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Abstract: Recent advances in large language models, our understanding of the general theory of
information, and the availability of new approaches to building self-regulating domain-specific
software are driving the creation of next-generation knowledge-driven digital assistants to improve
the efficiency, resiliency, and scalability of various business processes while fulfilling the functional
requirements addressing a specific business problem. Here, we describe the implementation of
a medical-knowledge-based digital assistant that uses medical knowledge derived from various
sources including the large language models and assists the early medical diagnosis process by
reducing the knowledge gap between the patient and medical professionals involved in the process.

Keywords: digital genome; general theory of information; knowledge-based digital assistant; artificial
intelligence; large language models

1. Introduction

The new science of information processing structures [1-9] derived from our knowl-
edge of genomics, neuroscience, and the general theory of information tells us that human
intelligence stems from the knowledge encapsulated in the genome of biological systems
and is transmitted from the survivor to the successor.

The genome provides the operational knowledge to implement biological life processes
using 30+ trillion cells which are autonomous, collaborate in groups, have the ability to
process information, create knowledge, and use replication, and metabolism (conversion
of matter and energy). The specification of “life” processes provides full knowledge
of functional requirements and their fulfillment, non-functional requirements and their
fulfillment, along with best practices passed on from the survivors to their successors
including how to fight a virus that affected their ancestors in the past.

As Itai Yanai and Martin Lercher point out in their book “The Society of Genes” [10].

“The single fertilized egg cell develops into a full human being is achieved without a
construction manager or architect. The responsibility for the necessary close coordination
is shared among the cells as they come into being. It is as though each brick, wire, and pipe
in a building knows the entire structure and consults with the neighboring bricks to decide
where to place itself”.

The genome enables both autopoietic and cognitive behaviors using cell replication
and metabolism (using the processes of energy and matter transformations), the mental
action or process of acquiring knowledge and understanding through thought, experience,
and the senses. It provides a unique capability for the biological systems to make sense
of what they are observing fast enough to do something about it while they are still
observing it.
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The general theory of information (GTI) [1-3] articulated by Prof. Mark Burgin relates
the state and the dynamics of physical structures in the material world to the mental
structures of biological systems which convert the ontological information carried by the
material structures into the epistemic information received by their cognitive apparatuses.
According to GTI [1,4], epistemic information has the potential to create or update knowl-
edge in mental structures just as energy has the potential to create or modify material
structures. GTI relates the information carried by the material structures to a knowledge
representation in the mental structures using the ideal structures in the form of fundamen-
tal triads or named sets. The fundamental triads or named sets [3] are used to derive a
schema [5,9,11], and operations for knowledge representation in the form of entities with
various attributes, their relationships, and their dynamics using the behaviors when events
change any of the attributes.

Burgin Mikkilineni’s (BM) thesis [6,12] provides a model for the information process-
ing architecture of the mental structures using the schema of knowledge structures and
operations executed by a structural machine. Structural machines [4,13] are a new model
of computation that can process information in the form of structures, not just sequences
of symbols. Structures are more general and expressive than symbols and can represent
complex objects such as graphs, networks, images, etc. Structural machines can also manip-
ulate structures using operations such as insertion, deletion, substitution, etc. It explains
the autopoietic and cognitive behaviors of biological systems which function at three levels
of information processing. We refer the reader to various references cited in this paper
for a detailed description of theory and practice and the reason why structural machines
are more powerful in information processing than the current symbolic and sub-symbolic
computing structures [14]. Suffice it to say that structural machines and the knowledge rep-
resentation using knowledge structures are a new paradigm in understanding and building
new forms of information processing structures that are autopoietic and cognitive [15].

In this paper, we use the structural machines and the knowledge structures to design
and implement a digital genome that specifies the life processes of a software system that
uses the medical knowledge of an early diagnosis process. Just as the genome specifies
and enables the execution of the “life processes” of a biological system, the digital genome
enables the specification and implementation of the “life processes” of a software system
that defines a process with a purpose and means to execute it [15]. In Section 2, we describe
the digital genome design derived from the general theory of information. In Section 3,
we describe an implementation of a medical-knowledge-intensive digital assistant with
a mission to provide early diagnosis of disease process automation and advise to reduce
the knowledge gap between the patient and healthcare providers. The digital assistant is
implemented using the genome which specifies functional and non-functional requirements
and the best practices based on history and the latest and verified medical knowledge.

2. The Digital Genome

The digital genome specifies the knowledge to execute various tasks that implement
functional requirements, non-functional requirements, and the best practices to assure that
the process objectives are achieved. Functional requirements deal with domain-specific
process execution, components of knowledge acquisition, model creation, the evolution of
knowledge structures, analysis of events and actions, etc. Nonfunctional requirements deal
with deploying, operating, and managing the compute resources for the various application
components, where to set up IaaS and PaaS (containers, databases, etc.), deploy auto-
failover, auto-scaling, and live-migration policies. Best practices deal with decision-making
by looking at the evolution of the system and predicting risk and suggesting remedies for
both maintaining functional and non-functional requirement fulfillment. Figure 1 shows
how the digital genome is designed using information from various sources.
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Figure 1. Process to prepare the domain-specific genome.

The digital genome specifies the early diagnosis process derived from various sources
of information:

1. Patient information derived from various sources;

2. Medical knowledge about symptoms, diseases, and medical professionals who treat
various diseases;

3.  The early diagnosis process involves the patient and the healthcare providers. The
process involves the early detection of potential diseases causing the symptoms of a
patient and providing a detailed analysis of medical information relevant to assist the
patient and the healthcare providers in reaching a treatment plan.

The goal is to reduce the knowledge gap between the patient and the healthcare
providers by providing accurate and timely information derived from multiple sources.
Figure 2 shows the various sources of knowledge.
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Figure 2. The digital genome schema contains various actors, entities, their relationships, and their
behavior when events change the circumstances.

The schema describes the actors (patients and healthcare providers), entities (symp-
toms, diseases, medical specialties that deal with various diseases), their relationships, and
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process flows that define the behaviors when events change the state of the system in the
form of knowledge structures [5].

3. Structural Machine Implementation of a Medical-Knowledge-Based Digital
Assistant Using the Digital Genome

Figure 3 shows the structural machine implementation of the digital genome consisting
of a multi-layer network implementing the digital genome where each node executes a
process and shares information with other nodes to execute the autopoietic and cognitive
behaviors specified in the digital genome.
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Figure 3. The digital genome implementation using various programming tools.

The autopoietic manager is implemented using Kubernetes and containers. The
cognitive network manager sets up connections between various functional modules
sharing information to execute the global workflow. A digital replica of the system state
and its evolution is stored in a graph database as long-term memory. Various autonomous
functional nodes provide knowledge acquisition, user interaction, and various reasoning
functions including verification and validation of knowledge. A demonstration of the
digital assistant is shown in this video https://youtu.be/vV_38uHONUk (accessed on
30 July 2023).

4. Conclusions

This paper is the first attempt to demonstrate an implementation of the role of a
schema and operations for the knowledge structures that model autopoietic and cognitive
behaviors using replication and metabolism. The knowledge structure is like a cell with
the knowledge to find and use computing resources to execute the defined processes. The
digital genome specifies and executes a society of knowledge structures in the form of a
multi-layered knowledge network, where nodes wired together fire together to execute
local, clustered, and global autopoietic and cognitive behaviors. The resulting super-
symbolic structure integrates the current generation’s symbolic and sub-symbolic structures
(see Burgin, Mikkilineni [12]) to enhance information processing capabilities.

The digital genome specifies a goal-directed behavior executed by hierarchically nested
chains composed of action sequences and checkpoints that glue them. As Riegler [16] points
out, the checkpoint character of cognition defines decision making and other cognitive acts
as being based upon internal states rather than external states of affairs. For an observer,
from a third-person perspective, cognitive systems seem to make the proper decisions in re-
sponse to the challenges of the environment. However, these checkpoints are a result of the
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designer of the digital genome and caution must be exercised in taking them at face value.
It is therefore important to use digital assistants to reduce the knowledge gap between
various actors participating in decision making instead of giving them autonomous control.
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