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Outline
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 Gidi thieu BDD
« Tinh chat BDD, toan tir bu, cofactor, canh dao trén BDD
« Toan t&r APPLY, Multiplexor-based network



Cay quyét dinh nhi phan th tu

« OBDD (Order Binary DeC|S|on Dlagram)
— La mdt dd thi khéng cé chu trinh.
— Dinh terminal biéu dién bang hinh vudng.
— Dinh nonterminal biéu dién bang hinh tron.
— Pinh con low duoc tré dén béi canh 0.
— Dinh con high dwoc trd dén béi canh 1.
« OBDD biéu dién OFF-set va ON-set clia mot
ham dw®i dang cac cover tach biét nhau.

— M@&i cube cla cover: dwdng tlr dinh goc dén dinh
terminal cua cay.



Cay quyét dinh nhi phan th tu

 Tht tw a=1, b=2



Cay quyét dinh nhi phan th tu

f=ab + c

« Thortwa=1,b=2,c=3 Thrtwc=1,a=2,b=3



Khai tri€n Shannon

| .

« Khai trién Shannon ctia ham F
F(x, Yy, z) = Xx.Fy,+ Xx.F,
« Khai trién Shannon la chuan tac
— Cho mot ham F va mdét bién x trong ham F, phan phu
dai sO F, va F, la don dinh
* Dinh nghia khong hinh thirc cho BDD

— Khai trién Shannon duoc ap dung de quy tréen ham va
cac phan phu dai sd cua no

— M6t node mai sé dwoc thém vao & moi khai trién
Shannon

— Thir tw cac bién la cb dinh trén tat ca cac nhanh
— Rut gon do thi



Xay dung BDD dung
khai tri€én Shannon

F=x3 (x1+x2)

FO = Fl,qup = X2x3
F1=Fl 4 = X3

FO = x2x3

FOO|,,., = 0
FO1|,,., = x3
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Xay dung BDD tir bang thuc tri

- = T |
— «— QO |O
- O ~ |+~
— O O O
o o~ v |
o — O o
o o o — |O
o o o o
X ® x|




Rut gon OBDD

Quy tac 1: Nhap céc Quy tac 2: Loai bo cac
dinh dang cau node trung gian du thira
LY

R N Y \



Cac dinh nghia

-l-lﬁ - i1

. Dang cau (isomorphism): 2 OBDD G1 va G2 gol
la dang cau néu ton tai mot ham anh xa 1-1 o tw
tap cac dinh cua G1 sang tap cac dinh cua G2
sao cho v&i bat ky dinh v, néu o (v) = w thi
— v va w la cac dinh terminal v&i value(v) = value(w)

— hoac v va w la cac dinh nonterminal v&i index(v) =
index(w)

« o (low(v)) = low(w)

o (high(v)) = high(w)

10






Vi du(tt)

Cay quyét dinh

Node dang cau

ROBDD
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Cac dinh nghia

b A 3] =%
- Mot OBDD G 1a rut gon (reduced) néu né

— Khoéng chtra dinh v nao vai low(v) = high(v)

= Wi

— Khéng chtra hai dinh v, w ndo ma do thj con c6 dinh goc 1a v va
w la dang cau.
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Reduction: OBDD - ROBDD




Mach tuong duong st dung ROBDD

| h = @il

* Phwong phap kiém tra suw twong duo’ng gitra hai mach luar
ly 2 hay nhiéu mirc

» Lwa chon tht tw gibng nhau cho cac ngd nhap co ban
clia 2 mach

 Xay dwng ROBDD cho cac ngd xuat co ban cta 2 mach

« Kiém tra tinh dang cau ctia 2 ROBDD da xay dwng dé
xac dinh sw twong dwong cua 2 mach
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Anh hudng cta th tuv bién

* Viéc thay (1’0| thtr tw cua cac blen se anh huo’ng dén kich
thwédc cua ROBDD

¢ = (x1 < y1) A (x2 & y2)
x1<y1<x2<y2 X1<x2<y1<y2
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Anh hudng cta th tuv bién

i A i

¢= (al & bl)A (a2 <= b2) N\ (a3 < b3)
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Linear size Exponential size
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Bu (Complement)

- =T

* Bu cua mbt OBDD: thay thé céac dinh termlnal bdi cac
dinh cé gia tri ngwoc

e Dinh 0 — dinh 1
e Pinh1 —>dinh O

Bu

F=x2.x3 F'=(x2.x3)'
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Cofactor

| . e

» Cofactor cia ROBDD ddi v&i bién x.

« Thay thé tat ca cac dinh v véi index(v) = i bang high(v)
» Cofactor cia ROBDD ddi v&i bién x'

« Thay thé tat ca cac dinh v véi index(v) = i bang low(v)
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Cofactor

* Thay thé tat ca cac dinh v voi 1ndeX(V) = i bang high(v)

A G iIEEE—E

Cofactor

theo §3

F=x3(x1+x2) F ,=x1+x2
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Cofactor

» Thay thé tat ca cac dinh v vdi index(v) = i bang low(v)
: A G iIERE e

Cofactor
theo b1;

> —

=a,b

F = a1b1 v aZbZ Fb'1 272



Cai tién ROBDD

R | . = i

« Canh dao

« St dung khi ham F va cac thanh phan bu cta ham F
dwoc dung dé hinh thanh mét ham méi

. Tiét kiém bd nhé, thoi gian thao tac trén do thi
« Tranh dw thtra cac dinh trong cau tric ROBDD
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Canh dao

F=abx+a.y+bly

e =abx+ (aw- i

e
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Toan to APPLY

| b = i

. Toan tir APPLY(F,G)
« Dai dién cho toan t&r 2 ngoi bat ki (AND, OR, XOR...)
e Toan t&r co’ ban ho tro’ thao tac trén cau tric ROBDD
« Ap dung truc tiép trén ROBDD

 Toan tr APPLY duwoc tinh mot cach dé qui

APPLY(F,,G,) = X;.APPLY (Fpignw): Ghighwy) + X'i-APPLY (Fiowwy Groww))
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Toan t&* APPLY — Giai thuat thuc hién

i BF 1T S Ul aE i

. Do phtrc tap ham mi theo sb bién ngd nhap
 M@i lan goi APPLY cho dinh nonterminal: goi 2 lan dé qui
» 2 phwong phap tinh ché
» Ap dung céac trworng hop dac biét
* Tao bang lwu trir cac node da tao trwdc do
. D6 phirc tap: O(|G1].|G2])
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Toan t&* APPLY — Giai thuat thuc hién

APPLY(Fv, Gw) {
if ( IsAlreadyComputed( Fv, Gw) ) return result

if ( value(v)€{0,1} && value(w)€{0,1} )
u= newNode( value(u) = value(v) <OP> value(w) )
if (index(v) = index(w)= i)
u= newNode(index(u) = i, APPLY( low(v),low(w) ), APPLY(

high(v),high(w) ) )
else if ( index(v) =i && index(w) > i)
u= newNode( index(u) =i, APPLY(low(v),w), APPLY (high(v), w)))
else if (index(v) > i && index(w) = i)
u= newNode( index(u) =i, APPLY(v,low(w)), APPLY(v,high(w)))
InsertComputed( Fv, Gw, u )
return u
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Toan t& APPLY - Vi du

F=aANDc
ar‘g
AND

iy By

1
a2 G2 c3 (a2,c1) (a3,c2) (a3,c3)

. APPLY(a1,c1)
. APPLY(a2,c1)
. APPLY(a2,c2)=0, APPLY(a2,c3)=0
. APPLY(a3,c1)
. APPLY(a3,c2)=0, APPLY(a3,c3)=1
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Toan t& APPLY - Vi du

F=ac+bc+d G=ac’+d F+G =7
A, B, + APPLY(A1, B1)
- APPLY(A2, B2)
0 1 1 APPLY (A3, B2)
- APPLY(A4, B3)=0
Az.%Aﬁ 0 B. — APPLY(A5, B4) = 1
+ . APPLY(A6, B2)
0 0 . - APPLY(A3, B2)

l/

A, _
| « APPLY(A5, B3) = 1
0\ . APLLY(A5, B4) = 1
0 — APPLY(A6, B5)
B3 B i - APPLY(A3, B4)

. APPLY(A5, B2)



Toan t& APPLY - Vi du

A,.B,




Toan t& APPLY - Vi du

AlﬂBl A15B1

a
N\ %
A,,B, AR AZ,BZ. 1
) 1\A6,32 675 Reduce \

> AB, a
AssB%&As,Bzol @ Ry

O/
1

A,.B, A.B, A,.B, A.B,
F=ac+bc+d G=ac’+d F+G=a+bc +d

e, ® = 9 @ \AB
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Mang Multiplexor-based

“7M6i multiplexor hién thyc cho ham luan ly

f=x.p+ X.Q
 Mang multiplexor-based

 Thanh phan co ban la cac mulitplexor

» lién hé truc tiép voi BDD va twong dwong voi
ham luan ly biéu dién béi BDD

p

[ o
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Mang Multiplexor-based

= i

 Mang Multlplexor-based n duwoc suy ra tw BDD G
dwa trén phép bién dbi sau:

« Néu low(v) va high(v) Ia cac dinh nonterminal:
thay thé v bang multiplexor hai ngd nhap twong
rng voli ham

f e index(v)- 1:Iow(v) s Xindex(v)'fhigh(v)

« Néu low(v) hoac high(v) la cac dinh terminal: thay

thé v bang cac ham don gian hoa twong rng
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Mang Multiplexor-based

Mach 2 muc

»
2= P»
= -

il Wi

BDD twong wng
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Mang Multiplexor-based

o

N G

>
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* Pinhb
* low(b)=FO0
* high(b) = F1

Multiplexor thay thé cho dinh b

f=b.FO + b.F1
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Mang Multiplexor-based

>

 Dinh a
* low(a)=—c
* high(a) =1
Multiplexor thay thé cho dinh a
f=a foua * @fhighe =Ct+a
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Mang Multiplexor-based

>

 Dinhc
* low(c) va high(c) la terminal
Multiplexor thay thé cho dinh cla ¢’
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Thank you
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