FASTZMATH

ACE THE CASE

Course Requirements and Math Review

Modified: April 18, 2018

Overview

This lesson describes the math skills needed to understand the material in this online
course and reviews some of those skills.

Math Skills Required for this Course

Students taking this course need to understand and be able to do the following with
pen-and-paper:

Multi-digit addition, subtraction, multiplication and division

Negative numbers

Calculations with decimals, percentages and fraction

Base 10 number system

Multiplying by 10 and 100

Percentage change/growth

Exponents

KK K K KK K

Furthermore, students need to understand how compound growth works, and should
be able to use a calculator to do compound growth calculations.

This rest of this lesson will be remedial for some students N if you are comfortable
with topics and concepts listed above you should skip to the next lesson.

Math Review

The remainder of this lesson will provide a review of the topics listed below.
Single-digit multiplication table

Base 10 number system

Multiplying by 10 and 100

Percentage change/growth

Exponents

Compound growth

Dividing by fractions

K K K K KK K

If you want to review these topics, then keep reading. If you need to review the other
course prerequisites besides the topics which will be reviewed in this lesson, | suggest
using another textbook or other Internet resource N Khan Academy
(http://www.khanacademy.com ) has video lessons on numerous math topics, and is a
great place to start.

1 of 14 © 2017 Matthew Tambiah



FASTZMATH

ACE THE CASE

Single -digit Multiplication Table

It is absolutely imperative that students taking the FastMath Ace the Case Online
Course know their single -digit multiplication table by heart. In order to follow the
course material, you need be able to multiply any two single-digit numbers without
pausing, and without error. The required multiplication OfactsQisted in the table below.

You can reduce the amount of information you need to learn by remember a few sim-
ple concepts:
¥ Order doesnOmatter in multiplication N thatis, 7! 8 =8! 7. This applies to
any two numbers: a! b=b! a. Therefore, duplicate entries are removed from
the table and are indicated with a grey background.
¥ (0! a=0)and (1! a=a)N answers that are a result of multiplying by 0 or 1
have a green background to indicate they can be learned with a simple OrulesO.

The only other Ofactsyou need to know have the white background N learn them well
before proceeding to the rest of the FastMath Ace the Case Online Course.

Multiplying by 10

Objective : Learn to quickly multiply three and four digit numbers by 10 mentally
Audience : Those who need practice with this skill. You should skip this section if you
understand and are comfortable multiplying four digit numbers by " mentally without
using pen and paper.
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Given that we use a base 10 numerical system (Arabic numerals), multiplying by 10 is
very easy to perform. Just use the rules below:
Rules for Multiplying by !"
¥ Case 1: If the number does not have digits following the decimal point, simply
add a O0Qo the end of the number

o ™"
¥ Case 2: If the number decimal point, simply move the decimal point 1 place to
the right
o ™iwrnmoromg

Case 1 Examples:

. muwnre

2. "z

3. M

4. 1" g

5. " g 1 g
Case 2 Examples:

(O O T | S A

2.

3. 1wt 35

4. "o

5. mmwwrorr

Note that for Case 2 examples, if after multiplying by 10, there are no digits after the
decimal point, you should omit the decimal point. For example, !!.11H " 1 1" 1 N we
wouldnOtwrite O35.Qvith no digits after the decimal point.

You can consolidate these two rules into a single rule, if you consider that numbers
written without a decimal point, can be extended with a decimal and an infinite number

of O00sfter the decimal.
¥ oo

¥ omormud
¥ "y L 1"y

| will call the unwritten decimal point an Oimplicitdecimal pointOand unwritten zeroes
Oimplicitzeroes.O

Consolidated Rule for Multiplying by !" : To multiply by !" you simply move the dec-
imal point 1 place to the right. If thereOsho decimal point (such as with the number
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0400you simply add a decimal point at the end, with an implicit O0Qo the right of it
and then move the decimal point one place.

Each step of the Consolidated Rule is shown in the examples below:
L O O I T

¥ oty rora g o
¥ i1 782
Explanation
We use a base I" system. Thus, the number !" represents ! Il II" I'l 1 The digits O O
and O Orepresent numbers times a power of I" . Similarly, the number !"#
sentsiti b= 1 rrnn 111 Thelocation of a digit relative to the decimal point is

known as the OPlace ValueOfor that digit. We sometimes refer to the Place Value by
naming the OValue®f the digit. For example, with the number 0382Qve would say that
@0is the OhundredsOdigit N this is shorthand for saying that the digit 3 has Place
Value of one-hundred. Similarly, O8Qs the tens digit, and Q Ois the units digit. With
the number " " the O Ois the OtenthsOdigit and is just to the right of the decimal
point, and the GOis the OhundredthsOdigit.

So when we multiply a number by !" | the units digit of the original number (the number
we are multiplying by 10) becomes the new tens digit (the digit second to the left of
the decimal point) of the result, and the tens digit of the original number (second from
the right) becomes the hundreds digit of the result. Similarly, the OtenthsOdigit (the
digit just to the right of the decimal point) of the original number becomes the OunitsO
digit of the result.

You can think of this as each digit of the original number moving one place to the Left
of a fixed decimal point, or the decimal point moving one place to the Right relative to
the digits. LetOwuse the example of !'!" 1™ 11" 1,

Original Number 181!

Result 1 814!

Each numerical digit of the original number (78.24) moves one place-value to the Left
relative to the fixed decimal point. An implicit zero from the Original Number becomes
the last digit of the result. I included this implicit zero in the Result so that the decimal
point and digits of corresponding Place Value are vertically aligned in the Original
Number and the Result N that is, the units digits of each number are vertical aligned,
as are the tens digits. Normally, people would omit the trailing zero at the end of the
Result because they appear after the decimal point, so we would write the Result as
0782.40 Moving each digit one Place Value to the Left is equivalent to moving the
decimal point one Place Value to the Right.
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Practice Exercises: Multiplying by !"
1. ™t
M
"no!
et
rmann =
rarnn
rarnn
Moty
Sl
10.1" gl

©ONOUAWN

Answers: Multiplying by !
e

M
e
I I
M
M

Mg

1A - A
N R
101" g e

© o N A ODNE

You should now be comfortable multiplying by !" . In the rest of the course, if | am mul-
tiplying a number by I" | I will simply show the result and expect you to be able to per-
form the calculations on your own and follow along.

Dividing by 10

Goal: Understand and become proficient dividing by 10
Audience : If you understand and are comfortable dividing by !I" , you should skip this
section.

Dividing by !I" is the inverse of multiplying by !" . Therefore, to divide by " you simply
move the decimal point one place to the Left. If the number already ends in a @ Oyou
simply remove a zero: 140! 1" 1 11 With the number (.04)the digits to the left of the
decimal point implicit zeroes. There are also implicit zeroes after the 04 we can
write therefore write this number as (E00.04E).
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You can think of dividing by ten as the numerical-digits are moving once Place Value to
the Right relative to the fixed decimal point. The tens digit of the Original Number be-
comes the Ounits@ligit of the Result, and the OunitsQ@ligit of the original number be-
comes the OtenthsQligit of the Result. Any unwritten digits are implicit zeroes.

Examples: Dividing by !"
e

1

2. Mmoo
3. rmrn
4. 1"g 1"
S. I'g L1 1t
6. Mmoo
N L
g. oo

Practice Exercises: Dividing by !"

.rrmi

2. 1" =1
3.
4. 11 1m

5. "
6. I"'# 1 I" |
VA B
g. rwr
9. v

10,00 1 1

Answers: Dividing by !"
prmrnn

Mmoo
250 1" 1

A
peerrmr
g rmor
A T I
v mer

© o N O AWDNRE

O A
10,00 =1 L T invg
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You should now be comfortable dividing by !" . In the rest of the course, if | am divid-
ing a number by " | I will simply show the result and expect you to be able to perform
the calculations on your own and follow along.

Exponents

Goal: Understand and exponents and properties of exponents.

In the expression !'' the !I"# is called the exponent and the “5” is called the base. Expo-
nents are shorthand for repeated multiplication. !' is the same as!!! ! 1 I5, where we
multiply O5®y itself O3G@imes. Similarly, !* 1 1L 111 111 where !I"# multiplied to-
gether Ofour.(rhere are multiple ways to verbally express exponents, and generally use
the keywords QaisedOand/or Otothe powerOwith the base preceding the keyword(s)
and the exponent following the keyword(s). The following are multiple ways to express
1" verbally:

¥ OFiveto the fourth powerO

¥ OFiveraised to the fourth powerO

¥ OFiveto the fourthO

Raising a number to the second power is also called Gquaring Obecause a number
raised to the second power gives you the area of a square with length of that size.
Raising a number to the third power is also called Gubing Obecause a number raised
to the third power gives you the volume of a cube with length of size.

¥ !' may be said as OfivesquaredO

¥ !'' may be aid as OeightcubedO

We will cover situations where the exponents are Integers * (positive or negative whole
numbers like, 1, 2, 5 or "6). Some important definitions are below:
'L Tiforlt 11

|
R e A
|

The base can be any Real Number . Some important properties of exponents are be-
low. The definitions exist to extend the notion of exponents to negative numbers and to

make the properties below work for all integer exponents, whether positive or negative.
1. 10 rmngp gt +)

| Example: !' 1101 1!
2.1t oty et

| Example:!'! 1t 1!
3.t any

Y You can assume that any number which is not an exponent is a Real Number, which include the Ra-
. | .
tional Numbers, which are all numbers that can be expressed as a fraction -where ! I"# Il are integers,

as well as Irrational Numbers like ! . Real Numbers do not include Complex'Numbers like !, which is de-
fined as V! !'. Assume all exponents are Integers unless otherwise specified.
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| Example: 1! 11h 1 (1)
4. (|| )! I !!! ni
I Example: (1')' 11

We will use exponents frequently to handle powers of 10 (10 raised to various powers)
and for compound percentage growth calculations.

Multiplying by !'!'’

Multiplying a number by !" ' is the same as multiplying a number by 10, n times

g 11 11 and is like dividing by 10, ntimes for I I I'l. Therefore to multiply a
number by I" ' you simply add n zeroes to the end of the number if it is not a decimal,
or move the decimal point ! places to the Right if the number is a decimal. Note that

I" ' is simply a O1Qvith n zeroes after it.

¥ b

¥ '|||| !IIII

Yoo

¥ o 10%! M
¥ormhrormomeor s %
YLD LM oW om %

Examples

rne 1500
AN A

L e B
Pl
Mo r g il

L = e L S %

o0k wbdE

Because !" '' is the same as l'—l dividing by I" ' is the same as multiplying by !I" '

Practice Exercises: Multiplying by ! 0® & Dividing by !'! "'
1. mwnm ol

NIRRT
g

TN TII
g
TR L
NN

©NOUA®N
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9 11 l1=

10.11061 U™ 1
11.1131 11001!
12.900 =t 1

Answers: Multiplying by ! ! & Dividing by 10''
SUN g

g

[ T O 1 T B |

[ = T T R A - 111

[ TR L | B - 1]

NIEN N

[ A O T A

o

©o N kONRE

[ | S I T | L
10 P o
12,0 ot

You should be comfortable multiplying numbers by 100 before proceeding to the main
portion of the FastMath Ace the Case Online Course. There are lessons in this course
that deal with multiplying and dividing by larger powers of 10, such as multiplying by
10°.

Dividing by !'!'

Dividing a number by !I" ' is the same as d|V|d|ng the number by !" repeatedly for a
total of ! 'times !!"# I 1 I'l. For example, - —' l,f—' . Therefore to divide a number
by I" ' you simply remove ! zeroes, if they are present, or move the decimal point !
places to the Left.

Because " '' is equal to -, multiplying a number by ! "' is the same as dividing that
number by I" ! .

Examples
. !IIII ! !IIII ! !

1

2. 1w ooy
3. o
4.1 g
5. I WL
6. ' ML owam by
7.0

9 of 14 © 2017 Matthew Tambiah



FASTZMATH

ACE THE CASE

g. " 1 rm 111065

Practice Exercises: Dividing by ! ! ® & Multiplying by !'!""
1. rme

remerem
Mo

g 0ol
g
PIEA"$%0 1™ |
LIItagos 1
Mo 1M

N UA®N

Answers: Dividing by !'!'' & Multiplying by !
9. oo
1001w o Ig
11.300 ™ 1 ol
12.180! tumr ot
131" v
14V W##"$%00 1™ 1 1"l
15010 gosl Nt 1
16.1" W"##"$%! 1™ 1 I"# 1l

Percentages

The value !"# is equivalent to "— In general!'! is equal to ,'— It is easy to convert a

percentage value into its decimal equivalent by taking the percentage value and simply
moving the decimal point two places to the Left. It is also often useful to convert per-
centages to their fractional equivalent.

Examples

Lo L
2.1 1 11 -
30 L1 =t
A R
I R
I B
7. 4% = =om 1

100 "
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To convert a decimal to the percentage equivalent, we multiply by 100 which is moving
the decimal point two places to the Right, and use the percentage sign. To convert
from a percentage to the decimal equivalent, move the decimal point two places to the
Left, and remove the percentage sign.

Examples

rr g
pweeron
P
pivg rorn
L4l 1"#$
e

o0k wbdE

Practice Exercises: Converting Decimals to Percentages
Convert the following decimal numbers to their percentage equivalent.

e
e
Pl
1109 =
el
P
e

© N Ok WDNR

Practice Exercises: Converting Percentages to decimals

Convert the following percentages to their decimal number equivalent
1. "# |

"# 1

"# 1

Mmool

e

160% !

L

on# 1

©NOUA®WN

Percentages are often used in multiplication. To calculate 10%!"" !I" means we multiply
80 by the decimal/fractional equivalent of 10%, which is!!l or l'— which is equivalent to

dividing by 10. 10%!"" 180 is therefore 8. Calculating !"# of numbers is a very common
calculation. In the rest of the course, if we need to calculate 10% of a value, we will just
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divide the value by 10 (move the decimal point), and not explain the calculation any fur-
ther. Calculating 10% of a number can be also used as an intermediate step for other
calculations. For example, if we want to calculate !"# of 60, we can calculate 10%

first, which is 6. 20% of 60 is then twice the value of 10% of 60; 20% of 60 is therefore
L I

Also, certain ratios and decimals are often expressed as percentages. For example, if
you sell a product for $16 per unit, and the materials cost $4 per unit, often the material
cost is expressed as a percentage of the selling price. This is known as the Costs of
Goods Sold or COGS.

Calculating the percentage that one number represents of another number is very
common. Given price and cost data, you may want to calculate COGS percentages.
Alternatively you may want to calculate what percentage of your customers meet a cer-
tain criteria. To calculate the percentage that number ! represents of number !, you
convert the fraction :—to a decimal and then convert it to a percentage.

In the above example, the COGS%is— =1 II" =1"# . Fractions like this should

be expressed as percentages in case interviews when possible. You would say that O4
is I"# of 160.

We end up dividing 4 by 16 for the following reasons.

We want to find ! such that O4is ! percent of 160.Mathematically, this says
Prrre

Solving for x gives:
|

If 20 of your 65 customers are in New York City, this represents I" II"  of your cus-
tomers. We calculate this in the following manner (check with a calculator):

I2"_0! DA 1"

You would not be expected to do a calculation like this with these particular numbers
in a Case Interview N | used these numbers to illustrate how to calculate a percentage
value.

When converting certain fractions to a percentage (such as l'—) it is often efficient to

convert this percentage to an equivalent fraction where the denominator is 100. Then
whatever is in the Numerator is the percentage value. For example, if we want to con-

vert |£ into a percentage, you can multiply the numerator and the denominator by 5 N
after doing this, the result is .'_ which is 40%.

Percent age Growth

12 of 14 © 2017 Matthew Tambiah



FASTZ/MATH

ACE THE CASE

Percentages are often used to express growth over an arbitrary period of time, such as
10 years, 1 year, or a month, or even a week. Percentage growth of a quantity is de-
fined as follows:
Ly M"HSH%Ralue!" N"#3$%&%'
P LIRS H#B%N" 1MHE%E&!

I
U %& (1 IH%! 1 ——

When calculating percentage growth, the default is to divide the change in value

(', ! 1! by the original value. The change in value (!, ! !,) can also be referred to as
the ODelta@nd written as! or !'! for the change in value of variable V. In certain cir-
cumstances you may express the ! as a percentage of another value (such an histori-
cal value), but this value is always specified. For example, if the cost of manufacturing
a product is !" , and 10 years ago the selling price was $20, you might say that the cur-
rent costs are I"# of the selling price 10 years ago.

Another term frequently used is Compound Annual Growth Rate or CAGR. This term
used when analyzing growth of a value over time periods different than 1 year, and is
typically used when growth is over multiple years. For example, you may have a com-
pany with annual revenues shown in the table below.

Year Revenue

2010 $200 Million
2011 $240 Million
2012 $300 Million
2013 $420 Million

Each year has a different percentage change in Revenue. The CAGR is the annual
growth rate that if we use the actual starting value ($200 Million) and have constant
annual growth (the rate is the CAGR) over the entire time period, would give us the
ending value observed ($420 Million). For a given initial and final value, and a time peri-
od specified, there is a unique CAGR.

In the above example, the CAGR with a starting value of $200 Million, final value of
$420 Million, over 3 years is 28.06% (to 4 significant figures). Thus, if we have an initial
value of $200 Million, and grow at a constant rate of 28.06% for 3 years, we will have
a final value of $420 Million. In the table above, the annual growth changes from year
to year: the growth rate is 20% in the first year, 25% in the second year, and 40% in
the third year. A calculator or spreadsheet is required to accurately determine the
CAGR given starting and ending values, and the number of years (unless the growth is
over a single year). The CAGR is essentially the Oaverage@nnual growth rate ob-
served, or a fixed growth rate over a period of time needed given particular initial and
final values.
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Dividing by Fractions

This section provides a refresher on dividing by fractions. A fraction is denoted ex-
| . [
pressed as -, where ! I! Il are real numbers, and often integers. - is the same value as

Il 1 11, The Reciprocal of the fraction f—is :— You essentially OinvertGhe fraction, and

place whatever is in the Numerator of the fraction, in the Denominator of the Recipro-
cal, and whatever is in the Denominator of the fraction in the Numerator of the Recip-
rocal. Clearly taking the reciprocal of a fraction, and then taking the reciprocal again,

gives you the original fraction back. That is, the reciprocal of :— is, :— and the reciprocal

of :— is :— so these two numbers are Reciprocals of each other. To take the reciprocal of
a number that is not in fractional form, you can convert it into a fraction with denomina-
tor of 1. For example, to take the reciprocal of 4, you treat it as lI which has a Recipro-

cal of :— So

Dividing by a fraction is the same as multiplying by itOsReciprocal. This is important to
remember, as it is often easier to multiply fractions than to divide by them. If you are
dividing by a decimal number, it may be easier to convert it to a fraction, take itOgecip-
rocal and multiply than to do long division with the decimal number. For example

| |
e =

[ !

| |
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