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5% AR S (S 11571011) 1 NSFC - & E KEIREERF OB E (S U1811461) %l

WE AXKREFRREEARARFEA, FREEZ,EANSH A Logistic B TR # 5. # L
MEEWMEER WL, ZAL;ARELRA. #—F, ATHLEHANEEXRELIEF TS LW
A E, 4 EESERIB ML s 7 REH T £ T Alternating Direction Method of Multipliers
(ADMM) ¥ #8277 X Logistic Z 2/ F &, Ao B FEWE LT G+ TR XA, AREETH
B AL B oA A i SRHE R AP E IR AL

KR E4RA, 5 R H &, Logistic B3, ADMM % %

il

1 35l

LI PR3t S AE T B NATTAE % B RIS, ok 1 AN B0 a it e vt 83 1 XU . R 8 ) Uk it g
Wk, B anAs AL BB X F i 0 o OO B DL A B 24 Sl s 4. B T IS THILER
277 WA B EE HEAT 204, AURS TEEHENT S A AF BB ANAT . DRIk, SR i R A A E 2
MR, P E R B AR 22 4. A T R B RA IR, A2 AR T AR B FA DRI BOR, 41
U Sweeney 2 FEH k- FE 4% 773, Machanavajjhala 25 B $2H ) I-diversity JR I DL K Li 25 4 32
(1) T-closeness 5555, HHT1ZFEBRFA PRI BRI o] S 14 15 Mo s 35 BT S48 107985 Se 0RO, 2 AH S8 &
T SRR A JE R FH B, 3 7 VR TE TGS 5 26 O R B A7 7E 2R AU AT BB, Dwork P 7E 2006 4F42
T 2 BRI S, SAESRMESRVRYT TEA RIS, 2270 Bl e ST — Mg I 5 5 SR TR
A, FEXT B R EE AR BE 25 tH T 8 B IR IR, AT SEIAE 57 ) SRR ) [F] I ORI M B FAE
B ZE o BRAA E LR

EX1 (EBaAL Bl g —ANBENLELIE A, Range(.) ANBENLHELFTA vl GEM H &S, W TE=
P 2 A 22— DR EAREE D A1 D7, LRI S € Range(A), BEHLEE A i e Z0RAL, &

P(A(D) e S
P((A((D’)) = S)) < exp(©).
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TR AR RY — Logistic B4

Hrh, P(A(D) € S) Bl A R TES S MME, BRATMEZSH ¢ LRI AR
E, e BU/NERAL PRI RE L . e SCAT BUE HH, 22 73 BRoRh SR b SR A B0l xof SRy th 45 R A 52
AN 2 AR AN SURH 22 — A Hcdls 0 el By ) 45 R 2 AR /N, AT A5 ok 2GR ) A A B

25 BAARME R — PG e B S R AR BR, 18 & T REARE A AN N B FA DRI 1 75 2,
BHAT 2R 681 20 BN BIE S 40 e #hIRa AR M EE 1R, RS0l 3R A 1 SR BGE#, 1
A RIS IR RE S, F5ob, AR A A AT I i 45 BB ) e 2203 Bl e ERRATHE R 201 AN 22 [
N EGHE  FE R AT SEAT TG . IR A AR 2 2 R R RIFIY . R Rl (Laplace) M A AL
1] (O R 50 7 AL 00 2 AR FH B B FACRA SE L. H AT, 2220 BRRARR BRI A 3 B A T
P A W4 g g ab R 0] S8 05T, BAA ZE S RIS I HiE N2, £2H Chaudhuri
G 61 S H 1% R LB A H AR R B ERM Z2 20 Bl J7 %, Kifer 55 U7 SR M@ 4515 7% N 19 ERM
ZE5y BaRA T8, Wang 45 18] Fl Park &5 191 $& HH 22 73 BaAL SR A0 7%, A Abadi 45 20 $2 tHI H
R R 7 A Ba AL ORAP 7155, ATRLE Y, 2T 2 0 BAMILE 7 2] BOEWE M TP B, &
LR T 22 50 B AL SR Bk A AR It M OREE 0 SFEANE . R 5 2R S AR i Sl
& T Z 5 BRAESL ST, H AT CA #B J7 T TAE 21220 RS S BEOCVENLAR 5 > B0 07 T I A

b E S SR Yo R R, REE 1) 40 A A O IR B A7 it 07 =X, B 25 AR i S b
U3 BITEAEAE T A FE RIS, B 20T U A2 A R RR 5, R B & A B2 R R 1) 70 A1 =L
PR TTIEE R A1 0 A SAHE SR TP IR A (average mixture, AVGM) HEAR, H AR,
A TFENUH B B AR B UR S A T, Bk A TR SR Al THEL T8 xRy A X7
B HAS B HRAMAK. McDonald %5 23:24] A1 Zhang %5 [25:26] g5 7 BT PR G HIER 02K K
ZHb TR L 5 — Mo A dUNE SRR TR T S 2%, BITHSREAL - TA)3E i 4 30 7 XA 3 A2 SR
HE I E B HAAR ARG Boyd &5 P71 B TZAERE TS 2 RS R4 25, Mateos
S5 28 S T 0 X Lasso 7%, Wang 55 29 B 05 e 2 0 A AR N E ML 7%, Wang 55 [30)
PR th 1R T AR o A ATV X B R AL R 23 B 25 AN ATTIAIR B & F it s R R, 25 A
AT A = AV B A Pl IR 55 B RIS, 71 >R T HT BT ARG AR FATE A8 9, 33 ol Ao B e K4 131
(530, REREAS B R AT AT A, A2 i 5545 8. Jl I A R R EE B2 i, refig
BRI P NI LIRS S5 8 I o i R M, BeE AR B P AT N B K hE
itk TAERAL, IR T EE R, XEFH P & 80 SR SURME B R A S A,
U5 F P AT R I N B e a2 A g, H TR SEBRRA rh BE R A A AR A SOk A X
FSRBA R OTIEAMG S, TFRE X T KRB 70 A N2 7 R VLR 7. 20 A N2 B R B 3T
TAEEFE Han 55 B3 2 1070 A0 IR HE B TR 5L, Ji 45 B 3R 11 2 Newton-Raphson 5%,
Zhang %5 35 I Zhang %5 B6 FH 40 i ADMM AR LS. ASCRIBERT 73T ADMM [
ZEoy ARAORIP S, 5 30HR [35,36]) ANF ZALLE T, FATHFFEAAL H Fndzs il — i 434 U808 I8 H
= ADMM BEKAE, BT =0 ADMM B&E& T — R Am 0% S Bk BT IRl fE s AUd /2
HhoIn R 75 S ER 3Af RS RA DR

2 91\ Logistic [E])3

PE— R R ) 73 AR, Logistic [ 4 BT LS M. A545 H 04 3 Logistic 1]
BOR, BT ADMM SR 0 20 Logistic 509%, IHIEM] T SRS
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2.1 9% Logistic 18!
# J€ Logistic #i7Y

1< A
in =3 log(1 —yiwTz)) + w2 1
min 2 og(1 + exp(—yiw" ;) + Hsz» (1)

Hrp 2 e RP WEINE R, y;, € {—1,1} N AR, w e RP AR E, A > 0 NIFESHL
PSR Dy MM BITERLE J £ BT PTH) T (5003 SERL S0 L E SRRk
G & N, TFEHL § MADEE, | Ny FRI, TTURRERE G = (7, B) %% ik, S
PR 7 = (L2} R T BTSN B T x J WABERE, JACRnmf, #HHL © 5
AT, W By = 1, 0, By = 0. HE—5, S VB2 oL 5 2 2 IS 15— B
AL REA, T2 A,
HHHL J HURHEUEN D, = (a0 ik, ng WIFAERIERRE 0= S0, n;. HARELRPT
B SEILIR R, AT (1) 550
J nj
min >3 log(1 -+ exp(—yaw ;o)) + 5l 2
j=1i=1
BERAIR (2) RAHIRTRA ) J %, BASSHIN (1) S0
o T M SRS B R B A S e 75, TR R R (), PR 2SR
w, 3k w; RSN J BRI B, B (2) #H R Logistie B

J nj
{ur)?}i]‘r}i1 Zl {izllog(l + exp(—yjiw; z5i)) + 2]||wj||§} st.w;=wjy, jeJ, j€N;,  (3)
Horb Ny TSNl § ROARJE AR, R B 2RSSR BONARE B0 & THEALR R A THE AR S, i T 3RAD
RV 28 IE T, A ZA R MW & TR R AR AR A, R A TH AL A A 55
RS THE. EEE 1 A AT LR AT 20 Logistic B! (3) S5RAAHIAL (1) ISR 1.

EE1 LB G = (7, F) ZElK, WA (1) 5 (3) &4

WERR W G = (J,E) ZEEN), BAEZMW G TR U AE, hgEs (3 ( ) LR
AR 5,5 € Ty T 1,2y -y Gy St =y, = - =0y, =y WA, Fb, st =y = = by,
w BER (3) MU, 02 (2) Wil (K5 ARNTIH 2 (3) IZIR), SR, IR (3) 5 (2) &4, H
R (1) M.

F1 BRI ATTES Boyd &5 PRI A 3 Logistic J7kHIANR ZAME T, STHR [27] #1453
AT AR S 4 R AR, JF BT BN AL — T LA Befy o SN LS B PO 50, 2R3
BAEZHOTHENL EBAT R T Ot EALRAAAE, FE Tz A R i A AN B S i, B
2 rpuC TSRO B s G S, 20 A O7 R R R T IRATTRIE 78 3 T v A R 8% 14 23 A1 X7
%, SN R AR RS AR E, SRS R R AR R, TR Eﬁﬁﬁﬁ%(itti
R A SR B AT AT N1 R I R I AN S R 52 0 201 2SR i ) 4

2.2 %I Logistic Bk

AN AT I Logistic FyE, FEE A H SRS,
TR (3), BAUEELT ADMM 5% ADMM &k 2 — N B iE RIS, ik ARa
T3 PR, BARGTT L3 AL

1513



FEEESE: A EFARY — Logistic 1A

B, BREEINR A AR R {2}, B (3) By

J nj

J
A
min LSS loa(1 + exp(-yuila) + 25301213
j=1

{wJ}}Jl{Z}]l ]111
S.t.Zi—’w]'ZO,Vi,j:L...,.]. (4)

ERRORAE IE IS B R AR &, HARESRN TAERE @ M j, Z, 5 w; M5, BT BAMRBE
) B IEB Y, IBAZA ARG S B AERIEN j KRR Z; A w; A5 B, B8 (4) RARS
BB (3) BT — B, PR A4

N T ITEZRE, B (4) 5 NIRRT

rglg fw)+h(Z) st. AZ+ Bw =0, (5)

HrP R R f(w) = %Z}le >y log(1 + exp(—yjw) z5:)), IEMALI h(Z) = 3 ijl 1213, w Al
Z NFTE R R w; M Z; AR R, B, w = [w,. . 0T, Z = (2, .., 25T, R AR
B NIAE Z M w REGERE, HOSEBY 1) TIrEARKGEE, Bk, A = (AT, AT]T
RO IX0) e A% = (L, .o, Ipup) T € RPIXE) 0 e RUXP>P YR TR YN 0 IFERE,
Ay =[A*,0,...,0], Ay =[0,A*,....0],...,A; =[0,...,0,A*], B = —[I(jxp)x(Jxp):- -+ LTsp)x(Ixp))
E}R(JXJXP)X(JXPX

PTAVE BB (5) ) IR3) Lagrange PREL:
L(Z,w,V) = f(w) + h(Z) + (V,AZ + Bw) + gHAZ + Bul2, (6)

Hrp VN Lagrange ¥, ¢ > 0 ATIESEL

HF ADMM 8k, fER—IRIERHPRIREH Z, w DA Lagrange 1 V, HEFEWSL T
25t ADMM SRS it e 2.

EM2 ¢ > max {3, LM, 2Y, ) ADMM 5% (A1), (A2), (A3) M S8k F
L(Z,w, V) IR/ IME 5.

NV UEMZE B, BATE FIEP S TUESEL ¢ W E R 2 BIRATNT, BEE ADMM SHikMEAR,
L(Z,w, V) BiR#EE. HUGEHN TAERIERRE k, L(Z,w,V) B N BEAHT L(Z,w, V) #HE
PR, EARUERA DLFE % A2

2.3 S¥HIT
NTRE ADMM FIER) (A1), (A2), (A3), FATK A &0 KI8T Lagrange BREULA

J nj J
A
L({Z}Y{=y {wi Y Vi) Zzlog 1+ exp (—yjiwj i) +§Z||Zj||§
_7 1:=1 j=1
e Vi II2 |1V
s . PRSPV | I | IR
ryn (g2 ). o

Hrb By FoRitHENL 0 5§ IERRF
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HAHEXNAE Z HEH. H Lagrange BRI (7) AT, (A1) AI9R08 J NAFEIRIF ) @,
TGN 4,
Vii(k) ||?
C

Zj — ’LUZ(]C) +

)

J
A c
Zi(k+1) = argzmmﬁHZng + B ;Eij ,

J

AL R 5
e Eiy(wi (k) — Y

Zi(k+1)= 8
i(k+1) ST Fytd (8)
N EXN AR w WER. FRER, w BIERT (A2) TR J AT IR
w;(k+1) = arg min L;
J . i ,
= arg min % Zlog(l + eXp(*yjiijl’ji)) + g ZEij Zi(k+1) —w; + V”T(k) (9)
Wi i=1 i=1 2

BT BE T FE R AR R M, 38 m = 1,2,... SRR (9) FINTEHAR S, T ADMM (K4
k41 YGER GMER), & wl(k +1) = w;(k), B4

oL

m _ (mfl)
wi(k+1) = w; (k—i—l)—aa—wj,

(10)

Hooft o BRI TR, G = LS, st o By (Zi(k 1) — o)™ (k1) + B8,
)&, B Lagrange ¥

‘/}l(k}—Fl):‘/ﬂ(k‘)—FC(ZJ(k—Fl)—’wz(k—Fl)), 1=1,...,J. (11)

F=0 (8), (10) A1 (11) 4358 AR (A1), (A2), (A3), FATTHEH 2041 3 Logistic 5k, ¥ WHZE 1.

Algorithm 1 Distributed Logistic algorithm (DLA)

1: Input: Data Dy = {Dj }]J:I, pre-selected parameter c, step size «, iteration number K
2: For all j € J, let w;(0) = (0,...,0)T, Z;(0) = (0,...,0)T, V;(0) = (0,...,0)T;

3: Locally run;

4: for k=1 to K do

5:  Update Z;(k + 1) via (8), and transmit it to neighbors;

6: for m=1to M do

7: Update wf*(k + 1) via (10);

8: end for

9:  Letwj(k+1)= w;u(k + 1), and transmit it to neighbors;

10: Update Vj; via (11), where i = 1,...,J, and transmit it to neighbors;
11: end for
12: Output: w* = w;(K), Vje J.

F2 Ak Logistic HIEZITUWR. #I461E w;(0) = (0,...,0)T, Z;(0) = (0,...,0)T, LLK V;(0) =
0,...,0)T. 725 k+ 1 JGEAR, BEIFENL 5 M (8), (10) #1 (11) REBEH Z;, w;, Vi, [FIRKEHE
W RS WEITENEIT . BRI E R R RERRE K, I w* =w; =ws = =wy, il
How*.
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3 #%HR Logistic BRFARIPE L

A o TS N R 07 50 10 A 3 Logistic it Ptah 5k, #t—8, N 7R HE
PRI PRREAA, 2 TR 8 AR BN P sh 75 AP 70 A X Logistic 2RI BN %,

3.1 $%HR Logistic MiBtshE %

AN — R RO 2 2 A AR AR LR —— A9k Logistic #ihIREN B, Eﬁ:ﬂﬂ
BRI TRE 1 B (1) B o, BEJE 2 AT — A BE B EGE LT exp(—22) 7S
Sk, Gannma A5 Do, 225 A b (0, JEREHUBCT 07160, B A R K ;my
W, BRI, A3, BUSHIL wr +b. PERLGE 2.

Algorithm 2 Distributed Logistic output perturbation algorithm (DLP)

1: Input: Data Dy = {D; }‘j’:l, pre-selected parameter c, step size «, iteration number K, privacy degree ;
2: For all j € J, let w;(0) = (0,..., 07T, z;0) = (o,..., 07T, v;(0) = (0,..., 0T,

3: Generate noise b ~ exp(—ﬂ),

4: Run distributed Logistic algorithm, and obtain w*;

5: Output: w* + b.

g R IAER (1) 2 REUREL, JFIERISE 2 A =R

5131 (16]) 4E n MER z, ..z, KRG 1,y WA A |22 < 1,y € {-1,1},
H4 Logistic [A1U i B 1 42 SR U EE B KON 2, e A DN IEMAE 24

EH3 BT Dan HIHERESE 24, (|2ill2 < 1, AN Logistic fiithMBIFIL (DLP)
2 e B,

WERR HEEE 2 A, 73N Logistic #2784 (3) SRR (1) S, HMf w* MR RERIE. B2,
A X Logistic [71Y 7 @) 4 Joy BURREE FIIE 7041 2K Logistic [8]H [ 8 4 42 R BUREEAR [R]. SO 513 1
w0, BRI AR EEIE (o]l < 1, FE0A K Logistic HVEHI 2 mBURE RN &, H n Jykt
AE, N NS B, A Logistic % U Sk & RBURE RN & R [16] 15E
1 UE] TS SRR R B R A IR S b ~ exp(—282) IIBVEINE e ZErERRh, Wi AR In) A AH )
17041 3K Logistic % tH LB HIEI 2 e ZE70 T,

HEER], 2 Logistic Hi NN FIES BARGRMf g, A gE ORI Sk &4t e
A ABFE A BRI R — YOS, TSNS HAR e 23T 5 B, X KBRS SN 5
BSAAR L. e 2 m] U5 A S TSR BT S AL AR A S I, AR 5 A3 A2 T A% S AR 3 A
W& A T SEALE RS . O 1R IR IR, R T SO ANE DRI B R e ) i BSAL I EL AR 25T
CRIINE R RN K AP

3.2 9% Logistic TEMHEE

ANATHR 3 A 3 Logistic A8 S HRa) 5%, FHUE B F 2 245 B .

T B b3 A AL S B R P ST B AS FL AT BE A AR AL LR, FRATIH REAE ADMM [
T — YRR FE P A BLAS BN Eh, RIS & R H AR Z;(k), w; (k) WINEEFS b;(k), Horb b, (k )Eﬁ
HIERBUELLT exp(—"522||b; ()[|2), e(k) A k YOEARIMBERA TS, BATA Gamma 44 T(p, ;25;)
AR B FE by (k) (VSR TR L BE AL ).
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FAAH), /£ ADMM SOERIEE &+ 1 ORMBIEAH, 1HEHL j BRI (8) EHARE Z;(k+ 1),
5 S 4 RS IR 75 b, (k 4 1):

J Vi(k)
e iy Bij(wi(k) — =)
L 5 +bi(k+1). (12)
i Bij+5

Hk, R R (10) EHRERASE w;(k+ 1), BT HAT (10) BRSO THR 0, X BEATHZ N EA
JBOkR, REAT— X H, B

Zi(k +1) =

0L,
wi(k+1) =w;(k) —a=—2. (13)
J J awj
B, 2 BRI R IR A IS ATHENL j 3 w; (k4 1) BSEFR
oL,
Wj(k+1):’LUj(k)—Ozaiwj'—Fbj(k’—Fl), (14)
J
Hott Gt = % S Tromterey — e Xim By (Zitk + 1) — w;(k) + ACH

5 e, BATRHEH Lagrange e+
Vii(k +1) = Vji(k) + c(Z;(k + 1) — wi(k + 1)), (15)

454 (12), (14) A1 (15), 3210420 Logistic 22BN FIE, 1WA 3.

Algorithm 3 Distributed Logistic variable perturbation algorithm (DLVP)

1: Input: Data D,y :{Dj]»}.’:l7 pre-selected parameter c, step size «, iteration number K, privacy degree e:ZkK:l e(k);
2: For all j € 7, let w(0) = (0, ..., 0T, z(0) = (o,..., 0)T, v;;(0) = (0,..., 0)T;

3: Locally run;

4: for k=1 to K do

5:  Generate noise b;(k) ~ exp(—";—g)\\bj (k)l2);

6 Update Z;(k + 1) via (12), and transmit it to neighbors;

7 Update w;(k + 1) via (14), and transmit it to neighbors;

8 Update Vj; (k) via (15), where ¢ = 1,.. ., J, and transmit it to neighbors;

9: end for

10: Output: w* = % ijl w; (K).

s34 Logistic A8 B8N B2 B A& 45 5 — =) EB A48 B 1Y) 58 i 45 R 00 i e s, A b d oy
ERE GO fERIVEREE k UOEA, THENL 5 HERA S b (k), HxamIRIHA (12) B8 Z;(k),
3 (14) BH w;(k), VLA (15) BB Via(k), RIRREENE R E S RHTZ . FREEA
IORTF B 2 HH HIBERA, T HLAE RIS B A2 B R ORI B & T HE AL SR SR A, X2 — b 73 A
o P B S B A B B AL ORI .
A3 T EdREVEE MR T ENLUR A B A AR, H ot AU R s A
g, 1 HAER — ST ENE R — JOEAR Frad BLE .
FE4 RN T Day PHEREIE 2, ||zl < 1, AR K X734 Logistic ZEIANH
% (DLVP) /e e ZEA, H e =00 (k).
WERR BAHEMIRX HEREP MR Z M Z — MR EIESE Da = {D;}_, M Dy = {Dj}_,, &
i A Logistic &=L s FH ik
P({S(k)}izo € S|Dan) _
P({S(k)}f_y € SIDLy)

xp(€). (16)
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Q¥

,w(k )}k 0 €S| Dan)
wk) L, €S| DY)

7w( )}GS( ) ‘ Dall .
;w(0)} € 5(0) | Dy,

(

—~|—

G
~— | —

A
Z
Z(r),w(r)}¥23, Dan)
Z(r),w(r)}iZ5, Dly)

NN
— |
oo
==

'z
-
-
v
—~ |
NN
§
SS =

NS

==
b
paciias)

{Z(k), w(k )}GS()I{
{ k)14

ES
Il
A

<.
Il

e
=
pacy B~}
—~ |~

a

Il

Jai

)

N

—~

=
S

<
Dy

NN
oy

|

I
>
/E —~

b
I
—

Hrp S ONEE K GEGE R B al R ARG, () FHE w(0) = (0,...,0)T, Z(0) = (0,...,0)T,
FEBFENL § SSZHI AR S b (K); (b) HRGK Dan A1 DY) AHZE BME—— DA TR 5 .
TATUE AL k UOERIEE e(k)- ZFRAL. HhHE

P(Z;(k) = Z; (k) | {Z;(r),w;(r)};=5, D))
P(Zj(k) = Z; (k) | {Z;(r),w;(r)}; =5, D))’

J

H 1 73 5 et o, U

P(2,(R) = Z: () | (w(r), Z0)oi D) 18)
Uk
Pluy(k) = wi(k) | {w;(r), Z,(r)}2d, Z2 (K). D) )
Pluoy (k) = wi (R) | {0y (r), Z,() Yot Z2 (R). DY)
1w, (k) BOEELRR (15), 47
by (k) = () =y (k= 1) + 0 2 (20)

Fort b, (k) REAEEN D; BAFENL § SRR, B, 4BE {w;(r), Z;(r )}’“—1 LK Z;(k) B, BEAL
Ar g B,(k) A W,(k) EONWUE, b;(k) 1w, (k) A& B (k) F1 W;(k) BI—ASEBL. 4 gu(, D;) : RP — RP
NFRTHARLE Dy H B;(k) B W;(k) B——mB, A4

j (R) | fw;(r
5 (R) | {w;(r
= g (w3 (k),
R CH

k
k

§()} 0. 25 (K),
§()} 0. 25 (K),
i) | det(J (;1(w§
7)) [det( (g " (w; k), DY)I

P(w,

(U’J

(
(

TS

), Z
). Z
D
D
e g (w3 (k), Dy) A wy (k) B bj (k) BB, J(g, " (w] (k), D;) A3t Jacobi S
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& w; MR EHTRE (13) RBUREE

A= ma wip. (k) —w; k = ma
o I, ()~ ()l = |

OLy; 0Ly,
o _

8’11)]‘ 8wj 2
(2 g _ Yj1x41 + yjl$]1

n 1 —|—exp(yj1ij(k)xj1) 1 —|—exp(y§»1w;r(k)a:;-1)

(@) 2¢v

<77 22
n (22)

2

(c) T IRA MBI B G A F B RO EANTIIER 1 A8 R, BY (250, y50) M (20, 051), (d) FHHIE]
il <1 BAAK g5 € {=1,1}. 4,

= wi(k) — wj(k — 1) + a%)

P(b;(k) = g; ' (w;(k), Dy)) _ P(b; (k) Bw;
P(b; (k) = 9" (wj (), D7) P(by(k) = w} (k) — w;(k — 1) + ags)

(8L1j 8[/1]») )

o _

6‘wj 8wj 2

(f)

< exp(e(k)), (23)

b, TR by(k) ~ exp(—"SE2|b; (K)|l2), (e) FROL, IR (22) AN (f) oL
& (21) B 2 #Rar, BN gr(b;(k),-) 52— DEIEREL, B4

| det(J (g, (w] (k), D;)))| = | det(J (g, ' (w] (k), D))))I. (24)
gt (23) LK (24),

5 (k) | {w;(r), Z;(r)}255, Z; (), D))
5 (k) | {w;(r), Z;(r)}2 25, Z; (K), D))

Z < exp(e(k)). (25)

e, (17), (18) LA (25)

P00 eS| D) (i )—exp

k=1

E BRI
7F4 £ DLVP SEMEH, TAIEE DR 7 B NP K o, HONAREE R AT
oAk, PR, 3 (13) ROBBURE 22 Dyl i H Ak, HORNASREIE AR B

4 X

AN (1.2 GHz, 8 Gb RAM, MATLAB 2014b) #i fﬁ*/l\ﬁj\?ﬁ XTHHEALR G, B @
SEEGHIF B 3 A1 3 Logistic S0 M0A SR R A, JLIR, T8 I JSAL ARAS A 2 06 DA % 56 R 40408 512 50 i B
oA 2R RL PR SR 1A
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Figure 2 (Color online) Classification error rate of non-
distributed Logistic algorithm, DLA and Average as sample

number n increase

4.1 2% Logistic BEEMBRMES S M

BATHE Tt 43 S
pyi = 1|z;) =

He 2, € R AMIANEE, w € RR NRFAE, n AFEAE. 2, ~ NO,X), hHZEHEA ¥ =
0.95191,1 < i, 5 < n. & ply; = z;) > 0.5, &y =1, B, y; = —1.

DR Logistic BiARBHE

NTHIFET ADMM Hik32 H 04 2 Logistic 5% (DLA) FIA 2, JATX Ee 43 #i X Logistic
By EA AR Logistic % (& J = 1) FMPREHEDE (Average) M RER. # Rl SHARE
n = 100,200, ..., 1000, z; € R®, REIE w = [3,7,-2,1,—5,—1,3, 5], HFAARFART 3 Fpik
(o3 1. TEIE4T A X Logistic HVEFIF IR A BIERT, 20 A B A =2 HA S ry J =5
ANy, AAFHT 4 S EIEAR SN 1R —1 FEdEE Y 82 B 2: 8. X T4 X Logistic 3%,
AT 5 A8 IR T 280 N (VEILB % AL3), THENLIT AL TE 1 R R AR 4R R 1. % T
e Logistic FIVEMFRRAHE, 5 91738 NIIEE#E . 5 TR—H 55, 404k 100 4
Hlls, 1247 3 MELRIFG I BT F I8 73 % (classification error rate). FAAZEIR LK 2.

i 2 ATRAE B, AT 93 Logistic HiE 5 A2 Logistic HILM 432845 RAHIE, %
PR32 (- 20605 0 SR AR Bt A5 A A B OB I T s/ P 898 A SR 0 P a0 el SR A it 5 A A B 388 D
N, (R R — B KT Logistic H%. X RMIELHE I A A ST, FA10EIEAM
Ho TP & A AP 2R 0R, SR R T, AT SRR R s T AL (AT T
FEACH, I ER T FEARI 2> A8 45 A% T R R s

4.1.2 %R Logistic EiAMNSME

NI 5T o3 A AR AR AL PR SR I ) it AT AR n = 104, p = 10%; n = 10, p = 10%;
n=10%p=10° L n=10%p = 10° [ 4 HEFE. X T —HEHE, FAT0 5 matlab 1) glmfit

4.1.1
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%1 %X Logistic % (DLA) KIS
Table 1 Efficiency of distributed Logistic algorithm (DLA)

Data size n =104, p =103 n=10%, p=10* n=10% p=10° n=10%, p =103
DLA (J =5) 175.21 s 1613.15 s 47720.4 s 1533.87 s
DLA (J =10) 84.70 s 832.54 s 23988.1 s 782.69 s

DLA (J = 100) 8.63 s 78.43 s 2754.2 s 72.32 s
Glmfit 114.02 s 6327.79 s More than 24 hours 1268.64 s

BREL LA S 3 A 2 Logistic 5925 (I8 2 ¥ 280 ) X 3T A2, 751 FH 045 30 Logistic VLR, SEFET
WS e =1, BRE TP K o = 04, 20BEIRAEZ RIS HN J =5, J =10 LK J =100 N
Iy, M4 J =5 B, AREEAERE NI 1 R 24 J =10 Al J = 100 B, AREERERE N 1707 BT HHE L
A EARIEAS (BN RGBS AL B oK), HARSE R ILE 1.

M2 1 ATRLER, 24 n=10% p=10% n=10% p=10* LA n =105 p =103 i}, glmfit A5 7
3\ Logistic SLEHHEA RO HBEAT HT; 24 n =101, p =10° I, glmfit 75 Z8L 24 /N B TH LN
V), 771 70 Af B2 K [ H B 75 1T 3252 1 B[] 30 [ p o Lk AT A 3. (E AR B A2, B TH R LAER
B0, S E TF LR TR TR, (B AR A S P AR AN AT G R I A AR

E5 7E 4.1.2 MRS, 2 0 = 104, p = 10° I, IRATEH BN glmfit, B, R FFIE4T I A]
HKTER AR, HERETIHEEBEE TR et ENIsEae 7). 8 A X5 80t v ik

1HE ]

4.2 %573 Logistic FafAfRIFPE X

AR /N I AL S 6 A R e S IR AT 7870 A7 3 Logistic it PLah B2 7341 20 Logistic &R
BN FIER AT .

4.2.1 &L

(1) s34 3\ Logistic % th 0 30 BE 1A 2

AR EFIA R, Rralh, SREARE n =104, 2, € RS, REAE w=[3,7,-2,1,—5,—1,3,
—5]. FATHS LA LRI BE AL B 73 A 2 Logistic 532 (DLA), “FHIR-EHE (Average), 77113 Logistic
5L (DLP) LA ENR &4 s B (AVEP) 7EA HBRFARY T R (40 J5H5 0. [FIRE
(1, %bF oA R, B EEE A EE A T =5 AN, TUESEL ¢ = 0.01, BE TR K
o= 0.8, A 5 Fra8 XEHEE R S40 A, BEE B 1. 7R84 042X Logistic fiitH sl Hi%
AR A B sh BVEA, BRRATEE ¢ 2L 0.75,1,1.25,...,2.75,3. BAKPREER LK 3 A 4.

M 3 F 4 Faf DUE H, 7342 Logistic it RN FE AT IR & H H PR ah Bk (1T 3 48 4y 2
FEI T 5 25 ) KT B R4 B AR 20 A7 38 Logistic SLEEATF YR & BELE R, I HFEERRFSEL €
(R0, BeAL CRAP SR AN AR R AL DR R B 7 e Z2 B AR /. RIS, 6 AR R DR /N B B AL CR 47 T
B, A Logistic i1 HHLBH EVE 1 7 SR 45 RS0 TP 35008 & tE P Bh 5002, 1 U BH 4 308 1l 70 A3
ey, FRATT BIE A HAT B 7 AT T BR AR .

(2) 43430 Logistic AR FIL 1A 4tk

AR 5 AR ], R, AREAE 0 = 104, REUAE w = [3,1.5,2,1,5,1,0.5,2]. H1T4%
i3 Logistic AR EIERY T NI EHMBEAL, Fgh B 5 RRY 4 RBEA K21 Logistic 4
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Figure 3 (Color online) Classification error rate of DLP Figure 4 (Color online) MSE of DLP and AVEP as €
and AVEP as € change change
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20107 0.030F "~ LA
20090 e DLA 0.028F ™ .

. L . -« DLVP

£ 0.08| bLVP 0.026] ]
g 0.07 . 80.024+
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5 (MEMFE) BEERLEE ¢ XOHEK, 276 6 (MLEMFE) FEERFIZE ¢, 77X Logistic
X Logistic TEMENE X (DLVP) HBORKMENFERL  TEMHEL (DLVP) HMHRENTRIFR
Figure 5 (Color online) Classification error rate of DLVP Figure 6 (Color online) Mean square error of DLVP as €
as e change change

PR A ST 5 SR T Hb, DRI H BT (R B RO 41153 Logistic SEEERIATR Logistic
BRI HE (DLVP) [R5, 8175 Logistic 28 RARSN BN, 4540 R T AL 05y
J =5 AR, BB BH e = 0.0, BBRE R K o = 1, A 5 970 XHiEm T2 5 A, AvBee
FEEE 1 FRATL 5 k YOS AL RS U (k) = 22090 ¢ 43I 1.01,1.02,..., 1.08. EDREAIS
FRUHRH, H— V% AR R BN 2 . th TR BN, e — B R B AT 9256 100
W, JFET 100 RS M FEI SR, BARSETILE 5 A1 6.

W 5 A1 6l LU 1, 6 TR RIIBRABISL, 453 Logistic 28 RARANSLIEHE 4 A 7 iR
WK TR VR B A0 A B, ELBS ¢ OB, Sy 2 M7 5 2 BRI 6 B3 (0
FIURS e T2 A RE D L0, T Bl & S ST B e, W BORRL R (e L), U524
K. LESERRA 75 B AR AN IR 0 i L R R B RA U

6 AP HLERAE AR ML T B MSE = S0 (0 — o )

4.2.2 Colon #E

Colon Z#EI5 H SCHR [38], R T 62 NHZUNFEA, s 24 M IEHHLIREALL L 38 A&
HEFEAR, BFEREA 2000 NERRIBE. RATHEBIEBENL I AP A5 40 MERRIZRE
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change change

FELE 22 MFEARIMRSE. EHHETACHE G, BF A FE IR AR TR T 204 5K Logistic % th #E3)
FEA A 2 Logistic ZZ BB FVEXT_LIREHE FI b5 H HH A3 Logistic FykM 2 RE R
HAEXT L.

iz A EVER, AT INGED N T =5 DR, TESE ¢ = 0.01, ARFEFEFEWE 1, £
TP K a =04, AN 5 Pr32 IAEERE N X T 0 Logistic f s BEEM PR S
A EhE R, BATS e A 1,1.25,...,2.75. XFRE—A ¢ BME, HTWE o WEEHLME, RITER
SE6 50 R, Hds PR 3T oA 2 Logistic AR EIUFNHIE, SHIEESE kAR KB R
PBHL e(k) = 2260 g SHIEL 1.01,1.02,...,1.08. FIRE, M FH— ¢ MU EE 2% 50 &, JFid
SKHAFIR 2. IR g RN 7 A 8.

SEOG R, X T e R R B s, AT 2 Logistic % IS BEIEA 2045 2 Logistic 28 s BIEA,
SRET DA HBEA T U A F R 3T BRRA LR .

4.3 SRR

4.1.1 F1 4.1.2 /N 20626 B A TR 2041 3 Logistic J735E 0] LA %0 H s ot kb 21 4R 25 45 2007
M DU PRI i 4RI A 4.2.1 NI SEES R BH /3 A1 3K Logistic fir RN EE A A 2 Logistic 4
AN LT CLE 43 T B0 16 [R5 SLE AT B AR PR, B BB AR LR 3G 0 (e BOUBk/IN ), TR0 Fr)
FEFFEREBRAT. 4.2.2 /NS B0 4 2 Logistic % HHEEN LM /34 2\ Logistic AR 3N 5 ET]
DA 25 Ak vy 4 5 LR 90

5 51

AT i /2 22 70 BEAA I 0 A1 3K Logistic [BIVARFTT. & SE3ATIHE H IE A A B3 A 200 Bt (1 7
4730 Logistic /7%, 26+ ADMM HL#RH 1043 Logistic 5k, JFIEY] 7 Sk AQUSSrE; ik, &
TR T — g B ) A SN2 2 BRAL S —— 703K Logistic R PEsh 5% (DLP), J45 i HEa AL
ittt fa, FATERE T A DURA & EALR E BRI 0 A1 5K Logistic 2R BNHIE (DLVP). SL5;
R, e oA AR A PRI Sk RE NS AT RO AL B0 A sUAF il Bl O Dot AT BRAL ORI, 8l P i
Fi8 o3 Ae A A T A O AT EAR I, A R AL R A RS W B . 2Tz
RERHE S Ao AT S5, BRI R RO,
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MisR A B3R

A.1 ADMM Ek

R8N IR LA IR
r}lin fw)+h(Z) st. AZ+ Bw=0.

B, BATENL SIS L) 17 B AL R T L AR AL

L(Z,w,V) = f(w) + h(Z) + (V, AZ + Bu) + S| AZ + Bul3,

Hrp V4 Lagrange 1, ¢ > 0 NTUETI S48 NGB T ADMM SHIER A LI 17 4.

ADMM SE R4 — YA AR N 3 AN PR
7. STES A
Z(k+1) = armein L(Z,w(k),V(k)). (A1)

LI o HHr w,
w(k + 1) = argmin L(Z(k + 1),w, V(k)). (A2)

IR 3 EH Lagrange e+ Vv,
V(k+1)=V(k)+c(AZ(k+ 1) + Bw(k + 1)). (A3)

FARE, /£5 &+ 1 ISR, BATERT Z foME L(Z,w(k), V(K)), 51 Z(k + 1) BB, HRRT w

/MU L(Z(k +1),w,V(k) , B wk+1) RIGEE V(k+1) = V(k) +c(AZ(k+1) + Bw(k +1)) BH V(k+1). L

kiR, BRI
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A2 EIE 2 BYIERA

TE55HT ADMM BLVE USRS 2 8, FATA H —298 5. & M TR AT A (/N # EAEE, M7 %78 BTB 1)
B/NEAG IEAEAE. SR f(w) BRI (Lipschitz) FIIE. MTTE je g, 4

A
w2y = 171
WLAEAE B > 0, X TAER 25, 25,
W2+ S12; - 218 > MZ)) + (VR(Z,), 25— 7)) (A1)

WA, N TAER e 2, FAILA R 3 AT B
S8 A1 X TATH k, Nl SR
(1) Vf(wk +1)) = =BTV (k + 1);
(2) 1Z2(k) = Z(k+ D3 < 5 11AZ(k) — AZ(k + 1)|13;
(3) llw(k) —w(k +1)[13 < A}; | Bw(k) — Bw(k + 1)||3;
4) IV(k) = V(k+1D]3 < %Ilw(k) —w(k+1)|3.
JERR H w(k + 1) RIS

0=Vf(wk+1))+ BTV (k) +cBT(AZ(k + 1) + Bw(k + 1)),

PLR
V(k+1) = V(k) + c(AZ(k + 1) + Bw(k + 1)),
ATHD (1) BROL. JEEE M A M 5518 ATA F1 BT B I/ Neas IEASAEE, A4 (2) A1 (3) BARMSL. T

IV (k) = V(k+ D3 < ﬁIIBT(V(k) —V(k+1)I3

a) 1 (b) L2
@ IV @) — Vik+ DI < 1 ol - wik+ D3,

Hr () FATFIA T8 (1), () FIH T %M F SRR, A4 (4) KoL
SIIE A2 #Fc> max{QAZf,LfM’, %}, ML k— co B L(ZF+HL wh+1 vE+1) sk
TERR ESE, BAE ATE S cmax{ 2od, LM/, £} I, BE% ADMM SUERBE, L(Z,w, V) & BRI m .
L(Z(k),w(k),V(k)) — L(Z(k+1),w(k+1),V(k+ 1))

= (L(Z(k),w(k),V(k)) = L(Z(k + 1),w(k), V(K))) + (L(Z(k + 1), w(k), V(K)) — L(Z(k + 1), w(k + 1), V(k + 1))).
Wit LR 1,
L(Z(k),w(k),V(k)) — L(Z(k + 1), w(k), V(k))
=h(Z(k)) = MZ(k+1)) +(V(k),AZ(k) — AZ(k + 1)) + gIIAZ(k) + Bw(k)|5 — gIIAZ(k +1) + Bw(k)|l3

9 R Z®) = W2k + 1)) + (ATV (k), Z(k) — Z(k + 1))

+ (cAT(AZ(k + 1) + Bw(k)), Z(k) — Z(k + 1)) + g||AZ(k) —AZ(k+1)||3

D h(Z(k) = h(Z(k+1)) = OR(Z(k+ 1)), Z(k) — Z(k + 1)) + S| AZ(k) — AZ(k + 1|13
2

© M

2 L1200 - 200+ DIE + 120 - 206+ D3
M —

= X =Py209 - 200+ DI,

o, (o) HERAFIHZES: o+ cl2—lla+cl3 = b —all} +2(a+c,b—a), % a=AZ(k+1), b= AZ(k), c = Bw(k);
(@) PRI Vh(Z(k + 1)) = —(ATV (k) + cAT(AZ(k + 1) + Bw(k))); (e) THRIFZIF AL B (2) LEAER (A4).
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IR 2 5,
L(Z(k + 1), w(k), V(k)) — L(Z(k + 1), w(k + 1), V(k + 1))
= f(w(k)) — f(w(k +1)) +(V(k),AZ(k + 1) + Bw(k)) — (V(k +1),AZ(k + 1) + Bw(k + 1))
+ gHAZ(k +1) + Buw(k)|% - gHAZ(k +1) + Bu(k + 1|2
= f(w(k)) = f(w(k + 1)) + (BTV(k + 1), w(k) — w(k + 1)) — (c(AZ(k + 1) + Bw(k + 1)), AZ(k + 1) + Bw(k))
+ g(AZ(k +1) + Bu(k), AZ(k + 1) + Buw(k)) — gHAZ(k: +1) + Buw(k + 1|2

® Ly 9 C 5 1 9
> =~ lwk) —wk + Dz + S[1Bw(k) — Bwk + DIz = —IV(k) = V(k +1)lI3
@ (eM' —L; L} )
> <2 = o | ek —w(k+ 13,

+
Forpr, (f) ORI HEIEE A1 B (1) DR f RBERRFTME; (o) PRIMHGIE A1 B (3) M (4). GG ERPIANAEL,
ADMM FEEMIE AN L
L(Z(k),w(k),V(k)) — L(Z(k + 1), w(k + 1), V(k + 1))
>(chﬁ cM'— Ly L}
2 2 cM’

) 1Z(k) = Z(k + D3 + ( > l[w(k) —w(k +1)]3,

o> max{ 2Lt Ly IAKEE ADMM (AR L(Z,w, V) HIHER.
THBATEAAERE &, K] Lagrange BECH A
EREBSHMER Z(k + 1), A o §13 AZ(k+ 1) + Bw' =0, W IR Lagrange BE T RR N
L(Z(k+1),w(k+1),V(k+1))

=h(Z(k+ 1)+ flwlk+ 1) + (V(k+1), AZ(k + 1) + Bw(k + 1)) + %HAZ(k +1) 4+ Bw(k + 1)|13

= h(Z(k+ 1)) + f(w(k+1)) + (V*T AZ(k + 1) + Bw' + Bw(k + 1) — Buw') + %HAZ(k +1) + Buw(k +1)|13
= h(Z(k+ 1) + fwlk+ 1) + (Y (wlk+ 1) w’ = wlk+1)) + S|AZ(k + 1) + Bu(k+ 1)[3
>h(Z(k+1)+ f(w') - %Hw’ —w(k+1)|3 + %IIAZ(k +1) + Buw(k +1)[I3

LyM’
> h(Z(k+ 1)+ f(w') — fTHBw’ — Bw(k+1) — AZ(k +1) — Bw'||3 + gllAZ(k +1)+ Bw(k+1)||3

(1) c—LyM’

> h(Z(k+1) + f(w') + IAZ(k +1) + Bw(k + 1)|3

> hZ(k+1) + f(w') >0,
Ho, EREEMRW ¢ > LyM!, (h) BOL. A L(Z(k+1),w(k +1),V(k+ 1)) T F.
i EPTR, Mk — oo B, L(Z(k +1),w(k + 1), V(k + 1)) W8L
e, TAg B — MR
5138 A3 fEfE dF T € VL(Z(k + 1), w(k + 1),V (k+ 1)), {1324 k — oo I, ||d(k + 1)||2 — 0.
JFRR RSP VL(Z(k+ 1), wk +1),V(k+ 1)) = (VzL, VoL, VyL). BN VyL = AZ(k+1) + Bw(k + 1) =
L(V(k+1) = V(k), B IVvLI3 < %Ilw(k) —w(k+1)3.
ItH.
VL = Vf(wk+1)) + BTV (k+1) 4+ cBY(AZ(k + 1) + Bw(k + 1))
=BT(V(k+1) - V(k).
WA NVwLlF = BT(V(k+1) = V()3 NTEH VL3 KT, HEEEF
VzL=Vzh(Z(k+1)+ ATV (k+1) + cAT(AZ(k + 1) + Bw(k + 1))

D ATV (k+1) = V(K) + cAT (Bw(k + 1) — Bu(k)),

Hep @ A Z(k+ 1) FEMAKLE BA |V2L3 < |AT(V(E+1) = V(K)|3 + [|cAT (Bw(k + 1) — Bw(k))|3.
BT k — oo I, L(Z(k), w(k), V (k) — L(Z(k+1), w(k+1),V(k+1)) — 0, &5 51 B A2, F || Z(k)— Z(k+1)|2 — 0,
lw(k) —w(k +1)|12 =0, T ||[V(E) = V(E+1)]2 = 0. LAY k — oo B, ||d(k+1)||3 — 0. 5IHFIE.
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Distributed logistic regression with differential privacy
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Abstract In this paper, we focus on the privacy protection of sensitive data and develop a distributed lo-
gistic regression that satisfies differential privacy. Distributed differential privacy is achieved by perturbing the
distributed algorithm output. Further, to prevent privacy leakage occurring during the computer interaction pro-
cess, we propose a distributed logistic variable perturbation algorithm based on an alternating direction method
of multipliers (ADMM) algorithm. Further, the theoretical bounds of the algorithms are provided. Experiments
show that the proposed algorithms can effectively analyze distributed storage data and protect their privacy.
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