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OPTIMALITY UNDER NONEMPTY SETS OF LOCAL MIS-EVALUATIONS OF UNCERTAINTIES
IN A GENERALIZED MODEL OF FITTING CSS OF SUPPORTS

The Abstract. There is considered a generalized model of fitting cross-section squares (CSS) of supports of the building construction-
platform, reflecting the equistrength principle. There has been investigated the case, when there is a nonempty set of indexes of the known
values appearing lesser than the corresponding left endpoints, and there is a nonempty set of indexes of the known values appearing greater
than the corresponding right endpoints in the given preliminarily evaluated intervals. The investigated case had been interlinked with a local
subcase of mis-evaluations, embraced with the proper assertion, which may be evolved further, specifying some wider situations and other
cases.

Key words: building construction-platform, fitting cross-section squares (CSS) of supports, interval evaluations, uncertainties, unit-
normalization, antagonistic model, over-evaluation, under-evaluation, projector optimal strategy.

AwnoTtanis. PosrsiaeTsest onHa y3araabHeHa MOJENb MiOOpY IUIOII IONEPEYHOro Iepepiza omop OyaiBelnbHOI KOHCTPYKLII-IIIaThopMH,
KOTpa BioOpa)ka€ NPHHLMUIT PIBHOMIIHOCTI. PO3risiHyTO BUIAIOK, KOMK € [esKa HEMOPOXKHS MHOXKHHA iHAEKCIB BiIOMUX 3HAYCHb, KOTPi
BUSIBIISIIOTHCS MEHIIIMMU 32 BiJMOBIIHI JIiBI KiHII, 1 € IesIKa HEMOPOXKHS MHOXKHHA 1HIEKCIB BiTOMUX 3HAYECHb, KOTPi BUSABIIOTHCS OiIBIINMHI
3a BiANOBIJHI NpaBi KiHII y JaHUX IONEPEAHbO OLIHCHUX iHTepBanax. PO3MISHYTHH BHIIaNOK IOB’SI3aHO 3 JIOKAIBHUM ITiBUIIATKOM HEKO-
PEKTHUX OLIHOK, OXOIUICHUM Bi[NIOBITHUM TBEPIDKCHHSAM, KOTpPE MOXKe OyTH PO3BHHYTE Jajli, JeTali3yl0ud ACMIO [IUPII CUTYaLii Ta iHmIi
BUITAJIKH.

Karwuosi cioBa: OyaiBelbHa KOHCTpyKuis-miardgopma, niadip mnJoul nomepeyHoro mnepepiza omnop, iHTepBajdbHi OLIHKH,
HEBH3HAYEHOCTi, OJMHHYHA HOpMAaJi3alisi, AHTAaroOHiCTUYHA MOJeJib, MNEPeOUiHKa, HEeIOOUiHKAa, ONTHMAJbHA CTpaTeris
NMPOEKTYBAJIbHUKA.

Aunoranus. PaccmaTpuBaercst ofHa 0000EHHAsT MOAEIb MOAOOPA MUIOMIA/ACH HOMEPEYHOr0 CEYCHHUS OIOP CTPOUTEIEHON KOHCTPYKIIHH-
m1aTopMBbl, 0TOOpaXKarolas MPUHLKUI PABHOIPOYHOCTH. PacCMOTpeH cilydaii, KOrja CyIecTBYeT HEKOTOPOE HEllyCTOe MHOXKECTBO MHIEK-
COB M3BECTHBIX 3HAYCHMI, OKa3bIBAIOIINXCS MEHBIIMMHU 33 COOTBETCTBYIOLINE JIEBbIE KOHIBL, M CYIIECTBYET HEKOTOPOE HEIyCTOE MHOMKE-
CTBO MH/ICKCOB M3BECTHBIX 3HAYCHMI, OKA3bIBAIOMINXCS OOJIBIIMMHI 32 COOTBETCTBYIOIIHE HPABbIC KOHIBI B JaHHBIX NPEIBAPUTEILHO OLie-
HEHHBIX HHTEpBanax. PaccMOTpeHHBIIl citydail CBA3aHO C JIOKAIbHBIM IIOJCIY4aeM HEKOPPEKTHBIX OLICHOK, OXBA4E€HHBIM COOTBETCTBYIOIIUM
YTBEPIKJICHHEM, KOTOPOE MOXET OBITh Pa3BUTO AaJiee, JETAIM3UPYs HECKOIBKO Ooliee IMPOKHE CUTYalliu U APYyTrUe CIydau.

KuiroueBble ci10Ba: CTpOHTEIbHASE KOHCTPYKIHUA-IIAT(GOPMA, MOAOOP MIIOLIA/Ieli MONePevYHOro CeueHHUsl ONop, HHTePBAIbHbIE OlleH-
KH, HeONpeeTEHHOCTH, eIHHUYHAS. HOPMAIM3ALUs, AHTATOHMCTHYECKAsl MOJIeJIb, lePeOLeHKA, HeJ00IeHKA, ONTHMAJIbHAsI CTpaTe-
sl IPOEKTHPOBILHKKA.

A problem prevailing review
In getting started, suppose that there is a building construction-platform (BCP), propped up vertically or
along horizontally with N supports of some geometry, N € N\ {1} , but the total load can be valued only as

an interval [1, 2], as well as local loads or pressures, pressing the supports. Under those non-equidistributed
potential loads (pressures) on supports there is no possibility to take equiform geometry of supports (unless tak-
ing a risk), whereas the main building problem is to ensure safety by minimal resources spendings [1, 3, 4]. The
main geometry of supports here is actually their cross-section squares (CSS), acting against the local support
loads (LSL), having been pre-evaluated uncertain as intervals. After having unit-normed [5, 6] those interval
uncertainties, there is an antagonistic model [5, 7, 8] to ensure additionally minimization of maximal overload
[7, 9, 10], in which the second player (SP) is the BCP projector (BCPP), setting up CSS, while different stochas-
tic circumstances, personified by the first player (FP), set on LSL and thus hinder projecting rationally. Although
in this model the solution for SP (for BCPP) exists as a pure strategy [7, 8], incorrect pre-evaluation of interval
endpoints of those spoken above uncertainties may provoke peculiarities [11, 12] in finding that pure strategy.
And narrowly, a one of such peculiarities due to those mis-evaluations is going to get captured.

Available up-to-date origins problem analysis

Recalling then, that the aforementioned model is the convex antagonistic game (AG) with the kernel [7,
13]

N-1
N-1 I—Zxk
_ . _ X k=1
T(X, Y)—T(xl, Xyseves Xn_ys Vs Voo ones yN_l)—maX — ]
Vil (1)
-2
k=1
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defined on the (ZN - 2) -dimensional hyperparallelepiped (HP)

2 N-1 2N-2 2N-2
X xY = H[af;bf] CH(O; I)CH[O; e R
p=1 Jj=1 d=l1 d=1 (2)
as the Cartesian product of HP
N-1 N-1 N-1
X = H[a‘/; bj] c H(O; 1)c H[O; 1] R
Jj=1 j=1 Jj=1 )
of the FP pure strategies (normed LSL) and of HP
-1 N-1 -1
Y =[[la:b]<] (<] Jlo: 1] =R
A = jA (4)
of the SP pure strategies (normed CSS), where the number of supports N € N\ {1} ,
X:['xl Xy ot Xy xN—l]EX 5 YZ[)’] Yo ot Yo yN—l] €Y,
and the variable
x‘/e[aj;bj]c(o; 1) o a,<b, V j=1,N-1 “

is the normed j -th support load, the variable

yje[aj;bj]c(o; 1) . a,<b, V j=1,N-1 ©

is the normed j -th support cross-section square, and totals

N N
;x"zl, ;y"zl ™)

due to the unit-normalization over LSL and CSS. In this AG (1) — (7) BCPP has the optimal pure strategy
(OPS)

Y=y v o e €Y
®)
as (N - 1) -dimensional point of HP (4), that is the condition
y; e[aj; bj] vV j=1,N-1
©)

stands clear. Here the (N - l) -dimensional point (8) with components (9)
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%

Y*Z[y1 y; y;vfz y;vfl]earg min max T(X,Y) =
Yel;[[a[;b,»] Xel}[aj;bj]

N-1

N-1 1- E Xy
: Y P

=arg min max max<y—5 T 3 =
N- N : N-1
YEH[a[;b[] Xen[aj;b/] yl Jj=1

i=l J=l 1- Vi

k=1

N-1 1- a,
: b/ k=1
= arg gl:llln max - . T

(I-Z%J (10)

and the regular equality

[1_ = yk} (11)

gives directly values

S | 02

N-1 N-1 AR '

13
S 3 ”
k=1 k=1

1
of OPS (8). But if the membership (13) fails, that is there is at least 3 g € {1, N - 1}

*
are components {y ].} )

such that
b
N-1 \/7 N-1 %[aq;bq] f EIqe{l,N—l} (14
Z\/Ewt\/l—Zak o ’ )
k=1 k=1
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then the equality (11) cannot be fulfilled within HP (4) and the directly obtained values (12), speaking strictly,

«) N-1
aren’t components {yj} '1 of OPS (8). Such cases had been investigated through papers [11, 12, 14, 15], but
j=

the question on OPS (8) for BCPP by N € N'\ {1} generally stays open. Moreover, there are two types of in-

N-1 N-1
correctness in pre-evaluating endpoints {a j} '1 and {b j} . (two types of mis-evaluations), driving to failure
j= Jj=

in the membership (13) with

N-1
> b+ 1
k=1
and
N-1 (16)
b + [1- a
Z 1=

at the nonempty subsets 4 and B what is going to become the investigation object [15], whereas investigation
of just (15) or (16) separately naturally comes easier or even trivial [14, 16]. However, this heterogeneity of mis-
evaluations supposes pretty long AG (1) — (7) solution statement [12, 15], so there will be developed only a
local identity subcase.

Object and goal
AG (1) — (7) conditions are supplemented with that 4 # & and B # & , where

_ Jb, ela;b] vie{l, N=1}\{4UB)

S - a - .

k=1

After having got started with those objectified conditions of over-evaluations (15) and under-evaluations (16) of
N-1 #)N-1

with (17), there stands the goal to find components { y } of
Jj=1

uncertainties (mis-evaluations) {I:a I b . ]} i1
Jj=

OPS (8) for BCPP within a local identity subcase. This case corresponding assertion is to be emphasized as the
theorem for that generalized antagonistic model. It will allow to have CSS of BCP fitted rationally, what pre-
vents the BCP maximal overload and improves exploiting it under mis-evaluations of uncertainties

N-1
{[aj; bj:|}j:l .
OPS (8) for BCPP in the game (1) — (7) under (15) — (17) with sets 4 #(J and B #
for a local subcase

Theorem. In AG with the kernel (1) on HP (2) at (3) — (7) for N € N'\ {1, 2} under conditions (15) —
(17) by
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reAc{l, N—1} teBc{l, N—1}

SP has OPS (8) with the 7 -th component

i =b_ Vit €B, cBc{lLN-If !
ma: max for bl‘maX
and if

then the j -th component

y; €

N-1
D b1 b, [1—
k=1

then the j -th component

*
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Vi
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Proof. Up with the stated (18), taking

-

tEBmax

k=1

.

(max)

EB(W“H +(W‘a/‘)3ign(m_aj)); i

: B(\/ﬂw,+(\/ﬂ—a‘,)sign(\/ﬂ—a‘,)); bj} v je{l. N-11\B,,
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Vred
(26)
and
Ji
y,=b < VteB
N-1
27)
z b, + [1-
k=1
N-1
bj
for comparing parts { —3 of the equality (11), get
Vi

J=1

ViteB\B,, Vie{ll N-1}\{4UB} Vre4
2 5 . (28)

£

For finding OPS (8) components {yi }ie{m}\{AUB} , {y:}reA and {y:}teB , it is obvious from (28) that the

optimal game value Vi, :b—, being reached in particular on the 7 . -th component (19). If it were
t

y: < bt then the game value would have increased what violates the SP optimality principle, so (19) is

} . that there would be non-
1) jeli,N-1)\B

uniquely true. Due to (18) and (28) SP may use such components { y

'max

strict inequalities

N-1
S
L = ;
btmu\ (29)
- Zb, - Z i
1€B,,, ke{l,N——l}\Bma\
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and

> b, Vje{l,N—l}\B

1
b () (30)

simultaneously. Then from (29) get the nonstrict inequality

N-1
I—be— Z yz> bf, 1- a. |»
18,0 k{1, N=T{\B, . k=l
N-1
Z y*gl—Zb,— b, I—Zak
kell, N-1}\B, . 1€B,,,, " k=1 (31)

and from (30) get the nonstrict inequality

vi=b b ¥ je{l,N—l}\Bmax

; (32)

where it is obligatory to control subcases with /b, b, >a; and (/b b, <a;, which may occur both

max

enough. By (20) the condition (31) or the initial condition (29) is ever true for any components
{y‘/}je{m}wm satisfying (32) with controlling whether /b[mbj Za; or, /btmaxb ;. <a,, what is stated

compactly as (21). Inversely, by (22) each j -th component yj. in (23) under condition (32) is upper-limited
<max
J
ry sum. The theorem has been proved.

The usage of the proved theorem lies in calculating the OPS (8) continuum, generated with components

as (21) or (23) for (24) at (25), where BCPP may select freely just as needed. For instance, if

with such y ) in (24) that (31) turns into equality, what corresponds to the statement (25), being the bounda-

{y ) } JETNT\B,,

{[a; bj]}j_l ={[0.35; 0.36], [0.02; 0.15], [0.03; 0.2]} -

for a classic BCP, propped up vertically or along horizontally with four supports of some geometry, then the
values (12)

Jh J
- = 0.36 <0.271603<0.35=aq,
3 V0.36 +~/0.15 ++/0.2 ++/0.6 . (34)
a

R

k=1

Jb J
2 _ 0.15 >0.1753188> 0.15= b,
3 J0.36 +/0.15 ++/0.2 +/0.6

23:\/Z+ I—Zak > 69)

k=1
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b J
by 02 >0.20244 > 0.2 = b,

; T 03640015+ 70247056
Z\/E.F\/l_zak J / +\/7+\/7 ) (36)
k=1

k=1

So, under uncertainties (33), given the values (34) — (36), here have (15) and (16) with sets A= {1} and
B= {2, 3} for the local subcase (18): truly,

- 2
- Z a, - Z b, — Z\/E+
red={1} teB={2, 3} '
3
1- a
_ ;" _ 06 06 _20
(1-a,—b,-b,) (1-07)° 0.09 3 (37)

As for uncertainties (33)

ibk =0.71 >1—\/btm (1—2%] -

k=1 k=1

3
=1- b{l—Zak} =1-,/0.15(1-0.4) =1-0.3=0.7

=1 (38)
then due to (19) and (22) the BCPP solution is
Yi=by, v €035 5™ |,y e[V0.03; ™| for 3™ €[0.35; 0.36]
and ™ €[ 1/0.03; 0.2] at
3
Yl | lm) g _p gy (1—24 =1-0.15-,/0.15(1-0.4) =0.85-0.3=0.55 )
k=1 9

)3
though components {y ].} . in (39) constitute actually a continuum of OPS (8).
7S =

Concluding the investigation and outlining the further work
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Undoubtedly, the considered locally antagonistic model as AG (1) — (7) can’t rival models of actually cre-
ating, designing real building construction. Nevertheless, fitting CSS of supports of BCP is a very important task
for saving building resources, minimizing geometrical dimensions and increasing capacity [2, 4, 6, 17 — 21].
The task of that fitting has been made more precise here, within the given paper, with having found OPS (8) for
BCPP under mis-evaluations (15) — (17), occurring pretty frequently. Commonly, the stated paper results can
be applied to other economic-ecologic-social and technical problems, where the equistrength principle is reflect-
ed as the ratio of some action (load) against the squared counteraction [1, 2, 7, 21, 22]. In perspective, there in
AG (1) — (7) under mis-evaluations (15) — (17) should be investigated other wider situations and cases, gener-
ating, furthermore, continuums of OPS (8). Single-element-selection from these continuums, one of which just
has been displayed in (39) according to (37) and (38), may put a furthered problem, if BCPP is not able to ac-
complish such selection heuristically.
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