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Abstract: In order to diagnose fault units in the large-scale multiprocessor systems more quickly and accurately,
a system-level fault diagnosis algorithm——FireWorks Algorithm-Back Propagation Fault Diagnosis (FWA-
BPFD) based on fireworks algorithm and Back Propagation(BP) neural network is proposed. Firstly, two
population strategy, cooperative operator and optimal operator are introduced into fireworks algorithm. A new
fitness function is designed, and the mutation operator, mapping rule and selection strategy are optimized.
Then, the optimization process of weight and threshold value in BP neural network is optimized by the self-
regulating mechanism of global and local searching ability of fireworks algorithm. Simulation results show that
compared with other algorithms, this algorithm not only reduces the number of iterations and training time,

but also improves the accuracy of diagnosis.

Key words: System-level fault diagnosis; Fireworks algorithm; Back Propagation (BP) neural network;
Preparata Metze Chien (PMC) model; FireWorks Algorithm-Back Propagation Fault Diagnosis (FWA-BPFD)

algorithm

1 5|F

B A KEPRERRIBIR, RIA 2 A3 28 R 4t
R R A . BT IXRARGER T IF 2 N EEES,
HApg—a b BBHY T REN—NFN, FE
B LR 7 AT IEAE LSRR = . XK R
REIRP LTS IR R 2, ACFR AR 2 (6] 1F SR

PR H 1 2019-06-28; eilml H: 2020-01-19; ML IR 2020-02-13
EEEE: BMiff  563766390Qqq.com

HEWH: HREREHIE4 (61862003, 61862004), | Flf 7
A QUFHRI B B I H (YCSW2019036)

Foundation Items: The National Natural Science Foundation of
China (61862003, 61862004), The Innovation Project of Guangxi
Graduate Education (YCSW2019036)

BEIREE, —HARGH LA R A R
A fg I A5 B RO BN A AT i B R I R,
PR IEER E R . L, FR—MF W2
W AR PR . HERA L E 7 F e () b Ak g R 2
HeiE i, RAAEHEENE L.

YERIRIUE Z AL HE 38 2R 8 B ] SEME A AR e
PER—FhH F@ AT, REHEZ T — B AR
&N E R HE W RE . 19674, Preparata,
Metze N Chien! & R H H IFI F B 1 AR Sk i o
W2 W, SRt T B A2 K Pre-
parata Metze Chien (PMC)#%Y, ffif5, BGMY,
Chwa & Hakimil®, Malek!, MM PL K& MM*PI&EE2 Wy
BRGAR AR SR . SCHR[6-8] R, 23R T 2% Ai2


http://radars.ie.ac.cn/CN/10.11999/JEIT190484

5 1

RS KT RGPS W KIS 16 A FR A 22 X 4 B3k 1103

Wk . LR R AR RS i Bk DA N2 IR
%o MR RREE—H R A S FRIELF . HIERIRE
Jiak IEAORMEE L PREERS i, BOLER, S Fh %
FERR R 2 T VR NB T AR, a0 S Al 4% 76 (Back
Propagation, BP)#i£8 /4500, 4% HyE00, W
R Dlseig B E kR A R e SRk
BN T RGBS WU, RIS AR 1AL
Ro MT BRI IM KA L, BRETBPHEA
W 2% 112 W 57 (Back Propagation Fault Diagnos-
is, BPFD)7E I [A] 52 % F& J7 T LU H AR fe 12 W Sk
HiE, HRML T HARE B2 L, A XS
BRI WOERE . DRtl, 7Rk AN B2 Wk B
N, BPFDREERAIEE KIS

ML % (FireWorks Algorithm, FWA ) M3
AR B IS AT IAT HEAFR R 2, X5 & R
A A2 R R E R B Ea kM, 3T K
FHEBFR . AT PMOB A R AR
BREZWTIRE AL, B, ARG A T g AR
RS . PMER T AR T, JFOU T &R R
. BRI AR PR ENS . R S A5 A BPFDA L
AEFRPMCHE R N B RS 2 Wi a) B, 240 T
— AT IR A R 12 T ARk ——— - I a2
255 (FireWorks Algorithm-BP Fault Diagnosis,
FWA-BPFD). /& fE B ARSLEIHE 5 ah b, 8
Az 2 W L HEAT 07 AR 73 #r
2 PMCH&RH!

FEPMCHEA ol sl iR N0, s
MR, AR LE f 2 (A n] DOAE B,
R RFR MR LR RG22 B AN
KAERALMIE), WML Ru; = -1, FTAM
DA 5 Fow M4 BIZ AN R G [ — AN IRE e, FHSFR
7~ TG SRS R AR, HEER.
3 ETHREELAUHANBPRAEMEE L
3.1 BPHZML

BP #1258 [0 265 12) 3 — b4 15 2 3400 [l 4 1 s B2
FAUE A BB AT 5 IR 2 )2 HT R 4, B
FE3INEL, SalANmANE. RBREEMHEE.
N BB 5, i A% o ok B f 1 B RS

%= 1 PMCisHER]

DR piwa BN puy DR HRewig

0 0 0
0 1 1

1 0 0/1
1 1 0/1

ZE, HPREEVUERZXRZZEN, WK1 —
MIE(RIRT 2 )BPHEMEMLEME. BREER
75 4 Atb BRI 10 0 i i A s bR A B B A Z AT
T
3.2 MRTEE AN
3.2.1 ¥IRMEE
JHACSRIEAAL BT G A2 i 208 I 28 Bl AL A6 AL
EABRME, BT T —NEE R E M asil, ¥
HIERBUE M RE BB, MRS RAEMA.
FEMEM L NE M, AN ERIRE R RUE
B 55 30 (W, W, oo, Wit |10, 02, -+, 02] T,
R 2 24 H 2 BIBUE AN BRAE 53 0 8 Vi, Va, -, Vig)
Rl o, e ras] o Borft, Wikt N2 BB & 2
MIBE FE R e ¥ 2 E AT Ml 1, ViR R & 23
i 2 BB L B P e s 4 B AT ) i o PR R
—ANETEA AR T] PLR IR AW, Wa, -, Wi, 01,6, -+,
9n2,Vl,V2,“',Vn2,7"177”2,"',7’n3]0
3.2.2 BERNE R
SFERETYN SR H 02 i A W i s AR 5T
15 W 2 2 4 SR S R 45 ROR v e kb Bz, A
T 75 391) ]R8 i H 485 SR A D0 I 88 A 22 T 4 45 2 TR) AL
EFRIME . TR SV PR 38 0L B bR H5ORN 1 25 X 5%
PSR ZRECE R, ARSI N BIRZE R, Kit
FLRAE A PG N B, DR s I i R At () R IA
XA

fit = 1-E TE (1)
1 &
E=3 DO (diy —uk)” (2)
k=1j=1

Hr, ERIRMEMBERIEIRE, KARIEFEARR
N GBS EME TN AR T
o,y RIS bR
238 N R BORT LU M s ke S i HE RN R
IR ZE KN, FRZEEN, RN IE N R
3.2.3 RIFET
TEAEGIRAE IR, LR SRAE g e 12 0

—————————————————

O 7R e

O= 151 i

( Ys =
= O O,
WAE BEE WE

RE ISR

1 3ZBPHA M2 45+ &



1104 B 7 5 F

2 %

42 %

RN KAERONAEE I N DL el RO 42
FET0, BAPUEMALRIEN; 1N AL
MAERREE AR KRR 2, RN & R 22 1Y
MAAEAS ARG 7 A K AE SR D o XX —
B, AN SO AL S0k R A 2 A2 AR K K AE 5K
Si SN

f(@i) = Yiest +€

A : N 7Ai Z Amin
A= Y (f (@) = Yiew) + € (3)
i=1
Amina ;H\:’ﬁij‘
& Kvorst - f (xz) +e
Si=S-— (4)

> Voot — f (1)) +e

=1
Hofr, ARISHIZH A 40P SR B IR 18R A
A= A R85 R K AER Voo Vavors 53 12
R SAAE R S5 ZE AL s f (3) RARAEA P [ i
REREH; ey — B N 0, PSR G BR OB 1F
Awin 9N YE 475 round ()R AR 48 DY 4 1\
I E T

SR TR SRRAE A R KAE 0

HEATAT AT RIS B, 762 (3) it 7 — A /b
FEIE 2 1% Avmin SR SRR O A 2 7 0 280
Febils 7 3R S (4) PR AR R H B R
NI L, R X

round (aS) , S < am

Si= mmdb®7&>bmﬂ<b<1 (5)
round (S;), HAth

Hr, oo iR IE 250 ¥ E > R
AR T 5 B RN AR RN K e B, SR
PAAN TR/ i % B R AT A A, AP AR AR
KA, RP
XF = XF + random (0, A) (6)

o, XPRORSEIAMRIE KL B ke L i 6
AN AL XE 42 random (0, Ay) R IR 7E
BRAE AR AN R R 2 ST BE AL
3.24 TRET

WAEIRIE e iR, O 1k — D IR R ) 2 FF
PE, 8GR N R EEAR AR, R SRR R SN
A5t

XF=XF+ (X5 — XF) x Gaussian (1,1)  (7)

oo, XERORANTEAS 57 J5 72 00 85 05 25 5% K A
XEROR PN EXAE R EIBE : XER 2450

FiaErp B MAXsfE S8 R4E LA E; Gaussian (1,1)
SEBE AN T ZE B L o A AL
3.2.5 MEET

FE GEIRAE S R E RO, HARIEM L
B BB Z GBS BB, NRRi% ) 1T,
ARICEIN T WMERE X RE Skt AT otk . PMES
TIr RIS X E T REARE PR, Bk
A7 W — Fh 57 0T B A SRR R pe e, 0 S R
rand (0,1) > pe, MEEMEPATEIZIZXNEF, &
MPATEARZ XEH T

(1) BEIREXEF: e X — s
X, SRR AN AR 1 A G R R LURH [ (1) 38
NAER AT, NI R BT B AN A . 76 XURh
BERAEEE R, W SRR R L (R AE AR XA T 1Y
SR, W X 5 R e 2 o 1) B R AR A A
X AT 2028 AR, 13 B WA HT AR AL M AR X
XY, AR BB WE 2R .

a1 5 R BB R
OO

B X

L
vHCOHECJELHE

2 WX IE R A

(2) HARZXHF: FARZ SRR H B MNME
(LA A1 7 AR AN BT A A o 72 SURh A A E
LA, AL AR AR X PAT AR R X
HFEAE, PR XG5 FhaE2 (1) B P R A A4 X 4%
(8) 3 (9) A= B /N HT I AL A X RN X

Xi=a-X;+(1~-a) X; (8)
X!'=QQ-a)-X;+a-X, 9)
Hp, aBREHZE AT

Wt 48 1 R ST A 2 S5 AR R T AN R X
X ATV, WSS AR T X, PR B A AR
WRBANAEE Hepi X, B MER T, A
B2 18R] CLEATAR U 1045 R AC ¥, SEBHL 1 PR 2 )
(i Rl A o
3.2.6 RMET

NT SR E AR TR, AR SCHEMAE
kSN T BARE T, R R s e S
SHE Y HTHEAE AN A X 304 T 3 & DAL S RS
ME(E R o %P T B R LEE T SR



5 1

RS KT RGPS W KIS 16 A FR A 22 X 4 B3k 1105

L AR OB AT IE 2 HOHY, AT S
BRI
Xj=Xp (10)

Soopt, XPROR A MEEX A S ke EIORIEL: X
R SRR B 0L Xt S5k 0L
3.2.7 MRS

G DL LB AR 2 A KA T R T
(70, H LR T SRR, R 2
LSRRI AR S ) BT PR . o T A
VR, A3 BB S B R A
B R KA

XF =X +U(0,1) x (Xt — X[g) (11)

Horb, XFRIRHB H 0 T 58 AN A AR X7 58
K4E BRI E s X MX{p 5 MR R A e 5 k4
NS EIL G U (0, 1)FRRAEX A0, 1] 5]
AR AL AL
3.2.8 IEIFEREG

A IRACFPEE P AR F5 1015 B e AL B R —1%
FRAErR, A SO R A 0 2 B P03 oL P R B R
W& o PEXCFPEFMRAESEE R, PRASFIEE 23 Ak s Hh i
PEAAE R —ACRhEE, RN B ROBRAE P rh i 3
I8 N AR T NAS RS AN
3.3 MEHEEMILBPHZ MK RIE

— LI BP AR W 4% T B AL A A T 4 A AE
FBHE B A B KIBEALE, R 25 1 e e A0
REMFAE— 2 B, SEBMKIZLEE A
o, AR R R R e e R R e
F9 R ML A AT DAAR G st At e i A il . I3 R
FRAE FEIE R BPA N 2% 5 I A2, FWA-
BPFD&E L EBP & M KM FE R 2 H T £k
HE PN PRI R AE S35 59
3.4 EERBEZE S

RAETE RS Wb, W46 MR AL Tl B 1) Ry
N, MER—IaERr, R IE = A2 1 KA B 3L
Ns, TR FHMCEE g, FHEHBA 3.3
HHMERRAE, WA SCERR R . B
—, SKRHIBENUVIGE A I 7 VA T UE R, FhEERL
BONN, WEERERO(N): HE=, WM
TP TG R RE PRSI IS N R, X 2R
JIEEAPPRE, BRI EREENO (N); H=, WA
BRI — AR o BB IR EE T AR R TR
FRTENE KACFAAR S K AR, B[R] 2 44 P 49 3ol O ()0
O(g); M, PAFIEEZ B HPITIME T T s
T, WEEREANO N +s+g); Fh, MWAK
JEAEA A TR TGN, B[R4 NO0 (N + s + g);

———————————————————————————

|
H%Emﬂ%m%ﬁm

¢ SHe 2L L A4S ke v pke
—ﬁ @ﬁ@%g7¢ﬁk%|—%ﬁﬁmmﬂm\mm|
v
| R TRk |
v
| ety ARG 7]

NEAE | v
| N 21 7=
e g | LL| PP L
e | | R Wior
|
|
I
|

TR

BUHE - B E

USRI

B 3 AL SR AL BP I 4 (A
SN, FEEURURR R 23 1 38 428 S b ST e 15 A R
TR, BIESERENON+s+g); BL,
LI R, B IRIR 44 N0 (N?),

g, BNEE—UOERIE R 22 R0 (N) +
O(N)+0(s)+0(g)+O(N+s+g)+O(N+s+g)
+O (N +s+g)+ 0 (N?) =0 (N?), BHHEPERIR,
U A9 e B B TRD B2 24 B RO (IN?). T SCRR 9] H AT
P FIBPFDA LRI M E 24 B N0 (IN?), #HEZ
T, AXHMFWA-BPFDREEA K T 2 Wi it
(]2 P
4 ETFFWA-BPFDH RS RET=1S A

AR FE LB A AMATLAB R2014a,
HHAE—EWNHFEN4.00 GB, CPUNIntel(R)
Core(TM) i5-3230M 2.60 GHz i+ ML Ei#E47 1)
AL
4.1 HEMEEWXBSHORE

BPHM LM SR RSB EES: REE
FHle, BREEMETTANHs, BOGRES, MWL
MR E Wiy UL R 2837 s RME 0% . HBAAS 4
WHEWT:

(1) REEESe: RABEREEERIMIMN 2
BRI Aot e 5 B ) R, EDGT T B G R P R 1 i)
RO 5 LR T PN B AN DA B J2 65 ) 1 I 4 Sk fie
Yo JoJE NAEB T — N3 )2 45 1 1 b 22 9 4% sk 7T
DASE AT R 2 25 7] B 48 25 18] A W00, B LB
B : MARLG MBI < 100/ 8%, w244 b
B E N, RG> 100091 5,
MR EANERE 2.



1106

T 5

2 % %426

W~
)

(2) BREEMAEITTAN s MHEMKIRE ZEMe
TN B — AN L R RN S 2R 1 e, H AT
WEARIFHEIL AR E . S TFREEMLT
MR E, A SCEEREKomgoroviE B, il
(12) 1R H S 2 R 2 n A4
s:v@&%m+01%ﬂ+25®n+&Wn+0%+%%
Her, sRRBEEN BN, mBEREANEN A
NG nZRoREH R SN

(3) WG RRELf: (RPN P TR,
NZIB0E BREf1oR F tansing BREL, 1 %0 H 2 B30
1% PR f2 2K H purelin B 25

(4) W28 BB wi; A BIAEO:  XF T I 45 15 s [A]
FIRSEATRAE, 2 TAERBPHIE ML RAE RN
W12 W SR 2 A LRI aa AL T K, X S8
FEENGE P A ZWS, B G BNRTRAE. £
XX ANEREE, AR St e F iR 15 2
4 B A MR AE A A X BP A 28 ) 28 (1A ASUAE A R AL 384T
WG .

4.2 BEEEFESHINEE

(1) KESHKE: BIE4. 15 BRI
K ZH, DO BUE i FEAE AT AR H AR,
KA AR YR, B HAE A R S EE AT
SEEG BT, SR EE R ARTR . AR E SIS 5 SR
AL FE R RS HOE AT W E . AR R EE KD

1.2 e
1.1 *
1.0 X
0.9 ! \
0.7 Il‘ | | ‘l
0.6 AN | |
05 | 1
04 ty L 1
0.3 ¥kl 'l,
0.2 *

0 5 10 15 20

HEAEFRBE /N

(a) ML ACANRE S CPUIE A7 ] (05

1.1

1.0

K

0.9 . *

0.8 Sy ¥

0.7 \ /

0.6 \ /

0.5 %

0.4 V]

0.3

SHEIBATCPUR ] (s)

HVEIZATCPUR (s)

1 2 3 4 5 6 7 8 9 10
BB
(c) AN Y- s 50 CP USE A7 i E B

N=15, K KIEHS =30, mKBEFZEA=5,
AR R K AR E g=4.

(2) He B 5 CHR[17,18] F AH G Sz ak 45 51
2 al F, xRS EPREESH R E R
FiRe
4.3 #ERGIZ SN

RIFEPMCHEAY, oy e & B AL P 38 25 3 DL &
RN, ARBE AR BAS [F)RUAR P 9 265 3 41 25 1)
B, SRIGARIEL-AT S e, BEALS A s st L 15
HHFH . F) 2R G R (o S s A a0, B R GE
Rk . B RGN KX TFWA-BPFD
SRR AR 2 I 28 AR R HEAT YN R AR, S BCIR R
R RTS0% BUHE M NN R BE, F T X A 34T
Wk, 36 BOI A H 35 w10 S5 20 % E 4 1 il 2
W, FAFXAEAEATIAR . BT EPMCORA A
B PIARRE A FH A A AR -1, 0B 1, Bl AR
HJE&H—1k, FrUIEZ ERZHses hA T2 E
FAEEARE A — b B

P LESEIG R, N T BRIE S X L T 4 R
R, o AT AR R 22 X 21 R ) S S B AT
HFEIRE, WR3FR.

PLREASR 5000 RG], A FH AR SCEEE T
SR, wEsHR, EUNIZEI305KE, REfETS
Pl /MR ZEAE, N6.8804e-07, FTHIA CH LA
R ZRid FE P PR R, A RN R R AL -

._.
o
Sk

(s)

o
T %
ST

0.9 x ¥
0.8 AN
0.7 o v
0.6 I |
0.5 Fx" N1\

HEIZATCPUR ] (s

N
CIRURNN

0 5 10 15 20 25 30 35 40
R KAEEL (1)

(b) i K KACECTE 1L CPUIE AT 8] 5200
0.20
0.18 n
0.16 p
0.14 ?‘/ x \/
012 F " *x
0.10 I
0.08 \/
*

0.06

HVEIETCPURA (s)

0 5 10 15
S S KAEH ()

(d) e s K AL SR CP U AT IR [l O S0

Kl 4 RS HON HILCPUIBAT I 8] K52



555 3] JAEE S T RGFHE TSR TE- 5 I 1 HE i 20 0 46 S35 1107
* 2 MEEANEESRRE 4.4 EFEEEE:

BHAATR BHLW] BH N T BAFFWA-BP 81 R G5 245512 14
Auin WRAE 1) B MR 2 2 e, TEIERHUHFMNGSEEIET, RAMFE N
Pe PMESLT % X% 0.5 W (B, 2 AXBPFDHEEY., ik S
Xip WETERE T A 0 R-BPHZ M 4% (Cuckoo Search-Back Propagation
XuB TR B Sl 1 Fault Diagnosis, CS—BPFD)%FEA[H]\ J\;'!_‘i’f:lz:-BPﬁaéé
T IS 1000 M %% (Genetic Algorithm-Back Propagation Fault
Diagnosis, GA-BPFD) & kM DL R A SCHIFWA-

I BPFDﬁ%iﬁﬁﬁﬂﬁi’z‘ﬁfﬁE@?}Iléﬁ%ﬂiﬂﬂiﬁo
— WA R 2R R R, B IERZ W
RS ZHURA 88 MRAREAR L R EEA R T 20 L, RS ERfR=
show L B LA 30 e TE T2 I R A ST REA L x 100% . 43
Ir IR o) 0.01 S AR 2% T 50 /1100 () 2 AbFE 38 R Gridk AT 2
goal WA R 2 M A 7e-07 S, Hob, SEENA SRR R Rt W
epochs gt 10000 1 — B F (n/2) — 1. N TRIESE RFa e i,

N LBERLPE, EMFEZRIE T, EEHET1000K5E
5, BUZWEm R SME. El6 NBPFDH L.

CS-BPFD& . GA-BPFDE L. LFWA-BPFD
FRETEA R RGO 2 B E R I ths . K44y
T IR AR EIRLEAN B R G U 1 e L
HE6E, ERGMEAMFMIELT, ME
P 2 ST AN, ERARAAN BV 2 B AE A R

R FREES, (HR2FWA-BPFDHE LM IS K

10° o i - X
0 50 100 150 200 250 300 350 KW T HE3ANFEE, B AS000E 0T,
BRI () FWA-BPFD LM W i 2 B AR B E100%,
B 5 Sk A FER 100115 N, FWA-BPFDH L2 Wik
1000 [+esspus - : 100
005 T WA 99 \
N ' . 08 leses v B
£ 990 X o7
¥ oss ¥ 96
= 98.5 E o
H 080 [coooonng & g
.ii 97.5 éhaz\@”&\‘\ pi@ /K ? i&;\ 93
v/ 4\ / 92
97.0 v 91
96.5 90
O 5 10 15 20 25 0 10 20 30 40 50
W S ITE (1Y) W S ITE (1Y)
(a) RGHBHE0 (b) RGEHEH100
- BPFD¥#: — CS-BPFD&¥: « AXFWA-BPFD&:  GA-BPFDAE
K 6 AR R G AR b AP B2 W7 IR A 2R 1 E
R4 AMEFETRRGEMERRIMEEELR
n = 50 n = 100
N e
Fnsik VI () FERC VIR Tl (s) FERC
BPFD 412 685 34163 5937
CS-BPFD 233 327 17810 2134
GA-BPFD 310 365 27890 3978
ALFWA-BPFD 212 305 16755 1998




1108

T 5

¥k

42 %

MR — B AR AEOS% L o Ak, 7EAS[E) M4
ANECF R RPN, R T FWA-BPFDH %
TEZ WG FE 77 TH ARk

HERATUEH, ERGEMEMFKELT,
XTI R A AEAIR BT T, FWA-BPFDHE
B/ F AR S 5, KU T FWA-BPFDSIATE
VST 8] 75 T (1 LR
5 4ERiE

BP #2228 AF 4 1t B G e o tlesim, BB
L HENACIZThae, XMEHAEEEH T RAN
WE S . HAEREE R — M 2R R G IR
A2 B 77 B IR HLE AR se Sk, IR
TEHEIEAMBP AR WS TS &, AU AT AR il —
WEBPHE LW SGE L . 5 BN = 3 A% /B 1 i)
L, R R A BP AR AL BE A 5 (AR A, 7E
PFZWER R P FR, 46808 T2 BiinE, g
T AR R 2R GE R S W ) R, A L
FHNE S HIIAEAE — € B BR P A B A L IS 3L
TESEIERE b, ASCEE 7 AR L1 ok 58 e A 7 vk
R IR T — S E 7, &4 GBPFDA
5, P T HETPMCEFWA-BPFDE . 5BPFD
SRR H, FWA-BPFDAMYA S FEAK T 3548
BRI SRR [a], B3k — 203w T2 W e R .
Ji 8 T AR 2 0 AR SR A 5 RBP4 X 28 A £y
kgt AT A LR AL, S FWA-BPFD VL RRIE
FHF 5 OB ) 2 A B3 R G .

& £ X wk

[1] PREPARATA F P, METZE G, and CHIEN R T. On the
connection assignment problem of diagnosable systems|[J].
IEEFE Transactions on FElectronic Computers, 1967, EC-
16(6): 848-854. doi: 10.1109/PGEC.1967.264748.

[2] BARSIF, GRANDONI F, and MAESTRINI P. A theory of
diagnosability of digital systems[J]. IEEE Transactions on
Computers, 1976, C-25(6): 585-593. doi: 10.1109/tc.1976.
1674658.

[3] CHWA K Y and HAKIMI S L. Schemes for fault-tolerant
computing: a comparison of modularly redundant and ¢-
diagnosable systems[J]. Information and Control, 1981,
49(3): 212-238. doi: 10.1016,/S0019-9958(81)90388-0.

[4) MALEK M. A comparison connection assignment for
diagnosis of multiprocessor systems[C]. The 7th Annual
Symposium on Computer Architecture. New York, USA,
1980: 31-36. doi: 10.1145/800053.801906.

[5(] MAENG J and MALEK M. A comparison connection
assignment for self-diagnosis of multiprocessor systems[C].

The 11th International Symposium on Fault-Tolerant

[10]

[11]

[12]

[13]

[14]

Computing, Portland, USA, 1981: 173-175.

XIE Min, YE Liangcheng, and LIANG Jiarong. A t/k
diagnosis algorithm on hypercube - like networks[J].
Concurrency and Computation: Practice and Fxperience,
2018, 30(6): e4358. doi: 10.1002/cpe.4358.

AR, T, BAE. —FRIE T PMOBIAY R 1 ME 2 14 0 R 12 W
HE). MRE IR BARRIEIR, 2017, 41(4): 479
485. doi: 10.14177 /j.cnki.32-1397n.2017.41.04.013.

FENG Hailin, LEI Hua, and LIANG Lun. Probability
matrix diagnosis algorithm based on PMC model[J]. Journal
of Nanjing University of Science and Technology, 2017,
41(4): 479-485. doi: 10.14177/j.cnki.32-1397n.2017.41.04.
013.

T, BRI, AT BT I M A RS R IRTR EE R
WSy [J]). THEHLR ST, 2017, 34(9): 2638-2641, 2650.
doi: 10.3969/j.issn.1001-3695.2017.09.016.

YUN Long, LTANG Jiarong, and ZHOU Ning. Novel
adapted algorithm for interconnection network[J].
Application Research of Computers, 2017, 34(9): 2638-2641,
2650. doi: 10.3969/j.iss1.1001-3695.2017.09.016.

MOURAD E and NAYAK A. Comparison-based system-
level fault diagnosis: A neural network approach[J]. IEEE
Transactions on Parallel and Distributed Systems, 2012,
23(6): 1047-1059. doi: 10.1109/TPDS.2011.248.

VAR, XIEE., — R Malek R T () 2 SEMBIA T BIE (D). 14T
WL SN, 2017, 53(13): 78-82, 145. doi: 10.3778/j.issn.
1002-8331.1607-0130.

GUI Weixia and LIU Cui. System-level diagnosis algorithm
based on Malek model[J].
Applications, 2017, 53(13): 78-82, 145. doi: 10.3778/j.issn.
1002-8331.1607-0130.

WANG Yuxi, LI Zhan, XU Minghui, et al. An evolutionary

Computer Engineering and

approach based on ant colony system to system-level fault
diagnosis[C]. The 8th IEEE International Power Electronics
and Motion Control Conference (IPEMC-ECCE Asia),
Hefei, China, 2016: 2493-2497. doi: 10.1109/IPEMC.
2016.7512690.

BA. KT RGP RS T AW R A (D). (R3],
PR 4K, 2016.

ZHAO Dong. Two efficient algorithms about system-level
fault diagnosis[D]. [Master’s dissertation], Nanjing
University of Finance and Economics, 2016.

LU Qian, GUI Weixia, and SU Meili. A fireworks algorithm
for the system-level fault diagnosis based on MM* model[J].
IEEE Access, 2019, 7: 136975-136985. doi: 10.1109/
ACCESS.2019.2942336.

R, TR, BERER. AT HIEAMRECREN B RPN
HIRA7E]. PS5 B AR, 2018, 40(8): 1971-1977. doi:
10.11999/JEIT171026.


http://dx.doi.org/10.1109/PGEC.1967.264748
http://dx.doi.org/10.1109/PGEC.1967.264748
http://dx.doi.org/10.1109/tc.1976.1674658
http://dx.doi.org/10.1109/tc.1976.1674658
http://dx.doi.org/10.1109/tc.1976.1674658
http://dx.doi.org/10.1016/S0019-9958(81)90388-0
http://dx.doi.org/10.1016/S0019-9958(81)90388-0
http://dx.doi.org/10.1145/800053.801906
http://dx.doi.org/10.1002/cpe.4358
http://dx.doi.org/10.1002/cpe.4358
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.3969/j.issn.1001-3695.2017.09.016
http://dx.doi.org/10.3969/j.issn.1001-3695.2017.09.016
http://dx.doi.org/10.3969/j.issn.1001-3695.2017.09.016
http://dx.doi.org/10.1109/TPDS.2011.248
http://dx.doi.org/10.1109/TPDS.2011.248
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.1109/IPEMC.2016.7512690
http://dx.doi.org/10.1109/IPEMC.2016.7512690
http://dx.doi.org/10.1109/ACCESS.2019.2942336
http://dx.doi.org/10.1109/ACCESS.2019.2942336
http://dx.doi.org/10.1109/ACCESS.2019.2942336
http://dx.doi.org/10.11999/JEIT171026
http://dx.doi.org/10.1109/PGEC.1967.264748
http://dx.doi.org/10.1109/PGEC.1967.264748
http://dx.doi.org/10.1109/tc.1976.1674658
http://dx.doi.org/10.1109/tc.1976.1674658
http://dx.doi.org/10.1109/tc.1976.1674658
http://dx.doi.org/10.1016/S0019-9958(81)90388-0
http://dx.doi.org/10.1016/S0019-9958(81)90388-0
http://dx.doi.org/10.1145/800053.801906
http://dx.doi.org/10.1002/cpe.4358
http://dx.doi.org/10.1002/cpe.4358
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.14177/j.cnki.32-1397n.2017.41.04.013
http://dx.doi.org/10.3969/j.issn.1001-3695.2017.09.016
http://dx.doi.org/10.3969/j.issn.1001-3695.2017.09.016
http://dx.doi.org/10.3969/j.issn.1001-3695.2017.09.016
http://dx.doi.org/10.1109/TPDS.2011.248
http://dx.doi.org/10.1109/TPDS.2011.248
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.3778/j.issn.1002-8331.1607-0130
http://dx.doi.org/10.1109/IPEMC.2016.7512690
http://dx.doi.org/10.1109/IPEMC.2016.7512690
http://dx.doi.org/10.1109/ACCESS.2019.2942336
http://dx.doi.org/10.1109/ACCESS.2019.2942336
http://dx.doi.org/10.1109/ACCESS.2019.2942336
http://dx.doi.org/10.11999/JEIT171026

5 1

RS KT RGPS W KIS 16 A FR A 22 X 4 B3k

1109

(15]

[16]

(17]

HAN Shunan, ZHANG Min, and LI Xinhao. A blind
identification method of self-synchronous scramblers based
on optimization of established cost function[J]. Journal of
Electronics & Information Technology, 2018, 40(8):
1971-1977. doi: 10.11999/JEIT171026.

BB, FIRZE, KBt T TSR HIE FIBP M2 M
HEEMEBEET]. By 585, 2019, 41(12): 2980
2986. doi: 10.11999/JEIT190261.

LIANG Xiaoping, GUO Zhenjun, and ZHU Changhong. BP
neural network fuzzy image restoration basedon brain
storming optimization algorithm[J]. Journal of Electronics
& Information Technology, 2019, 41(12): 2980-2986. doi:
10.11999/JEIT190261.

CUI Jiefen, LI Yinping, WANG Shixin, et al. Directional
preparation of anticoagulant-active sulfated polysaccharides
from Enteromorpha prolifera using artificial neural
networks|[J]. Scientific Reports, 2018, 8(1): No. 3062. doi:
10.1038/s41598-018-21556-x.

LI Jingmei, TIAN Qiao, ZHANG Guoyin, et al. Task

scheduling algorithm based on fireworks algorithml[J].
EURASIP Journal on Wireless Communications and
Networking, 2018, 2018(1): No. 256. doi: 10.1186/s13638-
018-1259-2.

(18] XUE Yu, ZHAO Binping, MA Tinghuai, et al. A self-
adaptive fireworks algorithm for classification problems[J].
IEEE Access, 2018, 6: 44406-44416. doi: 10.1109/ACCESS.
2018.2858441.

(19]  XUFHH. 3 TBPHZM %1 RS IS Wi LT 5L [D]. [

L], R4 KA, 2015.
LIU Tiantian. System level fault diagnosis algorithm
research based on BP neural network[D]. [Master’s
dissertation|, Nanjing University of Finance and Economics,
2015.

AR &, 197444, BIEER, B4, BT EOVE R, K

K5 IFAT AT

2, 19944, kA, RO ROE RS L. IFATIHEL

fh e £
2, 19894, BULE, WEATT ROV R RERE . JHTIHE.

bis ik


http://dx.doi.org/10.11999/JEIT171026
http://dx.doi.org/10.11999/JEIT171026
http://dx.doi.org/10.11999/JEIT190261
http://dx.doi.org/10.11999/JEIT190261
http://dx.doi.org/10.1038/s41598-018-21556-x
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.11999/JEIT171026
http://dx.doi.org/10.11999/JEIT171026
http://dx.doi.org/10.11999/JEIT190261
http://dx.doi.org/10.11999/JEIT190261
http://dx.doi.org/10.1038/s41598-018-21556-x
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.11999/JEIT171026
http://dx.doi.org/10.11999/JEIT171026
http://dx.doi.org/10.11999/JEIT190261
http://dx.doi.org/10.11999/JEIT190261
http://dx.doi.org/10.1038/s41598-018-21556-x
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1186/s13638-018-1259-2
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.1109/ACCESS.2018.2858441
http://dx.doi.org/10.1109/ACCESS.2018.2858441

