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Abstract—We consider a model of computation for discrete functions—Ordered Binary Decision
Diagrams (OBDD). We investigate comparative complexity of quantum, deterministic, probabilistic
and nondeterministic (quantum and classical) OBDDs for total and partial functions. The measure
of complexity is a width of OBDD. It is known that for total functions bounded error quantum
OBDDs can be exponentially more effective than deterministic and bounded error probabilistic
OBDDs. We show that such quantum OBDDs also can be exponentially more effective than
nondeterministic OBDDs (both quantum and classical). For partial functions the gap can be more
significant. For partial function depending on a parameter &k exact quantum OBDD has the width
two. Deterministic and bounded error probabilistic OBDD for this function must have a width
exponentially depending on k.
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INTRODUCTION

Quantum computation is an intensively developing area of investigations since the end of the 20th
century. In the 80-s it was suggested an idea about possible use of effects of quantum mechanics in
computations [1, 2]. Since then quantum analogs of classical computational models, such as automata,
circuits, branching programs and others, were defined and are intensively explored. Similarly to classical
complexity classes, on the base of quantum computational models, complexity classes were defined and
the main relations between them were shown [3].

Animportant direction of investigation in this area is finding the problems, which are hard for classical
computational models, but can be effectively solved on quantum models. Notable examples of such tasks
are Shor’s polynomial algorithm for integer factorization and Grover’s quantum algorithm for unsorted
database search, which were already became folkloric. [4, 5].

Animportant direction of investigations in the area of quantum computation is comparative complex-
ity analysis of task solutions using classical models and their quantum analogs. Branching Programs
(BP) is a known model for computation of Boolean functions [6]. It is known that logarithm of the
complexity of a branching program corresponds to the space complexity of Turing machine, and maximal
length of a computational path does to the time complexity. In this work we consider a restricted model
of branching programs, Ordered Binary Decision Diagrams (OBDD). OBDD is a branching program,
where on each computational path variables are tested at most once in the same order. Since the length
of OBDD does not exceed the length of an input, a natural complexity measure for this model is a
“width”.

Quantum analog of BP was defined in [7]. This model was determined as a sequence of unitary
evolutions of a quantum system with final measurement as a procedure of extracting a result of a
computation. A known model of permutation branching programs considered in [8] is a particular case
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