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Abstract. In this article we describe the notion of PQI-operator used before in application role for
implementing extended finite state automatons within the subset construction; we give precise definition
of this operator and prove important complexity theorems according to the model provided and prior
work; the presented operation method can be used for the estimation of the overridden complexity as per
automatons constructed through modified subset construction which was well studied before. The
complexity, thus, can be of different type according to the classification which was presented earlier in
this research of the decidability of complex algorithms which are impractical due to the state explosion,
for example, in Rabin-Scott subset construction. These algorithms' complexity can be the type of factorial
also. We will show that there exists a PQI-operator followed from the approach presented in the cycle of
these works, thus, this work can be seen as the continuation of the study of the theory of automatons and
state complexity.

Keywords: computational complexity, operator, theoretical computer science, subset construction,
finite state automatons.

Introduction

To the present time the operators defined in theory of complexity weren't studied from the
point of view when this complexity is lower than the power-set and, at the same time, continues
to expand to the proper linear function. We introduce the new operator named as PQI for the
estimation of algorithms with artificial noise which lowers the upper bound of the given
consumptions like data and source function — this function is of combinatorial type and expands
very fast as exponential.

We give the notion to the algorithms of combinatorial complexity in big O-notation [1] —
this is a common and simple way of describing the number of operations for the given data size.

The power-set in this work is present due to the work of finite state automatons [2]. The
complexity itself can be computable P or not computable NP [3]. Within the subset construction
explosion property was observed before [4].

To our observations we note that the power-set explosion in subset construction follows
from the trivial cases which can be as rare and frequent at the same time.

We will further also show by the plotting the convergional difference of PQI-operator set
of functions to the set of combinatorial functions which are NP-complete and are, thus,
impractical as is, however, the different models and solutions to these problems were provided
before in recent research papers and the machine learning trend where neural network can result
in variable expectation with the stated problem of huge amount of input data to be trained — of
course, we know that this is a disputable question, at least, author of this work finds it as
impractical as the collected or obtained data are of practical point of view to get the qualified set
of data within the necessary level, so that the proposed neural network gives the expected and
adequate result.

As this is a conceptually latest author's work for the question of equality, inequality or
decidability of P and NP classes, we won't give the broad description of the theory of automata
from which the sought operator was devised — it can be well studied in [5].

In this section we give the plan of our seminal work: first we describe the PQI-operator
itself, then we give the notion for the model of operational calculus. The practical results are also
presented.
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PQI-operator. We define the PQI-operator from the observations presented in the prior
work [5], where the subset construction was overridden by the extension states in finite state
automatons.

This function according to the estimation of the subset construction for explosion of
number of states can be described as follows:

N
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as it naturally follows from (1) that the estimated complexity of subset construction [5]
is less than the common case, it's necessary to introduce the arbitrary function p(x) and reduce
the complexity class to the normal when it's growing faster than the linear function f(x) = x:
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The derivative of the expression (1) is defined in (3):
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whereas the derivative of the expression (2) is as follows:
(In(2) 2" p(ZX)- p'(x)2")
[P (X)] (4)

We define the limit for the expression (4) to be converged to infinity as the complexity is
measured from this range, thus we get the following with respect to the L'Hopital's rule:
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The equation (5) is measured according to the O(n) complexity notation and equals to the

following result:
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Consequently, it follows that the relation (6) complies to the fact that the function p(x)
exists in the power-set space from complexity measure:
lim,_..O0(2%< lim,_. O(p(x)):3 p(x). )

We give the notion to the comparable complex functions like power-set of the variable
power value which is greater than one, thus giving us the increasing function:

N N
2°-18". (8)

For the set of combinatorial functions of NP nature we state that the derivative of these
functions is equal among complexity classes like P and NP:

f(x)="f'(x), f(x)={2*,x1}. )

The derivative of the discrete combinatorial function like factorial is defined as follows:
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(xD)'=(x=1r(x=1)!. (10)

From the facts (9) and (10) it follows that the derivatives of the combinatorial functions
like power-set and factorial are equal along the complexity and, thus, converge to the NP-class:

O(f(x)=0(f"(x): f(x)={2",x!}. (11)

For the PQIl-operator we define the class of functions when the complexity is less when
converging to the operational point like infinity — from this side it's possible to estimate the
exponential growth:

()t 250 (X))# O( (X)), X —sinfinity.
t (12)

Finally for the big O-notation we define the PQI operator as follows:

PQI (x)= ﬁ= zfg<x>= 2'°90= 2900 (p(x))< O (2"). )

The differential equations (10) and (11) prove the assumption (13).

Application of PQI-model. In [5] we have developed the overridden model for the
modified subset construction which is relevant to the reduced cost of computation, thus, giving
better results.

We have also developed the Java application package “Regex+” for the extended regular
expressions.

The PQI-model in this package is successfully implemented via overridden PQI-operator
and tagging rules giving the correct results for all the test cases provided within.

The implemented solution isn't, thus, recursive and combinatorially measured resulting to
the class of effective algorithms where NP-completeness is avoided — this fact conventionally
holds true for better evaluation, as we can represent the typical finite state machine as a neural
network for the type of graph structures.

However, this graph structure is specific and, as described before, has the different and
complex notation rather than typical finite state automatons — we will call these state of
automatons as PQI, or PQI-automata along the provided and evaluated empirical results.

The proof was given also in prior works for the extended operators in regular expression
and corresponding finite state automaton, as this proof is essential in giving the definition of PQI-
operator and, similarly, PQIl-model, which are different from the point of view of estimation and
measurement and vice-versa of the practical experience.

In turn, the product construction machines, which where studied in modern works, give not
quadratic, but exponential growth for the number of states in the resulting deterministic
automaton — however, with our introduction and concept of PQI-operator we obtain results which
are minimalistic which can be proven from the facts provided in the equlibria (1)—(14).

More facts about the evaluation of this empirical and proved model show our interest in
developing even mobile-aware applications which can be obtained from author of this work by
request.

For better discussion of the presented PQI-model we can state that P versus NP problem,
which is still an open question, can be reduced to the empirical PQI-model and give the linear
growth reduction of the exponentially growing complexity.

In-depth study. In this section the graphical plot of PQIl-operator for the variety of
combinatorial functions which are not limited to factorial and power-set.
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These graphical plots from the initial values show that, the PQI-operator still is less relevant
to the combinatorial function derivatives — thus, to be more proper, it's non-convergent and is
equally convergent along the size of input data when they are limited to infinity.
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Figure 1 — Graphical plot of PQI-functions

From figure (1) it's seen that PQI-operator is expanding slower than exponential function
and, thus, it's reducing to almost linear function O(n).
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Figure 2 — Graphical plot of PQI-function

The figure (2) gives the fact that the PQI-function is converging to zero and thus has
lower orders, rather than when we devise the power of exponential function itself.

Final result for the PQI-operator is derived from the following equlibria:

_ 2 _ 2 o) ogon T (X) .~ F(X)
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Conclusion

We have proved that the derivatives of the combinatorial functions are equal with respect
to the complexity defined by the big O-notation. From this fact, it follows that there exists the
function or PQI-operator which slows down the rapid growth of factorial and power-set
functions.

The precise definition of PQI-operator is given by the equation (14). This gives the
assumption of the possible ways of reducing the NP-complete problems to the sub-tasks with
the slow growth converging to the linear or even logarithmic class of arbitrary degree.

It also follows that the subtraction operator cannot give the expected result of exponential
function growth — thus, we have to revert to the class of functions where the relevant changes
are made and the growth is reduced and is almost convergent to the linear bounds.

The main outcome from the past works by S. Cook state that NP-complete problems are
reducible to the fractions of P-complete problems by applying PQI-derivatives from (1) — (14).

We give more precise note that by introducing the PQI-operator, we are not giving the final
outcome for P-NP problem case, however, we are in the state of natural complexity which is,
first, proved to be existent in the set of combinatorial functions, then, it's obvious that the
Millennium Theorem is rather more disputable on this empirical result.
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ECENTEY KYPAEJILIIT'T TEOPUSICBI PQI OITIEPATOPBIHA KIPICIIE
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Anparna. byn makanana 6i3 PQI onepaTopbl YFbIMBIH CHIIaTTaliMBbI3, 071 OYPBIH 1IIKI >KUBIHHBIH
Oeuiri peTiHe KEHEWTUITeH aKbIPJIbl aBTOMATTAP/IbI iICKE achIpy YIIiH KOCBIMINA PETIH/IE KOJIaHbITFaH;
013 oCBI OnIepaToOpIbIH HAKTHI AHBIKTAMACHIH OepeMi3 sKoHe OepiireH MOJIeTbIe )KoHE aJIbIHFbI )KYMBICKA
COlKec MaHBI3]Ibl KypIEIiK TeopeManapblH INIEI/IeMi3; YChIHBUFAH OTIepaIvs 9JiCiH KYPacThIPbUFaH
aBTOMAaTTap apKbUIbl KalTa aHBIKTaJFaH KYpPACIUIIKTI Oaranmay yIIiH OYpbIH >KaKChl 3€pTTENreH
MoIu(UKaLMAIAaHFaH 1K >KUBIH apKbUIbl MaigaimaHyra Oomansl. Ocbulaiimna, KypAETUTIK Ky
JKapBUIBICHIHA OaNIaHBICTBl NPAKTHKAIBIK €Mec KypJesi alrOpuTMIEp/iH MISHILUTYiH OChl 3epTTey/e
OypbIH YCHIHBUTFAaH KIIacCH(UKAIMAFa Coiikec MbIcanbl, PaOnH-CKOTT 1IIKi KUBIHBIH Kypy Ke3iHZIe dp
TYpi 00TyBI MYMKiH. byt anroputMaepAiH Kypaemiiiri pakTopuaiasH Oip Typl 00mysl MyMKiH. bi3 ocbl
JKYMBICTapbIH IUKIIIHJC YChIHBUIFAH TOCUIACH TybiHAAWThIH PQI omeparopbl 0ap ekeHiH KepceTeMmis,
ocputaiima OyJl >KYMBICTBI aBTOMATTap TEOPHSICHI MEH KYHJIepIiH KYpAENUIIriH 3epTTEyIiH >KaJFachl
peTiHae KapacTeIpyFa Ooapl.

Kinrrik ce3aep: ecenrey Kypaeminiri, oneparop, TEOPUIIBIK MHPOPMATHKA, 1LIKI XKUBIHAAPABI
KYPY, aKbIPFbl aBTOMATTap.
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BBEJEHUE PQI-OINIEPATOPA B TEOPHUIO BEIYMCJIUTEJIBHOM CJI0XKHOCTH

Mpeip3axmeTt ChI3IBIKOB
Kazaxckwuii HalMOHAIBHBIN YHUBEPCUTET UMeHU anb-Dapadu, Anmarsl, Kazaxcran
mspmail598 @gmail.com
ORCID ID: https://orcid.org/0000-0002-8086-775X

AnHoTanus. B 1ol crarbe Mbl onrckiBaeM nonsitue PQI-omeparopa, KoTopoe UCOIB30BaTIOCh
paHee B pOJIM MIPUIIOKEHUS IS pean3alii PacIMpEH HbIX KOHEYHBIX aBTOMATOB B paMKaX KOHCTPYKLMN
MOIMHOKECTBA; MBI J]aéM TOUYHOE OIpENeNieHne 3TOro OIeparopa M JI0Ka3blBaeéM Ba)KHBIE TEOPEMBI
CJIOKHOCTH B COOTBETCTBHHM C MPENOCTABIECHHON MOJENBIO U NpeAblyei paboroil; Ilpeactasnennpiii
METOJ1 OTIepaIliil MOKET OBITh UCTIOIB30BaH JIsI OLIEHKH MEpeoIpeIeIeHHON CII0KHOCTH 0 aBTOMATaM,
MOCTPOSHHBIM € MOMOIIBI0 MOAU(UIMPOBAHHON KOHCTPYKIMH ITOJMHOXECTBA, KOTOpasi OblIa XOPOIIO
u3ydyeHa panee. Takum 00pa3oM, CIOXKHOCTb MOXET OBbITb Pa3HOTO THIIA B COOTBETCTBHH C
KjIaccu(uKanmel, NPeICTaBICHHONW paHee B IaHHOM HCCIEIOBAHMM Pa3PEIIMMOCTH  CIOXKHBIX
aJIrOPUTMOB, HENMPAKTHUUHBIX H3-3a B3pbIBa COCTOSHUSA, HalpHUMep, MPH MOCTPOSHUHU IOJMHOKECTBA
Pabuna-Cxorra. CIIO)KHOCTH 3THX aJITOPUTMOB TaKXKe MOKET OBITh TUTIOM (akTopuaia. Mbl IOKaxeM,
yTto cymectByer PQI-oneparop, BeITEKarommii U3 MOAXOAa, MPEACTABICHHOTO B LIMKJE 3THX padoT,
TaKUM 00pa3oM, JaHHYI0 paboTy MOXKHO PacCMaTpHBATh KaK MPOJIOJKEHHE N3yYSHHUS TEOPUH aBTOMATOB
U CII0KHOCTH COCTOSTHUH.

KuoueBble cji0Ba: BBIMHCIUTENBbHAS CIOXKHOCTh, OIEpaTop, TeopeThdeckas HHpopMmarHka,
IIOCTPOEHUE [T0IMHOKECTBA, KOHEUHbIE aBTOMATBHI.
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