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БГУ – столетняя история успеха

If c = xi ⊕ xk , expansion (20) is transformed to expansion (25):
 f c f c fx x x xk i k i

= ∧ ∨ ¬ ∧= ¬ = .  (25)
Expansions (17) – (25) are capable of efficiently solving the problems of reversible and quantum circuit 

modelling, synthesis and optimisation.

If-decision diagrams
The author of works [17–19] proposed the concept of IFD and FIFD that are derived from expansions 

of incompletely specified functions. IFD is a rooted directed acyclic labeled graph consisting of non-termi-
nal and terminal nodes. Semantically a non-terminal node of the graph is interpreted as a representation of 
Boolean function using (17). Figure 6, a, depicts a non-terminal node of IFD, which is not labeled and has three 
outgoing edges if, high and low. Edge if points a sub-graph representing function c. Edge high points a sub-
graph representing function g f c= ( )min . Edge low points a sub-graph representing function h f c= ¬( )min . 
A term ifd c g h, ,( ) denotes the node. A labeled terminal node represents a Boolean constant 0, constant 1, 
variable xi or its negation ¬ xi. IFD can be with or without complement edges. Many reduction rules can 
be applied to IFD. The S and I rules of reducing ROBDD are also applicable to IFD. The rules as follows 
being inapplicable to BDD are new for reducing IFD: ifd c c h ifd c h, , , , ,( ) = ( )1  ifd c c h ifd c h, , , , ,¬( ) = ( )0  
ifd c g c ifd c g, , , , ,( ) = ( )0  ifd c g c ifd c g, , , ,¬( ) = ( )1  and others. A biconditional binary decision diagram that 
is proposed in works [18; 20] is a special case of IFD at c = xi ⊕ xi + 1 and is efficiently applicable to the syn-
thesis of reversible and quantum circuits.

Figure 6, b, depicts a non-terminal node of positive FIFD constructed using expansion (21). The node 
has three outgoing edges if, low and ⊕, which point sub-graphs representing functions c, min f c¬( ) and 
min minf c f c¬( ) ⊕ ( ) respectively. Slightly different negative FIFD is constructed using expansion (22). 
The non-terminal nodes of IFD and FIFD have different views. IFD and FIFD are a promising generalisation 
of BDD and FDD. All BDDs and FDDs including ROBDDs and ROFDDs can be directly modelled by IFDs 
and FIFDs. At the same time, tremendous number of IFD and FIFD configurations exist that are not modelled 
by BDD and FDD. The configurations may allow producing quantum circuit solutions, which overcome those 
provided by BDD and FDD regarding time and cost parameters. IFD and FIFD have three outgoing edges in-
stead of two in BDD and FBDD, therefore their capabilities for parallelisation are much larger [19].

Synthesis of if-decision diagrams  
from binary decision diagrams

Starting from BDD or ROBDD, we ask the question, what could be a method of generating a functionally 
equivalent IFD, which has better parameters? To synthesise an IFD of a smaller size and (or) depth, we have 
developed a method, which intensively exploits the expansions of logic functions proposed in previous sec-
tions. Key points of the method are as follows:

1) the transition from ROBDD to IFD which reduces the diagram size and (or) depth is accomplished by the 
step-wise replacement of nodes with two outgoing edges by nodes with three outgoing edges; the transition is 
carried out by applying the proposed expansions of incompletely and completely specified functions, minimi-
sation operation and reduction rules;

Fig. 6. Non-terminal node of IFD (a) and positive FIFD (b)


