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Jetineko A. A., Tliucc U. I1., boasuckuii E. B.

KOMBUHUPOBAHHOE OBYUYEHUE 3BOJIIOLIMOH-
HOWM HENPO-®A33U CUCTEMBI

IMpennoxkeHa apxUTEKTypa SBOJIFOLUOHHOI Helpo-(ha33n cuc-
TCMBI, KOTOpaﬂ HC CKJIOHHA K HpOKJ'IﬂTI/IIO paBMepHOCTI/[, CHOCO6Ha
o0pabarsIBaTh HH(OPMALIHIO B PSKUME PEaNIbHOro BpeMeHH, aJall-
TUPYS MPU 3TOM CBOM IApPaMETPhl U CTPYKTYPY K YCIOBUSM 3a-
Jaadu. B Ka4yeCTBC aKTUBAIITMOHHBIX QJyHKIII/Iﬁ 6I>IJ'II/I HCIIOJIb30BaHbI
siepHbIe (DYHKIMU aKTHBALIUH.

KJHO‘leBLle CJIOBA: IBOJIFOIIMOHHAA Heﬁpo—(i)a331/1 CUucrema,
HOpMAaJM30BaHHAs pajlalbHO-0a3UCHasl HEHpOHHAs CeTb, 0000-
ICHHasA perpeccnonﬂaﬂ Hef/'[po—(ba331/1 CC€Th, HCUCTKAs MalluHa
OHOpHHX BeKTOpOB, smepﬂaﬂ (byHKIII/IH AKTHUBaIlUU.

Deineko A. A., Pliss I. P., Bodyanskiy Ye.

EVOLVING NEURO-FUZZY SYSTEM COMBINED
LEARNING

In this work the evolving neuro-fuzzy system with kernel
activation function that contains fuzzy support vector machine,
normalized radial basis function neural network and general
regression neuro-fuzzy network as subsystems is proposed. This
network is tuned using both optimization and memory based
approaches and does not inclined to the «curse of dimensionality»,
is able to real time mode information processing by adapting its
parameters and structure to problem conditions.

Key words: evolving neuro-fuzzy system, normalized radial-
basis function neural network, general regression neuro-fuzzy
network, fuzzy support vector machine, kernel activation function.

Romanuke V. V.

Candidate of Technical Science, docent of Khmelnytskyy National University

OPTIMAL STRATEGIES CONTINUUM FOR PROJECTING THE FOUR-
MOUNT CONSTRUCTION UNDER INTERVAL UNCERTAINTIES WITH
INCORRECTLY PRE-EVALUATED TWO LEFT AND ONE RIGHT
ENDPOINTS

There is investigated a two-person game model of optimizing cross-section squares of the
four-mount construction, where the model kernel is defined on the six-dimensional hyperpar-
allelepiped as the product of three closed intervals of unit-normed loads and of three closed
intervals of unit-normed cross-section squares. For the case of incorrectly pre-evaluated two
left and one right endpoints of those interval uncertainties there has been proved that the
projector may obtain an optimal strategies continuum. A criterion for singularizing that contin-

uum has been proposed.

Key words: optimizing cross-section squares, two-person game model, four-mount con-

struction, incorrect pre-evaluation.

INVESTIGATIONAREA

There are many uncertain factors in building mount
constructions, one of which is interval-valued potential load
on the construction pivots, pillars, bars or other mount

© Romanuke V. V., 2012
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elements [1, 2]. If the potential load on the construction
with four mounts is unit-normed, then the unit-normed load
on the i-th mount x; is enclosed within the closed interval

[a;; ;] =(0;1) by b; > a; for i =1, 3 [3, 4]. The nonzero
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fourth unit-normed load is
Xg=1=x -2 —x3 @)

due to the unit-normalization. The problem is to take some
mounting square against that potential load, and this square
may be unit-normed also. Thus the i-th mount cross-section
square is );, and due to analogous unit-normalization

vi €[a;; b;]<(0;1) for i=1,3 by
Y4 =1=y1=y-y3. @
Obviously, that taking the unit-normed values shouldn’t

be arbitrary, but be optimal in the sense of minimizing the
potential load and mounting square relationship [3, 5, 6].

AVAILABLE REFERENCES ANALYSIS

There is a known model of optimizing the values { Vi }?:1 ,
stated as a convex game with the kernel [3, 7]

T(X, Y):T(Xla X2, X35 V1> V2 J’3)=

1—x1 — Xy —X3

) -2 —2
=max xy; , XpVy , X33, 2 (3)
(1—y1 ) _y3)

on the hyperparallelepiped

X xY = ] a; b (x|a,; b, |x|a,; b, |=
1 1 2 2 3 3

=1

4)

2 3 [} 6 (
:H[H[q; ba.]JcH(O; l)c H[O; 1] R

of pure strategies

X=[x1 X x3]e

e X :[a]; b]]x[az; bz]x[a_,‘; bs]:

3 3 3 ©)
= [ai;bi]c (0:1)c [0; 1] c R’
[tz Ton<T]
of the first player and of pure strategies
Y=[y »n nle
€Y =[a;: b ]x[ay: by]x[a;: b,]=
©)

=I_,[[a{.; bj]c]j(o; l)cH[O; |cR’

of the second. The first player personifies the natural factors,
which can’t be foreseen, and the second player personifies
the projector or the person responsible for projecting the
four-mount construction, being investigated. The optimal
strategy

Ya =[yf y; yﬂe [01; bl]x[ar?; bz]X[a_‘; b_‘]:YO)

of the projector, existing by the theorem on the second player
optimal strategies in the convex game [3, 8], is determined
from the four-parted equality

b

1

)2 - * * x\2
(y,-) (1—y1 —yz—ys)

l-a —ay - _
QD75 by =13, 0

. . 3
However, the given bounded intervals {[al-; bi]}i=1

uncertainties may occur such that the equality (8) is not
true [9] within the parallelepiped (6). Then it is spoken about
incorrectness of left or right endpoints of those intervals. If
these endpoints were corrected (increased or decreased, as
needed) then the equality (8) would have been turned true
within the parallelepiped (6). But this is impossible, so pre-

evaluations {ai}?zl and {bi}?zl are held still.

WORK GOAL
Will find the projector optimal strategy (7) in supposition
3
that here are interval uncertainties {[ai; b; ]}izl with
incorrectly pre-evaluated two left and one right endpoints.
If they all were correct the components of the projector
optimal strategy (7) would have been [7]

yik: \/E
! \/a+\/g+\/g+ l—al—az—a3

But the endpoints @, @, and by by {p, ¢, k} ={1, 2, 3}
have occurred such that

by
RN TN N e

S
ﬁ+@+\/g+m<“q, (11)

\/a >b
\/a+\/g+\/g+\/l—a1—a2—a3 k. (12)

It means that

Vi=1,3.(9

vy > St (13)
P \/74—\/54—\/%4—1[1—611—612—(13’

93
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Vg > I 14
e o e

v < Vb 15
Jor by s +1—a —ay—az © P

and for finding the projector optimal strategy (7) there has
to be used the impossibility of the equality (8) within the
parallelepiped (6) up with the conditions (10)—(12). Clearly
that the conditions (10)—(12), meaning (13)—(15), also give
one of the four following inequalities, which breaks the

equality (8):

1—611
P o(1—ay-a,-n ) ¥ rElpad, (19

—ay—a3

b —a —a, — b
b @ (1-a-a,-b) @ (D
] l—a —a, —a, b
h—) L 2 ‘12>—’3 by re{p,q},
O (]—aﬂ—a{j _bx-) a, (18)
1-611-(12-613 i> b

_r
(1~ —a, -] O %y relpal (9

The inequalities (16)—(18) are united into the single
inequality

l-a,—a, —a,

(1-a,-a,-b,) (20)

L
b,

that is going to be the last pre-condition for finding the
projector optimal strategy (7).

THEOREM ON CONTINUUM OF PROJECTOR
OPTIMAL STRATEGIES (7) UNDER (10)(12) BY (20)

Theorem. In the game with kernel (3) on the
hyperparallelepiped (4) by the conditions (10)—(12) and (20)
the components of the projector optimal strategy (7) are

e[ar, b.] by re{p.q} 1)

at
b+b, <1=b - b, (1-a,-a,-a,)

or
y:E[ar;yﬁmaxq by re{p, qj (23)

at

94

b, +by >1-by —\[b (1-ay —a; - a3) (24)

for

yijmax> +y§maX> =1-b _\/bk (l—al —ap _a3) , (25)

where

v =by- (26)

In the case of the inequality

1 l—al

by (l—ap—aq—bk)2 @7

—ap a3

the projector has a continuum of its optimal strategies (7).
Proof. As the inequality (20), being the corollary of the
conditions (10)—(15), is true then the second player cannot

1
make its payoffless than 7 by . This payoff value is the optimal

game value v« = L, which is reached at the right endpoint
k

of the k-th rib of the parallelepiped (6). If y; < b, then the
payoff is greater than v«, what is unacceptable for the
projector, so (26) is the single possible k-th component of
the projector optimal strategy (7). Going further, the
inequality (20) may be overstated as

(1=a,-a,-b,) b (1-a—a,-a;) (g

or

l—ap—aq—b,\. 2\/5,\.(1—%—03 _G_a,)a (29)

where it has been root-extracted due to positiveness of the
fourth unit-normed cross-section square. So, the projector

should select such y; and y; that the inequality

] —}’;, Ve~ \/b

would turn true. The inequality (30) is overstated as the
condition

(1-a,—a,-a;) (30)

y:, +y:; <1-b —\/bk (1-a,-a, —a,) 31)

for selecting the components y; and y;. Then if (22) is true

then (31)istrue V' y, e [a,; b.] by r €{p, q} andtherefore
the r-th component of the projector optimal strategy (7) is
(21). Otherwise, if (24) is true then (31) is true for such y;

and y; that their sum is not greater than the right side of
(31). So, the r-th component is selected as (23) for (25). The
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continuum of projector optimal strategies with the inequality

(27) is subsequent to that y" > g, at 7 € { p, g} for the case

with (22) and either y\™™) > a,, or y")

with (24). The theorem has been proved.
It remains only to constate that in the case of the equality

>a, for the case

1 1-611-612-(13

by (l—ap—aq—bk)2 (32)

the projector does not have more than the single optimal

strategy (7) as here its components are y. = 4, by 7 € { p, ¢}
and, undoubtedly, (26).

Consider an example of applying the proved theorem.
Let

a =0,24, b =0,26 , ay = 0,26,

b, =0,29, a3 =0,1, b3 =0,2. (33)
Having calculated the values (9), here (10)—(12) are true:

Jh
\/E+\/g+\/g+./1—al —ay —ay )

<0,23961 < a; = 0,24, (34)

Vb
\/E+\/g+\/g+\/l—a1 —ay —a

<0,2531<ay =0,26, (35)

Vb .
\/E+\/g+\/g+./1—al —ay —a

>0,2101> by =0,2. (36)

<

Also the inequality (17) is true, that is (20) is the pre-
condition for finding the projector optimal strategy (7). So,
as

b +b, =0,55>0,5172 >

>1=by—bs (1-a; - a —a3) 37)

istrue, that is the condition (24) is true, then here the projector
optimal strategy (7) components are (23) for (25) and (26):

V€ [0, 24; yfmaxq,

<max>

€ |:0,26; %) :|, y; =0,2, (33)

where

<II18.X> <max

) {ma) 80,242 . (39)

CONCLUSIONAND WORKING FURTHER
PERSPECTIVE

The disclosed continuum of the projector optimal
strategy (7) under strictness in the inequality sign must not
delude an explorer or a real constructor, because the summed
unit-normed cross-section squares are fixed at unit, and it

may select y; and y; whatever, just satisfying (21) or (23)
with (25). Nevertheless, this selection could have been

. . . . * *
rational due to some criterion with respect to Yps Ygo
V4 =1-y, =y, —b;. One of suchlike criterions is

equalization of values y;, y;, yZ’ that is solving the problem

PR R R SRR L

or

* * * % * *
. Yp Vg Vp Y4 Vg 4

<max>In1n (max) XY s T e T T e . (41)
[ap;yp }x[aq; Vg :| Yg Yp Ya Vp V4 V4

In perspective, there should be worked the situation with
the inequality (19), which seems to be more complicated in
finding the projector optimal strategy (7).
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Pomantok B. B.

KOHTHUHYYM OIITUMAJIBHBIX CTPATEIMA JIJLI
[IPOEKTUPOBAHMS YETHIPEXOIIOPHOM KOHCTPYK-
[I1U B YCJIOBUAX UHTEPBAJIBHBIX HEOIIPEJEJIEHHO-
CTEM C ITIPEJBAPUTEJIbHO HEKOPPEKTHO OLIEHEHHBI-
MU IBYM JIEBBIMU 1 OJHUM ITPABBIM KOHIIAMU

Hccnenyercs urposast MoZIe/b ABYX JIMIL B ONTUMH3ALUH ILIO-
11a/ieil onepeyHoro CeUeHUs YeThIPEXONOPHON KOHCTPYKIIMY, I]Ie
MOJIENBHOE AP0 OIpeiesieTCs Ha EeCTUMEPHOM TUIlepapaie-
JIenuInese Kak IPOU3BEJCHUH TPEX 3aMKHYTBIX MUHTEPBAJIOB €AU-
HUYHO HOPMHPOBAHHBIX HAarpy30K M TPEX 3aMKHYTHIX MHTEpBa-
JIOB €IMHUYHO HOPMUPOBAHHBIX ILIOLIA/ICH 10NIEPEYHOr0 CEUEHU.
Jls citydast mpeiBapUTEIIbHO HEKOPPEKTHO OLICHEHHBIX JIBYX JIe-
BBIX M OJJHOIO IIPAaBOT0O KOHIIOB 9TUX UHTEPBAIbHBIX HEOIIPE/IE/ICH-
HOCTEH JI0Ka3aHO, YTO MPOEKTUPOBLIUK MOXET IOIy4aTh KOHTU-
HYYM ONTHMAalbHBIX cTpareruil. [Ipeaoxen KpuTepuid Uit BbI-
JIeJICHUs] €AUHCTBEHHOI'O 2JIEMEHTa U3 3TOr0 KOHTUHYYMa.

Y/IK 004.93

KirueBrbie ¢JIOBa: ONTUMH3AIUS r[noma;[ef/'[ NOonepeyHoro
CEUCHUs, UI'PpOBasi MOJICJIb ABYX JIUII, YE€TBIPEXOIOPHAst KOHCTPYK-
1uus, HEKOPPEKTHOE MPEABAPUTECIILHOC OLICHUBAHUE.

Pomantok B. B.

KOHTUHYYM ONTUMAJIBHUX CTPATEITI JJII
MMPOEKTYBAHHS YOTUPHOXOIMOPHOT KOHCTPYKIIIT
B YMOBAX IHTEPBAJIbHUX HEBU3HAYEHOCTEM 3
MMOMNMEPEJHBO HEKOPEKTHO OLUIHEHUMU JJBOMA
JIIBUMU A OAHUM IPABUM KIHIISIMU

JlocimKyeThCs irpoBa MOJENb JBOX OCIO B OMTHMI3alLii TIOL]
HONEPEYHOT0 Hepepi3y YOTHPHOXOHMOPHO! KOHCTPYKILii, 16 MOJEb-
HE SIPO 3a7a€ThCsl Ha IIECTHBUMIPHOMY rillepriapajienemines K
JOOYTKY TPhOX 3aMKHEHHX IHTepBaJliB OJJMHUYHO HOPMOBAHHX Ha-
BaHTAXEHb 1 TPhOX 3AMKHEHUX IHTEpBANiB OAMHUYHO HOPMOBAHUX
IUIOLI TTONEPEYHOro nepepizy. it BUIaaKy HONEepeJHE0 HEKOpeK-
THO OI[IHEHHX JIBOX JIIBUX i OJTHOTO MPABOTO KIHIIB IUX IHTEPBaJIb-
HHX HEBH3HAYEHOCTEH JOBEJICHO, IO POESKTYBAIBHUK MOXKE OTPH-
MyBaTH KOHTHHYYM ONTHUMAJIbHUX CTpaTeriii. 3anporoHOBaHO KpH-
Tepiif 11l BUOKPEMJICHHS €JHOTO €IEMEHTA 3 [IbOT0 KOHTHHYyMa.

KorouoBi cioBa: onrtuMizaliis Moy momnepevyHoro nepepisy,
irpoBa MoJIeb JBOX OCi0, YOTHPHOXOIOPHA KOHCTPYKIIisl, HEKO-
PEKTHE IOIepeIHE OLIHIOBAHHS.

Cy660TnH C. A.

KaHd. mexH. Hayk, 0oueHm 3aropoXxcKo2o HayUuoHarbHO20 MeXHUYeCcKo20 yHugepcumema

KOHCTPYUPYEMbIE NMPU3HAKU ONA ABTOMATUYECKON
KNACCUDPUKALUU PACTNPEAENEHHbBLIX BO BPEMEHU
CTALMOHAPHbBIX CUTHAITOB

Pemena aKTyaJibHas 3aJa4a aBTOMAaTHU3allMd COKpall€HUA pa3sMCPHOCTH AaHHBIX IJIA
TIOCTPOCHU TUArHOCTUYECKUX U PACIIO3HAOIIUX MOJIeJICH Ha OCHOBE CTallUOHAPHBIX OAHOMEPHbBIX
CUTHAJOB, pacnpeACICHHBIX BO BPEMCHHU. BHCpBBIe MPEAJIOKEH KOMILJIEKC HOKa3aTeJ'ICI71,
XapaKTEepU3yromux CBOMCTBa CHUT'HAJIOB, ITO3BOJISTIOIIH I CYHECTBEHHO COKPATUTb OIMMCAHUEC
KJIaCCI/I(i)I/IHI/IpyCMBIX 00BEKTOB. HpOBeHCHH OKCIIEPUMEHTHI 110 UCCIICAOBAHUIO IPEATIOKCHHOI'O
KOMILJIEKCa ITOKa3aTelle IIpy pCHICHNUHU NPAKTHUYCCKUX 3a/1a4.

KnamoueBble cioBa: pacrio3HaBaHue 06pa3013, TEXHUYECKOEC NUArHOCTUPOBAHUEC, IIPHU3HAK,

CTaHI/IOHapHHﬁ CUTHaJI, U3BJICYCHUC IPU3HAKOB.

BBEJEHHE

OmHoit u3 mpoOiieM, BO3HUKAIOIINX TIPH IOCTPOCHUU
PACIIO3HAIOINX W ANArHOCTHYECKNX MOJIENIEH CTaIlOHAp-
HBIX OOBEKTOB Ha OCHOBE CHT'HAJIOB, PACHPEIEICHHBIX BO
BPEMEHH, SIBIIICTCS HU3Kasi HHANBUAyaIbHas HH)OPMATHB-
HOCTh IIPU3HAKOB, KOTOpasl MpH OTPAHHYEHHOM O0BeMe
BBIOOPKHU OTATOMIACTCS OONBIIUM YHCIOM IMPU3HAKOB.
B pesynbrare nomyyaemas pacno3Haromas Moziesb, Kak 1mpa-
BHJIO, OKa3BIBACTCS TPOMO3IKOH H CIIOKHOM (KaK CIICICTBHE
9TOT0, TAKKE XapaKTEPHU3YeTCs] HU3KUM YpOBHEM 0000111e-
HUS 00yJarOIINX JaHHBIX ), a TAKKE KpaliHe HEYTOOHOU IS
MOCTIEAYIOIIET0 aHaIN3a W MHTEPIPETALUN YETIOBEKOM.
[Iporecc mOCTpOSHHST PACIIO3HAIOIICH MOJIENH 0 BBIOOP-
KaM, XapakTepH3yOIUMCcsl OONBIINM YHCIOM NPH3HAKOB,
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Takke TpeOyeT 3HaYMTENbHBIX 3aTPaT PECypCoB MaMSITH
OBM (kax orepaTHBHOM, TaK M AUCKOBOH ) JJIS XpaHEHUS U
00paboTKH 00yJatOIIHNX JAHHBIX.

[TosTOMy akTyanbHOW sIBJsETCA 3ajJada COKpaILEHUS
OITMCAHMS CTAIMOHAPHBIX CHI'HAJIOB, PACHPEIEICHHBIX BO
BPEMEHH C IIEJTBIO MTOTyIEHNS HHTepIpeTabeTbHBIX paciios-
HAIOIINX U JUATHOCTUYECKUX MOAEINEH, 00eCTIeunBarONIIX
BBICOKHI YPOBEHb 0000IIIEHHST OTHOCHTEIBHO 00ydatomen
BBIOOPKH JaHHBIX.

1.IIOCTAHOBKA 3AJIAYA COKPAILITEHUS
OIIMCAHMSI CUTHAJIOB

ITycTs 3a1aHa FicxomHAst BRIOOpKA HAOIMIOMEeHMH <X, )=, TTIe
x={x},x= {xj},x‘:{x‘j},xj:{x‘j},y:{y‘},s: ,2,..,8j=12,..,
N, X', — 3HAYCHHC j-TO IMATHOCTUYECKOTO MPH3HAKA X , XapaKTe-





