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Evaluation of clustered superscalar processors with
speculation of load instructions
TSUKASA ASHIKAWA
Abstract

The delay of a bypass logic and a wakeup logic among the components of
a superscalar processor are thought as what will restrict the clock speed in the
future.

The bypass logic transmits data among ALUs. This logic is governed by the
wire delay, so it can not get the benefit of the miniaturization of LSI. Therefore,
the bypass logic will be much more critical with the miniaturization of LSI in
the future.

The research of a clustered superscalar processor is being done as a measure
against the delay time of bypass logic. The clustered means that the data
passes of a general superscalar processor are made up of independent plural
data passes.

On the other hand, the wakeup logic manages availability of the data for
dynamic instruction scheduling. Like the bypass logic, this wakeup logic is dom-
inated by the wire delay, so it can not receive the benefit of the miniaturization
of LST easily. Moreover, unlike other components of a superscalar processor, it
can not divide into two or more pipeline stages. Therefore, it is expected that
the wakeup logic will become much more critical with the miniaturization of
LSI and the deepening of pipelines from now on.

We have proposed Direct Dependence Matrix Based Scheduling Scheme
which decreases the delay time of wakeup logic. It can decrease the delay
of wakeup logic with a dependence matrix reduction. In this case, the delay of
wakeup logic and IPC have a relation of a trade-off. It is dependent on size of in-
struction window, how far the delay can be decreased, suppressing aggravation
of TPC in tolerance level.

This paper describes the case where our scheduling scheme based on a di-
rect dependence matrix is applied to clustered superscalar processors. The
clustered superscalar processor can be classified into two types by the difference

in instruction window structure. They are called the centralized type and the



v

decentralized type. In the decentralized type, the number of entries to each
subwindow is distributed and the delay time of wakeup also becomes shorter.
On the other hand, the centralized type will get higher IPC than the decen-
tralized type. And the virtual decentralized type is proposed, which has both
types’ good points.

The IPC was at most 2.0 instructions/cycle in 2 clusters model which has
2 EUs each. In other words, this superscalar processor can deal with the pro-
cess by only one cluster, so it don’t have to think the dependence between
instructions. In this paper, to evaluate the clustered superscalar processor,
road instructions were excecuted speculatively.

A speculation of load instructions relieves the problem of ambiguous refer-
ence to memory for load instructions following a store instruction. Concretely,
first, it is predicted whether a memory address of a following load instruction
coincides with that of a preceding store instruction or not. In case both the
memory addresses are not the same, the following load instruction will be exe-
cuted before the preceding store instruction. Therefore, the instruction parallel
will improve and IPC will rise if load instructions are executed speculatively.
We applied the load speculation to the clustered superscalar processor with
the direct dependence matrix. And we discuss the three types in the clustered
superscalar processor.

According to the results, the IPC rate of increase is the highest in the virtual
decentralized type, but the absolute value of IPC is the largest in the centralized
type. After all, the centralized type has the highest performance in the three

types.
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KGO B WS 3% . CoWEAFIFHL T, L1 ZH#h
L, BCZDEE#FHET 5 #EL 5. Thbb, FmHFa—CBNT,
Ham 0RO w(l < w < WS, - 1) oS35y b 2T % L-1 1k
L, ZNLIN%E L2 ICBTOTH 5. wakeup 1L, DBIOEEEDS w LI DL
BlEL1KCE>T, 25 TAVWESCE L2 CX>THbIS. BEDELS
ik, 13 A7 rDx_Fr7 4L 5.

X5 1C, WS, =8, w =4 DEFED L-1 ORFIORET %R T. O, INT
235 INT OEGSYDOIRTH %25, INT 226 LS OED DFERETH 5. LIt x D,
FADHMFIED 11 TH B, oD L1 5 0HBRE S e, Pl
RLTH 5. AL ZHIBTHBICED 2 1ICE WL DD HEREZ bivb
25, X027V T4 hTHBEY MR dyL/R F#MET 5 C L REEL T, F
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1 Tz !
¥ ~

2 7, v > 2
= )

3 ~ 3 3
Ve w ’

4 P 4

o Ve m

5 T'—/ ) 5 5
Ve w

6 - c 6
J )

7 / ’ 7 7

8 g 8
A

---> word line
— bit line

5: L-1 75 orkiEl b

DX S ICTEL IV w11 DIFEFREC EICL, Cofdiz L-1 175
DIRMEE & 5.

bAEDOLILARLS I, HHEEI N L1 DY —FER, Ev MRE, %
NZEN wlDEAMC LRI N TWARW, LER>T, wakeup DEETEDL, WS
EEMATIC w KX > TR E S, 2721, IPC DELAFFAHEFICZ DD, '
wHEECEFT/NILLTELE, WS OREIICKS.

hE, £ 7TV 4 v FURICE, vt Y iEEOEA*IZ 5 pace-keeping
ERESPRVERRTETH Y T 4 v F Y v ) O FRIERSETEL TS, w
> min( WS, /4,64) THIUL, L-1 I A THEAL, FEICpacekeeping IC L >TIPC
FETL, ZOIPC DK T 1~2%ICHIZ bILd T L35> T3 [1].
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BAaE 75329 TAHRDEELEDHE

COETE, H2FE, FITJCTENENLA Tz, 7T AR == —
7.7 atyHIC, BEEAKGETIRIR 7 O a—) v 7 X EHRE DY B ik
CDONWTIER3B.

41 7729470ty HD5IA

7 RMET vy Y&, @AY 4V F U OYENABRICLY, KRELE
R DRI D 2 DICHET B C L8 TE S, K6 (a),(b) X ZN L IEEFTA
DEEER LD DTHS. COM»HH5 L5 I, BHETEHE—Dr Yy
7 ELTMSY 4 Y F Y RREL, DEECREA 7 7 X 213 1 Icdfind %
ROV T T 4 v F T ELTHRE/Y 4 v P YRR LT3, Z2LT, HHM
TRMBEHE—DY 4 Y F U DHOETDI 7 A X L TRITEN S DICKL,
DECEMBREF TV 4 v F b 1 LIGHIET 57 7 2 2 LT
HFFTEIND.

F BRI E T, St 7 T ARCEINIES 243 v I EARS.
DF Y, BHEICEASOEIDED 1T select 7 = —XICTHDOIL D23, ZHidE
TRODE 2= XT 4 7 RCFHKD T, dispatch 7 = — R CTHT 5 LEH
H%. IPC X2 DEEICHEAET 5 [3][4][5].

LL, Z20—AT, DEBEGSY 1 vy Bk s ET, V4 v
Fo.-ayy 7 OBBEXHT 5 LR TES
o wakeup KETTHL {bX5.

o select CORYy 7 TR, WSHEOMSHL IWIEEERT 2LERD 5
OB, nflD s F 2 ZCHET S L WS/n BOMSD0 TW/n % ZE4R
TAERETTEL AB. select @y 7 OEEER O(log WS xlogI W) T5z 6
L, WS, IW OB & b IC, B —Z DEhRHH 5 [10].

o dispatch, issue V 4 ¥ F V HREK T 5 RAM Bk NMULI B 7D,
dispatch, issue DEFEDEWH EILE. 2L, oD wakeup,
select & ZEAR Y, AT 5 A AEAJRETH 5 DT, wakeup+select & HEL
3 5L, ZOEIPIEN TR A,
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Cluster0 wi ndow0 Custer0

RE E‘ > RF EI
w ndow ’E—UI ’E—U|
o ()]
< =
et g Clusterl g Clusterl
= I
RE > RF EI
(a) (0
Custer0
w ndow
RF
2 £
g - % Custerl
7 )]
RF
)

(¢)
6: 77 2247 vty DA

4.2 DEEITILRADOEAEHE

EET B 20085 Ip & Ie BZRID 7 T X ZCENYELN S, 77
R AEREED 728, Ip & e G CTHEITT B L ETER . Lo T, Ie
X3 % wakeup+select b 1 A 7 VTEFTTIELERAL AL, X2 (L-2) &,
HLrd EZDGEERLTnEEARTCEDTESL. ok, FXDLS
[ Ie D wakeup+select ICEDET2H A7 A %EDBTThH, HehXFrT 45
U BT EEARN. ThbDD, wakeup+select #EbET1H A 7 THS 3
BB, Fl—D27 722 ICEIRoN B EICROILe DTH 5.

77 22407 vy 0RO COWHER, SHIIC L) AFNCE <. S
T, Fl—07 72 Z2ICEY RO mSRF—D3 7Y 1 v F 7 ICHNE
TWw3. LB->T, F—DH 77 4 v K TVHNTD wakeup+select X134 7
AT, IOV T 4 v F T ICE DD wakeup+select (X294 7 VTHEFTT S
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Lowcmyy 7 fHOE L —J, BHAcE c oWEZFINT 2 DA S
T A\,

I L FTH R R A B DR DA, L1 TFIRE&Y 7Y 4 v R 7
R 7 T A ZED wakeup (X L-2 T2 L\,

DR ¢ RiE

S L AR O A G b, PRE ko LT b AFIC@E) <. Hdilic
BT 5 dispatch DB H TV 4 v F 7 I TGO I 385 L »
CEIRET S L, mEHEWCURGRERICS 2507 v —7 10 bl T,
BH T4 YR TICEPNDCECARS. HY TV 4 v F VNTOIRGT 6
SO THE L T/ NCER ICHRE LS LARFCE 5. LA2->T, L1
fTH|OME% w/NC £ THRRLCTH, FEEEDL-1 by FREMFFT 5 C 25T
x5.

4.3  FELIORE

AR L7z X 9 1€, wakeup+select Z#EHET1H A 7 ATH S BERD B D
&, Fl—0 7 7 2 2B RO mBEIICROILS. flic, cnr I X%
b7 vy S OMWER, BHRICEHT % ¢ & AR TR R Lk~ 7e23, Bl
TTR, CoOWEEFIHTE 28UDEE & w5 HHICOWCEHAT 5.

6 (c) X, BIDBEIOEARTH 5. GHOETNE, PECIEHRID
—fETH L. ThADLL, MEVAYEVERE—DeYy 7 ORI, Sl
ZTHhOLITRTDI FRARZICH L TRITEINS. ZO LT, M5V 4 Y F VD
Iy MY %I TR LICHESHIL, B L C L1z HETS. &
bbb, FIUHEBAICE N 2 00m5E 1 34 7 VT wakeup+select TE
575, HA DEBANICE DI 2 DDESTED wakeup+select \CIX 2% A 7
BETD.

dispatch WREIC L, BFHBICKH L CTAid 2R D 0T 2 823 523, CHICiE
DRI TATY XLRHNE T ERTE S, 2L T, select RRCIE, FEfT
AJRER D X7 7 A ZICEV IR LERD Y, L ofHEOmsd T XTD 7
FARCHLCRITTES. LaL, HEFHEOMSRE, 2T ss 7
Z ZICESEICEID IENE K &, 79 R ZICZe & 135 B85 1ciE, RIOfEED
M RITTHLHBTES.
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4.4 BIHADFH

Dhwe, BlodEdilo, £l pEfictd 22 v b - T AY v b &%
L5,

A1) b

ST, L1 a0 e AR, &L 2B & ICEID 24T 5 20,
BB L TR E B L THRFICH 5. (72, 77 2 Z2~DmHEIDHRY
(CBAL T, BHLOYEERNIERAENC dispatch RO D B ZIMA 72d DL VR 5.
dispatch FRICIKGERIR A ZERB L T 2 EIV #ES ¢ & T, KGFEERCH bm%
WFE—7 7 2 2 TFETINLHER, BHRE L TR ARY, 77 2 4[|
BEEDFEEFEIMEL 25 L EX bILD.

F 7z, PHITCIE dispatch FRICRS D 7 7 A Z~DOEVIED 2 PET 5729,
7T RARCEBERDBDEGETDH, M7 7 22PN CEGmSERITTsCEid
T&ARW., LaL, BMUOEEID dispatch FED 7 5 2 Z~DEGHEIDHED 12,
BREE RO BT TH Y, AP ZEEAH & [FlE select RFICfThHILS.
Re-T, Fito k5 AREBEC bR,

b DA

AY b & LT dispatch ROEREIY #RY ORINEZRT 7ebs, Z OFEEIC
Lo THMICRFAT AL BB LEHBDHD. OF), BHHTE L1 EHA1H
A 7 VT wakeup+select TN DS DFHAEDLED, ELIDHIITIE dispateh
FEDEN Y #2 ) TR A 2FISICEI N B FIREMESE U 5. 375 &, B ETEC
X5 A B HHIBANICE DI 2 DDOMESTEID wakeup+select ICIE 2 %4 7 L %3
570, TPCHEULS 2 AlREMED B 5.
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B5E O—NGaDkENY=ET

COFECTEET, v—F n ORI TON R LBE LR, 7 —F af
DEREIET O BEAHI D AT 5. 2L T, RiETii% 7 7 R 2R —~—
27— .7 aty FiICET D3I HRCH LT, v—F S oEET %27
TeEREIC DN TR B,

51 O—FN@SORBHETOERCBE

z~ﬂ~%7~?-7u%y%®ﬁ EF_ &5 2RO 121, fmafo
7 — KRR ORMTED B 5. 7 — MEAFERICE, 20D 2 A7 BHFET 5.
1DF VYR ZENLAKGRERTH Y, 35 123 A% %N L 7AKGERER
TH5B. TON, LIVREZENLIAKGEEIRE, 72— FRCmaNoOA <7
YF -7 4R ZeHliT 5 C L CRIET S C LRIRECH D, ), AEY %
MU 7AKAFBERE, F—T R v 2X%BMBT 2% 2€) TR L AmSHEOKE &
575, BIBTF L AREFHCA LRV EIREI A NED, AT Va—
Y vy 7RHCRHIT 5 2 LI TE A,

L7ed3>T, 7— 2GR A3 C & #RaET 5 1L, HD AT Tk
e r—=F e, T2 2 Tasm T LATREETT 5 C LT
v, LSl KETH L. i, Eas TR L RCxIT 5 Hkir—

FSTIE2d, BfTA N TMDWKEET s Chs. TR A A€
ZIORRETH Y , s Ll (ILP:lnstructlon level parallehsm) 5| %
HIBROKE LT & h>Tn 5.

C D A Y BEOBEIREDORTEZ BT 5 72010, v —F iy ORI T
VS HRAPBREIN TS, Thld, TR Tastkiin—Famao7T
FUA—EYA—Ex THIL, R8s THIZ e v —F @ 2 T3
55 THB. W7 & HTEARNCEHT 5.

PIFCREFR%E LT 5720, r—F St A TS Llrhndo L
3. [M7cl, HERGICEF S, 4o0r—F /X THEEROHFRKN, *
7z, fSHID “Ready” & “Not Ready” [EZNZI, 2—F /A TamDY —
2 FXTUE BT EBERERL TS, CORFEITHE, $1 O LOAD
F LS B TETHTH S, ZL T, $2DSTORE, $5 D LOAD Y —*
FXT VR BfioTnARWEYD, “Not Ready” JREETH B. — 4, $3, $4 D
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$1. LOAD  Ready
@ $2. STORE  Not Ready

$3. LOAD  Ready

$4. LOAD  Ready
LS OPERATION UNITS

$5. LOAD  Not Ready
7. 1 — N i ORRIEST

LOAD &, BEICY — R - X5 v F 2l I T 5 728 “Ready” JREEICH D |
ETRHEHTH 5.

CCfif,n—F®?%% Thh B E2 5. FThXe, HBHRNT
SIS v —F S, T35 2 TaERE T LAThEFETT5C &
ﬁf%ﬁm,&m5ﬁﬁlb “Ready” JREEIC P 5$3, $4 D LOAD (&, “Not
Ready” JRAEICH 290179 5 STORE BRE ZFETFE T L TWAWDT, LS HFE
FRIC3ODZRENRD BICH Db bT, EfFTHBERETE R\,

L2L, »—F O EHT 55, SefTA + Tma$2:STORE &, £k
7 —F&aa$3:LOAD, $4:LOAD ¢ DT L 2—E/A—K%ETFHIL, ~N—E&
TFHIXNAAD, $3, $4 DLOAD FETTE 5. £ L TRESETLT, $2
® STORE 75 “Ready” JRBEIC AR D, A€V TR LRERDH»D &, $TTICEFT
INZLOAD DA€Y TF LREE—F/ F"ExfErds. L, TR
—H AR OMHFEEE AL, =B LT3 b0RINE, FEZDLOAD 2FEfT
T5.

INETHE, 2—F B AL TMHLrANDDOL LTHEEED TE 7223,
FRRALIC DS nH D, dLAEFR Y Tas ek —F a5 A€) TF
LAB—HLTWIUE, Z0or—F S L ZNIC X > TETAJREL RSk
HETTILELRD L. LI, HfTANTastEiie—FmsoA€) 7
FULAB—E LT3 e@dDnul, TR Taa X bR TL ik
r—F et BETTIHER DR .
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5.2 Epf

I T RIEA—N=R T —TF . T ry FICBNT, 7T RAZED2MET, &
77 AZNDEUEB 2 ODET ALK LT, 77 AZXEExHL TnAn—
Z . EBTFARELD. COBE, R—ZX - EFAOEUHIE, 2 x 2 = 4{#&
n5. B bR, 772 2beld, 7 7R ZDOART v F - N R 2%
BT D ETHY, cHICXD, EHAIPC ZEIEIC LT[ S X DBEES
KNIEICEHES 5 C LA TE S, DFY, 77X 2EELTRVETADIPC
X, 77Xt LTwBEETALDIPC L) bZDEL A 5.

KEOFEL XD, COI7 IFREEELTHAENR—Z . T LT, SPEC
Xy F=—7 ZHATIPC OFHli% T/ & TH, mMADHDTHHI23TH->
Fo. CON—R . EFAMCH LTI T2 ZCERL 72858 (2 7 2 28 2, EU
B:2)F, Litocl®EEise, IPCRFEELT2bWICAS LR
CTBTE5. 21T, cogh, oHdE, SUSERIELY b, B IPC
DSiBE RbEELZNSE. LTz ZR~5.

YL TIPC 23 2/itET, K7 7 2 X NEEZERI 2 oAb, FHEICH-3
Ry F=—0 .7 0r T LO—HOMEFE, 12077 AXETTHIREFIHUT
T&5, tEzZLbNS. OF0, Sk 7 T XX CE ) IELBLEMER DAL A

b, mAEIOKAREREZEREIIC, BMICZBnTng 7 7 X 2 Icma%ED
RBEFRID S, ftho 2 HX LD BENIPC 285015 & FHITE 5.

22T, b5—)in 7 7 A ZOHREE b md CGEHII 2115 Z290Ic, v—F
A ICHEARET 2 i © & TekD IPC ZH LX & 7.
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F6E FHib
AFETIE, SimpleScalar V —t v b (ver.2.0)[11] KX LT, 24 ZFE T~

27 TR AR—RN— 2T —F . T aty FORGFRIARETI T 2@ L
b DRIFEEL, SPEC Ry F=—72 #HATIPC OFHli%{T- .

6.1 &FHEETIL

X—2Z-ETI

R—Z .7, INT @S, LS5, FPamaDZNECH 7Y 1 v F

T EFEoTEN, ZORMFREY A VF Y AR, ERERN, 4, 32TH

5. IRORITIEIR 4x3 = 12 TH D, 7=y FIEE S TH L. 5/ T—~%

DEETIR, KK, MG 2RF vy L aDRE, T4V -HAX, L ATV,
ZNEN32KB, 64B, 24 A7, KU'S8MB, 64B, 8 [ 71 TH5. 2K
F oy a3 AEHCIE, BPIOT —F K329 470, BT —F it 6 %A
I N7 —F BT 5. TR, BER12, =+ Y E4K O gshare & A
W, COETFTA% x2 EFERC EICL, 7 =y FIE, FBfTE, v 4 vy .9
AR L BEURZEIC L EETAE x1 LS. APFROFHEEIC x2 EF L
TH5.

752491k

CDETFTAECXL, 7TRAZXHNC =207 7 2 2b%k kL 7. INT, LS,
FPai5DZENENDEU #2007 7 A X, 0L 1 ICHETE. £7 72N
D INT, LSEURDOANAARRBFEEFEE L L, 7 7 A ZREEZ1 A 71 e

L.

mENEY) IR

BHAD I T A ZA~OMBEINIEDY 1F, IFoT AT Y XAl

o FBHHE: MESDEINIED (X, select FFTH D, XV HSHrb7 7R X
0D EU ICBESEICEIVIES. 79 2 2 0 328 nTwAdiuE, 79221
DEUICEIDHES.

o EEL: S OEIHED X, dispatchWgTH B, 7 v F INTmHHEICE
W, AL E R BMEBAET 658 E, ThLEFRUMEaY 4 v F Y
CEID RS . IKIE L A vis, d LY —X- 47 v F BBRICFIFATRE
LR TWBMER, BRI 2220 ICEY#ES.
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o SR . dispatch WD 7 T A ZA~OEGSENHRY (X, Edil e FI T
HbD. LL, TO dispatch FEDOSEID HRD (HBE RO 57T TH
D, AR RE XL & [FlEE select FETH B, T D select DS E|
DIRD Tk, HIFHBOMSE, ZIUCHIET % 7 7 R X ICEESEIEN
ERObD LT 5.

6.2 EHEAER

100 T T T T T T T T T

[ ct =3
[ _T =
B N
[ — [
~
-t —
90 ~ |
S -
g
T 85
Q pre
o
80
B
70
gcc  compress Qo iipg lisp  m88ksim  perl vortex  average

Program

B48: IPC K, TRHHHL(CT), B EE (VDT), 08 (DT), x1

w X -1 {THIDIETH 5. 7 7224k 7 vty yDEHA, 2%, il
(CT:Centralized Type), ELIEHZE (VDT:Virtual Decentralized Type), 43H{
pin| (DT:Decentralized Type) ICEHNT, (b2 TR s (%Efﬂjﬂj w = 32,
LI B0 s w = 16) IKDOWTHBE L7z, X8, X9 offfhE,
WA SPEC Ry F<—2 &, Xy F<—7 B 55, HiEh, 77
A LETORVES (R—2 - ET V)T B, 7 7R 2T a2ty 4D 3

20



100 T T T T T T T T T
HCT_NS
CT_S
95 1
/
VDT_NS
%
S
ot \
s 9 F VDT S 4
5 N
0 A
o
7
| DT NS
7
85 1
DT_S
80

gcc compress  @go ijpg lisp  m88ksim perl vortex average

Program

49: TPC K, &)z (FERHR/BiY), x2

F1:. IPC, N—Z.EFF N, x2

Program

IPC

Program

IPC

gce
compress
gO
ijpg

1.300556
2.131910
1.541727
2.307741

lisp
m&8ksim
perl

vortex

1.817902
2.166313
1.762126
2.066653

SHRADIPCHHERIR L. £, MW, 8DDXvF~<—7 .7 ns T Lk
LT, ZEpblEic, S (CT NS:m—F IERER), SRR (CT S:m—F#
BRE), BRI ECE (VDT NS: = — N IR, BHLIOEI (VDT S: v —F #¢
BRE), E0E (DT NS: v — F IEReRE), 790 (DT_S: = — F BebliRg) o IPC
HRPE LA T77TH S,

ThR1E, XQRQCETER—X. T LD, FEXvF~—7 .7 a2l 7 A4LlC
BIBIPC%ELDEDDTHS. CNHLDEIER—F OEEET>TwAhn
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GEDIPCIETH 5. H5FTr—F im0z L 2EKIC DWW TOFEIAT
ik, coE1ZHNE.

B8, 9Tk, IRTHT I 7DIPCHFIRZI00%L VML AoTnE. C
NRETETDHIRRAZ2, EUDZ 7 X ZEIC K 5T, A ST NIEICEH
fELCEh, ZoREL LTIPC DRSS, 207D, 7 I 2 2{beT7 1
#IE7 7 R 2EEFACTIEHAETILE, TPC EEERA3 100% A9 & 72 B D (3245K
T, 77 R%ET vty T, ZFOIPCIETFLLED, " =2wyy 7 CE
7 5 EERE S T 5.

%9, K8 T, x1DEFTAIKST S 3HAD, 77X ZELThhn—
2T ACTIEFHIEL 2 IPC HREZE L T 5. FE, L-1 f75loMiE b 5
DHEVEEICONTHB L7 DTH 5253, BB 2 kX b b Bif
AfERE R LT3, CogE, BHALL Y SHUOEEIE T 6.0% if, %
Te R 4 8% AL T BRER & Aoz, DF Y FEIKTIE, BB

PEDSEARETH D, 554 HCTHRAZEHUSEID A Y v b B S kR & &
z2bib.

L, 920805551, x2DEFATIRENR SIS, 4y
HRIOIEICE W IPC ZRLTW3. r—F G oEET 2179 &, P
LTIPC BRB LR 00055, v —F B OEREEZ LTWwaICh bbb
3, gee, compress DL S ICIPCHEIBER TR > TVEDRHHH, THEHL
FCTI/ I RMELTCnARVwET ACTIEHIEL 22D TH > T, IPC DIEHEZ
DLDIE, v—F O¥EE LGS, £2<ohXcH EL .

ARFFRIEEI x2 DEFALOWCOIHITH 5 7DT, 9 ICONTEE
3 5. FRT — 2 M5 b B, FIXD average D & 5 1C, HHLIEHHD IPC
WM LY d EFRT257259 L FECE . HHE LT, SHIOHETRD
17— N HEEETO IPC BRI E 0, v—F HBEIC X 2 aniisitomn B, 7
7 ZAZ~OMSEN IR (BT 2EEBEOMINZET bivs. LaL, FEERE
SELIYEIRID TPC R om Ed B oizss, 2T dEARID IPC ICEfiE A
Diote. [FE D 35575, EBHEDIPC R [E EL T, EhRIOMARE
DEEI DB DBBZD.
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BTE Fr®H

AETEES, 2——27—F .7 uty SOEREREDS b, k7 vy
7 REEGBET 2D ELTEZOLND, N2 Yy 7 & wakeup 7Yy 7
CONWT, BREENOHERERZ vy 7 REZHERT 2 DHICOWTHlRE. Z1L
T, ZNOLDBEECH LTIREIN T HR IO wTERENHL 2. B
RCE, N2 r Yy 7 OEBECXK LT, A== T7—=TFD7 T RXZX
IEEVSTFRRIINTED, wakeup 7 ¥y 7 OEFEICKT LTI, Fox DIREL
T BRI TR 7 P2 — Y v 7 A0 D 5.

ZOFA% L7 bT, 7 7 A MpR—R—2R T —TF . T uty I LT, E
BRAAHTIRIR r 2 — Y v 7 A% EHT 255 1CowTikir%. 2L T, 7
T AR == —F . T awy F BT B3 HX, OFh, EHE S
Bl SOOI AL, T ODEICOWT b~ TR, 7
FAET vty 303 HRCH L TIPCEAfiRZ T 25 L, x1 DEFTATE, &
TORYF=—7 .70l 7L T, SOEEITERRIL ) b Bif Ak
RER LIz, L, x20FF AT, SR & Hl U TR ETR BN
FROWAD»>T. T, EURE 2/5IC LT &T, mASEID IR OFRE
WA, S DIKGFREIREBR T 2MNEMIMEL oD tEZ bILS.

ZCT, xX2DEFETFTACK L Tr—F fOERENIETE T, maiksiv:
g, IPC ZA LE 47z e, SR o, SPEotEEr HEL
L, 3HXOFEE X VEFHL TR, ZOfEE, v—F s OIERHER: —
BRI TPC IR, BHLIY B bRk 7o 723, 1PC OFEHEICET L
T, =—F IR /bR e b, BBHERR DO REAEEZRLL. O&D,
r—F O E T TR E L, b5 FHD 7 7 % 2 offi fsEE
BEDTY, S BUSEEIL Y, vy IS EREN R PRI
FiBBEN T %R LT NS,

ABOBED 2FHM L LT, maiisltkoEny v I ADfHe, 7—
F 05 OEREFT LN D HIETIPC %A EE 7B 0& XK b E X b
ns.
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HEF

AW EED 51, S OEFEEZED Y £ L EHEBERICHE
EHOBZERLET. £, HEIVEODKIEEL TR, AEEEOVEK
CHLTHERRDIMEZEE T L HHERRICOL ) BEB L 5. 2L

T, HEX DG, BEICHEL TR, HZ L DS ZH W EH
TEEDOERRICEHE L £ 5.

S5 3k

1]

HEIER, HERHE, 7= v~ Ao —, IBoels, MERE, ARE—HF, JbkHE
HH, EHER: 2 — =27 —F DDDOEFEEEIIMHG AT V2=V v 7
WIE RS GE NMANRNT RV R AV =T 4 VTV RT
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