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Extension to OpenMP Task Scheduling Mechanism for DSWP Parallelization and its Implementation
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(PLA Information Engineering University, Zhengzhou 450002, China)

Abstract While multicore processors increase throughput for multi-programmed and multithreaded codes, many impor-
tant applications are single threaded and thus are not benefited. Automatic parallelization techniques play an important
role in migrating singe threaded applications to multicore platform. Unfortunately, the prevalence of control flow, recur-
sive data structures,and general pointer accesses in ordinary programs renders the existing techniques unsuitable. Ottoni
et al. proposed an automatic parallelization algorithm called Decoupled Software Pipelining (DSWP) to exploit fine-
grained pipeline parallelism at the instruction level. But it requires knowledge of micro-architectural properties and hard-
ware support of a communication channel and two special instructions. The improved DSWP algorithm based on
OpenMP increases the parallel granularity and does not rely on hardware support any more, but the existing OpenMP
task scheduling mechanism cannot satisfy the need of DSWP, A new binding clause for the task construct in OpenMP
was proposed to extend the task scheduling mechanism, It guarantees the correctness of the OpenMP DSWP paralleliza-
tion. The new clause is implemented in the GCC runtime library libgomp, which provides support for the compilation of
OpenMP DSWP programs. The experimental results show that loops failed to be parallelized by existing techniques can
be parallelized by the improved automatic parallelization algorithm and gain significant performance improvement on du-
al-core CPU, The average performance speedup is up to 1. 23. Compared with Intel and Open64 compilers, the compiler
with the improved algorithm can increase execution efficiency evidently and the average speedup of the OpenMP DSWP
programs generated by it increases more than 22% and 26 %.

Keywords Automatic parallelization, OpenMP, Decoupled software pipelining, Task scheduling mechanism, GCC
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# pragma omp parallel threads(2)
{
# pragma omp master

{

while(ptr=ptr— >>next)

{
# pragma omp task binding(1) firstprivate(ptr)

{
ptr— >val=ptr—val+1;
}
}
}

}
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FE, REX S ALE YRR parallel KBEY R, B—FE
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R task EN A B L0 %EE, LB THESHINE.

2 PR IEIMABT X AT S SRS R 1 HREBHE,
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MIERE.
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3.3.1 GCC th it
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W MR FAEFBWERT, WRBER, FHAE FEFHR
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Bk BT RTE S 2 GOMP_taskwait 290 A28,
ULEBH M RARB RN barrier B, iR HHTLRAE

REANRSG — BB ZK barrier L, BB EFHAET

Z, MBS AR RATERBCLTAME. REE D

S, i BB R ST MR 55 HIBUT MR U FE 22 b v 4R U 45 1

17 MITS 52 BUG , BT child 48, B HCH T £ 45 #9 parent 3§

& MBARRLESATHERS, BYMESERE —1 %R

TS WAL & S PUT , A RBUE S = H]. KK

MAEEE R R BUE &5 PuAT R B4, ERIBE N RBERE

B EESBE 25, B gomp_barrier_handle_tasks Ll

EFARIE.

1. procedure GOMP _taskwait()

2. //TheE . LR BD) taskwait if, WHEFHIFE

3. if MEMEFHE || HETRBLH N then reture;

4.  while(1) do begin

5 if M4BT B FAEH L TB AT begin

6 if FEEBEF 14T to_free RAZE

7. then &M to_free 3§ M AT 5 ;

8 reture;

9

end

10, if JRMESA FTIESSRAT then begin

1L M HETESF child #kBUF —4MES child_task;
12. s child_task 1 queue E£H7FF;
13. end

14. else W MSATIE S in_taskwait BIEE K true;
15. if to_free RA2Z then BEH to_free M ML 57 ;
16, if child_tasek AR&ZS then $47 child_task;

17. else begin

18. K Y HTEF B in_taskwait JBIHE(E R false;
19. return;

20. end

21. if child_task X428 then begin

22. # child_task [ child $EMFF;

23. B2 child_tasek BT FAESH) parent $4f;
24, to_free==child_task;

25. child_task=NULL;

26. end

27. end

28. end GOMP_taskwait
B 5 taskwait [[FHHEE

1. procedure gomp_barrier_handle_tasks()

2. //988 : LR 2 BB barrier B, XHEH B EE

3. HBE—TREIS && FHESTL5%M then reture;

4,  while(1) do begin

5, it SRBBEMEFAFIARRZ then AT ER—MEFH
o 4D o

child_task;

6. else if LR K queur F AR N2 then M\ queue 8 _EBL— T
% child_task;

7. i RPRBAEF ST to_free R then B to_free # ML
%5

8. if child_task AA=8 then 4ETRBE AT child_task;
9. else reture;

10, if child_task ANA%8 then begin

11. Wt FF child_task (4 child &%

12, if child_task BHAUEHHBE — 5K FIES then BHI
LS

13. B 23 child_task A FAE5 W) parent 3§51

14. to_free=child_task;

15, child_task=NULL;

16. end

17.  end

18. end gomp_barrier_handle_tasks
B 6 barrier [ElEE B
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AT B ) st e
BF 4 EEH B & T A (%) HEREHFITRBYREE
BT x_solve 26.6 BT
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LU blts 15.7 Fr A AR AT 1K B
SP compute_rhs 10,1 T AR AT KB
UA convect 28.9 Tk FATHEFEN
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AW, B 7 A T/ PETEA S.AC 3 P RF ML
VW& ERFFAT B L, MR R BR, BAFE 3 8
AT k3] 1. 23 PLE, B9, B x_solve,
blts 1 convect H By # R PEFR FHF7 03 L3y 3) 1. 35 DL |,
5te4 A s TR R RATRIE AL, SRS B M
PERBIEFt. OpenMP DSWP FATES 45 A BRI B ) FF 488
K, REBREEDNOERHTENFHETRLSZLREREE
M AT AR, K% EMBAR #1 compute_rhs H#4& sUIE 3
WIFFATIERXFESL, Il 7 i . Boh, BEE A3 =
R I K, FATIF 4 T PE IR RAT B (8] B4 LU0 B T R, 3447
TN LA BT, 1A 7 TR,

A7 PRIERRHITINE L

4.2 % NPB3. 3. 1 By#it

A/~ % NPB3. 3. 1 ¥y BT.EP.LU.SP #1 UA X 5 4
BF IR, WA A AFE 3 AT K ., 251 2 Intel
12. 0 4R 40 B 31317 .Openb4-5. 0 4 iFAFH0 B BIFIFAT IR
mTEFY REEVLE LI E OpenMP DSWP 5 35 /5 (Y
Open64-5. 0 ZRiEFFH B 3347, BT OpenMP DSWP H
B:f) Open64 4RiIFEFX A LI B s 31T, B AALEE
AT X ARG B shIFAT R MO GRS , B3 A 3
MEY. B8 HMURERF A SR 7E DR & i

k.

#lntel 120
"~ i Open64-5.0

& BIPDSWPI ik
24 HOpenfd-50

B 8 NPB3.3.1M3HTinE

P 8 M1, %N T OpenMP DSWP J.3% i) Open64 45 i
PR E A SO R AT IAT, BRI R P B T
L33, 5 RES B 31351707 5 B9 Intel 43R5 A1
Open64 4y PREEAHLL » 23 BIRG H 220670 2624,

i FRASHTHERNEEHEREHM BB
BEMAZE 15U R B —RIE S Rk BUR R 3CR; Ot
toni % A 42 Hi i) DSWP B3k LB ¢ R4k 1T, B &
STAbERES A R AW RA T #8 AR X B [ELE 5 BAFI A& i 48
SHBEG SR, TR A EZBARA. BT
OpenMP [if Fil 4 78 # O St 3L DSWP FHAT A RBEEF £ XF
B ELERBAFI A& S 3R, EAZF SRS, 7T &
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