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2.1.1.3. 715 T+ BRI

FAE TR AT DAEE Ik 90 v 46 h g SR LS B LA o 5 i s CR UG AN A (0 AT 5 B A
R GUfh DR 5 RS L3R A (1 N R P RENS 1% IR UM AT N 58 I 55« AEDDIR IR o6 i ar %
ANAEREL, BRRE-AAGER, RFE - KAMEEE, R A EALE R RS SR
P, ZJERBERILEAN RGNS,

AERZTE RERRENE], B RGEMESL, ATERNASHMEIRS . &
X RG A LR R AR RIGE /), e T HARE R 3. 1E TCG & UM mTE 5,
A E AR B A% Y R S D RE M T AE S B AL (TPMD  BLJ R 4t BIOS H i 2 8 A0S By
(CRTM) 4. TPM N R G ft 7% 0k 51 %, CRTM $hA7%5 R G000 B2 D) fe HF BT
DATE JEE 8 oA 3 i B I it )«

AERER B AERITG, @R EY RS, e A E R IIE RS
AME AR ATENE, I E ARSI E I IEERAE R G5 RREF A ETE, HERIERS S &
FPI A E R G R AT TS, HERIE R A N N AR iR I 5817 8%,
MITITE RGP R — A e BB RE 2%, R ATEIEAT .

2.1.1.4.5 T TPM AJ{EPIHKMZEH

RIS E R R B S EAL (TCG) NE, FERSTHE T A% 17wt
/& TPM BEfF05 o B E AL, TPM BLEC A KRS 2.0 TPM 1.1b K Ai T 2003 4F, /&
E—MFR)Z S TPM #E . fEMZ T, TPM DA mEHA R 7. 248
BRI 2% fi e 40 IE 25 BE AR Th g

BT T TPM 24 FE ARG =, ARM TrustZone. Intel TXT A1 AMD PSP.
1) ARM TrustZone

TrustZone &4t T —FhHEHE7E SoC LA — AN B EZR I ThEE, M8 8R4 55 Y5 Kl
SONPRERSY, — R At 5 (Secure World, SWd) , 4T HAT 2 THRERI AT 15 8744
A=A IEHE 5 (Normal World) , i&47 HoAth f#4E . Ze 4t SRR & tH 5 nr Do —
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NI Monitor Mode IR L . XN AT IR #E SoC FIMEAFRRES T K, PRE EHAE R4
AT MR (SWA) HRIRE P FEGE .. XS P T LEABEE AT AN 5 & 1 L
T, PRERAT At (SWd) A B dE 115 #i .

ARM TrustZone AR EFTA Cortex-A FAMF R HIILAT)E, 2l ARM 3 249"
JEGIAK .

FAT, ARM AbFRESEMNECI b S B ot K, I RETFHL. L& T FEBRIS R

S,

2) Intel TXT

TXT /& Trusted Execution Technology Hfii#K, BIAI{EIMATEIAR, & TPM 2.0 ) L AYAR
o H AT H AR R E R Intel CPUL & FIBEAE DL A T, 32— N —FFAL
WS FIRET,  3ETT A RGP AR 2 P 7 vk ST T 22 4 1) FR G L B B G () A e v
ReF

3) AMD PSP

AMD ‘% AL BRSBTS AL DAL BEES . BRBAE SoC Y 2 A8 T R 5t
E ARG — AR B A, — e U A AT LA R AR B R R I 1 0L R 84T . PSP
A AIRAT R G0 TARAR 55 AL AT {5 26 = 7 SR i) AR AESS o

2.1.2.% 4 )3 8)) Secure Boot

RN B IR SRS EBIET IR, W Jeisir i B TE S i A # ROM B
11— B LS (ROM Code) , #AJ5 ROM Code M#K— %51 5, —% 31 5 IN# Bootloader,
Bootloader ¥l &P, 2 5 INE K SHUE L L RIERF N, HEBEERZNEA
NEFIRSS . XA, %k Bootloader AN A P A% I B AL 25 5 52 B3 2 (1 14
i, WE A ZERA . 182 Bootloader 14545 N IZ S 40 %, B @ A 1 5 B A A7 it 4
TERGNRZIE R RN B E, DUS BB S0 & ThEe B (1. I Secure Boot (AL
72 ) TR D9 52 45 J Bl K BB BB IS B L], FEINERIEAT T — i, N — AR
BEAT 2 A0, RERIE I A INERIE 4T, KRB NIE RIE4T, XALEIE B kR &
B ECE RS SUE M, A RS T BN 3% 1 R B2 4
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2.1.2.1.ARM TrustZone ' [f] Secure Boot

TrustZone "' Secure Boot J7 44 I AL B s I 2 Z 4t 5 (SWd) 8 shid 72 ANy
Bt XANIEREHTRICHA SWd A A M 5E 8, TR LS TR R &AL EE 2%
BB A

75 138 R el (14 5 ] B 5 V2 R T A & At B IR AT AR B A SoC WAFAZE .
RN FNE G KL AN AFAEE SoC B2 Z AN HAE o, 84 13 Bl el AR 49 58
TNPRAE, PR SoC d 2 (4 BRI ol B2 LR I AR AT JE 7 31 PCB A2 2R B 3% 5| IR XETS 2 .

2724 A S A E H TR AR IN ] SoC AR, Blitt, IERIHBEEAT B 4 6 AIE L3 5
NIEFESI NS Z B R REE . R IEEB AT FARRD AT 7 25 4 DAL 2 41 SoC
A, RS RPIN S T 153 AT B B0 R 2 AT, N5 Rs B2 AR IR (1) — 3 B PuK = 2] % 42 fir
B WBAREAT SR UG UE SR 5 R FL R B 2 A A AR AL B BT A T R I R, Gl
A DAAEAS 7 58 A REAT 52 22 T (0 e i 1 ) B e e 1%

2.1.2.2.AMD Secure Boot

AMDE%%%Mﬁﬁ@%mmﬂ¢WET%E%?%%E%Oﬁ%ﬁéﬁﬂ%%ﬁ?
ARM TrustZone 22K ), "EIsAT TiEfF 2 LK CPU 73 F1 9 P RE DLt Aok adt 57
. REESRKIZIT T AMD 2248 g (Rl 5D o, 7 HAd B4R 55 0 BLe<pR
HERRAE 7 AT o IXFERA DR T RBUREE R A7 il A0 T 45 B P RE P 1) % 4338 AT

2123 BRI AR TR

Secure boot Ifi R 7 & AMRE, B A H A —Fh Secure Boot [fif itk 7 58 /& R Gt AR H]
ZBAANEMTT 3, R ) AT & R RSN Image SUAFREATEA ML, JRRET A
B Hash {55 N8 i — kT gt . b1 TAS R SCARTH AR 2119 Hash (A F, SR
Secure Boot Jj % (115 % B UUR S #R & Se i RSE M Hash &, BIALE i A ¥) Hash fE2EAT
PR, SRJE XS54 Images HZBZALY, SCBLNBES S F B R G R U I /R, 1R AT
W B )R RA R REE P B VAERAERBURIE, NGRS T e A AT R
AR AT RRAS o

% Secure Boot S R 7 R EE P N=AE7r: BREA . “e3l SEF. SR TN L
f&.

©2023 7Rk KRB X - RAUTA 18



B3 2 R IR AN I BRSBTS 4, DR B SRR R BRI E . FEAS
SANE EHARE D B REIEME L KAEHE . Secure Boot J7 & I E % 44 H
SHA Fll RSA BiEH k.

Secure Boot {3 A L AE & M ROM code 3| Kernel image 1% )2 5 205 . ROM code F)
i Hash R #CR I IE BSC 58 %M, I RSA B RIGIE SPL 158k, 4RJ5 SPL IG5

il uboot, /& uboot KIIE Boot image. Recovery image. Kernel image %5

24 Secure Boot JJ it enable i, Hiff 75 B LA e N ik 16 FEMEFEF, #E AR5
AT AR AT B AIE 2R WA 2 3 BUX e AR AN RE N BB & o B BT R RE 25 X X B 5 45
BT

2.1.3. °A][{5 AT 55 TEE

213 1.0 {EATHIEE (TEE) 5a/{EF&fE (TPM)

A {EHATH B (TEE, Trusted Execution Environment) #& Global Platform (GP) #2HH
M2 . 5 TEE X} M ff)/& REE (Rich Execution Environment) , FIT A A B 4 it 15 & 465 o]
A e REE hBE, XS5 &8 W I8 1T (12 18 #:/E R4t 0 Linux. Android. VxWorks .
IXEEEAE R G140 APPSR EESER M R G, SR T A LAAS 52 BRI PR 7 P9 AZAS =R P
BN, Kk REE RN B & A EE V2 w2 la . W& RBTMEE R B2
BOAFCE, W TWSHIR A =108, X PHIR 2 MGG FM LA . THET R
EE A AR AT DLSE IR R 88, B TEIR CRERR A 1 22 4, RIS AT MR BB e R, X%t
VR R A BBk 0 15 4 SR D& ME LA BRIV o 1ff TEE 1T LAZEAIR AR BT UL T B I 14 7% 42
R, ARIFHTH T BRI At

2.1.3.2. 0] {5 A 55 BIr [T 1 A0 XU

VFZ N B &R AE RGBT 20 B APP ST A I RG A, BRI 2 #
TERGUE M PR AR S e, EH P BT, BN RS P 1) 22 TB) R T 1, T A
WAZICUS, T R PRI — BN S ), 3R 2 i et i B TR Py ety He A e B
FERERGAZ. 1 HX T APP KU, 3RERGE N BRI W] LLUG IR APP AT 1L

KR APP ik 2 e A & I A BURAE 2, D APP ANRETRIERAE R4t
TS AL L IE H R AE RS A0 Linux. Android, ARRSEPER, JWiHHUK .
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2.1.3.3.TEE B & Thfie

TEE 1E N —Mh 2z 2R, W LA R HFE PP Sl — Sl E 385 . TEE & B fHCRa AL
i, AEEEA TS IR A HANIA BTG ok, Ront st e A m T g A 0, X RERERE
TRAER {5 APP BT, XREIRIUEIE APP I AE AR . JeT-BEAF ¥ TEE (E1ERE 7 1
AR HTEEAS CPU I RE, TEE AT RAUG IR T A B A7k, 5@ 55 s 47 1 APP A BE
Vil 5 Ok s . £V 7T, TEE 19 H A5 2 R BUREHE % 2 AT 5 APP 108 AT
N, I A DA ORI LA S BE OR3P, 2 WL Ak TEE AEH . 5N U7 This % K H 128
PLf 22 AR, I HOTHRA — o5 TR 19 Mo . TEE F9 R 2l 40R: T4 05 Fr 19 22 42
%) (Secure Boot) Jif2/E a5, (¥ HIRR Bt A b B I 1758 — BLAUS ROM Code 58 %11
3% %] TEE. S&F6fF TPM & A 1) TEE [Fi B 0[S0 ThRe, B TRy s i
PEFN SR

TEE L E R H TR0 E . BRI M . B0 22 4 5k Lo A v 1 4 e
W 4% 10 SIRSEHL. ATM ML, RSh 3 {45,
2.1.3.4.TEE ¥ 442844

TEE & — P37, it A Thas, BlnkesHdT. ZEEMMART (TA) [
SERME DL S TA %872 B 58 B AL 3 v .

REE #1 TEE #F|H TV 2 58, kb B0, RAM. ROM. 1% I #455 . fE4F
T IR) P, IX R BRAE A4 95 YRR th REE 5% TEE #%i o 4) BE IR 10 4% $ AL o] LAZE TEE A1 REE
IR . 2B R € 19 TEE #2HII, ©f# 5 REE FHAh TEE W%, FRdFi% TEE $2AL
TV AR .

— %I =, TEE 3RAEAAT 22 E b Rich OS A H =242 ). R4 TEE <4 tAR
Wi SE, {HEIRAER 2 M5 T R 2 BN AR & FE P R il L4 2 5 .
2.1.3.5.TEE F) 4%/ 523

1) OP-TEE

OP-TEE, >k H STMicroelectronics, & BSD A ZHF N HJEIIH . OP-TEE & ¥ H
ST-Ericsson JF & . 2013 5, ST-Ericsson iA%] T Global Platform HJIAUER#E, UERI T APIHY
RILFFE T

2) OpenTEE

Open TEE, JFUESEHL, >KHZFZF/RFERY (Aalto University) [)—MFFEIIH .
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Open TEE FFIE I H 1¥) H A5 S SEi 757 A 58t Global Platform TEE SEVE (<B4l TEE”. &
L TEE 1) 3= 2R ML 4 H AR I3 B RE P O RN R A% B TEE 8RR H 2 B4 37 by
WO R GRS IR LN R TR . R ET 441 TEE 7659 86 FHLAF B Ui o 6 b A
15, (HEBETF RN AR TN G TR e R H I A BRT & MK K o] fE £ 2
A ARG, E R ThAE 4 HE 3L, TEE A LASZEN S BT % A SRR 58 A 5

214N ZAEFAR

£ Linux “F3F RGISAT AT 6 F, 8% 2H MMU 34T 2 180 A7 3k Ay 22
UL WU NG 4, A ATTE 1P & B APP R BEVT inl B OBl hE, Jovvy In sk
Mol PRI RS AR TE RN, ATV 2 B U5 3R] BRI A FR) P9 A% 2 1) 3
AR, SO AR R A A

2.1.4.1.78 B EAS

HOE e BRI —FhET X T BENLAE 38 (RAMD HIZ2 4R 5s, RIFI MG 75 ok 30t
P AF BOHE (G A (B, P8 A A B FH %5 45 n %5 42 sk MAC (Message Authentication Code ,
MAC) , IXFhHHE 56 B PRSI0 5 WK AT LA AR v (0 R e o 0 HH ) B0 R e AU g ek, 76
AL, MAC Bt —/DNERER, BURUAHTHBRIIINE. mRMHERERE,
Wi AN T RE it — AV SRS I8 SR AS e P A 250, I8 0 U5 i) 7 sl v DE e A
T 2 MAC SR UE S 1 72 2 bk

2142 NAFINEEHR

FER PG AL, R 2 RGNUEE BRI ik B A7 %72 DRAM b, i)
Bl PC, Kb B BLREBUE NAF, SEd WAAERRIIREREE RS, AN E. XA
RESTHU] T BB 23 00 % 1) 2 51 DA S AF Al A A7 TP L 3

GAENAEIE (SME) M4 Bt (SEV) 2 e FhEE. SME #24t
TAE bR X86 TUR K AN N AE TUARiC NN T BE . A\ DRAM HURT, FRidhcne
UL E BIfE%, 115 N DRAM BEE g nas . Kk, W LLE A SME ££4" DRAM (¥ P 2§
R RGP

SEV SCRASAT I I REAHL (VMD , Hrrok 5 VM A AECHE 32 2 R 47, TA LA
BIRANAE VM ARG N T . SEV RE VM BA LML= NS . & - AEE Ak
LS, WSS AT A DA R AL R e TN . S5 ] SME J&5, RGUE
FEf #4815 SME P4 F i) 3 S AR TR
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2.1.5.08 Fr By Bkt ok

IS AR S — T RN AR LA . 1998 4F Paul Kocher %5 %% 3 2 Hh A5 18 Bt
B, BT HEES N HEARR R S MG EHEARNRMKE, S0 EF 4R
SCATHIBE R 2, AARAT IC Ry MR UJE. 73, FHLAS . R R S0k
o MEESORR LA O0E . RaE, MAIVEE H ) 2.

MAEE By — IR TR A SR, Mol E il ge B2 WPt i
WEESARMRB S P BB, 85X H AR e St Bt

2.1.5.1. %8 % %

G R Z AR RIE B, HARAE R B A R BB BOR, YRR 22 42 %)
TR AR B R B R MBI B, BT o b AR D 5 SR C 2 O PRIIE (S B 22 4 T
SRR, BEEENBORIIR R, BREZ & TR RTINS & 7, ETHE L 4.
A W, BREFRER . THLRLFASEIL 1A B 2 e il ik .

O P R 22 R 7 58 I BN B RS B & O B AU T ), ml{E S S (TPMD
CAERAAVFZ HHEN TR b FRR 20/ A6 TENNIRIERE S, SRt HE
24 e R PG AR, KX LEE EBUEATHENRPRE T, REXLEER
A B B

WAL ARG AN R SRR R RS B, I e R Bk 1 IR — S O RGPS AT DA A 8] 1
LAEMRTT G (HRAPTA NEEEGR IR BRI, RS EE MR A se B4
RETE B AT 3 A AR B o SEBL R 1005 3R] AR R A A A o A4 323 iR A S
SKHL. FPGA & Fy G ATE Fr sk Bl o RENS B 12 SE I B ST R 3 A5 5325 S B0 AR s Pk Oy 8 )
Prst e, RERS B SCIL B R A SE SEILNT ASIC 3t 7 O A8 o

B B s ik B R 2 ek EE, sl RO 1 H Ar.
Wl B ot AT ARA G s, DOERISA AIE R . H AT SRS 8% 2 40 Fy
(2 R O A s E N . RER T AR

2.1.5.2. M4 TE 73 A AR SR Bt Jr 2 4

M5 38 73 A 0o BRI B ELBIR ok ol Aoy =Ff: ARSI AR
Aty AR T LR B FIE T EFIZAT RS, AT A B M. £
el (0 B B2 A TARAN IR, SR QAR e N Sy o sl el AN T30 8 7 (4
BT, AR Z AT BGERHOR .
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XK I 2 REAT AR N (4 H R 2 A CPU IR AT R 48 R el /& i CPU 7™
Bk IS A AT BRI BN . SEhB A FK A, E B AN S R X
SR N BRI Bl L. ThAE, MU R 7 2 UR SLAE 5 KB ds ] DISEitE.
X R A (O 8 My mT DU I e & M R R B B

AR AR A i 14 0045 3 5l e A% TR AT PCB BRI 5 B BT R B . 9]
FE IR RE R 2 A e vh Il B Y R AR RS, DART I BRI P SO R B R BRI
IR AT SRR U AT L A Ty 5 B AR N Bk AR AT R A 0, R 7 P b = o el
e AR AT LLBH IEFT TR R IR BUE A i -

FEX T IS A 2 AR b, 5 B2 Aol T A s A 25 8426, DRl 26 1
SERWIA A G B 7 i i, DARER. sebE R 5 RV it A T N L7 240 . ARk,
LT — RS AN EE X G LR (0, ELLERIE Y, JIURR 0 TE R M 1 — B e A5k
BESSARAT MR Z AT I 22 A I . SR T TR P M Ve R G Wi, s & (UNOD
AEAT 5e K £ (PUF) o PUF 373953 PUF. 58 PUF. W 4% PUF. ¥ X% PUF.

22 ¥ ME R R LT AR

H AT 0 e 4 B DU AL i, (HAEOR AR, WM IE R EEH &
KA R EAE RGSETIR, AHEILN RTOS #1E RG (Filln VxWorks) 5 4% 5] 138 H ik
AKXRG, AR AR Linux AZKIIRA KX RS .

RTOS £ Zeith ¥ W FH X Ab BRI (8] A A VE 2R, [R5 68 1 BN BR KK W9 5 2%
H, RTOS KRG MM 1 H BT MAARZHGRZ 25 2. 8 H A B & 30
/\é}ﬁo

KB RA KRG BT RPN RAE RS S B R MA KRR GIEAMUL, EEXIE
THAME B S TR IR T e 2 A S ARAR K B, K R o B 58 i
I AE S A7 il 2 IR H U, DRI A R 405 HOCPE R SR 55 F R th = R AT T
%, IR ATRER M — RALRE T o

MG B 2 A BERE,  H &8 B 2 8000 T R AL AR A AR AE R 48, 02K Linux
MR s 2, BRI T

(1) KM RTOS RGN B & IE W AR F ARG, — i ER AL =5 R H &3
PF2RGE, AR P AL GE 10 IE Y 2R G fl 2 5K
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(2) RTOS RGNS E M, FIHETMIM S 2y WD, AR B E A RS
%

(3) KB/ RTOS F Gt B % il I8 4 A7 45 T Wh SR B S8 L AF 5 i, A HESEE K

FI A& B R W R A 2R G AR Il 1 2% e B A R AN o B0l 3 3 Mk ) 45 A
ARG T R IERAR RS E BB, F 8% 3% Mirai 5548 17 2 2 80 I R I 2%
(BOT) , A HE M 4% Sk Ak DDoS Hili CL RN B B 2 M 48 i T 3 . DIk I 45
ERGM T H2e2RAZ . BirmitEz . e lifsgRFee Xk, DABEZ. Mif
—EME SIS M T, BB M B . BRI, X TR R 4% 22 2K Bl 3
WA 1175 FE IR R R % 2B

XHFYIR MR R g% P, EEHBELT LA

LZ2t

T eI 2 e Ve A S B SN e MR, 2 H AT R A R G o
W ). MR R A 22 BT R LS 99BN A EORE A A Y A 2 A
RS Bb TN A s N A A e REIR LRI A%
ERBONCE S BRI TR IE R G2 Aok, R B Bl 91 N 2 B Bk
NEEE, H B R R A% R

(1) SERREER, ZELESGHEIESE

XA B SR U IR ARG P REAT S 50, O HLNL 23R A R B R IR AE (S 2. B )
SRAE AT, RO R GE PR 58 1 B A KO BEAT IS BR e 1 & 9 BE AL B . R AT R,
Xt E A root BRI R AT A4+ 505 sRREAT S8 E,  IF /™ RS BR ) AT B0, D7 e
R 2 A7 -

(2) GREIVT

B A A 22 4 A5 ) AU BR 20 iR P S5 20, R AN TR 8] B4 FH P AT 3 ] ) 8 50 8 £
BURR BEAT PR o
() =mAMERR

R o) b, BEBGHEZCE B P SRR, R R SR BGEAT AR R 5y, i)
BT ARG

FEEREZON £, BIR DR R G0 R A2 T 3E R 56 U 55 A D RE (14 e IMEBUR -
(4) REHit
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KA e ERE, MAG T EERNZ R TIC N TR . BT kR
s B RSN S, IR e E I RO .
(5) HIETEMA

FERCE T, A DR A% BERE Bt A S E U 7 AT B sl IR 5

FEERET T, B HEREN B AR BT VRN SR, AT
(6) "fEIHE

XTI A R g, AT A E TS R SE R PR T R G 7 At . BAR O
BAE: RAAETHE RS & TEE 4%, XAERIEBI& T root BURHEHLME, thIoik
R A X I HE, SRR B AR 224

2L.ZE RSP

K 2-1 ¥98M EDR £

XTI A R GUR UL, AR B 2 H BN B % LR A i v E, LT i
ST BRI B AT R BRI, AR A BE S D BT R AR I BRI B IO
s, SEWIRGE S A A AR RN AT TS5 2 Fks ml, AR GBI # AL
) ZE I X 2R 2 A AR

DS O R I 451 2R 4 (I B A L 2% R A B T B, i i i $ 8E R gt b R W R AR AT N,
I R i AT A SR AR S AT VAT I A S T TSR AR e I AR A& A

BART A LLIE I Pk EDR BiARSEIL . — RO TEMI IR RN TURAE R G
AR, REZEHE, W5 dEmTHERE SRR T 51 BEBEAT 0 b, T SEELRR
AT R R LRI AL T .

[FEIFER, kM EDR $EATE St ik 72 o 35 £ 1 0T 06 9 38 48 1) mUdE AT DL R ARk
(1) ZARG. ZRALR:
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() HAERE BRI
() EPEEE e

4 BESFEERRE.

IRAEPD IR B R GLIBAT AT REAFAE I 2 RS R, WK EDR N H % DU R 2 40 RE(E
BRES R, U

(1) Bl
() AR
() fFhE
4) BERE
(5) EhE

(6) BHIRIIE

3.ZERABE

XTI AR RGERU, ZEANTTRERZRFALN, B ARGZ BRI TR %
B 5 2 4 m] DAE 2 K AR AR AT

X AaiIRE R, AT COE R R R LG BEAT B AR T, sl A T R AL AT

2.2.1.

XA B AL

IR R 22 4 1 B IR RS, ATEOR B TS X0 B RS . X TR R SR
Y WA SRR EE MBI RIEARZINER & m 2T R E R 2 48,
FEGEE . S iE . KRS e, RARHE.

(D

2

€)

4)

)

(6)

AEVEAIR I 24 3 B 78 A VR R 2% 5 IR S5 A A
ARV N 24 3 B 78 BRI I B e IR I B G
AEVEAIR I 24 3 B 785 V2 IS5 A O O AR IR R B 5 LR
Bl IR G5 RSB EE B, i DR S SRR ;
Wik # HBOAIESS Bk B 78 AiE Wt B 95 25
Wi B Bk =7 RS54 % U5 ial F P RS & 9 3R BUE B
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FE SRR XA IE T, 3 A AR s £ T B X 80 28 B B B R, DIk KA
BEETRENREEI . WFRA, ZaFTHR, BRRAMLEIZE FMELEHBEF
o 2 1 SR AN L] o

TGl FERU, —BRABER CAEPSLHF GINE, B WbsiE R
SSL #FB i af IE 1 X.509 iFF.

IR I 24 i 1) 22 4 7 4 T DAAE 28 3 5 5 5 IS 22 T8 2R XUIe) S A7 DA E AL S I 4 3 55
J5 B N X0 S 455 RIS 56 B TR AT, IR 2 Ul B e oLk 55 B A2 B
FEHE AL AN S B LR A

i 31 i 8 P 22 4, By UAIE T 0Bk I 24 S 15 0 K D ol 55 182 22 1) S 30 X0 1] £ 473
WM Z e TN B7 I E L im e e & N X SE R 6 B AN 2 5m (K07 18], 6 ORlk
SEIEZH MR BRKITAG. RN, YR B R ™ 2 IR AL ST 5. A A
AT BOR 1 2 I EORTEVE R T, BRI 75 28R A SSL WA B4 A AIE R

PR AR AR B s

P R332
client_hello
- > RIIHIE. SFID. FX
server_hello
(1) - = M. EBAE TRENHN
P
kﬁ *
01> gl . TG RERSBIES. 5%
< certificate_request pr—
sexver_hello done
< 230
T centficater "
(3 clent Jey onlag® o | oiskeoE, EPRSES
chient_werity™*
change_cipher_spec -
finushed
4) | i
» change_cipher_spec BTN EHEREF I
_‘fmished

K 2-2 ToT W 5 MR 55 w3 S RIAEA L)
XA IAIE 5 B R -

(1) &M ARS8 RIEEFIE R (SSL MR A S . & E LM MVLEEE
SR

PIay
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(2) M55 daa e  imik [al R 55 & dm HAE 5, BIAPIES, RNt [RHEHHE R
(SSL Pl hiA 5 . I SERSE . BEHLECSEE D

(3) ) s A IR 55 i 3% 0] )4 S5 0 AR 55 2 ) Bkt CE Se R A I 55 2 A0k 3 oK 1Y
IEFS 2T B H OEBI CA LT AN, FHIEGEHEMHE, plauskiamat, 5
J 55 45 M I A8 B AR R JE 2 75— 20, R — BN, 23 7 i A AR R 55 i 1) 9 B
), Wb, WIREREHTIER, HI&ILEE, RGN A 6.

a) IEBREEM:

b)  RATIRSS L) CA &5 AT,

o) IREIAYRERE EHEITIR ENE P B8 4

d) RS EUEFS bR A% 2 1 AR 55 35 1) S Bm 84 AH LT«

(4) RS U TR 2 P 3 RIB S o (S, 26 P it 24 1 CUE 15 R 3 28 IR 453
(5) WEE AR, BILIEE, SREE RN A S,

(6) 75 7 i ] IR 55 #8 K% ) AT RESCREIIGRRINEE 7 5, (IR S5 2 o AT i 4% ¢

(7D FRA5 25 5 (225 P S AL ¥ 0 8 7 5 m a4 438 Jon 86 0 e 0 o 25 7 2K

(8) g hna Jy 2ol Fl 2 BTSRRI A CRPIIABD BTN, IR B4R 7 i

(9) Z S BI AR 55 i R [m] R IR 5 SR SR, (M E QAR BIREAT i, IRIUEAR
ey 2, M SRIBGZON E Ty AR REALRS , A s R o s B, A 2 MR 55 S ik
T IREB R A PRAT I 5, A& 2 I 55 o

(100 Hk 55 dmtle 2% S om AL RV B A, (M B CRAABIEAT M, SRIBCS AR 1
Y, AR RIEE T, 55 s MR bkt & Az S AT Mo a,  fRIEEE AR
SR EPSYinf e

SSL XA IAGE AT SSL HA [A A IE 4 [X 51 :
(1) XA AE SSL Bl 3R Ak 45 2% F1 2 it 9 3 9 A % 7 BALE 4 o

(2) HmEIAGE SSL MM A T EE Fim i CAUET .
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Gis S RIAL .
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KE. EHAmEEMRT, FEAT LN B &R 4 RS, Tiex THEIE
ERIE R A A ISR, BRI . PR BORAN A R 55 i, RE S AE [F) — I IA) Y
ALER R ) 2 3m T 5 K . FOTA I OS IR RECE V), AR OS JRA T ZIF KA
(] FOTA JERCARA, [FIREE FOTA B N R Gt t, thZRT OS #EAT 3 ) I IL L,
AMEZHAT AR AR, I BERAT RO A I, (HIX R T — it )R
', FOTA 2 MR RIERTT R T, JFHZRERNN. EFREWIKMIE A, FOTA
BT GRe O n 2 A  EETBL

T T B 5 3 AT R RS R R R R [ A AT TR . R R T 5
YOI ) T RE S SE N DR 8 R IR M R e AR AE ) % AR . FOTA TR C-S Zet,

R SRS A L, AT TR A E WS T . FOTA JHEAA ARA, 4 —FhRA
AT S LT IR AN 3 o R TR I 26 Ol B BRI AL, T 22 20 T 2R S A IR 98 R
T+, T ER:

El5E —> D m— 516
- EOMAE
FhRA FETH

& 2-3 FOTA 5 T+
FOTA Z 3 FH AV AT AL, BN K/PN LB TEAEANEER, MESE
HEARE MG, TUOMBOEAZR, MATURA)LKB, Ad@EEHL T, Z58
LIEBA/NMI L, KR AT AR 58 2605 2 OIS 0 T S8 T 2%
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IR A £ S A7 DAIE B i s R B il L A% G ELIBRI B K. 2 AR BILAE : AR 2 WK R i 5 T2
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AN i, B B A TR AT B 045 B 5 BT R AT IR A IR % B O
BRI, IR SRR I % IS BOR T RETCIEN o Ak, BRI i 46 £ S DIE
77 T it EEAR DB MU 7 3T B D i M R By, DA PRIE AR B 22 1k

[, PR bR S EDR, SFEEZ RS M IET X, GFRE S o/ &
GiZlal R GG BRI S0 B 5 28 K& 5 APP ZTE]. A
[l 5 T RIVAETT e & EREAMFE . ik, PERM S ANEEZR G H 8B % 55
SRR B H ORI REXR T M R e FRILEL R SR 2 MRER, ZRaEfEa @il
IEHIAR

2.3.2.%m 5 =55 F G IAE

U

H AT e = e K & i B Ly s, KREVBN A& BEiES =80l
% G E, XLyt fREDR AR 2 o B E — S AR iR, BRSPSl
RIS AR R G VEVEI E /e 15 5 WA AT IEHOEME . B IS B 2o A e B R,
KL, TBAERER R, EE A5 RG] A IEA RN 75 £ ORFE 22 2 T4 N i B 4k

FHIEAR
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s
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m M

H 55 H B &0 5 = iml 557 6 FRAER R — B 3E T B S AR AR, SR FR A
TR A, MINIEAR 2 KRE B PKIL. CPK.

1.PKI £ %

PKI s& A EAEAl 3 (Public Key Infrastructure) MI4E5, HEZEINREEWGE T 5% N
B S MAH R B T GBI A A KGRI P S5 B K FIER) g8, L
AE & SR B 2 A, B e EEME L B A R 2 M RE

SEREH) PKI RS AR A BURIENIE(CA) . BUFIET . B IR E R4
PAERE RS BB (AP A S HE 7. Hord, CA RIEHZRN, /& PKI M
o MEF A2 PRI AR E N RIEAM LI EZ, PRI SRR ST (WU 5Bk
R INGESE), A ZOE A RS

©2023 7Rk KRB X - RAUTA 30
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WEF R R He i R %
R 2-1IEBEALL
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N LN 2 X, MRIEPRAEIE P37 # 8T
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B IR 3 Ny
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N 375 ;

PEE R
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-, — AT, HYGEMEITREEAE | B, B K, ik&a it
M5 15 B

©2023 7Rk KRB X - RAUTA

31




2.CPK & %

H4E A% (Combined Public Key, ik CPK) it & 57— LR T- 2557 WAL O 2R,

B LAy (i ECC.

CPK ARG SLAER IR A AR L,

SHAT 25 JnAZL A fift ok A AL AR PR AR TX — TH F M Al

REWS B IR IR A A AL RIS, P AR X 7 4

PRI, IR AN A AR R T AP AT R R T A, TR R RUONIE R A,
MNTT A 5224 HROAIE 5 8 BRI R A IR A B

FI RO 0 28 4 rh oK (0 e 26 eI 1 07 sSUSEBL S A E, R iE I CPK AR IR
P R T DRSS (A iz e AL, (H2 /G B ID (E - F R SR BREE A

BUA B Br CPK R A 1 73 Fo b iR-HIE 54505 sUSEBLEH A DAIE,  CEIBRI B0 PR P A R
S bRiR 1D B, BOBEH AT SDK Gl 45 577 AT B & 5 & S0 bnil ID, i &
HAE RGN B BEAT H A UAE, HARBGE R T AN A EEKE 5 PRI REEA —F.

# 2-3PKI 5 CPK R R L

(L33 PKI CPK

PR CRAES, S =T7HUE TAE | T RERR, ERE =72

R CA WU IEFJE O AR . IETRMY

Pk SEEEMAIES AR, SRR B A 4% g%ﬁ%%ﬂ,ﬂ%ﬂ%kﬂﬁﬁ

ik I3 4 B K ¥Eﬁﬁﬁﬁ,$ﬁ%$%$%ﬁ%
i

2.3.3. A& 5 P44 /9K
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FJE
HEHATIEAE,
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W 5 HL 2— E 1B BEAY 55 g
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B S MOREE P B 2 [BEAE AT, & SEMREAT S IE. BRI RT, W
# B @SR 2 Rl E 7, Bl ZigBee. LoRa. W45, FULIEHAT & IIER,
W ELREDL N BRI A IE+ B R AL & 75 5.

2.3.3.1.35 ik

1.ZigBee

ZigBee MIZEH, WRSRAT RUREEE L —MEAET L, AEAE DX AR R 1 7 B AT
YRR BUE, ¥ ME R — B Mo RA RS PSR, FEPoEdRiEE, Bl
I B AT B M AL, JEHATEUR ML B T ASEP IR, A R RIS

YIBEIBE ST TR AE T BE Ve W1 Ua 1S B, B s B AV 22 4.
2T
WS 2 R U AE T bR e —, BT ST AN N X R 4% 7 T

AT 7R M A A5 DB X PP AT 22 A RROAS IR AR, I AN [R) Rl PR B b A 2 2
BT AAR I 7 ap UR

(1) Sl SEAIBR I B 5 AR A Xk I 2 Rl A, A B i R P e v 22 4 ) (R sk AT 0815
PR IETE 24

(2) EA RO A TR B e pE A (BN RE 5 RSB %), MR M Bt
IR SR SOTHE AL UP S W Ao | S ae e €2 3 VA

2.3.3.2. F & INIIE

T ZETRERES R, THSEAET &R TRESMAERRR ID, £ 7Sl
PSR 5P GEHATEERT, BRSO T ID B B A BT T B GE, LI
B B il

TS 1D AT AR e R ARk B 1 07 A EAR IR B . FEM AR R R
FLER B VRS B Z a3, W] DR I E 4

(D) ZaAefk, B4 e TPM

(2) By hnss e A4 4
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BIanE A A K DTU. 78 R Bl S I e & AL 5538 AT, SAFAE T BLAER
PRLSR A KT R, AP0 B b AT 45 A T B Sedt A7 P B e H AT P 19
SR IETT AT DR 4. 27 AEYRHESE U7 i

1. FA4NE

FAAIE T R E A P A A RS SC B P S5t B S AIE R SR A
MM st (A, B P BB R AN A P S 3T s, RS
SR PN e G B R G e R e A BT UL, AR NIRIE ] T Ak B
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2. ZHTINIE

Z 7 B GIELE 2 I S DIESOR E380 1 4l B AIE R 3 ——— 0 an e 45 Bk 5
FHIE. BRERSE. ZRTHMNET, HPESRARE D 7 2l S 1S Mshd
A FEIRIGIE, R BrA VAERE R RSO0 A4 BE 0 IER AR S

Z T S AIE Ty 2URT BLRI o B AR Sy 3, S R0 AN [a] [R] 25 U5 A =Fh 2k
Ao ARSI UERS B, 1205 sCESR I UEAR 55 4 4E [/ — i a], - DR — 7 OMRIAE (1 S92
AN ZIEEVAERAE S . SOEER, AU UERD EEATAGIE AR 55 4% LS8 AIE 11272 I [A]
B2 RA P AR IRUERS R 55 25 SR IE 1 29— 2, M B i 4 s . K
UERS 3 7 B EAT AN AT F AN AR A T

3. AWK S AIE

AR AE B A AIE TS SO SR NG AL 4R S0 N A PURE B8 R R AT N 7
HRAEAAEEAT . TEREIEYRHE S D IE T ZE PR IBUEYRAE . A AR RAR . U
BARFEABEAT RRAE VL A 55 T LA P 3R

R R, AP ANE . SR e, I E N &E S A
ERESE, RARFERAREE TR AT DUEE A E . 385 IR0 IE 2 RN il A= 00
AOIRES, Bk il i e ARE AL .
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RH, SIS, IR, AR APP 0T LUR(E S 2 X R 18, LR
A R A AT 2 1610 4 2 b

WHE GO N B S = S ARG APP SIS R ATER R, Bl & &
BTG, WRIENIHY APP BCX I, il Fie e — %4 ID T APP [ H R Gu ik
ATECRIE, AIERC) S B APP T 800 B S A IE 1D BOIE BA A ML 4m 2 %%, APP
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R SBURIER N R GE0 4x i 22 4 e, 7R BN 4R A BE AR B 22 4 oy W BT s Bt
B MEHRE. HE, BPORE WHER. WRER. BMmAMESUIRER. AP
AR, BEMFESE, ATREE T ZOR B IR AMR ISR AE S5 80 . XL ™ A 10
LR R, AR RIS AL EEE ARG M, BRI R RSN
2% g A R S B IR OR B IS T 80Hs 20 WO B AL BR B S (KT PR ), ik AT RO

FII, - ADIER I 0] 268 ML eky = BOASIT BE 8, BORE RGN, B R4 AR B i i
APT Mroi S8 W 28 Boaky B AR PEATEE A PR 5, WoR HHIPE . gttt Btk FkiEss
BUHTRAE,  SEAh B T B X B T TSI A BB, T W 0 500 22 4 KU AN g o,
A B I 8 1 AT BRI 7 SRRSO S5, T A 5t 1] 4% TSt A 5 A DAAT 28GR AT
JATE L R (03T 3 Y 2% B

X WIER R A S 2 4 AR 3 AT R, KB BOR A vk LR S M B SR A7 4 A
B, OAL G 2% 22 A X o A ) e, P AL g

L. R 2 B (R WERWE. “alE. RGHE. FEHE,
APP AT 915 B4 MAMBEUM S CRFES . BUBEIRE 855D 8RS iR AR
FRAL PR A7k 7] L

2. FERDRAVEER IO SIS Bl 2 A AT KA g sk et Fy B e o0 A e A, SEEEBH 2% 22 4
SBEREIE, Tzl FE N TR 2% U MR 22 AR XU
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3. R E. MR B ER. RS RS S 1) R M 5 IR
Kz, SEULZYERL. A0RIRL. AL ZRERIZ a5 XU IR ER o

PER Y 22 4 R S 23 A S B R 43 A LR LA P 3R
INEVEEINIE
2. BAIE AL B
3. R Ak
4. ZA T

5. B E S AT AL

2.4.1 B IR SR

VIR R e b B AT AR 2 s, RAERIE R 20 N

(D BRUR: AR i Wi = A i 2 a8, SiEEELe. Thgse. hE
Za. BIRRM. KRG waf el BT st ol mERE. RS
5 H . RIS BAERE. RTINS

(2) MZJE: M g 2R &Rt 8dn. HEEdE. WESdE. LHHE.
W28 5L 25 S o e A

(3) FEZE: neeEflE. RaLeEHIEE;
(4) HZ: BOes8dE. APP e HE, MHZSHES

Hep, MR PR MAEARZE80E T8 H S0 sNERREG BRIz
TR IPRFRE, W] DA BUR JURP 7 23R 4 B -

(D e HEKN DRFFEER, HRsEFERGFERIE;
(2) dEd IR RS EE agent &7 ASREUM & 5

(3) JEI PR J7 3B SDK (AR T %% RGBS ED) IR 7% % 44

2.4.2 B4 iAb B

BT AR L eI, A TARBEE TN E R, AT A E A R AT
— BTN . SRR ETL (B2HG, Beffe, Ingo 4k
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ETL 4 (/& Extract-Transform-Load 465, RIECHE fh B A 240 o 8 32 B2 58 il
PRI B 1 B & R ) et R . Bk & =D 3R

(1) FliHC: R Bl S R AR 0 55 R GE sl 2% 26 TR B ok, 1K P AR

(2) Bedfe: FEIRIRSBETHLF AR IRE il B A AT R b AL, (AR SRR IR AL
kg Reg—ik.

(3) e FEH B ER L T S B e e i A SR G . 8 ETL #:4F,
RE 5 X 22 A Jdls o AN SE BE B AT A T BB IR, W BROCAREEE, e FER G ER
VEDu T ) 7 MR i Gt — B Ba itk 3, TR KA (R F) i il 28 o 205 e it AT
REDHR, J5 a0 Hat AT R 7 -

2.4 3 A7

AR e A B 75K SREUAN 7] (0 B e b B A LA o

(1) e abst: HTMEemEs . HE0ED L8 o, —BRH
Hadoop 1 Apache Spark it & b 4244

(2) VA AL . 3 T AL B A Z500 AR 2 Bl e 1t R i i 182 - L v — BN ] Py A2
BB T, — MR A Storm. Apache Spark Streaming. Flink ZbEFEZEH),

(3) 2 HAH: FEX &R T BE W, BAETRPeR, —RRA
J&T HBase. Hive. MongoDB. ElasticSearch 5 NoSQL &7 (B /7 i, FIEEAH N 1 i bis
Rl AT s O 1 A8 A E TR I RS R BT RD BB B, RS SRR PB
P H EHIRIR LR

2.4.4. 2401

AR S WAL SR, RIRTEEN S rBr B Bk BRI AT ety SRk
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244147 N HT
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FENL e RGUTNALL, B SN SRR IAT WA 5 R L, R AR R A
SEHATON, A ROk I H RO A A BT A A ) 2 A I 7RI RIAT N B A

(1) HEERE
(2) MEFE
(3) XA
4) Hrgs
(5) Shell id3%
(6) HIEiizhicx
2. MZAT R AT

2% AT 9 M ad e i X 2 R, DR 0 7 S A B L R AT 0, ARG R
Wiz 24t —AGE TR TP bk H A IP kb P . H S H . AN, AR,
PT 8 WRCEHRSRA S A F R R AL 17 B 20 1 R 2 P P AT 0, 3 3 x R 45 ) 23 A
AFFEE BN PPAG, KBTS @Bl A RAT AN it i U -

3. M T

I A RIS SRS I . RAE RGN RER AT NHEIER, SN
Uik, HEES. $iHREC. SRR, WS HREICRSE, EEA ¥R AT
N, RIIA G 22 F 8

2.4.4.2 BT

B NIRRT B Y, RS e FAE AR B, MR 2 s SR A B 2 [RAEAE AT
FEARERERIR AR B, DX PR RENIBUZ & R — DN BAT A A, A e
KRR, EHNLEEMREE— RN BAAT AR R By, Bk pd e )~ s %
i1 DDoS Bt

I SRIR T AT B ARG ARl [F P 4 2 e AR AT TR 0 R HK, IR R AFAE ARG R,
L S B 28 Bt B I NARAT N o 3R P SR BB 7 M T SB[ Sl 0l 1) 5 e 1) Jo S A
2 R L A HAF R BERIR O AT AN R 2 SR Ab B

PR IR P DL ) 22 4 R 7 BT R A

(1) ZAEHERPIH: WM AGANZEE RS H T HP— 5 RSN RRE™
WL AN S, 8 SO TR U R LS IR A 15
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(2) WZEA & RIBR AT WK DDoS 1) 19 2% 2 B 73 #7 5

(3) ARk a] () 22 4 SRk o i AU AN B S . M ENLIPEE. HEFEZ
(6] TP A R 156 R AR i 2 s FAh

(4) PrdeBEids o bir: (8 Xede & Bl i sy i 51 ) st i 2 ety S 1
RRKFR WFRRE, KSR A oy BB UL A UL Rl 747 5
FPoULACEE, SEILMI 2% Mo da il 48 2535 EAil 5 T

(5) BXBhW MR 73 e A A PR B0 & By KBRS 3% 1P waf 1 8 5 17 1] 457 73k
S ¥ Kl 5 22 A B2 P 0 48 Ak BEAT RSN 70 B, il DRIT o AT 2 ) P S 1153 5 B
AT DAAT 0O A U YN A AT 2S5 3 OR B vt [0 i L 45 00 i 45 200

2443 %

WK W S 5 A B AN B Bl R e BT S A, A My . 2R RN DAAREE
TEAHE:

1. APT T Al

PRI RS, APT Xy £E S Ak v B 0008k e L I o (9 G A B0t 22 A . 550
SR, T APT Mo Fatic ks, H o 2 () B AR MG IRIE A e, K28
PGt (1) 2 S i TR T3 S TR HRABNX A AL o

A I R FH 1 B P % 2 A IR IR BE SRR AT R B AT 2 e B AL S i B
PR, JFIRYE APT MUy 24N BUAT N5 IR R @S AR AN IAT N ZE S, SRIBASHIN 21 )
B AICLIFAF, KBBEE APT NMZRESE, A ZGR5 H APT X

2. EEIRER

e d b g —> WIEQEAR —> MRNE —)> 6

P 2-4 IR R i B O M i R
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e VR 5 IR X B e B et A T BB 1) 2 s XU [ i o L e R R AT 2 — .
K 2-4 o, B AT D9 AE AL &5 57 1 B J735 T S B0 48 Sr 5 0 A S A A S A 0 3 A2 1
H AL, IR FE 7 31 KRB 2 W oA B R AL AT Bk B S, S5 &I
TR B TR e SR ROR B ER R B A i, R R DB I X 2 o A A R R

(D FFEFEPYER: EERES SR ER RN, B RE SR E
R L, IR RE S B RERN —JOR T IERRE SR n = 0ok
T IEHRE S BCERE RPN L L IR R B R R 4 9
XL IEH RS S TR 1P X L.

(2) HUELh . deein I ROR AT DLPGEAR I AR 48 B S R4 ) TCP. UDP it
BR, DA IREN H A B RS . PRk P DS TEAE R,
FW W AT

2.4.5. 24 AL
e AR AT ML P L B 2 3 N B D B 28 R 15 R R £ 6, SR
E R G 105 A KT, RIBEI HAT R 524 2694 417

W 22 ] AL AR L ECE vT AL R . b B A S EdE . Sem i
TE ARy e N IR B 45 A ST AR 0 22 4 P ARAG IR A 21, RS Bis A N BAR) 22 4 S
/U F I NI = ST

2.5 Wk I a2 N a5 R
EYBENEE SRS, FHEPEIREONZEM . 8. s MAT A, XN
RERFYEERAE BRE., B, £, NASTRE.

TR A B R i, AR SR LRI R T 1) & A BRI L IAE D IR 3R BT R AN FRE H
JEHAEDNB A BB E LR, BT AR AR EE & BRI AR 1R
HFF. BEEOOR & OTA THR A0, G OR M IR, B LUK I 3885 75 R U 4 Y
Z AP U ORE S 2 4.
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(2) I BT 2 A4 SRR R B (1 e B

©2023 7Rk KRB X - RAUTA 40



(3) I HERCR AT SIS, R g i
(4) T s B R 53 10 A GE AT o1 7o B 48
Ik 359 S

XPPIHRIA B R AUL, AEH B2 AT R WAL WS ERMEAFRE T, HHF
KA EER T3 A

1. WEHIn

K FAE A 77 2 AT N2 3E T S S AR T U R I B 3 4% . RFEB 7 iE w5
B IEARSE &, 140 SSL/TLS iEBALH .

2. TiEPhn=

Xt BHRAT BRI e 4, UEFS U7 sURTRETCVA BN, AL 75 ZER UTCIE 5 0
Bt o TSI A0 JE UE 500 8 5 il 9 AE B8 1) MCU Hr iR 28 i e sl A B SDK, AR B
SDK 5% H1E H R G kAT A2 HARIUE B, SEBLEEINE .

3. i SIM Rhnss

SIM R 38 H R 32 8 T N 48 AT 8 A5 IR R B4 o XA 2047 0l TR S 1
SIM K, JEHI SIM RN %40ty BOEE R H AL ) — e 27 %, | Al K48
dn B AT I 22 A i, JERE 5 FE AR EOR TS . sk niUR B0 — Rl 2 & B &
Fek

4. BREYINE

SR P B 0 SR R B et AR AN K P A I o Sk e R 00, O3RN
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H B 0% kA
(1) AES

RN bR AE (4% . Advanced Encryption Standard, 4i5: AES) , fE#H5rh XK
Rijndael %%, J& 3% B IKFREUM K H I —Fh X P2 br . AES 5VEGLHE TR 5
ECB. CBC. OFB. CTR Ml CFB. #HKE R 128, 192, 256 {55 . AES Hikiz ik Z
PR, 0T PIAE S A, & G 2 AR AN i H SR BRI ) 1 4

(2) RSA

©2023 7Rk KRB X - RAUTA 41
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e, WaEH TR TE4 . RSA FSEHAKEIEE N 1024 A7 K& LU L, R B4 0E i 22
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(3) SM2

SM2 Sk E R SR T 20104 12 A 17 Hk A, 2REE R AHAZELE
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U1 TLS1.2. TLS1.3. AES256 %%, @il i |y & ik E4: .
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WEERERZEOREEE, B M 2w RN YEE IR 2 F & BB X 255 2140 5k ) 19
KI5

htt
WO I LA AR 5 o R
TLS/DTLS WIEE
= FE
TLS/DTLS
https
PER A A 5 w7
/\‘LS;TLS
ki Y22

25 FR RS FLS 10T BT
I 49 7 L P R S5 O 430 805 BRI IO . P0IBT 4 AT 5,
T B O SRR T £33 1 9 OPENSSL P 9K e AR D SV 20, 9
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BRI, BEICEMEIEEMENZE AT RIS, 2568 A B A 0 S5 0 0 1
MRS S REATEAEN, PSSR Gt A AR R e B A Sk B AR AT I 45

TN 23 A AT ER I 15 25 [ R T I 8 552 BR ¥ 1) /. MBED TLS J& % 1718 TR A 1%
TR —A TLS Phill AR B, B AR SR RE I B & WA %IZ 1T TLS %
H AP (SEIL B EM B 5 . MBED TLS /& MR A& ik, RS M AR A T HoAth &
FpsF &, R B P AE OPENSSL I — MR E 8K, REMSTEIE I 145 BB 4T I
Mo bR b, 7T DAK B G 5% B A 4R i S MBED TLS FE L, AR 9537 57 5 SR #3T
MBED TLS P iR /N /2 20 B 4 O BT R oK, RAEAEH], RS R, 4R THz B
JZ.

DTLS: BJ Datagram Transport Layer Security, [\ JCIERR£LHiZ, 41 UDP. TLS A
Ae F R RAE UDP AL 4 F 804 1 %2 4=, At Datagram TLS R EI7EBLAZ ) TLS s 2244 F
YR, iz 3 F UDP, BIRCAN TLS M—AN 2 RREE AR AR A .

YIRRPIESHE(NEE loTEE
g5 Hth DTLS: SGHEMIEF. ISiEMsE
PSK

A

> | ek | Eo0gE
RiF

HIEX RIIELE o] {48 1 T wE | HTTPs

L {
[ sim me | s CRE ) D—

K 2-6 DTLS #5k o N 2@ 5

NB-IoT i F1 N FH EAL 5 )2 — ORI TS #:10 UDP,  FHM L, 22 4 Uit >R
DTLS #4740 F#4E:

(1) PSK M4 FKA K, I IEAE L DGR AP T &

(2) 7€ DTLS #2 Fidferf, K MEeiF & /256 PSK i —80iE, IS iE Xy
B4y, HIRA PSK 2i& 554,

(3) £ DTLS #¥lafehid e, NMAZMRIC, A PSK &1E#H, #EATINEH M
FERENELRY
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2.6 MR 22 4 PR

2.6.1. %4 PEH

2.6.1.1. %0 Al A it

G R ap ) S R e o IR S G R B g A D F A AN S RERETE & R TAESENEY EPS
PRAERITRIVE, 25 B ZARRHARE T T 148 SR, BRI e T 1) 8 B BT S i 1
JE7 o RS A I P RS AR DR s B 2 i e R 2 4, A AR S B A AR AT
AR PR PR 28 09 S KPR I 2 4 i A BRI 55 76 5K

A B B 45 DL AR
(1) I HLE i HLEERE,  SEI AL B 2 o 1) 25 B A 5 S H s S D e s
(2) HPHEHSRITRG, LIRS EVE B SERVIMGL, LU Zom i 51
L5 RAT UIRE
(3) #imZ4yuft (Secure Element) , SEI 20 )% P47 il 5 B2 HLTh RE
(4) HMRS = LY 1 APT & SDK, H A #4550k M B FH & Grde fit
Kl g o i 55, ot a2 A ER SO LOIEAR SR B IR ST, Wikm 4 4
W% B i a2 AR LR T IR 55 AR HRAE 11 APL K SDK b o0 28 s B2 - $i (it
VIR 83 22 Ao AR TR SR
B IER G T 64 AL MR BT — R RN, SEIE ol
P BRURI R SR o S RS AL R SR IR R 28 =7 R MBI ARE, TR =T7 %
GREMGIAIEN, g — B,

2.6.1.2. %5

PR R T B Z L 2, B RGRE B SN 2RI 1. hTBkMix
R R R HIBEEHE BEOR O™ i . RN PR B R, 20K
FAHE R G BIE AN R G 25 PRI, A T B R Y 4 e

R INE BRI RS S, T8 P AT B AR i A B, 345 BN
oA P B R S N ST P AR B B RO BB AN T T, — T B AR R
YR B YA PR

dg By

=

1. AR
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FEREAT A B HIIN 15 5 B0 8 2 P SRR L

FI T 00 S A v A B T DLIRE G 75 28 MU S tH 3 9. (R Z S IR 5 A
SRS AL RS IR, G E A R, RO R N SR S .

XHF VIR R 55 T R, RNOARYE B 1 DL FF G N B PR, ] H
E T 00 00 I SR AR B AN AR BRI
(1) XFRE%

X R R AR (R 1) s 0 Bl 5 5 BEAT I A s A o AT RE 2 (R X
I S AR AES SE(R OB bR SNE) ML E B B M SM1. SM4 S55E

(2) ARXF PRSI

AR FR N B T BN AN AR .. A SRR X, R AR
gty e, RSN ARHA R . B 2 AR AR Jik
F5 RSA Hyk. ECC EyL(H6 5 i 28 nas Sy AR [F B 0 & 1 SM2 2551,

2. BHLE
BT L V4% 25 AT R B v 8 A7 Aol o9 e 2K
B #% B AT -

(1) L. RHZA0 . %4 TPM. %4> TEE S (L4 S H 1R 2 4,
BN E % SM1 248 .

(2) AL 2 eBREEE =77 %4 SDK, H PR 8 P AT 2 176k
32 11 A P Bl E AT 0

(3) SIM k: Z&EHHEK P T SIM R, KBRS

P B
(1) 4. syl e 25,

(2) BE=dP L BT O E RIS e, Gk, n
T A 55 T SR E B 4

WAAAAE RIS N RE > B TSR DRESAEHLE S0 8] B & Ry A e B It
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Ik R 22 4 SRR R P K 3 P 75 12 A AT WO e Ap ik . RIE R 290, TR
SR AR TR B P, A TN ILEE 2 &t O, 2R e B PIF 6, A7k
T A A EAE X . BRI Ah, S PIEAEAR TR B U P AT B AR, A
PRAE A b AN Y a4 22 4

3. BT K

HYI N KRR EPLE NG TR E R d R, —BCRAE IR, Y E Bl &
REEA.

WA B T s PIE e ) A BRIV AE B, A T i R A R Bl 4
e, — B R n] A E 0 S AT A5 o IR S BB R & A B
SIM R 77 B h, T e A2 B — A AR b g b /e i s IR PP b . FE—S8dg b, T
JrBC R B R T B S B S A I s A A

YR BT S YPIE A L IR S R e, — RS B IE R R RER . s
Mz BT A& SO BHEET), WRERAEE, RO TR B B G0 E 1 E—
TR, ZEAN T RSEEmELEN.

4. EHIEH

NPRIER I RT A V22 4x, 72— L8375 R 75 0B % 91T 8 W1 R .

FAHTEPLE] AT LS 2 AEHLRIARGEE, Bl B R e il aRol, —BR& Sk
ARG, W H ARG B Ay IETE K, BRI B TAREAR T - ME K
TR B s . 8T DL T BUA R 1 R A v REIE N RO B ], S BT
e RS0 il g AT it %

5. HHHB

T I T R, T B BT RO, BRI (R B S A R g K
BERPEREAAU R HURE . DRI AR ARV 25 37 50 € A3 I 3 91 S0 A 20 . A2 3 A 2]
SR HLJC R VAR /oK I, 7 B AN A P 0 AT I W A B, B SRR S B SR AE AR AT
NTG ik AR 75 3CE B SRAF A SR AT 5 B . AR BRI (5 B Tt 5 B 1 W
A R i RS F RS Sz 37 R 85 B BEAT B L 8% o

6. TEEHPIEAE U] .
VIR R 22 AR R X 912K AL 3 s o
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/// mEREER
{ TIFRE AR N
[ B BT

/
{

/ 4 mEsERe
/ /{ a— e
# // N meawme
[1: 4
|
E R
\ /| muzos
| EFmRmicESs (—  RIEELS

\
\\ BANERS
BAWSY

P 2-7 W I 22 A ) = B B SR A
P B A GRE &K RGP BB P LT B S 55 %
AL
EHEAMN TR E R LI RAT Z N E B2 e, e a4, RIEEH
BERLYERTT G ORI (. 5P ARIRGEESE) o VIR M B PAE 2 a0 i h kAT
Hraatens, mEAERARSGS —AREEEY], JRERETE XSRS . e
B AR, W AT B P REAT A IR, A U PR B A A R A X
ez A A PG AR S P B S T B R AR
WS BRI T ORI 55 R ) 2 4x o b RIS B AN E E Y, B EYE
HYVEHARGMER T, MZmK 2N AR, AR RS AT, %]
WHERE B RGN, AT R A b M SR P T B P ST A 2 A B
B, WK, HORENEIEM B A fll 55 % P17 i e 22 4
Frefs SFE MDY S B A ST G, B 2 e T A IE .

2.6210T FEXEEH

FEVIIRIABE T T, /5 B RENE R AR . T SRR 7 el T e 14 S B S LK L8
FE. TG, PR dh AR R 2 A EOR MR B RENE T AR IR A B — AT,
MR 0 2 3 e 46 Je FHR N SRALE, B2 TR, P2 T P il i 24 8 7 i i B 3 44
L o O T AEER B T SE I B v 2 4, AR NS RE UK IEL LRI A R e R
KEE, /£ 10T FHRZEWEITH, EHE U LLT U7 TR SCR AT E R

(D) Hdfa s BARAAERIURSCR, BRr g e, Sdathm (BN

() Kt A A EicdiE o 2 VA AR ), s BRE B CARBREEE, fRIEX L
HHEASFIRENMED « Wtz 4 (Badhoim . WEBA IR . USB U
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v 0 ) 28 MELERE 10 425 1)

(2) &%z 4. FHLP IA)I I 2% It A ELRG Y

(3) mERHL: FXE TN = EE E ISR . B4 T AT B EA T T,
KSR, B RS VIR AT TSR R UL 5 RS A 1)

(4) B0 4. A 1SO 2700X FRFIHE I 22 4 Bt S8 BRAE (WM 22 4x . 3%
RRVE . 724 WARSEHLED

(5) AR : SCHFZR A5 WA R 2008 S S .

2.7 W8 N 22 4 R R
2.7. 1. 5 1 2 AR AR

W TE T Sm e, B AR TR o TR A R A B AR R O, DUE T
BEAT 18 AR R AR R A AR I 0 SR AR AR B 2 T St - B B R T Re,
A0S 44 iy A A B AL AR AN ) B L AT — B R I 2 IR . (HREE T A% R, K%
KPR e 2 o AN B it iR R I 2 A R T B, WA REBCA TR, X Rk
% Tk 5 T AR 25 B b 5 10 24 S P P9 SR A, Ak B TOURA O RE A 4 11, il USB 5
JTAG 10, B, W, S5 5%,

T, ZEAERE)EAATE O EIER M AR, BlindE DA DIERIT ] 4% ]
o B T DA P B e O B L B e VA, BOE R A I R e R R AT R
AL, S RS2 M IEAE, BRGNS . B EM KSR T A R
Fe CVBIF R HE T, ol i Tt 2 TR N6 D0 84 e 24 i 9 A% o B A TR o TRTE EA T T
Fe CUI 22 A R T R AN 1 5 1) 2 AR B R BORE M. P T LR WL
Ee RNk el N7 WA

2.7.1.1.USB £: [

a4 USB N DRt & 45, LR ARE, T USB AN ki,
JITEL USB ¥ 4 it BN 1% RRE PP AL #5 1K) B E 404K . USB e A AE IR K I 2 4 WU, ]
REIE B 15 e . Bt . AR RN PATAE

BRI s 22 4 K, A LUR UM 2 4Bk

(1) 4k HID AHLvest (I anse it SRbn S A\ B a8 ) X U BB 24T g, K
FE AU B A A N D P20 58 1 7T 4R SRR [ A, LR ALK USB RSB — B, JF
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PAT e 90 5 U7 (1) B2 LB £ % \ . USB RUBBER DUCKY ik USB #18, 2 &t 51 4%
SVENTE, AR X N R i i A . {8 TR T A USB RUBBER DUCKY (USB #5¢
) PR B 2 5 AoV USB 2 IR NBE T 781 Teensy A2 HA 0 v HLINRE 5 BEIA 3
WUITR RS, AR A AT . 2TF K 1) Teensy USB 15 #% 1 4 R IR 15 59 Bl 458 B SR
FITCABR T AT DAIAR 2 i B 46 2 75 A0 USB 32 RN F B4, i ] LI 75 e AT 4 A ik
ZGEAND, IMARSER, JRUETETR, WA Kali BREA1EH .

(2) B LLOK 3 e 2%, W0 IR B R 8 A R 15 e ol B RRE . WT LA A DNS
Override by Modified USB Firmware £ | USB [NA73K 5 #8 B[ 14, I H & KA USB LA
KWERCES, SFF AR BT 7047

(3) ffH USB 51 S IX, MR EBRIEAEF. HideBo U R B R 1 &
4iff) BIOS, 4 BIOS Vi U #iH, 14w — N FemlH Linux R4, A5G H0T PLS 35
ANHIFEFF

HArE4 A T —L4 % USB # 1 Fuzz Z 4K T H . %)% K% Hui Peng. Hfi 1t
IR HS 2 T 5 e ¥ 5% 43 12 1) Mathias Payer J iy B 78 BN, e — A B ABATT 6 2 (58 TR
USBFuzz K | AR & _E# 26 A8 USB %4l . USBFuzz »& —f & [T T MHAIAY
BAE RGN USB BN HEMR I BRI 28, 2N AP IES, R B2 2t A i
W KRBT BAMECE BENL B N AR S A2 )5 . USBFuzz 1HRIME N — SRR H 78
GitHub KA .

27128

HATH: 0 (Serial Interface) iFRH 1, FR 4TI (58 O el s A7 @B O CGEF e
COM #:11) , RRABATIEGE 7MY e . BT RIEEE — 6 — A7 %%, 8 0
— A5 VCC. RXD. TXD. GND, Al &F =R B, —8kil, vce
ISR T TR, FoAl gl B2 TR . n S8 CEEAS Wi dan h 8508, 84 TX 51 I &
B ANTAEAS A, AT DU X R 7 VRN TX 51 0. RX B AOHR AT TX 51 R I E % A
[, e AW E R R NEE, R S R R AR . BT =AN 5 R E S, GND 5
FRIE AT LA E T, RE— DI TE R LA A B R R & GND I VCC LR 2, ik A
wakt, BEEEHARLZ R GND 51,

CommMonitor A 7} ¥ £ 1224, 2k RS232/422/485 47 &M T A, % T A
VPR Al W R ATERATIEME MY, AT B R E i EERE 3R 4T HOOK, 4> #rik

>
iy
ES
=

(&
—_
fallls
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2.71.3.JTAG ¥

JTAG(Joint Test Action Group, 5t & iR 1T E 41) /& — Ff [ b b e 3R B I (IEEE
1149.1 378D, FER TR WEIHK . BUE 2 B0 &g a4 SRR JTAG W, 40 DSP.
FPGA #3155 . HruER JTAG #2102 4 28 TMS. TCK. TDI. TDO, 4 Hl ik #. i
Bl O N R A i 2

A JTAG ZGi/E TMS. TCK F1 TRST &E#: 2| JTAG & F AT s, A4
PR TDO BEF B N —/NLAF [ TDL, T2 T il — PG e e S 445k . B L& 11 2% 18 1
JTAG RS0 — /N0 1 A B0t HAd 1 s s R MR, R0 0T el I 5 AT # il 15
FORE R AT R E, B 2N AR IRBN AL, MBS R IR BRI,
2 ITAG S RBRIN, Bl AR E R RS 4 2 ITAG BALEKE, | T &
ZRER M IKREAE, Tih# — g RE AR 2R

2.7.1.4.M

FEVFIER AR B2 R 1, 25 By 38 P28 R N 78], T RE IR AR, fE AR
Ko X2 A7 2GR R AN BL, AR S0 75 — M BUVLAN #4733E . XK
I8 H A7 LUR LR i

1.IP/% 414

X H bRk ) TCP/UDP S 348, T T 80 A 55 (I B AR A, 302 P
AEENA LA W 38, TTRUEATE DN REMEARELR, BT REAIH]
2259 ml, TR IR 2 AR R YR . — S IBI ie f2 Jl L ORI, I
IP/3 44, P I SeHl, (T IHKI 52 T e e, 3L & m] B AN WK %
IR B o

2.5 5 i

XS T IR e BB O, RN SO A S SRELE — A AT
M FH i Y RS gl P SOz R 1K

3. 455

F AR50 — b BUBERAR A R, JLP AN BT By TR, R — N
TSI BGE R A LU S8 36 13-, At mT LSRN AR I i 26 = 8l I Y s A 3P 1 4

4. 971z Seid
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https://baike.baidu.com/item/DSP/74514
https://baike.baidu.com/item/FPGA
https://baike.baidu.com/item/%25E6%2595%25B0%25E6%258D%25AE%25E8%25BE%2593%25E5%2587%25BA/5885826

WA SRS, 75 AR AR o L B A P 2t B
2.7.1.5.0 5]

Gl SO, Seaeny Pin, B AGE P AR LS 51 H S A B B R AR . BT
A5 VR R T X HUE R BB . SI AR 1 — B, I8 I BT R — B B AR _E Y
PRALIEFEITE O e R 5L A AE 22 4, BR T RE I8 BBURAE Btk 2 4, WDIBR I B 4%
H07Re o e v A e - 2 B e ot R AW R S T b SN I 5505

1. dgfEEA

RN PR B AR J B2 38 I 8 I S A (0 AR . i s el IR R, i
R M. ROM. RAM. & A7 4 35 B AFAE AR AR s = AL BN LA iR, 3 B0 A iR
P, BB AT R A, PTRAR BN A W AL SRR R . R
FEN S HTRLIE H BT 1T & 7 2 A MDD 1 OB U7V o IR N AR S B i mT LIE I W7
BEIEN BRI . BPUHRIEN L (S SRS REA . E SRR (F5 4
B HHEEN 5 SRR R ARE N, DLRCKHE B B b N X B e A SR R Y —
Toft B 22 PR ASE 42 1 EAT 22 A, T AR BN T Il i, 19 203U H S SCPHE B

RIFE F #H5

WA RN (R 5 P R Ry N S ], A OB N SR SRS, DU ARF IS A AT BLIE R T
T Elfm IR R EE AL 25 SO N SR SR <5, A D0 A m] DLIE T AR (5 AR AE 2R
WORE N SR L R, UARF DI P 75 B EHT R Bl e A RE IR AR AL — 8 ALl fEE A
T30 B AT AP I P ToT s 224t HAT, [ A ANIUA R e S b v A fer Il
FEH T @A A reset EA 77 S F s

MEEANRAG RSH, EEOEMEE AR SERENRE ., SEREADNEL ik
TENFZ IS 6], 5 B8 Z A XA N EEALAE B — A ik, SRR IR E AR, B O A
Wi B — AN GER o A MRS AT LA U IEREER. BRRAR . TUREA R, JEmIR.
AP SR Py T R, AR ARG I Y Y reset BAVAE T, IR R reset 15 5 Jm #
JABle R RRBN)E, WU NI A KSR A N, R4S B R A R
R

2. ThEEsrHT

AL M e 52 tH Paul Kocher S5 NS, HH T BoR T B 3 2%, 2 P MfE3E 7>
PR B J o ad (K . R B 7 sSNAT T A IhAE 0. 20 ThAE . SRR DA%
TN BT R Mo DRI A D T BT 35 R AR S e AN S s EEL IR S B — /N LB
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IS/ B R D RE RS O, RIRTHEN B R AR R DUAE AL, IS I A A
FREIIE DL AR, HEAN TS S A N S EEE R

H AT ZHAE S TR, JEH R B IR 20 A A1 22 20 THAR 70 TR L i A5 AR AL,
BT — 2L F T AR AR

2.7.2 W 24 E R

FEDVERINBE &, WA Web S ANES Bl 82 SEBUN e # I RE U ) . AR (5 B
A HBSRBISE L T RE IR A o WK V2 N K Zh R tR 20 5K, A7 AR I RE AR AT e T
A7 il T RE 20 R P RN B 22 43 ORI o TR B T Bk 19X 82 Y 22 28l B AR 7 28 S B
o BRI A B LR SR 5 AR 48 S R BRI, 7T LI olk 5538 4 22 s AR RS
LA 2 AT

2721 M558 w4

W3k A i S 32 3 2 A A G L BRI B AR SN b 5532 4 g ) 2 5 P
I DL S5 AU B RE P B A vk Sk B BEAT Mo g i, — o i T e B Se L)
RE, 020 172 P A T R o AN N AT Ao B2 IR PP )0l 55 S8 SR D RE IR 22 A Pk, B
IR ST . S T IEUE L. ORI, #R TSR R %
WRINFEERK, — BT L 2 s iR Ik, =& AR H ™ AR

b 5538 4 22 4 I T BEAREEJE T B SRR B B s A 4 1 R ARSI, A AN T,
RIVIME RSO B A PTG B M INTR,  SE75 H m OR0EML 55 R GE Rl 55 IR i
THEREE . LS SRR . SRR L b S5 B AT T 2 A XK. AEHEAT L 5%
ZASHTHIRE, ZERN TR B S5 R m, B Sk S B E S O, ThRERL . k55
TiRE BbEii s 52 DR BUA 1 22 AT A5 A 2

E 2 AN P AR B RN XU A, AR I 2 KRS s BT 5 1R 22 A T BORAE LU P
B

W57 %5

Mb B8 IR AR 1) %2 4 A $ 10 A2 b 254 38 v LRk 25 A7 A 1 22 A AR, iyl &
AR EE G NAEIR T, BT ERALE] . B —EBUERLIEHLE] . Session Al Cookie
REEGALH] . B RIS, 2SR liigad . BB,

S EST
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S RGAFAE N A X, a0 U R L] 75 583, R S AR KT s el H
BRI . RGN INE AL S 5E 3, b 55 B2 B W SCfE . ARG Ak 5545 1
T I LR R AR, T DO TS, s hy, % RS8R ST R .

30k I TH]

b S5 IR (M AEAE ) 2 A B, R e 5 TR 2 R AFAE AL, BN L 55 31 T 48
by R, BIEANY S E SR T LLICRR S bS5 FR T 1A A e 2 A — B AR IR,
FE TR AFAE b 55 HihiE w] A L 5O A o

4.3 FF R Ge0A]

YERFAAFAE 2N, RS REIREAR ST INE. RSN EHNSER S
B, RAEMBASELIENHR T 5EE, BB TR FE SQL A . XSS F5 i AR
AT IR T

5353 53R R 4]

VISR RGUAMFAE R AR, Wl e it s s R R e s, R
A3 AN & . MDS SRS A 2 AN 7 e B R G AL I 2 LA I RE R IIHLH] 2
T8, RS mEH GBI ERE RO PR, SEEFFMRE, LRGN

H JG=

NS IENLHI R 75 58 %

2.7.2.2 g% 4

b 55 34
A i

H
E

l

FEPDIRIN e 2 AR 35 T L I A Go B RTARES SR A, iy LR TEAR X e 22 1) 7 — gk
M. R P ACURS A AE B, T LUR RGNS (W Shellcode) HEARERF, B
FEF S5 E AORAT HRE AT S B AR BSRIBGEE HH AT B BCPR, BE S IE cita o A 34T
RIPATE 22T, TRSBOE NN, RGN WEARTERR. A2 eE
EHLRG D G EERMAL . BEXT AR BEAT 22 A E 2 M 0 TR 52K B,
X I A A 22 4 2 ARG HOAE A o SR T R A8 AR A Mk B 2 DL i ARG 2
FAAER, XL DAIRACRS A 73 B Xt RS 22 e o Hr SR TERE N 7. it AR Dy
BAF R A RD I, LI Bt AR 2 AR —RIE A JRACRS & 2k 7 M AR a5
oMo, i RS e AT LSS N R, BRIEANEAT — S AR AR

FEREAT 22 AR, B LUR LA R

1.F Lo
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F Lo NERS IS AR B8 LRSS . P, WA
B CHFNTCEAS B ERR BN AN R AU AT DU RO 5 7 5 o e T 4
oo Hrh QKRR RIETFA . W MEEIEES . R NRER kg, Hi
KRR RO TG . I KR/ R — R ES O HERR B I I — SR 0 T #8277 A
FIFH ). 3R] DM SO g 04 20 88 55 100 0] 20 A T HUER A 20 #7400 WINDBG. IDA.
OLLYDBG 4§ /il g T H, K F 55 A, AW AR 287 DA K & o Zhas P 02 F) A
WA RER A IE1T, FoRMEMEN &S . 2h#& i T A4 OllyDbg 1 GDB, OllyDbg i
WHAE OD, R4 5 R TAEMH T . OD Mt 1 B S AR & Fidivh, ThegdEs
3K GDB ANg— K EIAL IS, HHIIREE A, nEmME AR,

2. 83kt
H 24673 B AT DA A i Al — A . 23 Fuzzing SR FF5 AT FIHERE SR .

Fuzzing ¥ AR VE T HAFIMAR A ) B AR AR, A BAR A sl e Ak % KEBENL
AN BRI NES M, — B RAERNE TR, ol 346 B0 RS EIFIRY
2z A=Y

FF54AT (Symbolic Execution) & —FHREF iR, ©F LU 7 e e k15 21k
s ARG X AT RN« B4 B SC, RAT S ATt — R, iR 2 AT S
AN, AR — AT R 7 I (0 BARAE . AEIE 2 H ARSI, 20 B & w] LAAS 2141
L ER AR LI, SR A I8 I LR A S R A5 B AT LUk A H AR AQRS B B AR . T8I B mT DA
PR R PP AT BEAFAE (1 2 2T o

SAE SR AE A B B — BUE E OIS, AT SEELRE R 20 M, 490 4 o i) 14
F e HERIEAE AT LA N RS IR A AN B A TR . A TR I A A AR
FPag AT 2 A, RS ATPAAT (K 8] SO B 7 iR AT i o i Bl A 18 — AR 4 B A 2B A
FEFFIZATIN, 3 W ARG ) AR U 4 N B U BE R, R LAZE 53 — N ERR AT

JRAG B B b TR R B /5 AT IR IUE KLEE M coverity %5 1.5, Ji#Y fuzzing
A REEMLAR AFL. MRS AT LAE angr % TR, ZiEHI1) fuzzing R
ARZIH RELFHARERI, WP B wREE AR EAT fuzzing BREE, fEBIFF ST
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