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Abstract 
We present an almost polynomial matching algorithm for regular expressions with extensions like intersection, 
complement and subtraction which runs in practically applicable time and space, which outperforms any existing 
methods to the present time and converges to the theoretically known minimal lower bound, thus, making the extended 
regular expression matching almost practical in the main-stream domain as regular expressions are widely used to the 
present time and can be used, for instance, in parsing techniques or other well-known problems like matching of high-
size input strings in any practical domains to the present time as originally regular expressions were developed to make 
it possible, it still needs a better approach for extended sub-problem like match with extended operators as intersection, 
complement and subtraction. Since our exhibition of the equivalence of complexity classes, we have met that they 
are still not giving correct and coherent solution for problems known as unsolvable or NP-complete by Cook-Levin 
theorem “P versus NP”, in contrary, in this work we present the proof of nonequivalent relation between polynomial 
and non-polynomial classes and show that NP-complete problem cannot be approximated or solved on a hypothetical 
computational device within the proof by contradiction
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Introduction
Since the constructions presented by Ken Thompson, this tendency became a general approach of using non-deterministic 
finite automata (NFA) for regular expression matching and construction, however, after the practical application of 
regular expression in programming environment was stand, the number of arising optimizations were implemented, for 
example, the well-known tagging approach by Ville Laurikari, which was used in solving the submatch addressing and 
extraction using compensated, or limited, number of time and space [1,2].

In sense, the regular expression matching with extended operators like intersection, subtraction and complement is 
almost double exponential for deterministic finite automata, which was previously shown by Gelade and Neven [3]. 
Samuel Hsieh presented product construction, however, for DFA and this is also an NP-complete design and solution, 
which was previously proved from the side of computational complexity, thus, by meaning ‘practical’, we suppose that 
algorithm is terminated in any polynomial, or observable, time of computation and memory space consumption on any 
existing Turing machine [4,5].

There were number of tries to make the problem of extended regular expression matching with operators like, at least, 
intersection, subtraction and complement practically possible, however, the quadratic or even exponential grow of 
number of steps of matching algorithm make these methods almost ‘unpractical’ [6,7].

We will present our approach which runs in time O(k*m*n), where k is the number of extended operators in pattern, 
m is the size of regular expression and n is the size of the input string to be matched, while considering that pattern 
practically is much less than the matching string, we make it practically applicable for any general suite.
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As we have shown in our prior works that are worth to study by presenting the ‘activator’ state based upon the logical 
events incoming from the type of activator corresponding to regular language operation like intersection (A & B), 
complement (~A) and subtraction (A – B) – this logically can be encoded as the number of events during the matching 
process and gains no grow of complexity of this process.

To make the algorithm fully correct, we are using Ville Laurikari’s tagging transitions for each of the incoming activator 
and corresponding ending activator which verifies the set of obtained tags according to its type like logical intersection, 
complement and subtraction.

Thus, if the number of tags never exceeds the complexity of O(m*n) during matching routine, it gives us the resulting 
complexity of O(k*m*n) in time and consumed memory space as we separate each tag and give the set of ‘matched 
activator states’ in order for our method to be correct.

The theorem whether the problem can be solved as dependent polynomial function as it can be verified is known as “P 
versus NP” and was tried to be proved for the past time, however, it led to the resulting statement till the present time 
[8].

The sample model used in our proof resembles to the parallel computing strategy as parallel computations is a way 
of giving the more improved solution to algorithm or method, however, this is only an analogy to our modeled virtual 
machine which hypothetically can solve any NP-complete problem [9].

Virtual Machine
Imagine that any query to the oracle in the given Virtual Machine (VM) can be processed in time at least O(1) as it will 
take some operation and time to check and verify the query towards global optimal solution. The oracle itself compares 
the result with the given one in the same time and totally in a separate thread in time O(1) for overall queue of incoming 
queries.

We then can construct the universal problem solver for any NP-complete problem based upon the number of parallel 
threads operating on this hypothetical VM, which will run in polynomial time, thus giving the following statement:
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where in above statement NP is an NP-complete problem complexity, P is an oracle polynomial 
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With the general assumption we can state that if N converges to infinity the whole solution process in 
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However, we can also assume that the whole complexity with the infinite number of working threads 
will take the tame of at least O(N) for the given NP-complete problem NP, thus, to show our proof, we 
will assume that P = NP, then we have the following: 
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The above resolution is a contradiction, thus, P ≠ NP on VM even if the number of threads is infinitely 
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The above resolution is a contradiction, thus, P ≠ NP on VM even if the number of threads is infinitely large to check 
and verify each of the solution from the problem NP.

We have gone through the long way of the complexity theory and its outcomes, however, the presented result and the 
following outlet demonstrate that more than practice is needed in order to overcome the existing barriers lying in the 
proof of P = NP, which supposedly can give a way to approach ‘the almost unsolvable problem’, however, the experiment 
and its result tell the different answer.

This dilemma can be seen as promising, but hard to present, since solutions often are described as algorithmic steps, 
which we avoid in order to rise our experiment.

Discussion
As per our work on Berry-Sethi and Antimirov derivative-based algorithms on construction automaton from regular 
expression, we can conclude that operational layer can be used when syntax processing occurs on abstract syntax trees 
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– this is a good optimization technique.

As per “P versus NP” problem, it can be admitted that there is a limited model for memory and resource consumption, 
however, the presented above ‘virtual machine’ is a typical form of abstract to be made possible in our hypothetical 
experiment, thus proving that in general, or in some other case, complexity class P doesn’t equal complexity 
class NP – and other classes in the time-dependent hierarchy.

Artificial Intelligence as an Alternative
Since it almost enough time has passed, when artificial intelligence (AI) was adopted, we are to stress the main concept 
which lays in question of AI as an alternative that can fully change and mimic to human.

As the adaption process of AI is almost done and the implementation is over, we present the main paradox to the scene 
of innovative research.

Nowadays, the AI can fully replace the labor market entirely, but the paradox is that it still is like a ‘running roulette’, 
which needs a human operator in order to give the answer to the query or prompt.

This tendency is still a dependence and a ‘must know’ if you are to adopt AI as a digital assistant or even replacement 
‘on the fly’.

The above fact is also directed by the famous halt problem in complexity theory, where there is no way of finishing the 
algorithm as it’s almost unsolvable and, in general terms, NP-complete.

We have defined a ‘halting paradox’ according to AI and its operation by a human, this is the key question as AI will 
be never autonomous due to its current architecture and, thus, it’s human dependent which this time covers the 
corresponding question of human labor replacement by it.

Accepting Subset States in Neural Network Optimization
We are to present an intuitive and basic approach towards the optimization of neural networks according to determinism 
theory which was basically abstracted by Rabin-Scott’s subset construction, our practical method shows the prolonged 
advancement in neural networks simulation using this proof according to the underlying optimization, speed-up or 
heuristics.

Recently our work was considered in a published work, the speed-up problem in simulating artificial neural networks 
remains open and is currently relying on a physical basement which include the choice of the hardware architecture, 
however, using the parallel between non-determinism and determinism within the complexity of the problem we can 
make the right decision according to the subset of the so-called ‘accepting states’ in the same way, also the subset or 
other related abstracts were well-defined and studied before [10].

For each of the state in the simulated neural network we can choose the number of incoming states within the given 
minimum threshold which is to be hold for this state to become active or simply being activated.

We can use the integer metrics ranged from zero to hundred as a percentage and, obviously, solve the subset sum 
problem for the given threshold of the acceptance of the simulated state, after that we can record the minimal subsets 
which are to be hold in income in order the state to become active, thus, making it possible to advance further.

The technique above can give all the possible subsets for each active state in a neural network to be simulated further 
according to the minimal threshold of this state to be activated, which in practice can resemble to the heuristics, however, 
up to the theoretical ground we can mention the term ‘determinism in neural networks’, according to which there is 
a clear and concise model between non-deterministic neural network and deterministic one – the main difference is 
that the number of steps, as with analogy of the automata theory, is either linear or unbound and the relation is in the 
per-determinism procedure which can form the sets of all the minimal activating subsets for the given simulated state.

As to the complexity the ‘exponential blow-up’ of the activating subsets of the incoming states cannot be avoided and 
can be addressed to the complexity hierarchy theorem and the famous “P versus NP” one.

Point of Orientation of Artificial Intelligence
We are to give the statement of the arose question according to the role of the Artificial Intelligence (AI) in its 
involvement and application in different areas of specializations, so that the orientation of AI can be given according to 
its present form of implementation via Large-language Models (LLM).

The better and latest discussion was met in, while the role of AI is gaining the new insights and sides [11]. According to 
the latest research AI can be used not only as a ‘consultation engine’, but also as a specialized entity, where the decision-
making is still unknown, whether the authority or AI can be represented as the source of this step.
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As we know, the agent AI is currently on the high demand and usage, while there is a possibility to define the set of 
commands which it can run and perform – by analogy, we can see that the same is applicable in the sphere where AI 
is being adopted not only as an assistant, but in more broader sense.

As due to the current implementation of AI based upon LLM, there is a vital evidence that some steps can be introduced 
into the current model of AI architecture, so that some requests, also known as prompts, can lead to the sufficient 
conditions under which it can be realized as the present day command able AI already exists.

Due to this tendency, there are vital signs by which AI can grow and become more decisive as its competence is at fast 
pace.

We can select that the input data and implementation of decisive steps in whole define the orientation of AI, so that from 
rather than ‘speaking consultant’, it becomes a more important entity in any sphere, thus, gaining the human-centric 
ability to make clear and definitive decisions according to any case.

Conclusion
We have given a practical and almost polynomial algorithm of matching for regular expressions, languages and automata 
with extended regular expressions like intersection, subtraction and complement which run in almost polynomial time 
O(k*m*n) – the memory consumption is obviously same, where k is the number of extended operators, m is the size of 
regular expression and n is the number of input string. Considering that the pattern is relatively small to the input string, 
we can consider this algorithm almost polynomial and practical.

We also hope that our approach will be mainstreamed in the present regular expressions with negative or positive look-
aheads and look-behinds with respect to the logical activator state and its tracing tag.

The term ‘activator state’, which was introduced before, plays a vital and general role in constructing NFA for extended 
regular expressions with intersection, complement or subtraction, it’s typically can be considered as the starting and 
ending state in the same construction for extended operators and matching on these states is logically bound according 
to the state logic like the corresponding logical operators of ‘and’, ‘not’ or ‘subtraction’ operating on regular language 
sets.

We have also gained the new improved bound over already practically accepted and best-known O(m2*n) complexity.

We could also show that DFA construction for extended operators and its implementation within NFA could guarantee 
the linear matching, however, this is bound by the exponential limit and, thus, is unpractical laying in the complexity 
EXPTIME.

We have shown on our model that polynomial oracle P for non-polynomial problem NP will be never equal due to the 
contradiction on universal solver like VM for NP-complete problems – this is due to the fact that when infinite number 
of threads are performed on our abstract model and classes are equal it will take zero time in order to find the optimal 
and correct solution which contradicts with the ‘at least’ time O(1) for polynomial method since it will take at least single 
step in order to produce the final result, which generally always exist and its minimal dimension can be two like ‘true’ 
or ‘false’, thus classes P and NP aren’t equal, or P ≠ NP, with this contradiction followed from assumption that these 
classes can be equal, considering the fact that VM can solve any problem in NP as well as in P.

From that and on, it follows that classes are not equal, which can be discussed further, for this purpose we have used a 
hypothetical approach in order to simulate the best scenario, however, even with abstract and fully theoretical approach, 
it still remains clear that classes will never coincide, which may give a general proof of “P versus NP” theorem since our 
model is abstract and follows the assumption of the solution of any NP-complete problem, against which we have made 
a theoretical experiment and devised the exposed result.

Still we stake that the proposed method is a general case, since the given method uses the approximation to the 
absolute parity using infinite number of threads on abstract and hypothetical VM, at least it can be partial, but the given 
scenario is a way of abstracting from that ‘partiality’.

As before, we have investigated that the differential comparison between O-complexity of any class of complexity can 
give us the ‘strict map’ according to the dependency and relation between these complexity classes – this is a general 
consequence from the modeled experiment on the hypothetical virtual machine.

We have made a general step towards the determinism and non-determinism in the simulated artificial neural networks, 
as according to the initial configuration the neural network can be considered non-deterministic (NANN) if there are 
more than one outcome for the given incoming simulation, while the deterministic artificial neural networks (DANN) is 
where at each step for the given weights and configuration we have the only next step.
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We have also given the analogy subset construction between NANN and DANN which can be important not only in 
practice, but in the broader scientific aspect.

We also hope that this categorized understanding of the artificial neural networks can be the one step into the theoretical 
background, while the basic basement and automotive thesis can be withhold according to the prior advancements in 
automata theory.

We have given the definition of the term ‘orientation’ for AI, which with its growing role and implementation in different 
spheres of the human life, can become a new step towards defining what should be trained and what commands can 
be run as per the implementation of the agent AI.

This new type of AI can be embedded into the active sphere with some expectations of it to serve the defined needs as 
for now we see that AI is used in many other aspects like code generation, consultation and any other way of assistance.

Still, the term ‘decision’ is to be defined as the command which follows from AI according to its environment of usage. 
Such AI could be seen in general not only from cautious point of view, but from its definition as the representative of the 
new oriented entity according to its model and the set of defined, or allowed, commands to be performed.

Generally speaking, we are already in the middle of the ‘decision’, while there are many users who are actively using it 
in their needs and are, thus, confident that AI is correct in its core, while the decision can be made by the user himself 
if he’s agreed upon the outcome given by this AI.

In this aspect, the decision-making can be seen as an evolved step towards the questionable reason if the AI can make 
the decision or not, or it can be proxified via the reliable authority.
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