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The Design and Implementation of Highly Parallel Descriptive Functions for Parallel
Programming Language MpC
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1. IXLHBIC
B, HBATYEFIC AT ACRBITIESN S s T3 P IAREF) L EFT —F oM~ U TRETEHL

VIC, BRLEL AV TWABHEEDH B Y 7 F oz
TABT2—RE VR, MPL ThA5. Btk =
VEa—FURTADIFEAETRBNT, EXUF—IL

D EMEEER MPISEE S, WHTr s S0EEL
DIEHE APL L 72 - TW5. ZDXHIC, FictERE LoEA
PHORHENTND MPILEEDWF |70 rT I v 7V REK
BN, BE, MPIBAD T 0 7S5 I I EFARETE
YA LEPRITONB I DICR-TER., FO—27,
GAS B/ & Lidh B & DT, UPC(Unified Parallel C)[4],
CAF(co-Array FORTRANYR E 3% 5. Zh by, kDT
~5&73ybkﬁiﬂﬂ& EEAEY I I 7%
TNERRRY, SEEFEATY =T, BHEKET K
L R 228} 7 /L (PGAS:Partitioned Global Address Space)iZ %
DHTWE. Wb, T—F0ou—a )T 4IZEFBL,
T ZOSE~ Y € THBERRY AR, BRRERIEFIR
BB EEAL LTS,

EEOIT, ThUHEIAL Y7 YT DSM OHRER
Mzb &, a—HIFLICEBLEAZ T RET IV
EWIHHBBREAEATY Fu T I SETARREL,
IHIZESLKR—Z TN APL L LT MpC EBEEHREL
TER. TT, MpCHBIETFT AT 40 FAZRIEFAE
VE SMP = ¥ IZBWT, UPC % OpenMP L H#: L, %
BEEOBMMEHBZLER L. &5, NPB R_vF=
—Jky % MpC CMOEBTRERLES S 7 ADHE
PATEROHEBTIE, FR=a— oL, MPLAEY 1.74 4%
IZEKTHDIZHA, MpC iXFH 1.07 B EE-TH
YV, Tul7 LAY AEHEOLETERATVWRI LS
B 52N LI [2]13].

MpC X357 v 75 Ak EOF#MEE & D 5 =l
BSRE 22 FIAMEFEER 2 A L L, OpenMP O & ) 72 ¥ B
BEMIZEA VY FEMONEEITH SPMD B ¥ A LI
BELTWARY, ZOHEXvy ROV IT 47
NEBRWFIN—T 72 LOMEDOEL 2 FIHEC L LTHED
AA TV D OpenMP 72 EiZt, BEF 7177 MTHIHE
KTBERAICH 7. F2T, EblzhkEMEZRNLEEES
=¥, ZOX D R MEIZ T A B L BSCE MpC
WCHABAATEDT, BET5.
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2. A4 TORETFTILE MpC B

AZTuRRETNEE, HEOFLFAEY ET NV,
NUMA v 2 S b G TE B LI RET v A~DHE
BER#T —F2 ORE#E (Ra—7) eRY AN 0
SIVIEFTATHD. AxTakRLiE, 1 DOGH%E
BAHLTHFINRT A2EEO S ot ALEEHL, 2—F
—lZ L o TOEFTEAMTHD. MpC FFEIE, ZOETAH
FRATXDE2I7aA{ET—F DD shared(FEE

TRBRZERFEFR LA HROEEK

SEALTCEEBL2HLELLZLOTHS. UPCH MpC &
RHRICIH LI sharedBEHF)AERLTEBY, CE
BOWETHID, £FT—FOHB~ vy 7HFRiEL
Ay RADBE)—H A4 A0y VU JICEEENTEY,
INEFIRIC CPU T—%T 7 F ¥ EBDa VL FI12LD
BBLEITO) 2L EBMLEEETHS.

THITH L, MpC I3t DBV~ e v ¥ 7T
BT, ar A NVEREY EITRICAESIT O Z & TR
HEED TS, FEHEDI LA TRERREARL
B, R VT4 BDEONREERTHS.

3. E#

SE, a5 ARBROEMEOBBEBENELT, £
1DEI7 5 oOF LRIk, )~y
f & BYRIILH 57— 7 EIfTBA%L, (2)broadcast, gather, scatter
%, (3)FHHE reduce BB, (4)EfEFEEK = ' —memcpy BA%L,
(5)AE51 for X  mpc_for 3L, mpc_forall X TH 5.

F1  ERBEH)-@)ELEXG)
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void * mpc_mapalloc(char *declare)
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int mpc_broadcast(Type *dst, Type *src, int src_PID,
int nbytes, int sync)

int mpc_gather(Type *dst, Type *src, int src_PID,
int nbytes, int sync)

int mpc_scatter(Type *dst, Type *src, int src_PID,
int nbytes, int sync)

)

int mpc_reduceT(Type *dst, Type *src, int op, int totalnum,
int bolocknum)

“

int mpc_memcpy(Type *dst, Type *src, int nbytes,
int sync)

)

mpc_for( int s, int e, int n, int i)

mpc_forall( #MMAILX; FHX; BYRLEDEE,; affinity)
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3.1 HET Y I ERNAE T — 2 BIFBIH

MpC EE&ETIY, £ETF— 2 OHB~ v BV TR LUTO
Lo BN RES TR TE 5.

shared int a[M][{N]::[4][ 1(0,4); (X 1(a) D)
RICESIT — 2 B LTI, REMEDOH B0 T NAEE
TRLIICRTEIEANUR, AN, T4, Fa—7,
REDKRABBVMIBESHITITAS. LArLEHZAE
YR, BITOX S REBOR—n R A~DEHH Y
FFLMEELTRLT, 7us 7 0EZTHOREEDODH
BB HINTE ol

p = (int * )mpc_alloc( num* sizeof(int));
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ZOOAE, XETF—FEEBEOT v A~BNIZEHD
TR ENTELLUTOL S RoBBEE & OBIROILE
T2 EITEREEE L.
p = (int (*)[N] )mpc_mapalloc( “int p[M][N]::[4][ 1(0,4)” );
HEUTIE, 22—V —DBHER T AZHEEREICTS
=%, HFHNESE LRFEOFERNRTEL LS. MpC =
VI FIX T DOXFEFB B DRTE, FRITOYA R,
BERTOSES, BT o REE, Bt ot 2k
PHREHL, EERTHVWASE vV SBEICERT
3. Bl%uT, BAESLRRIC T A ZOEKRL TEEICR
S2TWA.
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(@) 7OEXPATHE
a[MI[N]::[41[ 1(0,4)
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b) #Y1 ANTHE
a[MI[N]::[ 1[N] (O, 4)
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(d) FoeRPicoR
a[LT[MIN]::[1[413 4. %)

(c) TRtAYSTHH
a[MI[N]::[41[41(2,8)

H1 #EF—4205#8TyELTH
3.2 collective B#

£12),0)04>OBKTIIMpC Y —RA2—F 5475
Upba—HF—rurI ACHERINTH2BHOL %5
HLTa—F—7u s hImis. ZOHNTREREL S
ATH2T MpC 2 R4 TR 2D LI 2 RARKER
L, 1 %A B CYUBEEFEROFE L B (reduce B3 DB
&, TARLEEOBEBE)ZFEL, %% MpC =2—F%
I—HF—Tu ST ALHEATS. 2 XRATLa—F% C
Tul T ANIERT A, BEFRLELTEIANAMFTYFA4T
FUELTHBTAHELLONTMOEEIRT L
(SMS, TreadMarks, JIAJNIA)IZ T4 75 Y HAB L TH
Wk S, BER MpC Y —Ra—RFia—¥F—Fo s
TLY—RIZBATHEREL LTS,

3.2.1 broadcast, scatter, gather B§#

F1QOBERET AT 2258, o8, £0
EITOMBTHD.
int mpc_broadcast(Type *dst, Type *src, int src_PID, int
nbytes, int sync)

UPC b Z DX ) MR350, AT —# [E(shared
—shared) DI IZFRE Z LTV 5. MpC Tl 3DX5IT
shared —local, local—shared, shared—shared R 3tH 57—
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2 e Fa ARFTF—FBORYIRY BT RTTEL LD
LT3, 5 3518 ® src_PID i3 gather BI%X TITREIN S,
broadcast, scatter B TIXREETTNO TR ID KT .
sync 1327 o ARBEHEOAD L HO TERENFBEZ R
BEnEINERETDEZIITHS.

MC7ass A

REFITPAN

B2 MpCali/i43

Ja+R0 JatR1 Jotex2 JAtA3
remry | memory | memoy | meroy
localfaik
shared il
3 broadcast Ol
3.2.2 7% reduce B%

# 13D reduce BEIIE T ERADT—FEHEDT
collective 723+ (SUM, AVE, MAX, MIN 7 £)%47 5 8
BThd. HEBUNEZEETSHE 3 514 opiliZenum iC &
Ho—Fo v 7 BIEEFRET, SUM(SED), AVE(FH),
MAX(B K{E), MIN(B/ME)BBEEREINTWD. F 1
3180 reduce HEREREBWMTIH/TOT FLRT, £ 2
BB EONB L 2B T —F T, BE, T—FEIIDOE
FEEMTHD. F451%T, FE25HTHELET—4E
FlowT— 2 (ERE, B 5 318IT 2t R~DE Y 7
BAOERBTHS. R 1 @QOILIBRTF—FEINRLE S
BlEiE, BT — 7 HENPROCS(Z27 & A)THDIN, A
7Y v/ BITHLEETE, § 2 5[H%oRI~Dwy
KEDLET, BSSIBREEETS. ZOBETIINHHE
RERTAIRET—2 % L2MEIDY, TOT—FEC
T int B L double RAAFEEINTWA. Type B5|#IzH Z
D2EDOHBTARETHD. ERIIIBEBRAORED T,
122D OWTIOROBRLABELIBETSH. L reduce B
BTiX, 1, F231%80 dst & src i shared 7 — # ZHi{R
ET5.

double D]

int mpc_reduceD(double *dst, double *src, int op, int
totalnum, int blocknum)
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3.3 memcpy BE#L

1@ —Fav—@ET, F—FOa—iT local
—local 1% & s shared & local DA EDLE 4 X% — T
HEATED L DT> TNA.
int mpc_memcpy(Type *dst, Type *src, int nbytes, int sync)

UPC {2 b Rk AEgefEs = v — B 8iid 525 shared &
local DIMHEDE 4 F— Lo TR 2DE S ICRRD
e RV TWnd. MpC Tix5i4k src & dst (27— ¥ &
WCHORWEENTRET, A—BfH4TH—LL. 5IH
sync X)) BI% & Ritkic, BAMHAY 0 CORKF %
ET 3. MpC @ memcpy i¥, UPC & E729 noncollective
B chs.

#£2 T—HaE—FHUPC & MpC DLEE

src- dst UPC MpC
local-local -
local-shared upc_memput -
shared-local upc_memget pe Py
shared-shared upc_memcpy

3.4 A5 for X

WHNIEITIBNTNB LT o Z(NPROCS) T for LDV
—TAVTF v AESELTEIIAETIBAORRER
BiZTBHiz, 2 2OWF for XEEELEZ. —Di3#t
B e BB — 7 OB mpe for LT, MHIZ—R for
X & RRR EFRRT, for XRBICETHRICEET LR
HBRREEELZEHTEHREMOH S mpe_forall LT
5. InNLERAWDRE, TurIvngSukATON
—TA T ) AORBE LR TEEHETALERL
35, MpC TiE, £7uvxPSMch, EEEDO kR
TN—TRRET R ETA—TEpHEEE LY
AHET, ZOHAITE, =—F—» MYPID(Z =+ R
FE)eFeFERL, BARCERT I ENTES.

3.4.1 B R for X mpc_for X

mpe_for L TIRHETEA T v 7 2AEELE L, 204
UF ) AEEORMBE, KTE, AT v AERON
—7EOMBE*EETIEENLE X TCHE. £7 0k
ATN—TEEEPEHICHRT A LD REBEMAa— RE<
7 BEBTERTD. BROWRMA for L& R, EfTH
W—ERGA T v 7 AEREHET 2RI ROTHET
H5. B4 T 4N ROL—TEHLEZ, TukArTEo
N—T AL Fy I AL LTEREINEOT, 5L int
BT —P—RHEL TR LEFRETSE. K4 B
MflERT.

3.4.2 ARYF| for X mpc_forall X

mpe_forall 3Ci%, CEED for XWHFE 4 74—V FL LT

affinity B0 L723CT, H#ES| for XERRY, ATV
—arsBilEorar ACEVFITANEFMET 5729
FEERE. affinity 1%, V=AMV T v AOENRE
DT oA ZED T BNETRTLOT, EBHEEIAN—T
ATy ARFERFNERAOEEREZBET S, affinity
DETEEL L7 2+ ANPROCS) TH » - RIE B H S
D7t R IDMYPDDNZELWEAIZEOL—T A VT
7 AEWEYTEH, F512CO for T~DEBFRETRT.

AR for X
mpe forall(X1;X2;K3;HK4) {.} &
for(X1;3:X2; X3
if ( (X 4 )%NPROCS) = MYPID) }{....} |ZHEBf
11 mpe_forall (i=0; i<N; i++; 1) {....} 1JI—TEIZHE
5 2 mpc_forall (i=s; i<e; i++; i/block) {....} block #4318
13 mpc_forall (i=z+y*2; i<limit; i=i+delta; i ) {....} TR0

Bighib 5l for X
mpc_for( BBl KT MHAME, L—-TEHSE )
# mpc_for(s, e, d,i) { ... } owyaEMIE,
for( i=s+MYPID*((¢)-(s))/NPROCS;
i<sHMYPID+1)*((e)-(s))/NPROCS; i+=d) { ..... }

4 High for XOBEAH

5 AMAZ for XORBAG & ERAH

4. HHYIT

INLOBBERHEXE MpC ICEATARZ LITLD,
MpC O TH HIEER, THRARWFILEDTLRA FHE
ThdEWHEHEZERELbPTIE, S5 R TET
AR 21T O BRI D 2 W ERMN R - TLESCEE
collective NEBDFERBEH T2 o, 7o& 21X, reduce B3
BERANL L, ZOWHIZEYT S a— FEFRAIZER
L7BEIl, 120 BEICa— FRERETE 5.

5%, ThoOBIXERV TRy Fe—rTus I ALk
CERTRTBHE, 2L LTEOREOHRERD B DN
fiT2FETHS.
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