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T EME R L EZBORBE LA R, TR, %6 MAMKH
ARSELIB AT . o, TEE A X B 0 HATRE . B oy )2
A Z AU E RS BT IR T B = B A, B
B T B #ATHRECE. B INEFAR, KR T e L
W HRBEE, WIERE, HREFhR. BREeFH EREAR,
HEEMAN, B LEEEHE, FREELFGRNFR. LI
EFERENBRE L 2. PAE BRI EUK GDPR. HIPAA %
FERRAR PR ERLF T E Z 8 % 8RS RBE T H

(—) T+ EFR%

2006 FAE R ZARAEERE T —MNAABAT F: HAEF
— MR T, RT ZRARERAGIFRE-NRENZ2HRE
AR, BB ERBNEHEZ LHRE L 2RERALTAEHR
7 R URILE B0 %4, 27 ZH T ERATIRAE . 7T EHIATH
¥, ( Trusted Execution Environment, TEE ) 3 3% # 8 4 77 7% 7€ 7 3 4L 22
B A AN i ROR, REE P A R 69 12 7 A SR 2R AL B A
SN LR ERY . TEE SURRKE i 4R 5K IR K 0 e fode & 4
FARE, FERBRFEREELZLSRE, AREFZEKH.

TERR A X B PAT IR, ¥ DL I o0 0 o 30 3 7 P15 AT
FEF, BRXREFHCAEERARE-ARENETE, 7
BAREEENMTE IR, FEHE. EREELTECTENEEAT
A
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(=) 3 5 %4tE

1981 4F Rabin ¢ A ¥ K #& H & &% % ( Oblivious Transfer, OT)
Wi, BET Z2H A HNEAIERM. 1982 FEAERLEEHK
B AR RENE T BRI, 5INT 27 2B,
7 %At E (Secure Multi-Party Computation, MPC) 2384445
HEESGUHE -NEFES, FERIEESS T T EEAART,
TR DT E AR, Bkt &2 b ey B3N
HEMEE— R AKRE. MPC £ EX TRESEE (Garbled
Circuit ). B % 4> % ( Secret Sharing ) 5 £ &£ #i ( Oblivious Transfer )
FAR. flin, BESFZEAREEEULEM T X7 H/ e, FokH
BEIREAENITHESSEE TR &It E.

% 7 T AT HIRER A X R, AR ARIE S 07 S & 1F Bt o S4B
Ak & o, MEELNPERG A1, BRAFIMNETT L6,
B¥ Az, WMPC EMETZ 7 @mATHEER, FH T UW K
—/NE %],

(2) B &A%

1978 4F Ron Rivest. Leonard Adleman Michael L.Dertouzos #%
TR HMA. FAm% (Homomorphic Encryption, HE) & —
b VA S 25 BB b B AT S U A OR . A R S A 5
[ DL S IR T i o it A AL R A e B BOR T USRI A
A — T RERE I E T HER, B2 5 E S % E 7 REkE
AT O X BAE, AT AT DUGR AR B A, R A An % 4 7 DUBR 7T 42 4
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HIRE S, ERETAE. HA T/ I LI T e R I F
JHATHNR.

oh, AEMESABAIES LRSS ARSI ZMERX, HP
R A A AR ik R Tk E i — R, A A
ARAEERH M EREN LR TRz E, ERFRAME
W BR X T o XHAE I Bt R SR — R Rl ER e, KT
B ESIE R ARSI ETREE .

(W) £4 A

% 4147, ( Differential Privacy ) & Dwork £ 2006 4£4t 3t 4t it 3
B8 B e AL M R ] RRAR M — R IRAAR P R EERBLAELSR
WERT NN E KBS H THRELZMIEOERZFTNT
BEFNANARBE R, BENR, Z0RABRZHREELML
FEHEEFHEA (R MR BRE) , I TEHERGPH
WFEM. REHF A FRBLUE B TE MR R U EG TS
REOZARBENEMREELE. BETTENEEEL, HBRRE
T DUBE R (R B R AR AT RS, kR T RIBVIRALR I 8
A

ERRAMTURKAF . 2 2T HUHABEEEEA,
FINEERATHG R EHREEN T 28, Al XA Z0EAL
L RAWE. MAME. TEE %4, TURDEE O Fm, i
BAEH AN, Z0RABIGINRF IR F ZI A THERA AR
¥, W DUR B AR AR o S B R N, fRIERE

B
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A L ABE AR B R G B A SRR A R
BAREE.

(&) 2ok

WILZ AR LR ER, T DANR BBEK A A P o T it H
fokk s B RNIRAAR P Sk, HBERE LB RERARY, AL
B gL, TUHRE 2O LR FR. BFRBEAE
BIEZANE LR NTREETER,

E1IATEIRRY . HHERRP UKL LEAREXELR A
Bt 7 ETARRARFEARATH LM, HE T LRNRT
R 55 7 T E AR o LR B BRI S & R VU F SME
B BEUHERNRARPESE TR UETUHHEREHFHEHK
EE L.

1.2 PAT IR

BEBIATIR, AZEELARFRET WERBERAE
w B A, {2 TEE {84 845 B 85 K H 5. TEE
FHTEHA B (Malicious Attack Model ) , B+ H 8955 77 7 &
O AEATAT s Bl o B 2 4 0 T S W LR B R LB e 5 R B
fib 7 AR R FAE B

2.F o

MU HARARBRFNRY, XHEMERELHTEENS
XHE, BRELNBERESGHHERT, AAERTERIES

= . EAE T LI ERA (Semi-honest Model ) , Bt
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AN S5 T it H AR R & T AL, B R AT
W& R AL T BURE R

3R F )

g SR B MR 0 FHAT 2 S e R,
AT SR T % ol S 1E F AR R 3P, (EIFH AR P 0y o [ SR
R B LRI R AG ARt R, B B A SRR H
A, BT RE LT 2TRAAFE N, 7 DR RO A R A K
[5] 7.

4.% 7 =hit i

HeAMAT BN EDELLEN, EFRINELrZETAE
ARFHXHBEHNERT LIS FHERETH. B8R, R MPC £
577G EEREEI, £ BEFERANR, [F B MPC X T K
BRI EERRE. KZH MPC #RT ZR A % LA

5. 25 [ FA

AR B NRE KRR SRS, ARFNSITFENRE,
BRA—ERE. BREETINGT WIEELAHEEAR S DR AR
FETBURREAR K, 8 b BE T AR B R
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K 1 ARRABRPIHEHARG L2080 EH

3l HERBRY HHEREP ZAEEER
A = H :H_'a , %%—: IJ 1
W{%?ﬁ??%ﬁ% ’fEﬁl’%‘ jli j:iﬁ:%']laﬁ Ej%ﬂi{/\ ﬁ 71‘%23—_{?)(
o RAMERAEET (HF =
B A% 0 5 = \ X o .
AsmE " G PN I R EE
2 ot G THE B A TR R B
B % s Pa x%@?ﬁﬁwf 7tk Rk 9 4L
%E'//)?fﬁ NN
% HAITH e X T, E AR AR
A % . ﬁﬁﬁﬁﬁﬁW%%ﬁﬁE%%ﬂ
}J
GAFF AR AR TEHR,
ZABRHF K& H FTHEEHEARL. RIPiTERLE
foit AR,

RF: FEREERERAIR

(%) M AE

AT B HEREE . AR BRI R, HEERE
Y 2 XA PR3P 69 T R B AT L3R

1. 13 $ATIRF

XFBBAEZHGRTMERWE, HERTREE LR RE,
TR AR

2.F) A%

XFR S ik fEizE, FEREEMTENL S ENER
FHEW T, BEEEIANAMTERREELHEBH.
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3.BEHRF )
IFEEHMRATARIBRFE Z o EFE . ZERME LR S

FATHE G ER, HERE T LA RESINEF I LER.
4.% 7 whit i

SCHF 2 PR IGAL T B 5T (2 A A B0 b R R — Kb

5. 25 FaFh
LB B KA SR S R AR 1R, (B2 7k

HHERTHNEFMED.
k2 BAVRP R REAR B L

KA A HERE B KRR RE 2L
TERARE| & % # SRAE | FOAER
MAmE | b e S RIS
A% % % Eoo|seonsEs | ams
SHEENE| 1A + £ | BARFHE | 4HR

EhBA | B i % EREF | BOWASHR

XF: FEGEEREARIR

I NHSE

(—) B GHFFak

2020 £ 12 A 30 H, #RABRNMKEZRAE T HALWH
W (K TR 2B SHELZ AN kg # HEH)F =
WELY , BAELEWERSFUEXTZLHERR. FHEKR.
TR PR R, FTHE S BEE £, 3 20 B3 3 7 x4 Amtf v IR
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W4 2020444 F 9 H KPP RESRRTHEENTENESR
T BRI 0 RN LA AT AL ER X —E5
BUR X A

WA ABEREHEERNEFGH2ME, AR EHRZFATR
BHBFE B A L FRRBER LR T8 B W U L&
FHEAMAAEZRE S SHEAERSAREITT RS A ZHERLH
REZ, WIMXEHEEABRNWEEHZIN, BELXLEFTEALE
HAEEZ —, 8N ERS REETE, TUARS ARETL
HEZRYPA RO TR RIE P &, B IBURERZ 2. TEAHR
ETIFRAER.

ERSHETT BT 3B, o T HRZ 18 o B8 ¥ A 74
TR, FEERHITAREZHE. BHZARGRAZ LR
PR, BT 5 Rk R SR ik, 5 B8cin il A AR o 5 %
B, BORH TR ERAG. BAR S A K R LS KR
RAEERK, THBOFHITHENSE, ZAEH]. SHAHESFE
AT, RT RGBT, <At EAURE S F AN,
DL 52 AR FE R o R i B B 9 A AR IR A 6 2R R B =k
oK AT R B RN BE 1T R, 7 R AT B R] B R A v
FJ7 R R Sa B, 5 b B, B R BRI AR R B AT A
W AT, A RR D B A
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(D) EFEA

EMEN ABREZAREFHRT. AWIT L. DT AR Z UK
I PR BE ST R oy B TR Al i R R 2 RBURE A M BT B F RA
BRATON. BEFDERA . L. EENFETR. £L50H
EMESFREEFARERERET, REBRT T8 THIEHE. P&
B EEYEF AW BT AREHRAT TS, AT ENES
W H RGN R T ERENER, B — R IR R E
Tk FEH-NZBERENBELT T, ESRERERR
2 W ILT X s ERLENEN L.

1.2 B 40 X BR AT

AN KBRS IR BRI T SR A K » 4o ok Jeg oy A 40 o SR 2 3K D oy
FE, CHRAERSEN. ZFRRETNER. BWE LA S MG
WhEFE XA, thin EGFR. KRAS. NRAS %, #4742 H 4 < 5
ST A A TR BT R

A H X B4 ( Genome-Wide Association Study, GWAS ) & #
IAEXEEFATENKEFENFIER, PEREFRSSE
( Single Nucleotide Polymorphisms, SNPs) , £ 3% H 5 5% i A8 % e
SNPs. ) iz 89 N Tl R 6 5 R 0 & . JF 25 48 < B B W
g, CEFEATHE. ERAELESERERFEFR, A
GWAS L XA B TR M. R REFT iEf I &
[ Tk
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PR, GWAS SR X B Y A #8098 — EL= L0 A g —
APk —RBEFELZLTH. ZEATFENEECLEAEHREGMIA
B8, —THRAAETILHAZKEM R (SNPs) B 7 DA
RN MR F R, AN R X LEEREE, AT LEH
P AL T QTR A T ) ZHAT AW B B FRBRE AT, LR
ZLENHERE T XENIEZ—. =& GWAS FERBAER.
FEENAR R, HRESREET GWAS B F & 5 % LA [ 2 o i
po T, BRTEEMNFEANLE, RECEETT S 414,
% 4 0 55 L ARUE o R TR 3 6 AR R A OF DURT BT R R B 3 A
g vE. (X R EE R E B R S ML F T, SRZ RB R B
HR, BT —ANBAEINE, X SR Tk KR AN
o, FPABRAR. BRANAE, TRTBZLK, FIAE WL
JiHEIR

— & %k %1t Briefing in Bioinformatics #1 7] F 89X AE T —4
AR 3 L R B R b XA E R AT P R T — AT
A W HRAEL . iPRIVATES?, 4 4 35 41 x BEAT 50 2 14
FARAP, DARRAIE AR 3L 2 B IR A %2 [ AL

iPRIVATES BAE AR o 7| ] 2 2 BX Ao S HOR, 5 5 MLAY 84
BAWATE T B WS HEHIT GWAS 2T, BT EFEIAFR
RBEANENEEEFEUHER, A2 E B # RA 02 H
SRR, RIET B MR Y RERNRELZ 2. 50 LES

4 X. Wu et al., “A novel privacy-preserving federated genome-wide association study framework and its
application in identifying potential risk variants in ankylosing spondylitis,” Brief. Bioinform., vol. 22, no. 3, May
2021, doi: 10.1093/bib/bbaa090.
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MAMERX (AS) EATN R, fEH iPRIVATES #4723k I 4 947 »
VIRBI AR F A b R AENfe— i 3 B AS W HA £ &5
MEAXBHERSE (HLA) KH. iPRIVATES HER# S Z M EA
fufiE, W UUKIFRA GWAS T A BLEE &, % RUEHE K
FELE A # GWAS, F{EIR%] SNPs 5 2 F | KR W RAE (i
B KRR ) Z Ay KB

sah, B A T IESL 3T iPRIVATES HEZE 34T B A8 o 3 45 R oy
EHNE, HATT EHRADM T HG A ER. 2 ERENEREE
SEEHE ( ESEIR T B £ KRR 69 5048 ) WA 7 A kiP5 iPRIVATES
HtERe. ERERKW, BAFY I SEHNETATHER -, iL
e R B RA B E R RE T HRUR.

XA, FR A X — AR AR AR K BOR AR 3 28 A B A B ik ] T 4
ST E ) E KW . A 5 — B )R B9 R, B L BA AL TR
B T 22T F I WRARF HEAMERIT L T PRINCESSHER,
XET—IEE (XE. X5, o) fEHE 7. FARNE
% 7%, PRINCESS FMX A LUR P B AE i A %4, EEA BBt H
WA,

R A B BOR 2 W] DAY R 2 Bk 2 A AR AR I 5 B 25 41K 3k
A 2 A7 S AT B B 5 R A

SF. Chen et al., “PRINCESS: Privacy-protecting Rare disease International Network Collaboration via Encryption
through Software guard extensionS,” Bioinformatics, vol. 33, no. 6, p. 871, Jan. 2017.
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2. B AR AR A Ae A R IE TR

e ik A2 A ZEHE (Venous Thromboembolism, VTE) & 4 F K
AEENNHLEZ —, RAAFTHACHEERR, "EPHE
BAENEFEREMAFRS, RATERBELZATHE - KRHAE.

MHRAW, SHEMBERTHE VIE XANGAEEZ—, ¥
SEAEEF BN R, 2w S REN R, RERALE £ 5
Y% BB IR G R % X, SEAVRR B A Y B B e . 4
ZEAM VIE K EE 8. FHib, MEESHERBEARS VIE X
A BE B AR IR AR T I B PR kR

REBEWIIEHREL A X VIE ikt R fodew, (4% %
fiJE B R B VTE 7 69 R B = 8. RAR U F K AL 7 £ LA
WU R VTE K ASE X E &, GFEAR M FAHE A 254
%, LwnBE/E VTE . 8145, BNR. B, wRbial. R &
M. T RCEERR B OR . RS AMBERE ST EE. AWMEERE, A
o G PERE B VTE T i R K o iE, UHIFE(CE AR VIE X 4
%,

AR EBR R BA — R, A xR (o i |
R 4 E R R R G PR ) A R A R AR A ZE AT T 16
TE - S HATHEA A, LB A X FAT T . AR T X LR 5
TEREOHARG, 57 245 he 4 R AT o, AN BT AL
3R R4 B () A SRR R AR R S e ik, T B AT LA B 2k R
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AE, XEFELFERANPE L 2H . ETInERARN L2
BRAF IR T Y2 BB MR %,

T — T4 B A AR B B A BB R B VTE 7 £ 38 A B
R A, ET R PRINCESS AR, RA T XAFHAF I KEHA.
ZRZFER, Be 2 MNP ER A8 R G S8 E AR MBATIEA, H
6 IR 2 (8] [7] B B Rl AR K P B RV E B 2 MR R . 200 T R
ST ATTE, F IS S BT O R AT R e, Rk T AR
RAEA A S,

WE TR, BRI NEHEARE L NEERTE. BAE
i BEAE F R L BEAE B Rk AR BT L BEAE AE M 24 65 R 1R L
AWM EREMREFN. BELXBEEIL. KPHEXENL. KB F R
Ho. REBmSRENEL T EEL S VIE WRAK A FNHLT
VAT KRB, REFE T FOU VIE X AHNGIHEA, A
Fl bR A AN E B X VIE R AR 3047 T Fifb, AT T
o i B R A RS 5 254 0 B A o KU, AR 8 52 5 1% 4 A v
W, ARk R E L
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SRR B 45 1 B IR
B 7 VTE #4547 =
3.35 B )1 # R BRI 5L
FNRRREFHR T EERD| =, B —E XA ERF
RN, ERRERS T LB, RANEST XL, Yia
WIAE. A F &R ) 2 FERFR S, @R AR
F TEE fu% 25k #1% 3] ) PRINCESS AR R ARMESE, THAK
HHEE (FE. 2E. o) FIRKZ 3 0mEH5ERARE S
. BFREEER T R, PRINCESS AT DR L AL, &
BAR S ERE,
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KR AN R E BRI E
K 8 RARI I E )|l iKH R
4IRS R A ) 5
BB T A BRI, KB BT SRR B A MR, it
BEMESF R, HFEFBEEREL AN ETNAREL .
B2 S SRR, AT R P A R 2 ] R
WA B R R R 8, (B TR B (B B
B TR 4 S A LB 4B W LR, Tk IR 5 A AT AR
R KM A SR AT R 7 15 B AL A 0542 7 7 70 0
ST AT AR TR B AL AP T T 4 A — BT i 2
B3 W R AT B BT M R T R B i
B, ERGERK. B RANRE . PRLEWERER, U
REAE DR, BRE
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M IRA: T AL BORW B E 5 TR M K, #ERA
THRAEWRE KR, AT UTHANBRA, A E £ L BT3GR,
A A S R B BT S

kAT 2T AL BORRYE B 5 B R xHR A 15 18 402 A1t
fogtf, AEERERERESE.

1] 4

1) % W7 48 B e 0 PR R g ——AR 3B P P R B T ok AR A

BRREAMERRRE, fEfFams.

) BB K . SR —ARIE R AR R Ve

B W R S, B AT DU S AR AL B — ST

R UM BAE B AR TR B
B 9 EFRRFEENG ELARRAM

5.9 F 9% 1 £ A4
W% (EMR) 82 7 Wi, ekt IFE. BTEE.
RARBIEFEEEML IR, WEETER. hhe, hEfREEE Yy
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s, AT EMR W TN AM R T, GEFEH It
EMR #ATRE EAMMY, thin A ob S 40 R 4 A KO 3L
Fodt KAESE, IR & fnip iy Bt o M A0 I B B Y 7 e
RPN 515 & . FrA W E MBI EAF +, * EMR a4 2k
e, RZENAN (E¥SR) B, S IREELR.

T A AR KR B BB T UK B BB, ARE A
MG E AR R B 3, At e (R R B B R SR R E ¥
SR EF LR, REMERE SWMBEA . BAWE EHBUE A Nt
A SURBAT 2, NG Tt Gm Al AT SR AR AT, R B B e T A
BiLSTM. Fil%4iEE#A %, #4475 XA CRF. Pointer-net. Span
&, SRR F by £ 4K BILSTM+CRFE, UK T4 F 4
451 % 5| 8 Bert-+Span 15 A ,

A R B A T KB O AR BlE, H5A0R fER RE 3T Hy
BRI 7 i, A8 T KBS, R B T3 B A Wz A
M. MEETAE, XRTEELT2MEARI FEEEENNEHEME
B, WM E b, LI TR e S,
kR B W ARG TR, R WHATHAEARIE . BATAR A AL )] Sk An i i
WE, ZTERSE T L O T AR R . BRI AE X
B BN T T MR IR, A5 B R & L BT 4R TR AR B
WEZ, EENVIRS T RT RSN EERARAF A, fEE
O BRI B R U E, AR AR R Bt el
(X
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AT, ISR TOR G AL, A E R R R B R
JHEZR FedCIE, 4 NE PR, IR ERKEFTET R,
B T W SR B A SR AR AR, RE R A RS B BT
Y%, FedCIE HHF R FTEEFOEESFRE, TEZEES
PO G ER B, #TERRANSHEN, REBETLEET
N, BEFATHEAN G, X BB EFAE TR ARKEK. BT
FedCIE, &#HAEFAEHFILT, BEER T H SR 7,
ElHEFEE THEGZ AN, BT EHBHEA N E W ERERE,
TG MR R F, NP E A B SOE A, AT THEA
WEY G, XK FE BERFHAM AL, £ FedCIE T A4 5 #
FT R R4S RAR VAR AR L, 30 0 (545 B A 2 5 40 B bl A

KB ZEARHE (E) ARAFH
B 10 FedCIE: B, ¥/ [ 25 A4 AL BX FV 2 ST AE AR
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(2) & &5 A

1AZ 5 M4z

WAk, WA 6] fe A BOR AR O 2B AT L IRE T THE. 15 B A
A, Ak ANAR PR AR K, B R AT RARZN G L
2B 258, 76 T & P oy R R R g%, # e sl
FAT R T2 81 ok T RA BB . 477 = LA 2Rk 4 Pt X &,
TEME. AEHE EAREFARTI, FEFEMH T L.
Pkt Rkt R TEERAEFERERZE - AEHET. &
Bl % Rk M U AR R AT &, 2BTLEEEMTL
% ZWMBIERE AR5 0 NEE R, N L4 A i K
B VA A B R 51 B R 5 b 4537 5 09 R AT 4 L A X SR R AR K
A N AEAT L 3 K . T K AR AT 09 A2 T BOUH AR08 T 4038
fEAAE W A A ok T AR T2 B R, BB, A Z AL N
SR R =l i WA R vl L P N 7 N ) 1 =
JE, 7R BCHRHE B R B P R AR A5 4 B3R (e R R A s A AL SR
5 PRAE R B3 o o ] R A ] P e IR A A, X A R AT
P B R AR AT A SR B [R) R, T B R FROFA T B IE A Ak X sk
5] R B A A 3 o — N R BOR AR

— 4, RATTEBR T LERY A P E &1 BN T X
HEZIL, Z%8FNBEMNTENERA A, N 5L I AR 40 0
2, WEBERRENREEE. 5, &XeBIA4 T RA
WHIR, AHZEEREETReeRNARER, XFTELEEHR

|

int
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ERAE ERERAEITEE AMEEIRLT, ¥ 15 HFAESAEAR,
TEAR B R A BT R &

HEIREER. 27 Z2itHE. BRHF . HlBF . NLP %4
EANTHE 5 R HER, KRR H RS 7 7 LR 4
A3 5 A ASRATHE S F R AL R T RE A RER A HE R
ERRTT R, B At RACEE AN E. %L, 1B
MR A B R L AN E R A Ak B AN AR S B
T, W EReRE L s, ARe AL, SOREA T SLIREH
B RERE S R R, dn DU b S KR A

(1) ks G RTEY A BN 57 /5 e Al RUFS i 42

DAl s 4 41, e SEBR S0, 5 LR FT DAy = A B AL

WiEmME, UEHE: BRZeRXFRAITELR, 2RI
B[ DR R A B A B 3 Al ZE AT B 3R AME B B b M 5 A3 B AR
VA, B AT RAEH S O WATRAE KRR ARE . AZRBE
AEE B A RIRE B X 7 8 lE, st x4 B 4T L 4T 8 £ H40
AT W B, AT SE LA b s R B9 2R A4 B AN

REEZBLHKEGT, FEITNEE: A Z T Z221HHSRE
B FEN, #—FHASE T BEHTREZ N SRS, BR
e KR BAZFRE A, #—% F 8 AV FENEITFNE LR,

ZHHABER, E—LRAKENE: ERELEEA TS S
el b, BRARARFABE TENSZFET, TRt — SR
BARNAE, LI E Apbr B KRR An . T ER A 5 ] UK K
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RATA IR 5 Sh R 67k A B A ATIR & 2R AR BT R o
AR e e EITE AT AT EEEEHERE SHIFN, X
P2 A S8 AR T3 s e G KU R 55 6E )

KIE: FWRRX (X)) EAHRAF
B 11 2 &5 5 R e T &
(2) A AR # 2R ME
A A M S, AR T BB PROH % el i &, SRR E R
BHEFE, AERAERLFRIEFE, FLRIT C mEFNMAKIE
REFRBEWEA, PRNEHET = RAEH. X REE W
ZA—. MEGREHZM TH, KR FREE WK, K
EE P RAMGEHE. FRERYNERELEE AN EH, @
MEFRARERET. XHEHERELENIENT C 3nE oy NE
BRI BARAANER . R 3 JLF RRIEAT I 6 B A KEANS AR
ol 5 Rk N P TG AL M TR B B K XL AT L BUR B AT I 7E B b
[B R B A ARR V
A K FRAL T S A M =T A By SEARAT AR AL T B G AL 5 S 1R,
TR BEA LA ET, tEFNFEEE. SRELE. AL
fa. B Fh. HE. BE. UK. AZEE. ZTERAEER
BN ERAT R ZE, ARRAF AR T —ENH TEE EHA”

39



IR S M B AR S (2022 4F)

i B 4R b ORI 2. s P AR R e O KU 7 7
T BEATAR 40 20 ), SE X A 2 G0 B AT R XU B AR VB B A AT
Bl A, AR BB AT AR M A, W R AT R
AR, Hohl 5 a EE R ii g P, BRE RIFK A,
B Bt 724 BE R MR A, B I N P AT R E, e T
TR E P A A B RBE R s &, B By iZAT A N B B A R AL

Ao, BRREEW . Z2RRXET X, R TREEZEH.
B S5HA R AL ST HIAG AR Gk 55 0 8 2 K4t 36
FAEHHE. BEFR. MIFEE. KHKAE. REERREFT R, A
L R e R {5 B A X PR oy e AL

(3) AT HA S S IS SR & fh b 37 5=

AT R BONTE o FORVE By B A 37 % R & &, FERG R
R, NEFA, pREEEZ MR ZNH, SRIERTA
REBRARPA . BEE RGZFANGR T, £BERFEEHT
%, R T — b o B Rl ROHR VB A R R DA RE XA T AR
B VE S B, R AT R R P A0 L, E I B LA ] B AR T
TERMZENG N R IIEER, ATh THREZ S, RARFE
W BRRKE AT G, el T A RS 1 R, BRI E R R
T 5, WY1 H B A X I ORI A ] B 2k 4
INE, DLBdm v AL 8 7 K7 e LA 2 AT I B L = 8y

40



IR S M B AR S (2022 4F)

FORVEREAL, #5408 B IR R K & B E R, 38 74k SOIKTE B 3%
R E .

i By T ] BB FRAL PR 47 B9 R A S T BOR, FT LRI P IR ALME
B B g o, S REHT ARG ERARNIRT, ZeH
BARATHA. BH. ZEH. BERWN. RH5F 2 uidE, SIAEAT
b ESAIAG B SRRV R A . B e B B R PR T AT
BRATA BRI L. FFEIFESRATH S, BEINEEH 54T
AAAE. BAEATHRAE. AT H . AT H RS, KA BKAE
F ] H R R AR PURVE N 5537 AR A, @B AT L
FEHLAL B Z A I HRTVE BRI ARRAL B A1, $R T2 B AT Mk B9 AR RO R
Fog R,

DU A R AT A B, BB A A BOR, FI AN BAE IR,
B & RAT A IVE A A AT W B R AT B BX & R IREAR AL, W 2B
TR EERRER (PSI) #ATEAHA B AR % 235, RS
57T REFALERMESAREMSE T NEREH AR, &
Ja R R e BR A oF X HE#HAT R AR B R 2, JF 5 A E R 5
AT X HE, FARN ] o T BT

R FERHA R
B 12 RATRARKET Fr EHE

Pl

41



IR S M B AR S (2022 4F)

HETHAFINEBRIEN A LERERLYN, B AFIH
T EE B A RO R AL, 3¢ AR IR TAT 9 BB A 22 e A A KS 1L
AUC SR FIAFHHET T 30%00 b, AR 45 B A% v 30 T B i o
AR G4 xR P BKRAT A AT A RCR A BE 98 R AR TR ML ARAT Y
DT [ 2 68 A7 o BR AR 5 X BORAG IR 2B v 4 i R 03 %t R R T
R 37 5% B RRE . AT 07 BARIME W & MM Fo e A F B, 3748
HE R BERE, FERTHEES T M EL LIRS, ARRP
BAE 09 BT A AR AL, EIAAR I 23t F A3t Al

2. 754 N3z

SREFPEEHNERRREGEALRELLEARES T
HEFIR, REIA Al REEEAEHE, BaEERATHEZLAE,
REFgRE, #MRAA R, TEIBERABUTETFE, £4
BRERAT. A, RN, BUR%S AR EHTHERR. &
Bt A, W N BN £ 7 Be IR R R 2 SR gk

|

4



IR S M B AR S (2022 4F)

R ACHE B HRHECR R
B 13 ETRA T NEHRET 6 ZMAar

URBATEFERF AR, ERERBHN G4 EZF HATN
=, MAFIALEMHKETR, REIAFRENEER, REEF
RH R E R R ERE TR,

ZHFRAKXATRAF A F R, EENBIERRNERIRAF ] F
&, ENERANFLT, RIESFHRESEBNELTILRS RS
EEAEHATIHRGER, WlEHRRERA,

UHME P I RRFO S0, BLHE L wE o R OEE R 3
TRATN, #xaLeErrad ke E, wREEAE 0-40 21
iz s P R B, T B E R WA, 2R R R 1E £ 40-80 4,
EERZE P PR, RIEE P T E LA AR AR AT F A,
FRENLEARTER; NREAT 80 4, LHZEFETENRE
FoRRETeE, FEATRENN, ExFE. ZA R0 TNE:

D RE#ATYHEZ2RE, 7ToBERBENE

43



IR S M B AR S (2022 4F)

FeRLVNEELEHNZ2EEET, Rl A=A
b A K E R 2 wE, ERILETREZEWART, RoBRK
ENE, RILFHEE

2) MEAsERENRGEERR, RANEEEHR

SERZ N FpEOGE—REEE, EERE, RN/
BRE, L& PRERRAFETR, ARORARZ N,

HI: AT E RO R
14 KR AR B R R AL

3.RAE

un]i;

2

TRk E 18] 55 4 B a7 3R A 5 B P A R HOR AR BT
BERFI L 7 F R B T8 EE AP 78 EK, #4T7H
YA RSG5 &P B R RS AL, b 35 R B 3R R An T B
CRE P AT E R AN ZE. HiEELAE P MAU § AUM ) 4
R, FROETHANT N EERTINA, AL FIERF
WA ARG R R T K LR B PR BN TR S &
Rz, NEPARRI AR, ERLERVTES#HEST, &
P 1B i A L B, e B ATLAL A 2 B 5,3 B B 3T 0 T B B

ST FR) X 73 FEE KS B2 35 TS R Foa000 JXU 6 55 5 o IR ) — BSORE B2 A 7 A 2 il 46 of JXU[KGk (Absolute risk)
YRR 1 1 R 2 A TR X R AR I o ARl v 3 S 5 A U

44



IR S M B AR S (2022 4F)

TEEFHRA. AREBT REETHE AR 2RI A EM
BB 2 e R Y BT R DU B B S Ak 7 R 5 B (R B9 B S AT S
A B P W E AU IR M S AR E S WAL
R EF T, AL T ERE % ERE, XIRBUEE &
RN BB E P Ak 5B P B RS KR,

B S B EERETHABERTEL FHULFE
B WA REATEY, RAL TS BUR T DU B8 8 SR A R 47 K
7 2E R TR E S 8RN E. ERAF II0R, 2Rl
HEA R s B AR BR A X B 7 K AT 2R
BIX WA BR5-E01 <F S0 ER SR 4 IR AT B B AR R B AL B S UK.
q, W55 FT SR ILAN X R T 4B B e TR P B O A8 R, B IR R
FNFEHAL, LR P Z BN B 508, FETRENHNERK
Fi P 8 a, ST R BB R BT e, MRS TERN S
RS X AR, W AE. B . AT XELZ R =
b fEEANE AR R B BRAERAE AT F &, IR P K AR A
#— FRANAFANARE . A NEF FROEIRES KT TH,
AR AL B HBOR.

Qe FARATZEH ) HT B AT AP B L=, B TRATE
B F AR B — RN B —, f BB 4R S A T
EPONEBET. TLREFFTRIFRAF TN T K, ZeeNKe
SMERER IR, EPROEBEA HEERIAT, A g TAEE K. @ X,

45



IR S M B AR S (2022 4F)

Yo K AT N R K BAEFAE#AT A BR A AR, BUREY4RFE T APP
S 2t 1 BB B P L

EREHg =+, FERNEKRLIGE FHFRKERDREAL
A PIEMEEAG . AR B &R E R RE EE AR, # R
FAWHT ARG EERE I B EHIE RS ATIRA 2 > 2,
Bty T TRERS Flow e HER, of BE S TEMA P
AR AT A, W RO R B R R K

Bl AL E BB A AR T REEHEHO = M LI R
FHIRR . KRATHARENTEZ P K, (B RTHREEHIT
B, HEWEHEDEL R A AT LN —E 7, $hz
MNAATKRE P k. EREE P Bl TS ENE &R .
W g R Ak S bR T, FEEAN TREF
B SN It B RE ST AL MR B I RAT IR I R P R
TURFFEKREEHFAAEARRBEE L. AAE K EEFTH
BAEAE AR ARl b, IER A S X 07 KGNS BE AT T B
TH AT e st EREFE L, 2T RETHE THEReER,
SEIL T AAT R B B P AL A

AL 5, T 1]/ b By v B 3 = TR X 4
RE R AR R AR . o S e A R AN e SRR B AT R XTAK
PIHERFE. ROFEE, BReBRFMRBINHS. XEELE. &
W E B R BT Y B A F IR LI M B AR

46



IR S M B AR S (2022 4F)

W18 BT i, WA F I EBRIA T A LT B4 AL
EAH R R

BRI F AR AL, B AL A AT DR IRAA R R B R, Bt

TEHBRNAN T, R TEHARANG ZE. wEEAFHQ
e BARYEE P B BT 5 £ B R B E  BAR AT A T R A
J~ AR B R R AT B, TR AP P A TR B R 3R AR SN B AR
TR 6 20 T8 BAEAT BT BB B R 2

R A B BR A X 7 N E R T E T IRA R KA
W)THE, ARRABRFARRTE, EFRBEEXEHRENFERLT
BRI TR S, Bt xR RAR R TE B AR K TE
IR R TED . BRI BES S, B RETNRABRR, £
A ZIT . IRIFAN . SRR EEFE A RERE SE R FF
N, AT LI B & R P BRAATY R, PGSR E S KA

ERENIES ERSHEET, RREER —NEEZRE, fiF
g EE P A EIK P R R W RATHIA e R ok 4 4 ) 07 W e
RAASHGR 3, [F] B PR P b 55402 SRAT AL 2L 2 b 5520 o By —
B B RARAT AR K 7 o 0 B B8 AR VB IR B 7 BTy ik R R A
RBIE. RABFFE, TEEh TRATEFTREFET IEF, BE
FEGTEE, FBORERARME FMm TEFERNREL 35
RATE A RN E P 0 F R RALATFW, S RS F K,
BENER AR RS, RETRTRERLRMK, B~

47



IR S M B AR S (2022 4F)

TS AR, EERTRRLSEHGER ROI HIK, SRE
BASEE AT

BRRIX B, w AT ERRATERELAA . 5B
2 [6] B BRI, IR A o 3] S RAA T R BUR AT 8 2307 69 Bt
FH, WEARL2HT AMELRBENRFREHER, FFREA R E
FEHE AT SRR AL, AT PR AR PR R ATLAR B SR B AR A, B4 i R ARAT &
PRI RE PR, ®IEF SWE.

DUl 3R 77 L RAT A 6L, 7R AR fe Mk %5 o 4R AT A 2 A B B2
SR W RIS P, JRARIEA B R P R B R B R R
B, HATRARXXEH. EEBIET, TRAKAF IR, ER
[ 8 5ARATH B IR &, AR RN 8 © A AL 2 1E A
TR, FmRBRARE R E, WAEZ%E. EHNHAEFEY,
TR AN B Z AR, FHb s REir g, BKrE
T BT

KE: B EREARAE
K15 RIREH T ETEE

48



IR S M B AR S (2022 4F)

MR BATERBCEWERBATRIU N, LIEEREW, &H
3. ROL. KAHIRICEH LG S 7w, A TEAAF 6 ENA T
FIEA SR FANETEAHEAANRAREHEAARAAE
B3R T, KA 50%H 4RI,

4.0 NEIR S

Yra e LB BN . & RAT L AR 28 = # 01 B E
&5%%. frewt AFANeRE ¥R, KamRksamailan
AEAGRESF, WRBRFEZFITHERTK. 2RRSFEUE
Y4 5K ik o R T B9 B

memBAKWE S R A, REAERE AR E A
FEMARE. NN R, 5 28T E N/ MU PR RE.
B8 AR SRR E PR, B4 a0y KM e T 48k 46 5
REZ PR 2@ RELE PSR, 2w TE A P
KA o R R B T B, SRR R SAT KRR 7 38 ? X st E S A A
G E P AR LR, TR/ME P ER, AP RANEET,
T 5 o I R T B A LR B O AR XE/MEUET P & B R UL
TECH] AR e DL 2EAT AT

SR /N P = oF AR B B9 RN TR A 73X 2K 0 A
YRR 538 29>, FolE F FEBO B9 194 € B8 A MER T X MU
PHAAFLRLIET BRI E NG RARERA S B
ALAG HFEAT 3 1T AR AR B R A%

49



IR S M B AR S (2022 4F)

KERGNE ERAMFR, RERZARENE LT T H W E
PREI, Wt TiEFMHAEF ZEMAETRGEER, Hil#
2y7°78 B9 &R R 5, (B RA T B EORAEZR T, XA B30 7] T A%

S B 7 R B BR AR RO, AL 5N F 07 fn A 5 = 7 B
Rl SasiAlE IERTIRE S, A&7 HESAFRG S LA
RT3 T, MITEA Y I RSB EIZ R T o KA 07 k1

Bl B, 3 5 7 AL RAT A 2 0 & O &t S R AT KU 0 AR
A, FAT/MEE PRSI 2, 67 6B AT T 0f 3% B A5 6 4RAT
R 5 0 /MR P, FEIX 1 AR AR AL O 6 8 48 xd 4 = O R R A
W B, TR R ABE R AR RAT AT, KARER
FRAT NI RSN RE LG FR PR, X RBAT — &%
Bl BT, A b AR T SR B B rh 2 e R TR R

e TR R EME B E PR, BRI AT A
S MY, WP g3 O X R P AT BR e A S 1R, P
Mt BEe THEANFRNEEHENX, LA P e G EHnse
BRI

X E kL, T LR/ IR B P B R R AR, e
AR, R AREFRA S35 8 BF . Bz E R A,

SRR

R iksk, AT M@ &M 7 Xigi. RiGSF RLE. B
SMRWALLTE. BWEHLE. EANE. REHELE. S8
Rl E B AR P AU GRS A0 IR P AT B W AR B SRR A T B Be R E 20, %

50



IR S M B AR S (2022 4F)

AT EATENARBEN, RE T LRIKR G T 250 &
fB&, NERXMILLENAEFRFERRT. REEXEF A
RARGEEAT, BFPHLAERTERS, THEREFLFLELA
EAHEXL.

EW . WEFREETE, RATFLBAUE 7 RA . KF
R 5~ R 7 i U BALRRAE SR A N, B4
SR sk TAE E AR, BT E 2 %z AT AN F BAE A R8T 4t
R B EET N, R, Eiey 5 2 BN —#oe & T
F B R AR FEOI TR A8, 2T 38 o 2R AT OO B AT A AT
— BRI L R — AT AR, — XA, 17 B iad
EAR, RBAEZIBAREFAD UEFERZ 2 L REENIAL.
“RR IR E AR, AN ER G EREEKR S . HE LR
MR 7' AR, KEEEAN ST KX e R AR FEFBAE 0T
RAMBKEBEOTRME, THRES FEER RO SRS, MEYH
FEEFEROBERE. =7, REM WX BRE X ZTH AN
e R e EHEAD BERER MKEANEEZRAFILT,
AR T E NG ER T RA TSR Z JT Z R 2] BB e
MERFERLFE WA, T2, HeUNEE2Y KEEIM. Bk
AT, RSB 0 B e B A WA BRI, Ba St T HE
B, AT AR NSRS, M AE SR,
RE D, MR EF & EHN WD, B38BT BOW
M2k, BT — AR,

51



IR S M B AR S (2022 4F)

K ANk & BB FA T S B R AR 4 B ALY R SRR i R R
AUBFNERZR. flin, AL F ZATEHEAR, TUEHLE
FHNHEHEF LI Z A EHEELeBESHE, RHEN
RO EE . AR AT X T EHAT 2 X e B 8 3 28 iR A
£, TEFaBBENTE, R;ETERBITE.

By, @b B X, A2 ALY T F A S A FEAR AN
AR, W HBMAZFIRAERD . SR E K R
FrERlST N BAM T S, EFAZA P REGWET, BTKE
R B HIXE Z KR, 7T UL R B AR o] B R % AR
A, TR Ee .

ELETZATEEHRAFIFRAATERA NN A ZEM E, &
B T 4 S X 5 B AT MR, AT — P R
ROFFH. ETEX GBI Gl E " NEM T AL E ¥
Tz g X, BEIREE FE. M A, APl
AL BT, 375 sk XU 2 L By AR v M A B

6. R FE A5

PRI B T R 433 A2 o, 38 3 I B A A /D T
MRERENAF, EXRTEIHREREZ, REARAAHEEX
AR P ERGET, R8T UM A Z2 kXK EREERA,
ERFEZEFPEEAHBENTRET, Z2INIBRETE, 98
HEEF BHEI R P #AT R, RIEHBERCR,

MRAETFE 1 ETRERXNEIATF

52



IR S M B AR S (2022 4F)

A TRARF EERKZENR, Ko e 1E %R 7 £ F#AT
BEEEHRETH, RARIAEERE, MIXTREZSNEEH
DHAREBHEM—T7.

R Ll B AR A IR
B 16 X TZERRNTET EHE

fRkTF 2 ATERERNEATF

ATHEBEEMEERBRPERAR, ERFPREEFEETHEE
HIRT$R T, SEASMEE RN L A2EE, NTARYHE S BERE
B, REEHICRIKE,

(w) 5T 4

—H Dk, 87 E LR RAMESRES WA BA A E
fr. BEFERLLUFEERE. MESHRENLTLR, AP X

53



IR S M B AR S (2022 4F)

BN D EEM 55K G e EHE, EREHTAN CELRE,
R 2 FAEAN. AT MMAITHIELSEN TR L.
Wi, HF; EF AR, PR EE RETE. HEEREM
FZHELTHG, BT B LWBEING FACLTE, HE
210 TR ] BTG A AN AT B B BRI 4L i8R R X S 4k
¥, Wz F PR Filkid RERET EHHK.

A A, B E R AT L X R A B KR Al R LR
S, BRI S P SRR AL E B R 4 F AT ) SR AT
KR, ARRBEHEAGHATRELN NS, XIRFERALL S
Rt o) &8 R BmElEEE. BUE. BENLEFEREZER
for, TR P8I A ER B B ) E B A MR R,

ERHOEET, BAKL. 0. R A d i 3EE
B E R AEE T4t “BEHS 7 (Federated Learning ) ¥ A Bt %.
“ERFRFE Y R EITIIT— 2 Al R SRR LR E A, BREE
R P BAERA, B Bt SURE B k. G R IS B R, &
e R ERWOEA. Bk, TUEEBRMATLE, AT
JAE A A AT 2 R AR

“BRABF ST B —MimE O ANBEF IRA, EdthshE%
. R TG )& EE W UEAHKE R B SRR B AR 1 e
w CRE) HSWHR THEMR ., AN EER 2R ERAT L
A, B AEE T HSH ST X, REEFEETUA T2 E
FEANIEILT, S0 B AR, B — BRI

54



IR S M B AR S (2022 4F)

tlan, EREFEM, HRYS EEHNBRMT, #—FERAEL
EHRMERIENFLIME, BT &0 8 @i i RATEER. DL
BX AR 3] AR B IR AL BAE R 4P BOR O 258, 430l 3. BUE S
S H iR AT R R IR A s, ROIER BB W & AR
B AT bR AR RAA T B E S BEBRAF IBARE ) FHERA, &
[ 4016 A o ] B O RE R BRI A ME ) E M OB SRR
B d . B MR AR Ak A, VT DU T A BT a4 Ak 42 AL, e bkad
WHABEA Al EARAEHES .

EREFEM, AR EEHNBRMT, #—FRIAELE
HRETREOTLNE, CEBEAARBEERT A AREE TR
HAEZR . DL AR5 3 AR 09 R A B3R AR 47 BOR 4 F 4 AL 88 F
3 B/ EFIERATE R A RARY TE, RIEEBHES T
JTEEARMB T RE R KRBT EES, EEHAFIRANE ) i
BN, PRIEHIE %2 6 B B R K AE 80 & KA.

EEEM, LR B A& 2 M8 R84l IE AW Ao
EHF A, bE R KEEER Al IOREFAEHEE . SENE
LEHTLTNE, RALINCHEEREBMNETEHLENK, B4
AT LI EETFRT AT L IBRAF AN &8 H L.

1] X

EaREH. BRAR. ERFE4E #3007 L, EofdREF
AR fTIL A R Ak B ARAHR, PRI AR LA 0 B
SIS EM A EEt, REMS EERKENFEE, A& —EHAR

55



IR S M B AR S (2022 4F)

e JTHY)T E E AR B ORE R H R R, R AW e e
WA, wREELIE AR, T ETREFELE TR
EE BT 2 8 TH FHATREA AT, B TR RESHEZ L
iR REE RN o o

AT B ILR ENE R R A, BT & LA RS
HA-B W IR F MER, WAL BReBEEN T X5 FEHFAREHR
WNE. FAF T EEMABEES A, RIERES BB, i
THH R W BAE TR, RILREL 2RAFZ 2 G, RS
AR, RRAKEREFE. T EERE =T e LB
BATHM, BB SHE HAER SRR P ULy =,
B REBE I, &7 BELE L —RABEAE RN FETRE
IR

TE—NERE Al BRe@ET =T, BESE5TRELHERERF
B SEE RZTMESE, mERT 6 RGBS X B AR AE
ZRANBRARIRAFALE , ) dm i B 2 TR AR L 9 - R AT Ao X AR, B
PAOGREE P MEARSAE, flonTE XMV ELRENREREMET
EEFBRERURFENTRIMNEGR, =7 MHFET 2T
AT H A BB IR A AL . BRI S X RS AR B BOR 2R A 1
JKE ER2AZRE, 2R RERNGE. EATHEERAEAE. &
BARNGE, " EETUERRE E =T RF AR UELRE,
LA X 7 XL BRI AL Y B e AR . A F AR A
T Bl B9, ] | 4 4 B U o AR AL = — e 22 ] 4590

56



IR S M B AR S (2022 4F)

BA, REEAEREAT ) EEMEZTHHREAEK. @ TIA
TR RBARR S, BT B FAALE LI T TR AN, AR
EHE, BT o M B S X AR B AT R A fo e B AR A
B BRI AE P U -7 o & B, T A7 AR A B R B AR A
ER, ARGERAT) E@-ET=.

—

( B
i
RREEE
g -
ISR
t*
\ &
ez =
2
4 &
N isrsms B
I I
198 N rems
B0 - | L |
IGHL : R |
P4 |
=PI —

KR AR AR R AR E
B 17 B S ALBRA AR A T S R AR
2. R RAE S
ke, F PR B R X, A SRR bk
g, BEEY “BERE” . i AFEFR , TR, REER
o EE EREETRA SEHNRERTS, HRRT
“ERAF T B, ROt EAH. EMVIRERE. ERE
RAEM i fe s, FEAEMEFNYFERTERLER P B1%. H
WERER, BAEMAN T & EH0E E7 688 BT, FHR 489 <3
B REH AT

57



IR S M B AR S (2022 4F)

LRT, BT ) b e R R A 3] 0 O B AR A B ARAT
P, BAGIRRXE L B R AR, WEH RN E L e R
ARG B o, (6] T A Y AR xR A EY, B T B AR K
T HIX W BRARF & A 5 ERNEIRFE & B 2 [0 8y A5 =& 744 8,
BT B FRAEAR X . 3 T B RO RL, BTN R REFFEE.
B A S S RAEBE VT LB G W BT e k. AERIE N8 % 2 77 BB L F A
FERAFHAR R,

RIF: AT BB PHEARAE
B 18 %07 a6 SAF SR A

ENRPEREABARATEA st “EBRAE” , |
EEAEBAR B BB Eu, RERDIZA P MR HE, SEET
VIR BR A S X 0 7 A #ATRAR, ERFEER F RAKENHFET,
MEMATZ 7T E, AR P ARSI, RRe & xR AATRON,
AT S B R AR, (BB R RUE T

58



IR S M B AR S (2022 4F)

3.3k )3 B

WP REER] EA0 &, NG RIKEIBRAT, Al BHET
JKEBEANEF N, A EEHLRGET B 200 MEMAE
R R BW EWSTx BEATH, ME AL SRR T RAET
R ZA.

RS E B BRI )3 BT i R K A i ( Last Click )
BRI BRA. fln, —NMRAPET 4N &, REAWK—K
A, RRRSREE GG —RE) ETIREA 100%, 340 BR
AN K 4 R ENTTIRE B DA 25%. b b, XFMEE T EHF
P, BIAR 3 R S TRAKMREATIME, AFLTREET
FHH .

AT FEHE, BAFATURH B EHBE S e FHE, #HR
MNP i s, ERENEFFHEARREST, &)
THRZEAT AT B, SE I 70 £ Bk R B9 L SE TR XY ) A
7 RREGN D TERTUA B EXRBRERBERSS, AN
FI BB .

IR B PN ARAT A, VLR E R P kX R
B, BRAFAFE UM Fama A E. CTR (& @
) . CVR (#4u5) Sk, WA &ERENRN LS

—H UK, BT R R E RS TR B A A
fio. $EFEAZanFRFRA. MESFHREN2EER, FAFX
BB EBRNSE T 68 G ERYE, ELAEHAEN CERE,

A
=

\o

=T

S

59



IR S M B AR S (2022 4F)

R 2 FAEAN. AT MMAITHIELSEN TR L.
KT, By, EFL#EER, W X WETE. HEH M
FZH%EEF5E, BT, AL BFEING FEEL”E, HE
TR AT A B LA R AN ATY Bl B BUHE R AL (] Ao 3R A ix Sb 4K
#, BEZEAPREA. BLEse. BERETERE.

(&) #iRAT Ak

ZKIK 2 FHTRK, FAGESE AT, EAaM T E
DX I8 A ) 7~ A X FIAF AR A BAT Bt K A — R %
", AERAARRAT L., HEREEEE, A HRED AGA
Z A, BREER, LB R R A, DByt X
A A R T W2 —

EHRATIZTERET, AmREEM. VERNFTHTE, 4
Sxt “REEMN BB HEIFR. MEDATARES,
A LT B R R TR S MO, FEREAX “EFE
TRER ) A RIATEA, AR, FHRE A RER, 25
RN, B % F X RS e TR A AR, )
LK
H A KR AN I A E P, B AR AW PR R
oty “EFEM FF. BEAEARATERA, Bohzmin sl
NTIMEEERE BB P A BT HERE, ERaHEE s &
AEREWHEM L, A FELBYFFHMACAEXITALES, &

3‘5\*

i
E%

60



IR S M B AR S (2022 4F)

Tt 7 3 R ABRAT VR B AR, N SERRAFHE ) B P B3 o o A S AR
B E AT AR

AT HBARERENARBOATERT, Lo S SE R
B, e RRAETE R WRKAR, RHEAEF RERE, #
Sz B Rk R R VB e LA 5 ARG R BOF A
I ESRE O RF RAZNTE . TR EHE, &5 T HK
WAFRAE, AR AR R 2 e A R A, 2w kol tr
F, HHFRBWATEFRAULE. LB BN RERALRE
hed Al . FRE, RAH S E AR, B IS T Z ey
RAHAR K.

7~ RE

(—) BUR G| 3. FEBHAT A

LA, REAE R EEE AR fo L, R EL 2 f A
AR AP B iR 18 Bl B I, o — AR R BB (R T LR S A A
AR IRARAAT b 0 2 3 2 . R XA 4 B B3 1 Tl A 2 2 IR A
WHT AR, RREREAF AR BN LM RE, FEEARXEEE
AW T EBOR, RS, AR A S RAT k2 A

(Z) BERER, ik BRI HFERE

LA BRAE I KR EARERS . &8, [ 5. WRFLZTF
DB T HRR . BT BRAS W2t BRERBFT
T TR . 77l b T R AR IR, iR T AN AfE BAR AP fodk

61



IR S M B AR S (2022 4F)

BZAWEN, PRERHAY I LB LT LT HRA RO, HRIT
VAR, AnEER AR AT N R R IR K.

()RR, MBEPFSEBEETE

LHT, BB T FRE TR E I MBAT FE AT LR
BERRS . BT & 2 1] 09 B Ik B8 Bk A BX AR o 3 R — KR o LA
TR, BRAFI B EXRFNERKREANE, & BATEMEHESRE F1 API
ATV AR AT A o R WA A AR T, g BRI
FNTTHCGEA O B, SRR AT BN BRI & B A K.

62



FEEBBEMI 2R &mER =
Hodk: A g R KRR 52 5

BS4%: 100191
BiE: 13811959962

f£E: 010-62304364

W 4ak: www.caict.ac.cn



	版权声明
	一、 联邦学习简介
	(一) 数据隐私安全及孤岛问题
	(二) 联邦学习定义
	(三) 联邦学习主要作用
	(四) 联邦学习技术优势

	二、 联邦学习发展历程
	(一) 传统隐私保护
	(二) 联邦学习
	(三) 安全联邦学习

	三、 联邦学习进阶
	(一) 主要技术原理
	(二) 联邦学习的分类
	1. 按数据本部模式
	（1） 横向联邦学习
	（2） 纵向联邦学习
	（3） 迁移学习

	2. 按拓扑结构
	（1） 星型结构
	（2） 环形结构
	（3） 点对点

	3. 按模型精度
	（1） 无损联邦学习
	（2） 近似联邦学习


	(三) 联邦学习模型
	1. 结构化数据
	2. 非结构化数据
	3. 基因数据
	4. 图像数据

	(四) 联邦学习安全
	(五) 联邦学习流程
	1. 样本对齐
	2. 联邦特征工程
	3. 联邦模型训练
	4. 联邦在线推理


	四、 安全联邦学习
	(一) 可信计算环境
	(二) 多方安全计算
	(三) 同态加密
	(四) 差分隐私
	(五) 安全性
	1. 可信执行环境
	2. 同态加密
	3. 联邦学习
	4. 多方安全计算
	5. 差分隐私

	(六) 性能
	1. 可信执行环境
	2. 同态加密
	3. 联邦学习
	4. 多方安全计算
	5. 差分隐私


	五、 应用场景
	(一) 政务开放
	(二) 医疗应用
	1. 全基因组关联分析
	2. 围术期静脉血栓栓塞症预防
	3. 跨国川崎病联合研究
	4. 影像学深度分析引擎
	5. 电子病历结构化

	(三) 金融应用
	1. 信贷风控
	（1） 企业端：贷前的企业准入与贷后的企业风险监控
	（2） 个人端：个人信贷的全流程风控
	（3） 基于联邦学习的联合反欺诈金融应用场景

	2. 营销风控
	3. 零售营销
	4. 小微服务
	5. 反洗钱监管
	6. 保险存量挖潜

	(四) 数字广告
	1. 广告投放
	2. 流量反作弊
	3. 联合归因

	(五) 物流行业

	六、 展望
	(一) 政策引导、持续释放行业红利
	(二) 凝聚共识、加速应用场景探索
	(三) 标准建设、加强平台互联互通




