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Reducing Decision Trees [

Two ways of simplifying decision trees: |
1. Identify and share identical subtrees./

2. Remove nodes whose left and right |
child nodes are identical. |

Results in a Reduced Ordered Binary |
Decision Diagram (OBDD).

/
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Representing Boolean Functions
Truth table:
Formula: ST
(@0c) O(b= d)
Normal forms:. § i
(alc) O(-b0Od) 1
(@0-b)0@Od 0 [t
(cO=-b)O(cOd) N

1

1
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Ordered Binary Decision Diagram

@0 O(b=d

e
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Binary Decision Tree

@
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(alc) O(b= d)

Properties [

Storage Efficiency ‘
Many common Boolean functions have ‘
small OBDD representations. ‘w

Canonicity ‘
If the order in which the variables are tested |

is fixed, then there exists only one OBDD |
for each Boolean formula.
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The Variable Ordering ‘ Tautology Checking Using OBDDs |

On every branch in an OBDD, the To check whether a formula ¢ |
is a tautology, i.e., true for all |

variables must be tested in the same
truth assignments: |

order, e.g.,
1. Compute the OBDD for ¢. |

Different variable orderings yield | 2. Compare it to the OBDD |

different OBDDs. | representing true. |

a<b<c<d
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Operations on OBDDs

Ordered Binary Decision Diagram

@ (@dc)d(b=d) * Comparison
Two OBDDs represent the same function

By recursive algorithms ...

© THE UNIVERSITY OF WAIKATO + TE WHARE WANANGA O WAIKATO

a<c<b<d if and only if they are identical. ‘
| 0 * Negation
'. J To obtain an OBDD for ~¢ from an OBDD
| @ " for ¢, just swap its O-leaf and its 1-leaf.

» Conjunction, Disjunction, efc. |
(0]
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| Conjunction of OBDDs (1)

Base cases:

Find OBDDs for the Boolean formula | fOfase=fase |

X = y) O = ¥p) O(X3 = ¥a) A 0 = @ |
using two different variable orderings: | |
a) X, <X <X <Y; <Y, <V, fOtrue=f
D) X <Y1 <X <Y, <X <Y, g ] :

Exercise

[oF-
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Conjunction of OBDDs (2) ‘

Sdn

/@ AN
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Implementation Issues [

Node hash table

Nodes are uniquely identified by

= variable number

= right and left subtrees
and stored in a hash table for quick look-up.

Caching

Store intermediate results of OBDD operations foﬁ
some time, so repeated operations can be done |

quickly.
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Conjunction of OBDDs (3)

f,0g f,0g

OBDD Packages

CuDD |
http://vlsi.col orado. edu/ ~f abi o

Buddy |
htt p:// buddy. sour cef or ge. net

JDD (pure Java) [
http://javaddlib. sourceforge. net
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Exercise
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Representing Automata with OBDDs |

© THE UNIVERSITY OF WAIKATO « TE WHARE WANANGA O WAIKATO

COMP424/524-06A I-15 ~ Slide 18



Representing States g
J
O | Yon | Tm | Os | Y5 | Ts |Te€q ‘
oloJoli]olo[1]0 Q Om fs FEQ
1l1]ofololol1]0 ‘
2[1ofofofo[1][1] ‘
3lof1fofofof1]1 ‘
4lofof1]ofo]1]1
5|lofo[1[1]o]o0]1 O 0y, 01, O
6lofo[1]o]1]0]1
7lolol1]olol1]1]l 0,0y, Or Oreq
g8lofo[1[1]o]o]o0 ‘
9lofof1]ol1]0]0 |
10lolol1]olol1]0 )
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Representing Transitions g

Primed variables
r.r —>( 4 ) e T
m SO m s | or next statej

Current State Next State “

O | Y| "m | Os| ¥s | 's |req 9| Ym| "m| 95| ¥s| Vs |req]|

0/0|0]1|0]0]1]0|1]|1]0|0]|0O]0O|1]O0]
0/0|0]1/0|0|21]/0f4]|0]|0|1]0]0O|1 1
1]1]1/]0]0|]0]0|2)0|2|21|0]j]0]0O]JO]1 )1
2/1]/0]ojoJo|1]a]|3]|0f1]o0o]0]O0|2] 1]
3/0/1]0/0]0O|1]1|4]|0]|0|J1]0]0O|1]1
i

_'gml:l_'ymDrmD_'gsD_'ysDrsD_'req|:J |
_'g'mD_'YmDr'mD_'g'sD_'y'sDr'sDrecli /
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Representing States [

(2 g 1o reg

gmlzl_'ymD_'rmD
-0, Uy, Ur Oreq
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Representing NuSMV Code |

Translated
into an OBDD
{straight, curved}| With variables
= toggle

= straight

MODULE swi t ch(toggl e)

VAR
state:

ASSI GN
init(state)

next (state) . A
't oggl state; Stra]ght

state = straight: curved, |
state curved: straight;
esac; ‘

straight’
case

@
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Representing State Sets g
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Reading |

Bérard et. al.: |

Chapter 4 — |
Symbolic Model Checking
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