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Source-to-Source Compiling Approach to Extend OpenMP/Fortran with Transactional Memory

HUANG Chun JIA Jian-bin PENG Lin
(School of Computer Science, National University of Defense Technology,Changsha 410073, China)

Abstract OpenMP Fortran directive APIs were extended to support transactional memory. This is the first time to in-
troduce TM into Fortran language. The source-to-source translation method was involved in the compiler prototype
named FortranTM. EXCLUDED clause was introduced and SCHEDULE clause was extended with transaction size pa-
rameter. Experiment results show that FortranTM interfaces facilitate transactional programming and provide impres-
sive performance profits.
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{$OMP TRANSACTION
code-block
1$OMP END TRANSACTION (a)
1SOMP TRANSDO [CLAUSE, ...]
do-leop
!SOMP END TRANSDO (b)
1SOMP TRANSSECTIONS
1$OMP TRANSSECTION
section-block
!$OMP TRANSSECTION
section-block

ISOMP END TRANSSECTIONS (©)
1$OMP TM_FUNCTION func_name @

&1 FortranTM API i
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% STM BEfTHLES , BSEFRE 4 A8ANE

1THSEE O .
STM_INIT #1 STM_EXIT. %1 &4k F1i8 & PuAT 5
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STM_THREAD ENTER #1 STM_THREAD_EXIT: £}
BHRBRRABRTESNTEN LT ORE. PITESFME
HABRHEEETX®R 0, STM_THREAD_ENTER 7
KBRFBRPIITHE —-NEEZRAM, STM_THREAD_EXIT
ERBXIEZEIEA.

STM_BEGIN # STM_END. J& 3 FI#2 22 345, [Fl B 35 B
HEBNFE.
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OpenMP FyERE FSCH, EMNHRER —-BERZHR. THEH
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BHME . WE 3 R, BHADHGHIEQ T EN
BATHTEEH: 0 STM_BEGINQO #I STM_ENDQ) 898 FHiE 4.
& h LA BHE L A STM_WRITEO #1 STM_READ
OBOAHFMTEE, TAFFIREH, WE 3 varl #
var2 7R,

t$OMP TRANSACTION
statements
varl =var2* i
1$OMP END TRANSACTION
CALL STM_BEGIN()
instrumented-statements
CALL STM_WRITE( varl, STM_READ(var2)*i)
CALL STM_END()
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1$OMP TRANSDO [CLAUSE, ...]
do-loop
1$OMP END TRANSDO
DO WHILE ( comp__type_more (comp__dolo,
comp_dohi, comp__doin).EQ.1)
DO lc_i=comp:_dolo, comp__dohi, 1
CALL STM_BEGIN()
instrumented-loop-iteration
CALL STM_ENIX)
END DO
END DO

E4 FHUBEFIEFHEHER
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1$OMP TRANSSECTIONS !SOMP SECTIONS

!
1SOMP TRANSSECTION 'sc%l; Ssgrglggom( ,
section-block -

instrumented-block

1ISOMP TRANSSECTION CALL STM_END()
section-block 1$OMP SECTION
1$OMP END TRANSSECTIONS ' §OMP END SECTIONS
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1SOMP TM_FUNCTION func_name

FUNCTION func_name (var_list)
function-body

END FUNCTION

FUNCTION func_name (var_list)
function-body

END FUNCTION

FUNCTION TX_func_name (var_list)
instrumented-function-body
END FUNCTION
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SUBROUTINE test__parallel_0_0(m, &, j, i)
ENTRY test_ paraliel_0_1(m, &, . i)

ISOMP PARALLEL CALL STM_THREAD_ENTER()
CALL STM_BEGIN()
!if:;\gpb;l::?NSACTION instrumented-code-block
1$SOMP END TRANSACTION CALL STM_END()
CALL STM_THREAD_EXIT()
: . _
1$OMP END PARALLEL RETURN

END SUBROUTINE
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B 8 JBon Txt STAMPS gy ik &5 8. Wi R ET
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4,1 EXCLUDED F 4]

HERBREN M TRELENIEEZRDERE.
F OpenMP B3I R #4858 J& ¥ , FortranTM 8848 B 37 HERR
POFY SR e iOE R AT REE i

HEBRTREAERLS, —ILE BN R R R S5
HEEE RS, XA L AR R Rt Ar &,
BEMAFITHERES P REEN R T BN ERIE: 5 —%E
FUESRERLNPRELANER] (HMWKERNZBAT
ZAR). WE 9 PR, BIER T R Z BT R
thE g, LR Ea) P, A& varB Hil varC # 2 R8N e
AFbY AR varA Fl varX #RB T TR BAR L AL R,

XA MR AFEE SRS, For-
tranTM 5| A EXCLUDED™ /)3 &b Bl 55 b 25 B, HAE vk a0
—F:

EXCLUDED(list)

list 2 it B B el R R L A L EA R WFIF, Xk
A EAEY FortranTM BEE A 8 AR 10 . B B S FRIE
FIRFHABIEHITRBZ AANFEEMEIESES. Bl
J&R T EXCLUDED ¥4 B k.

'SOMP PARALLEL ISOMP PARALLE! TRANSSECTIONS
ISOMP TRANSDO EXCLUDED(varB, varC) | $OMP+EXCLUDED(vard, varX,. )
DOi=1,N [SOMP TRANSSECTION
vard =varB +varC wrd =varB+varC
ENDDO SOMP TRANSSECTION
[SOMP END TRANSDO varX=varX+varD
|SOMP END PARALLEL SOMP END PARALLEL TRANSSECTIONS
@ ®)
Flo HEEfpgRef e el & EXCLUDED #ffH

FEACH T, IR R AR EAR M AT, REBEH
AR E R R R BOE N, MRIES 5 W ER . For-
tran TM 42 it T 40 °F P A 32 47 B 4 O . STM_ WRITE _
BUFFERO¥ X e B B B L5 R IMA — B IX, RAH %
HRATHTA KR v X B AR B 1 PR A7 i ik s STM_READ
BUFFERO A X i iU B . 5 STM_WRITEO
A1 STM_READOA B , 33 B3 il B2 A 75 2 % A8 B AT A 2L
PEBSE, M I 8 /. DL 9(b) FHYiEA] varX=varX+
varD A, ZE RGN

CALL STM_WRITE_BUFFER( varX,

STM_READ_BUFFER(varX)+varD )
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E 8 b B8 T F 45 B30 B4 (TxCommit) B % 5 B R F
PATHT IR 30%, FERMB—ENEL T MRES . BFEH
45 A RCE A N pE /b, AT T DA B (R 30 S5 R S 1R B T 4,
X—HEAEH B A S F AR AR AR SRR B E R,
738 3 R 5 55 A A AR R, AT LR T IR R S S5 R
AN
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SCHEDULE(kind , chunk_size,tx_size)

BEL kind F chunk _size 5 HAE OpenMP A& L AHE .,
B tx_size E L TRAPEFHFN EREXRFFIE
EPEARBEACREG BIAER 1. tx_size B BUE N X REIE B
[ chunk _size, {5180, chunk_size {83 100 i ta_size {8 10
BRI B E SO 10 RER, B R EMEFEE
B ti g 100/10=10 N5,

FortranTM R FRIE3H R FF M3 4y SR iy iy L BFH 55K
NS tx_size (ER/PIT R TR RIT, B S 0GR IR R AT
tx_size I, ZJETRIR 3. 2 TP RERG HATIEN: . to_size [HER
Kt SR ATEFR B A IEIRN tx_size EACHIE H— P2
PER , IHEIL N BIEIFAE I — 155

XA A F 35 LI, SR FAAE 3R 43 Bt 47 45 th A /g
55 10 iR,

! $ OMP TRANSDO

! $ OMP +SCHEDULEkind ,chunk_size,tx_size)
dao-loop

! $OMP END TRANSDO

DO WHILE (comp __type_more (comp__dolo, comp__dohi, comp__doin) EQ.1 )
DO le_i=comp__ dolo, comp__dohi, bc_size
CALL STM_BEGIN()
DO i inmle i, MIN(c_i+x size-t,comp_dohi), 1
instrumented-loop-iteration(s)
ENDDO
CALL STM_ENDX()
END DO
ENDDO

K10 JEFT 87 A H S ALIE PR e
5 FortranTM W|ix
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5.1 EXCLUDED Ff#91aE W%

BATUA— W TR BURFUE S R4 AP F 51k
SECTION #y# Pl i EXCLUDED F 43¢ By R, 2
BRRFPR R B MERE C PR 4 BIFER 4~ SECTION
FRMBAEERE SUM S, BT B CAESANLREDE
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{1 EXCLUDED FAIRT B F S B RIENHE, B 11 BR
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# 1 EXCLUDED FHI%# & ki 5 R ERNR E M

REHEA . b % X&4:H
EXCLUDED TxRead % & TxWrite % & MR
Z 20000 20000 40000
& 40000 20000 60000
LES 3] m &R
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h=1.0/n
i=0,0
DOi= 1,n

pi=pithx* (4/(1.0 +h* (i—0.5) * h* (i—0.5)))
END DO

BEPEARE » B AR LW pi MERERRE. R
fi{# A FortranTM B &L Ry 4, 47 5 F 55 KD
% 1,4,10,25,50, B AR D H S0 1,4,10,25,50
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R HRATHIR S Z AR R IR AL

KA TinySTM 2175 EFIGH R IT 2 5 K/ DAL B
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PRSI RE lockr FREFRRIERBFEH
S HE L lock-w BRBLSATRERKEBHES P

|~s—aborts
s lockr
-+ lock-w|

VST izt e s e
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12 RIS K/ abort B
abort KPR KR T RERITH FH B RBYAEE. A

B Al AR, FEEE A S AR R EEOL T , BE 55 K
BB, FFE— A abort REUEBERRE/DHLR, XA

el o= Spe=10 soe=25 5o
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PATHI T 55 22 (8] & A w2 BB B K, Wh R MR
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B4 abort BIELE 1 L LRTIBUD.

T2 R SRAT T, 1279 53 2 9 $hATif i) B Hhn ek e 4
13 R, WEIRA B, FSXMTRERETEEE
W, EFESE M TS ANEEIRBEFAMNE. 5SH 125
t, M5 K/ 1 K3 4 8, aborts IRELS BN, (B R
JPAERAR T 8T RN t . X R % TinySTM R F 118
B 1144 (Encounter Time Locking, ETL) % B854k JCHEFRAL T
H55 abort FEARMIFH
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|-, 350 17
e R (P —
e 13
e 20 = — & 12 4
1
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L ¥Hkh LA

B 13 RIEZE /Nt SRR DT A TR FLI B e

HBWIE AANFT MR TRESFFEIFTEFR
BEIRIRM T, I H RAE Forran I 5 P ER T EFFHMM
MifH. Bl TL2 # TinySTM A #HE FHEITHE, ZHT
FortranTM & 7EAE R 2R E, WA 45 8 %81, FortranTM
REME TN SL A A Fortran BF M H 5 L% . FortranTM
RETHMELESEHERFEEH RS, BLES EX-
CLUDED a4 F Lt B, U R H 518 iR
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