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computation program



[lonck napannenbHocTH (1/4)

3agada — NoMbITb OKHa B KabuHeTe. Bl npmnxoamnte — oaunH. OKOH gecaTb.

Hy>KHO ornpegennTb ydacCTKu nporpamMmbl, KOTOPblE MO>XHO BbIMOJTHATL MapasifiesibHO
> 3aga4yn OOIMKHbl UMETb Havaro U OKOH4YaHue

> KonnyecTBo 3aga4y MoOXeT MEeHATbLCS
> 3agay OOMKHO AOCTaTO4HO ANs NoNyYeHnsa yCKopeHus (ogHa 3agada 9T0 He O4EHb XOPOLLIO)
o PaboTtaet 3akoH Amaana

MOXHO nu Mbimb 8ce OKHa OOHOBPEMEHHO — 8 MPUHYUre
Oa. [axe ecrnu mbl bydeM ece OKHa Mbimb 00HOBPEMEHHO
— Mbl roMoem 10 OKOH 3a 8peMs, pasHOe BpPeEMEHU,
Heobxodumoeo, Ymobbl 8bIMbIMb OOHO OKHO.



Bbibop wabnoHa peanusauuu (2/4)

[MpoeKkTnpoBaHMe CTPYKTYpPbI NapannensHOn nporpamMmmbl

3aknagbiBaeTcd BO3MOXHOCTb MacLLTabnpoBaHus
BbiOOp MHCTPYMEHTOB peanusaumm

OToenbHO 3agayvu, oTAEeNbHO UCMNONHUTENN

Bbi npuenawaeme 0Opyaa, y Kax0020 ecmb 8e0po U mpsrnka. Kaxobil u3 eac - «boeegas
eduHuya», crnocobHasi NoMbImb OKHO. Ecmb okHa, ecmb 8bl. [loka ecmb e2psi3Hble OKHa 8bl

gcea0a 3aHsaIMmebl.

lNpuwna 6abyuwka y4eHuUKa, Komopasi MOXem MblMb OKHa MoJsibKO 00 cepelUHbI. OMO He OYEHb
xopowuu eapuaHm. crnionnHumernu O0ormkHbl 6bimb paBHO3HaYHbI 110 803MOXHOCMSM, yCMmb
daxxe u omru4ambCs 110 CKOpocmul.



Peannsaumna anropmutma (3/4)

CUHXpOHM3aUus

B3anmopgeuncraue

Ecnu npuwno 0Oocmamo4yHoe Kosru4decmeo Hapoldy, mo 8aM HYXHO
002080pUMbCS OOUH pas, KImo Kakoe OKHO Moem u ece. [anee kaxobit 6yoem
criedogamb rpocmMomy anaopummy:

[lpocmasi nuHelHas rnpozpamMma, KOTOPYK CIIOXKHO BbIMOMHUTL NapannesibHo.
CrioxHo, Ho MOXHO. Kax0biti e3pocnbii bepem cebe e napy pebeHkKa.
Podumenu morom, pebeHok mackaem e00y. Ecmb onpedeneHHoe ycKopeHue.
Ho eo3Hukaem crioxxHocme — podumero HeobxoOumo Odoz2oeapusambcs C
pebeHkom. [loeepbme, amo crioxHo. Konuvyecmeo  KOMMYyHUKauuu
yeenuyueaemcs. Ecnu u emopol MuHyc, pebeHOK «rpocmausaemy.
lNonyyaemcsi, ymo Yyacmb KoMaHObl omObixaem, rnoka emopas mpyoumcs. B
crlydae ripogpamMmbl 3mMo MoXKem O3Haqdams rpocmou pecypcos.

Hanumb 800y 6 8e0po
[lombImb riepgoe cmeksio
[lbomepemsb rnepesoe
CMeKI10

[TomeHsImb 800y
[lombimb 8Mopoe cMekKrio
[lbomepemsb 8mopoe
CMeKsio

Bbinumb 800y

[loumu Oomolu



BbinonHeHwue (4/4)

Ob6wume pecypchl

[[OHKN

Ecnu kmo-mo 3abbir1 6e0po doma, mo 8e0po cmaHo8UMCS
pasoerniseMbIM  pecypcoM U mym yxe npudemcs
dozoeapusamsbcs. Jlubo xO0ambe roka coced MoMoem
rnepebiM U rnoumu Oomou rnosxe, nubo rnornpobosams
ucrosib308ame 00OHO 8edpo Ha 0ea unu 6oree OKOH.
Onsamb npuxooumcsi doz2oeapusambecs. A ecriu Kmo-mo
ewe 3abbin u pebeHka, mo..



LLlabroHbl napannenbHoro
nporpaMmMmpoBaHUA

1977 BbllNa KHUra « A3bik LLaOSIOHOB. Kpuctodep AnekcaHaep
[opoaa. 3gaHus. CoopyXeHus.» So CResopher R iende A Pattern Language
- ' Towns -Buildings - Construction

Ji
Kpuctodep Anekcanzep
OCHOBHbIE CBefIeHUA

Wmsa npu Kpuctodep Bonsdraur
pOXAeHUM AnekcaHaep

Crtpana B== CLUA

[laTa 4 okTAGPA 1936 (80 net) Christopher Alexander
POXAEHHA Sara Ishikawa - Murray Silverstein
MecTo BeHa, AecTpuA WITH
POXAeHUA .3 .
Yyéba: MapeapAckui YHUBEpPCUTET U Max Jacobson . lﬂgl‘ld FIdeahl-ng
TPUHUTH-KONME X Shlomo Angel




LLIabroHbl B CTPOUTENBLCTBE

I started with PRIVATE TERRACE ON THE STREET (140). That
pattern calls for a terrace, slightly raised, connected to the house,
and on the street side. sUNNY PLACE (161) suggests that a special
place on the sunny side of the yard should be intensified and
made into a place by the use of a patio, balcony, outdoor room,
etc. | used these two patterns to locate a raised platform on the
south side of the house.




LLIabroHbl B CTPOUTENBLCTBE

Whenever you build a balcony, a porch, a gallery, or a
terrace always make it at least six feet deep. If possible,
recess at least a part of it into the building so that it is not
cantilevered out and separated from the building by a
simple line, and enclose it partially.

oo six feet deep
161{ )

7T

Not this . . . . . . Lhas.



LLlabroHbl B nporpamMmMmnpoBaHnn

Adapter Task parallelism
Builder Data parallelism
Decorator Recursive decomposition
Facade Geometric decomposition
Flyweight Divide and conquere
SPMD
Master/Worker



Patterns for parallel programming

v Patterns for Parallel

PﬁT T E R \[ H Programming. Mattson,
F () H PJ\ RALLE L, Sanders, and Massingill

(2005).

Ecmb pdf'Ka..




Ha4yano KHUru

“Could you just tweak my serial code to

make it run in parallel?”.




MPEG bit stream

MPEG Decoder

( VLD ]
¢ macroblocks, motion vectors

Y10 Nnapannenutb? ‘[/\1¢

macroblocks
motion vectors
ZigZag
Bot arnropuTMm —4YT10 MOXHO BbIYUCIIUTDb [ v ]
na paﬂ J1enlibHO ? [ IQuantization ] [ Motion Vector Decode ]
f ; ‘
[ ibeT } Repeat

. [ )
[ Saturation ]
spatially encoded macroblocks motion vectors

[ join J
.4
L
Motion
Compensation

recovered picture

[ Picture Reorder ]

[ Color Conversion ]

[ Display ]




[lapannenn3sm 3agad




[lapannenbHble 3a0a4n

°[[MOKOCTb MPEG Decsasr MPEG bit stream
> QPPEKTNBHOCTb ( vﬁo )
macroblocks, motion vectors
°[1pocToTa 3 g Bl
m%%l;ggﬁ)}cl:fg i difr’erent;ally coc;ed
— motion vectors
| ZigZa ] :
> £ 19 * "
[ IQuantization :[ Motion Vector Decode
[ ID;T ] Repeat
[ Satu‘rgtion |

Umo mam rnpo OKHa: €criu KPpOME OKOH HYXXHO [1oKpacumek
napmbl, MO MOXHO 6bINOIHAMbL 3mu oriepayuu He3asucumo
opya om opyaa. Pecypcbi  He  nepecekaromcs,
rnocrie0oeameribHOCMb HE 8aXKHa.



[MbkocTb (1/3)

He npuBsA3bIBaUTECH K XKerneay

M30arnu 3aKoH, rno KomopoMy OKHa MOXKHO
MbIMb MOJILKO 10 MPU YerioeekKa.

Ecru okoH Oecsimb u podumeriet 0ecsime,
4ymo Oernams?

Ecrnu okHoO 00HO — dsoe 6ydym
rnpocmausams?



[ MOKocCTb (2/3)

3agayn He JormkHbI pellaTb Kakme gaHHble MM obpabaTtbiBaTb

Harnpumep, npuxodum 8 Kracc Mbimb Oecsimb OKOH Oecsimb 4eriogeK. B udeare
MOXXHO OMbIMb 8CE€ OKHa 3Xa 8peMsi pasHoe Mblimbio 00HO20 OKHa. Ho mym WeaH
[lempoesuy 2oeopum, a Oal-K S 8bIMOK 8Ce€ OKHa cam. B rnpuHuurne ece Krneeo,
paseepHyrnucb u rnowsnu domMou. Ho ¢ moyku 3peHusi pemMeHuU U pecypco8 makasi
3adaya byOem eblirnoriHeHa Hea3®geKMUBHO.



[ MOKocCTb (3/3)

3agadm OJOMmKHbI YMETb CHUTATb pa3Hble obbembl AdHHbIX

Hanpumep y Hac mpu okHa u 0OUH MOUUWUK OKOH, KOmopbIlt ymeem 3a pa3 bbimb cpa3y dea OKHa.
Llea oH rnomsin. Ho ocmarnock ewe 0OHO, KOmopoe OH Mbimb He ymeem. Ymo dename?
Pucosamb OKHO Ha cmeHe usiu ocmasume e20 He MbimbiM? Takue 3adaqyu HeyOobHO
Macuwimabuposame.



O deKkTUBHOCTL (1/2)

3agayn OOImKHbl 3PdEKTUBHO NCMNOSb30BaTh PECYPCHI

B Knacce 0ecsimb OKOH. BcriomMHuM aneopumm:

* Hanums 8edpo

* [1OMbIMb OKHO

* 8blIUMb 800y

* 108Mopumab

A menepb OKHa 3aMeHUM Ha riaumku. Y1 eeimoem makum obpa3om MmeduuyuHcKulU kabuHem.
Bpems uHuyuanusauyuu u oducmeu pecypcoeg bydem HecpagHeHHO boribuie epemMeHU
rnonesHou pabomesl. Takas 3adadya 6ydem pabomame He3(hgheKMUBHO.



OQdPeKTUBHOCTL (2/2)

Co3pnaBaunTte He3aBuUCUMble 3ada4u

anumuma
int myrank, size;

MPIL_inil{ &arge, Sargv)
MPI_Comm_ranKMP|_COMM WORLD, &myrank);
MPI_Comm_size{MP|_C OMM_WORLD, &size};
*Processor %d of %d: Hello World"n®, myrank, size)
;m |_Finalize(},

Tooutl)

P line_h—giom—

Example of Parallel Communications Overhead
and Complexity: actual callgraph from the simple
parallel "hello world" program shown. Most of the
routines are from communications libraries.

III

Just “Hello world



[1lpocToTa (1/1)

°[TOHATHOCTb
-YmutaemocTb

o lHabnoHbl OOT

o CTUnNn KkogmnpoBaHus
> TecTnpoBaHune




LLlabrnoHbl napannenuiama no
3agavyam

es
@ ) > Divide and Conquer

no

Task
Parallelism




Task parallelism (1/2)

[Mpmepbl
o Ray tracing - BblMMCNEHNE KaXXaoro fiyda He3aBUCUMO MO JaHHbIM M MNocrieqoBaTenbHOCTH
> MonekynsipHasi du3uka - ABUXKEeHNE HECBS3aHHbIX YacTul, cnaboe B3anmoagencTane

OCHOBHble 0CcODEeHHOCTH
o 3aga4m cBs3aHbl C onpeaeneHHbIMU LMKnamm

> CnNnUcokK 3aga4y B OCHOBHOM N3BECTEH B Ha4arne Bbl4YUCIIEHUS

- He 0b6s3aTenbHO BCe 3a4a4n AOMKHbI ObITb BbINOSHEHbI AN nony4yeHunAa 4actu
KOHEe4YHOro peweHus



Task parallelism (2/2)

Mcnonb3ynte ovyepenn:

o RabbitMQ
> MSMQ, Elxtend & Evaluate
° Amazon SQS Partial path J
° lronMQ pop
> Windows Azure Queues Partial path Shared data:
e Queue of partial paths
Partial path .Boundmg criterion
Partial path
Queue

Branch & bound implemented with a shared queue



Divide and Conquer

> 3aa4u BbIMOMHAKOT pa3sHble
NencTBUSA

- Ba)kHa nocnenoBaTeNbHOCTb
3agad

Organise by Tasks -
Divide and Conquer

e.g. FFT for speech recognition
Sorting algorithms




[lapannenn3m gaHHbIX




[Tapannenn3m gaHHbIX

> OCHOBHbIE BblYUCIIEHUS BbINOMMHAKTCA Ha OOMNbLLIOM 0ObeMe AaHHbIX;
o OOHU 1 Te Xe onepaunmn NPUMEHSIIOTCA B pa3HbIM YacTaM JaHHbIX.

[ satwraton ]

spatially encoded macroblocks

recovered picture

( Nicrtiwra Danrdar ]



[Tapannenn3m gaHHbIX

[MOKOCTb
o [laHHblE OOMKHbI XOPOLLO APObUTLCA, YTOOLI NOAAEPXKNBATL BbICOKMI YPOBEHb Napannennuama

AP PEKTNBHOCTL
© Pasmep AadHHbIX OO0JKEeH obecneymBaTb AOOCTaTO4YHOE KOJIN4eCTBO BblYUCNEHUN

[lpocToTa
o CNOXHble CTPYKTYPbIl AaHHbIX CITOXXHO OTI1IaXunBaTb U NOAAEPKNBATb




[ eomeTpunyeckoe pasdbneHune

Xopollo paboTaeT Ha Takux TUNax AaHHbIX
Kak:

> MaccuB
> CNUCOoK
o CnpaBOYHUK

Data Decomposition (trad. HPC):
A Climate Model

In the atmospheric
column
™ Wind vectors
v Humidity
Clouds

- Temperature
At the surface & e = Height
Ground temperature #
Watet;, enf?rgy and iR :

carbon fluxes X ol
N ” X Horizontal exchange
7~ . .. between columns

Time step
~30 minutes

Grid spacing
~3° x 3°




Cnocobbl reoMeTPUYECKOro
pa3dneHns

BLOCK CYCLIC
BLOCK, * *, BLOCK BLOCK, BLOCK

CYCLIC, * * CYCLIC CYCLIC, CYCLIC




PekypcuBHOe pa3bueHune

Xopollo paboTaeT Ha Takux TUNax AaHHbIX
Kak:

> MaccuB
> Cnncok
> [lepeBbs
> ['padbl

[ToOcuem cpedHez20 so3pacma o KaxooMy KOHMUHeHmy
o [llodcyem cpedHeao Bo3pacma o Kaxodolu cmpaHe
KOHMUHeHmMa
» [loOcyem cpeOHeao e8o3pacma 10 KaxXoomy 20p00y
cmpaHbl
» [lodcuyem cpedHea20 8o3pacma Mexxdy 2opodamu CmpaHsbl
o [lloOcuem cpedHeao0 e803pacma Mex0y  cmpaHamu



PekypcnBHoe pa3buneHune

BpemeHnn meHbwe: O( log n), BMecto O(n)
BbluncneHumn 6onblie: O( n * log n), BMecto O(n)

£ s

Ao L OfE
5 @ 5 @

Step 1 Step 2




CTpaTerus BbINoONMHEHUS




Kakou cTpaTtermm npnaepXnBaTtbCs

Group Tasks

OkHa ecmb, pabomHuKu

) Task
Order Tasks ecCmb..

- Yo dennampb mo?

Data Sharing

Ecnu Hapsidy ¢ OKHa HY>XHO 8bIMbIMb [10J1, MO OKHa
MOKomMCcS 8 rnepsyro odepeds, rnos 8o 8mopyo. MoxxHO
8bIMbIMb OKHAa rofI08UHY Kriacca U Had4ame MbimMb mam
rnosi, mem spemeHeM OoMbI8asi OKHa 80 8MmMopouU rosio8uUHe,
HO moeda rpudemcsi Kak-mo deniume gedpa.




SPMD

Single program multiple data

Ka)xabiv npouecc BbINOMHAET OA4HY 3adadvy, HO CO CBOMM Habopom
JaHHbIX

NHnunanunsaund

[MonyyeHune noeHTudukaTopa sagaym
BbinonHeHne BblYUCIEHNN

Bo3BpaTt 3Ha4yeHud

3aBepLueHune paboThl

nihwh e



Master/Worker (1/2)

MacTtep
° CO3OaeT nyn 3agad u ucnonuutenen. Cnegut, 4Tobbl ncnonHUTENn paboTtanu, a 3agayn
co3gaBarnuce.
Master
Initiate computation
Set up problem
Create bag of tasks worker 1 worker N
Lanchwiikers Mpuwna KnaccHasi
pyKogooumersib rno38oHua u
cobparna pooumernedu,
oripederiusia Kakue OKHa ce200Hs
Wait* HY>XHO MbIMmb, a 8 KOHUE
Collect results rioripocursia ebiIMbImb OKHa ewe u
\ Jerminate computatiory 8 cocedOHeM Krnacce. [Joxoanacs,

Ko20a ece 3aKoHYam, 3aKpbliia
Krnacc, rnowria domod.



Master/Worker (2/2)

NcnonHuTtenb
o [lony4aeT 3agadvy 13 ovyepean sagad
> BblnonHaeT 3agayvy
- [lomeyaeT 3aadvy Kak UCMOSNTHEHHYIO
> AaeMnoTeHTHbIe 3agauv pynaT

[Nlocnanu Mbimb OKHa 8 coceOHel
wikorne. Ywern u He 8epHyrics.
[loemopume?

[locnanu nonoxume OeHea Ha cyem.
Ywen u He sepHyrics. [loemopume?



Fork/Join

[loxoxk Ha Master/Worker

SPMD
Bonee nerkosecHas Bepcud

[MpMeHsieTcAa K NOToKaMm, a He npoLleccam

Parallel region

Umo mam npo okHa: da Hu4yezo. Moxeme camu
npuoymame.




Loop parallelism

Ilerkmin cnocob yckopeHus IMHENHOW NpPOorpamMMbl
icnonb3ynte npodounmpoBLLNK

EcTb rotoBble pelueHus - OpenMP

#pragma omp parallel for
For (i=0;i<16; i++)
cfi] = Ali]+BI[l];

WN =0

NOoO Oy h

nononon
— O D

()

4

&

it

i=12
i=13
i=14
i=15

H



Pipeline

[padbnyeckmn KOHBENEP . .

ObpaboTka kKoMmaH, B npoLieccope

Bacsi — Hecem 800y

[lemsi — Moem OKHO

Ceema — npomupaem OKHO
Kors — yHocum eoQy

Shell pipeline




Event based

Ncnonb3yeTt apyrme wabnoHbi

San Francisco Bay Area

|_|pI/IMI/ITI/IBbI CUHXPOHU3aLUUN —
Event

CnoXHo oTnaxkmeaTb

cnonb3ynte normposaHue

Tpebyemcs nombime 8ce OKHa 8 wkKore. LLIkora He docmpoeHa.
Cmpoumenu rnepuoduyecku 4mo-mo JioMarom u cmposim 3aHo8o0. Boda
rnepuoduyecKku riepecmaem medb u3 KpaHos. OKkHa bbrom xyruaaHbl U3
WKOJSIbI, @ cmaerisiem 080pPHUK Ha rnosicmasku. Bam rnepuoduyvecku
380HUM Ha4varlbHUK ¢ pabomsl U XeHa u3 doma.



CTpaTternm v LwabrioHb

Task Divide/ | Geometric | Recursive | Pipeline | Event-
Parallel. | conquer | Decomp. | Data based
SPMD @000 ©O0 OO0 ©0 OO0 © 0O
Loop ©©00 ©0O ©O0©
Parallel
Master/W |oo 0o ® ©0O © © © ©
orker
Fork/ ©0 OO0 |06 000 |00
Join




CTtpartermm n peannsauus

OpenMP MPI CUDA
SPMD cHORS 0 € © 000
@)
Loop SRR ® ©
Parallel
Master/ © © ©0 6
Slave
Fork/Join |© © ©




