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1.   Introduction

At NTT Computer and Data Science Laboratories, 
we aim to create superior value for both individuals 
and society through the research and development of 
advanced artificial intelligence (AI) algorithms that 
will enable the processing of data that had been too 
difficult to handle due to the scale or complexity of 
the problems involved. 

In this article, we provide the background and 
vision of AI Constellation as a large-scale AI collabo-
ration technology that NTT has been promoting since 
FY2023.

2.   Generative AI trends and AI Constellation

Since the appearance of ChatGPT in the AI field at 
the end of 2022, the rise of large language models 
(LLMs)*1 has been remarkable, and models for 
acquiring general-purpose knowledge from vast 
amounts of open data have been developed. There-
fore, diverse use cases ranging from text summariza-
tion and image/video generation to translation, 
material-preparation support, and chatbots have been 
implemented and enhanced through AI and begun to 
be used in business applications. 

As the scale of AI models begin to increase, how-
ever, problems start to arise. For example, the com-

puter processing power required for learning and 
inference and the power consumed increase greatly, 
resulting in very high costs as well as a high environ-
mental load. Specifically, the size of AI models and 
calculation costs have been increasing at annual rates 
of 180% and 555%, respectively, while graphics-
processing-unit computing power has been increas-
ing at an annual rate of 69% [1]. This has made it very 
difficult to promote sustainable AI businesses. While 
huge general-purpose models can provide general-
ized answers to a wide variety of questions, differen-
tiation from other companies is important in business 
activities, so the difficulty in finding individuality 
and characteristics in general-purpose models that 
anyone can access has also become a problem. Thus, 
the trend in business has been shifting to the develop-
ment of not only huge LLMs that know everything 
but also LLMs that possess specialized knowledge of 
a specific domain or organization and that can be 
used at a reasonable cost. We thus envision a future 
that will require problem solving with a collaboration 
of multiple LLMs in contrast to problem solving with 
a single LLM. 

With the above in mind, NTT proposes AI Constel-
lation to solve problems through the collective intel-
ligence of diverse AI models such as reasonably sized 
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LLMs having expertise and individuality (Fig. 1). 
The idea is to create diverse values from a variety of 
viewpoints with respect to complex problems by hav-
ing business-specific AI models, such as those for 
finance, manufacturing, and medical care, and spe-
cialized AI models in law, ethics, and other areas col-
laborate with each other by holding discussions and 
offering each other corrections. By having these AI 
models discuss the importance of each other’s opin-
ions in terms of expertise and future value, AI Con-
stellation aims to enhance the overall discussion by 
respecting minority opinions even if they are only in 
the minority at present. AI systems link up with each 
other much like a constellation of stars to create solu-
tions, so this is why we call this vision “AI Constel-

lation” (Fig. 2).

3.   AI Constellation capabilities and use cases

AI Constellation is expected to have diverse capa-
bilities. When thinking about creativity and individu-
ality as core values in human activities, we consider 
that, while there are routine tasks that do not require 
a high level of either creativity or individuality, add-
ing creativity to such tasks could drive sustainable 
innovation, while adding individuality could lead to 
disruptive innovation. The current range of LLM 
application is routine tasks that do not require such 
creativity and individuality, so we can expect various 
types of use cases that aim to reduce costs by replacing 

Fig. 1.   The future of AI targeted by NTT.
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human labor with AI to achieve more efficient or 
automated work processes. In contrast, AI Constella-
tion is expected to achieve creativity through discus-
sions held among AI models while acquiring indi-
viduality through the diversity of those models. In 
short, instead of replacing humans, we can think of AI 
Constellation as a means of supporting highly intel-
lectual and creative human work (Fig. 3).

AI Constellation use cases (where a use case clear-
ly defines user requirements, purpose of use, etc.) can 
be broadly divided into two types (Fig. 4). One is 
expansion of personal creativity and individuality. 
When planning or deciding on something, such as a 
business plan or work procedure, the investigation 
can be deepened by executing reverse calculations 
after predicting or envisioning the future or possible 
outcomes. However, if information can be provided 

from diverse viewpoints as in AI Constellation, we 
can expect that information to contribute to an 
expanded field of view for the user. The other type of 
use case is enhancement of community discussions, 
which is expected to deepen the level of community 
knowledge and discussions. In the real world, it is 
common for people to engage in all types of discus-
sions such as meetings or conferences, but it is never-
theless difficult to obtain a consensus for a variety of 
reasons. These include limitations in discussion time, 
friction between meeting participants or mutual con-
sideration, absence of stakeholders (concerned par-
ties) with respect to discussion content, and insuffi-
cient information to hold a thorough discussion. By 
having discussions among AI models, as in AI Con-
stellation, intervene in discussions among people, we 
can expect an exchange of opinions based on diverse 

Fig. 3.   AI Constellation capabilities.
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perspectives and knowledge and broader and deeper 
discussions that could not be obtained only among 
people. These features could be obtained, for exam-
ple, by conducting conceivable discussions based on 
simulations of lengthy discussions, supporting calm 
discussions through objective AI that understands 
individuality, acting as a spokesperson for absent 
stakeholders (future-generation concerned parties, 
etc.), or incorporating world models or external 
knowledge. 

4.   Research themes in AI Constellation

As shown in Fig. 5, a variety of research themes are 
being taken up to achieve AI Constellation that can find 
solutions to complex problems by having diverse AI 
models engage in mutual discussion and correction. 

4.1   Modeling and agent collaboration
In AI Constellation, to enable AI models to engage 

in mutual discussion and correction from their 
respective viewpoints according to the topic at hand, 
it is necessary to appropriately and efficiently model 
the role and individuality of those AI models and 
make it easy for end users to use the system. In this 
theme, we will achieve external-knowledge referenc-
ing and acquisition that can reference diverse types of 
external knowledge—such as various types of perso-
nas and general and domain-specific knowledge—
according to the current topic and save knowledge 
obtained through discussions as external knowledge. 
We will also use that external knowledge in persona 

and individuality modeling and in subsequent discus-
sion enhancement. Given that many such AI models 
will be prepared and combined according to the cur-
rent topic, we will achieve a protocol for discovering 
and linking AI models according to ambiguous 
requirements based on natural language. To appropri-
ately handle the results of a discussion, we will 
develop a mechanism for consensus building in coop-
eration with the people involved that is not based 
simply on a majority vote but that also takes into 
account minority opinions.

4.2   Improved AI model training and operation
In AI Constellation, it is necessary to prepare and 

link many AI models to serve diverse applications, so 
model size and the number of models can be expected 
to increase in scale. There is therefore a need to sig-
nificantly reduce development and operating costs 
including that for AI model training. 

In this theme, we take up drastic improvements in 
AI learning algorithms including learning transfer*2 
[2], an innovative learning technique proposed by 
NTT, model merging that combines different AI mod-
els, and fast, privacy-conscious distributed learning 
that applies federated learning. We will also pursue a 
significant reduction in operating costs by achieving 
robust learning and inference algorithms that support 
diverse tasks and environments such as by adapting 
to changes in the environment during training and 
operation.

Fig. 5.   Research themes toward implementation.
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*2	 Learning transfer: A training method devised by NTT as a new 
mechanism for reusing past learning processes for AI models.
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4.3   Non-media AI
AI Constellation aims to create solutions for com-

plex problems from diverse values, but while LLMs 
are especially good with natural language and media 
data, they tend to be weak in the analysis of numerical 
data such as non-media time-series data. They can-
not, as a result, handle all real-world problems. LLMs 
also have the ability to output an answer not based on 
facts called a hallucination*3.

This theme contributes to the provision of rational 
and logical discussions among AI models based on 
knowledge acquired from diverse types of factual 
data by achieving advanced analysis of time-series 
data and logical inferences using external knowledge.

5.   Future developments

Along with the research and development of these 
algorithms, we are investigating providing AI Con-
stellation as a social platform leveraging the network 
and computing platform of NTT’s Innovative Optical 
and Wireless Network (IOWN) (Fig. 6). Research 
and development of the All-Photonics Network 
(APN) [3], one of the main components of IOWN, 
aims to achieve low power consumption, high-speed 
and high-capacity communications, and low-latency 
transmission. We expect these features to enable 
knowledge sharing among diverse and large-scale AI 
models that use massive amounts of real data. The 
data-centric infrastructure (DCI) [4] aims to achieve 

diverse types of processors and distributed storage so 
that large-scale AI models can be arranged in just the 
right way. Deploying AI Constellation in an infra-
structure that combines the APN and DCI should be 
able to support both local production for local con-
sumption of data through diverse AI models and 
knowledge exchange among global AI models while 
providing high problem-solving power. 

By implementing AI Constellation so that diverse 
AI models can engage in mutual discussion and cor-
rection, NTT would like to contribute to the creation 
of a harmonious, diverse, and fair society that sup-
ports people in carrying out advanced intellectual 
work and creative tasks that had been difficult for 
people alone to achieve, such as marketing analysis, 
formulation of business strategies, and community 
consensus building.
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Fig. 6.   Future vision of AI Constellation.
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*3	 Hallucination: The outputting of information by AI not based on 
facts.
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