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Abstract:  Existing OpenMP cost models does not give enough thought to the implementation details of OpenMP programs so they
cannot be applied widely to different types of parallel loops. To solve this problem, this study extends the cost model in the most
advanced product-level optimizing compiler Open64. Targeting single candidate parallel loop, it establishes a cost model suite for the
OpenMP benefit analysis. Besides improving the original DOALL-loop faced cost model in the Open64 compiler, two additional models
which are also designed for DOACROSS and DSWP (Decoupled Software Pipelining) loops respectively. The experimental results show
that the proposed cost model suite can simulate the execution cost of parallel programs very well, and therefore can better support cost
evaluation of OpenMP parallelization.
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75 B 3 AT WL R HEAT IRAT W55 43 HT.OpenMP )7 I IF-AT FFES AL S TN R M CPU $i54 2871 Cache
R/NAIT A I TR AT 56, 0 HLAG HEAT BAT RS L[] 25 T8 45 DR 2% A U 3 SRS s 2 1 AT W35 4 W e
A, g OpenMP 2 /5T AR 188 B 2 SRR M0 25 23 BT 1) — 4% A8 S80& A3 AR 280 2 IFAT P I AN ], 7T LK
3R 23 5 AT 1H PR, DOALL {5 A1 DOACROSS i AL % A 7] (K 35, H §i 47 3 4 BR 9147 #4047 J7 2 :DOALL
347, DOACROSS #i /K 347V DSWP 471 A S0 i g W & () F 80 3647 1L R 48 SW-VEC v, Bse L T ik
3 PR AT J7 28 OpenMP JFAT 15 1) A 3h A2 B

A1) OpenMP AR 7R 455 Dy ] 51, BE 7 78 705 & OpenMP 2 /7 B HRAT 41 715, 10 JE vk 3& AN A& 2R JFA4T
AT J7 2 SUNFIIG 38 2% v A 5 — AN B0 10 3 2 207 8, 6 0 B 10 U RBE R 08 A 325 A1 2% D) AR K /N 36 AT Wi 3
BEATVR A . Open64llgi P 28 P & T —ANZ A AR B, % B 04 OpenMP 14T T84 43 - ¥R A7 40T T4 il o
ATPAT IS b R AT HAT FF OB T 5 A0 B AS  IAEAH QIR 48 JRAT AT JF 8 U £ AT 40 1 B iy b i 22
B ITHAT P R I BAL 45 .Open6d wP AR B8 2% 18 T B8 2 (K52 i B 3 55 b 0l P P BT AH L, BB A% 5 916 B
AT T BEAT R HERF 1R 23 B AH. Open64 Hh i AQHIMEE B 7 S A G R AT BAT TS A A i 2 A L —TJ7 1,
AT U BT IRAT 5 B RS RN 5 G R 1A [ 5 [R] 5 T8, e 3 W 4R R 2 1) B2 24 [R5 1A A7 O 5 — 5 T 1A 7Y
UG DOALL 33 i B (418 A 4 TIAT 7 AT 40 0, JE 13E ¥ %2 P I 24 947 14T J5 X Liao%f Open64
EAT A B AT RS20 T — AN i M) OpenMP ACHH 18 5L JT] 67 OpenMP JAT X FRI AT TF 8 HE4T T
il AR R — AN IFAT DR 3 B AT T8 55 T PAT 12 DX 3 1 Ze R 4 P R I e K R AR AT I (] 55 fork-join 1)
I T) P4 2 R S 2 R T8 I K 2L R ) work-sharing X 33k (omp for,omp section 5% omp single) F 7] 25 45 i)
(%1 omp master, omp critical &) 548 2% (19 785 #B8 G 1% 78 N %88 B 7E CRAE 48 440K B 12 14 [R] B K m e 1Y) S7 oA~
17 i) 2 o Sk AHC T 1) R 2 T 5 OpenMP R BE TG 58 42 W A2 AN [F) AT 04T 0 UMW 75 Rk AN G & 7E B 3)
AT RE P AT

B 13 ) L AR SO0 A2 BT RE D 55 IY) Open6d Hh (R AR B AT SO R 8 AE 5836 T Open64 JRAT
DOALL JFATARM LAY g Jfti [, 19 n T DOACROSS it K FHATARM AL R DSWP JFAT AR A5 2L JR 45 SR 3
B, AR SO S AR A A B PP A o SR S B AR &5 SR A R a3 Re 8 78 — B R I EXE /AR [H OpenMP
AT AT 5 SN AT TFAS REAT BN HERR 10 PRl OpenMP H 2 4T 4 F v i 25 7 A f fi 7 SCHF.
1 SW-VEC OpenMP HzhFH{TILIEZE

AT R A TT R 0 AN AT R S SW-VEC H VST OpenMP IEAT R )7 1 B 2 Az e AR 0 5 47 78

J FRAIE AR R 28 MBI U 23 A R 5 R JE B AN TR (9 1 3 OF AT A BB G 3 2 b4l A OpenMP 2 i 1 /- Allis
A7 IS 126 o K50 P E AN 5 T R A R P o SRR R K I 4200 OpenMP JF47#4 /7. SW-VEC OpenMP (3l

e el 1 .
v

’ Dependence Analysis ‘ ’ Data Flow Analysis ‘

]

DOALL Module
DOACROSS Module | Cost
DSWP Module

v
OpenMP Program

1 SW-VEC OpenMP [ 5471k HE 4L
ZHESLTE Open64 i i35 i difi ) Bk 1 PR UL AL AL (loop nest optimizer, i #% LNO)H 523, Horh EZAS T
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SEIAS [F) FEAT T 7 30 3 AL, 43 51l & DOALL JHAT 4554, DOACROSS Jit /K JAT I HLFI DSWP JEAT fEHe:

(1) DOALL FFATHEHIH [ 50k DOALL 25 (K f1f B, KB AR A 23 AT 110 45 3L A8 FH 45 Fof 4 A A 4 B A K
BEAL S IFAT IR SR I S 16 36 ;38 3 4 N OpenMP 4 PR 45 78 A1 1A, B SR AG F1 6 B R I FAT X 5 7 %48 23 1] 1)
ST, VA E 7 3RO 1 PR R AR R 1 e S M, ST R 11 58 A 9T

(2) DOACROSS ¥ /K H-AT LR If Al A U] DOACROSS 763, 1 5648 F i A 25530 AT 2R 4% /2 rp ks 1 343 )
53 JEFG IR 4 B2 A8 5 48 N OpenMP [¥) schedule 4 o1 5 43 0 B2 77 =38 52 b static, 2 /5 & TR Y
VB3 YR /N St i 3 e R WK AT RLE d5 J5 A T 85015 5 B 456 OpenMP 11 flush #4E SZEL K H-AT h 2 A%
T 5 B A [ 25

(3) DSWP JAT TP 1) £ 75 52 e 2 VAL, 328 JE B30 90 4 K R 22 FR i B ) ) — M B, o S0 ) S 0 B 11 44K
P K LRI 40 g 22 A 5804 8 1 1R, 4% 358 4 6 I8 AR B 2 ) LA B ) AR O R AT 45, 2 JE A OpenMP i i
T 7R ¥ 5 AT 55 4 B 45 AN TR) 6 AT 2 B A0 P 0090 36 22 J Mk ) 50 B it o2 ) (0 0000 T3] 25, AT S LG 8 1)
DSWP J:17.

FEIX 3AFRAT B E v 75 2 22 YR G A R ARAM RS 2R 2 ) FH 1 08 R A% 6t (¥ 3% 5% R DOALL A 4 1) AT 1L 2
43 HT,DOACROSS ¥t /K FFAT HL /K WL FE (1) 36 B R0 AT WL 25 3BT LA S DSWP AT A4 8t P 19 Kl 4 R 25 23
WA OpenMP A AR TG VLM B 3X 3 MBI 75 5k, PRt g ar — AT 1) 3 FhAS R R 47 $AT 0 =i
OpenMP AR A 45 7 2 — AN A A7 1 14 o 8.

2 RIMREBET

AR AT LT — SR 2 A R A, S TR R PR AE T AL R S B B R AT A, 9 BAE T T TR Y
(- B B WD) 2 3 KD RAT 23 AT VP Al L AT AR 70 5 — e (1 AR A AR TR0 A7 T AN [, AN S i L R 4
(7 EL AR AT 3222 FRARE P (0 FEAT AT 7 3, FRAT IR 25 B I R85 S5 AH D015 R AR i e /44 Open64 w1 A7 1R
AL AR 5 DA Ok SE At 37 38 T OpenMP [ 8 47 4k AR A 15 722
2.1 Open64m gy{X /ri& 5

Open64 % 1 #21f) LNO L& 7 — AL B B T 6 725 b K] SNIL(singly nested loop) {6 ¥R A% 4 24T 1T
i, W 2 B X AR OpenMP S0 AT 185 43 A PR RN T HR AT BAT TFBS R AT $AT THAY . B — AN 30 Y —
ANH G TR A BR AT T BRI RAT TR AL RS TR 0 T84 T LAk — 2500 SR B A 1 T 28 A, 9 HL 4y
FRERE LT B AT HAT TR KO T 5 A B R, 9 A7 AE DG 0 FF 8, R AT AT R RS WU AE B AT R4S I JE AL b e 22 [ gt

AT s Rk BB AN T4
‘ SNL Cost Model ‘
\
]
[ i |
‘ Processor Model ‘ ‘ Cache Model ‘ ‘ Parallel Cost Model ‘

Kl 2 Open64 1 ({4 A 7Y
2 R (DM Open64 [ I 47 A 4 45 24 3 v ,Compute_overhead, 4 1 ¥k I 17 I 19 1 57 JF 44 Parallel _
overhead, >4 JFAT I (1 [ 25 P84 A% MR SEBL T % DOALL AT ERARMY 1 23 W7 1 58 K 08 0 16 I AT SR AT T 45 23
SOV TT AR AT 7 SR A T4 L 1 TR T 3o U A BB BE LR Cache A5 A9 B, A5 TG R A HR
AT PAT 5 [ 3 LA AT PAAT 1R S R0 AT 5 SR (R A4 T4 45 F 047 3 s T8 0 bR AN ZR B2 8] 52 1K) FRAT R 20 JF
Y5 R AU TR
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Total, = Compute_overhead+Parallel_overhead,
Parallel _overhead, = Parallel _startup, + Parallel _const _ factor, * Num_ threads 1)
Compute_overhead, = Machine, + TLB, + Cache, + Loop _overhead,
Loop _overhead, = Loop _overhead _ per _iter, * Num_loop _iter/Num _threads
AR AT BB A KA1 R 1) AT AT TR AT 8 MET 4 2 A AR AE VP AS DR PR AT PAT TF R B A 1 2 A
AU TSR K2 8 T IR AT R 3 AR 5 R AR 1 [E] i 5] A5 FEA, IEALH  RR IX AS S H0E (E, S R R
Hi %) OpenMP R [R] [ 25 0 (1) AT FF B HEAT VP AL, BRI AN J2 DI B 28 72 2 1) 53 2% R0 20 1R 00 g — T 1
Ry ep LU0 DOALL I A ] 5 A 1 FF AT AT J7 X BEAT 20 Hr, TGk & B 22 e 24 9547 3047 77 =KL
IR IE, A5 303 Open64 J545 DOALL JEATARMMBEALYEAT T ieidk, JRAE b BE Al B34 T DOACROSS it /K J#47
AR DSWP IFATARM B H o DOALL JFATAUIN B 7E Open64 J5t 47 I AT 45 8 1ty Bty b, 39 m 17 %
SPMD 4[] OpenMP AT X dsk th ] it th 3L 22 A [l 25 #4) 3 FF- 45 1) % 1§ . DOACROSS Uit 7K Fll DSWP AT AR 45
T 0 T RO PR AL I PR AAAT 77 30N AR AT I REREAT 43 Hr ASE T 453 B 1) e A b T AR 23 v i A i e
A PR R TP ICVEG B 5 B R Y M TS AT R B A TRAT, B — D5 TE T AR Y (R il L
2.2 3MFITRMEBAE T

2.2.1 DOALL JAT4UH B

DOALL fFFR A [RIE AR AT LA BT S U o B4R AT . 8 3 A&l 4 4345 7 —AN S8 DOALL HAT1H
OpenMP 7§31 OpenMP 34T $ATHEEL I 3 B/l Jacobi AR L IO 3R 42 SW-VEC OpenMP H 3l Jf:
TR G AR 4 )5 T3 1) OpenMP JEAT &R,

Master Thread Master Thread
for(k=0; k<max_iter; k-++) Parallel
#{# het Region N [
pragma omp paralle
f ' =
1 . . Parallel
#pragma omp for private(j) Region
for(i=0;i<N;i++)
for(j=05<M;j++) — —
wold(il[j] = ufilik _— B S
#pragma omp for private(j) Region
for(i=1;i<(N-1);i++) v
for(j=1;j<(M-1);j++)
u[i][j] = wold[i-1][j] + vold[i+1][j]+uold[i][j-1]+uold[i][j+1]; i
1 v
§
} (@) fork-joindA {1 ! (b) SPMDA T #21
K| 3 Jacobi B IEZ L Kl 4 OpenMP $h TR

Open64 ¥ JFAT B TS AR B LF M Xf DOALL JEATAHER AT I AR AT T @ B (R R AR E N T
SW-VEC OpenMP H 8474k Z G s BL K DOALL 3R B 8 347, EZH LU R AN ERIA:

(1) AZAE 20 e A (1 A2 g 3 25 70 A 40 17 P SR R0 0 B AH DA% 5L 6 TR B0 300 5 00 70 & 70 7 A o0 T I I 1%
SR B0, B2 B St AR S 2 AT 4 HL AT XA A & S BUE IR IFAT 5 M0 AT I 1) KT B2 AT AT B 1.

(2) LI [ (¥ 52 fork-join A2 =11 FH4T 45 3K, AN BEST SPMD J524 1) OpenMP X 35 30E 47 43 7.

EEXTEE 1 AN i) 8 g B I R AS 20 AT, 0 T RO AT RN R T DA A8 A B A U7 SUAH 45 4 SR SR BN 2
bR e TR AR R AT SE I SRS A AR VA N TN AR 2 AN AT AT SR K) OpenMP i P P o 1 51
fork-join P AT 45 3, fork-join A2 xUAR R 56 H &) T 4b BE HR AT H6 70 v 55 SR 10 B — AN JEAT I ERAE T 4R $hAT AT 6 20 25 3%
SN AT ICEE R AT IR I R e b 55 A SRR 4 N T A7 e 7 58 A o B0 X P A8 B 5 22 IR Bl RN 5 IR AT 46
T ITASIR K, & 4(a) T R T fork-join B9 34T $hAT A1,

7EH 4(b) TRt SPMD AT 45 2L i, B A5 £ R AT BEA AR, R AT 308 43 B3 o 52 AT m 3 PR A DAy R 2 R i
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AT 2B B AT OGN, LR AR 2 R i AT S0 23 R AR, 224 S R A7 A MG 2% N Ui N )28 /E SPMD
B SR EL A TR IR o SPMD FEAT B MY A 34T B0 1 X B2 S50 Open6a AT B0 (1 3H4T 4141 JF
%4 Parallel _overhead, P4 AY, LAIE Y. SPMD 47 X (1 4T A4 74, 8 k6, 72 1+ 5. Parallel _overhead, i, 4 H BA
L

Parallel _overhead, = Parallel _startup, + Parallel _const_ factor, * Num _ threads * Num_ synchronizations,
Jerh, Parallel _startup, 24 275 5 3 J1484; Parallel _const _ factor, 2 £& 2 [F) 45 DR 7, A 3 ek of 2 o ) 3 42 1) 03X
FH2IXFE K SPMD JFAT X rp T e A7 78 2 A M 5] 25 1) A 00 2% B Rk, BENS SRS A 0] JFAT XAR B BEAT VR A
T, DOALL JFATHAT BRI A LA R 22 5K

DOALL, = Compute_overhead +Parallel_overhead,,
Parallel _overhead, = Parallel _startup, + Parallel _const_ factor, * Num _threads * Num _ synchronizations.

2.2.2 DOACROSS i /K JFAT AR Y

Kl 5 25 T A7 BR 25 4> ¥4 5 FDR(finite difference relaxation) i 5 v+ 5476 £ [ 53 47 il 4~ F1 DOACROSS i /K

FFATHRAS.
Code segment 7-1: Sequential form of example loops Code segment 7-3: subroutine sync_left( di, dj, a)
1 doj=2,jend 1 integer di, dj
2 doi=2,iend 2 real a(di, dj)
3 a(i, j) = 0.25 * (a(i-1, j) + a(i, j-1) 3 integer isync(0: 256), mthreadnum, iam
4 +a(itl, j) +a(i, j+1)) 4 common /threadinfol/ isync
5 end do 5 common /threadinfo2/ mthreadnum, iam
6 enddo 6 !$omp threadprivate(/threadinfo2/)
7 integer neighbour
(@ 8 if( iam .gt. 0 .and. iam .le. mthreadnum ) then
9 neighbour = iam - 1
Code segment 7-2: Pipelined form of example loops 10 do while( isync( neighbour) .eq. 0)
1 include “omp lib.h” i; *Somp endﬂdli)sh(lsync)
2 real a(iend, jend) 13 isync(neighbour) = 0
3 integer i, j yncinels
. . . 14 !$omp flush(isync, a)
4 integer isync(0: 256), mthreadnum, iam 15 end if
5 common /threadinfol/ isync 16 return
6 common /threadinfo2/ mthreadnum, iam 17 end
7 '$omp threadprivate(/threadinfo2/)
8 !$omp parallel default(shared) private(i, j) shared(a) (©
9 mthreadnum = 1
10 !'$ mthreadnum = omp_get num_threads()
11 iam=1 Code segment 7-4: subroutine sync_right( di, dj, a)
12 !$ iam=omp get thread num() + 1 1 integer di, dj
13 isync(iam) = 0 2 real a(di, dj)
14 1$omp barrier 3 integer isync(0: 256), mthreadnum, iam
15 doi=2,iend, b 4 common /threadinfol/ isync
16 call sync_left(iend, jend, a) 5 common /threadinfo2/ mthreadnum, iam
17 1$omp do schedule( static ) 6  !$omp threadprivate(/threadinfo2/)
18 doj=2, jend 7 if( iam .It. mthreadnum ) then
19 do ii = i, min((i+b-1), iend), 1 8 do while( isync(iam) .eq. 1)
20 a(i, j) = 0.25 * (a(i-1, j) + a(i, j-1) 9 !$omp  flush(isync)
21 +a(i+l, j) +ad, j+1)) 10 end do
22 end do 11 !$omp flush(isync, a)
23 end do 12 isync(iam) = 1
24 !$omp end do nowait 13 !$omp flush(isync)
25 call sync_right(iend, jend, a ) 14 end if
26 end do 15 return
27 !'$omp end parallel 16 end
(b) (d)

K5 FDR T vHSLAGHR Y ER AT IR AF] DOACROSS Wi /K JEAT iR A
SQ@)FTRIERALE 0, § BRI, YA a (25 R — N804 a 95 51 AR R AT 1 45 R BoR
G0 JERD | 2B, TC v 58 4 IE 4T, & — > DOACROSS i . %63 £ i SW-VEC OpenMP 5/ 7F
T R G A e s A3 3 10 AT 4SS i B 5(b), B 5(c) A&l 5(d) T s,
FeF LU R LS AR 3 7. DOACROSS i K FEATAC A 1
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© SRR 1010 [R] 20 A2 BHZE 1, B[] 20 58 BORT, AN BEREAT JLA IR T AF;
@ LB HEN p;
@ FAKEIR A LR FE TSI I NyxNo, Ny 2 T 58 43 J2 K35 A N S O 1 73 2 (B AR
@ 2R )i B2 R ] static 7 2 BEAN Z R 43 159 10 UF 5T DX 0 (N1 /) xN;
® AFHEIR 73 P ARAG T K FFATIEFR, I HE o SAU 5 R A 18] () BE A AT B3R AS 4 1) FEAT MR
I F B AT, 23 BN ny;
® WK 1 2, Thread0 115 48 B(0,0),3E47 47 [ 25, Threadl #4772 [F) 252 2 22, Thread0 Al
Threadl F4a1HE B(0,1)F1 B(1,0); 2 Ji5 (1) 25 BRAK WL S HE, #EA FK v S R ] 6 .
FR¥% K 6 () DOACROSS Wi/K 34781 2, DOACROSS ¥ /K IEAT I AT A B 20 A 23 B I 04T T4 5
HRRHAT 73 BN BT B, o] H R XA TR
Total, = Single _tile _overhead_ x Number _of _tile
=Single_tile_overhead, x (M +M ),
ep, MS%mmﬁﬁm&%)%ﬁwﬁ%ﬁﬂaﬁﬁﬁmMw\éﬁ;@ﬁﬂa D—1,Mp JEJ52 i — N 55 A S 1 4
Yo HAE A N, AN B IAT TT 4 Single _tile _overhead, ®J I LR 31 LA 3

2
Single_tile_overhead, = Compute_tile_overhead +Synchronization_tile_overhead_,

e epr i 52 7744 Compute:_tile_overhead, = (N,/p) x b xt, +t,) ty &4 PR A J22 1 1 8 Y AT 19 I8F 5] 7744 ;Synchroni-
zation _tile_overhead, J #-UR e 2 [7] 45 (KN 17) JF 45 t,. - DOACROSS i /K i-$1 (12470
Total, = ((Nllp)xbxtﬁtz)x(pfu% |

T B 5()H AR jend-1 %F B _E A R Nyiend-1 %8 T Np,p 7 #E 3847 I8 J) OpenMP [ /5 ek %
omp_get_thread_num()75 21ty A1 t, [¥7 (50 Ik 1 FH S 136 45 /L 2 00 AR A7) 485 284 00 ) S8 4 X 402 g Uk 145 21

‘%Pipeling Pading Phas: } Fully Loading Pha504>‘
= = ) =
Thread3 g g . ~: « o e » g
= = Z
Thread2 5 © - El . o o
= = &
= = = &
Threadl = = = > . 5 . .
e e = =
= Computing
HE m =
= = = = =2
Thread0 ; g ; ; N e g . Synchronizing

Kl 6 DOACROSS ¥i/K 34T E i 72

2.3 DSWPBIRFITHEE

N LAE 7(a) Tk NPB2.3-omp-C H' EP F2 R 134 s 115 B 4y 41 8 37 DSWP JHATHEEY [ 7(b) AT 7(c) 4> 3 2
7() P AR XS W DSWP 347 Wi AS AP A T AR 2 R 2 T

R4 i P 7(c) BT s B DSWP AT S AT RS RY, I\ 26 R 502 B i 5 Sl AT I 26 R TR Bk K DSWP A 348 1R A T
R 43 SR P 30 4, — BB 0 A I ER FR AT B Ji — AT 45 A2 B B I R) 58— BB 00 2 N R 8 sh e g — MT 45 Z Wi 1 26
ELPAT IR )[R B 28 ST 1) BRABVRE B0 T, B R AR AT AT 4516 2 (F I 1) 5 M ZR R BRAT AT 4516 28 1 B 1) A0 45, 0 4
LT T8 B T M S5 I [ IR R e 58 BRI B S 2 M S5 AT, TR AT Bt 5 — M55 IS AR FR AT
AT TR I E 5 2 2

T, = TParaIIeI _construct + TMa,ster _construct + TMaster _work + TMa,ster _work x (N um —_ IOOp — iter — 1) + TAuiniary _work (2)

Parallel

© PERREERSMROT  httpy/ www. jos. org. cn



E®O;

ZJE7k % E% OpenMP g 3h 34T 69 AR A 107
e
TParaIIeI = TParaIIeI _construct + TMaster _construct + TMaster _work + TAuiniary _work x (N um — |00p — itel’ - l) + TAuiniary _ work (3)

B A 2 2 AT R AR I AT AT TFR9. 0 Ttaster work 53 Tausitiary work HIZE.

for (k= 1; k <= np; k++) {

Kk = k_offset + k; ?pragma omp parallel threads(2) Thread 0 | Thread 1
=8 #pragma omp master
2 =an; (
for (l:kzzll;di /<; 100; i++) { for (k = 1; k <= np; k++){
! ' B kk=k_offset + k;
if (2 * ik != kk) 13 = randlc(&¢1, =5
= if (ik == 0) break; 12=an;
; e 1§ <D
3 = randle(&22, 12); for i(/cl _ Iil’c l/ ; 190; =9l
) ke = ik; if (2 * ik 1= kk) 13 = randle(&1, 12);
vranle(2¥NK, &1, A, x-1); g (ikr::d?c) (g:fzakt;z)_
for (i=0;i <NK; it+) { k= ik e
x1=2.0 * x[2*] - 1.0; y g
x2=2.0 * x[2*i+1] - 1.0 o .
11 = pow2(x1) + pow2(x2); #pragme{i omp task binding(1) firstprivate(t1)
if (11 <=1.0) {
vranlc(2*NK, &t1, A, x-1);
12 = sqrt(-2.0 * log(¢1) / £1); for ( l.(: 0: 1< NK. H1)( )
3= (x1*a2); x1=2.0 * x[2#] - 1.0;
= * . . s
#4=02% 12); X2=2.0 % x[2%i+1] - 1.0;
[ =max(fabs(13), fabs(r4)); 11 = pow2(x1) + pow2(x2);
941/l - 't';f; if (11 <= 1.0){
S 12 = sqri(-2.0 * log(t1) / 11);
> TS B=(x1*0);
} H=(x2* D),
) } 1= max(fabs(3), fabs(t4));
qqll] +=1.0;
sx =sx +13;
sy =sy+t4;
}
}
}
}
}
}
(a) HRATHRIR (b) DSWP JEAT A (c) DSWP HAT AT HLHL

7 DSWP A7 R4l

TE 52 18 i v TR A 52 3] 3 26 78 AR O SR FR AT 55 1) TT 8 LA B 1R B R T2 AT 45 1 T 5 55 TR 25 1) s ), - 46 78
5 NG R AL B A B AT IS 18] 35 5 AN AHAE .2 Tivtaster_ work™ T awxitiary_work I IEFR 1 34T SAT A8 FH 2 2 (2)
W R AT A K@) VAT ) 2 A0k A ()R A 1 (3) 4 — ik Sk

Toarater = TParaIIeI_cnnstruct +TMaster_construct +TMaster_work i1 maX(TMaster_work 'TAuiniary_work) x (Num_loop _iter —1) +TAuiniary_work'

Ho, TMasteriwork :TPurtion7 for _master +TTaskigeneration v T
Trask_scheduling 73 AT N T BRAG R 22 K11 43 )5 43 T 4 2R R ZE R (1) P 30 0 ARRS R 04T JT48, PTI Opené4
AT IR AL PR BER AT Cache BERYHEAT U155 Traraner_constructs Twaster_construct T Task_generation 11! TTask_scheduling X 4 71> 73
433 X6t N F- OpenMP 1 parallel #38& ) 54T )7 2 FF485, master #4938 17 K 10 FF 89, £ LR F2 18 31 task #93d AR il —
ANHATE 55 (1) T8 R0 Ze T AT 55 it rh i B — ANME S AT T 85X 4 /N S 8010ME 5 OpenMP 3z A7 FE ) R AR 52 I
A 9%, AT LU A5 H b5F & _EXF microbenchmark Il 3K 15

3 KRR
ARSCHR AR AL DA IR BT R 1 SW-VEC OpenMP [ 2 4746 Z2 45 th 52 B A5 A8 11 7oy 0 2 oy

Auxiliary _ work = TTask _ scheduling + TPortion7 for _ auxiliary * T Portion_for_master jFl]

© PERREERSMROT  httpy/ www. jos. org. cn



E®O;j
108 Journal of Software k3 4% Vol.25, Supplement (2), December 2014

IBM 3850 fIR4%-3%, 31607 2 4 Intel Xeon E7420 CPU, 454~ CPU 412 4 A 145k 2.13GHz (1) 4b B 25 4%, 17
9 AGB Y — A BEUME AT 7o 4 AR SCHE tH B0 AR O A5 R g A7 I3, 6 358 8 1 25 D03 A 42k e B2 A K.
3.1 fEHEMNK

R P P D0 S 55 0 50T 5 T 0 R AT 5 i 5 00 A 28 (30 46 S S oo ASE R VYA 1) R A e AR
T3 190 B 1) 00 8 4 b A7 6 bb 15 210, A1 R £ B2l 1 2 28 ((modeled-measuredc)/measuredc) 5 - 51, H H
modeledc & 745 B YAl (19 744, measuredc 2 7 B i) I8 ¥ T4

EFE 3 AR FEFE 2> 975 5 DOALL JEAT1EH DOACROSS J-ATIEFR A DSWP FEAT IR FR 8482, 038 I o)
FA MR LB T AR F AR 26 RE 50 B O i gniialix 3 Mo AT M BB A A RS ol N AR VA 1 M
TPk Jacobi BRI MIAZ L #OEE DOALL FFATARM LY (A 51, an /] 3 o T A Fl 4] de ¢ 1
512x512,768x768 1 1024x1024 =T AN ] 1) B 2H /N 2% 4 7S ] 1) 0475 i N SR X A SCRERL 1) 52 i 18] 5 7 1)
FDR 3 i 5006 5 1003 K 54T BRAS 3% 4 DOACROSS i K FH4T 4 C A B 7Y (16 03k FH 490, 4 P 1140 3 ol LA 23 31 2

DSWP FEATACH B (K B I 51, 4 T 1y 3 FoRBE 73 i A S HUAE . W RBSEAT A JLAE,

Bl 8 1 9 43 5l 45 T Jacobi ARV AZ A G PR RT FDR 38 i TS0 P18 ol A5 Y VP A T 743 45 9L 5 S B A 45
SERNS EE LK 2 B 0T B PR A 0 45 R S B 0 D00 5 SR A A TR) R 3 EL P R e s R R R D A 45 2R
S bR 1), T S 2 7 1RSI B U 45 SR AT A7 A6 A U 002 R 32 5 DR Dy o S B B I 2% 408 Hh A7 A 11 e
TS AL 8 P i) Jacobi IAACUSERERZ EFA IR G5 R P AR A By 512x512, LM H KT 4
I, I8 e e 50 O 98 o, A0 A S e BAAT I TR 2 9 DA A, T A TR 4 L T 0 A 1 i/ R 9 3K R O i
FEHCH (¥ 58 K, 08 1 rb B4 5 10 £ )R 1 32 B 50, 2 350 cache AN i v < 089, T 7R AR A rh AT R i 2R R R AT

1e+8 1e+9
—8— Measure-512 L —8— Measure-64
®- Model-512 o Model-64
! —%— Measure-768 ge+8 1 —%— Measure-128
8e+7 7 X Model-768 X Model-128
—— Measure-1024 —&— Measure-256
B Model-1024 Gorg B B Model-256
S >
o =}
£ £
=1 =l
= Z 4e+8
K <
g‘ ;
O O
2e+8
X
X
0
0
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Thread number Thread number

8 Jacobi ik AUS AL VB AL VI S SEIE R0 L 1819 FDRBHT o AW PR AL A T 155 SR o0 B
Pl 10 AT 11 7350 &t T A DU A PR LT PP Ak T4 K A0 RS i . H 1 DSWP AT SEBIL Y A2 1 42 e 1

AT R IR AR, i S AE U Al TR/ I A
S 8 2 PR 1 5 SR W AR SC S B PR TR ik B AN vy 300 A IR 22 AT A LS R 4 11 2 ).
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10 1.0
I Size-512 . 64
81 [ZZ2 Size-768 8 73 41K -128
] B Size-1024 Wz 1256
.01 6 4
44 44
oy >
g 29 g 2
< oo § 001
2 g
= .24 = 2
& &
4 A -4 4
-6 -6
-84 -84
-1.0 T T T T T T T T 1.0 . . . . . . . .
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Thread Number Thread Number
10 Jacobi 1% FRBVERZ Lo AH R A A 2 K11 FDR 3 v 56 R AR DR i
Fe 1 EP H AP 1) AH X K R
PR LESE
S HHAE 0.262 -0.261
W RIS -0.114 -0.225
A FE -0.997 -0.173
31 fEEERRAMIK

PEREFE TR L T NPB3.3.1(NAS Parallel Benchmark) 7 #] SP,CG,BT,UA,LU F1 Poisson 2 /51 g il i ]
1l 35 BB FE i A LR % RE:SP R CG " %2 DOALL 5 ¥F,LU I Poisson 14 %% DOACROSS 13 ,BT

A UA 47882 DSWP Al JFAT 3.

3 AT SEEL T A SCARM AL 1) OpenMP [ B AT R RITH Open6d JR A XM AL (¥ OpenMP [13))
AT ARG, ST LA L 6 ANMRRFEFEAT H 3h 4742816, T 751K OpenMP F147 F2 iy &8 ik 5 it 2 3 2% 4 3 Ji5 2630
RV G IS8T, 18 b A 38 10 D0 bb e A 30 S B AR A0 A AL 1B AT D1t I I NPB .+ 11335 FH 48136 ¢ € RILAES,

JFAE 4 F1 8 PFM AR H 1 oS s b

4
I Open64 Cost Model
3 Our Cost Model 6 -
31 5
o
Q =]
=1 =]
2 )

I Open64 Cost Model
3 Our Cost Model

SP CG LU Poisson

12 4 L FREm P fexT L

4 LR FEAN 8 LR FE T PR &5 Kol an Bl 12 FE 13 Pros, Hig

1‘ ﬂ ﬂ
0 0
BT UA

ﬂ‘ 1}

13 8 L FEml xS Lk
ERR IS T A SR AL ) OpenMP [ 3l 3f

LU Poisson

T R G A AT 2K 47 R FLPE RE WD A0 T A6 1] Open64 J5iA7 AU A BERL ) OpenMP H 8l )47 4L R 4¢.
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LA 0 0 R AR SO ST R AR R R B SR AR A 2D SR AT k28 PR St (EDR BT PP AL () 45 2R 55 5
B R IR 45 SR AT AU [ AR 3 BERE A s REJE BB IAAEAN R OpenMP AT SAAT J5 I IR FF-AT T4 BEAT 2
N HERA I VP4l AE N T T OpenMP - F AT (L AR G0 IR 2255 18 BIRE R L 19 AN AL R PR RSV Al 114 45 R L5 52 B (1 0
U RAT R RDE O D3 B R B TH AR AR 1R R AT 1 g

4 ZERIE

AT T OpenMP B 8l FEAT A R o (st /0 A A it 17— AL S 6 45 SRR I AR SO T (A QY
0 G 4% B L M VE AL O PR JFAT I AT T B A %5, 4 OpenMP [ ) JFAT 46 H B 2 73 AT 42 61t T A1 200 S F.

BOS 16 AN ST T A B AP G SR 169 B AN PP ) AR SRR R e ) R s S (RS 1) O A SO TA B
PEIERBANBT T 5 10 1T 5 SO
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