AHanisyemo nogii 3a gonomoroto Riak,
Pipes Ta Foldl

ornsapg npo6nemwm, iKky BUpiLLYEMO

® [lopaxysBatu Big 1 o 1000 He Tak-TO 1 NPOCTO
® (CucTema 3anncye CKNajHi CTPYKTypOBaHi AaHiy BeNVKIN KibKOCTI
® |x MOTpibHO aHani3yBaTu, reHepyun AesKnii pesybTar, BisyanisaLjio

MoTuBauisi, 6inbLICTb iICHYHOUYNX
cucrtem

Cnabka abo BiACYyTHICTb TMRi3aLil

He Ha Xackeni

Baxxko nucatu Ta niaTpumyBaTty map/reduce
Baxko TectyBaTu

BigcyTHiCTb KOMMO3uL,i

"Beautiful folds" (KpacusBi 3ropraui?)

Beautiful folding (Max Rabkin, 2008)

Composable streaming folds (Gabriel Gonzalez, 2013)

foldl-1.0.0: Composable, streaming, and efficient left folds (Gabriel Gonzalez, 2013)
MonynsipusoBaHo Scala-6i6niotekoto algebird , AMB MuniHac 2016: Beautiful folds are

practical, too

Beautiful folds - npobnema

A o

Prelude Data.List Data.List| sum :: (Num a) => [a] -> a
Prelude Data.List Data.List| sum = foldl' (+) 0

Prelude Data.List Data.List| :}

>>> genericLength [1..100000000]

100000000
>>> sum [1..100000000]
5000000050000000

>>> let average xs = sum Xs / genericLength xs
>>> average [1..100000000]

<Huge space leak>


http://squing.blogspot.com/2008/11/beautiful-folding.html
http://www.haskellforall.com/2013/08/composable-streaming-folds.html
http://www.haskellforall.com/2013/08/foldl-100-composable-streaming-and.html
https://www.youtube.com/watch?v=6a5Ti0r8Q2s

Beautiful folds - HaiBHe BUpiLLeHHSA

mean :: [Double] -> Double
mean = go 0 0

where

gos 1l [] s / fromIntegral 1

go s 1 (x:xs) s “seq’ 1 “seq”

go (s+x) (l+1l) xs
EBontouis

foldl' :: (a -> b -> a) -> a -> [b] -> a

data Fold b c

forall a. F (a -=> b -> a) a (a -> ¢)

data Fold b a

F (a -> b ->a) a

data Fold i o forall m . Monoid m => Fold (i -> m) (m -> 0)

Beautiful folds B oanH cnanpg

IMnnemeHTauid B 14 cTpok Xackens:

{-# LANGUAGE ExistentialQuantification #-}
{-# LANGUAGE RankNTypes #-}

import Control.Lens (Getting, foldMapOf)
data Fold i o = forall m . Monoid m => Fold (i -> m) (m -> o)

instance Functor (Fold i) where

fmap k (Fold tally summarize) = Fold tally (k . summarize)

instance Applicative (Fold i) where

pure o = Fold (\_ -> ()) (\_ -> o)

Fold tallyF summarizeF <*> Fold tallyX summarizeX = Fold tally summarize
where
tally i = (tallyF i, tallyX i)

summarize (mF, mX) = summarizeF mF (summarizeX mX)

focus :: (forall m . Monoid m => Getting m b a) -> Fold a o -> Fold b o

focus lens (Fold tally summarize) = Fold (foldMapOf lens tally) summarize



MpocTnii npuknaa

{-# LANGUAGE ExistentialQuantification #-}

import Data.Monoid

import Prelude hiding (sum)
import qualified Data.Foldable

data Fold i o = forall m . Monoid m => Fold (i -> m) (m -> o)

fold :: Fold i o -> [i] -> ©
fold (Fold tally summarize) is = summarize (reduce (map tally is))

where
reduce = Data.Foldable.foldl' (<>) mempty

sum :: Num n => Fold n n

MpocTnii npuknag

>>> fold sum [1..10]
55

main :: IO ()
main = print (fold sum [(l::Int)..1000000000])

$ time ./example # 0.3 ns / elem
500000000500000000

real Om0.322s

user Om0.316s
sys Om0.003s

Ak ue npauroe?



print (fold sum [1, 2, 3, 4])

—-— sum = Fold Sum getSum
= print (fold (Fold Sum getSum) [1, 2, 3, 4])

- fold (Fold tally summarize) is = summarize (reduce (map tally is))

print (getSum (reduce (map Sum [1, 2, 3, 4])))

-- reduce = foldl' (<>) mempty

print (getSum (foldl' (<>) mempty (map Sum [1, 2, 3, 4])))

—— Definition of "map~ (skipping a few steps)

print (getSum (foldl' (<>) mempty [Sum 1, Sum 2, Sum 3, Sum 4]))

- “foldl' (<>) mempty (skipping a few steps)

print (getSum (mempty <> Sum 1 <> Sum 2 <> Sum 3 <> Sum 4))

- mempty = Sum 0

print (getSum (Sum 0 <> Sum 1 <> Sum 2 <> Sum 3 <> Sum 4))

-— Sum X <> Sum y = Sum (X + y)

print (getSum (Sum 10))

- getSum (Sum x) = X

print 10

binbLw wikaB Nnpuknapg

{-# LANGUAGE BangPatterns #-}
data Average a = Average { numerator :: !a, denominator :: !Int }

instance Num a => Monoid (Average a) where
mempty = Average 0 0

mappend (Average xL nL) (Average xR nR) = Average (xL + xR) (nL + nR)

-— Not a numerically stable average, but humor me
average :: Fractional a => Fold a a
average = Fold tally summarize

where

tally x = Average x 1

summarize (Average numerator denominator) =

numerator / fromIntegral denominator

Mpuknapg



>>> fold average [1..10]
5.5

main :: IO ()

main = print (fold average (map fromIntegral [(l::Int)..10000000001]))

$ time ./example # 1.3 ns / elem
5.00000000067109e8

real Oml.251s
user Oml.237s
sys Om0.005s

Hemae BUTOKY npocrtopy!

Hala average MpaLto€ 3@ KOHCTAHTHY MaM'aThb:

[ example +RTS -h 31,343 bytes x seconds

30k |
25k |
20k
15k ..
10k.

5k..

0Ok
0.0

Thu Sep 101:09 2016

B se)pinneED

B (80)GHC.10.Encoding. CAF

[T (70)GHC.10. Handle. FD.CAF

B (87)GHC Conc.Signal CAF

W van

B (78)GHC.10 Encoding. conv.CAF

Sk ye npaLoe?




print (fold average [1, 2, 3])

-— average = Fold tally summarize
= print (fold (Fold tally summarize ) [1, 2, 31])

- fold (Fold tally summarize) is = summarize (reduce (map tally is))

print (summarize (reduce (map tally [1, 2, 3])))

-- reduce = foldl' (<>) mempty

print (summarize (foldl' (<>) mempty (map tally [1, 2, 31)))

—-— Definition of "map~ (skipping a few steps)

print (summarize (foldl' (<>) mempty [tally 1, tally 2, tally 3]))

- tally x = Average x 1

print (summarize (mconcat [Average 1 1, Average 2 1, Average 3 1]))

- “foldl' (<>) mempty (skipping a few steps)

print (summarize (mempty <> Average 1 1 <> Average 2 1 <> Average 3 1))

- mempty = Average 0 0

print (summarize (Average 0 0 <> Average 1 1 <> Average 2 1 <> Average 3

1))

-- Average XL nL <> Average xXR nR = Average (XL + xR) (nL + nR)

= print (summarize (Average 6 3))

-— summarize (Average numerator denominator) = numerator / fromIntegral
denominator

= print (6 / fromIntegral 3)

MpocTi Foldwm

Bce B Data.Monoid MOXHa 3aropHyTM B Fold



import Prelude hiding (head, last, all, any,

head :: Fold a (Maybe a)
head Fold (First . Just) getFirst

last :: Fold a (Maybe a)
last = Fold (Last . Just) getLast

all :: (a -> Bool) -> Fold a Bool
all predicate = Fold (All . predicate) getAll

any :: (a -> Bool) -> Fold a Bool

any predicate = Fold (Any . predicate) getAny

sum :: Num n => Fold n n

sum = Fold Sum getSum

product :: Num n => Fold n n

product = Fold Product getProduct

length :: Num n => Fold i n
length = Fold (\_ -> Sum 1) getSum

Mpuknagwn

>>> fold head [1..10]

Just 1

>>> fold last [1..10]

Just 10

>>> fold (all even) [1..10]
False

>>> fold (any even) [1..10]
True

>>> fold sum [1..10]

55

>>> fold product [1..10]
3628800

>>> fold length [1..10]
10

sum, product,

length)

EKCNOHeHLUiNHe KOB3He cepeaHE

EKcnoHeHUjiiHe KOB3He cepejHe y BUrNAAI Fold Y:



data EMA a = EMA { samples :: !Int, value :: l!la }

instance Fractional a => Monoid (EMA a) where

mempty = EMA 0 0O

mappend (EMA nL xL) (EMA 1 xR) = EMA n X -- Optimize common case
where

n=nL + 1

x =xL * 0.7 + xR
mappend (EMA nL xL) (EMA nR xR) = EMA n x
where

n = nL + nR
x = xL * (0.7 ©~ nR) + xR
ema :: Fractional a => Fold a a
ema = Fold tally summarize
where

tally x = EMA 1 x

summarize (EMA x) = x * 0.3

Mpuknapg

>>> fold ema [1..10]
7.732577558099999

main :: IO ()
main = print (fold ema (map fromIntegral [(l::Int)..10000000001]))

$ time ./example # 2.6 ns / elem
9.999999976666665e8

real 0m2.577s
user Om2.562s
sys Om0.009s

OuiHKa KapAUHaNbLHOCTI

Trnose NUTaHHSA, WO BUHNKAE — "OLIHNTK KiNIbKICTb YHiKaNbHUX BijBifyBadyiB"

HaiBHe pilleHHs:



import Data.Set (Set)
import qualified Data.Set

uniques :: Ord i => Fold i Int
uniques = Fold Data.Set.singleton Data.Set.size

.. NoTpebye b6araTo Nnam'aTi

.. MOraHo Ana BeaNKnNX AaHnx

MpnbnnsHa oliHKa KapaANHaNbHOCTI

AnropuTtm HyperLoglog aa€ npnbamnsHy ouiHKy KapAMHanbHOCTI

CnpolleHe NossiCHeHHA Ha Xackeri:
import Data.Word (Word64)
import qualified Data.Bits

newtype Max a = Max { getMax :: a }

instance (Bounded a, Ord a) => Monoid (Max a) where

mempty = Max minBound
mappend (Max x) (Max y) = Max (max X y)

uniques :: (i -> Word64) -> Fold i Int
uniques hash = Fold tally summarize

where
tally x = Max (fromIntegral (Data.Bits.countLeadingZeros (hash x))

Wordé64)

summarize (Max n) = fromIntegral (2 " n)

CnpaBxHs Bepcia HabaraTo 6inbL "ayxa" (4B hyperloglog Bij E. Kmett)

Mpuknapg



main :: IO ()

main = print (fold (uniques id) (take 1000000000 (cycle randomWordé64s)))

randomWord64s :: [Wordé64]

randomWordé64s =
[11244654998801660968,16946641599420530603,652086428930367189,51280552802211
72986,16587432539185930121,2228570544497248004,1689089568130731485,181880772
1542935601,2077177117099267269,8187447654250279125]

$ time ./example # 5.5 ns / elem

16

real Om5.543s
user Om5.526s
sys Om0.007s

Kopa, Wo BapTo BKpacTu

[Jesxi igei, wo BkpaseHo 3i Ckana-6ibniotekn algebird

Quantile digests (for medians, percentiles, histograms)

0 algebird callsthese QTree s

Count-min sketch (for top N most frequently occurring items)

0 algebird generalizes this as sketchMap S

Stochastic gradient descent (for linear regression)

o algebird callsthis sebp

Bloom filters (for approximate membership testing)

O algebird callsthis BF

algebird 's version of Fold is called Aggregator

Komb6iHyemo Foldwu

YSIBIMO, L0 MU XO04eMOo 3KOM6iHyBaTV 4Ba Fold U B OAMH

Mwn 61 3pobunun Wochb Tuny:



combine :: Fold i a -> Fold i b -> Fold i (a, b)
combine (Fold tallyL summarizeL) (Fold tallyR summarizeR) = Fold tally
summarize

where

tally x = (tallyL x, tallyR x)

summarize (sL, sR) = (summarizel sL, summarizeR sR)

>>> fold (combine sum product) [1..10]
(55,3628800)

Applicative

Moxemo y3araJbHUTW combine HamMcaBLW IHCTAHC Fold ANA Applicative

instance Functor (Fold i) where

fmap k (Fold tally summarize) = Fold tally (k . summarize)

instance Applicative (Fold i) where
pure o = Fold (\_ -> ()) (\_ -> o)

Fold tallyF summarizeF <*> Fold tallyX summarizeX = Fold tally summarize
where

tally i = (tallyF i, tallyX i)

summarize (mF, mX) = summarizeF mF (summarizeX mX)

CTporicTb

Mwn xo4emo, abu BHYTPILLHIA Monoid 6yB CTPOrMM Pair :



data Pair a b = P l!a !b

instance (Monoid a, Monoid b) => Monoid (Pair a b) where

mempty = P mempty mempty

mappend (P aL bL) (P aR bR) = P (mappend aL aR) (mappend bL bR)

data Fold i o = forall m . Monoid m => Fold (i -> m) (m -> o)

instance Functor (Fold i) where
Fold tally (k . summarize)

fmap k (Fold tally summarize)

instance Applicative (Fold i) where

pure o = Fold (\_ -> ()) (\_ -> o)

Fold tallyF summarizeF <*> Fold tallyX summarizeX = Fold tally summarize

where
tally i = P (tallyF i) (tallyX i)

summarize (P mF mX) = summarizeF mF (summarizeX mX)

Lle 403BO/INTL BUKOPUCTOBYBATN seq 3aMiCTb deepseq

Pairing values

Terlep MM MOXeMO HanmcaTtwu:

combine :: Fold i a -> Fold i b -> Fold i (a, b)

combine = 1liftA2 (,)
... LLIO M€ BinbLU y3aranbHeHNn TUn:

combine :: Applicative £ => f a -> £ b -> £ (a, b)
A}'IbTepHaTVIBHO, MOXXeMO BMKOPUCTOBYBATU Applicative Hanpsamy:

>>> fold ((,) <$> sum <*> product) [1..10]

(55,3628800)

AHTU-NaTTEpH

MopiBHAVTe ABI GyHKU,I:



bad :: [Double] -> (Double, Double)

bad xs = (Prelude.sum xs, Prelude.product xs)
good :: [Double] -> (Double, Double)
good xs = fold ((,) <$> sum <*> product) xs

flka npobnema B NepLUoi 3 HUX?
3aCTOCOBYEMO Applicativeun

Moxemo BMKOPWCTOBYBATW Applicative -IHCTaHCW He TiIbKM ANs nap:

sum :: Num n => Fold n n

sum = Fold Sum getSum

length :: Num n => Fold i n
length = Fold (\_ -> Sum 1) getSum

average :: Fractional n => Fold n n

average = (/) <$> sum <*> length
leHepye KOJ, eKBiBaNeHTHUI average , HANVCAaHOMY "BpyuYHYy":

main :: IO ()
main = print (fold average (map fromIntegral [(l::Int)..10000000007))

$ time ./example # 1.3 ns / elem
5.00000000067109e8

real Oml.281s

user Oml.266s
sys Om0.006s
Num

MoXxeMo HaZaTu iIHCTaHCW Fold K/jacaM Num , Fractional Ta Floating !



instance Num b => Num (Fold a b) where

fromInteger n = pure (fromInteger n)

negate = fmap negate
abs = fmap abs
signum = fmap signum
(+) = liftA2 (+)

(*) = LiftA2 (*)

(-) = liftA2 (-)

instance Fractional b => Fractional (Fold a b) where

fromRational n = pure (fromRational n)

recip = fmap recip

(/) = 1ifta2 (/)

instance Floating b => Floating (Fold a b) where

pi = pure pi

exp = fmap exp
sqrt = fmap sqgrt
log = fmap log

sin = fmap sin

tan = fmap tan

cos = fmap cos
asin = fmap sin
atan = fmap atan
acos = fmap acos
sinh = fmap sinh
tanh = fmap tanh
cosh = fmap cosh
asinh = fmap asinh
atanh = fmap atanh
acosh = fmap acosh
(**) = 1iftA2 (**)
logBase = 1liftA2 logBase

UucnosBi Foldm

MoxemMo pobuTKn KpyTi LUTYKN:



>>> fold (length - 1) [1..10]

>>> let average = sum / length

>>> fold average [1..10]

5.5

>>> fold (sin average " 2 + cos average ~ 2) [1..10]
1.0

>>> fold 99 [1..10]

99

CTaHAapTHe BiAXW/IeHHSA

dopMyna CTaHAAPTHOTO BiAXWIEHHS:

1 & 9 1 (& _, 1 1 &)
@ —a) =a | Dat | -7 = |yt | - |
=1 =1 =1 =1

EkBiBaneHT uepe3 Fold YUTAETLCS Malixe Tak cCamo NPOCTO, AK OCTaHHSA popmyna:

standardDeviation :: Floating n => Fold n n
standardDeviation = sqrt ((sumOfSquares / length) - (sum / length) "~ 2)
where
sumOfSquares = Fold (Sum . ("2)) getSum

>>> fold standardDeviation [1..100]

28.86607004772212

Ponagmmo ListT

ListT i3 MakeTy list-transformers BK3HaYeHO Tak:

newtype ListT m a = ListT { next :: m (Step m a) }

data Step m a = Cons a (ListT m a) | Nil

MoxeMo 110oro 3ropHyTu!



{-# LANGUAGE BangPatterns #-}

import List.Transformer (ListT(..), Step(..))

import qualified System.IO

foldListT :: Monad m => Fold i o => ListT m i -> m o
foldListT (Fold tally summarize) = go mempty
where

go !m 1 = do
s <- next 1
case s of
Nil -> return (summarize m)

Cons x 1' -> go (mappend m (tally x)) 1'

Mpuknag

MoxeMo Taknum YmnHom 3ropHyTK "effectful streams™:

stdin :: ListT IO String
stdin = ListT (do
eof <- System.IO.isEOF
if eof
then return Nil
else do
line <- getLine

return (Cons line stdin) )

main :: IO ()
main = do
n <- foldListT length stdin

print n

$ yes | head -10000000 | ./example
10000000

3ropTaEmMo NoToKoBi 6ibnioTexkn

MoxemMo TakuM CaMM YMHOM 3ropHyTU:

conduit

io-streams

°

°

® list-t
® Jlogict
°

machines



® pipes

® turtle

KoxeH Fold MoOXe 6yTu NepeBMKOPUCTAHUM B BYAb-SKil i3 X cMcTem

NTiH3W

{-# LANGUAGE RankNTypes #-}

import Control.Lens (Getting, foldMapOf)

focus :: (forall m . Monoid m => Getting m b a) -> Fold a o -> Fold b o
focus lens (Fold tally summarize) = Fold tally' summarize
where

tally' = foldMapOf lens tally

focus 1 :: Fold i o -> Fold (i, x) o

focus Just :: Fold i o -> Fold (Maybe i) o
Mpuknapg

itemsl :: [Either Int String]
itemsl = [Left 1, Right "Hey", Right "Foo", Left 4, Left 10]

>>> fold (focus _Left sum) itemsl

15

>>> fold (focus _Right length) itemsl

2

items2 :: [Maybe (Int, String)]

items2 = [Nothing, Just (1, "Foo"), Just (2, "Bar"), Nothing, Just (5,
"BaZ" ) ]

>>> fold (focus (_Just . _1) product) items2

10

>>> fold (focus Nothing length) items2

2

Ha (Hawin) npakTuui

® Benuki CTpyKTYpU faHWX iBEHTIB
e [lekinbKa gxepen



® Benviki CTPpyKTYpU AaHKX 3BiTiB

® binblWicTb pe3ynbraTiea — "B yaci”

® EaraﬂjO6Bﬁ3KMAﬂﬂ36epeerHﬂTa3aBaHTaerHﬂ

IBeHTU

data DsAdBid a = DsAdBid

{

14
14
14
14

14

}

_abImpressionId :: ImpressionId
_abDelay :: Maybe PageLoadDelay
_abDsAccountId :: DsAccountId
_abAdregionId :: AdregionId

_abBid :: Bid

_abCreativeCore :: Maybe Cr.CreativeCore

deriving (Show, Eg, Generic)

data CreativeCore

= CreativeCore
{ _coreTitle :: Maybe
, _coreDescription :: Maybe
, _coreSponsor :: Maybe
, _coreImgURL :: Maybe
}

deriving (Eq, Generic, Show)

Folds.hs

-- | Count events
countFold :: (Hashable k, Eq k)

=> (ev -> Maybe k)

Title
Description
Sponsor

(Valid RawURL)

-> L.Fold ev (MonoidalHashMap k (Sum Integer))

countFold keyF = L.Fold s mempty id incr

where

incr m ev = m (\k -> M.modify

(+1) k m) (keyF ev)

MpocTnii BUNapoK



-- | SELECT GROUPKEY(round one hour(timestamp)),

- count ()

- FROM ds_ad load_events

processCountLoadsPerHour :: Mode -> IO ()

processCountLoadsPerHour mode = void . runConsumerInMode mode $ do

A

let kf ev = Just (rewindToHour (ev ". timestamp))

let (EvProducer prod) = evProducerW start end

res <- purelyFold (countFold kf) (prod :: EventProducer (Event
DsAdLoad))

1iftIO (print res)

-- :: MonoidalHashMap KeyDsAdregion (Sum Integer)

CknagHiwe

® MOMIiTbTe, AK MV NepesaEmMo Marny B NaM’aTi 3amicTb AXOMNHIB

-- | SELECT GROUPKEY(ds id, adregion id, round5min(timestamp)),
-- count (ds_ad load events)
-— earnings(ds_ad_ load_events)
- count (ds_click_events)
- FROM ds ad load events, ds click events
processCountLoadsAndClicksAndEarningsConcurrent :: Mode -> IO ()
processCountLoadsAndClicksAndEarningsConcurrent mode = void .
runConsumerInMode mode $ do

(KeyFunction kf) <- getKeyFunctionDsAdregion

let (EvProducer prod) = evProducerW start end

((lc,le),cc) <- concurrently?2

(purelyFold ((,) <$> countFold kf <*> earningsFold kf)

(prod :: EventProducer (Event DsAdLoad)))
(purelyFold (countFold kf)
(prod :: EventProducer (Event DsClick)))

1iftIO0 (print (mhmZip3 lc le cc))
—-- :: MonoidalHashMap KeyDsAdregion (Sum Integer, Sum MoneyAmount,

== Sum Integer)

type KeyAdregionDs = (AdregionId, DsProviderId, UTCTime)

getKeyFunctionDsAdregion :: Consumer (KeyFunction KeyAdregionDs)

keyFunctionAdregionDs :: KeyConstraints KeyAdregionDs ev
=> HashMap DsAccountId DsProviderId
-> (ev -> Maybe KeyAdregionDs)

keyFunctionAdregionDs dsMap event = do

let accountID = event ". dsAccountId

dsID <- H.lookup accountID dsMap
let region = event ". adregionId
let timekey = rewindTo5Min (event *. timestamp)

return (region, dsID, timekey)



CknagHiwi penopTtun

data Report label =

Report { scope

:: label

, timeseries :: MonoidalHashMap UTCTime ReportPayload

} deriving (Show, Eq)

data ReportPayload
= ReportPayload {

4

4

deriving (Show, Eq,

loads ! (Sum Integer)
impressions ! (Sum Integer)
clicks :: ! (Sum Integer)

ctr ! (Avg Double)
earnings ! (Sum MoneyAmount)
avgEarnings ! (Avg MoneyAmount)
avgEarningsCpc :: ! (Avg MoneyAmount)}
Generic)

Fold n Ana cKiagHillMX penopTiB

processStats = do

aggs <- aggregateEventStreams dsMap (evProducer startTime endTime

DsAvailabilityCheck))

where

EventProducer (Event DsAdLoad))
(evProducer startTime endTime

EventProducer (Event DsImpression))
(evProducer startTime endTime

EventProducer (Event DsClick))
(evProducer startTime endTime

EventProducer (Event

(evProducer startTime endTime
EventProducer (Event DsAdAvail))
(evProducer startTime endTime
EventProducer (Event DsAdUnavail))
(evProducer startTime endTime
EventProducer (Event DsAdError))
(evProducer startTime endTime

EventProducer (Event DsCookieSync))

... MPOAOB)KEHHA ...



impFold :: PayloadFold (Event DsImpression)

impFold = mkBaseFold impressionsL countFold <>
mkBaseFold ctrL ctrFold

clickFold :: PayloadFold (Event DsClick)

clickFold = mkBaseFold clicksL countFold <>
mkBaseFold ctrL ctrFold

Bisyanisauis

e GHC(JS + Reflex

Ad counts graph

mpressions @ @ loads [ clicks 2 days %

Yoro He BUCTa4yae€

e llIBnakicTb (data locality, HepiBHOMIpHICTb 6akeTiB)

e KomnakTHe 36epexeHHs pe3ynbTaTiB (abcTpakLis po3isieHHs No iHTepBanax Ta
36epexeHHs)

® REPL a60 6n10KHOTUK

o GUI ana penpoueccuHry

e Real-time in-memory analytics

Thanks!
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