Please use our materials!

These workshop slides and any accompanying activities were developed at Olin College in the course
Mathematics/Engineering Outreach for Adolescent Learners, spring 2021, taught by Sarah Spence Adams. The
slides and materials are licensed under the Creative Commons Attribution-NonCommercial_ShareAlike 4.0
International license, except where outside resources (such as pictures or websites) are otherwise noted.

We encourage you to use these materials, editing and modifying them as appropriate for your students! When
you use, share, incorporate, or modify these materials, please keep the license notice “Creative Commons
Attribution-NonCommercial_ShareAlike 4.0 International license” and logo (below) and credit “Olin College’s
course on Mathematics/Engineering Outreach for Adolescent Learners.”

We also humbly request that you email sarah.adams@olin.edu if you use these materials, as we are tracking
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their impact and how far they travel!
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How To Hin Games
Every Time



Junwon Ashley
(he/him) (they/them) (she/her)



Coin Game! lLet's play again'

@ m @ @ L@ L Le?’s ’ltake turns X-ing out
@ @ @ @ @ @ There are 30 coins on the

- slide.
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The player to take the last
coin is the loser.

X =Teacher X = Students



THE GAME WAS RIGGEDT

Player 1 can win every time if they know the
strategy!

So... What is the strategy?




. Let’s back up and see how that strategy .
played out in the game we just played



Let’'s play again?t

Coin Game!?
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)( = Junwon
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Let’s take turns X-ing out
coins!

There are 30 coins on the
slide.

You can X out up to 4 coins
each turn

The player to take the last
coin is the loser.



The 5trategy Tor Player 1

Step 1: To start, take 4 coins

Step 2: Note how many coins player 2 takes
on their turn

Step 3: Take 5 minus the number of coins .
player 2 just took

Step 4. Repeat until you win!




Your tTurn tTo go hirstt

ﬂ‘ m @ El @ L@ There are 30 coins on the slide.
m m EE[ @ uﬁ[ @ The player to take the last coin is
Pl " & | the loser.

@ @ @ El @ @ Remember, to win:
S | - Take 4 coins the first time
lﬁ' 'ﬁ' 'E' | : - Take 5 minus the number
R | ‘ . Junwon took after that

X =Students X =Teacher

You can X out up to 4 coins each
turn




Why does it work?
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S0 Colins

Students go
first as Player 1
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Player
2

X =Students (player 1) X =Teacher (player 2)



Why does the strategy work?

P1 P2, then P1 P2, then P1

.

P2, then P1 P2, then P1 P2, then P1 LDSING

COIN
P2

X = Students (player 1) X = Teacher (player 2)



Let’'s sTart from The end

P1 P2, then P1 P2, then P1

.

P2, then P1 P2, then P1 P2, then P1 LDSING

COIN
P2

X = Students (player 1) X = Teacher (player 2)



Why subtract from 5%

1 (the minimum # a player can take) + 4 (the maximum # a player can take) =5 coins

Teacher takes 1 coin Addsto 5 v
Teacher takes 2 coins Addsto 5 v
Teacher takes 3 coins Addsto 5 v
Teacher takes 4 coins Addsto 5 v




=2 1s The OMLY nmnumber that works

We can’t always make a round add to 6 coins:

X< <A< o

Teacher Students can only take
takes 1 coin up to 4 coins

We can’t always make a round add to 4:

EEREEE) ) e
Teacher Students have to
takes 4 coin take at least 1 coin




Let's come up with strategy
for another coin gameal?

Let’s take turns X-ing
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@ @ @ @ @ @E[ @ @ @ You can X outup to 6
@ @ lﬂ @ [ﬁ' @ @ @ @@ coins each turn

The player to take the
How does player 1 win this? last coin is the loser.

Player 1 goes first



Why is ¥ the

1 (the minimum # a player can take) + © (the maximum # a player can take) = 7 coins

Teacher takes 1 coin

Teacher takes 2 coins

Teacher takes 3 coins

Teacher takes 4 coins

Teacher takes 5 coins

Teacher takes 6 coins
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“"“magic numbear®™

We take 6

We take 5

We take 4

We take 3

We take 2

We take 1

now??




¥ is the only nmnumber that works now

We can’t always make p7’s turn and p2’s turn add to 8 coins:

(ESI1 (B0 1B 11 161 (B (B9 | ey

Teacher Students can only take
takes 1 coin up to 6 coins

We can’t always make p1’s turn and p2’s turn add to 6 coins:

IES1 (B3 (B3] 123 1601 [ES) HES s
Teacher takes all Students have to
6 coin take at least 1 coin




ButT Does This Work Everuy Timea?
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How does player 1 win this?
... Or can they?

Let’s take turns X-ing
out coins!

There are 50 coins
on the slide.

coins each turn

The player to take the
last coin is the loser.

Player 1 goes first



ButT Does This
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@@@@@@@@@@ You can X out up to 6
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How does player 1 win this?
... Or can they?

IMPOSSIBLE!

Work Everuy Timea?

Let’s take turns X-ing
out coins!

There are 50 coins
on the slide.

coins each turn

The player to take the
last coin is the loser.

Player 1 goes first



By The WHay. ..

What math did we do other than adding & subtracting numbers?

MODULAR ARITHMETIC !



But what is Modular Arithmetics?

e Modular Arithmetics is arithmetics, but with remainders!

e Observe numbers with extra attention to divisibility rules and
remainders

e Extensively used in cryptography, communication systems, and so on!

x Binary sugnal

Receiver nouse

Sender

-~ Communication ~
RSA Channel RSA |
Encipher B, Decipher
Plaintext Plaintext Computer 1 Computer 2
(ASCII code) - (ASCII code)
Ciphertext
O O
@\ 6?9\
i EM) (M) i
Encryption Key Decryption Key

(Public Key) (Private Key)



Where 1= Modular Arithmetics in
Coin Game®?

e The remainder is the “last coin”
e Dividing the coins up into sums that we can control
e Same strategy of taking coins no matter how many coins we have!




Create your own coin gamealt

Come up with your own coin game!
Things you can change

# of coins in a pile

# of coins collected each turn

Whoever takes the last coin is the winner

What if there are 3 players?

What if there are 2 piles of coins? (i.e. there are two piles of coins, you can only collect coins
from 1 of 2 piles each turn, whoever picks last coin is the loser.)

N




How do I get this strategy?

Questions to consider asking yourself:

1. What is the goal of the game?
2. What can | control in this game?
3. How do | use what | can control to guarantee victory?

What are the answers to these questions in the coin game?

Talk in your breakout room for 5 minutes.



How do I get this strategy?
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We don’t want this!
We want this to be
given to player 2




How do I get this strategu?
2. What can | control in this @ @ @ @ @ @
game? _— | | o
- | can choose the number Iﬁ' lﬁ' Iil @ @
of coins | take each turn
| can control the sum of m @ @ @ m
my coins + my opponents
ﬂﬁ!ﬁllﬁl

sum is always the
same number

| can make sure the




How do I get this strategu?

2. What can | control in this [:] [:] [:] [:] [:] [:]
game? T T T T e
If my opponent take their turn, r:l r—] r ] r ] r J r—-l
| can collect coins so that the

sum of coins collected from I_ J I_ J L J L J F___J _I .

. the opponent and me will be 5

(this can be guaranteed). Jg X[ @ ]X Jz ]:_”

x Player 1 L_.,] g !X |X . .
x Player 2




How do I get this strategy?

If my opponent take their turn, [:] [:] [:] [:] [:] [:]

| can collect coins so that the

sum of coins collected from r:l r—] r—] r—] r—J r—J

the opponent and me will be 5

(this can be guaranteed). l J l J L J L J F_-.J ‘ _I .

XX XX X

x Player 1 L_.,] g !X |X . .
x Player 2




How do I get this strategy?

3. What must | do to guarantee victory?

We want to take up every coin
except the last one. With 30 total
coins, that means we need to
take up 29 coins in order to
leave one for our opponent

We know that we can guarantee a
total of 5 coins taken per turn.

This means we know we
can guarantee the fate of
25 coins

0 o D o




How do I get this strategy?

3. What must | do to
guarantee victory?

If we can control the fact that
25 coins will be taken, how can
we win the game?

Does it matter if we go first or

?
S e C o n d o .._.. .._.- .._.- -._.- -.—.- -.—..
(i) ) R R O
can take on our first turn to be el el " el e " ™ el ~ el

sure that we’ll win every time?

0 o D o



How do I get this strategy?

3. What must | do to

guarantee victory? / .
- By taking the first four coins,

Player 1 can make sure they
win!

They still need to make sure
each turn sums to five total
coins

The last coin is still left for Player 2! /



