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A Speed-Up Technique for Hardware Transactional Memories
by Reducing Concurrency Considering Conflicting Addresses

KosHiro HasuimMoTo,™ Masamicur Eto,™*! SHoicHiro HoriBa, !
ToMOAKI TSUMURAT! and HirosHr MaTsuof!

Lock-based thread synchronization techniques are commonly used in parallel programming
on multi-core processors. However, lock can cause deadlocks and poor scalabilities. Hence,
Transactional Memory (TM) has been proposed and studied for lock-free synchronization.
On TM, transactions are executed speculatively unless a memory access conflict is caused,
hence the performance of TM is generally better than that of lock. However, if speculative
execution is continued when a Read-after-Read (RaR) access occurs, following stalls can be
wasted. In this paper, we propose a speed-up technique by reducing concurrency considering
conflicting addresses. The result of the experiment shows that proposed method improves the
performance 66.9% in maximum.
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DFATHA 7 VDT ERLTBY, BFD LogTM
(B) OFFTHA 7 VEE 1L LCEBILLTw5a, &
2T (R) ~ (Rew) 7 FL AZIEH L 12, RaR-
addr. I[ZECIET#E 7 Read— Write DJNEFETT 7 £ A
ENBT RFLAOHERLTWS., B, FVV AT
AYIal—¥% ETIVTF ALYy FEBWEED Y
2L —3arEFHIICE HEOESOXEEET
BUENRH L. LhoT, REFiRICo XH5T
Z 10 [\ R L, BoNRRED S 95%DEHEX
RO, BEXMIZZ T 7HICTS —N—TRT.
%B, MEFEEHOLOIEMLZ3 2022y k
ANDT 7 ABHIEA T B F — Ay FIZIEEITNE
W, ZZIIIEFELTwARWY, CoF— Ay F
IZDOWTIE, 5.4 B CHIRESET 5.

SRS RS, £ DU T T AZBWTKRIERME
BRI EDXE LN T VB I EDG0E. ZOZ NS
%L OTar T ARIIE, HHLELEITET L Write
T 7R Ao T Read 77 B AWM ToONE T v
7 a VN EFNTEBY, Futile Stall & 584 &
) DEE D H 2 EDHERET A /2. T @ Futile Stall
PIRETHICL VPSS LT, Btree 2B 4ET
O7TaT 5 AT (B) DEoMWiEIESN.

F72, EEMICESNAEmE LT, £<<{n7uars
5 5 C RaR-addr. ICREET A7 FLADOEELL L
WA, BFE TS T R LR R & <
o TWbIENgHhDE, LarL, 7 FLADOREK
R T I TCHONL MR LIZE 728 DT
%, |MEETNV (R 12BWTH o0k MhEm Lh
BohTwg, F/2, 7 L A0REKZHENSES
L, FRUETAHN—F Yo7 a A MRy HI L
*EZBILHE, (R) PWHREBIO I NOBEH»S
RTENTWEEEZONDS. 20 (R) IZBWTHK
RUFR—=2 7075 AT, BEET VI LTEY
22.6%, WK 66.9%DMREM LE#L I EASTE 7.
WHITIE, BN Fv— 2 BN BEE 1T .

5.3 & =

GEMS microbench

¥ -9 GEMS microbench Tl, HIREETIVICH
W Deque, Prioque TETH A 7 VEDIKE <A
LTHY, ¥ Backoff ¥4 7 WE D KIE % /5%
HWD., TIN50 707 I LT, TL—H07 KL
2 D &S Read— Write DNEFE THELIZT7T 7 X S
727290, (Ry) OLHIZT7 FLADREHEI VR E
b, Futile Stall R Z LSRR T 5 7 K— b %48
flT5IENTETBN, TDI L&D Backoff 1 7
VORI BB 72 ZE2 5N 5.

L22L, Btree ZFET LG ICIZEDREE TV
WCBWTHMERESHLTHIET L2, 2D Btree 1213,
2EHO M v v ay (R Ted, Tz L5 5)
DL, Tz.I 121E Read—Write DJERETT 7 & A
ENDLT RUANEGEENLD, TeJ IZIZFDOT7 FL
22X A Write 7 7 2 A3 & TN THE S5, Read
TR ADIRDBETNT NS, FO-0, HED Tl
LI Ted & Tad DUFNIFETENLHEITR
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(B)conventional LogTM (baseline)
(R1) RaR-access Detection (N = 1)
(R2)RaR-access Detection (N = 2)
12 (R4) RaR-access Detection (N = 4)
’ V<R°°) RaR-access Detection . ”
[] MagicWaiting
1
[] Barrier
g 08 B sl
°
&
2 05 B Backoff
-% [] Aborting
x 04
I Bad_trans
0.2 [] Good_trans
0 S . 5 . Y o . o B Non_trans
& 9 & & & : & & s
¥ & P W
O§ < o & & «
u v VAN v J v J
GEMS microbench SPLASH-2 STAMP

6 %70 rILIIBTATA 7 IVELE

RETEIIRENYTH L. LL, EHDO Te.J OH
DEFNFEIT ENBHEIZIE Write 77 A5 Thh
7290, Read 77 B AR FRHE S ¥ 5 2 LI3#YT
1Z72 . Btree TIZZ D X 9 B2 FRREEERT 284 <
e LT\, IREREFIVOMEEES DT HIET
LCLEotE2ONE. DX RURIET 26
CHEELT, BHEFTITREMN T2 a0
AEDLEZEYIHET LI ERBIToNS. Ll
INEFEHTLOIE, MTUFT Y aroilad
BIZT FLAORIEEEZ HET L LExHY), TR
MR E R D720, ZOMWERME T I 5 LB
IFEWEEZSND.

SPLASH-2

SPLASH-2 Tl¥, £ T 7075 LDFEFTHA 7V
s L7z, 2o ofTh Raytrace 122\ T
Backoff 1 7 WVEASKIEIZHA LT\ %, Raytrace
12iE, 57 FL A2 Read—Write DJIEE THEZIZ
TIEXATAINI VI a B3 oeInTBY,
BHEETFVICEDERTTIEIINSD NS VY g
MSJE AT Futile Stall 2% L C\Ww/z. L7z45- T,
INEDNT T arwmFEITTLAL Y FIZHL
TRBEFE LW T 5 2 & T Futile Stall & ##2
BRI 27 RK—= s S /2729, Backoff 1 7
IVHSKIRIZHI S 7z, F 72, Cholesky Tld Barrier
FA 7 VEDPHEEIZRL LTS, g, REET
P2 L ) Futile Stall #5252 8T, £AL v F
THEAET LT R OB L, EfTTE KL
72A Ly FARIBIZITD 72012 A Ly R &2
ML o072 EZ N5,
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—} Radiosity 1213, Read—Write DJIHFT7T 7
TAINET FLAPER-EINTEY, Ihso7
FL 2R LTT 7 AW 5720, #REET
WIZBWT, RaR-addr. ~D7 FL AREEES N
727 R L ADBFEIHHEIATOIL Tz, ZhUldy,
FEEENT FLAPRCERCHEINTLE )
FetkEAsmm < 2 Y, IEFEIC RaR 77 A2 MIBTE %
Mol BWEDNE L ol EZ NS, Lo,
Radiosity D & 9 %= 70 7 J AT 25053 L
T, RaR-addr. ~O7 FL ADEBEHEO T VT
ALFYRTHI EREDRBITONS.

STAMP

STAMP TiZ, KT L > T Kmeans DETH A
7 IVEDSEA L7z, Kmeans I21E Read— Write DJIE
FTT 78 AENET FLADBGFEET 575, Kmeans
Mo 7a 7S5 Ak i L THEDVNS W, AT
#%#H L7z Futile Stall 312 & 2 MEhEm o4
WV ol EZHNS.

54 BIMN—KIIT7OT7IEXF—IN~Ny K

AEITIE, MEFEOEHO-DITBMLI2N—F
YITDT I ALAT YL BT 7 AF =N
ANy RIZOWTEET L. ZOF ="~y FzEHT
L7202, H707 5 MIBWTHKENLI=Y b7
72 ENEBEFHIL. BHEREZR 3, K4
BIUORBIIRT. IhHK{1=y bAOT 7 A
BE, FOTI7RALAT UV ERELLZDOOBHN
EBIIN—F Y2777 AFT—IN~\y N&b, 2
ZC RaR-addr. |&, fdE$x 1 & L7-%6G, Hiiz
LYAY TR TE 5720, 7TFLADRES L U—
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%3 (Ry) 2B % RaR-addr. ~®O7 7t A%
GEMS (Ry) SPLASH-2 (R;) STAMP (R;)
Btree 876,235 Barnes 86,413 Kmeans 148,084
Contention 562,844 Cholesky 296,708 Vacation 684,826
Deque 7,152 Radiosity 115,865 - -
Prioque 72,095 Raytrace 1,257,086 - -
£4 (Ry) IZBIFSH O-que. ~D7 7t A
GEMS (Ry) SPLASH-2 (R;) STAMP (R;)
Btree 21,137 Barnes 417 Kmeans 270
Contention 130  Cholesky 3,751  Vacation 7
Deque 3,210 Radiosity 2,991 - -
Prioque 3,022 Raytrace 38,524 - -
£5 (Ry) IZBF 5 R-res. ~O7 7t AN
GEMS (Ry)  SPLASH-2 (R;) STAMP (Ry)
Btree 22,113 Barnes 448 Kmeans 324
Contention 152  Cholesky 5,888  Vacation 10
Deque 3,303  Radiosity 4,052 - -
Prioque 3,232 Raytrace 39,456 - -

HILBIZZNZEN 1 cycle BETITZ 5 L E 2 BN,
—J7 T O-que. \Zx3 5 1#1EIL, 1D 4bit > 7 &
L1 EOmBIHE TITZ 5729 2 cycle 18/, R-res.
IR 5 1 #1451 RaR-addr. £ FIC 2 7 HEOLE
BB LI TND 1 eycle BELXET D &
EZZ2ObND, INHLOKHLI=y MIMEESNLET 7
AVAT vy BLORHILA:7 7 R AR, S, £
VFR—=TOT T AIBITET AT =Ny R
PRETTA 7 VERIZEO 2 EEREH L2 5,
i b EG DR E D> 72 Raytrace I2BWT L 0.2% 2
Tholz. INLY, WEFEOLDITBEIML 72—
R 27 D7 7% AF ="~y PRS2 5 22
BT EP B DDTH L Z E DR TE .

6. bW I(C

KfgTlx, Read—Write DJEFT7 7 A S5
7 KL AN®D Read-after-Read 77 v A&l L, =
DT 7 EAEb B AL Y FOFEFT 2 BKLT 5T
EREL. 2L, BEFO HTM O % K
T &4 5 Futile Stall ® ZHISRE T 2 7R — F 2
W7z, EFHEOENMEZHET 572012 GEMS
microbench, SPLASH-2 8 X (FSTAMP % W C&F
fili L 7-45 5, BEfEO HTM & B L TRk 66.9% D5
THA 7 VEDEIRENSZ & &ML Lo Lt
FFETIE, FI Vs Y a v R BHIETTRERN
Th., TNOSEBRMICETLTCLIEIGEND 5.
L7z2ho T, BRFEFTITRENS U arvE LD
BWYNCEINT B FiE2 o TOLMLENH L. $72,
PREFLETII TN R B ARIRE L B AL v
RS D720, TOLH)RAL Y FIZx LTHER)
LB A E ) BT HFEICOWTHRIT 2 2 4%
DFETH 5.
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