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 On a table there are: a container with an unlimited supply of sweets and 100 boxes, each of 
which can contain at most 3 sweets and can be wrapped up in paper. A robotic arm with a 
gripper can: take a sweet from the container (if the gripper is empty); put a sweet in a box 
(if the gripper holds a sweet, the box can contain one more sweet, and the box is not 
wrapped); wrap up a box (if the gripper is empty). Initially the gripper is empty and the 100 
boxes are empty and not wrapped. The goal is to have a box containing 2 sweets and 
wrapped up. However, the goal must not specify which of the boxes must be filled and 
wrapped up (the choice must be left to the planning algorithm). 

Using PDDL:

a. Introduce a suitable set of constants and predicates, describing their intuitive meaning 
(try to keep the set of predicates to a minimum);

b. Represent the initial state and the goal of the planning problem (concerning the goal, 
read carefully the specifications above);

c. Specify a set of action schemas sufficient to solve the planning problem.
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a. Introduce a suitable set of constants and predicates

Predicates:
InBox(x,n) box x contains n sweets
Wrapped(x) x is wrapped
HoldsSweet the gripper holds a sweet

Constants:
B1, ..., B100 the boxes
0, 1, 2, 3 number of sweets
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b. Represent the initial state and the goal of the planning problem

Initial state:
InBox(B1,0), ..., InBox(B100,0)

Goal:
InBox(x,2) ∧ Wrapped(x)
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c. Specify a set of action schemas sufficient to solve the planning problem.

// Pickup a sweet from the sweet container
Action(ACTION: pickUp(), PRECOND: ¬HoldsSweet,

EFFECT: HoldsSweet)

// Put first sweet into box x
Action(ACTION: put1(x), PRECOND: HoldsSweet ∧ InBox(x,0) ∧ ¬Wrapped(x),

EFFECT: InBox(x,1) ∧ ¬InBox(x,0) ∧ ¬HoldsSweet)

// Put second sweet into box x
Action(ACTION: put2(x), PRECOND: HoldsSweet ∧ InBox(x,1) ∧ ¬Wrapped(x),

EFFECT: InBox(x,2) ∧ ¬InBox(x,1) ∧ ¬HoldsSweet)

// Put third sweet into box x
Action(ACTION: put3(x), PRECOND: HoldsSweet ∧ InBox(x,2) ∧ ¬Wrapped(x),

EFFECT: InBox(x,3) ∧ ¬InBox(x,2) ∧ ¬HoldsSweet)

// Wrap up box x
Action(ACTION: wrap(x), PRECOND: (¬HoldsSweet ∧ ¬Wrapped(x))

EFFECT: Wrapped(x))
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 Making a cup of tea
The Project work area is the worktop around a electric kettle in a kitchen. All non human 
Project resources are available in the kitchen and to start with let us make the Project 
Manager (David) do all the real work for a change. The Project tasks, durations, effort and 
task predecessors are listed in the table below.
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 Questions:
a. What task numbers are on the critical path for the basic network?
b. If there is no consideration of over allocated resources, what is the earliest finish time of your Project?
c. If you remove the over allocation of tasks to David, what is the earliest finish time of your Project?
d. If you bring in as many team-mates as you like to help David, reallocating some of the tasks to these folk 

(but nobody is over-allocated work), what is the earliest finish time of your Project now and how many 
people did you require?

Please consider that:
• Start date is 1 January 2015 at time 10:00
• There are no periods of non working to account for
• All tasks are carried out by one resource named David (to start with)
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 Answers:

a. What task numbers are on the critical path for the basic network?

1,14 (start and end milestones) and in terms of real tasks, 4, 6, 7, 8, 11, 12

b. If there is no consideration of over allocated resources, what is the earliest finish time of your Project?

14:30

c. If you remove the over allocation of tasks to David, what is the earliest finish time of your Project?

14:50

d. If you bring in as many team-mates as you like to help David, reallocating some of the tasks to these folk 
(but nobody is over-allocated work), what is the earliest finish time of your Project now and how many 
people did you require?

14:30 with one extra person
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 Hierarchical Planning - Task:
Ed wants to be in New York

 Formalization as a plan goal:
be-at (Ed, New York)

 The algorithm: Top-down hierarchical planning
• Search our library of plan operators for ways of achieving the goal
• For an operator to be usable, the preconditions much match the ‘state 

of the world’
• For an operator to be useful, the effect must leave us nearer to 

achieving our goal than we were before!
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 Our PLAN OPERATORS



Exercise 11.3

page
015



Exercise 11.3

page
016



Exercise 11.3

page
017



Exercise 11.3

page
018



Exercise 11.3

page
019



Exercise 11.3

page
020



Exercise 11.3

page
021

 Our PLAN OPERATORS
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 TESTING PHASE

 Do the preconditions hold? If not, we have to make them hold by 
planning further before we can carry out the action and get the desired 
effect

 When the preconditions hold, we can achieve the effect by adding the 
actions in the body into our plan. This is the hierarchical expansion of the 
plan tree.
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 Consider a simple case of resource allocation that contains 12 uninterruptible tasks, each 
with fixed duration and demand. These tasks need to be scheduled on a single renewable 
resource that has a capacity of eight units.

Task Duration Demand Successors

1 1 4 4

2 2 2 5

3 2 3

4 6 3

5 3 2

6 6 3 12

7 1 1 8, 9, 10

8 3 2 11

9 3 2 12

10 4 1 12

11 2 2 12

12 4 2


