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Blockchain and Smart Contracts as Complex
Self-Organizing Frameworks: Theoretical
Perspective

Neyole Misko *, Dr. Rono Kipronoh® & Dr. Muchelule Yusuf?

Abstract- Blockchain offers unprecedented opportunities for
innovation in financial transactions with a whole new world of
opportunities for banking, lending, insurance, and money
transfers. Through its algorithms, digital security by
decentralization, form smart contracts. Smart contracts allow
the performance of credible transactions without third parties,
the transactions premised by trackable and irreversible
processes are superior to traditional contract law and greatly
reduce other transaction costs associated with contracting.
Globally, enterprises are undergoing a major transformation
towards smart businesses that use intelligent systems
integrated into planning for their daily routine. Blockchain
technology and smart contacts termed disruptive technologies
provide innovative solutions that cannot be ignored due to
their inherent complexities. Regarded as complex systems,
there is a need to have a theoretical view to understanding the
hidden order to the evolution of these systems to bring out
traits that are common and have a combination of
independent actors behaving as a single unit responding and
adapting to their existent setting, as self-organizing systems.
This study significantly plays a unique role in contemporary
science by explaining how blockchain and smart contracts
unify run as nonlinearity complex system that adapts to their
environment to bring about consistency hence their
applicability.

Keywords: blockchain, smart contracts, complex systems, self-
organizing frameworks, theoretical perspective.

[. INTRODUCTION

lockchain [1] is essentially a distributed database
301‘ records in the form of a public ledger that holds

transactions and digital events that have been
executed, verified by consensus, and shared among
participating parties [2]. Defined as a foundation of
Bitcoin [3], it ensures that every transaction is set public,
consensus verified, and permanently stored in chains of
blocks simply put Blockchain creating automated trust
through the decentralized ledger that is distributed to all
participants in the blockchain.

These underlined technology-entrenched
undertakings have demonstrated through the power of
the trust, consensus mechanisms, and deliberate
veneration of the social contract that it is possible to use
the internet to make a decentralized value-transfer
system [4] and since it is a chain, the technology is easy
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system [4] and since it is a chain, the technology is easy
to trace back an event shared across geographical
boundaries. These processes are essentially
unregimented, open, and rather not dominated by a
tightly organized social or economic system.

The advent of blockchain has led to the
development of important technological drivers for the
world economy such as the concept of the smart
contract. In a blockchain context, smart contracts mean
transactions that go beyond simple buy and sell
currency transactions, that have more extensive
instructions embedded into them [5]. Technically, a
contract is a set of IFs and THEN statements that give
conditions and actions. Swan (2015), further indicates
that much as the contracts feature the same kind of
agreement to act or not act, they remove the need for
one type of trust between parties as the smart contract
is both defined and executed by the code automatically
without discretion making a contract autonomy, self-
sufficiency and decentralization.

Smart contracts in turn enable a decentralized
application that accomplishes more than a transfer of
value [6]. Its efficient automation of decentralized
application can therefore be transitioned into solving
real-world problems such as in managing real-time
secure health records in medical facilities, in agriculture
to provide experts and farmers greater interaction and
sharing of data that affect land produce and in
government ministries such as the lands ministry to
update and manage lands record.

The smart contract has been established as a
program deployed within a distributed network that can
acquire outside information and update the internal state
automatically. With the emergence of Ethereum as a
built-in ~ Turing-complete  scripting language, the
popularity and use of smart contract has been rising
rapidly [7]. Currently, smart contracts are mainly
embedded and used in blockchain distributed ledgers
utilizing Ethereum as a platform [8].

[I. APPLICATIONS AND USE OF THE
TECHNOLOGY

Globally, many enterprises are undergoing a
major evolution and transformation towards smart
businesses where intelligent systems are being
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developed alongside a plethora of smart programs,
services, and transactions integrated into planning for
their daily routine. Startup firms and major enterprises
alike are now developing smart contract solutions for an
assortment of markets, alleging to offer a digital bypass
around traditional mechanisms. The concept is to make
smart contracts offer a superior solution to the
challenges and limitations businesses face. The
potential and the limitations of smart contracts have
been and are being tested by offering novel possibilities
to significantly alter traditional methods of doing thing
spositively.

Karamitsos et.al (2018) presented a paper with
an overview of Blockchain technology as a disruptive
technology for the real estate industry. This study was
designed to determine the effect of the smart contract
with the various components for the implementation
specifically to Real Estate development with the
adoption of Blockchain to optimize the current
processes. The paper observed among others the
following recompenses of using smart contracts and
blockchain technology in real estate: - different parties
easy to modify databases in the real estate ecosystem,
the advantage of disintermediation, and transactions
advantage among other [9].

Smart contracts[10] have found applications in
two main aspects: electronic monetary transactions and
applications for storing information [11]. Bogner et al.
[2016] developed a smart contract application aiming to
rent devices. The food supply field has applied smart
contracts to achieve food trade [12], [13] since smart
contracts decrease the costs of traders on the food
supply chain  while providing a decentralized,
accountable and transparent architecture based on
blockchain technology.

Al-Bassam [2017] built a system for identity
management, and organizational process for identifying,
authenticating, and authorizing individuals’ people to
have access to applications, systems, or networks by
associating user rights and restrictions with established
identities. Shangping et al. (2019) proposed a product
traceability system based on blockchain technology in
which all product transferring histories would be
perpetually recorded in the unchangeable ledger by
using smart contracts, and the process of product
registration, transferring and tracking is realized through
the collaboration of smart contracts.

Through the supply chain process, customers
would participate in the process as nodes to maintain
information  flows. The system described by
decentralized characteristics would significantly reduce
issues of privately tampering with data within enterprises
and the system would have an event response
mechanism to verify the identity of both parties of the
transaction and by verifying the signature contained in
the event to determine whether the event is valid. All
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events can be listened to and permanently stored in the
blockchain in the form of a log. The results of the
security analysis show that the system would be
characterized by data accessibility, tamper-proofing,
and resistance to man-in-the-middle attacks [14].

Hasan & Salah (2018) presented a blockchain-
based solution and framework for the PoD of digital
assets in which the framework was generic enough that
it could be used to orchestrate and govern the sale and
delivery of any digital asset and content including
streaming video and audio. Based on the novel system,
all transactions and interactions for the sale and
download of digital items were to be controlled by
Ethereum smart contracts. The demonstration showed
that implementing smart contract code is safe and free
of known exploitable security vulnerabilities and bugs.
The solution also addressed some key security
requirements such as security against popular attacks
such as MITM and replay attacks [15].

Salah et al. (2019) proposed a framework
leveraging Ethereum blockchain and smart contracts to
trace, track, and perform business transactions by
removing intermediaries for soybean traceability across
the agricultural supply chain. The novel presentation
presented details and aspects related to the system
architecture, design, entity-relation diagram,
interactions, sequence diagrams, and implementation
algorithms. They showed that blockchain as a disruptive
technology could provide an innovative solution for
product traceability in agriculture and food supply
chains. That could leverage the supply chain process to
efficiently perform business transactions for soybean
tracking and traceability across the agricultural supply
chain.

[11. COMPLEX SELF-ORGANIZING FRAMEWORKS

Complexity theory premises that there is a
hidden order to the evolution of complex systems,
whether that system is a national economy, an
ecosystem, an organization, or a production line. The
Protagonists of the theory believe that certain traits are
common to most complex systems where the systems
are a combination of many independent actors
behaving as a single unit and responding to their
existent setting.  To help understand the use of the
theory in the modeling and analyzing complex systems,
some frameworks contribute as core sets of
commonality generic frameworks to understand the
theory. They include: - Self-organizing, the adaptive
system, the network theory, and nonlinear system
theory.

a) Self-Organizing and Emergence Theory
Self-organization theory describes characteristic

relationships in emergent systems complex systems as

created by feedback mechanisms that either amplify an



effect to give positive feedback or dampen an effect to
give negative feedback [16]. By definition, a complex
system is a system composed of a large number of
different interacting elements [17] it is therefore
composed of many parts without centralized control.
Emergence, described as a key concept in complexity
science is the growth and evolution of more complex
forms through simple rules. It, therefore, refers to how
new levels of an organization are formed as parts are
assembled.

Models of self-organization theory draw upon
information theories to help understand the organization
in terms of information and entropy. The theory also
draws upon ideas of physics  surrounding
synchronization and pattern formation. Researchers try
to model complex systems by capturing the local rules
and using complex computational tools such as solidity
for Ethereum framework or agent-based modeling to try
and simulate the process through which order emerges
out of initially homogenous or disordered states.

b) Complex Adaptive System

According to Sammut-Bonnici (2015), complex
adaptive systems (CAS) consist of diverse components
that are interdependent, act as a unified whole, and can
learn from experience and adapt to change in the
environment. Consequently, adaptive systems are
classical examples of complex systems. They consist of
many parts acting and reacting to each other’s behavior.
They are highly dynamic and developed through an
evolutionary-like process the central issues being that of
the process of adaptation and evolution.

Adaptation forms a central part of cybernetics
that contributes to ideas surrounding control systems
and how systems regulate themselves in their
environment to maintain themselves (homeostasis). The
key issue here is the dynamic surrounding cooperation
and competition that form as adaptive agents interact
and try to pursue their goals collectively. When ideas of
adaptation are generalized to a whole population of
agents and take place over a series of life cycles it can
be termed evolution. This is supported by other theories
such as evolution game theory, replicator equation,
fitness landscapes, and genetic algorithm among
others.

c) Network Theory

Network theory can be explained as the study
of graphs as a representation of either symmetric
relations or asymmetric relations between discrete
objects, for computer science and network science,
network theory is a part of graph theory characterized by
nodes and edges that have attributes [18]. All complex
systems can be modeled and analyzed as networks.

Network theory is a formal mathematical
language but it has proven a very practical tool for
analysis and found widespread application in many

areas. Network theory has become an important study
for complex systems, especially with the advent of
information technology. Network theory is driven less by
models and equations but more by real-time dense
datasets, meaning we no longer stare at the models but
are accessible to visualization to get us a much richer
intuitive real source of exactly what the complex systems
are like. Areas of contribution here are mathematics
(graph theory) and computer science [19].

d) Nonlinear System and Chaos Theory

Non-linearity is an inherent feature and major
theme that crosses all areas of complex systems. Chaos
theory which is the study of non-linear dynamical
systems was one of the major challenges to the
Newtonian paradigm that was accepted into the
mainstream of scientific knowledge [20] [21]. By
definition, Chaos theory is a part of mathematics that
looks at certain systems that are very sensitive in that
any small change may make the system behave
completely differently [22]. The modern scientific
framework is based upon linear systems theory and this
places significant constraints upon it.

Linear systems theory is dependent upon the
concept of a system having an equilibrium [23]. All linear
systems work as an approximation the fact is that many
of the phenomena are nonlinear processes of change
that happen far from equilibrium and are governed by
dynamics of feedback loops and not linear equations.
Trying to model complex systems by use of the
traditional linear system is not effective hence areas of
nonlinear systems and dynamics are a major part of
complexity theory borrowed largely from physics,
mathematics, and equilibrium processes from chemistry
[24] [25].

[V. CONCLUSION

The Newtonian paradigm is a clockwork
universe concept, a scientific model that supports
science characterized by a materialistic and atomistic
vision of sequestered inert objects interacting in a linear
cause and effect fashion- the linear systems theory. This
gives a concept of the universe that is analog to a
system that is orderly, coherent, and predictable. Linear
systems theory deals with relatively simple systems,
systems that have a finite amount of independent,
homogeneous elements interacting in a well-defined
fashion with a relatively low level of connectivity. In its
essence, linear systems theory fundamentally describes
closed systems at or near equilibrium.

The context and significance of complexity
theory are that it plays a unique role in contemporary
science. Defined as an emerging post- Newtonian
paradigm, it is a unifying point of view that views
nonlinear complex systems running and adapting to
their environment to bring about consistency. the current
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society is surrounded by complex nonlinear systems
that are well described by nonlinear theories such as the
complexity theory. The theory, therefore, borrows
support from the four models namely Network Theory,
Complex Adaptive Theory, Nonlinear Systems Theory,
and Self Organization Theory to try and explain complex
systems such as the blockchain Ethereum platform for
smart contracts and their applicability.
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