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2) the construction of a new non-terminal ifd-node is based on the selection of two or three variables xi, xj 
and xk , and a Boolean function c from the set x x x x x x x xi j i k i j i k∧ ∨ ¬ ∧ ∧ ⊕ …{ }, , ,  including numerous 
modifications of the set’s functions obtained by replacing positive literals with negative literals in various 
combinations;

3) the selection of a preferable expansion and one or more sub-diagrams is carried out for the chosen c func-
tion. The selection depends on the expansion properties and sub-diagram features associated with their ability 
of further diagram reduction;

4) the introduction of new ifd-nodes and applying the selected expansion to selected sub-diagrams give 
a new intermediate IFD;

5) the application of reduction rules to the current IFD gives a next-step IFD of decreased size and depth;
6) the diagram step-wise transformation is over if no expansion and sub-diagram have been found improving 

the IFD parameters.
Let demonstrate how the technique works on the example ROBDD depicted in fig. 4, b, which is imme-

diately transformed to a non-reduced initial IFD depicted in fig. 7, a.

First observe that the sub-diagram consisting of non-terminal nodes 2 and 4 (node numbering in fig. 4, b) 
can be represented by a term t ifd x ifd x t t ifd x t2 2 1 6 6 1 61= ( ) ( )( ), , , , , , , where t2 and t6 are sub-diagrams on 
nodes 2 and 6 respectively. Let construct function c = ¬ x2 ∧ x1 that selects constant 1 in the term and re-
writes (24) to (26):
 f c f c x f x fx x x x x= ∧ ∨ ¬ ∧ ¬ ∧ ∨ ∧( )= = = = =2 1 2 1 20 1 2 0 0 2 1, , .  (26)

Expansion (26) allows grouping identical nodes in such a way that the IFD is reduced significantly. 
Its application to t2 gives ifd ifd x x ifd x ifd x t t t2 1 2 1 6 6 60 1, , , , , , , , ,( ) ( )( )( )  which can be reduced to IFD2 2 1 60 1= ( )( )ifd ifd x x t, , , ,

IFD2 2 1 60 1= ( )( )ifd ifd x x t, , , ,  using the S reduction rule twice. Similarly, the sub-diagram consisting of 
non-terminal nodes 3 and 5 is represented as t ifd x ifd x t3 2 1 60 0= ( )( ), , , , . Applying expansion (26) to t3 
gives ifd ifd x x t ifd x ifd x2 1 6 2 10 0 0 0, , , , , , , , ,( ) ( )( )( )  which is reduced by the S reduction rule to IFD3 2 1 60 0= ( )( )ifd ifd x x t, , , , .

IFD3 2 1 60 0= ( )( )ifd ifd x x t, , , , .

Merging the initial IFD root with IFD2 and IFD3 yields an intermediate IFD depicted in fig. 7, b. Its size is 4 
non-terminal nodes, one less against the IFD shown in fig. 7, a. Since the outgoing if-edges of nodes 1, 2 and 3 
point two variables x3 and z, and the high-edge of node 2 and the low-edge of node 3 point the same variable x0, 
it is reasonable to apply expansion (25) to the IFD using c = z ⊕ x3. Term ifd z ifd z x ifd z x¬ ( ) ( )( ), , , , , ,0 00 1  
describes the cofactor fx z3 = ¬ . It can be reduced to ifd z z¬( ) =, , .0 1  Term ifd z ifd z x ifd z x, , , , , ,0 00 1( ) ( )( ) de-
scribes the cofactor fx z3 = . It can be reduced to ifd z x x x, , .0 0 0( ) =  Merging the diagrams that represent function 
c = z ⊕ x3, cofactor fx z3 = ¬  and cofactor fx z3 =  gives the final optimised IFD depicted in fig. 7, c. The diagram 
size is 3 non-terminal nodes, 2 nodes less than the size of the initial IFD shown in fig. 7, a. 

Fig. 7. Transforming example ROBDD to IFD:  
a – initial IFD (1–5 denote the diagram node numbers);  

b – intermediate IFD (1–3 denote the diagram node numbers; z is a function associated with the node);  
c – minimised IFD (1–3 denote the diagram node numbers; dash line denotes complement edge)


