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Abstract: 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 Mem-
ory (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 an effective thread scheduling by controlling
some RaR accesses. On our proposal, when a RaR access to some particular address is detected between
some transactions, the execution of those transactions is serialized. The result of the experiment shows that
proposed method improves the performance 53.6% in maximum and 15.6% in average.

Keywords: Hardware Transactional Memory, thread scheduling, Read-after-Read access, contention man-
agement
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Fig. 1 Futile stall derived from a Read-after-Read access.
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Fig. 2 Avoiding futile stall by disapproving Read-after-Read

access.
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Fig. 3 Aborting writer transactions.
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Fig. 5 RaR access detection using Tgt-addr. register.
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5aT7HFF 2L, Committed I % EETH T &
T, Te.X #3233y FL7Z L% Thread2 \2fnz % (t6).

ZD & HIZL T Committed 38 % 52A5 L 72 Thread?2 |3,
TIORTLHICHTBED O-que. F v 7 L (K
t7), AT HEFTIEWMY BT &R b7, Thread3 (23t L
T Wakeup * 72—V ZFEETH. 2D Wakeup * v £ —
V% %45 L7z Threadd 1% Threadl O¥sé L FBRIC, AT
ZHBEALTC T X 2323y ¥ 5. Thread3 13 Tz X 3
Iy ML, Rres. 226 a7 H SN L, Thread2 |2
xF LT Committed WA % %ET 5 (t18). D Committed
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Corel Core2 Core3
Threadl

Thread?2 Thread3

R-res.

auy

Committed

7 HEERGIEICE S T Y v a Y OBRIAT
Fig. 7 Serialization of transactions by controlling the order of

precedence.

B % AE L7 Thread? 1%, HEHS D O-que. 5 = v
75h., ZOL X, O-que. [ZIF A T7HFGIHEMENT W2
W72, Thread2 3HEDPFHESE72 AL v FOFEATZ T
NTHBESEZEHML, HRIEFHEEZRTT5.

Z 2T, O-que. & Rres. DN—F 7 273X MIDON
THETA. ThHDTy M) IZIZa7HFeridEins
20, 32a7BEO IOy Y ogAE 1y M) B2
4bit WEE R L. F72, O-que. I21E, WKTHIT K
CIRTOATHFZERLETILEDND L7290, 4bit x 31
DRLBAENLEL LS. LEoZ ens, LEELLE
FOIEA R, 4bit x 32 x 32 =512bytes VR TH 5.

5. fLAERFA

ARETIE, RETFFOHEEMREZ I 2L -2 a3 2k
FEG L, 155 N7-FHE R DB EAT .

=

5.1 FHEIRE

INFE CTHBRAAREFTEE, HTM OffFECIL L v s
TW5 LogTM [11] 1253 L, ¥ 3 ab—2 3 X2 X 5aHf
%477z, i1 Simics [13] 3.0.31 & GEMS [14] 2.1.1
DA E A7z, Simics IHEREY I 2 L= a Y %2479
TWVYATLYIab—FThY, £7-GEMS iFxEY
VATLADFEMBESAI VS Iab—vareily, 7
Oty UL 32 77 O SPARC V9 & L, OS I Solaris
10&L7 R1IWCHEMEY I 2L -2 3 VEREELRT
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£1 YIal—F#n

Table 1 Simulation parameters.

Processor SPARC V9
F£cores 32 cores
clock 1 GHz
issue width single
issue order in-order
non-memory [PC 1

D1 cache 32 KBytes
ways 4 ways
latency 1 cycle

D2 cache 8 MBytes
ways 8 ways
latency 20 cycles

Memory 8 GBytes
latency 450 cycles

Interconnect network latency 14 cycles

it G o 71 75 4 L LTl GEMS ff /8 microbench,
SPLASH-2[15], 3 & O STAMP [16] 2> 551 10 & A L,
KN FT—rTOATITLE16BIU31 ALy FTEST
L7, B, KR STAMP i3 2 DERBEDOAL v KT
ARENET AN FI—2TH A7), Gramoli 512 L5, 1T
HEOALy FEUTOETEWRICT S [17] 2 id 2 &
T, 31 ALy FTLFEITLL.

5.2 FHliiER

31 ALy FEITIC L BEMfifG R LR 8 BLUFR 2 12,
16 ALy FETICL MR RZE 9 B LU« 3 121
7. SBLUM 9 D LENIY A 7 VEONRERL
THY, Non_trans 1T b T ¥ 27 ¥ a YHoOFEFFY AL 7L
¥, Good_trans (¥ I v FENL T VT v a v OFELT
A4 7 v, Badtrans (Z7HR— M SN T U g
Y DFEATH A 7 IVEL, Aborting 137 AR — MLEIZE L /24
4 7V, Backoff 13Xy 7 4 ZHIRIZE L7241 7 VL,
Stall (ZA N —=JVIZE L7 A 7 Vi, Barrier (/37 T[4
HICE L7214 7 V¥, MagicWaiting (Z3¢ 5 F1:TEIN
L7 BC B L 72 A 2 Ve Z NEIUR LT 5,
TP T, HEXNYF =2 70T T L O RD
SEARDON=TERENTWVED, TNLDON=ITENLIEIZ,
(B) BEFD LogTM (R—ZAF A4 )

(Ri) Tgt-addr. ®7 FL AWK E 1 L LI REET L
(Ry) Tgt-addr. 7 FL A% 2 L LI REETL
(Ry) Tgt-addr. 7 FL ALK % 4 & LREET IV
(Roo) 7 FLARBEHIZERE 522 WSEET I
DEAATA I NVEOVH 2R L TBY, BAFD LogTM
(B) OFEfTH A 7 V% 1 & LTERELTwAE, 22T
(R1)~(Roo) D7 F L AT & 1, Tet-addr. |ZFLHET]
it 7 Read—Write DJEETT 7 A ENET FL A0
ERLTWA, BB, 7FIVVATFLYIal—% LT
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(B)conventional LogTM (baseline)
(R1)RaR-access Detection (N = 1)

(R2)RaR-access Detection (N = 2)
(R4)RaR-access Detection (N = 4)
12 7 J/(\l; (R..)RaR-access Detection
[ MagicWaiting

[] Barrier
z 0.8 - B stall
3
% 0.6 - [ Backoff
'«% [ ] Aborting
~ 0.4
B Bad trans
0.2 1 [] Good trans
0 - B Non_trans
Y Y Y
GEMS microbench SPLASH-2 STAMP
8 HTUTFTLIBTHTA 7 VL (31 AL v FELT)
Fig. 8 Execution cycles ratio (31 threads).
(B)conventional LogTM (baseline)
(R1)RaR-access Detection (N = 1)
(R2)RaR-access Detection (N = 2)
(Ra)RaR-access Detection (N = 4)
1.2 - \l} (R..)RaR-access Detection

[] MagicWaiting

[] Barrier
3 08 - B Sstall
o
>
© Backoff
5 0.6 - [
o .
4= [] Aborting
& 04 -
B Bad trans
0.2 - [ Good_trans
0 - B Non_trans

Y Y
GEMS microbench SPLASH-2 STAMP
9 KTUTTLIBTLYA 2 VEE (16 ALy FELT)
Fig. 9 Execution cycles ratio (16 threads).
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R2 FEXCFY—7IIBTBHA 7 VEIEH (31 AL v F¥EAT)
Table 2 Reduced cycles ratio (31 threads).

GEMS SPLASH-2 STAMP All

(R1) ¥ 29.2% 19.1% 4.9%  22.6%
K 66.9% 39.9% 9.3%  66.9%
(R2)  F¥  29.3% 19.9% 5.2%  23.0%
K 66.9% 41.5% 9.9% 66.9%
(Ra) P 295% 19.9% 5.0% 23.1%
K 66.9% 41.1% 9.3% 66.9%
(Reo) P34 29.8% 22.4% 4.7%  24.0%
K 66.9% 40.9% 8.8% 66.9%

K3 ERNVFI—7IIBUILYA ZVHIEE (16 AL v FELT)
Table 3 Reduced cycles ratio (16 threads).

GEMS SPLASH-2 STAMP All

(R1) P 22.7% 9.9% 2.0% 15.5%
K 53.6% 25.1% 4.0%  53.6%
(R2) ¥ 22.7% 10.0% 2.2%  15.6%
WK 53.6% 24.8% 4.5%  53.6%
(Ra) P 22.0% 10.0% 1.7%  15.3%
K 53.6% 24.6% 3.4%  53.6%
(Reo) P39 22.2% 10.7% 2.3% 15.8%
K 53.6% 24.6% 4.8%  53.6%

FAL Y FERAWEEEDY I 2L —3 3 » %2479 1213,
HRDIEEDEZEZETHLEDNDH L (18], L7z T
BRI GIc o 4T 10 MR DKL, 55 N2k E»
5 BRDEEXE Z kD72, BERKMEIET I 7l T —
N=T/RY. &b, REFEEJHOZHIZEMLZ3 2D
1=y MADT 7 AT A F = Ny FIdIEEIC
NSV, ZZWEFFELTwRWw, ZoF— Ay ’
IZDWTIE, 5.5 HiCTHIEELT 5.

AR RS, 16 ALy FBXU31 AL v FEFFOW
FTIUTBWTYH, KIFEZMERER BN TWE Z L%
MhH. IO EMS, ZLoTurg AR, HHLILE
ZEHTHT L Write 7 7 © A129E3 - T Read 7 27 & AHT
bid N7 o7 g VDS EENTEY, Futile Stall
EIEESE) DLV EEH L I LR TE, 2O
Futile Stall # $2¢ R FEI2 L D95 2 & T, Btree 2B
{FRTOTur 54T (B) L LEoMEIELNT.

F72, R onsEms LT, Tet-addr. IZELHE
TELT7 FLAFzHNSELI12oN, £Ln7TursI L
TREAFE TV B PEREIA LIRS KE (o TWnAbH T &
Wahrh, LarL, 7 RUARELEHENSEs 2L THE
SNAMWREMEIZHT 720D TR L, BETTIL (R)
WZBWTH o adiEm e Tnsg., £/, 7L
ALEREWMSEL L, ZNICEDB > TNA—FT T
TJAMBEWRTBILEZEETHE, (Ry) »MEREB IV
IA MDA R TRANIZEN TS EEZ LS,
2O R) KBWTERYF Y= TUT T L% 3L ALY
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FCET LA, BEFETE T VIS LTS 22.6%, K
66.9%, 7216 AL v FTHEATLHE, BEEET VI
LT 15.6%, K 53.6%DMEREN EE2155 2 EATTE
72, REETI, BNV F— 2 BNIEEM A MEEE AT .

5.3 E=R
GEMS microbench

T 4 GEMS microbench Tl&, &IRZEETNVIZBWT
Deque, Prioque TEITHA 7 VEDTKRELBLLTEDY,
F#12 Backoff 1 7 VD KIE BN HYD., 5D
Ta7 I ATIE, TL—EHDT KL ADHAD Read— Write
DNEFTHEIZT 7 AENhiz7zH, R) DLHIETTF
L ZDFEER D4 7% { T, Futile Stall R Z LIZHEH§
LT R= et5ifl+ 52N TETEBY), ZOZ LD
Backoff D KIEZRHIBICOhhi o/ EZEZ 655,

L22L, Btree #FEAT L2 AICIZ EDREETNVICE
WTOMRER DT T Lz, 2@ Btree 121E, VU —
R LT 21 AB L UMBRIRED 2D D 2 D b T~
o ary (R Ted, Ted £55) BAAEL, Tod
I3 Read—Write DEFTT 7 v XA ENALT FLANEF
NBDS, Te.J I ZIEZFDT FLAIx$ 5 Write 7 27 & A
BEHEFENTBHT, Read 77 L ADADGENT WA,
FOD, HEO Tel &)L, LI Tod & Ted A
WHNEAT SN DG EBARREFEIMROTHL. Lo
L, 8O Tr.J OARDWHNIFELT E N5 HEITIE Write
TR ADIE L W0, Read 727 L A&k S €5
Z EIEEYITIE v, Btree TlEZ D X 9 7 MEEL 72 fpfR
RIS B8 LT\ ic 2, REE TNV OWBED DT
BKFLCLESEEZEZONSE. 2O Btree DEH I, B
BT = T BIA/RE N T s Yo YT
BES 5 L9 256103, FROMRIRT251&EZ Sh
LUREMNE L, T ESIKEC Ty a v
HEH S EWEAIL, FICZOMRBETSEHE I >TL
FIEEZOLNDL., Lo TAHH, Read 77 L ADAEAT
NI a RGNS 720 DA E G
BUENRHLEEZOND.

73, Contention, Deque, Prioque (ZBWT, 16 AL v
FETRLD S 31 AL v FETHEO S A MagicWaiting
DEEDPHL L TWED, TOFBPIZOWTHET .
% ¢ Contention IZBI L Tix, 31 AL v FETIZBWVT
Backoff 78K & (IR L TWAZ &nb, WHIEDREANIC
DL o TTR—-MOBHRLDPELHEL TWL I ENGHh
4. 20 Backoff D KIZEWVFA— T o7 ar e
LS ET SN DB SP % h ), R4ITRT LD
12, Read—Write DNEIZT 72 A ENAT N L AIZHT
% RaR 7 7 v AR WP L7zZ LSRR TH A, —F
Deque £ & UF Prioque (DWW Tlid, 16 AL v FET LD
b 31 ALy FEFTORDRETH A 7 VEIE L hoT
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% 4 Contention |ZBF % RaR 7 7 & A A%

Table 4 Detected RaR access average count in Contention.

16 threads 31 threads
RaR 7 7 & 2% 94.0 66.2

# 5 Deque B X Uf Prioque (2813 % Magic Waiting D1 7 V4
Table 5 Magic Waiting cycles of Deque and Prioque.

(R1) 16 threads 31 threads
Deque 1,211,862 1,548,405
Prioque 295,077 395,844

1 BEGIN_.TRANSACTION( 16 );
2 ray—>id = gm—>rid++;
3 COMMIT_TRANSACTION( 16 );

10 Raytrace 7HZ7 7 LAHND T 72 a v

Fig. 10 A transaction in Raytrace benchmark program.

LE)H)7urs 7 4THY, MagicWaiting DEI A 134 L
Twb5b00, F5IIRT L9 12 MagicWaiting D1 7
VRIS L T 7z
SPLASH-2

SPLASH-2 N> F<— 7 Tld, HRETTIVICBNTT
NRTCOTU T T LDEFFFA 7 VEFHA L, Shso
¢ 3 Raytrace (I22W T, Backoff 1 7 VEASKIEIZ
WAL TWw5b, Raytrace D707 7 LAHRIZHIET A, [H
L7 KL A2 Read—Write D)5 CHEIZT 7 v A4 5
MU a1l O%E 10 IIRT. ZOMTUHY
2 a YNTIE, gn->rid BHDOA 7 ) A » M rb N T
BY, ZNDFE—ZEE~D Read—Write JED 7 7 £ A 12
Blb, == % 1D BERT L7201, ZOEKEDA
Y7 ) Ay MIPHUICAT DN S LER B L. HEBEAL v
RO T 7 a v wifiTFAT LGS, BIFET
)V (B) TIEM 1 T/RL72 &9 I Futile Stall 2354 L, %
BrO—HONT W7 a BT R=-NENLEZEND
Backoff %1 7 )V & Hi k3 5. Backoff IdH i % mlkEd 5
TeOICHETETORLEMZZHT B35 505, #He
L5 B LIRHBIBICH AT 5720, LB FITKE
BiEE o TCLEIGEDNH L. T TREFTEEZH W
Y4, Futile Stall Z ¥l T& 57217 CT% {, Wakeup * v
= VICX Dl R BREEMT N Yy v a Y EEBE
BHZENTE, fFHIEMOMELD N SN b 2 LA Rk
M EIZ2%hoTn5,

¥ 72, Cholesky Tld Barrier %1 7 VDG EIZHA L
TWwh., ZhE, RIEZEFIEICLY Futile Stall % #f] 3
52 LT, HEALY FTHEATZ T R— ORI L,
FTEFRLRZTAL Y RO ZIT) 7201 A L >
RO HL hotelcbiZeEz o 5.

— 7 Radiosity 121%, Read—Write DNEFTT 7 £ A &
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NBT FLAPEREGEINTEBY, 2507 FL A
FLTCT 7R ADPGEMT 5720, FREETTNVIZBNTT,
Tgt-addr. ~O7 FL AEGRE, BESNLT L ADH
FELEDPHEBEIATbNL TV, TRICEY, BEENET
VAR CERClEINTLE ) WSS m < 2D, 1IE
MEICRaR 77 ¥ A2 CE Lo a0 % H o7
LEz2o6N5. L7zh-> 7T, Radiosity D& ) %70 rs 3
LR Bl E LT, Tgt-addr. N7 KL ADE
HFBIUOBEEOTVIT) ALEZHBTLI LR ERHITS
ns.

STAMP

STAMP N> F<— %7 T, AFFEIZ X o T Kmeans
DEFTFA 2 NVEPEL L. Z2o7a s 5 ahmiciE
Read—Write DIEFETT 7 2 A EN5T KL ADHEHET S
2%, Kmeans (LN F<— 27 & 1l L THEAVN S W
TUT T LToblD, KFLEDOHW TS %, Futile Stall
OIHN & B YEREI EORMDS D ofz b EZ HND.

54 X P—ILERVWEVWESBREFEE DR

322 HATHMBRNRIZ L H 1T, RIEEFEL, FERER
IZA b= )b ZHvd HTM 228\, Futile Stall D5
Er T 25D THE. —HT, Ab=IVEH T, ¥
BEAERICEEIC N T o7 v a v a2 T R— ¥ 55
DOYif, TD &9 7% Futile Stall 13 H ZFHFEEL 2 %\,
REITIX, ERROLI BT R—-FDOAEH L L THE
fRRE ML THRE KT 5 28T, ARETHEOEMEZE
2T 5.

T, BABICT R b2 HWD 20D R T
TV (Aw), (AR) xEF*T 5. 727201, RIEFFEIEA
SNDLGFMIZ BT LIV OENDERRIZ G 2 5 B & i
BT D720, TNHDEFIVTIE, WaR B34 12 R
D, ZNZwriter N7 W7 23 F7ld reader T ¥
Yo a v EMBIZTR- €52 L E L, RaW/WaW
HAFICIZEEEBYV ANV HWLZLET L, 2D
EFVD3L ALy FBXU16 ALy FIZXBEfFY A 2
VHAERIHO (B) BLU (Ry) LI L-fREY, K11 B
JUHE 12 IZZ2NEIRT. AIEHO 77 7 LRI, (B)
DFEFFA 7 VEE 1T ELTESLLTEBY, HROMLE
bRILTH 5.

FOFER, FEFTRTONYFY—rTa 7 I HILE
WT, -EETI (Ry) 25 (Aw) BEL U (AR) OMEfe%x L
[>TV I ENFHERTE, 707 T LN H 5
&, 9 Deque % Prioque 128V T (Aw) BEL U (AR) I,
Ry) K RIEE VD DD, & 2 FREOVERER LA S
TWBLIEHHEHDE. INHDTUS T L% (Aw) BLO
(AR) I X D FEAT L7254, writer b L < I reader b7 ~
P a7 R- bR ERT., LArLInboTa s
FLIZEFTNANT V2 T a VIIIERICEWO, FE
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Ratio of cycles

Ratio of cycles

(B) Conventional LogTM (baseline)
|/ (Ri)RaR-access Detection (N=1)
1.2 \l/ \L

(Aw) Writer-Abort
’: (Ar)Reader-Abort

[] MagicWaiting

[] Barrier
0.8 [ stan
Backoff
0.6 ]
[] Aborting
0.4 [ Bad_trans

] Good_trans

<
)

[ Non_trans

Y Y
GEMS Microbench SPLASH-2 STAMP
11 K707 72280504 7 VElL (31 AL v FFEAT)
Fig. 11 Execution cycles ratio (31 threads).

— (B)Conventional LogTM (baseline)
(R1)RaR-access Detection (N=1)

(Aw) Writer-Abort
—— (Ar)Reader-Abort

1.2

[] MagicWaiting

1 .

[] Barrier
0.8 . Stall

[ Backoff
0.6

[] Aborting
0.4 [ Bad_trans
02 ] Good_trans

[ Non_trans

Y Y Y
GEMS Microbench SPLASH-2 STAMP

12 £707 7028534 7 VEI (16 AL v FET)
Fig. 12 Execution cycles ratio (16 threads).
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1 BEGIN_.TRANSACTION( 2 );

2 if (*gqptr == NULL) {

3 le = InitLeaf((cellptr) mynode, Processld);
4 Parent(p) = (nodeptr) le;

5 Level(p) = ;

6 ChildNum(p) = le—>num-bodies;

7 ChildNum(le) = kidIndex;

8 Bodyp(le)[le—>num_bodies++] = p;
9 *qptr = (nodeptr) le;

10 flag = FALSE;

0o}

12 COMMIT_TRANSACTION( 2 );

13 Barnes VU7 I 2HNDONF W7 v ay

Fig. 13 A transaction in Barnes benchmark program.

T2 X BB FEATH A 2 VoINSV KREL 5%
v, F 7, TR FOBRLIZE DNy 2 F 7 B K
T5 28T, METHRIIBIT 2 FETFR L FEROR RS
LNTBY, HAHAEEERESMEL TS, LaerL, Ny
7 A7 L0 SREFLEDOFETRHED T 2558 ) 2 Rtk [ 23
RIESND 720, WEFLEOH VA BRI HFE-> TV 5D.

—77C, Barnes, Raytrace, Vacation [ZBWTIE, (Aw)
BLU(AR) &, (Ry) LB L THRESKE(H-THY,
(B) XV HEEEALTLE DAL H LI L3052
noo7a s A9 2, ik L7z Deque X Prioque & 13
R0, HEREREL, POWENERELR TV T VT
TarbEINTWL, 20720, Ny 7 F 712X BR%R
EIRETHRICBIT 2 FEATHRIC L 23RO E P E T
nikExohsb, F-—Ho 71 r 7 L Tld Bad_trans
WML TWEZ s, 7THR- MEOBETIZE %)
B AT A 7 VS HREICERE 2 RIZLTnwb & E 2
bhb.

B, (Aw) & (AR) DHREX LT 2L, £ DT
77 WIBWTIIIZEEDOMRE L 7 > T A%, Barnes O
31 ALy FFELTRE, FEIC (AR) DUWREN L LED D
b LA, Barnes NTE A %EpIERITNT &~
HFrarol1o%, M13IRY. ZOMNT W7 g
VT, ¥ *gptr 123F L T Read— Write JED 7 27 + A
PATbNTWEH QITEBLUIITH), Z0OMICEDH
LPREOUEIEEINTVE, ZOL) BHEIIBVT,
(Aw) D & 912 writer ll (ThreadA £ 52%) O T »H 7
YaryxaT7R— b St reader fil (ThreadB &5 %) %k
L E, VI UWF TV arEEHFELT L ThreadA 7%,
ThreadB O N7 %27 arha 3y MIELANICHE
HELHIZread 772 AL TLE D I & TUILAEELL,
ThreadB @ write V) 7 T A FRFIZA L ThreadB O N 7
YW a ST R-bENTLE). TNEREYET S
ET, WITNRDO T U v ardbaly MIESRVE
FBHWELED LT R— N SEH ) RRPEAEL, £
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F6 AP—VEHNEVETLEDTA 7 IVHIRED I
Table 6 Reduced cycles ratio of aborting models.

31 threads 16 threads

(Ry) P 22.6% 15.6%
[TN 66.9% 53.6%
(Aw) ¥ 12.0% 10.3%
L IN 53.5% 47.7%
(AR) 18 13.2% 10.7%
L IN 52.4% 45.5%

MIZEDB BNy 7 F 7B RECHRKTHIET, (AR)
WCHARTRE LMK TEZGIERIL) S, —HT, K10
IZ7R L7z Raytrace D b7 7 2 a DX 912, Read 7
7 XA Write 77 Y ADOMBHPEL P T o7 ard
V&, reader/writer WEFND NT T v a v T
A= P LEGEIIBVWTY, H0E Ny 74 7 FIC
HEDONT 7 arhasy MCELUEEIEW &
EZbND., Z07®, (Ry) EDIE7HR-M0%4ET5 B
DD, (Aw) IZBVTORIELS Vo SWHEITLZWVWEFE T
K= FASED R END L9 HIRPICIERGS 2720, (AR)
EOWREIZENE L TV ARWEEZ NS,

RIRIS, BETIVICBITARAB LU A 7 VEE
Fx, R®OEIIRT. TORKKLID, RaR 7 7 1 A % {fill{Hl
$ % Z L T Futile Stall % fi#jed 2 RFEEFHEE, HAMIC
BAERERIIOTNPDO N T Vs v a v E TR NS
72 TIRBTE L 2 72 VIR T 2 ZhER ISR T & T
52 ENHERRTE 7.

5.5 BIMN—RFRI7z7OREAXNETIEIALITEY
KRETTI, BETEOEROZOIEML 72— F7 =
TOEEIANET VAL T VIO VWTELET 5.
T RLVAGRERE 1 LT5ETV (Ry) % 32 I TR T
Oty FICEE L2 #E2 58, 4BTHRNL
912 Tgt-addr., O-que. B & U R-res. ([ZWFE & % 4 LB
w/IE 1 a7Hy ZNE64bit, 4bit x 31, 4bit &7 D,
32 A THFTDH 768bytes £ T ABTH L. /2, Th
SR EREEMINCLIEL R ANAIKIE, 1aT7H20, TR
VAL O /200 HE: 1 28, O-que. D F 2 — ik
DIZODRPEDHZRTH Y, FFIHLBVN=FT7 2T IR

N CEETETH LI ENGHD.

RKIZ, THHEMN— R 270 T5T7 7 ALA T
YUK BT IR AF NNy ROMERRIC IE T RHEICO
WTHEET L, O —NAy FEEHRT L2010, £~
VFR—r AT T LD 31 ALy FETHICBWTEE
ML=y "257 7 A SN EFNL . FHlEEE
£7, X8 BLUEKIIIRT.

INHEIZy bADT 7 AMBE, K=V bDOT
7YX AVAT YV EFELIZD OO, BIIN—F7 <

69



EHMMIPFASHYEE I E1—T71>J Y X7L Vol.6 No.4 58-71 (Oct. 2013)

£ 7 (R1) B 5 Tgt-addr. ~DT 7+ A0
Table 7 Access count of Tgt-addr. with (Rq).

GEMS SPLASH-2 STAMP

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

£ 8 (R1) IXBIFSH O-que. ~D7 7 &AM
Table 8 Access count of O-que. with (Ry).

GEMS SPLASH-2 STAMP
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

F 9 (Ri) IZBIF5 Reres. ~DT 7+ A%
Table 9 Access count of R-res. with (R1).

GEMS SPLASH-2 STAMP
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

TOT 7 EAF =N~y F&hb, 2T Tgt-addr. I3,
T RLAORERY 1 & Lze, Mkl VA5 T
WTEAH72D, 7 FLVAORASB L O—FbEizzheh
lcycle BETITZ5EEZHNA. — T O-que. 1ZHF
1R, 1ED4bit ¥ 7 b & 1 EORBEETITA S
728 2 cycle #EE, R-res. (2389 4 1 #:FIE Tgt-addr. [Fkk
AT FHE T DEFGB L —HHRICWTD 1 cycle fEE %
WTHLEZLNS.

INHDEL=y MIBESNET 7 LALAT B
ORI L7227 7 2 ARED» S, EXVF~<—r 70y
FSUBIFBLT 7R AF =N~y RPBEFTIA 7 Vi
D LELGEER L2 h, RDEEOKEN o7
Raytrace IZBWVTH 02%HETH-72. 2D enb,
BETHROLDIGENMLIN=F7 =27 D7 7k A% =N
ANy ROEEEIZG 2 B HBRIT DT B LDTHLI b
PR T E 72,

6. BBbHYIC

KFFTlE, Read—Write DNEFTT7 7t AEN57 KL
AND Read-after-Read 7 7 E A% HIH L, TOT7 27t A
DB ALy FOETEBERILTAAL Y AT Va2 —
VO FFERRE L. IRICEY, BFEO HTM O ke
KT & & L84 /59 — > Tdh A Futile Stall ° 22k
W B7R—-bEIHILI. T, BETELERT L
DICBEERDN=F 727 O3 A MIVFLIEFIT/N
SN &N ro T,
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WREFEOGEEE MR T 5 72912 GEMS microbench,
SPLASH-2 3 X IO° STAMP N> F~—27 707 5 A%/}
WCERM L 7RG, BEFEO HTM LB L T31 AL v K
WHEATERIZ B THROK 66.9%, 4 22.6%, 16 AL v K
AHEATREIZ BV TROK 53.6%, P 15.5%DEFTH 1 2
WVEDHIRE NS Z L 2R L.

GBARBTIRELZEFVTIE, I r¥Frarzil
FIFATTRERITD., FRHEBERMIZFEITLTLE D
Wit otz LichioThHR, BREFTTRE NI U
7va vk L )EYIGERT 5 FEA > T CLEDXD
B, F 7o, REETIVCTIEIETNERF MR EARIRE & %
LAV Y NBEHET L0, TOLH)RAL Y FIZxFLT
AW AE ) B THHECOTHE T L b4
BOBETH 5.
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