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About me

Server developer @Wix.

Haskell <+ Emacs Lisp extremist. Whatever that means.
® Chinese tea lover.
Wine-lifestyle activist (92% of my life).
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® Elementary Cellular Automata
e Conway's Game of Life

® Bomberman



Act 1: Elementary Cellular Automata



Cellular Automaton

A cellular automaton is a collection of "colored" cells on a grid of specified shape that evolves
through a number of discrete time steps according to a set of rules based on the states of
neighboring cells.

The rules are then applied iteratively for as many time steps as desired.



Many grids

one-dimensional line;
rectangle grid;
square grid;
triangular grid;
hexagonal grid;

o oA =

d-dimensional integer lattice.
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Elementary Cellular Automata
Each cell has a value a € {0,1} = {0, B}

Grid is endless one-dimensional strip/line.

LLOEmoooe. ..

Next value of the cell is based on it's current value and the values of it's two neighbours (left
and right).

r:(a,a,a) = a
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Evolution example

Current automation contents
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Evolution example

Current automation contents
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Evolution example

Current automation contents
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ECA: specifying the rule

0 0 7 ® Cover all possible inputs:

/ ® | - value of the left neighbour;

’ ® ¢ - value of the evolving cell;

® r - value of the right neighbour.
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ECA: specifying the rule

7 ® Cover all possible inputs:

A ® | - value of the left neighbour;
’ ® ¢ - value of the evolving cell;
® r - value of the right neighbour.

, .
& ® ¢, - next value of the evolving cell.

Co ® To specify a rule, we need to fix ¢}, Vi : 1 <7 <8.
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ECA: specifying the rule

~
[ ]

Cover all possible inputs:

/ ® | - value of the left neighbour;
’ ® ¢ - value of the evolving cell;
® r - value of the right neighbour.

, .
& ® ¢, - next value of the evolving cell.

Q
=2}
°

To specify a rule, we need to fix ¢}, Vi : 1 <7 <8.
There are in total 28 = 256 different rules.

O
-
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ECA: rule example
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ECA: rule example

Q\
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011011102 = 11049

Hence the name, rule;g

O OO O~
HHOORROO|O
—FO L OHOR OIS
OrRHROHKHRKRRO



There is more

® ruleypg is Turing complete.
® There are many ways to encode the rules.

® There are many ways to program ECA.



Universe

data U a = U [a] a [a]

- [
-- | | ~ entries on the right side of the focus
-- |~ focus of the universe

-- entries on the left side of the focus, reversed



Universe

data U a = U [a] a [a]

- I
-- | | - entries on the right side of the focus
-- |~ focus of the universe

entries on the left side of the focus, reversed

>U [-1, -2, -3] 0 [1,2,3,4]
[-3, -2, -1]1 (0) [1, 2, 3, 4]



Universe

data U a = U [a] a [a]

- I
-- | | ~ entries on the right side of the focus
-- |~ focus of the universe

-- entries on the left side of the focus, reversed

>U [-1, -2, -3] 0 [1,2,3,4]
[-3, -2, -1]1 (0) [1, 2, 3, 4]

>U [(-1)..]0[1..]
..., -3, -2, -1] (0) [1, 2, 3, ...]
-- infinite list, you can't just print it out



Reversed left?

® Fast access. We care about focused element and its neighbours.
® Fast focus shifts.

® Supports infinite universe around focused element (like you care).



fromlList

fromList :: a -> [a] -> U a
fromList d [] = U (repeat d) d (repeat d)
fromList d (x:xs) = U (repeat d) x (xs ++ repeat d)

> fromList 0 [1, 2, 3]
[...,0,0,0] (1) [2,3,0,0, ...]



extract

extract :: Ua -> a
extract (U _a _) = a



extract

extract :: Ua -> a
extract (U _a _) = a

> U ["drunk", "hello"] "folks" ["!"]
[hello, drunk] (folks) [!]

> extract $ U ["drunk", "hello"] "folks" ["!"]
"folks"



extract

extract :: Ua -> a
extract (U _a _) = a

> U ["drunk", "hello"] "folks" ["!"]
[hello, drunk] (folks) [!]
> extract $ U ["drunk", "hello"] "folks" ["!"]

"folks"

> extract $ U [(-1)..]1 0 [1..]
0



Functor

instance Functor U where
fmap £ (U1l cr) =U (fmap f 1) (f c¢) (fmap f r)



Functor

instance Functor U where
fmap £ (U1l cr) =U (fmap f 1) (f c¢) (fmap f r)

> abs <$> U [-1, -2, -3] 0 [1, 2, 3, 4]
[3, 2, 11 (0) [1, 2, 3, 4]

> (/0) <$> U [-1, -2, -3] 0 [1, 2, 3, 4]
[-Infinity, -Infinity, -Infinity] (NaN) [Infinity, Infinity, Infinity, Infinity]



Functor

instance Functor U where
fmap £ (U1l cr) =U (fmap f 1) (f c¢) (fmap f r)

> abs <$> U [-1, -2, -3] 0 [1, 2, 3, 4]
[3, 2, 11 (0) [1, 2, 3, 4]
> (/0) <$> U [-1, -2, -3] O [1, 2, 3, 4]

[-Infinity, -Infinity, -Infinity]l (NaN) [Infinity, Infinity, Infinity, Infinityl

> extract . fmap show $ fromList O [1]
wqn



Movement






Moving left

left :: Ua ->Ua
left (U (1:1s) c rs) = U 1ls 1 (c:rs)



Moving left

left :: Ua ->Ua
left (U (1:1s) c rs) = U 1s 1 (c:rs)

> U ["drunk", "hello"] "folks" ["!"]
[hello, drunk] (folks) [!]

> left $ U ["drunk", "hello"] "folks" ["!"]
[hello] (drunk) [folks, ']



Moving right

right :: Ua ->U a
right right (U 1s ¢ (r:rs)) = U (c:1s) r rs



Moving right

right :: Ua ->U a
right right (U 1s ¢ (r:rs)) = U (c:1s) r rs

> U ["drunk", "hello"] "folks" ["!"]
[hello, drunk] (folks) [!]

> right $ U ["drunk", "hello"] "folks" ["!"]
[hello, drunk, folks] (!) []



Non-totality

> right . right $ U ["drunk", "hello"] "folks" ["!"]
"sx* Exception: <interactive>:23:5-41: Non-exhaustive patterns in function right

Non-total functions are Judahs of modern world. We can accept and forgive them in various
ways:

1. Do nothing when there is nowhere to move.
2. Maybify them.



Defining ECA

data Cell
= Dead
| Alive

type ECA = U Cell



Defining ECA

data Cell
= Dead
| Alive

type ECA = U Cell

> U [Alive, Dead] Alive [Alive, Dead]
ml | | [m]

> fromList Dead [Dead, Alive, Alive, Alive, Dead]
OOOmmmOod. ..



Defining rule

Rule says how to evolve a cell with respect to it's context.



Defining rule

Rule says how to evolve a cell with respect to it's context.

type Rule = U a -> a
type ECARule = U Cell -> Cell



Rule 110

rulel10 ::

rulell10 u
(Dead
(Dead
(Dead
(Dead
(Alive
(Alive
(Alive
(Alive

B

>

>

>

B

B

extract3 ::

extract3
[1, c,

c u = case maybe c extract

U Cell

case
Dead
Dead
Alive
Alive
Dead
Dead
Alive
Alive

Cell

-> Cell
extract3 Dead u of
, Dead) ->
, Alive) ->
, Dead) ->
, Alive) ->
, Dead) ->
, Alive) ->
, Dead) ->
, Alive) ->

Dead
Alive
Alive
Alive
Dead
Alive
Alive
Dead

-> U Cell -> (Cell, Cell, Cell)

r] > (1, c, r)

($ u) <$> [maybeLeft, Just, maybeRight] of



Rule 110

rulel10 :: U Cell -> Cell

rulel10 u = case extract3 Dead u of
(Dead , Dead , Dead) -> Dead
(Dead , Dead , Alive) -> Alive
(Dead , Alive , Dead) -> Alive
(Dead , Alive , Alive) -> Alive
(Alive , Dead , Dead) -> Dead
(Alive , Dead , Alive) -> Alive
(Alive , Alive , Dead) -> Alive
(Alive , Alive , Alive) -> Dead

extract3 :: Cell -> U Cell -> (Cell, Cell, Cell)
extract3 ¢ u = case maybe c extract . ($ u) <$> [maybeLeft, Just, maybeRight] of
[1, ¢, r]1 > (1, c, 1)

> rulel10 $ U ([Alive, Dead, Alive] <> repeat Dead) Alive ([Dead, Alive] <> repeat Dead)
| |



Rule 110

rulel10 :: U Cell -> Cell

rulel10 u = case extract3 Dead u of
(Dead , Dead , Dead) -> Dead
(Dead , Dead , Alive) -> Alive
(Dead , Alive , Dead) -> Alive
(Dead , Alive , Alive) -> Alive
(Alive , Dead , Dead) -> Dead
(Alive , Dead , Alive) -> Alive
(Alive , Alive , Dead) -> Alive
(Alive , Alive , Alive) -> Dead

extract3 :: Cell -> U Cell -> (Cell, Cell, Cell)

extract3 ¢ u = case maybe c extract . ($ u) <$> [maybeLeft, Just, maybeRight] of
[1, ¢, r]1 > (1, c, 1)

> rulel10 $ U ([Alive, Dead, Alive] <> repeat Dead) Alive ([Dead, Alive] <> repeat Dead)
| |

Damn... That's the ultimate fate of the universe - to collapse.



Possible solution

1. Apply the rule.
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Possible solution
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2. Shift original tape left once, apply the rule.
3. Shift original tape left twice, apply the rule.
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Possible solution

. Apply the rule.
. Shift original tape left once, apply the rule.
. Shift original tape left twice, apply the rule.
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. Do the same for the right hand side.



Possible solution

. Apply the rule.
. Shift original tape left once, apply the rule.
. Shift original tape left twice, apply the rule.

. Do the same for the right hand side.

o oA W N R



Possible solution
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Apply the rule.
Shift original tape left once, apply the rule.
Shift original tape left twice, apply the rule.

Do the same for the right hand side.

lists can be infinite
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Possible solution

Apply the rule.
Shift original tape left once, apply the rule.
Shift original tape left twice, apply the rule.

Do the same for the right hand side.

lists can be infinite

© 0 NGk D=

M-x doctor



M-x doctor

I am the psychotherapist. Please, describe your problems. Each time you are
finished talking, type RET twice.

Hello
How do you do? What brings you to see me?
I can’t apply ECA rules to the infinite Universe!

Why do you say that?

And he is damn right! We can do it.



All possible shifts

duplicate :: U a -> U (U a)



All possible shifts

duplicate :: Ua -> U (U a)
duplicate u = U (tail $ iterate left u) u (tail $ iterate right u)



All possible shifts

. 01(2)345 ...

| duplicate

—
O = M <o
~
—~
SO = M <o
~—~

—
S = AN M o
~

A01®345v .

—~
O = AN N <o
~

O = M <o
=



Where's the focus?

.01(2)345 ...

1 left .

duplicate

—
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~—
—~
O = M <o
~—
—
O — AN N <o
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Where's the focus?

.01(2)345 ...

| right .

duplicate

~—~
O = AN M <o
-
—~
O = N Mo
S~—"
—
O =M< )
NG
—
O = AN M <fn
S~—
—
O = N M <o
Z

—~
O = M <o
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Where's the focus

.01(2)345 ...

| fmap left .

duplicate

—~
O — AN N <10
~—
—~
O = M <o
~
—
O — AN N <o
~—
—
O = m <FH o
~

—~
O — AN N <o
=

O = M <o



extend

duplicate :: U a
-> U (U a)

extend :: (U a -> b)
-> U a
-> Ub



extend

duplicate :: U a
->U (U a)

extend :: (U a -> b)
-> U a
-> Ub
extend f = fmap f . duplicate



extend

duplicate :: U a
->U (U a)

extend :: (U a -> b)
-> U a
-> Ub
extend f = fmap f . duplicate

> U [Alive, Dead] Alive [Alive, Dead]
ml | | [m]

> extend rulel10 $ U [Alive, Dead] Alive [Alive, Dead]
|| [m] [m]



[teration

> mapM_ (print . narrow 20) . take 20 . iterate (extend rulel10) $ fromList Dead [Alive]
I
OOO00O00000O0DOOOO0000OERO0D000000000000000004
OOO00O0DOO0ODO0O0O000OEERC0D000000000000000004d
OOO00O0DOO0DO0DO0CO00ORORO0D00000000000000000d
000000000 0000COONERRRCOO0000000000000000040
OOOoOOD0O0OLOOOOeeD0OR00000000O0O0O00O0O0O00000O4d
OOO0OO0DO0O0000O0O0COEERDORRCOD00000000000000000040
OOOOODOO0ODOOEECOROEERCOD000000000000000004
OOO0ODO00O0OEEEERERER R D000000000000000004d
OOOOO0O00OOeEe0O000OEER0O00000000000000000004

O000O000OEEEERCOREOOOROO0O000000000000000004
O0O0O00ORRCOORCEEROORRODO00000000000000000
OO00000OaERCOEERRCEORRRDO0000000000000000004d

O0ORRCOO0O00NERRCOORROROOO0000000000000000040
OOeeR00000RRCORCOERERRRCOO000000000000000000
OumeOe0000OEEEOERERROOORO0000000000000000004d



Lipper

A Zipper is essentially an updateable and yet pure functional cursor into a data structure.

More in the paper: https://wuw.st.cs.uni-saarland.de/edu/seminare/2005/
advanced-fp/docs/huet-zipper.pdf


https://www.st.cs.uni-saarland.de/edu/seminare/2005/advanced-fp/docs/huet-zipper.pdf
https://www.st.cs.uni-saarland.de/edu/seminare/2005/advanced-fp/docs/huet-zipper.pdf

(not so) Final words

® Great abstraction of 1D Universe with operations:
extract
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(not so) Final words

Great abstraction of 1D Universe with operations:
® extract
® duplicate
® extend
® movement

ECAa naturally builds on top of the Universe abstraction.

® |t's easy to implement other automata on top of this abstraction.

¢ Different cells (more values)
® Different rules (more neighbours)

Now you understand the first part of the title.



Act 2: Conway's Game of Life



Definition

Two-dimensional cellular automata invented by John H. Conway.
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Definition

Two-dimensional cellular automata invented by John H. Conway.
Each cell has value a € {0,1} = {CJ, R}

Grid is rectangle.

EEEEEEER
W] ) (W] W) |
EOECECED
EEEEEENC]
EECEERD
OmCmEoRCm



Rules

S € 0,1 is status of the focus.

A is amount of living cells around the focus (max 8).

® Death: if A<2VA>3—0.
® Survival: if (A=2VA=3—>)AS=1—1
® Birth: f A=3A5=0—1.



Example of simulation (1)
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Example of simulation (2)

ooooo  0oood  0oood  Coodd
aomot  ooooo  0omdd  0ogdd
aomtd = 0nand = 00m0d = JnEnd =
aomot  0oooo oomdd  0oddd
ooooo Oooboog 0bbood . 0bodd

gopod 0oodo 0oood  0oood
ogompod  0opod  Coomod  0ogdo
= 0000 =0NER0 = 0000 = ONRE0
gompod 00oood Comod  0oodo

N e



Example of simulation (3)

ft
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untitled copy (1)(2) - final

iTunes anyone?



untitled copy (1)(2) - final

Songs of Innocence
u2

If you would like U2's Songs of Innocence removed from your iTunes music library and iTunes
purchases, you can choose to have it removed. Once the album has been removed from your account,
it will no longer be available for you to redownload as a previous purchase. If you later decide you want

the album, you will need to get it again. The album is free to everyone until October 13, 2014 (PDT)
and will be available for purchase after that date.

Do you want to remove Songs of Innocence from your account?

Remove Album



Rolling out U2

type U2 a = U (U a)



Moving around in the eemplex Universe

shift :: Direction -> U2 a -> U2 a
shift North u = left u
shift South u = right u

shift East u = right <$> u
shift West u = left <$> u



Moving around in the eemplex Universe

shift :: Direction -> U2 a -> U2 a
shift North u = left u
shift South u = right u
shift East u = right <$> u
shift West u = left <$> u

> print' DisplayFocused . narrow2 3 $ goll
0oomooo
8 o [ )
Ooo[O)oo0
(000 O 0o0)
mEEET 1]
Oo0[D)mm0
Ooo[O/mm0



Moving around in the eemplex Universe

shift ::

shift
shift
shift
shift

North
South
East
West

u

u
u
u

left
right
right
left

Direction -> U2 a

<$>
<$>

> print' DisplayFocused
0oomooo
8 o [ )
Ooo[O)oo0

000 O 000

0000 mEs
o o T
OoO[Dmm0

-> U2 a

u
u
u
u

. narrow2 3 $ goll

> (...) . shift North $ goll
I [ ] o
Oogoooo
000oooog
(OO0 O 004
I [ ] o
w1
mmmjm] | |m]



Moving around in the eemplex Universe

shift ::

shift
shift
shift
shift

> print' DisplayFocused .

North
South
East
West

u

u
u
u

] o o
o o [
o o o [

000 O 000

0000 mEs
o o T
OoO[Dmm0

left
right
right
left

<$>
<$>

Direction -> U2 a -> U2 a

u
u
u
u

narrow2 3 $ goll

> (...) . shiftn 3 South .

o o
OmE[mEE0
OmE[Cmm0
[OmE O mED)
OmE[O)mE0
OmE[mEE0
o o [

shiftn 3 East $ goll



Game of Life rules

rule :: U (U Cell) -> Cell
rule u | ns == = Alive
| ns == = extract . extract $ u
| otherwise = Dead
where ns = length . filter (== Alive) . neighbours Dead $ u

neighbours :: Cell -> U (U Cell) -> [Celll
neighbours c u
= fmap (\f -> extract . extract $ f u)
[ shift North
, shift North . shift East
, shift East
, shift East . shift South
, shift South
, shift South . shift West
, shift West
, shift West . shift North



Was easy, right?

> let someGol = undefined :: U (U Cell)



Was easy, right?

> let someGol = undefined :: U (U Cell)
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Was easy, right?

> let someGol = undefined :: U (U Cell)

> :t rule someGol
rule someGol :: Cell

> :t extend rule someGol
extend rule someGol :: U Cell



Was easy, right?

> let someGol = undefined :: U (U Cell)

> :t rule someGol
rule someGol :: Cell

> :t extend rule someGol
extend rule someGol :: U Cell

Wait... WAT?



Extending 2D Universe (1)

> :t extend
extend :: (Ua ->b) >Ua->Ub



Extending 2D Universe (1)

> :t extend
extend :: (Ua ->b) >Ua->Ub

> :t extend rule
extend rule' :: U (U Cell) -> U Cell



Extending 2D Universe (1)

> :t extend
extend :: (Ua ->b) ->Ua->Ub

> :t extend rule
extend rule' :: U (U Cell) -> U Cell

But we need extend2 :: (U (Ua) ->b) - U (Ua) ->U (Ub).



Extending 2D Universe (2)

duplicate2 :: U (U a) -> U (U (U (U a)))
duplicate2 = fmap duplicate . duplicate

extend2 :: (U (Ua) ->b) ->U (Ua) ->U (Ub)
extend2 f = fmap (fmap f) . duplicate2
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duplicate2 = fmap duplicate . duplicate

extend2 :: (U (Ua) ->b) ->U (Ua) ->U (Ub)
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Extending 2D Universe (2)

duplicate2 :: U (U a) -> U (U (U (U a)))
duplicate2 = fmap duplicate . duplicate

extend2 :: (U (Ua) ->b) ->U (Ua) ->U (Ub)
extend2 f = fmap (fmap f) . duplicate2

goood 0oood ogoog
agomod 0oood odoog
0Oom00 = 00000 # OmEmd
oomod  0oood ogoog
ooooo 0bood  ogooo

fmap-fu can't always save you, functor-kun!



Actually extending 2D Universe

newtype U2 a
= U2
{ getUniverse :: U (U a)
} deriving (Functor)

extract :: U2 a -> a
extract = extract . extract . getUniverse

duplicate :: U2 a -> U2 (U2 a)

duplicate = fmap U2 . U2 . shifted . shifted .

where shifted :: U (U a) -> U (U (U a))
shifted we(U _ (Uls _rs) ) =U
(tail $ iterate (fmap left) u)
u
(tail $ iterate (fmap right) u)

extend :: (U2 a ->a) ->U2a ->0U2a
extend f = fmap f . duplicate

getUniverse



Works

> mapM_ (print . narrow2' O 4 0 4) . take 2 . iterate (extend rule) $ gol3
[ o
OOmOd
OOomod
O0Omod
[ [

0000d
[ [ [
ml | | [m]
[ [
[ o
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(not so) Final words

® Moving from 1D to 2D is really simple (not counting the wasted time on the wrong idea).
® Great abstraction for our task.
® |t's easy to implement other automata on top of this abstraction.

® Different cells (more values)
® Different rules (more neighbours)



Act 3: Bomberman



Definition



Definition

Do you really need a definition of Bomberman?



Definition
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But we have a different one

: # Player Score ¥
‘a 1 bomber 42524880
HEEE N 2 bomberman- 32886910
R super-ai
EEEE 3 olex 511730
H H EE 4  super 0
C I 5 mec- 0
EEEE krukovsky
EEEE 6 o 0
H | _ 7 yermilov 0
| 8 tomato 0
_| 9 mykytas 0
_ )
10 kamikadze 0
11 dummy 0
12 coin 0
How to play bomberman




Bells and whistles

sssssnsssssssnsssnananana[a]annnnnn

coo[o]..
D000B00 [0,

.[o]bom.mo=

ena[s]annnnnn

executed in 674.2477 us




Reusing U2

data Cell
Bomberman
BombBomberman
DeadBomberman

OtherBomberman
OtherBombBomberman
OtherDeadBomberman

BombTimer5
BombTimer4
BombTimer3
BombTimer2
BombTimerl
Boom

Wall
DestroyableWall
DestroyedWall

MeatChopper
DeadMeatChopper

Empty



What is bot?

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

>

)
=> U2 Cell
->m Action
bot = undefined



What is bot?

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

>

)
=> U2 Cell
-> m Action
bot = undefined

What to extend?



What we care about

® Greed. What can be destroyed?



What we care about

® Greed. What can be destroyed?
e Safety. What can kill us?



Fatum of the Universe

data MarkedCell

= MarkedCell

{ getCell 11 1Cell
, getDangers i1 1[Celll
, getTargets :: 1[Cell]
}



Fatum of the Universe

data MarkedCell

= MarkedCell

{ getCell 11 1Cell

, getDangers i1 1[Celll
, getTargets :: 1[Cell]
}

mark :: U2 Cell -> MarkedCell
mark board = MarkedCell (extract board) dangers targets
where dangers = bombs <> monsters
bombs = filter isBomb (allVisible (not . isAnyWall) 3 board)

monsters = filter (isMonster .| isEnemy) (allVisible (not . isAnyWall) 1 board)
targets
= filter (isDestroyableWall .| isMonster .| isEnemy)

$ allVisible (not . isWall) 3 board



Fatum of the Universe

> :t extend
extend :: (U2 a ->b) ->U2a ->U2b

> :t extend mark
extend mark :: U2 Cell -> U2 MarkedCell



The bot

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

>

)
=> U2 Cell
-> m Action

bot board = do
let markedBoard = extend mark $ narrow 11 board



The bot

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

)
=> U2 Cell
-> m Action
bot board = do
let markedBoard =
directions = if isSafe
then ...
else

extend mark $ narrow 11 board
. extract $ markedBoard

isSafe :: MarkedCell -> Bool
isSafe = L.null . getDangers



The bot

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

)
=> U2 Cell
-> m Action
bot board = do
let markedBoard = extend mark $ narrow 11 board
directions = if isSafe extract $ markedBoard
then directionsToTargets markedBoard
else escapeDirections markedBoard

isSafe :: MarkedCell -> Bool
isSafe = L.null . getDangers



The bot

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

)
=> U2 Cell
-> m Action
bot board = do
let markedBoard = extend mark $ narrow 11 board
directions = if isSafe extract $ markedBoard
then directionsToTargets markedBoard
else escapeDirections markedBoard

direction <- randomElement directions

isSafe :: MarkedCell -> Bool
isSafe = L.null . getDangers



The bot

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

)
=> U2 Cell
-> m Action
bot board = do
let markedBoard = extend mark $ narrow 11 board
directions = if isSafe extract $ markedBoard
then directionsToTargets markedBoard
else escapeDirections markedBoard
direction <- randomElement directions
let bomb = shouldBomb markedBoard direction

isSafe :: MarkedCell -> Bool
isSafe = L.null . getDangers



The bot

bot :: ( MonadIO m
MonadReader r m
HasLogFunc r

>

)
=> U2 Cell
-> m Action
bot board = do
let markedBoard = extend mark $ narrow 11 board
directions = if isSafe extract $ markedBoard
then directionsToTargets markedBoard
else escapeDirections markedBoard
direction <- randomElement directions
let bomb = shouldBomb markedBoard direction
pure $ maybe (Action Stay bomb) (flip Action bomb Move) direction
isSafe :: MarkedCell -> Bool
isSafe = L.null . getDangers



Danger! Live demo

Live demos are subject to fail. Accept and forgive. Move on.
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(not so) Final words

Great abstraction for our task. Again.

® We care about elements surrounding player.
® Easy to mark all the interesting points to be used in our bot logic.

Not all topics are covered.

® Path finding. Data type helps us here.
® Being a smart bot.

Now you understand the last bit of the title.

Do you think we are done?



Finale



Commonalities (1)

extract :: Ua ->a
extract :: U2 a -> a



Commonalities (1)

extract :: Ua ->a
extract :: U2 a -> a

extract :: f a -> a



Commonalities (2)

extend :: (Ua ->b) ->Ua ->Ua
extend :: (U2 a ->b) ->U2a ->0U2b



Commonalities (2)

extend :: (Ua ->b) ->Ua ->Ua
extend :: (U2 a ->b) ->U2a ->0U2b

extend :: (fa ->b) ->fa->fb



Comonad

class Functor f => Comonad f where
extract :: f a -> a
extend :: (fa->b) >fa->fb
duplicate :: f a -> £ (f a)



Comonad

class Functor f => Comonad f where
extract :: f a -> a
extend :: (fa->b) >fa->fb
duplicate :: f a -> £ (f a)

Comonad laws:

extend extract = id
extract . extend f f
extend f . extend g = extend (f . extend g)



Co-monad

extract :: f a -> a return :: a -> f a
(=>>) :: fa->(a->b) >fb (>>=) :: fa->(a->fb) >£fb



Universe is Comonad

That should be obvious by now.



Universe is Comonad

That should be obvious by now.

instance Comonad U where
extract (U _ x _) = x
duplicate u = U (tail $ iterate left u) u (tail $ iterate right u)

instance Comonad U2 where
extract = extract . extract . getUniverse
duplicate = fmap U2 . U2 . shifted . shifted . getUniverse
where shifted :: U (U a) -> U (U (U a))
shifted u@(U _ (U1ls _rs) ) =U
(tail $ iterate (fmap left) u)

u
(tail $ iterate (fmap right) u)



Store

data Store s a = Store (s -> a) s
extract (Store f s) = f s

duplicate (Store f s) = Store (Store f) s



Store

data Store s a = Store (s -> a) s
extract (Store f s) = f s

duplicate (Store f s) = Store (Store f) s

Homework: solve ECA and GolL using Store data type.



Many uses

® |nstances

® Pointed lists (Universe)
® Functions returning monoids.
® Store



Many uses

® |nstances

® Pointed lists (Universe)
® Functions returning monoids.
® Store

® Problems

® Cellular automata.

Discrete board games.
Window manager (XMonad).
Builder patter.

Iterator pattern.

Command pattern.

FRP.



Final words

e Comonads give us an interface for extracting and extending certain data types.
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Final words

e Comonads give us an interface for extracting and extending certain data types.

They also provide a 'method’ like notation to Haskell.
® Comonads are flipped Monads.

Using this interface we solved 3 different problems.



Grab the code

https://github.com/d12frosted/talks


https://github.com/d12frosted/talks
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Questions?



Thank you
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