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Hypersequential Programming

— A Novel Paradigm for Concurrent Programming —

Naoshi Uchihira Hideji Kawata Toshibumi Seki Shinichi Honiden

Systems & Software Engineering Laboratory,
Research & Development Center, Toshiba Corporation
70, Yanagi-cho, Saiwai-ku, Kawasaki-shi, Kanagawa, 210 Japan

This paper proposes hypersequential programming which is a novel paradigm for concurrent program-
ming to ease the difficulty of concurrent programming and make the concurrent program highly reliable.
The difficulty of concurrent programming is due mainly to its nondeterminism; nondeterminism being
the purpose of the concurrent program. We classify nondeterminism into 3 types: intended, harmful,
and persistent nondeterminism. In traditional concurrent programming, a programmer first designs and
implements programs so as to maximize concurrency, which may include the 3 types of nondeterminism.
He then tries to detect harmful nondeterministic behaviors by testing and debugs them. However, it is
actually very hard to remove all harmful nondeterministic behavior. On the contrary, in hypersequential
programming the concurrent program is first serialized to remove all types of nondeterminism, and then
the programmer tests and debugs it as a sequential program. Finally, it is parallelized by restoring only
intended and persistent nondeterminism. With hypersequential programming, a highly-reliable concur-
rent program can be developed because the injection of harmful nondeterminism is precluded. This paper
shows the generic concept and embodiments of hypersequential programming.
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vead ml: status2 := NG ;

12: if seat.read = FREE then m2: if seat.read = FREE then
13: seat.write(OCCUPIED) ; m3: seat.write(QCCUPIED) ;
4: statusl = OK; m4: status? :=O0K;

end if ; endif;
15: terminate ; m5: terminate ;

P1 l:statust :=NG;

write write
seat

I status‘lj [(In.itia].ly, seat := FREE) l I statusZI
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#E: status; = OK, status; = NG.
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#E: status; = NG, status; = OK.
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#E: status; = OK, status; = OK.
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¥R status; = OK, status; = NG.

. 05=m1—>11—b12—‘13—014—*15—)m2—’m5

#2: status; = OK, status; = NG.
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