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M, N: (AT#5) Z4k4E

Definition
AMAEE - M > NIZHL, UTOEEZFHT-9BHalE
Ut CCO(M,N) DNEETHEE, f 2L EFHREMES:

o FEM ge Us IZH L, BIK

_

M
|
N—

ZEIZT HMARBTR © & ¢ NEET B. )
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REER

M : 3 RFTEHK
f: Mo R:ELEEH

Theorem (well-known)

f IXBFTMICIERONT A TERES:

Q@ (uxy)mr (ux) —regularpoint .

Q@ (U, xy)H (U, x2+y? — definite fold point .
Q (u,xYy)H (U x2-y? —indefinite fold point
Q@ (Uu,x,y)~ (U y2+ux—-x3 —cusppoint .

REEBODEEE C(M,R?) NTHMOHEE.
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ZEER

f: M- N:aAJHsER
PLP2EMMDf DT 7AN—DEILEFERAICEENDESE p1L ~1 P2
ELTM EICEMERE®RZ ANS.

Wi = M/ ~5 : BZERE

ar - M - W : BE&

~f=foqr b f 1 Wp » NAEET S.

Wi DT &% f O Stein 75fiF EFEA.
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REBH f: M35 R20D Stein DEEEE I 74 /1\—IERDEY

I1? W 113

O e OO 000 @ O

regular  definite fold indefinite fold cusp
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REER

M : 3 RITEAZHkIK
f: Mo R REEE
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REER

M : 3 RITEAZHRIK
f: M- R:REER
© ([Levine 65]) f M cusp points [ERE FE VY HER TRERRE.
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REER

M : 3 RITEAZHRIK
f: M- R:REER
© ([Levine 65]) f M cusp points [ERE FE VY HER TRERRE.

@ ([Burlet-de Rham 74 ]) f M4FE R A" definite fold D& THALIE
M = #,(S? x SY).
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REER

M: 3 RITEAZHRIK

f: Mo R:ELEEH

© ([Levine 65]) f @ cusp points [X7RE kE v U RER THRETRE.

@ ([Burlet-de Rham 74 ]) f M4FE R A" definite fold D& THALIE
M = #,(S? x SY).

Q (MEfa o) f A 1128 1 3RDEET 7/ /N\—H KW cusp &1z
BIFRIE|IM ] =0(ZZTI|IM]| IE& M ® Gromov norm ).
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REER

M : 3 RITEAZHRIK
f: M- R:REER
© ([Levine 65]) f M cusp points [ERE FE VY HER TRERRE.

@ ([Burlet-de Rham 74 ]) f M4FE R A" definite fold D& THALIE
M = #,(S? x SY).

Q (MEfa o) f A 1128 1 3RDEET 7/ /N\—H KW cusp &1z
BIFRIE|IM ] =0(ZZTI|IM]| IE& M ® Gromov norm ).

© ([Costantino-Thurston 08 ], [Gromov 09 ])

IM I < 20(#11 2 11 3 HOBRET 7 1 3—}).
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REER

LcM:##&B (ETHELLY
AMAER M > RZALUTOEHEEH-TEE, f & (ML) 1D
RZAD ZEEH LLVS:

o f IREEMBRTHD.

@ L (X f @ definite fold points DNEHIZEFNS.

REBERIF, ERICIEM A F—S AL LE2ERFHOBAICLES
ns.

Definition

(M,L) DREE% f ® complexity c(f) #RTEEHT 5.

C(fF)=#HI °BHDOBEI7AN—}+2-#H{I SEHOEBEET 71 /3—).

(M,L) IZ® L, c(f ) D&w/MEZE smc(M, L) EEE, (M, L) B stable map
complexity & FES,

HFEHE & (EBEXF) BRATEHRADRETBRLENIKR D ¥ F— Branched coverings 2015 7123



BZ

SRIESHAB LUV ZDHFDRABEDHAEHEHNLRERS, BAFH
HEEM S & stable map complexity DREIDOEZRZRHT.

Keyword :

© (Branched ) shadow complexity
Q BABE DX mE & Dehn Fiff
Q MHEH{ATE (Gromov norm )
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MHEZER P OEENROVWT AN ERBGEFEEZFOEE
almost-special polyhedron & FEAR:

(i) (i) (iif) (iv) v)

Almost-special polyhedron P M#& & (region ) [Z, ROEHZHm-ITMEE
MEZ 5N t=4H D% branched polyhedron & LV5.

¢ POF/IBIZHEWNT, WEHB LTS SHDEHDOMENFERT 52D
DEZEDS5E, EVNTHEREDLDNEET .

L

(i) (ii) (iii) (iv) v)
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Shadow

Definition
M : [ E {3+ RIRE7%BA 3 RIT A7 L FR{K
LcM:#&&B (ETH&KL)
a2 bTEE NI 4 RITAMS SR W [Z proper [TIESHIAFE
f 1= (branched ) polyhedron P % (M, L) ® (branched ) shadow & MFES:
@ dn: W\, P,2%Y W I[X PIZ collapse 9 5.
@ PlXlocallyflat , DFYZBMMDEFEIEIRICcWIZEENS.
e M=0W,L coP.

(Branched ) shadow (&, EEFIZIE M NEREZHFOHEICLERIND.
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Shadow

Theorem (Turaev 94)

FE®D (M, L) IL (branched ) shadow %#D.

Shadow P D% region RO W HNTOR LNIFFEHTERSIN, gleam
EEIEN D (W NDOEARTE® Euler number D—f%1k).

Theorem (Turaev 94)

(M, L) I& shadow P & gleam h 5 —ERIICETT SN D (Turaev D
reconstruction ).

HFEH &8 (EBXF) BRABHADRETBRENIKES ¥ F—
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M: a2/ b TERENMITEEEL 3 RITEHEE
LcM: #&#&#8

Definition

(M, L) ® branched shadow P DIES% % c(P) &£&<.

c(P) O&x/MEZ% bsc(M, L) £EE, (M, L) ® branched shadow
complexity & FES,

12/23
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#l (Shadow & Stein 73f#)

91| 91
Q‘ iz ‘ i
| Ja)

/D /S

n 1S even n is odd

D& 575 Stein REEHEORESR fn: S° > R2ZAFEHETS. fn D
definite fold points D& & (& (2, n)-torus link To,. ([fZ£18 96])

£ ® polyhedron Wi, OHRODEIZ gleam n/2 #5Z -3 DI,
(S8, T2,n) M shadow . ([Costantino-Thurston 08] )
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FEHE

Theorem 1 (HAJII-K.)

M: 32/ FTREFTARELR 3 RTEHAR (RRIFZEFRIEL < DM
DE—7R)

LcM:#8&#B (ZETH&KLY)

= bsc(M, L) = smc(M, L)

"bsc(M, L) < smc(M, L)” DFEERIEAE B [Costantino-Thurston 08 1.
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FEHE

"bsc(M, L) > smc(M, L)” DFEBA IR .
TEDIEEIZL Y branched shadow P DERIE S THDELTELLY:

£ of 4T

POIEALBOERE QIZHL, #FF 21(Q)NM LOREEHRT Q%
Stein D RIZED L D EHEAL (collapsing map 7 4 LZER T hIE OK).
~ CDREEBRE M £FITHEERT 5.

0 © @

IR
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& B DREEROEKKEK

Theorem 2 (HA]JII-K.)
L c S3 #&#8
LT ZHE-TRESR (S5 L) » RZHNELET S:
© Stein 7 fEILAIHE.
Q #HIN?BOEETI7(/8—) <cr(lL) -2
Q (I3EDEHEE T 74/5—) = {cusps } = 0.
ZCZT, cr(L) (XL o3xRAEH

a7 (x1)

HFEH &8 (EBXF)
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Dehn Ffii & ZEEE

Corollary 3 (AJII-K.)

M:SEML#AB L IZi8o1= Dehn FHTH LN D 3 RTEHIEK
REFB-ITREER T M - R2HAEFEET S:

QO HI?EDEBEI7A4/8—)<cor(l) -2

Q (I 3EDIEET74/8— ) ={cusps } = 0.

ZDFERIZ [Kalm ar-Stipsicz 2012 | DHRBIREAHEHE S. l
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smc@3, L) = 1% 5#A#8 L 025

Theorem 4 (F&]II-K.)
L c S% Meh#&k# B

smcG3 L) = 1 THEILE+HEHRE, L OBEFEAUTOLNT A, (B
L<LIZZFN 5D Dehnfiling ) EEETHZZETHS.

-
(

D @ €

HFEH &8 (EBXF)
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11 (figure-eight knot)

TR & S %4 S ADEEUE # figure-eight knot  EFELN, 44 EE <.
(S3,4) IcRtL, TROEEIZ N 2HOBFEI 74 /13\—%H5, 11 220D
BEI7/M4/1\—B XU cusp points ZH-HWREER f K EFEHET S.
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W ATE & DRIR

Theorem (Benedetti-Petronio 97, Turaev 94, Costantino 05)
£E®D M [ branched special shadow ##D.

c(P): PDIEA

sl(P) € Ry = ming \/(ZgR)z + kg?
(gr: B R ED gleam, kg: B RDERN P DIEAEEEE)

Corollary 5 (BJII-K.)

M : [ E IR RE7R 3 RITEA S HRIK
P: M @ branched special shadow
SI(P) > 2r G 5IEM [EMEZRIATH Y, RAKY ILD:

2n

N3f2
ﬁ) ] < Vvol(M) < 2smcM Vot

2smcM )Vt (1 - (

=12 L, Voct = 3.66... [& ideal regular hyperbolic octahedron ~ D{K7&.

v
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W ATE & DRIR

o )32
2 smcM )Vocr (1 - (W) ) < vol(M) < 2smcM )Voer.

ED < IFEFEHE & [Futer-Kalfagianni-Purcell 08 ] HY > DR,
AD < [FEFEHE & [Costantino-Thurston 08 ] A > DIFHE.

> &
& &
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FRBLGEFR

Corollary 6 (F&JII-K.)

M : [ E{FITATRELR 3 RITEA S HRIK

P: M @ branched special shadow

sl(P) > 2x \/ZC(P) THNIERHRK Y 3L D:

sc(M) =bsc(M) =smc(M) = c(P).

HFEH &8 (EBXF)
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SHROME

Q smMcHNSVMRABE DR (ECIZ, 1128 cusp 289, 11 3 &
I — DB OREEBREHET HIRABDHE.)

Q@ EFAZEE L shadow.
Q Bl 4 :RTEHAKD (branched ) shadow complexity .

© Symplectic #&& & shadow .
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