Crash course — Verification of Finite Automata
Binary Decision Diagrams

Xiaoxi He

1 .=5:5:;:;:;:;:;:;:5:5:

Eldgendssische Technische Hochschule Ziirich Technische Informatik und Kommunikationsnetze
Swiss Federal Institute of Technology 2urich Computer Engineering and Networks



Equivalence of representations
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Equivalence of representations
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Binary encoding:
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— Map a state to a binary expression
— Bijective mapping!
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Equivalence of representations
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— Map a state to a binary expression
— Bijective mapping!

4

‘ormatik und Kommunikationsnetze
puter Engineering and Networks



Equivalence of representations
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Binary Decision Diagrams

Based on the Boole-Shannon decomposition:

f:f'f|:c=O —|_x'f’x:1

T L

Boolean function of n and (n — 1) variables

— For a given order of variable, the decomposition is unique!
— Hence the uniqueness of R(reduced)O(rdered)BDD.

Reminder:

. ] o (a; A b))V
In practice, simplicity (ay 7 by
of BDD depends (as 1 by)

strongly on the order.

VS. Bad ordering
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Binary Decision Diagrams: an example

fixg + X%, + 35 %
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Binary Decision Diagrams: an example

fixg + X%, + 35 %

(%)
Fallx; =0
flag=01%2 + X2 X3

s (%)

’ .=5:5:;:;:;:;:;:;:5:5:

Eldgendssische Technische Hochschule Ziirich Technische Informatik und Kommunikationsnetze
Swiss Federal Institute of Technology 2urich Computer Engineering and Networks



Binary Decision Diagrams:

fixg + X%, + 35 %

Fallx; =0
fix,=0: X2 + X3 X3
Fall Xy = 0

flx1=0,x,=0 X3
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Binary Decision Diagrams:

fixg + X%, + 35 %

Fallx; =0

fix =0 X2 + X2 X3

Fall x, =0
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Binary Decision Diagrams:

fixg + X%, + 35 %

Fallx; =0

fix =0 X2 + X2 X3

Fall Xy = 0

flx1=0,x,=0 X3

Fall x, = 1
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Binary Decision Diagrams: an example

fixg + X%, + 35 %

Fallx; =0
fix,=0: X2 + X3 X3
Fall Xy = 0

f|x1=0, x,=0+ X3

Fallx, =1
f|x1=0, x,=1" 1 f|x1=0, X2=0 X3

Fallx; =1
=D o
= 1
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Crash course — Verification of Finite Automata
Binary Decision Diagrams

Your turn !
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Ex1: Sets Representation

“Each state is either a nominal or an error state or both".

_—X

= NUE=X <& uvy+uvg=1
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Ex1: Sets Representation

“If a state is in the overflow set, it is not a nominal state".

_—X

= NNO=0) & N o =0

But note it is not necessarily true !!
Although you would like it to be...
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Ex1: Sets Representation

Describe Q1, the set of error states which are not an overflow, in term of sets and

characteristic functions.

O

= Q1 = E\O
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Q1
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Ex1: Sets Representation

= Describe Q2, satisfying "O = E", i.e., the set of state for which this property holds, in
term of sets and characteristic functions.

_—X

Is that correct ?
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Ex1: Sets Representation

= Describe Q2, satisfying "O = E", i.e., the set of state for which this property holds, in
term of sets and characteristic functions.

_— X
7.
Z7 Is that correct? No!
- What if a state is not in O?
Property is always true!
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Ex1: Sets Representation

= Describe Q2, satisfying "O = E", i.e., the set of state for which this property holds, in
term of sets and characteristic functions.

X
0 Aé/
2 Q2 % Is that correct? No!
- What if a state is not in O?
Property is always true!
= Q= (ONE)UO =(0OUO)N(EUO)
= XN(EUO) | | o
—FUO < Yy = VE T VO
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Ex2.1 Verication using BDDs

— Y

VIVIY
CT > 1p—

a) foiy=ux1+ax9+23+x1+7T3 +7T3+T] + T+ I3

ETH

Eldgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

20

Technische Informatik und Kommunikationsnetze
Computer Engineering and Networks



Ex2.1 Verication using BDDs

)

f1: (2172 + w123 + To2ws + T122T3
Fall x4 = 0
Yjzy=0 = T2L3 + LT3 5
Fall 9 =0
Y|z1=0,20=0 = L3
Fall x5 =1
Y)z1=0,z0=1 = L3
Fall 1 =1
Y|zy=1 = L2 + T3 + T2T3
Fall o =0
Yzi=1,x0=0 — 1
Fall 15 =1

Yz1=1,20=1 = L3
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Ex2.1 Verication using BDDs

foiy=ux1+ax9o+ a3+ 21 +7To+7T3+T7 +Ty+ 23

Fall z1 =0
Yyzi=0 = Io+ I3+ T + T3
Fall 5 =0
Y|z1=0,20=0 = L3 +1+T3 =13
Fall 1o = 1

Fall 159 = 0
Yoy =1,00=0 = 1
Fall 1o =1

y|I1:l:IQ:1
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Ex2.2 BDDs with respect to different orderings

9(1-71:432;y1; '9’2) — (;If]_ = yl) ’ ('*{:2 = yﬁ} , II: I < Lo < 1 < Yo

a) g=ri{z2[y1(y2) +71(0)] +T2[y1(y2) +71(0)]}
+Ti{w2(y1(0) + 71 (y2)] +Z2(y1(0) +71(W2) }

b)
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Ex2.2 BDDs with respect to different orderings
Q(J-'lg'tHQ;yl:yQ) = (;Ifl = yl) . (;I?Q = yg) , I - r <y < xr2 < Y2

c) 9=xi{y1|[r2(y2) + T2(y2)] + y1[0]}
+ T1{y1 (0] + Uilwe(y2) + T2(V2)] }

Better ordering:
6 vs. 9 nodes
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