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Abstract

Weak degeneracy of graphs is a new definition proposed by Bernshteyn and Lee. It
is the variation of the degeneracy of graphs. By definition, every d-degenerate graph
is also weakly d-degenerate. On the other hand, if G is weakly d-degenerate, then
X(G) < xi(G) < xpp(G) < d+ 1. So studying weak degeneracy of some special graph
classes is beneficial for us to better understand the properties and features of graphs.
Graphs with crossings are a class of graphs with a larger scope than planar graphs.
In 2011, Dvoiak et al. proved that every graph with at most two crossings is 5-
choosable. In 2018, Jianzhang Hu proved that every graph with at most one crossing
is 5-paintable. In 2021, Xu’er Li and Xuding Zhu proved that every graph with at
most two crossings are DP-5-colorable. In this paper, we prove that every graph with

at most two crossings is weakly 4-degenerate.
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1. 5|8

A SCE A B E R R, BPS A A EiA R E. ATV (G)F =BG T &
£, B(G)ErBEGHLLE. HHEGINTIH, WAFILEA TSR, WHFRAZIRN B — N
X. EG MR X R E GNP, LD 58 XL e Aer(G).

Erdés F1Rubin [1]/M48 T FIR BB RBES UL KRE . G &2 — 1B HC 2 —MEitgEs.
BMIFRREL - V(G) — 22 KEG ER—ANFIREE. Fealth, 4L X TH— Mk € V(G),
|L(v)| = k, BATKRLZEG L — N E-FIRELE. HHEME—NRES: V(G) = C, (RN TH—1
Tii v € V(Q), ¢(v) € Llv) AXTH—2%buv € BE(G), ¢(v) # ¢(u), WHKe =BG —A 1151
gt HEGRL- V. kR — L M TAERGRAI R EL, Hrf, L2 x T8 —ATi
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s e V(G), |[L(v)| > k, #EG BRL-AT ), AR EIG R - AT 5ik-F1 R T 441, EIGHIBIER
R UL R & SO BN B k, (R Gt k-vTIE ), Flxi(G)FEoR.

DP-Z (0 2 H R Gt iy — 30T, £E2015 4F, N 7RI AN 54 B8R i) ~F T K 2 3- Al k11,
Dvordk FlPostle [2] 5I AN T DP-JLE M. 7E2018 4, Bernshteyn FflKostochka [3] $#2H T DP-%¢
.

LLEEGH— MR E. X T8 —%lw € E(G), ®Mp ., NEE{u} x Lu)fi{v} x
L(v)Z AL, 2Mp = {Mp ... : w € E(G)}. # B Hpw 2 ULT %48, I EH G —
MM B

o HiMTH RN, cv o) ({u} x L(w));

o ST TR Ay € V(Q), {v} x Lw)SHH FH—ANEaeTHE;
o #iuv € E(Q), {u} x L(u)M{v} x L(v)Z I §JH M, .. 11325
o Huv ¢ E(G), {u} x L(u) Fl{v} x L(v) Z[AEHIL.

LG — MM - T IMSLERT W 2| = |V(G)|, MFRTRGH — MM p-Geth. % T i
AEGEME-SI R ELU KL EREEM-E 5, BAFE— DMp-Bets, MARGRDP-k-7] L.
KIGHIDP i e SO NSk, 15 GRDP-k-1T 31, Hxpp(G)RTR.

FERX R SCE o, JATWFIC 1 B G (i) S 28 0. AR ST 3R B E R R I A B B G — AN T
HEATH E Rultf, WL(u) P EDE—MEERBE, thila. WL, 8 7R ERIEE K, JA
WA E W] RIS R R Bra. BRIE, o BB BRI ZIR RN AT B2 01, TR Il
FIRRFFAZ. WRAE B D B — A s ISR KN ZI0 (BN EES RGBT B 2 B0 H
—ARRTHRIEUES), BAFNTAGE] T GH— A IEH Gt XML VIR IS

EX11 KGE—THEUKEES : V(G) = N, X T fiu € V(G), FAE L—FAEH
TE(G, ) EREAE “MIBR(G, fiu)” DAEHBEER (G, ), K, G =G —u, B :V(G) > Z
N

Flo) = flv) =1, FHuv e B(G);
flw), He.

0 A B (0 R KPR T, B R0 € V() 55 F/(0) > 0, T ATRATHZ “MI” 1l
RATAHY. RRAT A s RSV RO A I ARG I T, TR R
BIGR fRAL I, 5 f R s sed, MIRREIG R BAL . FGHBALRE B SN RN, 1
BRI, Fd(G) 7.

KIFIDP-Fe AR Yt — AN XG5 FEFIR R, WRnZHBE, A Axi(Cn) = 2, WHRn
AL, M axi(Cn) = 3. (BEDP-Betarh, XFFFrf HIn > 3, #H xpp(Cn) = 3. Bk, WATHEZ
AT LS I B S AR Qe L R A — LB TTR “ORAET LR PE, TR B xpp (G — LT IS
PR, SXRARAERAY, R, AT T — iy S E AR 58 KI5

&R € V(G), Blw B AL E. — SOk, mREANTGude—Figithc, M Awnl feaRkEH
e, (HAZ, x| L(u)| > [L(w)|, Bk K biu BTG 2. EXMELT, Llu)h—Ef7—
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ANB A BEL (), 3 H A FRATHE BT Srudf R &L (w) (448, w40 T A
3k £k & —Fhgis). BRI R, AT A0 “BRAF” T — BB, Bernshteyn MLee [4]
BT LR E X
ENX1.2 HGR-ADEUEEES : V(G) = N, X T —%buw € E(G), ¥k, TATE L—

FHEFLE(G, £) ERRIE “BIRARTE (G, fu,w)” DAURHBMEL R, 1), Fih, G = G — u, ¥
B V(G = ZN

, {f(v) —1, #Huw € E(G)Hv # w;

') =

K

AR f(u) > f(w) HE A5 2000 B2 AR 000, A JATRRZ “IMERORAF” A2 A 2.
R PATAT U — RIVH A RN MR S “IBR IR A7 8 LG A B 5L, B4 3RAT
FREIG 2 f-55801). 25 fre W E R Ed, MIFREIG2d-391R8 101, G I S5IR I FERE & SN B/ 1) 5
Hd, H1FGR-FRBH, Hwd(G)FoR.
E—ANERS C V(G), WRING, fIFh, RS RUOGE S A R “MIER” R AE %
i, B AT PUE S — R AR A RN MR K “MIBRORAE” #RAE LA, IR A ARG R
CORS-F-59IBALIN T L Rk, G 2 IRV (G)-f-55RAE)” M HAUHG =2 f-IBAL.
Bernshteyn FlLee [4] {EBH T LAF i :
W13 [4] XMEREG, # e

X(G) < xi1(G) < xpp(G) < xprp(G) Swd(G) +1 < A(G) + 1.

X B xpp(G)ERGHIDP-tEL, xppp(G)RGHIDP-FELTLHL.

16 (4], {E#AE W) T Brooks B (11 39 R (LA AS: WHRGRE —ANRAJEA > 3k,
LGR(A — 1)-FHBL G = Kayr. GDPRUE i — Mot se 4 Bsk# — 8 ki
B, 76 [, fERIEE TR A A A R -

o GR(d— 1)-53R L1,
o GRREGDPH.

PEEIRIEN TS G ERLE 2D Nd > 3, BAGEE —N(d + 1)-HlEi#E

d—2

mad(G) > d + Frod_2
FHIUEW], EH MR A IR ORAE” AR 7R R BLIE LA R LI B 1994 4,
Thomassen [5] UFEBA T FrA -1 1i0 Bl & 5- i & 15 2015 4, Dvordk FlPostle [2] WEBH 1 FrA i1
FEDP-5-1] 44f]; 20214F, Bernshteyn MlLee [4] $2H T 5518 4b B MR, FRKHEIX — 45 k4T N5,
AR B T BT T B2 4-558 40 1. 2022 4, TN [6]7EBernshteyn fllLee (14 A2 I
HE—BUE T A Ks-1 2N B2 4-55 1840 1, [ IR UE B 1 4- 18] 55 5-FEl A AH 21 1 1 B A2 3- 55 18 4k
(7). 2023 4, F¥ [7JUEB T A S 4-F8 5 6- Rl i~ 10 B2 2- 551840 . 2023 4, #hE855E N [8JUER] 1 H
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K5 T e 2- 55 IR A 1 LR BT T 18 52 4- 55 R AL .

2011 4, Dvoidk & A\ [9[UEM] 1 & H 22 W38 R ERS-AT k. 2018 4, B [10]iE
AT S5HEL N X ERS-TEL TR, 2021 4, ZFHIAURL S [LEH T 8EELHAK
X B EDP-5- A Jeff). AT 7 R S5 R, TERT R g B

EIB1.4 X XHEZ N2 K Z4-591B 10 Y.
2. 2L EB2NMNREXHER4-551R1LAY

EHE2.1 [4] &K= (G, Foaoy): G A THEE, FRGH M, cyeF L%
. KT G AT (G, Fay), £ forey  V(G)\ {2y} > Z K

) 2—=[Ne(v)n{z,y}, veV(F)\{z,y}h
fa,pay(v) ==
4 —|Ng(v)n{z,y}, HE.

MAG -z —yf& “BR(V(F) \ {z,y})-fo.ra, FHEILH " .

#it2.2 WGE—MEEE, f e NOEEXIEV(G) LR #HAFE =00 (G, F*, xy) LA
F— RBVE P A ERTE(G, f) B “BIBR” R “MIBRORAE” B AE, 151X — RIIRIEM S
R(G, [VHRG =G —x—yLf' > far pe oy, WAGHS- JFRILH.

T RAUFBHETEL.4, TATUE B — AN 5 1) 52 HE.
EIE2.3 WEGHL:
o cr(G) <2 or

cr(G) < 1HGHEE—ANERZMIET = titats.

W € NV 2. TR A € V(G - V(T)), f(v) =4 — |[Ne(o) N V(T)|(EHER=
FIET PAAFEAE, V(T)) = 0). IBAG — V(T) 52 f-551B4011.

MERR A EER2.3A L. AT & S A8 OB /N L IR R U D>, R TR R IV X
BI(G, f). FER, GERPGEMN X TAERET A0 € V(G - V(T)), dg(v) > 5

5/3#2.3.1 or(G) > 1.

WA B®RGR— N THE. HEE23MB R KETH, GRS —MMER=MFET =
titats. AWERTRG HANE. 2G* = G — t, F*RG AN, Faltth, tots EIF* . EREH,
(G=V(T), [)iRG =V (T) =G* —to — ts LA f > for petar,. HIER2.20TH1, G — V(T) 2 f-55318
1L,

51382.3.2  HAE—A2 X ER4-55 1B 10 1.

WERR R er(G) = 1, BIEEIGRE — 1N XC = {x1y1, voye JHISF IR, FRATA DI 1524-
Blxi 2oy 1y AGHIAMNI HG — CHRINE & — DN =M. 26 = G — 2 — 2o, F*RG*WAMI. HF
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B, gy EHF b W (G, f)RFE(G, f) EARKAER “BER” $R0ELise, yr, 20, 2 JRIER. I
BEL (G f) WRG =G —yr — 2 AR > far pe gy, HIHER2.27T R, Gr24-551RAL1.

WA R 2B = TS RRN “fERmA” . m53E2.3.20 %1, v LU & BGH A7 E A
PRI - B lcer(G) = 2, BEacer(G) = 1 HEIG BE& — AN EBR=MAET. [FHE —Mis
Bl G2 SCE i/ 1R ~F- T RN

5132.3.3 HI LR =AILTHAE, IBAE(T)h A& XA.

WA AT = wow. B BuoflBzy X. 2GT KHAHISEGTHH S H -+ E.
LGy =G\ (V(G\V(T))). XTI, Alike #wHx € V(Gy). HF|V(G)| > |[V(Gy)|, FATAT LA
B —RIWERAE(G -V (T), £)FFPRA R “MER” LU “MIBRORAE” ##7E £V (Gy) — V()
BETA R 2(G, ) AER— RIS R, 2G = Gy —u, F* 2G* M. FEnl, vwfE
MF*E HTer(G)> 1,z e V(F*). HEE, (G, f) WEG =G —v—wbll & f > for reuw. H
#it2.2 AlH1, G — V(T) =& f- 55181k1).

BRCRGH A, 2G RCH LR NS EGH 3T B, Gy ACTH L IHAMNE
MTREGH R TE, Gt NGy = C. HCOEAFELZXHV(Gy) £ V(C) # V(G1), MFRCAHGH)
#/[\ﬁjkl%#, *ﬁGH*DGzy‘jC-%i-

5|1#2.3.4 GAEESHE =M.

MR BGTHED B =MATRC = zixoxs, RCGIMG NGHIC-73 3. HWA “faligiL”
HAE R —AC-2r 32, WIS, AYEZC- 77 NG, HTF|V(G)| > |V(GY)|, AT EAE %
X Gy = V(T), [T —RIVEF A0 “BBR” DL “BIBRRAE” #BAERERG, — V(T)H W
Frf R, dEM 4k 82047 — RVVE P A RN “MBR” LR “BIBRORAE” BAERERG, — V(C)
AT s, HARC AEIERG T LR =M. B “fERME” AER—ANC-93Z, R
WT C Gi(EMEBR=ZAILTHEE). HT|V(G)| > |V(G)|, BATATLLE S5 (G — V(T), f) 37—
RYVE P HIA R0 “BER” DL “BBRORAE” Bk HG, — V(T T A L, ki gk edh 7 —
RIVE T HIA 0 “MIBR” LR “MIBRIRAT” HAE R ZHG, — V(CO)FH A s, o LLEE
RGP TR =M.

[FIE, ATUETS Tk 9] 2.

5132.3.5 GR2-EBH HA7 {u, v}RGH— D REIEE, I Auvit s .
BEAh, BATETT LIS B Grp i) 7 1 4- T fi— Le fR 1.

5132.3.6 GAEEPA “falti i fEFM K 24-ElC.

WERR B GHAAAEM S “fElat B ERIMIE 73 B54-FC, 2 G MG 7 7l RGN A
TC- 43 3. MR, AR “fERE” f£GH. H5IHE2.3.40 41, C 2G, T F H .
RIEG Wt/ M, AT CLE 26X (G =V (T), f) AT — 2508 PG 300 “MkR” CLE “ B frA7”
BAER LG, — V(D)FRIFTE &, 2 LR BIENER NG, f). G =G, — 21 — 29, F*RG*)
AN R, 2wy FEIE* b FEER] (G f) WREG = G — 23 — 2 VLK > for preopge,. HIE
w2.2 WA, G — V(T)s2f-55B L.
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5132.3.7 AMFEET WA XL

IERR BBe = wo5ide; = w121, e = wezy X, MINAAFAET LR =MILT. TAIRIES
ey, ex PR I T A HOR G RS LA T AR L.

HAAE RwS ey, e¥I 0%, Blwy = wy. FATAT LIS (G, fYMRIRBEATA R “MHIER” AR
LR R w, v, 21, BN FIRES R (G ). 2G =G —w—v, F*2&G* WHEARG K.
FeRIH, 2020 FEHF B ERR], (G, f)HRG = G — 21 — VLS > for posyzy. HIYER2.2 7]
H, G — V(T)xf-591846 1.

GAFE RS e, e 4045, HT G s R B/, FATAT UE#C = vwiwavzez £
— KB N6 BB HL AN AL T O N 8. B 51382.3.5 AT AI FERBIC P S ASAE 7 T A
%S = {u,wi, w2}, B AMFE ST AR ILE S EH BT R LS. BOARAC ERT R >
N5, HH5(382.3.4, 5|382.3.50) & 5|382.3.6 01, BNV (C) = (. #7-{EfHz € B, ii4E5/382.3.4,
:ﬁ%ﬂiuwlx Twiwe AT HIA T, XEKWde(w) = 4, 5EG Ms/DNEZRD AT IE. HIi,
= 0. AT LA (G, FIRRIHATA R “MIBR” 454E R 2548 flu, we, wa, 21, 20745 ZIHH N R4
(G, ). BG* =G —u—w; —wy, FFRRGIHENZGIIH. Frallh, 22 Bl F* b, FEE
(G’,f’) WG =G — 21 — VR f > far po 2z, HIHER2.2 FIRI, G 2 f-551R4LH0.

3|382.3.8 cr(G) = 1.

HERR B &er(G) = 2, lle = xwg MU = yyotHHEZX. X = {z,20,y,y0}. TEEIG —e— f
HHES I — AN Kot HAE AR o S X I Al 42, Frfs B EE NGy, RS, or(G) = 1HH
TFGRID BT RN B, o, y38 8. BT, = zyv NGy KITREB= AT LL R f, € NGo—V(To)
W2 MPERT R € V(Go — V(Tp)), f(v) =4 — [Ng,(v) N V(Ty)|. Her(G) > er(Go)FIAT,
Go — V(Ty) & fo- 59 BMHY. D], FATA] UAE(G, f) BARKEAT A R “MIBR” #4E k2%
S, y IR MM R(G, ). BTG = Gy — V(Ty) LIS = fo, G' 2 f-551B 161, A,
G7& f-591R 1.

R BTk, TR A TUEMTHEREN. 2X = {v1,v0,v3, 04}, H, e = vjus M f =
vovy HAHAE X EE?FE]GE*A A H R 2 W S, DRI T 3R 5] B RS

3|382.3.9 GX]E—A1xEaA.

H513E2.3.97] 1, vivavsvg & — MU oy, g, vs, vafEIZ VY B LB EF D7 FARID. 2t 62, 3 NT
T B 7 AR A =T AL

5|382.3.10 2h = wwNilleBIL f. NS wE 2y, v, Mw € X.

AR BSw ¢ X, WA {z,y} = X\ {u,v}. BT Boury, wuyo FIXTFREE, 57 AR5 5% 5
Al R 5t ILE wuao T X e, P 31382.3.6 7150, Blwuao R4 B, BAUE, T
Mo U2 24, RE5EIGHR/ANERDRST)E.

51382.3.11 EGAEHE4-EC, F13V(C)n X]| > 2.

WERR R BGH A1 7 B4A-BEC, RV(C)N X| > 2. HTCRAEE, CHFEER
X, RGGNGHIC- 5332, KX C V(Gy), 2u,vAV(C)N X FHIPATI . 5132.3.6%
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(a) (b)

Figure 1. The configurations of Lemma 2.3.12 and Lemma 2.3.13
1. 5|32.3.12f15]382.3. 13+ (4514

GG, TS —A “faRiil” | h5|182.3.9 [ %1, u, vEG.H 4%, 5|HE2.3.6% Huv
RN, F65132.3.47H, wtC EM—%UHCRGH—1NFHE. 2X = {u,v,w,z}. &
Ke—Metk, BRAVB X FECHINER HTAECHIANE. RIEGHIBNE, FATAT L JexF (G — V(T), f)
AT — RYVE P “MBR” DL “BIBRIRAE” BAERERG, — V(T) TR S5 204
MHEEELE R(G, ). G = G —u— v, F*RG WM. Feali, weEmF b JF&ER, (G, F)i
BG =G — a2 —wlh R f' > for peoaw. BHHER2.2075], G — V(T) A f-551BLH).

51382.3.12 V(T)AMXAZ.

ERR Bu € V(T)N X, v € XHuv &AL, WEIL(a). FATAT LA %0 (G —
V(T), f) BEATA R “MBR” #AF R & i iP5 B N I ERAE S R (G, ). G = G —u—w,
F* G T E AR ZGHITE. Frali, tot; EHF L EER, (G, f) WEG = G* —ty — 3L
Bef' > far petar,. HHER2.2 AR G — V(T) 42 f-5518 161

51382.3.13 ANfEfEit, 15t € V(T) Hv € X.

WERR AR, Ritiv e — KA. S = {t,v1, v}, JWEL(D). BT vy, vy B FRE B
51382.3.10, ALt 00 ¢ E(G). — ARy € V(G) \ V(T) % 5SH A TR S8, WIFR sy
— ALY . BRIAtv, € E(G), Blhug AR “HELST L dt— 0, #ties ¢ BE(G), A HS]
12.3.6 A &lvg, vy TEDA DR EEARELA, FE. B, oA “HELE" .

BREARAELE BB A7 . RATFTLLLE(G — VI(T), f) -k U 7 2000 “IMR” B 1 ok 32
B o, v JERRR MR S B(G, ). G = G —th — vy — ve, F* RGT{E R RGHITE. H5 5]
Hi, ot fETF® b FEREEL, (G f) WG = G — s — ty VLS > for ponne,. BIHEIR2.207 f,
G — V(T) R f-53iB LKA,

BRBAELE “HELE” y € V(G)\(XUV(T)). HRIE51382.3.4, tv1y, v vy &2 I (L, B Ty
A HA “HELR” ) Hiyve ¢ E(G). 51382.3.11 KHuy BEA St A 5t 484%. 15, FATATLA
1E(G = V(T), ) LB “MBR” BAER S0 FIRBHMNE R (G - V(T) — vy, f1). K, B
T fi(ve) =3 > 2 — |Ng() N {t1,t2}] = fi(y), BATATLLHAT “BIBRIRAFE (G — V(T) — v1, f1,v2,9)”
KL RN AR (G, f). FHER, (G, f) WRG = G —ty — t3LAR [ > for petpr,. HIE
w2.2 WA, G — V(T)% f-558101.
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é\P = p1p2 - - Pkﬁi#%ﬁ%a ;ﬁ\:qul € V(T)) D2,y Dk € V(G)a Pk-1,Pk € XHPJ:Z:X?E?E
X, WE2. A& BUE N2k — b, Hr
y_ J b Pr2p € E(G);
0, HE.
AP C GN—FPUEN/NO. H51382.3.130 51, k > 4. 2P = pips...pu_1, K2, P &2—%

S, BN P —FAUERE DT, AR—E, Bip =t TP A—FBUER/ N,
g iR =2k 5] #:

Pk

Figure 2. P and P
2. PRIP

S1382.3.14  #ip;,p; € V(P) ¥R v € V(G) \ V(P)IMALEE, M| — j| > 2.
31382.3.15 v € V(G) \ V(P)EZ5V/(P)HHI=A Ak R
51382.3.16 #siv € V(G) \ V(P) HBIF5V (P)HF R =A 484z, Wo ¢ V(T) U X.

#iv € V(G) \ V(P)5V/(P)HHI=A mARE, WE Lgp(v) = pi, Fefipimiv fEP LR =A%
Ja T HRRRIR IS, o € V(G)\ V(PYEZ5V(P) B AR, W5E Lgp(v) = v. HFET#
% PR B, AT LIk g p (v) FTE g (v).

51382.3.17  Hu, v 2V (G)\ V(P) THANARK A, Wg(u) # g(v).

WERR  BEAEEV(G) \ V(P)T DA FE R, vl g(u) = g(v) = p,. g # k, AR
51382.3.14 7] A1, u, vt [ 48 Hpy o, py_1,py. PRI, 1X 5 5(382.3.45(5|382.3.6 T Ji, Hitg = k.
H T PRIERENE, Frfu, oBI48EE R B T{pr_3, Pr—2, Ph—1, P} HEI1H2.3.409] F1, u,v AR
S 2882, DS Eepe s, pr_o, D IRHESI3E2.3.6 DL T|3E2.3.11, Elp,_opr_1pru HRETT
E1E, Rk, H513E2.3. 47 v A,y A3, Motp, 24845, Hpy_opr_1prost 73 BSHE, 7 JE.

FATIAE Z KB XNG — V(D) f)IEAT — RIVE FP 1A R &% i B AE 15 R 45
R(G, f)i R HER 2. 200 BB 1. BATPRHRVGEIE A A 2 R E £ P LI A

5, WATHEAT — DA RN R AE “WER(G — VD), f,p2)” IR EAIESR(Gs, f3). I
BR], EPASHp ZHMIE SV (T) R AREE.

FEL i REh, R IRAT 28 I — 2o R & R L35 T ps, .. pjr, BATR(G, )N
BRI L S BRI AR TR, FAT R, AR SR IR W g L A AT AE Ry i
2g(y) = pj, WMAHT f;(p;) > 1, IATAT LLARSERI FIA R0 “MIER” BAE L dsip;. B0, FEAE Ry
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EEvE

2g(y) = pj. #ifi(p;) = 3, BT fi(p;) =3 > 2 —[Na(y) N {ta, ts}] = f;(y), FATATLLEKSERI ]
A2 SAE “MIBRORAE (G, fiypiyy)” Edps. & f(py) = 2, Wp, WAL Ep;, p; € V(P), H
i<l <j. BTPR—FKTFHE, fip) =2 RATRETE] = kHp, 20 Ep, M N HIL. 5l
182.3.4 51, p_ Hy A Ty fEPEAHACE =AM, WySpe_s, pe_o, pr 2882 IAERATHE
JERIN—KBE P = p1 ... pr_opkpr—1. TEEED], PS5 PRBUEA R, Bk, ORI AEEE A
Ry Y Spr_1, Pe—2, Dr—s L. HI5IER2.3.4%51, ypr_spr—2, YPkDi—2, Y Pe—3Dk—2, Y Pi—2Dr—1 7=
AN, LS.

Figure 3. Positions of T, X,y and v’
3. T, X, ybl ey ML B

AT B — RIUKIR EFipa, . .. oo BRI L SEAE B RNZBAESE R (Gr_1, fro1). EE
@J, (Gk_l,fk_1> e
Je-1(y) =2 — [Na(y) N {ta, 3},

fk—l(y/) =2- |NG(yl) N {tQ’t3}|’
Jr—1(Pr—1) = 3.
DRI, FRATT AT AR AE (G, foo1) FEATA 8000 25 3R “MIBRIRAF (Gro1, foe1,pe—1,y')” FF1SE]
ZEAEG R (G, fr). TEREB, (Gy, fr)ii2

Jr(y) =2 — [Na(y) N {ta, t3}],

fk(y/) =2- ‘NG(y/) N {t27t3}|7

fr(pr) = 2.

X\ A{pr_1,pr} = {2,2'}, HhEp @it — %658 AR . AR AE B 1Pk, /A
Epe ok 8, B f(2') =3 > 2 = fulpe). 2Q = p1...ppr?. HEAFEY ¢ {y, v, ppHE
Rgo(w') = 2/, WATATT LLXS (Gy, fr) BEATH B 22 S8R “MIBR IR (G, frr 2y p1) 7 REH
B AR NS R(G, ). 26 = G —u—V(Q), F* £G* MHEHEARZGHIE. H55H
M, tots FEMF* B EREE, (G, f)HERG = G —ty — VLS > for peigr,. HIHER2.2 ATH,
G — V(T2 f-55 81, FJ&. F, 15w ¢ {y, v, pp 1T g0 (w') = 2/ Hw' Spy_3, pr_1, 2/ 202

] RE s, ARIE X AR, BRATE X HRIBQ = pr...pw_oprz. BT ERXQ 1
WA, fFAEw ¢ {y, v, pe1 HMERgo (w) = zHwSpy_s,pr, 2 B8 SR, R4 B K-
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T

P, VU Blpr_spr_opr_1w', pr_spr_oprw™ B H — A2 5 5(382.3.6 7747 . B4R R T TH X DY
Wl pr—spr—oDk—1W', Pr—3pk—2prw I FIT A A RETE.

Figure 4. Positions of T, w and w’

4. T, wbl Few W &

3. REERE

R, EEENE SAEE RN T 225 H 2038 X B 24-5918 0. fEIEN T e
BT SR T DU 2 U R R T RE T AT B AR, S I AR 9 R R 2 A A Y
R R F s, T B 5P i RAIE B A S 458
S5 AR B2 2 3 P e P BT F) — S BT D S FE IR B, V22 P2 D 559 28 10 R0 1 oA S ).
Rtk 99186 LR T AT FURAFEE R 2 2 H. S9IBWER B — W B, 0T 50— LR A
FREVEF IR EE A T IR ZIM 1 A B RO R BTRVRFAE,, 40P i 1 B e — e A5 K- 1 3R .
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