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Disclaimer: This document is intended for MSc-level students of the programs on
Computer Science and Engineering (CSE) and Embedded Systems (ES) taking Logic
and Set Theory as a homologation course (code: 2IHT10). It is not intended for
BSc-level students (e.g., of the BSc programs on Software Science, Web Science, and
Psychology & Technology, or of the pre-master programs on BIS, CSE, ES); some
of the practical course information included in it is not accurate for their variant of
the course (code: 2IT60). BSc-level students can, of course, use the exercises in this
document for practising purposes, though.

This document summarises the prerequisite knowledge and skills pertaining to Logic & Set
Theory for the MSc programs Computer Science and Engineering and Embedded Systems, and
serves as a self-study guide for MSc-level students taking Logic & Set Theory as a self-study
homologation module. All the exercises in this document are taken from old examinations. If you
can make all of them by yourself, without consulting the supporting material, then you are most
likely sufficiently prepared for the exam.

Note that if you cannot make a certain type of exercise below, then you will need to carefully
study the mentioned course material and, more importantly, practice extensively with the sug-
gested exercises. It will not be enough to just read the material and read a solution to the exercise
in this document.

The course material on which this module is based, can be found in the book [1]. Furthermore,
in the Course Material section of the Logic & Set Theory website extensive supporting material
(slides, solutions to a representative selection of the exercises in the book, elaborate examples,
etc.) can be found. In particular, note that tables summarising the theory presented in the book
can be downloaded from the Logic & Set Theory website.

If most of the material in this document is new for you, then we advise you to follow the
weekly schedule of the BSc-level course (as posted on the Schedule section of the Logic & Set
Theory website) or the alternative weekly schedule at Alternative schedule with solutions, which
has solutions to all exercises. Note that the topic of calculations (Chapter 6 and Section 7.4 of
the book, including the exercises asking for calculations) are not part of the course material for
this homologation module.

Upon request, the lecturer may schedule two or three live sessions during the quartile at which
you may ask questions about the course material. You may, of course, also contact the lecturer
by e-mail to ask questions.
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[1] Rob Nederpelt and Fairouz Kamareddine. Logical Reasoning: A First Course, volume 3 of
Texts in Computing. King’s College Publications, second revised edition edition, 2011.
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1 Syntax and semantics of propositional logic

Learning objective:

You can evaluate, using truth tables, whether a formula of propositional logic is a tau-
tology, or a contradiction, or a contingency (neither a tautology nor a contradiction).
You know what it means to say that two formulas of propositional logic are equivalent,
and what it means to say that one formula is a logical consequence of another formula.

Relevant material:

1. Chapters 2–4, and Section 7.1 of [1].

2. Slides on Propositional Logic.

3. Relevant exercise material: see the exercises at the end of the mentioned chapters in the
book; for a selection of these exercises you can find solutions in the documents

Solutions to selected exercises from Chapters 1–6 and

Solutions to selected exercises from Chapters 7–11.

Example exercises:

1. Prove that the formulas

a⇒ (b ∨ c) and (b⇒ a) ∧ ¬c ,

are incomparable (i.e., the left-hand side formula is not stronger than the right-hand side
formula, the right-hand side formula is not stronger than the left-hand side formula, and the
formulas are not equivalent).

2. Show that the following abstract proposition is a contingency (i.e., neither a tautology, nor
a contradiction):

((a ∧ b)⇔ (¬c ∨ b)) ∧ ¬(a⇒ c) .
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2 Syntax and informal semantics of first-order predicate
logic

Learning objective:

You can formalise first-order properties with formulas of predicate logic and you can
determine whether a (closed) first-order formula is true or false, and you can informally
argue whether two first-order formulas are logically equivalent or not.

Relevant material:

1. Chapters 2 and 8 of [1].

2. Slides on Predicate Logic.

3. Relevant exercise material: see the exercises at the end of the mentioned chapters in the
book; for a selection of these exercises you can find solutions in the documents

Solutions to selected exercises from Chapters 1–6 and

Solutions to selected exercises from Chapters 7–11.

Example exercises:

1. Let P be the set of all people, let Anna denote a particular person in P, and let B be
the set of all books. Furthermore, let R and L be predicates on P × B with the following
interpretations for all p ∈ P and b ∈ B:

R(p, b) means ‘p has read b’, and

L(p, b) means ‘p liked b’.

Give formulas of predicate logic that express the following statements:

(a) Everybody has read a book.

(b) Anna has only read books she liked.

2. Determine whether the formula

∀x[x ∈ Z : ∃y[y ∈ Z : 2x− y = 3]]

is true or false, and give arguments for your answer.

3

http://www.win.tue.nl/~luttik/Courses/LST/slides/predlog.pdf
http://www.win.tue.nl/~luttik/Courses/LST/material/solutions1.pdf
http://www.win.tue.nl/~luttik/Courses/LST/material/solutions2.pdf


3 Derivations

Learning objective:

You can prove that a first-order formula of predicate logic is a tautology using a natural-
deduction style formal system.

Relevant material:

1. Chapters 11–15 of [1].

2. Slides on Reasoning.

3. The standard equivalences and standard weakenings (the axioms of the formal system for
calculation) can be found in the tables that can be downloaded from the Course Material
section of the Logic & Set Theory website.

4. Several elaborate examples explaining in detail how derivations should be constructed ac-
cording to the rules can be downloaded from the Course Material section of the Logic & Set
Theory website.

5. Relevant exercise material: see the exercises at the end of the mentioned chapters in the
book; for a selection of these exercises you can find solutions in the documents

Solutions to selected exercises from Chapters 12–15.

Example exercises

1. Prove with a derivation (i.e., using the methods described in Part II of [1]) that the formula

(¬(P ∧Q)⇒ (Q ∧R))⇒Q .

is a tautology.

2. Prove with a derivation (i.e., using the methods described in Part II of [1]) that the formula

∀x[P (x)⇒¬Q(x)] ∧ ∃y[P (y) : Q(y) ∨R(y)])⇒∃z[P (z) ∧R(z)]

is a tautology.
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4 Sets

Learning objective:

You know the familiar predicates and operations on sets (set comprehension, subset,
intersection, union, complement, set difference, empty set, power set, Cartesian prod-
uct), and skilled in proving or refuting first-order set-theoretic properties.

Relevant material:

1. Chapter 16 of [1].

2. Slides on Sets.

3. The formal definitions and some useful derived properties pertaining to sets can be found
in the tables that can be downloaded from the Course Material section of the Logic & Set
Theory website.

4. An elaborate example explaining in detail how to construct a proof of a set-theoretic property
can be downloaded from the Course Material section of the Logic & Set Theory website.

5. Relevant exercise material: see the exercises at the end of the mentioned chapter in the
book; for a selection of these exercises you can find solutions in the documents

Solutions to selected exercises from Chapters 16.

Example exercises:

1. Determine P({0, 1})× P(∅).

2. Check for each of the following formulas whether it holds for all sets A, B and C. If so, then
give a proof; if not, then give a counterexample.

(a) ((A ∩ (B\C)) = ∅) ⇒ ((A ∩B) = (A ∩ C)) ;

(b) ((A ∩B) = (A ∩ C)) ⇒ ((A ∩ (B\C)) = ∅) .
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5 Relations

Learning objective:

You are familiar with the set-theoretic notion of relation, can evaluate whether (and if
so, formally prove that) a relation is reflexive, symmetric, transitive, and you under-
stand the concepts of equivalence relation and equivalence class.

Relevant material:

1. Chapter 17 of [1].

2. Slides on Relations.

3. The formal definitions and some useful derived properties pertaining to (special types of)
relations can be found in the tables that can be downloaded from the Course Material section
of the Logic & Set Theory website.

4. An elaborate example, explaining in detail how to construct a proof of a set-theoretic prop-
erty, can be downloaded from the Course Material section of the Logic & Set Theory website.

5. Relevant exercise material: see the exercises at the end of the mentioned chapter in the
book; for a selection of these exercises you can find solutions in the documents

Solutions to selected exercises from Chapters 17 and 18.

Example exercises:

1. Define the binary relation S on R for all x, y ∈ R by

x S y if, and only if, there exists a ∈ R+ such that y = ax .

(Note: R+ = {x ∈ R|x > 0}.)

(a) Prove that S is an equivalence relation on R.

(b) Describe the equivalence classes associated with S.

2. Let R be an equivalence relation on V , and let a, b, c ∈ V . Prove that

(c ∈ K(a) ∧ ¬(c ∈ K(b)))⇒¬(b ∈ K(a)) .

(As usual, K(x) denotes the equivalence class of x.)
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6 Functions

Learning objective:

You are familiar with the set-theoretic notion of function, you understand the concepts
of image and source of a function, of injection, surjection, bijection, of inverse map-
ping, and of composition of mappings, and can prove simple first-order properties about
functions.

Relevant material:

1. Chapter 18 of [1].

2. Slides on Mappings.

3. The formal definitions and some useful derived properties pertaining to (special types of)
relations can be found in the tables that can be downloaded from the Course Material section
of the Logic & Set Theory website.

4. An elaborate example explaining in detail how to construct a proof of a property pertaining
to sets and mappings can be downloaded from the Course Material section of the Logic &
Set Theory website.

5. Relevant exercise material: see the exercises at the end of the mentioned chapter in the
book; for a selection of these exercises you can find solutions in the documents

Solutions to selected exercises from Chapters 17 and 18.

Example exercises:

1. Consider the mapping f : R→ R that is defined, for all x ∈ R, by

f(x) = x2 − 4x + 4 .

(a) Determine f←({1}).
(b) Give the formula that expresses ‘f is an injection’ and show with a counterexample

that f is not an injection.

2. Let A and B be sets, and let F : A→ B and G : B → A be mappings such that ∀x[x ∈ A :
G(F (x)) = x].

(a) Prove that F is an injection.

(b) Show, with a counterexample, that F is not necessarily a surjection.
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7 Induction

Learning objective:

You know and understand several variants of proof by induction, and can apply them
to prove properties about numbers and sequences of numbers.

Relevant material:

1. Sections 19.1–19.7 of [1].

2. Slides on Induction.

3. The formal presentation of the induction principles can be found in the tables that can be
downloaded from the Course Material section of the Logic & Set Theory website.

4. An elaborate example explaining in detail how to construct a proof by induction can be
downloaded from the Course Material section of the Logic & Set Theory website.

5. Relevant exercise material: see the exercises at the end of the mentioned chapter in the
book and in the document Additional induction exercises that can be downloaded from the
Course Material section of the Logic & Set Theory website. For a selection of these exercises
you can find solutions in the documents

Solutions to selected exercises from Chapter 19 and some additional exercises.

Example exercises:

1. Prove by induction that n3 − n is divisible by 3 for all n ∈ N.

2. Prove that every integer postage greater than 13 can be formed using only 3-cent and 8-cent
stamps.

3. Let the sequence a0, a1, a2, . . . be inductively defined by

a0 := 0

a1 := 1

ai+2 := 3ai+1 − 2ai (i ∈ N).

Prove that an = 2n − 1 for all n ∈ N.
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8 Orderings

Learning objective:

You are familiar with the set-theoretic notion of a partial ordering and can visualise
a partial ordering with a Hasse diagram. You understand several important concepts
related to partial orderings (linearity, minimal and maximal elements, minimum and
maximum, least upper bound, greatest lower bound), and can prove simple properties
pertaining to these concepts.

Relevant material:

1. Sections 20.1–20.7 of [1].

2. Slides on Orderings.

3. The definitions and derived properties pertaining to orderings can be found in the tables
that can be downloaded from the Course Material section of the Logic & Set Theory website.

4. Relevant exercise material: see the exercises at the end of the mentioned chapter in the
book; for a selection of these exercises you can find solutions in the documents

Solutions to selected exercises from Chapter 20 and some additional exercises.

Example exercises:

1. Define the relation R on N× N by

(x1, y1) R (x2, y2) if, and only if, x2 − x1 < y2 − y1 .

(a) Prove that 〈N× N, R〉 is an irreflexive ordering.

(b) Draw a Hasse diagram of 〈{0, 1} × {0, 1}, R〉.
(c) Give the maximal and minimal elements of the set {0, 1} × {0, 1} in the irreflexive

ordering 〈N× N, R〉.

2. We define

V := P({0, 1, 2})\{{0, 1}, {1, 2}, {0, 1, 2}} .

(a) Determine V .

(b) Make a Hasse diagram of 〈V,⊆〉.
(c) What are the minimal elements of V in 〈V,⊆〉?

What are the maximal elements of V in 〈V,⊆〉?
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A Solutions

Note that clear and unambiguous notation is important for the topics discussed in this course. It is
important to try and understand why the solutions below are formulated in the way they are formulated.
There is not a lot of room for variation, and our solutions generally do not include redundant information.
So, if your own solution deviates in any way, you may want to double check whether your version is also
correct.

Solutions to exercises in Section 1

1. If a = 0 and b = 1, then, on the one hand, a⇒ (b ∨ c) = 1 and, on the other hand, b⇒ a = 0 and

hence (b⇒ a) ∧ ¬c = 0. Thus we conclude that a⇒ (b ∨ c) |
val

6== (b⇒ a) ∧ ¬c.

If a = 1 and b = c = 0, then, on the one hand, both b⇒ a = 1 and ¬c = 1, so (b⇒ a) ∧ ¬c = 1,
and, on the other hand, a = 1 and b ∨ c = 0, so a ⇒ (b ∨ c) = 0. Thus we conclude that

(b⇒ a) ∧ ¬c |
val

6== a⇒ (b ∨ c).

It follows that a⇒ (b ∨ c) and (b⇒ a) ∧ ¬c are incomparable.

2. Let us denote by ϕ the formula in the exercise.

To see that ϕ is not a tautology, note that if a = 0, then a⇒ c = 1, so ¬(a⇒ c) = 0, and hence
ϕ = 0.

To see that ϕ is not a contradiction, note that if a = 1, b = 1, and c = 0, then (a ∧ b) = 1 and
(¬c ∨ b) = 1, so (a ∧ b)⇔ (¬c ∨ b) = 1, and a⇒ c = 0, so ¬(a⇒ c) = 1, and hence ϕ = 1.

We conclude that ϕ is a contingency.

Solutions to exercises in Section 2

1. (a) ∀p[p ∈ P : ∃b[b ∈ B : R(p, b)]].

(b) ∀b[b ∈ B ∧R(Anna, b) : L(Anna, b)].

2. Let x ∈ Z, and define y by y = 2x − 3; then, clearly, y ∈ Z and 2x − y = 2x − (2x − 3) = 3. This
proves that for all x ∈ Z there exists y ∈ Z such that 2x− y = 3, and hence the formula is true.

Solutions to exercises in Section 3

1. We have the following derivation:

{ Assume: }

(1) ¬(P ∧Q)⇒ (Q ∧R)

{ Assume: }

(2) ¬Q

{ Assume: }

(3) P ∧Q

{ ∧-elim on (3): }

(4) Q

{ ¬-elim on (2) en (4): }

(5) False

{ ¬-intro on (3) and (5): }

(6) ¬(P ∧Q)

{ ⇒-elim on (1) and (6): }
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(7) Q ∧R

{ ∧-elim on (7): }

(8) Q

{ ¬-elim on (2) and (8): }

(9) False

{ ¬-intro on (2) and (9) followed by ¬¬-elim: }

(10) Q

{ ⇒-intro on (1) and (10): }

(11) (¬(P ∧Q)⇒ (Q ∧R))⇒Q

2. We have the following derivation:

{ Assume: }

(1) ∀x[P (x)⇒¬Q(x)] ∧ ∃y[P (y) : Q(y) ∨R(y)]

{ ∧-elim on (1): }

(2) ∀x[P (x)⇒¬Q(x)]

{ ∧-elim on (2): }

(3) ∃y[P (y) : Q(y) ∨R(y)]

{ ∃∗-elim on (3): }

(4) Pick a y with P (y) and Q(y) ∨R(y)

{ ∀-elim on (4) and (2): }

(5) P (y)⇒¬Q(y)

{ ⇒-elim on (5) and (4): }

(6) ¬Q(y)

{ ∨-elim on (4) and (6): }

(7) R(y)

{ ∧-intro on (4) and (7): }

(8) P (y) ∧R(y)

{ ∃∗-intro on (8): }

(9) ∃z[P (z) ∧R(z)]

{ ⇒-intro on (1) and (9): }

(10) (∀x[P (x)⇒¬Q(x)] ∧ ∃y[P (y) : Q(y) ∨R(y)])⇒∃z[P (z) ∧R(z)]

Solutions to exercises in Section 4

1. P({0, 1})× P(∅) = {∅, {0}, {1}, {0, 1}} × {∅} = {(∅, ∅), ({0}, ∅), ({1}, ∅), ({0, 1}, ∅)}.
2. (a) The formula is not true for all sets A, B and C, for if A = C = {0} and B = ∅, then

A ∩ (B\C) = {0} ∩ (∅\{0}) = {0} ∩ ∅ = ∅, while (A ∩B) = {0} ∩ ∅ = ∅ 6= {0} = {0} ∩ {0}.
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(b) The formula is true for all sets A, B and C. For suppose that (A ∩ B) = (A ∩ C); we need
to establish that (A ∩ (B\C)) = ∅. To this end, by the Property of ∅ it suffices to derive a
contradiction from the assumption that x ∈ A∩(B\C) for some x ∈ U . Then, by the Property
of ∩, x ∈ A and x ∈ B\C, and hence, by the Property of \, x ∈ B and ¬(x ∈ C). From x ∈ A
and x ∈ B, it follows, by the Property of ∩, that x ∈ A∩B, and hence, since (A∩B) = (A∩C),
it follows that x ∈ A ∩ C. We then get by the Property of ∩ that x ∈ A and x ∈ C, and the
latter contradicts ¬(x ∈ C).

Solutions to exercises in Section 5

1. (a) To prove that S is an equivalence relation, we need to prove that it is reflexive, symmetric and
transitive.

Reflexivity: Let x ∈ R. Then x = 1x, so, according to the definition of S, it follows that x S x.
We conclude that S is reflexive.

Symmetry: Let x, y ∈ R, and suppose that x S y. Then there exists a ∈ R+ such that y = ax.

Hence, x = 1
a
y, and, since a ∈ R+, also 1

a
∈ R+; according to the definition of S it follows

that y S x. We conclude that S is symmetric.

Transitivity: Let x, y, z ∈ R, and suppose that x S y and y S z. Then there exist a, b ∈ R+

such that y = ax and z = by. Hence, z = by = bax and, since a, b ∈ R+, it follows that
also ba ∈ R+; according to the definition of S it follows that x S z. We conclude that S
is transitive.

(b) If x, y ∈ R and x, y < 0, then y = y
x
x and y

x
∈ R+, so x S y; so all negative real numbers are

in same equivalence class. By a similar argument it follows that all positive real numbers are
in the same equivalence class.

If x, y ∈ R such that x < 0 and y > 0, then y = ax implies a < 0, so there does not exist a ∈ R+

such that y = ax. It follows that negative real numbers cannot be in the same equivalence
class as positive real numbers. Also, if x ∈ R and x 6= 0, then 0 = ax implies that a = 0, so
there does not exist a ∈ R+ such that 0 = ax. It follows that 0 is not in the same equivalence
class as real numbers distinct from 0.

We conclude that there are three equivalence classes associated with S: R− (= {x ∈ R | x <
0}), {0} and R+.

2. Suppose that c ∈ K(a) and ¬(c ∈ K(b)); to prove that ¬(b ∈ K(a)) we assume that b ∈ K(a) and
derive a contradiction. From the definitions of K(a) and by the Property of ∈, it follows that a R c
and a R b. Hence, since R is symmetric, b R a, and, since R is transitive, b R c. It follows that
c ∈ K(b) which is in contradiction with ¬(c ∈ K(b)).

Solutions to exercises in Section 6

1. (a) f←({1}) = {1, 3}.
(b) The formula that expresses ‘f is an injection’ is ∀x1,x2 [x1, x2 ∈ R : f(x1) = f(x2)⇒ x1 = x2].

To see that f is not an injection, note that f(1) = 1 = f(3), but 1 6= 3.

2. (a) To prove that F is an injection, let x1, x2 ∈ A and suppose that F (x1) = F (x2). Then, since
∀x[x ∈ A : G(F (x)) = x], we have that G(F (x1)) = x1 and G(F (x2)) = x2, so

x1 = G(F (x1)) = G(F (x2)) = x2 .

(b) Let A = N and B = Z, let F : A → B be defined by F (x) = x and G : B → A be defined
by G(x) = |x|. Then, for all x ∈ N, we have that G(F (x)) = G(x) = |x| = x. It is also clear,
however, that F is not a surjection, for there, e.g., does not exist x ∈ N such that F (x) = −1.

Solutions to exercises in Section 7

1. We prove by induction on n that n3 − n is divisible by 3 for all n ∈ N.

If n = 0, then n3 − n = 0 = 3 · 0, so n3 − n is divisible by 3.

Let n ∈ N, and suppose that n3 − n is divisible by 3 (IH). Then

(n + 1)3 − (n + 1) = n3 + 3n2 + 2n = (n3 − n) + 3n2 + 3n

and since n3 − n is divisible by 3 by the induction hypothesis, and 3n2 + 3n = 3(n2 + n) is also
divisible by 3, it follows that (n + 1)3 − (n + 1) is divisible by 3.
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2. We prove with strong induction that every integer postage greater than 13 can be formed by using
only 3-cent and 8-cent stamps.

Let p be an integer postage greater than 13, and suppose, by way of induction hypothesis, that
every postage p′ such that 13 < p′ < p can be formed by using only 3-cent and 8-cent stamps. We
now distinguish three cases:

• If p = 14, then p can be formed with two 3-cent stamps and one 8-cent stamp.

• If p = 15, then p can be formed with five 3-cent stamp and zero 8-cent stamps.

• If p = 16, then p can be formed with zero 3-cent stamps and two 8-cent stamps.

• If p ≥ 17, then p − 3 satisfies 13 < p − 3 < p, and hence, by the induction hypothesis, the
postage p− 2 can be formed using 3-cent and 8-cent stamps. Note that we can then form the
postage p by adding a 3-cent stamp to the formation of p− 2.

3. We prove that an = 2n − 1 for all n ∈ N by strong induction on n. Let n ∈ N, and suppose that for
all i ∈ N such that i < n it holds that ai = 2i − 1 (the induction hypothesis); we need to establish
that an = 2n − 1. To this end, we distinguish three cases:

• If n = 0, then an = 0 according to the definition of an, and since 2n− 1 = 1− 1 = 0, it follows
that an = 2n − 1.

• If n = 1, then an = 1 according to the definition of an, and since 2n− 1 = 2− 1 = 1, it follows
that an = 2n − 1.

• If n ≥ 2, then an = 3an−1 − 2an, according to the definition of an. Since n− 1, n− 2 ∈ N and
n− 1, n− 2 < n, by the induction hypothesis an−1 = 2n−1 − 1 and an−2 = 2n−2 − 1, so

an = 3(2n−1 − 1)− 2(2n−2 − 1) = 3(2n−1 − 1)− 2n−1 + 2 = 2 · 2n−1 − 1 = 2n − 1 .

Solutions to exercises in Section 8

1. (a) It suffices to establish that R is irreflexive and transitive.

To see that R is irreflexive, let (x, y) ∈ N × N and suppose that (x, y) R (x, y); we derive a
contradiction. Note that, from (x, y) R (x, y), on the one hand, it follows from the definition
of R that x− x < y − y, while, on the other hand, x− x = 0 = y − y; a contradiction.

To see that R is transitive, let (x1, y1), (x2, y2), (x3, y3) ∈ N× N, and suppose that (x1, y1) R
(x2, y2) and (x2, y2) R (x3, y3); we establish that (x1, y1) R (x3, y3).

Note that from (x1, y1) R (x2, y2) it follows according to the definition of R that x2−x1 < y2−
y1, and from (x2, y2) R (x3, y3) it follows according to the definition of R that x3−x2 < y3−y2.
Then x3 − x1 = (x3 − x2) + (x2 − x1) < (y3 − y2) + (y2 − y1) = y3 − y1, and hence, according
to the definition of R, we have (x1, y1) R (x3, y3).

(b) A Hasse diagram of 〈{0, 1} × {0, 1}, R〉:

(0, 1)

(0, 0) (1, 1)

(1, 0)

(c) The maximal element of {0, 1}× {0, 1} in 〈N×N, R〉 is (0, 1); the minimal element of {0, 1}×
{0, 1} in 〈N× N, R〉 is (1, 0).

2. (a) V = {∅, {0}, {1}, {2}, {0, 2}}.
(b) A Hasse diagram of 〈V,⊆〉:

{0, 2}

{0} {2}{1}

∅

(c) The maximal elements of 〈V,⊆〉 are {1} and {0, 2}, and the minimal element of 〈V,⊆〉 is ∅.

13


	Syntax and semantics of propositional logic
	Syntax and informal semantics of first-order predicate logic
	Derivations
	Sets
	Relations
	Functions
	Induction
	Orderings
	Solutions

