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IBM S/360, 1960s DEC PDP-11
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Intel x86 CPU

+ Intelsli37. 119684, GG NEFREAIEREZE K (A. Grove)
M & -BEJR (Gordon Moore) ; AMD . T19694F, #4H A
el EAHEANE-ZMEE (Jerry Sanders)
197158 — AN AL 28 Intel 400401, 1974455 — 7K 847
AL 23 Intel 8080 A

Intel 400425 —MRAHMAESE  2m40041Busicom Unicomit &5



X86 family 8088CPU

. 8086(1978, 29K) (

- The heart of the IBM PC & DOS (8088)
- 16-bit, IM bytes addressable, 640K for user's
- x87 for floating pointing

- 80286(1982, 134K)

- 80186% 54 | AREEK]— s
© R T SIEFE 68000 RFICPU S o

- Basis of the IBM PC-AT & Windows o2

-+ 1386(1985, 275K)

- 32 bits architecture, flat addressing model ,

- Support a Unix operating system




X86 family

- T486(1989, 1.9M)

- Integrated the floating-point unit onto the
processor chip

+ Pentium(1993, 3.1M)
- Improved performance, added minor extensions
* PentiumPro(1995, 5.5M) o

- P6 microarchitecture pentiume
- Conditional mov

* Pentium II(1997, 7M)
- Continuation of the P6




X86 family inside.

- Pentium ITI(1999, 8.2M)

- New class of instructions for manipulating vectors
of floating-point numbers(SSE, Stream SIMD
Extension)

- Later to 24M due to the incorporation of the
level-2 cache

» Pentium 4(2001, 42M)

- Netburst microarchitecture with high clock rate
but high power consumption

- SSEZ2 instructions, new data ‘rypes (eg Double
precision) . ¥




X86 family

+ Pentium 4E: (2004, 125M transistors).
- Added Ayperthreading

* run two programs simultaneously on a single
processor

- EM64T, 64-bit extension to IA32
* First developed by Advanced Micro Devices (AMD)
-+ x86-64

+ Core 2: (2006, 291M transistors)

- back to a microarchitecture similar to P6
- multi-core (multiple processors a single chip)
- Did not support hyperthreading

10



X86 family

+ Core i7: (2008, 781 M transistors).
- Incorporated both hyperthreading and multi-core

- the initial version supporting two executing
programs on each core

+ Core i7: (2012, 2.27B transistors, feis i sassis
Sandy Br.'dge_EP) Core0 Corel ~ Core2 Core3

- 8 cores on each chip L

- 2.76 (3.36) PR TR

+ Core i7: (2015, 5.5B transistors, Haswell-EP)

- 18-core Xeon

11



X86 family

* Core i7 Broadwell 2015
* Desktop Model ———— . st

- 4 cores

oo araphe: | m | s
DDR4-2133 DDR4-2133 24 Lanes, 6 Controllers

- 3.3-3.8 GHz

[ Intel®

- 65W EL ) SRR B

- Server Model . Q e B W
- 8 cores e

- Integrated I/0 o I { Ut [

- 2-2.6 GHz
- 45W



X86 family

+ Advanced Micro Devices (AMD)
- At beginning,
* lagged just behind Intel in technology,

» produced less expensive and lower
performance processors

- In 1999
- First broke the 1-gigahertz clock-speed barrier

- ITn 2002

- Introduced x86-64
- The widely adopted 64-bit extension to IA32

13



Moor's Law

Transistors

Intel microprocessor complexity

Core i7

1.0E+09

1.0E+08

Core 2 Duo

Pentium 4(2/

1.0E+07

Pentium 4
PentiumPro Pentium |1

1.0E+06

<> N
, Pentium I
1486

1.0E+05

80286

1386

8086

1.0E+04

I
1975 1980

I I I I I
1985 1990 1995 2000 2005

Year
14

2010



SEEMI ProfiM1 Max

* M1 Pro
- AT 7. 2006B/s
- 337 {105 iRE

« M1 Max
- A7 54006GB/s
- 570 ¢k

15



Our Coverage

- TA32

- The traditional x86
— shark> gcc —m32 hello.c

- x86-64
- The emerging standard

— shark> gcc hello.c
— shark> gcc —m64 hello.c
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B L. METHEIER

- 1) Yy PNZE->[HLES

o 2) BT [ HER->A G RN B LR (
CPU. #ffds. 1280

¢« 3) IR HEFEE R

o 4 TN NIBREFHESSE

o 5) BAEfa i ILHRIET QL

+ 6) Wity mAEE->ILRIGE

o 7D AR HARUE (WLERE 8D ->al iy A

 8) ML HAT: >R (nEs

+ Q) HEREAA]: N AE
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— PN4: PRI FAFINAL - AR AR
o HEFHM
o JINIE [ R B PN&E 55
o TN ] FEE BT PN 35 1
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B L. METHEIER

FEPNS Wi iE 2 N CASM AR s, BUAT AST AR B4, SO Sy B k.

PNIE [A] FE RSB PSS S JNIEM KRR, WS BT MR, BHEERE,
FH = TPNSE R IR N . RGN IE o) B KB, PN&S I8
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hn sz E R PN &R : ik mEER, NANEGFRAER, EEERRE,
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o 1) Y. PNg5i->"ME (—MEEE) > THE
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B L. METHEIER

o 1) Y. PNg-> MRS ->TTHE
- B G2HIEED

Vo4 A__B
n D 0 0
oV B o— . = 0 1 i
D
_ULR 1 0 1
3k 1 1 1
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B L. METHEIER

+ 2) HrrHds: THB->HEG RN
AR/ AR ( AHEEERAR, P,
CPU. %77, g, IR

— HE 4 H Hn: Achr —ksiE
o hmEE%. ALU. Fhga% Cn: HEFRALRIFHA
— I FIB A Hn = Xn‘Yn + Xn‘Yn = Xn & Yn
Cn = Xn-Yn

AR R

Xn Yn |[|Hn Cn Xn

o Hn
ijﬂ

= =0 0
= OO
OkR=KEO
=000
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o MRS
— ISR MR — PR P Fe AP AN B A1 o T A A e 51, &
) =8 A B R AR A A R A =S 0], BIFE A7k
PABAEAENE 2SS ST IFENE 2%, BEANEME ST ik . b
Vi), HERN TR BT U AR, W3 SR A4 1 F e Ak
P g AR FARMI/10 5% 5 ZEARMVS I b B SR, Bltn: B AHEME
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memory unit q memory




B L METEIER

o PIRHMEBE (Central Processing Unit, CPU) EitENNTEEIRSE
Z—, DNEEEEEHEFETENIES AN IEITEN G HAVEEE;

o PORUGMERRFEAIRITTIRE, TEEE, SEEPFIERT (Cache)
MEEMEAIZBERREDE. EH RIS,

« ESERF (Memory) MEIN/HIHIRESFABFITEN=XZ0
i

0 ERETETIES
o Mﬂ'ﬁ*fWXﬁ:




B L METEIER

- IzHey. WHlES (17
7%, Cache) ->CPU

o [Ffifes->WNAT

o T N H i A -> TG
wNTes FTEIAL. B

AR -

3

=

|

§

3
!

— RS

————— » 1zHlEmS

Femmm——————

|
L d

DDR3 memory 8.5 Gb/s
intel Cor: i7 Processor DDR3 memory 8.5 Gb/s
DDR3 memory 8.5 Gb/s

QP1(25.6GB/s)

PCl Express* 2.0 Graphics
Support for up to
Multi-card configurations:
1x16, 2x16, 4x8 or G fenes
other combination

2 GB/sl DMI

| intel® High
Definition Audio
3 6 Serial ATA Ports; eSATA;
Gb/s Port Disable
each
Intel*Matrix
intel® Integrated Storage Technology

10/100/1000 MAC ' :
LPC jor SPI

12 Hi-Speed USB 2.0 Ports; macala-li]
Dual EHCI; USB Port Disable JIEE=)

500

6 PCl Express™ x1

MB/s
each x1

intel® Turbo Memory
with User Pinning

Intel® Gigabit LAN Connect

BIOS Support

intel® Extreme Tuning
Support

S /---Optional

Intel® X58 Express Chipset Block Diagram

— SR (15 TR 38
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. CPUWt
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B L. METHEIER

Y2s T
CPU L{EifE Intel 8086 4-FEES K451
While (1) { i A4 2 2013, AB
. ) AX| AH | AL |ZRings 3
Fetch_an_instruction(); ox i T o s | MR —T— |
1
: , cx| CH [ cL |it¥arfess /" 1 DB|8088:8 L |
Understand_the_instruction() DX| Dir | DL | Scli#t | =
Execute_the_instruction();  jsappes[_SP etesst | cs |
- = BP £S5 1 Byt DS :
} NP DI |AdyEs 17 o ss !
Instruct - S|kt ! ES !
—|nstructions: ! '
o . ALU DB L l6flr , | fiﬁ’ﬂﬁ’f‘i' V'_p — E
#5151 #% (among register, a aLid i !
memory, and |/O) BB 3% i |
2 y o N v . A B b 2k :
. . . 7 U | |_ 18086/8088
ﬁﬁ E?FH ’flLl_ﬁ \ALU/ 7 rﬂ;;&ﬁ 78{,{/ 112)3]4|5]6 Pl g ol R
BRI R (PR, RREUAA BT i
2 nﬁ?m% § 8086 |
BT (EV) i JLHE T IE (BIV) '
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B L. METHEIER

o 4) WfFREH: NSRS AR
o 5) BBy A ILHiIES (LA

long plus(long x, long y);

void sumstore(long x, long y,
long *dest) objdump -d sum
{

long t = plus(x, y):

SelEE = 6 0000000000400595 <sumstore>:

I 400595: 53 push  $rbx
400596: 48 89 d3 mov %$rdx, $rbx
400599: e8 f2 ff ff ff callg 400590

<plus>

40059e: 48 89 03 mov $rax, ($rbx)
4005al: 5b pop $rbx
4005a2: «c3 retq

gcc —-0g -S sum.c AERICHIEXHsum.s 41
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IESEE: RISC vs CISC

. ARM: {FREFSIEHE<SE (RISC) , A

BE2S, (NORERTSEEAVES, FILLEEE

MMERRE N, BE/IVMR. SEERYRFE. ARMVBZRIISZIF6ANHR(F, 18

32{37, 17864, SHtEeI64{i, ¥

5 EE(FFINEONY TRLEHA,

. X86: HRAEHFIESE (C1SC), LUENIMMEERARBEZE NN, ENESAIMEE
. X86IESEMMMX, AREZEITSSE, AVX,

ARMYS CRYPTO # GRYPTO

A-profile only
(at this time)

- 64-bit architecture W} Key feature

support NEON™ ARMV7-A
Adv SIMD

compatibility

T w@)‘- A32+T32 [SAS A641ISA
N— including: including:
m * Scalar FP * Scalar FP
(SP and DP) (SPand DP)
= Adv SIMD » Adv SIMD
m (SP Float) (SP+DP Float)

ARMv5 ARMv6 ARMv7-A/R ARMVE-A

AR

MveERERYIT = :
s1fes(iBREERR, FERAEABMNERSEES.

FESESdSeAnEH, IESHPRISIEESmISHAH 725,
FRESEARE2AL, RV THRBNTIES, FIHMTIESRIUGSR
BN TFS1F250%9;
itkigstsPiliEF S P A B R ERFFS 7. R TSE
S1FEE (ZElpowerPChYro0) ;

A645A320952sIMDFNFPEE;

BESIMDEVFPHEZnEFes, 5128 & vector;
FRSNMREES.



ARME X862 KCHEER: RISCHCISCIES

FHNER

RISCIHIERIESEE (ARM)

Nz IRAGIF 156 SOF->-BR—IR--EIIEESETFE

1595, BTEF/MaSTI— M SRIEE

s tIERIESHL, WEEES
AEBRESNEEIRSHSH, AILlESHK
BATHEIRERA . IESHITRARA<=1cycles
EORE Cycle%{
RIS ERE=
’ ki X 5 X
XEBITERERSE KiagE ESHITRN
SR mIFER ERA

CISCEZRIESE (X86)

1BS: 15k

1BESEER, FAFEFELRSIES
IBSTESZ:, EEIE; &iteE3,
Bk ESIMERE
IESHITRIEAAERMES~8 cycles

B ERER IS SER R IR AR,
. WIERENERAS (mu7]<) 544 (
B8] 7&. I2) 198X,

—_— IBEFMAAIARMMIES R SR
ycle BARMIESEE, BNEIIJ9ARMAL
1952, AEEEME, AR,
RS FEHA SHTEREE, IEAENER
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[ 4004 ][ 8008 ][ 8086 ][ 80286 ][ 386 ][ 486 ][ Pentium ][ Pentium Il ][ Pentium Il ][ Pentium IV ][ Xeon ]
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Cortex-A72: |deal for dense compute environments

Single Cortex-A72 core
~1.15mm?

' g
3 ‘
<

BEANARMIZETR

=1.15mm?

Cortex-A72 is <20 % size  Single Broadwell

E/NX86HZEITA

=

ortex- A72 MP4 + 2MB L2}
~8mm?

oo B

o A quad core Cortex-A72
CPU + 256K’ L2 with 8x L2 cache RAM is

~8mm? the same size
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16nm

32C, 2.1GHz

| Hi1616 |
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16nm
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FT1500 >8nm

' Thunder-X2 |

. 2400 |

16 Cores,1.6GHz

| Hi1620 |
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14nm
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X-Gene3 |

FT2000+ |
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it SHNERLE (2)

RO EEE R —IREERERIE, & REERFCPU MYMEREEZIE ERAEREMSE (BEOXE)
—aitEtaE B O EEI% . ®=CPU BEEENEFEMEFIE :
1Ly, $. BiEMPESRANIGE BFR . SATA (Serial ATA )i#f2
. ERPEERHRE—HAELH . SAS (Serial Attached SCSI )
EMARLTEIEEEIGEENS [T5%
EEEPKAER. . M2 ({/EHSSD)

« NVMe f@ (7t/EHSSD)



it SHNELE (3)

PCl Expressi&[], {&f5iPCle, 2
HHEN2%8—F, SaEIMEN
PCIRIEELSEENE, ETER
HUERTIBER . EHRLERIPCleth
EEREARR B RUGPUR
. RAIDR, M-RSBASEIMYT R

Hi 1710
RFCV100
HR4141328
1328-TAIWAN

BIOS&Basic Input/Output Systemf BMCEEHREIRZHIER

B, ERMNELEERER, TFERHIROM Baseboard Management

BIOS. System BIOS, E{EEHIIS Controller, BRILIFEHZEARTHIL
PRERE(TIRIbA, IURBIRERS RIS, MIRSS=RE TR R
IR TARSS RO, . BRREIREHRE,
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TaiShan 200fkSS88 (BYS5280)

I/0#&481 2 I/Of5E4E2
[EEERE 4 EEEEEIR
FERIER 6 HFE
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SXE 10 RIBEESK
X322 12 EStEsR
BIETER 14 1ELZR
BRES 16 DIMM
RAIDIZEFIOFE 18 Fix

REFEL/ORL (CPU1) 20 iBMCHER
RiFL/OR2 (CPU2) - -
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4*25GE, 1EiIHCPUARB B miRSerdesiEZ 1%
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Register

+ 803861 f7 %

IE 45 77 85 IR R A T ES

31 16 15 0 31 16 15 0
EAX AH AL EIP P
EBX BH BL EFLAGS FLAGS
SRR R Sk il 47
EDX DH DL 31l 16 15 Q0
ESP SP CRO AH AL
EBP BP CRI1 BH BL
ES] SI CR2 CH CL
EDI DI CR3 DH DL

BLAFAT 45 BIARIR 745 {7 8%

IS 0 31 0 31 0
CS| 16{TiEFEFF 32 EEHERE. 20FEBEPR . 11 H e i 4
SS| 16finFfvr 324 BEREHE . 204 BERR . 1 {0 e WYk
DS | 16{7iEsF 7 324G B EERE. 200 BB, 11{5 s Il
ES| 16{iiFF 7T 3287 BERERE, 20{7 B, 11{E 30 E EE
FS| 16187 32{r B hehb . 2040 EEPR . 11467 o st
GS| 16{iiEFF T 3247 B RE . 2005 BB, 115 e WA




Register

- EAX. EBX. ECX. EDX

L 24, Z3 16 15 F
EAX AH AL
mov eax, 10 | oo | 00| 00/ 0a
mov ax, 10 |XX | XX 00| 0a
mov ah,10 XX | XX Oa
mov al, 10 XX | XX 0a

56



Register

- EAX. EBX. ECX. EDX
- WA
- ESP, EBP, ESI, EDI
- 32l A 7 4e
- % HRRI64A T IS AR . SP, BP, ST, DI
- ESP: ROk IR A 7 4e
- EBP: FLUbigsr & frds

- ESI. EDI: ZE5|%fi4s, MESIfaEf &% VI F|EDI
A ENL A

57



Register

© IREFAAREFLAGS

31.18 17 16 15 14 13 12 11 10 9 &8 7 6 S5 4 3 2 1 0

"% |VM|RF NT| IOPL |OF |DF | IF | TF | SF | ZF AF PF CF

Bit Mnemonic Usage

0 CF carry flag

2 PF parity flag

6 ZF zero flag

7 SF sign flag

10 DF direction flag

11 OF overflow flag 58



Register

+ AN S
— X86-6415 S 9 it 1 IA32/)32/ W A7 4
e H'r'X%&'e’, Y%eax->%rax, Y%esp->%rsp
— W07 8 HF AL A
e %r8~%r15
— F XXMM A7 25

e %XxmmO~%xmm15, 12817, felit T4/ float, Bk2
“~double

59



Memory

. 8086~80286
- et
- HEUIR Y E L, bHds HaeS ik 1 MB N AE S (H]
« MEIREE— IR R AeistT — MERF,  BaI A4 A
. 80386
- SRR 80386 R Bt SR A KA SEHI 18086
- Ry U R ER R, OSWAZEAT AW EE M bt

o — ™ ™ <t LN (o} [ = =3
o o o o o o o (= Py =4
o o o o o o o 5 = =
o o o o o o o = a8 =2
o o o D, o o o Iy [y =3
o o o o o o o 59 . 8
o o o o o (] o 59 F &
o o o o o o o (5 &5 o
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- B Cftants

BT ) s N
- fRILEXCS e 1Ziit=s
- M NHATHIFES, G SS 02000H
S BE S o 5 — 2% AT 3T
354 ES
- B EDS SKBAYHE
LR AR W
. 04000H
- HEFREXSS —
o NP N B AR, A
a1 B H ) g 25634 | 04800H
- ¥ EEES

3 A R B 7 N G ERNE S
e H]



Memory

© WAFEDBUEEE
- 118086+ Kbt w7 AR AR 16021, P A e B
200 P E it  ZwFEi 75 2248 2 ARt bl ok -4k A7
fif HL TG .
- EARMIE N 16 B R, HAE N
Bt - BN B AR IRk
(16fr B = C 16/ E)




Memory

» FEEAS Rl N2 IR AR B (Br——Segment)
- EX200 e ag bl (xxxxxH) HAKAN7 42580
(xxxxOH) , FrUAnf PR eEli1E g, 28 EHIAN1641
R RN B ) B HuAE
- FEKER210=64KB, LB mfs bk n] DLAH 1116
NHCRE R (xxxxH) ;
- FrLLA
R o B I m AL ik
(16H7Bht) = Cl16fifmEE)




Memory

o WP M hE RN G H

- FAMEE B ITTHAE AN (00000H ~
FFFFFH) , 2001, iZMuhire s A7 AT b bt iniss 8
R, AT aEfF-ak.

- Huhbinvsgs ) BARMGE: Bcthbk 2R 447, AR e EmA
Hi k575 20 20467 W FE H k-

- H P 9w K A L, HIE0:

BRIt L« B R

AT N6 B I TE AT S RO R

- ML “1460H:100H” = Y3kt 14700H
14600H + 100H = 14700H




Memory

WL vs. YR bE

16 i ¢ it &b

0000

N 16 4L 7 B b

20 i 49 I8 b uk




Memory

+ BUR AR AIE BB
- BRI =B AU B B BORTHER B
- 8086 H AN 164 L FF 745
RS BCRF 4% ) FR TR WIACAD B & bk
(HER BT A7 4% ) TR WIHER B A kit
(B s Boar A7 4% ) 18 WA B A kit
CPE I Bear f74% ) 18 W BRI & ekt




Memory

» CS: IP=CS*16+IP, Y4mjfg<Hutl
- DS: [x]=DS*16+x, Hri%idsHhl

» S§S: SP=55*16+SP, ZHijfkIiiHhE
- 7 H O fRiEpushflpop Ak 7t

- 80x86 H I HER LRI BUE N X B 1775
- Mov ds, 1000H3E1
- Mov ax, 1000H mov ds, ax &k



FEFF 52 AT RS

- CIESHEF
- CiEt)
« HHMITHAE
- PR (B 3. REBOARE
- W, AE (W) //EFFaAn] I
» BRRE/ASTE: BRE
- AR R HERRE GEEAEAED
- B E R G RN RS
* Malloc (HEWNAF) , free
 Printf&%, #=HilAME G N i &)
* Read/write, Uil #%4 (I/01%4)
- Send/receive, ViR

68



FEFF 52 AT RS

» JLIRFER 01
- RS
- FRIEH
- BRI (jmp, jee->r 32, 1AM Tl AR A calD
- FFE4 Cint, 5AMRITCE/ 3T R G RAD

- P
- Eax, ebx, .55l HAN L H a7 o8
- AT

- BRATE: AR
- HERCE: nTLLESZEIE (push, pop, move, ..)
- BRHORH I B S EHEAR CORAFIR [ k55D

69



FEFF 52 AT RS

Torax, 7orbx, Jorcx, %ordx, %rbp, %rsp, %rsi, %rdi
%r8, %r9, %rl0, %rll, %rl12, %rl13, %rld, %rlb
EFlags (SF, ZF, OF, CF, ..) W

Kernel virtual memory invisible to

CS' DS' SS' ES' FS' GS User stack ueer code

(created at run time)

PC (IP) :
?
Memo r‘y Memory mapped region for printf function

. 8086. q:@filjilﬁ shared libraries
+ 80386+ REFUN AL !

Run-time heap
(created at run time by malloc)

Read/write data
Loaded from the
hello executable file
Read-only code and data
0x08048000 (32) 70

0x00400000 (64)
0




FEFF 52 AT RS

x86-64 Integer Registers

$rax %eax $r8 $r8d

$rbx %ebx 2r9 $r9d

Srcx Secx 2rl0 $rlod
srdx $edx %rll $rlld
srsi %esi %rl2 srl2d
srdi $edi %$rl3 $rl3d
3rsp %esp 3rl4 $rldd
srbp %ebp $rl5 $r15d

- Can reference low-order 4 bytes (also low-order 1 & 2 bytes) B




Some History: IA32 Registers Origin

(mostly obsolete)

—
$eax %ax %ah %al accumulate
sTecx $cx %$ch $cl counter

3

S

5 sedx %dx %dh $dl data

2 <

©

o $ebx Sbx %bh %bl base

e

@

a0 o) - fo) = source
oSl oS1 index

destination

o 1 o4
sedi sdi indesx

N
o o stack
°€SP P pointer

base
sebp $bp -
pointer
\ )
Y

16-bit virtual registers (backwards compatibility)



B 24

80861 H M £, RAEFY I IRV Hh

H:0x54000, iF A BeHuhk s oK &/ 7l
&2 /0? EH SRR R

%j(: Ox
%/J\: Ox

Yol

Yol

73



EMT 104

Hiu sk

10000H

10003H

10006H

10008H
10009H

N FF R T I LA B TR

B, WCPURIIEIRE:
IP=0000H, #F5E!

N X WVIC g ¥E 2

B8 mov ax, 0123H

23

01

B8 mov ax, 0000

00

00

8B mov bx, ax

D8

FF jmp bx

E3

52 HAT)
Hi b

WA/ Ei= R g Il
CS-ZOOOPL

20000H

20003H

20008H

iedE

N

Xt RIC it 4

B8

mov ax, 6622H

22

66

EA

Jmp 1000:3

03

00

00

10

39

mov CX, ax

Cl

Wg 74




//\2%%

* Mov ax, 6622H
- Jmp 1000:3

« Mov ax, 0000
* Mov bx, ax

+ Jmp bx

« Mov ax, 0123H

- DH3L




Outline

¢ CPUZ%/%:%

- B R @ EE R
» CPU Architecture
- Memory and Registers

-+ AbE

2. AR S A 2
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ARMZ BIZHUSR R

* ARM H RIE £ BB K 2J 1000 MR INEERE
320%?1M¥ (BRI SEZRETINAI] ZRAHEIL 20
K, TEBSNA. CEIRE 7 REN,

o HEIEMHRMMIESE (WWARMVE) BT
BRI, B

. SAVER 7 S m—)

Kb T SR 42 Y — RERTLAM, AEENZE. EFEATUECD
E. BX®IFEM. T2, RIL %,

abEA A/ Y . HEs s
IPELIEAL (POP) ) o HARIMRARMBLTHF AL BARREAL, FEFRE I
R #ATEF




ARMARSSRELIERRAYINSS

« {KI0F%
e,

= LAKEBZARMEZA A
* ARMZBBHIRIS R TERAS. &

<ml

EIIE

oin, . mEHERMEEESINE;

« B5HYI

o Z oA

PR AT

R

N,

1

AR |
FRKHY



GRS IBES

ERiG916
ZIFZ IR BERIARMAL IEES

o 324%, 2.4 GHzESR

o SPECint[tEEICERV SRR, IHEEE75 W
o FiZaEEDDRAEHIZS

o 3ZIFPCl-e 3.0F1SAS/SATA 3.0

o EERUIRENGE/10 GERILE

o SZAREEX

"un':a ‘ gt%ﬂﬂ_lggzo

TnmIEE, BRI ARMALE

ITEREER—HE, =Z64%
SPECint 4 HEIRFHIBIT 2
RFEEHIRA S, STFsiBIEDDRAIEHIZE
3z¥5PCl-e 4.0FIccix

EEpktREk100 GERISZFONNGE, E4EhNiES 122
<2 S i 715155



HFERMI5920A94E A TaiShan 2000RSE

17FRNTEIZSHE

40EL ERESIRIET ERER=EFERNE
a5 &
it =
56G/112GHRFFIEEEX EREF AR 15%
® ®
FiEERs iTeEss
5290 5280 2280 1280 2480 X6000 2280E
W2ERTFEE.  AU4ORBTFAEE 20251918 12HEREE 2UABERS RERY AT RSEE ULy




FIHEEF
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- S
https://e.huawei.com/cn/talent/#/home
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- FORSZH:

o ]

TAR Y

- HedEx Lite
- g BORL T Bl
- EREEW\BTF
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