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NIM

Nim is cool because it’s part of A LOT of games.

Rules:

There are many stones distributed among a bunch of squares.

On your turn, you can pick ONE square and remove any number of stones The
person to take the last stone from the game wins.

I WIN! ;D

Player 1: __ME__ Player 2: __ALSO ME__
PLAYER 1

® WINS!
® @9® .0.
® ¢ 0@ “g®00

®® @ |®©® ®® ®® VL PLAYER
1 ALWAYS
WIN THIS
GAME?

TWO SQUARE NIM
10-10

Ed &3

Goal:

Be the player
who takes the
last stone in
the whole
game.

Win All Games — pg1
Two-5quare Nim 10-10

Fut 10 fokens in square 4 and 10 tokens in square B. On your furn, you can take any number
of tokens from one and only one of the two squares. The person to take the last token in the

entire game wins

1) Does player 1 or player 2 have the advantage in this game? (circleoney PI1 P2

Win All Games — pg?
Two-Square Nim 7-13

Fut 7 fokens in square A and 13 tokens in square B and play with the same rules as before.
2) Does player 1 or player 2 have the advantage in this game? (circleone) P1 P2

3) What strategy can they use to win every game?
4) Which Twe-Square Nim games (X-Y) that can be won with this strategy?




TWO SQUARE NIM Goal:

Be the player
7'7'6 who takes the
last stone in

the whole
E E E —

5) Does player 1 ox player 2 have the advantage n this game? (cicleore) ~ P1 P2
) Wt strategy can hey e fo win every game
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Three-Square Nim (7-7-7)

Design your own 3-square Nim game by deciding on the starting distribution of tokens.

7) What distribution did you choose? - -

8) Does player 1 or player 2 have the advantage in your game? (circle 1)  P1 P2
9) What strategy can they use to win every game?

10) Convince yourself that the chart below includes every game with 20 total stones.
11) Figure out which player has the advantage for as many games as you can
12) What pattern(s) do you see and what strategies do the players need to know?
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Binary — Base 2

"What if you didnt want to teach 10 symibols (0. 1 2. 3. 4. 5. 6, 7. 8. 9) in achool. but instead, oaly Z (0. and 1)
Mske a Eist, in increasing order, of all ly coutai 17

o O & 16 SFICY CHALLENGE:

L1 ES 17 “What do you thindk the

zZ 10 10. 18 100™ such rumber will be?
3 11 11 15

+ 100 1z 20.

5. 12 z1L 100.

6. 14 22 101

7 15, 23 102

Cam we explain these ymmbers in such a way that 100 means 4, 1000 means 8, and 10011 megns 197

COLOR KEY = Player 1 Wins = Flayer 2 Wins
2000
10-10
1ezo 111
1730 1721
leao 1851
15-50 15.4.1
e a5 fracee
1570 15.6.1 1348
12-3-0 12-7-1 12-5-3 1Z-4-%
11820 1151 115
10-10-0 10-8-1 10-6-% 10-5-5
0.0-2 o7s
ass ao-8
78
BINARY
THIS IS BINARY: What’s going on?
In short, we're using a system
1=0001 to write numbers instead of base 10.
2=0010
3=0011 Base 10
4=0100 3254 means e
5=0101 “three thousands, two hundreds, i
6=0110 five tens, and four ones” \\\\
7=0111 Bace 8
8=1000
9=1001 3.1018means4
10 = 1010 A
11 =1011 no 2s and one 1
Etc. AKA, it means 13

Powery
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20 - L0107

0 - 00000

0 - 00000

19 - L0011

1 - oo0oL

0 - 0000D

15 - L0010 15 - L0010

2 - 00010 1 - 00001

0 - 0000D 1 - oo0oL

17 = L0001 17 = L0001

2 - 0001l 2 - 00010

0 - 00000 1 - o000l

16 - LO0GT 16 - LO0GT 16 - 10000

4 - 00100 2 - 0o0il 2 - DO01D

0 - 0000D 1 - oo0o1 2 - DO01D

15 - 01111 15 - OLIIL 15 - 01111

5 - 00101 4 - 00100 2 - oooil

0 - 0000D 1 - 00001 2 - D0010

13 - 01110 13 - 01110 1% - 01110 18 - 01110
& - 00110 5 - 00101 4 - 00100 2 - D001l
o - 00000 1 - o000l 2 - 00010 & - 00011

NIM IN
BINARY
Can we find a
pattern to
which games
are won by
player 2?7
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WHAT’'S THE PATTERN?

e
O |~cP|00
Eg

0100 0010 0110 04111 0100

Step 1: Write out the number of stones in each
in bi =2222
box in binary. (= ?22?) 0100

Step 2: Put these numbers 0010  Thisis
in a column and figure out

if the number of 1's in each 0110  called
column is even or odd. If 0111 the

it's even, write O at the Nim-Sum
bottom, if it’s odd write 1 0100

T'S THE PATTERN?

OO
OO OO (0]) OO

0100 0010 0110 0111 0100

Step 3: If the Nim-Sum Is ALL

ZEROS, choose to be player 2. If 0100
Nim-Sum is NOT ZERO, choose to 0010
be player 1. 0110

0111

. Eventually, it 0100
will be 0 because there are no
stones left and you will win!

Play:

WHAT'S THE PATTERN?

®
O |~ R00
Eg

0100 0010 0110 —641++— 0100

0100
0010
0110

Play: On your move, make 0100
the Nim-Sum ZERO.

1) Choose to
be player...

player 1
2) What can you

do to make the
Nim-Sum 07?...

WHAT'S THE PATTERN?

®
o ® ~®
© Lo 9P 00
00 ®® 00| 00

0100 0010 —64146— 0100 0100

0100
0010

0100
Play: On your move, make 0100

the Nim-Sum ZERO.

1) Choose to
be player...

player 1

2) What can you
do to make the
Nim-Sum 0?

Then your
opponent moves
and will
necessarily

Make the nim-sum
non-zero again
(PROVE IT!)

3) REPEAT
STEP 2: Make the
Nim-Sum 0

WHAT'S THE PATTERN?

®
® ® ~®
® Lo O%Bloo
00 ®® 00| 00

—6466— 0010 0000 0100 0100

Play: On your move, make
the Nim-Sum ZERO.

1) Choose to
be player...

player 1

2) What can you
do to make the
Nim-Sum 0?

Then your
opponent moves
and will
necessarily

Make the nim-sum
non-zero again
(PROVE IT!)

3) REPEAT
STEP 2: Make the
Nim-Sum 0




FINISH THE GAME

e e

0010 0010

1) Choose to
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Solving Nim
The Nim-Sum of a game 503t Considering the number of stones in each pile written in binary,
in every place value, there are an even number of 1’s

™ +hat can be won by player 1 . . R, .
csmmema bR PP T2 Games in which the initial Nim-Sum is non-zero.

‘The games that can be won by player 2 are.

Games in which the initial Nim-Sum is 0.
Inruitive definition {descxibe it in simple word).

Something that stays the same.

‘Rigorous definition (the preciss mathematical definition)

A property, held by a class of mathematical objects, which remains
unchanged when transformations of a certain type are applied to the objects.

FOR NEXT WEEK:
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CONTACT INFO
My name: Zandra Vinegar
My email:

If you want the presentation, just email me!
Thanks! And have a great week!

MY FAVORITE QUOTES

1) Cantor: "In mathematics the
art of proposing a question must
be held of higher value than
solving it."

2) Howard Thurman: “Don’t ask
what the world needs. Ask what
makes you come alive, and go de
it. Because what the world needs
is people who have come alive.”

3) Richard Feynman: “Nobody
ever figures out what life is all
about, and it doesn't matter.
Explore the world. Nearly
everything is really interesting if
you go into it deeply enough.”




