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Abstract Fault diagnosis plays a very important role in maintaining the reliability of multiprocessor systems, and the diagno-
sability is an important measure of the diagnosis capability of the system. Except for the traditional diagnosability.there are also
conditional diagnosability, such as g-good-neighbor conditional diagnosability, g-extra conditional diagnosability, etc. Where g-
good-neighbor conditional diagnosability is defined under the condition that every fault-free vertex has at least g fault-free neigh-
bors,and g-extra conditional diagnosability is defined under the condition that every fault-free component contains more than g
vertices. Fault diagnosis needs to be performed under a specific diagnosis model, such as PMC model, symmetric PMC model, in
which the symmetric PMC model is a new diagnosis model proposed by adding two assumptions to the PMC model. The n-dimen-
sional hypercube has many excellent properties,so it has been widely studied by researchers. At present, there are a number of
diagnosability studies under the PMC models,but there is a lack of diagnosability studies under the symmetric PMC models. This
paper first investigates the upper and lower bounds for the g-good-neighbor conditional diagnosability of hypercubes under the
symmetric PMC model, with an upper bound of 24! (n—g—1) +2% —1 when n=4 and 0<Xg<{n—4 and a lower bound of (2n—
247 126+ (n—g)2¢7 ' —1 when g==0 and n=max{g+4,2¢' —27¢—g—1}. Also study the upper and lower bounds for the

g-extra conditional diagnosability of hypercubes under the symmetric PMC model, the upper bound is 2n(g+1) —5g—2C: —2

when n2>4 and 0<{g<<n—4,and the lower bound is %71(g'+1)*g*i()§ 11 —1 when n==4 and Oﬁgémin{nfél,ténj } Fi-

2

nally, the correctness of the relevant theoretical conclusions is verified by simulation experiments.

F & H M .2023-07-01 3R {& H#.2023-11-20

R TH H R A AR A4 (62172291,62272333)

This work was supported by the National Natural Science Foundation of China(62172291,62272333).
EEEH  BEF (xfan@suda. edu. cn)



104 Com puter Science IHEAMLELZE  Vol. 51,No. 9, Sep. 2024
Keywords Interconnection network, Hypercube, System level diagnosis,Symmetric PMC model, Conditional diagnosability
T RN AR, HETA & 24 PMC SR T2

=

Wil 5 X 2651 B R R Y R R, X R R R M e 2 Ak 3
ARG MF R ZEIN . 2240 B0 A% R G0 O B R MK AE N
JRIZHRFN B0 LA IR g — A TG 1) 8], L H T A5 26 7R Ab B4
NFRRBAGHER . BB PR ENS, CEAER &
X R S L A R L I R B g AT A . B
22 b P AR FR G0 b Ak B 2% B0 S T RGN, Ab B AR KA R
RIS RT3 G o0 T 4R R R G0 0 m] S L 5 AR U 1 & A
B 1) Ao 3 25 - B e B 3

TE Z2 G0 P iR 0 e e Ak 25 4 o R R O R 2 L M p B
HHLEIRINRGHRSE F NN EZY . R
Wi 05 32 T 18 W S 70 4T 12 W, 0L A 12 T B AL AT PMIC A5
JEST MM B T A BGM B R0 4 Hop i BB HR
PMC BB F AR T2 R RN,

1€ PMC BEBR AT 38 9 A AH 20 1 Ab B 2% o A1 o BEAS B AH
PATIIK . —DFHFX (w,0) BB o FELBE o B
A7 — A0, Ferf o AR 2, o BRI . k1
B T AR 3 AR I A A PMC AR A A OR [RIR ST ARG I
ZEAL, Zhu S0 AE PMC BERL A S AE 8 i 7500 P A 18 1 45
T — AN B2 WA R BR A X RR PMC B, 5 B T 8 57
7 RAEXS BR PMC BB R () G B2 Wi A n=4 R 2n— 2,

F 1 PMC AT (L 2%

Table 1 Test outcomes under PMC model
MRFHRA  #ARFRE  WRER
7 e T 0
7 B H 1
H T 02 1
g o 01

Hakimi 27 845 1 T R4 46 PMC BB 0] 2 W
B —ANFEE & F, Sullivan!™ % T — A 2 590 2 JE] A 5
O HTHE RS A PMC BLELUR 2 W . 12 Wi 3 02 PR AL
REBWRE I — D EEIE.

H 2R G0 2 s W B 8 SCRT N IR JE AN b B4 w B9 T
A AH AR b 3 23 R i kA R IR A FRATT K T R L e 1K
RS NI REN S W E S RE N R/NERS . £iF2
ZACBEER R G — A Ab B 00 T AH A0 A 3 28 [ B R AR
B8 (9 ABE R ARG, 36 T, Lad 5507 38 2 R 1A — i e 45 R BE ]
B A B AT — b B 25 00 T A A AR AL BGRB8 T A s W
Peng %5 BT M2 WE I T g- I 4B R W0 1% 8 T
BE SRR TOR R A B DA g A TG TR A AR AL B AR 1Y
ZMTREABIMIRKME., &4 NIE. C BT LMW g
U AR 25 M2 W B G 25 SR D182 2 o B A 5 02 T B 1 1 iR
FUETMBRRE GWMET R EF UKL F A 09 T8 R
MG B S ¢ AT, Zhang P BB G—
FMBAM Y RaalEd e MHEMZAFETEXT G g-
BAONRAEZWE . RTF g-BHN RIS W B Y — S 58 45 2R
W] £ k[ 22-25].

W7 BE LA R 5 12 W7 B4 BT 28 00 2R o A6 X B PMIC B80T Y
A OCTFIE BA L Ty R 2 B2 T BE R 9T, 45 51 2n— 2, JL
& PMC B8 TR 45 R WA . I BLAH L2 2 W
JE g B AR A W BE LA K g WO 45 11012 W BE 75 & G212 I fig
T3 BTl oA 3 B A 2R L BE N S S PR B R ST
LWTRE 1, 2 MR J7 S0 R e Al SR AR 10— A By I .
P, T JR 8 ST 05 R A 3 Bk PMC BB R 1Y -3 408 4% 14 12 7
FEUL B g-#RAN SR 2 W BE I W S 0 B T R G i T SR B A
IR L 5 LR E X,

ASSCER 2 B4 T NS A — SE AL DL KO 12 T &
G — LM 5 3 FENE ST T o MBS JT IR Q. TEXT B PMC
AT H) g-4FSB RS WL 468 4 TR T Q, TEXTFx PMC
BERT B g- BN 25 FS WT 5 3 6 78 BEAT T M B A 8 400 5
5 R e B A,

2 F&HIR

REEE AR T EE A — B AR & DL AR AR SC )
B —Se R IFENAE 5 SR 5 A 43T M 56 A i 188 12 DR A5 78 -]
PRGN AT n dEB ST IR,

2.1 RiBFMHFS

AR X T AR A T RS G S %
SCHk[26], Z2Ab RS AR Gk L W 4% i R B G=(V,
E)FER HEPV ETLAES . ERBES. DA RLIE,
G T RN R B Z R EEEE . RGN ET
T30 XUR S AER L UFR G R T Bl A 30 AP i T A T 0 2 £
HE, oG HM—ATA, o WEREG 5 v KM
BRI HR d(o) . FHE G PEATUSER R 2 W G
JwEWE., GHITAS v TS WERFRN v B4F
L Ne (B N FER, ARG B—TS T4,
I NAFER ASBE BT N(A ={y| Fz€ A, {18 yEN
(x)—A}.

WIRE G AT 2P A TS 22 8] A — 45 B A0 38, WK G
R E L B G IAREEE . X F VG H—TES,
WP G—S BARBEBR, MFK S G B—AHE ., X THE H,
WE VD SVG H ECHCSEWG) . MH H 2 G —4F
E.ith HSG, A2 VIO —APESTE V.l VEiEN
SHFEE NGV ], ERTLEER V HERE G P ITA N
AV RS . B G — A Rk T RN
TIWEE S, BR.GWE R —A s R, SR
G B — T C. il P, (C) L2 HAL Y C v il B A T A
HECHEDHE g MM

G Ry 38 BEA il G728 15K i 3 ok 25 S ML BT 75 2
AR TSR IC N (G, Wk, 76 &M E &
MEZATFEER ARG T .U EL b—1 AN TS & SR, 4
1) G e B Ak 41 =2 [ 47 R OR 453 A . o 3T R A O AR 0 T
PR S — N EE W,



URILZAS , 45 M 3L (RTEXS B PMC BB R 1Y g- 1 4B 26 (F 2 W A -8 1 26 1112 2 105

2.2 PMCREIN - 2B R &5

TE2 E) PMC BB b, R 48 i I | 2 — A A AL
A A7 T — S Ak 2R DR Il BT A O 2 R R e T
B o K TF— AR ey o) o 205 T 358 2 2 T 80 1 00 K 0 3
SE R TR A W AR IR S5 SRR AR TSR, R B R
T s G SR g 0t AR JE R Gl D L U0 4t &5 R
0C1) 5 W HE 3t 3 7 W I, ULt 5 SR B AL 0 8 1,

JRA MR 4R R G R RS G — A E 5 B (Syn-
drome) . F 40 H BT A i B b B 1 R A B O R £ L AT LU
VG WL —F&E, WF—MREGER o Ml— B F,
Ho FTLATE F iy i TS 8 R Tl V(G) — F iy T
TSR TT B e ) B BT 7= A, B F 50 — 30,188 F~o,
A1 T 0B 0 3 3 A I 4 R N T Y L TR O 4 S I
F &po b ZRE R o(F) KRt F P2 25 00 B A 0 18 B 10
EEh.

GBE VIO BFARFEW T4 F M E,, R o(FHON
o(F)=Q, W F, Al F, A X5 & WA Fo M F, RA[IX ),
MR RGEPAEEW A RFEEFE FOM F, #0020 X 5 1 9
HIF <t.|F [ <t., MIFRZRFE e T2, 2% G
WrBE R R - 112 W IR KAE,IEHR t(B).

FEFR 145 H T —AN7E PMC BRI AR [ 10 i 4 7T IXC
I FRE LA

EIE P FE PMC AT 6 T E G=(V,E)
VGO WMAEBEW AR BT F, M F. . F M F, 2] X
SH S EAY B DFE—FZN VG —(FUF) % FAF, =
(Fy,—F) UF, —FO/M, e 1 %,

v v
I F I F,

DI

K1 Fy Ml Fy 76 PMC AR 8] X 43 1 P i
Fig. 1 Illustration of F; and F are distinguishable under PMC model

X F—A e PR RN 0 € VG —F#HE N
NV —F) | =g Wr, WK F J& g- I 48 5 1 5 s
£ R G—F WA XIS KR T o WK F 2
g BN SRR AT IR VGO R E AR Y g 14T
AR TR T4 (o BN R 75O Fy M, AT IX 4y BT F |
HF, [# A KRG G 2 g W48 5 A -2 W i (g
BN A =TT WD . REE G I g- WP 4R S 2 Wi (g
WA AL W) R AT R G o GBS A - WIS W (oAb 5%
P -T2 WO B ¢ BB R IE R ¢, (G (5 (G)HF#

2.3 ZTFR PMC #EF -F S BT R 5

Zhu ZEHEL T — OB B9 32 B AL R O 4 R PMC
(SPMO) #2465 8 2 AE PMC B8 (%) LAt 1 384 7 SR
T4 . 5 — A B R AT 3 P S 48 1 T 3 2 T A
WS T IR . AR EWABBEE F, M E, 5
A —MERHE—BE F.CF, BN TFTATERE F,—F
IS RS A T — 2 WP R AT R IR BT F, —
Fy IS MR,

TR T ARG AT E X

EX M RS G P VG R — X T4 (F,
F.)7E SPMC 58T B AT A7 % 24 HALY F, —F.# 0 H
F,—F #0,

T RS G TE SPMC BARR -T2 Wi e X .

EX 2 R GH.ME VG T E - EEN
AL ¢ HLATAT Y e F A 30 0T X 4%, W FR G #E SPMC R R
A2 W, fE SPMC BT, G 2 I = 13 G £ SPMC
BN P2 Wiy« s KM iIE 8 0 (G,

FIHE 1 AT — X A AT R T R AE SPMC A AR T X
Sy FEE A,

SIE ™ HERFE G P F VLR XA 1T
KP4 (F L F) . Fy Al Fy 78 SPMC B8R AT X 43, 34 H AL
B V(G —(FLUF) 5 FIAF, ZfFEE# .,

BIRAEET RS G 18 SPMC IR o448 4 1F 7]
LW - BN S -T2 WY R 3L

EXN3 ERLEGCH.ME VG PEE—XEA|F <
¢ Fo [ <t BRI AT g 47 2B Z MRl B 7 45 (Fo Fo) #f0] X
53 WFR G A2 SPMC BB 2 g- W &R 5 P2 Wi . G 7
SPMC AT 1Y g-4f 4B 2% 144 12 Wi i 2 15 G 7E SPMC £ 7
T g U AR %A -T2 WY ¢ M ERAE L IEH £ (G).

EX 4 HRZEGH MPEVGFEE—FEAIF <
t FF, | <t B ATAT 09 g - A0 2% 1R B 4 (F ), Fo) B T IX
g5, MFR G 75 SPMC #ERUT & oot -T2 Wi . G 78
SPMC BRI T Iy g-E Sk 5 1118 Wi i 245 G £ SPMC Hi 7Y

T BN R TSI BRI S R (G

I 2 45 THEE RS G 43 BIHE PMC BB R SPMC
BUR W g-Af 48 42 T BE Z I D6 R

I 2 XMTEEMNRLSE G LG e (GO NEG
TE PMC £% # F1 SPMC &L F 1 g-4f 48 4% ¢F 12 W7 &, )
5, (G =1 (G

HE Rl 2 (G2 G 7E PMC BB R 8 g- 148 & 12
BE LB LL V(G T AR ] BB 12 (GO g-1F 4B
K4 FORF, #0 X4r, B, VG — (F U
F) Y5 FIAF, ZEfFHE—4%81. A EHLE F —F,#0
HF,—F #0184 SPMC & F 2 7 X 231, ]
e (GO =t (G, EHE,

M B AR S 1351513 3,

B3 M TR G i (GYRL (G 43R G
1 PMC ## # il SPMC # #8 TF [1) g-%0 4b 2% 1412 W 5, )
=G,
2.4 nfEBIFE

n QERBSL TR Q, Al LLRIR A — AN | 2 AT 2!
FZMARM T E ., Q, MTSHERE VQ)={u=u,1u,—s
w lu; €{0,11,i€{0,1,un—1}}. VQ)FEIPADTH A u
o HEBY BN Y EMBTE — AR RATH « R u
B i AR Hh 0<li<<n—1, B8R o Ml o' BIES i A
M. BILe,Q, TR M AR S n ST HHOCH:, Ik Q,
- ENE, YR STEk29] T M, Q, BRE AL .
IR,



106

Computer Science T HEHFIZ  Vol. 51,No. 9, Sep. 2024

WTFAERMER L 0o<k<n—1 M i€ {0,1}, FAT&
Qi EMTAESweEVQ) =1} F M Q WTH., &
R.QUEAQY M S n—1 BB KR Q, R IFA VQH S
VQW) Z 1Al 71— 52 £ IL L .

QA1 QW 2 iR,

o
S

’ M1l
100 ; 101
i
10 o011
000% 001
(&)
0“0, 0111 11107 P11
0100 : 1100 :
! 101 . 1101
: — ——
’ A 0011 PG 1011
o 0L~
0000 001 100 1001
0,

F2 Q Qi MER
Fig. 2 Illustration of Q3 and Q,

FIE 4B 7 AHT Q M — LR,

313 40 F n=4 H 0<<g<n, ¥ F Q, MW{E—TFK H,
WP, CFHD B MV H) [ =25,

313 58 & a=3 Ho<g<n—2.BEFREQ, h—
AN EE LIRS T IRA R 2 €VQ) —F #A I N(2) —
FIZg, B A |Fl=m—g)2¢,

518 6° Y az=4m,® HEQ M—4TKEH
\V(H) | =k+1. 84 Nq, (VIH) | =k+1n—2k—C},

138 70 M >4 H o<<g<<n—4 WM.k, (Q,)=n(g+
1—2g—C%,

3 Q. 7ESPMC BB TH g-1iF B KIS W &

T E T ML T R TE SPMC BN 1 g7 4B Sk k2
Wi BEf B SRR B

EE2 Yn=4 HoKg<n—40,05Q)<2¢ (n—
g—D+2¢—1,

WEHL % g B — P IEREHH g<<n—4., £ SPMC # T,
BAVEIEY Q, M g AP &Mz W ERBE 267 (n—g—
D425 =1, M S FIEW Q, #¢ SPMC B T R 2 -1 4B % 14
25N (n—g—D+25)-" 2 Wm0, ARIEE X 3, FATEIETE
Q, TAFTE— X FIATHY g WP AB A MM B T Al T4 (Fy L Fo) L H
|Fo [y [ #BANTFAETF 267 (n—g— D +2¢ {H F, Al F, R
Al X 4y,

ng-l Fgls g
n-g-1 gl g
(B): 00.....0 0 XX...X
n-g-1 Fglr g
L XE (0.1},

B3 VA, VB VO I E i

Fig.3 Illustration of V(A),V(B) and V(C)

KABCREQ MW3INTTHE,.HP VA ={z=2z,,
Tyorxo ;=0 H i€ {g+1l,g+2,n—1}, 2, €{0,1} A
JEL0, 1, gh b VB ={y=y, 13,2y ly;=0 H i€ {g,
g+ 1l,an—1}b,y, €{0, 1} H jE{0, 1,0, g—1}},.V(O) =
{z=2, 12,02 =0 Hi€{g+tl,g+2,n—1},2,=1,
2 €{0,1}H j€{0,1,++,g—1}} . XF VA, VB VIO
BIRREANEE 3 R, BAR. V(A =V(B)UVO) H V(BN
VO=0, HV,={|2EVMD}H g+ 1<r<<n—1, 4
NWVA»=UZlo v, Wiki& FL=V((B) UNW(A) H
F,=VIOUNWVA), BRIVB | =|VO | =2 AT
BA g H1<r<n—1.8F 1V, | =2¢" T IN(VA) | =
2 (n—g—DRF, [ =IF, | =2 +2¢" (n—g— 1),

HIF—F|=IVB|=2=1 UKI|F,—F =1V |=
221, F —F,#Q HF, —F #0, i, (F,F)%
SPMC #E RV F & — X a7 s +4. h FFUF, =V U
N(V(A) B F\AF, = (F, —F,) U(F, —F)=Vv(B) U
VO =V ALTEVQ)— (F,UF,) 5 F AF, Z A% A
., WIETIH 1 A48, /5 SPMC M T F, fil F, AAfIX 4,
Fy # F, (9 EIf# & 4 Frs

n-g-11 408 neg-1 4T

Ny =,

4 Fy FlF, 9 f#

Fig. 4 Tllustration of F; and F»

THEHES F, flF, #O2 g iF BRI E, & X=
Q—(FIUF) . T VQ)—(F,UF,) 5 F AF, Z A%
Bl FE REERES P, (X)), P, (B P, (O, BoK,
T VB P AE TS u M4 i€{0,1,,g— 1}, %A
“EV(B)L,HIL P, (B) L, [HHE, P, (O) B, AR %
VAR E L, AT H NVAD TS VA 58 T A 2R
gt 1B n—1 fpa BAAE— AR, Wik, xF
V(X)=V(Q,)— (VA UNWVA)) F AL —Ti =, LA K&
A i€{0,1,,g— 1}, E#8H 2 € VXD, H Ik P, (XD A%
ST B M F. AR QY g AR A R R TR S TR

NHH(F, ,F.)7E SPMC ## T & — AT 17 H | F, | =
|Fo | =25 (n—g— 1) 425 AT X 45, BF LA & AT o) A4S
MEEE 0 (QO<2¢ T (n—g— 1D +2¢ —1, iFEE,

EE3 M g=0H n=max{gt4,2¢7 =275 —g—1})
M, (QI=2n—2¢ 1+ 128 T+ (n—g)2¢ ' —1,



URILZAS , 45 M 3L (RTEXS B PMC BB R 1Y g- 1 4B 26 (F 2 W A -8 1 26 1112 2 107

WEH 1% g=0 H n=>max{g+4,2¢"" —2 ¢ —g—1},iF W
Q. 7£ SPMC Bl g-ff R4 F ((2n—26T 1) 267 + (n—
22 =D -2l M TIEM L T Q. T EE XTI
e AR T (F L F) R F M E, | AR
Cn—2¢" D2 L (n—g)2¢ ' =1, Fy, #1 F, 7] X%,

BIRTE Q. PAFAE— X T ATIY g 448 S W I F 46 (F
F)L IR I<Cn—2¢""+D2¢ '+ (n—g)2¢ ' —1 HIF <
Cn—2¢" D2 L (n—g)2s ' — 1,8 F, fil F, RATIX 43,
AR — etk AR Fy | = Fy |,

WHIVQ) | =2">|F |+ |F.|=|F UF, |, L
IV@Q) | —IFIUF, =1, XHR Fy fl F, RAl X455, M55
ML AR VQ) —(FUF)S FAF, ZaEa#H., X
F(F L F) RN F—F.7#0 H F,—F,#0, K1t F, N
F, 2 Q WM— 1 H#H N(FAF,)CF NF,. XHNF, Al
Fy B0 g- W AR 4RI 48, BT DL By N F, R g- 0 40 2 R i
BEAl NI Fi N Fy S Q, M —A> g- U &84 H . ARSI 5,
AR IFENF | Z0—g2¢, RIETIH 4,71 F —F, | =2¢
HI|F,—F [=2¢, AL | FIAF, | =247,

WARFAF, B—MaXHIAI=2¢" I BREF N
F, il —AFE£HIBl=—g)2¢, M5IH6 AN | =
n2¢ TN — 2024 —1) — Cher1oy = (2n— 2871 — 1) 2¢ 1, AT
IAUNAD [=[Al+ N [ =26 +2n—2¢T — 1) 28 +
1=Cn—2¢""+ D25 +1, B AUNASF UF, H B&
FNFE.BUlI(FiUF)—Bl=|FUF.|—IBI=[AU
N | —IBl=C@n—2¢"+D2¢ —(n—g)2¢+1, FI. A

|F \UF, [+|F, NF,|
2

~IFUF. | +|B]
- 2

:‘FIUF2|7‘B‘
2

|F =

+ [ B]

=@Qn—21 125 - (n—g) 25! +%

XHIF I<@n—28""+ D25 '+ (n—g) 25 ' —1 FIH. ik
5QI=C@un—2¢ 124+ (n—g)2¢ ' —1, JEEE,

S 2 WAL 0 (QO AR /NT th(Q) s SLHRLYJHEN] T
M oLg<n—3 W £ (Q)=2(n—g)+2¢— 1,454 3,3k
(NEEEpies: I

EIE 4 Q. 7E SPMC BLAI T ) g 4F 4B 5% 1412 Wi & 1 —
MFRK.

n—2¢"" D25 ' (n—g)2¢ ' —1,

Q)= # g=0 H n=max{g+4,2¢"" —g+1}

(n—g)2¢+2¢—1,
#g=2 H g Ha<n<<2s™ ' —g+1

TES Yn=4 Hnun—3<g<n—1H,Q) )<
2 —1,

IEHA : B AR, QIO Q KR R (n— 1)-1F W 1y, HLAR 42 5
IS, B F=VQOH F,=VQ), B F —F,=
Fi#Q HF,—F =F, 70, it (F,,F,)7£ SPMC # & F j&
Q. M —X AT TS 4. T FLUF, =vQ") U
VQEMH=V(Q) ,HITE V(Q)—(F,UF.,) 5 F,AF, Z i

WA, WIEDIE 1S, F, # F, 78 SPMC B & T R X 4,
BT VQ)—F=VQ"HHEVQ)—F,=VQ",Hiit F,
HF, #IE o — DU AB A RE S . A4 Fy M F, AR 2
(n—2) - U B8 2% 1 I R 42 A G — 3) - B 408 2k R Ik e 42

WL EAHH IR | =F [ =2 R ATA B 458 4
n—3<g<<n—10},Q, £ SPMC Hi %l F KN o4 % 1
2 -AB WY . GIEEE,

FE6 HYn=4d Hn—3<<g<n—1H,0Q)=
2 —1,

WERE . SCRRLOTIEME T Q, 78 PMC M5 8 F Y g-4 48 4 1
LW .
26 (n—g)+2¢—1,
2 —1,
A g=n—3,18% 2(Q)=2""—1,FMIEY n—3<g<n—1
B2 (Qo=2""—1, MW B 2 7[5, n—3<g<<n— 10
5(QO=t(Q)=2""1—1, JEH,

MG 3 5 A HE 6 FATAT IR B T 458 .

FE7 Yaz4d Ha—3<g<n—1H,Q)=
2 —1,

pas O<g<n*3

Q)=
f { Hn—2<g<n—l1

4 Q, 7 SPMC HETH g-TIMNEHISUE

KW E T LI R ZE SPMC BT T i g-#4h & 1k 8
Wi BT R

3138 812 Y =3, VQ) PR E AT A A A dk
A B ATE A PIA A LB,

FE8 a4 HO0<g<n— 4. M1 (Q)<2n(g+
1)—5g—2C:—2,

B MR X 4,78 SPMC BEEIF R ATHEN Q, A&
g AN 2n(g+ 1) —5g—2C2 — -l 2 Wi iy, BN 7E Q,
FETE— X AT AT RN AT X 93 B g -4 A0 2 1R BB T 4R (F) L F)
i F | <2n(g+1)—5g—2C:—1 HIF, | <2n(g+1)—
5g—2C2—1,

W u=u, 1ty o s M F Oi<n—1H w,=0, & v=
Uy Uy 00 s e 0,0y =1 HXF 0<k<n—2F v =0, &
A,B,CEQ, M3 ANTH,HPF VA ={uu’u' s us " 0,
00t et VB = us i s e ) B VO =
{v.o’ o0t st BARLFRIBMC ¥W5 K, FW. I3 H
HVAD=VBUVOH VBNV =0, FHitILiIna] L
WE=VIBHUNVMAHHF,=VOUNWVMA), HH
VB [=IV(O) =g+ 1, MW S Al R NV (A | =
2n(g+1)—6g—2C:—2, \Tii | F, | =|F, | =2n(g+1)—5g—
202 —1,

HIF —F|=IV(B|=g¢g+1=1 HIF,—F =V | =
gH1Z=17 5.7 SPMC BRI (F, W Fy) B — A 47 T 5 T 48
%, BN FLUF,=V(A UNWVA)IFH FAF, =V (A), i
LI FAF, 5VQ)—(F UF)ZEEAD ., RIETIH 1,
A Fy fF, 78 SPMC #8 F Rl X 4y, Fo 1 F. B E g
meE 5 frs .,



108

Computer Science T HEHFIZ  Vol. 51,No. 9, Sep. 2024

L =VBUNE (A I =V(OUNF (4)

n-g-1N40 8 n-g-1/N40

NV (4))

5 Fi #1F, A& i
Fig.5 [Illustration of Fy and F»

P TFRMAEN Fy AL F, 2 o WAN RS, BT
1 FIAF, 5V(Q) — (F,UF,) Z A A4, A1 R EEH
B.CUKQ,—(FIUF )BT MK T g, W
SR B C #ih ik, B, VQ) — (FyUF) T &
AR A R R R L — R R R B A g 1 F)
Fn—2 P ELEWAE o« Mo BFRIBRARRLE FhE
RIERBREE i MAMES O LB n—2 Mih BEDHBNMNE o
Mo MERERXRRE, Hf o<li<<g—1, WL, VQ,) —
(FIUFED M BT S BHEASE 15 Q Mk
QMM TE P, WRIVQ-)|>IVQ. )| >g+1, 0
PQ, — (Fr UF ) B BA > 3w 2 & k. Bk, Fy Ml Fy #F
JE Q. W g-FAN R TR,

M+ (F\, Fo) fE SPMC AR R & — A~ A7 H A ] X 431
e WINEIE BN IR F (= |F | =2r(g+ 1D —5g—

20— 1. TR T 4518 10, (Q)<2n(g+1) —5g—2C: —

1, ¥,

EHE9 %’[7124E_O<g<min{n-4,t%nj}ﬁﬂ',

t;,<Q,,>>%n<g+1>—g—%cz+l —1,

HEW B =1 B 0<g<min(n—t.| Zu |}, Bk

t;<Q,,><%n<g+1>—g—%cﬁﬂ—marg/m Q, W AFE— Xt

15 SPMC R R A A7 {H AN A X 53 09 g b 2% 1 B 7 4%

S gt D —g— 2t —1 HIF, | <

(F17F2)51§ﬁ%‘F1‘<777 2

3 S 9
?n(g“kl)*g** e — 1. ANR—E BREIF =

2
|y,

HHIVQHI I —IFUF =ZIV@Q) | —(F |+ |F, =
2" —3n(g+ 1) +2g+5C, +2>0, F L V(Q) — (F, U
FH)ZFQ, BT F A F, A X 40 R 458 1, AT HIFEVQ,) —
(FIUF) 5 FIAF, ZIEIAREEDN . XEHK(F L, F) R —4
st T Py —F,#Q HF, —F #0,3H F M F,

H S g- AN SRR LI By N, & Q, I —A g-Bidh &
HEH N(FIAF)CSFE NF, . WAESIE 7,045 [F,NF, | =
n(g+1)—2¢g—C;. BN Fi Al Fo ¥ g 850 F 0 i 1 T Ak
. F-FR+QHF —F#0,.0U|F—F|l=g+1H
|F,—F, | =g+ 1, \Tfi| F\AF, | =2g+2,

WARFAF, —"a XA IAl=2¢+2,JF% B &2
FNF i —NTHEAIBl =n(g+1)—2g—C>, d15|3 6 7]
BINWA I Zn2g+2)—2(2g+1) —Cér1 =2n(g+1)—4g—
Ciein—2, IIAAUNCA) | =[Al+INA) | =2g+2+
2n(g+1)—4g—Cioy —2=2n(g+1)—2g—Cioy. 1 AU
NWCF, UF, H BEF, NF,, /& |F,UF,|—IB|=AU
N =Bl Zn(g+1)—3C, ., WA
|IF,UF, [+IF NF, |

=
‘Fl‘/ 2
>\F.UF2\+\B\
2
2
2%77(5;“0‘1)*53‘*%(?271

i(tg,. 1 IR Q)=

- 3
X5I[F, \<7n<g+1>*g* 5

St —g— 2 1L W,

SCHR[22TEM T2 =>4 H 0<g<n—4 i (Q,) =

n(g+1)—g—Co i3I H 3 WAL (Q) =10 (Q,) - 4 4 & 10
9, A5 3 & 10,

EIE 10 Q, 78 SPMC #IEI T /Y g- &A1 5k 1412 Wi B A —
NFRR

3 S v
7n(g+1) g TL”'I 1,

~ %71>4HO<g<min{n—4,tzni4j}
6(Q)H= 3

n(g+1)—g—C%,

i n=8 Ji(211;ﬂ<g<n*4

5 LI

AFEE S A LI UG T A 3 BN 4 BEUE A AY BG4
W IEH M, BERISIIAE Java 348 T 3547, JDK B4 K 1. 8,

FFEL 3 ME X 4, BATRGE T TE MR, 1
6 FiR .

FEZAERL LG R, AT 3 A S B, 4 g- 4 4
o A I AR 1 S AR e g~ BT A1 S A W R 1 ) A B R I
LA XFTE SPMC 2 BT 0] X 43 11 ) 5 A8k

FTF g UF AR A PRI e 4 1 S0, AT BT T 8B — A
RSE M RISk 1. % vk i IO A4 0 W 0, O 45 1 A4
T M e IO A58 1) TG M0 B 48 A B8 R B — A TG W T A Y TR
W48 BN T g B U A 5 AR B AN S -0 4 A% 1 e s
R EBATCMBE TS ERA g A TCH R &R A5 IR 445 A BB
Ik g I AR A AR



WA, 55 S TT RAE X BR PMC BERL T Y g- 47 S8 4 2 Wi B R g- 841 25 112 W 3 109
4, isVisitMap. put(v,false) ;
5. end if

[£rommassro) ]

v

7. for all v&isVisitMap. keySet() do

8. if isVisitMap. get(v) = =false then

E R V(O ¥ FTA 7 BE#IgHT 4R 9. count=0;
(ERg#sh) #Hh#ETE
(ERHRTAHE T AL 10 stack={};
v 11. stack. push(v);
SR AT AT R A= 12. while stack! =null do
13. node= stack. pop() ;
- ! 14. if isVisitMap. get(node) = =false then
THIgHr 48 (Sg#
) FEETEX 15. isVisitMap. replace(node, true) ;
. 2 . 16. count+ +;
0,7 SPMC# 0,7 SPMCH# 17. for all neighbor&€ N(node) do
BT g g 47 45 BT g g 4T 48 e .
ChgFAh) % (hg#Ah) & 18. if neighbor not in F then
HLBEAT LB E N T 19. if isVisitMap. get(neighbor) = =f{alse then
£F: ETr1
| 20. stack. push(neighbor) ;
21. end if
22. end if
23. end for
B 6 SRR 24. end if
Fig. 6 Flowchart of experiment process 25. end while
B g HEARAR P B Bk 26 ifcount=g then
A QTSR VMR BSR4 24 e e e
. o fie el e 28. end if
i X R AR F O E A R
29. end if
1. for all v€ V do
30. end for

2.if v not in F then
31. return true.

HTE TG L RATB T = AR,
Wk 3. ZE W E eI Fo M F, 2 I8 AT AT X
AT BT AR AN BE AT AT g A W, s R AT AT T

3. count=0;
4, for all neighbor& N(v) do

if neighbor not in F then

1321

6. count+ +;
; end if W FiAF, BT, EFE—-TMELA AT
o end for 48 S A BB FL R F 2T X AR 5 00

X 73 B9
HiE 3 SPMC BRI i B £ 45 % AT X 43 4 7E 33 vk

9. if count<Cg then

10. return false;

11. end if A RS FyORE,

12. endif it Fy M Fy £E SPMC BT S 785 AT X 43 i1 ) 45 St
13. end for 1. if(F) —F2) # 0 and(F; —F)#Q then

2. for all v&€ (F;AF,) do
3. for all neighbor€ N(v) do

14. return true.

He T g B SRR AR B S, AT TS AR
BOGE T BIA T 20 20 A 1 SR BOTR B L 5T 109 O W o T A 1Y
TC R 3 3T 1 8 T A TR 43 SR TR A AR TE — AN T

4. if neighbor not in(F, UF;) then

5. return true;

6 end if
SOBCR B g W TEHORE AN S0 T B A A OB R g o
S SRAF R AR A TOMUR o3 M TR B R T g IR Atk 8. end for
B o A R - A A R R R A 9. return false;

10. end if
11,/ (Fi  FOARRAATRE %/
12. return null.

TATUL Q, U<n<<T) Ry SLHG X e 4 HE B 6 1) 55 56 O e F
PRI SN, SCIR S5 Rk 2 Fr g, Gead oF 5T, 00 A5 ) 1Y 45
RFFEHE 3 EME 4 EHRHETIER.

Bk 2 g WU PR A R E

A Qu TS VMG F, I 5 T4 g
i s TR AR F Y E 45 2R

1. isVisitMap={} ;

2. for all v€ V do

3. if v not in F then



110 Computer Science TFFLHLEIE  Vol. 51,No. 9,Sep. 2024
"2 ST sability of digital systems[ ] ]. IEEE Transactions on Compu-
Table 2 Experiment results ters,1976.,25(6) :585-593.
x g IVl £5(Q,) ¥ [9] PENG S L.LIN C K, TAN J J M,et al. The g-good-neighbor
40 16 510 (Qq)=6 5<1§(Q1)<6 conditional diagnosability of hypercube under PMC model[ ] ].
5 0 32 61} (Q5) =<8 715 (Q5)<8 Applied Mathematics and Computation, 2012, 218 (21): 10406~
501 32 0<4(QD<13 1145 (Q) <13 10412,
; ; <8< <FQn< . L . .
60 64 819 (Qp) =10 81y (Q) <10 [10] DING T, XU M. Relationship between diagnosability and non-
6 1 64 BB Q<17 1< (Q) <17 ) o " .
- inclusive diagnosability of triangle-free connected graphs under
6 2 64 1955 Q<27 1755 (Qy) <22
= the PMC model[ J]. Theoretical Computer Science, 2023, 944 :
70 128 9 Q<12 10 (Q)<12
701 128 16<<s} = 113676.
= (QH=21 1711 (QH =21
7 9 198 2315 (Q)) <35 21075 (Q) <28 [11] YUAN J.QIAO H,LIU A. The upper and lower bounds of Rg-
7 3 128 3915 (Qr) <55 2305 (Q,)<33 conditional diagnosability of networks[ J]. Information Proces-
" sing Letters,2022,176:106248.
LEHRIE KRR PMC BOBJE Zhu %5 82 H A — R A9 12 6

FAY, 5 PMC A AL b, H B A B 46 1 29 345 14 TR I 7
R THRSW TAET DR S R AW S Wi, 5480
WA LG, g UF AR S5 112 W7 BE A g 41 4% 1412 W B2 e O o
WA RGNS WIRE Fr . B T R — R R R W
LM AWML, R FEMRT o 45857 )7 K Q, £ SPMC
BRI g dF SRR E S g BN W R LT3,
IF Hfn i A SE S 0 E TH RS IS B . 5 Q. 178
PMC BB T 13X P Fp 45 E 2 Wi AR 1. Q, 76 SPMC B8 T
B 2% 112 T B 0 A T 42 5, B IR 78 SPMIC #5580 T 1T DUAR &7 Q.
WL WiRe 11 .

A LLE I, Q, 78 SPMC B A 3 Wi 45 1432 W BE /9
TR Z A B 25 B AT 45 /N AT 22 A 22 HE DL K B
SE Q, FE SPMC 5 A R ) 3% 15 Bl 5% 1412 Wi 2 (8 15 iF — 2 3F
58 . WAb M ST 7 R B OHAE B e SPMC BB T B £ B 4 14 18
Wi B AR H E AR T,

2 % X w

[1] SAAD Y,SCHULTZ M H. Topological properties of hyper-
cubes[J]. IEEE Transactions on Computers, 1988,37(7):867-
872.

[2] CONDON P,DIAZ A E,GIRAO A,et al. Hamiltonicity of ran-
dom subgraphs of the hypercube[ C] // Proceedings of the 2021
ACM-STAM Symposium on Discrete Algorithms(SODA). Socie-
ty for Industrial and Applied Mathematics,2021:889-898.

[3] ZHANG S,LIANG D,CHEN L,et al. The component diagno-
sability of hypercubes with large-scale faulty nodes[ ]J]. The
Computer Journal,2022,65(5):1129-1143.

[4] WEI C C,HSIEH S Y. Random and conditional (z.,%)-diagnosis
of hypercubes[ ]J]. Algorithmica,2017,79(3) :625-644.

[5] YANG W.,MENG ]. Extraconnectivity of hypercubes[J]. Ap-
plied Mathematics Letters,2009,22(6) :887-891.

[6] PREPARATA F P,METZE G,CHIEN R T. On the connection
assignment problem of diagnosable systems[]J]. IEEE Transac-
tions on Electronic Computers,1967,EC-16(6) :848-854.

[7] MAENG J.MALEK M. A comparison connection assignment
for self-diagnosis of multiprocessor systems[ C] // Proceedings-
11th Annual International Symposium on Fault-Tolerant Com-
puting. IEEE Computer Society,1981:173-175.

[8] BARSI F.GRANDONI F,MAESTRINI P. A theory of diagno-

[12] WEI Y,XU M. Conditional diagnosability of Cayley graphs ge-
nerated by wheel graphs under the PMC model[ J]. Theoretical
Computer Science,2021,849.163-172.

[13] MA M J,XU M,DING T T,et al. The non-inclusion diagno-
sability of hypercubes under the PMC model[ ] ]. Journal of the
Operations Research Society of China,2022,6:1-7.

[14] ZHU Q,THULASIRAMAN K, NAIK K,et al. Symmetric PMC
model of diagnosis,b-matchings in graphs and fault identification
in t-diagnosable systems [ ]J]. Theoretical Computer Science,
2021,891.:35-49.

[15] HAKIMI S L,AMIN A T. Characterization of connection as-
signment of diagnosable systems [ ]]. IEEE Transactions on
Computers,1974,23(1) :86-88.

[16] SULLIVAN G. A polynomial time algorithm for fault diagno-
sability[ C]// IEEE 25th Annual Symposium on Foundations of
Computer Science. IEEE Computer Society Press, 1984 148-
156.

[17] LAIP L,TAN J J] M,CHANG C P,et al. Conditional diagnos-
ability measures for large multiprocessor systems [ ] ]. IEEE
Transactions on Computers,2005,54(2) :165-175,

[18] LIU H,HU X.,GAO S. The g-good neighbor conditional diag-
nosability of twisted hypercubes under the PMC and MM x*
model[ J]. Applied Mathematics and Computation, 2018, 332
484-492.

[19] WEI Y L,XU M. The g-good-neighbor conditional diagnosabili-
ty of locally twisted cubes[ J]. Journal of the Operations Re-
search Society of China,2018,6(2) :333-347.

[20] GUO J.LI D,LU M. The g-good-neighbor conditional diagno-
sability of the crossed cubes under the PMC and MM* model
[J]. Theoretical Computer Science,2019,755:81-88.

[21] JUN Y., AIXIA L,XUE M, et al. The g-good-neighbor condi-
tional diagnosability of k-ary n-cubes under the PMC model and
MM * model[J]. IEEE Transactions on Parallel and Distributed
Systems.2014,26(4) :1165-1177.

[22] ZHANG S,YANG W. The g-extra conditional diagnosability
and sequential t/k-diagnosability of hypercubes[J]. International
Journal of Computer Mathematics,2016,93(3) :482-497.

[23] WANG X,HUANG L,SUN Q,et al. The g-extra diagnosability
of the balanced hypercube under the PMC and MM * model[ ] ].
The Journal of Supercomputing,2022,78(5):6995-7015.



URILZAS , 45 M 3L (RTEXS B PMC BB R 1Y g- 1 4B 26 (F 2 W A -8 1 26 1112 2

111

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

CHENG E,QIU K,SHEN Z. On the g-extra diagnosability of
enhanced hypercubes[ J]. Theoretical Computer Science, 2022,
921:6-19.

WANG S,MA X. The g-extra connectivity and diagnosability of
crossed cubes[J]. Applied Mathematics and Computation,2018,
336:60-66.

BONDY J A,MURTY U S R. Graph theory with applications
[M]. London : Macmillan,1976.

LI X,LIN C K, FAN J,et al. Relationship between extra con-
nectivity and component connectivity in networks[ J]. The Com-
puter Journal,2021,64(1) :38-53.

DAHBURA A T,MASSON G M. An O(n*?) fault identifica-
tion algorithm for diagnosable systems[]]. IEEE Transactions
on Computers,1984,33(6) :486-492.

LEIGHTON F T. Introduction to parallel algorithms and ar-
chitectures: arrays. trees. hypercubes [ M]. San Mateo: Else-
vier,1992.

LATIFI S, HEGDE M, NARAGHI-POUR M. Conditional con-
nectivity measures for large multiprocessor systems[]]. IEEE
Transactions on Computers,1994,43(2):218-222.

OH A D,CHOI H A. Generalized measures of fault tolerance in

[32]

n-cube networks[ ] ]. IEEE Transactions on Parallel and Distri-
buted Systems,1993,4(6):702-703.

ZHU Q,XU J M. On restricted edge connectivity and extra edge
connectivity of hypercubes and folded hypercubes[]]. Journal of
University of Science and Technology of China, 2006, 36 (3):
249-253.

TU Yuanjie, born in 1999, postgra-

duate, is a member of CCF ( No.
J1792G). His main research interests
include parallel and distributed sys-

tems,and graph algorithms.

FAN Jianxi,born in 1965, Ph.D, profes-

sor, Ph.D supervisor. His main research

interests include parallel and distributed
systems, computer networks and graph

algorithms,

(SEAL 2 4 - i 8D



