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Abstract 
In this paper, we further develop the action theory of stratified hierarchic intelligence oriented 

at the creation of artificial intelligence. In this framework, we analyze and study the concept 

of an actor extending this concept and the corresponding model from specifically 

computational context to systems theory. The goal is to explore and use actor model for 

intelligent systems. The next step in the development of the action theory of hierarchic 

intelligence is investigating agents as a specific kind of actors with the main emphasis on 

oracles as imperative actors and empowered agents in intelligent interactions.  
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INTRODUCTION 

It is possible to express and observe 

intelligence only in actions. That is why 

building artificial intelligence, it is necessary 

to take into account behavioral issues of 

intelligent systems. This approach was 

realized in the action theory of stratified 

hierarchic intelligence [1–3]. 

 
As the human brain demonstrates, it is 

necessary to build a sophisticated complex 

system to achieve the level of intelligence 

comparable with the intelligence of people. 

There are different ways and techniques for 

decreasing complexity. Among the most 

efficient methods of doing this, we find 

stratification and hierarchical structuration of 

systems and processes. As a result, it is natural 

to suppose that an effective way to construct 

artificial intelligence is to use stratification and 

hierarchical structuration. This assumption 

implies necessity of a resourceful theory of 

stratified hierarchic intelligence, which is the 

main topic of this paper. 

 
In the next section, going after introduction, a 

stratification of intelligence based on the 

Existential Triad and the Triarchic Theory of 

Intelligence is composed. As intelligent 

system has to be active in a broad sense, in the 

section below, we explain and further develop 

the actor model brought forth in computer 

science. 

 

Now it is possible to treat all artificial systems, 

including computer systems, software systems 

and network systems, as agents of their users. 

That is why we consider agent technology in a 

separate section, which has become so popular 

in software development and networking. It is 

also possible to use agent technology as an 

efficient tool for stratification in the 

construction of artificial intelligence. 

 

However, it is not clear what will happen 

when artificial intelligence will supersede 

human intelligence becoming 

superintelligence having an intellect that far 

exceeds that of humans [4,5]. Will a 

superintelligent artificial system still be an 

agent of humans or it will act independently? 

Will functioning of a superintelligent artificial 

system be safe for humans? To answer these 

and other questions related to 

superintelligence, it is necessary to be in full 

control of the structure and functioning of 

intelligent artificial system. This brings us to 

the concept of an oracle as a role and a 

component of a superintelligent artificial 

system. 

 

A section is dedicated to hierarchical approach 

in artificial intelligence based on the 
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mathematical theory of oracles [6,7]. This 

approach includes Oracle AI [8] as a special 

case providing new tools for exploration of 

artificial intelligence in general and Oracle 

artificial intelligence in particular. 

 
STRATIFICATION OF 

INTELLIGENCE 

It is workable to consider intelligence in three 

strata – in mentality; in the structural realm 

[9], for example, linguistically expressed by 

(oral and/or written and/or printed) words and 

texts in the symbolosphere [10]; and in actions 

and interactions in the physical world. In 

mentality, intelligence appears as intelligent 

thinking and comprehension. In the 

symbolosphere, intelligence comes out as 

intelligent speaking and writing. In the 

physical world, intelligence manifests itself as 

intelligent behavior. 

 
This stratification corresponds to the 

Existential Triad [8] and forms the locality 

structure of intelligence reflecting its three 

principal areas: 

• Mental intelligence mirrors the level of 

thinking 

• Structural (in particular, linguistic) 

intelligence reveals the quality of 

expression  

• Action intelligence exposes the worth of 

behavior 

 
The locality structure of intelligence is 

complementary to the Triarchic Theory of 

Intelligence developed by Robert Sternberg 

[11,12]. According to Sternberg, intelligence 

of a human being is a mental activity aimed at 

purposeful adaptation to, selection and shaping 

of, real-world environments relevant to one’s 

life. It means that an intelligent individual 

strives for adaptation to and improvement of 

environmental conditions in her/his life. The 

Triarchic Theory of Intelligence has three 

parts:  

• componential sub-theory treats in the 

perspective of analytical giftedness, which 

is an ability to analyze problems and find 

an advantageous solutions  

• experiential sub-theory is concerned with 

two aspects of experience – novelty when 

a person can behave efficiently in a novel 

situation and automation when experience 

allows automation of processes running 

them in parallel with other processes 

• practical sub-theory reflects how an 

individual deal with the environment 

 
Each sub-theory corresponds to the specific 

component of intelligence: 

 componential sub-theory is connected to 
the analytical component of intelligence. 

 experiential sub-theory is related to the 

creative or synthetic component of 

intelligence. 

 practical sub-theory is associated with the 
contextual component of intelligence. 

 
The combination of the locality structure with 

the Triarchic Theory of Intelligence produces 
nine components of intelligence: 

• The analytical component of mental 

intelligence  

• The analytical component of structural 

intelligence  

• The analytical component of action 
intelligence  

• The synthetic component of mental 

intelligence  

• The synthetic component of structural 

intelligence  

• The synthetic component of action 
intelligence  

• The contextual component of mental 

intelligence  

• The contextual component of structural 
intelligence  

• The contextual component of action 

intelligence  

 
This structure defines a stratified model of 

intelligence in general and forms a map for 
building an advanced artificial intelligence, in 

particular. 
 

ACTOR MODEL 

The Actor Model and its theory were 
developed in the theory of computation to 

provide constructive and theoretical tool for 
modeling, analyzing and organizing 

concurrent digital computations [13,14]. Here 
we extend this model from the theory of 

computational systems and processes to 
general systems theory because it well works 

for any system comprised of interacting 

systems, e.g., for society, organization or a 
computer network. 
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In the computational Actor Model, 

computation is performed by actors, which can 

have information about other actors and 

communicate asynchronously using their 

addresses for sending messages. In addition, 

actors can make decisions about local actions, 

create other actors and connections between 

actors, and determine how to reply to received 

messages. All these actions are treated as 

events in the space of actors. Usually actors 

are interpreted as computing devices, operators 

or computational processes. Actors are 

described by two groups of axioms - structural 

axioms and operational axioms.  

 

Structural Axioms determine that the local 

storage of an actor may contain addresses of 

other actors such that satisfy one of the 

following conditions: 

1. The addresses were provided when the 

actor was created.  

2. The addresses have been received in 

messages. 

3. The addresses were installed in actors 

created by the given actor. 

 

Operational Axioms determine what an actor 

can do. Namely, an actor can:  

1. Create more actors  

2. Send messages to other actors 

3. Receive messages from other actors 

 
Hewitt explains that the Actor Model is rooted 

in physics while other models of computation 

are based on mathematics and/or logic [15]. 

As a result, the Actor Model has many 

properties similar to properties of physical 

models, especially, in quantum physics and 

relativistic physics. For instance, detailed 

observation of the arrival order of the 

messages for an actor affects the results of 

computation and can even increase 

indeterminacy. Usually the behavior of an 

actor is exactly defined when it receives a 

message while at other times, it may be 

indeterminate.  

 
An important feature of the Actor Model is 

that Actor Model includes systems that are 

impossible in Turing's model while the latter is 

a special case of the Actor Model. As Milner 

[16] wrote, Hewitt declared that a value, an 

operator on values, and a process should all be 

actors. Taking into account that actors can be 

software systems, we see that software agents 

are a very special but essentially important 

case of actors. It is possible to compare 

relation between actors and agents with the 

relation between a function and a computable, 

e.g., recursive, function. 

 

The Actor Model proved being very useful for 

concurrent computations. However, taking the 

concept of an actor in all its generality, we 

extend the Actor Model far beyond the area of 

computers, computer networks and 

computations. The basic concept in the 

extended Actor Model is the concept of an 

actor. 

 

Definition 1. Taking a system C of interacting 

systems {Rk ; k  K}, which have the lower 

rank than C, we call the systems Rk actors and 

treat them as actors. 

 

Although some authors call these systems 

agents (cf., for example, [17,18]), it is more 

reasonable to call them actors because 

according to the common usage, an agent is an 

actor who/that acts on behalf of another actor. 

Besides, in political science and economics, an 

agent is a person or entity able to make 

decisions and take actions on behalf of, or that 

impact, another person or entity called the 

principal [19–21]. 

 
Note that the systems Rk can have different 

ranks. For instance, in society, actors include 

separate individuals, organizations, countries, 

and so on. Now we come to the special form 

of actors, which are called agents. 

 
AGENT METHODOLOGY 

In society, people use agents as advanced tools 

for achieving various goals and solving 

diverse problems. The basic distinction 

between conventional tools and agents is that 

agents can operate more or less autonomously 

with respect to the principals who delegated 

agency to the agents. For a long time, people 

employed only other people, birds and animals 

as their agents. The advent of information 

processing technology facilitated building and 

using artificial agents. Agent-based 

information processing systems turn out to be 

one of the most vibrant and focal areas of 
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technological research and development in the 

1990s.  

 

In this context, many assume that an agent is a 

software system capable of flexible 

autonomous action in dynamic, changeable, 

open environment believing that agents 

represent the most imperative new paradigm 

for software development since object-

orientated programming.  

 

In addition, agent have become popular in a 

diverse range of areas of information 

technology, including artificial intelligence, 

computer networks, distributed and concurrent 

systems, ubiquitous computing, software 

engineering, human-computer interaction, 

telematics, data analytics, machine learning, 

mobile systems, control systems, ambient 

intelligence, computer-supported cooperative 

labor, decision support systems, information 

retrieval and management, autonomous 

computing, electronic commerce, robotics and 

so on. In the context of cloud computing, 

agent technologies have progressively come to 

the foreground. The advantage of the agent 

paradigm is that it provides the means, at the 

appropriate level of abstraction, to conceive, 

develop and maintain flexible adaptive 

systems, which efficiently function in rapidly 

changing, irregular, unpredictable, fuzzy 

environment. 

 
It is interesting to remark that agents had been 

introduced, studied and utilized in theoretical 

computer science before they came to 

information processing technology. Indeed, 

inductive Turing machines of the first and 

higher orders introduced in 1983 [22] utilize 

agent technology, which became popular in 

software development in the 1990s [23,24]. 

Namely, an inductive Turing machine H of the 

first or higher orders contains another machine 

K, which plays the role of an agent for H 

building the memory of H.  

 
Practical considerations show that the agent 

technology developed for inductive Turing 

machines provides a design metaphor, models 

and other tools for the further development of 

network architecture forming a theoretical 

foundation for the innovative distributed 

intelligent managed element (DIME) network 

architecture (DNA), which represents a phase 

transition in the progress of global networks 

[25,26].  

 

There are different approaches to definitions of 

agents (cf., for example, [27–29]. Some 

include in the definition of an agent the feature 

of being autonomous, while others consider 

only intelligent agents. Here we define agents 

in the context of the Extended Actor Model.  

 

Definition 2. An agent is an actor who/that 

acts on behalf of another actor that is called 

the principal. 

Note that in this context an agent and/or a 

principal can be not only an individual system, 

e.g., a human being, but also a system of 

systems, e.g., an organization. For instance, 

one organization can be an agent for another 

organization. For efficient utilization, it is 

necessary to consider different properties, 

classes and types of agents. For instance, 

usually only autonomous agents are 

considered although there are three important 

types of agents: 

 Controlled agents 

 Regulated agents 

 Autonomous agents 

Note that an agent can be controlled not by its 

principal. 

 

Proposition 1. Relation “to be an agent” is not 

transitive. 

Sometimes it is possible that an agent has 

more than one principal. In the case, when one 

agent has two principals, say A and B, we use 

the term double agent. Usually, the term 

double agent is comprehended with a negative 

connotation. However, the real meaning of this 

situation depends on relations between, goals 

of and intentions of the principals A and B. All 

these features result in existence of different 

kinds of double agents. 

 

Definition 3. If A is an agent of B and C is an 

agent of A and B, then C is a transitive double 

agent. 

 

Proposition 2. If D is a transitive double agent 

of A and C, A is an agent of B, and C is a 

transitive double agent of A and B, then D is a 

transitive double agent of B and C. Another 

type of double agents is related to orthogonal 

systems. 
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Definition 4. Two systems A and B are 

orthogonal if, at least, one of the following 

conditions holds: 

 systems A and B are incompatible 

 systems A and B are inconsistent 

 systems A and B compete with one another 

 systems A and B are in war 

 

Definition 5. If systems A and B are 

orthogonal and C is an agent of A and B, then 

C is an orthogonal double agent. 

Note that there are implicit and explicit double 

agents. In the situation when C acts as an 

agent of A but not of B, while A is an agent of 

B, then the agent C is an implicit double agent 

of A and B. 

 

There are intrinsic relations between agents 

and oracles – agents can be oracles and oracles 

can be agents. These relations are studied in 

the next section. 

 

ORACLE THEORY 

Very often people assume that oracles only 

give information. This opinion is true in 

general [30–32] and is also related to the role 

of oracles in artificial intelligence where an 

Oracle AI is a confined AI with no physical 

manipulators, with which we can only interact 

through text messages [8]. In the mathematical 

theory of oracles, it is postulated that oracles 

can have much wider functions [7]. 

 

It is necessary to distinguish various types of 

oracles as they can behave differently and 

have different properties. Knowledge of these 

properties is important for the development of 

high level artificial intelligence. According to 

the relational classification, we have the 

following types of oracles. 

 Independent oracles function 

independently of other systems. 

 Functioning of partially dependent oracles 

partially relies on other systems. 

 Functioning of dependent oracles 

completely relies on other systems. 

 

Partially dependent oracles and dependent 

oracles can pursue their own goals or can do 

some work for other systems. In the latter 

case, we have agent oracles. There are three 

types of agent oracles: 

 Controlled agent oracles 

 Regulated agent oracles 

 Autonomous agent oracles 

 

Control is mostly performed by prescribing 

actions, i.e., by instructing (telling) what to do, 

while regulation is typically organized by 

restricting actions, i.e., by telling (instructing) 

what not to do. Restrictions play an important 

role in the brain functioning [33] and this has 

to be reflected in artificial intelligence based 

on mathematical models, which incorporate 

not only generating rules but also excluding 

imperatives. An example of such models is 

given by grammars with prohibition [34,35]. 

 

A useful structure for AI is a hierarchy of 

oracles, in which oracles have ranks, which are 

defined in the following way. An oracle of the 

rank 1 is an oracle for a basic system(s). An 

oracle of the rank n is an oracle for an oracle 

of the rank n – 1. Usually, an oracle of the 

rank 1 is an oracle for one or several basic 

systems [25,26], while an oracle of the rank n 

is an oracle for one or several oracles of the 

rank n – 1. The organization of oracle 

interactions when an oracle supervises several 

systems of lower ranks is more efficient than 

linear ranking of oracles presented in Figure 1. 

 

Hierarchic intelligence forms a hierarchy of 

oracles over the base information processing 

system. There are several architectural 

solutions for implementation of this structure. 

A linear hierarchy of oracles is presented in 

Figure 1. 

 

 
Fig. 1: Linear Hierarchy of Oracle. 

 

Here: 

 B is the base information processing 

system 

 O1 is an oracle for B 

 O2 is an oracle for O1  

 O3 is an oracle for O2  

…………………. 

 On is an oracle for On-1  

 

An expanding 3-tier hierarchy of oracles is 

presented in Figure 2. 
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Fig. 2: 3-Tier Hierarchy of Oracles. 

 

Here: 

 B1, B2, B3, B4, B5, B6, B7, B8, B9 are the 

base information processing systems 

 O11 is an oracle for B1, B2, B3 

 O12 is an oracle for B4, B5, B6 

 O13 is an oracle for B7, B8, B9 

 O2 is an oracle for O11, O12, O13  

 

An expanding hierarchy of oracles allows 

better organization of information processing 

and artificial intelligence than a linear 

hierarchy of oracles. Different types of oracles 

have different properties. Let us consider 

transitivity of the relation of being an oracle. 

We remind [7] that according to the 

operational classification of oracles there are 

the following types of oracles: 

1. A simplification oracle M for T is a 

system that solves some problems more 

efficiently (with less complexity) than T. 

2. An augmentation oracle M for T is a 

system such that there are problems 

intractable for T but tractable for M. 

3. An extension oracle M for T is a system 

such that there are problems unsolvable 

for T but solvable for M. 

 
Theorems 4.1, 4.2 and 4.6 from Burgin [7] 

imply the following result. 

Proposition 3. Relation “to be a simplification 

oracle” is transitive. 

Theorems 4.10 and 4.12 from Burgin [7] 

imply the following result. 

Proposition 4. Relation “to be an 

augmentation oracle” is transitive. 

Theorem 4.21 from Burgin [7] implies the 

following result. 

Proposition 5. Relation “to be an extension 

oracle” is transitive. 

 

However, this result is true for some types of 

oracles. 

We remind [7] that according to the functional 

classification of oracles there are the following 

types of oracles: 

1. An informative oracle M for T is a system 

that provides some necessary information 

for T, which T does not have. 

2. A performing oracle M for T is a system 

operation of which improves functioning 

of T. 

3. A service oracle M for T is a system that 

provides services for T that cannot be done 

by T. 

 

The functional classification of oracles 

describes functions or roles of oracles. 

Proposition 6. Relation “to be an informative 

oracle” is not transitive. 

Indeed, let us assume that a computing device 

M computes a function f such that a computing 

device T cannot compute and a computing 

device B computes a function g such that a 

computing device M cannot compute but the 

computing device T can compute all function 

computable by B. Then M is an informative 

oracle for T and B is an informative oracle for 

T but B is not an informative oracle for T. 

 

Definition 6. A forecasting oracle M for T is a 

system that forecasts future of T. 

 

Proposition 7. Relation “to be a forecasting 

oracle” is not transitive. 

Indeed, let us assume that a system M 

forecasts future of T and a system B forecasts 

future of M. However, it is possible that B 

cannot forecast future of T and thus, B is not a 

forecasting oracle for T although B is a 

forecasting oracle for M and M is a forecasting 

oracle for T. 

 

Definitions of simplification oracles employ 

an arbitrary complexity function c [7]. This 

allows considering specific simplification 

Oracles for various complexity functions, such 

as time complexity, space complexity and 

operational complexity.  

 

Definition 7. A simplification Oracle M is 

called:  

a) a temporal Oracle if c is time complexity; 

b) a space Oracle if c is space complexity; 

c) an operational Oracle if c is operational 

complexity. 
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Let us consider relations between different 

types of abstract automata from the oracle 

perspective in the context of artificial 

intelligence. 

 

To build a high-level artificial intelligence, it 

would be useful to incorporate certain features 

of the human brain. One of the central features 

is that the brain learns all the time and learning 

is incremental [36]. Consequently, for artificial 

intelligence, we need to use computational 

models, which reflect incremental learning 

without stopping. These features are inherent 

in reflexive Turing machines, inductive Turing 

machines and limit Turing machines [37]. 

 

In his talk at the International Congress of 

mathematicians in 1958, Kleene formulated a 

conjecture that it might be possible that 

algorithms that change their programs while 

computing would be more powerful than 

Turing machines [38]. Such algorithms were 

formalized by building the mathematical 

model called reflexive Turing machine. 

However, it was proved in by Rees [39] that 

the class of reflexive Turing machines is 

equivalent to the class of Turing machines, 

i.e., these machines have the same computing 

power. This result disproved Kleene’s 

conjecture. At the same time, it was also 

proved by Rees [39] that reflexive Turing 

machines are more efficient than Turing 

machines. Namely, a reflexive Turing machine 

can outperform any Turing machine that 

computes the same function [39]. The latter 

assertion gives us the following result. 

 

Proposition 8. For any Turing machine T, 

there is a reflexive Turing machine R, which is 

a temporal oracle for T. 

 

In essence, a reflexive Turing machine learns 

continuously and its learning is incremental 

similar to the processes in the brain. Moreover, 

a reflexive Turing machine acquires 

operational knowledge, which allows 

improving its functioning without stopping the 

computational process [39]. 
 

Another important mathematical model of 

computation is called an agent machine. 
 

Definition 8. An agent machine is an 

automaton with two components – the basic 

machine and the agent. There are different 

types of agent machines and their agents: 

• A memory agent prepares memory, e.g., 

establishes links between memory cells or 

adds new cells to the memory, for the 

basic machine. 

• A data agent prepares data for the basic 

machine performing preprocessing of data. 

• A software agent prepares the program, 

e.g., changes instructions or adds new 

instructions, for the basic machine. 

 

Example 1. Inductive Turing machines of the 

second and higher orders have memory agents 

[37]. 

 

Example 2. Reflexive Turing machines can 

organize their functioning with software 

agents [39]. 

 

Example 3. The nervous system in the human 

eye is a data agent. Indeed, information from 

visual receptors (rods and cones) is not 

directly transmitted to the brain but at first, it 

is preprocessed by three kinds of neurons 

(bipolar cells, horizontal cells, and amacrine 

cells) in the retina, which play the role of data 

agents in the first stratum. Then it is 

preprocessed by ganglion cells, which plays 

the role of data agents in the second stratum 

and transmit the resulting information to the 

brain [40]. 

 

Definition 9. An agent Turing machine is an 

agent machine, in which both components – 

the basic machine and the agent machine - are 

Turing machines. For instance, inductive 

Turing machines of the first order are agent 

Turing machine [37]. 

 
Definition 10. An agent inductive Turing 

machine is an agent machine, in which both 

components – the basic machine and the agent 

machine - are inductive Turing machines. For 

instance, inductive Turing machines of the 

second and higher orders are agent inductive 

Turing machines [37]. 

 
Proposition 9. For any Turing machine T with 

time complexity that has growth rate higher 

than O(n), there is an agent machine A, which 

is a temporal oracle for T. Proof is based on 

the results from [41]. 
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CONCLUSION 

The further development of the action theory 

of stratified hierarchic intelligence presented 

in this paper is oriented at the creation of 

artificial intelligence. We show how the 

generalized actor theory allows exploration of 

agents and oracles in a unified framework. The 

stratified hierarchic artificial intelligence based 

on oracles and agents provides a new 

architecture for achieving higher levels of 

intelligence and developing it into 

superintelligence. The hierarchical structure 

decreases complexity while utilization in 

higher strata more and more advanced oracles 

creates the base for essential growth of the 

power of the intelligent system. 

 

Constructing artificial intelligence based on a 

hierarchy of oracles, it is important to take into 

account properties of oracles and agents 

studied in this paper. Now different people 

express concern with respect of potential 

dangers from superintelligence. Better 

knowledge of oracle and agent properties 

would also allow achieving safe and reliable 

superintelligence. 
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