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Abstract There are many methods for improving TLB (translation lookaside buffer) performance,
such as increasing the number of entry in TLB, supporting large page or multiple page sizes. The best
way is to support multiple page sizes, but any operating system doesn’t support multiple page sizes
in user mode. So, we propose the new structure of TLB supporting two pages to obtain the etfect of
multiple page sizes with high performance and at low cost without operating system support. we
propose a new TLB structure supporting two page sizes dynamically and selectively for high
performance and low cost design without any operating system support. For high performance, a
promotion-TLB is designed by supporting two page sizes. Also in order to attain low power
consumption, a banked~TLB is constructed by dividing one fully associative TLB space into two
sub-fully associative TLBs. These two banked-TLB structures are integrated into a
banked—-promotion TLB as a low power and high performance TLB structure for embedded processors.
According to the results of comparison and analysis, a similar performance can be achieved by using
fewer TLB entries and also power consumption can be reduced by around 50% comparing with the
fully associative TLB.

Key words : memory hierarchy, memory management, translation lookaside buffer, performance

evaluation, and low power simulation.
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N4 ANEHelE [14] 9 CACTI-I AlEdolg [15]&
SRy

4.1 2 dHE0 ®F fiz22 2 AlZH Hlm

AR HZ A& FF)A promotion-TLB| o
g 4% T adE ARS HFY Helx =279
dED & AFS] st A8 71A] 489L 535
Rt AlEFolA Ax A2 #Holx TLBY dE A
F7F Ze A$ (A= 3270 oldhele L Ho|x =
71& 4KB, & #°]#] A7]= 8KB7} #H39 AH5E& H
4E & F AP 2 HE dREY o e A A
AREET e 712Fe TLBAEY M5l 64 E=
1289 A4, F iz 256KB Ev512KB Wiz A
#17] (memory mapping coverage)d 7A-%ole #e
HolA Z7|Z 4KBe} & #HolA A7IZ 16KB9| %

HH Aed EUdE ¢ F UNUTh AEH|AY
A#E 43R promotion-TLBEY dEZ 7 ER
Aoz Eysin 2L MEd AR 2718 iXe ¢
A AT TLBY A9 A% %S BYge & 5 2

. ole dRES] WiXeta ZE oo FE A9

o
A7 d&A4e wtgdsts & #o)A TLBY HFEEo] U
o8] w7] WEolth HAviA e aRe G A
shtel JHFEA7E AAEINE dA4E g T
FA7F A4 BEo] 50%0)4e Aem WHHUCL
m2kA AHE promotion-TLB F2E H& AEF 4
E ALPiE BT 58 A% &Y ERE A
4= Slh
Akee

banked-promotion TLBE AxH-mA
9 AfE BEF 47 939 Agd FFolt. o)y

rEﬂ OIr



238 BEAFH=EA A LE F olE A 29 F A 4 3R

AHE va/EAS] fEtd 2A F bR RFE U
ol Ad¥siax g F HEHA TLB +&
(traditional TLB) ¢ FR¥® TLB (advanced TLB)Z
A HAEHA TLB FZ2E 7129 ¢ 4@ TLBY
micro-TLBE o Efo8 R TLB TREE
victim-TLB9} 7122¢] banked-TLB T2E& XMelstg
t}. Micro-TLBY <& TLB # victim TLBY 3
TLB (main TLB)e & AIEZE 7138gey, HZ
A7t BAWEHE micro-TLB2l L1 TLB$ victim
TLBY victim buffere 48] AYPLE Zo)7] I3 F
Ato] &2 73

a9 3% 19 45 AU TLB 724 128 QE
g 71 ¢4 9 TLBs =& TLBY 47) dE
9} L1 TLB9 128 AEZE 7} micro-TLBSE] 3
= A9Ed FF vlEa H2 ARE By F3 gl
Aotd BP-TLB9 “32-32-16" AM:S  Bank0¢}
Bankl9] dEZ A7t 242 32019, promotion-TLB
9] AEF 747t 16719 Yt O§ 34 way
BP-TLB7} ©h& Tzof vls] 713 £& HZ Aged
Holx glov} dEe] A7t @A 60%% AHEE Ax

oy, HF #H=RI HZ ALY BHAA EH
FA-TLBS A9 #4138 A5E 2YE ¢ F 0. o
NMeE BHAXA gt 2o wEy 8{e AR 2
3} 128 Q1EEE 71X FA-TLBS HIZ3E A$ H
Adfgo] ¢k 0BAE F4Fe & 5 QAT [16]. 2
g 59 1Y 62 ARHE TLB Tx9e] 4% vlad o
3 AlE#old FHaelo, o A3 =3 BP-TLBY E)
I dEd 7t 48 FLAE Bpdtn e FRd
Hlg) Aol A A%e BYL ¢ F Ytk 53,
vortex WIX|wt=e] FH¢ T FRI} Aot ML
of sl 64719 AED BAE o ) FRA+= A
o] i3] 7] wjEd JulHog FH) Bank JE
2 47} 647190 BP-TLBY] 4%°] thd "old& ¢
& Qlch EZF o] MiXvlae FHE/ALHUA xgAe
A9 HolA 9222 promotion-TLB2) Aol A4
e AFE HYe & & AUk AElAL £33
71 A% FAAQ W FES H 224 FFolAn,
olg WS FEL UubEA 32-bit WAZE ZEA)M
A AHEHOIAE HES AHESIYT (& Hitachi SH4
or ARMO920T).

E 2 AEdold WsrE

CPU clock

200 MHz

Memory latency

15 cpucycle

Memory bandwidth

1.6 Gbytes / sec

Small TLB hit time of Mico-TLB 1 cpucycle
L1 TLB hit time of Mico-TLB 2 cpucycle
Main TLB hit time of victim-TLB 1 cpucycle
Victim buffer hit time of victim-TLB 2 cpucycle

o FA-128 8 Micro-TLB (4-128) @ BP-TLB (32-32-16)
03
0.25
S
~ 0.2
2
=
<
B
@ 0.15
2
=
0.1
0.05
Nin: TN — ——

applu  compress gee 34 ijpeg

i m88ksim perl ‘tomcatv vortex AVG

2% 3 BP-TLB & #¥3< TLBY A< Ad&



O FAI28 Micro-TLB (4-128) m BP-TLB (32-32-16)

- I N & ® W B>

2
®

Average memory access time (cycle)

&
%

apple  compress gec go

2% 4 BP-TLB ¢} A%4< TLBe ¢ #=e 3

- Azt
a banked-TLB(64-64) B victim-TLB(64-64) @ BP-TLB(32-32-16)

.3 g5 A 1

025 f- - e e e
® a2 e e ~
S
& o5 |- e S
@
2
=S

005 |- - e ———

. -

applu  compress  gec go iipeg i m8gksim  perl  tomearv voriex  AVG

¥ 5 BP-TLB ¢ 323 TLB&e A2 A&

A g ol Zro w=W, micro-TLBZ victim
bufferd] 2-Alolg ewlsl=E Zzt 142% 1
008%= wHHT T Yu¥oz &5
banked-TLB9 7% & w3 & AAE 7MFLV 5
7h¢] banke] T FEHA RS o] bankel] B
Z 5ol & banke &x=7t 9oid ¢ ok 2y
A¢tE BP-TLBE ©lgd 724 dHEL & #HolA|
E = ¥38l= promotion-TLBe 98 28 4 o)

X 3 BP-TLB 3%

i

Wa-s23 TIB 7+ 239

% 3¢ A¢t® BP-TLBY Ztzhe] TLBAA H A
Fol dojute HFYE BEth ol 10749 WA
npzo] Hg Hogolth 28z, Al¢d BP-TLB
€ & TLB dE#HE A&Fd= 732 &
TLB #Z% A9 A8 452 2dE ¢ 4 3tk

D banked-TLB(64-64) @ victim-TLB(64-64) m BP-TLB(32-32-16)

Average memory access time(cycle)

1005 A—— e
Biui | L... i e

applu compress  gec  go Gpeg 1

19 6 BP-TLB ¢ 2xd TLBSe] Ha Wz A

2 Az

4.2 BP-TLB 4H|M3 H| (Comparison of BP-
TLB power consumption)

944 9% TLBE YW¥r3e® CAM 49 AMgez
EE QEHE FAY #FZsln vlustA @k 28e
2 2H AY ZFHAME ol &4 d% TLB 2
7V 4R H¥etA 313 F22 48R Qo dest
32 Ee 647) o3kl A$ A AP TLB (direct-
mapped TLB) ¥E 2-way I 9% TLB (2-way
set associative TLB)9 A9l FARG AHE AHITE
o 4 sdet [10].

WA, CACTI-II AB#olEE [15] o]&&le] thefet
TLB 7&d & Algele]ldg 334t CACTI-II
AEgolEe A4 AEHOHRE sMHE W HoE

E ¥ (Hit proportion)

Applu 25.8% 72.2% 2.0%
Compress 49.4% 33.3% 17.4%
Gee 46.2% 13.3% 40.5%
Go 8.4% 78.6% 12.9%
Iipeg 71% 76.8% 16.1%
Li 14.8% 4.9% 80.3%

M88ksim 6.7% 84.4% 8.9%
Per} 12.5% 25.3% 62.2%
Tomcatv 6.7% 78.1% 15.0%
Vortex 67.1% 25.8% 6.9%
AVG 26.2% 48.6% 251%
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E 4 thyst TLB Z7]e) el 3

ARSI E=ER) A28 2 o]E A 29 A A 4 5Q0024)

ZH) M

fu"#y ‘;fs:o':;'zie :LB Read / hit (1) Read / miss (nJ) Write (#3)
4 22650 06154 02397
16 2.9209 11021 05326
32 37575 17511 0.7097
64 5.4200 30490 0.9908
128 87272 56447 18551

o AHEHE LHAYETH HD MRS ALE & Utk
o] AEHHE TLB Txo B84 A3 sigen,
08 mm 373 71&3 45 VAR & J% TLB
TEE Ry A At 247 8o R2ES H)
317] 913 CAM FEoA &ulsozlth X 4= o
§ 2719 TLBE A F=d o A% / Ay o
AHEE AY A2 E Ho 3 3ok 53] 128 dEF
ot 64 AE ] &H HHY & Hole CAM Wiy
o) X2k (match line) ¥ HIEEQ (bit line)d) 93 &
HEE %97t §438 Friety] Wtk ¥ 49 7%
o] BE& TLB $7] &% (read hit), TLB ¢}7] A3}
(read miss), Z28]3 TLB 2:7] (write) 3] 298] &
HEE 48 JAEe RAFa 9ok d¥rFHeg TLBE
AEZ Q] o APHeoz FNTE & & Ak

E 4& o83l & A TLBY HF 4B I8
4 (1) A8 FE & Uk

Avg.power= Nhit+Phit + Nmiss*Pmiss,

o 71X Nhit & Nmiss Ztz} TLB A% &3
2 Adge Jebdg w3 Phite TLB AF A
s 48 A8E Jdegus, Pmisse TLB 42 4

Hoog H

(1)
A

&

=

T

H Al RHEHE 4HAYE HAFED Pmisse F4
(2) A7 Aol A
Prmiss=PCAM + Puwrite + Poff , (2)

o714 PCAM & TLBY 1 EEo] FxHolA
W AHEE HYPo)n, Pyrite = HT AW A @2
HEzel dojg WEHE U EY o LulHE
Aot Poffs TLBAA FHT 4wz 448 3¢
A H= R o AniEles WY Lvleld,
Poffe 44 AR A=z

Poff= Pcache_acc+ Mcache_miss*(Pcache_write +

Ppad), (3)

%71 Pcache_acc & N4 E2S HTE o 4w

He AHolw, Mcache_miss & M4 A Asgo]

s

o 8 Pcache_write & 7041 A A# A A4
dulelEgtozy LHEe AE Lvlolv Ppad
-3 A= £2A 2uHE avdEe Yedo
WA O & Ppad & 4 (HE AJXT 5 ok
Ppad=0.5xVdd2+(0.5«(Wdata+ Waddr))+20pF,
(4)
71X Wdata ¢+ Waddr = TLB BT A# A 8t
A ez olxyLsl HolgE HY wf ojfi:e
BE 8 27} 32-bitE 1A Act. 23 o) g
A X3l (capacitive load)E 20pF2 7}A3slgoew
(17], =% dlolel 74 vz = 32-byte BEES =
Hate 2-way FE 4F AHE HHIPE ol E
TS J1EAQ] A e H 53HY fgdoj

=
=
o,
-

=

L

)
gl

E 5 ANEFoA W

Mcache_miss 0.05

Pcache_acc 21.291 nl

Pcache_write 10.145 nJ
Ppad 6.48 nJ
Poff 22.122 ]

28 7 71E9 TLB +&9 BP-TLB9 #4] A
4 2gE RoFa glon, 19 8L d¥n 452 ¢
7A FEE F Ae A5 AR A=A QAL F

R il BP-TLBY
ZHl HEgol g Ade e BE S, & 5
o TLB W& Zzo) 98] £use 33 3749 A
£ VPNsg &4 &% 319 PPNs&
promotion-TLBE <AAZ o AvgEs AEE 25
a#HsHTE 2™l & 4 %] micro-TLB7F 7}

g2 v AYL Holm oy ols {AIET A

T Ea=E L=

(energy*delay product)Z



H4HY 2

ox

=
]

¢ 43 TLBY ZA-¢ g/le JdEyw
micro-TLBe] B mixz] H Aztach
g HolAT Hrixe 128 JEHE 7}
7 TLBS 807F AE# < BP-TLBS} Bz
Palgoernzg olst 2 4FE 4L & AU
A HA9E&g Hole WHol TLBY
B &L A% AR AA S
Tz & = g 3Y 89 dxe
EE a3 A=A AU¢R
¢ TLBel BIs} oF 50%°14 A%
< o F Ak

a8 99 28 10& ZARE TLBS Alt® BP-
TLBoe] &u A U R|«A A A7k Fo Bl Al
Edold 247& BodF3 ). of AdME At
¥ BP-TLBY ] #A¥L djfE9 wlx|vlzd]A
74 gon AQUA=xA A F =3 M LA
TS EYE ¢ F Uk vAgez Ad=H
9 H7] 93hd

s FY EnE
(improvement ratio

)\é% ﬁl:}g-
P E AHESAT A FAdEol
g Ao o g
q=(a — B)/ B *100%), (5)

o714 B+ BP-TLB oUA«dA7F F9 3t
< YehY, o HZE TYE TLB +29 oy
AxAAAIZE Fo) g vEpdh

ag11e ol Ay FAEe a#zZeoiy
A#H TLB| Hl38] 2F 99.8%, micro-TLBel #ls|

2 fo kA%

19.2%, banked-TLBel Hl3] <°F 242%, 237
victim- TLBol W8] o} 244%9 A% FHL A
F AR BEFHoz Add BP-TLBE A3

W a6l AHA W
T2 B + Yok

25 n#Ed 42 TLB

[OFA-128 3 Micro-TLB(4-128)

4

A-54 TIB *+& 241

O FA-128 @  Micro-TLB (4-128) @ BP-TLB (32-32-16)

Power consumptioml)

locg b m8Sksim  perl  tomeaty voriex

Power consum ptih (

1% 8 BP-TLB ¢} AEH<QA TLBS olyx}=2 4

N &

O banked-TLB(64-64) G victim-TLB(64-64) m BP-TLB(32-32-16)

Power consumption (nlJ)

ipee i m8fksim  perl  tomeaty AVG

applo compresy

gee 20 voriex

¥ 9 BP-TLB ¢ WEE TLBY] AuHY.

Cibanked-TLB(64-64) Mvictim-TLB(64-64)

100

Improvement Ratio (%)

oriex  AVG

appln  compress  gec  go

¥ 11 t¥3 TLBsol H¥BP-TLBY A% 48



242 AR A=A A" R olE A 29 B A 4 B(0024)

O banked-TLB(64-64) D viclim-TLB{64-64) W BP-TLR(32 32-16)

. [

Energy*Delay product

2% 10 BP-TLB 9 928 TLBSH) o A«x)9
A

5838

of wF9 FEAHL YZY Z2AM 4% TS
g AZg TLB Alz®HE AAEN: Ry =3 74
o] Ztdstal A HEYH A uHlL FHE FAck ol
g AT EFg @48 Hste WA TR olF A
o]A] A A& FFAAY AW Qo] F=doFez F#
dqg ¢ e WHE AXSATH 5]:‘—4 TLB &7
oF HolAE Addte F4ojct. LFAAY AdE
ety v FolAE Adde 7‘°] TLB A%< =&
oleH 71 F£L& WA ofAAR oulg L£FA
Az A2 49704 AYdiar A= gk 49 7Vl
olf7t EAISIAT 53§ ¥ WAl (external
fragmentation)7} 2AstaL T3 o3t ALgA T2
o s SFAAZ HolA Fx wHEY JHG oF
o] E71537] WEd FHoZ oF HolAE ATE
F 871 Aol AT FAA Y glo] vA
st=dlolE gl e o]F HolAE AAY FL=E
w7 2 A4S BY oW, =% TLBY
dED Fo 4o wjze] AMGoR v TLBE HAZ
¢ molt ge AEE Pador St )29 TLB
FzuT 2% 9 wiNE 4w fasd. 2ed
22 Atstna e TLBE AXY-n4Fe AFHE
23 A1717] 9% HoR JE:o WA AN
oA W] AMSEHI e & dF TLBY HIsA=
At AuAEL <k 100/7@3 AT ABE
g AT EF o] Ve FHo) eEvs FH
7HAY FAAY 3 glo] tIg TLB F=o
HEo] Meslve AL 7kxih

tlo mlo
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