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Knot Floer Homology % #lA&HEIIIZHK® % Grid homology D% AWz, T ALRDHASDE
72 RS Foldvari[l] IC& > THEZ SN TW3. Grid Homology @ balanced spatial graph ~\ 4k
REFMALT, TAZLED balanced spatial graph ~“DILEE LS X 3.
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1.1 B=

FOHDOAZREIZ, Ozsvith,Szabd[4] ¥ Rasmussen[8] 23 % L2 UM IZEF L 7z Knot Floer Homology
DBHY, T3 RTEZHRIEE ZNCEEN 2B CEHOHICET 2 "L BE KT 2R TH 5. Knot Floer
Homolog 12 &K D | 21X, FTHOEEHS 7 7 A N=FUHPESI2ERELELD, 7L 73 VX —ZHAN
FLVLaryy o AfEOH AR T-FRECE ZERT 22 EDIGHD®H 5. Knot Floer Homology DD &
HERX M3 R Y LT, Ossvith,Szabd[3],[6] 12 & » CHA XN r FER, T RERND 5.

MUOHOWEO»RaYya—X Y 2 CIFEBANICEL T — XU HERT. WITHLOLREED C 25 Z
NOWERBIESRE S 2, 274 ZARBPLMEBO TRE52 5. Fic 7 ALRE Milnor 4 g4(T,,,) =
Lp—1)(g—1) BRFIETHAMBNTNS. —F T FERIE r FER K D EICRNBRERTHS. 20
TERICE o TR IANIRRAT A ZFECHEDBERT 2 C DAL Z° ZEMREFICHD Z 53 (6] 12 &
DIRENTWVWE., ZOEIRCINE 2DODFERIIFLDICAVI—XVARERTHY, HUOHDaya—X
YADMFIZBWTEETH 3.

Knot Floer Homology @ Ozsvath,Szabd[4] 512 & 2 D ERTIEEEARZ W2 b 0T, —lICE
RO OEBHASDEMCEIETE V. —JF, FHT 3 KIeZ ke 3 Zotkkm S° ThHhs L &, LLED
FHEP IO Z AW THASDEIICEHERRETH 5 Z & % Manolescu 6 [3] B/RL, ZOZrZFed
7-#Em & LT Grid Homology 234 E 17z, T A2 &I Knot Floer Homology DB TEIAN 2 BHE KD 5,
t-modified BHEMAR L FHIN 25 L WEHERZBR L TEON 2 FAERTH S, ZOFEE Grid Homology
THBT 2A0 Foldvari[l] I & o> TiTbh. Zhuckihud t € [0,2] N Q I3t L TAZR YO d pEs
TZ, ZHh Knot Floer Homology 12812 T AER L FMLRW OO EZFO Z e LI D 5N T
W3, Ozsvath,Szabé 12 & % Knot Floer $8# A5 518 541 % t-modified SHEER D RE 0 O —HIEIEHD
RERIZHZDITN L, Grid Homology [2381) % t-modified $HEED R TR Y —FHIBEICIHE O HDOARE
m2IX 5w, BARINICIX, grid number 28 1 O3 X % stabilization DfE%E 3% & ZDRER I —FIZ,
t-grading 25 1 —t 2} N7z a—2Fo0 2 FOH 4 X2k b, ZD AT Grid Homology @ t-modified $418
B L UFET Y —BZ Knot Floer Homology @ Zh 6 & ##bic & . Grid Homology 12H81F % YETid



AEEVPARRKRD T AEREEMTH 20IEHL2ITHRSTWRWD, 25 THs Z eI THS.

FEBECEZED, MENFILNTHBUEBLCEABOIRIZH 22D DL LT transverse spa-
tial graph DSTEET 5. (K1 &) ZhZ2x5ic, Grid Homology ZHLR L TAE B R MRS 2 i A D
Harvey,O’Donnol[2] IZ & - T{ThA17/z. X 51T transverse spatial graph A3 balanced &\ §fh % 172 55
B, T oxt L Vance[9] 25 7671 2 EFRTE 2 Z e ZHL2IC L. ZHUZ Grid Homology % FiWVWTH:
Z 6Ntz d DT, Knot Floer Homology THK X iz 7 FERBDILRE 725 TWb. Z4UE Sarkar[?] 12 &
% Grid Homology # WA UHD 1 FERDOHHEZIR LD RoTW3.

O] X X| [F=X —I
O X Qr (
O X MK
X O o,
X Q e 1
S X O X 2))
X O < D

1 balanced spatial graph & graph grid diagram

Z DX T IR EATHRICHE DOV T, FBEEHD Y AL EIZDWT balanced spatial graph ~\ DYk
3%, Grid Homology D¥FR%EMAWTS X 5. %3, balanced spatial graph f: G — S% #3£¥ graph grid
diagram g 2> SEHEER CF~(g) 73 2] T X D HAEDOENITER SN TWVWS. ZDHRER Y —FIE balanced
spatial graph DFERTH 2. ZNEZFTEHII CF (9) »5EE % t-modified $HEER tCF~(g) &K
3 %. ZHUud Grid Homology L IZEIR D REB Y —HRMEIIITEZEL IR LRV, mE0Y—H1r o
T AEEPERCTEL R

tCF~(g) & Maslov grading & Alexande grading 7 5/E ¥ % t-grading 12 & % gradingd $H#EATH 5.
Z ZTD Alexander grading [3ARKD [2] 12X 2% H1(S? — f(Q)) T 2bDTHL, [9 TEZ LN
Aot E 1 KB THERE H1(S2 - f(G) > ZICED ZADXLIb0EAVE. ZorE, MUHER
S AR D Grid Homology ¥ 13742 D, transverse spatial graph Tl —f#%IZ Alexander grading A% g D&
FC ko TEBEIFNABES DB, Z0RDRAL f 25T g,¢ KL, tCF~(g) & tCF(¢') OO
KIGAY t-grading ZR2 L 1XR 53, tCHF ™ (g) 237272512 t-gradingd At e L TOARER 21X 50,
COMBEEERT 57912, [9] 12 & % Alexander grading ZEE T 2 FEEZEAT 5. $HEKR CF (g9) D
Alexander grading % & 2 BTN 2 X 5 ICHD B L7288k CF~(g) #8AL, CFH(g) 25611
503 t-modified K tCF " (g) 52 3. T2 z0RERY R tHF 1 (g) » t-graded MEf L LT
PERITIHR D Z e PO SN, MEORERE ko7,

2 balanced patial graph @ Grid Homology
2.1 graph grid diagram

graph G . 1 %t CW H#E T, SAPAEMIFoNTnEdHDL T 3.



spatial graph ¥ 1%, W o2%H 3 WVIIRSHRELREDIAAL f: G = S3 DT, SSHDAY P¥—T
BOZEDLZDIDEALDIDLEAKT.

E# 2.1. transverse spatial graph ¥ &, spatial graphf: G — S2 T, FHEE v IZBWT, v 2HH 3
L ANBAE 2RSS 2NERT AR DBRENDEZHDENVS.

(™~

D

X2 THRvE&T4R7 D

EFH 2.2. transverse spatial graph 73 balanced TH % ¥ 1, £ TOHELIZBWTA 2L H2UDENE
LW ERns,

LIF, f: G — 52 1% balanced spatial graph TH 2% L RET 5.

E# 2.3. planar graph grid diagram g & n x n DFHEDVZAET, nfdD O ~v—27 2 nflAM ED X
=M, REHMETEICTABNCEBINZDDE NS ;

(i) FATBLIVINE O v =2 H 1 DFOREIN TV 3.

(ii) MCAHMIZ O v =2 X =—27 O T HRELE A THWRW.

(iil) BEER D ZRER T 2 O = — 2123V L b 1 2¥ B2 bz OF = — 2 HFET 5.

(iv) FUTAT (£7238) IO X v — I DPFEET 2L %, 2017 B) FET S 0 =23 0* v—7
TH5.

n % g @ grid number £\ 5.

X ~V—UPMEINTZADOEEE X, O TADHMEINTZAOEEEZ 0 EL. 72, nfld O ~v—
2270V {0}, 2O, X =7 bRk {X;}, T 5.

gL, AUANCHS X v—206 O—o~, AUCITRHS O3—20r6 X ~— 7 NBHEFRD 2
O, BEAAOBIDEIKEAHADOMT EDFHMTROD ARTI LT, fO dagram 21835, Zok
%, g% f 2R graph grid diagram TH 2 W5,

4, f 1% balanced spatial graph Z2KELTWE DT, ¥D O* v — 2722\ TdZhrEat it ihicizz
NENEBD X ~— I DFET 5.

EE24.i=1,....nITRLT, O; DEHm; &, giTBVWT O; RLH (F72131T) KFEETE X ~—7
D ERT 5.

F 2.5 (Proposition 3.3,2]). {EE® transverse spatial graph f: G — S3 XL, f %K graph grid
diagram g DFET 5.
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3 3 D® graph grid move

2.2 graph grid move
f %37 graph grid diagram I3fENCTEIES 2. 223 g,¢' 1¥, RTERBSINLEETHVWIIED H 5.
E&E 2.6 (Section 3.4,[2]). graph grid diagram g I LT, XD 3 DOHELEFKT 2 (K??7SH) ;

1. cyclic permutation: g Q%% 721347 2 KEINC ANVZE 2 2 1R1E.

2. commutation’: toroidl diagram g DT 2 2 FIAR R &2l F & &, 2D 252 AN R 21
fE; P=SRDOFEHL TV 2FMNICH ZHREFFNMES 2 DDORRD Ly, Ly 23, (1)L U Ly 32
FRETHD O ~v—=2, X3I=UZ28ATWVD, (2)L1ULy =20 B; \H¥ET 2L 3, »Eshd,
(3)0(L1) UO(Le) DFEIC L BB B xS 2 M D645, THhOE Ly, Ly ZNZHOMINGHODE
HPELWV. 2L, 2ZTRO =7, X v—23~RADHR, EBENERD 1/2 512572 K147
fET 2S5, BHET 2 24/TICBIL T, FefToREZ AN A TRRIERT 5.

3. (de-)stabilization’: 2% X ¥ — 7 FHET SR RAIWCDOVWT, 2OV —27BIUZHEFUAT, FL
CH2ETOY—27%ZHT. RCEDITBXIUINE 2212751, (H2WVEHLWT, FZEBMT %)
Mo X51c~v—2%EEBLELT (n+1) X (n+ 1) graph grid diagram %15 3.

D 3 ODEMEE F & ®T graph grid move £\ 5.

e 3 ODBIEIFARDEE I H D Grid Homology T grid move[7] £1ZIFF—T» %. commutation’
WEASR D grid move I2B1) % commutation ¥ switch 2 1 DICF 2 D7D DITHHE L, stabilization’ 134K
@ grid move IZB1F % stabilization DRFFIRIGETH 5.

FIE 2.7 (Theorem 3.6,[2]). g,g' %, WU transverse spatial graph %3 2 D® graph grid diagram ¥ §
%Y &, Zhoi graph grid move DHEREIOHITHWIFED H 5.

FEH 2.7 & b, graph grid diagram g 2> 5 ERSIN L BN AEETH 5 Z ¥ Z/RTICIE, cyclic permutation,
commutation, (de-)stabilization % 1 i L THZETH 2 Z & 2 ZhZ ML OIUT KW,
2.3 state

f &R T graph grid diagram g WL, g ® b T, A Az —MHLTHEONS bP—F X
KORZEZ 5. Z#%k toroidal diagram £ 5. toroidal diagram D&~ R % 771) 5K F /T A D ERR%E
a={o;},, BEHFAOEREZ 8={8}r, £FHL.

E& 2.8. g D state ¥ 1E, g O toridal diagram IZBIF 2 n D a & B OXEH» B BEET, & ;b



LB 358 1 HETHEETZDDZ VS, HE5WVE, alt SOMOEEFDIEEZ WS,
g D grid state DA 52 28EEG% S(g) £FHL.

state 23 a; & B ZXIRSE TV L E, ZORRICKHZIT DI L TKT.

LXLTI0

o XL O

o [Of X

X

an L 4 XT
B1 B2 B3 Ba Bs |

4 g ¥ state DRLDO—H

E& 2.9. x,yeS(9) %, n—2m0FELWV2DOD state £FT5. xUy\xNy D4REAICHDEI% +—
FRAHDIAENTT 4 A7 r T, Or BKFEHA BEFROEHREAROMES LICH 2 L5B8bDeEX
5. Oqr:=0rN(anU---Ua),dgr:=0rN(H/1U---UB) EFTE. r BxDo yNADIERRAKTDH S

>

0(0ar) =y —%x,0(087) =x—y

PO xNInt(r) =yNInt(r) = ¢ ZWT L X2V,

X,y € S(g) LT Rect(x,y) &, x5y \A»PIEAEILORIZESELTS. L, x,yDn—2

RO L RWVIGEIX Rect(x,y) =d &5 5.

X Ol | X o X ©) Q
_‘Lx ® _‘Lx o X ‘J’c_> I ‘J’c_>
Ol X' 1ol X[ X X
O _IX[ ][Ol X] X X
O] X O] X Ol X Ol X

5 2O00RFEHEET 0. BrRKBois x, HEKany 2£7.

Grid Homology IZBWT, HEERDOETIIOWTHRERAZE 2 5 Z i, & state \IxfL, ZHREN

eI OFET 202 A 5 Z ITHET 5.

24 tCF (g) DEE

te0,2NQpt="2 (2ELmEnBHECKESREE»On >0) LRSATVWE LTS,

n

Ry =F[U=] 5 5.




ZERERE r € Rect®(x,y) XL, Oi(r) &, r 230; ZWNFICEL L E 1, Z5THRVE X0 2ERL,

ONr| = Z O;(r)
i=1

L, XNp| bAEKICERT .

EE 2.10. t €[0,2] £ L, t-modified graph grid complex tCF~(g) %, S(g) B4EKT 2 HH R, IN#E
T, HCO¥RRI, LT,

oy (x) = Z ( Z Uthnr+2@nr—t(Zoiegmm,,)) v

y€S(g) \r€Rect®(x,y)

ERODDEWNS.

EZ 2.11. grid numbaer n @ toroidal grid diagram g IZF L, ¢ ZKFEM & EE SR DOBERICIE > TY]
5 Z e CFE R ND [0,n) x [0,n) ICHAICEE T 5. Zh% planar realization £\ 5.

T 2.12. RZDEICOWVWT, pr <@ DO pr < qa DEE, (p1,p2) < (1, q2) ENEFZ ANS. P,Q % R?
LoEREOROEEL L, I(P,Q) %, MpePgeQ Tp<qiiiliIR7TDOEL L,

T(P.Q) = 3 (T(P,Q) +(Z(@. P))
LERTD.
x € S(g) ITHtL,
M(x) = J(x — 0,x — 0) + 1 (1)
AG) = T 0% - 2 m0) )
v L, t-grade gr, %, 1
g (U°) = M(x) ~ tA(x) ~ a Q

b

spatial graph ® graph grid homology IZDW T 2 » 5z 2] BiF 3 A DERTIE, % Hi1(S°— f(Q))
KL B bDTHBHE, [0 BEOZ 2T, Hi(S® - f(Q) OAERTEE 1 KB THERREEZ 32 LIckD 7
WKORLbDEEZS.

ZDERICBWVWT, M X toroidal diagram & L T well-defined T % 23. A I well-defined T\ Z
LIEFEETA. £z, ARDOBECFHD Grid Homology Tld Alexander grading D EFICHIEEM MDD,
well-defined & 72 5T\ 5.

i 2.13. §; 00, =0THDH, 9; Ftgrading Z 1S T. koT, (tCF'(g),0; ) & graded $HEIL L
725,



EE 2.14. tCF, (9) = {Ux € tCF (g)lgr,(U*x) = d} £ 32 ¢ %, g ® t-modified graph grid
homology %*
_ Ker(0; ) NtCF; (g
tHE, (9) = (i) i()
Im(0; ) NtCF; (g)

tHF~ (9) = @HtHF; ()
d

35,

2.5 Alexander filtration D{EIE

AR L7z D, Alexander grade (& toroidal diagram & LT well-defined T7% <, Alexander grading {3 f
%73 graph grid diagram O D 512X >TLF 5. Alexander grading Ot x24T 5 7212, [9] TER
ENRER Y —HEEAT 5.

E& 2.15 (Definition 3.2,Proposition 3.7,[9]). CF~(g) &, S(g9) 24K T % F[Vy,...,V,| B 35.
07 :CF~(g9) = CF (g) %,

o (x) = Z( > Vlol(r)...VnO"(T))y

y€S(g9) \reRect®(x,y)

2352, (CF(9),07) 38HEERTH 2. S(g9) Dtz L TR 1, 3 2 T Maslov,Alexander grading %%
%. ZZTO Alexander grading I3 [2] TEF L, % Hi(S?\ f(G)) 12t % Alexander grading IZDW
T, Hi(S3\ f(Q)) DBAERTEE 1 135 MR H, (SP\ F(G) = Z TELEDD L BTV, KT,

MVi) = —2,A(V;) = —m; (i=1,...,n)

ELTCF (9) DITIZ 20D grade ZXEEE 5. 07 1& Maslov grading # 1 D785 L, Alexander grading
ZROERIIKSTDT (CF(9),07) 1 F[Va, ..., V,] it LD Z-graded,Z-filtererd $HEHTH 2. ZD
Alexander filtration % {F,, } ez £E L.

EE 2.16 (Definition 3.8,[9]). f: G — S3 %K T grid number n ® gD O ~—=2D 55, Oy,...,0p B f
DHOWNERZEE L, Okt1,...,0, B f ODTHRERST O* =27 THdr35. U% CF (g) OETHEKT,
Ves1CF~(g)U---UV,CF~(g) 2 B0RNDb DL T 5. 20 E CF(g):=CF (9)/yyeL, 0% 0 #»
FUT2EHRE T B, (CF(g),0) 3 F X2 FLERO Z-graded, Z-filtererd Stk ¥ 72 3. CF(g) 2B
% Alexander filtration % {ﬁm}mGZ rEL.

CF(g) ® associated graded object D& 1Y —HE% Im(g) 2EL.

E#& 2.17 (Definition 3.10,[9]). g iZXf L symmetrized Alexander filtration {ﬁg}me%z %, Mmax(g) =
—Mmin(g) 272 % £ 2K EMITO Alexander grading OEZFETHE L CEELE LT Z e THRLOND
Alexander filtration W\ 5. 72721,



TH5%. £7, S(g) DEITITH LT {f}j}me%z HED % Alexander grading 7 HIRE 2 CF~(g) DIEIEL
7z Alexander filtration % {‘FT;H}ME%Z rEL.

Z D & 512 Alexander grade{]?g}meéz BEEAF ez EMOELLBEHE 2O Z N
E’I\TH(g), CF~H(g), 2515 ® associated graded object DFRER Y —F%k T EH ﬁ’H(g), HF (g v

=<

EI 2.18 (Theorem 3.15,[9]). g,¢" ZF U balanced spatial graph % %3 graph grid diagram ¥ 3 3% &,
bigraded ML LT
0P (g) = HF" ()
HF~"(g) = HF~"(g)

FEHADBEEE. g 12XF U graph grid move % 1 BIfEL T ¢’ 218722 35 &, S L7 XE (0, s) D homogeneous
®: CF~(g) » CF~(¢') T, associated graded object ®rEn Y —HOMOFRM H.(F, (9)/F,._1(9)) —
H(Fris(g)) Frso1(g)) ZFAET 2bDDFHET D, EL s =5(9,9) 39,9 CEDBHTH .
symmetrized Alexander filtration {f,f{}me%z FMOETILTO 2HDHT Y. CFH(g) —» CFH(g)
eFELZLIRT B, ZHUI Z-graded, Z-filtered SHESRTH 2 Z e 237D, filtered AT TH 5.

X512, B HHHRIC I CF (g) — CF (¢) BEED, TR filtered BHAHTH 2. 0

2.6 TIXMIZA t-modified SHIEEDIERK

Z 2Tk, F[V] B LoD Z-graded,Z-filtered $8#8E 1k C 55 t-modified $AE R C* ZIEANICHER T 2 F
Ky, MEOHERICOVTHENS. ZOMZELT, t="¢[0,2]NQ, R, =FUx] £¥3.

F[V] ii#f LD Maslov graded, Alexander filtered 881k C DEMITx 22 5. V OFEIX Maslov grading
%2 9537, Maslov grading 7 M(x) — 1 TH 3 T0Ed—c V5= y offfile LTRSS,
RF Ly & C OERTET, My) = M(x)— 1 #7560 T3, cOZLhs C OHRMERE 0 13

M(y) =M +1
I(x) = Z cxyV 2 'y (exy €F) (4)
y€eC: ATt

ERTIEMNTES.

E&E 2.19 (Definition 4.1,[6]). F[V] Ii# ® Maslov graded, Alexander filtered $H# 1 (C,0) ITX L,
V=U2%%3%. Ry =F[U=] LD t-modified 8§11k (C,0)" = (C1,0") ¥ 1F, XDk S1cLTHEBHN
5bDEND

o R, MEtr LT, Ct= C®F[V] R THB.
o C DEMITL x 1ITHf L t-grading % gr,(U%x) = M(x) — tA(x) — a £E®D, C' % t-graded AL & A
7.
o O OEISUEFAY 0 %,
At (x) = Z Cxry - UME)-ME+ g
yeCt: EMIT

LI B, L py ER (4) DD BIH.



AR ZDEFK 2.1912BWT, Alexander grading 288AERITICN L TERINTE 2 WIUE, Ct 02T
DITIZXF L t-grading SEFRATBETH 255, Alexander filtrated SHEAKTA K TD Ry MEE C IXERTHE
TH5. ZOZLEOBICHE2.20 THWS.

g % graph grid diagram ¥ 3 3. F[Vy,...,V,] N# LOHERER (CF~(g),0) (EF 2.15 ZH) THfL,
F[V] IBE CFy (9) BRD K5 ICED S 5 CF(9) = vy £ L, VOEHE LTV, 258N b
DEZEZ, FIVI it A7, 512028 FV] IfF0¥ERMZ 0y EL 22T 28, (CF, (9),0v)
W FV] It Lok TH 2. 22T, £V, &2 CF (g9) ~NDIEHIZDWT, Maslov grading D%
ftix —2 THEL WA, Alexander grading DZA{IE —m; 2D FLWERER SRV, Ko T CF,(g) &
M(Vex) = M(x) —2a £ 352 TETOITLIIN L Maslov grading % EFE T ¥ Maslov graded SHEIK & A
¥ 55, Alexander grading I 3EMITTUA DT L TER XN 2 IXBR 5 S, Alexander filtered SH#E A
LRz LIRS 0.

foRE 2.20. graded R, WAt EOSEHE R LT,

(CFy (9),0v)" = (tCF(g),0; )

2.7 t-grading DIEIE

tCF~(g) WXL, 2.5 fiTEF LK symmetrized Alexander filtration 12 & D S(g) DEILD Alexander
grading DEZWMDEL TTE3HEREEZ DL, TORERY —HD graded NEEE L TARER L 5.
ZDOZr% 26 HONEEZMNTRT

E & 2.21. symmetrized Alexander filtration 23E % % S(g) DEIT x D Alexander grrading D %
Al(x) € 3Z v #L. DT gr; " (Ux) = M(x) — tA7(x) —a ¥ L TEIEL % t-grading Z & b,
tCF~(g) % gr; T-graded ik LTRZ=DD%E tCFH(g) L EL.

28 FELRER

te(0,2NQt="2¥L, R, =FU%] 55, 27 LF =2Z/2Z. W, % 2 Xt graded <7 I L2
Wy 2Fo®F_ 1. 35, ZZTHRAFD0, -1+t X t-grading DIEEET. graded Ry-MAEE X &t L,
X|a] T grade @ shiftX[a]g = Xgya ZRT & &,

XeW, =X o X[l -1
TH5.

FEI 2.22. balanced spatial graph f: G — S% #%& 3 2 DD graph grid diagram g, ¢’ @ grid number %
FhEfin,m (n>m) 35 %, graded Re-MfFE LT

tHEH(g) 2 tHF H (g)) @ W™

DA RVASN



SERAOOMEEE. SEEERD 3 o5 673 ;

e ¢ ¥ g» 1D cyclic permutation THHH S5 v &, tHF H(g) 2 tHFH(g")
o g ¥ g»1[EID commutation’ THHYHS> v &, tHF H(g) 2tHFH(g)
o ¢ 7% g2 1[0 stabilization’ # 32 & f8oh 3 &, tHF H(g) 2tHF (¢ ) o W,

Z 2N T symmetrized fiD t-modified S8 tCF~(g),tCF~(g') T t-grading % tZ 72133 & T Hk
FRIEGEHERT 2. 25D symmetrized L7z tHF~H (g),tHF~H(g') DT t-grading Z#{#2 Z & &1
DB, FDIDIZidE 2.20 EHWT, MLz t-modified S AR OEFRB GGG 2 CF~(9)
DEDEFRIFRIEREFHNS Z 2 T CF~ (g) L TOMMmMICE L LiAT Z ¥ TRIEMIR L 7. O

FEFE 2.23. balanced spatial graph f: G — S% & J graph grid diagram g \IZ2WT, t € [0,1] <X L
T,(t) := max{gr,(z)|z € tGH (g),z 13 homogeneous, non — torsion}
L, te 1,2 1TRL Ty(t) =T4(2—t) &5 5.

FI 2.24. Y (1) 13 f ZFE T graph grid diagram g DHD /712 Xk 572\, balanced spatial grapn ORZ &
Thd. Thz T,(t) e&EL.

SEBA. 2 2.22 X DHES. FHZ, t€[0,1]NQ %513 [1 — t] ® grading shift DEEEZIF 7. 0
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