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Reachington Two player & turn-based

Initially: c o u n t e r = 0

On a single t u r n :

c u r r e n t player i n c r e m e n t s

t he c o u n t e r by② ← 1 ≤ k ≤ 10

W IN : The first player to get t h e c o u n t e r to 100 w i n s .
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Reachingley Two player &
turn-
based

m e c h a n i c s .

Initially: c o u n t e r = 0

On a single t u r n :

c u r r e n t player i n c r e m e n t s

t he c o u n t e r by② ← 1 ≤ k ≤ 10

W IN : The first player to get t h e c o u n t e r to 100 w i n s .



Reachington Two player & turn-based

Initially: c o u n t e r = 0
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Reachingley Two player & turn-based

Initially: c o u n t e r = 0

On a single t u r n :

r u l e se t & →
(curr
ent

player i n c r e m e n t s

dynamics t he c o u n t e r by② ← 1 ≤ k ≤ 10
-

W IN : The first player to get t h e c o u n t e r to 100 w i n s .



Reachington Two player & turn-based

Initially: c o u n t e r = 0

On a single t u r n :

c u r r e n t player i n c r e m e n t s

t he c o u n t e r by② ← 1 ≤ k ≤ 10

goal

🙂

The first player to get t h e c o u n t e r to 100 w i n s .



# players

Reaching100-T@oplayteturn-
basedmechanics.lnitially:c o u n t e r = 0

← e l emen t s & starting s t a t e .

On a single t u r n :
-

r u l e se t & → /c u r r e n t player i n c r e m e n t sdynamics t he c o u n t e r by② ← 1 ≤ k ≤ 10
-

goal

🙂

The first player to get t h e c o u n t e r to 100 w i n s .
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Some o the r aspects:

I n m o s t s c e n a r i o s t h a t w e w i l l e n c o u n t e r :

* Role of c h a n c e ( N o n e : deterministic moves)

* W h o knows wha t (Perfect Information)

* Co-operative V/S.Competitive



Reachingley Two player & turn-based

Initially: c o u n t e r = 0

-
Let's On a single t u r n :

play
c u r r e n t player i n c r e m e n t s

✓
t he c o u n t e r by② ← 1 ≤ k ≤ 10

W IN : The first player to get t h e c o u n t e r to 100 w i n s .
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Reaching

Observat ion To r e a c h 100, i t suffices t o reach 89.
w w w .

w i n !

I # ☆
0 89 90 99 100

🙂 🙂
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Reaching#

Observat ion To r e a c h 100, i t suffices t o reach 89.
w w w .

To r e a c h 89. i t suffices t o reach 78 .

To r e a c h 7 8 . i t suffices t o reach 67.

To r e a c h 1 2 . i t suffices t o reach 1 .



Reaching

😐

Observat ion To r e a c h 100, i t suffices t o reach 89.
w w w .

To r e a c h 89. i t suffices t o reach 78 .

To r e a c h 7 8 . i t suffices t o reach 67.

Start Here F.
To r e a c h 1 2 . i t suffices t o reach 1 .



Strategies

Functionstha
tmapgame.est o va l i d m o v e s .

c a n always a n s w e r t h e question:

" w h a t do I do n o w ? "



Winning

(Strategies Guarantee a w i n .

Functionstha
tmapgame.est o va l i d m o v e s .

c a n always a n s w e r t h e question:

" w h a t do I do n o w ? "



I n t h e Reach 100 game, t h e
☐ player

h a s a winning strategy.



I n t h e Reach 100 game, t h e
☐ player

h a s a winning strategy.

if (state = 0 ) i n c by 1 .

if I 2 ≤ sta te ≤ 11) i n c by 12-state

i f I 13 ≤ s t a t e ≤ 22) i n c by E s t a t e
:

-

else i n c by 1
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Nine
Two player, turn-based

I n i t : ( n , , N2 , . . . . Mk)
e -

k heaps, i - t h heap has n i tokens

W i n :
One more

😐

kahea p

&
T h e l as t player

(1≤ i≤K)
who c a n m a k e a

remove@# of tokens from i t
va l i d m o v e w i n s

1 , 2 . . . . . h i



🟠 🟢

Nimh
(Examples)

1 . Tw o heaps, o n e token e a c h .



🟠 🟢

Nimr
(Examples)

1 . Tw o heaps, o n e token e a c h .

→ First player l o s e s .



🟠 🟢🟠 🟢

Nimh
(Examples)

2 . Tw o heaps, t w o tokens e a c h .



🟠 🟢🟠 🟢

Nimh
(Examples)

2 . Tw o heaps, t w o tokens e a c h .

→ First player l o s e s .



🟠 🟢🟠 🟢🟠 🟢

Nimh
(Examples)

:
i

3 . Tw o heaps. k tokens e a c h .



🟠 🟢🟠 🟢🟠 🟢

Nimr
(Examples)

:

3 . Tw o heaps. k tokens e a c h .

→ First player l o s e s . (why?)



🟠🟠 🟢🟠 🟢🟠

Nimr
(Examples)

:
i

3 . Tw o heaps. p & q tokens; p t g .



🟠🟠 🟢🟠 🟢🟠

Nimr ①(Examples)
←

:#
3 . Tw o heaps. p & q tokens; p t g .

→ First player (finally) w ins !



A N i m s ta te i s HAPPY if t h e player w h o s t a r t s t h e r e

has a winning strategy.

A N i m S ta te i s SAD i f i t i s n o t HAPPY.



-

SAD

↓
?

SAD

Can y o u h a v e s u c h a t r ans i t i on?



☆

#
☆
1- * ,

- . .

☆
m e ,

☆
m



☆

🙃 😐

a l l happy?



Sade

☆ d

🙃 😐

a l l happy?



☆

# X
☆
1- * ,

- . . ☆m,

☆
m

Sad?



happy!

☆
d

# X
☆
1- * ,

- . . ☆m,

☆
m

Sad?



S'
pose w e c a n identify a property P s u c h t h a t :

i f a N i m s t a t e satisfied.

anymore leads t o a N i m s ta te t h a t violates P
-

9

& i f a N i m s t a t e violated.
F a
# e t h a t leads t o a N i m s ta te t h a t s w i m .



S'
pose w e c a n identify a property P s u c h t h a t :

i f a N i m s t a t e satisfied.

I t t h e "o" anymore leads t o a N i m s ta te t h a t violated,
s t a t e satisfies P )

& i f a N i m s t a t e violated.
F a
# e t h a t leads t o a N i m s ta te t h a t s w i m .



Then : t h e i n i t i a l s t a t e v i o l a te s P

i f w e h a v e a first player w i n .

.



Then : t h e i n i t i a l s t a t e v i o l a te s P

i f w e h a v e a first player w i n .

.

🙁

n*t

🙁🙁🙁🙁💔

t h a t v i o l a t e P.



Then : t h e i n i t i a l s t a t e v i o l a te s P

i f w e h a v e a first player w i n .

.

a l l N i m s t a t e s

🙁

mstat

t h a t satisfy Pt

🙃

"

Star t → ☆
i n i t

h e re



Then : t h e i n i t i a l s t a t e v i o l a te s P

i f w e h a v e a first player w i n .

.

F P e n s u r e s

Talmym
states

"

🙁

tat

t h a t satisfy P
t h a t v i o l a t e P.

Star t → ☆
i n i t

h e re



Then : t h e i n i t i a l s t a t e v i o l a te s P

i f w e h a v e a first player w i n .

.

F P e n s u r e s

🙁

Nin*t¥¼

🙁

¥

t h a t v i o l a t e P.

Sp
s ta r t → ☆

i n i t F e d
h e re i n t o th i s



Then : t h e i n i t i a l s t a t e v i o l a te s P

i f w e h a v e a first player w i n .

.

F P e n s u r e s

a l l N i m s t a t e s t#

😐

mtats

t h a t satisfy Pt

🙁

"

Sp
s ta r t → ☆

i n i t ' f e d ☆ " O " - e n d
h e re i n t o th i s

h e r e



Thecaseof.tw#heapslpkqtokensWLOGp7q)

P : The two heaps h a ve t h e s a u r u s e s .
balanced

i f P ho l d s : a n y m o v e destroys P.

i f P does n o t ho ld : ∃ a m o v e t h a t r e s t o r e s P.

(p m q by removing p - q tokens)



The c a s e of s m a l l heaps
-

(N i , N z , . . . . Nk) Each n i E {1.2}.

✗ heaps w / 1 token Y heaps w / 2 tokens

What's a property P i n t h i s setting?



The c a s e of s m a l l heaps
-

(N i , N z , . . . . Nk) Each n i E {1.2}.

✗ heaps w / 1 token Y heaps w / 2 tokens

-

/✗
i s e v e n & y i s e v e n µ

-



The c a s e of s m a l l heaps
-

Remove 1 token from a 1 -heap: (x,y) i s 1×-1,y)

Remove ± t o ken from a 2 - heap : (x,y) ↳ (2+1,4-1)

Remove 2 t o kens from a 2 - heap: (x , y) ↳ (a,y-1)

Tiananmen
-



The c a s e of s m a l l heaps
-

Remove 1 token from a 1 -heap: (1.y) ↳ ( X y )

Remove ± t o ken from a 2 - heap : I I .y) ↳ (1+1.4-1

Remove 2 t o kens from a 2 - heap: (a ,g) ↳ (a ,#
-

✓✗ i s e v e n & y i s e v e n µ
-



The c a s e of s m a l l heaps
-

Remove 1 token from a 1 -heap: (x,y) i s (x1, y)

Remove ± t o ken from a 2 - heap : (x,y) ↳ (2+1.4-1)

Remove 2 t o kens from a 2 - heap: (x , y) ↳ (a,y-1)
-

/

😐

& y i s e n N

-



The General Case.
-

Goal. Design t h e condition P t h a t w i l l

al low u s t o determine if

(N 1 , . . . . Mk) i s a first player w i n .



Detou r : Combining Nim Games
-

(N1, N 2 , . . - , Mp)

☆

( M i , M z , . . . . Mg)
=

(N i , N z , . . _ , Np, M i , M z , . . . , Mq)



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 m s 0 )

{ I n , m)} u s {(n) ☆ (m ) }
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n o {(n)} ☆ {(m)}
?



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 m s 0 )

{ I n , m)} u s {(n) ☆ (m ) }

n o {(n)} ☆ {(m)} u s n * m

?



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 m s 0 )

{ I n , m)} u s {(n) ☆ (m ) }

n o {(n)} ☆ {(m)} u s n * m

?

WAT?



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

- information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 m s 0 )

{ I n . m)} u s n * m



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

- information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 m s 0 )

{ I n . m)} u s n * m

WAN T (possibly): n ☆ n = 0 .



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

- information a b o u t t h a t s t a t e . t h e very definition

↓ Of SAD

{(n)} u s n ( in particular.00ms 0 )

😐

u s

n * m

SAD
w h e n

n = M . WAN T (possibly): n ☆ n = 0 .



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

n ☆ n = 0 information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 m s 0 )

{ I n . m)} u s n * m



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

n ☆ n = 0 information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 m s 0 )

{ I n . m)} u s n * m

Does ☆ commute?



{Associate} w/ e a c h N i m s t a t e

a # t h a t captures

n ☆ n = 0 information a b o u t t h a t s t a t e .

{(n)} u s n ( in particular. 0 u s 0 )

{ I n , m)} u s n * m

Does ☆ commute? (nm) Vs (min)



{Associate} w/ e a c h N i m S t a t e

i n v e r s e
a # t h a t captures↓

n ☆ n = 0 information a b o u t t h a t s t a t e .
↑
I D

n ☆ M = m a n

- {(n)} u s n ( in particular. 0 m s 0 )
c o m m u t a t i v e .

feels l i ke { (n , m)} u s n * m

a group?



When c a n w e say : a ☆ b = C ?



When c a n w e say : a ☆ b = C ?

C ☆ C = 0



When c a n w e say : I T ?

C ☆ C = 0

I
= ( a ☆ b ) ☆ C = 0



When c a n w e say : I T ?

C ☆ C = 0

I
= ( a ☆ b ) ☆ C = 0

So: a ☆ b = c iff ( a ☆ b ) ☆ C = 0



0 1 - 2 3 4 5 6 7

I

2 03
)

°

0

" "he"

know
4 0

so

5 0 far)

6 0

7. 0



☆ i s a s s o c i a t i v e

( a ☆b) ☆ C = a ☆ (BAC)
- u n

p q

p = a # b

p = A ☆ b ☆ C ☆ C

PAC = a ☆ b a c

PAC = a☆q



🟠 🟢🟠 🟣🟣🟣🟣🟣

Wh a t i s 1 * 2 ? If w e c l a i m t h a t

I ☆ 2 = n ,

t h e n i t m u s t be that

1 * 2 ☆ n = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠 🟢🟠 🟣

Wh a t i s 1 * 2 ? If w e c l a i m t h a t

1 * 2 = 1
,

t h e n i t m u s t be that

1 * 2 ☆ I = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠 🟢🟠 🟣

Wh a t i s 1 * 2 ? If w e c l a i m t h a t

I ☆ 2 = 1
,

t h e n i t m u s t be that

1 * 2 ☆ I = 0 .
-

SAhappy

/ (i.e, every m o v e ⇒ happy)



🟠 🟢🟠 🟣🟣

Wh a t i s 1 * 2 ? If w e c l a i m t h a t

I ☆ 2 = 2 ,

t h e n i t m u s t be that

I☆ 2 ☆ 2 = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠 🟢🟠 🟣🟣

Wh a t i s 1 * 2 ? If w e c l a i m t h a t

1 * 2 = 2 ,

t h e n i t m u s t be that

1 * 2 ☆ 2 = 0 .
-

SAI
happy

✗ (i.e, every m o v e ⇒ happy)



🟠 🟢🟠 🟣🟣🟣

Wh a t i s 1 * 2 ? If w e c l a i m t h a t

I ☆ 2 = 3 ,

t h e n i t m u s t be that

1 * 2 * 3 = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠 🟢🟠 🟣🟣🟣

Wh a t i s 1 * 2 ? If w e c l a i m t h a t

I ☆ 2 = 3 ,

* by c a s e t h e n i t m u s t be that

analysis 1 * 2 * 3 = 0 .
-

SAD

(i.e, every morefhappy)

this actually works !
☆



0 1 - 2 3 4 5 6 7

1 0 3 2

2 3 0 1 /☆ 2 - 33
)

2 1 0

4 0 /☆ 2 # 3 - 0

5 0 /☆ 3 - 2

6 0 2 * 3 = 1

7. 0



🟠🟠🟠 🟢🟠🟠 🟣🟣🟣

Wh a t i s 1 * 5 ? If w e c l a i m t h a t

I ☆ 5 = n ,

t h e n i t m u s t be that

1 * 5 ☆ n = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠🟠🟠 🟢🟠🟠 🟣

Wh a t i s 1 * 5 ? If w e c l a i m t h a t

I ☆ 5 = 1
,

t h e n i t m u s t be that

1 * 5 ☆ I = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠🟠🟠 🟢🟠🟠 🟣🟣

Wh a t i s 1 * 5 ? If w e c l a i m t h a t

I ☆ 5 = 2 ,

t h e n i t m u s t be that

1 * 5 ☆ 2 = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠🟠🟠 🟢🟠🟠 🟣🟣🟣

Wh a t i s 1 * 5 ? If w e c l a i m t h a t

1☆ 5 = 3 ,

t h e n i t m u s t be that

1 * 5 * 3 = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠🟠🟠 🟢🟠🟠 🟣🟣🟣🟣

Wh a t i s 1 * 5 ? If w e c l a i m t h a t

1☆ 5 = 3 ,

t h e n i t m u s t be that

1 * 5 * 3 = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠🟠🟠 🟢🟠🟠 🟣🟣🟣🟣

Wh a t i s 1 * 5 ? If w e c l a i m t h a t

I ☆ 5 = 4 ,

t h e n i t m u s t be that

1 * 5 ☆ 4 = 0 .
-

SAD

(i.e, every m o v e ⇒ happy)



🟠🟠🟠 🟢🟠

Wh a t i s 1 ☆ K ?

:
.



🟠🟠🟠 🟢🟠 🟣🟣🟣🟣

Wh a t i s 1- ☆ K ? I ☆ K = n

= 1 ☆ K ☆ n - O

←

:
i



🟠🟠🟠 🟢🟠 🟣🟣🟣🟣

Wh a t i s 1 ☆ K ? I ☆ K = n

= 1 ☆ K ☆ n = O

←
Suppose

∃
a m o v e

i n t h i s

gam
e

🙂

leading to a

game of v a l u e s



🟠🟠🟠 🟢🟠 🟣🟣🟣🟣

Wh a t i s 1 ☆ K ? I ☆ K = n

= 1 ☆ K ☆ n = O

←
Suppose

∃
a m o v e Then MFS ,

i n t h i s

gam
e

🙂

because ∃ a m o v e

leading to a to S A S
-

SAD
game of v a l u e s



🟠🟠🟠 🟢🟠 🟣🟣🟣🟣

Wh a t i s 1- ☆ K ? I ☆ K = n

= 1 ☆ K ☆ n = O

T E
Suppose

∃
a m o v e Then MFS ,

ya.gg
?yy

🙂

says.g
g?amLf

SAD
game of v a l u e s



/ ☆ 0 = I

/ ☆ I = 0

/ ☆ 2 = }

/ ☆ 3 - 2

1 * 4 - ?



I ☆ 0 = 1

I ☆ I = 0

I ☆ 2 = 3

1 ☆ 3 = 2

I ☆ 4 = ? c a n n o t b e 0 . 1 . 2 , 3. oh 4



I ☆ 0 = 1

I ☆ I = 0

I ☆ 2 = 3

1 ☆ 3 = 2

I ☆ 4 = ? c a n n o t b e 0 . 1 , 2 , 3. oh 4

ea r l i e s t possibility: 5



🟠🟠🟠 🟢🟠 🟣🟣🟣🟣🟣

I ☆ 4 ☆ 5 = 0

W T S : every m o v e i s happy

by a c a s e analysis i n t o " sma l l e r scenarios" t h a t w e understand.



I ☆ 0 = I

/ ☆ I = 0

/ ☆ 2 = }

/ ☆ 3 - 2

I ☆ 4 - 5

I # 5 = ?



I ☆ 0 = 1

I ☆ I = 0

I ☆ 2 = 3

1 ☆ 3 = 2

I ☆ 4 = 5

I ☆ 5 = ? c a n n o t b e 0,1 , 2 . 3 . 5 .



I ☆ 0 = 1

I ☆ I = 0

I ☆ 2 = 3

1 ☆ 3 = 2

I ☆ 4 = 5

I ☆ 5 = ? c a n n o t b e 0,1 , 2 ,3 , 5 .

let's try. . . 4 ?



I ☆ 0 = I

1 ☆ I = 0 Turns o u t

I ☆ 2 = 3 1 * 5 = 4

I ☆ 3 = 2 l a n d w e have, i n fact,

I ☆ 4 = 5
implicitly argued th is already!)

I ☆ 5 = ? c a n n o t b e 0,1 , 2 ,3 , 5 .

let's try. . . 4 ?



0 1 - 2 3 4 5 6 7

1 0 3 2 5 4

2 3 0 13
)

2 1 0

4 5 0

5 4 0

6 0

7. 0



%f5%
Ffff.ie
2 3 0 1

2 1 0

4 5 0

5 4 0

6 7 0

7. 6 0



ff%2F
%7f.ie
2 3 0 1

2 1 0 ↑ (minimum excluded#)

4 5 0 ← ☆ M E X of a l l entries

5 4 0 above & t o t h e left

6 7 0

7. 6 0



① m o r e o n t h e operation ☆

⑦ ( i n direct terms)

Time

② t h e property P for general N im games

③ Sprague-Grundy Theorem

④ Hackenbush



Recap.
-

5% 5
0 0

↔ SAD : every m o v e i s a winning s t a t e

-

fo r w h o e v e r s t a r t s f rom t h e r e .

0 0

← HAPPY : there exists a m o v e leading to a losing state

fo r w h o e v e r s t a r t s f rom t h e r e .

t . t o



Recap.
-

5% 5
0 0

↔ SAD : every m o v e i s a winning s t a t e

-

fo r w h o e v e r s t a r t s f rom t h e r e .

0 0

← HAPPY : there exists a m o v e leading to a losing state

fo r w h o e v e r s t a r t s f rom t h e r e .

t . t o



Rep.

↗
0 represents a

🙁

s t a t e

Associate a # w i t h every N i m game.

{÷} → n ({03 → 0)
single heap game

w / n t o ken s

two piles w / p & q tokens each . . . ?



Recap.
-

⑦ } operation t h a t c o m b i n e s games.

{a} ⊕ { a } = 0
- -

Sad because t h e second player c a n "mirror".

{p} ⊕ {93 = ?



Rep.
{p} ⊕ {93 = { r }
_ -

w h e n c a n w e say th i s?

a l l m o v e s f rom

{r}⊕{r} = 0 =
{r}⊕{p3⊕{92

😐

{r} ⊛ {p} ⊕ {9}#

↓ lead t o happy s t a t e s .

{×}⊕ {y} = {73
I F THEN

r ≠ z .
for ✗ < p &y=q o r ✗=p & 4<9



Cla im. P⊕q-CRep.
= P⊕9⊕C-O

① - p -

every m o v e from h e r e

= b,
leads to a happy s t a t e .

Spose n o t . I - :
-

- by,∃ a m o v e S.t.

*

qq.oq.iiiie.fr
- A , - . . Ape, ~

oh p⊕q'⊕c = D MEX/9,1..-iap, ib,.....bg_,)
-

→ C- {a. , . . . , a p y ,T -090/11=0
b,.....ba-1}



Recap. We c a n n o w complete o u r t a b l e :



C l a i m . F k , 2" ⊕ W = 2kt W

for a l l W < 2k.

Obs. p ⑦ 1 =
{Ptl i f p i s e v e n

p-1 i f p i s odd

In particular, 28 1 = 2k + 1 .



C l a i m . F k , 2" ⊕ W = 2kt W

for a l l W < 2k.

(Proof by induction,
-

left a s a n exercise)



A Generalized Mirroring Strategy
✓

-

😐

4
=

=
=

😐

a

😐

4

😐

8

g

😐

87 _ , 5 - I 10 = 2
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😐

4
=

=
=

😐

a

😐

4

😐

8

g

😐
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TheNIMwincondition-
heXORsumofallpiles-
0.IT
↳

any m o v e destroys t h i s property6
if t h e property does n o t hold

t h e n t h e r e i s always a way to restore i t .



TheNIMwincondition-

O 0 1 11)
Spose

t h e - 1 0 1 15)

XO R - s u m i s 0 . I 0 0 14)

-

0 0 0

- 7



TheNIMwinconditions

even
0 0 1 (1)

◦ → 1 : odd 1+1) 1 0 1 (5)

1 3 0 : odd 1-1) 1 0 0 14)

-

0 0 0

- 7



TheNIMwinconditions

∃
aw a y

0 0 1 (1)

t o m a k e 0 0 I (5)

1 0 0 → 0 0 0 1 0 0 (4)
-

-

1 0 0

- 7



%•
😐

Ñ""#

I
- 1

00/(blah)



%•
😐

Ñ""#

∃ a r o w

fo r wh i ch↘) fw e ha ve a " 1 "

o n t h i s

column

I
-

00/(blah)



%•
😐

Ñᵈ""°#I

∃ a r o w
/
fli
p

this /fo r wh i ch↘ ↗
w e ha ve a " 1 "

o n t h i s

column

Ʃ
-

00K (blab)
0



%•
😐

Ñ""#

∃ a r o w

fo r wh i ch↘) than / {if the output i s 0 ,w e ha ve a " 1 "
.

o n t h i s do nothing
column

else flip!}I
-

00K (blah)
0








