Representing integer
multiplication using BDDs




What is a BDD?

Can be defined and understood In different ways

Only one description given here



BDD explaineo

A BDD is a directed acyclic graph, drawn from top
to bottom




BDD explaineo

-very node can have two outgoing edges,
the 0-edge and the 1-edge




BDD explaineo

Nodes are arranged in horizontal levels
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BDD explaineo

Only one node on highest and lowest levels

(J ———  Top node,
; ...... source node




BDD explaineo

Linear combination of variables associated
with each level, except bottom level

X1+ X5 @ 9




BDD Examples




BDD examples

0 x1 4+ x5+ x4

x0

220 4+ x 1+ x5+ xd+ x>

x1 + x2

x0 + x2+ x3

X2 + X3

6, x0 + 21+ x2+ x4




0oxT «x3+ x4

2.x0 4+ x4+ x3+ x4+ x5

3.xl = X2+ xd+ x5

5.0+ x2+x3+ x4




Assigning values

Values In path assigned to linear
combinations assoclated with levels

Xo=O

X1+ Xo =1

x0 + x24+ x3 “‘ X0 + X2 + X3 = O

X2+X3:O




INnteger multiplication
as BDD

How to construct multiplication BDD?



N, p and g In binary

« RSA modulus N=pg

®* P=Pn-1Pn-2... P2P1P0O




Multiplication

@2 O @) (Pn1 ... P2 D1 Do)
Poq2 | Pod41 | Po4o
P1q1 | Piqo
P2qo

o R A R R

2N-2 n+1 N Nn-1 21110

Column k consists of all terms pig; where 1+]=k

Column k contributes 2 pig; to the value of I\



Building multiplication BDD

e BDD built column by column, starting with
column O

e One level of nodes constructed from each
variable pi, gj appearing in column k

— ) i —
—- - —




Column O

N=...011




Column 1

N=...011




Column 2 n-.o11




Column k

...................................... V+2k V+t*2k




Column 2n-2

...................................... V+ 22ﬂ-2

V+(t+1)*220-2



WO 8-bit numbers
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General properties of
multiplication-BDD

 BDD for n-bit numbers p and g has:

e 2n different variables




Using BDD for
factoring

How to find values of p and g”



Finding Isb’s of p and g

« When N is odd, top of Do
BDD will always be

The two top levels




Finding Isb’s of p and g

Gives p1=Qs

Replace g1 with p+
on all levels

Depending on value of N, some more linear
equations can be extracted from top of BDD




sSwapping levels

* There exists an algorithm for swapping adjacent levels




ADsorbing dependency

* [wo adjacent levels with equal variables can be merged




Factoring algorithm

* Repeat until each pi, g; only occurs once In
whole BDD:

e Swap levels repeatedly such that two adjacent
levels get equal variables
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Factoring larger numbers?

—XPerl
algorit
maxim

ments show that simple swap-and-merge
"M has comp

um number of nodes in B

exity ~ /N = 21, measured as

D

D during solving




All levels with ps mergead
and-moved to the top




All levels with g7

merged and
moved to the top




