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ABSTRACT

In complex systems, design elements have many dependencies that are classified into two types:
dependencies within modules and dependencies among modules. Since dependencies among modules
affect the division of labor more directly than those within modules, an architectural change, that is, the
change in forms of dependencies among modules, makes big changes in the forms of division of labor.

Many case studies examined the impact of architectural changes through design evolution of complex
systems. They demonstrated that an architectural change leads to structural change in the industry and
causes established firms to be overwhelmed by new ones.

However, little is known about what actually happens in a complex system during architectural
changes due to the lack of operational method and measurement of dynamic processes. This study
develops an architecture index calculated from dependencies among modules to determine the pattern of
dynamic process. Using the architecture indexes of 19 versions of a software application, we investigate
the dynamic process during design evolution. As a result, we found three points as below.

i) The architecture of the software application does not change monotonously but swings back and
forth between integral and modular during design evolution. These architectural swings are observed at
any levels in the hierarchy of the software application. The previous studies emphasizing architectural
change from integral straight to modular oversimplify the observed dynamic process.

ii) Many small and continuous changes happen at the lower levels while several big and unexpected
changes happen at the upper levels. The difference of dynamic patterns between the lower and upper
levels can cause the absence of organizational recognition: An organization that cares only about changes
at lower level can ignore a big change at upper level.

iii) The architectural changes at the upper level correlate negatively with those at the lower level. For
example, the architecture at the upper level goes to integral if the architecture at the lower level goes to
modular. This finding suggests that complex systems can produce organizational misunderstandings that
harm organizational adjustment: Organizations can misunderstand to adjust their structures according to
architectural changes that have opposing trends at the upper and lower levels.

Keywords : complex system, architectural change, design evolution, integral and modular, architecture
index
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