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AN ULTIMATE CASE OF THE PROJECTOR OPTIMAL BEHAVIORS IN
MODELING ANTAGONISTICALLY THE BUILDING RESOURCES
DISTRIBUTION WITH INCORRECTLY PRE-EVALUATED ONE LEFT AND
ONE RIGHT END POINTS WITH IN SEGMENT UNCERTAINTIES

V. V. Romanuke

There has been exampled an antagonistic model of the building resources distribution for the
four-pillar mount construction. In the model there are ultimate cases of the corresponding antagonistic
game kernel relationships, arisen from the incorrectly pre-evaluated one left and one right endpoints
within segment uncertainties, giving essentially antagonism. There is being proved the theorem on an
ultimate case for making the optimal decision for the projector. A subcase with continuum of the
projector optimal behaviors has been marked and resolved for the single optimal behavior.

Hageoeno npuxnad oouici anmazouicmuunoi moodeni po3nodiny 6ydieervHux pecypcie 01
YOMUPUKONIOHHOT ONOPHOT KOHCMPYKYiT. V yitl Modeni icHylomb 2panuyiHi unaoku cniegioHouieHs y A0pi
8IONOGIOHOI AHMALOHICMUYHOT 2pU, WO BUHUKAIOMb GHACIIOOK HEKOPEKMHO NONEPeOHbO OYIHEHUX
00H020 1i8020 Ul OOHO20 NPABO2O KIHYIB ) CE2MEHMHUX HeGUZHAYEHOCMAX, KOMPI NOPOOICYIOMb, GlACHE,
anmazonizm.  JJosooumvca  meopema  3a  OOHUM — SPAHUYHUM — 6UNAOKOM 0Nl NPUUHAMMA
NPOEKMYBANLHUKOM ONMUMAIbHO20 pittenHs. /s 6ubopy €Ounoi onmumanbhol noeedinku 8iOMiueHo i
D038 ’A3aH0 0OUH NIOBUNAOOK 3 KOHMUHYYMOM ONMUMATbHUX NO8EOIHOK NPOEKMY8AIbHUKA.

IIpueedén npumep 00HOU AHMALOHUCMUYECKOU MOOENU PACPEOeNeHUs. CIPOUMETbHBIX PeCYPCo8
Ol UembIPEXKOJIOHHOI ONOPHOU KOHCMpYKyuu. B smoii modenu cywecmgyom npedeivivle Cryyau
coomHoweHutl 6 s0pe COOmEemcmaylowell aHmazoHUCMUYeckoll uspel, 03HUKAIOWUe B6Cle0Ccmsue
HEKOPPEKNHO NpeosapumenbHO OYEHEHHbIX 00HO20 J1eB020 U 0OHO20 NPABO20 KOHYO8 8 CEe2MEHMHbIX
HeonpeoeéHHOCHISX, NOPONCOAIOWUX, COOCMEEHHO, AHMA2OHU3M. JJoKa3bleaemcs meopema no 0OHOMY
npeoenbHOMy Cy4alo Os NPUHAMUSA NPOEKMUPOSWUKOM ONMUMATbHO20 peutenus. [na  evibopa
OUHCMBEHHO20 ONMUMATLHO20 NOBEOCHUsI OMMEYeH U pA3PeuléH OOUH NOOCAyYal ¢ KOHMUHYYMOM
ONMUMANLHBIX NOBEOCHUTI NPOEKMUPOSUUKA.

Problem general description
There are many conflict processes in the contemporary world, and one of them is the scanty
resources distribution. Particularly, there stands the problem of the building resources distribution for
projecting mount design constructions [1, 2], might be modeled antagonistically as a lot of uncertain
factors in building cause engineering-scientific antagonisms [3, 4]. Having the four-pillar mount

construction with uncertain unit-normed cross-section squares { yf}?:1 (UNCSS) and unit-normed loads

{x}' (UNL)as

x,€laz; by )< (0;1), y, €la,; b,]<(0;1), a,<b, Vd=1,3 )

St Ynet, @
i=1 =

there is a known convex antagonistic game (AG) with the kernel [5, 6]
4
T(X, Y):T(xl, X35 X35 Vs Voo y3):max({ri(xl, yl)} ):

i=1

but

_ _ _ l-x,—x,—x

=max x1y123 xzyzz, x3y32, % (3)
(1=»=2-»)

on the product
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Xszﬁ[a|§bl]x[az;bz]x[al‘;bJ:
H[H [, d}ch cH[01cRﬁ )

p=1 d=1

of the parallelepiped

X =[a;; b]x[a; by ]x[a: 5] H[ad,b]cH(Ol CH[O 1]cR’ (5)

of pure strategies
X:[xl X, xg]e[a];bl]x[az;bz]x[a3;b3]:X ©6)
of the first player and of the parallelepiped

3

Y =[asb]x[as b )x[a: 6] =] Jlas b] < H (0:1) cl_[[o 1]cR? ™
d=1 d=1
of pure strategies

Y:[yl ¥ Y3]€[al;b1]x[az;bz]x[az;bz]:Y ®)
of the second player (projector), where variablesx,and y,due to (2) are excluded. This AG helps
removing those segment uncertainties in UNCSS and determining projector optimal behavior

Y*=[y]* v, yﬂe[al;b]]x[az;bz]x[a3;b3]=Y, ©)
applying simply the known minimax procedure [7]. Then
\/E vd=13. (10)

Ya :\/E+\/E+\/E+\/l—al—az—a3

Nevertheless, the components (10) in (9) are true only if

/b,
\/7 \/7 \/E+\/1,al,a2,a3

what means that the endpoints {a d}

ela;b,]Vd=13, (11)

o and {bd};] had been pre-evaluated correctly. And if

3je{l3) that a;b, ], (12)

3 .
\/b71+1/b2+\/g+\/1—a1—a2—a3 "
then the common minimax procedure needs revision.

Survey in gorigins on the unsolved point
Actually, the components (10) in (9) are found from the four-parted equality

*\ 72 «\2 2 l-a,—-a,—a
vo=b(3) =b(33) =b(n) =, (13)
(1_)’1 _J’z_J’3)
giving the game value v,. At that this equality should be true within the parallelepiped (7), unless there
appears the condition (12). If (12) appeared then the equality (13) within the parallelepiped (7) is
violated, and for equalizing the violated equality (13) there should be revised the components { y;};] R
starting necessarily to that y; with (12). Whatever, this all does not infringe upon the known theorem on
the second player pure strategies in the convex AG [7], but only is an evidence of the incorrect pre-

evaluation of the endpoints {ad} and {bd}z:l [2, 8]. The cases with the single (12), where one of the six

d=1
endpoints {ad, bd}d:] had been pre-evaluated incorrectly, are pretty trivial and they may be reexamined

from the works [6, 8]. More interesting case is that when there are two incorrectly pre-evaluated
endpoints, assuming to be more perplexed in being solved.
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Papergoal
Will solve the AG with kernel (3) on the product (4) for the projector in the supposition that
Jor

- b L3, 14

N +1/l72+1lb3+\/1—al—az—a3 <% ype{ } 14
il b 1,3 15

NN e e LA IR (s)

\/b—+\/b_+\/b—\/i7\/l—a—a o] by k<{T3(pa). (16)

For accomplishing it there should be disclosed the violated equality (13) under incorrectly pre-

evaluated endpoints a, and b, by pe {ﬁ} and g {1,73} for p=gq.

A theorem on an ultimate case of the projector optimal behaviors
in antagonistic game with kernel (3) on the product (4)
It is easy to see clearly that with (14)-(16) the component y; is greater than expected before

checking (13), and the component y; is lesser than expected before checking (13). Then there stands the

strict inequality

L b bp 13
— 2% 5T at kel 30 17
b{,>yi>a,2, a E{, } {p.q} amn

for the k -th component (16). Further more, including the part l-a=a,—a
1-b,—a,—y, )

Vi = \/E (18)
\/E+\/E+\/E+\/1—a, —a,—a

here is true one of the following inequalities:

> with ke{L,3/\{p, g}

and

l>b_k2>b_§; l—a,—az—agz’ (19)
bq Ve 4, (l—b —-a —yk)
—a, —a, — b

i>b_k> l-a,-q ‘132>_Z, (20)
bq Vi (l—bq—a —yk) a,

Ly la-a-a b b @1
bq (l—bq—a —yk) Yi o4a,
—d —a. — b

“"17”2“32>L>b42>% (22)
(l_bq_aﬂ_y*) b" Ve 4y

The ultimate case (22) seems to be rather nontrivial and nonobvious. This urges to prove a
3
a
Theorem. In AG with kernel (3) on the product (4) by the conditions (14-16) and (22) with
ke {1,73}\{ D q} and (18) the projector, selecting its optimal behavior, should decrease the g -th or the

theorem on it for the components { y;} . of projectoroptimalbehavior (9) to have or control UNCSS.

k -th components from the values b, and (16) down correspondingly, and it is guided by the following. If
for the decreased k -th component within [a,; b, ] there is the inequality

l—al—az—a32>i=b7,(2 23)
(l—bq—ap—y,() by i
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then the game value v, is determined by the three-parted equality
l—al—az—a32:b7,,2:b7,;’ (24)
(l—yq —ay—y,() Yo N

wherein the roots y, e [a . q] and y, € [ak, bk] of (24) give the projector optimal behavior components
(-a)p o
\/7 \/7 \/1 a,—a,—a,
Vp=a,, (26)
(-a )b
\/> f \/1 a,—a,—a, ’

the roots y, <a, and y, € [ak; b,(] of (24) give the component
Yy =4, (28)

1—a,—a, )b
v = \/>(+,l1 ap—):z/;—a3 @9

(l_aq_al’)\/a . 30
\/a+\/l—al—a2—a3 e[ak,bk] (30)

Vi =4y (€2))

(lfaqfap)\/a ) (32)

@7

the component (26), the & -th component

by the condition

and the & -th component

by the condition

the roots y, € [aq, J and y, <q, of (24) give the g -th component

(1=,
\/7 \/1 a,—a, —a, @3)

(1 —-a,—-a, )\/E
N e o
and the g -th component (28) by the condition
(e, a)b : (35)
\/E+\/l—al—az—a3 !

the component (26) and the component (31); the roots y, <a, and y, <a, of (24) give the components

by the condition

(28), (26), (31). If for the decreased k -th component within [ak; bk] there is the inequality
Jiﬂ?@ﬁ%=f>% (36)
(1-b,-a,-y) b %

then the game value v, :bL and the projector optimal behavior components are
q

Y, =b, (37

q
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vyela ], (38)
¥, GB( b,b, +a, +({Jb b —ay )sign({fb b —ak)); yi“‘“ﬂ (39)
by y[<,mX> +yimaX> =1-b,— /b, (1-a,-a,-ay), (40)

v ela,;b, ], (41)

o [ (B (= e~ | “

If for the decreased k& -th component within [ak; bk] there is the inequality
l-a,—a,—a 1 _ b
—1 2 S5 - >—£ (43)
(l—bq—ap—ak) PR
then the game value v, is determined by the equation
l-a,-a,—a b
AR, (44)
(1_yq_ap_a’f) Ya
wherein the root y, > a, of (44) gives the projector optimal behavior components (33), (26), (31); the
root y, <a, of (44) gives the projector optimal behavior components (28), (26), (31). Locally, the case
with
71‘“1‘“2‘”32:%:&2 (45)
(l_bq_a,,_Yk) q Vi
gives the projector optimal behavior components (26), (37), and
V= |bb, - (46)
Proof. Having faced the conditions (14-16) and (22), the projector, selecting its optimal behavior,
should decrease the first player payoff, and it is realizable only with decreasing the g -th or the & -th

components from the values b, and (16) down correspondingly, though controlling them to lie within
[aq; bJ and [a,; b, ]. If for the decreased & -th component within [a,; b, ] there is the inequality (23),

then its equalization leads to solving the three-parted equality (24), whence

— b‘l 47
Vo= ayw 47
yk\ll_al_az_a3:\/a(l_yq_ap_yk)z\/a[l_\/?yk_ap_yk]z
3
= b, =\, —a, b, = b =b (1=a,) =y, (b, +B.). (48)

what gives (25) and (27) by the conditions
(1_%)@ .
\/E+\/Iz+\/l—al—a2—a3 e[aq,bq}, “9)
(1-a,)yb,
\/E+\/a+\/l—al —a,—a,

And whatever it is with the inequality (23), on this case the p-th component must be the least as

ela:b,]. (50)

changing it increases the first player payoff, so (26) is true. Hereinto, by
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(l—ap)\/g
\/E+\/b7+\/l—al—az—a3 ~% Gh

and (50) the game value v, is determined by the equation in the relationship

l-a,-a,—a b, b
AR ks (52)
(l—aq -a, —yk) Vi 4
substantiating the component (28), whence

Vi l_al_aZ_a3:ﬁ(l_aq_ap_yk)’ (53)
what gives (29) by (30) and (31) by (32). Symmetrically, by (49) and
(1 % )\/a

\/E+\/E+\/l—al—az—a3

the game value v, is determined by the equation in the relationship

<a, (54)

l-a,—-a,—a b, b
AT TR s (55)
(l—yq—ap—ak) Yo o A

qul—al—az—a}:\/E(l—yq—ap—ak), (56)

what gives (33) by (34) and (28) by (35). Surely, if (51) and (54) both are true then the projector cannot
decrease the first player payoff anymore, so the components (28), (26), (31) constitute the single projector

optimal behavior. If for the decreased k& -th component within [ak; bk] there is the inequality (36), then

whence

the projector cannot decrease the first player payoff down from bi’ though it may hold it with satisfying
q
the following inequalities:

Lob (57)
bq Vi
1_b
~>2 (58)
b~ ¥,

%2 l-a —a,—a (59)

5.
0 (1=b,-7,-5)
The inequality (57) is equivalent to the inequality y, > ,/b,b, by y, = g, , what gives the condition

i %( bb +a+(Jbb —a Jsien(Jbb —a,)). (60)

The inequality (58) is true V y, € [ap; pr due to the initial condition (22). And from (59) it follows that

l—bq—yp—y,( }qu(l—a, —az—a3), Yt <l—bq— bq(l—al—az—a3) S (61)

so the maximized sum y, +y, must equal to the right side of (40) by (41), (42). All this by (60) allows

writing the p-th and the & -th components as (38), (39), but for reaching the game value v, :bi the
q
projector must hang on (37). Finally, if for the decreased & -th component within [ak; bk] there is the

inequality (43), then its equalization leads to solving the equation (44), whence

yl-a—a,—a, :\/E(l—yq—ap—ak):\/g(l—ap—ak)—yq\/g, (62)

giving (33) by (34), and giving (28) otherwise. Increasing the other components leads to increasing the
first player payoff, so here the projector hangs on (26), (31). By the local and pretty rare case (45) the
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projector clearly hangs on only (26), (37), and (46) as the root of the equality bl = b—’; The theorem has
v Yk
been proved.

Conclusion and outlook for further investigation
Within the considered and proved ultimate case the projector controls its optimal behavior (9),
using the stated theorem conditions. It ought to be outlined that the subcase with (36) by y, >aq,

generates the continuum of optimal behaviors in the p -th and & -th UNCSS. So there is another problem
of selecting the single optimal p-th and & -th UNCSS for that subcase, which, though, is resolved at

once: the projector should apply such UNCSS that they would minimize the maximal unbalance of UNL
and UNCSS ratio over all four pillars, but simultancously they would be valued minimally for
economizing the building resources. Clearly, for the subcase with (36) the optimal behavior from the
continuum of optimal behaviors of the p -th and & -th components is

Y*:[bq a, %( b,b, +ak+(\/bq_b,(7ak)sign(\/bq7bk7ak))}. (63)

It is obligatory to underline that the papered claims and conclusion are valid for any batched
resources distribution, where just the ratio of abstract UNL and square-powered UNCSS is acceptable [4,
7]. For further investigation there still stay questions of the projector optimal behavior with incorrectly
pre-evaluated three end points within segment uncertainties, where both left and right end points are.
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