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4 A st=dlo] 2AEH 99 9, vre Jds H8 Ho di7IAH(latency), @9 AR ERRlE WY
3 =

da] el EEE Hael sheE, D @ welg) B DAY F AP ZA FLE ol

A5 ARt ASHERE AF BEHAL oled ¢ L 7 el e gueve wEd g, b, Z2ag
AW EF OMES I 2% AoFe AePdony mEd g2 2IY 5 Ak A% Aut (1904 o
BT AEE 4% Ant 23He A% 549 ME19E Adaw, ok AdHAY A8 +

W

EAQ As AR g2 dZgAolde Ay AHEy ARE A FAE AE TRAA HA2Hol AFE &
ATk, ol et gk vIAIgHA oA ZE, FHE gk, 7HE # 7REH 9 R Ale]lE, Ak =g Y
(ALD) AlolZ& 93 7198, 2 4 %So] Q). Intel x86 2 Itanium mFo]ARZZ 2 A H& FE(]
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PAolAe A%S A 4% SH19 8 AER FIE AL TIAT. A% SHUD MA@
A& BW, st ool B A vED W ojseld HuE AF i sehHE AY o F8F e A
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5 4wt o,
5 B4 A4 2Eel8)7h 7H, 54 A4 e Wgel $ustel we i@ A% Au gol W
@ 5 gledl weh g B4 Ba a4 AR ¢ 9 A e WAs 7 duade 4o
24, Q2 herlHE Fyehs W o= A% 4n glol f884% 243 & Avh.

Sy £d TeAs

Aol A2 A|=E Aol A o A4k gy E HAgetr] fa dAA ol Ee Aol
A s 2240}7] g HHEOE 7IAGT. A2 A2FE A ofEE Aol H(32)& ABAA W A
2 3l o] At s HE 2 ES As 5419 o8& F k. oA AFH ek o],
EZGD g8l 45 ARIF EEETHE6). s o] A e WERo] AA el AA &=
(33) 74] el d& wj7hA] sht o] ALk stz wHEA o R dE 4 Qvh(40). (38)olA A
UﬂEg"] A el o™, A4tk etz fJulolEE 4 9laL(42) F7F 2 (40)o] o HAstE

]O]E/Jﬂﬁ} A%E FHEu Y Ho B (43)7F A EAY AEE 7 ATH44).

o5 go] "dAi Fdetrg"e A A WEHS st A AR TS MAEF 2dd
Al =8 Aol Aol ofZel Aol Aol FHE A ATt At Tt o A EE, HA A S
= Fuk, 74, CPU, GPU HE=x= w2 gk 35 Fab4, ¥l 7/IAE (launch rate), ALU R/E=
Axkel AL, A4, 7HE, HE AAZE(GPR), Ao|BHIEE £X, 7 B A 7 AV T, 7T HI2
(feature disablement), 7NA] TEtne] (7}, AA Z7], ol &=, WAL & 5), Yo|BIZE J)A
o Wl =(render backend)ZHE Y FA &4 Wiy A% AX(memory operation stalling)7} 4& 4

>
fr
r—{o a2

aelZ ol Ame Axg obleAe sl Az AEL AR SaelF o dAN AsY olgA
BE 2uAES olgd Ame Axd A 54 QAue FASE AL AFA. oldd FnE Yo

o] ZE AlAE) el BallA] o5& #st] 96 lﬂ_%ﬂ

A& Rolth. of dNdA, LieE uF shebuE ) A

e

AH(branch predictor)

oA AgEE e

>

g
_r& 2
UIN

7 oHre] thE Azl sEpulErF B3k 2k Al #EE seelg (U, 2 gAA A A

W o079 27 299 nF EF =9 WS 14/810,361¢] 7AW vl S) 2 AwgE WA, 7% vFAS}

2o oAz B A s #ddAE e (R, 2 gAACdA ZFREA Z3EE 20150 07 2799
9% n2 B3 &Y W3 14/810,3349] 71AE v} Ad2)E x5+ Q).

(40)011*1Q Aab et el 2de Gl ke, AEE stEdlo] delM wAA stEdlejeh TA7E A

€ UAZHGRIE AAss Ad 7 Ao ditez, AR st=dojrt 54 ddel dal diAA dare
% 01%0}74\% Mz st=dofe] 7Isol A cHEY Al Fatl el n2gdskd & vk, M2 A=
5 el Ao t7I Az dlAA stEdle] 7] At WA A7) S Aol 2dd 4 Q.

Aak spEpulE o] e AN sfEsloleh AR shmslo] 3 opFI A Afo] wWiie] ¥ Ribe 4 vk AR
45, 7Hg, o ¥ e GPREe AAToRA %EHJ stEsolRn A2 stEgojd o w2 Abelo] ¢dd
+ A,
oste] ® 1& hEHAIA-54 A4 FeE, o5 EFe ¥, D o5& 2dst W WARY AR
ANE HdE.
x 1

e AR S/ =% WY Aat SR E S Ao w WA 7= Y
Atol & g% (IPC: Zeg ¢k TR HE wds s BE |EY ANES AR & Ha
Instructions per 8E 54 (CPU Bt GPU) )

Cycle)

ALU 13 ) Fobge | 229l ook JRRE R ALU AelZ 5 | vl N3] Afel Zmtt} ALU Adbs §]8-8h4] e (
%4 (CPU = GPU) Segoldd 3 B 8

MR A e Fop | ZeQl wqh JRE R wEe] Afe]E (vl N3] Ato]Emit; wwe] A4ks F8ehA] &

+ =7 (CPU_ 3 GPU) =gl & H8 9lg)
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AOF1ay
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AWO2z 4
PORTZ 5y
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=
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=
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=
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EEEEE
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o, ol A= 3t
— 10 —

39 YERS
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oy
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o
AL
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(IPC)
Eal
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BT N

SN ot o
x
[z
u
)
(o
fr
4z
i)
o
do
Rt}
N
[N
il
o
2
Q‘L

~~
—

v
g
(o]

$(112), ¥& HlelE W (114) ¥ HW&H =
shc), 7] CPU =0](100)= Uuta o

3] =) 2 #4A AA =2
HH (ITLB) (120) & O X33t} o]5L 7MY 422 BY F4 ¥ AW, 7}
g 59
™

o,
°

N
=,
2

ol —
ot

dolA tgge] & S AMdak= 1B MA AsTx(12H)E 3

%0,
i)
o
o
¥

{orr

2
M 5
S

g M
.

25 B8 F4E Wdste, ¥y JdF FH(112)0] MA ATTEREREE BWHS 2EHE F
"o}, vASd dF W, 3o Jof JFskE 48 1 88 AMA(L1 [-Cache) (122) U
2 A AE(176)S 3t AN ASTE wel 2o YHo] AAE 4 i, 3

i
Kk Lo

25 o83, olE AMAIZF T2 g dis] 4 FAET. WEe] AN g , &
EY(10D)EFYH 2 HE. o7|g x| e}, olgoA 7IAlE viel o] tlmdd HHS xSt vt
A2k Fl A (micro-op cache)(126)7} &A1& 4= S},

=)

el

2o Bgol AEHW, o5 YWHOR BY dF W U=y Fu110 A AF oSk 3
o M3(114) tlol gAFT. PmFel W Bd ZzAlsed F glon], 47ke) Al 2ulth Bie Yy
gamgets ol o@m shtel AolFA UmgE & ot WHel 58 Avs: ARS 9y 3 4
E f90 488 5 A dugE 3Ue, oblgAe wek (ME (PU Pl EASE AP vholam-d
A AA126) Well FA ], 2 W) AF AgelA tlmy 2elol4st S8 5 ek

AnAoz Umyd 3P Po) % AAEIS A% 0 FRA30) SR AYEG. oF FWE PU volxet
Q) umlx R B WRe AU 8] Al 28 F(3)F o1T 5 Utk wF el (U o)
9 ol ol§ s W % SHD AXxEe AwE F el w4 dAxE (e8A dxsHea

T dEi)7 W Add 2E"HAA dAd o E8 dA2H(140)7F o]ES YEES 9 HE #XAH g
W(register renaming)°] +3E 4 Av. B #A2H(140)= SIMD(Single Instruction Multiple Data)
2E W=(142) 2 GP(General Purpose) #AIAE W (144)2 ETT 4= glal, o]&9 A7|E= EA (PU
ob7|Elx FellA o] & et = HALHS FRT A a3 watA dso] A FUHE ATk dA~
g o] (134)0] iE §, durdor wWEo]l AAEY F(136) el fAXsiH, o]ZFE A3 F41(150)
of ofa] HAE7] el 77+ ApolEnit) (FHEAHE 7IE2R) Hgo WHo] AEgE 4 vt

2
o

Ik oz A F9(150)2 S #lA2~E WA (142)0] EFEE 128-H]E o)4ke] SID @A 2o x3
4o dloje = tidt Ee] Wy Asks st SIMD o] E(152), GP #lA2~E WA (144)0 E
e Fdse e = UG 154), 3 AR rE A3
FrHA(AGU) (156)& ettt Zzh7he] o] A8 frule] Hae
=d, 714, 5% SIMD o] = (152)7} H-
A GAl dxke T S fls 5 AT

(oo i

oft O rfr e rir

257 i S Bl QAke

Aduiron A P wdo] A F(162) L R FH(164)0] MHPEo] B lme Aake] WAR )

@ 4 ), W A4S wxaly] e, AMHOR (PU Rol(100)7 B4e] dloj wel AA W HlolE W
]ﬂ )

AL - (176) el 77 | Tt

ool 54 el whebA, (PUE 559 FojE T 5= vk, vAlSH o5 W, & b B @yl
Fejel A AR F = e e HWE-Fo] (PU200) 9] dElE mASCh. FAIA o &, CPU(200) 2] o7l €]
7FWHel 22 2H(201-1--201- ) 2 o L, o7]A N2 0Bu 2 Aok, zhzbe] S AE = N9
301(202-1, 202-2---202-N)& 7Hd 5= glow, 7|4 N2 1Kt & Aolrh. 2 de] e Foldh S
EI7} olgk gl FolE zte FdEdE EFsith. Ao F:ole du ol digske dE& =
AAI(ZFE, L1 B, L1 dolE, & L2 AADE X3 5 Slvk. 24 A 2424 9deje] B Fo9h Y]

Bl
gk
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[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

A et HolA 54 diSshe Fojdl 53t & v, Zze] SYaHE deshe 2YaH W 3oE 3
of FHE F Adv FE - A (203-1--203- ) F o 2T 5 Q. AR FHA A, Adolg A<}
A= Fojo 23] Fiag-wUA AN FHEA erh B, (PUR200)E FYAEE ol FH/E 5
A sk ool el wd AAA(204)E EFE ¢ vk SE2EH W FolE P BAS A7) fE, 2
2] ¥ (201-1---202- M)% zkzel o] Bl FE|Ee] gk S ay-dl JjAld dAE = ggshe ifé I

f_a

(205-1---205-M) & 2E 0)+<
(201—1-~201—M) 29 Al ARAI(204)0] AAE st ool el dlE M2(206)8 EFE At
dofol A, 49 il W2 EE HAE206)0] T3 E tufolx, JhE, GPU, MR, T vEE xﬂ<>171
047*%‘ T AT E O FddelA, A9 dE He ke tﬂi—‘é—(zofs)ﬂ Alz=8 U] Aolgk tHnto]a® A4 E
v fulo]a-gE MR 047*%‘ F oAt E OE FdddA, A EE WA EE H2E206)2 S 4H
(201-1--201-MD & 9] @ AAA(200) 2 24T 4 AL tuto]-dE W2=(208)= A9 dE X2 E o
£ fulelx, 74, GPU, MR, EE HEY AorI2 AZT 5 ). AT dF EW, ol tulo]x
-8 W22 (208)0 ok FEE, 7FE, A9 B ANA(204)7F BE CPU Zojo| disl] L3e|A| vk, GPU &%kof o

A ohd B9 WA & gk,

CPU(200) 4 0S AE]7} 54 310 = 54 F10] HEAE oA T2 AL 5 vk, vi7HA=, of=e
Aold-ed A7y 54 3o E= 2o *ﬂﬂ_*ﬂg oM FE AL = Qdvk. cf=eAol el ol A of
el 2 ETE 54 Ao Exe 54 30] MBAE AolA AddHes AAE 5 vk AN R H2T
TRHE7] Wi, 54 chEedlolAd el o3 A &£rh 54 ofEeleld suEst A FeaH
o AAHE B 2AECh, oEAe AdE E 05 2ds)el ola Wass Az weh wea
Tk, CPU(200) 2] Al H-AFao] ulra}/q atube] s1ol7t gk wWlel © shite] 2y= J AT A Hape] 27
=5 oAl A 4 dek("ste] ¥ 22 (hyper threading)"). ﬂolﬁiiﬂﬂ‘ﬂi PUSl A5, of&efelde
ol seEsh ol e sdEs S AdW S AEAE AT & Ak, 1 o e EAe ol
ofe] A= 1 wre] v ool AEel s s 54 ALl o 9% et

oAl = 3= Fx:shd, ¥ THel Fefol wel sAetES AdE Yuko]A(300) 9] lAZE mAIE. & Ew o
Fefoll ek, Hube]~(300)7F M= AlxE, wukd dsky], Ji]l AHHFH, HER HFH, Fu8 A9 o
Hlol A, QT AH oA, A Z& 59 2= 9},

oﬂlU

ﬂl

[¢)
Aok, WA R, SEAHE PSS F3A47)7 ~?4"6H, CPU(200)

>_1 rlr
ﬁrﬂ_

i
fu

oo W

Lo

2

ko2 Unto]~(300)E & 1o Z=AIF I kA A b e F39 s o4k CPU Fo](323)5 X3
T T A A (CPU)(320)5 EgH3ol. CPU(320)E = 29] CPU200) M yreEt A3 FA13H %Wg

B39 o]gdt HoJ(323) F s o] AMAI(325)E XSS 4 vk, HAITHY o & £W, CPU(320)7) &
Z Aol CPU320)¢F 2ei= A FYR(GPU)(330)5 Egale= 715 28] HY(APU: accelerated processing
unit)(310)e] I¥FA 4= ok, wherd oA, CPU(320) 2 GPU330) &= A 3 e W) st=do F+AL
224 FEE vk PUB30) = T & o] Foj(332) B & oo JHAI(334) B (EF FEd )
shu o] dte]l W2E o] E3Ete], FHoleh A @ 2 He] e Al2E LA T FAE SXAZE 5 T

2% APUGSL0)E W W2 T WAE(317) 9 9 dlolE M2(390)8 28T 4= Q).

gltk. Aeirlglo 2z A Abr] w &2 (340)= CPU(320) 2 GPU(33

trpo] 2 (300) & W2 (340)E ¢ zéﬁg T 9
WS Z3hsk 4= 9dvk. CPU(320) 2 GPU(330)= ZHZ; sl o]Ate] ==

0)ell o3 AA~ 7h5e Al WEE £

A 5oy, 74, @l Fo], F Jie] o], ] ] Fo], oF e o] EE 1 os XIE 4 drt.
CPU(320) 2 GPU(330)&= & dlolE B 2=(390)& ol&3 aft oo wme fF3l& AAxsws F4° -
Aom AR FF A, tute] 2~ (300)7F & o] Adolg WMaE XFtele o] f&F ¢ it
HEE(340)+= T4 AA 715 WEE (addressable memory) & A|&3st= F4 3 Z2, 713, RAM, DRAM 59 EH
2 ¥ s o] wWEe s T vk WEeEes B, oid, ® 59 Wil A4S 9l A"
o, H71A] CPU el Adlues 2 AHE Aol d s @6&/\17& tule] 2~ (300) & EfelW AlY BE
oA TEE = A WHS xFT ¢ k. HEY, WE(340)= 18 AYs dAHoR AFs]
Sk A8 2y WEy, 2y iy, 2 29 dgy go)ZEels 93 15k tE ey tlolEE X
e = 9l

CPU(320)= 9 AA(0S)(321) E= o EEA o] (322)(7F, HT L AY)E 2T = & (PU Z=5 A9
stEs AAE F Adrk. &9 AAle AZELO (U, ofEAelA(322)) 02 HE /FH(1/0) 84S ¥
stal o] & CPU(320), GPU(330) T+ tlupe]2=(300)¢] L ¥he] the 4840 it Heoly Az HEos s
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[0052]

[0053]

[0054]

[0055]

[0056]
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= Ad(kernel) S FEIE 4 k. 05(321)= w3k B g AFE £ e
ATE. F7] 0S(321) =, olatellA sl Ad niel o], Elol AP RHEofA CPU(SZO)E
5
=

l
)

n&‘n
E
il
&=
e mot
i)

s ATk, CPU == ofEAl0]d(322) ] HHE 7= GPU(330)oﬂ 940H
of TE gyl F& wasty] sk 1y o Aol ﬁilaﬂ% QIE H o] 2~ (APT) (324) &

C(PU == 24 Algeold 2 2 ko] v V)5 3% 5 lrk. 05(32D), ofi&e]
A (322) = APL(324) & Bfvh ool tigh =9 YRl 1ﬂJ(34o), CPUe] Ui T 9 FiA
CPU(320)ell <f&ll HA2~ 71ast tl&2 A tulo]xo] A" = Q).

—Ll
P

i
RSSO SR A
fr o b rfr oo Y

tupe] 2(300)= wlie] Ao7](315)5 g & Urk. Wy 1017](315)“ Uﬂguj/l(340) 0}%’9—

dolele] a55 deshs HAY 32d 5 vk vARH o9& =49,

Aok 2ol APU(310)9] LA F-ZolAv, W7 st=dlo] Fdasd = .
28t

gue] 2 (300) &= T3, 71 B 2(390)E T AlxEle] B AL A8 e A" XY 715 (350)
& ¢ k. ol A 7w vHAgE odE EW, 99/E¥(1/0) 84(352), CPU(320), GPU(330) %

340) Ztztell dis) VI E5S 2T F e sk ol E5(356), R CPU(320) 9 GPU(330)9] <]+
A& 4 dE s ol e AA(358)7F S 4 Atk tule]A(300)E AEAlEgozA Tz
= dolBE Asy] A& & A% tule]2(360), 7FY, Tl =ge]B., (D-ROM =gho]B, ZjA]
buﬂ Ho|x tglolH  LBF-go] tetolH & ¥ 4 vk, o] o E EW, u&F A% ﬂﬂ}ﬂi
(360)+= & #AAA CPUE Zte Al2=dl oA AAE s AAE AN ofEAelds S AFEH #5 A
A(362)5 & = Ak, digte g, HAA o ZE] Aol (362) (= o] U2 e (340)9 ZWEUM
NA(358)0] FEHow Ag=E F it

>1E 2 é tlo
}“r( o _Y‘i H:l
_,-\n;

3 Hnbe] 2 (300)= GPU330)el o8l Aled AP d L= (382)S AREAIA FAISH] 918 HaEdel
FHE80) S o EdE o vk, Hube]2(300)= AlA=EI(100) % AREAF ZF diskE HX141717] 99 AReAE A
H

Eloloj (3700 B e 4 vk taEde] #R(380)2 HH dE HaZEol, AiE do] FH
(CRT) =A%, BA 23, 557 ZHY gaZdel(iD), Ex ¥2E, &, 23 AE T onAE ¢
’\Eﬂﬂ ot & 3= I Wl vE Hutelxo JHiE 7HE & ok "AEwol(380)= & AIAMC ZIAE o

7ol wel AP e 23 (382)s HaEdold = vk AFEAR QIE 0] A(370)= sk oo i
74, Z1RE, vk, FolAE, A Hl(light pen), Al Aor], BA 2a%, B/%= ¥ AREA

4 O oX o2 |
_WL ﬂ s

Aol=(GUDSH B A8 5 S1E 2 Hsl e ulelaE TR 5 Ak 54 G, A, ol
S0l A (322)0] UL A EE 1 ogtel B a9 459 oFeA NS T@e 4T hEeAel
(322)9] 4o B R A Bz} Holw RRHOE AGA AU ABI)E BF A el 9
3 24dE 4 ).

N

oute] 2~ (300) & THlol A2 stolw WELAE F H E} tulo]xel FAEA & 4 v UEYZ QEHol~
(372)5 o X & Jdvh. MEYIE=, 7HE, 24 99 UEYAWLAN), F9 YEHA, 71, A4, 7
d9 UEHZ, 714, EFF2 ]E‘”Ji(Bluetooth network) & I ¥re] UE 39 WEHIL = A
EAHD 71" FELAE F ohde 4847 stEe], AZESe], e A, EE olE F & o

=g
=
o 9% zftew Fd” 4 A,

ojgte] & 3& 9UA X 2a, & 2b, ¥ % 33 #H3le] VAW EAH s=do] 247 A AR 2 2EE 9$
st Ak gl EE AR5k ) AFRE 4 I Y HATE dqaE ydi
* 3
As AR N2/ =% 3 Z4g A% ey
AbolE9 W& (IPC) Tzad 719 BE(E 2a, SIMD |H8 AAE 2d(olnts 24 F(136)2
B %] ¥ (142) 9] %l%ﬁ# °]-8)
ALU ¢14b wbe) FEuba =z 5ok FFEEE ALU AbolE Z|ull N3] Ato]Evit) ALU A4hs 38314 e
A (GPD) (Gl=ge] s Fa )
Wz ik e Fog | ZEd T JFEEHE R Alo|E | vl N3] Ate]Ewit) wRz] dibs 85HA] &
224 (CPU 2 GPU) S (=gl & da S, 7M1, v
AA7(315) & °]&)
el AZEE it o] BE (FILHE ol AEHT F US el o 2 (GPR(336)S (A E 9ofol A
2E HHA3H (GPU) 3 £ 98, 7148, GPRY F2 =4 oy A}
&) EE YO|UERE AN ES RS (5
ZgofolM 3 Fa )
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e o]l EZRE 421 A Helo] Bl So]BEIREVE A2 e A o ® PR FF(AZES oA & 5 9l
stal F= W& HE (GPU) o) EE So]HEIEE JAE 2R EFHGEIE
Aofell A & e As)
Bl AR Zed B E|]E JSEHE B8] A F4 g} [ we=zne e FEa F4) 225
=9HE 44 EEE HE (GPU) (o] 29 M=z E9d A4S gy 3
olxikele] Bhio] &}, (shedlo] @ B
oLO_)
A 1
H w2 Axk diZ|AIzE | WRe] gEe] weld wE Agsia|WEe dAste] AFHA XA AAAF (S
A o o5 Ato]o] FF Alo]E |EdojolA & HQ 9F) e Aold &=
< J-E(CPU ¥ GPU?) 255 AYEZEolo & 5 As)
PC &5 fAEx T FFEE BE (CPU 9 GPU?)|?27-W=A] 24" JeE ¢iAu, Ak gejn
B gho] 2% dAuxsl ZesiA dues
A% 83 4udl - 98

[0057] Aze o

upo] 2z Aol Ao ot wEE t7]A|
Atk A2 Alz=®le dis] o]t F
gk u] F8 5 AT, dAA futo] oA AE =
= &AM e 5SS vuE u ARgEHZA] golof
sioh, @A A WEY, HAEE o =W, 29 Z#HA(FPS: frames per second) % Alo]EW W (IPC:

instructions per cycle)o] A2 A}g¥ojo} 3}
[0058] ofZE Aol o] AMEL tlufo]x Ao Ay wf HAA tlufolx oA A= FUI fE Aol 3§

=]
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