Constraint programming course (Uni Pisa 2002)

Exercise 2
l eq/ 2 !
leq(XY) X " Y#
$ ! % & & & &' %
( ¢ !

:- use_nodul e(library(chr)).

handl er honewor k2002.

constraints leq/2, |ess/2.

leg_reflexivity @Ileq(X X) <=> true.

leg_antisymetry @leq(X Y), leq(Y, X <=> X=V.

leg transitivity @leq(X YY), leq(V,2) ==> leq(X 2).

Lom)x + ## ")+ (

leq_delete redun @leq(X, Y) \ leq(XY)

<=> true.

- C# %

evaluation @l eq(X Y) <=> ground(X), ground(Y) | X@<Y.

% !

! I eq( X, X)
yes

! I eq(11, 10)
no

! leq(X Y), X=10
l eq(10,Y)

X=10

yes

! leq(X Y),leq(y, 2,
leq(Z, X)

Y=X

Z=X

yes

I eq(10, 11)

yes

I eq(X 10), leq(X 10)

| eq( X, 10)
yes

leq(X Y), X=10, Y=11

X=10
Y=11
yes




| ess/ 2 !
| ess(XY) X Y
$ |l eq/ 2#1
& &

| ess_eval uati on @l ess(X Y) <=> ground(X), ground(Y) | X@&V.
less_reflexivity @Iless(X, X) <=> fal se.

less_transitivity @less(X Y), less(Y,2Z) ==> less(X 2).

| ess_delete redun @l ess(X Y) \ less(X Y) <=> true.

/ % !
! | ess(X, X) | ess(10, 11)
No yes
! | I ess(11, 10) | | ess(X, 10),
| ess(X, 10)
[ No | | ess(X, 10)
yes
! less(X Y), X=10 I ess(X Y), X=10, Y=11
| ess(10,Y) X=10
X=10 Y=11
yes yes
! less(X Y),less(Y,Z
), less(Z, X
No
Exercise 3
' % 2/ ( | eq/ 2 | ess/ 2#'
maxi mum 3 maxi mum( X, Y, Z) 4 % X Y#
a)

constraints leq/2, |less/2, maximni 3.

maxi mum eval @ maxi mum(X,Y,Z) <=> ground(X), ground(Y) | (X@<Y ->
Z=Y); Z=X

b)



$ &

maxi mum( 2, 3, 2) !

maxi mum( X, X, 3)

Z=3
Yes

maxi mum( X, X, 3)
yes

- % )*5 3

maxi mum trivi al

@ maxi mum( X, X, Z) <=> Z=X

% . !

maxi mum( X, X, 3)

X=3
Yes

c)
3 leq(X 2) leq(y, 2 maxi mum( X, Y, Z)!
maxi mum | eq @ maxi mum( X, Y,Z) ==> leq(X 2), leq(y,2).
6% (( !
! maxi mum( A, B, C), maxi num(C, A, B)
| eq( A B)
maxi mun( B, A, B)
maxi mum( A, B, B)
C=B
Yes
' 3 & (¢ !
! maxi munm( X, 3, X)
 eq(3, X)
maxi munm( X, 3, X)
yes
maxi mumn 3 | eq/ 2#
maxi mumleql @Ileq(X Y), maximum X, Y, Z) <=> Z=Y, leq(XY)
maxi mumleq2 @Ileq(Y, X), maxi mun( X, Y, Z2) <=> Z=X, leq(Y, X

%

( oo




! maxi mum( X, 3, X)

l eq(3, X)
yes

% (( !

! I ess(X, 2), maxi num X, Y, Z)

leq(Y, 2)

I eq( X 2)

| ess(X, 2)

maxi mum( X, Y, Z)
yes

8 l eq/ 2 | ess/ 2!

less_| eq @less(X Y), leq(X Y) <=> less(XY).

maxi mum | essl @I ess(X, Z), maxi mum( X, Y, Z) <=> Y=Z.
maxi mum |l ess2 @I ess(Y, Z), maxi mum( X, Y, Z) <=> X=Z.

& ( ( !

! I ess(X, 2), maxi num( X, Y, Z)

Z=Y
yes

f)
(¢ !

! maxi mum( X, Y, 3), maxi munm( X, Y, 5)

l eq(, 5)

I eq( X, 5)

I eq(Y, 3)

I eq( X 3)

maxi mun( X, Y, 5)
maxi mum( X, Y, 3)
yes

$ % no# ( !

maxi mum si nplify @maxi mum( X, Y, W \ nmaxi mum X, Y, Z2) <=> WEZ

% ( ( «c !



! maxi mum( X, Y, 3), maxi mum( X, Y, 5)
No

Exercise 4
: % . # ( !

constraints full adder/5.

ful ladder (X, Y,Cl, 0 CO <=> and(X, VY,11), xor(XY,12), and(12,C,13),
xor(12,C,0, or(11,13,CO.

& ( !

! ful | adder (1,0, 1, O CO

Oo=0
CO=1
yes

! full adder (X, Y,C,1,1)
X=1

Y=1

Cl =1

yes

! ful I adder (X, Y, X, X, X)

Y=X
yes
Exercise 5
' % .7 L& ( equi v/ 3
( |
* + 5 *O+
( |

constraints equi v/ 3.




equiv(l,Y,2) <=> Z=Y.
equiv(X 1,2) <=> Z=X
equi v(X Y, 1) <=> X=Y.
equiv(0,Y,2) <=> neg(Y,2).
equi v(X 0,2 <=> neg(X 2).
equi v( X, Y, 0) <=> neg(XY).
equi v( X X, Z2) <=> Z=1.
equi v( X, Y, X) <=> Y=1.
equi v(X Y,Y) <=> X=1.
equi v(X, Y, W \ equiv(XY,2) <=> Z=W
equi v(Y, X, W \ equiv(X,2) <=> Z=W
neg(X, Y) \ equiv(XY,Z) <=> Z=0.
neg(X, 2) \ equiv(XY,2) <=> Y=0
neg(Y,2) \ equiv(XY,Z2) <=> X=
Exercise 6
. #'
#' ( &t

constraints faul tanal ysis/5.
faul tanal ysis(X, Y, Z, O CO F1, F2, F3, F4, F5) <=>

and(F1, F2,0), and(F1, F3,0), and(F1, F4,0), and(F1, F5),

and(F2, F3,0), and(F2,F4,0), and(F2, F5,0),

and(F3, F4,0), and(F3, F4,0),

and( F4, F5, 0) .

( ( Fi [ ( #

( # .
A® B BAUB#= % (

F1U(11« X UY)

" and(X, Y, 0l), equiv(OL, 11, NF1), or (NFL, F1,1),

( !

faul tanal ysi s(X Y, O, O CO F1, F2, F3, F4, F5) <=>

and( X, Y, Q1), equi v(OL, 11, NF1), or(NF1,F1,1),
xor (X, Y, Q2), equi v(0O2,12,NF2), or(NF2,F2,1),
and(12,Cl,3), equiv(03,13,NF3), or(NF3,F3,1),
xor(12,Cl,™4), equiv(X4, ONF4), or(NF4,F4,1),
or(11,13,06), equiv(0B, CO NF5), or(NF5,F5,1)

and(F1, F2,0),
and(F2, F3,0),
and(F3, F4, 0),

and(F1, F3,0),
and(F2, F4,0),
and(F3, F4, 0),

and(F1, F4, 0),
and(F2, F5, 0),

and(F1, F5,0),




and( F4, F5, 0),
| abel i ng.

( % . !

fault_fabel([]).
fault | abel ([ X
fault | abel ([ X

|[L]) :- X=0, fault I abel (L).
|L]) :- X=1, fault_I|abel (L).

| abel i ng, faultanalysis(XY,Z O C, F1, F2, F3, F4, F5) #Pc <=>
fault | abel ([ F1, F2, F3, F4, F5]),
| abel i ng

pragma passi ve(Pc).

6% ( oo

! faul tanal ysi s(0, 0, 1, 0, 1, F1, F2, F3, F4, F5)

| abel i ng
F1=0
F2=1
F3=0
F4=0
F5=0

yes

! faul tanal ysis(1,1,0,0,0,F1, F2, F3, F4, F5)

| abel i ng
F1=0
F2=0
F3=1
F4=0
F5=1

yes

| abel i ng
F1=1
F2=0
F3=0
F4=0
F5=0

Yes

Appendix

:- use_nodul e(library(chr)).
handl er honmewor k2002.

constraints leq/2, |less/2, maximni 3.




leq reflexivity @Ileq(X X) <=> true.

leqg_antisymmetry @leq(X Y), leq(Y, X <=> X=V.
leg_transitivity @leq(X YY), leq(Y,2) ==> leq(X 2).
leq _delete redun @leq(X Y) \ leq(X Y) <=> true.
evaluation @l eq(X Y) <=> ground(X), ground(Y) | X@<Y.

| ess_eval uati on @l ess(X Y) <=> ground(X), ground(Y) | X@&V.
less_reflexivity @Iless(X, X) <=> fal se.

less_transitivity @less(X Y), less(Y,2Z) ==> less(X 2).

| ess_delete redun @l ess(X Y) \ less(X Y) <=> true.

maxi mum eval @ maxi mum(X,Y,Z) <=> ground(X), ground(Y) | (X@<Y ->
Z=Y); Z=X

maxi mumtrivial @ maxi mun(X, X, Z) <=> Z=X

maxi mum | eq @ maxi mum( X, Y,Z) ==> leq(X 2), leq(Y,2).

maxi mumleql @Ileq(X Y), maxi mum( X, Y, Z) <=> Z=Y, leq(XY).

maxi mum |l eqg2 @Ileq(Y, X), maxi mun(X,Y, Z2) <=> Z=X, leq(Y, X).

less_leq @less(X Y), leq(X, Y) <=>less(XY).
maxi mum | essl @Il ess(X, 2), maxi mum( X, VY, Z2) <=> Y=Z.

maxi mum | ess2 @I ess(Y, 2), maxi mum( X, Y, Z) <=> X=Z.
maxi mum sinplify @maxi mum( X, Y, W \ nmaxi mum X, Y, Z) <=> WZ

( : bool . pl #

constraints fulladder/5, equiv/3, faultanalysis/10.

fulladder (X, Y,Cl,0 CO <=> and(X, Y,l11), xor(X VY,12), and(l12,C,13),
xor(12,C,0, or(11,13,CO.

equiv(l, Y, 2) <=> Z=Y.

equiv(X 1,2) <=> Z=X

equi v(X Y, 1) <=> X=Y.

equi v(0,Y,Z) <=> neg(Y, 2).

equi v(X, 0,2) <=> neg(X 2).

equi v( X, Y,0) <=> neg(XY).

equi v(X X, Z2) <=> Z=1.

equi v(X Y, X) <=> Y=1.

equi v( X, Y,Y) <=> X=1.

equi v( X, Y,W \ equiv(XY,Z2) <=> Z=W
equi v(Y, X, W \ equiv(XY,2) <=> Z=W

neg(X, Y) \ equiv(XY,2 <=> Z=0.
neg(X, 2) \ equiv(XY,Z) <=> Y=0.
neg(Y,2) \ equiv(XY,Z) <=> X=0.

faul tanal ysis(X, Y, C, QO CO F1, F2, F3, F4, F5) <=>
and( X, Y, 01), equiv(OL, I 1, NF1), or(NF1,F1,1),
xor (X, Y, Q2), equi v(Q2, 12, NF2), or(NF2,F2,1),
and(12,C,33), equiv(@3,13,NF3), or(NF3,F3,1),
xor(12,Cl,A), equiv(O4, O NF4), or(NF4,F4,1),
or(11,13,0), equiv(0Cp, CO NF5), or(NF5, F5,1),




and(F1, F2,0), and(F1, F3,0), and(F1, F4,0), and(F1, F5,0),
and(F2, F3,0), and(F2,F4,0), and(F2,F5,0),

and(F3, F4,0), and(F3, F4,0),

and(F4, F5, 0),

| abel i ng.

fault | abel ([]).
fault | abel ([ X
fault | abel ([ X

[L]) :- X=0, fault_label (L).
[L]) :- X=1, fault_label (L).

| abel i ng, faultanalysis(XY,Z O C, F1, F2, F3, F4, F5) #Pc <=>
fault | abel ([ F1, F2, F3, F4, F5]),
| abel i ng

pragma passi ve(Pc).




