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W R E AU E M 4 (deep stochastic configuration network, DSCN) sRIR A4 3 5] 7 X, A F4HA 49 WEHLH|
AL BL T S A, B 5 Rt 22, ARRGFTT *i%%mﬂ{kﬁi‘i’ BN BELARE, b kg RF
£ R EFR. AHIRE DSCN ffk =5 K FI A4t 48, AT DSCN FIN A S ACSAL, - T — A A AR R I
HLBe E P % (intuitionistic fuzzy deep stochastic configuration network, IFDSCN). 547 DSCN A F], IFDSCN il i
T HAERE R EA AR B, A B ARS BL— A B ARS8 A b 77 ik R A RRA SR B, AR F e
FFALAT RIS K R @ a8 AR ELIE K Loy IR R A, TR 9 EA 5 B R T A L HE M
(intuitionistic fuzzy twin support vector machine, IFTWSVM). 4% )3 (kernel ridge regression, KRR). A EAEMAZ
419 )3 (intuitionistic fuzzy kernel ridge regression, IFKRR). RS 4k 6] & 48424 2 W % (random vector functional
link neural network, RVFL) #= SCN 43 3] #£ A 481k, IFDSCN ELA #4569 — 5 K M4t
KRR A IS MBS B W % K HURR B AP Z W4
PEE7THES: TPIS

s ARG TR, REE, SR, FENUEN, SROE. T IR 2 28 In) A B O B R AL B A% R AR, 2025, 36(10):
4660-4670. http://www.jos.org.cn/1000-9825/7291.htm

# 5| F#% 3% Ding SF, Zhu JL, Zhang CL, Guo LL, Zhang J. Intuitionistic Fuzzy Deep Stochastic Configuration Network for Solving
Binary Classification Problems. Ruan Jian Xue Bao/Journal of Software, 2025, 36(10): 4660—4670 (in Chinese). http://www.jos.org.cn/
1000-9825/7291.htm

Intuitionistic Fuzzy Deep Stochastic Configuration Network for Solving Binary Classification
Problems

DING Shi-Fei'?, ZHU Jiang-Lan', ZHANG Cheng-Long', GUO Li-Li"*, ZHANG Jian'?

'(School of Computer Science and Technology, China University of Mining and Technology, Xuzhou 221116, China)
*(Mine Digitization Engineering Research Center of Ministry of Education (China University of Mining and Technology), Xuzhou 221116,
China)

Abstract: Deep stochastic configuration network (DSCN) adopts a feedforward learning approach and randomly assigns node parameters
based on a unique supervisory mechanism, which has universal approximation. However, in actual scenarios, the potential outliers and
noise during data collection can negatively affect the classification results. To improve the performance of DSCN in solving binary
classification problems, this study introduces the idea of intuitionistic fuzzy numbers based on DSCN and proposes an intuitionistic fuzzy
deep stochastic configuration network (IFDSCN). Different from the standard DSCN, IFDSCN assigns an intuitionistic fuzzy number to
each sample by calculating the sample membership and non-membership, and generates the optimal classifier by a weighting method to

overcome the negative effect of noise and outliers on data classification. The experimental results on eight benchmark datasets show that
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compared to other learning models including the intuitionistic fuzzy twin support vector machine (IFTWSVM), kernel ridge regression
(KRR), intuitionistic fuzzy kernel ridge regression (IFKRR), random vector functional link neural network (RVFL), and SCN, IFDSCN has
better binary classification performance.

Key words: intuitionistic fuzzy number; stochastic configuration network; binary classification; data outlier; neural network

ITEESR, BN R B R BE AP 4 M 2% (random vector functional link neural network, RVFL) 25 [ H| 4 £ [0 2% 45
Tl DR L ) R A R A5 B PR R S . (LR, AL 4 R 4 4 JR AT 1k 5 52 B 2 7 R 4 o5 B .
5 H A BEHLA0Z N 4 A [, Wang 25 A BB AN 0L O BC R 5 2 0 RUBLER, R A o i 2 sy MR A
FEASK AN 28 2544, 2 H T BEALEC B P %% (stochastic configuration network, SCN). SCN {45 S 7E T A5 B4
SE T RS HIPIAARE, TR e — PR HLHIRBI AT SR 240 16 S, SCN 2R I B L5 sl S 40
AT, DhS RA N 2% 1) 1 .

H 2 LK, SCN 15 B PUsHE ) A& e, #3281 7 KRB A B DY, Tl R e i (0, 7 28 0l & i)
R, R BHE 5 w2 W O R AR b B

T SCN EME /- ERE, Li %5 A UM SON 7 J& N HL A5 4 B4 A1) 2D-SCN (2-D stochastic configuration
network). 4 5 T 5 B B R, Dai 5 PR T —Fl T B2 5] (BB ALEC B 4% (stochastic confi-
guration network with block increments, BSCN), XFf&& )25 A SEGHATHUE RS B Juxd-3 15 e s R 5 8 F [B] U5 7]
FRHEAT 201, Wang 25 NP1V 5 5% A2 B ki i1 (kernel density estimation, KDE) Fl# KA <5 #E U (maximum
correntropy criterion, MCC) S8 /5 24, #2781 1 SCN (& HE1E. AT KISR0 47, Wang 25 N U $di
TEBEAT 43 i, 43 N GRAS R R AR Y, SR FH A 5% 5% 3] (negative correlation learning, NCL) 7 {EB TR AE B, Sy
BEAT BRI 20, Pratama 25 N U2 stacking J73E RN SCN HEAT &5 45, SR 10T —Fhig B HE BREHLAC B 2% (deep
stacked stochastic configuration network, DSSCN).

R IR SCN AR fi WASTF f B i T SCN ¥ HERE, (EIF AR SCN VR & HEATHE 7T, Wang %5 A 1%
SCN #HT TIREY R, 3 TR ERALACE M 4% (deep stochastic configuration network, DSCN). 4 [ Il — 43288 ] #
i, DSCN 5 32 B\ 505 o B (i B 75 1 52 0, PRAIR T A28 23 8 1k . 76 B ASOMI 22 4 32 R719) E L (intuitionistic
fuzzy twin support vector machine, IFTWSVM) H, IFTWSVM f{& B H 5458 2 (intuitionistic fuzzy number, IFN) S
FEAN IR AR 53 T 35 J8 5 R0 SR 2 vk i, JHG v s B R B Tk BN R AR 5 28 b 2 (RN BR S, i) B o 3
F T DA A AR AR A H0 5 L AR IRE AN B 2 18] (155 22 1Y, %0 T B AR 0 Al 10 7 2 PR AR I 75 PO R i, 4 7o —
JHEE, B 1 51 N B A%UE [ )5 (kernel ridge regression, KRR)!' i1, Hazarika 2 A\ UM H T — Bl B St BOMIZ U4 (7]
5 (intuitionistic fuzzy kernel ridge regression, IFKRR), &5 1 432865 5.

ik, Jy42 15 DSCN BLAY R T A P &G B A A 75 1) — 43 2 (o) R R, AR SC0G B B0 I A & 5
DSCN #H&54&, W T — Ml r BRI e RS 2 sS4, o A BEAT IR, & H T —F B AR IR
BEMLECE 2% (intuitionistic fuzzy stochastic deep configuration network, IFDSCN).

AR FETTER AT

(D) BINE AR, B ST S BRI RS B R A, M T B R BORIAS 43 ek AL

(2) A 73 B BEE FEA AT AL, Yot 7 — A s B AL IOk B0 RS 4 M 7T B
AR IASAS B

(3) He T 8 ANHEME 3 2K | IR LR, BUE T IFDSCN A 21,

(4) K475 5] NBIHHE SR, B8E 1 IFDSCN F & HE 1.

1 HEXTIE

1.1 REMHEE ML
DSCN (deep stochastic configuration network) 4 SCN KLY J&, & —Fh 2 BZ BT W41 2 25, A P ABREZ
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[ DSCN M g5t aniE 1 Fios, M4 BN E . 24 E Bt S .

RENGEIE: X = (), - ., Gons )}, FoH, x0= [, X, - Xl € REFBTRNEIE: T = (11,00, ..., 1x), £ = [,
tos. s tin] € R FRRAH R BN i = 1,2,... N ROREARYT 5. ARG ol LA R 4n T

A= {g1,82,83,-..} TN —HSEH R, span(T’) RN H T 5K B B8] L(K) Rz~ BT A 8 DU ] o5 %

F=Lfisforenos ful 1 RE > R [FZE]H].
EFn 2R L, DT SN ET, W48 5% H R oo
n P
1= 3 D () m
k=1 j=1
X 2% PRI 5% 25 3R 7N N
e, = f= 0 = e (0 = [0 (00| )

& e NBE AR Z, MEAERE VI AT LR LK, B o) > e. BEHLUEC B W 2% BE W 75 53 UOHTIE 5 mU R
HEFERENLS E wy; A by, 1T WY 28 5 22 W6 AL BERE IR 22, 350 ROKE iR IX P AL 2 H i e B ik

WO pO A
—

/))(M
)

NS Bag 1 WEE2 Wl
Bl REEREHLICE 25

B span(T) £ L, AP 2 W), Vg eT, b, e R*, H 0 <[ g lI< b, IAL. 455 0 < r < 1, JEF IR 2 Llim =0
Koy < (A =r) BRI ), % 65’2 =(1-r-pu)) 5."3”1 |2,q =1,2,...,m. B EANFERLHR (e;f';,g,,,f)z > b;d%,q =1,2,...,m,
WUAT lim (| = fi]| = 0 RS, B AL 923 i 42 R T .

B L, AN R n NBRERE, WK n ANBRE 2 1%

h(L'f’) = h(L”:(X) = [g,,VL” (x(l"'”),...,g,,vL” (x;',"”)]T 3)

e

é\
{si0.12),
n n=1.a> L [ n n
£y = o, (1=D(gi, 801, @
FTANER A A (4) KRR —HEEESE, X2 DSCN BLE RS E S8 77 kA g,
W BT B VR R e

HY =[5, )
M DSCN (¥4 BB 7 T BT
n Ly 2
p* = argmin)\f - Z Zﬂ;k)gk,j (6)
k=1 j=1
WHRRBR-EP T SGE AT (6) kD 3, Bl g = HIT.
25 L ik, DSCN [Rgi&E i #2 7T AR A1 - W28 R A BN TS ORGP 38 B3 2799 i, AT & B9 A
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B H I R B T E B ER SRR S BB 2 2, B e M 4 A . &% R I T B 8 2 A i i S e 2 HLEE
2, @ R e/ 36 H AR BB HCR 155 HUBUE.
1.2 EREHE
ABISE (intuitionistic fuzzy set, IFS) F T A FEANH 52 M AR 1, 65 Atanassov!'/'7E 1983 4EH. B
SRS RS A, A E R T 2 1S BRI BRI . 55 GuiBi SR A L, B AR S5 W] LA TE 4T i 4
TR T A RO . A 0 BB ASOR 2 B AR B AN ST AT A 4B,
MRS X, ik X PIERISE G A 7T LLUE SCA:

A ={(x,pa(x)) | x € X} @)
i, 0 X - [0,1], pua(X) 2 x e X KRR, BRI E SUN:
A = {(x, pa(x),va(x) | x € X} ®)

Horr, pz(e) Mlyg 2350058 LT x REEMAERBERE, A pur: X - 10,11, vi: X —[0,1] Hil B0 < pzp(x)+
vi(x) < 1, Wx ARTGRE W] DLR R A
77(x) = 1 = p (%) = vz(x) ©
BB EOE XN o= (e ve), HEHF u, €[0,1), v, €[0,1], R 0< o +ve < 1. BOKHE M EN
ot =(1,0), BN N = (1,0). BE @ = (U, ve) , WESEHOBIE AT LLE F R iH5:
S(@) = o — Ve (10)
Forb, s(a) Fon ELEBMIEL o 7350 8. SRITTHE L B S BORIBUN A3 /B TCVER E . N T e — il i, mT AU A (11)
(R B

h(@) = po + v, (11)
HAZ (10) MA (11), FTRAS2:
) +r(@) =1 (12)
FRHE AR (8), FATAT LA SC—AN W R 155 ek 4
B 1-v(a)
O = @ v -

A R R AR EHE R B R B T
1) & s(a) < s(a), WA H(a) < H(a):;
2) # s(a) = s(@a), i) < h(a,), MATDIEH H () < H ().

2 ERIEHIREREHLE E M 4%

AFR ELRE B 5 SCN 456, 58 31 SRR EM AR & BE R 4, W38 1 B ROMI 15 20 e 4. M 7 — Pl i
BB B E E 1 RS EL I IR AR AREAT IR, S th T — P B O R FE B ATLISC B M 2% IFDSCN.
21 HREMRREE

IFDSCN HAY SR ) — R J: 1 B S BOR B0 AT I i VR U™, BRI O 38 s o 5 3 s Jai FE AL iy — T 4.
Horh, RBEFRR AN CRE T RENEG R, EREENFRR — D ICRANE TR RS RT3 e B A
BT RIBE SRR, HamhzE 7 TR SEAIRR. MRS AL, w7 LR AR Sl SR T T
HEH S HAR AT SRR R, DI ZAEA IR T — D E SR, B (0, 0), o I SRR A5, T o
Ui ek A S R BGHEAT VB B, BRAE o Ml o BMELRE SC— M2 BRI AS B 4R P (K S 8. Horp, RIREE 3R
EIRBERBL 5 REuE SR,

1) 3R )& B BRI 18T TE e AR AIE 2 18] P AN REAS 5 R PR 280 2 TB] PR R 8. % TR DN ZRREAS x,, )8
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_let=Dil
a(x) = r+é (14)
B N ICO T X
-, yi=-1
r+&
i, D, (D) A r, (r) 23 BERIE (50) ZRE D RTEAR, & NS EL B 2 BRSSP e SUN:
P(@(x).¢(x) = ¢ (x) -6 (x,)|| (15)
AW 2 E SN
rt = max||é (x) - ¢ ()| (16)

2) AR A R T SRIBEESH, B IGREA R T — MRS, B4l 7 RS H 5 H AR
A RIECE IR Ee ). B, 4E iR R EUE SO
a(x)=(1-a(x)Px),0<a(x)+a" (x) <1 a7
e,

;2 [l ) = p ]| < s # |

D(x;) = (18)
{x;: o0 =g ()] <
Horm, g ATTASEL, |- RES IS 7T UG ok, BATH ER AZH G TEH.
EEE 1 K, y) SRR, AR EE B E SN

| p(x)— ) II= VK (x,x) + K(y,y) — 2K (x,y) (19)

R 1" R AR (14) FEE 1, ﬂuﬁﬁﬂj r
rt = max(K (v, x) + ~ Z Z K (pe%,) =~ Z K (xi, )2 (20)
r = max(K(x.x) + — Z Z K(x,,%,) — — Z K(xx,)'""? 1)

3) By R AT R REA I SRR AN IE TR G, IR AW T B e B 2. DRk, I gRdE BE09:
={(xynL @), (v v ay, ). FH @ May 70 BFRRREA X, ISR AR BB, 1920 BRBT LUE SOR:

a;, a =0
6, = 0, a; <@ (22)
1-a
i H
T JHt

2.2 IFDSCN

RVFL. KRR 1 SCN 41 A B4 42 o 10 BT A FF AT T A0 45 PO BUELAS [B], FRATTHE 1 IFDSCN AEAMEEAR
T F — AN VT 431 SR 6 B Hm 4 v 1) S R ﬁzﬂ‘lﬁi IFDSCN A

n Ly

D2 B sy

k=1 j=1

mﬁm I|ﬁ||z+— 5i (23)

i=1

HIREEE (23) H s, = 6, AFEAR | FIFETIBLE, RN B FRRE (23) FITTHkE. 8rj= g”(wkj b,, x) b
by.; N DSCN [ 28 BEATLIC B 7 A (1 B R BUE A B, B 955 ke 2715 s 1A it A

WFEDT, TR s, /2 R x; B PTEEFREERA 8 1A, 0N T8 S AL AT DL SE e b 200 R A 9 B S 20 A, BB v
(AT SEME TR AR B FE AR TR IMEAREAE, R 2, BRI A 55 1 o W 7 B LR A B A LK. BRI, SR A&
SIBCEE TT DA AR I P BB A I A T S IR, A 456 T BB R E S i1 T & SRR,

BENMGERERTN X = (X1, %00, )y X = (X xea) ™ T T = {81, 10,0ty 1 =[50, 1], FIER RO ZE N
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Ay = e G )] g = 1.2 (24)
ML, AW REIMARIE n ANEEZ 5, BE E 0% B AERE AT AR R
K = 100 = [ (¢ 7).g ()] (25)
BRI AR (23), B THEAT T APALALER, DRI TE 9T A TR o | BB 2t 1 4T
&, =0¢” (X) (26)
hy) = ©h)(X) @7
A 26) AR (27) 1, © = diag| VBr, VBi..... V). N T EFFR S HMR, B2 FARIBTA o, M P o

B ZEFI I B
BATINT L, 1E WAk T3 38 4 LR B KA o B0 Il L. A3l £ k2 N DT 7, 458 A0 (26) AR
(27), EHr € X IFDSCN FIAZER AW, - HIRATAT LAMR 28 5 i iiE B AR ) 42 JR ig a1

(n) (n) 2
e’ L hV> . .
&, = ——— ly - (=0 <, (e (X > 28)

Hrp,
1 2
(< h by > +E)
T — (29)
<h{h" > e

2l (23) FICAL I Y IR AL AR (R, 1% 1a) AT R I — 4 SR s L. 1% A R LD T
HT(é +SHHT)7 SY, N<L
=1 ; (30)
(E+HTSH) H'SY, N>L
Hdr S =diagls, ss...,8x), s \TREARZEAE, MIMAETIBLEFERE S AT 88 AR A0k, 5 80 HAUE g =R iF b LR

A, IFDSCN [ HFREREIIN T L, IE W AT AR SR T 3% — [l .
IFDSCN ) B AR Sy AR Wn &y 1 FioR.

B3 1. IFDSCN £h4thg.

N N X = (x), X0, oxy o €RY, RS T = {4115, 1y )1 € R KIS ZH M, 55 n J2 5K 53
L® 5 5% €, BRI B R T s FAARE T = {41, Adena)s R = {115 s Tena) s FEARE BRI FE ST ALE S ;

i IFDSCN A5,

1. while n < M and |le{"|r > € do

2. while L, <L®, and [|e)'|ls > €

3 for 1€ do

4 for re R do

5. for k=1,2,..., Tnax do

6. FE [, L (=2, A HRENLAE AR ™" AT Y
7 i@t A (26), @7) HEH AP.EY;

8 if min{¢)"”,,£",} > 0 then

9 K wi D R B0 Y RAFAE WA,

10. &) = ) &N IRAFLE Qi
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11. else

12. [El 21298 5

13. end

14. end

15. if W E% then

16. RFVET & BRI Wi b0, & HO = [ ],
Break (% 209X 22)

17. else

18. Continue 5% 3|0 9% 4

19. end

20. end

21. end

22, A H:=[H,H], B AKX 30) M B,
4 SZ:) =HB-T, e = e(L”:,L,, =L, +1;

23. end
24, & ef)””) =e™ QW=[]
25. end

26. Return 8, w*, b*

23 HAEERESN

WHAREIIREARAN O N, B T3R8 BE ARS8 (R AR IR AN BB AR AR T B0, PRI aX — 0049 1R I 1) 2 2%
FEN O(N). S35 R 57— 3 (0 o 1) 52 2% P 22 LIk R SRt F) v B0 5 N 6 AR ) SRS I 1) 52 22 5 O(NV?).
(At IFDSCN 3% (1B [ & 2% 58 O(NV?) + O(N) =~ O(N?).

3 £ 1§

3.1 LWRE

FiF A5 5256 B2 £ Matlab R2022b. Intel(R) Core(R) CPU 12900H 2.50 GHz. 32 GB RAM, Windows 11 R4t
LI G LHHTH. £ IFTWSVM., IFKRR Fl IFSCN #E8Y H ) FRAT I8 A% R 505 A5 AR il 5 380) sy 4 2 1) o A Bl L
RORIRUAE. 5 AR 5256 A A A%

K (x1,3,) = exp (= ((Ilv, = %:I1*) /12%)) €))

o, w RS S BAR RN SRR MR AR =73 1 EL AT BEALRI 3. FRATIR FH X R 45 202550 A RIS Y 0t 2
BSHGHATIRAL, RS HRE PRI 7 B8 IGIETE. 78 P48 IR, B Hd S BRIl 5 MRS
£, L —ANERTIR, HARH TG AR N T R S M RS R ) i RS

TP B REIRFR ACC THE 5 = T

TP+TN

ACC = (32)
TP+FP+TN+FN

Forr, PR EFRTE. BT BT A FP. TP FN. TN ok
3.2 ZRHBIRENA

N T SR IEAR SR AR ALY B, FRATTAE UCT A KEEL #84> — /0 B MERAR 4 BT 7 5088, BRI vEdnes
BN 1 Fos. BRI, FATER T30 AP a8 £, B IE SUREA LU B0k I S0 SR AT 5246 AP 4L
P o T B AR R /D, DRI AL 75 R A PR 12 R AR RS B AT 2 30, IR AL 1) — 3 M RE T AR
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TERPRER. BATRE R 7838 70 FER R AAT T — 0 R M 5, DU AL 19 — 70 JORE A — A3
I PEAY.

R HHRETEAE S

EAEE S A% Gk A% IEFEA %K FHIEEL
ecoli2 335 283 52 7
ecoli-0-1-4-7_vs_2-3-5-6 336 308 28 7
ecoli3 335 300 35 7
wpbc 198 151 98 33
heart 270 150 120 14
pima 768 268 500 8
vehiclel 845 628 217 18
abalone918 730 688 42 8

33 SLIERSH

FATEE T KRR™ . RVFLUIR i Ff 22 i (L2825 ST, DA IRTWS VMUY TFKRRY X P b 45 A B it i
BRSO I BVEAR Y, B4 SCN. DSCN 5 ASCHE H 1) IFDSCN (TEARSEIS , Ba& EEE W oh 3) AT T 6t

H FAR B AE B — A B 4 0 0 R R DL AT DAORA FL A B 5 09 25 9, DRGSR i SR — 00 P B0 0 FE A A i FE AN R
AR M AR BIUASE B P RGP AR S0 0 N B SR B B JHEAT HE 5 LAar AT P e AT B — /M BLE &5 AN B 48 By
FEATHET, 1 BRI PR BB R K, T f o v (A R R/, Ok A /S RS R e . A N AN SR 4 Lo
AR, IFBE 4 R 5E AR SS i ARl dE ERRR. ISR j ML T 28K R, = (1/N) ZNI r.

M 2 BISE6 45 F R AT LUE B, FRATIEH A9 IFDSCN AL — 0 2RAE FEAE 8 MR EE 1 7 s T HAth st
B, SRRk . XK B IFDSCN 7E 73 (4 % A B BORIIRS BEL . Britb 2 b, IFDSCN fE A4l &8 B —
I3 FERE FEHRAR T DSCN, X IF B T A5 SCHR HH 75725 DSCN et (A 25 k.

K2 FEMERIRESLRE R (ACC)

Hmee IFTWSVM KRR IFKRR RVFL SCN DSCN IFSCN IFDSCN
ecoli2 0.8571 0.6964 0.8087 0.8072  0.9431 0.9453 0.9455 0.9501
ecoli-0-1-4-7_vs_2-3-5-6 09174 0.9 0.8391 0.8 09592  0.9563 0.9687 0.9732
ecoli3 0.8571 0.7218 0.8087 0.8072 09257 09260  0.9322 0.9355
wpbc 0.564 0.4944 0.5195 06716 07569  0.7622  0.7796 0.7822
heart 0.8398 0.8717 0.7866 0.8574  0.8037  0.8053 0.8185 0.8213
pima 0.7582 0.7613 0.6886 0.7452 07582  0.7625 0.7709 0.7798
vehiclel 0.7859 0.7766 0.7366 0.7683 0.8029  0.8125 0.8225 0.8336
abalone918 0.7502 0.6964 0.7022 0.7035 0.9489 09547 09528 0.9644
TYUER 0.7912 0.7398 0.7362 0.7700  0.8623 0.8656  0.8738 0.886 1
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