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About the Midterm Exam 1

« The 1st Midterm Exam will be taken on Mar 8, 2019 at
the LC 25 from 11:30 AM to 12:25 PM.

|t will cover Chap 1 to Chap 3.
* Note that this is a close book and close note exam.

- The necessary cheat sheet such as the equivalence
laws will be provided.

Problem Points | Scores
Problem 1: True or False 20
Problem 2: True Table and Logical Equivalence 20
Problem 3: Predicatives and Quantifiers 20
Problem 4: Set, Sequences and Summation 20
Problem 5: Functions 20

(used in 2018 Fall semester)
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About Midterm Exam 1

Figure 1: Logical equivalences. p—rq=—pVvgqg
Equivalence Name P=q="94="P
prT=p Identity laws pPVg="p—>q
pvF=p pag=-(p— —q)
pvT=T Domination laws =(p—=>qg)=pnr—g
pAF=F

P=@A(p—r)=p—>(gnrr)
pvp=p Idempotent laws
pAp=p (p—=r)nlg—>r)=ipvg)—r
=(=p)=p Double negation law P=>@)vVp—>r)=p—>@Vvr)
pvNg=qvVp Commutative laws (p—=rvig—ry=(prqg) —r
ANg=qgNh

Prazany (a) Involving conditional statements.
(pvg)Vr=pvigvr) Associative laws

(pArg)Anr=palgAar)

pvlgar)=(pvg)A(pVr) Distributive laws
pPAGVI)=(pPAGV(pPAT) peoqg=(p—>q)nlg—p)
=(pAg)=-pV—g De Morgan’s laws pP g =-—p g

~pvag)=-pr—g

Ppeodg=(pAq)Vv(mpA—g)

pvipnrg)=p Absorption laws

prlpva)=p =(peqg)=po g

pv-p=T Negation laws

pr-p=F (b) Involving biconditional statements.
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Outlines

- Propositional and Logical Logic

« Rules of Inference, and Proofs

- Sets, Functions, Sequences and Matrices
 Algorithm, Growth Functions and Complexity
« Sample Problems in Tests
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Truth Tables

- Truth tables are used to show/define the relationships
between the truth values of
 the individual propositions and
- the compound propositions based on them

[ 2] pvq pDq P->q  P<->q

0 1 0 1 1 1 0
1 0 0 1 1 0 0
1 1 1 1 0 1 1
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Quantifiers

Statement | True when .. Falsewhen..

There is an x for which P(x) is

Vx P(x) P(x) is true for every x false

There is an x for which P(x) is
true

There is at least one pair x,y for
which P(x,y) is false

Ix P(x) P(x) is false for every x

VxVy P(x,y) P(x,y) is true for every pair x,y

Vx3dy P(x,y) For every x, there is a y for There is an x for which P(x,y) is
which P(x,y) is true false for every y

IxVy P(x,y) There is an x for which P(x,y) For every x, there is a y for
is true for every y which P(x,y) is false

There is at least one pair x,y

e for which P(x,y) is true

P(x,y) is false for every pair x,y
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Logical Equivalences: Cheat Sheet

Identities (Equivalences)

pAT=p

pVF=p

pVT=T

pAF=F

pVp=p

PAP=p

“(Cp) =p

pPVa=qVp pAG=qAp

(pvVa)Vvr =pV(qVvr)

(pAQ)Ar =pA(gAr)
pV([Q@AD=EMV QA (pV 1)
PA@QVIDEMAQV (PAT)
PpAQ="TpVq

(pV @9Q="pATq

pvV (pAQ=p

pA(PV @=p

pvVp=T

pATp=F

Identity laws
Domination laws

Idempotent laws

Double negation law

Commutative laws

Associative laws
Distributive laws
De Morgan’s laws
Absorption laws

Negation laws

Logical Equivalences

Involving Conditional
Statements.

P—>q=TpVq
P—>q=7q— P
PVg="p—q
PAQ="(p — 7q)
(p—q=pATq

P> AP—>1r)=p—>(QAT)
P—->1r)A@—>1r)=(pPVQg —r
P—->9VP—->r)=p—>(QVr)
P—->rV@—>r=pPAq —r

February 25, 2019 °

ICEN/ICSI210 Discrete Structures

C. Long Lecture 15



Outlines

- Propositional and Logical Logic

 Rules of Inference, and Proofs

- Sets, Functions, Sequences and Matrices
 Algorithm, Growth Functions and Complexity
- Sample Problems in Tests

ICEN/ICSI210 Discrete Structures C. Long Lecture 15 February 25, 2019



Rules of Inference

« Modus ponens: (pA(p—>q)) > 9

« Addition: p > (p v Q)

- Simplification: (b A q) > p

« Conjunction: ((p) A (Q)) > (p A Q)

« Modus Tollens: (—g A (p —> q)) > —p

- Contrapositive: (p — q) = (—q— —p)

- Hypothetical Syllogism: ((p > g)A(@q—> 1) — (p > 1)
 Disjunctive Syllogism: ((p v q) A =p)— q

« Resolution: ((pvg)A(—pvr)—>(@qvr)
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Trivial Proofs

« Trivial Proof: Conclusion holds without using the
premise.

 Atrivial proof can be given when the conclusion is
shown to be (always) true.

« Thatis, if q is true, then p—q is true

- Example Itis easy to see:
(x+1)2 — 2x
= (X2 + 2x +1) -2x
= X2 +1
> X2
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Vacuous Proofs

If the premise p is false
- Then the implication p—q is always true

« Avacuous proof is a proof that relies on the fact that no
element in the universe of discourse satisfies the
premise (thus the statement exists in vacuum in the
UoD).

- Example:

If x is a prime number divisible by 16, then x? <0

« No prime number is divisible by 16, thus this statement
is true (counter-intuitive as it may be)
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Direct Proofs

- Most of the proofs we have seen so far are direct
proofs

« In a direct proof
« You assume the hypothesis p, and
- Give a direct series (sequence) of implications
« Using the rules of inference

- As well as other results (proved independently)
- To show that the conclusion g holds.
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Proof by Contrapositive

- Recall that (p—q) = (=g —>—p)

- This is the basis for the proof by contraposition

- You assume that the conclusion is false, then

- Give a series of implications to show that

- Such an assumption implies that the premise is false
- Example

- Prove that if x3 <0 then x<0

- The contrapositive is “if x>0 then x3 > 0”

« Proof:
1. Ifx=0—-5>x3=0>0
2. If x>0 - x2>0 > x3>0 QED
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Proof by Contradiction

- To prove a statement p is true

« you may assume that it is false

- And then proceed to show that such an assumption
leads a contradiction with a known result

 In terms of logic, you show that

- for a known resultr,

e (=p = (r A—r))is true

« Which yields a contradiction ¢ = (r A —r) cannot hold
- Example: V2 is an irrational number
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Proof by Contradiction: Example

Let p be the proposition ‘2 is an irrational number’

Assume —p holds, and show that it yields a contradiction
\2 is rational

— V2 =a/b, a, b e and a, b have no common factor

(proposition r) Definition of rational numbers
— 2=a?/b? Squarring the equation
— (2b%=a?)— (a?is even) — (a=2c) Algebra
— (2b%=4c?) — (b>=2c?)— (b?is even) — (b is even) Algebra

— (a, b are even) — (a, b have a common factor 2) —» —r
— (=p — (r A —r)), which is a contradiction
So, (—p is false) — (p is true), which means V2 is irrational
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Proof by Cases

« Sometimes it is easier to prove a theorem by
- Breaking it down into cases and
« Proving each one separately

- Example:
- Letn e Z Prove that 9n?+3n-2 is even
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Proof by Cases: Example

- Observe that 9n2+3n-2=(3n+2)(3n-1)

« nis an integer —>(3n+2)(3n-1) is the product of two
iIntegers

- Case 1: Assume 3n+2 is even

— 9n2+3n-2 is trivially even because it is the product of two
integers, one of which is even

« Case 2: Assume 3n+2 is odd

— 3n+2-3 is even — 3n-1 is even — 9n?2+3n-2 is even
because one of its factors is even []
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Existence Proofs

- A constructive existence proof asserts a theorem by
providing a specific, concrete example of a statement

Such a proof only proves a statement of the form 3IxP(x) for
some predicate P.

It does not prove the statement for all such x

« A nonconstructive existence proof also shows a
statement of the form 3IxP(x), but is does not

necessarily need to give a specific example x.
Such a proof usually proceeds by contradiction:
« Assume that —3IxP(x) =vx—P(x) holds
- Then get a contradiction




Uniqueness Proofs

« A uniqueness proof is used to show that a certain
element (specific or not) has a certain property.
« Such a proof usually has two parts
1. A proof of existence: IxP(x)
2. A proof of uniqueness: if x2y then —P(y))
- Together we have the following:

Ix (P(x) A (Vy (x2y - =P(y) ) )
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Counter Examples

« Sometimes you are asked to disprove a statement

 In such a situation you are actually trying to prove the
negation of the statement

- With statements of the form ¥x P(x), it suffices to give
a counter example

- because the existence of an element x for which —P(x)
holds proves that 3x —P(x)

« which is the negation of Vx P(x)
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Counter Examples: Example

- Example: Disprove n?+n+1 is a prime number for all n>1
« A simple counterexample is n=4.
- |n fact: for n=4, we have
n%+n+1 = 42+4+1
= 16+4+1
=21 =3X7, which is clearly not prime QED
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Set

- Definition: A setis an unordered collection of

(unique) objects

« The set-builder notation

O={ x| (xeZ) A (x=2K) for some keZ}
reads: O is the set that contains all x such that
X is an integer and x is even

- Asetis defined in intension when you give its

set-builder notation
O={ x| (xeZ) A (0<x<8) A (x=2Kk) for some k € Z}

- Asetis defined in extension when you

enumerate all the elements:
0={0,2,4,6,8}




Power Set

- Definition: The power set of a set S, denoted P(S), is the
set of all subsets of S.

- Examples
- Let A={a,b,c}, P(A)={Y {a},{b},{c},{a,b},{b,c},{a,c},{a,b,c}}
- Let A={{a,b},c}, P(A)={Y,{{a,b}},{c}.{{a,b},c}}

« Note: the empty set J and the set itself are always
elements of the power set.

- The power set is a fundamental combinatorial object useful
when considering all possible combinations of elements of a

set
- Fact: Let S be a set such that |S|=n, then
IP(S)| = 2"
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Set Operations

- Similarly, set operators exist and act on two sets to give
us new sets

« Union $\cup$ and intersection $\cap$
- Set difference $\setminus$
- Set complement $\overline{S}5

U“ U

AUB={x|(aeA)v(beB)} AnB={x|(aeA)r(beB)}

U '

A-B K=AC={X|X¢A}
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Set Complement: Absolute &
Relative

- Given the Universe U, and A,.B — U.
- The (absolute) complement of A is A=U\A
- The (relative) complement of Ain B is B\A

U U
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Cartesian Product

- Definition: Let A and B be two sets. The Cartesian
product of A and B, denoted AxB, is the set of all
ordered pairs (a,b) where acA and beB

AxB ={ (a,b) | (acA) A (b € B)}

« The Cartesian product is also known as the cross
product

- Cartesian Products can be generalized for any n-tuple
- Definition: The Cartesian product of n sets, A,,A,, ...,
A,, denoted A xA,x... XA, is
A xAsx... xA,={(aq,a,,...,a,) | a; € A, for
i=1,2,...,n}
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Computer Representation of Sets

- There really aren’t ways to represent infinite sets by a
computer since a computer has a finite amount of
memory

 If we assume that the universal set U is finite, then we
can easily and effectively represent sets by bit vectors
- Specifically, we force an ordering on the objects, say:
U={a,, a,,...,a,}
- For a set AcU, a bit vector can be defined as, for
I=1,2,...,n
b=0if a, ¢ A
b=1ifa e A
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Cardinality

* The cardinality of a set A isdenoted by | A|.
a. If A=, then |A|=0.
b. If A has exactly n elements, then |A|=n.

c. If A is an infinite set, then |A| = .
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Levels of the Infinity

« A set that is either finite or has the same cardinality
as the set of natural numbers (or Z*) is called
countable.

« A set that is not countable is uncountable.

- The set of real numbers R is an uncountable set.

« When an infinite set is countable (countably infinite)
its cardinality is X, or “aleph null’(where X is aleph, the
18t letter of the Hebrew alphabet).

Countably Infinite Sets Uncountgggg Infinite
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Showing That a Set is Countable

- An infinite set is countable if and only if it is possible to
list the elements of the set in a sequence (indexed by
the positive integers).

- The reason for this is that a one-to-one

correspondence ffrom the set of positive integers to a
set S can be expressed in terms of a sequence

° a1, 82, . an,...
« where a,=1(1), a, =12),...,a,=1(n),...
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Some Facts

1. Aset S is finite if and only if for any proper subset A

S, |A| <|[S|; thatis, “proper subsets of a finite set have
fewer elements.”

2. Suppose that A and B are infinite setsand AcB. If

B is countably infinite then A is countably infinite and
Al = |B].

3. Every subset of a countable set is countable.

4. If A and B are countable sets, then AU B is a
countable set.
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Function

Preimage

Domain Co-Domain
A function,: A— B
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Definition: Injection

- Definition: A function fis said to be one-to-one
or injective (or an injection) if
V x and y in in the domain of f, f(x)=fy) = x=y
- Intuitively, an injection simply means that each

element in the range has at most one
preimage (antecedent)

- |t is useful to think of the contrapositive of this
definition

XYy = f(X)#H{y)




Definition: Surjection

- Definition: A function . A—>B is called onto or
surjective (or an surjection) if
v beB, 3 acAwith f(a)=b
« Intuitively, a surjection means that every element in the

codomain is mapped into (i.e., it is an image, has an
antecedent)

- Thus, the range is the same as the codomain
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Definition: Bijection

- Definition: A function fis a one-to-one
correspondence (or a bijection), if is both one-
to-one (injective) and onto (surjective)

+ One-to-one correspondences are important
because they endow a function with an
iInverse.

- They also allow us to have a concept
cardinality for infinite sets

- Let’s look at a few examples to develop a feel
for these definitions...




Inverse Functions: Representation

f(a)
a’_|
f-1(b)
A
Domain Co-Domain

A function and its inverse
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Composition: Graphical Representation

(f °g)(a)
g(a) f(9(a))
a g(a)
A B

The composition of two functions
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Sequence

A sequence is an ordered list of elements.

» A sequence is often given as
_a1, 82, “euy an, -
—a, is a term in the sequence.

» A sequence is actually a function f from a
subsetof ZtoasetS

—Usually from the positive or non-negative
integers

—a, is the image of n: f(n) = a,
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Examples of Sequence

« The difference is in how they grow

« Arithmetic sequences increase by a constant amount
— a,=3n
— Thesequenceis{3,6,9 12 ...}
— Each number is 3 more than the last

— Ofthe form: fix)=dx + a

+ Geometric sequences increase by a constant factor
— b" = 9n
— Thesequenceis {2, 4, 8,16, 32, ...}
— Each number is twice the previous

— Of the form: f{ix) = ar
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Summation of Geometric Sequence

The formula
a(l1-r")

S =
" 1-r

gives a negative denominator if r > 1

Instead, we can use
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Sum of arithmetic series

e

S =Sum
n =Number of Terms
= a, =First Term
a =Last Term
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Can you evaluate this?

T 1
El k(k+ 1)

Here is the trick. Note that

S S
k(k+1) k k+1

Does it help?
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Dealing with Products

Factonal defines a product:

TL
nl=1-2-3-n= Hz

1i=1

How to estimate nl?

Tum product into a sum taking logs:
In(n!) = In(1-2-3 --- (n— 1)-n)

=In1+n2+--+In(n—-1) +In(n)

=i:ln(i)
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Zero-one matrices

Definition: Let A = [a;] and B = [b;] be an mx n
Zero-one matrices.

« The join of A and B is the zero-one matrix with (i,j)-th entry
a; vV bj. The join of A and B is denoted by AV B.

« The meet of of A and B is the zero-one matrix with (i,j)-th
entry a; A by. The meet of A and B is denoted by A A B.
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Joins and meets of zero-one
matrices

Example: Find the join and meet of the zero-one
matrices

1 0 1 0 1 0
AZ[OIO]’ B:[11o]'
Solution:
The joinof Aand B is

1vo ov1l 1vo] [1 1 1
|11 0|

AVE= [ OVl 1V1 0VO0

The meetof Aand B is

1A0 OA1 1A0] [0 0 0
o1 0|

ANB = [ OAL 1AL OAD
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Boolean product of zero-one
matrices

Definition: Let A = [a;] be an m X k zero-one

matrix and B = [b;] be a k X nzero-one matrix. The
Boolean product of A and B, denoted by A (© B, is the
mxn zero-one matrix with(/,j)-th entry

C,'j = (a,-1 N b1j)V (aiz N sz) V..V (a,-k N bkj)
Example: Find the Boolean product of A and B, where

|

= O =
o = O
| ]
oy

I
1
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Boolean product of zero-one
matrices

Solution: The Boolean product A (© B is given by

AoB=| (0OA1) V(A0 (OALV((IAL) (0OAO)V (1AL

(IAL)V(OAD) (IAL)V(OAL) (IAO)V(OAT)

(IAL)VOAOD (IADV(OAL (1A0)V(0OATL) }

= 0v0 OVl OVl1

1v0 1v0 0VO
| 1V0 1VO0 0VO

|
1 1
—_ O =
—_
O = O
L ]
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Boolean product of zero-one
matrices

Definition: Let A be a square zero-one matrix
and let r be a positive integer. The r-th Boolean
power of A is the Boolean product of r factors

of A, denoted by Al'l, Hence,
Al'=A0A0®..0A.

We define Al tobe 1. """

(The Boolean product is well defined because the
Boolean product of matrices is associative.)
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Boolean product of zero-one
matrices

Example: Let |,

0 0 1
1 0 0.
1 1 0

Find A" for all positive integers n.

Solution:
1 0 1
L0 ABl=APloA=]1 1 0
1 0 1
1 11
A=A oA=|1 0 1
1 11
1 11
APl =11 11 AP = A5 for all positive integers n with n > 5.
1 11
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- Sets, Functions, Sequences and Matrices

« Algorithm, Growth Functions and Complexity
- Sample Problems in Tests
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Algorithms

When presented a problem, e.g., given a sequence of
integers, find the larges one

« Construct a model that translates the problem into a
mathematical context

Discrete structures in such models include sets, sequences,
functions, graphs, relations, etc.

- A method is needed that will solve the problem (using a
sequence of steps)

- Algorithm: a sequence of steps
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Algorithm

- Algorithm: a finite set of precise instructions for
performing a computation or for solving a problem

« Some problems have no solution.
- Some people know solution for some problem.

« Some solutions for some problems could be
described as a sequence of instructions.

« Some sequences of instructions are algorithms.
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Big-O Notation

- Let fand g be functions from the set of integers or the
set of real numbers to the set of real numbers. We say
that f(x) is O(g(x)) if there are constants C and k such

f(z)| < Clg(z)]

whenever x > k.

« This is read as “f(x) is big oh of g(x)” or “g
asymptotically dominates £.”

« The constants C and k are called withesses to the

relationship f(x) is O(g(x)). Only one pair of witnesses
IS needed.




Big-Omega Notation

- Let fand g be functions from the set of integers or the
set of real numbers to the set of real numbers. We say

that f(z) is Q(g(x))
. if there are constants C and k such that|f(x)| > C|g(x)|

« when x > k.
- We say that “f(x) is big-Omega of g(x).”
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Big-Omega Notation

- Big-O gives an upper bound on the growth of a
function, while Big-Omega gives a lower bound. Big-
Omega tells us that a function grows at least as fast as

another.
- f(x)is Q(g(x))if and only if g(x) is O(f(x)). This follows
from the definitions. fir)
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Big-Theta Notation

- Let fand g be functions from the set of integers or the
set of real numbers to the set of real numbers. The
function f(z) is ©(g(x)) if f(z) isO(g(z)) and

fz) is Q(g(z))
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Comparison of Complexities

* Important complexity

classes: o
o(1) C O(log n) -
C O(n) &
C O(nlog n) .
C O(n?) z*
C O(c") j
C o(n!) .

A Display of the Growth of Functions
Commonly Used in Big-O Estimates
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Outlines

- Propositional and Logical Logic

« Rules of Inference, and Proofs

- Sets, Functions, Sequences and Matrices
 Algorithm, Growth Functions and Complexity
« Sample Problems in Tests
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True/False Problem Examples
(1) [Fac]

Problem 1: True or False (20 points) o o Fals
(2) prit=3 B Falie

(1) The sentences “x + 2 = 11.” and “Do not pass go.” are propositions.

o True o False g vuohke‘jg (o i(/({ ) O Falie
(2) 141 = 3 if and only if monkeys can fly. Py 5’@“‘
o True o False
(3) Jmym (Mm=m) ¢ 5& m=1 (Aey)
(3) For integer variable m and n, the true value of InVYm(nm = m) is True. g{M vmez w)=m .
o True o False . )

wlich £ True
(4) 0 is an element in the set {0}. e €x3) ad Jeawst owe mo, Pee, MN=L

Tr Fal
o True o se &‘Oh wlhaun  alt Hu Values %W S&X’BAZI'M

(5) 0 is a subset in the set {0}. (Ylm 2y ) coudeiou .

o True o False

¢ - TM ’
(6) If A and B are sets, then A — B is equivalent to B — A. s Awwen L,—'-z—
o True o False

(7) The function f(x) = 2z — 3 is a one-to-one (injective) and onto (surjec- (L/') ’ KM;J
tive) function from interger numbers Z to Z.

o True o False (E) ,Tﬂw-l; )

(8) The function f(x) = 2z — 3 is a one-to-one (injective) and onto (surjec-
tive) function from natural numbers N to N. (i) l Falte l
o True o False

(9) The set C = {2n—1 | n is a natural number} (the odd natural numbers)

7)
is countably infinite. (1 Touue
o True o False . Yo gor oM
(®) Fae 5 Y23 = s :%} SPYEN bt A gn.
(10) Let A and B are two arbitrary 2 x 2 matrix. AB = BA. (1 Trae | N0} ouby uuckow.
o True o False .
(Io) Fause
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Problem Example

Problem 2: True Table and Logical Equivalence (20 points)
(1) [8 points| Use a truth table to verify the first De Morgan law —(p A q) =

—pV —gq.
(2) [12 points] Show that -p — (¢ — r) and ¢ — (p V r) are logically

equivalent.
(2 TP (a-x) = 9 o (pyr)
S how -‘5 o loarm(ty equivededd
(M VW"IFV - [FA%) = p Vg Pl g | &a|p / q o x /qu(%,n)/ (pvi) |9—(pvs)
TN T F | T T T T
Fl9 TP 19 / PAG | alpaa) [7p v TIT|FF | F T T T
T F T = T T T T
T T F ( = / T = = TIVF | |F | T T T T
F | T [T |71 T T T T
LI J + F T T FlT|r |7 | F P F F
F T / F = / T T Fyr (T | T | T T T T
T 7 T F T
Fle T [T | F | | {FT T
Auce Ha  Duttn values og 1(PAG) ook
— /) VT i u?/-\ Jw Ao 5'DA M Ad e Atnce  Ffu Hwdt yalies g}! —p -——){Q —1_9()
. Y bl H amd g (pys) au Ha Sawu {o.k e
Lowlinatiors of P @y Hiey @ St combtuation of Pad o, ey
108'\“&"‘1 equivaderd. wee Loty equivatent.

You should know how to prove logical equivalence using
the known equivalence laws provided in the cheat sheet.
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Problem Example

Problem 3: Predicatives and Quantifiers (20 points)

Let Q(z) be the statement “z+1 > 2z.” If the domain consists of all integers,

what are these truth values for the following statements and why? Explain your
solution with details.

(1) Q(0), Q(—1), and Q(1). (2 Vxgm = IS Mt b b, wlew
(2) El:L'Q(:L‘) ot Ha uaL:w; og 0 Aatizgies Qix)
(3) va(m) | clie 0 ja{;ev
(4) Elw—nQ(a:) JU'( ,&a,u( n = q
(5) Vz-Q(x). ) s Itisal) = 259, 1lect S
Jatie
Fioblens 23

Scobl o el =1 Q(n) jrw zﬁuue Valee
QO x4y > 00 ( Doweata s V\Aeaw)

o Jox G V:A‘m
(D Glo): 041 >200) =5 4 >0 / abse

Which & douce : (ﬁ) 3)( "&()() : \ﬂﬂ:a AMadevue gt I r-f(}fM.L/l,o‘[LlM_,
Qlo) & Tsww

Hueew exfef amy Gue 2 Auch Huat
A0 441y ) = 07-2, Alx) £ Falie
wlhaeth O e

Q) &y Tswee Jed'e Ll w- 1.
. lA){’ o
ALY = 141 v20) = @9, 8. >, Gl b Jabe.
olich 0 Jalie . / Ix 716(x) & —m
&) & False
o $) Q0 5 Dbl Aat b Ts N
(&) Fx AW ¢ N Madewawt b dwe , whew v * (/ VX ) 0u eweend Dy e , Whew
A af demt ou vatu of @) gives Jalie value fox atl
Auch At A0 b T valugs OA x. e, M 5 a Falie
Fel's daowu , t-o, Stadewe oy

@lo): ot1>200) = 1>0 , whitt i Tsww Jed -1, Qo) : Thwe.
L3 b T | /

VX 1600 & Fate
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Problem Example

Problem 4: Set, Sequences and Summation (20 points)
(1) [4 points] Let A = {1,2,3,4,5} and B = {0,3,6}. Find AV B, A\ B,

A—Band B— A.

(2) [6 points] For each of these lists of integers, provide a simple formula or
rule that generates the terms of an integer sequence that begins with the given
list. Assuming that your formula or rule is correct, determine the next three

terms of the sequence.
[a] 15,8,1,—6,—13,—20,—27, ...
[b] 3,6,12,24,48,96,192, .

(3) [10 points] Compute the sum E (1435 + (—1)%).

=

P{mblzml,;
(B A= <1,2,34,5)

B= 40,34}

ANd = {3)

Avs = 40,,2,3 4 54}

A-B = {1,245}

B-A = Ho,6Y
©

(&) IS, % 1,-6,713,-20,-27, ...
A ‘(’bﬁw““ befweew owy  Fwo aclfacent
Nuwbet L Aame b Puootmu L2

optuewnede  Aequence Leliose  MHa terun
& cleftned by Jormuda,
where |

Oy = +(m-1)d
a, = vauucz st Hu

d - clfbéeae uce. .

— Hee o, =15 oaud ol- -15 =(-F)

ICEN/ICSI210 Discrete Structures

S Qn o= 15+ MA) ((7)
= 15 -In+3
16,%,1,-6,-13 20, -29,.

Vlquaus
Hovo o da JMUYW( behoeew @ adjacecs G =2,

A
S The  Aexwg aﬂu =27 = -27-7 - -34

, Mt

(e
aiw«\ .A*‘7uz‘ we O L

e fepon %{eu =34 = —34-7 = -4
Ha  dew offer )= —u1-9 = —4g

»Y-ZQ,—M,-E o fue Mex)  Btermes
L’£ He 9,1"\4144

h
(f,) gf"‘“" Algucuce - 3, b 12,24 4%, 9¢, 192, .

46714&41@ Rk

Atuce M Lekiv behoecew Ao adjacect Muniber
2 dejuence £ o Geomelsic
Wit 0, =3 aud g

Ay Aawu )
/Lequmza

S U fonw % P afu.w bv,

Qy = QX"

C. Long Lecture 15

satio)) = 3£ =2,

y N1
,',}aM =) () [, n=z1

How, dw Aequewce O o3, b,13,24 L%, 96,192, ...

Wi ako =2

The ferwu aﬁ{e,\ 92 = 192x2 = 3%4
Hie Fa D'Z['m 3%y = 3%ux2 = F4%
Hie Afeteu ozf!o 768 = Fby¥x2L = /534

toa Ma mext 3 terwo

39l«’ Ftg oued 153
duw Hu AGuence

(2 = (135 ()

B
1o 20 o s Y
= o Z () v 2 (D
j:l J'=’ JD"
(")‘
103(9'3“') (l)-»[-ﬂ—v(l\ + .
- 20 + 3 (T + 1 ey}
" ]
(ST =M awd 5§ = v
el = 5

"

20 + (30)(2) 4 0

20+ 4L30

= 650

10 .
2 (1+37+ (-i)J) = 650
=
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Problem Example

Problem 5: functions (20 points)

(a) [10 points] Show the function f(z) = z3+1 is a bijection from R to R.
(b) [10 points] Find fog and go f , where f(z) = 22 +1 and g(z) = =+ 2,
are functions from R to R.

Pioblew §

3

Hu 4 tachv v

(1) Show fudd '

’HX)=X3+; M 67J'ech‘w ))w»« R-R .

Fox o agaw&iou 1o be bifecton, M s

do be Ow-tp bue s well a4 M%Wdﬁm
o TTo prows a fJumdhiow o be Bw - -our

J A assund {(x,) = 4ly,) comd Pl e

%u ¥, =%y, ew Hu %uud*fw L pue-fo e
e mol -

3 3
—> ﬂ£ {(x) = Hm) = Xt = Xat)
) 3 3

=) Y' = Xl

©

e, U cbwdmu L pue - Ho - gue .

ICEN/ICSI210 Discrete Structures
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— To prowr @ -.LuuLHD“ o he an gudo f‘wahp«
el 4w GssUww g Ayl
Rl
iy x3=y-
e
6 YV ER= Y¥-1 ER = % ER.

T, eutiy valwe of Y i todoalu  Hueie 02

avaluc of o Ju dpuai comc;{:p«d:»‘j Ao 7L .
'fLuu, M dtwl(,(dou A Wﬁwd—@u.

i _/.(4;‘/“((, B2 if!wdbéu A hoHa Ow -to- pu -DLIMLHDH

(8 well as am gulp «6@«4:)1‘9« , N oa bifediou fmzhw
(2 i N Gl e

il e 30) = X412

goa(x) - 2(3‘*)) s %(xn) - (xu)z-rl

el iy
30[)(\() - 3(‘!(1)) :3(X1+() sy Y

= x+3
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Next class

- Topic: Integers and Division
« Pre-class reading: Chap 4.1
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