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Abstract

Abstract

With the rapid development and wide application of big data and artificial
intelligence technology, financial institutions represented by commercial banks
continue to launch innovative credit products. However, in the early stage of
production, innovative credit products are faced with the problem of cold start due
to insufficient label samples and difficulty in training effective models. The
traditional solution to this problem is to adopt the transfer learning method, that is,
to use the abundant data of similar credit products of external institutions to assist
in the construction of credit default prediction model. However, with the
development of technology, cyber criminals constantly use new means to attack
data, data privacy protection and security are facing more and more challenges.
Banking industry, as a typical data-intensive industry, will be more restricted in the
application of data modeling, resulting in the failure of data communication
between different organizations, and the transfer learning method that requires
direct access to external data is no longer applicable.

Federated learning provides a new way to solve this problem. It can combine
multiple data to build a model under the premise of protecting data privacy.
However, when the data distribution difference is large, the model performance of
federated learning will be inhibited due to the "negative transfer" phenomenon
caused by data heterogeneity. Federated adversarial domain adaptation (FADA)
can align the features of source domain and target domain through adversarial
learning, alleviate the "negative transfer" phenomenon, and improve the model
generalization performance on the premise of ensuring the accuracy of the model.
However, the FADA algorithm needs to share the transformed feature among the
devices. The feature has the risk of being decoded, which will bring significant
risks to the banking industry, where data security protection is particularly
important. Therefore, this paper proposes a privacy-protected FADA (P2FADA)
model on the basis of FADA algorithm. On the one hand, this model replaces the
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Federal adversarial domain adaptation model based on FADA and its application in the field of financial credit

shared feature in FADA with a shared gradient, which is more strict in data Privacy
protection and has good applicability in the financial credit field that focuses on
data privacy and security. On the other hand, the model alleviates the model
accuracy decline caused by data heterogeneity through the counter domain
adaptation technology. The model performance is better than the classical federal
learning algorithm FedAvg, and it is more efficient in solving the cold start
problem of credit risk control.

Through simulation experiments and empirical analysis, this paper shows that
P2FADA still has superior accuracy and stability under the scenario of data
heterogeneity. Firstly, this paper designs data generation rules based on the credit
default prediction process in real business scenarios. Secondly, two indexes, cosine
similarity of conditional distribution and KL divergence of feature distribution, are
selected to measure the difference between source domain and target domain from
different dimensions, and it is proved that the accuracy of the model decreases
with the increase of data distribution difference. Then, according to whether the
feature distribution is the same and the condition distribution is similar between
the source domain and the target domain, this paper sorts out four typical credit
scenarios and conducts simulation experiments. P2FADA has shown outstanding
effectiveness and stability in the four experiments. Finally, this paper selects the
credit data of Lending Club platform from 2015 to 2018 for empirical analysis. By
comparing with logistic regression, XGBoost, ANN and FedAvg models, the
advantages of P2FADA in solving the cold start problem of credit risk control and
the phenomenon of "negative migration" are demonstrated.

Keywords: Federation learning; adversarial domain adaptation technique;
credit default prediction; privacy preservation
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YL, PRI AR i

2.3 B FE I BRI SBRS R

2.3.1 RHBFBFE I REF/R

fEkbrip st , T ARRAT ISR EAMIER, &0
RER B T 5 HARERAT B A FRFE A R RAT, W] e A FRAT A 7 —
ANEPRAEAE B, S B B BER A R AR MO R A i, RIS R A
B R0 AT A — R REMF LK) S R Bl A h A RS ROROMIBA 52 5
B S A P2 24

Lil?I5E N4 1 FedAvg SIAAE RN R 23 Hodhs b il R Bk
PE RS = 22 FedAvg SIRAECLSCERER ME NG, WSIGE AR TS . IEAh,
IR 3] F T ARSISL R A B BEAT AN RIS, W7 e L% ) I A%
Blg, RIAR SR 55 as i R S HOE B 007 [ = A i R M S MRS, B8R
R A SR R A, BT BE R FRAIRIO). T DAt 58l S P AN
RENEVOH R PRA,  AEAS BRI A ARG N X

2.3.2 RIJERFBFE IR R

N T AR S 5P T R BB DAL S . MEREAR ZE I ), B Ak
TR PATEAE . SR A A 5 4 JR R DL AL 2 ST
(L) IBRFR 27 2] P 4t 7 vk

H AT 27 > rh B0 1 AN S48 1 32 AR I AE B30 288 0] 40 A AN~ 18 R K8
AT AT - Zhaol®815E N\ T Jeb 14 3t e P A0TRY 0 7 4 P 50 4R kAT
SRR, MR RAE A CIFAR-10 #H 48 Hh se — 2850 1 B di dh AT
BT, FedAvg HIE I GhHI #0228 X 48 HERf P 2 2 BRAR T 55%. 1ENARWR TS
%, Zhao 55 N\ H I AR 3G — AN 50 53 70 A1 0 FE B0 S ok ol e i 1 s 1Y
. 2R K, Huang®I4: A $2H1 7 LoadAdaBoost FedAvg &gz, ¥
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HET- FADA BRI Basid AR K HC A < A B 4008k Y I

SRS BHEE N BAEN H T 5, ARk S 1R e v BT B s
PR HER A . AT, ZEBCH I T, A— g R 2RgEiE—15&
SRS HAE S . DuanBOSE NS H T — MRS H PATHESE Astraea, 1%
SRR T 3 P A4 0 288 030 S 2 A 0 S A AP A R BRI A R B T A 1 1)
. B, ERALIZRZ AT, Astraea fR4fE Z-score R EELE, JEXTAEE
R AEAT ARG o O SR AT e . R sh e, W2 BIRHAT T
REERE MG RIA T ok, ENgGERES, ZEEEE 5N — MRS,
HR 2% B % i 0 A i) KL 80 (Kullback-Leibler divergence, KLD)XRi%$
AR B R HATR G, WTE BT, SCIR, ZEEESR
AT B E R R, WERRA IR . bR 1R B R i 7%
b, LiBYSE N$ T — P RO MR B0 S I I B0 FedBN, 1 H %
FedAvg HEZEML, EAENZE T IN T RMALLEIA—)E, lbksE
R R AR R A 1) I . AR SE R R FedBN HIEMUNSICE LT FedAvg
S, {HSE HsiehB2ZE AR 7t 2% B AL B VT —1b )2 45 235 R B 452 2% i) i
LinB3155 AR 82 B R4 %% 21 3 B R % 3], $R T BRI AR M b A Sk
FedDF, 1% J7iAEFIFARMRICEN TAR (W0 GAN RO EHE kXt
Pk g5 2% ER G WA BEAT Rl S Il R, AT Ji G Atb A B 05 — 4K 5 R PR A 2
PURIATHE T T & 2 R R IR BE 22, 327 TRARURS S . 3 — 2D,
SattlerBASEXT B AR VA AT Bk, R T —ME TR EEN. HERD
RH UL EE 25 T 1 e R S AR AR T vk IR 4RI 7518 (Compressed Federated
Distillation, CFD), %77k MAITRZE IR (1 ¥ R A2 B B K, @it $2 it
HIREE, LhrEih. WEHE. WEEMA NFELIFMEARY B TE5
PR ZEVRAESE, Jd i Jo B TR 4 30 S 4w 00 PR TR E 05 B8, IR adlg
SIOHFE

T & 1 & H B A 22 K Kt 2 S8 7 i, SmithBoISE Ak 24T
5 ) SR SIS S, R TR AR I R, AR 2R
N RS A8 R FH 2 A5 S B, MRIE S % B AR R S0k 5
AR 2 (B 06 &, JG ARSI R st v U S A8 B AR AL B E B R 2, R
b IR S5 4 5 S BRI OC 2R BERT H BRI et A P4
AR M I R, SRTG AR . A P AR A R AR R A R —
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2. CHREEAR

T 22 f Kbl B AN 10 7%, JeongBoIZE N T — R SR 7% FAug,
BAERIR G BRI RN — AN E SRR, IR e A RS Y A B ST ]
AR R BRI SR, [EAERENRE, ZEEERG RS LA DENAR
H g (R 5 i DA LN SR A OB 2R, o 338 T B L v % XU FHE 15 T
(2) IR 2 STRE S5 A AR Y 5 4 JRy RS 28 7 ¥

N T AR S R T A SR IR P B A I R, 3 B A R A A Hh 1 45
2R R BRI N A T TOURDE 0% SRR AE AP AR AL SR B o 0 TN J 1 5
A S L, LiBEASEH T FedProx Hik, ZBVETES & A H 1) L Ab R 5L
A —METI,  REAE R A WS E— R m e/t &
AR FEE INRaE, WWECHEE . 5 FedProx 50325t BT E 28006 A
[ (46 55 T BEANIR], Shoham!38145 A\ SR I £ 5 22 2] (i S8, S i A Fisher
5 IR PR B M A8 T AR SR 2 4 R B KIS 4, SRR B MT 55
MEZESH B 7NN TG T OR PR A B A B3 77 [, mT DA FH 4 Ry
PR PR B S35 1. KarimireddyB92: \#2 4 () SCAFFOLD Skl
I 4 R ETVRR P Y A RS ARY () SR T ), 7 L AR AR B IR R
B MBS . SR, SXFPE ISR oI ON T8 30 ORI 4 e R R it vk 38 m 7
WETTHH, AR T EfEROR,

X XU FHRFAE,  Hoffmant o155 A B H R G S daid B 4 R SR 2 e 470
B LR, RSB BRI AR A I, b iR S5 g B g
PE A BARE,  380E A5k T DAE ORFR IR I ARG B2 AT 52 T, 47y
FoR A BIRES H bR IR AR R RS, A5 R R R I S R Y ]
PAELFE R T H bR SR, R idsod B 502 /5 2 B He 07 RIS H bR
A, RTIRPEAREEAL, PenglHEE NS H T BOH HLidid M FADA,
FORR R % ST HE L S X PE B AR G A AE—#E, 7 DAME— 2R LR 3L
G/ SV N SR T A
()M A 2 >

& EIBEE A ZIR R, A R IL R AR RN
% FERRIUAFIRYET, BB X IR, I AP BRAR IE 2 A A
) SRR TR . SImMIEE NS T —Fl “ BEIBYIZR+ A G S (RER I
A SIRESE, EARE ] AR, R AR A I B T B S R AR
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HET- FADA BRI Basid AR K HC A < A B 4008k Y I

PRGN EAT PG AL BE, $R v Bl 7 o N R e RE . AR, SR XA
“CHRFRUNZR+ A HE R P08 T2 BN G S NS FR BRIk, M
PAAF SR A AR T . Jiang! 315 A ¥ 65 2] 5k (Model Agnostic Meta
Learning, MAML) N H T FedAvg %, #2H T FedAvg+iEi%. jus>Inl o
WA BE . 55— B meta-training, % BCRT LR B — A i AR M 4G
WS4, PRHUE N — RIS . B AP BJE meta-testing BB, 1B B
A DA SE A B A A3 B AR A PR AR L . 5 FedAvg+5A2EMEL,  Canht™]
SN T pFedMe 5%, %A E T Moreau envelope B8 HUE M PEAL AL &
AR R, fEA A A R RN A B R AN I R 0T DL AT, ATTIA
SNBSS E o AN STy — A 27 S0 b 1R B0 S A A PRI M 4
AR, EFEER—PIRENRL

ZiLRTIR,  H AT AR RIS 7 ) B S R P U VA B 2 m D A A
15 FFEH RO 5 B AL 1 ARG, ] (RAIFAE BB AD (I8 A5 RS . SEsR I BB AR R I
57 S BT RO 4 SR de A Y R AR e PRI 27 >0 TN — BRI R T 1)

2.4 CERVER

MBSO B2 A R S AT 2 STAH SR I SCHR R B FT DL, BRI 2
SIFEAS DRI TN B A o A2 AT BT U, 26K 2 20wt 78 B e -
A AEORA R FE AL AT N K& 2 MRAT S5 S R UL 2 5745 DT L T A Y
1110 F S 5537 55 v A8 LR 2 8] AR B30 308 S P o R PR A R AP i JRg PR OGP R
Ko DI IBH 2 2T I 5%, B2 B/ A A6 18 T £ 0 A0 ik ik B A
RIS o X PTG N B A — 7 T R BAAE DR FFIRIE 7 AR RS LR R4 F, 4
ANTRAA)_EYRI S H AR B R R B, (A T YRR I R AR AL AT DA
BT BRI, S —T51h, b ues S SRt s S, AR AE T ]
P22 3] R U IR S, T RO/ NIRIEC S B AR IR L BE B, R g
RIS B2 2 il B — @ W AT . W PUE AR K RS, EE T
T TR, H H RGBT R TS B 5 AR 5 IR 5 2T R O N T
{5 DT B 7E 5 HCRE IR X PTdslod BB AR FH 45 ST B AT — 2 (1 8%
PERIWEF AN . CAF RIS PIis N B AR AFAE — 2 A8, S IE S bR
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2. CHREEAR

R, I R S ARAT ALY 2 TR) 3 AR 5 (R R A FE AR A FE XU, 2%
25 B4 22 A AR AP U O B B A AR AT Mt SR R XU o AR SCHE BRI i 4 ik B 4%
A (FADA) [2Efil F#EH P2FADA ik, 1ZBAIRILE FADA MY, JEid
SR EACE FADA LR E 0, CEBCHE B AL DR AP 7 T S0 7™ 4%,
HASZHER batch size (HLEHEED BRI, CRFK batch size %k, TEEHRER
AR RIE T 22 4 H A 1R 55 N HAT R4 16 S R IR AT v
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HET- FADA BRI Basid AR K HC A < A B 4008k Y I

SMRITBENA

ARSOHE G IE AR R BB AT E, 51028 1 AR G4 XU i BT i
LHEAREE, a0 A=A KBTS K
R FIIBCHS 2 ST AE AR IS S R IT P ik, IR e i 5k

3.1 REE AR

LI EH R4

AN NAT P BT RRGE T AT 5 S Al LA A DR FR s IR 4528 R Bk
A5 DOV 55 3200 o U BT, SO R ML ARAT IR Do 55 o AN ERAT AR
AL R, A5 505 AR BEE 1 22 AR, b AR o 32 2t fir 40471,
5 XA SR L el Hy i fE, SUCE i TE AR Z BUR B e A B /e
S5 R eI A% G RIE AR B B 5 06 77 A b R O U, ORI 24X
B, 2 XU 3t AR 4 2 B EELAR RER.

B 7 AB AR, A5 DR 55 KU ) 53 — PR B SR IV XU, RIBTRON
i Py i A AE B AT ACR R DT, e R ERAT R R . AR ST EERE
155 FH AU A5 BRAEA T 9T

312 ERRGEERS %

FI TR 5 PR B VRO LAY R =K, B SRRV, SERR LR
B R B
W BRI

TRV AR U B A B R AR A, AT
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3. AR ITES A

T B DL RO SRR R 3R AT At R R BT sk . LT E v — MR
AL G A T AR VRAS 7%, 1% 07 V2l ik et s 4ol A5 FH 0 R 3R S VPN 4
P FEIR T A E R L B 2R S o AR A BT 4R AR IS I R R AR, B KR
SEVEE A A EIE, Hod HeECE Wy “5C7 ER AN, HE
HH 5155 N A% (Character) iV A SR 1 8 A% i & S {8 (Capital) 13155 A
W5t 55 e 71 (Capacity) . 4k 485 3855 (Capital ) A1 £ Ml HEH4 & )5t & (Collateral)
TANEER I

BN VP e AR G R AN T2 R, (AT
ZANEMME R, HX R N SRR, AR S, T H
M ERMETEE R ACH RIS,
(2) VTR VP A AL

DR VF AR AR N IE KA ) DERI H & R R 7T BTk )
LR A SAE DR 58 77 ot S S5 R R DUk AT 70 9. 2007 4, MRS TR T (5
OBy K48 51), AT IHET DR R R, ol IEE TR
RRGTR S RIFBT S TR ONIA R DY, VR AT BN 2R DYk i 2k %
7E 30%-100%, MEIK, NARGER. Bl H g BTN briE &5
R AT MV R B AR VPAL 51, AN ERAT AR SL IRl B %o 5328 07 vk
ITHE— a0k, TR B 7 A HAR R B,

SR, BT DR L oy S0 I 35 Lo = e =%, s BRHEL 1)
RN R H A EWAL, KI5 S o A Bl A,
I eSEARNIY: Tt

15 DY 29 PN B AR AR A SN AN NRFIE . W0 55 Re AR AN DY R AIE 55 20
TSR N R G 2EL, 22— ME RS IR REA, Har g sy
(R IR RE B A R BE . B 2] R DA S A 28 ) 24 A R 51531,

Q) KA E

R — A G IE 7 AR RS DB 2 T AL R DGR 4, AR R
KIAIRZL, . @HEIE (Logistic Regression). SVM. K 4k (KNN).
PR SE, RS — PR L o R, TR R, A SO AT
e

WHR BN —Fh SRR SRR AR 3R B — AN 5
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HET- FADA BRI Basid AR K HC A < A B 4008k Y I

BRBOR RS TR 20 P8 [0 1 1 o000 e S5 B A s b 8 141, 7384 [m] )5 v gk Y
IR B LR e KL, RIS 21

p=—-—7= (3-1)

In—— —wx+b (3-2)
1-p

T RMBRYL, LpFosxifbFsEY Jy LIRS, B p=P(Y =1x),
W1 p#7 x MARZEY J9 0 HUMEZ, EI1-p=P(Y =0)x). F#HIELAAHS
JL% (odds) M-

o P(r=t)

wx+b=In——171_ (3-3)
1-P(Y =1x)
eWTx-¢—b
P(Y =1x)= = 3-4
( |X) 1+e7<wa+b) 1+eWTx+b ( )
1

( |X) ( 1|X) 1+ewa+b ( )

0 3-3 AT, Y =1 B LR i x ML A58 Bl 3-4 740,
WIS x MRV G 50 BMERECR, whn DR (i 295057 20
F, Hwx+b MEMESE TIETYS, P(Y =1x)MEREET 1, AEL8
R R TIRATI, — R NSEBR I E R B — AN BE, KRR
HEMEAEE, B RMRERTBRE, WoNIES, SUAKRE. ¥ 3-5 5
FALSR R AT, R 2RI BERE T BRI R SR IS S w

b) £ % =)

I AR KA AT /RIS KA AR, B AR
%, FEHF# (ensemble learning) JE LA AL & 2 NS 5] %% (Base
learner) SR PR L —BIRLTRINNZ A RCR Z2 1 0], HAZ 0 BB R 244028
LD VA (MU EAE? S RIS 0 i 11 101 ey R ot W R = i
Rz sy et pedt— B4, mERWT.
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3. AR ITES A

HF R \ )

L]
HEIM . memn —— B¥IE

§$3%3////

& 3-1 EMFEI=EE

BE R S B B R A S 2 D] SR RN A L2 ST AR A . S,
P 2 ST 38 R 48 F AT iR 8O A 7 iR R il — RPN 21 3%, TAT
TiE R R R 2 S AR A DLIFAT AR A, IR BRSE R AT 2 ST R TUINAE 55, BATI 2 1A
& HAVMK, IRRFEILERYLAM (Random Forest). T {5 FH 44 75
A I B ST AR B AT AR R, B B A 5] R R O b — N ST AR I T
Mgs Rk A p, AFRHE LS Adaboost. XGBoost Il GBDT %5, 4 & 324> 3%
HIVEA 2R Pk, 2R 30ESE . R A S 2 ) XGBoost 523k T
4.

XGBoost /& —Fl K HIBLIEAT UM 1Y) Boosting HEZE, FL7E4r2 )@ F3&
PURLF, W) 32 BT Tk 5. Boosting HEZE (LA AR JETHI441)I1 4
EMNBIIEAETY, R3] — ARSI, B 5L o) SR I AE W AR I 28R B
YRGS RS FEARE AT IR, RI4S T 70 KA R IR T RIRLE, 457028
IERFIREABNORCE, AW ESHOP IR, B AR IA B TR AR 2 5 17 1L 25,
BV A) #5211 e AT IR 7 ) 28051, XGBoost (1) H br B N -

L&MZiuz_w+ing (3-6)

HATI(§, -y, ) R ARERIOTI R, S (f0 %R K HUR 5 24
SR, MIERMLT, PB4, HRIFA

Q(f)=yT +%/1||W||2 (3-7)

HAT AT ARG WA T ARLE, B4 R TR

FAOBH, FLBS, I AEGD, T RS, M e

%, ZALRET kSR, T XGBoost /& AT AL ek 2 ST 4 1), HAEFHI— ok
SO PRI TN 45 SRR ZE T RS, i A e Km] DS il
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HET- FADA BRI Basid AR K HC A < A B 4008k Y I

ZI( A(tl)+ f.(x)]+Q(f,)+C
Horb n Nt SR HOECR, C R HII

T AT CUR ARG 1) A AL O 2 R R R, R RLTH5E EARA LS
NS XGBoost #E4T —F Ze B IR AR, Hoh I R E I A

(3-8)

NFWA
f(x+Ax)~ f(x)+ f'(x)Ax+Ef”(x)Ax2 (3-9)
N TAERIE LA s, 2
h=0% (v 9.7) (3-10)
9, =05l (v.5") (3-11)
h=0%.l (v 9:°7) (3-12)

MRV G SR AN R A E S

{I(y A(H))+gf( )+%hiff(xi)}+§2(ft)+c (3-13)
SR BT

%[(Zg JW +—[§h mj }rﬂ (3-14)

HPLRRERME | R A ENEAES, D2, 26 =

Zieljgi’ H; :Zielj h;i» ] 153 .

Obj" :i[Gjo +%(Hj +/1>WJ1+}/T

j=1

Obj t) o

(3-15)

BT GHH 2RIt -1 it AR, aRE R, SRS H A Hw,,
X HARBRECR —Br TR H A 0, BIRT4S 2w, iME, B
W =— o (3-16)
" H;+4

Kew AN HAR et 5, BT A5 21 H i ek 201 e LA

1& G}

ObJ:_ZZ

T H;+4

+7T (3-17)
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3. AR ITES A

C) LR N 4%

MERZE (NND 2 H KRBT RN FE R RSB (MEIT) BEH
BRI ARG AL 28, DR — e R EE AL T AR 22 I 2% ) 25 A RN D RE T 4944
FoAZ 0 AR R o A A 15 B @ M & e AT I RIS R A7 R A 4
28 2% B IR BRIV & N2 2T 66, HOAKMUIE 7o 5t R I BB, Refig iR
IRy K TRAE S . HAT, MAEMSESm. BT 0l TIlE5reE
YUHAS BN T T R, RS SISO E AL —, AR SR AN
[, MEMKEMRZLR, W: NTHEME (ANND. & W %
(CNN)  FIfEH ML ML (RNND. I LAZS R TR 50 ANN 451 A 28 4
225

X Wi 7= ;Lfo‘ th
b b
Xy — et
w3 b b ; yi

X _ Foyi=g@)

Wi 5 . Vi
Xi ————»

BNE =y =2 AR

3-2 ANN 444
ANN, BN Z JZ ML, W% ERIE 3-2 i, nLUEH,
ANN HHINZ . BZ M E A . NN EE X, 2 R AR Z
B 802 4 e bk A EE wy D b B T b A3 B A Rz, Wz =
Yrawix; + b, ZJEXtz AT IR S Ry, v = g(z), ZIERERR
N AR 4 o
T A Ja o 22 IO 8% B T DA AR 52 B 75 3R B A7 8 L R 802 AN A Bl 2 o 22
TCHIHCE, EEMAETTHE USSR Akt
l=Jn+m+a (3-18)
Hor, | NRBEME T, R NEWEcHE, moAsE E AT
HE, ae[l10], R&—MHTTHE.
Xz AT A 2 M A e 1Y) R B g PRI BRE, 0TS BREIUR R X 48 T DL
FOAF BTSN LER, WARKARIERE, WA R RERIERCE w il
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HET- FADA BRI Basid AR K HC A < A B 4008k Y I

{72 b 2R VEAS e, B2 N 2 JZ A 2%, AR I AR G T — N2 (Rl 9 B
B, PR TR M IS ST BE T, TG B BT DU AN BEAT AR PR AR e
45401 22 I 265 ] LA B B AR (12 ST 35 . F V05 pR 30 - Sigmoid B
. Tanh K% Relu BREEE, ASFEIGOE RBCE I SANR, ER AR M
ZX I 5 AR SR i) R 25 e R IBOT bR A0

FER AP 281, ] DRI AN [F] 2 SR S5 IR FEAN R R R AL, X+
FAESS, H MR K R BN R, 7 R%E (MSE) # HAERIAE
S5 IIRR PR B IZRFEAR SR s B S AR B . A T B AR R AL
U] BT SHOE T 1, #h 2 MI2R FB6 LR B (15 sORAS T BE AL w A
s b WIS, BRI ESURAARN T A2, X RERO R ek,

ANN R ZRimt e a0 B s

—{ THBH }{'Awﬁ@ ]
l

ErnEe

REREG/NTH
SEE

LTI

& 3-3 ANN BRI

32 BFFES]

321 BB

B4 >] (Federated Learning) & — 43 A7 2HL8s  SIHESL, 7EIXFHAE
R, 24550 UER B R BT i NI, MmA R — 8
A JRRAL, X vE R T B R SR E R T R R, ARELE
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3. MRITEN A

G, WORREIE BORIE T8l 24, o DMESES AT NI 2 77 88
FERE, E— BRI AR, ARIEICH S I HERE T X 2 507 R E S
THOLHIANTR], BB 5 2] BT BLo) y e ) Bk % 2] (Horizontal Federated
Learning). TR ELF%~>] (Federated Transfer Learning) F1Z [ Bk HS 2% 5J
(Vertical Federated Learning) =M%, ARICFEW & BRSPS,
T SO [ B 25 S R R A 2 S e TT VAR IENA , IR/ S HARR L,
X AR B FY PN RV IR 2 =) HEAT 157 SR

3.2.2 EEERFRES

MNTFENSHBRAEANS ST ERARMESE, AR I ES 2
AR EZ DR, WAEARMX M IRAT, Holk 55 mlRE2 MBI (L
SRR A AR, T AN E (BEAZE RIANED, R DK 252 577 R A
SRAL IR (REAYERD) HEAT Uy, JRIBCE SRy A [R) i B A A (7] (0 550
BEATUINER, I AhoRs a2 3E AT R R0 V1) 0 EAT I R IR 5 925 P i T R R 52 2
e E R E RS

: i T C R B
= ; ;
: 5575 BIRIE
FEEHERE

B 3-4 MBS
P [ B HS 2 o) o 2R R B “ R iR S5 98- P o 7 SR AR ) S ]
247 K, R HXTIX AN T A

(1) SR ik 55 - 25 ) i
£ ik g5 de- i SR, S 5T T kS5 A% (server)
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BT FADA FRYIEHON Bidsid AR K JHC A < il 6% 4008 ) 2

Mz i Cclient), Hrp2 i 2 5lZGEBe, AOTHMSLIIZNLgs >
B, PR S N R TSRS A, BB ST AR I ROt
IR G TR, R IIZGE R TR, HEZAFT D
%

Stepl: %) wHRAE A AHE RN R, AT 545 B RO B B 0E
HEFEAINE . Z 0 BRSNS BRI Ja Ak 4 h e e ds 4s .

Step2:  F Y i 55 A% Xt WA I AR R Hof R e 5 IS 2 5 U ABEAT R L SR A

Step3: FHRARFS AR E R NER LR HS5T5.

Stepd: %25 R IR TR A 45 R 5 H T 9 & B IR 24

H

K

5

R

BN YRR
FEEAM EHIRE

BN
SIS JHT
REEE
mERE

+ P

wh

ENI NS

PRIRSS RS

®

B 3-5 PRARFR-FFindd
(2) ¥4 R 44
e CRTEERIL% 7 B, BRI 212 5 0T AN A Ty b e iR 5 AR A
i, AN S5 HTEME RIS (trainer) Z51%, %05 H 65t
F A M B AT WLAR 2 ST BRI, 2 S5 8 P A L ) 5 i 26 it of )1 2
15 B A A 2 Halobh BE AT 0%, 2 e AN IR 05 2 [A)id it 22 4 5 2%
(channels) AZ#iHHER, Fitatn s EFR.
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3. AR ITES A

WExT51

752 Ig75n

3-6 X HFMLELEH
(3) BRIy B4

RIS 3 5035 (Federated Averaging, FedAvg) & —Ffiii i) B 2 =)
“rhga iR S5 ge- P R I R, HF 2016 SE A R McMahan #
RORRIARE. 26 NFRH, BRIk AN R B 1L AU 7 e RS 5l ¥ b o g

T BRFABE M 55 1, ZE LIRS I3 3-1 fis.
% 3-1: FedAvg EERR D

% 1 FedAvg Bk
KNP w5 Ak, BRAHACK/DN, ERAHIENRIR, ni )3,

H o B 5528 i
WIUEHWO
for &l F AL KL = 1,2,...do
m e max (C-K,1)
C, < BENLIEH AN 7 i A C,
for HAN% Ptk € C 44T do
w2 P RE T (k, wy) HEAT R B
Wit < 211§=1%Wf+1
B EH(k,w): [IHER 5 k HistT
B CHPAHIANNBIGL PNk FRERZ ], A/ Hn,
for TN EAREFE IR (1~E) do
for batch b € B do
w <« w —nVi(w; b)
Fw bARZE RS

£ FedAvg 5L, B —IHAKANE i, HRIIN0~k, ZHED IR

N

Stepl: IRk 5 A BT M S HIIatL, RN —RIBEENAL =
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HET- FADA BRI Basid AR K HC A < A B 4008k Y I

12, . HHESBENLE B m A% w2 5%k, Hbhm A <m<K) NEFRIER
K12 P w4 CONBERLE I Im AN im A A
Step2: HHAEFE F e 107 7 i (o AN I B o T e 55 2 TR R K%
P w, BEAT ISR, AR EHE R SR w S, TR R 5 T IR g5 25
Step3: H e 55 e XTI B AT S HOINBCF 2 AT R E 15 Blwey», AR
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