‘Build Reduced OBDDs Directly from a Circuit'

f = abc + be

Build Trivial ROBDDs for a, b, c

Build ROBDD for abc from ROBDDs for a,b and c
Operate on GRAPHs of a,b and ¢ and get ROBDD for abc!
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‘BDDS as Multi-Rooted DAGSI

e Ckt w/ 2 Outputs: f1 = abc, f2 = bc

f1

DdNode *f2

Share Functions on the
same ROBDD structure




‘The ROBDD Manager'

Objective: Create ROBDD package as a software library

Create a “global” manager that:
Allows global access to any node in the ROBDD
Keeps statistical info of the number of BDD nodes
Keeps a pointers to terminal nodes 0 & 1
Keeps a record of the number of BDD vars (via levels)

Maintains the uniform variable order

Use the same manager for all ROBDDs (Multi-rooted BDDs)

Maintain CANONICAL form using: ITE operator, OBDD

Reduce operations, symbol table implemented as a unique table




First Learn the ITE Operator.

o Let Z=ITE(f,g,h)=f-g+ f -h
e Let an ROBDD w/ top-node = v compute a function = Z

e Apply Shannon’s expansion on Z w.r.t. v

Z ’UZU + U,Zv’
v(ite(f,g,h))s + v (ite(f, g, h))v

v(fg+ f'h)e + V' (fg+ fh)w

v(fogo + foho) + V' (forgo + firhor)
ite(v, (fogo + fohw), (forgor + forhor))
ite(v, ite( fo, gu, ho), ite(for, Gurs hyr))
v -ite(fy, gu, hy) + 0" - ite(for, gor, o)

e Apply ITE at top node — Apply ITE to its co-factors!




Significance of the ITE Operator'

o Let Z=ITE(f,g,h)=f-g+ f -h
e Apply ITE at top node — Apply ITE to its co-factors!

/ VZy + V' 2y

v(ite(f,g,h))o + V' (ite(f, g, k)
P - ite(f,u, Gu, hv) + ’U/ : ite(fvl’g,vl, hvl)

f g h
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Create ROBDD for Z = ITE(f, g, h)
==> Create ROBDD for Z = fg + f’h

Z

-
Ite(fy* gy’ hy?) Q Ite(fy gy hy)
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Boolean Computations and ITEI

Compute f - g using ITE operation

ITE(f,9,0)=f-g+0=f-g
Compute f+g: ITE(_,__,_)=f+g
Compute f®@g=ITE(__,__,_)=f-¢+f g

Compute any and all functions using ITE




‘Build ROBDD using ITEI

f=a,9g=bh=0and a-b=ITE(f,g,0)
Var order (in the same BDD Manager) = a=0, b=1, ¢=2

Z=v- ite(fvagvahv) + v Z.te(vag’U"h’U')

v = variable associated w/ topmost nodes among f,g,h (= a)

f=a Z =ITE(f, g, h)

g:b %
///@ ///
/ ITE(fy> g, h ) ITE(f g, hy )

1

f=a;g=b;h=0andv=a

MTE(y> gy M) =ITE@y, by 00') =TTE( |




Build ROBDD using ITE (Contd...)

f=a,g=bh=0anda-b=ITE(f,g,0)
Var order (in the same BDD Manager) = a=0, b=1, ¢=2
Z=v- ite(.fvagva hv) + v’ ite(fv’agv’a hv’)

v = variable associated w/ topmost nodes among f,g,h (= a)

f=a Z =ITE(f, g, h)

O

ITE(f |, g, hy )

f=a;g=b;h=0andv=a

ITE(f, g, h ) =ITE(a, by 04 ) =ITE( |,




Implementing a Unique Symbol Table.

Reduce OBDD to create ROBDD:
— Remove redundant nodes (easy)

— Merge isomorphic subgraphs (difficult)

How to identify which subgraph is isomorphic to which other
subgraph?

Check for Graph isomorphism is not easy (remember?)

Solution: Obviate the need to perform isomorphism check!

How? Using a data structure called “Symbol Table”




Implementing a Unique Symbol Table'

e Pick-up any Data-structures book, and read about symbol
tables.




Implementing a Unique Symbol Table.

e For a BDD node, Key(node) = {low(v), v, high(v)}

e This Key is unique: equivalent nodes have the same Key!

f=a Z =1TE(f, g, h)

%:a;g:b;h:Oandv:a

ITE(f , g, hy )=b

Kindex(b) = order = 1
;

0 1 Dd1

Key= {low(v), v, high(v)} = {Dd0, b, Dd1}
Key(g) = { ¥




