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ABSTRACT Large language models have revolutionized natural lan-
guage processing. The emergence phenomenon is observed
in these models and has the potential to revolutionize data
processing and management. In this review, we discuss the
concept of emergence in artificial intelligence, give detailed
examples, and elaborate on the risks and limitations of large
language models. The review exposes physicians to large
language models, their advantages, and the inherent oppor-
tunities. We also describe the limitations and dangers, as
these models are expected to impact medicine soon.
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Large language models (LLMs), like generative pre-
trained transformer (GPT), have revolutionized nat-
ural language processing by demonstrating capabilities
previously unique to human
cognition. These advanced
algorithms  automatical-
ly learn about objects and
concepts, a phenomenon
that is both awe-inspiring and concerning. LLMs are
increasingly being researched in healthcare [1], and in
addition to text analysis, can also be applied to image
analysis [2].

Emergence is a term used across various disciplines,
including physics, biology, and social sciences [3]. It de-
scribes unpredictable properties that arise in large sys-
tems through the interaction of simpler components [3].
Ant colonies exemplify this phenomenon. Individually,
ants do not display any extraordinary qualities. Collec-
tively, however, they form complex systems capable of
adapting to environmental changes, locating food, and
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LARGE LANGUAGE MODELS HAVE REVOLUTIONIZED
NATURAL LANGUAGE PROCESSING, OFFERING
UNPRECEDENTED OPPORTUNITIES FOR ADVANCEMENTS
IN DATA HANDLING AND ANALYSIS.

thriving. In the context of artificial intelligence (Al),
emergence refers to unexpected tasks performed by an
algorithm without prior explicit programming.

LLMs rely on extensive algorithms with billions of pa-
rameters. Trained on vast amounts of text data, their per-
formance enhances as their size increases. Performance
is generally predictable based on the behavior of smaller
models; however, occasionally, some tasks become un-
predictable, exhibiting emergence [4]. This phenomenon
fosters both scientific excitement and concerns regarding
unforeseen consequences.

Generative models in Al, such as generative adver-
sarial networks (GANs), exemplify the phenomenon of
emergence. These networks enable the creation of re-
alistic-looking synthetic images: deepfakes. The term
deepfake attracted public attention in 2017 with the cre-
ation of fake videos intended to influence public opin-
ion. GANs consist of two neural networks: a generator
and a discriminator. The generator produces synthetic
images, while the discrim-
inator tries to differentiate
between real and fake im-
ages [5]. Through this com-
petitive interaction, both
networks improve their performance, leading to emer-
gent behavior that results in the creation of increasingly
realistic synthetic images.

Large language models learn to identify objects
through textual analysis. By examining vast amounts of
text, the algorithm identifies objects and their properties
in a seemingly natural way. For example, after learning
about various fruits and their characteristics, the algo-
rithm can infer that a round, orange fruit is likely an
orange [6].

The algorithm can create object concepts by iden-
tifying common characteristics and forming connec-
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tions between similarly labeled objects [6]. When asked
about bicycles, GPT can expand on the different types,
colors, parts, functions, and history. The algorithm can
even create a story about bicycles. Interactions between
simple components
in the algorithm al-
low it to learn new
information and make
conclusions, in contrast to executing pre-programmed
instructions. The algorithm did not undergo explicit
programming and learning about bicycles but learned
autonomously about their characteristics through text
processing. Similarly, large language models learn about
concepts across various domains. Without explicit train-
ing, GPT-4 scored 87% on the United States Medical Li-
censing Exam (USMLE) [7,8].

Emergence serves as the driving force behind the de-
velopment of cognitive abilities in large-scale Al models.
As the model constructs a complex hierarchy of object re-
lationships, it begins to identify itself as a distinct entity,
fostering a sense of self-identity. This emergence process
not only promotes the development of advanced cogni-
tive functions, but also lays the foundation for a potential
future where Al could hypothetically attain sentience.

Language has long been considered the key to human
domination over ecological systems. Our ability to invent
ideas, communicate them, and act collectively based on
shared beliefs has allowed us to create complex societies
and technologies [9]. LLMs, with their ability to generate
and understand language, could be seen as a reflection
of this human capability. Their ability to learn autono-
mously and generate ideas could lead to implications and
advancements that are difficult to predict and anticipate.

The emergence phenomenon in Al raises significant
ethical concerns and risks. Unpredictable outputs may be
difficult to control or regulate. When decisions in various
fields are based on the output of Al models, accountabili-
ty becomes a challenge. Information security and privacy
are additional challenges since these algorithms are vul-
nerable to cyberattacks and can be used to launch cyber-
attacks [10,11]. When used to support decisions in fields
such as medicine, economics, and law, the phenomenon
of emergence could lead to unforeseen consequences, bi-
ases, or errors in critical decisions that may have serious
implications for individuals and society.

CENTRAL TO THE TRANSFORMATION OF NATURAL LANGUAGE
PROCESSING IS THE EMERGENCE PHENOMENON, WHICH UNVEILS NEW
PATTERNS AND INSIGHTS FROM DATA, PREVIOUSLY UNATTAINABLE.

As LLMs advance and improve, the occurrence of
emergent behavior is expected to increase, ultimately
bringing us to critical crossroads. These models hold
the promise of revolution in various fields, but they also
highlight the need for
cautious and respon-
sible  development.
The emergence phe-
nomenon is a reminder that as we approach artificial gen-
eral intelligence, we must tread carefully, recognizing the
power and potential as well as the inherent dangers of this
extraordinary technology.
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Everyone, in some small sacred sanctuary of the self, is nuts.

Leo Calvin Rosten (1908-1997), American

humorist in the fields of scriptwriting, storywriting, journalism, and Yiddish lexicography
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