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CSE 250: Math Refresher
Class Logistics

Reminders

AI Quiz due Sun, Sept 8 at 11:59 PM.
Your final submission must have a score of 1.0 to pass the
class.

PA 0 due Sun, Sept 8 at 11:59 PM.
All you need to do is make sure you have a working
environment.
If you can’t submit in autolab, let course staff know ASAP.

WA1 released; due Sun, Sept 8 at 11:59 PM.
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CSE 250: Math Refresher
Overview

Math Refresher

1 Summations
2 Logarithms
3 Limits
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CSE 250: Math Refresher
Summations

Summations

k∑
i=j

f(i) = f(j) + f(j + 1) + . . .+ f(k)
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 This slide just defines the summation notation. 



CSE 250: Math Refresher
Summations

Strategy

1 Find a rule with a pattern that matches the formula
2 Replace the formula with the right-hand side

1 Split the summation.
2 Find the appropriate ‘finisher’.
3 Apply the transformations to get to the right bounds.
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CSE 250: Math Refresher
Summations

Summations

If c is a constant:

k∑
i=j

c

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 This slide focuses on another strategy for solving problems. Simplify by expanding definitions. 
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Summations

Summations

If c is a constant:

k∑
i=j

c = c + . . .+ c︸ ︷︷ ︸
(k−j+1) times
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 This slide focuses on another strategy for solving problems. Simplify by expanding definitions. 



CSE 250: Math Refresher
Summations

Summations

If c is a constant:

k∑
i=j

c = c + . . .+ c︸ ︷︷ ︸
(k−j+1) times

= (k − j + 1) · c
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 This slide focuses on another strategy for solving problems. Simplify by expanding definitions. 
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Summations

Finishers

k∑
i=j

c = (k − j + 1) · c

k∑
i=1

i = k(k + 1)
2 · c

k∑
i=0

2i = 2k+1 − 1

The trick is to get the summation into one of the above forms.
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Summations

Finishers

k∑
i=j

c = (k − j + 1) · c

k∑
i=1

i = k(k + 1)
2 · c

k∑
i=0

2i = 2k+1 − 1

The trick is to get the summation into one of the above forms.
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CSE 250: Math Refresher
Summations

Useful Tricks

If c is a constant and f(i) is a function of i:

k∑
i=j

c · f(i)

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 A good chance to review basic arithmetic manipulation (distributivity over addition) 
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Summations

Useful Tricks

If c is a constant and f(i) is a function of i:

k∑
i=j

c · f(i) = c · f(j) + c · f(j + 1) + . . .+ c · f(k)
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 A good chance to review basic arithmetic manipulation (distributivity over addition) 
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Useful Tricks

If c is a constant and f(i) is a function of i:

k∑
i=j

c · f(i) = c · f(j) + c · f(j + 1) + . . .+ c · f(k)

= c · (f(j) + f(j + 1) + . . .+ f(k))

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 A good chance to review basic arithmetic manipulation (distributivity over addition) 
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Summations

Useful Tricks

If c is a constant and f(i) is a function of i:

k∑
i=j

c · f(i) = c · f(j) + c · f(j + 1) + . . .+ c · f(k)

= c · (f(j) + f(j + 1) + . . .+ f(k))

= c ·
k∑

i=j
f(i)
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 A good chance to review basic arithmetic manipulation (distributivity over addition) 
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Summations

Useful Tricks

If f(i) and g(i) are functions of i:

k∑
i=j

f(i) + g(i)

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 Another good chance to review arithmetic manipulation (addition is commutative/associative) 
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Summations

Useful Tricks

If f(i) and g(i) are functions of i:

k∑
i=j

f(i) + g(i) = (f(j) + g(j)) + . . .+ (f(k) + g(k))
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 Another good chance to review arithmetic manipulation (addition is commutative/associative) 
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Useful Tricks

If f(i) and g(i) are functions of i:

k∑
i=j

f(i) + g(i) = (f(j) + g(j)) + . . .+ (f(k) + g(k))

= (f(j) + . . .+ f(k)) + (g(j) + . . .+ g(k))
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 Another good chance to review arithmetic manipulation (addition is commutative/associative) 
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Summations

Useful Tricks

If f(i) and g(i) are functions of i:

k∑
i=j

f(i) + g(i) = (f(j) + g(j)) + . . .+ (f(k) + g(k))

= (f(j) + . . .+ f(k)) + (g(j) + . . .+ g(k))

=

 k∑
i=j

f(i)

+

 k∑
i=j

g(i)
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 Another good chance to review arithmetic manipulation (addition is commutative/associative) 



CSE 250: Math Refresher
Summations

Useful Tricks

If j < ℓ ≤ k:

k∑
i=j

f(i)

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 Key takeaway: Definitions can also be applied in reverse. 
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Useful Tricks

If j < ℓ ≤ k:

k∑
i=j

f(i) = f(j) + . . .+ f(k)
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 Key takeaway: Definitions can also be applied in reverse. 
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Summations

Useful Tricks

If j < ℓ ≤ k:

k∑
i=j

f(i) = f(j) + . . .+ f(k)

= f(j) + . . .+ f(ℓ− 1) + f(ℓ) . . .+ f(k)
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 Key takeaway: Definitions can also be applied in reverse. 
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Summations

Useful Tricks

If j < ℓ ≤ k:

k∑
i=j

f(i) = f(j) + . . .+ f(k)

= f(j) + . . .+ f(ℓ− 1) + f(ℓ) . . .+ f(k)

=

ℓ−1∑
i=j

f(i)

+

( k∑
i=ℓ

f(i)
)
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 Key takeaway: Definitions can also be applied in reverse. 
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Summations

Useful Tricks

If j < ℓ ≤ k:

 k∑
i=j

f(i)

 =

ℓ−1∑
i=j

f(i)

+

( k∑
i=ℓ

f(i)
)
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 Don't forget you can subtract stuff from both sides. 
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Summations

Useful Tricks

If j < ℓ ≤ k:

 k∑
i=j

f(i)

 =

ℓ−1∑
i=j

f(i)

+

( k∑
i=ℓ

f(i)
)

 k∑
i=j

f(i)

−

ℓ−1∑
i=j

f(i)

 =

( k∑
i=ℓ

f(i)
)
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 Don't forget you can subtract stuff from both sides. 
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Summations

Series

k∑
i=1

i = k(k + 1)
2

k∑
i=0

2k = 2k+1 − 1
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 Suggest getting them to accept these on faith... can work out the derivations with them out of class. 
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Summations

Summary

k∑
i=j

c = (k − j + 1) · c (1)

k∑
i=j

c · f(i) = c ·
k∑

i=j
f(i) (2)

k∑
i=j

f(i) + g(i) =

 k∑
i=j

f(i)

 +

 k∑
i=j

g(i)

 (3)

k∑
i=j

f(i) =

ℓ−1∑
i=j

f(i)

 +

 k∑
i=ℓ

f(i)

 (4)

 k∑
i=ℓ

f(i)

 =

 k∑
i=j

f(i)

 −

ℓ−1∑
i=j

f(i)

 (5)

k∑
i=1

i =
k(k + 1)

2
(6)

k∑
i=0

2i = 2k+1 − 1 (7)
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Logarithms

Logarithms

x

f(x)
f(x) = x

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 - log grows more slowly than linear - log is an inverse of the exponential. 
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Logarithms

Logarithms

x

f(x)
f(x) = x

f(x) = log2 x
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 - log grows more slowly than linear - log is an inverse of the exponential. 
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Logarithms

Logarithms

x

f(x)

f(x) = log2 x

f(x) = log2 2x

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 - log grows more slowly than linear - log is an inverse of the exponential. 
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Logarithms

Stepping back

a · n = a + a + . . .+ a︸ ︷︷ ︸
n times

an =

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 Both points on this slide come back later: multiplication is repeated addition, as well as exponentiation is repeated multiplication. 
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Logarithms

Stepping back

a · n = a + a + . . .+ a︸ ︷︷ ︸
n times

an = ?
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 Both points on this slide come back later: multiplication is repeated addition, as well as exponentiation is repeated multiplication. 
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Logarithms

Stepping back

a · n = a + a + . . .+ a︸ ︷︷ ︸
n times

an = a · a · . . . · a︸ ︷︷ ︸
n times
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 Both points on this slide come back later: multiplication is repeated addition, as well as exponentiation is repeated multiplication. 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) =
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5 32 = 2 · 2 · 2 · 2 · 2︸ ︷︷ ︸

5 times
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5 32 = 2 · 2 · 2 · 2 · 2︸ ︷︷ ︸

5 times
log3(27) =
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5 32 = 2 · 2 · 2 · 2 · 2︸ ︷︷ ︸

5 times
log3(27) = 3 27 = 3 · 3 · 3︸ ︷︷ ︸

3 times
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5 32 = 2 · 2 · 2 · 2 · 2︸ ︷︷ ︸

5 times
log3(27) = 3 27 = 3 · 3 · 3︸ ︷︷ ︸

3 times
log2(

1
8) =
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5 32 = 2 · 2 · 2 · 2 · 2︸ ︷︷ ︸

5 times
log3(27) = 3 27 = 3 · 3 · 3︸ ︷︷ ︸

3 times
log2(

1
8) = −3 1

8 = 1÷2 ÷ 2 ÷ 2︸ ︷︷ ︸
−3 times
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5 32 = 2 · 2 · 2 · 2 · 2︸ ︷︷ ︸

5 times
log3(27) = 3 27 = 3 · 3 · 3︸ ︷︷ ︸

3 times
log2(

1
8) = −3 1

8 = 1÷2 ÷ 2 ÷ 2︸ ︷︷ ︸
−3 times

log2(210) =
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 



CSE 250: Math Refresher
Logarithms

Logarithms

loga(b) = the number of times you multiply a together to get b

Examples
log2(32) = 5 32 = 2 · 2 · 2 · 2 · 2︸ ︷︷ ︸

5 times
log3(27) = 3 27 = 3 · 3 · 3︸ ︷︷ ︸

3 times
log2(

1
8) = −3 1

8 = 1÷2 ÷ 2 ÷ 2︸ ︷︷ ︸
−3 times

log2(210) = 10 210 = 2 · . . . · 2︸ ︷︷ ︸
10 times
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 Call on folks in the class to get them answering. 1. Simple example, mainly intended to test their understanding 2. Same 3. This point comes back later: Emphasize that division is inverse multiplication 4. Emphasize this point: Exponentiation is inverse logarithm 
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Logarithms

Logarithm is the Inverse Exponent

blogb(n) = n = logb(bn)

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY
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Logarithms

The Product Rule

Let’s say n = a · b.
How are log2(n), log2(a), and log2(b) related?

a = 2 · . . . · 2︸ ︷︷ ︸
log2(a) times

b = 2 · . . . · 2︸ ︷︷ ︸
log2(b) times

n = 2 · . . . · 2︸ ︷︷ ︸
log2(n) times

log2(n) = log2(ab) = log2(a) + log2(b)

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 Another opportunity to get the class talking. 1. Before the 1st build, ask the question, see if there's someone who speaks up with the final answer. 2. Let's relate a and b to their (base 2) logarithms.... now what's N? 3. ... and can we express that in terms of log a and log b? 4. ... so how do log(n), log(a), and log(b) relate? 5. and this is the product rule. 
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Let’s say n = a · b.
How are log2(n), log2(a), and log2(b) related?

a = 2 · . . . · 2︸ ︷︷ ︸
log2(a) times

b = 2 · . . . · 2︸ ︷︷ ︸
log2(b) times

n = 2 · . . . · 2︸ ︷︷ ︸
log2(n) times

log2(n) = log2(ab) = log2(a) + log2(b)
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 Another opportunity to get the class talking. 1. Before the 1st build, ask the question, see if there's someone who speaks up with the final answer. 2. Let's relate a and b to their (base 2) logarithms.... now what's N? 3. ... and can we express that in terms of log a and log b? 4. ... so how do log(n), log(a), and log(b) relate? 5. and this is the product rule. 
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The Product Rule

Let’s say n = a · b.
How are log2(n), log2(a), and log2(b) related?

a = 2 · . . . · 2︸ ︷︷ ︸
log2(a) times

b = 2 · . . . · 2︸ ︷︷ ︸
log2(b) times

n = 2 · . . . · 2︸ ︷︷ ︸
log2(n) times

log2(n) = log2(ab) = log2(a) + log2(b)
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 Another opportunity to get the class talking. 1. Before the 1st build, ask the question, see if there's someone who speaks up with the final answer. 2. Let's relate a and b to their (base 2) logarithms.... now what's N? 3. ... and can we express that in terms of log a and log b? 4. ... so how do log(n), log(a), and log(b) relate? 5. and this is the product rule. 
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Logarithms

The Product Rule

Let’s say n = a · b.
How are log2(n), log2(a), and log2(b) related?

a = 2 · . . . · 2︸ ︷︷ ︸
log2(a) times

b = 2 · . . . · 2︸ ︷︷ ︸
log2(b) times

n = 2 · . . . · 2︸ ︷︷ ︸
log2(n) times

= 2 · . . . · 2︸ ︷︷ ︸
log2(a) times

· 2 · . . . · 2︸ ︷︷ ︸
log2(b) times

log2(n) = log2(ab) = log2(a) + log2(b)
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 Another opportunity to get the class talking. 1. Before the 1st build, ask the question, see if there's someone who speaks up with the final answer. 2. Let's relate a and b to their (base 2) logarithms.... now what's N? 3. ... and can we express that in terms of log a and log b? 4. ... so how do log(n), log(a), and log(b) relate? 5. and this is the product rule. 
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Logarithms

The Product Rule

Let’s say n = a · b.
How are log2(n), log2(a), and log2(b) related?

a = 2 · . . . · 2︸ ︷︷ ︸
log2(a) times

b = 2 · . . . · 2︸ ︷︷ ︸
log2(b) times

n = 2 · . . . · 2︸ ︷︷ ︸
log2(n) times

= 2 · . . . · 2︸ ︷︷ ︸
log2(a) times

· 2 · . . . · 2︸ ︷︷ ︸
log2(b) times

log2(n) = log2(ab) = log2(a) + log2(b)
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 Another opportunity to get the class talking. 1. Before the 1st build, ask the question, see if there's someone who speaks up with the final answer. 2. Let's relate a and b to their (base 2) logarithms.... now what's N? 3. ... and can we express that in terms of log a and log b? 4. ... so how do log(n), log(a), and log(b) relate? 5. and this is the product rule. 
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Logarithms

The Exponent Rule

log2(an)

© 2024 Oliver Kennedy, Eric Mikida, The University at Buffalo, SUNY

 Once we have that first rule, the objective is to get the class to start looking for opportunities to apply the different rules. par 1. How did we define $a^n$ 2. Didn't we have a rule about log of a * b? Can we apply that here to simplify? 3. repeat. 4. and keep repeating 5. and what's this? 6. And this is the exponent rule. 
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Logarithms

The Exponent Rule

log2(an) = log2(a · . . . · a︸ ︷︷ ︸
n times

)
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 Once we have that first rule, the objective is to get the class to start looking for opportunities to apply the different rules. par 1. How did we define $a^n$ 2. Didn't we have a rule about log of a * b? Can we apply that here to simplify? 3. repeat. 4. and keep repeating 5. and what's this? 6. And this is the exponent rule. 



CSE 250: Math Refresher
Logarithms

The Exponent Rule

log2(an) = log2(a · . . . · a︸ ︷︷ ︸
n times

)

= log2(a) + log2(a · . . . · a︸ ︷︷ ︸
n−1 times

)

= log2(a) + log2(a) + log2(a · . . . · a︸ ︷︷ ︸
n−2 times

)
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 Once we have that first rule, the objective is to get the class to start looking for opportunities to apply the different rules. par 1. How did we define $a^n$ 2. Didn't we have a rule about log of a * b? Can we apply that here to simplify? 3. repeat. 4. and keep repeating 5. and what's this? 6. And this is the exponent rule. 
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Logarithms

The Exponent Rule

log2(an) = log2(a · . . . · a︸ ︷︷ ︸
n times

)

= log2(a) + log2(a · . . . · a︸ ︷︷ ︸
n−1 times

)

= log2(a) + log2(a) + log2(a · . . . · a︸ ︷︷ ︸
n−2 times

)

= log2(a) + . . .+ log2(a)︸ ︷︷ ︸
n times
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 Once we have that first rule, the objective is to get the class to start looking for opportunities to apply the different rules. par 1. How did we define $a^n$ 2. Didn't we have a rule about log of a * b? Can we apply that here to simplify? 3. repeat. 4. and keep repeating 5. and what's this? 6. And this is the exponent rule. 
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log2(an) = log2(a · . . . · a︸ ︷︷ ︸
n times

)

= log2(a) + log2(a · . . . · a︸ ︷︷ ︸
n−1 times

)

= log2(a) + log2(a) + log2(a · . . . · a︸ ︷︷ ︸
n−2 times

)

= log2(a) + . . .+ log2(a)︸ ︷︷ ︸
n times

= n · log2(a)
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 Once we have that first rule, the objective is to get the class to start looking for opportunities to apply the different rules. par 1. How did we define $a^n$ 2. Didn't we have a rule about log of a * b? Can we apply that here to simplify? 3. repeat. 4. and keep repeating 5. and what's this? 6. And this is the exponent rule. 
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log2

(a
b
)
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 1. maybe reveal the first step here... or ask if they can re-express a/b in terms of multiplication? 2. remember the product rule? 3. how many times do we need to multiply b to get 1/b? 4. remember the exponent rule? 5. wasn't there something about division being inverse addition? 
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b

)
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1
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log2

(a
b
)
= log2

(
a · 1

b

)
= log2(a) + log2

(
1
b

)
= log2(a) + log2(b−1)
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 1. maybe reveal the first step here... or ask if they can re-express a/b in terms of multiplication? 2. remember the product rule? 3. how many times do we need to multiply b to get 1/b? 4. remember the exponent rule? 5. wasn't there something about division being inverse addition? 
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log2

(a
b
)
= log2

(
a · 1

b

)
= log2(a) + log2

(
1
b

)
= log2(a) + log2(b−1)

= log2(a) + (−1) · log2(b)
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 1. maybe reveal the first step here... or ask if they can re-express a/b in terms of multiplication? 2. remember the product rule? 3. how many times do we need to multiply b to get 1/b? 4. remember the exponent rule? 5. wasn't there something about division being inverse addition? 
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The Division Rule

log2

(a
b
)
= log2

(
a · 1

b

)
= log2(a) + log2

(
1
b

)
= log2(a) + log2(b−1)

= log2(a) + (−1) · log2(b)
= log2(a)− log2(b)
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 1. maybe reveal the first step here... or ask if they can re-express a/b in terms of multiplication? 2. remember the product rule? 3. how many times do we need to multiply b to get 1/b? 4. remember the exponent rule? 5. wasn't there something about division being inverse addition? 
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bm = n
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 Can we modify the base of a logarithm? par 1. Let's take the logarithm of both sides 2. How do we simplify the LHS (exponent rule) 3. Solve for m 4. What is m, in terms of b and n? 
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bm = n
logc(bm) = logc(n)

m logc(b) = logc(n)

m =
logc(n)
logc(b)

logb(n) =
logc(n)
logc(b)
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 Can we modify the base of a logarithm? par 1. Let's take the logarithm of both sides 2. How do we simplify the LHS (exponent rule) 3. Solve for m 4. What is m, in terms of b and n? 
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Summary

Exponent Rule log(na) = a log(n)
Product Rule log(ab) = log(a) + log(b)
Division Rule log

( a
b
)
= log(a)− log(b)

Change of Base logb(n) =
logc(n)
logc(b)

Inverse blogb(n) = logb(bn) = n

For this class, assume base-2 logarithms unless stated otherwise.
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Limits

lim
i→c

f(i)

The value that f(i) converges to as i approaches c
(Even if f(c) is not defined)
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Limit Examples

lim
i→∞

1
i = 0

lim
i→∞

6 = 6

lim
i→∞

6 +
1
i = 6

lim
i→∞

i = ∞

lim
i→∞

i − i = 0
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