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i In past researches, some constructions for combinatorial objects such as
designs, graphs and codes have been presented based on finite geometry of small dimension and

cyclotomy of small index over finite fields. However, because of the difficulty of computations of
the size of hyperplane sections and Gauss sums, the classes of such objects found before has been
limited. In this research, we found new approaches to treat geometric objects of large dimension and
compute Gauss sums of large index using a combination of actions of finite groups and field
extensions. In particular, we succeeded to give new families of skew Hadamard difference sets
inequivalent to known ones, skew Hadamard difference families with new parameters, Hadamard matrices
of new order, and new strongly regular graphs based on three-valued Gauss periods. Thus, we
generalized known construction theories for designs, graphs and codes over finite fields.
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