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b. The actions are:

Action(ACTION:Go(x, y),PRECOND:At(Monkey, x),
EFFECT:At(Monkey, y) ∧ ¬(At(Monkey, x)))

Action(ACTION:Push(b, x, y),PRECOND:At(Monkey, x) ∧ Pushable(b),
EFFECT:At(b, y) ∧At(Monkey, y) ∧ ¬At(b, x) ∧ ¬At(Monkey, x))

Action(ACTION:ClimbUp(b),
PRECOND:At(Monkey, x) ∧At(b, x) ∧ Climbable(b),
EFFECT:On(Monkey, b) ∧ ¬Height(Monkey,High))

Action(ACTION:Grasp(b),
PRECOND:Height(Monkey, h) ∧Height(b, h)

∧At(Monkey, x) ∧At(b, x),
EFFECT:Have(Monkey, b))

Action(ACTION:ClimbDown(b),
PRECOND:On(Monkey, b) ∧Height(Monkey,High),
EFFECT:¬On(Monkey, b) ∧ ¬Height(Monkey,High)

∧Height(Monkey, Low)
Action(ACTION:UnGrasp(b),PRECOND:Have(Monkey, b),

EFFECT:¬Have(Monkey, b))

c. In situation calculus, the goal is a states such that:

Have(Monkey,Bananas, s) ∧ (∃x At(Box, x, s0) ∧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 thePushable precondition in the solution above.

10.4 The actions are quite similar to the monkey and bananas problem—you should proba-
bly assign only one of these two problems. The actions are:

Action(ACTION:Go(x, y),PRECOND:At(Shakey, x) ∧ In(x, r) ∧ In(y, r),
EFFECT:At(Shakey, y) ∧ ¬(At(Shakey, x)))

Action(ACTION:Push(b, x, y),PRECOND:At(Shakey, x) ∧ Pushable(b),
EFFECT:At(b, y) ∧At(Shakey, y) ∧ ¬At(b, x) ∧ ¬At(Shakey, x))

Action(ACTION:ClimbUp(b),PRECOND:At(Shakey, x) ∧At(b, x) ∧Climbable(b),
EFFECT:On(Shakey, b) ∧ ¬On(Shakey, F loor))

Action(ACTION:ClimbDown(b),PRECOND:On(Shakey, b),
EFFECT:On(Shakey, F loor) ∧ ¬On(Shakey, b))

Action(ACTION:TurnOn(l),PRECOND:On(Shakey, b) ∧At(Shakey, x) ∧At(l, x),
EFFECT:TurnedOn(l))

Action(ACTION:TurnOff(l),PRECOND:On(Shakey, b) ∧At(Shakey, x) ∧At(l, x),
EFFECT:¬TurnedOn(l))
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The initial state is:

In(Switch1, Room1) ∧ In(Door1, Room1) ∧ In(Door1, Corridor)
In(Switch1, Room2) ∧ In(Door2, Room2) ∧ In(Door2, Corridor)
In(Switch1, Room3) ∧ In(Door3, Room3) ∧ In(Door3, Corridor)
In(Switch1, Room4) ∧ In(Door4, Room4) ∧ In(Door4, Corridor)
In(Shakey,Room3) ∧At(Shakey,XS)
In(Box1, Room1) ∧ In(Box2, Room1) ∧ In(Box3, Room1) ∧ In(Box4, Room1)
Climbable(Box1) ∧ Climbable(Box2) ∧Climbable(Box3) ∧ Climbable(Box4)
Pushable(Box1) ∧ Pushable(Box2) ∧ Pushable(Box3) ∧ Pushable(Box4)
At(Box1,X1) ∧At(Box2,X2) ∧At(Box3,X3) ∧At(Box4,X4)
TurnwdOn(Switch1) ∧ TurnedOn(Switch4)

A plan to achieve the goal is:

Go(XS ,Door3)
Go(Door3,Door1)
Go(Door1,X2)
Push(Box2,X2,Door1)
Push(Box2,Door1,Door2)
Push(Box2,Door2, Switch2)

10.5 One representation is as follows. We have the predicates:

a. HeadAt(c): tape head at cell locationc, true for exactly one cell.

b. State(s): machine state iss, true for exactly one cell.

c. ValueOf (c, v): cell c’s value isv.

d. LeftOf (c1, c2): cell c1 is one step left from cellc2.

e. TransitionLeft(s1, v1, s2, v2): the machine in states1 upon reading a cell with value
v1 may write valuev2 to the cell, change state tos2, and transition to the left.

f. TransitionRight (s1, v1, s2, v2): the machine in states1 upon reading a cell with value
v1 may write valuev2 to the cell, change state tos2, and transition to the right.

The predicatesHeadAt , State , andValueOf are fluents, the rest are constant descrip-
tions of the machine and its tape. Two actions are required:

Action(RunLeft(s1, c1, v1, , s2, c2, v2),
PRECOND:State(s1) ∧HeadAt(c1) ∧ ValueOf (c1, v1)

; ∧TransitionLeft(s1, v1, s2, v2) ∧ LeftOf (c2, c1)
EFFECT:¬State(s1) ∧ State(s2) ∧ ¬HeadAt(c1) ∧HeadAt(c2)

∧¬ValueOf (c1, v1) ∧ ValueOf (c1, v2))

Action(RunRight(s1, c1, v1, , s2, c2, v2),
PRECOND:State(s1) ∧HeadAt(c1) ∧ ValueOf (c1, v1)

; ∧TransitionRight(s1, v1, s2, v2) ∧ LeftOf (c1, c2)
EFFECT:¬State(s1) ∧ State(s2) ∧ ¬HeadAt(c1) ∧HeadAt(c2)

∧¬ValueOf (c1, v1) ∧ ValueOf (c1, v2))

2.
Goals and preconditions can only be positive literals. So a negative effect can only make

it harder to achieve a goal (or a precondition to an action that achieves the goal). Therefore,
eliminating all negative effects only makes a problem easier. This would not be true if
negative preconditions and goals were allowed.
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