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ABSTRACT

Selyutin EK. Fragmentary models in optimal classification problenis.
Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degretheftioctor of phiosophy
on a specialty 113Applied Mathematics 1 Zaporizizhya National University,
Zaporizizhya, 2021.

The dissertation is devoted the generalization and development ofttiemretical
basis for the mathematical apparatus for consingtand researchingfragmentary
models andnetaheuristicenethoddor solving aclassification problemTrhe models and
methods considered in tiigesiscan be usedbr resolvingmany scientific and practical
problems, including the problem ofanufactoryjocation.

The introduction substantiates the relevance of the study, formutajes goals
and objective®sf the resarch, shows their connection with scientific programs. Defined
research methods, scientific novelty and practical significance of the results.

The Chapter 1 shows the overview of the results on the subject of the dissertation
work. The choice of directionsf further research related to the solution of the optimal
classification problem is substantiated. The existing problems of optimal classification
and methods of searching for their solutions are considered and analyzed. Th
computational complexity ofxesting problems of classification is investigated.

It was found that setting the task of finding the optimal classification allows you
to attribute this task to multicritical. Almost all mathematical optimization methods are
designed to find the optimablution of one functioii one copy. Therefore, one of the
solutions to multicopy problems is to bring it to a singtey with one generalized

criterion.
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It was analyzed that the methods of the nearest neighbor (Nearest Neighbor
K-Nearest ighbor (kNearest Neighbor) were used to solve the classification problem
for quite a long time; Bayesian Networks; induction of decision trees; neural networks,
method of reference vectors; statistical methods, in particular, lineaessson;
classifiation CBR i by method or by means of genetic algorithms. But metaheuristic
methods have shown themselves to be more effective.

It was found that most optimal classification tasks are difficult to solve (complex
in the computational sense), since at leasd blRcomplete problem is polynomially
reduced to them. For such problems, today unknown algorithms for finding an exac
solution are easier than a complete selection of all permissible solutions to the problen
Therefore, it makes sense to look for simgpgroximate algorithms that, although they
do not give an accurate solution, but have high performance. Among such algorithm
stands out class of "greedy" algorithms.

Unsolved classification tasks such asail spam recognition, images and speech
as a dyital password, description of DNA microarray are highlighted.

The Chapter 2 provides a number of basic concepts and results that are used in
the work and relate to the "fragmentary structure" combinatoric object. The peculiarities
and properties of fragméary structures were studied, the connection with the category
"bulge" and the task of covering graphs was established. The concept dfeuattics
is studied and metaheuristic methods of searching for optimal solutions in the problen
of classificationare analyzed. The connection between the task of optimal permutation
and classification has been established.

It is determined that the problems of optimal classification on discrete sets have ¢
large number of advantages. In particular, they adequatefiect nonlinear
dependencieghe indivisibility of objects, take into account logical and technological

restrictions, as well as "higtuality" requirements. But in applied tasks, as a rule, many
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limitations complicate the applicability of known algonth. Therefore, for such tasks,
the use of metheuristics is justified.

It was found that experimental studies of the distribution of local optimums
indicate a high concentration of them near of the global optimum (the hypothesis abou
the existence of agteat valley" for minimum tasks or "central mountain range" for
maximum tasks).

It is shown that the problem of finding initial populations for the implementation
of an evolutionanfragmentary model is reduced to the task of covering (or breaking)
the pemutation space with convex sets.

The Chapter 3 discusses the fragmentary algorithm for covering graph stars. The
simplest options for the task of placing production in terms of the classification task are
analyzed, as well as metaheuristic algorithms figdoptimal solutions to complex
production placement tasks are given.

The coverage problem is formulated: a given gri@ps (V, E)) whose edges E are
weighted by a functiorp: E — R1. Find a subset of the minimum weight of non
intersecting vertices of stars in this gragte union of which contains all the vertices of
the G's graph.

A fragmentary model of the problem is constructed. The set of elementary
fragments is the E set of all edges of the graph, the elements of which are numbered 1.
., M.

The condition of joimig an elementary fragment is determined: either the edge
e; € E has exactly one common vertex with one of the stars of the fragment and this
vertex is the center of the star, or this edge has no common vertices with the alreac
selected edges. Arbitrary ordegs of the edges of the graph are considered, each of
which is described by a permutation from the group of permutatigns

The problems of production location, the most common and relevant in current

time and which have a mass character, ansidered.
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It is determined that the best results in solving the problem of distribution of
economic burden considering the impact on the environment demonstrate the method
swarming of particles with the selection of coefficients of socialization and
personalization based on a genetic algorithm. In particular, these results are better the
the results of the genetic algorithm, which is well known for solving this problem.
Moreover, the results of the genetic algorithm are the worst in comparison witie all
considered algorithms. The expediency of using the method of particle swarm ant
fragmentary model, as well as their modifications is determined.

The Chapter 4 proposed software implementations for generating random graphs
and solving the classificatioproblem using metaheuristic algorithms. A comparison of
the efficiency of the algorithms was performed.

An algorithm for generating graphs with 50 vertices in sparse (50 edges) anc
saturated (500 edges) variants is given. A sparse graph is not consguatecach of its
vertices is connected to only a small number of other vertices; a saturated graph |
undoubtedly connected, because each of its vertices is associated with an average of
other vertices.

The implementation of creating random edgesoissidered. For a given number
of vertices V, arbitrary edges are generated, which means pairs of random numbers fro
0 to V-1. The result is likely to be an arbitrary multigraph with loops. Any pair can
contain two identical numbers (possible loops), ang pair can be repeated several
times (parallel edges are possible). The program generates edges until E edges are typ
the decision to remove the parallel edges remains to be implemented. If you delete tr
parallel edges, then in saturated graphs timber of generated edges will be much
greater than the number of used edges (E); therefore, this method is usually used f

sparse graphs.
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The quality of metaheuristic algorithms for solving the classification problem
based on the generation of random gs® evaluated by comparing the results of this
algorithm with other algorithms on a fairly large series of problems.

To estimate the effectiveness of metaheuristics on fragmentary structures, :
program for evaluating the effectiveness of various modablpms was developed,
where for many discrete problems that allow a fragmentary model, universal algorithms
of a number of metaheuristics have been implemented. In particular, the method o
random search, the method of iterative local search, the methatmnaofation of
annealing, the evolutionaffyagmentary algorithm, the method of mixed jumping frogs
are implemented.

For the problem of covering the graph with stars, a numerical experiment was
performed based on 53 randomly generated problems. Connewpldsgwith the
number of vertices from 20 to 50 and with edges™ density 60 @ %vere considered. A
fragmentary model was built for each of the problems and a group of algorithms was
used (random search, evolutiondirggmentary algorithm, annealing sifation method,
etc.). The parameters of the algorithms were selected so that the complexity of th
calculations was approximately the same.

The results of comparing different algorithms show that none of them has a cleal
advantage over the others. Thisimedtly confirms the welknown "No free lunch"
theorem for metaheuristics. Thus, in the conditions of real operation, it is reasonable t
apply not one, but several metaheuristics and choose the best result. The method
using fragmentary models for fimd) suboptimal solutions to classification problems
considered in the dissertation allows building a relatively universal computer system fol
such problems. Moreover, the programs of realization of metaheuristics will be
universal, and the methods of caastion of fragmentary models and algorithms of

calculation of valuesf criteria will be individual.
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jumping frog method, optimal classification problem.
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W dzS oyt oW
9 ' HMlsOdz
zOMmilsj o' o € ;
fslsj dzy’ Odz dzO
"deh ' BjlssHd ¢

==

==

N

H d f

[ 07 O dz
C Yy tel

g

-~

\
v

(

1 jtoj o' o€
i3tsH J iz HicO
" Btse ' todz

f s d3d dz€ df

{dm. 2. 1.

9' WL ¢

B dzm s ez * d3ts,
GteOW " 9. [ dzw

h ts

abkChztt® Odestedls il

¢ zO f) d We gels@sy' ¢ wOWL @H Oy j ¢

L OHOYoO

[11].

C zOfd W

C zOfMdH ' §C
Yy! sEts oL ¢ d&v dzj s
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C' dzr S5l O ftsdztsy j dzdgy vy delste' 8 € zOMlsj to*
o dL dzOYj deetlr dBf s d Es YOS sodr §OLOdjlste' o
tsBslsd Okcttedlsdz ftojHMsOo dzj 2O dzO tedfy. 2

Qa ,T
_ MHON(V"_"? MoBHWIA 3BaXKeHWA rpad LieHTpu knacTep e
iHcbopMaL, IAHKX LOCniaXyBaHOI MHOXWHM P P

Moz ernen ob 'exTiB

tdfm. 2.2. 4n]j B0 Bl cLOWBSoatsets OHC
SO ftsdztsy § dadz? yj dzlstc” 9 C dzOMmisj te

1 OtcOdzg B L dzOy O hodHC Mis! . LBOK GegiPlei®’ !
fstetsetsolz o j dzd yd dzlz .

[dz2v HEsfd HYy ko Odats’  gdatsy d dzd * dzi-d5 to ety 32
feshisst’ seudfd s MY GOLBLUY WK Hiso
i=1n,j Zm.

bz sted sz fteOys ' ©OCdd yddesds, hts olkzL
C dzOMls j todzd = , tsESAERGAlsEEZ ¥ Is dzj HtsH Ols dz OCIsdo
fsHOd hdr ‘kjteOy vo. wkjtOy 2dd?2 sy
Cydz' 2 tBd&OMIs' ¢ d&zOMIsjte® L Odzdh O Is! Mwi dzd "
yjdeste C Ok jtc0. 1 sl ji Btsisddd sQfd2e Hda@Slsqddlz , o G
LekmisSd vyjdste' © SkOMlsjte' ® (§' d& SO vyj dals
ydmdzs oeokzL dz' o L ftsLdIsdo dats OCIsdoe dz' miss
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tctsL toctsBdzj dgts B dzsEC OHOf ISOY' Hdzv o dWdzdgy dzc
f OtcOd3j Istc’ 9 Odzetstedlsdsz * tlstcd d3Odzdz? s Isd BC

{ sBSlSO Odestedlsdz fsdvcO' Ek odC¢ tdO dzdz
stesS 1. JdLdOydlkd §fsyOkStsoalk ¢ d ¢ Mk

n=|D|,r => (2.2)
HJD|T¢ " dzt €° Myls! J dzi@gd dels’ & 3dztsy d dzd

stesS 2. 1 dL dz0wd l®d HdyEOME Bz dz s 5 YS O id
max=max{lij}j,j =In - (2.3)
stets¢ 3. I1dLdOudlsd ftsyOkCtses' §OLOMR Ists

_01:“2max ' 'D O?II' ’qnax rn;q (, (2.4)

HidnT 2O jtejH L OHOdz dzOlskzteOdz! dzj ydmdzts.

a=0,5T

sesC 4. IdLdOydlsd 90cese’ SCwj%' y' * dsq

LT , (2.5)
H ji,j=1n.

stesS 5. JdLd&Oydld fcg@oN® ' OCIsds dzsf
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SO)=4 w.ij Zn- (2.6)
j=1

ssS 6. IMsOdtso 40 ' deHjSh 'sjOy’
seC 7. 1dCtdOlsd oL ©ORkdsS OCIsdo dats

Sk +1)=5,(k)+a- 2w, -(S,(k) =5, (k)i =1.r (2.7)

stes¢ 8. JldLd&Oydlsd ¢' dz2 €' Mmls! e kL dz' 8 <G
sk+1) @,i &, * Htwdmopm Isd L o3 dzdz 2
stetsC 9. 1 d3j dz"Gddsgdo dgd rdz! ofF Lfipis' ‘o GE tc OW O

(2.8)

n=r -p-
of SteWHC o Olsd ddesydqdzz = dzv jC M @ OCIsdo ded -
odqHOMz] dzdr o kL dz' 9.

stetsC 1 O0r=r,cSEH " fjtojn’ H rog® xCusts Y jltcdj, n*°

CesC 7.
sesC 11. [Byuydmdzdlsd o' HMlsOdBEOWD ¥ Isys

=X X |00 En (2.9)
stes¢ 12. [Buydmdzdlsd 3" dz' B3Ozt dzz o ' H IS O

|in = min{lij ‘i,j #.,_I’} ' (210)



54

stes¢ 13 ., <@g%K. gty ., ST '+ Dr neq q= fJdtedn' t
CtetsC 4,11 vdz@f 5§ .

1 OtcOBJas o). [ S MY J tod d3d dzls Odz! dzd o3 h dzw 2 53
ZO?2 s Isd &3O dz! dz' h =035 O dz@2Q B f theddWs0Odz! Tz P dzts ataPl

O,Amax{.} . . —
T=—2 {"},|,J 4n.

2.3. 1"HatsHd HBts fshkCEZ flsddizOd ddr to

1 OHOYO tfilsd BOdz' dzts’ CdzomdW " oy’ dzO
C'dz €' MmisH fjtcjo0Oc. 1 8Ctej RO, otsdzd OHJ GO
dzd f sH ' dz¢ dz' Mls sB' ' €I’ 9o, otcOntso 28 IsH dzts 6@
cwWC " Mmdz e oddisc (. dbdzj B ftedSC dzOHdzdR L OHO
¢ dzOH dz¥ ¢ Is! LOMistsMtse dz' Mlis+ o' HBWHJ A O dzc
o tcOoHOdd &3 L O fidsofsijdzcpCO.dzdzy  d3j Is O o

[MsBdzde ' Mis¥ L OMistsmikzeo Odzdz? f sH ' B dzd'=G 'O
GOOdzls 59 Odz tcjLEzdz sOIsd L A HBftBse s
ftcd ¢ dzOH Ydo s’ ftcdqtcsHd 8COLLE", hs f 51
CtosHL  dzfz@fyls d o Sfiglds'dzw sWs@ ' tsHstbold dglz @ Olsd H EZ Y |
f stc’ o dzv dzts dzj © j dzd € d = sBydmdzs 9 Odz! dzd = 9 (
B IsOjotedMmlsdydedr OdzetstcdIsd3 © dBsH j dzt 9 O dadaw
sy CkoOlsd dzdhjy OCIsde' LOYy' ' HGMd HYJ d

1 Jtoj o 0ONBwWHEzL Odzdz d3J ISOJ o ted Misd ydzed = O dze

- 9" HdesMdzO HosMlsslsO fsBRZHtSod BsHj dz' . ‘
BOIs j d@3OIsd ydzz d3tsH jdz2 Bflsddy L Oy 2dets’ L OH O
o' hjdg -dgj #EmRBzMIsOdzH Otclsdzs 3z C tsH zo Odzdz' ;
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- kdz' 9 jtemMOdz' 'dz2' M OC disH Pdze stedIsdz sy j L Of

Hdzvw BEZH! GGfildd L Oy' 2 dzts’ LOHOY'  ;

- dzj 8 j d&zd € O ¢C'dz €' Mmis M¢ zOHtso d n J dzj d3d
fosctcOgde’ wsHEZSIST,;

- By dzde ' Misy Lo WL Odedg" L OHOY 9 dzd € B

- B3y dzd o " Mmis od Misd i s Bk d3lzc dztz® O da' fipztecdsz

sfikmMlsdBdr tesLodwWLC' 9.
ldH" dzwe Iss Hjo' wist 9 d&OMsdotMmMisi?2 djlsOyj
1. [ilOjoatedmMisdeO ' MttOjcec" "8, weO b
2 . [ jlstss BIIOjotedMmlsdSd ° dJWdCIlsdo dzj

ZOR SH Y J dzdzv  ( Mizs ) 6 fiddaf B3O dz' dzts G s
3. [JdbktHd, it aditstedmissolzs Is! Mw djlsOj

® H' OfOLtdz o' H ftoshMissets dcCOdz! detsegts ff tsh

4. [ jlOjoetedMmlsdyded?2 OdzetstedIlsdz ' dzOB dzd %
5. [iOjotedMmisd s O o psOilgd  odgis~g fryisds,

f slstcOf dzw dzdze o HfOMIsCEkz o BB Y Jjde 2 B dzOMIs
6. J[Mdesode Ysdztsy j dede" d3j sOjotedMmisdsSd H
7. [ ilOjotedmlisd e dzjdzls ts af GedaBédz) dZ3dzts
8 . [ isOjotedMmMisdC O disyj od¢ stedinlsisdz@ dadrk

stcdz’ JjotedMmlsds, CjtosoOdzdr odmMtsCtstc’ o dzj 9
9. l jtejHSO ! B IsOjotedMmMisdSd odStedmistse

feshkCk ' ftojHMmMlsOodzjdzd?2 E odcecdzwH' OB wlis

[ dzs d 20O dzsC Odz dzgd -~ s lsd Bz d3" 9! dEtsyg 4 dzg Wt

&ZO fjtehd?2 e dzv"H LHO'Is!Mmw, hs IsOCd?2 o0

d €My J tod d3j dzls O dz! dz' Htsfpdz' H Y § dzdzw tesL f SH ' dzlz

odMmMesilk C(tdzyj dzlsteOy'" ¥ "7 o BJLYBMJte) Hd 2

T100)l My BMlsjted yjdedgw o HEsdE WE 6"  ftslsjL O f

I

-

==
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LOHOY dz20 o3 dg' i3dzds OBts ¢cyj dzlstcOdz! desets @' toff

] YLl MBj@djHd @iz dst od df sflsddikz
Bdzdy yd HB cdzsBOdz detsects s lisg dgi@dids ™ dzllsxs ym fs.
sB dzOMls Hsf ZmMisddzdd = tc' " j dz dzy tc' o dzts d3’
CdzsB Odz! detsets tsflsdBzdz, L 02 53O0 yd B dZOMIS!

Avw @' fftslsjL O yomksCtsots f tswimdzs ftcOYJ LH
cChts o | tsd@ivisy fijw Ldek Odz' dg' siflsd d3skzdzd , w
MCtsdeyj dzlstets o Odz’ 9 BHddsHBz o my' , ' Yj tect
Htse ' dz dgd dsd dzsC Odz! dzd 3 s Isd 3z Bz, ks 1O¢
CdzsB Odz! dzd?2 tsflsddizds. v L o 'drudgjz @B ~vedzdizlstz p
¢ ' fslsjLd LO HGft®BRser:H OQdze stcd Isd3’ o 34 Is C
" delsjtei . v OSCtyYy MO’ §fdlsOdzdey w ¢ L d3j dz" [z

2.4 [fECd Rdsyddd o &jlstedydds f§tsils

[Hdzed 3 L' Mitsmtse' 8 L d&3j dzh j dzde? d Bz MiIs OC
B z2¢dzdn ddtsy d da.

1d &I HIWEO dzj fstetsy dgv  dsdztsyrqd dz® € I©ts idsQ@ g
o' Hftse ' Hdz Mis! € i5)ydalzdts NdRimfz] o5 8 Q5 3dzfx y), W d M
dZzZOL do Q' Is! fw Xi3j BEY S5 H dzdaOyHgth X ‘o dpC dgaiziz v Is! fw L
1. r(xy)= Ay X;
2. r(xy)=0U x=y;
3. r(xy)¢ Ax2 +(rzy( daj o' o dsz ytleef ¢ B)cd ¢

{LdOyj diz0t® ) dz0L do O Is! Mw  3j sted ydzd &5  to

1 oL 2d3' dzts, s dz0 tsHxdaR Y dzO Isi' @QH Oylsid dgxizts
Elsotstcdoh d t' L dz d3gj IstckuddH Ofidists fif 1S £ tindsse, OidAs
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f oSy L ZoyOsdBj B Xichiss & Isjtes:s
[ L @ dzdzv, PR BY) i dgj sted ydzed?2 ftetsfmis' te. 1 ' HG
Ckdzj s ®©H' ijOls tosd Xodz@isduey®’ s v d3dzts ) d dzO
O.(9={y Ix:r(xy) ¢ O.)={yIx:r(xy) op) (2.11)

[ L dzOyj dzdgv j n2d8%9) i &) stedyded?2 fsh &,
ZOL o0 Is' v o' HCtEdlstsy , WwCA mifdatw o tred i
o, (X1 A

Cadmbi®@ o o' nCtdldn ddzsy & )dsj st usdises
@O sy ddgY kstsftsdse' v dZOL o O k! v kS&Ef sd
CSh&i d" 0 i3 bte'd ¢, &zBts o) Isttad@Ldd o O 5! st
J €' 9 0dzj dzls dzd d&3( .

cehdl X st dm:steqm(éﬂ@) zOL do O Is! fw § ' |
i tots iy E k.2

1 4~ ®ORHBo " dz dzOAlsHspC Gdz! deEd f ° H d3detsy d dzO©  d3g
(Xr) v q s

r(x,A)=inf{ A% Y): yl'é«
(2.12)

&ZOL do O Is' mMw o' HMIsOdzdzr o' H IBYSd HEB

r(AB)=inf{ {xy):xTA yig (2.13)

o' HMls Odadzs oA HHis cgiESBlodbad
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1Y ez Jaz@j Istcd ydzts e sX s F wehts ' fpd
M >0, Y@@ y)<MHdYv 6B yRA.
[ @ Od3d stes BAIRKABRY a0 s+ v yd Mmdts
diam(A):su;{r(x,y) :xI’A,yI’A}\. (2.14)

[ L O dedavts 2k’ M. elsigles S &) bedudgey
ZOL do O Ist mw W EkdzH O3d dzals Odz! detses ', ) dOT 2 H dizts d
i N, fr,x,)< (Hdz¥ nefy" nen.

[ L O deigj s2e.d5uded 2 (4 tsce@sl cfeo ©° 51 MW § 5o
HsSe ' dz' dzgO WEkdzH O3 dzls Odzr dzO f sMdz' Hise dzg' Mis
fteshi{srgl

sftcOo jHdZdo O dOMIsk dzO Wk dznH O3] dzls O dzt dzO

vt B3O (fteddztidifizf p 6 u@u gedzy X615y etf 2
Hso " dz dzO f sfMmdz' Hise dz' Mis! dzj  stesy dz2' = 9 ¢ dzO
dzz dzv 6 OH ' MO BO' ' odes tSHdzz M " dz dzlz Is

VIR, (Yr)iniwe dibtdyd f(eshbsed.

[ LdzOyj dedzv 1 " 2C g Y dz2OL o O' Is! Mmw L sdBd
'L s d3jdisftalkl o H 5B tc Oy jdadr), thy))= #(%H B dzv Hse " dz dz
Ists ytsll X, xiv. 1 o Yy sd3lz (X 4,45 M8l dzOL do O Is
L Bd] stedudzd d3d .

wL sd3d Isted ydzj 9 ¢ d&zZOH j dzdz? SHAtSG )9 3] Has d &
a4 ISt d W dzd 2 (¥, 4, Yeitsunils ' teL s 3§ Is te (X, ) fAO Pyl tElaf 2 o
f tots ) visrig Iz

{ L dzOyj dzdvstf 259 dzj dzdzv d3 o3 Is te (Y dgs dz@®L cff ote@s frjds’
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fsoded? BjIsted yosd,) o@Puetsdglsitc SOCdd3 ' Lisd3jlste
iX- X, hts dsogEpyigfCdmsd L@ X' dzr dzO o
59" dzt ded?2 B stedydzed? fetsmis' 6 BO* 5§t

Istsets Y d3d sSted ydzts G tsdz'ff teds fipfs Sfiptlzs SeL.sd34 Isted Y

) sdzv v s ESdshls' ' Hdk', &O §jteh d?
sB &ZOM' MEzyOmdss’ &Olj BOdSd O ' dzh dn
HW jtej dzy' Odz dedn te' o dzvdz' , Ol j BOIsd ydz 2

L ZORsHdl! Mww L ®Miskfde Od@izsc OB s 2§ dztifls’
Hisfpdz' HY jdede" CGjdisjlbtedyudedr ftsedjd OdOdz
Lok dedzdB. 1 y'2 IsjkOldy' o t'od 2 &
ssfsdse' v 2 sSfkzSdd2 O0kod L .

[ L dzOyj dzddv dzty. dEE R" dzOOd ds* Mv k¢ sy, W
HoBARO Mot &3 btsysok®Bd otdd & MIsdls! * o' H

wdzh d s MmMdzseo Oz, Bdesy ddzO@ B Ez¢ O, wh
Lo' wWiLded?2. I Btekzy "L yddz tsL dzOyj dedzv dz * fmdalz’

[ L dzOYj dzflztlzts § DR &z02 @' 5! Mw &' d 2 des G b
Bz Sk IssySlk Hsftods dzgdzW HB dzf ftesatsHJIS
fjtejlsddzO* .

wdzh d 3 Mmdzse Odzd , Bdesy d 20 dz' dz' 2 des Y L
sB' ‘ HdzOdzedz" d3 ¢ ' ff j toff dzsh d dz.

[ L dzOyj dzdenlztsd .JMADR" dzOL d 9 O Istiztdipw  ofs fHzoRts ) dats
W OW' dedgd mn dz' dzg' 2 dzd'm WG HERdzts G s & b S& Hz) dzeRtzO
jdzj di3gj dzls® & L @ W.

[ LdzOyj dadavy d2v. 1M ts9 ' dz! dad E R "cge@s yodjodgts  * H O
M*EW ff vy j ds® HE oW ddedV| IEdj vt uwsiMd dz0
o' H SM*=BE (]| ER' ( sl Odzdzy  Vtasitdsaen S ¢ ' dz

li M=
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J dzj d3gd dzls d3dztsy d dzd W)." ' HdRdesy d dzsE R
[ desy dXddEDL o O s Mw k¢ dtss , YW Mg ' als &y
wWEtsets dgOdziloms@Eats)x, KX,x,x K /[0:1].

2. 5. lteddydfd fsBkzHuHtsed d&jlsOjotdmilsd¢

[ 59 jH j-dztb] [ 32 s HBdzVe IddgjclsO jhoded Misd ydz' 2 d3t
Mdmlsj B3O M OHSCtSoadr o dzOMIsdessMmisj 2, dzi sBAR '
Blzo @G jtsd3jIstedyded d3, IsBBigdzkz o ® dz@ r:RizPIls BFRIBE 6 dz
h s Hdzw -wCB(zrH ! tetsL &9 8L B'zakzO MmMif cOo j Hdzd o 5!
r(xy)= £x K(xy) + @y K(x ).

l 5o j tefgz] dssts o dL dzOyJ dedev [ iz R Sztizts ™ O3eldazgath ¢
B stedydesdzz f tesMmiststc dzOL d o O Is! -w &fd dygflzdzts 3 4
Mots” &3 bys o d& Misdls: oM IsySd c¢jtsHjI
odtf dzd @ O Iso jteH Y j dzdzv, WO Sdze OR tesc Hz201 5B I

[T dZzd B Ry OB * o Ht' LS, §tw kO,
[ dzw 4 9 tsdrte®'c Mfetsizls O to dzts BsH j dz' BjlsOj o
Ctesmtse j tolz, hts LBjt' ¢O° o' Hdetsmded 2 f steV

st jtcOlsste® dyllsfy 6 iBEzH ! Slsted dB3Oded?2 k&  toj L
Ctetsftso jtok, dzOdzjydls! GfkCd 2 GBtEsdy' Gt
vsOCdds yddesdz, ¢ ¢OL Odets, hts ftetsB dzj 3O
6] Odz L OY" *-WigOdsaiz dgls Qelaiss’  BsH QEZO Y 'L o fsEBeds ¢ I
csLedlslsw) foshststelz §jtjMsOdse sS k¢ ddd
rdzvy sy d&€d vStfmks' &jlsOjotedmisdydeds O
BjssHdCd, LOMdss Odz &O ydmjd dzdn j St |t
1) L o9 HBEBJdB stsyddd Okctstdlsdisd ( H dv
2) L o' Hd@3dd3d dzOB dzdy j dzgd d3d O dze sted Is GZO d3
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3) L BjlssHtsd adf OHSCBSotse s fshCEZ dzO o3
4) L btydddd SO dzOBdzdy J ded &3 twtsL 9O WL
L OH O.

2.6. ALOCH) dsOtds MmistekzClskted ' ' & o kO

l BB O L OMmlis slindsg diafsAn,ls ' sigigsldgd o 5 ¢ OH " B
fshikzCk L8 OWLEC o HdMSC te] Isdzd - L OHOY { te
MstckzC Iskzted .

{ L dzOyd mad® G d3j dzls O tc dzts ¢ MstczC skztotss .710)
ZOL do O Is! v " d3j(Afnldseds d B3d fo’ deOdkpistsfxodsdy Is W d3q

1.ATE;
2DY IEY |, Ay$Yin{y L (2.15)

[ dzd d34 dels d Hoge@myddedar Is' MW fwedf kzmisdd3d dsd W

I Ewied?2 fedfizmisddd?2 WkOcddj dzls WteOc d&3j ¢
fsBkzHtso Odzd?2 L §tstetsy da ts° dBdzsy ddzd ¢ OH ' B
WCSEBs HBHO' Is! MW SHJdzOglztiz] i34 tdzls dzeztsy g ok I @
Ldzso z EZlsoatstej dzO f " H dgdetsy d dzO dzOdzj y dls+ WitOG

ANtcOG i3] dzls Otcdz MlstckzClskzted Is' Mdets fsoadwWL O
we BOktes’ Hd IsO ¢ tocdHisd H d 6 to d HsEWidH BB O d3 @BldAaHts
tcOc d3j dzls Bz s b tc ) s .

{ L dzOy] dadz®dze sd3  f Alxdz®y d dz@’ s fmwg(Ap § dzdisy c
Histe' 9 dz¢t° BOSCMJA&ZO0dz dz' 2 L §slskzydzsmis 2 o
dzdzts | 4. dz'

2=
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vl BO Rd&z8 Istsets h tsB Wi OG d3d dzls Otc dzO
dz) 5B~ HdzSE ' H ts fipldzAs @z B, f N isagadeNdEvdeC ts dzlz © O dz
dzj t6* o dz' Mlis!

rg(A VA, +rg(A nA,)<rg(4)+rg(4,)

stdmsttkSisdo dets WwOEd dlsOtedze MlstkS sk
AcOCEdBj dals Otedztss  Mistelz € Is Iz to W=(X BYlz H Y igsisczttaGiRdg®, O I
B' dzOtcdzj o' Hdztsh X dzdpWs da0 Hifdisoy qud®’ IsOSCdd3 o dz

1) @0,
2) VA. A4, X A04, = A,04;
3) VA, A, C X, A0D, A,0D = (A04, < (4, U 4,)0D).

COCH2HR ' H HBLOBAV BzHEZo Olsd dztso’ i tcd
hdweatsds " n ©BO' HAdzZOdzdz" L EZtcOnbkzo Odzdz" d3 H J W&

[ OCMd&3Odz dedd3 ftedf ZMisd B3 ¥ teOc d&3d dzls sd3
ftedtf zMmilsd dzd 2 ¥ tcOG d34 dzls, hts  dad ‘ o dzO f) dzts
ftedfzmMisddBdsects WitcOG d3j dzls z.

¢crOH Bdzd2¢é& Odzetstedlsdz dzO0 W= O dgiddzlsLO@EHLD &
fstcWHCE WikcOed3j dzls' © HBsLotsdw' tslstedBOIsd 3
ydmazs Ctets¢' o, s dzaj HJitejo¥hiz" ydmdzO© J dzj

l o jHj dzdaw f sdzv Islsw W tddje dzjHd2Is O te dzidzts 6 Iz Is 1f
BOIs j B3OIs d ydz' BsH j dz' Hdzw o jdzd S sets C dzOMmk
oL 0O i3sL OBtstedtso Odesmils* L OHOY' fmd d3j Is te d y dzt
oL Ctofss 1358, 0 k¢ WtcOGe d3j dzls Otedzd = dBtsH j dz
Bdzd Lr! SH[ts BilsddB3Odz dzegdr Mk tsflsd i30dz: dzd ni t6°
o' h § dzdgv , we' s weda ddyud Yt L dzOyj dzc:
HsMwede] dedzw toj L zdz sPBE) dz2 y tflsdB3Od dd -
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2. 7. 1 84 H J dzdzW L OH Oy sflsddz’ L Oy* °’ H 1
fidted MsOdzso €

[ dzw L &J HJ dedgW L OHOY' CdzOmdw * SOy °’ H S
tesLGcdzvdz d3ts toj Sztemdo dzad 2 d3jlis'sdz tff sdzWzdi@®'e Iz
sHddz jJdzj d3j dagls W' CSMmiz* s mMw o C"dzy', O tsflsC

[dltsH  fitej &3 N jdzede?  BOC Md BOdz! dptsin] ek delst
CtsizgB ' dZOIststodes’ CtsdeW ' cztceOy' ™ HJitiHBOYO' 9o
wets’ GJdzj ozt Isy fpw jdzj A3 delsd G sd3B " dzOls 5 te dzts
ZOdz" ots. 1 jtojoOcd HOdMMScEts djltsHE f sWwdss & |
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48, 49

472 69140 55.9 iL‘réZ, 3,5,7,15, 16, 18, 19, 20, 22, 23, 26, 31, 32, 37, 38, 39, 41, 45,

3

473 79110 58.2 1,4,7,10, 11, 17, 18, 23, 24, 25, 27, 29, 30, 31, 32, 34, 35, 36, 38, 3
43, 46, 48

474 69119 56,5 2,3,6,9,13, 14,17, 19, 21, 22, 26, 27, 28, 32, 34, 40, 41, 44, 45, 4§
48, 49

475 69121 56.5 ;3;156 7,8,9, 14, 15, 17, 20, 22, 23, 25, 29, 30, 32, 33, 34, 35, 37, 39,

476 69141 57.0 5,11, 13, 17, 18, 19, 24, 26, 28, 30, 31, 32, 33, 37, 39, 40, 41, 43, 44
47, 49, 50

477 | 66109 54.7 2,94, 7,9, 14, 15, 16, 20, 21, 22, 23, 24, 32, 34, 36, 37, 40, 43, 45, 46

478 72104 590 1,3,5 6,9, 12,14, 16, 17, 18, 19, 20, 23, 24, 27, 31, 32, 33, 37, 39,
45, 49

479 69123 56,5 2,3,68, 11, 13, 15, 16, 18, 23, 25, 29, 30, 34, 37, 39, 40, 41, 42, 43
46, 50

480 72132 581 6, 7,9, 13, 14, 178, 19, 20, 21, 24, 28, 29, 33, 34, 36, 37, 38, 40, 41
44,47, 49

481 69132 55,4 1,4,7,8, 10, 11, 13, 1@0, 21, 23, 24, 25, 30, 31, 33, 34, 36, 43, 44, 4
46, 49

482 69141 55.6 3,5,6,7,13, 15, 16, 17, 20, 22,23, 30, 31, 36, 38, 39, 41, 42, 44, 41
47,50

483 72139 575 4,7,8,9, 11, 16, 18, 20, 23, 24, 27, 28, 31,333 35, 36, 37, 42, 43, 44,
45, 47, 48

484 72131 56.9 1,2,4,7,8,10, 16, 18, 19, 21, 22, 24, 26, 27, 3B3Z5, 36, 39, 42, 4
45, 49
1, 2,9, 10, 13, 16, 17, 18, 19, 20, 22, 24, 25, 27, 28, 29, 329380, 41,

485 75105 60,1 42, 43, 44, 48

486 79121 57.0 1, 3, 8,10, 11, 12, 18, 20, 21, 22, 23, 24, 26, 29, 30, 31, 326,339,341,
43, 49, 50

487 69138 55.6 2,04, 7,8,9, 11, 12, 15, 18, 20, 21, 24, 27, 30, 32, 33, 34, 36, 37,349,

488 69137 56.3 3,04, 7,8,9, 11, 12, 15, 18, 20, 21, 24, 27, 30, 32, 33, 34, 36, 37, 39,

489 69107 56,2 41162' 3,4,5,6,11, 12, 13, 15, 16, 17, 23, 24, 27, 30, 31, 32, 34, 35, 3



https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/471R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/472R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/473R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/474R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/475R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/476R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/477R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/478R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/479R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/480R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/481R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/482R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/483R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/484R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/485R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/486R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/487R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/488R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/489R4-A.txt
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t L ted
CoH sflsdddf sHe ' 2 13 ted " Hfted' d3Mmlse, hHts o
(%)

490 79112 58.1 2,7,10, 11, 14, 16, 18, 19, 22, 24, 26, 31, 32, 33, 34, 40, 41, 42, 44,
47, 49, 50

491 79133 58.2 3,4,5,6,7,11, 17, 19, 20, 21, 23, 25, 26, 28, 31, 32, 33, 35, 36, 38,
44, 47

492 69112 53,7 7,9,11, 12, 15, 16, 19, 21, 22, 23, 26, 29, 31, 34, 35, 37, 40, 41, 44,
49, 50

493 72137 57.8 4,5,6,7,10, 12, 13, 16, 18, 19, 20, 21, 22, 23, 24, 27, 29, 31, 33, 35
37, 39, 46

494 79127 58,1 1,2,3,4,8,9,12, 17, 20, 22, 23, 24, 30, 31, 34, 35, 36, 40, 42, 43, 4
47,48

495 69142 56,3 ébZ, 5,7,8,13, 14, 16, 17, 19, 21, 23, 24, 25, 27, 29, 31, 32, 35, 38,

496 69122 55.9 31,83, 4,5, 8, 14, 15, 18, 21, 22, 25, 26, 28, 29, 30, 32, 33, 34, 38, 42,

497 66138 534 267, 12,13, 15, 16, 17, 19, 21, 22, 27, 32, 36, 38, 39, 40, 41, 42, 43,

493 79112 56.6 1,4,6,7,8,11, 14, 17, 23, 26, 28, 32, 33, 34, 35, 38, 39, 41, 43, 44,
48, 49

499 69135 55.6 1‘31215, 7,8,9, 10, 11, 13, 15, 17, 20, 21, 24, 25, 26, 28, 29, 30, 33, 34,

500 69136 55.9 2235’ 6, 8, 9, 13, 14, 19, 21, 22, 23, 26, 28, 32, 34, 37, 38, 40, 43, 45,

BB SOW stets s Octej cgOyY" * ¥ Wl esdiisdz o Hdzw o
O MO0 dz20 s C++, O MC do@s1' ™ :Is+ fmyw L
1) sBO6' Cld cAanasAldg @) sBO6' CIs ftesetcOM], ‘
f OtcOd3j Istc Od3( :
l.nalgi¢“ dz € " Mls+ odd3 o' &8 y' dz sots’ WkdzC y
2.k algi ¢ " dz € s ' h j dz |,
. kdelif OtceOdzj Iste, wWC¢d2 odL dOyo' ¢' dz@ €' fMis
RO Ty dzlsj Oy’
4.9 algi f OtcOd3j Iste Odze sted Is A3z,
5xXitf OtcOd3j ste Odze sted Is iz,
6. max_count 3OS Md ZOdz» d&zO ¢ ' dz' €' Mis! " IsjtcOyY"’ 2


https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/490R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/491R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/492R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/493R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/494R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/495R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/496R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/497R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/498R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/499R4-A.txt
https://translate.google.com/translate?hl=ru&prev=_t&sl=ru&tl=uk&u=http://math.nsc.ru/AP/benchmarks/MS/R4-gapA/500R4-A.txt
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2) struct component { vector argszOfmd © L o3’ dzdzd - ;

3)double fund L dzOy 4 dzdzw vy dz! s ts’ WkdzC Yy

4) double weight 9 O 0 yY! stz ;tetsL 9 O W

5) dtubiRelspo idd MIs! odBtstclz Yy st tesL 90

6)vector T mag &zOMmMdoe, wCd2 ftejHMIsOoadzw® MBI
‘' Mdzze Ist dz0 HOdzd 2 B3 dzls;

7) d3J IstsH gaussian_random i d6ulfise ' Hhuat
dzste BOdz! desdzts sz teisMis® 2 d@se " wdesMmisj 2 (W Ekd
ydmdazs Isdfkz doubl e, f Otc O BJHIOBQ aRP Is ff yidzg 5 tsa
sigma-fMils OdzH Otclsdzj © ' H A d dzj dzdzv ;

8) dJIssH gauss _func (doubfiweo mal® dwwibt
WizdeS WOrEMmQ, THROMWEOIsd ydzi BunEiDam @dzis dzjs o g m
9) d3d IstsH make T(double hypercube ia,
Mo tster * YtsyObCtsok CtsdaW ' cktcOYy' ¥ OdzetstcdIs
Y d dzts o3, hts ftedme tsy ° Bzl lzdzg 3 GHEO RS 6 5L dABE
c'fjteClzelz & odL d2OyJ dzd a3  OtcOd3d Istc ©Odzd
fjtehsyjteesots Bydmdzs * LOHOd&E § OttOd3] Istet

Coy dese s dzOB tstolz * Mstelskz®  tof h j dadzgv ;

10) d3j ssH miatkeeydvpdzsg'ht o Qd g dzd ) B L 82006 W L ¢
W stodslz dzts &

11) &iIlssH random( dowhldg terzi' n ;o Jd QWK Is® j
double o 'd&sjtcoOdz (min, max),;

12) &) ssHmM@Slso'r tdgOMmde tesLodwLC' &9 LG HA

13) B sSsH makdgSHAs dzoa ‘crel )tc to' b j dzdzv  H dzw
ZOBtstclz LG  Hdets L odhj tLdOyjddd Odkzetstedlsd

14) &BilssH make_si gnmd sdaieb | d&isOidzH Oicis dzj |

WkdzCy'" ' gaussian_random(doubl e mue, dou
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15) &BhisOfredns 0 Odketstdlsds.

4.5 1t odgvdzadz® jWjiSlkdodzsfl' odSttedmls

[ JsOjotedMmisd ydz Odze sted Is o3 fijtejHlkm o
Istsydz Milss . ste’ d@3 Istscts, " fedlsOdsOdzdz’ t6° L
IstezH A3 MiIsC " Mist tctsddtc QD) e BUsdgtEo toj Odz' L O
CBBH

(W4 SIsdoedz Mis! B SOJ 9 ted MiIsd ydzd - O dzG B to
o dzOdzdzy odditce HEts YsCOLdS o Iboydtsmis
~nOtcOCIsjtedL iz Is! Mv fsadBS s Blsted ZOdese s t6 ]

6(X") = (F(X") — F (Xaxace))/F(X7), (4.1)
HX -tc' h jdzdzgy, BlteddzOdzj L O HBYGBsess d3gj SO
F(Xexace) TIstsYdzj L dzOyd dzdzv J € fMiste] BBz d3lz;

F(X*)T L dzOyj dgdzv y' dz s 5° WikdC y' o o Istsyy’ .
L O9 H Odzdz¥ m stsyc¢ O dzj 9 ABdgg,~ ©dglcdriclH Is dg'say dz
Isi Missoaedr LOOHOMd"r ° o wiEtmls' fHtd2?2 3Os Is!

1B ydz' Mis! dBilsOjotedmisdydzdr OdzctstedIsd3’ o
(s stoj d@3s® He Gobhalns tleoefi5))t [ H dZ2OC s st BBO " dc
B ' CQoHFwlz' LOMistsmMize Odzdz? 1sOSCdnm Odzetsted s
sy detsC LB ydesfls® . vtz L bkzdkddd odHO' Is-
OdzestedIsdz" @ L ' deh ddsd OdzestedIlsdBORBI. 1 9dyo2
LB ydesMmils® ©Odze stecddsHiflzts id 'tstc’ ol iz mid's sH j to
¥ O0dzr Hdz?v LOHOY, o wWCdr odftcOoHOdzy L Ofl
dzj LOoHd ftojHMIsOodzw ' Is! MW dBtsy dzd o d 3.
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[y ¢ o0 vwetsmis' oijilksOjotedmlsdydesects Odze ste
tesBtslsd Y!' tes Crcdsdg(d Is@klkzc sted s BOBRBd dzO H sy
] sto' 9 dgv dzdz? Odzetstodlilsdz" © L H' 2Mdzs 9 OdzOMmw

1) e’ odW iz ydg®dze $ ' Mls: §sCOLEC MC' dz
tejLEdz sOIs, tslstcd dzO dzd 2 LO ydd3 Isdftsdz O dz
Slsted 3Odzd~ L O " dz"dB] s OB ;

2) tj2bddze L O T inz@Ezdd Oz »istc HHBD B tc O dzd n
LOHOYORr odB ' teCd. 10 fjthj d& Myjl OdzOtizicd
Istc jil®° B Odz" 9.

bdzj oO0Otlsts L OLdOYdlsd, I §tc’ o daV Isdi st
90O0NCddB L Oo® OUAHazZMc j Isdz’” 2 ftotsBdzj 3 o' L dzg
te' L dz' tejLEdz sOIsd, O dzj dz0  BBdztsy d dz' o
esLftsomMes HYE' Is' Mwv dz0O o dzZOMIsdoe ' Mis! Odze tsted
sHdzdr L OHOY Ltdgpydak IOl ddzddz® * dzh - L OH
fshkCk dad B3O BJLEBShIssodzdr Mdz' HOdZC ' o .

J W j Clsd ot MmisQ Iz LBjte' €O Is! fmw . 1 OL o dyo?
sflsdd LOy " w, ° yYyd odHJ HB MY shigjde) » jldeng’
o tflsdd L Oy" .

cujttcj dBBO ftets o HfMikzIlsdz Mls! BjLStsSh Istso dzd
[101], w ¢ HtsMmdz odets L OL dzOyjdets MOBIdRd 1 kzdz'
CiWidSCIsdp zvifls'n Hotsmn Odzetstdlsds 8 Ek Mmjtej H dz
of' sy dzdodr LOHOYe. 1 0Mdz" HEd o' HMEZzIsdasM]
Is j , hts " HB 6 MfjydW' ydesets Odze stedIlsdzz
CtcON tojLzdz sOIsd, dz2' ¥ L OMmtsMmize Odadz? tsHC
Bdztsy ddzd L OH Oy. O 2uedgeddrd, " uviALIpOAd IS * dz' dzlz
BJLEBh sBodzse s Mdz" HOdzC 2 9L OcOdz . ] 90y 0¥ -
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LOoaYHd odStdzz’ Is! mw Istsydzts. [ esMis j |, [ X O dzf
‘delsjteftejlskzelst wC ¢ jLSCBhIskY dzd - dz@ dzlf t8 OGZE

rdzv  CsdzeStejIsdL Oy' °’ mMizls* d3 =0 As d2®B ny & dzv
BzdzO f sfMlsOodzj &zZO L OHOYO. [ Ot yd HJWECE ' da
sflsdd3 L Olstste Bs Y § oditstcdmissozo Ols y'
ftocsHEzZCIsdo dese s ©@HEHAG d¢s'tcw s @3tizdzvH dav OH Oy ' . cCh s
LOMIssmMizeo Olsd y' L dzOdzdzy fted odBtSt' OdZGBSiGC
dzd iz f sMisO i dIls Odzdzv , ud ‘mdzkz ¥ Is Odze ste
tojLizdz sOIsd ftod totsL o' WL Odzdz dc j @ de'tsdzd @ dz301
o' HfMzlsdz' Mmlis BjLSCtSh ssodzgdr Mmdz HOdzC " & H OB
flsOdedzy, Odzi L Odzdh Or s+ o3 Myd HdW HIWE(]
s stcj BBO L OMstsMso OdzO HE o9 dC tsdzOe yw.

vdz 9 JtemMOdz dzgd?2 dBO2 Y4 L Oc Odz' daff &d ssd Is-tf &g*
wed?2 Odzesstedlsds fshkzCk oadwedzw'® HBBG' tjL bz

pdzestcdlsdz sy Hjtejojthdlsd “dzhd2 E
Mfjy Odz' L' ! ey dzPpo  PHOQc' Odzls, Ctsdzd B
tesL ' WL Odzde b ptctEp iz BEO [ OCCtc' H tesL tetsB d
a3’ N OQdzestedIsdzssdz IsO L OHOY, ¥ . 4G OL OlIsd, -
tesLo' WL Oddy] LBHOBBB' WL Ctsots O’ z0 ko
mMfdy Odz' Lz s Mw dzO y' 2 LOHOY' .

10 f0sisdy’ &g vE] 6 jOosag sdedisls | H.1s izt jd edy
Odze stcd Is A3z, hts dzf Ctsdzd dai 4o sy’ dz¢ tc ts
s ' WL Etsots SLdAZOYO' MmMfjy Odz' L OYy' ¢ BGHASG

rdzv 302y Jj ofmM'n yYy' & seadas WEAdSY' 2y J tif
stdziiseste afy! Sk MSE dzOH dz' Mis+ Yy dz se Wz d
odSEtstedmMisOIsd Odze sted Is d3. [ O yd dzj Misdmdzd o Iz
odBetstck §f jodtsets Odzetstedlsdzse. (S¢h s tsBteOded 2
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JWJiClsdd dgj MftesMmists L B' G
10 ftw.oOClsdy’ , s &zt € d L dz2Oydets Mmisd mdg

oz hzels: mMw o O Wlis! Csditf ' 8 lsj tcO, ‘ dzj d
HiSB to' tcjLEzd sOd d&O ofMm' " yY' dz sednms Wiz dzS
L dzOdzr ftets ftotsB dzj dizBze dcls €k P, s to § 5 dzd
oMlsOdesodzs 6 Is/, E Leokyjdatsdgz Mmjdem' , Isj stcj C
Sflsdd LOyYy" ', o0 ddets doj ftedfd BOBJ dzf Adlsy
BZ3OE Is+  dzj HSMISOIsdz 5 -0 iz dzi , H izt d sdsifpplidadz™ L] dEX
HO' L dzOydzts fjtejoOecd HA&zYW HJWEdrm L OHOY.
Csif ' 6 lsj tocdztsg ts yofmkz. wfn dziz BOGOIst 9 (
fco  tef lz2f B'LLADYH 8 sdBisegtss Yy dzCsd3 S iR 8 Isj te
sflsddy L Oy ¥, wWeO LOdzizyo! dz¥ H j 2. 1 OMmdz'
LH2Mdzs 9 Olsd ctf smistc’ dzd o fdz" f zé i tcd oL
Oz stedIsdzOd3d. 1 " mlsts dzaj odwede HBMAE L OHO

tc' h j dzdzv hodHC. v OC 5y C dalz ftcOC Isd yda
CodaWdz' CIsiz” M LOcOd dzes®dz' la jGsys ' ° ¥ O dzcl i dEsirtr
LdzOydets HJjNMh johj dz¢gHMm €7 ftcOy"’ , dzOo ' Is! |

LHOIjdz L dzO2Isd L OHBSo " dz' dgj to' N j dzdg®dzj & <d
9 CdZzOH fteddzg M L dzOyded?2 ftodslzlsB Y.tsdg Tibjtsld Iy dotc

rdzv sy dz¢d jWjSClksdoe desfyls® BB3j sOj otcd Misd ¢
oL tocsBdzj dets ftesetcORBEZ tsy' dS¢d jWjSClsdo dsfls
BOGOIs! tsn HdMC te] Isdzd - L OH Oy, h 5 Hsf Z2M¢C
tcj Odz' L s9 Odz' [kdz' b jueMvipOalz dig’ Is Gbjdac tdsdefiyldsoitf .

1 85Ctoj 30, tcj Odz' L s9 Odz d3j IstsH o dtf OHC t5¢
ZsC Odz detsegts fsh2CE, d3j IstsH -W'tcdclsi) yzls' O tcalZd R {f (
d3j IstsH fjtcd d3 hOdzed n MistcdB O Yyd n ¥ OB
f to jlsHChp drip@iafhp).


https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D1%96%D0%B7%D0%B0%D1%86%D1%96%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
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OPparMeHTaAapHBIE
CTPYKTYPbl M

tdMm. 4.5. wdbjk¥j2f fesceoBd sy

v fteccC O cj Odz' L 59 Odzg' Gjdzj tOlstste
SBd3j Y Jdede" &3, BOLO HOdZdr L OoHOd ' ftsate

[ dzv L OHOY f§btedislsy destcQf @ ozt iz D3¢ ¢ s
53 9adfOHCtSOts LG jdgj esoaOdzdr L OoHOdDz . [ BBLG
® " H 20 Hts 50 ° L-0 h 8 .dz' fztlzinls € tsEelgizEty totl tOBLEEMHH
W ic OG d3J destEHIG dElz ‘ L OMmistsmtso o OdzOMW 2 ¢ t isth @ €

J 8 Bdz¥ Wtk dzls Otetleds? BezEsted " &3° s Oy 'l Oteed'd3y 4
Okzestedlsdd © '  HBdteOddM™Y ©OSddH yddsds, h
ftocdBdzdL dzgts BSHAZOC o 58

fijLEd sOId tetsLcOREdS ' & e’ ods o Odzd MW

1 cOo  ddstc ‘1o dziyaf @)l L Oo HOdzr o Mmjte" ", HJ
&' Myd L byscd Ltswkz L dOyj ddzv y' dzt sets’ Wk
1 Qo ddzs 2. i BLicORBoakzoa Ooafmw tj2Isddze C

sMlsOdedz &' Myj o jLbkd SOOE HOsBEEE® O
fjthj o fir-l KSuQdz, Hj] K ydhmos Odkcttdl
fstc' adWdzgdzg' . | Oz ¢ dz Csfls’ wyss, dzOBHKO
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using System;
using System.Text;
using Utils;

namespace SimpleGen

{

class Program

{

static SymmetricalMatrix matrix;

static int getNumberFromKeyboard()

{

}

int n;

string s = Console.ReadLine();

while (lint.TryParse(s, out n))

{
Consol e. Wr i tre2l iWntetd d3qQly); oyjdtdipidz©
s = Console.ReadLine();

}

return n;

static void Main(string[] args)

{

Console. WriteLiNg (F--=--=m-mmmmm oo oo e e e ")
Console. WriteLine(")teetcORBRBO 6 jdzj eOydd Mmdzlz-
Console.WriteLine("lteddddlsdodzr 2 OdzetstedlIlsd3" ) ;
Console. WriteLiNe (F=----=-mmm oo oo ");

int size; [/ ydmdzts o jtehddz ctcOW O
int maxMatrixCount; [/ ydfmdts cjdzjtcdtclzj d&3r = G

Console.Write("JlojHdlsy yYdbdetsy uydmdzs (4 d B
size = getNumberFromKeyboard();

while (size % 2 1= 0 || size < 4)

{
if (size % 2 '=0)
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Console.Write("ydmdzs o jtehddz ctcOW¥W O Htsdzy dzts
if (size < 4)
ConsoleWritefh vy d Mdzts o jteh ddz S kBdyd Misets ctcOW O H

ConsoleWriteth | 9 jHdlsj ydmdzs o jtehddz jhj ©WOL: ") ;
size = getNumberFromKeyboard();

}

Console. Write("lofimailsj" X sdzdyd mMsots ctcO
maxMatrixCount = getNumberFromKeyboard();

Console.WriteLine(String.Formai(' | © ff tsdzdg¥ j Isfpw ¢ j dzgj tOydw {0} ¢

o J 6" dweOdB3d

maxMatrixCount, size));

/| | dzgj sBrBHd Bs] oydcfaAy o3 Hsdededr g tsalz! dzd € j] dBOIsted YT
int count = size *3/ 2;

I | MSBLHO] &3 d@ZOIsted ykz M3y y desmisd, L Of sdzdgwWv Jj VY dzg
matrix = new SymmetricalMatrix(size);
for (inti=0; i <count; i++)
{
matrix.data[i] = 1;

}

DateTime dStart = DateTime.Now;

/| 1 cjdgjtcdqtezj ds SEBdud mME&dy ctoOWr™
int matrixCount = 0;

while (matrixCount < maxMatrixCount)

{
matrixCount++;
Console.WriteLine("fOtedy® - " + matrixCou
Console.WriteLine(RandomBuild());

}

DateTime dStop = DateTime.Now;
TimeSpan timelnfo = dStop.Subtt(dStart);

Console.WriteLine(String. Format ("] jdg teOydw

timelnfo.TotalSeconds));

}

Console.ReadLine();

static Random rand = new Random();
static SymmetricalMatrix RandomBuild()

{
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while (true)

{

for (inti=0; i < matrix.data.Lengthl; i++)

{

int ind = rand.Next(i, matrix.data.Lengtii);

byte t = matrix.datali];
matrix.data[i] = matrix.data[ind];
matrix.data[ind] = t;

}

if (matrix.IsCubicGraphMatrix() && matrix.IsConnectedGraphMatrix())
return matrix;

}r}
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using System;
using System.Text;
using Utils;

namespace GBJG//tls fjtweorn BESO ddj dz MsL HOISJ dzj

{

class Program

{

public static Random Rand = new Random();

/

/o dyydlsT o Odzdw ydmdzO® f; § &zOoe d Olskzter

static int getNumberFromKeyboard()

{

int n;

string s = Console.ReadLine();

while (lint. TryParse(s, out n))

{
Console. Write("1 J®.J tdde j2H diilssitce 3@Ishdyd imjdz | tOL :
s = Console.ReadLine();

}
return n;

}

static void Main(string[] args)

{
Console. WriteLine (F-------mmmmm oo e o ");
Console.WriteLine(")lttBetecOB®BO c¢Jjdad cOydd MmMazkz
Console. WriteLiNg (F-----==-mmmmm oo e oo ")

Console.WrieLine("™);

int size; [/ ydimdzts o jtehddz ctcOW O
i nt maxMatrixCount; [/ ydfmdzts ¢ jdzj cdtclzj d3r

11
Q

Console. Write("lojHdly vydlsdesy ydmdzts (4 d B
size = getNumberFromKeyboard();

while (size % 2 1= 0 || size < 4)
{
if (size % 2 '=0)
Console.Write("ydmdzs o jtchddz ctcOW¥W O Htsdzy dats
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if (size < 4)

ConsoleWrite(h v d Mdzts o j eh HalAss C&&BEWG MSsdzy dzts BT Is! B
ConsoleWriteth 1 @ j HdIsj ydmazs o jtehddz jhj tOL: ") ;
size = getNumberFromKeyboard();

}

Console. Write("lojHdlk] ¢y Mmoot ctcOWtso:
maxMatrixCount = g&umberFromKeyboard();

Console.WriteLine(String.Formatfi' | " ff sdzdgV j Ismqw ¢ j dzgj eOydw {0} ¢
o 4 toh dd id
maxMatrixCount, size));

DateTime dStart = DateTime.Now;

Il ¢6jdzjtedtokj Btc@¥Bdyud MEdJ
int matrixCount = 0;
while (matrixCount < maxMatrixCount)

{
Graph g = new Graph(size);

matrixCount++;
Console. WriteLine("J]OBEdyo ~ " + matrixCou
Console.WriteLine(g);

}

DateTime dStop = DateTime.Now;
TimeSpan timelnfo = dStop.Subtract(dStart);

Console.WriteLine(String. Format ("] jdg teOydw
L®Hjteh jdzO L O {2} Mmjc¢",
maxMatrixCount, size, timelnfo.TotalSeconds));
Console.ReadLine();

}
}

Il seeduyd MEd2 MmMzEyoldz 2 ctOW
class Graph

{
Symmetrical Matrix matrix;// 30tedyO® MmMd3j y desMmlis.

public Graph(int size)
{
currSize = 4;
matrix = new SymmetricalMatrix(size);






















































