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X 10.1 #JE (Manifold)
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X 10.2 A% (Boundary)

TR R TR S, CARHE S M ERE S pASE: 95 =5-5

DR =N F WA BRAT R 5 v o s N RERMOLES AN RBT S, B2
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X2 TR RA%, AR — RIS 2 N D 50, AR Wil . — B A iR
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X 10.3 EltE (Connectivity)
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BArEN X A ZiEidey, YHILY X RiEAT AR TR ETHFENFE,

B ERE, BTSSR AR — DB — D (M) o FRATAT AR A T A ) 147 B
TR S, MR oy SRR W

SRR, #E IR EEAAZ R DI (Betti numbers)., BELHIE , by 42 i%E# 2 A4
B, b SR U A P R0 T2 [R) T PR P18 ) B R ST KK, Do 2 WA ZS RN SR by, AT
[ A E

EX 10.4 5k (Genus)
Hil, TR E@may s g /A, RARE M S v R R bk o F 6% 5k K AR Sk 2R A .

BUgn: BRI B 5 A 0, TTEHRER R 5 A% 1.
HMPKRFA, g~ YA e (handle) #31-4E.

£ 10.5 W[tk (Orientability)

EwE E— SR TEXA @y A&, S THEEAZABA T DR Z e EnE L ETFRHFA, &
Bz A e kAT RE, MA@t AT ey, TRHART R,

T LU S I PR AN SR R 35 44 1A R 1) T ) 81

XFT = AR, FATRT AR AEE SCRE [ e — = A A el — ) (B e 400 1
H—AEk ), S FATITE =AML A S kK RIS, AR E M A=A, W
RIATAIEEAF A — SR A R = AR S5 EREESRAHEL, MIFA TR XA P T — 1 E 1] .

X 10.6 Wit (Euler characteristic)

A FARI RN X, BRIzm b x TR SUA WALy LA, x =bo — by + by — bs...

ST AN A (AR, RITE x=V —E+F, Hf V,E, F 3R00TAE. k. mikk.
XA ERE R, FATA x =2(1—9), g NI 5.

Tﬁ%ﬁéljﬂ‘iﬁ HEE Y -

XTI ARG =AM, A IFEmANT N, NS =40, ¥ 2E = 3F.
Wi, x=V-E+F=V-F/2=2(1-g).

MEMICARZ T, AW AZRS, Bl F~2V, EKilif £~ 3V,



8 10: 354h 10-3

10.2 WMH

EEIE AT, —Ig S e SEWAREEEER R, X412 BRI AL BE 80 R A M. X
R R T BORAL B, AL, RMEE . JRARVCECAE N 1357, WARFIY R Ih+ME DI K .

10.2.1 Fqmidg:

BT (JZHOT) (B GELS% ).

Figure 1: The Clip model (a) incorrectly merges two parts (high-
lighted) and has genus 1. A typical topology repair method would
produce a model with the right genus (b) yet cutting the model at an
undesired location. Our approach utilizes a simple target (purple
in ¢) created by sketching and produces a satisfactory result (d).

Bl 10.1: FEH AR

i 10.1, FATW H ARt @it R pt— A MARIAR (FRA target) A& iE— MRS HE BLRE I R4
& (FrHh source). HHE (a) A source, K AHARFNEMIZEIA R ATTE (G50 RMiEdE—
), 1 (c) HRIEEGTBT N target. MERARMFER (a) AT (d). BFREANH a0t
XAt AE

B A — VAT DAY = 4R 25 (B ) UL 20 B ez 18] b, JF EURFIAS Sk BrAEE R R MTHE AT
L YRR SN 4

AR BERANE], a K@ E R source, E@ER4R target (W, target #Bi2 source P—~T4E, H

SN NEER ) B eRATE L — L8R4 source f— ML target FYHHL, FRoW Fat Skeleton. 41
B b L@ . R FS 5 source @IRFMAMIN . RFEATIEIHHMR FS b target PASM AT



10-4 3 10: 364}

L

o

Sass o

_i

(a) (b) () () (e)
Figure 3: Guided topology editing. (a): The source (gray) and target (purple) represented as cell complexes. (b): An FS (red) of the source
that contains the target. (c,d): FS reductions that modify the source to maintain topological consistency with the reduced FSs (modifications
shown in yellow). (e): When the FS is reduced to the target, the modified source is topologically consistent with the target.

K 10.2: R
4, FEXA IR P [E B4R source, fRIIE source IRAFM ML S FS $FMEM . AP2 K, XM FS K
IMEREETRIN, source il target [T, SHIAMAEETH T .

TATEME L H &8, — kg —R50eE (8, 2, m, K5%) WES, I HEREM—ITE
T A FHEMESEX AT, Hﬁﬁﬂﬂ/\ﬁﬁﬂﬁﬁ%ﬁi T B e s T . AR
— ANIEFR A cell complexes.

10.2.1.1 FS generation
G o o}
® [ _ 0 L J [ J

(&)
Figure 4: A sequence of simple removals from a cell complex.

& 10.3: simple removal

E X 10.7 A simple removal from a cell complexes V is the deletion of a pair of elements {§,0} C V
such that D(§) = D(o) + 1 and that § is the only element in V' that contains o.

W, FATAWEST simple removal , £ 25k 1] DS EIE B — AN AR )5 22 . TAEM source 42 5% FS #Y
R, RATEFEEATMG: target FATAMERA, IS Am)GER N HIHR A H S 2 AT FR 28 FS. (15
WHE, FS BRAHNAER)

10.2.1.2 FS Reduction-Subtraction

HEFHNTE X Rys fid— DA V AR A S (i i i simple removal (741, Bl—
#% pairs 6,0, Hiit D(6) = D(0) + 1 and § contains o
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E X 10.8 A path associated with an isolated element e € S is any sequence {0¢,01,01,...,0k, 0} CV
where k > 0 such that oo = e and, for all1 <i < k,{d;,0,} € Ry, and 6; contains o;_;.

X 10.9 The generating set of an isolated element e € S, denoted as Wy s(e), is the union of all

paths associated with e.

A B, PR AE S EIUER e B> path e — M V U407 2ID0ER e B)—4%B84%, 1T generatating
set HURPTAIXLEHARIIF R, e V i “4i7 218k e ERTH “7.

findl 10.10 Let S be an F'S of cell complex V' and e be an isolated element of S. Then V' = V\Wy s(e)
is a cell complex, of which S" = S\{e} is an F'S.

FEHL 10.10 B2 ud, MIBREA S Eig— e, FRIBER source FXTRY. e [ generating set, AP AMIERIS
(B SRR S S 1Y source —EFRTNEMr. (GIERIN)
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K 10.4: Subtraction

AP 10.4, s e BRI GRIERZEH source HIFRFMEAT

10.2.1.3 FS Reduction-Addition

% TG source DASR, % source “HH” — 54 I RERT DAY 3R TEERAGHR MU I . 53 BLAO & SLHE
WA TN TE RGN, BRI, 3 source 2 V, V BB S, V BHMER V(BT 24
EX), BER T, MG S HIEE e WRHERATESE T Fik—AXEIEE £, HH0 fF V
generating set (i0h Wy rp)) B V, BITTAE] S/e 5 VU Wy o FFMRK. W 10.5.

FATHESE T FS reduction ARG, BENRIARYEBLEASE AL TR Bk g i AL iy 1) . {H
FATESRIH A — 5, BAT LR IR TT DR T . B EAT FS reduction fYmPE, #RELHE
RO/ B RICEK e BIR, X BNV MERIE—ICEN A R/ NI B E ARG, IEA—1)
R E AR o G I DT VAT T T AR X0 i 1l 68 i e/ N B AU A o
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K 10.5: Addition
10.2.1.4 Contributions
TV F EEEFA T ES R, A IS S TEk

L AR Z AR, Al ALE 2D B EJ7 8 PRt ise & HAx .

2. P AR R A R E A, (AR AR AW PIINE S R RE IR A
ihBUEE, MHATRRIR RN 8 58 S I Bt o FESCLE R A B AR S5, PRI AA
Fh b Ao O B AR B A MR I -

3. MRGFRAE A B SRR handles RYEEET A, A THRIALE reduction 17 H 2% &
THEINE MR PTRR A, b T RS ) Bl iA BB AU FE - TN handles, AEJSALIRA, SEANLIR
AR BB A 2 P At

10.2.2 Reeb Graph SZIRPLE

TERTAS: D A MO EAME S, JATHRE], bR FEm Ekn e mtk i, HItEATA LA
FEIMAAZREVEATEAR ISR bRifE . Eeinid, BHER — S G O, IFaE—TILECHAR s, FA14E
i O P 5 s IRECRPIIAR, XA AT O W5 s 5RO Rl i A ok .

SR RFER I IR AL UK FES AP B R AR, BIE 2 ML P AT e S _E AT R AY AN,
ECARIMERR IR o PR AT 75 S R 25 A A U BB 20 i ) IR R SR Nty SR s b — 20, A
—ERRE_ BRI YIRR BT AT Reeb Graph sitBERS R I Uk sFATTH H 19

£ 10.11 (reeb graph) %7 —AMik C Logi&s: Hd p, = XfE p T C L9FHhLE ~:

p~qepg € (up) B pog £ p” (wp) 8948R i &P

e

Reeb Graph skAMIKT R X AayR = C/ ~
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&l 10.6: FHEHRETE = BB 1) Reeb Graph

AT 10.650 P AN E 3o H LR Reeb Graph #EREH —MIELLREL 1, fEX BN
2 R BERR A AR —ME ¢, o' (0) TR IR LRIy — AL, TEFRATEH)1h RIZSHETIE L R
sk, ME— A HANE S LI T Reeb Graph Hi—4 k. &R, fEFHTHE R, FH
— PRBELRY DRI R 3 AN TR 2 B, XA 7 BEAE Reeb Graph 173 iR . —~ £l Figure
Reeb Graph f 1) o SR SURIEAEE T 25 LA T LRI T K R R AP FT 25 ] P OC RIS,
AT DABRARAAE ) (A SRR EE SR BEAE Reeb Graph HHRE

TR p R RSV TS 2 B ) A RS R 8 . SR RAE TR TS B 2 = MBS L
PR, X SE BT = A T2 A% L AT R AT AT AR S s B £, IR RIBER T TR TSR 1 (A
BEHUBKLE ) AR S5 SR B -

10.2.2.1 Multiresolutional Reeb Graph

Reeb Graph {47 2 7P 409" B287, (EA5SRMEATE LR @ i . A/N5 K545 H— 1 Reeb
Graph [Z5Fh Multiresolutional Reeb Graph (MRG).

FLB:HIS Reeb Graph, MEA7ET Reeb Graph A5 UFESEhE, LY RAELERY MRS, P HAb L ok
BT, M8k, LR S AT HEGE IO v, B HAh Au(p) BUNI—SE T B, f5— )t
BN o 7 B B

1 10. 7RI SRR A BERAY MRG, 45 (a) 1, FROTAAEE— 868 H 0BT A7 A A I 0 i
(BB ] TR RS TT ), AN SRR A 1 AN, LR R AT — AN T
(b) o, IKIVRI ORI INGS , JEBEA I T WTEL, TTRAREIILIT r SO W HEm AN B, W1
5 (b) fmy 5 ne. MRG 4=/ HACE SO

L HSB D HERGRIMEE A LT K FR
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K 10.7: A =M r MRG

ﬁuﬁn (b) EF'E/\J na, ilz/]?_t;,j‘ﬁ_za: (C) EPE/‘J Ny, Ne, 17, m‘[/y\ﬁ‘ no ?ﬂﬁ‘j N5, Ne, N7 E@Q%/I\J—io
2. AMEHIFTEORS 4 )4, MRG 2 “fegl” 3| JE B EIER Reeb Graph,
3. TR R Reeb Graph 437 T HIXHHURE 1) 43 HE R0 311 Reeb Graph 435 B
MRG & i Y)5 K E i H IR Reeb Graph, J HARE T Y103 B i A 40 B R 1 Reeb Graph (AR#fE

PSR 1 n] IR EE R G ) o 2 BT DA BB RKG AN AR 2 1Y Reeb Graph, 428 THEZ G HIFaF NI R H 4
BB/ PHIMBER) Reeb Graph GEASVCEC L, W10k nl DARE I PERT 5%

10.2.2.2  $hPPLACH R LI

Bl 10.8: SRR ERS, ZYATE R B Reeb Graph KA A
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B EBATELIE R E KB 0 B9 PARIEERRECN B, & 108 WA 7 ) 70 A Ry S BT i, XA
PR ) Reeb Graph @ AR . X TR i B R B0 TeIA T BRIEFE A2 IR AY o X LRATIE R T —
A RCEIERTE BB R IR B R SR AR R EATAY b iR AL

p(v) = /GS g(v,p)dS

Horp g PRI 2
o A 1A BRI ] B A M VRO AR, ] DA T AR AL AL P

p(v) — minyesp(p)
matpesi(p)

ATPAEE, XA pR B AR (S (A 2 i T AN R A By, LAy AR S 1 B PR R T AN S i i
BRI BT O R RN

T A% BRI 3t R B 73 T AP B B 2 i DA e A QSR A TR e DA 2o i R e YR A5 21 Y
FI B U AT A resample BRI shorteut 77 ARG -

(EEPERE 2, Reeb Graph BB BURETATHIIES T E00. 1A B EOUR— MR & P TE
LG Fh HRe B T 2SR, T SE AR T b 5 T AR B B 02 b, BV FNDCHE , LR
AR, HAI TR VCIE R G ST G SR LY, R P SR A (fBRL
RAEFEARE L)

:un(v) =

10.2.2.3  $hyPILAECHISITL

BEES W T AN AT, JRAET S br LA S Topology Matching HRIAI BABE H L
%, FIF TS TRAMRE RN, XN AR PR AR

HIoR WA MRG. BATE UL T RE M SIS

1. R-node: MRG |4 i

2. R-edge: MRG &5 &5 2 [BIIE1)H

3. T-set: 44> R-node %W =FHILES.

4. pp-range: FFANGE SRV o AR
MRIEFATZ X MRG A, MR SRR R 0T . S KT BRI 9% o, MRIHX
AP = IR TR 0t K AU, A =BT MRS = Mg U

W5y 2 SR AR T-set HFE VR B LR R-node, FHARFEIIA T-sets Hi) =M B A MR L%
I b R-edge, 138I5H401) Reeb Graph Jo fl il A 45 miAG 2HLEE R Reeb Graph.
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B 10.9: X PERCAT 7R

BIAVFRPER MRG0, AR REPEIP AP AR AR B - il i AnifE, el
MRG EPLRCHISE RS, RS V, AN m R T-set A— AL m, RE1HE
BB RS GO BRI BRI SR, A Fon i

SIM(R,S) = Z sim(m,m), V= {(n;,m;)|n; € R,m; € S}

(n,m) in V

SN BRI R SR SRR -

L KPP R o LBE () Rnode TS B AL IL ALY % NLIST .,

2. 1£ NLIST f, $FI VLRSS . DERCA RIS : 28—, ENTAMIER w,-range, FFHAWATHI LSS
RPCEL (R FRASW 10.2.2.1 ¥ 1)5 57, B MLIST MfE, MLIST NfE[R 7SR T,
HZEE R BT RS E 5 Hoph p-range S5 R IEEIREEH -

3. FFBIVCEC AN (my, n) J5 , V5 sim(m, 7, FRREX W SRS, [RIIRINAGK P RO I /9145 58] NLIST
He

4. =R 2. 3, HEGAREZ A IHCE, A
HI AT MRG #5338 TP AR BRI . Aer S8 g — 2 ORI A DL BE AT VIS, DAL sim pRK

FASR UM 545, X B A IA , PiX BEAR P A 2200 5 S0 2 TN 774, A %R [m] =7l DA
B



18 10: 3640 10-11

10.2.2.4 MRG [} 8i

FATHLE , MRG i3 Y17 195 A gL H 1R R Reeb Graph . iR 5 ¥4 & PHAT B . LA 10.10+,
Ze TR VL 4 PR AL AT S SHRH L /N T — s, (HAERA R MG 2] T 58 & A Reeb
Graph, X2 P2 T 55—, ERMIWILEATAT, FATZAMEER R4 BEF TPU . 245X

M3 Ns

. /7 \
m; N3 Ny
| | n |
m, ny N,
: \_/
Mg Ng

&l 10.10: AH{ARFHTEH EI A AR Reeb Graph
FEATE DL AEAE T RORLRE R 20 R B, BATR SR AR LA Bogi s th T i aiR, S8R
UGN

S5 WP Y M B AR 1 DTG AR 0 HER T R X DABE S o s i 0 R (B, =
TEMAE R B ) AP REMR DX AR, (HIXAETF 2 Reeb Graph 3% Tl B 2R A R

RS R T SRR
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