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Energy Efficiency Improvement of Renamed Trace Cache through
Reduction of Matching Path Length

RyoTA SHIOYAt and HIDEKI ANDO

Out-of-order superscalar processors rename registers to resolve dependencies between instructions. A re-
naming logic is one of the highest cost components of out-of-order superscalar processors and it consumes
large amounts of energy. We have proposed Renamed Trace Cache(RTC) that caches and reuses renamed
instructions to reduce energy consumption for renaming. The conventional RTC reduces energy consump-
tion for register renaming, but it does not effectively reduce total energy consumption in a processor and it
may degrade performance. In this paper, we propose a method that caches only renamed operands near their
producers in RTC and it improves cache efficiency and reduces hardware overhead. Our evaluation results
shows that the performance degradation of our proposal is only 0.3% and it reduces the energy consumption
by 53% compared to a conventional processor.
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Lx, B9 OfEMH- THRATS. RIS &FREk
OHE 7 n—Th 5. 22T, MADKEMEDY —Z -
F_XT U RX12OTHHALED LT 5. /ﬁ\, Iio & I @

2MEMBIRD FL—RIZEFEETH. 2D ML—R|Z
BELHRBIT I ARD DN, Lo DFaTF a—Hi%, D
BB EEST-HBATL Lz D1 OTHD. —F, In D
TOF o — IR T L ICR Y, TREN Lo, I,
Iy 725,

BEfF O RTC AT, —EREERIZ N L —ARNT
HBRIEEENRENA LT RADEM LR D, 2D
720, Iig \iCED 3 ODORKE T LIENEFNRL D b
L—2AnEREND.

Ikt L, REFETEREES 1 O 8ICRE
LGB %525, Lo D7 aT 2—HE hL—ADH%
F1mBLINIC®H 5720, Ux—IV THERNF vy
vadb. —F, Iy OFaTa—HiExENnG 168
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%Ipo: rle—... é

i

A i
A i
A [ He)
NES

trace L - . rl+..

po ...

9 H I L OB RIEHE

LB TS 72, VRx—I U IRiRIExFryy v a
AN, WEHLUVAXFEER vy a2 E&ND. I
T, Iip ICED 1 S RiORKIL [z D1 O>TH 57
O, FRENDAHEERHD N L—A X 1B ThD.
TDOXICLTEREND P L —20OEDBEIR SN D
720, ¥vvaORENRNAETD.

3TN LS, FL—2DO—HREKEIILT
T, AR END b L— RSN L, RTC
DEBNRZIETFT SRS, 5HiTR~3 X1z, #E
FETHE—BREREL 6 mAREICECEMTE S
b, EREND FL—2OBITEIICEIRE D,
FREIL DR X B L LTHBSNZA T > Rk
RMT LY U R—I 70 Thsdn, K&/pHE
Lk b, Bk L=k o, REHDOY—A - F
RT U ROTaT 2—H| i%@‘\/\%ﬂ“bwlﬂﬁhfio%
T, ZOOMBEL VR E T L LTS ILD A
Z v Rzt 7n. LiER-TC, RTC RS I AR
DI=DIZIEN B TWAHDAR— RO RMT 2L 5T
F3V F—=I T HEETH Y, FIUC K BB R
F—H/hEIu.

432 ATDN—Fo 724
RETLETIIREREEE T2 b, ¥ 7~0
M D Z—47 Y b« 7 KL A 32 8) 24
MCc&5. 328 CTlR~7=L 912, BEfED RTC K5
ICBWTRERMREIK TR S W enidiy, #71C
2 EFEE ORI 2 — 7> b« T KL RAEHT 5
VERHHY. —F, BEFETIT -HREEL 6 M
BREDVEIZTHZENTED. 20, 271
A=y b« 7 R RAERNET, KT T D8R LI
MRS & oM BHAIEF vy v 2 LAWEST
b, TORBIENE»6MOBRETHD. 32T
WAL, ZT~DE—7 > b 7 KU REHIL
REBRA— Ny RERDIZD, THOHMEILRIE
BEERESEWTS. £72, Thicky, HE—x
NF—ORIE S K& HIE D,
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5. & fifi

V3ial—vaicky, BETFEETMLEZ. L
T CIEEMBBRETIC OV Tk~ 7248, PEREPHE — %L
X—7e EOFHmFE R 2 AT 5.

510 FHIRE
PEREDFHMIY, otk oY - I 2 L—ZRERY
ZHWTITo7-. FHilI2IE SPECCPU 2006Y 128 %1
LERTFv—T RN, X Fv—rDar g
IZIE gec 422 VY, IR v AT TiE
“~O3 HRELE. ANT—% -y Mlidref %
AV, 7o/ I 50%E1GHtEaAFy LT, F

53 REFEROBRORKRE
REFIETZZEDONRT A= NHYD, THHHHE
HAZET D, MBREMZRD 120, KEHTEIANT

A= w S E TR

FA—REBRETDH.
%7, RIC DEEZ 05K FL—2A75H 4K FL—
AFETESETHREAFHE L 7. B 10 iX RTCProp
® Base \ZxI4 2% IPC THD. 7T 7HOKITN
BB F~— 7 OFERO R & FAREIZ E
FRHRIET 5. FKOFAE T, RTC O—ERKE
(3.1 fi, 428 1% 6 MmAICHEE L, RMT OALEIE

25 AT R) ELTWA.
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AL, PARE TR 28

D777 XL

< 100 M iy 45 DFFAf 217 - 7=

2 = 3L ¥ —DEHE CACTI6.5'9 2 vy, 32 nm

T aYEBREL T2,

D, RTCIZ 1K hL—2AOFENHILIL Base (Zxt L
TFHITHERRZ IR T S8, REOHA THIEGEEK
TE210%LURNIZEBE IO LN Z ERnd. Lizho
T, UBTCIEZoFEE Ll UCGHEZIT .

52 EFHEETIL

RUIIRN—RATA LR DN ERT. ORI,
IBM Power 77 L[RfgIC 7 1y by ROWEZE 6 64y,
FATIEZ 8 & L, ZOMDI/NT A—HITONTEH
FVERRE R D KX O BATWS., ZOR—RF A4 2

wiz, 11 12 —E R EE & RMT OALHIE % 251k
SH7=HA D Base (k3 A F8%F IPC Zo~d. R
BN F =T OFREROBTEL TH D, KPR
“RMT-Nw” 1%, 1 %A 27 1H1-0 N s (N x2F

L, UFoTF Va3 LT L.
(1) Base: W OMSX Yy arlfil-ET L.
2)TC: TC %#fzx=ET /L.

NFTUR) DYR—=IVITRTEBHZEE2FT. FXN
XV, RMT OAEMEN 2 LA B2 & 10 DL B
BEAMETFTLTCLEY Z 035D, F72, RMT DL

(3) RTCConv: BEfF®D RTC #{Hz =T /L.
(4) RTCProp: ##ZETEIZ L D RTC iz 7= €T /L.

TC & RTC OERIZHOWTIER 2ITRTERBY T
»5. TC R RTC ODEF/NLTIE, L —ARIZET
ZLEDOTELNEOEIL2 & LT-. $£72, TCX°RTC
Dby MIARZ1I VA IZIVATONREEDE L, M
FXXY T a~DT 7 ERIZO®RITI> bOLE L
RTCConv (23T, & 7T 5 oo % —
Ho ke T RLRIZ2oE LT

1 R—RATA Ok

RS 2 fn i DBA,

—HRERIT 6 A D & & A

BIEESR RV, 2072, LI TlE RMT OALERlE %

Z'DLEA, .

kR E 6 fnm & U CRHEi 217 5.

54 IPC
K 1212, &E7 /O Base \Zxt9 2 tE%} IPC %71
9. RTCProp X Base iZ4f L, 1T 0.3%MAEA X

Name Parameter

ISA Alpha

fetch width 6 inst.

rename width 6 inst.

issue width 8 inst.

issue queue 64 entries, unified

execution unit
ROB

branch predictor
L1C (D/T)

L2C

L3C

main memory

int:4, fp:4, mem:2

128 entries

8 KB g-share, 2K entries BTB

32 KB (34.3 KB“*\'), 8 way, 64 B/line, 2 cycles
256 KB, 8 way, 64 B/line, 8 cycles

4 MB, 8 way, 64 B/line, 24 cycles

200 cycles

% 2 TC & RTC OHERK

Name Parameter

TC 1 K traces (29 KB™), 8 way, trace:6 inst., 3 cycles
RTCConv 1 K traces (51.4 KB*), 8 way, trace:6 inst., 3 cycles
RTCProp 1 K traces (30.9 KB™), 8 way, trace:6 inst., 3 cycles
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min
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10 FEZESE-5E O IPC
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PC
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09
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Relative

—e—RMT-3w
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RMT-1w

2 4 6 8 10
Path Length (Inst.)

11 —EiREgR & RMT OlEZ2 21k S Wiza o s IPC

Pt
e
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12 Base (Zxtd % #Hxt IPC

TEHTWD. 431 HTih_7- L HITREFIETIX
BEOREZWEL TWHTD, 3.1 Hiclk~~7-RiEIC
L DPEREIETIE, TC FEFRBED 7 = F - R0 Rig
EKRIZ oté PEREI) FIZ K » TR CE DRE L 2> T
Wb, Ziuzxtl, TC &g L7=HaE 7 =y F - N
N F‘rllaﬁﬁjt@)dﬁ'ﬁ TR TH D720, T 3.4%M%
EEETSETND.

RTCConv 1%, Base & < b X T T 3.8%MHRE
FIEKTFESETCWD. 72, RTCConv Tl k&< £
BEZ FIFCWABRUF~—27 0BV, 12 hmmer °
GemsFDTD, sjeng TIXZNZ4L 16%, 15%, 11% M
R TIE WS, ZhizxiL, RTCProp OMEEK

TIEDOYATH GemsFDTD O 7.6% T Y, RTC-
Conv LW b RELMERRAZIGEL TV D,

55 ,ﬁﬁl*)b#—

X 13 (2, %ET /L0 Base 2k D4 — 38—~
B%ahtRMT®ﬁﬁﬁ%IKW# 9. R
DOFERIT, BV TFv—7 DFERETFH LI HLOTH
%. [AIXA® overhead 1%, 7 v FE845 TH U 5%
ITRNAX—DF—N—~y F&FT. TC, RTCConv,

RTCProp CiE, TC R RTC, BLMmaF¥v =i
TR ABMTONGS. ZHHIZ X AT R —

Base Ofi ¥ ¥y T/ BRI DB RV
F—LVHRENWD, TSIV LZEE =S
N X —%[FX Tk overhead & LCELTWD
RTCProp ®iH% = >/ ¥—X, Base, TC, RTC-
Conv & Il L CTENLEN 53%, 56%, 64%HIH ST
W5 (F—=—=~y Fpagde) . ZiUI RMT OEE
TRLF—NRELHPINTNDZDTHY, 4—
N—~y RE&E&E72\ RTCProp @ RMT (Z & 5 1%
T XL F—[L, Base ® RMT D 18%IZ £ THIT S
TW5%. RTCProp & A&z RTCConv Tk RMT @
HETRLE—IRECHFEINTNWDHOD, F—
ﬂ—myFﬁk%<,:hKiUHKﬁ%i*W¥—
BAET 2R MEETWD. Tt 3.2 @i TR~
7‘_, BN X —7 > b« 7 RL A% X TR L T
WHZEIZEDNA— R = THINOEBIZLDHOT
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OTC  ORTCConv  mRTCProp
§-é5mwg-c_(_j-o>.xm9 ol g
SSEEfSS8EEC 2 L5 7 &L
£8 8§g 8 A &g
§ FP

14

512 mRMT

g 1 Ooverhead

2

f =

808

>

506

(=

w

2 04
§ 02
0

Base TC  RTCConv RTCProp
13 FAXHE&E =RV F—
® 5. RTCProp Cid# 7o 2 —7 > b -
7 RV AZEGEERNTZH, RTC OEB T F /L F—
RTCConv & lE_TKRIRIZ/NS L, A==~y K
AR L THE = RV —ZHIE T X HRE £ T/
INTND

6. HEME

RMT OFFOMBEOfEIRZE B E LT, RMTIZ/NE
#: Register Map Cache (RMC) ZiBMT 2 FEN
BEENTWSMD RMC 12, Main Register Map
Table (MRMT) O—&ZRFTHF vy 2 ThD.
T IR ADKERSE RMC IZER ESEHZ LiIcky,
MRMT DR — MIEHREES.

Liu 5i%, RMTOT7T 7 &R« LA F o & fEHET 5
7Z0IZRMC & VD FEEZRL TV AN, ZoF
BT, BEOF vy va LEERICRMC Ok v MR
IV A Ty EERET D, RMC O AR, 7av
Fry RER M= &8, ZOMIZ MRMT (2% LT
T 78 AT A, Liu bOFETIE, RMC OXF LT o
WL THERKRELS FR-TLEIRARDH 2.

ZHIZHRL, WL REREL=/AAS TS 4
U ZMAWS ZLITEY, RMCITEBHREDIE T %
BET 7203 5 RMT OfifE % BT 5 FiEE2#RE L T

L ZERLOFETIE, MEERIZLALEET I
72<, Kigc RMT@E%EF%%U#& LNRTE
. L, Z#mbo0FETIE, MRMT OF— b

EHIEE NS DD, RMC OR— FEaSHI S e
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V. 2O, VR—AEEENSEGEICE, 2
@ RMC D[Rl i & HE = kX =0 E 72 5.
ZNHO RMC W5 FiEIE, #ETIEO RMT
WICHEAFRETH Y, T > THET R LY —%
ELICTFONDZ ERWIHFTES.

7. EhHh Y IC
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