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H G HEAD. XT3 EEEFHIEEAD.  Tutte JERAT. MERAIEEADNREE 3 &l
BIE#. Oxley Ml Wu i T 224 3 ZAEADMPrAR/D 3 E@EUBIEE 4 RJEEANR
/N 3R, Reid 5 Wu i T E£2F 5 KIEREANRRD 3 E@E. 7eAXH, HATERD
3 AR E LT =FEs, KEESRAAXSEHREERS MR E k(k > 2) ZIEEADRIR
/N 3 P — PRI

XA WU 3 SEERE, JEEAR B R
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a3 0157.5

AHBHEERRE. )’ G 2% 3 HHlE, & G\ el G hEEL o) (72 3 il
B, WFR e MR, G/e(B) G Fudsits o) 52184 3 EEE, NFR e SfRiAmTI s
# e AT BRI AR W dg 1, IR e JRREA. M, R e & G WA,
N e & G ByRIMBRIDE R AR FTIE. # G 2/ 3 EEE, N G AR ERA T & F sa]
g, B5ENL, 4 G ANETeRN, G Pl e = oy BATWLEY, 4HACY G AR
Tz, y) B9 3 HHEL

Tuttel!l IEMIARRIE R 3 HEEE BT —RIEHEAD. ARRANNFEC BRI 3
PR EW— N AN TR, JEREANENE TR, My, &%, Ok
B, AareAED; HIR, BRBUE RS A e, ET, JEEARA R S )
2. IEFEpamtt, XHEHEREAR AT A N LA IUHER IR TEE AN LSRR, SR, TEDF
5% 3 GEMER, MUAEAREABAEE, mE T AR MR, At BEREEN
HAER AEL.  Oxley 1 Wu 7E (2] FHELUE T T 1 By & HAHEL:

EE 1 %G RN 3 EBEEEARR, W G HEDR 3L EEAD. MH, G HHE
3 FAREALH T VERMN G BAEIRSIrER; G HIEE 4 kAN 7T B
MR G R=REBEE.

Reid f1 Wu 7E (3] HELME T HEHA b KRB IrER/D 3 EEE.

AT EHAL A0 B 227508, Mes—Mor o, BRI AEWEZE, mieTrn
EFTERIES k(k > 3) ZAEEADAN/N 3 EEREME L. BRITRHBMAG T, HE
WHEH k(k > 4) ZKAREALAN/DN 3 EBEEL —RAZ ARG AEEAN T/ DR/ 3 %8
B, mEgEE, AT k 2r9ik/ 3 M E AT i 4 i X HIE B — R A2 B
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HEE&WH: EREARRS¥ES (10171022)
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RE] M, 18H b AARREATRIR S 3 i P AT DA i il X S Y — RS 2 RS
B, XK, WA b SRARRASEIR/N 3 il B REAS SE 2 2 H .
BICE W IRHE b SARRASER/N 3 B EICE Gy XRIRSCH EZELE RS T i Y B

EIE 2 Gp(k >3) BE—FRIiEH—, =, =KZHAUAR W, iy, G, "l W
Gt —RHEH—, =, SRR
HbzH—, =, =B ES=8rhaih.

1 —ERSFEE

WG MY 3 EEE, AR GHTFE, SCV(G), AHEIL, UTAREV(A) 5 A%
[, AEHE S 5ETE G hRAFREIER. 7ERAEY, K4 3 WENLERI=1E, 5—
A 3 B R ORHR I AERR R = 4.

B G ANRRHND 3 EEE, BE k> 1 &4, F ={a,a, -, a2} C E(G), I
H F 2R R R T4

(1) 4 i BFEEL, {ai, a1, a2} H—=304;

(2) Y4 i AEBET, {ai aiy1, 0002} H—=31F.

WHF—t B 4 k=18, FiE—" =34, WKk F 2 FLE

5 F I az, a4, - ap RERITUEARNEE F 89 B0, 5 an REKEAY a3 SRR
TR LY anro RBFEARYE ap SRERATUSFR AR F 1 IMRR, BB O 55N s NER 5 F
PRI TR AR N B F 8 R ar,ak2 BRI F B 3Ri, a2, a4, -, app1 RO F Y
3%.az, a5, ax FRAE F YR 5008 « Ay BRPRAE 2y— B8, 0P Foy.

WG 2R/ 3 ERE, veV(G). & G—voffh3 &, WA IIlbR=R. & GH X
EEFANE, EXE G+H H: V(G+H)=V(G) UV(H),E(G+ H)={zylz € V(G),y €
V() UE(G)UE(H). 8 G Je—, ARSI TIE A WS T804 BolAl
G HHHEGLE R o(G),G FHEREABMEEICH f(G). HRMSHFFTS I [4].

16 3 EEE T, SRR T AR SR 2 A

(1) FERT AT e AN F 8 L, X G A [ 6

(2) 3 EBEPRYREATNGRIN e 7E/ F L, We 5 F #—4 3 BERSCHR

(3) Hill e E=3B A HIRRE—A 3 BA, M e ZHAIL.

(4) & e &t/ 3 E@EEIPREARD, W e BBE—P=300BFh X 5—4 3 BEAKER, e
TEAE=EHES —4 3 BERRER, 2 e ME=EHESHA 3 BEAKEK. M52, Hh
3 R E PR —REAR B 3 EA.

(5) WadE— SR fRiBA v A, Ao HE Iy fay B T i 4 3.

(6) ZEF—2RFMBRIL, AH T AT IR,

(7) TEMb 3 @R, ERAMERSE, UE 3 EEE.

(8) /N 3 3 A P N BR s AR T RE 5 A i L LT RIS e B el — 2%
JRHEA L.

(9) “FFUBR I = A B A — R mT A (P T T S T4 i) )

A TIERAA SO 8450, Segs BB A2 5 | AU E B & G 2R 3 EEEl.
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G132 3 & wv & G PR AWAEL, ¢ =G/w,u5 o E G FHESGE N . NG
PAY u B v CHRMEEAITE G A EdEAsil.

B % e = 2y & G ARG wo RERAYEAD, W 2,y,u0 & G PRI A, B 4,
e ANJg G WMTRIAFWAAIL. NHEIER e WAE G WATINERL, B e & G PREARDL. B
T e & G HMEARL, UG —cl 2 88, WAS TEG—e—-SH, 25y rEnsn
xR AE B. W uwv e Eg[AUS] 8 uv € Eg[BUS|. RE—tE, % we EglAUS]. TH
SEFERMLATE: & S = {u,0}, Mo &G —eWE#l, 5C &3EETE Hulio
PHE—RBT S, APk S = {u,yby #v. WAl >2, TR {v,y} & G —e iy 2 5FE, N
e A G AT BRI & {u,v} NS =0, [A] >3, T& St G —e iy 2 JH], NI e R
& G R ERA. O

G138 4 ff G P —RAINER L BB, HAFERIEREAD, NXSEgeEEAil Y
XA HBRIANE G iR — A =T,

B iR we & G —&ANERIE, & G =G —w, e = xy & G HAY w FER—=11F
AT, e & G RIHEEEAIL. BAESE 4, e AE G BYFTHERIE. I e J& G R
AR, A e 16 G RN =100, W e BA1E &' PR =S, X5 e & G HRYfH
AR E. B e NE G FRE—=308F. XEH e & G WA, B G HFTE
3 K#E SO {z,y}. XBF S HE G Y 3 HEL B e AN G YRR ASEL, T O

TE [6] 1, Oxley fil Wu ESZEUERA T T Y & FE-

EI 5 KGR 3EER AR, & el G WHEAN, N e fE—1WKumilgdEHE
ApfE. WH, & e ZTEF U L, W e 7EME—— 3 LB e BER N AL A1 L,
Fy flFy #JE=30%, e ZENMME—AILN, M F AP SRR &R A,

2 =MiEH

TEM/N 3 @R, @ LT =Fuas:

BE— EBEATHER S

EET AT LB D BRI — i3, KRR B4 SR
OWEEA—R. AW RUERTINER A, TIPRRH .

BE= FHIEFUBEME USRI AREH &L ERoeE, WPREE T U AR =ik
H (BIFEIRF LB, ERTARINRGE S, HHFFMED). (1) HE =10 HAX =250 & R 5
AW, PRI A TR PL R B O DRI R IX 25 17 B AT WO AU 4. PRI 254 AR i AT
Mgk, ERIESFLAMERD L. (2) FiZx=HA L R AR T, B+
—%k. PR AR TR, ERIE S TE BRIy k. YRR, BOE = A —45%
AW, HAEE (1).

T, BEX =Pl B E R R R N LAHE . FELL N BT, ARV, B ErE
T AL S AR T PE I AR B, XFi, FEnTe: kKK G @z REHEE
G, #FHe=uw € E(G),e=uv € E(G"), M G FHH e = uv 7 G FHE; & e=w e E(G')
He=u & E(G), WK e & G FHFHE.

1). XFE SRR/ VER R0
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(1) B 5t TR S S P AR /MR A R ).

H TR S SRR 1 FIA, 25— ORFRE AR/ 3 5.

(2) B 5 X TR S T P AR /MR A R ).

M/ 3 A G FRIEHET LR F, BHEOHR v, B3 uer, zew(k > 2), P
K 1,22, w1,z FEH 0 7E G HER F AMU—530 e = vp RER. K RRYETA PSR
DA —E, WH F BTE NSRRI G R sICk v BITE G &R/ 3 %8
B, &N, #F G A2 3 EmE, NFFEE2 S8 5, ¢ — S NE@E. XiF, vels, R,
SR G2 HE, X5 GRS EEETE.

O & {u,v}nS #0, HXAFHERR vwe S, B S = {u,v}. M S = {u,v} HZEGH 2K
#, FIE.

@ ZHpeS S ={pv} WS={paz}ECGH 255, FAE

E, S ={v,y}, y #u,w,p. BT dgv =3, Fflh, G -8 FUE—HZHT vwp H
B—E: &H G -5 A MHEHRE u, A& wp. WS ={z,y} B GBI 288, TiE #
G =8 H—MREHRE w, R wp, RURRHTE & G -5 H—MXHE p, K ww.
M S ={vy} & GH 258, FI&

Fr G AR 3 HEE, W G Rl e, G —e {5 3HE. BT e FAIRER =
A LR, B G —e FXTVHEIKE N G FRAETILE. S5, BIERIWE B G —e) 32 3
A T, e & G MRTHBRG, X5 G &/ 3 @R

B2, PREFAR RN 3 @t NI, 258 AR RN 3 .

(3) 325 = XF IR B 4 AR /MR A S

W F W 3 EEE G AT U, HEON v, BmEAFN ue, zpw(k > 2), IS
K w1, @2, T, T, FEH v E G RER F ANEDHRIAEE. KW F R NS —
M, WS o, EFMES AR, BE G BAITE G et/ 3 EEE. &0, & G RE3
A, WL 2 S8 S G — S ANEE. BW S N {v,z} #0.

XEFE ST = {z,0}, W S = {z1,v} &2 G ) 2 S5F, X5 G & 3 ##EE, ¥ &
reSvgS &S ={z,yty#v, Gy=ubt, S={zp,u} EGH2H%, TE Yy=w
B, S={z,w} B2 GH2RH%, FE HaedSves &S ={vyly#z WS={vy}
&= G2 EE, FE.

G AR 3 HEE, W G Rl e, G —e {5 3HE. BT e FAIRER =
H LRy, B G — e XN ZHARE R G R LR, S, FARRIRE B G —e) 13
& 3 EEE. NI, e & G RRNERD, X5 G @ 3 EEETFE.

T F VTR e 2 A T BT SR 2 N, B AR AR 3 EEE .

2). MEIRIEARDFOHERA D LAY 25 0m.

(1) B E R EEA SRR A B .

W G 3 IEEE, » & G PATHERE. 2 G =G -2 MR 1A, G itk
/N3 IEEE]. W e =wv & G RRYEEARDL, N G HEEE (v} W3 E#E S BT G-xf)31%
W, Il a¢ S B, 7G-S M—Mad, &h A XEH o & G FeyrTikeR, i1
K GIN[z)] =2 K1 3. N, # N(z) = {a,b,c},ab € E(G), BIR ab & G ByEEAD. WIFEH 5,0b
TEME—— PN L. T G —o A 2 BN, X5 G- i3 E#lrE. Bk (4] > 2,
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M G A5 3 ME S D {u,v}. TH& e A& G PRYREAETWAEIL. BCF f(G') < f(G).

(2) B X EIEEA SRR A B .

FZEMN 3 EEE G TR NUE F, WHEOA v, B ve, opw(k > 2), B
KN w1, w0, op, FHH v TE G B F AMU—530 e = vp RHR. K F B9 W EAER O
g —r. B F BT WA O G R v, AOTESHOT e SRR, | Tix
BHEXTE G IR G FErEEA BN AR SOE, B, G X Al
TE G HEEAR. THEITE e. % e & G WEARDN, BR e RNE G FHEM =B,
T GHHEEE {v,p} 13 5E S ={v,py}. &G-S PR A HRWDIHHA B,
AN {u,w,z1, 25} #0# BN{u,w,z1,- -+, 25}, BT AN {u,w} #0 # BN {u,w}. BHF
G HENELN F BN 3 ZWNEBAFACH v —w ¥, BT y & {o1, 20, -+, i}, T {v,p,y}
= G W3 EE, B, e NE G MRIETIRAEE, H e 7E G 5 3 ERUSCHE, B, e
G WEAN. BT, EXMERT, G PRFEREAREE G B, NElE ¢ F
A, FE f(G) < F(G).

(3) BH =X EI My HEA I AR RE AT B .

W F 2D 3 EEE G AR LR, HEODA v, B3 vey, opw(k > 2), PR
A w1, x0,- - ap, FEH v 7E G HER F INRDBZDRER. FH F AN SRS —H,
WIZREA o, LA ED R, BE ¢ AT, G e/ 3 ElE. TEaw
FEIE LA

O #F av & G WAREAR, N zv —ER ¢ WFRHEASEN, & G = G' /v, WE5
W, G ARG v REREEAIDAE G REHEA. THIEH G 5 v R EARNBTE 7
A, W oo & G AT, W r # o BHITE G 2R P MG v RERY— kA
B T da(v) >4, IR 4,da(r) = 3. T di(r) = di(r) = da(r) = 3. rv 72 G’ AT
Br, 7H G B ¢, B3| G" W, #EAFERAETWAEL. B2, G PERILETE
G" B, —EtE ¢ A, W f(GY) < f(G). THRSE G F uv,vw ZAAH
Br MBI ILATTH:

@). wo,vw 7E G” HEATIMER. WA G &t 3 3E#@E, W f(G”) < f(G). & G”
A RIRR, WIESIEE 3 41, "IMBRS v KB, FHHB LERHE, G PRIRTERS
e G h— SRR, R sv & G PRI ATW A d, T sv 76 G HZalHER.
BAR di(s) > 4. & G* = G — sv. HEESE 6 MG 4,67 AL JARERECY G* HfE
HATW AR, FFHXEERIETE G b vs TER—D =3B, AT vs £ G FRTEARfT =34
B, B s 05 u B w FHAS. AR sw € E(G), & sw & G HidEAt, N G 3 &
#T O {w,s}. WRT W G PEE {w,s} 73 5B swTE G PARRRATWLEL. X
da(s) = df(s) > 4, HFE 4,de(w) = 3. Fi& di(w) = da(w) = 3. sw 7E G* FATMER.
sw g G* FIEAN. BSEH, G ARG v, s FERAIEADEE ¢ P, R G
AN, GrLEFE, F f(G) < f(G). & G P ARG, WEE EiddE, EFEE—1
e/ 3 #EE, wh G. B LERTRA:  f(G) < f(G).

(ID). wv, vw 1E G” FRBEMER A —2&. ARk, 'K G FHER w 5, vw AATJH
Br. 2 G =G —w. ®eld GHRY x(i=1,2,--- k) REKIAE—IL. BT G 2 3 3%
WA, FTLlG-eF2HE S TRSHWEGC —e®2 {#. HaoeS, &S ={z,y}, M {y,v}
B {y,w} & G —e Wy 2 JF. NI e 72 G* PATFMER. & 2 ¢ S, & G —e— S WHDI
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AR A, B, M| {v,w} € AUS B {v,w} CBUS. T4& S & G —e iy 2 fiH. WM e 7E
G* HHATMER. X vw 7E G* ATIMER. 8 G* Bt/ 3 EEE. THIE: G HiyHEs
AT G I, MR G WAL, B, G FARY u,v,w REMEARLIE G 1y
HeA.

(1). & ut & G M —KEAD. HM w e ¢ PERH. T2 & FF 3 8%
So{u,t}. S ={ut,y}, BRt #v. Fy=uz N {u,t,0} & G Py 3 SE|, ut &G PR
AIARIL. oy # o, WG — S WP A B, M {v,w} € AUS 5 {v,w} CBUS.
Ti& S WE G 1y 3 sl T wt AR G* 7B AT 4R

(ii). ¥ vs J& G FAFER F LW —&HAD. HmiE ¢ PeEEsd. T2 ¢ F 3
BE S D {v,s}. WS ={v,sy}, BRtAuw FHy=uuz N {v,s} & G FH 2 HE, vs&
G* BARFIWARIL. &y # o, WS W G 9 3 s NI vs AE G B FRTE TR .

(ii). ¥ wp J& G FH—FFEANL. [F_EFHE wp W2 G* iy —FHA .

gGiLng, BATE F(GF) < f(G).

(II0). wv, vw 7E G FEHKIKINER. 2 G* = G —wv—vw, W G* = G'—z. Wil = & G' WyAT i
Bred. iR 1L,G* 5t 3 BlE H £(G*) < f(G') = 3. #HMA f(G*) < f(G) -2 < f(G).

@ # wv & G WA, WHEENE F AR TR F. B8R, X G FANRY
v RERMZEEAT, WIEAASBUR BN EABIER, B G PR XBEREANTE ¢ PR E
AN, KelE G o RBEHATER F ERHEAD, mEEE3H, e ZOH5—4 3 Ak
B M@ WIERE, e ViR SIXA 3 BEROCER, HAFGIEM e 76 G PUSATT R SI4E, N
M e & G WHEAD. WHE f(G) < F(G).

THEMMRE G =28, & G #HFNE F, LEOHK v, WA z, Psmissmlh
ur,zw. % G' = G/uz, F& v,z T G PRIES ESIHCH u.

@). do(u) > 4. & vp & G PRT ve MEEARDL, HEIH 3 41 vp g G BHEAR. &
e=wp & GHPHEAR, N G-cF 2 8%, RS BR, wHpTEG-—e—-SHHIA
FRr 3, AR w FITER X A, HRPSWIFA B, Ml p € B. BT ur € E(G), Frk
ur € Eg_[AUS], Bl uz € Eg_.[BUS]. \Ti, G’ —eHH 2 5E, HI, & G HATH
Brif. WS 50 A& G FRIRIEETIRAEIL. T e 52 G WA, ' f =ru & G gk
A, TRG-FA2E%, &HS BR, r5ufEG—ru P PNRRESSCH. & r PrTE
WA A, HRSXWIFA B. BT da(u) > 4, HIE v € B, AT |B] > 2. BT ur € B(G),
Frlla e SUB. Fa g B, MG HH2 4%, 56 Z23EETE &HreB WG —ruhh
2 JE, B, ru i G RRETMBRIE. XH S 5e AN G R AWAEIL. B, e g2
G W EAN. MEIE 3R, G HERTH uzwy REKMEADSN, HRAEWEARBE ¢
AR, B2, G HER o b, HRIFEEABTE ¢ ReiEss, JEE ¢ F-Ew
AT BRI R AT REZ: wo, uw.

(i). % wo,uw 7 G FECAFMER, W f(G) < f(G).

(ii). % wo,uw £ G FHATMEBRHAE—5%, AR, & & FHEMR w. £
G =G —uv, W da(v) =dg(v) > 4. FW, GHARYE u RERMEEAILIE G PREAN. T
IE G 5 u R EAHTE G FHIREAD. &’ us & G PAW—FEADN. BT do(u) > 4,
M99 4,da(s) = 3, TR di(s) = da(s) = 3. us 1€ G" FATME. HWA f(G") < f(G).

(iil). & wo,vw £ G’ F7E G FERERMEE. 42 G =G —w —vw, M G" = G —z. i
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o & G FEYRTMER A, BER 1,67 T/ 3 EEEE f(G7) < f(G) —2 < f(G).

(II). dg(u) = 3. #& Ng(u) = {s,r,z}, HFIHE 3,G ARG u,» REKMERBE ¢ F1E
HAH, HH G RN IMER RS o RBREVYSRIE su, ru, wo, vw. T H 2 HEEM
BREAFM—2%. TEMES TR

(i). & su B ru 7€ G' FRIMBR. ARt & ro ATER, 2 G =G —ru. BT G H
=i, Bk G RuRZHIFHA =] {u,r,v}, {u,s,w}. BT 4, FHE ro,uwo IFH
AIREAEN G W AREEA. & rv € Eq HJE G HIEARD. T da(r) = di(r) > 4, RIS
4, H di(v) = dg(v) = de(v) = 3. B ro & G BIARTTINERDE. XER ro & G FHRyEEA
B, TR GHEHE3HEE SO {rv}. WS={rvy} &y#uz Il SEEC hREE {rv}
B3 mE, ro N2 G PFEERAWSES. Hy=u, M EGC-SH—PAXLAH, BT
v ¢ Eq. B (Al > 2. BrRA S g G” ey {r,v} M9 3 &H8, ro A& G7 R BRI
@i, #F oy =, FLEAE ro A& G RRYRBETWSEL. Bz, |ITE f(G") < f(G).

(ii). & wo 8 vw 7€ G FAIMER. AR—MetE, ¥ wo FHER, 2 G =G —w. KO
ATRAERT f(G") < F(G).

3 EIERVIEEA

W G RH k(k > 3) FAEEA HiECh m B/ 3 JEEE. HATME G e
BWEE k #TIHGNER. EARIEVISG A, G BEaERME X r#Ei. M Ta¥ie, &
B — 5 LR TR SRR DI — s, R RO . TR B, FFEER
i —A LR T R DR — S, X BN, B, 4 k=3 B, 4
WL RN k< n B, FRoL. BMEE—NEZE n FAEEADMIN/N 3 7438 E# AT
e —RFiIEH—. = ZHEERRNMAE. THIER, X4 E=n+18, Zietng
. WGB3 ERE, f(G)=n+1e(G)=m>k=n+1.EFm=n+1, 8l G P&
WEEARREAL. ER—il e € E(G). BT e & G FRIEATAEL, 76 G s e, FHEE
TRy AT BRI ERJS, BB NE G, W f(GY) < n, MIARE, e G BGL, WM
X G WL iR f(G)=n+1,e(G) <mbf, FREHML. K f(G) =n+1,e(G)=m. Xt
B G ifr—FRAiEH— =, = (1) 5, B—WNE, &8 G. HETHEAREH, G 52
By 3 @A, FHH f(G) < f(G) B f(G') = f(G), e(G") < e(G). HAERE, S5RXT G AL
3, IWGERXT G . FHETLMEE, B G FFE . SFHF—A R iz E =
(2), BE G, HETHAEHE f(G) < f(G) B f(G') = f(G),e(G") < e(G). AR, 4L
X G AL, ANTZEIRA G L. O
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Minimally 3-Connected Graphs with Exactly £ Non-Essential Edges

LIU Yu-xing*, SU Jian-ji?
(1. Dept. of Math., Ganzhou Teacher’s College, Jiangxi 341000, China;
2. College of Math. & Comput. Sci., Guangxi Normal University, Guilin 541004, China )

Abstract: Let G be a simple 3-connected graph. An edge e of a simple 3-connected graph G is essential
if neither the deletion G\e nor the contraction G/e is simple and 3-connected.
For essential edges of a 3-connected graph, Tutte obtained the following theorem.

Theorem 1 Let G be a simple 3-connected graph. Then every edge is essential if and only if G is a
wheel.

This theorem ensures the existence of at least one non-essential edge in every simple 3-connected
graph that is not a wheel. The existence of non-essential edges has become a powerful induction tool.

Oxley and Wu proved that if G is a minimally 3-connected graph that is not a wheel, then there
are at least three non-essential edges, and characterized the minimally 3-connected graphs with exactly
three non-essential edges. Reid and Wu also determined all minimally 3-connected graphs with at most
five non-essential edges.

In this paper, we use a quite different way to solve this problem. We prove the result by constructing
all of the minimally 3-connected graphs with exactly k non-essential edges through several operations,
starting with a wheel. That is, firstly, in a minimally 3-connected graph, we define the following three
operations:

Operation One: Deletion of any deletable vertex.

Operation Two: If the hub of a non-trivial fan is incident to only one edge out of the fan, then
all the inner-vertices of the fan and the hub of the non-trivial fan are contracted into a vertex. If the
vertex is a deletable vertex, then it is deleted.

Operation Three: If the hub of a non-trivial fan is incident to two or more edges out of the
fan, then the non-trivial fan is transformed into a triad (that is, in the non-trivial fan, we contract all
arcs and delete loops and multi-edges). First, if the three edges of the triad are simple-contractible, the
simple-contractible edge that is incident to the hub of the former non-trivial fan is contracted. All the
generated deletable edges are deleted in turn, till there are no deletable edges in the graph. Secondly, if
there are exactly two simple-contractible edges in the triad, then any one of them is contracted, and all
the generated deletable edges are deleted in turn, till there are no deletable edges in the graph. For any
non-trivial fan. Operation One is applied on any one of contractible edges chosen from the fan.

Then by the above operations and the operation of adding edges, we can construct all minimally
3-connected graphs with exactly k& (k > 3) non-essential edges, starting with a wheel. By induction, a
minimally 3-connected graph with exactly k (k > 4) non-essential edges, can be transformed into a min-
imally 3-connected graph with much less non-essential edges by a series of these operations. According
to the induction hypothesis, a minimally 3-connected graph with less than k non-essential edges can be
obtained from a wheel by the inverse of the used operations. Therefore, a minimally 3-connected graph
with exactly k& non-essential edges can be obtained from a wheel by the inverse of the used operations.
In this way, all minimally 3-connected graphs with exactly k£ non-essential edges can be constructed
completely.

So, we obtain the following main result of the paper:

Theorem 2 Gy (k > 3) can be transformed into W through a series of Operation One, Two, Three
and the deletion of edges. Hence, Gi (k > 3) can be obtained from a wheel by the inverse of the
used operations, where G and W are used to denote a minimally 3-connected graph with exactly k
non-essential edges and a wheel, respectively.
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