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Abstract

An interconnection network is usually modeled as an undirected, connected graph
G = (V(G),E(G)), where V(G) represents vertex set, V(G) represents edge set, and
nodes represent processors, edges represent communication links between processors.
In the interconnect network, the failure of processors or communication links is un-
avoidable. We focus on the fault tolerance of the network. The connectivity plays
an important role in measuring the fault tolerance and reliability of interconnection
networks. Traditional connectivity only allows processor or communication link to
fail, its scope of application is relatively limited. Under this background, the strong
connectivity of the network is proposed. Strong connectivity allows both the processor
and the communication link to fail at the same time and is a derivative of traditional
connectivity. Obviously more applicable to general situations. Leaf graphs have many
good properties. In this paper, we study some strong connectivity of leaf graphs, and

the strong connectivity and strong natural connectivity of leaf graphs are obtained.
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1. 5|5

AR SR A B FEG = (V(G), E(Q)), EHV(G) = {o1,vm, ..., o0} 1R
LEGITASE, E(G) = {en,en...,en MRRH RGNS, T AoRIidie s B Z% HIEML b i
ST SRR TR 2 A (SBAS B . % T EIGHAE R T f, BT N (0) R Aol ALSE, B
ROHERTEE, 4 Nolo] = No(v) U {0}, IEG (o) BRI, 4T C V(G REGH
—ATRE T, Ne(U) = U,y No(v) \ URETSEURAE. 4V C V(G)REGH—ATAT
e, WV SR ATEGY] B ATAERY, HEREGT B SHEY hFE
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WEMES. BATHde(v) RERTR0EBRGTEE, §(G) = min{dg(v)| v € V(G) }EREGHI &
NEe EANEGH, WREE TR R Ok, A FRA TR B G Rk IR (1]

FEHER M S b, T ACBE G B 5 B ik o AR AR R, BT DL P AR T TR X 245 R R
AT SEVE 7 TR A B SR F[2-5] RS I 2% 1) 225 i B 30 787 8 PR £E X 28 Fh b b R AR ) —
HOE 1T R B B MR, 2% W] DAAE 2 R EORRR A PR, ERXFERE ST, IR T
o 2 vh 5 R AR IR IE . Bli: ZhaoMTHao%5 N [6)0F 50 1IN SCEBSE ;. GuofE N [7]HT 5T
T B SGEALTRR P S, Lin%e N [S|WFIT 1AL 7 R R S5 F R T8 5 1 45 3% E
B GuoALufe N[9)WF 5T 1 2 B 114 2545 1) Strong MengeriZliZ il YE; Wang%E N [10]0F 58 T ETEE
B BRE s Feng® A [11])8F5T 7 46 EIRI2- B4 E . Wang®5 A [12)8]F 58 1 M-8 B (1) 2 1

Jarinarey
~3 3o

SF o5 e T B T IS 3 N R R, 00 S e S0V b 0 R
Wb, A T AR (R R O, O PRV L R R S M 4R A S e
ot TN, TERECE T, R EETRIRECE, (0 SR, I E 5
T I P 38 P 1.0] B 3 1 SR P 10].

2. Fn&ENR

(1) MHE

BAAS, KR E{L,2,. 0} EOFH ES gy pokemas 2 ”)
PL P2 Pa

B (i) AR, R RSHALED A BRI E S RS HICRIAD, Bl (py - ps

v pip) (i) = (DL pic e pa)e ARTRARECFEIVE SAREAIANIE, {(1) i =2,3,...,n}
FEXTFRBES, I — NS Bk, {(19):i=2,3,...,n U{((G+1):j=2,4,...,n—1} (n &
FOM{(1d):i=2,3,...,n}U{((G+1):j=2,4,...,n—2} (nAMEH) RS, K— Nk, ngk
I EICF, 15 LR -

EX2.1 HAnATHN, ndEHIRECE, & — S, MRS, {(u,v)|u = v(1i)(i € [2,n]),u =
v(i(i4+ 1))@ € {2,4,....,n— 1} PHLERE: Hn B8, ndttEEICF, & —ALLS, AT,
{(u,v)|u=0v(19) (i € [2,n]),u =v(i(i + 1))(i € {2,4,...,n — 2}) PNIAEME

BATAT AR B AT i J5 — M B B EEE R B COFE, R Bin M AR T E: CF,
CF?_,,...,CF" ,, #l: ivECF | B8 — AT A EE— 0B b0 BCE R e i e
(1,n)). RER, F—ANCF _JRCOF,_JERMWK[11]. NT HE, BRINFEENERN: CF, =
CF! |\ ®@CF? | @---®CF" |, HHoEKRCE, MR k.

T3 — S AL W i i, FRATTIE A I sl T 6] - BRI RR O A . n R S A
AR AL TR, RATRAREATR AR X TR 7R BT Ae, RATHuT R
aru(ln), HuFfixmu((n — Dn, LnN&EN, NF = {uvt, v}, [1L,n]BEEERDEE,j, K
M7 B F R BT EH N Z XA E; j(CF,) = Ecp,(V(CFE!_,),V(CF!_))) K#*x,
PECF, I E CBAVAE, UnRa BN E, CF2—ME TN T2 IEN B Mn2 B
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Figure 1. The leaf-sort graphs C'Fa, CF3 and CFy
1. WEECF, CFHAICE,

EIE2.2 ([12]) CF, & K,

FH2.3 ([12]) Mn AR, EERARRGTECR | 2 MGEER2An — 2)ZBEr % il n
B, (LR RR TECE | 2 MBEE (n — 2) 405 128 Xk

EFE2.4 ([12]) Av e CF_;, (1 <i<n), MnAZFHE, o Ao B FHARAKTECE s,
Horrg £ nAEEE, ot ETCF_,, Hdj#£i

EE2.5 ([13]) X T i TEICF _ BRFEREWADNAFE T S, v, nATEE, NFNNF=0; nA
BT, ut #ots

EIE2.6 ([13) MnNHE, ST 1A2FECFSY B — A0 S, A AR —
EH—AESBIn FECOFP™ B, Byt e V(CEPgi#Hu e vV(CFEE.,
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2) EXSMR

ENX2.7 ([10)) WG = (V,E)&— NP LEEK, FCVUE, #6(G - F) > g, WS EE PR
Nigg-UF AR AR, G — FANEE 1) — A5 g- 1 AR WU AE P AR B G I — AN - U AR 8. -4
A0 ) S5 /N HE BT RO B G i g- 1P A0 B B, e (G) Rome 4 BIGH — /N ig-UF48%],
HIE B G2 Rg- 1A E B . BIGR) R0-47 A8 % 1B W RO BIGH & 8, 1K kA (G ); G
S 1P AT G B A RO G 58 B AR TEIE B, 18 nkA(G). &F C E, EGH5RERIEBERRA
EIGH 3 FREEE, Fn\(G)RKER.

Bikg > g, H—NEBEGRTRg -HFAEEN, WEGH Aok -4FAEIF. Hiks(G—F) >
g WAS(G—F) > g. KILEGRSg-UFALEBI. B nT LA SR 51 1 i 3
EH2.8 ([10) 2g > g, HGR—AHhg - GFAAERE. Mk (G) > kM(G).

ENX2.9 ([10]) &G = (V,E)&—MEFAEEE, FCVUE, G — FINEAN X2 0B g M
s SR R PR iR g- AN R A, G — FANEIB M — N 5ig- AN R F A oy EIGI —
ANitg-FA . SR g-FAN RN R N R AR RN R G MR- BIMEBEE, HREN(G) Fon. HEIGH
— ol g AN E], )T P G i g- A N SE 11

By > g, & NEEEGR By -FANEER, BaBGH A g -FAEIF, F I L
cxilems Fﬁﬁt/l\ DHESFHGANTAE, BAG — FINEAN LB DH N A B %S KGR
R g-AANZEE . kA DA R

210 ([10) 49 >g, HGR Ay BAHERE. WX (G) > 7N (G)-
E2.11 ([10) 29 >g, HGR—AIRg-IFABEEEL WrA(G) > 7A(G)-
EIE2.12 ([10])) 4¢ > g HGRAMg-FHNEBE, Mg = 0,18, FrA(G) = iA(G)s

IR KGRI D () (L) FIFHREIOLE R — AT, WS EGR () #|F| (1)
M. WA, HG - FEWAND, Hb— AR INLR, MEGRE Gi) HH|F| (1) &l
E’J MAEBEGHEANRDER (8 (L) FIFAEEMNLE R —4, NEBEEGE GR) #|F)|

W) HREEK. BN, EG - FAWADSE, Hf— 3ot —%10, WEGE GR) BH|F|

71) H AR

EIH2.13 ([12]) ACFE AR (n > 2), nNZH, CF,MERER(CF,) = 222, nk
BT, CFERER(CF,) = 222,

EI2.14 ([12]) 4CF, t— M nEHEE(n > 2), n A, CF, FILEBEENCF,) =
NIBHES, CF, MEBENCFE,) = 222,

51382.15 ([13]) 2CF, & — M4t E(n > 4), n TN, CF,2%#822Emm: A
i, CF, % Em

51¥82.16 ([14]) #n > 4, 2F C V(CF,), nA#WH, |F| < 3n—6: n A, |F| < 3n— TH.
#CF, — F,AE®, WA LIRS

(1) CE AW, Ho—A R

DOI: 10.12677/aam.2024.133103 1103 J37 FH H ok e


https://doi.org/10.12677/aam.2024.133103

(2) CF A=A, A 9 ila7 .
51382.17 ([14]) 4F C E(CF),|F| < 3 I}, #CF, AN&E@, MOF, WAy, Hh—A A0

\\\\\

5132.18 ([14]) #n > 3, &F C E(CF,), nN#&H, |F| < 3n—6: nNEE, |F| < 3n— 7H.
HCOF, AEE, WOF, AWM, Hoh—A a0 R

3. HEEICE, Y3 ZBERE M

EE31 XN TAEREHN >3, nATHN, A\CF,) =22 nBER, sA(CF,) = 254,

R A FROF,Bi/NES], WRF C V(CF,), EE%@ZBEI%D, A AEHOT, |F| = 225
NBET, |F| = 222, #F C E(CF,), HEMH214F A, Mn &8, |F| = 228, nyff%
W, |F| = 22t WoZoe B R BRI B BGL

ikn > 3, F ¢ V(CE,). BATAnATEN, |F| <30 n @30, |F) <325, [Fr
WF, = FNV(CE,), F,#0, F. = FNE(CFE,), F.# 0. Sk ha 30, |F,| < 227,
nNBE, |F,| < 38, WA HEE2.13W M, CF, — F,&%E#. HTFNCF, — F,i&/h
W#E, %CF, — F, - FAMWN 3. 2|F.| =i. Whn >3, Fill4n a8 fnl — |F,| >
nl— (P52 — i) > 2(i+ 1); A AR AR - |F,| > nl — (3%5° —i) > 2(i+1). Wk, ECFE, -
F, — F v —AN03C, WRIV(O)| > i+ 1. AVeNCFE, — F, T S5F %5 S ES,
TVe| < |Fe| =ic BATATLMERE]: Hn @8, (V| + |F| < |[F|+|F| = |F| < 22 nfi%
W, |Ve|+|F| < |Fo|+|F,| = |F| < 225, diE#2.130 %1, CF,—F,—F &%, BCF,-Fi&
W, S5FNCE,ME/NEETE. WA 755, (F| > 28, g ¥, |F|> s,

Lu=1)v=(12)s HnAFEN, &F ={(1,i):3<i<n}uU{i(i+1):i=246---n—1}U
{uv}s HnNEEE, 4F = {(1,i):3<i<n}U{i(i+1):i=246---n— 2} U {w}. ATLLE
HENCF,H—5EL FrL A AZEIN, kA(CF,) < 250 n ¥, w\(CF,) < 24, #
FHIE.
T2 W TAEEEHN > 4, nhEFHE, CFEEBESHEE: nNEHN, CFER
3t i S,
WERR: A FNCOF,IE/NOE, nNTH, |F| = 253, n A5, |F| =321 4F =Fn
E(CF}), i e [In], HA|F| > |F| > - > |F,l. WCOACE,H A ZXIAMES, F
AF.=FNC. FHBADSnMESN T8

(1) Hn =4, |F|=4, ALAFHMN:
ERL: |F| <2

EMAE LR, AT AR € 140, |F| <2, CF} = CFs, H@EH2.140 51, i € [14]1,
CF} — Fi%Ei@. A|F.| <4, INV(CFi-F))|=@4-1)!=6>|F.|, §CF,— Fiif,

1552 |F1| =3
BN, AT LAE R € 24, |F| < 1, |F,| <1, CF} = CF;, H@EHE2.140] &1,
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CFj—F#il. XHEB2.30 5, WD TERPE(A-2)! =25k, HT(A4-2)!=2>|F,|,
WCF,V(CF} — F)UV(CF} — F3)UV(CF} — F))] — F 2@ n. hEH2.170 %, CF} — Fy5§
REBE P EBA WAL, HR— A RIS, HOF, — Fi&i@Ent, T4 -2) =2 > |F|
MCF, — FHER; MCF,— FPAMAD 3, Hh—A IO ol i {oT} = F;, Hri e {234},
HE Wt N(FRUFRBUFR)| =1, MNCF, — FEWNANDS, HP— P RIGLAL, k. 5 0EE,
HERNCF, W/ NABIT &,

1B53: |Fi=4
BT, RAOTATLUSR) € [24], |Fy| =0, |F.| =0, HEM2.14 €230, CF,—Fi%

1.
(2) Hn > 50, JATHLLTENR:
A Rn = ARGAL, BATIX nfEe 398, RBOXE RN CF,_1 BOL
fERL: nARE, |F] <222 nAfEn, |Fy| <28
LR, AT RS € [1n], Mn @500, B < 2520, |F.| < 253, B4

W, |F| < 2228, |F| < 224 i T > 5HRAHIN, 2(n—2)! > 223 n > 6H N
B (n—2)! > 324, WG 2 14 KX E #2305, CF, — Fi%Eil
B2 nNAHU, |F1| = %: n AEE, |[F1| = 3”;6
EMIEOL T, BATOTUARE] € 2n], UnNFHET, |F| <2, |F.|<2; nNBER, K| <1,
|F.| < 1. HHTCF =2 CF;, HEH2.147%1, CF! — F/2%EN. XHE®2.30 4, *n > 58
Rl 2(n—2)!>22|FC| Mn > 6 HONEB, (n—2)! > 1> |F,|. WCF,[V(CF? - F,)U
V(CE2—F3)U---UV(CF!—F,)| - F. &&E# . HEMNEETH, CF,— Fs8UeEl g mt
33, HHP—ANIGLHv. #HCOF, — Fy &), meEH2.30 %, CF, — FRAEEN, S5&/hl
FFE. #HCF, — AN, Hp— R0 o, 8 4 N335, |F.| = 2HF AR
HoREKEE | N N(FUFU- - -UE,)| = 2 nAEEUN, F. 50 RBECE v N(FUFU---UF,)| =1,
W CF,(V(CFE! — Fy —v) UV (CF? — F) U UV(C’F" F,)) — F.&#, WCF, — FAHRAN Y
X, HA—ANRIGLE, FiE. BUCE, — FiE@, 5FRNRNIEITE.

fBA3: nATHI, 3250 < || <38, npoyfRE, B =3

FEHAEW T, WATTAEE e 2o, MUnN&E RN, |F| < 1, |F| < 1; o5,
|Fi| <0, |F.| <0. HITCF} = CF;, HEH2I4F R, CF) — F 2 M, e H2.30 4,
p > 5HNFHNT, 2(n—2)! > 1> |F[s %40 > 6 BN, (n—2)! > 0> |F.|. WCF, - Fi%
@, 5HFNRNARITE,

Zr BPTIR, 5IEAGIE.

EH33 WTAEREESN > 4, nhwHN, CFRImEBE2EE, An B, CF, 2%
i 3t % il

ERR: 2FNCOF, M /NoaE, nh@ e, |F| = 3222, p A @5, |F| = 24, 4&F =
FNV(CF!), Ff = FNE(CE!), HMi e [In], HA|F UFf| = max{|F; U Ff||i = 12---n}.

DOI: 10.12677/aam.2024.133103 1105 J37 FH H ok e


https://doi.org/10.12677/aam.2024.133103

WORNCF, W TE R AMES, FRE, = FNC. FHBEAT BT 20118
(1) Yn =4}, |F| = 4.
5L 0<|FUFf| <2

fﬁt‘%iﬁb? BT |FLUF| = max{|F; U Fflli = 12---n}, HEHE3IAH, i€ [14], CFi —
F, — Fei%il. Foe2.405, |[N(CF)| = o WCF, — P, F)&.

WBR2: |FUF| =3

TEMAEIL S, BATATCAE R Fy US|+ |F3 UFS| + |[FyUFS| +|F.| =1, HTCF} ~CF;, HE
3.1 WK € [24], CF]—F,— Fe¥ysi. g 230 7, AFRMWAD T EHA (4 -2)! = 2565
Xih, HF@-2)!=2>1, a&CF4[V(CF3—F2—F;)UV(CFj—F3—F§)UV(CF4—F4—F6)]—F &

HEIE EB?|F1UF5|:3, BAITLLER, CF —F — eﬁuF:ﬁﬁ%% (1) CF} —F, — Ft 2
I (2) CFl— — FEHWA 3, o — /\jﬂﬂuﬁ (3) CF} — Fy — Ff N= /\%Juﬁ
HCF} — F, — FriE ET Ijj|F2uFe|+|F3uF6|+|F4uFe|+|F|_1 |N( (CFE} —F—F&)N
(V (CFQ)UV(C’F“)UV(CF4))|>3>1 WCF, — Fi&il; 4CF) — F, — FEAMANY %, Hi—
AN RIAL gt B#{ut} = F, /\EP16{234} jz%uAﬁiﬁ'ﬁF%HaéHj‘ Wi CFy — FA AN
30, Hh =AM RIGLE, k. BWCF, — Figl, FE: HOF — F — Ff N=M0GLEAR, ¥

Horp—I07 Ao B {vt) = F, i e {234}, SiEob I 5FOREE, WCFE, — FABA
%ir /\q:' Ajjﬁ[&J_'Jj Tﬁ‘lﬁf mmUCF4—F@% %E

1BH3: |FLUFY| =4
BT, |FEUF| =0, |[F.|=0, HEHE3.1Kk2.475H, CF, — Fi%#, THE.

(2) Hn > 50, FATHELLTER
ZAER 0 = 4or, AT nfiiE 2 A9l Bz ss WX CF, _ {or.
fBAL: nATHES, |FUFY| <30 %, |FuFp| < 38

EMLREBL R, nNRAPH, |F, U Fe| < 2220, |F| < 328, o B¥, | UF€| < o8,
|F.| < 34, g3 156 € [In], OF! — F, — Fei%i@, #heH2 40 HICF, — FiE %Iﬁ

WSR2 nAREE, |FyUFe| = 2220, g (B30, |F U Fy| = =0
MR T, BTN, |FUFS| + |FsUFS| +--- +|F, uF€|+|F| = 2; nAMEEI,

|Fo U FS| + |Fs U FS| 4+ -+ + |F, UFS| + |F.| = 1. IlRXCF} — Fy — FRigEil, e #2470 %0,
n > 5 HAFFHI A 2[(n — 1)' — 32T) > 2; > 6 HONBEUNE (n - 1). — 3T > 1, MCF, — Fi&
MW, FJE: BKCFE! — Fy — FPANE@E, mEAERESE AW Kb — A Rilar

o, A A a O, \N( YN (FyUFs---F,)| =2, B#&|F,| =2 HF, S50¥5<8; nAEE,
INW)N(FRUFy---F,)| =1, 3#&|F.| = 1HF.50XE, WHCOFE, — FAE—IOLS, HiE. §UE
W, FJE.

W3 nREHI, 250 <R UFY| < 35S n BN, R U Y| =
EHAE T, n &R, [ UFS| + |[FsUFS| + -+ |F, UF| + |F.| < 1; nBE,
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|Fy UFS|+ |FsUFS |+ + |F UFS| +|F.| =0, HER2.4KEB3ATH, CF, — Fi&Eil, F)E.

4. HEZEICF, K52 B R ER M

EIE4.1 xfﬂf%a'%éjzn> 5, nAFHE, CF, N%#3n — 5HREE; nAEEN, CF,NE
#H3n — 6 HRE

WERR: AF C V(CF,)NCFE, /N ERE, MnhZEn, |F| = 3n -5, nNEEE, |F| =
3n—6. XF, =FNV(CF}), X ie[in], HA|F| > |F| > > |Ful. T2 A HEE
PR LR TT 1 182

ARRL: A Nw N, [F3 > 10 SnEE, | > L

ARAIBIERR: Hn T HN, |F] > 1. #|F| = 0, =|Fy = =|F,)| =0 &
#1213 %2.37] 51, CF,[V(CE3)UV(CEY) U ~~UV(C’F”)}1§E o FHhEHE2.6v %, CF, — Fi%
W, TJE; AnNEE, |F| > 1. #F|F| =0, U'JJ|F2|:\F3|:~-~:|F,L]:OO HH e FE2.13 5 5E
230 M1, COF, — FiEil, FiE. Fik.

B BALRNH, Mn @8, 1 < |Fy| < 3n—7, H#I|F| = 3n - 581 < |Ry| < 37,
B | > 322, WAH|F| > 2x 355 41 =3n—4 > [F|, 7JE, ik An A EE0,
1 < |F| <3n—7. HHIF| =3n—6f1 < |F| < 35, {05 F| > 22, WEF >
2x 34 =3n—4> |F|, T, k.

B nAREN, [Fi| <2222 80, |F] <3258,

HT|F| = max{|Fi||l <i <n}. HEB2130H, CF! — Fi%E#. HTn > 5H &L,
2(n —2)! > 3n -9 = |F| + |Fj|: n>6HNEH, (n—2)!>3n-8=|F|+|F|, Hti#j
Hij € [In], HHEE2.307%1, CF, — FiE@#, ¥H

TBH2: nATHE, 3T < |Fy| < 3n—10: n %0, 326 <|F| <3n -9

FIER2.1: nATHIS, |Fyf < 252 n ABE0, [Fy| < 2558,

7 BT ﬁiﬂ‘]ﬂu%ﬁie 2n], nAREE, |F| < 3220, o NRAH, (R < 258, %

IFEGL, BAITLAARE], CF,[V(CF — F)UV(CFI — -)]%ELE@, Hrpi £ jHij € [2n],
MCF,[V(CF2—F,)UV(CF3— Fg)u UV (CE"—F,)|%i#. #CF'—F#%il, Y4|F,| =2, n>5H

NABIH2(n—1)+227 = Tl > 3n—5; n > 6 HoEETA, )ﬂ\U2(n71)+% =110 > 3p—
6, #OrE. B E,| <1, XF n >5H8aHN, 2(n—2)! >3n-10+1=3n-9 > |F|+|F,|:
n > 6 H MBI, (n—2)!>3n—94+1=3n—8>|F|+|F.|, FiLACE,[V(CF! - F,)UV(CF" —
F)&#, MCF, - Fi&El; £CF — A%, HEH2.160H, CF - FBsERAN D, Hh—
NI, B =003 Hh A N AIGL 150 L CNCOF) — Fy i KI5, AN > 5 B %
HF2[(n—1)!—(3n—10)—2] > 3n—5— 327, n>6ﬂjﬂl%§4llﬁ(n—l)'—(3n—9) 2> 3n—6— 39,
WCF,[V(C)UV(CF, — F)UV(CFs — F3)U---UV(CF, — F,)i&il#. 5FRN&/N Eﬁkiﬂ}}g

FAER22: 0N, B = 2570 nh(BE0, B = *
PSR, nORRHOE, Bl |Fyl 4+ Fa] < 26 nbBROT, [Fyl4 [Pyl [F] = 0.t
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EHI213 e #2230 Hl, CF,[V(CF3—F)UV(CFi~Fy)U-- - V(CF"—F,)|%Ei#. B¥CF? - FyiE
i, n>5H AN, 2[(n—1)! - M] > 2; n > 6HAMHMEI (n — 1)1 — 2226 > 0. HEHE2.67

M, CF,[V(CF? - F)UV(CF? - F5)U---V(CF" — F,)|i& ., 1|J1250F1 Fy%EiE, n > 5H
NEHES, 2[(n—1)!— (Brn—-10)] > 3n—5— 3T, n > 6H7'JT|%¢§IHT(71 - D' - (Bn-19) >
3n—6— 30, FHILCF,[V(CF! — Fi)UV(CF? — F») U---V(CFr — F,))|i%i8, BICF, — Fi&

W, T MECF — P AE®, WREXMAHTIE2.1605, CF — AW, Hph—1N
AL REE H =A 3 3, KA RIL S AL CHOFE! — PR K3, n > 5HAZH
i, 2[(n—1)!' = (3n—10) —2] >3n—5— 227 n > 6HNEHN, n-1)!'-Bn-9)—-2>
3n—6— 35, MCF,[V(C)UV(CF?2 —F)U---V(CE! — )8, SFRRNARETE. |/
WOF? — LAEE, HE#E2.150 8, CF? — Fﬁﬂﬁ/\’\i'z, Hp— /\73%)&4,&0 4 BRHIK
3, o> SHNTFHE, 2[(n— 1) - 3T — 1] > 2; n > 6 A NMEEH(n — 1)1 — 326 —1 > 0,
HCF,[V(B)UV(CF? — F3) U ---V(CF?! — F,)|#il. §#CF! — F%i, n > 5 H o7 %
IF2[(n —1)! = (3n — 10)] > 3n—5— 3=T; o > 6 HAMHMEIT (n — 1) — (30— 9) > 3n — 6 — 225,
WCF,[V(CF! —F)UV(B)U---UV(CE" — F,)i&Ei#l, 5FNF/NERETFE; ME5CF — FJ@
8, 512167 %, CF! — FIAWADS, H— AN IISL s A = A3 Kb A e iar
B ABRNHIKSH, n > 5HNTHE, 2[(n—1)!—(3n—10)—2] > 3n—5-22T: n > 6 H A 1H
I (n—1)1-(3n—9)—2] > 3n—6—32C, WFCF,[V(B)UV(B)UV(CF:~F;)U--- V(CFr—F, )i
W, W #ECF, — FAEER, A N AMER: (1) CF, - FEWAND3, Hodh—A A0,
FE: (2) OF, — FE=A03, HAWARNILE, T (3) CF, — FAWUAN D, Hh=4N
WALEL, FJE: (4) CF, — FEWAND3L, b —ANI0a, FiE: (5) CF, - FE=2"03 H
= AR, 53— DRI, T .

B3 nNFHET, 3n—9 <|Fi| <3n—7; nAMEEE, 3n—-8<|F|<3n-T.

FESLTEBL T, PRI BRI, [Fol+ |Fs|+- - +|Fo| < 4 nABEET, |Fy|+ B+ +|F,| <
2. HEH2.3M2.130I K1, CF,[V(CF?—F,)UV(CF3—Fs5)U---V(CE!—F,)i&E#. W5 CF—F&
RS, HEE2ATH, CF, — Fi&E®E, T)h; M#ECFE — I ANER, WBy, By -+, B NCF! —
Fy 532, HIV(B;)| > 3, Mg s, |[N(V(B,)|N|[V(CE2)UV(CE3U---V(CEM]| > 6 > 4;
MBS, |N(V(B))|N|[V(CF2)UV(CE3U---V(CEM]| >3 > 2. WRCE! — FiA#HA4
30, Hm =AML B =030, RS RAIGL A B A3, Herb = AN N IIRGE AR,
PAEIARE, s B WA, B — A NG, Rk
EIE4.2 W TAEEREEN > 3, nNEFH, n\(CF,) = 3n—5; “n B, n\(CF,) =3n—6.

EBR: Au=(1), v=(12). LnkHHH, F={uz:ze{(1,i):3<i<n}U{jG+1):j=
2,4, n—1}U{vz:z e {(1,i):3<i<npU{i(i+1):j=24-,n—1}}; nAMHEN,
F={ur:xe{(1,i):3<i<n}u{ji+1):5=24,- ,n—-2}}U{vr:xec{(1,i):3<i<
nyU{i(G+1):j=2,4,--- ,n—2}}. HEH220%, CF,K#&E, WHr € V(CF, —F), nN%
it der,—p(x) > 250 > 15 nRBE, dop, p(z) > 258 > 1. WFACE,—AERBE],
Wn Ay #4550, nA(CF,) < 3n — 5 S9N, nA(CF,) < 3n — 6. 5| M2180 4, nAHH
i, |F| > 80— 5 nNIEON, [F| > 3n— 6. S N5, nA(CF,) = 3n — 5 4n g
i, nA(CF,) = 3n— 6, fHi.
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EI43 X TAERER > 30, nAAHEN, CF, N B R3n-510E8E; nAHEN, CF,ABA
IR 3n-61 1% 1.

WERR: WFACFE, /D ARGE. BeBEa2nm, T8, |F| = 3n — 5 AR5,
|F| =3n—6, &F = FNE(CE!), Hiic[l,n], H|F|>|F| > - >|F,|. WCHCF,TiH
LSOO BIEES, BAIAE. = FNC. 3 FRBATS M 250HE

(1) n=3, |[F|=4, BARKNCF, — FEGEM, F&: BAMEs, Hh—80R8IGL8, FE:
By, e —E N ISLI, L

(2)n=4, |F|=6, L FHEL:

BR1: R <2

EMAEW T, i€ [1,48, |F| <2, |F| <6, HTCF = CF;, WHEH2.14775, CF} —
FiEi@. FeE2.3 vAml, #|FE.N(V(CEH, V(CFHUIV(CE}),V(CE)UV(CFH, V(CFN))|
=6, MMATRR, CF — FAWANS, Kb —ANRNCOF] — Fy, FJE. #|F.| <6, WCF, — Fi&
W, E.

TEH2: |Fi| =3
FiFM2.1: |Fp| <2

EMAEIR, i € 2,41, |Fi| <2, |F.| <3, CF} = CF;, WHEH2.147 A, OF) — Fi%E
e FRE2.3FH, EEHANTEPRE A -2)! = 2% X, WCKV(CF} - F)UV(CF} - F3)U
V(CF} — Fy)) — F. i&#. HTCF = CF;, HEM32A, CF — FE@SAWNAN3, Hi
—ANIL S B Fy| + |F3| + |Fu| + || = 30750, CF, — FIEBBA WML, Hp—AN0Gr
Mo YIAFF, FE

FiER2.2: |Fy| =3

TEMIEOL R, | B3|+ | Fy| + |Fe| = 0, HEE2.3 K EH2.147 %1, CFV(CF} — F3)UV(CF} —
F))| - FJ&E@. 4524 € [1,2], CF}—Fi%Ei#. "RRCF,—F%EE, TE; WMECF} — Fy%EE,
HOF} — RN, HEH32WH, CF — RAWAD, Hh—NRIGLA, BTF| =0,
BARCF, — FiE#, FIE; #5340 c 1,20, CF}—F/A&E#®, NHEE3.2M, OF - Al M
S, Hrp AN s, WRYE|F.| = 07151, CFLV(CF} —Fy—v)UV(CF?—Fy—uy)UV(CF} —
Fy)UV(CF}—Fy)] - Fi#l. & vtliE, WHEH#2.443, |N(vu)N(V(CF])UV(CEY))| =0,
M| Fs| + [Fy| + |F| = ORI, Zan oL, #OF, — FEWAND3E K — A NG00 vy, fFE.
BNHEE, FE.

13 |F] =4

EIXFIEI T, |Fo| + |Fs| + |Fy| + |F.| = 2, HEH2.3%2.140] %1, CF4V(CF? — F,) U
V(CF} — F3)UV(CF} — F))] — F.i#l. HTCF} =2CF;, H(1)"%1, CF} — Fi80%El, SEMH
N33 Hp—ANIGL R, B3, Kb — NI dwe, HIEH2.47] 1, CFy — FEL
AW, Hp =R A, fF. BUEBSA RN, P —AN RO, WARKT
J& o
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1F54: 5<|F|<6

TEIXFEOT s |F| + |Fs| + |Fy| + |F.| < 1. HEHE2.3 & EH#2.147 %1, CFV(CFEF? — Fy) U
V(CF} — F3)UV(CF} — Fy)] — F. %il. WM RCFE! — BBy, Ba, -+, BN, HokAIE#E
V(By)| > 2i6f, BIF|F.| <1, W[, CF[V(B,)UV(CF?—F,)UV(CF} - F3)UV(CF{ -
F))| — F &8, WMCF, — FEOE@ESAMANS, Hbh— AN RIGLE, WAR, TE.

(3) n > 51, LI R
1ER1: L AR, R < 2500 M0 MR, R < 258

TEUIEBLS, i€ [1,n], HAnATHE, |F] <0, |F| < 3n -5 n A, |F] <38,
|F.| <3n—6. HUEM2.14°/ /I, CF) — F3%E#. FAn > 5B NAHIN2(n—2)! > 3n—5; n>6H.
FABET (n —2)! > 3n — 6. FHER2.307%1, CF,[V(CF! - F,)UV(CF? - F,)U---UV(CF" —
F,)] - F.%#. MCF, - FE®E, T)h.

B2 UnNEEE, |F| =20 UnhBEE, || = 22t

FHER2.1: Hnyar s, |F2| < 39 An AEE, Bl < 2255

FEWAELT, i € 2,n], nH&HN, |F| < 22, |F| < 223, pREE, @ € [2,n],
|| < 3228, |F.| < 3n=S, g Bi2.147 4, CF —F%id. ljjn>5ﬂjj§@uﬁ2(n 2)! > 33,
n > 6 L AMEEI (n — 2)! > 3228, FilE #2304, CF,[V(CF: - F)UV(CE: - F;)U---U

V(CF!"—F,)]| - F.J% &, EEEEE3 20151, CF)—FEHEEAE WAL, Hh— AL ©BA
HERSE, BFn > SHAFHI2[(n — 1) — 1] > 223, n > 6 HWBEIT (n — 1) — 1 > 3226,
MCF,[V(BYUV(CF? - F,)U---UV(CF" — F,)] — F. #%i#. WCF, — FEEBRAE KN,
=R s AR, TE.

FlEm2.2: AniErso, ot T < || < o3y KR, |Fy| = 22,

BT, i € [3,n], nNEFHE, |F| < v R < 20 nAMERE, (R < 225,
|F.| = 0. HEHE2.1207 %1, CF! — F,i% 8. 2(n—2). > 2, (n—2)! > 0. e H2.30] %1,
CF,[V(CF? -~ F)UV(CF!~Fy)U---UV(CF" — F,)] — F.7EiB. 4% c[1,2] i, CF - Fi&
M. WERCF, —Fiiﬁ, T MECE — Fi%EE, [HOF2— R AN#EEN, WH B, By, -+, Buor
X, HkAIE V(By)| > 28, ®Hl, CF,[V(CF! — F)UV(B)UV(CF? —F35)U---U

V(CF" — F,)] — FL% WNCF, — FAE—ILR, FE: 350 1,2], CF) — FAEE, N
HEM3.20 5. CF) — AW, Bl — A NIGL R, IR4EEB2.377 51, CF,[V(CF} —
Fi—v)UV(CF} — Fy —0) UV(CF} — F3) UV(CFE} — Fy)] — FaZEile v, v MIE, 4n N7
i, |F.| = 2HF, 50,868 n@%u, HF|F| =0, NCE, - FERA D, Hop—A
NAINSL A v vy, FUE. &N BGEBE A A3, Hh— N AIGLE, BT )E.

1B53: Hnyadunf, 222
FHER31: AR, |F| < 320 %, |5 < 38

EMIBEBL T, i € [2,n], n?\jﬁiﬁzﬁﬂ“ || < 329, |F,| < 355, o N MR, |Fy| < 228,
|F,| < 228, fsg 2,140 &1, CF!—F,%if. lhn>5ﬂﬁ%§ﬂzﬂf2(n 2)! > 3T: n > 6 H i

| <3n—10; MniEEHE, 222 <R <3n-09
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X, EtE

Bt (n—2)! > 3T, FEEH2.30 5, OF,[V(CF2—F,)UV(CF2—F;)U---UV(CFEr—F,)|—F.3&
M. 218741, OF! — FiEUEE, W SARCEF, — FiEl, FE; SGmNs%, Hp—p
NI, BT n > B HAFEE2[(n — 1)1 — 1] > 325 n > 6 HOWMBEW (n — 1)1 — 1 > 38, g
W CF, — FAEMAN3, HR—A NI, %Eo

FHER3.2: Hnyarson, 27 < |F2\ < 35,

FEWAEDL S, i€ [3,n], |F| <225, |F| <1, HE#H2140 5, CF) — Fifdl. FAn >
5E72(n—2)! > 1, 1 HEH2.301Al, CF[ (CF3—F3)UV(CF*—Fy)U-- UV(CF" F,)|-F.i%iE.
4240 e [1,2]0, CFi—F,%il. AJRRCF, — FiEiB, F&E; WMECF — Fi%dE, (HCF2—F/A
La;ﬁa“ Hi 7305 < 3n — 10, HEH21TAHI, CF? — RAMAGS, Ho— M RIGLA, X7
Bk, CF, — Fi%il, FJE; ﬁéne [1 2| Bf, CF: — FANE®, W] E #2157 Al
CF,@—FZ»%%/MJ\E{, HAp— AT B, A W ZARCF, — FiEE, FJE.

1BA4: R NFEIT, 3n -9 <|F| <3n—5; nNEEE, 3n—-8<|F|<3n-6

LBl B8, B + |Fs| + - + [Fo| < 45 nABEU, |Fy| + |Fs| + - + |[Fo| < 2
FH e 2.3 K 2.14 1] %1, C’Fn[V(CFﬁ—FQ)UV(CF3— ) ~UV(CF" — F,)| — FJE#E. PR
WCF,) — By, By, , B3¢, HAkAIE (Bk)\ > 3F, BTN, |F| <
4; nAMEEET, |F.| <2, W1RCFE,[V(By)UV(CF? - Fg)UV(CF?’ Fy)U---UV(CF*—F,)]|-F.J&
W, WCOF, — Fi&d; sHEWAN3 Hp— RN 80 =03, R mARIGLe, B
AT BHEWADS K ARG, fHE.

S13B4.4 X TAEEn > 4bf, F C V(CF,) UE(CF,), HXnR&EHN, |F| <3n—6; An A%k
i, |F|<3n—17, WCF, — FA&EANEBMNWL THMMENR: (1) CF, - FEWNR3L, Hbh—4
RNISLAT; (i) CF, — FA =A%, HAmA NI S,

WERR: Mn > 4BF, #HF C V(CF,), HM4nR#HEr, |F| <3n—6; 4n 50, |F)<3n-17,
HE 2,167 51, COF, — Fili 2 FAIWMIEN: () CF, — FEWA3, HA—AHIGL s (i)
CF, — FE=A03, HRWASRIGLA, AL #F C E(CF,), BMnR# e, |F| < 3n—6;
Y NEE, |F| < 3n -7, HEHE217TWH, CF, - FEWAND X, HA— R0 A, AL

o
Mo

Kk, Bn > 48, F C V(CF,) U E(CF,), HZInA@mHEt, |F| < 3n — 6; n B,

|F| < 3n—7. BAUBRWCE, — FRAE#EN. HHFNV(CF,) #0, FﬂE(CFn);é@, AF =FnN

V(CFEY), Ff = FNE(CF}), Xie [1,n], H|FUFf| > |FRUFg| > -+ > |F,UF¢|. BCHCE,%H

T XGUEES, &F. = FNC, WA, Hn a5, 1<|F1\+|F2|+ “+|F,| <3n—17,

1 < |Ff|+ |Fg| + -4+ |Ff| < 3n—7: ZnAEEB, 1 < |F|+ |+ +]|F. < 3n-238,
L<|Fe|+ |Fs|+ -+ |n|§3n—80

M = 4, &|F| <5, KNCF] =2 OFy. #|F| < 38, dH@E3. 105, CFy, — FiE#, 7
J&; | F|=4rt, HEH33K, CF,— FAMANIYSG Hd—AIMGLE, R 4| F| = 58,
CFy — FAER, HELINEL:

ER1: |[FLUF| =5
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W, |Fy U FS| + |F3 U FS| + |FyU FY| + |F.| =0, RRCFE, — FiZil, F)&.

1ER2: |FLUF| =4

UeiS, FATATLAMEEICF) — Fy A FA6RENL: (1) Zil; (2) NI (3) A=AINAL
i (4) BWANSL Hh—ANRIGLA (5) NPISKIALIY; (6) A=AN03 HhPIA HIRAL .
HT | UFs| + |F3UF§| + |[FaUFg| + |F.| =1, diGEi2.405, UCF, — FRE1)E((5)8,
CF, — Fi&ili, FJ&; MOF, — FRHEMENE, CF, — FAEERN, AWAND3E, Hf—4R10
S, AIES

1B53: |[FLUFf| =3

UEES, AT RICE] — I ARG (1) Eil; (2) BRAND, Hdh—ARIT s
(3) WAL BT | FaUES| + | FsUES| + | FsUES| +|F.| =2, &i&E2.47 M, OF, — Fi
B, AW, Hp NG, 8 =AM ARG, BHIE.

1FR3: 0< | UFF| <2

IRy, B3 AR, i€ ([1,4], CF)—F,—F&i%@, HT|N(CF| =6> |F|, #CF, - Fi%
, e

B, BegEixin = 4o, FATH RN, BkEn > 5, CF, WEGL, Fii kA
GCF,.

(2) Hn > 5, nNTHE, £|F| <3n—6; nNEEE, 4|F|<3n-7
TBRL: nNEH, |FL U FY| < 3520 o fR%0, [Fy U Fy| < 328

JH:Hﬂ_: i—/ll (S [1?1], n?‘ﬂ%iﬁﬁﬂ‘, |F1UFZG| S 37L72—9’ ‘FC| S Sn—6; ny\]fl%ﬁﬁﬂ‘, |F»L‘UFZ'€| S L2_87
|F.| < 3n—7. HEHE3IWH, CF — F, — FFE@E, KAn > 5HNFHE2(n — 2)! > 3n — 6;
n > 6 HONEBEES (n — 2)! > 3n — 7, F4EEH2.30H, CF, — FiEiE.

5

1ER2: nNTHI, |FUFe| = 35T nRBE, |FyuFf| = 225
FIER2.1: nAEEIS, |FUFy| <2222 n 80N, | U Fy| < 2258,

BBy, nNBEIS, |Fs U FS| 4+ [FyUFY| + - 4 |F, UFS| + |Fo| < 2220 n A fEEUN, |F3U
F§| 4+ |Fy UFg| + -+ |F, UFS| + |F,| < 2228, W31/, Hi € 2n]if, CF} — F, — Ffi&
W KAn > 5 H NN 2(n — 2)! > 35, 0 > 6 HOWMBEUN (n — 2)! > 3258, P44 e #E2.37]
M, CF,[V(CF? - F, — F§)UV(CF? — F3 — F§)U---UV(CF" — F, — F°)] — F.i#if. HE
P30 %1, CF} — Fy — FBUE@EA W3, Hh— RIS, UCF) — Fy — FOEIER,
BARCF, — FiEil, MUCF! — Fy — FEAMWAN 3 Hh— ARG Sy, BoAn > 5 H A3
2[(n—1)! = 2T —1] > 3828, > 6 HOUMBEN (n — 1) — 2820 —1 > 308, F{ZE & E B2 304,
CF,[V(CF}—F, — Ff —v)UV(CF?—F, — F§)U---UV(CF2? — F, — Fy)| — F.J&#, #CF, - FH

PINISE, Herp—ANIGL AL, AE.
FIER2.2: n AR, |FyU Fg| = 32T,
WU, |FsUFS|+|FyUF |+ -+ | FUFS |+ Fe| < 1o KBT BT L2.100 5, CF,[V(CF -
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F3s—F$)UV(CF!~Fy— F)U---UV(CF" — F, — F¢)] — F.&B. i ¢ {1,2}), HeH3.3n A1,
CFZ‘—F-—F@EJZ&@@Z%%/M\EZ, /\EP*/\jﬂf&J_lﬁvlo B®COF! — F, — Fei%il, BARCF, - F
#il; BWCFE — Fy, — Fe ANEBMCF? - FyiE@ms, Bon > 50f2[(n—2)1 -3 —1] > 1,
WCFE,[V(CF - F 1~"e—v1)u1/(0172 FQ—Fe)U---UV(CF”—F —F¢)|—F. %, WCF,-Fii%
B AN 3 ﬁtlﬂ AN ;s BRBECF! — F,— FeANE M, 3 30] 41, CFZ‘-F-F?%
PN 3, Hod — N AL Kvge Eh?z[(n— D =31 1] > 1, #MCF,[V(CF}! — F, — F{ —

v)UV(CF2 — Fy — F§ —w)U V(CF? — F3 — F$)U---UV(CF" — F, — F°)] — E, Li_fmﬁo H

TIFsUFS| + |F,UFS|+-+ |F,UF |+|F|<1 HeiaEl2.605CF, — FiZi@, T, 5
AP, Hh—A NG, ik

TEM3: nNRHE, | U Ff| = 35,
FHER31: n AR, |F U Fy| < 229

VBl |FsUFS|4+ |FyUFf|+- -+ |F,UFS | +|F,| < 32T, Hg 2.3 K3.100 41, CF,[V(CF? -
FQ—FC)UV(CF3—F3—F6)U~-UV(OF"—F —F9)|-F&l, BT 322 <3n—10 = 3(n—1)-7(n >
5), ML, CF! — Fy, — Feolii%i, dzﬁﬂ%i/\ﬁﬁz ﬁEP MNRIL R, B =03, Hf
PN 9 IRAL s Elaﬁ[(n—l) s 9] > , WCF, — FEUE®E, B3, Hh—4
NIRAL AL, B =AM 32, /\':F‘?ﬁ/\jji‘IRiﬁ mE

FIEMR3.2: nNEEES, |F2up2e’ — 3n2—7o
JJ:I:HTJ" |F3UF3€|+‘F4UFE|++|FnUF§|+|FC|:0, EHXHEIEQ(SE‘%D’ CFniFj@i%O

1ERA: nNBHT, 322 <|Fy UFf| < 3n—10; nfB80, 224 <|FUFY| <3n—9

BB, nTRES, | UFS| 4+ [F3 U F§| + - 4 |[F, UFS| + |F| < 352 nAEE0, |[FU
F§|+ |F3UFS|+ -+ |F, UFS| + |F.| <2280, HEM2.3K3.17 %1, CF,[V (CF2 —F - F$)U
V(CF} — F3s = F§)U---UV(CF} = F, — Fy)| — FJ&il. AL, CF,) — Fy — FyoiEi,
BAWRN L, HP—MRIGLE, BH =50, HAPA IR, /\|F1UF6|—z, n>5H
NEFHI2[(n — 1)1 — i — 2] > 2229 n > 6 HOMEREN, (n— 1)1 —i—2> 310, COF, — FEE
W, BAEWNDL, H AR, 8 =03, KR A AT A

1BA5: nNEHIS, 3n—9 < |FLUF?| <3n—6; n BB, 3n -8 < |FLUFf| <3n—1T.

BEi, nABEN, |[FRUFS|+|F3UFs |4+ |F,UFS|+|F.| < 3: n NHEIN, |FUFs|+|F3U
F§| 4+ |F,UF¢|+|F.| <1, HEH2.3K&3. 175&[1, CF,[V(CF? - F,— F5)UV(CF? - F3— F$)U

--UV(CE"—F, — F¢)| - F,iEi#, 1&&(117,1 Feﬁ/\iBle -Byo H|V(By)| > 20, HE
240, CF,[V(BL)UV(CF?— Fe)uV(C’F3 —~F§)u---UV(CFE" — F, — F%)| — F.i&
ﬁo E"&CF’” - ngkig %’ jﬁ?‘ﬁ/\ﬁiy /\E{j /\jj]a‘[&i/ﬁ
EIB45 [EE B E > 4, ¥ RZTFEEE, ne\(CFE,) = 3n — 5 AnAEEK, nkA(CF,) =
3n—"17.

L FHNCE, I — /N ARERE], 5 #4405, Mo hE B, |F| > 3n — 5 M4n i3
s |F| > 3n—6. AT u = (1), v=(12) HnN&GHNLF = {uz : 2 € {(17) : 3 <i <
n}U{(zz+ 1):i=24,--- ,n—1}U{(12)(1,7) :3<i<n}U{(i(t+1):1=2,4,--- ,n—2)}; n
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BENAF = {urve € {(13) : 3<i<n}U{GG+1):i=24,--,n—2)}U{(12)(1,4):3<i<
nfU{(i(i+1):i=24,---,n—1)}}. HTCOF,LAHRE, WFACEM—AmERE, Hlnhar
i, neA(CF,) < 3n—5; nNEHES, nk\(CF,) <3n—6. 46 FLIATRE.

5. &51p

AT TR ECF, 1) SesmE @i, AL S IEIEIE, 1% fo VR fRT R
A, SEEM TGN I BRI TN TAERRE N > 4, nRTHEIN, kM\CF,) =252 nA
HE, kNCF,) = 252, MEEXSHREK RIS, BRI — D al; N
JRRE T, nNF N, neA(CF,) = 3n —5; nNEIY, neX(CF,) = 3n — 7, Bl EHRXEHE
sl ja, R RE IO — 2. ASCABEFT 7R R ZE AL — A sl 260, RE
LR R i N H, A MR B A R B 2 AL, 7 2 om0 2 B i
TREHIWIIL T

=S anl=

E X HARREF SR B H (61772010), (7G4 FAEAT R (202203021221128).
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