15-381: AI: Representation and Problem Solving Spring 2019

Recitation 4 February 8

1 Discussion Questions

(a) What is the difference between Forward Checking and AC-3?

(b) Why does a tree-structured CSP take O(nd?) to solve?

(¢) Why would one use the following heuristics for CSP?
(i) Minimum Remaining Values (MRV)

(ii) Least Constraining Value (LCV)

2 CSP: Air Traffic Control

We have five planes: A, B, C, D, and E and two runways: international and domestic. We would like to
schedule a time slot and runway for each aircraft to either land or take off. We have four time slots: 1, 2, 3, 4
for each runway, during which we can schedule a landing or take off of a plane. We must find an assignment
that meets the following constraints:

e Plane B has lost an engine and must land in time slot 1.

e Plane D can only arrive at the airport to land during or after time slot 3.

e Plane A is running low on fuel but can last until at most time slot 2.

e Plane D must land before plane C takes off, because some passengers must transfer from D to C.
e No two aircrafts can reserve the same time slot for the same runway.

(a) Complete the formulation of this problem as a CSP in terms of variables, domains, and constraints (both
unary and binary). Constraints should be expressed implicitly using mathematical or logical notation rather
than with words. Make sure to specify variables, domains, and constraints.

For the following parts, we add the following two constraints:
e Planes A, B, and C cater to international flights and can only use the international runway.
e Planes D and E cater to domestic flights and can only use the domestic runway.

(b) With the addition of the two constraints above, we completely reformulate the CSP. You are given the
variables and domains of the new formulation. Complete the constraint graph for this problem given the
original constraints and the two added ones
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(¢) What are the domains of the variables after enforcing arc-consistency? Begin by enforcing unary con-
straints. (Cross out values that are no longer in the domain.)

(d) Arc-consistency can be rather expensive to enforce, and we believe that we can obtain faster solutions
using only forward-checking on our variable assignments. Using the Minimum Remaining Values heuristic,
perform backtracking search on the graph, breaking ties by picking lower values and characters first. List
the (variable, assignment) pairs in the order they occur (including the assignments that are reverted upon
reaching a dead end). Enforce unary constraints before starting the search.

List of (variable, assignment) pairs:

(You don’t have to use this table)
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3 Cargo Plane: Linear Programming Formulation

A cargo plane has three compartments for storing cargo: front, centre and rear. These compartments have
the following limits on both weight and space:

Compartment | Weight capacity (tonnes) | Space capacity (cubic metres)
Front 10 6800
Centre 16 8700
Rear 8 5300

The following four cargoes are available for shipment on the next flight:

Cargo | Weight (tonnes) | Volume (cubic metres/tonne) | Profit ($/tonne)
C1 18 480 310
C2 15 650 380
C3 23 580 350
C4 12 390 285

Any proportion of these cargoes can be accepted. The objective is to determine how much of each cargo
C1, C2, C3 and C4 should be accepted and how to distribute each among the compartments so that the
total profit for the flight is maximised. Formulate the above problem as a linear program. Think about the
assumptions you are making when formulating this problem as a linear program.



