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ABSTRACT

ABSTRACT

In order to study the comorbidity pattern of chronic diseases in Chinese middl
e-aged and elderly population and explore the structure of the associated subgroup
s among chronic diseases, this paper adopts the data of the China health and retire
ment longitudinal study (CHARLS) in 2013, 2015 and 2018, including 10 chronic
diseases suffered by middle-aged and elderly people over 45 years old in 25 provin
ces of China. However, due to the differences in lifestyle, cultural customs and oth
er aspects of data sets from different sources, multi-source data heterogeneity is in
evitable. If the heterogeneous structure between data is ignored and all data sets ar
e directly synthesized for modeling, problems such as biased estimation and inaccu
rate clustering will be caused. Therefore, how to effectively identify the heterogen
eous structure of multi-source data and integrate homogeneous data to infer the cor
relation between chronic diseases is the main research purpose of this paper.

Therefore, this paper proposes a new method named Low Rank assisted Doub
le-task Subgroup Analysis (LRDSA) based on matrix low-rank decomposition. Fir
st, the coefficients of different provinces and chronic diseases were arranged as a
matrix. Furthermore, low-rank decomposition was used to extract the feature vecto
rs of the matrix in the province dimension and the chronic disease dimension. Fina
lly, on the basis of Fused Lasso function, we learn fused structure of two-dimensio
nal feature vectors to recognize the similarities and differences of multi-source dat
a, to realize the integration of multi-source data and the association analysis of chr
onic disease.

Compared with the traditional chronic disease association learning, the data-d
riven Fused Lasso method was used in this paper, which does not require the numb
er of clusters to be specified in advance, so it is more useful in the actual data. In a
ddition, numerical simulation and actual data analysis results show that the propos
ed dual subgroup analysis has higher parameter estimation accuracy and clustering

accuracy. In particular, according to CHARLS data, this paper found that among c
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Chronic Disease Association Subgroup Analysis with Multi-source Data: Empirical Study Based on CHARLS
Data

hronic diseases, heart disease and dyslipidemia belong to the same category, hypert
ension and arthritis or rheumatism belong to the same category, asthma and liver di
sease belong to the same category. The risk of hypertension and arthritis or rheuma
tism are significantly higher than other chronic diseases, and the risk of liver disea
se and asthma is lower than other chronic diseases. In terms of provinces, Guangdo
ng, Shanxi and Fujian are grouped into one category, while Heilongjiang, Inner M
ongolia and Gansu are grouped into one category. The risk of chronic disease in G
uangdong, Shanxi and Fujian is significantly lower than that in other provinces, w
hile that in Heilongjiang, Inner Mongolia and Gansu provinces is significantly hig
her than that in other provinces. These high-risk regions are basically in the northw

est of China.

Keywords: Chronic Disease Association Analysis; Multi-source Data; Subgro

up Analysis
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BVRITHRAL 1R ) LR A T

TR /N R AE BRI Apriori FUk 73t o [ 2240 N0 oA, 191 37 %
SR, Horsif s MY eI . WAL RGR . IS 57 A O )
o3 P A 18 A o A7 AE B R B R AR U, R AZ2 B 03X A P AT e i,
SN BRI IR A . T . YRIT . FEM A SELAXT 14 FheE IS 95 R
Apriori 3%, MR EE NI RO, SR EoR, OISR AT AR S
PR W, BLIMAE 5% . IR = LR =A@ s G I 5t o
Held 213 38 e NBERBUR LA, KIL “RT R W IREes” R W
o3t al, “ORTT R W UREAS . MR iR W = oo Hm A
FIGCHI T G5 SRR B s, EL S VR ) H PP A o o R AR S B U ) 4
JE o

(3) Logistic [A] & 74

Logistic [BI A B 1 43772 N -5 05 Ao 52 DR 3R B0 8, (]
AT DA SR 23 B 500 AN ) ORI R B o P PR S5O0 1 A{E 2% A4 Logistic [714
SR ITE, U R A S LR O R, SRR, G R A I 5
FAHIG, BOZVERMANERE LA B . Lin 275 T 3 57 434 1 Logistic
(] AR R Tt e ] 0% v AL s N o 2 B TR 1 RS, AE e 4 SR AR
O A w2 PR N PR A et O« BB PR B 4 0 1A XU B K

10



2. CHREEAR

(4) BRI ITiE

RER P ERENFEEIZHARE RN AR, BTl 77
REWH KRR — AR TN R NARREA, A5 F— BT 50 R 2 18]
FHXSE BT, ASFEREH BB R RAR K Z 1% . Zemedikun £FP85H IS 2 R
W 36 MR R =ML, 7oy COLIUESE. O “ D
M WURE 8BS R 2R AT PR 55 26 P 7y “HiE . &Ik
PN &5 8 FhIp 7o Lu SEROD 1L P 48 22 0 I A xR T AE 2800 7 e, U
e CRATHE A RGBT AR B AR L A 0 B R AR 20
AR, FARIRAEBONE I 5 2H 2B 22 [ 4% Fl K-Means AHRA () 56
KRB, XF 2015 FH 2 AFER 14 M m SLm A AT RS, RILT
A I 2 NTT RLER R Y 28 N B X BB 73 i B F] K-Means A
DBSCAN Ml R KI5 %) 64 Rl #EAT SRR H, IR ANFZHRA RS 1 2
(B A SRR . PR AS RED2ME B K-Means++. 123 6 A 28 227 J5 Al = b
BRI ML 0 R 45 27 M8 PR m i AT IR0, KAWL 1 & Fhig
PP FHERRE, M 3 7 AC T X 4% . Marengoni 25331 DL Fifs L — AN 117 Sy SR it
RIRTRETE AT s, N R R At 8 AE NI s, 45 R BoR R
KA, “HE BN RPN B ) 7RG FB T AL DA B B 7
CREPRI S Ot MR L AP E A L. RSB AR, (H2—
LI R FIL TR H R B BB H , IF HA SR & A i

(5) M5 HT

BEE E R E, WEE LR R R BRI S, TR
Pt HR AR S TR o 07 VR R — PR R AR D 2% () — A
R AR Z TR SR IRAE A I 28 (130, He A It R L WX 245 o a9 2% 4
AR, MR B IZ IR M SR AR S, B RE TR HH 2 e 17 B
Pho fH 2 —Le 28 3 Hh A Fa bn SEbr i SUWRE . B ROMERE R, BRI B P 4% 25 A
AN SRIBEA I & 2 S A, 3 I SR I VR 18 s S i 2, PR FH R 2%
BT A, AR 0 28 % 0 35 . Hernandez S5 B4 5 R )
WO H % /R 22284 Nl DL “ ik IR R —ondbmsist, MM
oM B Az 0rn Geifi k. IEREEE, SS9 %),
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ZAVRBAEIA TN IS5 R T 0 W ——3E T CHARLS Hudls H SHAIEWF 7T

2.2 WD RBEES S HTHEXMR
2.2.1 WLASHFEAS

fEAR 2R, SCIERTFUR T A H 2 DR R R B R L. T3
RAEWTIER H 2T, BN ce TR ERERIME, ¥
AR EE DR R A A BE ST, A% ST 48 [RLER AR, BRI S B Y 7 T AR AN
T BRI, A2 AR R IRR AT 238, Rl T MR
RIZE5E, FER IR AN EIX LIRS IR ANE B AL BN 5 o 1k . BLSK
JiT, VF 2 BURA R KW SR SRIEAN R N 18] USRS 280 ML ) 22 S5 2 360
G SRR RVEAL B 5 VA £ R IXPIA . (1) 38 AE AT 7 AL A A )
AR 2 (8] (AR ELAT P TR S IUAR B RGN () 7 BERT,  (2) DR T A Al
HE T1 S 7 SO 1k (R A P Dy — MBI, T 70 A B 0O e I 2 101 L PR 5
AR AR 138

XPIRME G AR % B REER AL, RV A A LI o i 7
IREIRPREAE T, ER MRS, TR 5, AlfE
WRFERER AR AIRE, EFEE kB R e B w2
IR RSB SHELE, WmE S gei e, 56—, wFF
I 2R % A AR I S DR R B, PR IR S AR AR R e 1 &
WBEE, SRZREATE. BURME R, RICHTE A R RE I1 S e i i A2 BB
YEoN—ME, BIMER TR BT S B L (H 2 S AR A = i
Bl TCiRR R U AR AR . I HL EA_E A 5 AR AR AR g 15
SE, BRI OE AL G HER, 5 AT RES AT AR IR N 2518

BLsetg i, B MEREA B AR RN e a8 e D) MEEAD
RTEAN A BRAR BN A E] (SE4 550D IX PR (10 17 D0 A A mT REAE
BN, B I DU AN [F) A A AL PR A B RN S AT e A Sk SR 58 A ] i 2
] SRR AR B — L AMA A BN AR B AR ], R4 X L AMA s T ]
—/MEAH. [F] IR AMA R A B AL PR AR AL, AR ZH BN R AR
RIAL B NAT S 22 5 . BLAE KR SA T 2 RIE RS HE LR T Bl 2 2 R Al
FELR AU BRI, X AN RS 2H R R B iR T, A [ A4 i R
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2. CHREEAR

FAALIETT, M3 i BT B BCR RIEAf o [E) P A0 e Bt gk A7 S 2H 3R ) 1) 48
RO, 1960 R F 384 18l S BUE i, R MR o b
HAE TR AN 733 B I VR AN S o A B A ) JE AR, (2T
oy 2 N T R AR R S ANBEEAT 7098 . Breiman S8 UO5E H 43 28 AN
[l Y0 5 92347 AR I S 50k 43, Shen S H 3 U1 -3 i 75 28 A g
KRB FNATT IR 6 Z (078, IR AERENLIG PR S50 FEARAE T 3. BEE
AR BB R, — RIS 0715 R A T 9 P38 A R0 s ) v AR Ak
A2 N T AH R . Chen 25124 PRIM J7 k44 5 10US RRAE#EAT 3
5y)Z, Huang Z8WHEH sequential-batting 7775 N H T I R P TT & e T4H.
W, Zeileis SEHE H — Pl TS 38 )3 4 #1592 MOB. R A 1LYt /2
TR BRI BE B2 (0 F 71, Titterington 25U HUB BOHE ML VIR H H &
e ZHAERVA, F RGN HEAT AR . Shen S5HO1EE T T —
IEASRA B AT WA . (HR 5 TR G R 0 7 2 4 s B T B e 2
Yo 1t o Ao AR G o B, AR SEBREE TR S AR ROR . DRI, fERA 2%
IS BB, Al R IR, RefE 3R 5 0 2H 25 4 AN H AR T 2H
SIATIT T TR BRI R S ST AT DA s R AT AR B R, e ]
U T4 Zhu SEWE m4E R M, O 7 RORH4ERE S, @ id Ik
A AT A LB B AVRFE L B . Ma ZEPOME HH Xof 5 7R [ 1 2 $id it 436 i ok
X% (SCAD A MCP) RS EAHIT I S50 v —4, JFHSSE 5 i ¥
P BAR R BOEARE . ZOTEEMBLAIR T, G IERRAITA, EET
PR TN kS X S ALE

2.2.2 BESRHAR

FEREERHR RS e, Bl IR SR AN il A AR A ORG T (E ATRGE o
Ht, BEAN T AN EEEEBEIE A, BRI A RIS A KR
o HAFRIE. M e LR MBS R 7 KAdE, PliniiE
AFEE BRI S SRR AL EESRES. SIF2 MR R
Iy e RN (€t - SR vt W NG B o LT U PR S 6
ANZE SRR, (EH R XA R B SRR AR — SR — T,
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ZAVRBAEIA TN IS5 R T 0 W ——3E T CHARLS Hudls H SHAIEWF 7T

WUR B A FRRIEFIREA S H S i, iR frfh 282, BT
TUA, W BREARE AR —J7 T, R R A AR EES
I, ST E IR B 1 [F]— A2 B BHA S8 Z R . b TR AR
B UE [F] — A B A S E AN 2 e e, B85 70 777 (Integrative Ana
lysis) F: TG IEAFERIEEE ) HArks, MGt IR, SRE%5 Y
()[R B P AT S o, FERISR AR 2 MR . YR T 1960 R EES0 T,
FT — PR AN [F] RV E A SR RN M (T 0%, SRa B2 RIS RS . SEbr
Wi R, FEASk B AR B AR I DL 1708 L, AN A B 46 IR A AT AT
FAEZES, MMSEENARE . ek et B2 NER, FR
SONREREANESTE KR PB4 var AR P AR I R T R 75190, AN [R] SR Y A4 1
BEat, TEPNNE: —RKEBNEES, MARMEEREAAR: 5
—RRY S, RIS [FE 2 AR AN (R B,

RO RN IE4EE 2 . HEAREDIE TR, BETP 2Nk
MREIGINFEAR, A R RERE B EA L A8 7] 85 U8R 1 Hh 3 K
K, REE T R R 4E 2 5 M ) A 40 T, AR ATl AS 2 T 1 e 5 T
REM AR, T4 B A AR5 B 7R AR R ) 2 im0 o 2
MBS AT S G G T T A B85 73 (Penalized Integrative Analysis)
FEPRAREIRLERE . RICA RUE B W T B T R B B S i AL
A LA PR th oAy O &, 3 AT DA RE AN [F] RS HHE B 2 18] () SR Ik 0 22 S
P

TR R R BRI R BRI M RO, xS
B i) R AT o4, B AAT BLGEA R0 SRR I s AL Al et ibw]
PLURRR S B v 22 R 3R M TS FE . R TS AR ik, 2N
LR JLE: P02 A8 8%, Lasso. SCAD. MCP. Bridge; %1%t
LA HAR )L B, PRPEM . Mnet 55 &0 LR AR Z &L, Group
Lasso. CAP%5; £1XF2H Wy AN4H [ XU E AR 1%k, Sparse Group Lasso. L; Gro
up Bridge %

G HR BEIE AR AT L G TTEAR, AR ZAE T 54 5
AP I P A A R, WMERRA R R B, W E X AR
BN FRIEEAR LR B E . Ma FPEAL S Logistic S I Lz Group

14



2. CHREEAR

Bridge & 11 pR £k, HIEHNMAEE ST, MBI IR 7 G kA
BE R BE S SRS EEMNET 2 A, S S AR ST TR AT
B, AR L Group Bridge & 1 BBCR IS AT, FFN T HA X 2 7 1Y
WG FEEDIT SCH PAROKRIE T 3 ANAS R FE ML 114 file e Jo DR K04R8 075 128 204
TR G bR T REAEAS R B ARk t AR R i B B 0 &R, thm] DARIE
T A — AN AR T AEAN [F) R s 5 (31 VA 2 B [ R SRR

BE LA RA R ENR, BE o B2 801 & X
B NPT THOR BEAAE . — 722 R, X5 B R AR R & 3L
Ty ANIT TR SRS R G 5 TR SR, A M AS RIS Bt £
A — MR ESE MAREIEZE, M ASASFIEERE 52 BB R e T 218
X MANRAZHOER: . B2 7B 774832 N T 85 s S i A 7
A2 E] AR [ H S A RO P ) SCIeE « BOARSFE 2 MCP 15
TR S AE S RIBEARSE G, St — M I 4R\ 1) B s A R D7 %
FERE BTERN T4 31 a6 13 S0 5 MBS . Shi ZE 5152 Hx)
5] 5 280 22 (B 347 7541 () Contrast 551 bR &L,  BEWEAZH [ — A2 & 0I5 24
FEANF R R ) RN . Shen ZEBURF FERIAR B, L 2% 511 BT Bovt
REZEE, RPGEFEHE A a5, %75 R R H B [F]—RE
BAE. N TR E, Wang BN GIF 2 AU R SR, RE—FET
H & NS4 7 1) Fused Lasso (FLAPO) J5i%, HEEMLXTHMSEE R
FLAPO Ref% 2 35 R THS &, I HAPTA 5o &2 R ARBEAMELL, &
BAE T RZTE /N . Tang S58B4 H 3T Fused Lasso & 51 B[ /5% FLARC
C REIAF BT FIEHSEH RS, FLARCC J7iLE% & T ZHIINFE,
FEATRSHAG TG EBE LT, RIS T 1T RRR.

2.3 3CERIFA

L 2 Rl R SRR AE  REE, W RLE B O BT SO 18 R A )
ATRERNE . BRI A 7. WA BETTHE 0+, X
WEATHWI TS T TRZAR SR, SR, H AT OIS A — A 2
AT LR B30T, B SRR R 22 48 N8 1 22 18] o A SRR PERIE T, K%
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ZAVRBAEIA TN IS5 R T 0 W ——3E T CHARLS Hudls H SHAIEWF 7T

A 2 P T R B B B IR R, AR DX 2 A [F) 18 1 3 AT
Wto [RI, AR TR 2 AR A A MR S I B 1 P9 22 8] A (14 B — KL A
L3575 LS IR SR IB AN 22 18] 70 AT (R SRR 2D o 541, AR A 18 M SR BBk
W5 T 2RI B AT b . XT84 Mok, BUA TR
K2 HRRE R KR, W L2 BRI S R a T TURA IR JF HAE
A R ZIRE A S HCRRIT T, AR DA SCHREE B 25000 i 1R DU S 4150 B
Tt

R, ASCRAEIUE R BUPE > el b, St — Pt T ARk o
MIXE A (2D %21 771k LRDSA, Rtk 75 3% 3 1 2 5 SEE s o2
SN RIBRWT FT T, [R]INR822 02 P03 M1 791 248 S8 A A 1) P I 4L 45
i
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3. ARSI K SRR 4

3HMRBRB R FHENA

A EFEN QKT LRDSA 7 3] T A AH R & SR, Rl A 1
Logistic f2/, Lasso #%. Fused Lasso 2% UL & ADMM Kl 512

3.1 Logistic 23!

AR (A ALY 2 — i W E AR B A Gt 78, iR 0 R el
HEE J A BRI R A K AR R . Logistic [FIVH43HT 7 AME R LK &
H AR 5 e 3 OO A AR AR B BB RO AR R, IEFT DA R AR
TS o AFEEUE A 0 1 RN ZJe@ 4 RIH, RAEEEZ THA
KAHIPRANZ TCIZ BB o 32 45 DB 75 200 2 1R 23 IEE , A
i 2 [ AR R IR AT A AR R T Z R ARSI 2 N

TOyRAREIE, FHAARDEN 0. 1, FE T RIS BN S
HZ W o DR B2 A1 140 FH 32 4 [ VA A Y STl 2 32 4 el VA B AR Bt | S o A2
TUBSIRAJE 75 B MG A0 1 8008 U ERT 2=, AT EAT 18 14005 B0 12 W AN Tt

TOPRAESS, A y e {01}, (R AL G VAR Y i ) TR AE U0 (3-
DFR:

z=w'x+b, (3-1)
FIH Sigmoid pR A 15 N\ (1) B — 4 2 P8 A Be B O 2 0~ 1 2 [A] (1) 4K,
Sigmoid EREE 4T -
1 (3-2)

b

te”
¥ Sigmoid PRETH NMMEG L MERAY, 153 F K.
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ZAVRBAEIA TN IS5 R T 0 W ——3E T CHARLS Hudls H SHAIEWF 7T

1 3-3
YT EEx, BT 1. 0 MEZR R R:
@' x+b
p(y=1|x):1 T =a(wa+b), (3-4)
p(y=0|x)=1 e :l—a(a)Tx+b),

BALA I A T I7 A8 0, b RIS A
s SRR {(x,,v,))" L B LR BN

L(w,b)=>Inp(y, | x;0,b), (3-5)

i=l

WK o' x+b 5 p x, XE-5)%E KA T(3-6):
LB = In(y,p,(%:8)+(1-,) p,(X:8))- (3-6)
i=1
HA p (8= p(y=11%: ). p(X: ) = p(y =0| X: f) =1 p,(X; ) » 3 (3-6)
RT p s SIS R, ] DL & i BUE A VR SR
B =argmin L(f) .

3.2 Lasso {=R%!

A i TR ROWCER . AR T TR, AATT IR FR ks 4 S AN s A
AR TE . ARG GETH R A REAR D s 4EGE T I ZE R OO ) R, /N
FALAER BB TREANES, Aref2imE—mfhit & 8, I AR KR
o R 2 e Al WA B R . 52 2] BreimanBI42 H 1 3 U B BER Y 1 5
%, Tibshiranil®¢ H | Lasso 1%, Lasso A& i@ il 7E A Y Fpfin N L, 76 371 30,
RERE e HH N AT LA R B AR, R A A R E AR R R 45 9 0, M
M PRAR IS B4R o BORAE LA [T AE n HWIREAR (x,,y,), i=1....n,

X, = (xpsex, ) M p YEEER, BB ) SRELFIRE, v, SR
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3. ARSI K SRR 4

AR, X E AN A fl ki B IEAL, Lasso Bl VAR UN(3-7)FTas:
f@ﬁ%ﬁix—ﬁﬂﬁ)+zﬁwﬂ (3-7)

Hrr, F—TUONKRZEF M, 5008 L &I, A>0, Lasso {4
I L ARSI, RERE R Ag AT R, AT DB AR A BT R A B ARFAE R AU
HiBE, HAWIHAT T REIRPFENPTIEAR IS LS. (H2 [FN Lasso AR
ZINA R AL, X TFANFE ) R %L Lasso KELFEIFE I E4SE, Xolfes SR A
BRLRE ML . AL, Lasso A5 RE BN, &A% ERR 2Rk 2 1]
FIARAYE o PRIEAE Lasso A I JERE b, 1R 2 %X TN W72, 7~
A TIRZ Y I Lasso B4,

3.3 Fused Lasso {£3!

Tibshirani 1 Saunders(®1-F 2005 4F7F Lasso #& 14 [¥) 2 fitfi E 42 H T Fused
Lasso 1% . Fused Lasso B8 /£ /£ 45 Lasso B84 [ Ll bhn b 17 REE 70 1)
HXELAIHR, EINARBC AL — TR, I BAEE REAE 4R
I R ZE RN 172 Fused Lasso A58 AN % 7 126 HH 0B A AN 51 22 1) A
B, IGAMHESRECC A E R RN, B /B B RS . JF
HATAZE & R BUN P i oM RS B RAR B, AT DUORIE D T S

B AF{E R 2&%)@?)”“%42!-‘(%,%) s i=l...,n, X z(xil,...,xl.p )T?'Slp 74k H AR

B, p=(B....f,) ARBAR, y RIS, Fused Lasso BUHAY
7 AT LR A

f(ﬂ):%i(y, _ixijﬂjj +ﬂ’]i‘ﬂj‘+ﬂ’zi‘ﬂj _ﬂj—l“ (3'8)

4, >0,4, >0, BERAMADLR, E—DLRRE Lasso ) L #1157,
SR T A R BRI REFEIT 0; 56 N4 J2 Fusion #3110, Xf T2
FRE 2 A R GERM . Fused Lasso LA ME—f#, ‘&2 ™4™ HAgdE
KT i M N T o PSR DL A=
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ZAVRBAEIA TN IS5 R T 0 W ——3E T CHARLS Hudls H SHAIEWF 7T

Fused Lasso B8 N ™32, #df Hi T IR0 & B Fox SR sl 20 A 1) [
H AR S RS, AT RLAIORSEBLRIE R 5828 . I H45 5 Fused Lasso
BRIEUN RIS, AREFEfE RENEA, 2 hidhmann, #RE
NBCE R ERAE, 72 SEBREE o B S am i se R . IS rh AN [A) R Y 8
SRR, R RN 58 4 7 o AN 58 4 [R5 AR LA LR IR, B
I B2 2 A B s AL 1 (R R STE ORI T/, 72— AT R E
Xof PRI R 1) AR 2 A R R, FE AN ] 13 LR AR B0k R A B (R RO e R 2
FE

XJT Fused Lasso B8 K2 Al tH SR g 1) @, R F B 238 B 07 Rl 3l 11k
(ADMM) .

3.4 ADMM &%

3.4.1 BIREREBIE R 5

iz 5 Donoho #l Johnstonel®F 1994 4F 4 ! T ¥ R{H (soft thresholding) B&
Mg {8 (hard thresholding) PR, A8 B H bR K € CRE AT

n,(w,A)=wl|w|> 4, (3-9)
BRE BRI E RIS
n,(w,A) =sgn(w)(| w|-4),, (3-10)

Hrp T wp> AR TER 3L, sgn NFFSREL S| w>AR, ((w[-4), Fw|-4,
HlwlKARy, ((w]=4), =0, PR {E e ) e LRGBS R -

w, |wp>A4
nH(WJ)={O’ Wi A (3-11)
BRI E PR H E RIE G F AT
w=A1, w>A4
US(W,/I){O, lwis 4. (3-12)
w+A, w<-4
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3. ARSI K SRR 4

3.4.2 XBEHEFFERB—ARLIRIENE

T KA, A E 1S B Lasso A5 7 &5 AR SR /e — A~y EE
[P0 . 2010 4F Boyed!®I5E A\ X 22 & 77 [n] e 11 (ADMM) #EAT 4/ 41,
Fa i 2 1976 42 H1 Gabay Al Mercier! ™2 ). 288 5 )3 11k
V2 AN TR AT o B R e R, R TR R AR R A SRR b, IR,
FEIE RS B s, TR E e AL S, RE—A S8, AW & 7 W
KA, AR AR 4R R AL ir) B A 9 22 ] B AR 4E 17 fE . I H. ADMM
BRI, AOSGEERR. T H SR RAF, BrLaZE R
2 T A S
A8 7 11 ek — MR 5 A S AL TR BT A Ak 7] R
min F(f5)+G(y)
st. Xp+Yy=b,pell,yel.
£ ERG-13)F, BeR MflyeR” 2RI BARAERE, TR A
IR ECHBIEEHARNE, F.m > RAG: T > R B KRN
R X eR™ Y eR™ RO, beR' EHIE ML K R,
BAEZT @7 N ERE-13)MffE.
b aRG-13)H s s B H s
L,(B.y,a)=F(B)+G(y)+a’ (XB+Yy—b)

+%||X,B+Y;/—b||z,

(3-13)

(3-14)

Hr, u>0 Z2— DA DB NIETN S, o eR BRNEYHIET, [
IR XHB AR . BRI ISR B ekt B a(3-14) 3047 K i
TE4AE o’ VIIRME G, X(3-14)BIPASRARIE D B n R 165,
(ﬂ"”,]/k”):argmin{Lﬂ (,B,y,ak )}
o = g _l_ﬂ(XﬂkH LYy —b) '
M ESRARAFE AT AT LR W, (B, 7) AR ER UG RN EH,
FERRIGRACRIE TR (B, ) (F A — A, — IR . XFERIR T
KR P, G RAERM, WRREF,G EA SRR, Bk —isk

(3-15)
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W (. ) (3 B0 FAS AR REAT AN . T (8, ) RS — RS 3,
MR UOE R E— MR, BHn R, BEFHELE, A
A, IEAKME. BARKAEL BRI X (3-16)

B =argmin{L, (5,7",a")}

/! =argmin{L, (570t} (3-16)

o' =ak +u(X B+ Yy ~b)

3.4.3 X HFEFFERAR Fused Lasso FEARY

IX—/INTE SRS T W 31725 (ADMM) K i Fused Lasso #5784 [ 2
DI,
Fused Lasso #8AI DL 20 7-(3-8) HHr 5 Bl B =0+

m{;ny—mni+4||ﬂ||l+ﬂzllRﬂ|

PeR?

1}, (3-17)

Horr, #FERe RV 8 LUNF:

-1 1 0 0
0 -1 1 "

R=|. . ) (3-18)
0 - 0 -1 1

9T Wi ADMM SLERER T(3-17), SINHINERE Y =RA(y R, T
& Fused Lasso #8145 8 N R 1

.1
min{ -0+ e+ 17,

BeR? (3-19)
st. RB=y.
HET R ks B H B EON
1 2
LB.y.a) = |y=XBl, + 4|, + 2,
(3-20)

+aT(Rﬂ—y>+§||Rﬁ—7||§,
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3. ARSI K SRR 4

TR T (3-20) 5 J7 [ 3fe AR 0 B

k“—argmm{Lﬂ(ﬂ g }

BeR?

= arg min {Ly k”,y, } (3-21)

yeRP!

a =0[ +Iu(Rﬂk+l_7/k+l)

S, W B ICRIRIRE, BENL X SRS, Fiol S 2; ]
PAF3 3] B B -
K+l _ ﬂ(ﬂ’yk’ak)
S arg 2251 6,8 . (3-22)
5 XTSRRI R,y RIS A
k 2
7" = arg min {2,2 7] + Ay —rpt & }
yeR?™! ) i,
(3-23)

_77 [Rﬁkﬂ_'_ k ﬂqj
7Y

A o P 3K e 1) FH B R BB pR R, o L7 (3-12) .
Zi b, KA Fused Lasso B 1152 & 77 [ e 112 (ADMM) B AR D IR IR
£ 3-1 floR:
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ZAVRBAEIA TN IS5 R T 0 W ——3E T CHARLS Hudls H SHAIEWF 7T

+®3-1 ADMM E 3K #Z Fused Lasso [O)g&

A7

BN BAEREX, WMNLEy, NS84, L, FiIEE g
itk B.7.¢
Hbr: ZUGERKREFRIT By, a.
WIEEAL (B°,7°,a°) =(0,0,0), k=0, u =1,;7 =0.001.
While £ >0, do

A G3-22) 5 g

T (3-23) i 5

L o = ot (R ) B QM

k+1

If ##' =R —y ' IrF* <
then
(B.7.6)=(B" 7" a");
Break;
Else
k=k+1;
End

End
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4. BT REREARAR 2 A A 00 M 2 7 ) S BB AR AL

4. BT FE AR 0 AR B LA %2 S e 3L
R

IFEAAL TR 2 5 B EA S ARG TR AR R AL, Oy 1
B AR B SR A T SRR BE T, X2 RIEEHE AT B & 2 —FhE
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R AR L. H AT R RS E ARG AT SRR BN B R AR T T, Okt
AT AR BRI AT AN [FIRIEECHE 52 10 [RIAL LA LS A AR 2

SEBR b, AR EHE SRR 58 4 [F) BURN 58 4 5 5 ) P REME AT EL LS, B
R A A Bt S 2 T OR IR T, (R  EL 0 Bcdhe U A  f R  AR AL
1, AN TR BRI AR B RN R E R ARG T iERE
R A MRS, RAOAFERZ N AIEE, A M2 AR R TAR
W75 VAR D25 SR BB S — B 0 iR 2 A5 B W I ZH 73 #r
PRIt ASCHE T 2 O T AN T e ISR AL, 5 2 R R AR )
RGBT (R 22 J77k LRDSA . % 77206 4 25U B R U R
IrfEE, R P YRR RRAAE ) B, SR 2 YR AR B R R A4 2 23
RENE T SR FERAREL, 125 075 B A E m iS5l
VECL R IRSSHERA S o BeAh, ASOR A BT HdE K3 Fused Lasso il & 538,
AT EAR AT € KA, AP b B S s N s

4.1 LRDSA 53%

EIREA y, | RRKE T a NG A RAB R s
By, HOHUE D 0,1y B 2R, U | Rk a B
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MM sBMR, HEBUE RN ORI KRE ¢ AW EE MMEA RS s18

Wi e X =(x..x,) & p FFEHLE, 0=(,...0,)" eR" EIRMHNHIHE

HIR R EHRE. y,, LKA a DA 26 PSR N B BRI,

gt SR B HCF I, AR B B IR B KT . R SR A
, BV EE NS RABSMEMER . Ba NMERIREAE N,

S D
MBS A=Y Y0, . BTN TR, BN A

s=1 d=1
V3 BEAN TS5 1) 2255 175 100 20 ) 8 57— JC Logistic [0l JARE RN R
P( =1)= ! i=1,...ns=1...5.d=1...D
Visd —(n,ﬁxira) > SRRy () NN A (4_1)

I+e

R T AR R4 1 A4S 2., 15 2 B A TR AN [R] 12 P45 sFIAS [R]

By d FIASEE RS, B s MR D NE MmNl eE, &
LU HARBR L
sp S D

La, B,0)= ZZZ(J’;‘,M log (P (yi,s,d = 1)) +(1 ~Visd )log (1 -P (yi,s,d = 1))) 4-2)

i=l s=1 d=l
BRIy, BEA U a AR sHIBUE A AR AL, BERI y, , RS A
[F) 48 AN [ A5 (1)~ 38 K1, S8 RE B 20 R s :

Vv Y2 0 Vip
y= 7?,1 72:,2 7/2:,1) . (4-3)
Vsi Vsa "t Vsop

N T HRBCRGHR B 2B 0 8 1 57 R 41, B4 [ A 41 W 1 1
6] () SR, — 20 e AL e SRR, SRR FEARRR 70 i R p 7] DL R
N TR BEINRZAN, 5 y 0w DL RS A BRI Z ML 7S,
(@E-HFTR:
7=, ®B+,...,+, ®f,, (4-4)
Her, o Ks 4imE, pADYNE, r=1..,R , M MBAR, 4k
FFEARRR T A S B AR a0 B 4-1 B
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4-1 ZHIEERBS R
XHEARER=1, AR H S TR, B o 2718 M85 48 5 R AR
R, B RIRAE O YE R B RHE )
ANFG YRR A 0y Z [AAFAE SRR WAFAE —E Z 5, N T A THE AL S 4
{a, B,0} LA FI R AP ERE o, B HIIFIRS . SR S5KE), A2 JRLALL IR R 251 2
fifi B BT P, , (o, B), HAreR E 27 (4-2) % N7 (4-5)

~L(a,3,0)+ P, (a, ). (4-5)
S Ap ) BRI

d'>d
u=(u,u,,..., uS)T,v:(vl,vz,...,vD)T,uSZZI{ax,SaS},vdz l{ﬂd,ﬁﬂd},

BT WA, X ERR MBS, A m AT P 24
WAL, £2HE%T 0, WIETFH—T4. TSRO RA
I, w,v 3R a, B BT, KM Tang SO H 1 TG A& 11 10 H A5 iR £
2N — Ao, Bl R (4-2)15 2 IR € XS ET . 4,4, AT
WS, A>0, KT 4,4 MBEE, 25T BIC #ENRSLHL. @it BIC N
KIFIREMPIVREER, 2T EATERATGERBHE, TemidsE
KRS, IS NNBEE R FENNE, BIC € RIER W R :

BIC=-2L(é(%). [3(,12))+(df(&(/11))+@f(ﬁ(/12)))1og(n), (4-6)

Ho L@(h). B(A) AR TFE-W I, 6 (4,) R4 BE F 2% a

u,—u, a —a,

B, (“»ﬂ)Z/%[lel{

s=1 s'>s

B
[
>

—

U

MfiE, § () 24 BUE FBH8 W dr(a(4)= S dr @A) R a (4)
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PESCEOSHAL df (B(4))= de(,Bd, LR B (4,) FEIEA AR

d=1
FISEAEL n AFEANEL AT RESE R, XBEE B =1. LR
DSA JiidnE K 4-2 s,

11 11 1X 1

12 12 1% 2

45 Fused Lasso

R\m
>HH F

i’

4-2 LRDSA 7':‘57'&71_?,‘%
4.2 LRDSA KfRE *

H T H bR ek 2 (4-5) 4 25 s 2058 3 AR AT 5, {H & Fused Lasso 7 11 bR
B AT, BRGS0 WM, R T RE. Ak oa A m
W, THE SRR OR R . ADMM 592 R i Lasso PA K Lasso 37 J@
NIEE YR, B AR SCHE H 1) LRDSA A ADMM BykokR g, &
FGI NI R w, . g, . T HF5 B E(4-5) 3540 T e /ME T 51 bR 2] et
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—L(a, f3, 9)+4(;§1{ He, j

a.B,0 D-1 D )
M{ZZl{Iw—Vdf|=1}|ﬁd—ﬂdf|j 47

Bi—B, = gc;d
P IE G RS B H pR L

Q(a,ﬂ,w,g,w,@=—L(a,ﬁ,9)+ﬂq(zzl{S A=1 J

d=1d'>d
S-1 8
+ZZ¢s,s1{us_us :1}(as_as’_ws,s') (4 8)
s=1 s'>s
D-1 D
+ z¢d,d1{|vd_vd'|_1}(ﬂd :Bd gdd)
d=1d'>d
pSfl S P
+3SZ:I:SZ>;1{|uS—uY =1}(a,—a,-w,,)
pD—l D P
+3 Zl{|vd vd|_l}(ﬂd By gdd)'
d=1d'>d

Hhop ¢, RMEZRE, p>0ZETZH, BLLE 7RI TIE
(ADMMD SKRIEFCRIE (ar,, B, oW, 102 €y s @unba ) HIFE T
HkEK (e, B,) EHE, Q(as,,Bd,ws’s,,gd,d,,(ps,s,,%’d,)Xj(as,ﬁd)%ﬁfﬁe‘“

a0
aas ’ﬂd

RIEK (w, g, ) TR,

E,:Ja E:T%é'\ :Oa ﬁu*ﬁﬁ&(&s,ﬂd)o

' (4-9)
g 775£¢dd +ﬁd ﬁd”ﬁj
p P
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7, &Jras—ax,,i =10 ,(pS’S'JraS—aS <A (4-10)
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p P p p
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