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An Instruction Scheduler with Dependence-based Prescheduling
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TAKAAKI UCHIDA,* MIKIHIDE HONMA,** HAJIME SHIMADA,*
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A large instruction window can exploit more instruction-level parallelism (ILP). However,
it increases delay of the issue logic. In this paper, we propose an instruction scheduler whose
instruction window is divided into two portions. The first window preschedules instructions
based on data dependence, and the second window issues instructions into the functional
units. Our scheduler can increase the instruction window without delay increase. Our eval-
uation results show that, for example, the IPC with our scheduler of total 32-entry divided
instruction window is 6.7% lower than that with the conventional scheduler of the same size
of the instruction window on the average of SPECfp95. However, if we consider the clock
frequency improvement due to delay reduction, the instruction throughput increases by 5.8%
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over the conventional single instruction window case.
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A—NRAHT - Taeydik, sl XLoilsE
(ILP:instruction-level parallelism) % 3| & H9 Z & TMEAE
EWELTEZ, JVEDILP 25| ST HED—DIT,
MET 1V RIERELTIIENHD. MFT1V RU%E
KELTNE, 7075 L0 K0 EOEF SN FEFTH
BAMEERDONZENTE, KUEDILP %5 3
FIENTEDS., LML, a1 Rz kE<TDL,
MAFITRELDBIED T D L WO MENRH D, BifE, 4
BRATIMBEOBIEIX V) T A AN AD 1 DL R>THY,
o8y 7 BEEOMEEGIRYTSEREZ>TNS.

—fRIZ, BEREOME RN TS HEL LT, N1 T
VEDSH B, MAFITIMIRD /N T T A VLDBE, wakeup
MR select FERE ST T A LT B I ENEZLND.
UL, IFERICHDmmz L2y 7 IVICHITT
% 72171, wakeup/select % 1 ¥ 7))V TR T HIEA
520, RIFRRICH B frdr &t U CTHRITT IR,

T A BRI LA SR

Graduate School of Engineering, Nagoya University
*OBUE, EBHAERY 7 b =T AR

Presently with NEC Software Chubu, Ltd.

IPC (instruction per cycle) WK EIF<(EFNLTLED. %
DD, TNOLEYEHIUZSS TS5 LT E I ENTIR.
AL T, 2BICHEILzmE Y+ Y RO TAT Y a—
DY TR >MBEATVa—F 2IBET L. ZOMEAT
Va—I T, TI-RINzasld, T 1BHOGSEY 1
VRDIZEZIREND. 1 BRHOMAE Y ¢~ R THEIRM:
B Umald, 2BREOMEY 1 v RUABENTS. *
LT, 2BHOMR Y 1+ Y RN %95, 1BHAT
DOUIEZ LRV a—=Y VTR, ZOEDIZL T
T4 YRR 2BIZAEIL, &% TMSLU 7 wakeup/select
EfFOZLT, AU« Y RUDEER, T bV 2
BD1LITHEDGHETA Y RIEFAUIZTEIIENTES. L
DU, MRERITTHIENTEILDF2BHOGS Y 1
ROZFTH B0, BT b VEDEUTHDERDGS
T4 Y R UTIPCAMETR TS ZEAFHEING. &
D IPC DT 2MR B 7280, TVATrYa—1) Y TDRRIZ
X7 — 2 A7 HF R, EITAREL 725 £ TORFHEAEE
FIEERS 2BEOMA Y4 Y RVIIBEIIED LDICT
5. 299252 LT, FITWHEL LD ETORMMIE N4
EIN2BHOGS Y 4 Y RUIFEET D L D280, shX
< MAERITITDIZENTED., Zutkl), aav1 v
RODHENZ LD IPC DE N 2R L2 TES. ML E



&Y, BETLIMEATYa—51%, TR OEITE
2 <oz E FE, AV Y RUERESLTHILN
TX3.

2 BTIIBIEMZEZICDOWTIHRNRS, 3ETIIRET S 2 &
BE A Y 2 —FIZOWTHAT 5. 4 ZTIEMGSRITHIR
& EOBRIERFICDOWTHIAT . 5 BTk RE R,

HEIZE6THTELDD.

2. BEMR

4 FEAT RREL DI AE D M E % g B HFZEANN < DAMTH
NTWB. ITNHDIIFIZEIZ, MaRfTmioRMIzT 3
E0D, MARTMEE N T4 TIED, U1V
Ry 2N TI2EDIINITDIENTES.

E T E BAL T oM ELE LT RDEDNH 5.
Palacharla 5'9 1&, @47« ¥ R %8O FIFO THER
U, HAFRARRIZ H B m4aridA—D FIFO IZF AT D k17—
ADMET Y R EIBELUK. Henry 57 1%, @4HiT
FMHLODBIEDS log(n) (n = @H U1 Y RUYA X)) OF—
ZTHIINT % CSP (cyclic segmented prefix) [A# % g%
Uk, BB, @471 Y RyNOGSEOKEREGRE
FHOETRAM IZEELTHE, ZTORAM Z2HHLT
wakeup 2175 HiEZREL/Z. ZHLDHERIIVTIE,
A FAT AR & AR R E IR B T & TlEIE & A X
H5EDTHS.

4 AT D wakeup/select % /31 751 LT B4
FELUTUTOEDNHZ. Stark 52 1%, 2 DHIOKLT
AT & BN R wakeup 2175 Z & 2 HE L 72, Brown
5213, ready & B> /=5 select XNBHZ, DM
WZHAFE L T B i D wakeup & BEIZIT S 2 L 2 1R
U, WENOFED, B A»RET D WHMELH Y,
mEEEE BEE T B,

MR Y RUENILSTEHEL UTUTDEDIH .
Canal 5% 1%, —#OMEBLITE2@ET 1> RIICHERL
MDaFIEB DNy 7 7 IR R % S5 (First-use sheme,
Distance Scheme) #8ZE U=, £/, TVATFYa—1) YV
TEANTHET 4 Y RN TIMEL UTLTO
HLDONPHD. Michaud 5% I&, MAT 1Y RUICHSRAD
R, H510OMEEBEINARBITRATERNZ TS
L Z L #BEUMA. Raasch 5 1, KILGHT 4 VR
D EINS BEBOWME T v RUICHEIL, KRS FT
VL7 eI, fHEINZRBITRLAZ HNTmag: A
rYa— )Y IeRAEERERELUZ. INLDHRRTR
H, AEINAZFITRLNE L B - 728586 (BFREEX
F=RE Yy Y aAIANWRBI oLGA) 2 HGTER
WREDH B .

3. TAAKEEEELALT LAY Y1)V T%E
TO2BRRATYV1—3

A AT a—21%, 1BREOGS Y1V RUTT—4

WEEERBLETL AT Y a—1) V7250, 2BHOMS
Y RUMNLMEERITTS.

128 2BH

. BY 1T N
71'3‘/,3\ —> | PWIN | —> [ wiN | —> | BT
B1 2B@HArYa—3

i1 add $3, $1, $2 PWIN @ @ sicl | sre2 | @E
i2: sub 34, $2, $3 i1l] i-ready | i-ready |[i-ready
i3: add $5, $3, $4 i 2| i-read d d
$1, $2 13 i-ready i i-ready | p-ready |p-ready

IWIN @ i 3 | pready

K 2 p-ready, i-ready Ol

LICAT YV a— 7O %E RS, AF@RX T, @5
U4 Y RUBOmaOBE %, BICHEI LR, 1 BHOMm
BTV RO, VATV a—) VTR DDEDT,
PWIN (presheduling window) XIER., F7-, 2 BH
DEY A ¥ R, @aOFTEHET L7200 DT,
IWIN (issue window) (IR, 70V hITY RTOAL
WAKZ @i, PWIN ZESAENS. PWIN OFT
T AURIFITEED K B D Ffb 272 U 22 did, IWIN A%
B9 5. HANIZIE, ETWEEL 25 E TORMDE M4
UM IWIN IZFEHET D L8, R mak kT
THIUENTED. TOLED, MUY RYEHELDD
£, IPCOBTEMRAD LN TED.

AKX TIE, MRV« Y RUDHKE, (FWmHEY (VR
YOIV MUB)x(MET 1Y RUDBK) °RT. HlxiE,
16 TV MY DFEROMEY 4~ RUIX 16x1 £ 4D, PWIN
EIWIN & 16 TV MU THdmATV 1Y Rl 16x2 &
A

3.1 p-ready & i-ready

DIBEDBINZENT, @Ay« Y RUND@EE, TO
V=& ARTV R (AR sre) OREBERTSEL LT p-
ready, i-ready %\ %. src ?* p-ready TH D &1, src
EERT 2040, PWIN FUIFHELRNZ ETHD. src
2 iready TH D LIk, src BHHAEETHE L THD.
i-ready 72 src i p-ready TH 5. /2, WD p-ready
Thd L, £TDsrc S pready THDILTHD. @4
Wiready THD LIX, &2TD src M i-ready THD I LT
H3. i-ready BfaiE p-ready TEHD. F7/z, IWIN IZ
BT i-ready THhDMwIE, FHITHRETH D,

2|2 p-ready, i-ready Ofl%Z/RT. itld, HE1YV—A-
ART VR (srcl) EH2V—A - ART VR (s1c2) e d
IZi-ready TH Y, HEHMES iready THD. 12 13, srcl
Miready THD M, src2 IFEFHLD i1 H3BEIZ IWIN 128
FHLTNDDT p-ready THD 728, s HKIE p-ready T
»H3. i3, srcl X p-ready TH DA, src2 & p-ready T
% iready THAW2O, a5 HKRIE p-ready TH i-ready
THA.

3.2 R Va—-YVIDAE

TV AT Y a—1) VI T, iready & 745 £ TORA
FEWVMAIE PWIN (& E8, i-ready & 7225 F TOREAE
W IFER S IWIN IZBEIEL ZeNEE LW, £ 2
T, p-ready Bf&l, £ THEVHF LY iready &2
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(3) i 1,i 22'PWINIAZAE  (b) i 1,1 2ASIWINIC TR TE

3 TVATYa—) v IOl

% ETORMBNENEFE X, pready TRV IE PWIN
2 ¥, pready R aid IWIN IZRBEIIE 5.

ST VAT Ya—) v IofERT. i3, i1 & i2
IIRELTWA. (a) TlE, i1 & i2 23F 72 PWIN IZHFEL
TWdMDT, i3 & p-ready TiEARWV. £oT, i3 & IWIN
BEIIEAZWV. (b) T, il & i2 BRI IWIN ANBE#L
TWdMDT, i3k pready THhd. £oT, i3 % IWIN N
BEIXE 5.

1 YA 7 H7 DI PWIN 5 IWIN AN E)al 582 dr 4
BB > THIBX D, 22 TOEFERKIE, IWIN
DEEITY NVREBENE (134 27)Vd ) I IWIN N
BB R M ABOBRKE) THD. IWIN NEET S @i,
BEFEHRZ RS X512, O UHPD SN/ B RNEA
WZUERN->TEIENDS. 2, BRI 2 DMEIAE
KD select ML R UTHD. MEMWIWIN ABEHITSZ
LIZ&E-T, TOMHIKEFEL TOBART Y R p-ready
85, INERED wakeup & KB B 72017 p-wakeup
EIES.

M IWIN IZBE L 7281, /EkoGas Y koL
BRI ATV a—) v TINd. 1 Y1 7)VdH-0)ITHRED
= MIRTHRERMABUIEIRIC L > THIR I NG . HEE
2= MIEfTINSmEE, BEWNER-ZTLDO1, H
S U OD 5N ERMELIZ U 228> TRIENS. 2,
KD select M EFA U THD. MEDEFTNZET T
LIZEST, ZOMBIMIFLTVDEART Y R iready
LR, INERED wakeup & KX AT B 72T i-wakeup
E IS,

3.3 % 1

2B B AT Y a— T OBREICDOWTHIAT S, K4 18
WX % R

PWIN & IWIN {ZIZERD @S « > R OFgHE % 7
95, 727U, ready €V b %, iready €Y FEIERZ &
I29%. 72, PWIN IZIE, %& src ?¥ p-ready THDINE
IMMEVSIERERIFT S p-ready EY MEMNITINZS. &
B, p-ready 2 bT 272D CAM &, 557 1> KD
KT 2 CAM X3P HET 3.

VIZK -y TRESECROEE RIS S, £72, Th
SN RS DFRE L Y A AW p/i-teady THDMNE D H
LV ERE T D p/icready €Y M EAMITIMZS.

AT a—1) Y TOFIEEFHT 5.

(1) PWIN IZADHi
WD sre lZHIBTDLVI AR - vy TROTY M) 2518
U, p-ready ¥ h& iready €Y hDERED. @5 DT
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FR5VE y LIRSTYIR
i preg | iready | peready i
i-ready . . .
p-ready
————————————————————————————————————————
PWIN v ;””””””””"”" ””””””””””
op dtag stag i-ready | p-ready stag i-ready | p-ready
mx 56 ‘ 77777777777777777777777777777
IWIN v v
op dtag stag i-ready stag i-ready
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ATAFR—vay - ART YR (BUF dst) T2 LY
ARy TEROTY MY D p-ready BV I & iready B
MZ 0 Z2HFERAL.

(2) PWINIZAZ YL

PWIN ©OZEE LY M) IZHERDGT Y 1~ R LA
HEEHEXIAD. pready ¥V M & iready B M, (1) T
7% FEZAD, PWIN IZZEESTY MY BRI UEA b —
V5.

(3) PWIN TOME
p-wakeup D7ZDIZBGEIND X T ((4) BIR) &, % stag

ZHRU, XT8N —FH U7 src D pready £V hE 1 &27F
5. [IBRIZ, i-wakeup D72DIZHEIND &7 ((7) 2)
L, % stag ZHIRL, &I D—HU 7z sre D i-ready €V b
21295, 2TDsrc D pready €V MW 1 &8 5710
BOHFRNS, select FFRIZ & > Tar % 3#Y, IWIN ANEH)
X5,

(4) PWIN 25 IWIN NOBE)

BEIT 2 ma IKE L TS @a D p-wakeup %475 726,
BEITLma0 dst DX 2 (BT dtag) % PWIN IZHB%ET
5. £, BETL52m50D dtag TLY AKX - vw TRK%ES
WU, 2OV M) D pready EY & 1 LT3,

(5) IWINIZAZ & ¥

IWIN QZEE LY b VIZHERD @AY 1 >~ R L AR @S
% EIIAL. i-ready € MIZIX, PWIN TO i-ready £
D% & XA,

(6) IWIN TOMLI
i-wakeup D7zDIZHEEIND X T (7) BH) L4 stag &

WU, 8D —BU/zsrc Diready €Y & 12T5. £
TD src D i-ready B M3 1 &8> F2da 5 DHFD S select
L Lo T & EY, HiEa=y MIRTT5.

(7) BE1=v MIRTIND L E
ANFATIND M HIKITFT DaMH0D i-wakeup 217 72
b, FITINDMED dtag ZHET D, 7z, @AD dtag
TLIYALZ - TROYHEL Y AZEFKS (preg) 2ZMRL,
ZTOTY M) Diready EY hE 1 2T 5.



dtaglw dtagl
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readyL | stagL ‘ stagR | readyR | instl
o] e
readyL | stagL ‘ stagR | readyR | instWsS
5 wakeup i
4. SERETHREZOEBLERBOREY HE

e FITEIE wakeup FEE & select FEEN SRS, A
P THW 2SR iTimilE, wakeup sELI CAM %
72 DEMEL TS, select awdlld, XMk 9) 22FICL
TWd. TNTHhOMREDOHAYL, ZOEERMDOZRY H
HBIZDOWTLAT TR S, 28, DBEOBHT, WS ikama
TAYRY YA XERL, IW I3FTIEE KT,

4.1 Wakeup ®IE

wakeup amHRIL, HD src DREEZFH L, £TOD src
MFIHTTRE L R > 72 DFATDER % select FmELIZE L
45.

512, wakeup MELZRT. MAVKITINLZS, TD
MBEDFAT 4 F—> a3y - &7 (dtag) HB@dy 1> RIH
DETY MVITHEIND. BEIND dtag IFHKT IW
LRBTHD. TV MY TIE, TOTY MVICHERINT
WBMAD 2 DDV —A - BT (stag) DENTNE, E
INTEZHEKIW D dtag DL THONS. LERDKE
B, ZsrcllD2X1D2TE—HT2EDNHNE, TOD sre
PHHAABETH D I L &R ready €Y "3y hIN5.
2 DM src D ready €Y MR LEIZEY MINAZS, select
APRICFEAT DR (request) DEHIND.

wakeup FREEDRIEX, dtag % EKEIY DR Thagarive, ¥
7 D% AT D W Tyagmaten, HEAEROES OB %
B2 W] Trnatenor & V723D, Tiagarive V&, dtag % 5XEIS
DEFRDEX L RO TR ED . Tragmaten 1&, EITH
BARERDESEHMBTIMMOEIICE>TRES. WTh
DEDEI £ CAM VDY 1 ZIZHHIL, CAM &IV D
A REWS & IWIZEoTHRED. Thateror 1&, ERERF
ANDATE (=IW) IZ&>THES. £>T, wakeup #Hl
DEIEIE WS & TW DOBEEIZR 5.

RE, dtag ZEFENITD NI VI AR L R T DI %EFTD
NI VIALDEGEEY A AL, WS & IW ILE>TKREL
2T D, TDD, £ WS, IWIZDWT, T VIRXK
DY A A ZLI T CRIERMEZHEL, ER NI VYA
ADYA X&Pdrz.

4.2 Select ;RIE

select s, EIFRGIMZH/Z3T LD, HRITOERDH
MOHATHHD% FATOER % FFA S N7z fn 4 I3k

NEE e

SN,

4

6 select FfHE

W= ko
DarbiterdA

FUO enable FU1 enable

7 BERGAFITOBED select A
BEI=w MIFRITINS.

6 12 select ML ERT. ZDETIE, MHF T4V RY
DEDFZH B4 iE EERMEA A E . select #FLI, W
< DMD arbiter cell Z RKDOFIZHADZ Z LIZL ) EHI N
TWa. 7, BED arbiter cell IZ, @HV 1 Y RUDET
Y MUMNSEHIND request (EENATIIND. request
FEMN 1 D2TE ATIXINI arbiter cell *5 1%, anyreq 18
SWRHIIINDG. I, anyreq {550, PO arbiter cell
request 55 & UTANIND. FHEKIZUT, request 55
IS FTHETS. LT, request 55D arbiter cell
FTHEHEL, BEVFATRETH S Z &% KT enable 55
PRIZATT I N TOIUE, FBITOFFA %2 LT grant [F50
HAIngd. 20 grant 551, request 5% AJTL TV
%F® arbiter cell DD H, 1 HBEITHDE DA enable 55
EUTABNINS. FHERIZUT, grant /55 13ZED arbiter
cell £ TEETS. grant 5 5MZED arbiter cell IZHEL
725, request EHEEZ AL TWVWSMEU Y RUDITY b
VD>H, 1 /BLEICHDEDIZEITT grant E5EH XN
5. TDgrant 5 5% %I T, MBI A Y RIVDOITY MY»
LA FAFITIND.

select FFRMDIEIEIL, request /55 VEN SWAEMHT D
JEIE, MRTORE, WNSIENETIEEL Y 2D, fEo
T, TOBEMEIX arbiter cell DARDEIIZL>TRES.
DARDE X 1Z WS DREBUIZZS.

F72, R TIE, EEHTRITOEED select il
TODESITHRZLLTVS. M, WS=8, IW=2 D
THd. VT4 R NAZHDEBOEHTHD., X7
&V, select fEEDBIERIE, IW IZEMKFELTVD. £
T, select smHlDEILE WS & IW DEAEIZZR 5.
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x1
JxyF/TFA—K/
B#)/F47/3 3y MR
ROB
LSQ
MR AV RY
FLVAAT VY

Zav v HEFI

8 M4y

4096 =¥ KV

2048 TV KV

8x2, 16x1, 16x2, 32x1, 32x2, 64x1
iALU 1, iMULT 3, iDIV 20
fpALU 2, fpMULT 4, fpDIV 12,
fpSQRT 24

iALU 8, iMULT/DIV 8, Ld/St 8
fpALU 8, fpMULT/DIV/SQRT 8
gshare/2bc N1 7Y v R

(64K TV NV L4, EIEE
16 Y N AVTIAK 16 EY b
gshare, 64K T MV 2bc),

32 TV Y RAS,

4K =¥~V /4 vz BTB,
15+ 1 2 R DB

64KB, #AEE 2, 71 ViF 64B,
by A7y 1 Y120V

64KB, #AE 2, 71 ViF 64B,

| AN o 7

BERE1 = MK

TR

DETEI ARF LT 1
mMEFyyva

TR FyyTa

2 RFYYTa 2MB, #AHE 4, 71 VIE 64B,
by hLA Ty 10 120

ALV AEY 77—ARey hLATFVY
100 B 2 )b, )N—Z SEERE
2 %+ 7)), NAIE 8B

4 TLB 64 TV NV, HEE 4,
Juv ¥4 X 4KB

F—4& TLB 128 TV b, HAHE 4,

7y 741 X 4KB
120 %A 7V

TLB I ALATVY

5. M@

5.1 Tl &R 1%

IPC DAz 1%, SimpleScalar Tool Set Version 3.0% 12
GENDA=IAHNT - TOARYTOYIa L —ZEZEEL
726D &AW, M4ty ME SimpleScalar/PISA TdHh 5.
RyFI—2r - FBJ5 5 0LT, SPEC CPU95 ® 18 A&
EEALUZ. YIalb—yaviRBEBBERIZZRSRVWE DI
T572012, mHIvI A, EROBEEERY, F¥Eix
IFMERFL DD AHDNRT A—ZZHTG L TDE., F/2, K1
WZEHHIZ AW T vH - EFIVERT.

JESERERE] I, HSPICE % W CHIE L /=,
£ FIIZIE BPTM® D 0.10pum 7Y 2% FHV 7z,
BUARHRT & AR A B2 Ik 1) D% v 72,

5.2 IPC O

8 IZ IPC DJIERER %R T. ML IPC TH Y, il
BWARYFI—ITHD. ERUYFI—ITLIZ6 KDETS
TIWHY, END, 8x2, 16x1, 16x2, 32x1, 32x2, 64x1
DBETH5.

8 &Y, MATA Y RIDY A ADEFHPKI VA
IPC BN e Bbnd. £z, ;a1 v RuzpEld5
EIPCIETH%. Zhid, 2EICE->T, #iE1=y b
FTE2maH IWIN NOME7ZIFIZHIRIND 2O TH
5. compress95, gee, go, li, perl Tld, 16x1 &Y 16x2
DFH, HB\WE 32x1 &Y 32x2 DA IPC HMEL.
&, R U Y RUERELSTEHHELIYVE, AHEIITL-T

cNoVvIAA -
E

-
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8x2

16x1 [ 16x2 [l 32x 1l 32x2 [l 64x1

IPC

IPC

8 IPC
F 2 i 4 FAT S 0D G R ]

WS | Wakeup (ps) | Select (ps) | &&l (ps)
8 160 820 980
16 182 820 1003
32 218 918 1136
64 265 918 1183

BEEL = PAFKIT T E 2w AR I NS RFEHEDH N
REWZOTHD., TNHEDORVYFI—T T, u 71V
RUBKELZS>TE IPCAHEIVEHLLTHEY., DF
D, AT 1Y RUDPKEIKARDZLIZEDHBENELNT
WA, F7z, int IZHART fp OFBRRET 1 ¥ RUMBK
XL Loz IO IPC OEEMIAKZ . 16x1 (KT D 8x2
® IPC & FX{%, SPECint95 ¥-¥T 9.2%, SPECfp95 F
BT 15.6%Tdd. 32x1 12T 2 16x2 D IPC K FRIL,
SPECint95 14T 3.3%, SPECp95 E¥T 6.7%Th 5.
64x1 12X 93 32x2 D IPC K F &K%, SPECint95 ‘F¥T
4.2%, SPECfp95 V¥ T 1.8%TH 3.

5.3 SEIERFR LM

R 2 (ISR OB 2 RS, KLY, WS HHY
Z25Y, BIERMEEMLU TWE Z ENbhd. select
1%, WS=8 75 WS=16, WS=32 25 WS=64 22> T
SRR RTIZZL U TRV, NI select #FHE 2 FERK
FTEIRDEINZ DHFTIIEALL RN ZDOTHS. maF
TR DI R I, WS=8 2»5 WS=16 Tl 2.2%8 ML
T3, [FRkZ, WS=16 75 WS=32 Tl 13.3%# L,
WS=32 » 5 WS=64 Tl 4.1%H ML T\ 3.

54 ®EAIL—Tv b

WA FRATHRILOBIEDERRIC L B 7 0y 7 @O Lt



8x2

16x1 [l 16x2 [l 32x1 [l 32x2 W 64x1

4.0

Instruction Throughput

SPECint

K9

SPECfp

e AN—"Tw k

FRUZERIZOWTIHMET 5. 2 2 TlE, mafiTimnio
PR 7 Oy VAR E XL TS &35, 72,
BE%E [ AIN—TY N =IPC x 710y 7R TEH
45.

B 9 2y AN —Tw N &R, Mtllldda A Lr— 7Y b
THd. £D 6 KDY Z 75 SPECHI5 D THY,
D 6 KDKEZ' S 7H SPECInt95 D TH 5. {7 N—7
TLIZ6ARDET S TWHY, END, 82, 16x1, 16x2,
32x1, 32x2, 64x1 DFETH 5.

9 &V, int TIX2BICHEUZAPMERENE L 2D
DiF, 32x1 15 16x2 IR/ EDATHS. ZDE X,
32x1 IR 3 16x2 DMERER EIX 9.6%THD. —F, fp T
1% 8x2 £V 16x1 DAMAN—TY M@, L, i
PLEDY A AT 2B DEIL 2 D MRED E < B> T 5.
32x1 12X % 16x2 OVERENE LI, SPECH T5.8%TH5
64x1 1ZX9 % 32x2 DMERER EIL, SPECfp T2.2%TdHhd.
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