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Shigeki Matsutani (Kanazawa Univ.) (Openning: (Background of this workshop))
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[1] S. Matsutani, S. Ohmori, K. Hiranabe, E. Hanyuda Conway’ s law, revised from a mathematical
viewpoint, arXiv:2311.10475

This meeting began with research on applications of geometry and algebra to social sciences, which was
derived from discussions between Shosuke Omori, a participant in the “Geometry and Algebra in Materials
Science III” workshop, and Matsutani, the research representative. The seed of the idea came from Kenji
Hiranabe, who told Matsutani about an interesting phenomenon called Conway’s Law. The research
resulted in “Conway’s Law: A Mathematical Perspective” as a joint research with Eiichi Hanyuda and
Kenji Hiranabe, which triggered the holding of this meeting [1].

This led us to the conclusion that “geometric and algebraic considerations are also useful in the social
sciences”, and we decided to establish a forum for discussion from the standpoint of ”geometric and
algebraic considerations”.

Conway’s Law refers to the similarity between the geometric structures of manufactured products (soft-
ware) and the organization that created them. Based on this law, the concept of “team topologies” has
recently emerged as a way of organizing organizations to provide “good” products. Geometric consider-
ations are also becoming increasingly important in the semi-lattice-based pattern language advocated by
urban planner and architect C. Alexander, as well as in agile, a method used in software development.

On the other hand, “algebra and geometry” is the discipline that Descartes considered fundamental,
according to historian Goodman, and that philosopher Husserl’s mentor Weierstrass declared ”Not like
Riemann’s geometric intuition, but be algebraic!”

In recent years, it has become clear that in industrial mathematics, the treatment of ”arbitrary” in the
€ — 6 method, which is an algebraic way of understanding the limit proposed by Weierstrass, is important
for connecting mathematics and society.

Therefore, we thought that research on the transition of the concept of ”arbitrary” and research that
reconstructs phenomenology from the perspective of category theory on the basis of the “non-normative
choice” of “arbitrary” would largely fit the purpose of this meeting.

By bringing together researchers from different fields under the name “Algebra and Geometry in the Social
Sciences”, we hope that new perspectives will emerge in the hearts of the participants.

[1] S. Matsutani, S. Ohmori, K. Hiranabe, E. Hanyuda Conway’ s law, revised from a mathematical
viewpoint, arXiv:2311.10475
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Eiichi Hanyuda (Mamezou Co., Ltd./TPA) (Object-Oriented, pattern language, pattern theory,... towards
a science of patterns)
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This paper reviews the birth and evolution of object-oriented design and implementation principles in
the field of software, and discusses the significance and impact of the concept of pattern language advocated
by C. Alexander in the field of architecture and urban planning on software design and implementation.
It led to a review not only of design methods, but also of team organization and project management
itself, resulting in a major shift from the so-called waterfall to agile processes.

On the other hand, by redefining Alexander’s Pattern Language as a language grammar for the exchange
of knowledge, including experiential and physical knowledge, in a variety of fields, it was possible to go
beyond the initial application to architecture and urban development and its application to software
development to include education, welfare, childcare, book clubs, presentations, and DX promotion. It
has expanded, and continues to expand, into the vast world of education, welfare, childcare, reading,
presentations, DX promotion, living with dementia, and so on.

Alexander is aware of the challenges of pattern language, and in trying to overcome these challenges,
he proposed the Nature of Order, a set of 15 characteristics that all living things (not only life, but also
artifacts, organizations, and abstractions) should have, which he called ”Pattern Theory. The goal was
to systematize a system that could be called ”pattern theory” based on these properties. Although this
was not necessarily successful, we hope to pick up on this aspiration and consider whether there are areas
where we can formulate the idea from a mathematical perspective in the future.

In aiming for a science of patterns, I think that general topology, graph theory and category theory
can be used as basic theories for this science. I would like to present my thoughts on such a possibility
from the viewpoint of an ordinary enthusiast who is not a mathematician, while referring to the recent
prosperity of applied category theory.
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In almost all academic disciplines, including the social sciences, “causality” is the most fundamental con-
cept. Nevertheless, it is difficult to say that there is a shared understanding of what causality is, which
is supported by mathematical structures. Confusion with determinism and adherence to the conven-
tional framework of probability theory not only obscure various philosophical arguments, but also lead to
significant constraints in the modeling of phenomena.

In this talk, we will reflect on what causality is (and what it is not) using the proverb ”seeds unsown will
never sprout” as a clue, and formulate causality in terms of the basic concepts of category theory and
noncommutative probability theory (a framework that generalizes probability theory to include quantum
theory, also called quantum probability theory). In addition, the mechanism by which noncommuta-
tive probability structures are induced from category structures will be explained using the concepts of
"category algebra” and ”state on category” (which we have been focusing on in recent years), and the
relationship with the mathematical aspects of quantum fields will be touched upon. In addition, the
prospects of application to cognitive science and consciousness research will be discussed.

The necessary mathematical concepts will be gently introduced, so we hope to have people with a wide
range of backgrounds listen to us and exchange opinions on future applications and prospects.

Part of the content of this talk is based on joint research with Dr. Jun Otsuka (Kyoto University).
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After an overview of the use of “arbitrary” in mathematics from a contemporary perspective, from
Cauchy’s book and from Weierstrass’ books, this talk will introduce what it means to discuss ”arbitrary
(arbitrary(English), arbitraire(French), beliebig(German))” by describing the role of the ¢ — § method in
mathematics used in industrial settings.
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Aya Ono (Keio Univ.) (“Arbitrary” as a Traveling Concept : Perspectives from the History of Linguistic
Ideas)
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The notion of the “arbitrariness” of linguistic signs is one of the most enigmatic ideas in the theorie of Fer-
dinand de Saussure, the founder of modern linguistics. Explained by Saussure himself as “unmotivated”,
the term has been the subject of debate not only among linguists but also semioticians and philosophers
since it was first presented in his Cours de linguistique générale (1916, published posthumously). While
we are relatively familiar with the exegesis and discussion of this Saussurean concept, we are less familiar
with the source of its inspiration. In fact, the controversy surrounding the concept may not be solely
attributable to the ambiguity of Saussure’s text. Rather, it may be more accurately attributed to the
multiple meanings that the term has acquired in different times and fields. The objective of this paper
is thus to investigate the various pathways that the term “arbitrary” traversed before it was employed
by Saussure, and to identify missing links that connect the various meanings with the Saussurean use.
Furthermore, this research will contribute to a deeper understanding of Saussure’s “arbitrary” itself, a
term that he selected for his ground breaking approach to linguistics.
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Shousuke Ohmori (National Institute of Technology, Gunma College) (On the general topology of graphs)
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When dealing with the mathematical treatment of the network structures of the organization and the
structure of the products generated from them, it seems suitable to use mathematical graphs. However,
there are limitations to graphs individually for considering the network of products that changes according
to a particular organizational structure, such as the statement in Conway’s Law [1]. Therefore it is desirable
to find a mathematical method that captures the network structure produced by organization in a more
flexible and hierarchical manner.

In my talk, a mathematical treatment describing graphs based on general topology is considered. By
introducing the topology generated from a partially order to the whole set of subgraphs of a certain graph
[2], we focus on the topological space that represents the hierarchy of finite connected graphs [3]. We
show the mathematical facts in terms of continuous maps and homeomorphisms, and present the practical
forms of hierarchy of graphs. Also, we will demonstrate the relationship between the continuous map on
our space and the homomorphism defined within the framework of graph theory.

This talk is based on joint work with Shigeki Matsutani, Kenji Hiranabe, and Eiichi Hanyuda.
[1] M. E. Conway How Do Committees Invent?, Datamation magazine, Thompson Publications, Inc. 1968.
[2] A. Aniyany and S. Naduvath, A study on graph topology, Comm. Combi. Opt., 8 (2023) 397-409.

[3] S. Matsutani, S. Ohmori, K. Hiranabe, E. Hanyuda Conway’ s law, revised from a mathematical
viewpoint, arXiv:2311.10475.
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Shigeki Matsutani (Kanazawa Univ.) (Conway’s Law: A Mathematical Perspective)

AFEHTIE, IV oA DFEHIEZBENRERDPSBN TS, av oA OEMEa vy Ya—% - Jurs s
v—@xway-E-3y714miofgxbmt%®f%é 1 1968 L1z TJRED) Y AT LDk
B, TheEH T aI s r—yaviEEoavr— e Rs k5CHE NS, ] LiERLEZ. OF
D, oAV A OERIE, ERINZEEY (AT L) ORMFHRRESE (DR 0) 1, FNEERLE
MDD AI 2= =Y a v ORMFEMEEE KT 5 Z & 2EKT 5.

AkdHzZRE (OB | 26T 58EWEZERT E720I121%, ThrHetT5HMEEE S HE - BH
INBEBERDHY, X XBEHBELEMVIETRINS., ZOMRMWE 25307 o1 OEPBFEAEHI N TWS
avyoAlE, TOWRNRE ST THERORNT, 75 7 ORI ZHNRR A, A, FRHZEEEOEE
P & ERfRRE L 7.

MMt &b fEE2, IV AR LES S THBROMRMA TR T 5 Z til%f%@,&@ﬁz

ERE B OSIEY U THBTE T VA, £ 2T 2 i ORIy — LEBAT S LIk D, W
Vb b 7= % i & KB C & 2B EF LR IRE L [2).

RHITIE, WL [2 1RV, RSOV THRBT 3.
KA, FAREREG, PO, PR KX ORI LT B0 TT

In this talk, Conway’s Law will be presented from a mathematical point of view. Conway’s Law was given
by computer programmer Melvin E. Conway. He stated in 1960 that ” Organizations which design systems
(in the broad sense used here) are constrained to produce designs which are copies of the communication
structures of these organizations” This means that the geometric structure (connections) of the manufac-
tured product (system) created will reflect the communicative geometry of the organization that created
it.

In order to construct a product that has the “connection” that it should have, the organizational structure
that designs it must also be designed and changed; such a meta-design concept is proposed. Conway’s
Law, which provides the basis for this concept, is currently the focus of attention.



Conway described this situation within the framework of graph theory, using quasi-isomorphisms of graphs.
At the same time, he pointed out the importance of hierarchy.

It is difficult to describe the structure, including the hierarchy, within the framework of graph theory used
by Conway, and we have not been able to express the phenomenon he captured in mathematics. Therefore,
we proposed a more sophisticated mathematical modeling by introducing several mathematical tools [2].

This presentation is based on joint work with Shosuke Omori, Kenji Hiranabe, and Eiichi Hanyuda.
[1] M. E. Conway How Do Committees Invent?, Datamation magazine, Thompson Publications, Inc. 1968.

[2] S. Matsutani, S. Ohmori, K. Hiranabe, E. Hanyuda Conway’ s law, revised from a mathematical
viewpoint, arXiv:2311.10475
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Kenji Hiranabe (ESM, Inc) (Conway’s law and Agile software development, parallelism found in product
and its producing social structure)
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As the business environment changes so fast and becomes turbulent, most of the business innovations are
now relying on software centric. Now Agile is the key concept of software engineering, moving its main
focus from the software structure to the social (team) structure which produces the softwaret. T will start
with software engineering concepts and show parallelism in the social (Agile) concepts, and the motivation
for applying Conway’s law.
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In the modern era, software has become a source of competitive advantage, making it critically important
for organizations to deliver value to customers quickly and frequently. However, achieving this can be
difficult with inappropriate team structures. Team Topologies is a model that leverages Conway’s Law
to design team structures that enable frequent value delivery. In this session, I'm going to provide an
overview of Team Topologies.



