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O yeM peuyb naet

SCOOP: mopenb nporpammuposaHus (pacwmpeHue Eiffel),
NO3BONAFOLLAA KOHTPONUPOBATL NAPANSIESIbHOCTb

TTnaH sToro poknaaa:
> 1. TToyemy napannenbHOCTb 3TO TPyAHO
» 2. SCOOP: HepopmanbHaa naes («Tpeunep»)
> 3. SCOOP mopenb: nocnenosaresibHbIie OrpaHUYeHuUs
» [4. Cuctema Tnoe SCOQORP ]
> D. OTKpbITbIE Npobnemsbl U Tekyluas paboTa
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SCOOP

Simple Concurrent Object-Oriented Programming

Llenn u npuHUmMner:
> TTpocTtota

> 1T03BONMUTL «O6BLIYHBIM» FIFOASM MUCATL HaAGXKHbIEe
napansienbHbIe NpOrpaMMbl

> COXpaHUTb NocfiefoBaTesibHbIe CNOCobbI paccyXxaeHUus
(TonbKO 0AHO HOBOE KSHOYeBOe CJI0BO)

» OceoboaAUTb NPOrPAMMUCTOB OT PUCKOB
napannenmsma, 0cobeHHo OT cocTogHUS roHkm (data
race) n 6nokuposku (deadlock)
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ba3osbie npeu - sz 90-x ropos
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34ecb npeacrassieHa paborta MHOruUx ntoaeu

Eiffel Software: Emmanuel Stapf, AnekcaHap KorteHkos,
Tan King
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[lapannenbHOCTb: 3a4eM?

1. 3pmpeKTUBHOCTD

| KoHeu 3akoHa Mypa I

2.YpobcTBO p N
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New York Times, aekabpb 2007 r.

Ehe New ork Ti
FES IS Technology

WORLD TU.S. NY./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH  SPORTS W OPINION

Search Tech News & 8,000+ Products Browse Products
I Go I— Select a Product Category — j Go

Faster Chips Are Leaving Programmers in Their Dust

By JOHN MARKOFF
Published: December 17, 2007 ¥ TWITTER

REDMOND, Wash. — When he was chief executive of Intel in the [ unkeD

1990s, Andrew 5. Grove would often talk about the “software spiral” E signinTo
E-MAIL OR SAVE

— the interplay between ever-faster microprocessor chips and THIS

software that required ever more computing power. = FRINT

The potential speed of chips is still B REPRINTS

climbing, but now the software they SHARE
run is having trouble keeping up.
Newer chips with multiple processors
require dauntingly complex software
that breaks up computing chores into
chunks that can be processed at the same time.

The challenges have not dented the enthusiasm for the
potential of the new parallel chips at Microsoft, where

executives are betting that the arrival of manycore chips —

proeessors with more than eight cores, possible as soon as

2010 — will transform the world of personal computing.

At Microsoft, from top, Craig Mundie,
Burton Smith and Dan Reed are
working en the next generation of The company is mounting a major effort to improve the
computing power.

parallel computing capabilities in its software.

“Microsoft is doing the right thing in trying to develop parallel software,” said Andrew
Singer, a veteran software designer who is the co-founder of Rapport Inc., a parallel
computing company based in Redwood City, Calif. “They could be roadkill if somebody
else figures out how to do this first.”
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«Host1e npoueccopr
C HeCKONMbKUMU SAPAMMU
TpebyroT Ype3sbIMaUHO

CNOXHOrO NPOrpamMmHOro

obecneyeHus»




YTO roBOpAT O NnapasnnesibHoM NpPorpaMMmMpoBaHNM

NHTen, 2006:

> MHOrosaepHere BbIYUCITIEHUS OLICTPLIM U 3aXBATLIBAFOLYUM I1YTEM
repeBoaaT UHAYCTPUFO Ha aBCOJIFOTHO HOBYFO TEPPUTOPUIO

Puk Pawwua, rnasa Microsoft Research, 2007:

> MHoros4epHbie ripoyeccopsr npeAcTassistor cobov OaHy U3
KDY ITHEULUMX CMEH TEXHOJIOMU, C I71y6OKUMM CI1EACTBUAMU
B MeToAaX paspaboTku rporpamm

bunn Nlenrtc:

> MbI HUKOrAa He CTarkuBasInCh ¢ rnoJO6HEIMU 36Aa4amu.
3Aecb HyXeH Mpop.IB.

Ossua TTattepcoH, KanugpopHumckum yHusepcutert 8 bepknu, 2007:

> Bca uHAaycTpus, B npuHUMie, caesiasna oTvyasHHeIN Bb16op. OHa
AesiaeT CTABKy Ha rnapasisiesibHeIe BbIYUCIeHUs. CTABKA CAes1aHa,
HO 60s1b1UaA rpobriema - AOOUTHCS BLIUMPLILLA



YTO roBopAT 0 NapasnesibHOM NMpPorpaMMmMpoBaHUNM
HauwoHanbHas akaaemus Hayk CLUA (2011):

["epoudeckue riporpammumcTer UCrosib3yrOT BEICOKYFO CTEMEHb
rnapasinesimsma...

OAHAKO HU OAHa U3 TernepeLHux pa3paboToK 65IM3KO HE rNoAXOANT

K [TOBCEMECTHOU MOAAEPIKKE MPOrpammupOBaHins rnapasisiesibHoro
060pyAOBaHUS, KOTOpas TpebyeTcs, YTOObI yb6eAUTLCSA, YTO BIIUSHUE
UH@OPMALMNOHHBIX TEXHOSIOMU Ha OBLLECTBO B TEYEHUE CIIEAYIOLUNX
Asaauaru siet byaeTr HaCTOSIbKO Ke OLESIOMUTESIbHBIM, KaK U B
rocrieaHue rnosiseka



[MporpaMMmMpoBaHue: Toraa n Tenepb

TlocneposarenbHoe
NporpaMmmuposaHue:

brieano 6ecnopaaouHbIM

Bce ewe TpyaHo, HO:

> CTpyKTypHOe
nNporpammmposaHue

> A6CTpakuma AaHHbIX &
0bbeKTHaa TexHonorus

> TTpoekTuposaHue no
KoHTpakTy

> ApPXUTEKTYpHbIe WAabrOHbI

TTapannensHoe
nporpammuposaHue :

brisano 6ecnopaaouHbEIM

TaKOBbIM OCTaeTcsa

TTpumep: noTokosbIie moaenu
B Haubonee nonynapHbIX
noAxoaax

YposeHb paspaboTku:
60-e/70-e roapr
OnepaunoHHoe obocHoBaHue
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TpaanumoHHasa nporpaMmMma ¢ cemadopamu

Listing 4.34: Tanenbaum'’s solution

1 def get_fork(i):

2 mutex.wait ()

3 state[i] = ’hungry’

1 test (i)

5 mutex.signal ()

6 sem[1] .wait ()

|

8 def put_fork(i):

0 mutex.wait ()
10 state[i] = ’thinking’

11 test(right(i))

12 test(left(i))

13 mutex.signal ()

14

15 def test(i):

16 if atate[i] == ’hungry’ and
17 state (left (i)) != ’‘eating’ and
18 state (right (i)) != ’eating’:
19 state[i] = ’eating’
20 sem[i] .signal ()




OnepauynoHHoe obocHOBaHMe

TTpumep: Goto

int main () {
int a = 100;
LOOP:do {
if (a==10)(
a=a+l;
goto LOOP;}
printf(“value of a: %d\n", a);
a++;

} while (a< 30);
return 0;}



TpaanumoHHasa nporpaMmMma ¢ cemadopamu

Listing 4.34: Tanenbaum'’s solution

1 def get_fork(i):

2 mutex.wait ()

3 state[i] = ’hungry’

1 test (i)

5 mutex.signal ()

6 sem[1] .wait ()

|

8 def put_fork(i):

0 mutex.wait ()
10 state[i] = ’thinking’

11 test(right(i))

12 test(left(i))

13 mutex.signal ()

14

15 def test(i):

16 if atate[i] == ’hungry’ and
17 state (left (i)) != ’‘eating’ and
18 state (right (i)) != ’eating’:
19 state[i] = ’eating’
20 sem[i] .signal ()




[TfporpaMmMmmpoBaHmne Ha SCOOP

class dM/10COP feature

n1iesas, ripasas: BHJIKA
scrasarb do ... end
3aKkoHYeHo . BOOLEAN

KUTb
do
from scrasars until 3akoH4yero loop
Aaymarse, | obesgars (s1e8as, rpasas)
end
end

obegarb (|71, n: separate BH/IKA|)

-- ECTb, Npy HANUYUU BUNOK J7 U 1.

do s71.83971b, r1.834976 : ... end
end

©



[ToueMy TaK TpyaAHO?

transfer (source, target: ACCOUNT:;

amount: INTEGER)
-- If enough funds, transfer amount from source to target.

do
if source.balance >= amount then
source.withdraw (amount)
target.deposit  (amount)
end
end




PaccyxaaTtb Ha 6a3e APIs

ﬂnsfar (source, target: ACCOUNT;

amount: INTEGER)

-- Transfer amount from source to target.
require

source.balance >= amount
do

source.withdraw (amount)

target.deposit  (amount)
ensure

source.balance = old source.balance - amount

target.balance = old target.balance + amount
end

invariant
balance >= 0



PaccyxaaTtb Ha 6a3e APIs

M\sfer (source, target: ACCOUNT; \

amount: INTEGER)
-- Transfer amount from source to target.
require
source.balance >= amount

do
source.withdraw (amount)
target.deposit  (amount)
ensure
source.balance = old source.balance - amount

target.balance = old target.balance + amount
\ end /




©
Paccy>xaatb 0 6aHKOBCKUX cYeTax

if accl.balance >= 100 @ then transfer (accl, acc2, 100) end

if accl.balance >= 100 then transfer (accl, acc3, 100) end
@sfar (source \
amo
-- Trans
require
sourcel
do :
source.u g
‘rar'ge’r.d
ensure A
invariant source.b ISP
balance >= 0 target.b it

. end
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[Jenkctpa 1968*: Goto considered harmful

Haw pasym npucnocobreH kK npeacTaBfeHuro
CTATUYECKUX OTHOLWEHUU, a He NpOoLIecCos,
PA3BUBAFOLLINXCA BO BpemMeHU

TTO3TOMY MBI AOJIXHBI CTPEMUTLCA COKPATUTh
KOHLeNTYyaNbHbIU pa3pbIB MexXAy CTaTUUYeCKUMMU
nporpammamu (B NpoOCTPaHCTBE TeKCTa) U
AVHAMUYECKUMU npoLleccamu (BO BpemeHU)

47
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[TapannenbHoe nNporpaMMmnpoBaHmne ceroaHs

Listing 4.34: Tanenbaum'’s solution

1 def get_fork(i):

2 mutex.wait ()

3 state[i] = ’hungry’

4 test(i)

5 mutex.signal ()

6 sem[1] .wait()

i

8 def put_fork(i):

O mutex.wait ()
10 state[i] = ’thinking’

11 test(right(i))

12 teast(left(i))

13 mutex.signal ()

14

15 def test(i):

16 if atate[i] == ’hungry’ and
17 state (left (i)) != ’‘eating’ and
18 state (right (i)) != ’eating’:
19 state[i] = ’eating’
20 sem[i] .signal ()

48



dopManbHO: NMocnenoBaTe/ibHOE pacCyXaeHUe

Ecnu 71 3kcnopTUPOBAHHBIX MeTOAOB:
TONbKO /7 AOKA3ATENbCTB

{INVand Pre,.} body, {INV and Post,.}

{Pres’} x.r(a) {Posiz'}

3ameHa (OpMasnbHLIX
aprymeHTos
N PakTuyeckummn A

©
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PaccyxpneHune o6 obbeKkTax B napasiesibHOM KOHTEKCTe

Ecnu n akcnopTUPOBAHHBLIX MeTOAO0B: TOSMbKO N
noKa3atrenbCcTe?
Knuent 1 KnueHT 2 KnueHTt 3

rl re r3

TTapannenbHas Bepcusa 3TOro
npasuna - aanbuel

{INVandPre,.} body, {INV andPost,}

{Pre,.} x.r(a) {Post,}

50
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O6bIYHble (M HenpaBUbHbIE) NPeanosIoXKeHUS

" ITapannesibHOCTb - 6a308bIU CIyYaU, MOCIIEZOBATESIHOE
rIPOrpammupoBaHue ~ CrieynuasibHeIv crayqa

> B npuHUMNe npasunbHO, HO MbI HaUNyule NOHUMAEM
nocnenosaresibHoe NporpammuposaHue

> B peanuctuyecknx cuctemax, napansnenbHocTb -
TONMbKO OAHA 4ACTb MPOrpPaAMMLI

“ObbeKTeI NapasisiesibHbI o camovi caoeu ripupose”
(MunbHep)

> BONbWUHCTBO NONBITOK OCHOBAHLI HA (BHYTpeHHe
NPOTUBOPEYUBOM) MNOHATUU "AKTUBHBIX 06 eKTOB"

> YacTto BeayT kK "AHOMANUU HacnepoBaHUa"

51
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MoXeT Sin MoMOoYb 0ObeKTHAs TEXHOJSIOrNA?

" Ob6beKTeI 1apasisiesibHbI o Camou cBoeu ripupose”
(Milner)

BonbWMHCTBO NOMNBITOK OCHOBAHLI Ha (BHYTpeHHe
NPOTUBOPEYUBOM) MOHATUU “AKTUBHBIX 06beKTOB"

YacTo BeayT Kk “AHOMmanum HacnegoeaHms"
He aBnaroTca WMPOKO NPUHATLIMU

Ha npakTuke: HU3KOYpOBHEBbIE MeXAHU3MbI, HAACTPOEHHbIE
Haa O-0 a3bIKOM



O
[logxon

1. TTpubaeuTb NapannenbHOCTb XOPOWO MNOHATOU
nocneposartesibHoOUM moaenu

2. TTo3BONUTL NPOrpAMMUCTAM NPOAOIIKATD
UCNOSMb30BAHUE TEXHUK paccyxaeHus, KoTopble
yCMewHOo NPUMEHArOTCA B NOCNeA0BaTeIbHOM
NpOrpaMmMmUpOBAHUU

3. TlepeHecTu TpyAHOCTU B peanu3auuro Moaenum
(komnunatop u scheduler)
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OTnpaBHasa To4Ka

O61beKTHO-OpUeHTUPOBAHHAS TeXHOOorUs
> ABCTpaKLMS AAHHBIX
> COKpbITUE UHPOpMaALUU
> HacneposaHue
> TTpumeHsaeTcsa 0bpaboTke 6onblnX NpOrpamm
> Widely used

Mb1 ocHoBbIBaemca Ha BapuaHTe Eiffel:

> TTpoekTUpOBAHME MO KOHTPAKTAM, TAK KAK MbI MOXeM
pPaccyXaatb O Nporpammax

©
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OyHaoaMeHTanbHbIM BOMPOC

/Mome/v\ N MBI NPUBECTU NapansiebHoe
NPpOrpaAMMUPOBAHUE K TAKOMY Xe YPOBHIO
abcTpakumu u yaoberea
KaK nocriegosarenbHoe
nporpammuposaHue?

55
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SCOOP: tpeunep

v



[Mpumep 1: obepatouime punocodboil

class dM/10COP feature

n1iesas, ripasas: BHJIKA
scrasarb do ... end
3aKkoHYeHo . BOOLEAN

KUTb
do
from scrasars until 3akoH4yero loop
Aaymarse, | obesgars (s1e8as, rpasas)
end
end

obegarb (|71, n: separate BH/IKA|)

-- ECTb, Npy HANUYUU BUNOK J7 U 1.

do s71.83971b, r1.834976 : ... end
end

©



C ceMadopamu...

Li:u;ing 4.34: Tanenbaum’s solution

1
2
3
4
5
6
T

def get_fork(i):
mutex.wait()
state[i] = ’hungry’
teat (i)

mutex.signal ()
sem[i] .wait ()

def put_fork(i):
mutex.wait()
state[i] = ’thinking’
test(right(i))
teat(left(i))
mutex.signal ()

def test(i):
if atate[i] == ’hungry’ and
state (left (i)) != ’‘eating’ and
state (right (i)) != ’eating’:
state[i] = ’eating’
sem[i] .signal ()

58



[TpnMep 2: nepeBo AeHer

if accl.balance >= 100 @ then transfer (accl, acc2, 100) end
if accl.balance >= 100 then transfer (accl, acc3, 100) end

6: require < S
source.! i SRR
do S~

source.n St
target.d [
ensure AL
invariant source.b [P ¥

balance >= 0 target.b Nty
_end




[lepeBoa aeHer B SCOOP

ﬂnsfar (source, target: ACCOUNT;

amount: INTEGER)

-- Transfer amount from source to target.
require

source.balance >= amount
do

source.withdraw (amount)

target.deposit  (amount)
ensure

source.balance = old source.balance - amount

target.balance = old target.balance + amount
end

| separate l



[Tpmep 3: Paccyxaatb c APls: odyepeab

@ then put (buff, vl) end
then put (buff, v2) end

if not buf.is_full
if not buf.is_full

| seEar'm“e |

put (buffer:
-- Add v to buffer.
require
not buffer.is_full
do

ensure

end

ACCOUNT: v: ch

©



[MpuMep 4: wecTtuHornm poboT




LLlecTHOrMn poboT

Commands

Read sensor

KoHTponHas SCOOP-nporpamma ucnonHsetca Ha PC,
nepenaetr KOMaHAbI 6OpTOBOMY CepBOKOHTpOSNeEpy,
onpawmeaeT BXoAbI 06 MHPpOpMaALUU C AATUYUKOB

©
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[TpaBuna angd KoopaAnHauUUM WLECTUHOroro

@ : Protraction can start only if partner group on ground\
» R2.1: Protraction starts on completion of retraction

» R2.2: Retraction starts on completion of protraction
R3: Retraction can start only when partner group raised

R4: Protraction can end only when partner group
retracted

o .

Dirr, Schmitz,
Cruse: Behavior-
based modeling of
hexapod locomotion:
linking biology &
technical
application, in
Arthropod
Structure &
Development, 2004

ﬁl: 3aTarmeaHue MoxeT Ha4aTbCca TOSMbKO TOTAA, KOrAa NapTHep-rpynna Ha \

3emne
» R2.1: 3ararusaHue HauuHaeTca NO 3asepluieHUU OTBOAA
> R2.2: OTBOA HAUMHAETCS NO OKOHYAHUU 3aTATUBAHUS

R3: OTBOA MOXeT HayaTbCa TONMbKO TOFAA, KOrAa NapTHep-rpynna

noAasbIilieHa

R4: 3atarveaHue MoXeT 3aKOHUYUTHCS TOSbKO TOrAa, KOrAa NapTHep-rpynna

QI‘BZAQHG

J




[TocnepoBaTenbHaa peannsauns

TripodLeg lead = tripodA;
TripodlLeg lag = tripodB;

while (frue)

{
lead.Raise();
lag .Retract();
lead.Swing():
lead.Drop():

TripodLeg temp = lead;
lead= lag;
lag= temp;

65



0]
Krnaccmnyeckasa MHOTOMOTOYHAsA peann3auuns

private void ThreadProcWalk(object obj)

{ TripodLeg leg = obj as TripodLeg;

while (Thread.CurrentThread.ThreadState I= ThreadState, AbortRequested)

{ //Waiting for protraction lock
lock (m _protractionLock)

{ // Waiting for partner leg drop
leg .Partner.DroppedEvent.WaitOne();
} leg .Raise();

leg.Swing();

// Waiting for partner retraction
leg.Partner.RetractedEvent.WaitOne();
leg.Drop():;

// Waiting for partner raise
leg .Partner.RaisedEvent.WaitOne():

leg .Retract

}}



Bepcna SCOOP

begin_protraction (partner, me: separate LEG_GROUP)

‘require )
me.legs_retracted
partner.legs_down

not partner.protraction_pending

-~ -
do

tripod.lift
me.set_protraction_pending
end

©



[MpuMep 5: Cuctema ynpasneHns nndTom

©
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ller
P e MOTOR

E. » Client

Cucrema ynpasneHusa nndpTom

cabin

cabin

CABIN BUTTON

ELEVATOR

FLOOR_BUTTON

elevators: ARRAY [..]

DISPATCHER *

From: Object-Oriented
Software Construction ‘ Inheritance

«OwenomuTtenbHO NapannesibHas» cucTema
("Embarrassingly parallel”)
«QOwenomutenbHo O-0O»
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Kak Hanucatb SCOOP-nporpamMmmy

1. TTpoextupyute O-O nporpammy Kak 06bIYHO:
HaUy4dWwas moaesnb CUCTEeMbI

Y6eauTtechb, YTO BKIHOUUIU BCE HYXHbIe KOHTPAKTLI

2. AHANU3MpyuTe, Kakue 3r1eMeHTbI AOSIKHBI ObIThb
separate

©
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SCOOP: npuHUUNLI U
TexXHUKU
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Pa3zpaboTtka Mmoaenn SCOOP

Ona Toro, utobbr AocTUYbL Npeabiaywmx uenen, SCOOP
npumMeHseT Moaenn NapanenbHOCTU psa orpaHUYeHUn

OcTanbHas 4YacTb AOKNAAA NpeacTaBngeT n obvacHaeT 3Tu
OorpaHu4eHus

Llenb - gaTb NporpammmcTam cnocobHoOCTb paccyxaaTb O
cBOUX nporpammax: “Concurrency Made Easy”

SCOOQOP - He nonHag nepepenika NPOrpaMMUPOBAHUS, Q
nononHeHue ocHosHoU cxembl OO: oaHO HOBOe KnkovYeBoe
CNoBO
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lllecTb NOHATUMN

> (A) «TTpoueccopbr»

» (B) O6nactu

> (C) CUHXPOHHbIE NPOTUB ACUHXPOHHbBIE BLI3OBbI
> (D) Hoeas cemaHTUKa nepeaaym aprymeHToB

> (E) Hoeasa cemaHTUKa pecUHXpoHU3aumum (feHnBoe
oxuaaHue - lazy wait)

> (F) Hoeas cemaHTUKa npeaycnosum
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(A): llpoueccopbl

BbInonHeHWe BbIUYUCNIEHUU COCTOUT B CNeayrolem:
> TTpUMeHUTbL HeKkoTopblIe AencTBUS
> K HekoTopbIM 0b6bekTam
> Mcnonb3ya HekoTopbIe npoueccopsl

Processor

TTocnepoeaTtenbHOe UCNONHeHMWe: OAUH NpoLLeccop
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(A): llpoueccopbl

YV V V

Processors

TTocnepoeatenbHoe UCNOMHeHWe: OAUH NpoLeccop
TTapannenbHoe ucnonHeHue: nroboe Yucno npoueccopos
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YTO penaet npunoxeHue napainenbHbIM?

TTpoueccop:

TToTok ynpasneHus, noaaepxumsaroLmia
nocneposarefibHoe BbINONIHEHUE UHCTPYKLMIA HaA
OOHUM UNU HECKONbKUMU 06 bekTamu

MoxeT 6bITb pearni30oBaH Kak:
> Komnbrotep LTTY

> [TOTOK
. Processors

Mopenb SCOOP - abcTpakTHas, He onpeaenseT
COOTBETCBEHHOCTb MexAy NpoLeccopamu U pecypcamu
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0]
OO nporpaMMmmpoBaHune

Knroyesom mexaHusm - BbI3OB NOANPOrPAMMEI («MeToAa» ):

[ X.r (args) ]

rae X, uenb BbI3OBA, 0603HAYAET 06BbeKT, KOTOPOMY BbI3OB
NPUMEHUT NOANPOrpPaAMMY I

B napannenbHOM KOHTeKCTe, Kakou npoLeccop
OTBeCTBEHHbIN 3a UCMOJIHEHUe BbI3OBA?
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(B): Obnactu 7

Bce BbI3OBLI ¢ AGHHOW Liefiet UCnosiHaeT OAUH NpoLueccop

> JTOT npoueccop HasbiBaem obpabordymkom (handler)
AAHHOrO obbekTa

> MHOXecTBO 06beKkToB € AAGHHLIM 06pabOTUMKOM
HasbIBaemM obsiacte (region)

Q A/ B

a S O6nactb/
O X \ ’E . A npoueccop

D @ OA . )FgaHmua

C obnactu

O ' @ B O6bekThl

a ¥ '
——) KnueHT

I Reasonability l x.r(..) i}



Obnacrtu

CylecTByeT TOYHOE COOTBETCTBUE MeXAay NpoLecCopamm m
obnactamum

©
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OrpaHuyeHune: oanH ob6paboTumnK Anga Kaxkaoro obvekTa

> B nrobout MomeHT, Ha AaHHOM 06bekTe, He bonblie oaHOU
onepaumm (NoANPOrpaMmbI) MOXeT 6bITb AKTUBHOM

‘ Reasonability l
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Y6opLnk Mycopa aas npoLeccopos
AnekcaHan KorteHkos, MSEPT 2012

Kak 06beKTbI, Tak U NpoLLeccopbl MOFYT CTAHOBUTLCS
HeAOCTUXUMBIMI

C6op mycopa ans 06beKTOB U NpoLLeCcCopoB - NepennieTeHHbIN

LRefel_lr'ences ::l Basic roots l
(oapas"LO = s* (BR U (LP))

LP=BP U h (LO)

Live
rocessors Basic

_processors

Root objects

Handler

81



MSEPT 2012

Victor Pankratius
Michael Philippsen (Eds.)

Multicore Software
Engineering,
Performance, and Tools

International Conference, MSEPT 2012
Prague, Czech Republic, May/June 2012
Proceedings

LNCS 7303

@ Springer

Processo

Bertrand Mcycr":':‘, Alexander Koglcnkov:"‘, and Anton Akhi’

"ETH Zurich, Switzerland

*ITMO National Research University, Saint Petersburg, Russia
¥ Eiffel Software, Santa Barbara, California

se.ethz.ch, eiffel.com, sel.ifmo.ru

Abstract. In a flexible approach to concurrent computation, “processors™ '
(computational resources such as threads) are allocated dynamically, just as
objects are; but then, just as obfegissgkey can become unused, leading (o
performance degradation or worse. We generalized the notion of garbage
collection (GC), traditionally applied to objects, so that it also handles
collecting unused processors.

The paper describes the processor collection problem, formalizes it as a set
of fixpoint equations, introduces the resulting objects-and-processor GC
algorithm implemented as part of concurrency support (the SCOOP model) in
the latest version of EiffelStudio, and presents benchmarks results showing that
the new technique introduces no overhead as compared to traditional objects-
only GC, and in fact improves its execution time slightly in some cases.

1 Overview

Few issues are more pressing today, in the entire field of information technology, than
providing a safe and convenient way to program concurrent architectures. The
SCOQP approach to concurrent computation [5] [6] [7] [8] [9] , devised in its basic
form as a small extension to Eiffel, is a comprehensive effort to make concurrent




(C) CeMaHTMKa BbI3OBOB: CUHXPOHHbIN Clly4aun

x.r (a)

KnueHT

,/ore vious )
x.r(aq —————>

TTocTaswumk

do

\next )

TTpoueccop

(r(x: A

o

>

©
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(C) CeMaHTMKa BbI30BOB: aCUHXPOHHbLIN C/ly4aun

x.r (a)

Knuenr TTocTaswuk
,/orev/ous N T A O
x.r(a) do
\next ) \o end /

O6paboTumK KnueHTa

O6paboTumk nocraslwmKa

©
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[1Ba TNa Bbl30Ba

Kaatb Unu He XAarb:
> Ecnu TOT Xe npoueccop, CUHXPOHHBIW
> Ecnu pasHbIe npoueccopbl, aCUHXPOHHBIN
‘ Reasonability l
Paznuuma gonxHeI NOSBNATLCA B CUHTAKCUCE:
> x0T

> x: separate T -- noteHumansHo apyroii npoueccop

basoBoe cemaHTUYeckOe NpaBuno: BbI3OB X./ ()

>XpeT, ecnun x - He-separate
> He xpet, ecnu x - separate
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[loueMy noTeHymasibHoO separate?

separate o6basneHue TOMbKO
yTBepXAaaeT, YTo 06bekT

— x L
Mor 66T UMeTb ApYrov <
06pab OA
PaboTUUK
> B knacce A: X: separate B
> B knacce B: y: separate A

> B A, Kakou TUn ana x.y?

B Kakom-To ucnonHeHuu, 3HayeHne x Mor bbl ykasatesnem K
06bekTy B TOU xe 0b6nactu



0
BbI30OB - HeE TO Xe caMoe, YTO NpMMEeHeHune

ACUHXPOHHOCTb Hac 3acTasnget pasnuyaTtb mexay feature
BBI3OBOM U MpumeHeHuem noanporpammbl

BbIsos - ucnonHeHwe UHCTpyKLUU
x.r(.)

U He XAeT B crlydae CUHXPOHHOCTU (KNUEHT TOsbKO
perncTpupyeT BbI3OB U NPOXOAUT Aarnblue)

HencteutenbHoe ncnonHeHwe Tena noANpoOrpaMMBL r
NPOUCXOAUT NO3Xe, U HA3bIBAETCA ee NpUumeHeHmnem
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I'Ipanma COrMaCoBaHHOCTUN: KAdK YHUUTOXWUTb NMpeEAaTEIEN

nonsep: T

TTpenartens! ]

sep: separate |

nonsep := sep

nonsep.p (a)

Cuctema TUNOB
npeaoTepawaeT npeaatenen!

Pomdu ADARHINEN Eotss PARTRIS  dedst (NERICHNN

[ Reasonability ] : “pEﬂAI["b

| BCE 12 CEPHA _ ™™~""™™




(D) lNonntmnkKa KOHTpONa A0CTyna

Tak Kak separate BbI30OBbI ACUHXPOHHbIE, eCTb
HaCTOAWMUU PUCK NYTAHUS

TTpumep:
st: separate STACK[ T]

st .put(a)
.. Instructions not affecting the stack...
y = st.item <

[ Reasonability ]

©
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(D) lNMonuntnka KOHTpoON4A AOCTyna

SCOOP TpebyerT, UTO Uenb Separate BbI30OBA - POPMASIbHBLIN
aprymeHT Oorpaxaarolien noanporpammsr:

put (s: separate| STACK[T] value: T)
-- Store value into s.
do
s.put (value)
end

YT106bI UCNONb30BATLCA Separate 06bekT:
st:separate \STACK [INTEGER]
create st
put (st, 10)

[ Reasonability ]

©



(D) lNpaBunno separate aprymeHToB

©

lenb separate BbI3oBa AONXEH 6bITb APryMeHTOM
OKpYyXaroLiey Noanporpammsl

Separate BbI30B: X.r (...) , rAe x - separate

\

91



(D) lNonntmnkKa KOHTpONa A0CTyna

Lenaem npepbiaylimm npumep NpaBUSbHBLIM:

ﬁaﬂa’/e (s : separate STACK[T ] ) \
do

s .put(a)
.. Instructions not affecting the stack...

y = my_stack.item

\ end /

©
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(D) lNpaBnno aKCKJIKO3MBHOIO A0CTYNa

BbI30B rapaHTUpyeT 3KCKMAHO3UBHBIN AOCTYN
obpaboTumkam (npoueccopam) Bcex separate
aprymMeHToB

r(a b, sep _c, sep _d sep_e)

JKCKNFO3UBHBIN AOCTYN K to ‘sep_c, sep_d, sep_e| B Tene r
‘ Reasonability l
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An example: from sequential to concurrent

transfer (source, target: | Separate 'ACCOUNT;
amount: INTEGER)
-- Transfer amount, if available, from source to target.

do
if source.balance >= amount then
source.withdraw (amount)
target.deposit  (amount)
end
end

l Reasonability l



Ob6eparouime punocodbl Ha SCOOP (1)

class dM/10COP feature

n1iesas, ripasas: BHJIKA
scrasarb do ... end
3aKkoHYeHo . BOOLEAN

KUTb
do
from scrasars until 3akoH4yero loop
Aaymarse, | obesgars (s1e8as, rpasas)
end
end

obegarb (|71, n: separate BH/IKA|)

-- ECTb, Npy HANUYUU BUNOK J7 U 1.

do s71.83971b, r1.834976 : ... end
end

©



Dining philosophers in SCOOP (2)

class PHILOSOPHER inherit
REPEATABLE
rename
setfup as gefup
redefine stfep end

feature {BUTLER}
step
do

think . eat (left, right)
end

eat (/, r: separate FORK)

-- Eat, having grabbed /and r-
do .. end
end

©
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A library class describing processes

SCOOP integrates inheritance and other O-O techniques with
concurrency, seamlessly and without conflicts ("inheritance anomaly”)

No need for built-in notion of active object: it is programmed through
a library class such as :

class REPEATABLE feature
setup do end
step do end
over: BOOLEAN
tear_down do end
live
do
from setup until over loop step end
tear_down
end
end
end o



©
(D) Y10 AencTBUTENbHO 3HAUYUT NPaBUIO SKCKJTIIO3MBHOIMO AOCTYNa

buTb camoro onacHoro spara napannesibHOCTU: HapyLweHUus
AaTOMApHOCTU

» [oHku (data races)
> HenpasunbHoe YepeaoBaHUe BbI3OBOB

B SCOOP, 311 oWwmMbKU He MOryT NPOUCXOAUTD



_ ©
(D) Exclusive access rule

A call guarantees exclusive access to the handlers
(processors) of all separate arguments

r(a b, sep _c, sep _d sep_e)

Exclusive access to \Sep_c, sep d, sep_e] within
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Semantics vs implementation

Older SCOORP literature says that feature application "waits”
until all the separate arguments’ handlers are available

This is not necessary!

What matters is exclusive access: implementation does not
have to wait unless semantically necessary

The implementation performs some of these optimizations

r (a, b, c: separate T)

do | No need to wait for
something_else _ a and b until here
a.r
b.s

| No need to wait for ¢! |

end



Implementation techniques

The literature on transactional memory (Herlihy) criticizes
approaches of the form

> Lock everything first
> Then think

Conceptually, SCOOP is of this kind
But it can be implemented in a TM-like style

©
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(E) CHOBa CMHXPOHU3NPOBATH

Kak CHOBA CUHXPOHU3UPOBATL NOCSIE ACUHXPOHHBIX BEI3OBOB?
HeT cneumnanbHoro mexaHusmal

KnueHT 6yaert xaaTh TOrAa, U TONbKO TOrAa, HE0b6X0AUMO:

x.1(...)

x.g(...)
x.h(..)

[ Reasonability ]

value = x,some_gqguery

INeHuBoe oxuaaHue (lazy wait)
(Takxe: wait by necessity)
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(E) CMHXPOHHOCTb NPOTUB aCUHXPOHHOCTb

[nsa separate uenu x:
> X.command (...) = ACUHXPOHHBLIU

> V.= x.query(...) - CAHXPOHHbIW

©
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Exercise

If we do want to resynchronize explicitly, what do we do?

©



(F) KOHTpaKThl

Y10 CnyumnTCa ¢ KOHTpaKTamu, ocobeHHo ¢ NpeayCcnoBUSMU,
B NapasisieNlbHOM KOHTeKcTe?

©
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(F) KOHTpaKThbl

put (b: separate QUEUE [INTEGER ], v: INTEGER)
-- Store vinto b.
require

|' not b.is_Full l

do

b.put (v) B knueHTe:
ensure put (my_buffer, 10)
not b./s_empty

end
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(F) KOHTpakKTbl

put (b: separate QUEUE [INTEGER ], v: INTEGER)
-- Insert vinto buffer b.

require B knueHTe:
' not b.is_full | put (my_buffer, 10 )

do

b.put (v)
ensure
not b./s_empty

TTpeaycnoeuwe ctaHoBUTCS

YCJ'IOBMeM oxuaaHma
end
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Bank transfer

transfer (source, target: | Separate 'ACCOUNT:
amount: INTEGER)

-- Transfer amount from source to target.
require

source.balance >= amount
do

source.withdraw (amount)

target.deposit  (amount)
ensure

source.balance = old source.balance - amount

target.balance = old target.balance + amount
end




(F) lNonHoe npaBun10 CUHXPOHM3ALUNK

>WmeeT 3KCKMHO3UBHBIW AOCTYN KO BCeM
COOTBECTBYHOLMM Ob6beKTam

> JKAeT Ao Toro, Kak Bce ux separate

"Separate npeaycriosme”:

x.some_property  --rpe x - separate
[ Reasonability ]

(BbIBOB C Sseparate aprymeHTamu: )

\ npeayCcrioBUS BbINOSHAFOTCS y

©
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Kakad ceMaHTUKa npuMmeHaeTca?

/puf (buf: separate QUEUE [INTEGER]; i INTEGER) \

require
not buf.is_full — Ycnosue
i>0 | 0XUAAHUS
do
buf.put (1)
end
IYCnOBMe

KOppeKHOCTU

my_buffer: separate QUEUE [INTEGER]
put (my_buffer, 10)



©
Paccyxpatb 06 obbekTax: B nocsnenoBaTesibHOM KOHTEKCTE

{INVand Pre,.} body, {INV and Post,}

{Pre.} x.r(a) {Post,}

Tonbko /7 AOKA3aTenbCTs,
ecnin /1 eXNOPTUPOBAHHLIX MeTOA0B!
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PaccyxaaTtb 06 ob6bekTax: B SCOOP

{INV A Pre,.(x)} body,.{INV A Post.(x)}

{Pre.(a<m)} e.r(a) {Post.(a")}

Mb1 coxpaHaem nocriegosartesibHoe paccyxaeHue B
cTune Xoop

KoHTponupyemoe BbIpaxeHue - BbIpaxeHue, Ha
KOTOpbIUN 06pabOTUUK MMeeT AOCTYn:

> Jlnbo He-separate
> J1nbo yxe pe3epBUPOBAHO

©



©
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SCOOP: cuctema Tunos

\
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[lpenaTtens

TTpenartensb - nepemeHHOe, KOTOpOe
» CTatudvecku obbasnseTca He-separate

> Bo Bpemsa 0gHOro BO3MOXHOI0O UCMOJSTHEeHUs,
obo3HauaeT separate 06beKkT

PYCEKHA CEPRAN
20t VORI 0

wd b DDABHINEN Do FARITNIN [edet (NRIICHNE

IIPEIIATEIII:

| BCE 12 CEPMA ™™~
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Consistency Rules: First Attempt

Original model (Object-Oriented Software
Construction, chapter 30) defines four
consistency rules that eliminate traitors

Written in English
Easy to understand by programmers

Sound? Complete?

©



©

Original consistency rules: example

/ Separateness \

Consistency Rule (1)

If the source of an
attachment (assignment
or argument passing) is
separate, its target must

be separate too.

r (buf: separate BUFFER [T]; x: T)

local
bufl: separate BUFFER [T]
buf2: BUFFER [T]
x2: separate T

do
bufl := buf -- Valid
buf2 := bufl -- Invalid
r (bufl, x2) -- Invalid
end



©
A type system for SCOOP

Piotr Nienaltowski, 2008

Goal: prevent traitors through static (compile-time) checks
Simplifies, refines and formalizes SCOOP rules
Integrates expanded types and agents with SCOOP

Tool for reasoning about concurrent programs

> May serve as basis for future extensions, e.g. for
deadlock prevention schemes



©
Three components of a type

s Under the binding T,
Notation: <l X has the type( v, a, C) l
r |- x:(y,a,C)

Some processor (top)
X: separate U

1. Attached/detachable: vy < {l, ?}

|Curren‘r processor'

2.Processor tag o € {s, T, L, <p>, <a.handler>}

3. Ordinary (class) type C No processor (bottom)



Result type combinator

What is the type T, of a query call x.f (...)?

Tr'esul‘r = T‘rar'geT * Tf
= (ax, px, TX) = (aof, pf, TF)
= (af, pr, TF
(af, pr, TF) pr
pf
pX ° T \%d
° ° T T
T T T T
<p> <p> T T




Argument type combinator

What is the expected actual argument type in x.f (a)?

Tactual = Trarger® T tormal
= (ax, px, TX) ® (af, pf, TF) pa
- (of. pa, D) pX 4 . T >
° ° T L
T 1 T I
> > T N

©
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SCOOP: Cratyc m
byAayliee
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HacTodllee coCTodHMe 1 cneayrowme warwu

Bce npeabinywme mexaHusmer - B EiffelStudio (hitp://eiffel.com)
TexyLas pabora:
> JPPEKTUBOCTb

>

NmnpoTtupoesaHue obbekToB

> YnyulweHue mexaHU3ma UCKNHYeHUn
OTKpbITbIE NpObembl

>
>

MHoXecTBeHHbIe YiTaTenu
N36exaHue 6nokuposku (deadlock prevention and detection)

HZKOTOprZ TeMbI nccneanosaHua

>

YV V. V V V

Bubnuotexkun un wabnoHu

TTonHoe cemaHTUYeckoe onpeaeneHue, Bepupukaums (EVE)
Mwurpaums obbekToB

PacnpepeneHHbIe BbruMceHUs

Realtime

SIMD-sbIumnCeHUS
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http://eiffel.com/

Y10 MoXxxeT SCOOP genaTtb And Hac?

BuTtb camoro onacHoro gpara B Mupe napannenibHoCTu:
HapyLeHUs aTOMapHOCTU

» ToHku (Data races)
> HenpaeunbHoOe YepesoBaHWE BLI3OBOB

©



OCHOBHbIe NnoHaTna SCOOP

> TecHasa cBa3b ¢ mogenuposaHuem O-0O

> EcTecTBEeHHOe nonb3oBaHUe Takumum mexaHusHamum O-0
KaK HacrneaosaHue

> TOHOK HeT

» OueHb nerko pesepsupoBatb NHbHoe YNCNOo pecypcos
BMeCTe

> BcTpoeHHasa cnpaseanueoctb (Built-in fairness)

» OceoboxaaeT NporpammmcTa OT MHOKUX 3a60T

> TTopnepxueaeT pasHOObpasHbIie (POPMbI NAPASIEbHOCTU
> COXpaHSAET XOpOLIO NOHATbIE POPMbI pacCyXAeHUs

> J1erko BbIyunTb U UCMOSb30BATH Reasonability




Hawa nabopatopusa B UTMO

Software Engineering Laboratory
(JlabopaTopua NporpaMmHON UHXeHepUn U BepupUKaLmm)

[ sel.ifmo. /"u]

©



y O
Haw noaxoa («rnog 3alynTort 4yKabiX KpPbiJl...»)

Hawa nabopatopusa paboTtaet B Y3KOM COTpyAHUYECTBE
c moeun kapeapou (Chair of Software Engineering) 8 ETH
Zurich (v Eiffel Software 8 CaHta-bapbape)

YneHbr nabopatopum perynapHo y4acTBYHOT B Hallew
netHeu wkose «LASER» Ha ocTpose 2nbba B ceHTa6pe
U B APYrUX meponpuatmax

TembI coTpyaHuyecTsa:
> TexXHUKU Bepupukaumnm, 0cobeHHoO UHBAPUAHTLI
> TTapannenusm

> IMNUPUYECKUU aHANU3 T.H. «KTMOKUX MeTOAOB
paspaboTku» ("agile methods")



AHapen lNeTpoBuy EpLuos

©




	Slide Number 1
	Андрей Петрович Ершов
	Язык
	Ах...
	Наша лаборатория в ИТМО
	О чем речь идет
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	SCOOP
	Развитие SCOOP
	Здесь представлена работа многих людей
	Slide Number 32
	Параллельность: зачем?
	Эффективность 
	New York Times, декабрь 2007 г.
	Что говорят о параллельном программировании
	Что говорят о параллельном программировании
	Программирование: тогда и теперь
	Традиционная программа с семафорами
	Операционное обоснование 
	Традиционная программа с семафорами
	Программирование на SCOOP
	Почему так трудно?
	Рассуждать на базе APIs
	Рассуждать на базе APIs
	Рассуждать о банковских счетах
	Дейкстра 1968*: Goto considered harmful
	Параллельное программирование сегодня
	Формально: последовательное рассуждение
	Рассуждение об объектах в параллельном контексте
	Обычные (и неправильные) предположения
	Может ли помочь объектная технология?
	Подход
	Отправная точка
	Фундаментальный вопрос
	Slide Number 56
	Пример 1: обедающие философы
	С семафорами...
	Пример 2: перевод денег
	Перевод денег в SCOOP
	Пример 3: Рассуждать с APIs: очередь
	Пример 4: шестиногий робот
	Шестиногий робот
	Правила для координации шестиногого
	Последовательная реализация
	Классическая мнотопоточная реализация
	Версия SCOOP
	Пример 5: Система управления лифтом
	Система управления лифтом
	Как написать SCOOP-программу
	Slide Number 71
	Разработка модели SCOOP
	Шесть понятий
	(A): Процессоры
	(A): Процессоры
	Что делает приложение параллельным?
	ОО программирование
	(B): Области
	Области
	Ограничение: один обработчик для каждого объекта
	Уборщик мусора для процессоров
	MSEPT 2012
	(C) Семантика вызовов: синхронный случай
	(C) Семантика вызовов: асинхронный случай
	Два типа вызова
	Почему потенциально separate?
	Вызов  - не то же самое, что применение
	Правила согласованности: как уничтожить предателей
	(D) Политика контроля доступа
	(D) Политика контроля доступа
	(D) Правило separate аргументов
	(D) Политика контроля доступа
	(D) Правило эксклюзивного доступа
	An example: from sequential to concurrent
	Обедающие философы на SCOOP (1)
	Dining philosophers in SCOOP (2)
	A library class describing processes
	(D) Что действительно значит правило эксклюзивного доступа
	(D) Exclusive access rule
	Semantics vs implementation
	Implementation techniques
	(E) Снова синхронизировать 
	(E) Синхронность против асинхронность
	Exercise
	(F) Контракты
	(F) Контракты
	(F) Контракты
	Bank transfer
	(F) Полное правило синхронизации
	Какая семантика применяется?
	Рассуждать об объектах: в последовательном контексте
	Рассуждать об объектах: в SCOOP
	Slide Number 113
	Предатель
	Consistency Rules: First Attempt
	Original consistency rules: example
	A type system for SCOOP
	Three components of a type
	Result type combinator
	Argument type combinator
	Slide Number 121
	Настоящее состояние и следующие шаги
	Что может SCOOP делать для нас?
	Основные понятия SCOOP
	Наша лаборатория в ИТМО
	Наш подход («под защитой чуждых крыл…»)
	Андрей Петрович Ершов

