Bctynnenue

MnaH:
@ KpaTkoe onucanune apxutekTypbl Cloud-Haskell
@ Tekywwii cTaTyc

o Paclmpenne Static Pointers

AnekcaHap Bepwunos Cloud Haskell 20 unroHs 2015 r. 1/22



PacnpegeneHHoe nporpaMMunpoBaHme NOKPbIBAET MHOFO CUCTEM
@ ot cnabocesizanHble cuctem (SOA)
» REST API
» HTTP EndPoints
» Pacwnpsiembie npotokonbl JSSON/XML
@ [0 CUNIbHO CBSI3aHbIX CUCTEM

RPC

NPOTOKOAbI Nnepeaadn coobuyeHni
mKcrpoBaHHbIE CxeMbl 0bLLEHUS

dopmaT coobLueHnii SBASETCA BHYTPEHHUM

vV vy VvVYyy
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Yro TyT moxeT patb Haskell?

Mopaepxka bubnuotek (wai,http-client, aeson, cloud haskell, .. .)

Jlerkasi Bo3MOXHOCTb nogkatodeHus sHewHmux bubnuorek (CCl, zmq,

OnTumusnpytowmnii koMnunaTop

ﬂ'OCTaTO‘-IHO MOLWHaA CNCTEMa TUNOB

S3bIK NoAAepKNBAOWNIA BbICOKOYPOBHEBbLIE abCcTpakuum
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B 4em 3apgaum Cloud Haskell

Cnoran: Erlang B Haskell

WNpes: ynpasnenue knactepom " uenom"
(paclwmpeHne ngen NporpaMMUpOBaHMst MHOMOMPOLLECCOPHBLIX CUCTEM)

@ 3anyck ucnosHsieMoro chaiina, KOTopblii MOXeT paboTaTb
C pacnpefesieHHbIMN PECYpPcaMil Kak C JIOKAJIbHbIMM

Peanusyetcs bubnnoTekoii 6e3 paciumpenuii komnunstopa (noyTu)
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Mogenb ncnonHeHus

@ lcnonbsyetca Actor model
> sIBHAasli KOHKYPEHTHOCTb
> NCMOJIb30BaHNE JIETKOBECHbIX NPOLECCOB
> HaJm4yne TONbKO JIOKAJIbHOIO COCTOAHUNS
> B3aumogelicTeue nytem obmeHa coobuieHusiMm
@ Jliobyto nporpaMmy MOXHO NpeacTaBuTb B Buge Actor mogenn

@ Cloud Haskell e eguncTeennas Haskell
6nbnnoTeka MCNoONb3ytoLLas MOAENb aKTEPOB
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[(mbkocTb

B ochoee gusaiina Cloud Haskell ctosina nerkas soamoxHocTs agantauum
BUBNMOTEKN K PasHbIM YCIOBUSAM.
@ pa3nuyYHbIe peanu3auum TpaHcropTa (XKEeneso n NpoToKobI)
(TCP, non-IP cetn, unix-pipes, shared memory)

@ pasnyHble CNocobbl yCTaHaBKM UCMOAHSAEMbIX (halisibl 1
NHULMAN3NPOBATL OKpYxeHusi (scp/ssh, meHepxep 3agay (azure),
API obnaka, 3arpyska KoHTeliHepoB)

@ passinyHble Cnocobbl KOHUIYpaLMK NCNOTHAEMbIX (aiinos
(nepemeHHblE OKPY>KEHMs1, MAapaMeTpbl 3aMycka, HaCTPOIiKM B
MeHezKepe)

@ pa3nuyHble CNocobbl NoucKa y3108B B CeTn (ANHAMNYECKUTT MONCK B
CeTu, NCnosib30BaHWe master y3na, CnucoK BCEX N3BECTHbIX Y3J10B)
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ApxutekTypa

s dis kend

Tetwork-transporf nefW?rk-transport-baTkend

Anekcanap Bepwunos Cloud Haskell



Network Transport - 1

@ API opueHTnpoBaHO Ha OTNpaBky coobLueHwnii
type Message = [ByteString]

© JIErKOBECHbIE OfHOHAMNPAB/IEHHbIE KaHaIbl

@ ynpaBJieHne CBOCTBaMI COELVHEHNS]
(Reliable/Unriable/Ordered /Unordered)

Heavyweight connection Lightweight connection
— i a B
EndPoint . EndPoint
=
a
2+
fus
= Connnection
EndPoint send :: Connection -> Message -> 10 ()
— close :: Connection -= 10 ()
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Network Transport - 2
e API (ynpouyerHoe)

» Transport { newEndPoint :: I0 EndPoint
, transportClose :: I0 ()
}
» EndPoint { receive :: EndPoint -> I0 Event

, endPointClose :: I0 ()
, address :: EndPointAddress

, connect :: EndPointAddress -> I0 Connection
}
» Connection { send :: Message -> I0 ()
, close :: 10 ()
}

o CyuiecTBytoLune peannsaunu

TCP (crabunbHoe)

CCI (cTabunbroe)

zeromq (3KcnepuMeHTanbHOE)
in-memory (akcnepumeHTanbHOE)

p2p (777)
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Distributed Process - 1

Mpoueccor (Tpen Haskell)

JlerkoBecHoe coeamneHunst At KaXXAOM napbl OBLLAOLIMXCA MPOLECCOB

Message Handler (MH) — notok pacnpegensitownii coobiieHusi,
cobbITus

Node Controller (NC) — 3anyck, cBsi3biBaHME MPOLECCOB, MOHUTOPUHT,
ynpas/ieHne peecTpom

Node Agent (Logger, nonb3oBaTenbckue areHTbl).
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distributed-process layer

NODE

Process

Cloud Haskell



API

@ ynpasJjieHne npoLeccamu

» data Processld
data Process a
newlLocalNode :: Transport — IO LocalNode
forkProcess :: LocalNode — Process () — 10 ProcessID
spawn :: Nodeld — Closure (Process ()) — Process Processld
spawnlocal :: Process a — Processld

vV vy vy VvYyy

@ oTnpaska coobueHul

» send :: Serializable a = Processld — a — Process ()
» expect :: Serializable a = Process a
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Kananbel 8 Cloud Haskell

@ HEKOHTPOJMPYEMasi OTMpPaBKa COODLLEHNA MOXKET NMPUBOANTL K
npobaemam pasHoro poaa

> BO3MOXHOCTb memory leak, HY)KHO nepuoanYecKn oUNLATL oYepeb
OT HEN3BECTHbIX COObLLEHNT
> HET NpOBEPKN CUCTEMOWN TUMNOB

o KaHanebl

» [losBonsitoT TUNN3NpoBaThb COO6LLI,€HI/IF|

> [lo3BonsitOT He TerMpoBaTh NepefaBaeMble JaHHbIE
> API

* newChan :: Serializable a = Process (SendPort a, ReceivePort a)

* (Functor ReceivePort, Applicative ReceivePort, Monad ReceivePort,
Serializable SendPort)

* sendChan :: Serializable a = SendPort a — a — Process ()

receiveChan :: Serializable a = ReceivePort a — Process a

* mergePortsBiased, mergePortsRR

*
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Cepuanusaumns v nepegada yHkumii - 1

B haskell 8 otnnunm ot VM-53bikoB cepuannsauns He siBnsieTcs
CBOIICTBOM Cpeabl

He Bce 3HayeHms MoryT BbiTb ceprannsosaHbl

class (Binary a, Typeable a) = Serializable a

C cepuanuzauuii byHKLMIA BCe COXKHee, 0OCOBEHHO ecnun B hyHKL MK
ecTb cBOBOAHbIE NepeMeHHble

spawn :: Closure (Process a) -> Process Processld
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Cepuanusaumns v nepegada QyHKUNA - 2

o Paspewaem cepuanuzauymio Tonbko "cTaTuyeckux yHKLMIA HETY
CBOBOMHBIX NEPEMEHHBIX WM NEPeMEHHbIe onpeaeneHbl B toplevel.

data Static a

Takune yHKLMUN MOXKHO NMPUMEHSTH K CEpUanN3yeMbiM 3HAYEHNEM 1
pe3ynbTat byger cepmannsyem

o data Closure a
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Cepuanusaumns v nepegada yHKumnii - 3

@ Remote Table
» data Closure a = Closure (Static (ByteString -> a)) ByteString
» data Static a = Static StaticLabel
» data StaticLabel = StaticLabel String | StaticApply StaticLabel
StaticLabel
» type RemoteTable = Map StaticLabel — Dynamic

@ [pobnemsl

> Jlerko npnBoANT K OLIMOKaM
» He TnnobesonacHo
> AHTuMOZYNsIpHO
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Static Pointers - 1

Towards Haskell in the Cloud, Jeff Epstein, Andrew P. Black, Simon Peyton-Jones

pacwwnpeHne -XStaticPointers

KOHCTPYKTOP: KJIFO4EBOE CJI0BO static

la: A, static expr — StaticPtr a

°
°
@ BbIPaXKEHNE JOJIKHO DbITb 3aMKHYTO
°
o deRefStaticPtr :: StaticPtra — a
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Static Pointers - 2

@ type StaticKey = Fingerprint — yHuKanbHbIll K04 4151 BblpaXkeH s
nog static

data Fingerprint = Fingerprint Word64 Word64
staticKey :: StaticPtr a — StaticKey
unsafeLookupStaticPtr :: StaticKey — Maybe (StaticPtr a)

B GHC 7.12:

lookupStaticPtr :: StaticKey — (V a . Typeable a = StaticPtr a — b)
— Maybe (StaticPtr b)
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Static Pointers - 3

o [lns kaxporo BxoxaeHus static reHepupyetcs top-level Boipaxkerue
n StaticKenytaticPtr,StaticPtrInfo(naKen MoAy/Nb, BHYTpPeHee
MM, JIOKaLMs B KOae)

@ data StaticPtr a = StaticPtr StaticKey StaticPtrInfo a
@ static StgWord64 keyl[2]

@ static void hs_hpc_init_Main(void)
__attribute__((constructor));

© NPV UHNLNANU3aLUN MOZYJISI CO3LAETCS/NNn LONOSHSAETCS
rnobanbHas xew Tabnuua StaticKey — StaticPtr
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Static Closure - 1

e URI: https://github.com/tweag/distributed-closure
@ HaxoguTcs B paspaboTke

@ data Closure a where

StaticPtr :: !(StaticPtr a) -> Closure a
Encoded :: !ByteString -> Closure ByteString
Ap :: !'(Closure (a -> b)) -> !(Closure a) -> Closure b

@ CyLUeCTBYIOT 1 Apyrue NoAXofbl K Cepuaansauuu, cm
https:
//ghc.haskell.org/trac/ghc/blog/simonpj/StaticPointers
o Value :: (StaticPtr (ByteString a)) -> ByteString ->
Closure a
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https://ghc.haskell.org/trac/ghc/blog/simonpj/StaticPointers
https://ghc.haskell.org/trac/ghc/blog/simonpj/StaticPointers

Static Closure - 2

(kBa3u?)-anninkaTuBHbIA OyHKTOP
cpure :: Serializable a = a — Closure a
< % > :: Closure (a — b) — Closure a — Closure b

closure :: StaticPointer a — Closure a

Mpumep:

fac :: StaticPtr (Int -> Int)
fac = static (\x -> x * unstatic (fac <*> cpure (x-1)))

facb0on :: NodeId -> Process Int
facb0on = call node (fac <x> pure 50)
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o HeO6XO,qI/IMO BbITh OCTOPO>XXHbIM NMpW BbI3OBE KOA4A yAAJNIEHHO

@ TpebyeTcsi MUHUMAabHAsi NOALEPKKA CPefbl BbINOIHEHUS
@ C-H npepoctaBnsieT oCHOBY AJisi MOCTPOEHUs Bosiee BbICOKOYPOBHEBLIX
CNCTeMm

» noctpoeHune data-parallelism
» MapReduce, pacnpegenennbiii NestedDataParallelism, DAG u3

npeobpasosanuii (Spark)
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