A Co nstraint Programming

Approach to Model ATPG

Related Problems

Francisco Azevedo & Pedro Barahona

{fa,pb}@di.fct.unl.pt

New Universi ty of Li sbon

Introduction

l

Scope : Combinat orial problems in Elec tronics Computer

Aided Design (ECAD) , namely i n the fiel d of Automatic Test

Pattern Gener ati on (ATPG)

l

Goal : Model different satisfac tion and opt imisation problems

for combinational circuits with a set D of diagnose s. (whe re a

diagnosis d is a set of faul ts, and e ach fault is a stuck line.)

l

Approaches :

Specific tool s --> low flexibi lity

General Probl em solvers (e.g. SAT) --> duplicat ion of circuits

CLP: Const raint Logic Programming --> our approach

Problems

l

Diagnosis . Find an input test patter n i that

differ entiates two diagnoses { d

1

, d

2

} = D , i.e. find an

input that yields a dif ferent value, in at leas t one output

bit, for diagnoses d

1 and d

2

;

l

Maximisation . Find an input i which is a test pattern

for a maximum number of diagnoses in D;

l

Minim isat ion . Find a minimal set S of input test

patterns that cover all diagnoses in D .

An 8- Valued Log ic for Dif feren tial

Test P atte rn G eneration

l

Given input I, an unexpected output O is observed

in the circuit => alternative theories.

l

3 ci rcuit models ( a nor mal one plus 2 diagnostic the ories):

N : no faults

T

1

: circuit wi th faults F

1

T

2

: circuit wi th faults F

2

l

To differe ntia te diagnoses we keep track of dependencies:

X thesignal truth value is X , independent fromfaults F

1 and F

2

.

d

1

-X depends on F

1

, but not on F

2

. If F

1 occurs, signal is not(X) ; otherwise itis X .

d

2

-X similar to the previous, with F

1 and F

2 swapping roles.

m-X dependson both diagnoses F

1 and F

2

. If any of them occurs, signal is not(X)

N 0 0 0 0 1 1 1 1

T

1

0 0 1 1 0 0 1 1

T

2

0 1 0 1 0 1 0 1

Z 0 d

2

-0 d

1

-0 m-0 m-1 d

1

-1 d

2

-1 1

An 8- Valued Log ic for Dif feren tial

Test P atte rn G eneration

l

Truth value Z of a ^bit~ with a norm al model

and two different theories

d-values thus differentiate theories. Such a value is needed in an

output bit to obtain a differential test pattern.

x o r m - 0 d

2

- 0 d

1

- 0 0 1 d

1

- 1 d

2

- 1 m - 1

m - 0 0 d

1

- 0 d

2

- 0 m - 0 m - 1 d

2

- 1 d

1

- 1 1

d

2

- 0 d

1

- 0 0 m - 0 d

2

- 0 d

2

- 1 m - 1 1 d

1

- 1

d

1

- 0 d

2

- 0 m - 0 0 d

1

- 0 d

1

- 1 1 m - 1 d

2

- 1

0 m - 0 d

2

- 0 d

1

- 0 0 1 d

1

- 1 d

2

- 1 m - 1

1 m - 1 d

2

- 1 d

1

- 1 1 0 d

1

- 0 d

2

- 0 m - 0

d

1

- 1 d

2

- 1 m - 1 1 d

1

- 1 d

1

- 0 0 m - 0 d

2

- 0

d

2

- 1 d

1

- 1 1 m - 1 d

2

- 1 d

2

- 0 m - 0 0 d

1

- 0

m - 1 1 d

1

- 1 d

2

- 1 m - 1 m - 0 d

2

- 0 d

1

- 0 0 l

Physicaloutput of an xor-gate with inputs m-1 and d

1

-0

m - 1 d

1

- 0 m - 1 Å d

1

- 0

N 1 0 1

T

1

0 1 1

T

2

0 0 0

Boolean Operations

l

Xor Truth table in 8-valued logic l

Outputof an S-buffer (stuck-at-0 in T

1 and stuck-at-1 in T

2

) for input m-0

Modelling Al ternative

Di agnostic Theories

l

Truth table for the 8 dif ferent types of S-buffer

(po ssible faulty lines)

I n p u t =

D e p e n d e n c y m - 0 d

2

- 0 d

1

- 0 0 1 d

1

- 1 d

2

- 1 m - 1

T

1

/ 0 , T

2

/ 0 0 0 0 0 m - 1 m - 1 m - 1 m - 1

T

2

/ 0 d

1

- 0 0 d

1

- 0 0 d

2

- 1 m - 1 d

2

- 1 m - 1

T

1

/ 0 d

2

- 0 d

2

- 0 0 0 d

1

- 1 d

1

- 1 m - 1 m - 1

T

1

/ 0 , T

2

/ 1 d

2

- 0 d

2

- 0 d

2

- 0 d

2

- 0 d

1

- 1 d

1

- 1 d

1

- 1 d

1

- 1

T

1

/ 1 , T

2

/ 0 d

1

- 0 d

1

- 0 d

1

- 0 d

1

- 0 d

2

- 1 d

2

- 1 d

2

- 1 d

2

- 1

T

1

/ 1 m - 0 m - 0 d

1

- 0 d

1

- 0 1 1 d

2

- 1 d

2

- 1

T

2

/ 1 m - 0 d

2

- 0 m - 0 d

2

- 0 1 d

1

- 1 1 d

1

- 1

T

1

/ 1 , T

2

/ 1 m - 0 m - 0 m - 0 m - 0 1 1 1 1 m - 0

S - b u f f e r ( T 1 / 0 , T 2 / 1 )

o u t p u t

N 0 0

T

1

1 0

T

2

1 1

Generic Modelling

l

Normal Gates

L

1

- 0

L

2

- 1

L

1

\ L

2

- 0

L

1

- 1

L

2

- 1

L

1

U L

2

- 1

L

1

- 0

L

2

- 0

L

1

Ç L

2

- 0

L N - L N -

L is aset of dependencies;

N is a Booleean value e.g.

{{f/0,g/0},{f/1,h/0},{i/1,j/1}}-0

normally is 0 but if either both faults {f/0,g/0} (i.e. f

stuck-at-0 and g stuck-at-0), or {f/1,h/0} or {i/1,j/1}

occur, the actual valueis 1. Signal {}-N thus represents

a constant value N , independent of any fault.

The output normal value is just the conjunction of the normal inputs.

with two `ones´ as normal inputs, it is enough that one of them is wrong

to obtain a wrong output, so we have the union of dependencies;

two `zeros´: it is necessary to invert both to invert the output,

so we have the intersection of the dependencies;

0 and 1: to obtain a wrong output (i.e. 1), the 0 input must be inverted to 1,and the

other input must remain 1, i.e. it must not be inverted, which justifies the set difference.

Generic Modelling

l

S-Buffers

(an S-buffer g has associated a set L

S of the

poss ible diagnoses where g appears as stuck)

L

S

L

i

- N L

S Ñ

U ( L

i

\ L

S N

) - N

L

S 0

= { d i a g Î D : g / 0 Î d i a g }

L

S 1

= { d i a g Î D : g / 1 Î d i a g }

L

S

= L

S 0

È L

S 1

( o b v i o u s l y , L

S 0

Ç L

S 1

= Æ )

I n O u t

Æ - 0 L

S 1

- 0

Æ - 1 L

S 0

- 1

L

i

- 0 L

S 1

È ( L

i

\ L

S 0

) - 0

L

i

- 1 L

S 0

È ( L

i

\ L

S 1

) - 1

Domain Reduction to Sets

l

Pairs L-N inconvenient since both t he set and the Boolean

values can be var iables, making it ha rd to handle

l

Signal t ransforma tion to s ets

tra n sf S

L S L

L S L

( )

,

,

=

= -

= - ì

í ï

î ï

0

1

l transf is not a bij ective function, since

Still it is usef ul to work with, and possi ble t o express our goal

and obt ain t he des ire d result t r a n s f L t r a n s f L L

( ) ( )

- = - = 0 1

Gates Representation with Sets

l

Normal Gates

L

1

L

2

L

1

Ç L

2

( ) ( )

L L L L

1 2 1 2

Ç È Ç L L

L

1

L

1

L

2

L

2

L L

1 2

È

L

S

L i L

S 1

È ( L

i

\ L

S 0

) l

S-Buffers

I1 transf(I1 ) I2 transf(I2 ) I1 Ù I2 transf(I1 Ù I2 )

L

1

-1 L 1

L

2

-1 L 2

L

1

È L

2

-1 L L 1 2 È = L 1

Ç L 2

L

1

-0 L

1

L

2

-0 L

2

L

1

Ç L

2

-0 L

1

Ç L

2

L

1

-0 L

1

L

2

-1 L 2

L

1

\L

2

-0 L

1

\L

2

= L

1

Ç L

2

Therefore, transf(I1) /\ transf(I2) = transf(I1 /\ I2)

Solvi ng

l

Minimisation . Meta-probleminvolving sets of solutionsto set problems. Finding simple

test patterns and maximising faults to cover can be used in abranch and bound manner.

Still an open problem.

C

S - b u f f e r s

C

n o r m a l m a x # l

Diagnosis . Simply ensurethat a set L with cardinality 1 ispresentat a circuit output bit.

l

Maximisation .

Maximisetheunion of the correct output dependencies:

Conclusionsand Further Work

l

Adequate modelling formalism

l

Set Solving under development

l

Realistic comparison with alternative

approaches