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FIDIC, TOES (M7 b Rr Y — 2021) OBEEFOEHH, ©53Hb2r S
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Z®D /7 — MiZ, homology 3-sphere @ SU(2)- Instanton Floer homology DH#ZIZ
DOV, XkEELDbDTH 5.

1. E%BZE W

F72 Instanton Floer iR D SE kN,

o FANAEDHRE, -y FReY =" [11] (AIETEFEDEFRE,
Donaldson N"EBRDERD H 5 ),
e Donaldson D FZE, ”Floer homology group in Yang-Mills gauge theory”

[1] (FETEFDHARE),
e Mrowka DL 7 F % — Youtube ” https://youtu.be/MXXDht90wmE ” D
J—Xx

e Kronheimer DV 7 F ¥ —/ — I, "Math 283 - Instanton Floer Homology,
Kronheimer” TR T % £ FITA 5.
e Mrowka DV 27 F v —/—

https://drive.google.com/file/d/1UDWj5fR5mfUZUJF6yx0xycLRQVwzk2B-/

view
e Salamon-Werheim, Instanton Floer homology with Lagrangian boundary
conditions, [8] (R?iiﬁ%@i% ZEDH, TEIZEIN TV IERNZ WV, 18
%}JOD?&L\Z’P Lo hEIPNLTVS)
e Saveliev, invariants of homology 3-spheres, [9] (f@HTHY 2RI HE > TV
WA, Casson AR, SU(2) RIUTFEL W)
e Floer, An instanton-invariant for 3-manifolds, [3] (JRaR)
TH5.2 2D/ — NI, B4 RITZHEARD Yang-Mills 7 — 2 BGG & {58 U 72 A\
(W7 P Re Y= 2021 BME NG HANT) I, >V ¥ X —=RDOuD DWW SRR L
D YM 7 — P # (instanton Floer Mai) OX# 2 F L H2bDTH 5. £, &H
WHIT K 2T O FEEICRE T 2 2% il % Appendix IZEE 7.

2. INSTANTON FLOER HOMOLOGY T/ DHEEE

Y % oriented homology 3-sphere ¥ 3" 5%. Instanton Floer homology & {Z—F& T
W5 &, Chern-Simons {N.BEEL
cs: B(Y) :={Y LOBK SU(2) #Ehi2tk } /7 — I & — 51

1Z%3 % Morse homology TH 5. 7 HRRITLZERIED Morse homology DHERKIZ
1%, cellular homology ZfFHT 2 b DR Y, W D SN TWED, Z ZTiE, B
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RRATBYRAEBR E F 0 2. BEEUENTIY 72 Morse homology DRI, BERIITZHEAD
Morse HFRDIGFE D, WiT L TITbIL3.3 LITH,

(1) ¥R 4 B BRRIT Morse homology D&%

DEEXETDH 5.
e Morse homology, Schwartz, [10]
e A Functional Analytic Approach to Morse Homology, Udhav Fowdar
https://www.mathematik.hu-berlin.de/~wendl/pub/Fowdar.pdf

(1) Ti&, Morse BIDER BT L & ARRITZIRIAT D 2 HED 720, HERHUZEE
BURATRI T3 D 253, BRRZXIT Morse D&%, homology {5 ¥ singular homology
CEAENCT2 . Lae L IRZTT DRI T, B2 TR TR o RER Y —
&, 3L S, R ﬁ(fﬁﬁﬂ‘%ﬁi@ Singular homology & IX[FEIZ7: 572\ . Instanton
Floer finma@i% bZ5THD. 2D/ — NI, (1) IifTX 8 2T, Instanton Floer
homology DM DOWE 2 A2 b DTH 5.

Instanton Floer HIFR DRI AT, Z OBIEEMNIY R Morse homology DA%
iz - TiTH4 5. Morse homology @%lﬂi%%ﬁ? 2 7-®IiE, RO % TR
ERSE

(1) B(Y) ko Banach SRR DORGED DD, ZDOHEBEITDOWT es BIEOHDTDH

52t (1 ) ATV &, B(Y) HERXITEHE M DIRDD, es &, M
FoB%)*,

(2) B(Y) kiZ Riemann t& % AL, cs @ gradient vector field, Hessian % 3K &
52k,

(3) B(Y) @ gradient flow D512 DfED, Y x R ED ASD HEXORDEY 2
AT 22 (1) ey L),
(4) XY Morse fafi2 €83 2 Z &, HNXBOMAAZRT I ((1) TV
¥, & Z1EMZED Fredholm 5%,
(5) cs ’E?ﬁ@ﬁb Morse-Smale 1255 Z & ((1) TWS &, H2EHZDOEHE),
(6) g )5\5%1/::\75)3 YRTPTHBI L, 0 RILEREOMERZROZ L,
(7) gradlent flow @%@%Fﬁ#&ﬁﬁg@%L%Ho L,
(8) MITHERTETVWDI L (ﬁ%%%%htkﬂ%ﬁ%lk),
(9) Ft&, BEHOHD JJITHAF L7 2 & DFERA.
T 5% Instanton Floer homology 2/ E# S 2RO ETOMIETH 5. U, 2o
DIEHZXDFLLAHAT 2. 2NZNBE RS OT . UTITERTH 52E L
BRIE, FEEICEADHGR 28 S BRIC, SiAR T WU XXMM ETTH 5. (2L,
ZORTETTHE2DITIRRY) HEFT—20EMZLE-T, ZEITL TV
TEERW.
(1) Sobolev norm %5, 4 ﬁﬁ@i Z H*i
(2)
(3) [11, page 281] &, [1] @iﬂmﬁﬁﬁ%f‘%ﬂﬁ.
(4) Y xR _FIZE % % Atiyah-Hitchin-Singer (BT AHS) complex ® Fredholm fi§
B, B L <1, Hesstan fEAZRO AR bL7n—¥2 LTERMELENS. Fred-
holm T, PADIBE L I13E - T, EROEREMFIKFET 2MEE 2 5. B
ECIWXIENIZES . £ 74 7 71X, AHS operator % t-/A L Y DK
co dt+L &5 X527, LI L TEEZRT 2 Z & T, dt+ (1THAUWER %)
D & 51240, BT 5 B HEROFMIFTT 3 2 £ T Fredholm T

3)u o TR —FERERDIF, ZOARRTOBEEEITHATLES LWV bDARDOHG LR,
4(1) B o TLE - TIEWV B2, itemize D (1) HEDR,



(7)

135 THA. (1) DAL, ERIC dt + (THIERR) pBNL3) (L,
Section 3] IZ2 72 DL F FoTW5S. FMINKDAEAD [1, Section 3] ZH
[11] DXL E TS S,

Morse 1% Hessian @ invertibility ZfRAES 5 Z & TH 5. ZiUlX, FHED
1BE10, self-dual 2-form DFEH & D, Chern-Simons NEEZ D b 0 = E#H) 3
%, holonomy perturbation 23 L T\ 3. holonomy % F\ /= perturbation
ZEZDHHIZ, BY)Day 7 MEECIIMNLT, WS BHTHL—T%7
CEABNUR, C OREBZEDABR ) I—DETHETES, LWVWIRIH 5.
ZAUTED, BY) DIEED a7 MR A LOREE o 2 I —18H)
ZHWTELITE 5. [1, Subsection 5.5 ZZM. [8] OXLEFTH SR, 7272
L, B & 3 RILBRIATHEGR 21T o TV 5. [11] OXSEFT S 2.
S a > 87 X, DI 3 chain convergent DFRsmDRE 5 X
57z, Z ZTIXAEM. D 5EFH A a TO virtual tangent space %73 chain
complex I,

TaB(Y) — er dz Hessg (cs+m)=+dq+D grad 7,

TH5. 2721,

kerd’ = T,B(Y)

dr Q3 (su(2)) — QY (su(2))

%, d, ® formal adjoint TH 5. 7 1% cs DIEHZ KT . Hessian DIEB(LM:
X, 2OaRERY—D H = H BHZATVWA I EEKT S, ZhickD,
RS U IR R ITTIR D REBIBUE FE D> & 0 RITZ AR OREE DA 5.

XIZ (Morse) Smale PEIZDWTIRRS. %9, (Morse) Smale % ¥ 5§
B, 80D T EIEH, NEEZMKRE LEZHRARIE D 5 BT T, Z
N2 RXTTZ A B(Y) O TREZBIET 5 21Tk 5. ZhziE4(tk
T2, (1) IV, ROz E S IZHERT 5:

— ZODEER a, bITH LT, Y xR _ EOBEDMERT a, (EOWFRT b 12U
WS 5, HEhDZEM % 7 — PR TH| - 72 configuration space B(a,b) %
EFETS. (1) TWS &, 2 5% D7 < path DZE/ % @Y /L 4T
it L72% D) [1, Subsection 4.2] S, [11] OXILEFT & 2.

— B(a,b) IZ Banach ZARAEDOHEN A5 Z & 2/RT. (Hausdorff £ S 50
$1Z) [1, Subsection 4.2] 2. [11] OXIGEFTH M.

— ASD A1EHXDED % bundle E(a,b) — B(a,b) & section

F* :B(a,b) = E(a,b)

ZEHEZTT. ((1) TV L, trajectory DFFER) [1, Subsection 4.2] %
ZM. [11] DXL E T S S,

— ASD HRERDEDEY 25 £ =trajectory, £ WS REI—HEZEL T,
ASD /TERDIREDE Y 27 4 D transversality 237z TV B, cs+
23 Morse-Smale TH 2 &\ 5. §74bD 5, chain complex,

QY (5u(2)) 25 QL g (su(2)) OF p(su(2))

D HOH2 PHZTWS, WS e THD. (HO DR S DB
WD SBEFICHA3) 12720, Vi i, es+ 7 ICRIET % ASD A0
#1. [1, Subsection 5.5] Z&d. [11] DRIGEFT D S, [8] OXIGEFT

n
H SR RIZED, & OEHMEEHERT 5729, X 51 holonomy

perturbation % _EF { B 3.
_EEE D Fredholm section Ft (2R XIT ORI Z #0355,

df+DVe,
AL



(8) WMADMERTETWVWE I, ThbH 02 =0%RT. TDOAT v 7iX Floer
homology DIERD 2 S A~y 7 A TH3. §? =0 2B LA EZ STV
5¢,0?=0DELAICENZE2TD term BEFIAAHT, AVNI FEAE 1
RELZHREDERDBEHMTHDIELBRBZIDS5THS. X HFMICHAT 5.
Floer ® chain #1413, (1) D55 & FHIC

C:=1Z{a € {(cs + ) DEEFHES })
eLTEZ o0, W, (1) O5a e Rk

d(a) := Z #M(a,b)/R-b
ind(a)—ind(b)=1
LIEEXD. M(a,b) 1%, Bla,b) ND section FT OFR, TKbOE, a Db
b AD trajectory DZEMTH D, ind(—) 1, X Morse 58 TH 5. Hxt
Morse $68BDER, Bk (6) D2HHE, FBRABUERD S, M (a,b) 121, ind(a) —
ind(b) = 1 XITDOZERIEDREEH A D | R 23 translation T free, proper, Z L
T, M(a,b)/R A2 282 b THB XS IAERILTVWS. 5T, M(a,b)/R
WHEREORICRD, 2NE/FEMNETHA X, 2 W DB, #M(a,b)/R D
BHETH L. FFRICOVTIEETIANS. 02 =0 OFFFAIELIT O X 51257
hp ((1) &) :
(i) ind(a) — ind(c) =2 72 MR HZ =D (a,c) EET 3.

(i) M(a,c)/R ®a ¥ ,%7 Mt

M(a,c)/R := M(a,c)/RU| JM(a,b)/R x M(b,c)/R
b

TERT L. (TMHIZOWTIZERD chain convergent ZR)
(iii) M(a,c)/R ®a ¥ 327 MIZ (BlA)1 RTSRIEOMEN AL Z L %
R
(iv) M(a,c)/R DEFRZTFEAATHZ TR L, 0%(a) D c DR —HL
TVWAIe%RF v 7, WMiBFZX0ORDTHED 0. £oTo?=0.
X DA Z1T S . (i) 122UV T, chain convergent & MHINL % ikam 21T
5. (1) THNL S broken trajectory D > %7 MUICHIET 2D TH 5. Ff
WCRTE T 256, (1) 28ihd a7 Mee 2<LRICEZ LTWS. ZHu
DWTI, [1, Subsection 5.1] ZH&. [11] OXILE TS S/, chain convergent
WZDWTI, [7, Subsection 16.1] Dk H 5. 7272 L, Seiberg-Witten D%
ETEPNTNS.

(iii) ¥, gluing & PRI 5 FE% S5 . Donaldson DILA D Theorem A D
FEFHDBRICHI T & 72 & 572 ASD /TR OO &bE 2175, gluing B
GO, (1) LAk FERAGED T A CFRM. fi/NEEROIFEEZE - T, i
IR LTES, WS 57k Z 2T, exponential decay estimate & FEE
N2 Ml Z# 5 . gluing 1I2DW T, [1, Subsection 4.4] ZH.

F 7=, HIRDIE D | orientation HANEIZH 5. BADSGE BT, MRS % H
FET BT LIZEE S Bla,b) D determinant line bundle ® orientation % [& &
LTR2UENDS. ((1) THMIGLikamd d %) ZD7zdIZ, determinant
line bundle (ZBARTH % Z L Z/RTHEL D 5. EARINCEADEE ([2]) &[F
BRIZ, SU(n) WZIRE T 2 HEDMEZ 5. orientation 12DWTIE, [1, Subsection
5.4] ZHa.

(9) BEIOHD FIMKAF L7V Z 2Rt 2L, BEIDZE2[/2Y contractible
TH2015. ZITHHZE, XRDX A4 FDOREFRA

Oh+hd=f—g



EH5Z5RBEBHLZBING, 02 =0 LRBOFIETa > 87 b 1 KTtk
HROEFAL LTENEND term ZFHEBHT 3, LW HIETREINS. Al
I, [1, Subsection 5.3] Zi&. ZOki@d RO D DD, (1) 1KIEH 2. [T
24 T D% FAWT, #Xt Donaldson R &N cycle Z7ED 5 Z &, Hxt
Donaldson NE&EDY well-defined TH 2 Z & BREND. /T DXA TD
HamDIEREAR ¥ LT, Instanton Floer homology @ u-EAR DMK, surgery
exact sequence DRI 5.
T FEITRESVRMNTH S:

o HDEE LiE - T, Rellich DFEIZ A Y x R TIEEZ R L.

o R @ path ®ZEM (Y x R LD b 257 &M 2 R0 b)) ~NDIERIL,
Sobolev norm & X % £ &, IEH 0 TIER V. 28RS, R AMIIHMD L X
523 5%, Sobolev norm DXEB— DO TR oTLEINLSLTHE. ZDX
5 72 M81E 1T sc-structure & FEHEA, Hofer Z#IZ & o T, ‘BT 3 ([6]).
polyfold & FHEN ZRHHAE, (1) Z XD RATF v 7 ITHKTE2HDT
H5.

e B(Y) LD Morse 16812872 % Floer {88, Z-valued Tl37% < , Z/8Z-valued
W7o TLES. 2, B(Y) D Z B OHEEIR T2 353 &, Morse
6B 8 DIERI TS, L WO HRITTFRADHRICHAK T 2D TH 5.

e Donaldson ® SU(2) % {# - 72 Theorem A DFFFHTIX, N7V %L S KB
M@ - 72703, Floer homology % /EFKT 2 FRICIX, M4, 2 KITDEY 27 1 %
Mz > 729 (u-F5%Hk->TH 4 2XT), codimension A3 8 LW e i Z D15
TRV T, transversality Difam a5 Z & THE#TE 5.

o REBRY— S TH3ZLDRER, AT FHEZERDO—EM L isolated TH
5 Zexffiofe. Mo U(1) AIRERDNERE T 2 IR TEENTH 5720 well-
defined 7% [F1Z Floer homology Z# 3 % Z L IFARMHRETH 5. —/5T
AR B2 WIRILTUE, — R DA 3 KL L TEE SN, Z
5 LTEHRINS DB version D instanton Floer homology ¥ & % version
@ monopole/Heegaard Floer homology 232722 Z e B FHEEINTED,
BITE (2021 4E 2 A) & IFFEITIEFEITHSEDEA TN S,

o ECOMIRLTIE, ME—DRIFPFIHE I Z A L7z, ZHEfiS Z & T, Froyshov
AEENER SN, WS = Theorem A H/RENS. JRE {3 statement 13,
Heegaard Floer %° monopole Floer D& L EANE S Z L ICHE. F/2HE—D
AJFFEEERE B chain complex 129 FWEAICANS T ¥ T, HEEND tensor
WKHIET 5 L1k 5.

e Instanton Floer homology @ —ftif%x %5 & D Hiz, X(p,q,r) D SU(2) F
HEDOBAZ LT %257z Casson NERDEFHEZ EIZfitii T < &, Instan-
ton Floer homology Z&5H 3 2B TH 5.5 D0 TIE, [9] BHE.
Y(p,q,r) DEEIE s 1T TIZ Morse BAETH 2. BEfRfle LT, Hiczhs
(b L IFZN 5D connected sum® ) ZRFHICE X 20 HMRE B L, XD
HEBFFT 3 2 EbN b, cs D Morse-Bott DIF, X D372 perturbation
EWMAZ LD TES. %77, 30Tl ¥ R DA, BN trajectory
%, [AZ ADHM B0 136N 258085 D, 2Dl s, ML E 72912
BRLHS LW, £z, 5] ZHATEL L, E5WVS A b RrY =126
RADHZ S 2, LS BEEDEICDE, X(p, ¢, r) D Instanton Floer homology
DFTEDFERIZHES cobordism % D _E®d flat connection IZH1EILZ Z & A3
Hk 2. %72, Kirby 5IE5# X T, negative definite cobordism 3 % &

Sknot O pillowcase b BRWEMTH 2 & b 3.
6 - DHEIZIE es 1E Morse-Bott 12723



5127 5> TEL &, instanton Floer 2» 5E 2K ER Y —[FRAZLEDIRS
% Seifert 3 JUTLEHRIK X D IR 3 RITERRMITH L TR TE 5 2 ki
25,

e gluing HRD smoothness IMWLMETH 5. T4bB, Bla,b) AD (T X
TEA T D)ASD HFIEXDRDZER] M (a,b) D a3 >3 MUIZIE O Al &
ZRRRDREED A 20003, RIFIRTH 5. [4] THREIN TV SikimrBER D L,
gluing map @ (45 @ )exponential decay estimate Z 7R3 HEDNDH 5 & EHb
1%, [4] T symplectic ® Floer DRI TINZRLTWS. %72, M(a,b)
DRIEHA 8 LD KREL, TALF =8 1 XD KRZVEE, N7 255
H5.

Instanton Floer homology %A 2% DIAA D (Floer homology DR, ZFEDE]
RB):

e framed instanton Floer homology(monopole/Haagaard & OXfLAFAE X f1
TED, ZLOHITF 2y 7 ENTWND),

e Fukaya-Floer homology (Y %% homology 3-sphere T W& 12, Donalson
TEE%, full \IZEfET 2 H5HA),

e Theorem B, Theorem C IZXJ53 % instanton Floer homology, B(Y) ®
cohomlogy #¥DITTHE -5 7z instanton Floer homology (35 % Theorem B,
C %% F % b D, sphere bundle @ total space IZX1)53 % Floer homology),

e singular knot Floer homology (2021 4F 3 H D5 DAA, singular con-
nection % fifi o 7z Floer homology, knot DA% %, Khovanov homology ¥ ®
23D, web 1245 % Floer homology,

e sutured instanton Floer homology, contact invariant (& % & 4 7 DHEFAf
& 3 RILZHEIRD Floer homology, 2> % 7 MEEDAEE, 2> X7 b b
RBY—¥ 3RTLEHEED bRy —DERD),

e higher rank instanton Floer homology (U(n) @& @ instanton Floer ho-
mology, surgery exact sequence DHLRIR),

e A structure, instanton Floer homology for 3-manifolds with boundary
(Floer homology @ &R DFEMEE, 3 KILZERIRDYI D IZ D ITHF % Floer
homology Dz % FE\W, Atiyah-Floer T4]).

3. APPENDIX

Z ZTIEFEIZ, Instanton Floer homology (3 & UHHXf Donaldson 2 &) DAL
WHRNBITICOWTSE M E T 5.
Hilbert ZZE D EFEA & compact self-adjoint operator D AR bV fEER % &
LBECHR
o BAKUENT, BN, HATBEEE
e Functional Analysis, Sobolev Spaces and Partial Differential Equations,
Brezis

(Z 81K _ED)Sobolev ZE[], LP 22/, Holder DA%, Sobolev #HiA#A, Sobolev
4, Rellich D8, HHAWEHZE, Girding DA%ER, Hodge Hifi % & 5% ik :

o 2012 fFfE M A ZRA L OFEMZIM D ERZE -Hodge theorem- A &
b (RRREEEET) (RET 5 L FICA )

o BRZBRGR, NPHE, aIlENE (FICHER)

e Elliptic Partial Differential Equations of Second Order, Gilbarg, David,
Trudinger, Neil S.

e Nonlinear Analysis on Manifolds. Monge-Ampére Equations, Aubin, T



e Foundations of Differentiable Manifolds and Lie Groups, Frank W. Warner

Fredholm 6%, Fredholm fEFIZE D\, Dirac fEF R, 168 % & SE ik

o TERUEM, HHERME, SIEE
e Spin Geometry, H.B. Lawson, Marie-Louise Michelsohn, (Princeton Math-
ematical Series 38)

ERICEET - BERIBICIEINEOH D B HZOT, THELEX V. ZOFEBICBE LT,
ARy M ELREE o HBMESA, MEE X A, HERER, SRHEGAEE I,

EHF L RIFET.
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