou ifieéyoee ifitofiii caaefieo 10 cia+aiey yoial

iadaiaoda (0.a. ~ai alga fa+aélité ootaaiu caiotaly, oai a0 ea daaiiaafiné 6oiaail

éiee+anoaa ifiiaaé a itioeyoee). 10e yoii iaaepaadony yooaé o fafiGuaiey daaiiaan-

iial cia+aiey +eneaiiifioe i se+dfee ia+aeéu  iar oofaly caioiauy, o.a
asedia néaaopu a+aeuital odtaiy caioiady fa i

o
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liineaa, Eifdeo6o i51asdl Gidaasdiey &i. A.A. Odaidciesiaa B Al (EiO DAI)
2lifeaa, lad+i-ennedalaacdeineeé 6ieadsneodo Aﬂﬁﬂéy géieé a yéiileée (iEO A@Y)

Effiéaacpony caaa+e eidaeedeosasiiiné 1adaaioée ea+anoaains aaiins. Danmiioaail
daa i6eiada 1foailaié cada+ & aeadideodiia T1adadioée éa+ano  Aaiic aaiins, 16aanoaa-
gaiilo a aéaa idéciaéia aiedaial oéia e yiiede+anéed asaoia Aleligié daciddiinoe
Pacdadioaia 1a0iaééa eiocaeeaéodacliié 1adaaioée idéciaé 1a aieaaial oéia, idfaaaail
oanoediaaied ia 04aéuind aaiins. Enfedalaain aiciteeiinoe oi+ilal é 19edseseaiilal
idaanoaaediey a0ada aleliglé daciadiinoe +adac aal fiefaie  &. [a cada+o aaodaesiaaiey
danidinodaiai fioéiecaoeiiiné Madia é iiiodiaiep dacilo 16 esannesesasee. A dai-
8ad nododeosdil-eeaninedeéaceliiié 1aoiaieiaee eioaeedéo  6aelilal aiageca féiaeil 16-
daiéciaaiins aaiitdo dacoaaioaill 1dedeiaeuitnd aeaideoia o agaiey caaa+eé 1adaaioée
gioidiacee i 1Mitup addadediaaiey adaoia aieligié daciasi foe

Eep+4a0d nefaa : éa+anoaaiild aaiind; eiodeedeooacuiné aiasec 4aiind; yén  1a-
deldioaéuita a6adl dieugié daciddiinoe; 1adaiaodn aieaal al oeia; oacidoay oil-
dyai+aiiay éeannedeéacey

Intellectual methods of processing qualitative data

|.V. Pokrovskaya 1!, M.D. Goldovskaya 1, J.A. Dorofeyuk %2 and N.E. Kiseleva 1
1ICS RAS; 2SIU HSE

Intellectual processing of qualitative data problem is investigated. Two examples of the
states of the problems and algorithms for qualitative data processing, presented in the form of
the equity-type characteristics and the large dimension emirical graphs, are considered. The
methodology of data mining (group) characteristics of equiy-type (equivalent blurred classi -
cations) is developed; this method was tested on real data. fie possibilities of the exact and
approximate representation of the large dimension graph tihough its description are studied.
The optimization approach to the construction of the fuzzy dassi cation is distributed to the
problem of aggregation. In the framework of the structuralclassi cation mining methodology
of complex data, the original information processing algothms by large dimension graphs
aggregation methods are developed.

Keywords : qualitative data; data mining; large dimension experimerdl graphs; options
equity-type; fuzzy ordered classi cation
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clase0aBliay ~anol efdlains 1adaidosta, Tief0aapued o  1yied fefdain, eidpo ea-
~&f0AAIIGp i688a6. E dasel 1adaiaodal Toiiiyony, aideia 8, 4eiadi0a, daiaiata e
iMeiasuioa ideciace. 1-3aeail, ~o7 SAZAIGA ROAIAABOINS ¢ aaa- ladeesiaaiey i-
414106 fiefiodl, 1AideiAd, eadideoseasee ese MOGOEOOSITAT T iefaiey, iaaiciieell if-
86+-80U 1a0Taaie, efifeicopugie ofeusl Slee+aR0AAINA (<& RETA04) iTeacaodse. CAARl
afciieei(l 432 i60& A06TAA & Alcaaasadny feocasee. 1ada06 16 ou yOT dacdadiosa Aafa-
140ACI06 154140ACTAA0A6AE, TicATeypued efifelciaadt asa 1080ie+ARéoh Aaco 1aotaia
iladeediaaiey asy eiee-an0AAING ideciasia. Oeie+iti ide 18571 0asial Ag6ay ya-
BYA0RY 1148086208y 5168400 Gafi+A03 BanfoTyieé 1Asead TA0a eoaie A 1iTaNasi 8-
ROBAIR0AA ASTAGI06 TBeCIAca 08 BAgAice cadd+ MOBGEOGBEC ABee ifieafioad enfeaasa-
106 TA0&601A. A &14i1T, 144628380y A6y 03666 Bafi-A0Ta AIA AOT AAeeeATAlé 1a0dese
efiifeliciaadt 1400886 Oyiieiaa. EAA8T oadeed i0ATABAc080MY (51684004 0af+A0a dARMOI-
yieé a8y fec+ay, eiaaa ~anou i15eciagia ~eneiata, a 40644y + andl Aefasiod. Aoisié
60U YOI ACOAAT0RA IBRIBEIEAGHN TAN6 a8&TBE0ITA dA0AT &y FAOATAAB0I06 cadas 1i-
s36e8iaaiey & afaseca Aefodl, Tief0Aadins ea+anoaaitie i Adaidodaie. Cadfi +afol
1i53438ypuch S6l 240340 fdAIa IGAAMOAABAIEY SRGTAING 4ai 106 eee, 4d6AIe AETaa-
i, 8a-AR0aAITaYy 1Al T5Teeadiey aaii0s. 15eiadh saase caee yolal i6oe yasyaony
i58aR0AABAIA 111480 AToeTeiae-ances Aai00 A 4044 Ai0aa A0 ASTAGI06 e AcAA-
pAII06 403014 A yoii fie6+aa casa-a fOBGEOGBECAGRS, fAIde] &8, RATAGORY & EcAARDITE
cada-4& adéiiiicesee A5a0a ia 1440200 1T fOAIAie AAYCIROe | & 0BAAODUAE TTAf+4-
0d A VAl Aead eAGes-684T BARMOTIEE. A fafolyuaé daalod da AMTOBAI0 444 cada-e,
2 15e1404 &101505 i31aaITIROAeSTAATT TRTAAITROS daaseg aoee 140aTAT & A0T51AT i60e.
14034y cadaa fOBGRO6BECARY MIABEABNAT 0&A ea+AR0AAING 120414081 1a5aI&0-
5ia aledaial ogia. Adiday casa+a effeaslaaied fod6eo6d0 | fieedfioaa Acaiinaycaiiis
14046014 1114124410116 AeR0AI0, 6144a fiala fiefiodia & acael  TRAYCU ASTAyUes A 184 Tau-
880712 5a0280ABEC6A0MY TOLAIOESIAAII 1A ACAAAI0l 4040 T Aléiigié Baciadiifoe

Adoiiediaca ea+anoaaiind iadaidodia aiedaial oeia

14 08680688cABRAE (ABGTIEDTASIE) 1AETOISIAT iffeafioad  120AIA057A Si&40fY & Ae-
46 Bacacdied A&7 fa A06II0 %ABeceed:, Y:Acaeiicaaeneind, iadaiaodia fa Mifad ad-
45aifié 1350 asecifioe (caaeneiifoe) iasead adaidodaie. Oa @ TROSTAI0 asaisesin
yenosaiasiié aosiiesiace iadaiaosia, eciadyails a &iee-  AROAAINNG, GAI&TA0s e fi-
181280106 peasas [1]. A 5a4lod i5aasa32A0Ry Ta01a & dAraie b yoié caaa+e ey Talal
4844 120AI8051a 6a+AM0AAITNG 120AI40571A AT6AATAT oeia

Caaa+a Mod6e06decatee Ifieediivaa ensiains iadaiaosia fi0o efiteuciaa-
&y a8&IBeOITA MOB0EOOOIT-C8ARNEOLEABSTINTAT aldseca T 6ac0Ad4d, +Of e8AfNeoeea-
ey it A&l eAGIAIN 1a0AIA00a] 438467 14 ANAAAA T5ATAE0 & @ &BAAINI BACGBUOAAI.
A&éf0ACOABNN, 108 ABAAICOAENN AATeloed A0ATOEA0 VERia OSIAI0asins aaepadies
& fase-ee iMAd (lpeace a Ti5AaABAIEE cia-Aieé 1aBaiaddia,  RAicladasniia efcaseaied
eioidianee & 0.4.) efifleliciadied aey esanfeocsasee alslol & ~efea AdIAI06 iada-
120014 5847480 & fesliNo %iadaiageadiep, eeanfia, a fale  8afifn ide yoli eish
ia4apofy eioadidacasee. If yoié ide-eia ceanfieoseasep 64 BARTAdACH iBTaTacol ia
A efiBial 15THO0AIN0AA, & & TSTHOBAINOAA ae4TEaA AOLARDA AIG6 (ei0131a0eAIN) ia-
3140574, SIAPLAI Gia+-e0A80I 1ailigop Saciadiiiou. Aey Ao 86e06decadee iadaiaosdia
140+11 efifelcopony asaidecin yerodaiasuié adoiiesiase  adaiaosia [2]. 18e yoi
ialasiaeit Tidaa&8e0U, (Geeia 88 A56Ted1ada fi OTiiaTé A56T ilé eee 4ac 134 (0. &. Tofa-
BA0U 288 180 AT pGIYUeA 1ada12050) [3]. DACCEU0AOT 456  Tiediace yaeyhory a86iia
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iadaia0d1a & 6aéoidl 1aiandiitd Gadaéodsenoeée adaii. ia Tfifaa dagoeuoacia adoi-
iedtaée fodlyony iodasasiind Neacacdée effeaacaiié fiod 6eoodn. A éa+anoad 0agand
ataeoapony eeal faie 6aéoidl, eeal 1adaiaodl a Tioaaaeaiit i Ailfea déeaxaéoped

& 0aéoidal. Iiifaia oneiagd fie aiceeill A000 €4467 i0adId a0ed06ail. Aey oaia-
ficda efifélciaaiey eioddadaéuits Méacacaeaé il éasediio ec €0 aaeadony failiasiay
eganneoeeasey 1auaeoia. Acaaiaasy yonio iodasasuité e  acaodél idaiadacoaony a éa-
+anoaaiité, oaé éaé aal cia+aiey ileeil éa+anoaaiil cadaéod odeciaaol a oaddieiad oeia
?/4I,\(;é\ 0(',, ?/4ﬁ5§laféé¢',, 374aAﬁTé\§.¢',.

Ad06a14 ideiaidiea 1aotaa yénodaiaeniié agonedsiaée anai 0 eioioiaoeéaind 1a-
dai&odia aey fodoeoodecanee ia iMieédacpued yoaiad. A éa+afoad iadida eidisiacea-
(0 Tadaiacdia ataesaaony eeai iaaid 6aéoidia, eéal iaaio, a éioiode aodiayo i1aeéi
eée ihaieipla ~efiél 1adaidodia e éasalé 40010 yenodaiaeu ilé adoiiesiaée. 1an+-
iT 1éli-aocaeliia dagdied 1 a0416a eididiaoéaitd iadaiaodt aigiecaiaeony yéniagoii-
iétciaaoaeai [4]

NodGeosdecasey oacoelioaota eéeannedesanee. idaéoe+anee ana aeaiseoid
f086&006diT-eeannedeéadeliiial aiaééca ffaddaead naiaiai 0a 1adaidodd, cia+aiey &ioi-
806 0064iT A0ada0l cadaidd ec 04idaoe+anéed Aitadasdieé. BIA 01al, yoé agaideoid
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PaRfiiosel ifleedfioal &¢  n 2303368133106 Taudeoa, easeaté ec 101806 Mifoied
& 8yaa eiaeaea6aelins 1auaeoia. Acaal A+eoaol, +0f éiaeae 46aeuild 1auaeon Tiend-
Aapofy 4301y 1adaia0daie X &y, eciadaiitie a Meiaeuils geasad. I6RoU 1adaiaosd X
ideieiado ail é¢ cia+diéé  (x1;:::;X), ay 1aifl éc¢ cia+aieé  (y1;:::;Ym)

PaRfiiiosel Aldadonoacpues adaia0s0 416aaial odia & , Tie  AGAApUed a5da5e-
81aaii04 1408600, ES cia+diey asy  t-& Taudéoa idaancaaeypo fiaié aaeodsn A, =
=( (P P e Be=( P ™). casrn (P aley eiaeacacagiins 1a0&eota, ise-
2468202080 t-16 230338812aiM6 TAU8B00, 46y 6101806  x = x; ,a 1) afey eiaeaeas-
260106 TA036014, 1681a468eANE0 t-16 A40&5&1AAIM6 TAUAGOO, 46y &101806  y = Y,
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=1
124
[}
S
Q:

: PJ/
D
o
>

éaé yoiiiou i-é ddadacee Tadaidaoda x aey t-
5 assaaesiaaiial tavaeoa, a 1) eae aasiyoiiiou j-é sdasacee iadaiaoday, oi g’
8i038i8A02B620MY 838 MAIAR0IAY A&8IVOITOU i-é 48332088 1a8ai408a X & j -6 48333088
26313083 .
Aa344i 1208260 6fiET1aiis aasiyoiinoaé
(i) (i)
(i) — v iy — I N (D v iy = _ % . T
¢ = Py=yix=x)= s RO = P(X=EXjy=y) = Sa 1= Lk j=1m
t t
Nisaadaeead fioiigaiey
X X
() — @) @. 0 - @) e ;i o 77 i — T
t = t t ot = Ry t,l—l,k,J—l,m. (1)
i=1 j=1
208860 Q; & R, 10822eapd 238W0INOIOp caaenelifiol 1seas diedalie 1adaia  oda-
e A e B.T1aiaél a1 111486 18280e+aiieed caaa+ad eiaeaca0asiila aai  i0& fAainooiia,
S18pofy 0feUéT cia+aiey 41edand ifeacacasdé A é B. A yoii ie6+aa iléacaddél G & iao-
860 Q, & R, faidyiop ian+eoadu délcy, 61aaa aicieeado fedacpuay caa a+a: alfifodaii-
A800 1208860 Q; & R, 111282180831 A éB

\\\\\\

_T(Y) F(®)
T(Y)

s oA~ NN N
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Oaaeeva 1. Cia+aiey iadaiaoda X

X | At | A2 | As | Ay | As | As | A7 | Ag | Ag | A
/0103000510204 03]00| 10|04
-1 03/04|02|03/01,04|01|03] 0,0/ 0,2
31 02]02,04|01)04,00|02|04] 00] 0,3
/104101, 04)01,03]02|04]|03|]00] 0,1
X | A |Aw |Az |Aa |As |As |A17 | A | A | A
1102107010308 09|01|0,2]04) 0,1
-1 0110101050100, 06|01] 0,2/ 0,6
s/ 01,00 04|01,00,00|02|06]| 00]| 0,1
2/ 0602|0401, 03]01/01|01)|04] 0,2

N A ZAXAN

N\ SNAAANA

ENitpoadita i1adéediaaied A&y 5143088 AAIOTRITTTAITOS T88A6TAITé
ja0Tacee 4067 161A8441 ENIUPOABITA 1TadEeaiadied 6ad ia 14360106, 0aé & ia d&-
A6UI06 Aaii06, Aaddaeated aaiicd T o). DAacoeuoadl itadeesiaaiey ileaciaapo,
01 164iee 120880 6METAINs aadTyoiinodé Mec+apofy aéécée 1& é daaeuili 1aodesal,

a ide Tonoonoaee goia ") faiaaapo i ieie.

ENitipoadila itaaeeaiaaied ia itadsnios aaiiod. EAfaaaiaaceni 20 aada-
50061220106 14048074, 1a 166 40é TIHOdIAT AdAIA00 Al6aAaiA o&ia X, AlAOTjueé &g +4-
00030 20342086, cia+aidy 1adaia08a X i5ea344i0 & 0ade. 1
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Oaaeeva 3. Dacoeioaold yériddeiaioia

Fu(®) [ Dy(®) | ()
0,0 0,000| 1,000 | 0,000
0,1| 0,010| 0,731 | 0,011

0,2| 0,038| 0,465 | 0,042
0,3| 0,077| 0,393 | 0,105

Cia+aiey 1adaia0da aledanar oéia Y, AIAOIYUAST ¢ 0040 Adadaceé, daffi+eo0aaseni
it ABAA0PUAE fOAIA. Caadia 1aodeoa 6NETAINs aadlyoiiiode Q, Ieadadiiay & oaae. 2
1 120218086 X & 12058068 Q fodieseriu adee+eil:
|
X .
P=max 0, Q") P+ 2! ;j=1,23t=T20
i=1
528 elifoaioa, caaapuay 681adit eoia;  z!) adee-eil, i1e6+aii0a aao+eéfi Aés-
+a6i08 +en&e, danidaadeaiins 5aainasit ia odéced [ 1;1]
2611806, cia+&iey &NiMidio (Adaaaneé) iadaiaoda Y ad+éngyeend it 618i168a
() ﬁij)
1) = .
t P )"
=1 t

Oaéay fdala aadadiey #oia a caaenelinol 1adaiaoda Y 1o iadaidosa X aadaioed6ao
a0ifeiaied 1asaie+aieé (2) & (3)

A yeniaseidiod nosieeant 10aiea @ a&y 1208860 6fie1ains addyoiiiodé Q aey +a-
008306 Baciid 6081aiaé goia. Adee+eia  daaiyeant 1Measiaandsiii 0; 0;1; 0;2 & 0:3
DACOEUIOAON VERiadeiaioa 1582344i0 & 034e. 3.

A dvaae. 3 adee+éia (8;0) = (0 Q)2 yaeyaony 1a8ié ose+ey iiadeuiié iaosesa @,
eo=aiil 8 Aiy6 @0oia, 10 endIAiTé 1208800 Q
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\\\\\\

Q P( 1) P( 2) P( s)
P1=0;156| P,; =0:;638| P3; =0;206
P = 0:271 Py, = 0:542 P32 =0:187

N [

Oaaéeva 5. Cia+aiey yéaiaioia afaisi+iié 1aooesd P (Y=X)
Q= P(Y=X) P( 1) P( 2) P( 3)
1 Pll = 0,165 P21 = 0,631 P31 = 0,204
2 P12 =0:221 P22 =0:560 P32 =0:218

AANA

AO N~ A 7 O A

y fiffoadonoasdpuaai daéia (

;

AANA AN IA

1 ¢ L )
O O
o
ox
Q
Q
)

)
5> Qo

~ N AN

8
Qo |-
Qs St QO
: o
> -

Qx Qe
. m’
5 Qo "0‘ Q-
o
(0l
T -
-]



180740 eiodeedeocasiiié 1adaaioee ea+anoaaiits 4aiiad 1403

jonot H = fHq; 5 Hg (Hy  X) [aéioiday éeanoadecacey iileed
apuéieny éeanoddaie. Oaéop éeanocadecaoep ileil cagad aou A
H s Ay ia iadana+aiee p-

=1}
(@
-
D
D
o
Pf
Qx
A
Qo
=
Qo
3t
D
Q/
<
Q»
Qo
Q
(_D/
QD
5)-(
Y
Q
D
Qo
o
D
o
?
o
= o
D
QD
-]
o
QD
Qx
p\
QD
Q
o
o

AN~ O

—~~ 33 Qo
>
=
=t

: o

—~ O o2
<
®

AnA AN ~

ifaéé caaa+e

"9}
gs
o
Q:
Q»
Qo
=5
=]
(@
m;

S5 & FTOAAIOAGhUGh SEATE
fHy; o H g IeieIaBuNal 6aciada 0aéed, of G = G( ;H). Adoagie feias
(EORGEEN y 4da0a G +A54c 4640 18iligddl daciada. Acadl
o Fpnp

\\\\\\\\\\\

ey ddada Giinodiei iaodevo D(G),

44 aoeadaié noiit ieeasial iaaida ad6aed nosdié yolé sed 1a0ded 0. A fia&daeacdsiin
fildfea yoio iaald fiodié iifoaaeyao iacaaeneildé dacef. 160U x;,;::;x; g Taiileed-
fioal addgei ddada G, fiiloadonoadpued ataaeaiiti nosiéai

O&iddia 1. Adad a fioeiaguiil ai6odaiial foeediee adada G eciiiooai ia-
80a06 G, 1MModiaiiiio ia iffeedfiodd aadeei fXi,; X, g

Aoiday casara adodaesiaaiey aiisieneiaceiiine iacia é a aéfiiice-
oee ddada. Aey caaaiiial endiaiial adada G iaéoe 0aéed ddad & filioadonoadpudp
éeanoddecadepH = fHy; i H, g il 6eénediaaiili ~enen éeannia r, +0fal d0ad G( ;H)

& Tieeil 5 2 a alaocaiiiai éoseoascey J: J =

0
diéfieiaceliiié ifadia é cada+a aaéiiiiceoee ddada G. Agaiseoi agdiey yo
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Oadéeda 6. laddeoa fidaeiiioe ifadélilal adada
M(G) | X1 | X2 | X3 | Xa | X5 | Xg | X7 | Xg | Xo | X10 | X11 | X12 | X13 | X14 | X15 | X16 | X17 | X18

X1 i1/1)j0(12}0|2 1110 0 0 0 0 0 0 1 1

X2 171100201, 0]O0 0 1 0 1 1 0 1 0

X3 i1/71}1}1,1|1}1(1]|60 1 0 1 0 0 0 0 1 1

Xa 1111140100 0] O 0 0 0 0 0 1 1 1

X5 o(1,1|1}1;1,0;01,0 0 0 0 1 0 0 0 0

Xe i1/,0)j]0(0}1 22121 1|0 0 1 1 0 0 0 1 1

X7 17101002110 0 1 0 1 0 1 0 0

Xg 171000021 1|0 0 0 0 0 1 1 0 0

Xg 1/,0]j]0|(0]O0O]O0O|2|1 1|0 0 0 0 0 1 0 1 1

X10 0O/,1(1]0|]0|1]0]0]12 1 0 0 1 0 0 0 1 1

X11 o,0;j0|]0|jJ]O0O|lO]0O]0]O0O0]}| O 1 0 0 1 1 1 0 0

X12 o(1,1j0}0(1/1}1}1,0 1 1 0 1 0 1 1 0

X13 17101 (1}1]12(0|10 1 0 1 1 0 0 0 0 1

X14 o,1y0}j]0|jO0O212 12|00 1 1 0 1 1 1 0 0

X15 of,1y10|j]0(0]0O0O]0]12,O0 1 0 0 1 1 0 0 0

X16 o,0(1|j1|j]0(1;0;0]0/}|O0 1 1 0 1 1 1 1 0

X17 17100020110 0 0 0 0 0 1 1 1

X18 i1110}1(0|12j]0|0|1] O 0 0 1 0 0 0 1 1
fitnoTeo éc Tineaalaaoaédiian adieiaiey aado 1816aaod, éi 01604 adieiypony ia éase-
all gaaa aeaioeoia
1. 18 caaaiili 46264 euaony oaéay éeanoadecacey = fHq;:::; H, g il caaaiili ~en-

éli éeannia r, éioiday iicaieyao oiailigeol cia+adied édeoasey J.

2. 10é 6eénesiaaiili ~efied addwei adada & 10e caaaiiié éeanoadecaoee H euaony
0aéila eciaidiea nodoeo6an adada , éioidia oidiligado cia-aiea édeoddey J.

A 0a4iod 1daaeieedill yooaéoeaila aeadideoil Tioeiecaoee aey 148e6 18104460
|0a4aéTaediité ifadia yagyaony idiadeaediedl eadé dacitoié é géannedbeéadee aey aia-
geca aieligés yéniadeiaioaenind asaoia. 101808, ~of eearo adecaoey i 1ddaéstaapue-
ieny éeannaié yaeyaony aaseili ~anoili ied+aail dacitolé éea nnedeéacee [3]

ETiIUb(‘)éBI'T° iladeediaaiea. I EIGIEEEET gllitpoadiia iiadeediaaied ae-
aideoia aaéiiiicesee endiaiial adada (a daiéad aiidiéneia oetiinai naodiaa) ia ii-

43801 1a040ea6d. A 83-4f0ad endlailal 1aoddeasa atéa daf fitodaia addia adodé

(18 +ae.) 1aifal ec aaonéed faaia a lifiéal. Easeaial 0dadiea inidifneee 10adoeou ia

anoin, n éal éc adoaé ec idaalyacaiiial fienéa i 6i+ao edda ou. A dacoeltoaoa ade ii-

e6+ai 10edioediaaiité adad G i 1a0desaé nideseiifioe, ideadaaiiié a caae. 6
Caoai i mitudp Tienaiiial alea agdideoia iadiaeéeni iaené 46020 e fiff0adonoao-

pbuay éearnoadécacey H ia ada éeanfa (0. a. aiidiéfieiédopueé adad AtRoiyé éc addo

adogel). A e01ad a0él 1eo+ait aaa fiedadpued dacoeloaoa:

1. Adad , fAifoleo &c 4400 ianaycaiild addeei i 1aoeyie; yol iciarado, +of anou aaa
Tfifainc éeanna adoaé, seaéapued eddaou i adouie ec ¥naldaisfeanna (ioidoel, +of
geanna 1adanaéapuedry), yoio dacoeloao fodasedi a oaae. 7

2. A 303264 , &fou Td0éeé 6 14386 adoweéi, & 2¢ 40187é addweil eado adaa a 1adaop. Yor
icia+aao, +of aaoce 6ioyo eéadaol i adouie ec ¥4nialaadis, éeannd, édiia oial, ana aaoe
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M( 1) | Hy | Hz Eééﬁbééégaﬁéy
Hi 1 0 Hi = fX2; X7; X115 X12; X14; X15; X160
H, 0 | 1 | Hz= fXq;X2;Xs; Xa; Xe; X7; Xg; Xg; X17; X180

Oaaeeva 8. Nodoeooda asada

H 1 | 0 | Hi= fXq;X2; Xe; X7, Xg; Xo; X17; X180

H> 1 H, = fX2; X3, Xa; X7; X12; X14; X180
ec aoioiai éeanna o6ioyo easaou Al afnaié adouié ec ia0alal éeanna. Aaiiné Bégéél'.'l-
0a0 4ado aieaa é°()éleuiéb €aooeio acaeiiioiig aiéé 14dsea0 440 Uié. Yoio Bégéél'.'l(‘)é(‘)
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Structural analogies in symbolic sequences
of di erent nature

V.D. Gusev, L.A. Miroshnichenko, N.V. Salomatina
Sobolev Institute of Mathematics of the Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia

Symbolic sequences (words, strings, texts) as an object ofugly are encountered in various
areas of knowledge: informatics, biology, linguistics, mgic. The notion of integrated repeats
as elementary structure-forming units is general on concepal level for all symbolic sequences,
despite of diversity of alphabets, lengths, and nature of tke texts. The purpose of this work
is the systematization of elementary repeats and their comimations, i.e., structural units of
higher level. Their function in di erent language systems isdiscussed.

Too low complexity of fragments of the text is usually correlated with existence of too long
repeats or their high concentration. Thus, a basis of all mehods of research is a complexity
pro le construction and the analysis of complexity decompgsition of the text in the sliding
window mode. Such analysis gives a conception of the most tygal structural units which can
be found in texts. In the natural language texts, where repetability is less expressed, also the
pro le of clustering can be used.

DNA sequences of di erent organisms, texts in a natural langage, and also neume himns
are a source material for investigation. Systematization 6 structural units is the result of the
complexity analysis of a huge number of texts of various natee. The interlanguage community
principle is a reason for selection of the illustrating strwctures.

The approach stated in this work and the algorithms realizing it have rather universal
character in respect of its applicability to various language systems. The interlanguage analo-

DPaaioa adiiéiaia ive 6efaifitaié iaaddeeed DOOE, 161480 13 -07-00400.
lageiita 1ao+aied & aiagec &aiins, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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gies described at the level of structures can extend to formation of substantial problems and
selection of tools of their solving.

Keywords : symbolic sequences; structural units; repeats; compleyitpro le; clustering
pro le
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A34S[ix 1+ 1: 0] OBAAAID S, 414246VAI06 ia k-l AA4, & ¢ +efel padia isioanna
(ReTeeiiiot S). A yoii dacsieediee TAda0ey iMdleadiey feialea caadénoal  Aaia ia ai-
834 +81 | | dac. ifaaasypuay sl +afou &NiiNiaioN iMe6+aia fi ideiaiaie 31 Tiadacee
sliediaaiey. Oaeel 1adach, AeTeiifioid dacsiedied yoii 32AM0AABAIGA 046T0A & Ae-
44 1ieaddiasee Maoidypuesny 65a414i01 & ofi AI0Res, +of eazealio eNiliaiod a

H(S) (ca efieep+aiedl 115ieeaadins) fioadonoacdo falé isiofoei  (i1aoid) a iBAAaR0T-
3ee. Aiciieeil fied+ae iasiediey (T Aaaean) &Miliaioa ia i aiofoei, Aediaseceddp-
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|dTeeepiodeddal, iaideidd. éaé anaeyaeo feieiifioila dace  Teedied iifieédalaaoaéd-

iifioé S = caalccatgad®at (N = 40), itaddseatdaé ainoaoi+ii aceiiop 1adeiae+inou

k 1 2 3 4 5 6 7 8 9 10

H(S)= ¢ a a ¢ ca t g at (ccatgad* at; c(S)=10

% 1 2 3 4 5 7 8 9 11 39

Jk 0O 0 2 1 1 O 0O &6 4 37

I 11 1 1 2 1 1 2 28 2
Caanu éfiiliaiot daceieediey dacadeadit oi+éaie, k iTiad éfiiiaioa, I, aai aee-
fa, g fa+aédniay 1icecey  k-ai éfiilidioa, a  jx faraéuliay Ticéoey idioioeia aey
k-&i éfiitiaioa (a feo+aa, anee fneialé anodaoeeny aiddata e 1 deidiyaony Tiadacey ii-
dleeddiey, Meadadl j, = 0). [&0d0ai aeadou, +oi i3i0i0eiN aey adayoial éniliaioa
S[11 : 38]fie6aeeo 6dadiaio S[4 : 31] 0.3. €1dao i1anol iagiedied éiiiMiaioa ia 16i-
0i0éi, Nediagecedoplidd 1 iage+ée 1ddelae+iinoe. 1adatad 7 i eiaieia éfiitidioa «9
Tiedopony ec 16dadnoidee, a ana iineaadpued i yeaidiona, fieioacediaaiits fa oa-
€060ai (Al 18 caadowaiil) paad. Nedaodo caidoeol, +of anée a4l edaoiliol ifaciaaiey
iadefaa ccatgatalea algd, of aéeia S iiaéa al aicdanoe a dacl, it ~enél éiliniaiota
a dacéileediee Noasgini ad iddeseiel.Oidiaguil, 1 jace+ee iaoe fae+iifioe Naeaioaeunoas-
40 aliéiaied oneiaey |+l > . EAaél 1éacaol ide yoli, +of aeefaiadeéiaa p= o j«.
a édaoiinou faoidaieé ia iaiuea, +ai l,=p+ 1. [a yoli Aalénoad & TAitaai agaideoi
Taiadoaediey 1aoeiae~iinoaé [8].

Néizeiifiol ifiéaaiaacdcuiinoeg ileeil 16aieaaol éaé a 6aéf, 0aé e a 1éid caaaiiial
daciada W, é1o1ata nefélced aaleu idd. A 1neadaidl nec+ad 0a+i eaao 14 Tonedaeeaa-
é u

by

04 T8616éee daéoddéasiiia

on i.
=20;72i0e W =60 e ce,p = 186;81i0e W = 1000. 16i
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bef. 1. 18i6eéu neieeiifioe aaiiia ieéiiéacit ¥R¢ 16& dagidda iéia W =60
006081é.) Daiidaaaeaied iééia ia 1aied édeand aailinodeddao nfouanoaaiita dacee+ey a
+@Mnéd, daciadad e daiiiéiecdiee aifiaeuins it néfeeiifioe ¢ii a aaiia
pef. 2. 18i6eéu neleeiiioe Aaiiia ieéiiéacit ¥%R¢, 16 W =1000

T ZAZ N 07N O wemes AvAass N\ = O \:.. 0 hY AN

lalauaiea iladlaa Ealiaéy e Ceaa

Agy éiieédaoiié ycléiaié nenoaia, niaadeeauaé niaoede+anée a oeid 11aoisia, ia-
ola Ediidey e Ceaa iieeil ilaedevediaaol, aaaay aiieieoded i0a Tiddaocee éfie-
dlaaiey. laiaailinodesdai yoi ia ideidda AlE-iifiedaiaaoa éuiifiodé [5]. A éiai-
ii, iadyad @ Tidyiti éfiediaaiedl, oeénesopuel 1faoidad a 1ad =il Aldfea
(:::atcgag:::atcgag:), aliéiéadony feiiaode~iia éliediaaied, alyaéypuda eiaas nee
(:::atcgag:::gagcta:); a caéaed idyiia e feliacde+iia éiiediaaiéa i oi+ifiolp ai
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gaa (:::atcgag:::ctcgat::), daa aoidié
i ai i

al 4 1adaoiii iaidaaeaiee & 040 eea ¢

Pafigedaied fiaeoda Ali6Roeind Tadaceé efiediaaiey Ta6fie  Tacen () 1aeioisia
6Reieeiadied agaidedia a0+efsdiey H(S) (a1aaasyAaony 1804418, fiaycaiiaé i a0ash Tia-
> AR N -
( : T4 efee-af0aa &liASIedTaalins i 086e06S, IBAAR0AARAITNS
daciiogiftie ifaoidaie (fil. ieeed); (2) 1yAsAIeA Yy60ae0a 1aneesiage., Raycaiiial i
afciieeliRolp fagiediey 0868000 & Alaseced6aili 633414 o 1014-

=3 5;
>

('D/Q))(('D:

— QD D LN
(@]}

™ O = —h O
O Ox
g)/

=7
wo &
(D;

@o

jaie dacoaaioail ilaeoeéacee fnéfeeiinoiial ifadiaa, 10ea foediaaiita ia noaaia-
ied 1ad e adoiT 0aénaia (daceieediea Taiial oaénoa it a06aiio eée failé aoaia oaé-
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|6& atyaeaiée iaaelyciéians aiagiaeé a éa+anoaa dacialo oan fiacdeaaeent ode yca-
étata nenoaia, 16aanoaacaiita: (a) aeiéiae+anéeié oaénoa ie; (&) oaénoaie ia anoanoaai-
il ycOéd; (8) ciaiaiitie ianifiaieyie. 1adaaioéa &6 isiec aiaéeani a dacita aiad a
fayce i dagaiedi &1iedaoilo 16eéeaails cada+, faycaiildo N6  18ilacecacedé ataaeaiey
f080E008i00 daeies a feialeuils ineaaiaacaédiinoys e iif alieéaitaié éeanneoceéaoe-
aé.

AeleTae+aneed 0aenon ieeeidal oataiy yoi iinedaiaacaenil  foe AIE & PIE. Aa-
0160 1adadaotaace iMéita aaiia idifoaéeed ieédiidaaieci 1a (daéoadeidadia 'x 174
g4, [10], 4édoiiia adeiia, é6audaial yioadaeeoa, 4aéoddeé éc nadénoaa ieéfieaci e ad.)

i aeéiaie a aeaiaciiaio 10° & 10’ ieiaiéna, a oaéaed 08aaidion ateda édaiino aaiiiia
aietol a1 aainia igdieol. lineaaieé aoé ivdanoaasai aaiii e +anoe+ifal naéaaiesi-
aaiey o010 5A (fadgd 100 o0fy+ 6dadidiota aeeiié 10 50 & 1 600 Aeiaiéia
aceiilio 1ea+6 & aaaia iaiuga 1M éiaioénio [11])

Aglgiae+anéed 0aenon aasdiaal oaiaiy yol iineaalaacaeii Tnoe aaita a aainao e
aua aieaa éooiilo aaeiec aeféia a 1eeoadiitd ooiiifliad aa 68380606. Yaiepoey
fa OaNMATIT 0dTaid €ado 6zed ia 160ai 01+a+itd caiai eéeé an 0aaie, ii i0oai aieada
Daaees eo0iitaéi+ind Tiadaceé: odaifiiceseé & ejadoneé. O  ieeaeliay élesaesey ii-
fiedataaoaceliinoaé aenéia a 6aiiniiins iea+ad aeaia 8iaa C  hironomus (E1iadl-caiion)
fitfadaia a Eifide000a deotéiaee & adidoeée NI DAL Yoeé 4aii0d y  aéypo fitaié ideidd
AaniTaoiains iineaalaacaeuiinoaé (iadanoaitaée ageitié a 1150 fielaiela), 1adaaiaeins
iaia 4 40640p élia+ill +enell eiadoneé. Eiaddney iddaieaa aao eciaiaiea ioyaéa
fedalaaiey neiaiéia ia 1adaoité a atadéaiiil 6daaiaioa. 16 e fdaaiaieé 4a6o6 1ada-
fioaitaié i0 efifelciaace idaanoaaeaiead Taité ec ié6 a aéaa é iiéacaiacee ieigiaéuil
aicilaeiial ~énéa 6dadidioia (ioyino eée eiadadoediaaiilio) éc adoaié. linodiaiiay
faié 1a0deoa TMadital fdiafnoaa iifieaaiaacaeuiiiodé aené  1a éc ailiyiooié éieeaéoee
iicaieeea ia aailiii 6oiaia ooi+ieéol oeelaaidoe+anéea na yce iaaead aeaaie [12]

Oaéio0 ia anoanoaaiili ycled Osed +afde+il f0d6e06deaTaail (dacacaea ia feaa,
iddaéiaediey, adcaod. . .), 1aiaél ~anof aicieéado M0daaiT  Nou a ataaeaiee 1diiazedoi+-
06 6a1aiaé eadasdee, d6eéneddpued, iaideiad, onoié+eata i élaifi+-acaiey eéé Naaso-
0daciata daeinoaa. 146ada aieiedopo a oddieiieiae+anéed fiélaadyo dacee~ilo idda-
140100 14eanoadé, aoidta 11aoo atou efrelciaait aey inoat aiey éaacedaddsacia oae-
fioa. Aey atiaaeaiey onoié+eald néeiaini+-aoaieé 11aco anou e iféiciaail nefeeiifioita
dacéizediey cia+@0aelins it 1andio 1daaaadeoaelii iidiace ciaaiitio oaénoia i odaae-
oefiiié T1adaneaé 1dyitai éiiediaaiey. Aey ataaeaiey naad 600acians aaeinoa ivesi-
aeony fodieol aiaeia fiéfeeiinoital idioeey (fl. ieaed) e el éuclaaol ad6adp 0adieéo
atyagaiey néfiedieé cia+einsd ychélans aaeieos [13]. lacase aén aey 6éacaiild oacoa-
AT01é Tiiedeeeée aanlia 1auaiitd 0d6an éfivadaioeé ii &l poadiié eeidaenoeéa ia
d6nNél ycléa (Aeagia-2002 & 48.) & 1T éadaceco ia aideeénét 1 ychéd (EuropaCat-2005 &
ao.).

Oieéaeiiné iacaseae il ciaiaiiti ianifiaieyi fadai aaoid aie aaiiié oaaioq.
YOT 18a+anéed éieae &liva XVII ja+asa XVIIl aa., a é1oio0s i afiTiaiey 1daanoaaeait
iadaéeaeuii a ciaiaiiié e ifoieeidéiié o6idia (0aé iactiaadi 0a aaiciaiaiieée naia-
ai diaa aeeeiaad cialaiiial daniaaa, iiefeediita iaie a it a6 adweddiaée ciaiaiiié



iloavee [14, 15, 16]). Elaediaaied iacdoeaca isialaeéini & 86+iop, iinéieies isiasail
daniiciadaiey do&lienilal ciaidiiial odénoa id nouanoada  o. a aaiité inaio caéiae-
dfaail e aiaéeceddpory ~aotoa aadiciaiaiieéa, i9eiaoit it 2 00 ianiiiaieé a éaseall
Ageil 1aniiiaieé eiedaepony a aéaiaciia 1o ianéieuées adny  0éia ai ianéieuées iio cia-
iai, éasedia ciaiy eioddidaoedsdaofy 6aii~&ié 10 1 &i 6 i10itd ciaéta. Oaérno anitiaiey
(Roadineaayinéeé) feidatiegiaal i ciaidiiti e ifoieeiaé iai

Nefnodiaoecasey &iéasiiisd nodoeéodd

Eaé 0aed Gilieiasini ai addadiee, 666nedopoMy &léacuila nod 6&0080, afoda+apues-
fiy &ai 1i1aed yaiepoeiiedopued y¢uéiaad nenodiad. 14éioisd a e¢ yoed nod6eoo6a i1ado
A00U TiéRail e fa ycléd 1adacoiae, [17].

N1addgdiitd idoeiae+iinoe (0aiadiind imaoiaa) l1a iéie 10 TMieiadi
00aaiaioll oaénoa, i0dafoaaeila a aeaa P = x™, daadx  idlecaieliay oai+-éa fei-
aieia e (1ade1a), jxj > 1 &éeia iadeiaa, m > 2 &4aoilfiol iTaoidaiey. Yoio
eéann NOBGEOOS +dacal+aéil danidifiodaidi a AIE-iiedaiaa 0aéainioyo. Tie ainoaoi+ii
440a&0i Tienail & fnenodiacecediaail. 1adaiecia &o aigieé ifadiey ecaanoit. Aeeid
iddefaia i1a6o iaiyouny 10 1 4 10° e 4i€da felaieia, a édaoiiiou ifaoidaieé aidiaeo
a1 Aloai dac & aned. N+eoadony, +of iandudiiifion AIE-iTieada  1aa0dediifiodé ifaoisaie
fAiffitanoasao imatgaiep ifiddionoié+~eaifioe adiaoe+anéia 1ycléa. baciafiaiita ifaoiod,

a +anoiifioe, feiidode~ita éfieaiaioasita, ~anot 1adacop 0 Taeéiasiiil-gieéa+ita
Elinodoéoee, eaoe el a o 1

aaaaia aey eeepiiodacee fodveoodiay aaeieda gieea=ii
27724 aaiiia 6aga (ada y

\\\\\\
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! [
I K |
(a) :::taccattaccat:::; a) actgcagtactgcagt:

A~ AAL N

aanu dandiayueany nodaeée nioadonoacpo iageiadiial (e 6+aé a¢), a ndiayuead

)]
<=

|
iidtdaa r. Odaai
514

AN A

4 0830. 164ancaaeyao eioasan
' ail e aéeii aal

AL
S

i A a
¥%Mycoplasma synoviae 53¢, (ID AE017245) . Niioaa
iiceéoey 690229) idaanoadeai aaiey

gttttggggttgtacaattattttgttaagtaaaac aaatgataaataacgttaacttgcttact
gttttggggttgtacaattattttgttaagtaaaac cctataaacaaatcggattatatgtacta
gttttggggttgtacaattattttgttaagtaaaac ttaagtcaagatttttaataccagggtgca
gttttggggttgtacaattattttgttaagtaaaac tccatatttttcctt actattactatgct € 0. a.
NOdGE06da €i&ad aeaXxY XY,XYs::: (dlewd 10 iTaoidaieé), 4844 X = gt*g*t?gtacet?at?

gtta?gta’c (jXj = 36) B&A6EYSIT MA0IOypUSERy O0AAIAID, a afdaase Y, i = 1:2::;,
iVij 30,14 1aiad6eeeaapo cia-eiial Asiafoad. Eioioiacey 1ayoié fid 5680004 & Saciadea
44114 TOR60M0A6A0. Al it 41644 fiesliay AOB6RO6 Ba GBACAIA A Baciaoed Ad6aiaT

O~ Z o~ AN

aeiae~iay, it aieda
faidaénoaa ¥Mycoplasma gallisepticustr. R(low)¢, (ID AE015450).

iddanoaaeoadey yo
li-&4eaeéiiio, 1ia a

él, +0f adaieda idsead ffaaogaiitie é fan
1]

\\\\\
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iadefae+iiiou i aeeiié iadeiaa 5, 10éé+apuayny 10 (cagta)!? adayoup caidiaie, & éaé
iantadopaiiay iadefae+iiiou i aeeiié 1ddefaa 10, Toée+apu  ayfy 10 ((cagtd(cagcey)®
00aiy caiaiaie. Nod6eooan, alionéapued iiiaiciaziop 0daé 0146, ataaeait aaoida-
ie [21] & Toadeliné éeann
E6i6eyoeaind nodoeosad. YOI €i0adaniié éeann nodoeossd, dadacoadecopleény
fidoeoe+-anéeie idiyacaieyie 11aoisiinoe. Aeeéia 1aoiayp uaény aaeiecl iadanoaao
@ée 0ataado ia eazdii gadad. Nodia oidiediaaiey eoioeyoeaii e N0O0E0OAU Tigaaiaay.
[aioeias, a ecaanoil iadaataa N. ladgaéa aideeénéié 1anai éé %The house that Jack
built;, yoa fidaia eiado aéa: A+ BA + CBA +
A Ao &li, 810700é ifodiee Azede
BA = A yoi igdieoa, &loiday a oaiili +6eaia ddaieony
a ana, éioisné inodiee Asedé
CBA = A yoi daideay ioeva neieva, éioiday +anoi aida6ao
igaieoo, éioiday a 0aiill ~6éaia ddaieony
a aia, éioiaté inodieé Asedé
1474108 AGAI0 Afioda+apony & a AIE-ITREaaiaacdéiiinioyo. | deadaai 1aio éc ieo, a éi-
0id1é adieescedopoiy deead iifiedaiaacaelii diaiigapueany 66  adidiod éc dailia 6ada
i0danocaaeadiing aey iadéyaiiioe a aéaa atdaaieaaiey
liceoee
21479: atttg gggacgaaaaccacatcgtcgttt
21509: apt apc ggp %(,pgpa%gapc%gcpapggpcg tttcp Pppp
21539: apt a[)cppggi)apcc%gatpcggcgp P
21560: agtpa a% g cg dogpg
A [10] n&taital otaa AdaI0 facaail ¥.e40ad0e+afnélé adieeéa o6edés, a a 16¢liéd
Y,aa0eaceliiiioup oéia ididanoaieye, [2], dadaéoadecopuaé fiy 0ai, +0f odiaoé+anéia ya-
81 i8¢ aoidaiee 1Me6+ado i1aia idiaiceedied. E, iaéliao, i ofeo oiliyivou 6aené ieano
440Méed neacié (4baitas, YETE1aié, ¢ 48.), eeanie6eoedosld eaé 6aii+ila, 80i0eyoea-
04 eee néacée i iaiectaaiedi¢, o.a. ideniaaeidieal itaié gioiviaoee ide 1Maoida-
ieé Ozed ecaanoité [3]. N+eoadofy, +0f 0aéed feacee Aiitarapo dacaeoep o6noilé da+e
6 4aoaé
Efiaeiedsiaaiind nodoeooadd. E iei 10 Toiifiei iceseliil naeeesediila (eée
dazed faéadapuediy 1aia ia ad66aop) éiideiacée yeaiaioasitd NO0OGEo0ad (daciioeritd
1a01614) & 1adeiae+iinodé. 16inoaéaei ideiadii 11ado neo &eeol ¥.éiiadiate ioe-
i0éapuead ad6a é adoad iadeiae=iifoe, Toee+apueany Aifioadl 1 yeaiaiola a iadeiaad
gée 4aaed aéeilé idoeiaa. Oae, a GiMiyiooié aled Maaioed naé  aaiedtaaiins 6daiiai-
ofa aaifia igaieéol i0 iadépaace éfiiadiad (ca)l®(at)!4; (ag)’(agaf)i?; (tc) (ta)'?(ac)’
¢ 1i1al 4004e0. 1a0anado ia naay aiciaied jace+ead 1audal yes idioa a daciiogiits
iadelaad éaesedidl éfiladiaa: +auad anaai ia ial e iouancaeya ofy fodélaéa fifaaied
idoetae+iinoaé. ia aaiidé inaio ia Atanai 1miyoi, ianao é e éaéop-o1 Aitnéaop ia-
a00ce0 iiceseliiia nacésedied iadeiae+iinoaé, 1adacépued glitadia. Iaeiaieoaenit
& anoanoaaiilio ycliéd yoio anadifi cad+ae al oaé: 1adacdao ee éaéay-oi iada findaied
fiéfa a 0aénoa onoié+eaia nefaini+-aoaied eée iao?
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1 2 1 1
:;:agg c!cgggc gecgcecticegec tgececg @t

A AT AA

lienaiitnd ated 14dacol OB0EOOSITAT NGTAN0A, Taiaddeeeda  AilaT & 046f0ad dacee+-
06 ychétand fefoal, iicaieypo idadiieleeeol, +01 idselycié fada aiaeidee oafiol-
fiodaiypony oaéaed ia iifoaiiaéd flaadeeacdéuito cada+ e atoaaloéd iadiaia é ed oa-
gaiep. Aiciieeil 1a0aiA0 e4aé & 0abiieiaee ec iaiié ychélal é fénoait a asoadp.
Oiiiyiai a nayce i yoei fidiaitd il ificaiiaéai & enilelicoaid 1 aédideoial caaa+e
anyagaiey alineiaeé a AIE-iiiedaiaacdediinoyo, iainicia iit6 caeinoaraaiee a iocu-
8280100 18iecadadieyd, ieadeacia a iad+itd 0dénoasd. Addae 1 18eiddii ileedod nedaeeol
oidiagecaoey iiiyoey ¥i0d6e00d8iay aaeieda;, & dacdadioéa a &aioeoiia adoliaoe+anéi-
& a0adeadiey nod6eoositd daeiesd ec 046noTa éieédaoitd yelé Tatd fenodi. A +anoiiioe,
fAdiaita fadian enieuciaait agy ataaeaiey: (a) iiooai ég o aénoa ia o6nneén ychéa,
caienaiifal aac iofadéia é giaéia ivaieéiaiey [24]; (4) ifia aié Tnitaild N0O0éosaitod
aaeieo ciaiaiiial oaniaaa [15]; (&) 6foié+eald nefaifii+ao aieé (éieeiéaceé) ec do6MMneél-

x00U ifasdiaiaa ia aiciteeiifiou 1adaiina iMiyoeéilar a iiadaoa ec iaiie yciéi-
aié nenoadit a ad6aop. Oas, aaflia ielaioaisiti aieaid adyae  aiey é1éaeuiis Nod6eoosd
a 4eieiae+aneed 0aénoasd 1éacasini iMiyoed Yinelaeiinioiial i 8i0eey.,. Aicieéado arisin,
+01 11867 40 nedeeedll A&l aiaéiail aey oadénoia ia anoanoaaiii 1 ychéd, aaa 1olyaéa-
iy imaoidiinoe i 0aé caidoin? faimiei, +of aifiaétiod i figlaeiiioe 6daaiaiod
a aeielde+anéed 0adénoad yoi 6+afioée i adnieié éfivaiodasde aé daciioeiits iaoi-
gia. liyoiio a 0aénoasd ia anoanoaaiiil ycléd neaaddo 1adace ol aieiaied ia 6dadiai-
00, dadaéoadecopueady ailiaguit adniéié (it Adaaidiep A if Oaagaény ~afolp 0aénoa)
E1i0ai00atedé adieeadieé eacié-eeal éa e 31aa eée fiéiain
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fiéoeioee, odaifieyoee e ad. bacdaaioaill ilaedeéadee idoiaa aey atyaeaiey foiafioaa
(dacee+ey) 1ad eée addii 0aénoia, aliéfiéapued iafivaiaacoi 0a daaaéoeliiia Tfiadavee,
a +anoiiioe, eiaddnee (a 1adanoainagas) e odaifiicesee. Ti & efiléiiciaail a6y iod6e06s-
iial (& de&laaiaoe+anéian aiaceca 6ieéaéiils aaiiod iif éaalaaoaéuiinodé aenéia
i16e04aiin6 681N [12]. Yoé sed 14014l ideidieid aey onoai faeaiey aaoionoaa eeoa-
da0odilal eée ibchéaediial iolecadaaiey, it 6acoetioaclt 6 UanocaaiiT caaenyo 10 Tauaia
id&aTn0aaEAIITA] 1a080eaca. A a+afi0ad 6aa+ital iveidda i Teeil 6éacadl ia daaios [26],
aeecédp a eaaéiii ieaia é Tiefdaaaiiio asias.
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Eiliéaen agaideolia eioaeeagogaeliial ajiageca
Nneieell 1oaalecgliaalluo aalluo I0e efnéaaiaaiee
fieaal oidiaéeciaaiind Aenoai Gidaaéaiey
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Liineaa, Eifoeodo idiaeal divaaediey ei. A. A. Odaiacieéiaa b Al (EIO PAI);
2linéaa, (ao+il ennedaiaacdéunéeé 6ieadoneoao Adngay géiea  yéiiiieee (IEO AGY)
banifiaodeaaaony cada+a enneaaiaaiey nenoaia oidaacaiey @aaiial iiffleeanoaa 1ad-
Aéoia, éamxalé éc éi0id00 d0adacoadecoaony Oeénediaaiitl (¢ fAdiaitl) iaaisl dac-
i1074i00 1adaiaodia. Agy dagdiey yoié casa+é iddacadadony enfeaaiaaolu fAod0eo6s8o
acaeiidaniiéieediey 610adeyaitd Tfauaéoia a iainodainoaa e i6idiaoeaito 1adaiao-
dla. Yol iicaleyao Aotanoadiil ilaofeol yooaeoeainol aia éeca 0oiéveliesiaaiey
fienodid, a caéaed ONOTE+RAINON 18164408 ideiyoey Gidaaedi+ anéed dagaieé. Agy aiya-
gaiey 0aéié Nod6eoodal dacdadioai adceaeniteé éiiedén aea 16eoiia eiodeeaéodasil-
al aiaéeca neleeil 1d3aiéciaaiildo aaiins, a caésed 8164460 y éniasoiié éisdaéoee.
157844481 08i0A0e+afiéeé ajacec dacée+i0o aadeaioia aeaive oia NEAA (006&0063il-
geanneodeaceliinal aiaééca aaiiac), aiéacaitl 04idaid T fid 1aeiinoe aéaioeoia é éi-
@aeuinio yénodaioio fiioaacnoadpuaddl édeoadey éa+anoaa
Eép+4a0a félaa eioaeeaéosaclité nodoeoddil-eeannedeéaceiiiné aiacec a  ai-
i00; eioidiaceaita 1adaidoda; ia+aeliia dacaedied, anaid +@féa eeaninia; caileiaiea
TBTI6UAITN0 [adepaaieé; i816aa0d0 yeniadoiié éiddagoee

The complicated data mining algorithms complex in the
study of weakly formalized management systems

Yu. A. Dorofeyuk 12, I.V. Pokrovskaya !, and N.E. Kiseleva !

1ICS RAS:; 2SIU HSE

The problem of the large-scale management system study is osidered. The system con-
sists of a large number of objects, each of which is characteed by a heterogeneous set of pa-
rameters. To solve the set of problems, it is proposed to inv&igate the structure of the relative
location of these objects in the informative parameters spee. This allows to signi cantly in-
crease the analysis e ciency of the system functioning and he stability of the procedures
for making management decisions. To identify such patternsspecial mining complicated data
algorithms complex and expert correction procedures were @ésigned. The theoretical analysis
of various types of SCDA algorithm was carried out, the algoithm convergence to the local
extremum of the appropriate quality criterion theorems were proved.

Keywords : intellectual structural-classi cation data analysis; in formative parameters; ini-
tial partitioning; the number of classes selection; lling in missing observations expert correc-
tion; procedures

baaioa adiieiaia ide +anoe=iié 6éfaif
a, *13-07-12201-i6€é, » 12-07-00540-a.

7é faaddaeed DOOE,

lageiila 1ao+aied & aiagec &aiins, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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Peén. 1. Eeepiiodacey eade niedavdiiial iadaaioa

enoiaiié ataioée, ideiaaeaaeaned ia  j-i gaada ffioaaonoadpuaid éeanno (0. a. daaiaio
yoial éeanna)
1 X
a()= ——= Xi; (1)
sU) ) 2a.0)

aaas ifiad éeéanna

Aedioeoi NEAA aéy 1ailiaoinal feo+ay [aT4a6iaeiT Aidoeasiii 10idoeou
yoio +afoité, it aafdia danidifioaidiiié a 16eéeaaild cada+r ad fed+aé, naycaiité
fif N086E0GAINT alaéecii adaiaiitd ayaia [3]. Aaér a ofi, ~of 14iliddité ned+aé éidao
oieéaedita naiénoal, nouanoaaiii 6idiuapuda 1810aa6dd 6a  eaiaidadeaiilal 1adaaioa,
eRinelcoaiop i9e A0d0e0ndIN aiaceca. A iaiil: aaeao iail iaoiié diigyai+aiiinoe
geanfia adaiecaé iaaead aadly éeannaie (a aaoadieiediaaiii 1 néd+ad) nedeseeo oieuél
fafa of+éa, € 0aéed adaies ifeead Aol A Alead 4300 (aey édaéi ed idaaial & eadaial
ééanfia oieuérl 1aia).
Odisdia 2 laimasine aaseaio aeaioeoia NEAA fidiaeony ca éiia+iia ~en el gadia
& aelaaelino 1aéneioid éseodsey J
Aleacaodeinoar. Tailiasiné fieo+aé fouanoaaiil 1oee+adony 10 inanasinal 04,
+07 ééannd oildyai+aia ia e X. Yoi, & falp 1+adaal, iicaieyao aaéliilcedtaaci idi-
oann ieieiécadee 66iéoeliaéa J aey anaé ataidée ia iacadeneita 1610aaoon aai ie-
ieiecaoee aey aalaioié, éaseaay ec 101606 fificadeyao 1ai 6 éc anad fifaaied iad
geannia. Oaéei 1adach, yolo aéaideoi 6agoe+anée yagyaony oaacecadedé noail aéiaie-
+anéial idiadaiiediaaiey, 1aania+-eaapuaé iadieeddied ael aaéuiial yénodaiodia oaoié-
oetiaéa J [4].

Adénoaeodedii, idaaileiaeel 161084014, iiiead casddgaiey o aalol Taitiasial agai-

AAAAA



1427

m
®
QD
D
=14
Q.
D
13
=>
ox
D
o
=
>
@
o
Qo
mD:
D:
Qo
D™
o
O
Q-
D:
c:
=
=>
=4
Q-
D:
o)
Lol
Q)
=t
D:
ETB)
=
—>
ox
an
Q@
[
‘0,
>
4
o
e}
Q:
4
=
(e}

uj
g)/
N
-1
=
(@f
Qx
@
Do
o
Qo
=}
Qo
o
o
M/ Qo
P D

—d

(o]
c: Q
o™ @D
—) (D\
Do 2
O ay

2
3 ox
Qo
vO)
(@)
-
c
o
o Q-
>t O
o Do
QJ/

J, +ai éeéanfneode-

0
aé &ideoia éeaffie-

NAN AN A A NAN AN 1 XY

K (xi5%); 3)



a
é aea: 1= ir=l B|K(A|1AI
e+i0é n;=n &aey 4aoadi

ot

K(Ai;A)= ¢ K (X5 %) hi (%) hi (X1); ©))

éiae~+ide 2=n;(n; 1) aey 4a0a6-

AANA

» T on
—~~
X
w
j—
V

)

>
a»
. QDo

0), 0f hi(Xs)ia = N2(Xs)reas
i¢, ai aoioié éeafn). Aagaa
5 |
j

LAY
j m,
o
an
o

3|l
-

o @
H : Qo
o O

W Z o S
T

N
D

o
Q:
D:



1429

m
®
QD
D
=14
Q.
D
13
=
ox
D
o
=
>
@
o
Qo
:
D:
Qo
(o}
o
O
(oY
D:
c:
=3
=
=4
Q’
:
o
O
Q)
=t
D:
ETB)
=
ox
an
(e}

aieécraaiind aaiia

ot ||
D:

Qo Q) X
Hilen 1]

I
X
o
}/
@
(@)
-
Qx
g)/
<

AN ZAX AN

ANAN AN A A YNANAN XY

aiacti (Fmin; Fmax)s %I?éaéeéﬁ &10101ai
elcd Yy aedaioeol NEAA, igiaia
o A



-

e ao.

o
Qo
D

1430 b.A. Aiaio&p

A 6181684 (8) iModiveasuiay d6ievey K (xi;xp) Tiodaaeyaony oioioeié (2). lada-
1A08 q yaeyaony iafigoadéddpuel iadaidodil, idediayuei cia+aiey ooiéoetiaeia  J;
e J, é fileciadeili adee+eiai; iaidaéoeéd  geidao ciatdiey idyaéa 2;:::;7 (al noieuét
dac Tal=ii Toee+adony fdadaiyy aeeciiolu aivode éeaninia 70 Ndaaidé aeeécinoe idsead na-
igie egannaie). Aiedd i aoaisa cia+aieé iano daeaaadins iadaidosia dan-

f :
& ie6+aa0ny iMfeaataaddduiiiol Js(rmin); 2 Ja(fmax). OlOIAEUIT & &
7 MEDRI U 0aéia +~enel éeannia Fopt, 101014 fill0&a0f0a6a
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Efiiedén acaiseoiia eiodeéaeodaciilar aiaceca neleell 164 aiéciaaiing aaiiad 1431

Aeaioeol NEAA & caida+d adoiiediaée iadaidosia Aéy adadiiediaée iaoa-
140014, éaé e a fed+aa éeannedeéavee 1a0aéoia, i6aacadaadi eniiélciaaol aeaideoi
NEAA. Oaiagiiay 1iioaitaéa cada+e ad0iiediaee 1adaidost a ffadacodiadado Tivdaa-
gaied: ifleeanoaa 1adaiaodia, Maedaeaued asoiiedsiaéa; il aeanoaa dagapueéd idaaee
& éde0adey éa+anoaa asodiiediaée [2]

Ad0iied0aita iifeedfiodl Tadai T @lia+i0é iaaid iadaidodia

: e
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X3 X X3 X ). (N2
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0aé e i1 a0aioo 6aéoisia fj, j = 1;:::;s f? = 1 7i04&deyains ec Aiioilgaiey (10)
ide 6éénediaaiiié asoiesiaéa
Edaél iféacaou [5], ~oi aey oeénediaaiiié aaoiie 3
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aey 1me6+aiiic asoii. 16 dagaiee ideééaailo casa+ a aaéuia égai eniieucopony eeal
ifada eioddoaeuita iadaiaool 06aéoidd adoii (anee aadony  ile6+eol ed daiagéaoaioe-
oaeulita nfaddeeaodéuiia fiefaied), €4l oaéié iadio iadaia 0dfa éc endiailal ifleeafioaa
iadaidooia (~enét 101006 daail ~efied adoin), éasealé ec €10 1000 yaeyaony aceacaéoei
(& Ti6aadeaiil alied NiGNea) & 6aeoids a fMoadonoacpudé a8  oiid. A iaéioisis feo+a-
yo (faioeidd, éiaaa iao oaglal iadaidoda a aooiia, cia+aiey glyddedeadioa &iooaeyoee
éloloial i 6aéoidii cia+eil aléligd, ~ai aey 406aed iadaiaod Ta yoié a06ii0) a 10aasu-
106 ao06iiad ileead 4ol fofadaii 1 2, a agy 1Atal iitai~ensai 06 asoii 11 3 & 4leaa
iadaidooia, aéeaxaéped & fioadonoadpudié 6aéoiod e iaéfel  aélil 6aaéaiind asoa
10 4863a. Eiiaaa i6e oisiesiaaiee iaaida ei6ieiacoeaitsd iad aiaodia efiiéucopory
01648600 yéfiasoiié éiooaéoee [1, 6].

A &dleugeinoad idesieedieé endiaind eee alaaeadiitd ei6isiao 2ai0a 12021400
eidpo fadaaiicia+iop aaeselifiol ide aiaéecd fOBGE06D0 Taldé ofa. Aey didiediaaiey
lyboeoeaioia aaeeiifioe (aafia) & 0adioa iddacadadony enil elglaaol i616aa6d0 yeniado-
iial 16aiedaiey. Oldiged dacoeioaot 4ado i616440da iiiala  aseaioilé yeéfniasoeca [7],
éldaa aey 1oaiee oaéed aafia efiieucoaony ianéieuél asoii y éniagoia fniadeaéenoia
& dacee+ito afiaéoad enneaacaité isiaedil. A 5acoeinacd yeniadoech éaseaiio iadaido-
86 i6éfaacaadony 110daaeaiiné aan (aaseiifioe) ioe éfnfeaalaaiee NOBGEOOON Taudéoia.

AQ&Id yaiogiagliialy, ~efieéa eéaniia a cada+a addiiesiaée ia daiaodia
Aey ataida +enéa éeaniia a cada+a asoiiediaée iadaiaodia eniieucoaony niaceaeuiay
yéniaooii-éiiiupoadiay idioaadoa Tioeiecadee édedadsey, aiagiae+iiarl éseoasep ad-
A10a YATiogiagiitals, ~eféa eeanmia a caaa+a esanneoeeacee 1andeoia. Tiegdl 4662064

aeaiacli  (Smin; Smax), a 108adead é&ioidial
, effédcoy a  éaioeoi NEAA, igiaiae

J3(s) = J1(s)  ak(s); (14)

5880, (s) adse+eia NOAAI&E i A56IAI 1450 48e¢IHO TA0AIA051A 4 886 114, & J,(S)
a%se-ia NBAAIAE 1400 ABecifoe 1At adoiiaie. Adse+eia qa (14) Jaeyaony 1angoa-
4856pUet 1a8ai&08N, TBeATAyUST é TAiN6 1afigoaad fddaied cia+aiey ooieveiia-
814 J,(s) & J,(s). [a idac0eed agee-eia g a04eda80My & A8AIACTA cia+&ieé 2 5 (1a0+i
al AOTEUET Bac 1088+aA40MY ABAAIY A8ecifidol 1A0a1A081A Ai60 3¢ A86iT 10 GAAI&é déecifoe
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bacdaaioaiiié éiiieaén agaideoiia eiodeeaéodaciiiai aia  ééca aaliitd eniéuciaae-
iy aey aiaéeca néeieeiliddaieciaaiiio aaiinc a daiéad énneaa  Taaiey fnéfeeitd nenoai
oidaaeaiey, a oaéaed ide ffaddgainoaiaaiee 16103400 16eiyo &y dagaieé aey ianéieuéed
€a01i006 fiefoal 6idadeadiey, a nitaill dadeliaénital 6adaé 0ada. Al anaod 1deéieedieys,

a 0aéaed e lageiill ladcediaaiee [9], aléa iaodddeeaaia a aiféay yooaéoeaiiniou

dacdaaioaiiial éiiieaéna
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Mathematical modeling of hill diagram for Kaplan turbine

Yu.S. Volkov !, V.L. Miroshnichenko !, A E. Salienko 2
1Sobolev Institute of Mathematics, Novosibirsk; 2JSC Tyazhmash, Syzran

Background : The problem of constructing of a hill diagram for the Kaplan turbine wheel
on the power test results of the model turbine is considered.The hill diagram is the basic
document for selection of full-scale hydraulic turbine paameters (turbine wheel diameter,
rotating frequency, etc.) that ensure the most e cient perf omance of the turbine at all modes
of its operation in a particular hydropower station.

Methods : Building a description of the mathematical formalism applied to mathematical
modeling of the hill diagram of the Kaplan turbine based on the power test results of the model
turbine.

Results : The basis of the proposed approach is the approximation métods for multidi-
mensional functions at scattered data. The methods are modiations and generalizations of
D ™M-splines and Hardy's multiquadrics. An example of modelingfor real data on the basis of
the program complex is given.

Concluding Remarks : The software package for mathematical modeling of hill digram
for the Kaplan turbine was created. In the future, it is planned to use this software package
for main full-scale hydraulic turbine parameters selectim in a hydropower station.

Keywords : hill diagram; Kaplan turbine; coe cient of e ciency; splin e; approximation

Paaioa adieidia ioé 6eiaifitaié iiaaddseéd 161adaiil 66iaa 1ai0aéning enneaaiaaieé ftaianoins
2i0480a06e1iind i81aéoia NI DAl & Odl PAI, 181880 32, & idé il 43402284 POOE, &04i0 *15-07-
07530

lageiita 1ao+aied & aiageg &aiing, 2014. 0.1, «10.
Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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iafiodé " . [adleeadied 0aéed caseneiinodé 08aadaony noudnoadpueie i doiaeéaie adaida
TAiTai06 iacaiaodia faodoiié aeasioosaeid.

Eiy66e6edio ifedciial adénoaey 068aeil Tidaaaeyaony ioifgdiedi ifuiiioe fa
aaed 0604eil é iiuitioe Toiéa, 0.4 N = gQHn. Caanu iéfoitiou aiad, g
6riéidaied nataiaiial iadaiey. 166aaaaiicd +~anoioa adaudi ey & dandia 71idaadeypony
oidiogaie
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= f(x;y;z) €cadnoill & 01+6ad x; = (Xi;yi;z), i = 1;:::;N, iaéioiaié 1aganoe RS. 10
iddaiéadaadi, ~of ana oi+ée x; dacee=ia. laiciaxel P, id8ifodaifioal iitai+eaila
X _—
(x) = by X'y’ z (2)
06i+j+16k
fiodiaie k. laimiei, +oi daciasiifiol p i8in0daifoda Py Tidaaaeyaony oidioeié
. k+1)(k+2)(k+3
o= dim p, = (KFD(K*2)(k+3).
6
Ooiesey
X\I 1 1)M)=2
S(x) = M@0 D=4 (x); (3)
i=1
daam > 1 6aéla +enéi,
n=rx;xi)= (x x)>+(y y)?*+(z z)°+R?
2 P, k> 0, 1ia+64i fodidieé k, R Aauanoadiita +efnel (iadaiand 0adae) e éiyo-
0eovedioll ; 6aiaeaoaioypo oneiaeyi
X\I o
i (Xj)=0 &eéyanad 2Py; (4)
i=1
fachaadony DMM-iiieaéiii iodidieé  m
lia Aoaraiup DMM-iiéaéia ia itieiadl Méacacael nodiaie 3.0 annoiyieye r; a 618-
1664 (3). Oaéia Tiddaaeaiea ntaeanocaony ni noaraitup fieaéi a aey 1a0+itan iaiiasiial
fieaéia. Aey +aoifai m 6idiééa DMM-iieaéia fiiaadaeéo &iaadeoi, a ide ia+aoiil
gaaadaoité éivail. DMM-iieaéit nodidie  m ifado Toee+aouny noaiaiup eeilieagl-
iTal neaaaaitai. onetaey (4) 1tado atol 1adaienail a yéaéaa €aioill aeaa
W .
ivj(xi)=0; j=1;::00p; (5)
i=1

N\ s N AN

Caidoei, of D™-Aigaéin & fieadin Apeiia [5], & 0aeed i6loetaaadeee Oadae & &6
1afandiey [8] yasypofy ~anoidie Aeo-ayie jauié efifiodoese & DMM-fisasia.
Rigaéi S(x) iactaadony eidASITEy6ETial fieasin, anee 1 6a1a820415 yao ofietae-
yi efoasiteyoee
S(xi)=fi; i=1;::5N (6)
Eiyooeseaion  ;, ; eioadiieyoeiingl ficaéia Ti&436YpoRy ec fefo&in &eidéi 06

A =F; (7)
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(x) = bi (X Xo)'(y Yo)l(z 2o)';

06i+j+I6k

Ta0acopo dacefiu;(x) a idiiodaifioad iilai+eaita  Py.
fefiodid (7) neiidode+anaéay, iaoia Oledvéial enilenuciaadl  ideucy, 0aé éaé iaodesa (8)
i& yagyaony iéleeeodeuil 1i9aadeaiiné. 10 enielcoai iaé 0106p i1aedeéasdep iaoi-
aa Aacaia [10] 4ey ad+eneaiey élyooesedioia nieaéia, ol il caleéél a4aid 6idiugeol
adaiy iinoaidiey ficaéia a ndaaidiee i [9]. E ofi6 sed yoa ilae  6eéasey iicaieyao éii-
odieediaaol T1aonelagaiiiiou ioe dagaiee & aaoliace+anée T 10aadéyou feodacee éidaa
fiefodia (7) aéecéa é atdiaeaaiiié, ~of 46ado ioienidiacou a fie 6+ayd ia Aouanoaiaaiey &
ia aaeinoaaiiiioé DMM-fiieaéia

Ange a caaaiins cia+aieyd f; i6efdofoaopo 11adagiifnoe, of, 8aé idadeél, eioadii-
eyoeniind fieaéit ivagoe+anee aanieacia. A 0aéed fed+ayd  idiadiaeil iodieol faea-
seedapued nicaéin. Nacaseedapueé DMM-fiigaéi S (x) 106e+adofny 10 eidadiieyoeli-
ffal  S(x) odl, ~of i6é aal Tidaadeadiee onefaey eioadiieyoee (6) caiai  ait fnedadpueie

(D™ +S(x))="F;; i=1;::N; 9)
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aaam = bm=2 + 1c (caanu edilélciaai ciaé 6aeié +anoe +efea), > 0 iadaidod faea-
aedaiey. Oldaa élyodecediol ndeaseeaaplidan ficaéia adéado i adiaeolny eg fefodia (7),
it A ecididiiié 1acdesaé
A B_C B+( )™ I C (10)
ct o cT 0o
a4l Aaeie-iay 1a0deoa. Yoa eécidiaiiay iaodesa 1oee+adony 1o iaodesl (8) aey
fiéé+ay eioddiieyoee oielél yeaidioaie aeaaié aeaaiiace,  a eiaiil

1018081, 610y féleeiifioe & 086aiifoe iMfodTaiey eivadileys eliiio é naeaaeeaapued
DMM-fiieaéiia 1ajaid, 1aiaél iaioeaaié iadaiaod fiacaseeaa ey 6e6+pado 1aodneiacai-
MAOU Aefodil 6daaidieé. 10 i Tafdaeaddl anaind Aouanoala aiey e aaeinoaaiiiinoe
DMM-fiigéaéita. 10idoei éégi, +0i AOAIAIl fieaéis m € foaiaiu ifeeilieaéliié ai-
dadéek a ned+aa eioaddiieyoee aiéseill 6aiacacaioyol iadaaainioad k > bm=2c, ii ide
Nacaseeaaiee oaéia 1adaie+aiea 10f6OMR0A0A0.

|adaidod nacasecdaiey 8340688080 681adilU Nacaseeaaiey aaiitd. Cia+aiéd =0 ii-
710440M0a6a0 eioadiieyoetiilio ieaéio, o.a S(x) = So(x). N caaee+aieadl i1adadied
DMM-iiiéaéia foaiiaeony aieaad acaaéel, oidiligapony eéce aaz a ef+acapo Tnoeeeyoee,
it aianoa n oai, aifaua aiaiay, danoao foéeiiaied 1o endiaid 0 aaiito, fieaéi nodaieony
é 1aéo1dno iifai+~eaio noaiaie k

lag 1100 efitetciaaiey DMM-fiiéaéiia 1icaiéyao 60addeedaou , +01 DMM-fiigaéil
yaeypony ifuiti eifodoiaiol idéaceaediey 06ieéoeé, Thtaai it caaaiitd ia 6aioe+a-
fiéll iileeanioad oi+aé. Oniad ideiaiaiey DMM-fiigaéiia caaen @0 10 é168aé0iial adaida
jadaidodia m, k, R, . 10848441 i4éi01004 daéiidiaacéé

A ne6+adR = 0 4e60640aiveaclind fatéioaa DMM-fieaéiia ieiiioip Tidaad eaid
&0 foaraiup m. I8¢ m = 1 DMM-fiig¢aéi iaidadnaai, it a4l 140a0a idiecaiaita ia
AOUAR0AGPO & oi+éadx;. Aey fieaéiia nodidie 2 1adald idiecaiaind ididasaaia, i
a01804 & A6UaN0adpo a oi+éad x;, & 0.1. lyolid, anee ialasdiaeil ideaéeaeaoil 1d8ala
idlecaiaita, of fnodiail DMM-iiéaéiia aiéseia altou ia 1ailga 2. Ai&foda fi 04l 14 daél-
iaiadaony efniieuciaaol fieaéit alniéed foadiaidé (dielea 4 ), 0aé éaé iiado aicieéaol
ciare0aeuind noeeeyoee. Epaia iaiosaala cia+aied iadaia o0da 0adaeR 446240 DMM-
fieaéi aanéiia~it aé60adaioeddaidi, 1aiaél aey i+aiu iaea iUéed cia+dieé R yoio
y00aéo foaitaeony ~efol 6idiaeiitl. Oai ia 1aiaa adaian ia daidooa Oadae iteeil
fouanoaaiitl 1adachi ecidieou Tadadied fieaéia, a of sea ad Aly ial éaseaony idaic-
ifeei(i & ianoiyueé iTiaio aaol eéaéead-ceal éliédaoitia daél aiaacee it adaiao yoiai
Tadaiaoda.

No&iaiu ieeineasuiié ~anoe k AGUAR0AAIIT aeeyao ia Aaiénoaa DMM-iieaéi, Tii-
aaiii ia édayo 1aéanoe aaii(io é a iaiaeanoyo i dacdaaeaiidie aaiitie. Anee madaaied
alidiéneiedoaiié ooiedee a iaéioiaii nilnea aéecél é iada aiep ieeiiia iaéioidié
gliédaoiié noaiaieé k, of yoi cia+aiea é idzeil a0adaol a éa+anoaa noaiaie ieeilie  aéu-
iié ~anoe. Ca idaadéaie 1aeanoe aaiio fieaéi 46ado aanoe naay éaé iaéioidné reeiii

Alga 6eed Tafideeadshy ATiSIH aseyiey iadaiaoda fasaseaaiey i a i1a4adied DMM-
Fisagia. Ataaael, ~of lieell 54566e51A200 RO&IAII fFsaseead &y eiacacacasil a ease-
Ai6 01+6& x;. Aey yoial Aifioact+i caiaieol 1aleé 1adaia08 a fiffofigaieys (9) ia
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Péfi. 1. 16éi40 éndiaitd aaiiad peén. 2. 18eidd +anoe endiaild aaiias,
(@) =0;001 @ =0:1
peéf. 3. Nasaceeaaied enciaias aaiias, ' =0

[a 38R, 1 & ieifiemoe 1A4I&IT06 ( QP, n?) i3eARAAI0 AAIT04 efi0oAIRE A8y GABTA Ti-
aisloa &fiafoaé 10, 5,0,5,10, 15. EAGIAIGE 1a&id 4aii0s AlRoied e 1479 o+4é
2 B8R, 2 158234410 BACOEUOAON efiloaieé asy TaiiaT 6déa ' = 0. Oi-&é ATTOAAOMOAS-
bua Taifi6 cia+aiep 1088008y 1aidaasybuAaT aiadaca iife 8aTa204601 ATAASTAI0
1054ceaie & ecladazedin a isireiioe ( n?, )

[a Sefi. 3 156AAAAI0 iB&IA00 Racaceeadiey eRBTAINs Aali06 a8y  Bacile cia-aieé
20218054 fiacaseeaaiey = 0,001& = 0;1 A igiéifoe (n?, ) ecladasedin eeiee
14e1261A00 10850086, cia+Aieé fT0AA0NOAODUSD Aaiitl 48y  Taial 6aea ' =0

¢
. 4 i16eadaai 6acoeloao iiadeediaaiey, ioliaéeadiay 6 adaé
= 0;001é = 0;1. Eciadaseail écié
féifoe 1adaiaiito ( 9 nY).
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(a) =0;001 @ =0:1
pefi. 4. aliaseasiay 6adacoadenoeea, ' =0
(a) =0;001 @ =0:1
peéfi. 5. Oieaddnasiiay 6adacoadefioesa

la 8en. 5 i5eadaai &
oadenoeéa, aey iadai
e éeiee 10éaloee a ieinei

|0daéieedia 1a0iaeéa ficaaiey iacaiaoé+anéié iiadee 6ieda  dnaelilé Gadaéoade-
fioeée ifaidioii-efianoiié aéasioodaeil 1t dacéetoasai o aialaio yiaoaaoe+anéeed efi-
ioaiéé 11aaeliid 06oaei. bacoeloaol efilioaieé, éaé idade &1, iddanoaaeypo feeul
jaoaaoeyoita daioe+anée dafiléiaediila e cagoieaiita aali 0a. Efiiféuciaaieéd DMM-
fiéaéita caiéeél 1Méo+eol ainoaoi+ii 6idigop aiidiénel aoep ioliaeeasiié oie-
aaonaeuilé dadaéoasenoeée, +of a fadip +adaau iicaieeél daff+eoaol éliaeiaoioiop
6ieaadnacuiop (deaaiop) 6adagoadenoeds. 6iadaail oanoe diaaied ficaaiiial éiiieaé-
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fia 181adaii, a 0. +. ia aaiio, yaeypueiény daaéuitie dacoel oaoaie yiaddaoe+anéed
efitoaieé. lieo+adita iaodiaoe+anéed itadee 6ieaddnacii 06 Gadaéoadenoee adee ide-
ciait Adoeagenocaie aifoaoi+il aadéaaocinie. A 4aéiiaésai ieaieaoaony efiieiciaaou
aaiité éfieaén 161adall aéy anaida itains iadaidodia it cAaaaains iaossind da-
AT-@0 éiean deadioddaei agy aeasiyeaéodinoaiceé
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 Toradaseiey ia6AEER60I00 A6ATAEONA (A
RoiaoENitipoada yeécaoeninile isjecalasodeniinos
Ia INnllaa eleoaoelliial lia eeélaaley

-aiél L2 A N. biaéiita 12, A.A. Eadaaada !,
A. E. liaéiodoia 1
gbm@sscc.ru

O&elp daaiol yaeyaony enneaaiaaiea aiciiaeiinoe 101adaseadl &y 1adaceaelilo aeai-
deoita ia a06e0460680 NGTAdYAI yecadeélinilé idiecaiaeodsi inoeé i enitéuciaaiedi
j&40Taa eieoaceliinal iiadeedsiaaiey. Aaoidaié iddaeisedia fienoaia AGent NEtwork
Simulator (AGNES) aéy effnéaaiaaiey iangoadedoaiinoe aeai oeociia e idiasdaiiiial
1aania+aiey ia idaaiéadadinse ad6e0aé06dad yecaoetinins fio1adénitipoadia. i5eaa-
aail oacoeuoaol iladeediaaiey agaideoiia dacee=iial éean  fa: aeaideoild 1dyiiar fioa-
oenoe+anéial iiadeediaaiey, naoi+ita iaoiad.

as adaioii-ideaioediaaiiay nenoaia; eieoaoeiiiia iiaaeedt aa-

Mappings of parallel algorithms on supercomputers
with exa ops performance on the basis of simulation

B.M. Glinsky 2, M. A. Marchenko %2, A.S. Rodionov %2, D.A. Karavaev 1!,
and D.I. Podkorytov 1!
Linstitute of Computational Mathematics and Mathematical G eophysics SB RAS, Novosibirsk,
Russia; 2Novosibirsk State University, Novosibirsk, Russia

The main objective of this research is a possibility of repreentation of parallel algorithms
on di erent architectures of exa ops supercomputers based o simulation. The authors have
proposed AGent NEtwork Simulator(AGNES) for investigatin g the scalability of algorithms
and program software on admissible architectures of exa op supercomputers. In this paper,
the results of the simulation of di erent class algorithms are presented. These are algorithms of
the forward statistical modeling and grid method. The problem of investigating the properties
of scalability of parallel algorithms for implementing them on supercomputers of the future
with exa ops performance goes beyond the scope of technolmgl problems. In this paper,
the authors show that it is possible to estimate the behaviorof algorithms and to develop
a modi ed computation scheme by implementing them on a simuition model. The imitating
model allows one to identify the bottlenecks in algorithms and to nd out how to modify
an algorithm and what parameters need to be con gured to sca this algorithm to a greater
amount of cores. In the ICMMG, the simulation system AGNES has been developed, which was
used for studying the scalability of distributed statistic al modeling and for solving the problem
of numerical three-dimensional modeling of seismic wave ppagation. Real calculations have
shown that Monte-Carlo method is linearly parallelized up to 1,000 computing cores. The

Paaioa adifeiaia ioe oeiainiaié ifaaddseéd DOOE, 1618800 o« 12-01-00727, 13-07-00589, 14-07-00832
& 14-05-00867, IET 130 Ni DAI, 1EI 39 Ni DAI, 181484110 DAl 4.9
lageiila 1ao+aied & aiagec &aiins, 2014. 0.1, «10.

Machine Learning and Data Analysis, 2014. Vol. 1 (10).
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behavior of the method proposed was investigated with simuwdtion up to 5 10° cores. The
dependence of parallelization on the number of collector ges was shown and the modied
computing scheme for a great number of cores was proposed. Hhe other problem, a good
compliance between experimental and model results up to 3BB cores is shown. The results
were obtained on the simulation model for 1,124,864 cores. he calculations were performed
on clusters of The Siberian Supercomputer Center.

Keywords : agent oriented system; scalable parallel algorithms; exaps supercomputers

Aaadaaiea

|6Tacdia enfeadalaaiey naiénoa iafigoadedoaiiioe iadaeeae uild aeaideoiia ive eo
diaeecadee ia 46aoued RoiadYAI yécadenifiilé idiecatagodae  ilioe a06iaeo ca 6dTadil
040ie1ae+aMneed casa+ & 00840d0 iad+il-efinedalaacdéundl ilasiaa é a& sdediep. Al-
+eNeedaeuita aeaioeoil, éaé idaaeel, yaéypony aieda éiina daaoceaidié i1 fidaaidiep
fi dacacoeai fddanoa ad+eneeodeliné oasieée. T6aieol 1144 died aeaioeoiia, dacdaai-
0aou ifaeoeoediaaiita néait ad+eneaieé iieeil deed naé+an 16  0dl daaeécavee €d ia
giedaceiiiié ilaaee, 10iadaseapuaé odny+e e iéeeelit ad+ef 620481100 yaad. Eieoa-
oefifay iladeu iicaieyao adyaeou 6céed ianoca a aeadideciad, iliyou, éaé ideeil iiae-
0eoediaaol aeadideol, éaéed 1adaiaodl iaiadiaelt ianodaea  aou ide aal iafgoadediaa-
ieé fa alelgia éiee+anoal yaad. Cada+a iladeediaaiey aeaido eoiia aéy enneaaiaaiey
20 lafigoadedodiinoe ia yaeyaony iiaié, ap caieiapony iiiae a 0010 enneaaiaaoa-
gaé ai anai ieda, éoe-anée i iaraea yol 1adaéeaeuiial 161ad aiiediaaiey, 1aei ec
daiied 1acioia iveadadi a [1]. Olaigel 1deiddii daiied i éoia i iladeediaaiep
efiiieidiey iadaeeaeunins idfadaii a éciaiyailli ad+-eneeocae Uitl 1éd6zediee yaeyao-
fiy 161860 PARSIT [2]. E48é yoial idtaéoa aéodaéiil & naé+an, il 1, afoanoaaiii, ia
ale 1dedioediaai ia éaoiiliangoadita at+eneaiey, éiée+an 04l yadd 1adaie+eaaéini
janélenéeie odny+aie. Eiadony iital efneaaiaaieé, 18eaio ediaaiits ia iiadeediaa-
ied efifeidiey éliédaoiial acaideoia eée 6¢éElal éeanna aea  16e0iia (iaideiad, iaode=-
iié a6a4ad0) [3,4]. linodiaiead & ennedaiaaied aiains iia aeaé, T-aaeail, nouanoaaiit
iBT0&, 81 iMH0S1Aied 11adeaé 0ieaddnaclind. [acaicdd eéca  &noili éc 1Malaits istae-
ota yaeyaony BigSim fttp://charm.cs.uiuc.edu/research/bigsimidiaéo idtaiaeiné a N@A
(Oieaasneodo Odaaia-@aiiail, Eeéeiién), 8061aiae0déu id  14éoa Kale Laxmikant). 18i-
460 iaidadeai ia ficaaied eiéoaoceliilal 1€doaeadiey, iicaie ypuaai dacdadioéd, oaroe-
dlaaied e ianodiées iMnadancal iiaaeesiaaiey YAl a6aoues iigieaieé, 1aitasaiaii
ifcaieyy dacoaaio+eeai YAl 6e6+gaoli &6 idtaéoild dagaiey fi 6+aofi ifadeaeniiar ia-
4103 idesiaediee [5). 14iadt yoio idiaéo 46y 0aeaé enfeaaiaa ey iafgoaacsiaaiey neeo-
&l aeéfaaeai, 1i 00aadao adoaediiar fiefaiey at-enfeeodeli 1é addedaéoddl e idiveee-
diaaiey efiieidiey i6iadaiil ia iécéll 6aiaia, ~oi ca+afood b éceegia aey iaifoié
fidaaiecaeuiié i6laddée dagaieé, éidaa eioadanit éegl Toii  Aeoadelita, a ia aaniepo-
08 ciataiey asaiai. A Eif0oeoooa fenoaiiial isiadaiiediaa iey DAl (& Tineaa) ia
doéiaianoan aéaadieéa A.1. Eaaiieéiaa sacoaaioaia itadé U 1adaeeaeuiié igiasaiia,
gioiday iieedd yooaéoeail eioadidaoediaaolny ia eifioddidi  oaéuiil éliitpoada, Taan-
ia+eaay aiciiaeiifiot aifioaci+il oi+ilal idaanéacaiey adai aie dadaéuiial adieiaiey
iadaéeaeuiié 1diadaiil ia caaaiill iadaéeaeuin an+eneeo aeuii éfiedéna. iadeu
dacoadioaia aey iadaeeaelins idiadaii i yaiai 1aiaiii iia uaieéyie, iaiefaiito ia
ycléd Java i 1adaudieyie é aeaeeiodéa MPI, & aéep+aia a iifioa a ndaad ParJava [6, 7].
l1a8el Meo+adony idaiadaciadiedl 4addaa oidaaédiey i6ia  daiid, éloiaia aéy Java-



Totadacediey iadaseasiind agaideoiia ia noiddeniipoasd 1453

id1adall ilaedd anol 1MNodTail i60al ilaedeéacee adnodaéoi 147 feivaéne+anéial aa-
daaa. Agy iiaacediaaiey élidieéaceliiid 66ieveé eniielc 6aony iiadel LogGP, +of
iicaiéyao 6+-eotaaol fidoeoees dafnidaaaeaiité ad+eneeoae uiié nenoaid. Idaanéacaies
addiaie n+aoa 7043e0i00 6+anoéia 1adaeeaeuiié igiasdaiia 1 dlecaiaeony i 6+aoii ca-
0840, faycaiind i 6idaaeaiedl MPI, 0. 4. idiecaiaeony &idda éoediaéa iiadeuits +afia
i 6+400 fddaiaé aiée idI0aNNTdITaT adadiaie, €ioidop caiel aao iéol RTS (Run Time
System). Oaéei 1adacii, 161aéo ParJava, fi iaité fioidiia, i caieyao dagaou gediéeé
8803 caaa+ 11 10aiéd yooaéoeaiinoe eniléiaiey iadaeeadeuit o idiadall ia 1adiidéoea-
00 a0+eneeodéuins fenodiad, if, i ad6aié foialia, idéayca i é élieédaoiiio yciéo idi-
aoaiiesiaaiey, +of AGUANOAAITT foeadd &4l alciteeiifioe. No  1€0 10180&0i, +0i ParJava
& BIGSIM ia 6+eo0aapo, 1T édaéiaé 1ada yail, andina 10éacio fioié+eainoe ide eniie-
jaiee aielged i6iadail, a of adaiy éaé efilelciaaiea a ad-en gaieyod Taitasaiaiit
aanyoéia e niodi olny+, a 4y 10436000 cada+ & ieeéeliia al+~ enéeodéuins yaas ia ii-
240 &0 ia 1inoaaeou. A EAIGIA Ni PAI sacacaadony icelioeasdio  ité i1asia, éioioné
idAaie+ii Madlaeo aéy casa+eé eieocavee al+encaieé. A éa+an 0aa aoiiadilé, idcaaene-
iié +anoeold a iiadée al+eneadieé atadai at-eneeoadednité o6cae é enieiyaité ia iai
&la agaioeoia. Easealé 66ieoeliagiiié aaaio yioeesdao ilad  aaied ald+eneeodedinal
Océa éeanoada, & id1adalio ad+eneaieé, daaidapuop ia yoii 6  céd. Al+eneaiey 10aa-
fi0adeypony a aead iadida i6eieceailo Miadaoeé (at-enedied ia yada; caiéni/-odiea
aaiitid a 1aiyou; 1adité Taiai aaiitie; neiddiiecacey aaiil 0 iaeead al+eneeocaey-
ie) & 464iaiilo dadaéoddenoeé éasedié Tiadaoee [8]

Néfoaia iladeediaaiey AGNES

|asatia+aéuil dacdaaioaiiay aey iladeesiaaiey 0aeaéiio ieéaoeliits é eididia-
0eliine naoaé [8, 9], fefnodia AGNES iiéacaea faip yooaéoeai 1ol é aey iiadeediaaiey
enieidiey aoniélioiecaiaecaelitd 1adaeeaenind idiadai i [10]. 1aédo AGNES aace-
db6aony ia Java Agent Development Framework (JADE) [4]. JADE yoi iiuitié eifiodadiaio
aey ficaaiea i6elioeadaioits nefoal, e 1i ifioiéo éc 0830 ~afn 0aé: fdadaa ediléiaiey adai-
01a; 4é4eeinaéa aacialo éeaniia, iatasiaeins aey dacdaaio éé aaaioiié nenoaia; iaaid
60e&R0, IMcaleypued iadépaaci & adieienodesiaaci IAN. JAD  E idééilsedied 14625240
ayail daeeitdo naténoa aey adaioitnd nenoal. Danfidaaaeaiiind 0, JADE iicaieyad ficaa-
aaol iveeiaediey, caioneaditd ia eéieasuiié naoe. Oigaddnaé uitnoul, Maaddeeéa Adaiaad-
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per. 1. Teaodidia AGNES

4. jace+ed aeaeel
contract-net.

5. lage~ea adadce-anéed d6oeéeo a&y aaieiefiodediaaiey.

7~ N AN

(OA), é10180a filcaapo fdaas itadeediaaiey; ooieseliagdia & aaaion (OA), éloiana 1a-
dacopo iiadén, dadicapuop a fddaa ilaaeediaaiey. Ioeéieedi €4 AGNES yoi dafiida-
adeaiiay 1AN, faciaadiay 1eaooisité. ieaooidia AGNES fifio €0 ec fienoaia élioaé-
iadia, danivaadeaiins a naoe (aen. 1).

Ta0+i1 ja éasedll 6IN0A ia6iaeofny 11 1aifio élioaéiasnd (i id e iafadiaeiifioe ed
ileed0 a0l ianéieudl). Aaaiod AGUAROAOPO Aivode é1i0&éiad 1a. A fiefodid ileedd 4ol
ofelél 1aei aeaaité éiioaéias, éioidolé idaancaaéyao fiaié 01+80 fa+aéuiié ¢addoc-
ée 16a00618i0. Acaaité &1ioa¢iad nicaadony 1adadi, ana fica  aiild iigceed &1i0aéiadn
aleaeit 4000 caddaenodediaain a 4eaail &li0aéiada. ia a6aa il &li0aéiada 1aycaoaéi-
it da&ioapo Gidaasypued azaiod (OA) AMS (Agent Management S ystem) & DF (Directory
Facilitator) [5].

Oidaaeypued azaiod AGNES

fitaina caaa+e OA: eieveacecaney e caioneé iadée; naio e 60 aidied eididiavee
7 0iad iladeediaaiey; neiddliecacey itaaeuiiarl asaiaie; | adadaniddaaeaiea iaddocee
ideead ad+eneeoaeyie, 6+anocadpueie a iiadeediaaiee; acael 1aaénoaea i iéuciaaoa-
gal (alaia 10+aoia é aiciteeiiiol aeeyiey ia 6ia iladeediaai &y); 1aania+aiéa foéaci-
6foTé+eainoe, aifinoailacaied iiadee. 1oe caioned itadee a4 na OA dacadéypony ia aes-
06aelita éeanoadd, e iaa éasealil oaéei éeanoadii iaciaradon y éliodieedopueé adaio
(EA), &lo1a0¢ yasyaony sacitagaiiiioup OA. 1iilaidd 66ieve e EA: eaaioedeeaney 1o-
gaca adaioia a ndaaa itadéediaaiey; 1adanteéa anao didaaeypued éfiaia o6iesceiiaei-

il adaioai; 6daidied eididiacee aey ainnoaiiagaiey aaaio 1a; aiffoaitagaied itaaee
id& AaTa. Eieoeacecasey itadée. Al adaiy caionéa AGNES, 188  4ié fioadosdas ieaodidia
JADE. Caoai caiénéaaony addio AMI (AGNES Model Initializer) aaaio, eiéoeaeecedod-
pueé fddas iiaaeediaaiey é caiéfiéapueé a yoié ndaaa iadiol  aeaiidp ilaaeu. AMI
486104040 1T NEAA0PLAI6 agaide0is. Eieoeagecadey AGNES, ¢ aiofé iatadiaeind OA:
ARM (AGNES resource manager) aaaio, iadepaapueé ca iifioly ieal 1€aooidid (io-
gep-aieadl, ilaéep-aiedi é1i0aéiasia). 1oe éciaiaiee iin T 7 i
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Aaeainediaueéia iadoocée. ALB (AGNES load balancer) aaai o, iadépaapueé ca fiifioi-
yiedl 200ii0 61i0&éiaoia, dasacoddecopugieny eiee+anoal i OA éaseaial 0eia, eidai-
fieaitfioup Taidia Affavaieyie, noadaiaé néidifoup aifioaaée filtavaiey. A 1angoaains
i1adeyo, caidoudiits ia aietueed éiée+anoaacd at-eneeodedé (- éliodéiadad), aiiadaiai-

il daaioapo ianéieuél ALB aadioia, 10ad+apued ca dacitnd éli  04¢iddd. Taidieaayni
gioiaiaceaé 1 iinoiyieyd anad éliodéiadia a 1eaodidid, ada ol eie6eeddpo d16af-
fid iedadanee OA i&aead éliodéiddaie, 46y aldadicaaiey 6adacd &defioeé caiddeeaiiiioe
éliodéiddia. ADS (AGNES data storage) adaiod, fitaedapued afp eididiadcep T 6adaé-
0A0eM0eead iadée 11adéiins 1adaiaosad OA. Eazalé OA addi o +adac fddaen JADE
DF iadiaed ADS adaioia e a oa+aiea anaai asaiaie aaaiod i 20 1 fafal 1fadéu-
il ATAOTyiee. Eieébeacecaney iiadee. AMI i1e6+ado &1ioeao daoeiiité 6aéé iiaaee i
Tiefiaiedl oeita, eiee+anoai e iadaiaodaie OA, idlasiaein 0 aey iiadeediaaiey. loe

¢ @ filcaadony OA ACA (AGNES controlling agent),
iUgaieéy odadeéa o018 adeypued éfiaia ana
| ' aai o0 Taidieaapony ffia-
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adlayueie a e6 esanoad. Al adaiy faiaé seecie OA Meo+apo élia a6 10 EA 101, <01
i6eeil iadaéaol backup: ifadenité itaio asaiaie, éidaa oo aieou ffnoiyied, e fiedié
fiifiaadé, o é1al eaacao dacianoeol yoe aaiidd. A Aloadonodpueé iliaio aaaio Adoaiy-
4o naia ninoiyiea, cailieiado aal 6 naay, aey aiciieiinoe aa euidéeadal 10éaoa, e 10i1daa-
&ya0 &al 6éacaiili aadioal. Eiaaa aadio 1Mé6+ado backup-aa ii0a AiAa&aa, 1i 1ifadtado
4 yoli AaTaal EA. Eliodieesopueé azaio caiiieiadd a 0aaees 0, 6 éial 6oaiyony +ue
4aii0& & ca éaélé inaio. Etiodieesopueé azdio éasealé dac i 0adofy Goaieou aai-
i08 6 dacitd aaaiota, ~otal Gidileeou caaeneiinol 1asedo add iocaie. Eliodieeddpueé
adaio 0aaceyaii idaseaado naied OA & OA ping élaiaaie, +0i  al Taiadoseeoll T0éac
INieil yoiai, éaseané EA a0iaedado ianéienédl ninaaied EA, fif oiyiea éioiens 1i oaé-
a4 151a40y40. 16e Taiadosediee 10éaca (i 1Me6+e0 10840 ia pi  ng ¢aidin) EA 1i1aédado
anao 1 iatadiaeiinoe idaédauadiey iiaaeediaaiey, éiiaiaa p ause. Caoai EA nfaiafnoil
Tiddadeypo 1iedaida foadeeliia iifolyied fnenoadia, 0.4. 0 aéia fifoiyiea, a éioidil ec-
aanoia éioidiacey 14l anad aaaioad, e ianoiiiéleedied aaiil 0 T AiAolyiee 10éacadwed
aAaioia a yoio itadéuiné iiaio asaidie. Eioidiacey ia 10éa caawged addioad caidage-
aadony 6 daaloiiiiiainsd addioia e ec ida aififnoaiadeeaapon y avaeééaol. Caoadi a fndaaa
iladéediaaiey éiiaiaié RestoreFrom éiedeaeeceddoaony 106  ao ai fivadeeliial Ainoiyiey,
e lfadeediaaied i6iaieaeadony.

Naid & 6oaiaied eididiacee

Aiv0de AGNES 6e0e66ed0p0 4aa oeia favdieé: 6idadeypued é fiaiad & eiono-
iaoeliita fAffauaiey aivooe iiadee. Aey iiadeediaaiey aaeei 1 fifaedaol & doaieol ei-
oidiadeliita nfauaiey, 0.4. ana 1aidid aaiitie ai6ode nai ¢ i1adée. Yoo caaa+o
adifeiypo aaaion &1aaaaa. lie naientaapony ia ana Aavai ey 1i6dadeaiiial oeia e
ife6+apo &0 éliee. A cadeneiinoe 10 Aaoeoeée itadée AGUANRO  A080 iaiadiaeiinol faida
fiffauaieé 1ivaadeaiital oeia, aey yoiai 6 eiadada ileeil ian 0DaTeol 6e€lod e fitaedaol
Oleliél ciaeidp eibidiacep. Yoa Aiciieeiiiou daaseciaaia ¢ a f+ao nod6eodan FIPA
fillauaieé & 6&alaite 1adaieciia eganneoeeasee fnavaieé. O aéaed 16e ifadeediaaiee
adeeil €idol eioidiacep 1 Ainolyiee OA. Acadlaady nadaeno ¥%/AE  4éold fodaiede, JADE
OA 11800 iaéoe anac eioddanopued azdiola iadee e 1idawedad U &6, Aiddaiyy 6 Raay

Aagaifiesiaéa iaddocée
0
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éai: ataia asada
pofiy OA iiadée, a 0adda éaiael nayce ideedad adadioaie); ajdaia o a
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o
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ools fidaal JADE, AGNES idaaifioaaeyao aiiieieoaenita
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aaiita faéfiediind eladacaie; 1adaiecit ecidiaiey ilaaee , aldaaédiea & dGaagdiea
OA

A 2 7A \AZN FAO NANO/N A

Oo0iéoeliaélita aaaiot AGNES

Ooievetiadiind aaaiod i1adéedopo Madadied enfedacaité i fadee. AGNES 18eai-
oediaaia ia nicaaiea 11aaeaé nenoai, éi0id0a eaaél adénii  ceddpory ia 18IN00a yea-
iaio0, acaeiiaaénoaopued adoa i asoaii. Ideiadaie iatail 0 fenoail 11ado fedeeeol
Aaifiaiia naoe, i~aeeilié 6eaé eéeé aidieiia adéesedied. Ca éné ép+aieal 18iaeaiii-
i6edioediaaiitio cada+, éasealé adaio aleesedi adiiéiyou iaét 01604 0oiévee, &ioidla
faafid+eaapo 1616ann ifadeediaaied (1adeiae+anéia dacad aiia éliediaaiey naied aai-
00, feidoiiecavey, iadaaa+e fllaudieé 1deedd addioaie € 0.  &.). Yoé 66iéoee daaee-
copoiy fiedadpueie iaoiaaié: [Sleep()] Thoaiiaéa iiaaeed faaiey; [Wakeup()] 10i-

iéapdied ilaaeediaaiey 1inea noaitaée; [Start (array Ini tParameters)] éiedeaéecaoey

caibné iladeediaaiey; [RestoreFrom(time Moment)] aififi  oaitaeaiéa fifoilyiey adaioa
aie; [CreateBackup(time Moment, age nt Receiver)] fiicaai

Tfofyiey adaioa e 10idaaéa yoeod aaiilc aey 60  aidiey 6éacaiilio adaio
[RestoreBackup(array BackupParameters)] aififoai '
aaiilo; [GetStatus()] Tied+aiea fivacona iinoiyiey
alou dadaeeciaail 6 AGNES aaaioa idcaaenei

0
BackupMoment, array BackupData)] fii6daidied 6acadaito a aiiio adoaiar adaioa a nai-
al 0daieeeud; [SendBackup(agent Receiver, time BackupMorent, agent BackupAgent)]

—_

10idaaéa 0AcA0AIN0 AAIIG0 ec MATAAT Goaiééena Oéacaiilio a  A8i0o; [SetTime(time
ModelTime)] figidatiecacey itadéiinal adaiaie 6 aadioa; [  GetAgentTime()] 1i€6+&0il
4aiita 1 ai6ooaiiai adaidie aadioa; [SendLog()] wediéiaa uaodedliay sannneéa nataal
fAtAoTyiey anai naienaiidl ia yoi ftatoed azaioai; [Ping() ] éfiaiaa agy isiadoee
daaiolfiitaitnoe addioa. 16aeiouanoaaie AGNES yagypony : iaeté Tandi élaa eéie-
0a6eNiine i5iadall; aacaifediaca iaddocee ide efileidiee , aIA0GITTAOU iBTaéaiii-
1024i0e81aaii00 4eaeeiode, Aiciiaeiifiol Aeiaie+anéial ec  1didiey iiadee a 6iad yén-
iadeidioa

Dacoelioaol iiaaeediaaiey

Pafifiiiodel i5eiddl daagecacee ioiadasediey acdidecia ja ad  6e0&G0080 Yeé-
caoeétifiiié YAI fi efifeliciaaiedi nenodin AGNES. 1adaay casa +a faycaia i eco+aiedi
aiciteeiinoe iangoaaédiaaiey danidaadcaiinal noaoenoe+a néial iiadeedsiaaiey ia aied-
gi& +enél at+eneeodenins yadd. Yol casa+e, 083adpued iade eastaaiey yenodaiaedii
aleliglal éiee+anoaa iacaaeneils daascecaseé [11]. E +efieo méed idiacai 10iifyony ca-
aa+eé iiadeesiaaiey n efifeuciaaiedi idyital fioaocenoe+ané 1al iiadeesiaaiey (INI)
0&+8idé Bacodsediiial daca A 6+&01 Beie+aneed 0aadvéé, cad+e iAdaiina eceo+aidy
& 04idee aefiadnind Aefioal. 1auay ficdia ad+efeaieé iMidoia 6 110 Eadel (fl. dén. 2):
@aa 1: haaioiaéa é iadeedsiaaiep idcadeneins saacecaceé ia 4661  1ad yadd.
@aa 2: liadeediaaied ddacecacee, ad+enedied anaioi+ind noaaieds  aey asoiia.
@aa 3: Nais e Hodaidied aaiind

Eieoaceliiia iladeeasiaaied istataeeinu i enielciaaied i66U02aA4i0i1é Aefidaid
AGNES. Agy eiecavee ald+enedieé 140iata 1iod Eadél filcaail 484 ésanfna ooieve-
fiaélind aadiota: DataAgregator: yadi-iaiotee, iaesado eidisiadcep 1 ad+enédieyo,
140242004340 & 230438040 4a. Aiciieeil eadadde+aneéia indiaied naioueéia, éioisna
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—

aaiiiioyie aaiilal aedioecia o6adeé+aiedl +efea faiaiia é asedial 6cea i fAifnadayie
fa éasedié eoadadee, oaéei 1adacii, +efél faiaiia a nefiodid 6 afiodo aieaa fnodaiecasdit.
Oeed ia 500000 y4ad adaiy adieidiey aeaideoia 6adee+eéini & 1,5 daca, a 46y 1000000
yadd i+0e a 2,1 daca. Aeail, +of yooaéoeaiia efiiéiciaaied  yoiai agaiseocia ia ae-
40eaito noiddéliiupoddad i éiee+anoall yaas 1éiel 1 iéi 0da 46ao aai ifaedeéavee.
1874a4aii0& +eneaiita yéniaseiaiod i eiecaseliiiio iiaa éediaaiep iéacaée aic-
ileeiifiol 1afigoaaediaaiey aedioeoiia ia aieugia ~enét (fiio e o0fy+ & aaced ieeee-
1i0) ad+efeeoadeuind yaao iodaiiéadaaiial yécadeniiilar f 6idoéliilpoada, a ocaéaead
aicifeeiifiol efifedalaaiey ifadaaiey agaioeoiia i6e oaéii a 1elgii iangoaaediaaiee

Caéép+aiea

A 5aaiod iodanocaasdia iceuoeaddioiay fenodia eieocaceliii Al iladeedsiaaiey
AGNES. Nefiodia ifeedo atou efiiieligiaaia a&y enfedalaaiey ia ngdaaedoadiinoe dacee--
06 agaioeoiia a&y foiacéliiupoadia i 6+aoii Titaaiiinoaé 0080480600 foTaAdETIlp-
0&da. Oaéei 1adacii, i imiuip AGNES iizeil i614iae0i efifneda faaiéy faycaiila i dac-
daaloéié aeaioeoiia aey noiadéniiupoadia yécadelifiiar é ganfna i 6+aoll dacee+ilo
5341162324100 280048008 4aiilo fGiddéeNiupodsdia. 16ea aaaiita oanoa eiecaoeti-
iiaf ifaaeediaaiey 6ioial AfioiiAyony i ddaelidie aaiidie , ie6+aiidie ide caiénéa
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