CMSC421 Fall 2005 Homework 3

December 6, 2005

1 Problem 1: Resolution Theorem Proving (15 pts)
(a)

i. Vo smart(x) A study(x) A attend(z) = prepared(z).
ii. Vo, ¢ fair(t) A prepared(z) = pass(z,t).

ili. Vo umdstudent(xz) = smart(z).

iv. Vt ~ fair(t) =~ (3z pass(z,t)).

v. umdstudent(Chris).

vi. 3z pass(z,421exam).

vii. attend(Chris).

(b)

i. ~ smart(x)V ~ study(x)V ~ attend(z) V prepared(x).
ii. ~ fair(t)V ~ prepared(z1) V pass(zy,t).

ili. ~ umdstudent(xz) V smart(xzq).

iv. fair(t1)V ~ pass(xs,t1).

v. umdstudent(Chris).

vi. pass(someone,42lexam). (someone is Skolem constant)
vii. attend(Chris)

(c)
1. ~ smart(z)V ~ study(x)V ~ attend(zx) V prepared(z)
2. ~ fair(t)V ~ prepared(z1) V pass(z1,t)
.~ umdstudent(zz) V smart(z2)
. fair(t1)V ~ pass(zs,t1)
. umdstudent(Chris).
. pass(someone, 421exam). (someone is Skolem constant)
. attend(Chris)

. study(Chris)\ ~ pass(Chris,421exam) negated goal
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Table 1: Truth Table

| | ¢
| Action(t) | Action(0)
At(Truck,Depot,t)
At(Truck,AVW,t)
At(Machinel,Depot,t)
At(Machinel, AVW,t)
On(Machinel,Truck,t)
At(Machine2,Depot,t)
At(Machine2, AVW,t)
On(Machine2,Truck,t)

0 | t=1 |
Load(...) | Action(1) = Drive(...) |
?

0| 0| | o o] o B

Hj"JHH'\J‘Q-wJH“
13| o] | o] o | o] -

10. ~ pass(Chris,421exam) 8

11. ~ smart(Chris)V ~ attend(Chris)Vprepared(Chris) 1,9 z/Chris

12. ~ smart(Chris) V prepared(Chris) 7,11

13. smart(Chris) 3,5 x2/Chris

14. prepared(Chris) 12,13

15. ~ fair(t) V pass(Chris,t) 2,14 x1/Chris
16. ~ fair(42lexam) 10,15 t/421lexam
17. ~ pass(zs,421exam) 4,16 t1/421exam
18. false 6,17 x3/someone

Therefore, proved.

2 Problem 2: Reasoning About Action And Change (15
pts)

(a)

See Table 1.

(b)

i. Things can only be in one place at a time.

At(x, Depot, t) =~ At(x, AVW,t)

At(x, AVW,t) =~ At(x, Depot,t)

ii. Whatever is on the truck is at where the truck is located.
On(z, Truck,t) N At(Truck,l,t) = At(x,l,t)

(©)



Moving(x,1,t) = (Drivable(z) A Action(t) = Drive(z,l)) V Jy(On(z,y,t) A
Drivable(y) A Action(t) = Drive(y,1))

(@)

Moving(x,1,t) = At(z,l,t + 1)

At(z, 11, t)A\ ~ J2(Moving(z,12,t)) = At(x,l1,t+ 1)

On(z,y,t) = On(z,y,t + 1)

3  Problem 3: STRIPS Russell & Norvig exercise 11.4
(15 pts)

(a) The initial state is:

At(Monkey, A)ANAt(Bananas, B)ANAt(Box, C)AHeight(Monkey, Low)A\Height(Box, Low)A
Height(Bananas, High) A Pushable(Box) A Climbable(Bor)

(b) The actions are: (this is not the only way)

| Operator | Preconditions | Add effects | Delete effects |
| Go(x,y) | At(Monkey,x) | At(Monkey,y) | At(Monkey,x) |
Push(b,x,y) At(Monkey,x) At(b,y) At(b,x)
At(b,x) At(Monkey,y) At(Monkey,x)
Pushable(b)
ClimbUp(b,x) At(Monkey,x) On(Monkey,b) Height(Monkey,Low)
At(b,x) Height(Monkey,High)
Climbable(b)
ClimbDown(b) On(Monkey, b) Height(Monkey,Low) | Height(Monkey, High)
Climbable(b) On(Monkey,b)

Grasp(o,h,x) Height(Monkey,h) Have(Monkey,o)
Height(o,h)

At(Monkey,x)
At(o,x)
UnGrasp(o, h, x) | Have(Monkey, o) At(o, x) Have(Monkey, o)
At(Monkey, x) Height(o, h)

©
In situation calculus, the goal is a state s such that: Have(Monkey, Bananas, s)A
(3zAt(Box,x, s0) N At(Box,x, s)). In STRIPS, we can only talk about the goal
state; there is no way of representing the fact that there must be some relation
(such as equality of location of an object) between two states within the plan.
So there is no way to represent this goal.

(d)

Actually, we did include the Pushable precondition. This is an example of the
qualification problem.

4  Problem 4: POP (15 pts)

See Figure 1.



Go-R,-R,-With-Kev

ﬁ;}(Robot,RZ);
4 oldmg(Robot K)

—In(Robot,R2),

~In(Key,R2). /
In(Robot.R1) N

In(K.R1)

Start

/

In{Robot R7)

In(Key.R2)
Open(D)

Grasp-Kev-In-R. \7
‘In(Robo tR2).
\n(Ke_\'.RE)

Holding(Robot K) 14

Put-Kev-In-Box

F In(Robot R1),
- Holding(Robot K)

—Holdmg(Robot K).
—In(K,R1),

—
Ordermng Constramt
caused by Threat

—_
Causal hink

Goal

B In(K.B).
L ocked(D)

(K B) —_—
!
!
!
|
i

P Open(D),
b Holding(Robot K)

— Open(D)

Locked(D) R —

Figure 1: POP

5 Problem 5: GraphPlan (15 pts)

See Figure 2.

6 Problem 6: Design Your Own Planning Problem (25
pts)

Answer varies.
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Figure 2: GraphPlan



