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A Speculative Clock Control Technique
for Low-Power Java Processers
Atsuhiko Kimura
Abstract

Recently, the greenhouse effect is being recognized as a serious problem. The
power demand accelerates the generation of C'O, and the greenhouse effect as
well, and the power consumption of electric machines is immediately needed to
be reduced. On the other hand, Java technology is gaining much more atten-
tion, since it becomes important that Java program can be safely transferred
in a network. Therefore, Java technology is being embedded to various electric
appliances.

This paper shows a low-power technique for a Java processor so called JeRTy
developed by OMRON Corporation. Higher-level gated clock controllers drive
clock-trees by execution units and only execution units that are used are driven.
In this way, I plan to save the power consumption. It is assumed that the
instruction decoder decides the execution units and these controllers start and
stop related higher-level clocks. But, the performance degrades if the decision of
execution units in the decode stage misses the execute stage by the clock delay.
In this paper, I introduce a small hardware that predicts the execution units.
And, T propose and evaluate the high-performance and low-power technique,
that is to say the speculative higher-level gated clock controllers.

The penalty is the delay which it takes before a higher-level clock is dis-
tributed to an execution unit. When an execution unit is used against the
prediction, a higher-level clock is driven after the decision of execution units.
And the performance degrades for the "penalty” cycle. On the contrary when
an execution unit is unused against the prediction, a higher-level clock stop
after the decision of execution units. And the power increases for the ”"penalty”
cycle, since execution units that are unused are driven in the "penalty” cycle.

How to predict execution units is to refer to the prediction table from an
index. The prediction table has the information that every execution unit is
used or unused. I try 6 different ways about how to select the index. The index

is lower some-bits of the program counter, opecodes of the introductions and
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groups divided the introductions by their functions or these combinations. The
larger table size is, the better hit rate is. But a large table increases power
consumption in itself. And I assume the table with 256-entries and 16-entries,
a relatively small table. To control clock with these prediction tables maintain
the performance and reduce the power dissipation.

[ implemented these prediction schemes on Java Virtual Machine Kaffe and
evaluate with SPEC JVM98 benchmark programs. T assume that the "penalty”
is 1 or 2.

Non-prediction scheme reduces 95% (maximum) and 85% (average) power
consumption of execution units, increases 16.8% (max.) and 14.8% (av.) cycle
in the case that the "penalty” is 1, and increases 33.6% (max.) and 29.6% (av.)
cycle in the case that the "penalty” is 2.

A prediction scheme with lower 8-bits of program counter is most effective
in the table with 256-entries. In the case that the "penalty” is 1, this scheme
reduces 89% (max.) and 85% (av.) power consumption, and increases 2.8%
(minimum) and 4.3% (av.) in cycle. In the case that the ”penalty” is 2, this
scheme reduces 89% (max.) and 84% (av.) power consumption, and increases
5.5% (min.) and 9.1% (av.) in cycle.

In the table with 16-entries the effect has little difference by every informa-
tion. A prediction scheme with 4-bits each corresponds to the groups divided
the introductions by their functions is relatively effective. In the case that the
"penalty” is 1, this scheme reduces 88% (max.) and 84% (av.) power con-
sumption, and increases 6.5% (min.) and 7.7% (av.) in cycle. In the case
that the "penalty” is 2, this scheme reduces 87% (max.) and 83% (av.) power
consumption, and increases 13.7% (min.) and 17.1% (av.) in cycle.

The conclusion is that the prediction table indexed by lower 8-bits of pro-
gram counter in the table with 256-entries, 4-bits each corresponds to the groups
in the table with 16-entries is remarkable effectiveness for unit level usage pre-
diction. And the table with 256-entries gains higher performance than power
consumption, though the table 16-entries dissipates the power. Finally, there is
possibility that hit rate can improve more by the prediction scheme with lower

some-bits of program counter and some-bits each correspond to methods.
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D AT —VIBNTHHET 2— N ORERIEST, hitrzvey 728 ATS. &
W EiZ7ay ZICENT IR ey 7 BREET 52 LIk, EXT— 0BG
CRIFFICHEA 2=y FBEIEL, BABPHEINAHKTERL NS, MiFT
aA— R OFERIZHE STV D720, YREB LzfEFEr=y MIfEHIND. Z
DEI, EAT—VICBWILERER2 =y FET2EB T2 &R TE
L7, MEELETNTSELZ LR, WEENEZRNLTLZENTED.

Fio, BEINTAT >0 OHEIE, HEZ=y N OWEEFRF-TWDE, IH

8



Fetch | Decode | Execute Write

7 a7 il WHo=y NEE
\ ﬁ@J
Hot /=B _l
\ A Eéﬁ
I VA= _|
Y j@@j
EHEa=v b CEWAR(EE ¢

3.3: EEIRFTILT 4=0 @i}r/%/a\

o=y hOEEINE XA T—VICHIZEDLT I A7 VBNLTD, XATF

AVIBA R —=NT DB, RAT T AL ZILDRNTEDIZ, BELZ= Y b OREIHR

EXATF—VICHICED &9, HEa=y N BIEETHLENC, ERTHHEE

=y rZFHIL, EErzvy 2% ATD.

BATEBIRT VT 4=1 DGE ORI 7 vy R FEEZRT. 2720,
(b) BLW (d) DFEA, D AT—VIBIT A M=y FHEERICTRIERZ
#19%.

(a) FFEY D 7, FAXAT—VICBWTTHIRIZESWT LK 7 ey 7 %
BIET%. D AT—VICBWCTRIORFEEZITY bO D, FHIER Y RME
AThYy, By ZIMEIEOEEICTDH. ThizZue vy 7 b YAREE L
RN, HE=y MIEEES, BEIXHEE LRV,

(b) FFIR FRT—VRBWTLERZuy 7 &2EIELTbDD, D AT —
PICBWCHEE2 =y b EFEHATIZEBNHBAL, ks y 22 BRAT
5. BULTCTFRZey Z7B3EEIL, EXAT—Y00 1 A7 VBN THEAE
o=y N BEMET S0, 1A 7S HEENMET 5.

(c) BEIEYEF FART—VIZBWTTHIRICESWTCEKRZ 2y 728 AT
5. DAT—VIZBWTTFHIOKRIEEZITY DD, FHEVHE=Z=> k
EHEATHZENHAL, Rz vy 7 2B IERV. BUTEET D
TZ7ay 712XV, EAT—VORMERRICEEL= > F B8IfET2
7%, MEEEIET L.

(d) BEBIZS R FRT—VZBWLizuy 72 ALLbOD, D AT —
DICBWTHE2=y FE2EHA LRV EHBAL, EErey 7 2ER
T5. BNTTFRZ 2y 7 MEILSH, EAT—VOBBNG 1A 70



Fetch | Decode Execute Write

7 a7 il FHRI WeE HIT

—l i ——
it/ /=
Trzay s
EH2=v b

(@fFke » b
PERBAE
Fetch | Decode | - | Execute Write

7 a7 il FHI WEE  MISS

———1ﬁm'——'ﬁﬁ
sy ]

] EH
Tirzay s _l
EEE)
HEHa=v BIHE
(DI R
Fetch | Decode | Execute | Write

7wy 7 il FHI HEE HIT

— wy —
tiray s _l

'@ﬁ
R vA-PX4 _l
By

HH2=v b BB

(c)#Ehe v k

Fetch | Decode | Execute | Write

VA4 | TR HeE MISS

EE &1k
it/ =R _l

] E#
Tz s _l
L R

HH2=v b BIHE

(d)iEZEh 3 =

3.4: BHEHIRTFILT =1 0)%/5\

10



BN THEEZ=y NMEILT D720, 1 A 700700 EEKICE P IHE
Ihs.

HE2= v b OF AT 100 %A T LIZ5H4E, Hh @ﬁ?%%% EEWA
WNEZMmAsZENTED. LiL, BERTFHEZ T 5 72DICIT R TR
BENPMEL 2D, DX THEENINEMLTLEY. iﬁ_,(b) ZFi< e
ICEVELDERa2=y P E2EBI L TR Z &1, (d) OBIMZERY, HEE
ﬁﬁ%M?é.@:,M)%%Ct IR ER2=y FEREB LARWE
LI, (b) DHEIMTER Y, HEPME T T 5. KX TIIREDEX FTEELRS
$te L, 1Mmal ;O%Y;ﬁﬁl:‘y &2 12 (AY vy RBEEOMTDHEIL2 D)
PHEEBTLILDOETEH. ZOFEHTIE, FRINANZSHE, EBIABIV
FAREI ADW SRR D Z L1225,

UTTIHE, WHNERTFRA—RNT = T7HEBICEY, (b) BXW (d) %Al
BWMTXBMNTHONT, BRrED 3.

3.4 EEIZ-vYMDERFRAE

BENTF LT =1 OHBEOHEBEZ=y b THIFECONTERS. 205
&, THIZITO RERIEMBT 2 —RFRETO 1 AT hi, 2EVME 7oy T
FETRTHD. ZORRIZOVWTHNWSZ LD TELTFHIHEZ DEHRE LT
X, UTFIRTHOREXHND.

(a) FAT—VBRED T s S0 % (PC) D Ffin By k.
(b) ERIDOMBDANa—R.

(¢) EAEIOMBDOARa—RKE27L—{LLizb 0.

(d) (a) & (c) DHAADE.

(e) (c) & (c) DiAEDLYE (ERiBLO2MAHIOA 2 —R).

(a) 1Z2" UL FOMAE TR ENAL—TBEICS LTEWSIERH S & T
HTELHDOD, V—THEEDRNAY v R EIT2"% RIBIZ EES N A MK
@éA’;D%&éﬂé»—f%ﬁ’ﬂbfm%%ﬁmémt%i%ﬂéwm

TR T2 2 mn HICIROHEBBRR H 2 BBICAEDI TH D, Java R~ v
IR 7= ThHDHT END, —HEORAE Y VJEBEEBEVIRT/NA K a—
RiZ—D RISC A LY bAXa—FOMEERENEEZLLND. £z, H
CARa—K OManD 7z <asEn 256 LLFOL—TiEiEEZ b O A v RIZ
LA THS. (c) 1T (b) XV EN—FNY=TEHWTLI2RAALATHD. 71—
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FMeDFiEE LTUL, HATEE2=y MK D505, MBSO - BEN
RICEDPEBRENBZOND. YR NV—T T E2ITH> 2 L2k, TH
Dby hFExE (b) LFRBEOEFEN—RNU =T ZHIH T AAREMERH S. (d)
X (a) & (b) OHBHERZE-T-bDTHS. (o) 1TERT D 3 MH DT
BAGRD T 2 S OFEREBIFR L v W & D, FBIRAR ORI X B T3l
ty b RO LEDNTN—FIZEDFHE v FROETICHELS 2 HIE, AT
bHEEZLND.

9t'w kX256 U

1 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0

- ojlolofo|1|1]0o] oo
1
2
253
254
255
D5 o|l1]o]ofo|o]lo] oo
B0
o Kb ololo|o|o|o]|o]ola1

0 0 0 1 0 0 0 0 0

Fiagi S S N T N T

EHrsaev2 | EA | EB EM | ED | EI EF ER | EH | EN
% 3.5: FHIAT—7 v ((b) OHBE)

X 3.51% (b) OHBEDOFRAT—TADFTHD. (b) DFE, Fa—Kix
005255 £ THY, A=y MIIEEH LD, T—7 LDITEI 256,
FIEIL9 THDH. FATIEE AR —RIZHIELTEY, 2 5 HLABRIZIXLARTR
J5 B ARa— R OMENELNED, HE2= v O A/ AMEROFHA
BIns. FHITL 2=y MI1 TREIN, FHLR2VW=Z=y NI 0 TE
REND. MERETINEE, FAT—JIBWARa—NE2 AT v/
AL LTRESRL, Y THITICBVTCI BBEMIN TSI 2=y DLk
sy 7EBAL, 0 I TWAa=y DRIy 7 %2EIET 5. D
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AT =VIZRBWCTTFHI I ZABHHALZHEIE, MB0T7 a—RERICESNT
MU 21T2 55T 5. FHSEIX 350X T —T Ve NA—R =TI X
DRERR L, EDHICT—T NS o7y 72 HBET28EEZEATEIZ L
IZEVITH. —RANZ, n By FOFEREAWTTRIZITS BE, T—7 11D
1T8%E 2", ATy 7 RA2Z0ERETD. £, Bigol 2 DDFBEROMA
abEZAVLIEHE ((d),(e) 1%, 2RILT—TNVITRD.

Iz, BENT LT =2 DHEERROFEL>TFHEITI. 205
A1, (a) X1 MFRIO PCIZ72 5720, 2MUNDOL—FTH->THEDOHITHK
ol a2 atei blX, SBERTHINTE <5, (b) 1T 2 MBRID A
a—RiZZesd7, MABERBRKRNITE<LS. (c) BLD (e) IZ2WWTH, FERIC
FHEARBAR AT < 2D LHERITE 5. (d) IXRMDIEIC L2 HEL RBAEL, HES
R b5 <725 LHEHITX 5.

F4E FAXDOEERFE

4.1 RAEAFZE
P IZ 1T Java AR~ 2 Kaffe OpenVM 1.0 Beta 4[2] B X ORV F~v—7
7'r 7 Z . SPEC JVM98 VERSION1.03[3] & A 7z. Kaffe IZ{E L7z —FR
U = THERRE KO TR L ZET S Z LIk, Java TRy P OBEE >
Jz2b—b L, YAV EBIOHEBIEROHEZIT -T2,
SPEC JVM98 1X JVM Z#i#k Lz~ v v OMREEEHET v F~—s 71
T T LTHD. SEEONF~—27 T ANNOLERINTND.
_201_compress JAEKLTWD LIW 7 7 ANVEMZ—T 4V T 4D Java
FiX.

_202_jess NASA @ CLIPS T fRIZEDIL D ANV DES ZfF <.

-209_db IBM 3B LI fEFT#T — FN— R 57 — 4 N—REFH T 0
77 A,

_213_javac Sun Microsystems @ JDK1.0.2 |Z#H#L3 % Java =2 /31 7.

222 mpegaudio MPEG Layer-3 55 7 7 A V& T 2 — R §5.

227 mtrt LA - FL—I T - VT,

228 jack Sun Microsystems 225 7 A B A& Te/N—H « T/ T A,

fH L, Kaffel.0b4 ETIiZ 228 jack DEMWE L7z o7clo®d, FHMOREN D4
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L.

F, ZOXRCSFv—I20, s1, 510, s100 D 3 BEREORIEY A X & HET
HZENTED. s0IXBELZ 100D 1 OFETHRZMNEL LT, TAbL LM
RO, £z, sl X, IVM EOXRVF~—r 70l T AOBEHR D
DIZRHEES N TV D, KX TiE, FRTREDORWVERY s100 THIEZITS .

4.2 BIEHR
4.2.1 BEBEIRFILT1=0DEHEE

Fa.l: HEa=y MEAR (EE%) BIOWEE L (TE%)

EA|EB|EM | ED| EI| EF | EH| ER | EN SN

compress 157122 00| 25109109 | 0.0 449 0.0 | 76.1%
16(02] 00] 01| 1.1 24(0.0| 54| 0.0 10.7%

jess 124 36| 04 0.2 334|364 0.0]350]| 1.2 | 89.5%
12104 01{00]| 33| 80[00]| 42|0.1|17.4%
db 134 126| 00| 04 ]16.5|20.3|0.0|37.0( 04| 74.1%
1.3/03, 00|00 16| 45|0.0| 4.4 0.0|12.2%
javac 13.0 50| 0.5] 0.8 |35.6|36.8]| 0.0]34.7| 0.8|91.5%

1.3/05001{00| 36| 81[00]| 42|0.1]|17.8%
mpegaudio | 16.5 | 1.3 | 0.1 ] 0.3 | 6.1 |12.7| 0.0 | 43.8 | 0.0 | 74.7%
1.7/01] 00|00| 06| 2.8(/00]| 53|0.0]10.5%
mtrt 80(0.8] 0.0 0.1]49.5]52.9|0.021.7| 0.6 | 84.0%
08]0.1] 0.0[00]| 50|11.6| 0.0 26| 0.1 |20.1%

BERTF VT =0 DFEOEKER =y b OFEHRL L OVHEE L EHIE
L7z, BIEIZIX, SPEC JVM98 % 5100 IZ L W EITLTHMB N L—AB X
O, RINIRLEAHERE 2=y N OFTEY A 7 VB EHEENEEZ AW,

R AVNTEENTF VT =0 DHEOKEREL=y b OfFEHE (LE%) BX

OBEHE (FE%) 251, FHRE, 2603 A 270805 bEEEaL=y
FNBEMELIZ Y A 7 VEBDTH D, BAIE, FERAFRICEIITBWTRE
LIEHBENEEZRL RO THS. A0 LBE, 2EOFTEY A
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INEDI L, D7t b 1 DOFEBEI=y FBEELEHIEGEZRLTND.
HEZ=y EB 1 2bEEL TRV A ZUg, Rk L7247 =2 k TLB
RAFLRE—T Xy a2 IARKE LTV DIHMICxET S, AEFlO T
Btlx, BAOKOEE, T72bb, /uy 7 EFHRERALEGAOEREZ=v |
2EROHEBENCKT D, AFRICBITHHEEENOKEELZRLTEY, EEH)
RINVT 4=1, 2 DHEICENTTHIBETHF L7256 OEEE S O T IRME
WY, REAOERAELI=y MBI A2ENZI M TDH2EI2XY,
80% 75 ONDESEHIKTE D Z &EB3bh 5
RAIPDOEIBLVEF 2=y MNZBIT 2FEHENEN IR E REEL L
ZTCWBZ Enbnd. FHED I3%ZBZ S jess, javac, mtrt (TEKDE
EED3K) 20% 59T 208, RN 1T%RTED compress, db, mpegaudio 1%
BALD 10%5RICMZ 5N TWAD. EIBXONEF == v ks 2\ F# 5 faiE A
VY RNOHLEBIQR®Y Z—2ThHsD. 2FD, AV v NEEOMSNLEH
BT 2548, HEBENIHE T 2E2RLTWE. 2T, £3.LRLEE
D, AV FEEOGRIX I8 VA7 LVEETLHE, EIBIXOEF 2=y D
HAZREM 72 0 OB B/NIEFIT 10422=32% %2 5D 57D THDHEEZD
5.
4.2.2 EBEIRFILT 1>0 DIFE

AHFFED BHEEL, EEXTFLT >0 DBEEICHONT, EBEXFLT =0 D
SEDOMHEESN (BATRME) 1L, 2>, BEIST LT 212 X BHEREE T A
NS D &5 7, BA/NSVWERBER2=y N FHIBELZRETHZ2LTH
5. WIEE, B3 ECBW TR TFRGEZRD L S IZEMKE LT Kaffe IZF
WRAT—7TVaFEL, BEINTLT =0 DFE LFEKOFIEZL VT,
(1) FHEL (NP) FHIZTOLT, RBEIZRDETIry I %ILD D FHIE
HEBHO TR (KER) EBLOFEY A 7050 LR (KE) ERGLND.
(2) PC OT4HL8bit (PC8) [HEENF /T 4 —1] T FHID PC D FALS
vy FZHWD.

(3) ARa—F 8bit (OP8) [EENRTF T 1| T FRIOMBED AN —
N8By MEHWS. 7272 L WIDE i35 &< Aa—RN2EH7T5.
(4) PC OTHL 4bit+4 JL—7 4bit (PGS8) [EEFNT 1—1] 721F FHi
DPCOF4Ey & TRENTALT 1] EIFFHIOMBSDOITV—T4Ey
FERWD ((7) 21) .
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(5) JIL—7 4bit+5 IL—7 4bit (WGS8) [EE2FLT 1] BLOT&EH
RINT 4—1] BRI FEHIOMBEDOITN—TF4Ey b EHWDS ((7) BR) .
(6) PC MOTF4HL 4bit (PC4) [EEWF LT —1] 72T FHID PC D FAL4
vy hEHWS.
(7) J)L—7 4bit (G4) F427-TLIIZ, MEDOKEL A Aa—F
Z16EDO T N—TIZHFE L, BBV VT 1] T FRIOMB DI NV—T 4y
rERHWS. AL, B85, ALU=add,sub,mul,div,;rem, SFT=and,or,xor,shl,shr,ushr,
XIHMEEDOXFHN 2R T

A NTRENRTF VT 4=1 OFA, K42ATEERT LT =2 DHAEOHIE
fERERT. HEXO EBEDOT 7 71%, BENFAT =0 DHEEIE1 L LI

# 4.2: HOGEFE (T —T)

BERE LIS
0| EETva Xconst_X,Xipush
1| B —AINERET v Xload,Xload _X
2| B—ANEEIZANT Xstore,Xstore_X
3| v—INERE A2 Y AR | iinc
4 | int Bl bh#g - WA ifX JALUISFT,nop
5 | long Bl % bhig - JHE IALUISFT lemp
6 | float B % Lhi: - JHE fALUfSFT femp
7 | double B % L - A dALU,dSFT,demp
8 | reference % Lhig - JHEA ifXnull,if_acmpX
9 | B X2X
10 | BFID> & FeAiA & Xaload,arraylength
11 | BSI~FZIAH Xastore,
12 | A& v 7#4E popX,dupX,dupX_X, swap
13 | RIS, T —F gotoX,jsrX, ret
M| T—=TNTx 7 Xswitch
15| wvFr7ua— 7L — AR ldeX,invokeX, Xreturn,athrow,
Xstatic,Xfield,new,Xnewarray,
checkcast,instanceof,monitor
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JHAEENLL

112
11 arP
W PCE
1.08 0 oPs
106 [ O PGa
W WEE
1.04 == of:}
102 WG4
1
COrmp Bss db vac rmpe g it
T
118 =
116 i @ NP
114 H i mrCs
Y mfalz:
11 O PGE
1,08 B WiGS
1.06 @ PC4
1.04 BG4
1.02
1
comp Ess db Evac mpeg mtrt
bl
09
08 P
07 - W PCE
"| : O oPa
06 O PGe
[ et
05 O PC4
0.4 W G4
03
COmp ess db fvac mpeg it

4.1: BERF LT 4=1 DES
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HEENL

1.3
12 B PC3E
O oFs
115 O PGa
W WiSE
1.1 O PC4
1.05 B G4
1
COMmp Ess dh Evac rmpeg mtrt
e S NIVE:du s
1.4
1.35 — ]
I = MP
13 H ;
M B PC3
1.25 0 0oP3
1.2 O PGE
115 [ Rt
11 EPCd
' [Dfet]
1.05
1
comp Ess dh vac mpeg mtrt
b b ZE
05
0a = MP
07 . W PCH
O oFg
0 O PGE
W WiSE
B3 B PC4
04 (]
03
comp Ess db Jvac mpeg ket

4.2: BEHRF LT =2 DES
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BE0, FTHHFECET 2HEBEENTHD. FEOT T 7%, FKICEBE
FIT 4=0 DFTEY A 7 VEE 1 & LIZBED, SFEV A7V THD. T
BDr 7 71%, £FHHECEIDL Y R, Thbb, BEIIZAHHFEIXDL
EERWHERTHD.

FHZITOTREILRolzbray 7 %832 NP TiE, HEEBEHIRILL,
P A 7 NVEERITEB XTIV T 1=1 DHAIT 10%0 5 18%FEE DR, FLHh
NRINT 4=2 DHFEIT 21%0 6 36RBREDOHEMTHD. Tk, EHOTR
EEY A7 NVEHRD EREEZRLTWD.

095 Ml

Ecomp
W gEss
Odhb
|| | (O jgvac
B mpeg
O mtrt

08

085

0g

075

| PCa G4 il PCa PC4 G4 |

E2ENT LT =1 FEh L Tr=2

X 4.3: NP & 1 & LEEBAOY A 7 VR

8 By hDEHREANDFEOFTIE, EBERFALT 1=1 DA, PCS D
vy hRB60%N0 BINRE L& <, HEBIERD A% 0 5%RE, 1471
RN 3% D 6RRREDOHIMIEE > TWD. BB LT =2 DHEED,
PC8 Db » MM 50%H 0 SI%RRE L& <, HEEBIER 6% 0 11 %FRE,
YA 7 NVBELERD 5% 020 NARREDOHEINICE E >Tn5b. —8, PGS &R
EObLDORHDHHDOD, EBENFTALT =1, 2 & HIIFELETORVFv—7
7al I AMIBNT PCRICL D TFHIN&RS LWHIREZRL TS, £,
43R TIEY, NPIZxHd 2% A 7 VLR TIE, EBNTLT =1 DHEK
10%, EEYNTFT T 1=2 DHFEN 15%DHD L7 ->THEY, FHNC X 2R
ENENEMNE LR S>TWNWAE Z L.

4 By b DBEREANDFEOFRTIE, BERTILT =1 DHE, G4DE v
NERA3%E 56XRRBE LR -oTEY PC4 L0 bEWbHOD, JHEENER, ¥
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AT NVEHRTIIWIR L TWARF~v—r Tl T AHFEMET D, WicL T
WA EITWXIZERBRETH L 700, BEITILT =1 DFEIT G4 BERHH
REE XD, HEENER, VA7 NVEERITE BICSREBEHEML TS, &
BT 4=2 DEE, mpegaudio & mtrt TIX G4 Db v M FENE L, Tl
ATIEPCADE Yy FERFNLDOD, L TH0%RTETH L. HEEIE,
A7 NVEERIT & BT ISRRERML WD, F7, K437 T3EY, NPIZ
5t 2% A 7 VEHRTIL, BEXFTLT =1 DBREK 6%, EBENTILT 4
=2 DHBER 10N DR L 72 >TERY, FHNZ K DHEREM E3E¥EINZ TE -
TLES Z D5,

HEENGEE~ T ILT=1)
a2z
oz E MNP
018 W PGS
Oors
014 O PGS
| Rie
014 mFoa
012 WG4
01 m
comp Ess dh Bvac mpeg mtrt
HEENGEES T ILT=2)
a2z
02 E MNP
W FPCS
018 Oors
016 O PGS
| Ries)
014 mPC4
01
comp Ess dh Bvac mpeg mtrt

X 4.4: 707 lbdniFRE 1 & LEBAEDOEEE

wBIZ, BEENTZT OHBEENZHET 22 B TEDINTONT, K44
27 ay 7 & IEDRNGEEDOEBEBNCKT D, BENTFLT =1, 2 DGEE
DIEEBESZ2RT. BERTILT =1 DFE, PCS TIXEH 15. 5%, G4 TiX
S 15. 9% F CTHIETX, BE-XF1LT =2 DEE, PCS TILEH16. 1%,
G4 TIZFEH 17, 1%FETHIRTE D2 L 8b25. M@y, EE2=v b
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DERDEEEINL, Tty V2RO 0%EHD DD, Tuk vy 2k
L TIZ20%FREETHIB TE A Z EDHLMITR o7,

4.3 EER

HEDHER, Sy MERIIT4 By hOFEREA N TKRMTDARa—K %
TR H72DI2IE, MBSO PC D FAL8 By N EIFBMBTDT N—T 5317
4 €y M ERAWDFEDR, ERENEWIIREZTRT I EBHALNIR 2T, I
2T, WL OPDOEMB IOMBELHL MR- T,

9, PCEZHWETHIE ARa— R DHRERAWTETHIZE~RD &, K7
NTA4=2DEEDHNRE v N BOEPKE 2D, Zhut, maEorEEERIR
BFLRDZ DN, NEmBIZEDEEALLIV by NROKFICKREREES
HBxH5Z LERLTND.

bty NEOEPSHEENE, VA7V EOEICBENDIEENR L F~v—
270y T ML oTERD., ZhUE, FaFOEBEHEEICERLTWS. 24
AN EEBETLZHGERNDRVNEY, by NROEBIMEEB IR, YA
LRI k%<%@¢é Bl zIx, BERFTALT =1 DFE, 18 A7 1%
I LM TIETHII R X BT 1S P A 7 M oE LA 7 EDR, 13
4&»@%%?@1%4&w_0%1#49»@&%»74#&L5.?kb
b, FMBIEEOMEY A 7 NVBIZE > T A7 MK HRFT 110E
WHRETDZ LITD. AV v N BIEOMS N 50%RE % 55 mtrt DIHEE
HR, A I7NEBHRBTFHFTECL>TUIEAEERRNDY, ZOD L
EZ2bhd. mpegaudio DIHE B MDD T 11 75 MR TERIL > TREW.
41735, mpegaudio (ZF1F 5 EI DFEHRPMITHA~NTRD TRWZ &, 72,
El & EF OEAFRDZESD 6%RRE L, Ml THRO TRENWD EBFA L
ﬂé&ﬁ#%b%éi5ﬁ,H&EF®@%¥%AEi,E_ﬁﬁwﬁmﬁﬁ
DEDDZY AT NVEOLMETHD. FEV/NIREANSZ N &5, HEET
L EF TV ERERTHDL EEZDBND.

IHliL, RvFv—r7FulIhILoTy MRIZENEL TS, KT
PHRTHE, ERHICL—THEETOE v FERFEFIZENEEZ ONDHDT,
TN —TBEORICER L TWAbDEELX NS, L—THATHTHI%
I S 2720 ma R OMEBERBRICE 2 FRIFEDEBER LI-0ER, HIED
FER, MAMICHBEEMRIISEVFELRN ERbh otz —TIHOTH
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EHFRIELZENTEIUL, By FRDIIHLOXIINELRDLEHERINS.
M RIZR L2 BIE & 13RI, PC OFRKREZHIE L& Z 5, mpegaudio T
21103, ZHPSNDT v 7 T A T5H5450 £TO PC LMER L TWARWZ L23b
Mol DFEY, PCONLIZ EY M ZAWTTHZTNIL, 100%TVE > b
BRN/OLNDZERHFEIND. LrL, BBICTFHRAT—7 o= MU
Z2BL L, PCOFLI3EY bZRAVWTRBRICHIE LIZEZ A, By bR
PC8 XV 1% 5 8HFRE L ZETOR E LA LT, IZIEFREROIE LIVED
RN ERbhoTz.

Z<<DEy MERVTOHEN ERLR20VDIX, & AY v N O5EHEPC A
FIZ0THDEND Java FFEDRKICE Db DEBxLND. TRbL, BlD
AV RPFEOCHINEGE, THIRBSEEZHBIONTLED 2, —ERY
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