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WA9 s wrff/'hg this a,b,b/ication hard?

Astro-do

X D Get eggs
X D Fix solar panels
X D Send post card

Not en ough functional pmgmmminy/
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pP1ng

client(Pid) ->
{server, Pid} ! {ping,self()};
receive

pong ->
client(Pid)
end.
server ()
receive
{ping, Pid} ->
Pid ! pong;
server ()

end.



ping

client(Pid) ->
{server, Pid} I {ping,self()};
receive

receive
{ping, P
Pidl ! pong;
server ()
end.

/ ickiness
server () )é(///////
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Spacetime — a



temperature
Spacetime — Kelvin



Relativietic Functional Reactive /D/fagrammin g

Behavior a = Spacetime — a

Event a = Map Spacetime a
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Functional Reactive Programming

Conal Elliott & Paul Hudak, 1997

Behavior a = time — a

Event a = Map time a
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Uhat about communication?
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b

It rains, thus the ground is wet.

“““

SIT N ‘ ‘ ‘

Facts travel together to avoid modeling
partial transmission of information.
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ping through the lens of perception

Client

c1

“Canyouhear. . ...

me?”

c2

perceived ,
(perceived
CYHM)

Server

s1

perceived
CYHM

321
percéived
(perceived

(perceived
CYHM))

ping : Event ()
ping =
perceptionsAt client
(perceptionsAt server
(canYouHearMe <> ping)

canYouHearMe : Event ()
canYouHearMe = { c1 }

ping : Event ()
ping = { c2, ¢c3, c4, ..}
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éocat/‘ou—/free ,bkogrammiug

Client Server
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Somewhere

Else

......

pingish Event () > Event ()
pingish start =
perceptions
(perceptions
(start <> pingish)

ping : Event () > Event ()
ping start =
at client

(restrict [client, server]

(pingish start))
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éocat/‘ou—/free ,bkogrammiug
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pingish : Event () > Event ()
pingish start =
perceptions
(perceptions
(start <> pingish)

ping : Event () > Event ()
ping start =
at client

(restrict [client, server]

(pingish start))
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Relativietic Fuonctional Reactive /D/fagrammin i

Behavior a = Spacetime — a
Event a = Map Spacetime a

" \

It rains, thus the ground is wet. l

Facts travel together to avoid modeling
partial transmission of information.

Perce,btion ¢ trancitive
a<b A b<c = a<c
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Astro-do
*[V

X D Fix solar panels
X D Send post card

4-20 minutes to

communicate
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¢ trong Eventual Cau@’f’fehcy

‘bredictably derive a recult from known operations”



‘predictably derive a recult from known operations”
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predictably derive a result from known operatione”

fold :: (a - a — a) —» a —» Event a — Behavior a

Commutative & associative initial
combining function value
3 2
° o
“2; @
. -
fold (+) © 0@ =
4y ’w‘
o
A
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Astro-do

X
X
X

\/f Get eggs

% Fix solar panels

Send post card

+ New task

Fix solar panels

\
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Fix solar panels




I¢ ‘Fix colar panels” deleted?

rue || True || False

True True False
fold (|]|) False N’ @
Tr
Tr

X
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Counflict-Free
/e e,b/fc a.tea/



type Crdt operations values =

Event operations — Behavior values
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Enable-Once F/ag C/QDT

eoflag :: Crdt Bool Bool
eoflag = fold (||) False
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Fix solar panels




Do the colar panels need fixing?

ue || False
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Overriding” decicions?



15,50, True False 2 hours,

August 20th 2019, @ ® 2501 sols since Curiosity Landing,
Earth Mars

1550, 2 hours,
August 20th 2019, > 2501 sols since Curiosity Landing,
Earth Mars

= True

éﬁ(’f— —M//hf’
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False @ @

® = False
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Concurrent evente
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concurrent Event a — Behavior (Event a)
® o
“ @
. o
concurrent @O =
V.""
@
=
[
® o
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concurrent : @@ =
V."" y
[ " Y
A A

41



Do the colar panels need fixing?

True True
° o
(eoflag =<< concurrent) vy ¥ @ @
False @
= False o
y
O

(=<<) :: Behavior a — (a — Behavior b) — Behavior b
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Enable-Once F/ag CIQDT

eoflag :: Crdt Bool Bool
eoflag = fold (|]|) False

Enable-Uing F/ag CROT

ewflag :: Crdt Bool Bool
ewflag = (eoflag =<< concurrent)
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Fix solar panels

!



Fix solar panels

1. Insert ‘X’ @ 10

2. Insert'y @ 10

Fix solar xypanels

1. Insert 'y’ @ 10
2. Insert X @ 10

Fix solar yxpanels
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iInsert X’ between (1,2) iInsert 'y’ between (2,3)

N
2 5 3
axbyc



topologicalSort

=labc]



topologicalSort [W]
a b

[ab] or [ba] ?

778 éreaéix«g o /0/811 7‘/}4’6#5’



(et’e program cequences!



v

sequence :: Event (Pos, Pos, a)
— Behavior [(Id, a)]

f

= Start
| Middle Id
| End

data Pos

type Id = Spacetime

tagWithSpacetime :: Event a
— Event (Spacetime, a)
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sequence :: Event (Pos, Pos, a)
— Behavior [(Id, a)]
sequence e =

let idskE = tagWithSpacetime e

graphB = fold Set.union Set.empty
(mapE Set.singleton idsE)
in mapB topologicalSort graphB

topologicalSort :: Set (Id, (Pos, Pos, a))
— [(Id, a)]
mapE :: (a —» b) — Event a — Event b

mapB :: (a — b) — Behavior a — Behavior b
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C

gequen ce with deletion

sequence :: Event (Pos, Pos, a)
— Behavior [(Id, a)]

a = Behavior (Bool, a’)

™\
X

Behavior [(Id, Behavior Bool a)]

filter + (=<<) ~_» Behavior [(Id, a)]
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Astro-do
b 4 Q/f Get eggs
) 4 W Fix solar panels

enable—once X Send post card
-Flag + New task

\

X Fix solar panels

TN

enable-wins sequence +
flag enable-once flag




WIP
Event ually Consictent

RFRP

e Library UX for GUI

e Extending Reflex!
https://qgithub.com/reflex-frp/reflex
=> Production quality P2P apps

e Hard problems (PhD)


https://github.com/reflex-frp/reflex

C

gequen ce with deletion

sequence :: Event (Pos, Pos, a)
— Behavior [(Id, a)]

a = Behavior (Bool, a’)

™\
X

Behavior [(Id, Behavior Bool a)]

filter + (=<<) ~_» Behavior [(Id, a)]
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Relativietic Functional Reactive /Dragrammin i

Behavior a = Spacetime — a

Event a = Map Spacetime a @aidylns
O @parenthetical
~n
\/\1
l\l\/ |
‘F\\ ‘ fold :: (a — a — a) (Commutative & associative)
TN, ‘:...‘- b — a
\"\..... V — Event a
N — Behavior a
; -~/
» Ty VBT concurrent :: Event a
B N T L — Behavior (Event a)
"::..:.,.—_'_.\\~ bred g
A N
. A e
5q L Peer—to—,beer a/b/b:’ fo# Free./
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Probabilistic
Relativietic

Functional Peactive /Drogramming

Behavior a — (Spacetime, Probability, a)

temperature :: Spacetime — Kelvin
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Astro-do

X \/f Get eggs
X W Fix solar panels

) 4 Send post card

+ New task

Get eggs

Fix solar panels
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