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Review

• Recap of material covered

• Retrospective

• Looking ahead – logic in the rest of your degree
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Functions

• Definition of a function;

• Graphs of a function;

• Function composition;

• Function properties, such as injections, surjections and bijections;

• Using functions to compare the size of (infinite) sets;
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Functions - example questions

• Execute a given function for some values;

• Define a complex function, using function composition;

• Identify the properties of a given function - is it injective? surjective? bijective?

• Prove a function is injective/surjective/bijective.

• Use functions to model some data – as we did for the computer’s memory when defining

operational semantics.

5



Relations

• Definition of a relation;

• Composing, inverting, unions or intersections of relations

• Properties of relations: reflexive, irreflexive, symmetric, antisymmetric, asymmetric,

transitive, …

• Equivalence relations, equivalence classes and partitions

• (Partial orders and total orders – covered in the book, not in the slides and will not be on the

exam)
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Relations - example questions

• Define a relation or understand a given (inductively defined) relation.

• Which of these relations are reflexive? Transitive? Anti-symmetric? Symmetric?

• Show that this relation is an equivalence relation.
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Inductive definitions

• Inductively defined sets of natural numbers

• Inductively defined sets of words, trees, lists, programs, …

• BNF notation

• Inductively defined functions

• Recursively defined functions
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Inductive definitions – example questions

• Explain why some element – say 5 – is in some inductively defined set (or not);

• Give an inductive definition of some subset of the natural numbers;

• Or give an inductive definition of a sequence of numbers – such as the Fibonacci numbers;

• Execute a given inductively defined function;

• Define a function using induction/recursion.
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Proofs by induction

• Proofs by induction over the natural numbers;

• Strong induction;

• Structural induction over trees, words, lists, etc.

Example questions

Prove X by induction on Y (for some suitable choice of X and Y).
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Question

Given the set of binary trees t defined as follows:

t ::= ⋆ | N(t1, t2)

That is, each tree is either a leaf ⋆, or a binary node N with two subtrees.

Exercise Prove that in any given binary tree t, there is one more leaf in t than there are nodes.
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Games

• Games of no chance;

• Concepts such as winning position and strategy;

• Examples of games and how to ‘solve’ them.

Example questions

• Given some game, explain why player X has a winning strategy;

• Draw a game tree for some game X;

• …
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Transition systems

• Labelled transition systems (described as a set of states, actions and transition relation);

• Process description language (0,+,definitions and action prefixes);

• Distinguishing between processes

• Equality between processes

Example questions

• Model some problem using a labelled transition system;

• Argue why two processes are the same or different;

• Given a process diagram, give a definition;
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Natural deduction

• Proof rules for propositional logic;

• How these are used to give a derivation;

• How assumptions are used in such derivations;

• Which rules add/remove assumptions from the context?

• The concepts of soundness and completeness.

Example questions

• Give the elimination/introduction rule for a certain logical operator;

• Give a natural deduction proof of the formula X from the assumptions Y;

• Identify what is wrong in a given proof.
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Operational semantics and Hoare logic

• Operational semantics – showing how a program is executed;

• Hoare triples – specifying how a program behaves;

• Inference rules for Hoare logic – that can be used to prove a program correct;

• Soundness and completeness results of the Hoare logic with respect to the operational

semantics.

Example questions

• Show how to evaluate a given program using the operational semantics we have seen;

• Identify/reproduce the rules for this semantics;

• Give a simple proof using Hoare logic;

• Understand the meaning of soundness and completeness;
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Wrapping up

• Exam February 4th from 19:00-21:00.

• The exam will cover all the material from Chapter 6 onwards, including any dependencies on

the previous chapters (such as propositional logic);

• This includes material on natural deduction, operational semantics and Hoare logic in the

lecture notes.

• Material that we did not encounter in the second half will not be on the exam – such as

circuit diagrams or boolean algebra, for instance.
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Looking ahead…

Is this the last time you’ll ever encounter logic?

• Databases

• Datastructures

• Graphics

• Concepts of programming languages

• Program semantics and verification

• Talen en compilers

• Functional programming

• Intelligent systems

• Logic and language/Logic and computation

• ….

Almost every CS course you will do in the rest of your academic career, you will probably need to

do some (in)formal reasoning – for which you’ll need logic. 17



Good luck on your exam!

And don’t forget to fill out the Caracal evaluation ;)

17



Good luck on your exam!

And don’t forget to fill out the Caracal evaluation ;)

17


	Review

