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HIA(140)5 ¢ ¥3d & 9o}, "2 BHIA(140)= JE 5 =233 X (northbridge) =& HEE AE
22 3B (memory controller hub, MCH)Y 4 lt}.
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Al = 1S Frashd, wRe] (12002 ARSE = R AAE(120)2 HEE A7) (121) B oWy ABEAJA

B(122)S X3, UﬂE'_E] ABEA2E(122)2 HEE Ao]7](121)e] H549 Ad(123a, 123b, 123c)& F3f
AZAF ). UﬂEF/l Aol71(121)+= CPU110)ZHH 2%, oE €W Y%9 (input/output, 1/0) L& F41
Skal, FAlgE 1/0 8.3l 71 &3k wlEe] ABEAZ=E(122)¢] A A28k,
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

SSS0ol 10-2446121

Fold e =REY PEeyy 9 delHE ATHY & Ak,

E e dolA, e Ael7](12)% Held Ash Hold BE Fusksleld sl wBE7 REE Yt
DRAM o] AgehaL, dold Csh dlold DE FEsteleld] e shie] =B PEE A4ske]l R ZE
of AT F ATk o] A%, F w=EEY FsE AR e RN 2EA AE 5 Aok o A%, Wwe A

o]71(121)E F PRAM EE(ZS =9, PRAM =E A, PRAM EE OolA dHeolg A 2 dHolg (& ¢4
il ez, YA F PRAM EE(E EW, PRAM 25 B, PRAM 25 D)ollA 12 F dlolE (do]g B, dlelH
D)9} DRAM EEoA ¢l F =557 H32RE ¢ doleE AFAE = ).

Al = 18 Fashd, shel Aldel dZ® PRAM EE(122a TEE 122b) 5579 PRAM 3 (Ei= PRAM W
A)(124)& 33}, ofd @Aloﬂ]oﬂﬂ, b PRAM 3 (3= PRAM W =1)= 572 9}E]/d (PARTO-PARTn) .2 2k
F itk shubel Aldel] $A® PRAM RE(122a T 122b)2 3yl WA (rank)® o] Fold F glom, EE
el das ggd s vk of" AAdlA, shue] Aol 037—2 el Bt A2 SHHeR o
7 HAQ PRAN BE2 4T 4 k. o] B, 559 PR 2E5(5, 59 B4)

AT oHH Aol ¥ DRAM & (122c)8 5<72] DRAM 3] (5= DRAM W=1)&

ol 1AE DRAM R (122¢)2 atute]l A (rank) 2 o] Fold 4= glom, HE H49]

of

AlZ=81(100) o E3E = PRAM(120) ] & oflof] wisiA gttt

e
As NFALR vYehfs Edeld, =3

, T 20] EAIE wg Ao Qlrty
F2 Uehlle Edola, & 4& £ 20] T3 wze] Ao & 39

AR AR A7k we] 2= s

trt o

2o AP vimE] A shtel ofoln, B wHel MAdel mE PRANS Wime e Tt FuE THD

Zrashd, PRAMC] WlRE A(200) AWst AxH(210)9F =93 AAH220)E XEsHst. 29 A
A2y, oo Seo) trokel A4E THE 4 Aok, AWsh 2712100 AEsEh11),

& 3k o] A& N d%(ZlZ) 2 st (211) ol FAdEo] = sk AF(213)8 23S
. o= 59, tE§‘r‘1,(210)° W3l EAZ A ZvkE(germanium, Ge), <FE]E(antimony, Shb) % HF=
(tellurium, Te)e] E3+=("GST ]"O]E]r 27|% HS g 5 9.

sl 242 Hwd =2 A& (resistivity) S 7FE HAA JeE9 vlud g AgES A= A2
AEHE Azt 4 Q. olu], W3 B el fEEHE 259 7FE Azt o3 A2A-E 4 At

SA % 2% Fashd, wme A0 AF7E AZbEE, ke AR s AF(213)E Fa) =2 Hr).
de A7 B ARV vz A6 AAEE, A7bE ARE G AF(213)e) AR e ALdd o

= |
o, 7t Z=2uge] Ao oﬂ oAl gHstub(21D) o] A (% 204 A E FiE)7F AHE EHE =AY v A
= = "A(set) FEI'"Z, vAFE FEE " (reset) FE"E EHY.

=S AFY A AA(RESET)ZF & AIZH(tRST) B¢ wlig] A(200)e ¢17+2 o,

2 gvk. ZA F2(RESET) O] 17}l whet Awsteh(211) 9] ARzt Edo] 7t ¥ o
2% (Tr)7} %t@ oo w HW, st Sdo] 52 F Howix nAdd Fez Wt g A (RESE
THET ¥ ARFE 7Hxe A SA(SED7F g4 2 (RESET)Bth 71 AJZH(tSET) EoF Aaluk(211)0] <174
o, A¥sier(211)2 Al AER "o Al AR{(SED ] A7kl wek, st 2o tdEolA 25 (Ts) H+3
Hop w2 AR} 2xo mushd AAA dEE wstsitt. Al AA(SEDEY B AFRTE QA7BEAY &2 A
1 EeE ARTE IVbEE ASede= olHd HAl A 2 Al e fFAEERE, WEE] A(200)00 deolEE 7]
gt 5 ot
ojuf, A et Al e 22 "1'3 "0"e] diolHE A" & 9low, ol wRe A(200)°] AW i
AH210)9] AdES SATFoEAN AL F vk, o9 G, A dEiet A FEHE 22 0" 1" o]
HE 44" 5= gl
b wEe] A(200)00 ¢17] B (READ)E QI7FgFo =4 wimg] A(200)0] AdE dHolHE S 4 ATk ¢
7] B2(READ) = e AFE &S AZF(GREAD) B9F A7bEo] wixe] A(200)9 AHE WASA &S &
ALk, 9171 HAREAD)E AF A7I7F A BA(SEDRT & 5 9lal, A7kEE AIZ(tREAD)o] A Hx
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[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

SSS0ol 10-2446121

(RESET)¢] 917} AIZF(tRST) K.t} &S = 3l
2pa  AWst 224(210)d ZEE= d%J a7 ] rE=
(200)2] Ael, & wg] A(200)] A% ¢

A(200)9] AWst A2H(210)9] A F&o] el wet ok
FRst 210 oA A Aete] Av|E wRe] A

g AAlefell M, ¢17] AX(READ)E 17Feksle o, wixe] 420000l Zel= dskel =719 atol= wjxe] A
(200)¢] ZHiE ¢l& 4 vk, of A, @A ZEfeld mme] AA(200)9] Fst 24H210)= 2 AZE 7HA
2, sk 22210)0M FAAE Al 2 495 2 GEE, sk 224(210) 004 7111 Aol A2
5 A AEHz 2AY 5 v & Ao, Wy A200) HAHE VeSS wl, EHE=
Afol & w R A1(200)¢] HHE 1‘% T vk o] A, AWt 2x(210)0A A E anerﬂ e Ade-s
A G, st 22H210)00A AAE AR 2 F-E A dHE 24T 5 Ao

E\I

PRAMO M= dlolE] 227]= d#le] 214l spgat A apge Fei FAHRR, d7F Algte] 71 2|4l A 16
7] E2ho] ¢7] TRy et

L he &

Aol &Aool upe W AlZgleA PRANS] /| BsEelrh, E 5o EAIE PRANS 3
Lre] PRAM R 3= hube] PRAM WA £ Q.

% 55 ashd, PRAM(500) wEe] A offo](510), & oj=d2 WH(520), & dlolg WH(530), & H=
T (540), M2 Y3 (sense amplifier)(550) Z 7| =glo]v](560)E ¥t}

wxgl A ofge](510)= tigf 3 Weko g Mo gl H49 Y eRI(EASHA &5), U= @ Ugoer W
o v HF9 HE ZJA(EASHA 9%3) g old AZAEe dom tiEf gHo] PR ujdH E59 o
B A(ZAEA] F9)& ¥y, wE D AL oF W T 258 FuE sho] dwst Mg A200d
F=

& oj=g 2~ W (52009 @ dloly HH(530)+= @ HIHE FAST. 7 & Wy & o= W (520)9
& dlol8 W (530)ol 93l =gdoz Fo] AYPA Jom, WFH o= o3| HdEHr

8 ol WH(520)E WRE AEZY(EASA LS)REE Ay
=e2)E AT 9 dely B #H(530)= HlEe] A ol 1(510)011 A

ofH Ao A, PRAM(500)2 H4=29] &) ®3 (520, 530)& /\]——9—0]-7] e msy R QIEdFol~E A
&3 F Adnk. & AAdeA, v 3R HEE dEFH o]~ DDR(double data rate) RIEHo|~, dF EH
LPDDR2(low-power double data rate 2)-NVM(non-volatile memory) Sl Hol2~d 4 k. ¥ o=d 2 Wy
(520)+= ¥ W= AdHHol2E T3 & ol=ds 9 WA ol=daE FAlskaL, & dlolE WH(530)=
H 3 kg W ®2g QlEHlel~E F3 dolgE &g,

B OmE (54005 @ ojEUAE BEsteld wze] A ofdel(510)9] H4e] gelA B3l B Audc. =
@ O (5400 wEe A oldo](510)9] B4l 9= el F dolHE gAY HelHE & gt g A
hacs

o= ~e F9 o=@~ (upper address) @t aF9 o =€~
¥ (52002 AL, a9 oj=¢
=2 HH(520) 00 AFE 9l o

ol AAjefo A, WEE] HEZAA ALy & 3
(lower address)& X&% 4= ). o] 2 | Ea
2% 3 gzag BG40z AH dgd F , & d3H(540)= 3

cejzs 4 A9H a9 oj=e

i
P,L
a
=
fu)
Y
o2
filo
2
)
]
ol
32
o _%

A2 PE(550)= WlRE A ool (510)d AFH dHoEE g 5L Fas. Al PE(550)E F U=
U (540)7F AEek f= eelel] dd Hao miie] ARFE S0 HE s T3 HolHE s 9l
ok 719 =kl (560) = o dlolel 5 wxe] A ofele](510)0] &rf. 719 =e2heln(560)= 3 vy

E=R= R
(540)7h A A= el AR Bao) vme o] Biel vE B BaAA HolEE & + v,

ojwl AAlefoll A, PRAM(500) ol A= 2~ ] s2hol ¢l7] ARG =elne, olF sjZsty] 9fsiA PRAM(500) ¢
A= dolHE Wl WA A Fol, o] vE A ofge] (510l & 4 Utk °o]E 93, PRAM(500)
w5 2] w53 ¥ (memory-mapped) Eﬂxl/\ﬂi/ﬂ S Hge] fE5-(570, 580)= E%‘%‘ T A O‘ﬂﬂﬂol e
SHjeo] =g UAALE (G709 2R M (B80S /S 4 Utk F AAJdel A, 7] dlo|Edl ek
AER(AE 59, A HA vy oj=gxel 7]9fd nlelE )7} ElX]iTii(S?O)Oﬂ AR Fol, 227] dlelE 7}
Zzas Wy G80)el AFET. te eHeo]l Axg HXAE(570)0] & gho]l MAW, ZRIF W
(580)°l A= Hole7p wiEe] A ofgo](510)0] 7IdE . o -, MRy FEZEH= 2ol Axg ¢
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[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

SSS0ol 10-2446121

A=E(570)8 ZEFo=A vmg] A ofgo](510) 28] 7] FAto] SRHA=AE AT 5 Q.

=62 & 2wl g AAjde] mE PRAMOIA wxe] Al ofgole] mpE]d wWe] § dlE dWshs =Wl
T 72 2 g g Aol wE PRAMCIA e e] & olE Adiste mreltt,

T 65 Fastd, ol" Ao, shte] W A oge](510), dEF EW PRAI WA= H5e] EA
(PARTO-PART15) 2.2 &3=" 4 Qtt. & 6ol R A ofgdfe](510)7} 16719 3}E]A (PARTO-PART15) o2
B o2 EASIGIT. o), B4 & W (520, 530)% o] hE] 4 (PARTO-PART1S) O] 4= 4 dt}.
oE EW, 7 JEHAL 64 ME HE 4= HZE T F Art.

Aol A, B¢ 3}E]H (PARTO-PART15) S A& (% 59 550) @ &) txT (% 59 540)¢ & ¢

W A
7 B2E FHE + Aok

T 78 Fasd, of" AAdeA, Zt FEHS B5o] AHojyo](sub-array) & EHT F At AHojH o]
= A B(resistive tile)olgdt B = k. &= 794 E &by ste]Ao] 64719 BFA(Tile0-Tile63)S
XeetE JoR TAEG.

7k g 549 HE ZRI(AE W 2048 HE 1) ¥} 559 Y= gI(dE E¥ 4096 A= 2l)d A
HE B4 Wme] A S PR FZolE et Adye] Heo, = 7eAME 7 Eldel &Y e 549
Wz A FoA shue] wWE A old AAE = 6}%4 HE 221(BL) ¥ Y= AL TS =A8F
Qar, WEY AS PAstE st Aol 290H AxE 7 AFH tele =R mASISIT.

7t Bhdol= 22 4 tlati(local colum decoder) (ko= "LYDEC'el2t §)(710)7F Ad¥ o] Sl& 5 St
LYDEC(710)& d-&-8h= Bl o] HIE ZRI(BL)el dx o] 9lth. ®3t spEj o= 5] el 72} o
ool B 2=d vE ZRlGBL)C] F4E 4 vk 7t SR WE ZRIGBL) S Heets Bl &
HE E‘ro (BL)el A= glom, 29 & t]sri(global column decoder)(F2 & "GYDEC'e]e} Fh)ell

]o
32 Z 2 4
Mmooy o

Hol d& F Ark. o™ AAJefol A, LYDEC(710)2 GYDEC¥ 37 vi-&ste= el di-g-ah= ehdolA
gFI(BL)& Adeeh=d AHEE & vk, Al 12 (= 59 550)7F AdEd HE @I(BL)S F3l HolHE
U, 719 =2kelH (&= 59 570)7F AdEiE HIE 2RI(BL) S Sl HelHE & & U,

Hedsts Hdlgslr] f8iA, 2 gdde AE =] =gko|H(sub word line driver)(Fo.Z "SWD"#k
$H)(720)7F AAE Y US4 Juk. FEA =Y Y= (Gl FAHn, 22 = 2 (GIL)S v
ol 9= gk¢l =z}o]¥ (main word line driver)(SFe = "MWD"2} 3H)(730)o] dAEo] U 4 Ur}. o] A$-
FE| ol FAEE 55 = gl e] 22 Y= G A2 s 4 Utk FEA o BE
SWD= MWD(730)ell AZAZ o] k. ofw AAldol A, SWD(720) & MID(730) % 4 g3t EldolA Y= =<l
(W& st A2 = ok, ojd, 85+ 9= #1()2 3 Yz (= 59 540)¢ of&) A&gd &

=2 (input/output, I1/0) 2 (4=
S, sk ATh, T3 T 6 2 & 7o ZAIS AAE 7 ubg
o7t AMEHERE ) HEY AAEE A2 O JJrEV‘ﬂoﬂ wy2 Ao

X i
>

oo
Q‘L

rlr

on

o

k2
A
N
of
1
by
Lo,

Wox 2 8
A ok
fri

o¢)

2
2
x>
s, 1
RN
o 2
;:E
" 2
=
‘éi_,
ol
o &
)
A
(e}

2

X

%

N

f
_,41}_1‘
o

)

o

1,

o

off

N
i
N
Ks
()

., 3
S ARHE, 9471 o] gumd delt AE 27 Ad Azl A7 Ad Azt Fel AP F 9
o, olsh gol, ¢ 2t
e B e @ A me el A

%8 ¥ W & WA mE vme Axwe) e BEwol,
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[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

SSS0ol 10-2446121

8
3

pud

o

ashd, P oage] g AAjejol] wphE wjiie] AJAE2 wie] Ao]7](800) <k W] MEAAES

%

oo

18 #Fu=z sto] AW AAE, w2a Ao]7](800)= PRAM =& (122a, 122b)¥} DRAM & (122¢)& 33
W2 ABA~E Ho] Y (123a, 123b, 123c)S E3) AZA=o]l dow | FHAI(810), A Alo] BE
(820) % wjo]zz#|o] A (migration) =E(830)S ¥&3ic).

(b

W2 MBEA=E(122)2> PRAM ¥ (123a, 123b)E T3 ZHz d=e] A|o]7]1(800)°] AA=E = PRAM ZE
(122a, 122b)¥} DRAM A (123¢)E 3 W= #1o]71(800)e AZ= = DRAM REE(122c)F >XFgtt). ofel
M Aol Hed T 9] PRAM AE(123a, 123b), & PRAM XE(122a, 122b)°] AME-H&E ol& ArsiA|ut,
e oo A EA et

R

=t

A (810)&= CPURYRE 7] 84S FA8Hs 450 Pl AFHE 9 dolHE sy, =i A AR
g At ok, of" AAjeelA, AAAI(810)E ¥ HelHE R Hﬂtﬂ o E] (DATA_A, DATA_B)E 1}o]A]
A 4 Aok, ANA(810)= PRAMETF 227] =7 ke Wi, o5 5% DRAM L= A7IAF AY A~
W 2 2] (magnetoresistive random access memory, MRAM)ES AF&3kc). olo ulgl wma] A]l2®lo] 4] PRAMO| 2]

g 7] AAS (PURFE 7= 5 9

ulo] 71g o] E(830)& ANA1(810)0] A A¥ A B uoE](DATA_A, DATA_B)EHE =EZ7 B33 YA,
ulo] 1 o] E(830)2 A2 dlo]E{(DATA_A, DATAB)E ZH7t tl-&3h= PRAM Ad(123a, 123b)< 53] PRAM
TE(122a, 122b)el 22al, =E57] Y35 DRAM ¥ (123c)E B3 DRAM ZE(122c)°] AA, 7QA(810)2 d]
oJHE W A iE‘ﬂ(IZS)EE wpo] 2ol gttt ofm AAlooll A, mio]zgo]de W] Ao]7](800)2]

HA
& (idle) AZF B9 M= 5 9

1—1:1 fa

A
Gl

3 AA A, =E27 252 A4t BastE mels =83 (exclusive OR, XO0R) GAFS A&3 5= 9l
A9-, 64 nlolEQ] Y dolE7} F 7)ol 32 nlo]EC] A H U o]E](DATA_A, DATA_B)E UFoAA= A5, 32 v}
o]E¢] A B do]E (DATA_A, DATA B)Z HIEw](bitwise) XOR 14talolA] 32 ulo]Ee] =827 a7t Q4=
4 9tk & =9, "001011100110"¢] ¢ do]El7} "001011"¢] DATA_AS} "100110"e] DATA_BZ WFolA&= 4
$, =827 B35E "101101"2 ABAE & k. ojwl, DATA_AS} =827 F359 XOR 9A4HE 3 "100110" 9]
DATA_BE E3}Au, DATABSF =557 H359 XR A4HS 53 "001011"9] DATA_AES EH+E 4= ).

o)

o2 AAleol A, XOR Qe =557 s A8 F
R

AMESlE S, =S F359 A7]1E XOR A4k ¢

(
==

F A F3Z3(error correction coding, ECC)7F =E5=7) R 32 QA= 1332 AFEE = 9
o}, dE =9, AU%x delg] AAFlow density parity check, LDPC) 532 Eajx =EE7] B35 2 g
Jsk = S,

2 d2, &7 Y33 (erasure coding)’} =EE7] H 355 A= B33 E AFRE F Ark. &2 H353)
A, 9 dolHE nlle dolE HA(chunk)E Ui, &7 ¥33 daeE&e AFEaA e dolg Ha=
FE ke 3 Has YL 5 Ak, AFE 37}%?& lolg A9 JEFTE FE AAE AREEA, oY
A3E T 9 dHeol"dE 57 4 At

T ohE A doA], AP A PRAM BE 2 71 wrg AojrldA oF AAHS g AFHE Basst AreE
I Ut}

W2g Ao]7]1(800)7F CPUREE ¢17] 23S FAs= A9, 714 Alo] RE(820)2 &4 RE(810)S %33}
oA ANA BEQIA A m2AAE et o7] 8] 3|Eod A Alo] EE(820) A (810) ZH-H
HolHE ¢lEth. 917 f4o] mal AS-, v Aef7]1(800)F wWE ABAAH(820)Z5EH HolHE ¢
EUh. olwl, % PRAM ®E(122a, 122b) ¥ o] &}}be] PRAM RE(122a, 122b) 2R E ABHClEE 95 = ¢l
E 2497 2 4= vk, o2 59, PRAN EE(122b) A A B H 0B (122b)7F A3 3tE| A FUE g
Ao 227] FxFe] W FolH(F, JJrFMl ZZo] W), PRAN RE(122b) ZRE] AEH]E(122h)E ¢
S F fluk. o] A%, wlEE Ao]7](800)= PRAM REE(122a) ZF-E A Hdlo]E (DATA_A)E 9l3l, DRAM EE

(1220) 258 =&57 F3& o=, adal wxe] A10171(800)e] AAl Alo] RE(820)2 =&574 F39
MBHOIH (DATAA) ZH-E € dolHE A7AdT. de ¥, =554 %3 A4S T F23k= XR A4

o Ab&H A, AMAl Al EE(820)2 A B ]Ei(DATA_A)Q‘r %%%ZJ 55 XOR dAAkstolx] € wlolEE A
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[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

SSS0ol 10-2446121

o}
olgt o], W wde] @ Axde] wWEm, AN waz s WEd AuAsHoRRE HoHE ¢
Aol HEA FED 2 o4 PR REAA HOHE nw Ag 4 gitehe, 27 4 dud Uzt
A T 8 g1 =85 FeE ol g 7] oIS AEd 5 ae)

SE
£ oo 2 3wel e A tE oue Asge] AEel BErol

*

ki
Ll
:Lu
H
_OL
=)

B A1e)7](900)= F EE(910), A Alo] ®E(820) R wholzelo]d RE(830)& E
gopr, = 2E(910)2 A (911) # wholE ol 1 (912)5 EIT.

AR OIDE 9 dolE(911a) o] B¢ Blo] 29110 S AZaln A& 4 ek, o\ AxololA, % Hloj
O1ID) & AN Qelze] Thgshe Bl AEeE TFT 5 dov, 74 AR AAOIDY A F1kol A
o AN AEE(AS BW, AN BD)S AT 5 ek, PUZFES] FAHE /0 83 sk A o
sz RE & dvh H1s AN et AN EIDe 2006 o8 A48 F A dE SW, 51209 A
A QE g AR A, 1/0 839 odn(al® SW, 32 WE)E 18S9, 5uE)e Assha,
19 WlEe] AA QlEssh 3 MES] Bz BeE 5 Ak o] A%, §9 HolR 91 19 MES AN o
0 F SIS AN Aol ASE F ASS S0l AEAS A S e @ AN A, 2 as
= e ofele], ZheH % Rk HIE% Z3H 4 itk H eldlelE 1/0

-

st
H .

2 dze) BaE A4
i, FE HEE g8t A4 A= delEst EAtEAE AT F Ak, £F ALHE dgshs A
NEele] oul o] whel A ¢ sict.

ulo] o] F(912)& wmho]LEo] o] Ha gk A AEF S AHRE AAFgrt, wlo] 1ol F(912)F PRAM
By 27 £x7F wE vEe], oS W DRAM £ MRAMC.E 7dE S gl

AN Ao} WE(8200 1/0 £399] AN SE/M2 ARE BEEY] G BY BEOI0)Z %3] (lookup) ¥
& A9 5 AT, 1/0 aqe o=elas 59 REOG10)9] %3 Hol%011b)e 12N 1/0 23] AA
E s A M2k B e AN wse A AN ] REE0E W AN A=) sk
g wuely] g4 Y REOOR 27(find) B9¢ AT 5 AT %9 BEO10)9 59 Held
O11b)e] 71zaA W AN A= EASEA BEE S Ak AN Aol REB200S 531 Ho]R(911b)9)
AL A AN WHS Y REO)Z A9 5 Ak oo wet, AN =] A A SIEe] AA A
Edel ggets 54 dole] AeE AU £ gom, AN vzd S S Hol Az A=)
B .

who]1eo]d W (830)0 who] 1e o] 4
A(F, A= Ar)E A7) AaA
wo] 1ef o] ?r(912)°ﬂ*1 A= gus
Mol Alapg 4 itk vho|zidlold BE

=

= AFsb7] fleiA mrel el d 7 (912) 0l 4 &l = (head) 7F EQIESH=
4 EE50100=2 g7l ¥8S A2 & vk, 28 54 2591002
oaL, sl= A sl M dE] AE o] mpo]1e o]
(830) who]lzeo]do] ¢huwd HolHE A AEZ A AAs7]
M AA BEE %Od EE0l0)2 dad 4 vk a9w 59 2E(910)2 vhe]Hold F(912)01AM =
of algsl= 7 AELES AASL ts T dEHR =S olestal, T Al AELCA HolHE AAT
T v 59 250102 Az dELZ} FrhEs B9 (5, A AEd AMEE HolErt AFE= A
), Al (insert) WS Fall vlo]lzelold F(912)0 A= dHd A AEL ] ARE F7HE 5 QU

g Ao]71(900)E PRAM RE(122a, 122b) % DRAM RE(1220)E ZH7F Alojshr] 948k wing Ao 4
(MCU)(951, 952, 953)& U X3 4 b, T3k WBZe] Ao7](900)&= MA #Alo] BE(820)2F-E ] ¢17]/2
7ol e Wxzy 93 T wlolagolAd Aol RE(830)ZH-EHY vlolayo]lde wE W 23S hed
= wra Aol £ (MCU) (951, 952, 953)o.2 Ay e thEslr](940)2 1 xdst 4 Q).

10 2 @3] @ AAele] e e AN AN Aol mEe] B EhlE BFEolt,

108 #Fxad, AN Aol RE(XE 8§ TE X 99 820)2 /A (X 89 810 & % 99 9119 X ARES
L34 CPURF-E]S] Q70| A BEQIA A H]2AAE eket}(S1010). H/\] S|EQl 749-(S1010: o),
Al Ao] BE(820)2 AANE Fa LA FEe MuAE ATITH(S1020, S1030, S1035). &, &Fo] 9
2401 H(S1020: <), 7HA] Ao] RE(820)& FHAI(810 Ex 91D EHH 7] 240 Y&dtes HolHE 9
th(S1030). L3 o] 227] QA o|W(S51020: o), HAl Alo] RE(820)2 7HAI (810 F=& 911)e) 227] 234
o3k HlolElE ¢Uh(S1035). oW AAldofA, A Aol EE(820)2 MA| 3 Ed ule} A FERE 7B

I

N

S‘:rlrié‘:n
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[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

SSS0l 10-2446121

gk 4= ATH(S1050).

AL 12291 7 9-(S1010: o a), o] 227l QoW (S1040: o), AHAl Ao} RE(820) A ARE Fx
A AA(810 EE 911)0o] |l OJEEMm A g7 QA BETR(S1045). F|A1(810 EE= 911)e] ¥l <l
ET7F QoW (S1045: o), WAl Ao} BE(820)L AA(Z, 71A19] Wl ER])(810 T 911)ol] 7] 2o
sk dlolHE 2TH(S1050). oW AAq A, FRA] Alo] BE(820)2 dlo|H7} 2% dEze] gt FRE
NAl Are Frhetelr A ARE 73alE 4= TH(S1050). HAI(810 E= 91Dl ®l AEz7} glow, A
(810 == 911l A wlRe] MBEA (%L 89 122)¢ PRAM REE HolEH7l WA= F(Z, nlo]1y ol dE=
Fholm=, WAl Alo] ZE(820)L PRAM REZS 7|7} 95" rqu] 7] 8 tH(S1055: oFU2)). PRAM &
29l 2717} gkuEo] AA(810 HE 911l Rl AEZZF A7 Fo (S1055: <), AMA] o] EE(820)2 WA
(810 T 911)¢] Wl QlEZe] 7] g st HolHE tﬂr(81050).

=

AL w2l A, 83l ¢yl 8H oW (S1040: ofy8), Al Ale] EE(820) HA wWEE ABAARI(12
2)01 PRAM FE(% 8 B I 99 122a, 122b) 25 EH 9 dHolgd 3l e AHHHE o8 5 UsE X

S WEESHEA S BeHETH(S1060) . oW AA] o A PRAM FE (122a, 122b) 5o 277} W& FolA| ko
Dd, W5y AHBEAAE(122)0] PRAN RE(122a, 122b) 25 E ¢ deolgd sidsts LE AMBHoHE o9& &
AT, HEE PRAM EE(122a, 122b) T o= shfel] 27|17 A& Folrate, 227] M8 21 FHHI A Hy o]
HE o1& FeHe] FE34 Fevhd, miEg AHHEAIZE(122)0] PRAM MY (% 8 & &= 99 123a, 123b)&
Z3 PRAM 25 (122a, 122b) 25 ¢ dlolgd dlFsts ZE ABHHE o1& F T},

Rl AMBEA2EI(122)0] PRAM EE(122a, 122b)2FE] Y ulolgd] sdsts BE AHHCEE ¢
O (S1060: o), WAl Alo] EE(820)2> PRAM E&(122a, 122b)ZF-E A HHOEHE ¢ojA (PUZ A<
(S1070). W=7 ABEA]2EI(122)0] LF PRAM EE(dE EW, 1220)2ZHE ABHboHE & & §lo
(S1060: oty L), A Alo] REE(820)2 HolH %‘717} 7Fee PRAN EE(122a)Z5-H AMBHEHE ¢
DRAM AL (% 8 TE % 99 123¢)S =3 DRAM RE(E 8 EE & 99 1220)2FE =E27 232 9
(S1075). WAl Alo] REE(820)> AHUlolH9} =E57 FoRHH o dHoleE AlAdste] (PUR HY
(51075) .

=1 2 Ewge] @ AAjeel] wE wEe] Alofrel A who]laeeld ®Ee] FAhs HER

=
T

i3

@ o

)

9,

r°" rlr

o}
1o}

e
Joi

ot

T 118 #Faskd, wlolagold RE(RE 8 wE X 99 830)S FHAI(810 W 911)¢] wlo]z#o] S A =}EH
dolEl7t s JEAE FHETH(S1110). oW Al delA], mlo]1#o]d RE(830) wlol1dold F (%
99] 912)7} Hlo] AE=AE BRI = JUR(S1110). whe]z#e]Ad F(912)7F Hlo] 9lom, F FAI(810 E=
911)°ll mfolzeflo]d e dlolH7F Lo (S1110: o), wlolzeo]d RE(830)2 wlo]xeo]d F(912)e] M =&
A QEZS] AR} F7kE WizkA] (5, AA91D) ] M2 dlolE 7t AgE w7A]) 7] g},

ulo]zglo] A F(912)7F Hlo] A %Q?i, —f— NAI(810 B 911)ell mio]xefo]dE dloJE 7} 9o R (S1110:
ofta), whelzgold REE(830)2 7HAI(810 Hx= 911)EH-H wmlo]ado]dE dolHE ¢, & dHolert v
Folxl Bo AMEUOHERNY =557 Pr & AA4H(S1120). o| Ar]eol A, wmlo] 1ol RE(830)
2 wlol ol FF(912)014 = AR EH%E}% A EZ ] AFH deolHE $& 4 JrH(S1120). Hho]
adgleld RE(B30)2 AHHCEE gt PRAM AL Fal o3t PRAM BB 23, =857 F3IE&
DRAM A (= 8 T = 99 123¢)% ooH DRAM RE(= 8 T: = 99 122¢)d £r}(S1130). od
Aol A, who] o] EE(830) H?-"J ABHolE & dF AMBEuolHT tf&3k= PRAN AHES &3 o

&3k PRAM EEo| 21, =557 F3E DRAM AES 3 DRAM %cﬁl Z 4= UH(S1130). 8k AA]ofol A,
d dlolg7t 7 Y AMEdolHRE UrTOM A9, mlo] 1ol RE(830)2 fuhe] AHHe|ElE PRAM A
(= 8 fE & 99 123a)& &3 W$3ts PRAM EE(E 8 & & 99 122a)0] & 4 Th(S1130). BE A=
HolHE EE PRAM HE& &3 PRAM R AE 7ﬂ°, 971 8ol TS o ¢7] 24 FHH FE|

olo

B s = 49 97 2o AdE 4= 1] wiEe], A% Mudoelgd] tsirt A7zt 1aE 4y, a2y
™ g}7] 8ol tisiA PRAM Etir(lZZa)oﬂjﬂ JEJA FEo] BAsiE s, 27| A3 Folx| ¢S UE PRAM &
(X 8 v = 99] 122h)ollA 1L dolH9 =557 F3z 9 voHE AFAHTE 4 .

oWl AAjofeA, 7] F2bo] 423w PRAM EE(122a)0l4 27|17} S8EW(S1140: o), vlo]zgold =&
(830)2 ywx] AP MBEHo|HE &3l PRAM AES F3) tl-$3Hs PRAM 5] 2 4 QIoh(S1160). 3 4
Alefoll A, € o7t F /e AHuolHE oA Y-, wholglo]d EE(830)2 HH A A HuolHE
PRAM A (% 82 123b)S T3l th-$-3H= PRAM 2E(122b)dl & 4= AtH(S1160).
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[0108]

[0109]

[0110]

[0111]

SSS0l 10-2446121

ofd Aol A, YA A5 MEHCIHE th-3-3h= PRAM Bl 7] Zel(S1160), vholzeolde W HPs}
ol dlolelel] tiaiA Al BlEZF HAIEHE(S1150: o), mho]rEleld RE(830)S v AR A H o] E o]

K

M 2715 JPskA] ek violadlolds TR 5 Slvk. JHA(911) 9] HolEE PRAM EE= vho]1g o]
stz Foll, sl dlolEfel el A s E7F s, 074?* delHE $dxez Aed dart 7]
of mpeladloldE FRE & vk A SEZF TASHA] o (S1150: ofy2), who]lEold B (830)2

v A A5 A BEdelEE t&aks PRAN HES Fal th&aks PRAMN 2Eol £ 4 ATH(S1160).

Uz A7 MBdoelge] 277} 483H(S1170: o), wlolayeold RE(830) FNAI(91D) A sfdsle= A
Al QEZ Y] do]HE AMAISHTH(S1180). o A Aol A, wlo]ago]d RE(830)2 whol@ ol FF(912) A
F AEHEZS 24T 4= H(S1180).

oje} o], ¥ o] g AAjefo] mEW, 7] A<de] 71 PRAM EE dizle]l fAlelA WA 7|7t
218 &) =2 PRAM %91 27 AAE #AE 5 vk, 23 A FE0] gl 279 Y7 Aol Xad
T dernz  ¢l7] 949 A glo] ¢lvl 249 dHeolHrt AFd 4 k. T3 wWEE Aoir|e FA Azt
For AAA 9 dHolHE PRAMCRE uho]aoldsir AXNE v = Jormz wEe AlxE AAH Y &
5 Y F k. oo uwiel, B 0ol 3 Ao wE g AlAES (PUY H¢l ez Ags 4
dom, F3k DRAMJJr g g R AlAES AlFE .

dubdo g wEY A& (persistency)S AF3t7] A, HFE tinfo]2=9 A Foff To= A= o
golE 7} fA|Fofol & Wt ofel, AFH tnfolxv)l thA] EHEAS ul HAHAG XA thA] T2
FE 4 dojor gtk o] 93, AFE tiulo]x9 ARE Ao 21 J(log area) S WA BN TR
HAW A ow Hekal FAFE tutelas FEshs 24 WA UF(logging mechanism) o] AHEE 5 9

T 120) EAF AAY, 27 \AUSS 98 PRAMN 2E(1200)eE dolE] A 99 (1210) £o] 21 oY
(1220)°] EAstg. W22 Ao7|+= CPU?LTEi 271 dlo]E](log data)E 93+ WAl 2kl ZelA] HWH (clflus
h& FAlske 45, HAS dHeleE =21 e Adstt. o wEg Aojzl= dHeleE 93 A &<
Z A W#H (clflush)F A~ H#H (sfense) S FAISHE 49, WA dHolE]S PRAM EE9] dlolE A% oJd
Agett, webA AFE trfo] 27k AvhEE S AREEE AS, 21 9] 211 dloHrt AAtA ol
27 dHolHZ dHolEE 3 4 v, 21 g9 = oy} ulgAFHolgb o] AaEx ke
o yeketar FAIE = gk, o] A9, WA do]ElE PRANS] HlolH A Gl AFatr] ol = ov
HE 21 990122000 S5 Adstnz, dolHe F&5 A7t Bk, HE HAddda £ A7}t

=L =
Ak 4 3l

O o B2 0 F

Ty B 2ol 3 AAde] w2y, wvlolagle]de F& MA(% 84 810 = & 92] 91Dl AA&¥ dlo]
E7F A&H o2 HFdd w2l PRAN & 7|52 4 ). o] A, AMA(810 & 911)F DRANY Z&
g WEE st ARgshE A9, W Felrt Bty et WMol HHE%E]E 3l A HelHZF AR 7] A
ol PRAM ZEZ HloJHE 7|58 F dorn=z ZH uHA %3 AHESHA] GriEtE A Gel = Qg wre A
A& AT 5 k. oE AA A, A (810 EE 7F a3y wee, oE 59 MRAMCE EE
T Ak, o] A5, Y Fol T2 Hete vl AHA1(810, 911l dHlolH 7t
HEF germzg 27 WAYS flo] i AHA4S AT 4 Jdon, F=3 MdE g s AFEeRA &

{O o

olFol Al & el AAlefel thate] AatAl AHEIAINE & o] Ao oo dAHEE A o
o] Aol A Ageostar e B Edge 7 AAES ol 8F A oy WY 2 oA e =g B
o] Wl &3l Aol
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