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Topics

= Representing Boclean
functions with Binary
Declakon Dlagrams

= Applicaticn to program

yarification
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Verification Example

int aba[int =1 |
int oSk = Nx>3JLl:

Fraturn (x * mask) + -mask + 1:
1

int cast aba{int x)
ratoure (< 0} 7 -2 ! x;
1

Do these functions produce
identical results?

How could you find out?
How about exhaustive testing™

More Examples

iot QA Y (it =, 1ot yh
{

Taturn x+y:
}

ot adATE (At x,. int ¥
i
raturn y+x:

it mulX¥[{int x, int y]
{

raturn x*y:
}

ipE mal¥YXE[int =, 1ot yh

{
raturn yex:
}

How Can We Verify Programs?

Testing
= Exhaustive tazting not generally raaslble

= Currently, programe only tested ower small fracton of
poszible cases

Formal Yerification
= Mathamatical “proof that code le correct

= Did Pythagoras show that a& + b* = ¢ by basting?




Bit-Level Program Verification

iont akm{inmt =) {

Int pagk = ¥rx31:

raturn (2 C pDask) + -pask + 1
1
20 | bl 2 ]
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= View computar word as 32 separate bit valuse
= Each cufput becomes Ecolean functlon of Inputs

Extracting Boolean Representation

giralght-Line Evaluation
Int BAEOT{int x, inc ¥l
[ X
Eaturn ~(=x & ~y):
I ¥
V1l = =X

int taet RIEOr{int x, int y)

Eaturn x | y:

¥v3 = V1 & w2

I

wa o= =93

Do these functions produce vE
identical results™?

- |f

L = V4 == 75

Tabular Function Representation

L

—— e h
---plll--rlll.!':
—mamamae

BB 1-1-1

= List evary posslbla function valus
Complexity
= Function with n variables

Algebraic Function Representation
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w R X)X+ X)Xy
= Boolaan Algebra
Complexity
= Representation
= Determining proparties of function

& E.g.. deciding whether byo capressions are cqubvalend




Tree Representation

Truth Table Decision Tree
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= VBriex reprasants declalon

= Follow grean (dashed) line for value 0

= Foliow red (solid) line for valua 1

= Funciion value determined by lsaf value

_u. Complexity

Ordered Binary Decision Diagrams

Initial Tree Reduced Graph
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Canonical representation of Boolean function

= Twa functions aguivalent If and only If graphs leamarphic
= ‘Can be fesbesd in Enear dmae

= Daslrabs property: simplest form s cananical.
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Example Functions

Constants Variable
El Unigue uncaiicfabiles funobon
IIl Unlgus tautciogy

Typical Function
miE o+ E ] K
w Mo veriex labeled x,
# independent of X,
m Many cubgraphs charad

More Complex Functions
Functions '
= Add 4-blf words < and b
= Gat 4-bilt sum =
= Carry output bif cout

Shared Representation
= Graph with multiple roots
= 31 nodes for 4-bilt adder
= 571 nodes for E4-bit adder
= Lingar growthl




