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[IpobiieMa npeacTaBlICHUS aIropuT™Ma B
BUJE MapajICIbHON IIPOTrPAMMBI

MO3KHO BBIJICIUTD 2 CIIOCO0a NPEICTABICHUS aIlOPUTMA:

NMnepaTuBHBIN (B BUJI€ HA0OOpa HHCTPYKIMM, KOTOPBIEC HY>KHO
BBIMIOJIHUTh B TEPMHUHAX, IIOHATHBIX KOMITLIOTEPY)

Inocwr: HAKJIaJIHbIC PACXOAbI IIPHU PCAIU3aAlIN1 MUHHUMAJIbHDbI

Munycoel: IpOrpaMMUPOBAHUE B TEPMUHAX, JATIEKUX OT
TEPMHUHOB MPEIMETHON 00JIaCTH

JlekyapaTUBHBII (ONKCBHIBACTCS CaM aJITOPUTM, a HE CIIOCO0 €ro
peanv3anym)

IIntocel: mporpaMMHUpPOBaHKUE B TEPMHUHAX IIPEAMETHOM 001acTH
Munycol: HakJIaIHbIE PACXO/IbI IPU PEAIN3AIIUU CYIIIECTBEHHBI



I Ipumep
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MMmnepatuBHOE OpEeACTABICHUE

Texkct nmporpammel Ha C [lopsaaok ucnoiHEHUA
UHCTPYKIIUH
for (i=0;i<N;i++) X[0] = A[0] + BIOJ;
X[i] = A[i] + BJ[i]; X[1] = A[1] + B[1];

;[N] = A[N] + B[N];
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MMmnepatuBHOE OpEeACTABICHUE

Texcrt nporpammel Ha C [lopsaaok ucnoiHEHUA
UHCTPYKIIUH
for (i=0;i<N;i++) X[0] = A[O] + BIOJ;
X[i] = A[i] + BJ[i]; X[1] = A[1] + B[1];

.)Z[N] = A[N] + B[N];

IHapaJjutesusm 3a1aH He IBHO
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MMmnepaTtuBHOE pEeACTABIICHUE. KAK

[apaliCIbHO UCIOJIHATh !

B nMnepaTuBHOM NPEACTABICHUE NAPAJUICIN3M
3aJ1aH HE SIBHO.

0 AHaian3 HUHQOPMAIHOHHBIX 3aBUCUMOCTEM U
pacrapaieIMBaHUs HA CTaIMHA KOMIIHAJISIIHN

O BBeneHusa DomoJIHUTEIBHBIX A3BIKOBBIX
CPEICTB, IJI4 3aJIaHU Hapalieiin3Ma
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MMmnepatuBHOE OpEeACTABICHUE

Texkct mporpammel Ha C +  TlopsAAOK UCIOJTHEHUSA

OpenMP MHCTPYKIAM
X[0] = A[0] + B[O];
#pragma omp for parallel X[1] = A[1] + BI[1];

for (i=0;i<N:i++)
X[i] = A[i] + BI[il;

napaJjjiejbHo

X[N] =A[N] + B[NJ;




Cxema (pparMeHTUPOBAHHOTO
AIrOpUTMA YMHOKCHHUSI MaTPHIL

Cijx =Aik By Cij=XkCijk
A
SESN = ..
B Fiin 8.
i
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JlekmapaTuBHOE HOPEACTABICHUE

Mcnonp30BaHWe  JEKJIApPaTUBHOIO  IMPEACTABICHUS
yA0OHO JJIsI 4YE€IO0BEKA, HO IIPH ATOM JEKJIapaTUBHAas
dopma, Kak IpaBHIO, JOIYCKAae€T  MHOXECTBO
BApUAHTOB  MCIIOJHEHHUs, OO0JagaroluX  pa3HbIMU
XapaKTEPUCTUKAMHU (BpeMsI BBIIIOJHEHUS, OTPEOJICHUE
namsaTa). B o0meM  ciaydae — XapaKTEpPUCTHKH
KOHKPETHOI'O BapHaHTA HWCIIOJHCHUS aBTOMATHYECKU
CI0XKHO IIPEACKA3yeMbl M BBIOOp HaWIy4llIero (WM
OJIM3KOI'0 K HEMY) 3aTPYyJHUTEIICH.
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JlekmapaTuBHOE HOPEACTABICHUE

UToOBl YMEHBIIMTh HAKIaJHBIE PACcXOAbl IIpH
pear3aluu, B SI3BIKU 51 CHCTEMBI,
HCIIOJIL3YIOIIUE ACKIAPATUBHOE IPEACTABICHUE,
BBOISTCS  JIONOJHUTEIBHBIE  WMIICPATUBHBIC
CpEJICTBA.
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[Ipumep. LISP

LISP — s3b1k (hyHKIIMOHAJILHOTO
IpOrpaMMHUPOBaHUS

Beenensl cpeacrsa When, loop + makpocsl
IJIST pacIIUPEHUS CHHTAKCHCA S3hIKa



I{emu 0630pa

PaCCMOTpeTB CUCTCMBI U J3bIKH I1APAJIICIIBHOI'O
IIPOIrpaMMHUPOBAHNA C TOYKHU 3PCHHA BBOJIHWMBIX
JOITIOJIHHUTCIBbHBIX A3BIKOBBIX CPCICTB.
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CTpyKTypa aHaian3a CUCTEMbI UIIH SA3bIKA
[apajIEIbHOIO IIPOrPAMMHUAPOBAHMS

Kiacc pemaemMbix 3aaa4

Moienp npeICTaBICHUS aIrOpruTMa
Moieib UCTIOTHEHUSA TIPOTrPAMMBI

Ha kakyro apxXuTekTypy OpUEHTUPOBAH

a kA W b =

Kakue nuHaMUYeCKre CBOUCTBA NPOTPAMMBI
MOAJIEPIKUBAKOTCS

6. Kakue A3bIKOBBIE CPEACTBA BBOIAATCS B SI3BIK JIS
3aJIaHUs apaiean3Ma Uikl YMEHbIIICHUS
HEJETCPMUHU3MA
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Knaccudukanus apxutekryp OnrHa

SISD (Single Instruction \ Single Data)
SIMD (Single Instruction \ Multiple Data)
MISD (Multiple Instruction \ Single Data)

MIMD (Multiple Instruction \ Multiple Data)



Knaccudukanus napajuieiIbHbIX
APXUTEKTY]P

1) C o01meu naMsIThIO

1) C pacnpeneieHHON ITaMAThIO



JInHaMU4YeCKHUEe CBOMCTBA
[apauICIbHBIX IIPOTrPAMM

1. lleperHOCHUMOCTBH

2.  bamaHcupoBKa 3arpy3ku
W CTaTHhu4dcCKaid

® JUHAMHUUYECKas
3. KomMmyHMKaum Ha (pOHE cUeTa

4. OTKa30yCTOMYMBOCTD



AKTOpHas MOJICIIb




Cucrema napamuicjibHOr o
nporpaMMmupoBanus Charm++

1. YUncaeHHBIC aJTOPUTMBI
2. AxTopHast MOzIeITb (€AMHMIIA TTPOTrpaMMHUpPOBaHMs charm)

3. Message driven
4. Ha MIMD c nnu 6e3 o01ieii namsaTu
5. JInHaMH4Y€eCKHE CBOMCTBA

*[lepeHOCUMOCTH
JInHaMu4ecKkas U HadaJibHasg OaJlaHCUPOBKA (3aJJaHHbIE 0A30BbIE CTPATETUH,

UHTEepQEnC I 3a]1aHUsI CBOEH CTPATETUN)

*OTKa30yCcTOMYUBOCTH (Check point)
6. Structured Dagger — MeToapl, KOTOpBIC HEe 00pamarTCs K IPyruM QyHKITHH



[Tpumep Charm++
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Figure: Control Flow of the Array "Hello World" Program
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[Tpumep mporpammel. charm main

Source File (main.C) Header File (main.h) _
/* readonly */ CProxy_Main mainProxy; class Main : public CBase_Main {
[* readonly */ int numElements; .
public:

/I Entry point of Charm++ application JI] Constructors ///
Main: Main(CkArgMsg* msg) { Main(CKArgMsg* msg):
numElements = 5; // Default numElements to 5 Main(CkMigrateMessage* msg);

/I There should be 0 or 1 command line /Il Entry Methods ///
arguements. void done();

/' 1f there is one, it is the number of "Hello" ¥

/l chares that should be created. . .
if (msg->argc > 1) Int_erfacde I|:|Ie (r_na)‘l:n.cn
= atai -> - mainmodule main
numElements = atoi(msg->argv[1]); readonly CProxy_Main mainProxy;
readonly int numElements;

// ' We are done with msg so delete it.

delete msg; extern module hello;
// Display some info about this execution mainchare Main {
// for the user. entry Main(CkArgMsg* msg);
CkPrintf("Running \"Hello World\" with %d entry void done();
elements " }.}’

"using %d processors.\n",
numElements, CKNumPes());



// Set the mainProxy readonly to point to a Header File (hello.h)
I/ proxy for the Main chare object (this
/Il chare object). class Hello : public CBase_Hello {
mainProxy = thisProxy;
//hCreate the array of Hello chare objects. NOTE: public:
The
I/ 'helloArray' object that is returned by 'ckNew()' is /] Constructors ///
/I actually a Proxy object to the array. Hello();
CProxy_Hello helloArray = Hello(CkMigrateMessage *msg);
CProxy_Hello::ckNew(numElements);
Il Invoke the "sayHi()" entry method on the first [/l Entry Methods ///
/l element of the helloArray array of chare objects. void sayHi(int from);
helloArray[0].sayHi(-1); };
I/ Constructor needed for chare object migration #endif // _HELLO H__ Interface File
(ignore for now) (hello.ci) module hello {
/I NOTE: This constructor does not need to appear in
the ".ci" file array [1D] Hello {
Main::Main(CkMigrateMessage* msg) { } entry Hello();
/' When called, the "done()" entry method will cause entry void sayHi(int);
the program :
/1 to exit.
void Main::done() { }

CKEXit();



[Tpumep: charm hello

Source File (hello.C) void Hello ::sayHi(int from) {
extern /* readonly */ CProxy_Main mainProxy; ) )
extern /* readonly */ int numElements; /I Have this chare object say hello to the user.
CkPrintf("\"Hello\" from Hello chare # %d on "
Hello::Hello() { “processor %d (told by %d).\n",
¥ Noth;jng to do when the Hello chare object thisindex, CkMyPe(), from);
IS//C'rI'ehaigeis' where member variables would be // Tell the next chare object in this array of chare
initialized objects o _
// just like in a C++ class constructor. _Il'to also say hello. If this is the last chare object
in
/ the array of chare objects, then tell the main
/I Constructor needed for chare object chare _
migration (ignore for now) /1 object to exit the program.
/I NOTE: This constructor does not need to if (thisindex < (numElements - 1))
appear in the ".ci" file thisProxy[thisIndex + 1].sayHi(thisIndex);
Hello::Hello(CkMigrateMessage *msg) { } else

mainProxy.done();

}



OyHKIIMOHAIBHOE
[IPOrpaMMHPOBAHUE
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Haskell

1. HIupoxkuil COEKTP, pacCMATPUBAIIMCH
YHCJICHHBIC AJITOPUTMBI

2. Uuctele (GyHKIUH
By mogaepkuBacMoro napajuiean3ma:

O Ilapaiienusm JOCTYIIHBIM BHYTPH
BBIPAXKECHUU

Fx+Gy

O IlapamienusMm o JaHHbIM



e
Haskell

3. JIecHuBBIC BEIYUCIICHUS, MEMOU3ALIHS,
MH(OPMALIMOHHBIC 3aBUCUMOCTHU

4. SIMD , oOniasa maMATh

6. ' paHyISIpHOCTH, CIIELIMATIN3UPOBAHHEIC
OMOIMOTEKHU
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OpenTS

1. AJIFOpI/ITMBI YUCJIICHHOI'O MOACIUPOBAHUA

2. IIporpamma mpeacraBisieTcs B (YHKIIMOHAILHOM
CTHJIC B BUAEC HaO0oOpa (PyHKIHMM 0€3 MOOOYHBIX
3 dexroB (MoryT ObITH Ha C, Fortran)

3.  Data-flow

4,  MIMD
5. llepeHOCUMOCTH, IMHAMUYECKOE
pacnapa’luieInBaHue

6. I'paHysa — pa3mep BBIUMCICHUN B (PYHKIIMHU O€3
NOOOYHBIX A(P(PEKTOB, HACTPOMKA HA KA1, U T.]I.
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SISAL

2. Eqununna nporpaMMHUpOBaHus PyHKIUS 0€3
OOOYHBIX AP PEKTOB + € JUHCTBEHHOE
IpHCBauBaHUE.

3. data-flow

6. CnenuanusupoBanubie MUKIEL: for-loop (Bce
uTepanuy MUKiIa He3aBucuMel), for-initial
loop (1K1, B KOTOPOM UTEpAIIUH ITUKJIIA
3aBUCSAT JPYT OT IPyTra)




—
SISAL. ITpumep

for initial

| ;= array_liml(A);

tmp = All];

running_sum :=tmp
while 1 <array limh(A) repeat

| :=old1+1;

tmp = All];

running_sum := old running_sum + tmp
returns value of running_sum

array of running_sum

end for

O O0O0000000a0a0o



Direct Acyclic Graph
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SMP Superscalar

1.  AJTOpUTMBI YACJIEHHOTO MOJICIIMPOBAHUSA
2. IIporpamma nHa C

3. DAG (direct acyclic graph)

4. CHCTEMBI C 00IIEN TAMATHIO

5. 1'panyia — pa3mep JTaHHBIX

0.

Touku cuaxXpoHM3auu (040K AATh
BBIYMCJICHUS KaKOr0-TO (pparMeHTa)



[Ipumep. YMHOXKEHNE MATPUIL

#pragma gss task input (A, B) inout ic)

static void block_addmultiplyl double C[BS][BS], double A[BS][BS], double B[BS][BS]N
inti, j. k_.
far{i=0; i< BS; i++)
for (j=0; | < BS; j++)
forik=0; k< BS; kt++)
CIiI0] += Alil[K * BIKI[]:
h

int main {int amgc, char *argwvi{
inti, j. k;
initialize targc, argw, A, B, C;
for (i=10; i = M; i++)
for (j=10; ] = M; j++)
for (k=0; k< M; k++)
block_addmultiplyiCH]0]. ALK, BLIILOD:



e ————————————
DPLASMA + PaRSEC

1.bubanoTeka TMHEHHON anreOphl HA IJIOTHBIX
MaTpHUIIax
3. DAG (direct acyclic graph)

4. CUCTEMEI ¢ O0IIEH U pacOpeaelICHHOM
aMSIThIO




Input Serial Code
imperfectly nested
affine loops

\ 4

Parsing |

. AST preprocessing |

Symbolic DU chain &

UD chain analysis
ﬁ{ Omega test
Symbolic antidependence

analysis

Symbolic edge
canonicalization

Y

possible user
intervention

Symbolic Representation
of Job Data Flow (JDF)

JDF translator

User code:
kernel bodies
& main

DAGUE compiler & runtime

parallel task stubs

DAGUE run-time
library

Y

system
compiler

\ J

MPI / pthreads
Parallel Executable




—!

3aKJII0YCHUE

Kak nmokazan 0030p BBOJ, JOMOJIHUTECILHBIX
MMIICPATUBHBIX CPEJICTB — OJUH U3 METOJOB
YMEHBIINTh HAKJIAAHBIC PACXO/IbI, CBSI3aHHBIC C
peann3aleH.

Buabl CpeacTB: NPUOPUTETHI, TOUKHU
CUHXPOHU3AIMU, TPAHYJIIPHOCTb BIYUCIICHUN,
[MKJIbI CIICLIAAJILHOTO BHUJA, OTPAHUYECHUE KpyTa
pelraeMbIX 3a1ay.



Croacu00 3a BHUManue!




