Exercises: Artificial Intelligence

Planning & Logic: Blocks world



Planning & Logic: Blocks world

PROBLEM



Problem

Table: T & Blocks: A,B,C,D
Apply STRIPS on:

— Initial State, I:
 clear(A), clear(B), clear(C), clear(D),
on(A,T), on(B,T), on(C,T), on(D,T)
— Final State, F:
* on(A,T), on(B,A), on(C,B), on(D,C), clear(D)
Indicate: Establish & Threaten

Give: Before relation without loops



INITIAL & FINAL STATE



Initial & Final State

If

Add

on(A,T)
on(B,T)
on(C,T)
on(D,T)
clear(A)
clear(B)
clear(C)
clear(D)

If

on(A,T)
on(B,A)
on(C,B)
on(D,C)
clear(D)

Add

Del

Del




Planning & Logic: Blocks world

OPERATORS



Operators

Operator 1 Operator 2 Operator 3

If| on(x,y) If | on(x,y) If | on(x,T)

clear(x) clear(x) clear(x)

clear(z) Add | on(x,T) clear(z)

Add | on(x,z) clear(y) Add | on(x,z)

clear(y) Del | on(x,y) Del | on(x,T)

Del | on(x,y) clear(z)
clear(z)

Actual operators are ground instances!



Planning & Logic: Blocks world

STRIPS



If

Add

on(A,T)
on(B,T)
on(C,T)
on(D,T)
clear(A)
clear(B)
clear(C)
clear(D)

STRIPS

B(I,F)

F

Del

Establishes

ICTTETETTERTTTTTTTFTTTTY 2

Threatens

Before constraint:
B(x,y)

15 on(AT)

on(B,A)
on(C,B)
on(D,C)
clear(D)

Add

Del




|
i STRIPS [
Add | on(AT) Hx on(A,T)
on(B,T) 031 (x/B,z/A) on(B,A)
on(D,T) clear(A) (031.F) on(D,C)
clear(A) clear(B) clear(D)
clear(B) Add on(B,A)/ Add
clear(C) Del | on(B.T) Del
clear(D) clear(A)
Del
>
Establishes
.........................)
Threatens

Before constraint:
B(x,y)




|
i STRIPS [
Add | on(A,T) Hx on(A,T)
on(B,T) - 031 (x/B,z/A) on(B,A)
on(C,T) mon(B’T) B(031’F)/'0n(C,B)
on(D,T) B(1,031) —> clear(A) on(D,C)
clear(A) T8(,031) | 4 clear(B) clear(D)
clear(B) Add on(B,A)/ Add
clear(C) Del | on(B.T) Del
lear(D) clear(A)
Del
>
Establishes
.........................)
Threatens

Before constraint:
B(x,y)



|
[ STRIPS |, . [ ¥
Add | on(A,T) 50,031} B(03’1 m 15 on(AT)
on(B,T) +— 031 (x/B,z/A) - > on(B,A)
on(C,T) on(C,B)
on(D,T) on(D,C)
clear(A) clear(D)
clear(B) Add
clear(C) Del
clear(D)
Del
>
Establishes
.........................)
Threatens

Before constraint:
B(x,y)



|
i STRIPS . [
Add | on(A,T) 50,031} B(O?:l m 15 on(AT)
on(B,T) +— 031 (x/B,z/A) . > on(B,A)
on(C,T) on(C,B)
on(D,T) 032 (x/C,z/B) on(D,C)
clear(A) If | on(C,T) clear(D)
clear(B) clear(B) Add
clear(C) clear(C) Del
clear(D) Add | on(C,B)
Del Del | on(C,T)
5 clear(B)
Establishes
.........................)
Threatens

Before constraint:
B(x,y)



|
i STRIPS . [

Add | on(A,T) 50,031} B(O?:l m 15 on(AT)
on(B,T) +— 031 (x/B,z/A) . > on(B,A)
on(C,T) . on(C,B)
on(D,T) 032 (x/C,z/B) on(D,C)
clear(A) IFT on(C,T) clear(D)
clear(B) 3 clear(B) Add
clear(C) B(1,032) ¥ clear(C) Del
clear(D) Add | on(C,B)

Del Del | on(C,T)

5 clear(B)
Establishes
.........................)
Threatens

Before constraint:
B(x,y)



I STRIPS F

Add | on(A,T) B{L.F) 15 on(AT)
on(B,T) 222U 031 (x/B,z/8) 2L o on(8,A)
on(C,T) . on(C,B)
on(D,T) 032 (x/C,z/B) on(D,C)
clear(A) IFT on(C,T) clear(D)
clear(B) 1= 3 clear(B) Add
clear(C) BSI'O?’Z) ¥ clear(C) Del
clear(D) | : Add | on(C,B)

Del Del [ on(C,T)

5 clear(B)

2Dlishes > 1..B(031,032) v B(032)))

Threatens

Before constraint:
B(x,y)



i STRIPS F

Add | on(A,T) B(L,F) 15l on(AT)
on(B,T) 222U 031 (x/B,z/8) 2L o on(8,A)
on(C,T) . on(C,B)
on(D,T) 032 (x/C,z/B) on(D,C)
clear(A) IFT on(C,T) clear(D)
clear(B) 1= 3 clear(B) Add
clear(C) BSI'O?’Z) ¥ clear(C) Del
clear(D) | : Add | on(C,B)

Del Del | on(C,T)

> : clear(B) -}-
...... stablishes > 1..B(031,032) v B(032))) i— Loop!
Threatens

Before constraint:
B(x,y)



|
[ STRIPS |, . [ ¥
Add | on(A,T) 50,031} B(O?:l m 15 on(AT)
on(B,T) +— 031 (x/B,z/A) . > on(B,A)
on(C,T) . B(O32,F)| = on(C,B)
on(D,T) 032 (x/C,2/B) = on(D,C)
clear(A) |/ /... B(031,032) clear(D)
Clear(B) -------------------------------- Add
clear(C) Del
clear(D)
Del
>
Establishes
.........................)
Threatens

Before constraint:
B(x,y)




|
i STRIPS :
Add | on(A,T) B{L.F) 15 on(AT)
on(B,T) 222U 031 (x/B,z/8) 2L o on(8,A)
on(C,T) . B(O32,F)[ > on(C,B)
on(D,T) 032 (x/C,2/B) = on(D,C)
clear(A) |/ /... B(031,032) ' /clear(D)
C|ear(B) ................................ dd
clear(C) 033 (x/D,z/C) |B(033,F)f Del
cIear(D) If OI’](D,T)
Del clear(C)
> clear(D)
Establishes Add | on(D,C)
Threatens g Del | on(D,T)
, clear(C)
Before constraint:

B(x,y)




|
i STRIPS |, . [

Add | on(A,T) 50,031} B(O?:l m 15 on(AT)
on(B,T) +— 031 (x/B,z/A) . > on(B,A)
on(C,T) . B(O32,F)[ > on(C,B)
on(D,T) 032 (x/C,2/B) = on(D,C)
clear(A) |/ ><7... B(031,032) /clear(D)
Clear(B) -------------------------------- dd
clear(C) 3 (x/D,z/C) | B(O33,F){ Del
clear(D)~\ If | on(D,T)

Del T~ clear(C)

> clear(D)
Establishes Add | on(D,C)
.........................)
Threatens Del On(DfT)
, clear(C)
Before constraint:

B(x,y)



|
i STRIPS |, . [

Add | on(A,T) 50,031} B(O?:l m T on(A,T)
on(B,T) +— 031 (x/B,z/A) . > on(B,A)
on(C,T) . B(O32,F)[ > on(C,B)
on(D,T) 032 (x/C,2/B) = on(D,C)
clear(A) |/ ><7... B(031,032) /clear(D)
Clear(B) -------------------------------- dd
clear(C) 1 3 (x/D,z/C) Del
clear(D);\ If | on(D,T)

Del \ clear(C)

= clear(D)
Establishes Add | on(D,C)
.........................) .
Threatens Del | on(D,T)
o clear(C) -
Before constraint: : :




|
i STRIPS |, . [

Add | on(A,T) 50,031} B(O?:l m T on(A,T)
on(B,T) +— 031 (x/B,z/A) . > on(B,A)
on(C,T) . B(O32,F)[ > on(C,B)
on(D,T) 032 (x/C,2/B) = on(D,C)
clear(A) |/ ><7... B(031,032) /clear(D)
Clear(B) -------------------------------- dd
clear(C) 1 3 (x/D,z/C) Del
clear(D);\ If | on(D,T)

Del \ clear(C)

> i clear(D)
Establishes Add | on(D,C)
.........................) .
Threatens Del On(D’T)
o clear(C) -}-
Before constraint: : :

B(x,y)



|
G STRIPS |, . [ ¥
Add | on(A,T) 50,031} B(O?:l m T on(A,T)
on(B,T) +— 031 (x/B,z/A) : > on(B,A)
on(C,T) . B(O32,F)[ > on(C,B)
on(D,T) 032 (x/C,z/B) on(D,C)
clear(A) | 5., B(031,032) /clear(D)
BIIE A e —— Add
clear(C) 1 033 (x/D,z/C) [~ Del
clear(D) . B(032,033) i
Del ‘¢snnsnssssssssssnsansnnar
>
Establishes
.........................)
Threatens

Before constraint:
B(x,y)




|
i STRIPS :
B(I,F)

Add | on(AT) TOGET 03T L on(AT)
on(B,T) +— 031 (x/B,z/A) : > on(B,A)
on(C,T) . B(O32,F)[ > on(C,B)
on(D,T) 032 (x/C,2/B) = on(D,C)
clear(A) | /5. B(031,032) clear(D)
TN e
clear(C) 1 033 (x/D,z/C) -~
clear(D): “.... B(032,033)

DE| \ D -

>
Establishes
.........................)
Threatens

Before constraint:

B(x,y)




If STRIPS F

Add | on(A,T) S oa1 B('Z(;’I;)F) 1 on(A,T)
on(B,T) U231 031 (x/B 2/4) 22 3 on(B,A)
on(C,T) . B(O32,F)| = on(C,B)
on(D,T) 032 (x/C,2/B) = on(D,C)
clear(A) | 5., B(031,032) ; clear(D)
dlear(B) 7\ s eters e
clear(C) 1 033 (x/D,z/C) [~
clear(D)? “*..., B(032,033)

Del \

Are the before constraints satisfiable?




STRIPS

r |3(|,F)> E

Add oniA,T; “UO31 031 (x/8,2/4) 2 1| on(AT)
on(B,T
on(C,T) } Bl031,032 2:2?@;
on(D,T) BLB21 635 v/ /p) FEO32E on(D,C)
clear(A) clear(D)
clear(B) B(1.033) ‘1’8(032'0323” Add
clear(C) ——=5| 033 (x/D,z/C) '$ Del
clear(D)

Del

Are the before constraints satisfiable?

YES:

— 031 —., 032 —> 033 —




Exercises: Artificial Intelligence

Planning & Logic: Buying milk



Planning & Logic: Buying milk

PROBLEM



Problem

Apply STRIPS on:
— Initial State, I:

e at(home)

— Final State, F:
* have(milk), at(home)

Indicate: Establish & Threaten
Give: Before relation without loops (check!)

Give: Possible linearisations



INITIAL & FINAL STATE



Initial & Final State as Operator

| F
If If [ at(home)
Add | at(home) have(milk)
Del Add
Del




Planning & Logic: Blocks world

OPERATORS



Operators

Operator 1 Operator 2 Operator 3
If | at(home) If| at(home) If| at(shop)
Add | have(money) || Add| at(shop) Add| have(milk)
Del Del| at(home) Del
Operator 4 Operator 5
If| at(shop) If| at(shop)
paid have(money)
Add| at(home) have(milk)
Del at(shop) Add paid
Del | have(money)




Planning & Logic: Blocks world

STRIPS



If

| | Add

at(home)

Del

Establishes

TYTTTTTD =

Threatens

Before constraint:
B(x,y)

STRIPS

F

If

have(milk)
at(home)

Add

Del




If

I | Add | at(home)

Del

Establishes
.........................)

Threatens

Before constraint:
B(x,y)

STRIPS

Operator 3
If| at(shop)
Add| have(milk)
Del |
B(O3,F

If

F__J

have(milk)
at(home)

Add

Del




If

| | Add

at(home)

Del

Establishes

TYTTTTTD =

Threatens

Before constraint:
B(x,y)

STRIPS

Operator 2
If| at(home)
Add at(shop)—
Del| at(home)
B(02,03)
Operator 3
If| at(shop)e
Add| have(milk)
Del |
B(O3,F
F
If have(rT;l(iIk)
at(home)
Add
Del




If

| | Add

at(home)-

son O T RIPS

Operator 2

1> at(home)

Del

Establishes

TYTTTTTD =

Threatens

Before constraint:
B(x,y)

Add

at(shop)—

Del

at(home)

B(02,03)

Operator 3

If

at(shop)e—

Add

have(milk)

Del

B(O3,F

If

F__J

have(milk)
at(home)

Add

Del




If

I | Add | at(home)

Del

Establishes
.........................)

Threatens

Before constraint:
B(x,y)

STRI PS Operator 2
2) 1> at(home)
Add at(shop)—
Del| at(home)
B(02,03)
Operator 3
If| at(shop)e
Add| have(milk)
Del |
B(03,F)‘

F
\have(n’wl'im)

at(home)

Add

Del




If

I | Add | at(home)

Del

Establishes
.........................)

Threatens

Before constraint:
B(x,y)

STRI PS Operator 2
2) 1y at(home)
Add at(shop)—
..B(O2,)). . B(EQ2)............ ..Del}--- at(home)
B(02,03)
Operator 3
If| at(shop)e
Add | have(milk)
Del |
B(03,F)‘

F
\have(rﬁlhk)

at(home)

Add

Del




If

| | Add

at(home)

Del

Establishes

TITETTTD =

Threatens

Before constraint:
B(x,y)

STRI PS Operator 2
2) 1y at(home)
Add at(shop)—
..B(O2,)).x.B(EQ2)............ ..Del}--- at(home)
B(02,03)
Operator 3
If| at(shop)e
Add | have(milk)
Del |
B(03,F)‘

F
\have(rﬁlhk)

at(home)

Add

Del




If

| | Add

at(home)-

son O T RIPS

Operator 2

1> at(home)

Del

Establishes

TYTTTTTD =

Threatens

Before constraint:
B(x,y)

Add

at(shop)—

Del

at(home)

B(02,03)

Operator 3

If

at(shop)e—

Add

have(milk)

Del

B(O3,F

If

F__J

have(milk)
at(home)

Add

Del




If Operator 2
| | Add at(home)-—'-”‘l-ﬂ)STRIPS 1y at(home)
Del Add at(shop)—
Del| at(home)
B(02,03)
Operator 3
If| at(shop)e
Add| have(milk)
Del |
B(O3,F
>
Establishes Operator 4 F sll
e If paid If | have(milk)
Threatens at(shop) B(04,F_— at(home)
Before constraint: Add| at(home)— Add
B(x,y) Del| at(shop) Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del Add| at(shop)—
sunnes -Pelt--- at(home)
: B(02,03)
Operator 3
If| at(shop)e
Add| have(milk)
E Del I
B(02,04) v B(F,02): B(O3,F
Establishes g Operator.4 F ’l‘
. Q If paid : If [ have(milk)
Threatens at(shop) EB(O4,BI/V at(home)
Before constraint: Add at(home)/)L Add
B(x,y) Del| at(shop) Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del Add| at(shop)—
sunnes -Pelt--- at(home)
: B(02,03)
Operator 3
If| at(shop)e
Add| have(milk)
E Del I
B(02,04) v B(F,02): B(O3,F
Establishes g Operator.4 F ’l‘
. Q If paid : If [ have(milk)
Threatens at(shop) EB(O4,BI/V at(home)
Before constraint: Add at(home)/)L Add
B(x,y) Del| at(shop) Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del Add at(shop)—
....... -Pel:}--- at(home)
B(02,03)
Operator 3
If| at(shop)e
Add| have(milk)
E Del I
: B(02,04) B(O3,F
>
Establishes Operator 4 F ‘l‘
. Q If paid : If [ have(milk)
Threatens at(shop) :g(0a,pl_—pat(home)
Before constraint: Add at(home)/)L Add
B(x,y) Del at(shop) Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del Add at(shop)—
......... Pel--- at(home)
- -] (0 7 o 11
B(04,02) v B(03,04);
: Operator 3
If| at(shop)e
Add| have(milk)
S Del I
: 1B(02,04) B(O3,F
>
Establishes Operator 4 F ‘l‘
. Q If paid : If [ have(milk)
Threatens at(shop) i ip(oa,r| __—pat(home)
Before constraint: Add at(home)/'iy' Add
B(x,y) Del at(shop) ----¥ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del Add at(shop)—
......... Pel--- at(home)
- -] (0 7 o 11
B(04,02) v B(03,04);
: Operator 3
If| at(shop)e
Add| have(milk)
S Del I
: 1B(02,04) B(O3,F
>
Establishes Operator 4 F ‘l‘
. Q If paid : If [ have(milk)
Threatens at(shop) i ip(oa,r| __—pat(home)
Before constraint: Add at(home)/'iy' Add
B(x,y) Del at(shop) ----¥ Del




If

| | Add

at(home)-

Del

Establishes

TCTTETETTERTTTTTTTRETTTY 2

Threatens

Before constraint:

B(x,y)

son O T RIPS

Operator 2
1> at(home)
Add at(shop)—
......... Pel--. at(home)
"'"'i3'(6'3'}62ii""""'§(9'2"9'3'}
Operator 3
If| at(shop)e
Add | have(milk)
= Del I
B(02,04) B(O3,F

Operator 4 F ,l(
If paid ¥ If | have(milk)
at(shop) |: 53(04ﬂ/pat(home)
Add| at(home)— | Add
Del at(shop) -+ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del Add at(shop)—
......... Pel--. at(home)
Operator 5 .-....B.(bg’.m.j.........!B.(Q.Z.‘QS.}
If at(shop) | : Operator 3
have(money) If| at(shop)e
have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) : 1B(02,04) B(O3,F
B(05,04
Establishes g Operato¢4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop) | 53(04&,/; at(home)
Before constraint: Add at(home)/'éy' Add
B(x,y) Del| at(shop)----+ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del m) Add 1 at(shop)—
......... Pel--. at(home)
Operator 5 .-....B.(b.i.b.h.’.........!3.(9.2..9.3.}
H-—> at(shop) |i: Operator 3
have(money) If| at(shop)e
have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) : 1B(02,04) B(O3,F
B(05,04 :
Establishes g Operato¢4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop) | 53(04&,/; at(home)
Before constraint: Add at(home)/'éy' Add
B(x,y) Del| at(shop)----+ Del




If Operator 2
| | Add | at(home){+—E(LO2) STRIPS 14> at(home)
Del B(02,05) B(04,02) v B(??!%.gd:::m aatt((; 2::2)
Operator 5 é ...6(6.3.;5&’.........!3.(9.2..9.3.}
H-—> at(shop) |i: Operator 3
have(money) If| at(shop)e
have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) : 1B(02,04) B(O3,F
B(05,04 :
Establishes g Operato¢4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop) | 53(04&,/; at(home)
Before constraint: Add at(home)/'éy' Add
B(x,y) Del at(shop) -+ Del




If Operator 2
| | Add | at(home){+—E(LO2) STRIPS 14> at(home)
Del B(02,05) B(04,02) v B(??!%.gd:::m aatt((; 2::2)
Operator 5 é ...6(6.3.;5&’.........!3.(9.2..9.3.}
H-—> at(shop) |i: Operator 3
have(money) If| at(shop)e
have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) : 1B(02,04) B(O3,F
B(05,04 :
Establishes g Operato¢4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop) | 53(04&,/; at(home)
Before constraint: Add at(home)/'éy' Add
B(x,y) Del at(shop) -+ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del B[02.05 Add-— at(shop)—
B(02,05) 3(05?:??.). ..... Pel-- at(home)
Operator 5 :5.;....B.(b.s.’.b.zl.j.........!B.(Q.Z..QS.}
I at(shop) | Operator 3
have(money) If| at(shop)e
have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) : 1B(02,04) B(O3,F
B(05,04
Establishes g Operato¢4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop) | 53(04&,/; at(home)
Before constraint: Add at(home)/'éy' Add
B(x,y) Del| at(shop)----+ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del m) : Beld at(shop)—
’ B(05@4) ..... Pel.t.-- at(home)
S-SR -1 (o 7 e 11
Operator 1 Operator 5 ol B(03,04)
If| at(home) 1> at(shop) i Operator 3
Add | have(money) {BIOL03] 4§ have(money) If at(shop)e—
Del have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney)  {B(02,04) B(O3,F
B(05,04 :
>
Establishes Operatod,.4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop)  |: ig(oa,r) _—pat(home)
Before constraint: Add at(home)/'iy' Add
B(x,y) Del at(shop) ----¥ Del




If Operator 2
| | Add | at(home)+—E(LO2) STRIPS 14> at(home)
Pe B(1,01) B(02,05) B(O@f‘.’......ﬁ)d:::... aatt((sgrc;i))
5 i BI02.03)
perator 1 | Operator 5 e B(03,04i
If| at(home) 4> at(shop) |i: Operator 3
Add | have(money) {BIOL03] 4§ have(money) If| at(shop)e
Del have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) : 1B(02,04) B(O3,F
B(05,04 :
Establishes g Operato*4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop) | 53(04&,/; at(home)
Before constraint: Add at(home)/'iy' Add
B(x,y) Del at(shop) -+ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del S B(02,05) B(OS;‘%4) Bed at(shop)—
(1,0 )< ............................................ - S Pel:t--- at(home)
B(02,1) v'B(01,02) :: BOZ.0
Operator 1, Operator 5 R TTIER e | — Q3
If| at(home) il > at(shop) ¥ Operator 3
Add | have(money) {BIOL03] 4§ have(money) If| at(shop)e-
Del have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) 1 B(02,04) B(O3,F
B(05,04 :
>
Establishes Operato*4 F ‘l‘
. Q If paid i If [ have(milk)
Threatens at(shop) | :g(oa,F) _——pat(home)
Before constraint: Add at(home)/'gy' Add
B(x,y) Del at(shop) ----¥ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del S B(02,05) B(OS;‘%4) Bed at(shop)—
(1,0 )< ............................................ - S Pel:t--- at(home)
B(02,1) v'B(01,02) :: BOZ.0
Operator 1, Operator 5 R TTIER e | — Q3
If| at(home) il > at(shop) ¥ Operator 3
Add | have(money) {BIOL03] 4§ have(money) If| at(shop)e-
Del have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney) 1 B(02,04) B(O3,F
B(05,04 :
>
Establishes Operato*4 F ‘l‘
. Q If paid i If [ have(milk)
Threatens at(shop) | :g(oa,F) _——pat(home)
Before constraint: Add at(home)/'gy' Add
B(x,y) Del at(shop) ----¥ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del ST 50705} 50753 Add— at(shop)—
’ CCUTTTPPIE PEPPTEPITTOPT PP EPPPPOTT PEprs rfrd IS FY --Pelt-:-- at(home)
B{01,02) :
S-SR -] (o N E11
Operator 1 A Operator 5 ol B(03,04)
If[ at(home) - at(shop) | Operator 3
Add | have(money) {BIOL03] 4§ have(money) If| at(shop)e
Del have(milk) Add| have(milk)
Add paid ¥ Del |
Del have(r‘voney)  {B(02,04) B(O3,F
B(05,04
> ¥
Establishes Operato*4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop)  |: ig(oa,r) _—pat(home)
Before constraint: Add at(home)/'gy' Add
B(x,y) Del at(shop) ----¥ Del




If Operator 2
| | Add | at(home)—E(LO2) STRIPS 1y at(home)
Del ST 50705} 50753 Add+— at(shop)—
’ CCUTTTPPIE PEPPTEPITTOPT PP EPPPPOTT PEprs rfrd IS FY --Pelt-:-- at(home)
B(01,02) t:
S-SR -] (o N E11
Operator 1 | Operator 5 3 3(03,o4j
If[ at(home) - at(shop) | Operator 3
Add | have(money) {BIOL03] 4§ have(money) If at(shop)e—
Del have(milk) <t Add-— have(milk)
Add paid ¥ Del |B(03,05) |
Del have(r‘voney)  {B(02,04) B(O3,F
B(05,04 :
>
Establishes Operatod,.4 F sll
. Q If paid i If [ have(milk)
Threatens at(shop)  |: ig(oa,r) _—pat(home)
Before constraint: Add at(home)/'gy' Add
B(x,y) Del at(shop) ----¥ Del




If Operator 2
| | Add at(home)-—Bu-Sleg) SZT4I$I PS 1> at(home)
Del B(I’Ol) m) B(OI%4) .‘fdl== at(I:hOp)_
<B(01,0Z;“. ........ el:f--- at( Bome)
i B [02.03
Operator 1 A Operator 5 ol B(03,04)
If| at(home) 1> at(shop) i Operator 3
Add | have(money) 1B[QL0O3)_5 have(money) |: If| at(shop)e-
Del have(milk) <= Add-— have(milk)
Add paid ¥ Del |B(03,05) |
Del have(Toney)  {B(02,04) B(O3,F
B(05,04
> ¥
Establishes Operatoi,.4 F vll
. Q If paid : If [ have(milk)
Threatens > at(shop) |iig(oa,p _——pat(home)
Before constraint: Add at(home)/'iy' Add
B(x,y) Del at(shop) ----¥ Del




STRIPS

B(1,01) B(02,05)

B(1,02) B(03,04)
B(01,02) B(03,05)
B(01,05) B(03,F)
B(02,03) B(04,F)
B(02,04) B(05,04)

Are the before constraints satisfiable?



STRIPS

o4

/E\E € 05

Sr

Are the before constraints satisfiable?

YES:

—501—02—03—05—504—



Exercises: Artificial Intelligence

Planning & Logic: English to Logic



PROBLEM & SOLUTION



Problem & Solution

* Not all students take both history and biology



Problem & Solution

* Not all students take both history and biology
— VX [student(x) = takes(x,hist) A takes(x,bio)]



Problem & Solution

* Not all students take both history and biology
— VX [student(x) = takes(x,hist) A takes(x,bio)]
& [A=>B < -A v B]
= ¥x [—[student(x)] v [takes(x,hist) A takes(x,bio)]]



Problem & Solution

* Not all students take both history and biology
— VX [student(x) = takes(x,hist) A takes(x,bio)]
& [A=>B < -A v B]
= ¥x [—[student(x)] v [takes(x,hist) A takes(x,bio)]]
& [-Vx (F) & 3x (—F)]
dx =[—[student(x)] v [takes(x,hist) A takes(x,bio)]]



Problem & Solution

* Not all students take both history and biology
=V¥x [student(x) = takes(x,hist) A takes(x,bio)]

& [A=>B < -A v B]

=YX [—[student(x)] v [takes(x,hist) A takes(x,bio)]]
& [YX (F) & dx (=F)]

dx =[—=[student(x)] v [takes(x,hist) A takes(x,bio)]]

< [-(A vB) & -A A =B],[-(A A B) & —-A v =B]
dx [student(x) A [—takes(x,hist) v —takes(x,bio)]]



Problem & Solution

* No person likes a smart vegetarian
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¥x Yy [person(x)Avegetarian(y)Asmart(y) = —likes(x,y)]



Problem & Solution

* No person likes a smart vegetarian
¥x Yy [person(x) Avegetarian(y)Asmart(y) = —likes(x,y)]
& [A=>B < -A v B]

Vx Yy [—[person(x) Avegetarian(y)Asmart(y)] v —likes(x,y)]



Problem & Solution

* No person likes a smart vegetarian
¥x Yy [person(x) Avegetarian(y)Asmart(y) = —likes(x,y)]
— [A=>B < -A v B]
Vx Yy [-[person(x)Avegetarian(y)Asmart(y)] v —likes(x,y)]
& [-A v B & —(A A B)]

Vx Yy —[person(x) Avegetarian(y) Asmart(y) Alikes(x,y)]



Problem & Solution

* No person likes a smart vegetarian
¥x Yy [person(x) Avegetarian(y)Asmart(y) = —likes(x,y)]
— [A=>B < -A v B]
Vx Yy [-[person(x)Avegetarian(y)Asmart(y)] v —likes(x,y)]
& [-A v =B & —(A A B)]
Vx Yy —[person(x) Avegetarian(y) Asmart(y) Alikes(x,y)]
E [Vx =(F) & —=3x (F)]
— dx dy [person(x) Avegetarian(y) Asmart(y)Alikes(x,y)]



Problem & Solution

e There is a woman who likes all men who are not
vegetarians.



Problem & Solution

e There is a woman who likes all men who are not
vegetarians.

dx[woman(x)A[VYy [man(y)A—vegetarian(y) = likes(x,y)]]]



Problem & Solution

 The best score in history was better than the best
score in biology.



Problem & Solution

 The best score in history was better than the best
score in biology.

V¥x Vy [bestscore(hist,x) A bestscore(bio,y) = better(x,y)]



Problem & Solution

* Every person who dislikes all vegetarians is smart.



Problem & Solution

* Every person who dislikes all vegetarians is smart.

VX[ person(x) A [Vy [vegetarian(y) = —likes(x,y)]] @ smart(x)]



Problem & Solution

e There is a barber who shaves all men in town who
do not shave themselves.



Problem & Solution

e There is a barber who shaves all men in town who

do not shave themselves.
dx [barber(x)A[Vy [townsman(y)A—=shaves (y,y) = shaves(x,y)]]]



Problem & Solution

e There is a barber who shaves all men in town who

do not shave themselves.

dx [barber(x)A[Vy [townsman(y)A—=shaves (y,y) = shaves(x,y)]]]
=
dx [barber(x)A[Vy [-[townsman(y)A—=shaves (y,y)] vshaves(x,y)]]]



Problem & Solution

e There is a barber who shaves all men in town who

do not shave themselves.
dx [barber(x)A[Vy [townsman(y)A—=shaves (y,y) = shaves(x,y)]]]
=
dx [barber(x)A[Yy [-[townsman(y)A=shaves (y,y)] vshaves(x,y)]]]
=
dx [barber(x)A[Yy =[townsman(y)A—shaves (y,y)A—shaves(x,y)]]]



Problem & Solution

e There is a barber who shaves all men in town who

do not shave themselves.
dx [barber(x)A[Vy [townsman(y)A—=shaves (y,y) = shaves(x,y)]]]

=

dx [barber(x)A[Vy [-[townsman(y)A—=shaves (y,y)] vshaves(x,y)]]]
=

dx [barber(x)A[Yy =[townsman(y)A—shaves (y,y)A—shaves(x,y)]]]
=

dx [barber(x)A [— dy [townsman(y)A—=shaves (y,y) A—shaves(x,y)]]]



Problem & Solution

* No person likes a professor unless the professor is
smart.



Problem & Solution

* No person likes a professor unless the professor is
smart.
Vx Yy [person(x)Aprofessor(y)=>[likes(x,y) = smart(y)]]



Problem & Solution

* No person likes a professor unless the professor is
smart.

Vx Yy [person(x)Aprofessor(y)=>[likes(x,y) = smart(y)]] &
Vx Yy [person(x)Aprofessor(y)=[—likes(x,y)vsmart(y)]]



Problem & Solution

* No person likes a professor unless the professor is

smart.
Vx Yy [person(x)Aprofessor(y)=>[likes(x,y) = smart(y)]] &
Vx Yy [person(x)Aprofessor(y)=>[—likes(x,y)vsmart(y)]]
¥x Yy [—-[person(x)Aprofessor(y)]v[—likes(x,y) vsmart(y)]]



Problem & Solution

* No person likes a professor unless the professor is

smart.
Vx Yy [person(x)Aprofessor(y)=>[likes(x,y) = smart(y)]] &
Vx Yy [person(x)Aprofessor(y)=>[—likes(x,y)vsmart(y)]]

Vx Yy [—-[person(x)Aprofessor(y)]v[—likes(x,y)vsmart(y)]] &
Vx Yy [—[person(x)Aprofessor(y)]v —[likes(x,y) A—=smart(y)]]



Problem & Solution

* No person likes a professor unless the professor is

smart.
Vx Yy [person(x)Aprofessor(y)=>[likes(x,y) = smart(y)]]
¥x Yy [person(x)Aprofessor(y)=[—likes(x,y)vsmart(y)]]
Vx Yy [~[person(x)Aprofessor(y)] v[—likes(x,y)vsmart(y)].
V¥x Yy [—[person(x)Aprofessor(y)]v—[likes(x,y)A—=smart(y)]]
¥x Yy —[person(x)Aprofessor(y) Alikes(x,y) A—=smart(y)]

t10¢




Problem & Solution

* No person likes a professor unless the professor is

smart.
Vx Yy [person(x)Aprofessor(y)=>[likes(x,y) = smart(y)]]
V¥x Yy [person(x)Aprofessor(y)=[—likes(x,y)vsmart(y)]]
¥x Yy [—[person(x)Aprofessor(y)] v[—likes(x,y)vsmart(y)]]
¥x Yy [—[person(x)Aprofessor(y)]v—[likes(x,y) A—smart(y)]]
Vx Yy =[person(x) Aprofessor(y) Alikes(x,y) A—=smart(y)]
— dx dy [person(x)Aprofessor(y)Alikes(x,y) A—=smart(y)]

001



Problem & Solution

* Only one person failed both history and biology.



Problem & Solution

* Only one person failed both history and biology.

dIx student(x) A failed(x,hist) A failed(x,bio)



Problem & Solution

* Only one person failed both history and biology.

dIx student(x) A failed(x,hist) A failed(x,bio)

Note that: d!x p(x) © IAx p(x) A [Vy [p(y) = x=V]]



Problem & Solution

* Politicians can fool some of the people all the time,
and they can fool all of the people some of the time,
but they can’t fool all the people all of the time.



Problem & Solution

* Politicians can fool some of the people all the time,
and they can fool all of the people some of the time,
but they can’t fool all the people all of the time.

V¥x [politician(x) = [dy people(y) A [Vt time(t) = fool(x,y,t)]]]



Problem & Solution

* Politicians can fool some of the people all the time,
and they can fool all of the people some of the time,
but they can’t fool all the people all of the time.

V¥x [politician(x) = [dy people(y) A [Vt time(t) = fool(x,y,t)]]]
¥x [politician(x) = [t time(t) A [Vy people(y) = fool(x,y,t)]]]



Problem & Solution

* Politicians can fool some of the people all the time,
and they can fool all of the people some of the time,
but they can’t fool all the people all of the time.

¥x [politician(x) = [y people(y) A [Vt time(t) = fool(x,y,t)]]]
¥x [politician(x) = [t time(t) A [Vy people(y) = fool(x,y,t)]]]

V¥x [politician(x) = —[Vy YVt [people(y) A time(t)] = fool(x,y,t)]]



Exercises: Artificial Intelligence

Planning & Logic: And-Or-If



PROBLEM & SOLUTION



Problem & Solution

e One more outburst like that and you are in
contempt of court.



Problem & Solution

e One more outburst like that and you are in
contempt of court.

outburst = court



Problem & Solution

e One more outburst like that and you are in
contempt of court.

outburst = court
NOT: outburst A court



Problem & Solution

e Either the Red Sox win or I’'m out ten dollars.



Problem & Solution

e Either the Red Sox win or I’'m out ten dollars.

redSoxWin < —outTenDollars



Problem & Solution

e Either the Red Sox win or I’'m out ten dollars.

redSoxWin < —outTenDollars
NOT: redSoxWin v outTenDollars



Problem & Solution

 Maybe I’'ll come to the party and maybe | won’t.



Problem & Solution

 Maybe I’'ll come to the party and maybe | won’t.

maybeComeToParty v -maybeComeToParty



Problem & Solution

 Maybe I’'ll come to the party and maybe | won’t.

maybeComeToParty v -maybeComeToParty
NOT: maybeComeToParty A -maybeComeToParty



Exercises: Artificial Intelligence

Planning & Logic: Weird Logic



PROBLEM & SOLUTION



Problem & Solution

e [ don’t jump off the Empire State Building implies if
| jump off the Empire State Building, then | float
safely to the ground.
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e [ don’t jump off the Empire State Building implies if
| jump off the Empire State Building, then | float
safely to the ground.

— Translating the meaning of the sentence is not possible



Problem & Solution

e [ don’t jump off the Empire State Building implies if
| jump off the Empire State Building, then | float
safely to the ground.

— Translating the meaning of the sentence is not possible

—jumpESB = [jumpESB = floatTTGround]



Problem & Solution

e [ don’t jump off the Empire State Building implies if
| jump off the Empire State Building, then | float
safely to the ground.

— Translating the meaning of the sentence is not possible

—jumpESB = [jumpESB = floatTTGround] <
—jumpESB = [-jumpESB Vv floatTTGround]



Problem & Solution

e [ don’t jump off the Empire State Building implies if
| jump off the Empire State Building, then | float
safely to the ground.

— Translating the meaning of the sentence is not possible

—jumpESB = [jumpESB = floatTTGround] <
—jumpESB = [—jumpESB vV floatTTGround] <
jumpESB v —jumpESB v floatTTGround



Problem & Solution

e [t is not the case that if you attempt this exercise
you will get an F. Therefore, you will attempt this
exercise.



Problem & Solution

e [t is not the case that if you attempt this exercise
you will get an F. Therefore, you will attempt this
exercise.

— Translating the meaning of the sentence is not possible
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e [t is not the case that if you attempt this exercise
you will get an F. Therefore, you will attempt this
exercise.

— Translating the meaning of the sentence is not possible

—[attempt = getF] = attempt



Problem & Solution

e [t is not the case that if you attempt this exercise
you will get an F. Therefore, you will attempt this
exercise.

— Translating the meaning of the sentence is not possible

—[attempt = getF] = attempt &
—[—attempt v getF] = attempt



Problem & Solution

e [t is not the case that if you attempt this exercise
you will get an F. Therefore, you will attempt this
exercise.

— Translating the meaning of the sentence is not possible

—[attempt = getF] = attempt &
—[—-attempt v getF] = attempt
[attempt A —getF] = attempt



Problem & Solution

e [t is not the case that if you attempt this exercise
you will get an F. Therefore, you will attempt this
exercise.

— Translating the meaning of the sentence is not possible

—[attempt = getF] = attempt &
—[—-attempt v getF] = attempt
—attempt v getF v attempt



