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Figure 10.14  Shakey’s world. Shakey can move between landmarks within a room, can
pass through the door between rooms, can climb climbable objects and push pushable objects,
and can flip light switches.

1 the ap
b. Write the six action schemas.

¢. Suppose the monkey wants to fool the scientists, who are off to tea, by grabbing the
bananas, but leaving the box in its original place. Write this as a general goal (i.e., not
assuming that the box is necessarily at C) in the language of situation calculus. Can this
goal be solved by a classical planning system?

d. Your schema for pushing is probably incomect, because if the object is too heavy, its

position will remain the same when the Push schema is applied. Fix your action schema
to account for heavy objects.

104 The original STRIPS planner was designed to control Shakey the robot. Figure 10.14
shows a version of Shakey’s world consisting of four rooms lined up along a corridor, where
each room has a door and a light switch. The actions in Shakey’s world include moving from
lace to place, pushing movable objects (such as boxes), climbing onto and down from rigid
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Write PDDL sentences for Shakey’s six actions and the initial state from Figore 10.14. Cop.

10,6 Explain why dropping negative effects from every action schema in a planning prob-

Chapter 10. - Classical Plany;,

objects (such as boxes), and turning light switches on and off. The robot itself could not cliny, ;
on a box or toggle a switch, but the planner was capable of finding and printing out plans thas -
were beyond the robot’s abilities. Shakey’s six actions are the following:

e Go(z,y,r), which requires that Shakey be At z and that z and y are locations [, fhe -
same room . By convention a door between two roorms is in.both of them.

* Push a box b from location z to location y within the saine room: Push(b, z,1,7). Yy
will need the predicate Boz and constants for the boxes.

o Climb onto a box from position x: ClimbUp(z, b); climb down from a box to POSitigy
z: ClimbDown (b, z). We will need the predicate On and the constant Floor.

» Turn a light switch on or off: TurnOn{s,b); TurnOff (s,b). To turn a light on or off,
Shakey must be on top of a box at the light switch’s location.

struct a plan for Shakey to get Boz; into Rooms.

10.5 A finite Turing machine has a finite one-dimensional tape of cells, each cell containing
one of a finite number of symbols. One cell has a read and write head above it. There is o
finite set of states the machine can be in, one of which is the accept state. At each time step,
depending on the symbol on the cell under the head and the machine’s current state, there are
a set of actions we can choose from. Each action involves writiﬁg a symbol to the cell under
the head, transitioning the machine to a state, and optionally moving the head left or 1‘ight_
The mapping that determines which actions are allowed is the Turing machine’s program.
Your goal is to control the machine into the accept state. ,

Represent the Turing machine acceptance problem as a planning problem. If you can
do this, it demonstrates that determining whether a planning problem has a solution is at least
as hard as the Turing acceptance problem, which is PSPACE-hard.

lem results in a relaxed probiem.

10.7 Tigure 10.4 (page 371) shows a blocks-world problem that is known as the Sussman
anomaly. The problem was considered anomalous because the noninterleaved planners of
the early 1970s could not solve it. Write a definition of the problem and solve it, either by
hand or with a planning program. A noninterleaved planner is a planner that, when given two
subgoals (/1 and Gz, produces either a plan for (4 concaienated with a plan for Gg, or vice
versa. Explain why a noninterleaved planner cannot solve this problem.

10.8 Prove that backward search with PDDL problems is complete.

10.9  Construct levels 0, 1, and 2 of the planning g;aph for the problem in Figure 10.1.

10.10  Prove the following assertions about planning graphs:

a. A literal that does not appear in the final level of the graph cannot be achieved.




