0l 50| =2 XX} El°*7€1} [3]: OH& 2t 4X}& C}

20214 11& 10¥
z

EIE

i)
il

“HETH,

i\l

AN
o

O|H =2 "f 50|21t MAHH CHEA|"2te MS2= ZH|oh HxHo| ObX|at S YLICH Xt & Ho S0 M= THH oj
S HEQ SAZ0l th5to] ZOotEUASLICE OHOll= ?{2] 7HESO0| OfH A2 = 4Xt CHA| A0 O|E&|=X|
2otE e 1 StL|Ct, 4XHRO M= CHE AHRIOM LOJLEX] gb= LT[t pletS0] Bo| HAHELICE OIS S0 n # 40|
o 0|28 R32|C|f R"2 EXSIX| obe BhHo|| 4xtAOIME A 4 glo] %2 0|28 RZa|C|f RY7F EXYELIC.
ol 20X IHES AHESHe 0|2 X R22|C|H RS THE0] E2i 1 FHLCh Lot KAl 2| Mgtol M ojT12{2
HFO| AXH FAHTI| FH2 OrA S Z=|X| @f2 SRt ZHYULICE 0| S25t7| /510 0iE0| CHstA| 285
1 AELICH BH0f| 2 |2 Opz2| AR Ciprian Manolescue} mj 3 2l 2Lisa Piccirillog} Wb ot =2 5 A IWSHZAELICE

of Szt 0|2y [E2|C| R?



Ot 4Xb2! ChUM| X7t FOIR S o/ & yexoticXgt ot 9|4 S&0|X|2t 0|2 S&o0| ot 0H12{ 2 CIYH S £
LICt 2222 ghef ol X X7t ZEMTICHH, 9| &X 4K CHEA| xofl = 71 o &of o1 g =7t ZMEfLIC. of
H AU M= Y S 0|2 SE= 27 0|0F7[ot BLICEH & THIN7L 9| SYO0[2ts EAE =422 3}

108 SHA 1= = OF HAISIEE SI7&LIC

S|4 A OHS kot BAol|l 24 HWErSHA| 0§ EHE B2

MMo| 2FE 1SS 0|83t0] 0|2 R22|C|Yd RS StELE AYLICE 0|5 2IsHM 22|= i SEet 43
Il oHS0| HRELICE 22l Xt 20M THH 0SS B4otol| o112/ 4) f &t E/smoothly embedded plo| 7|2

CHH IS S Hoe 4 ASLICH 0j50] ghok piot
Qo C

2
H
e
o8
rm
0
\
S
2
o3 O
ra
S
nl
<
=
3
(o)
3
o
D
Q
Q
(1))
Q.
b:
10

FH g//gtopo/og/ca//y slice knotol =mp=!

2
N
x
i
>
o
r§
=
5]
rlo
n
o
|

=2t 20| Fo| LTt ot nAH CHEX| NO| mAH CHEX| MOl DHEE|O{U L, BFF N
ot (U, un MOl (R™, RNt 9| &SA0| EICHH NO| MR = =4 HESHA| DHEE[0] )

o
o 2= HM 2E UVEH
2 =4 HWES 0jFo|E2= THH 0 E2 94X HH i 50| ELICH SHX|2 2 2| 4H

Cta gfL|Ch o722 2 of

— |

o
THH oj50| Ot B o &2 OofeLCt.

O ZXBICH= AHALS 0|7] SIsto] Qi
Z|=al ofMichael H. Freedmang 8oucHo| CtE

™22.1[9,10] =Atr] Crgt4lo] 121 &2 2/&4H& EHEH of50[Ct.

olo| Ma|Qt EHE

FI>

Simon Donaldson0| CHZtst M2|[6, Theorem 1]E AR50 o4& _E_Selman Akbulut;_,} _E_ERobert

ot Aa|[e,
Gompfe S2iMO = 9IAE TR (fS0|XI 2t HHE BHS2 of THS0| ZRBITH= AHS SHASLIC HHK]
= MO

2Es|
T 99l §E S UESH= MES0il st A7 A T JASLICHL 23 H FHELZ = SAIZE CHolM



= JHo| x2t

QAN CHH IS0 2 O|R0{XI HE RS MZtet £ Ql=r| 0|9 Lot tEs| 2hatst H1[3,4,5,7,13,.14,.,16, 18]
7t O|RO{X| 1 UELICE,
282045 kot S x 22| OHEr y(K)
Ut gt

ot 0 S0| TR S W, 052 AH%|E HOlstE = SIS LICE Ol= 4X12d CrFA|o|H 0|2 X QE2|C|l R4Z ot
CE O 2% gst2 ST @M 4XH 2 B*E MZIst11 0| ZA| 6B = S0 Q| S K2 MZSIZALICE i
21X T ST0l|M 3k T S329| DHEO|X| T 0|2 EHAFSIe] [1212]9F 20| §! x B20j|A S22 DjE o2 Azt st
% UABLICH (012 2IshME k25! & 53 =0l Bi12{2 iFo|aks Jhgols SRELICH) HABHMORE FO{Z ES O
A == Db o|2tn MZSA|H E|ZIEL|CH O2|20 o] oHES

wWK):S' x B2 o §3
2t B2 2 sh7laL|ct

23 005 kOl Xt X(K) [ emiet
2|= B0l (2-handle 0|2t E2|) B x B2E £0|2{ 1 BtLICL @M B2 x B29| AA| 6B x B*)7t [2Z!3]at 20|



o(B2 x B?) = (6(32) x 32) U (32 x 5(32)) - (Sl x 32) U (32 x Sl)

O LFofZLICt. o] o] A #mf =2 §! x B2E w(K): ! x B2 o $30f| h2tA] ptoi| 20§ BHEO{ XK= 4K CHEA|

£ 0§ § KO| AfFfknottrace gyt StL|CH([124] & D)

/)

T INE KO RHE| X(K) [ s

A2 of7|0lM s x B2E w(K): S x B & §30|| mEtA plof 20| wigo| 23ts| BEo| QUELICE O] Foi|lAM 22(7t
12{3t= A2 0-framed AHF ILICH OHS2| XbF|= DH52| SHES Oldlidh= O il SRt H&= LIt 2 0]
fE 22l el M2 YLICh([azls] #1)

M™e| 2.2 0f5 K7} EHH 0§52 243} X(K) 2F IHTIEA R 0f (i &5/ = 242 SX/0/0 0HE Ko} |IAR EHEH o501 2
2} X(K) 7} == ZEFSHH R off DY At El& X EEB S4/0|Cf.

0|2H RZ2|C|H RIS 2ol OtX|2toz LR Mal= SUET} ofLl 4xH CHA|ol = g4t ona| g 77t ot

Er|o 22| 0|2 FS2|C|Y RS UHE FH|S OPYELICH @M I4H chH fS0|X|g thH 0fS0| otcl S
J2 DHSIAELICE F2l2.20] ofstH jof Xt x(Jy= 24 WErSHA| R40f| OiF o] ElLICt w2t

R* =g X() U R\ XO)

re
=
ny



o S0l E 2t A xi& CHAl

1. Ef

L

e
]
fin
o
A

Dojo| 77

L

N
=]
I[n
10

i
N
Bl

3. OHS2H4XHY CHEA|

2 FHELICE 919 37t Zls| R4 214 SHALICE 7| R\ X()E
=0l 2| 2.30f 2sHA OfHH 0j112{Z FEE JHA[ 1 by

ZEX| QI HE 3Kp CHEAM|Ofl= T otLtel of & f = E JHEICHE ArEo] €A USLICH[2,12,17]

O|E ZEeHEH x(J) U R*\ X()oll o3t 0f 12| XS & 4 A2 0] UHDE1E B 7P‘| Ef°**1|01| X(J)7t
HOE A oiEro| Eltt= Z2=20] Ol 24| ElLICt.

= =21

=]
k3

SHR|Bt /= Er DS 0] OFLI7| Th20f 212,22 083t X(J) U R*\ X()= R49t Ol S30] OfLlzts A
4 UL 5, XU) U RY\ XU)= 0|25 R220i9f Rt 222 LY 4 YL of7IM 8 71X £22 A

AN M-
A2 0] SHOIAM F2[ 2.30] AEE[7| W20 22 SH2ZE= 0|=XQl SHETHAXHR CHHM| = RS =7t SlEL
E

fIo| M= stLtel o] =H

S
S|
EMSIC= A E €0

HIZIMEO R 26t Jio| o|2H RFa|C| RYJ
= E

I__?__l?_ﬁ Clifford Taube50|

He2|E Sl 800l &

Ol =Xl FHESTHAXHR CHAA|Of THEh A7 SASHA| TIAE| D QASLICE (olofl thstod [1] ME0f & H2|=|of A&
Ct.) SHESHX| @82 4XH CHEAM= & 4= 8l0| B2 012 F #2712 o U= B, SYESH 4R LN =
Ach Moz Eoio| tiT2E AR 7HE 4 JASLICH O2|1 »n # 40|H SHESH nXH CHEN = Fetet of
ng FEE MK B2 SHESHAXHA CHEA|7E Fote| B2 i1 FE =S JHX[ 2 QUATHs AHAO| 2R U
Lt

OFEITIX] Ol2{3t $1AS SIAMOR BEret SHED 4Xtel CHAIHOI AT 2AE| T UALICE 0| 9IANQl 25y
Of HZION T2t XKHe 9IALSBIOA JHLE ChIBE 71 2SS AFBOLY| BOISHMRILICE P4 OR Zickst ZWED
4%t2 TIIAOf Choto] RBHst Z2 QB IIN2|S PAS 74 ZH0|ats AHAS Sl !

=
e
USH, OFE| 7ol 0j1EE FZ & 7HE SHESE 4XH LM 7L ZXHSH=X|0f CHEHA = TS

IoHFla| = xxPomcare conjecture

184
-
n



FH 3.1 (4XH of2 2 FAH7HY =

il

) 44H2 7 SOl = EF SfL}Ol DY 1122 RAEIf QI

1 HAL|CH 0 = %|2 Oy A 3Ciprian Manolescugl 1| 321

I'EI
r|o
mo
o
ol
ot
2
o
Mo
=
i
3]
=
kJ
|.|-
_I.."E

+oAS0| &

of
sptisa Piciriloy} ar st =22 Zh2folH AJWSHRA} BLIC,

M 201 stLtet Fe| stLt7t HRELIC fIolM S K7t FHRS M K| X3 X(K)Z 25t &LICt 0] 4XH
CHAl= BAIE 7HXI1 U2 O HAE DH% K2| &l szbehnsurgeryz elojFl 3xt2l Cratn 221
Y(K):=0X(K)2 EASIELICE =3 O "M2d|= Kol 0-framed Bl == Q0TI 3XH CHEK|I I-IEt EES, 2lofl

M AZSIAE Ha| 2,204 RS 2 Ml & = ASLICH Ol tHE 2| XhF7F R0l IHEEl= 23t s*ofl oi & =] =
o

oK
0| SX[O[7] ZYLICE &, 2= Ch29l a7t ArdY S & o= UASLICE ([225] &#1)

2| 3.2 /5 K7} £t i 52! 243} X(K) 7} Of 11217 S* 0l DY AL El= 242 SX/0/C}.

A5 045 ko| Rk X(K)

gt ot

o]

£ o0l S Kb J7t A V(K Y()7t 22 3XH CHEM|Et D 7HESHIE LI O Liot7t k= T DfS0| 1 J=
THH 0§50| OfL|2tn JHESIASLICE el L2171 X(K)2F X(J)7F 22 4XHa CHA|2t ZHEACHH F 2| 3.201 2

St0] k7t Bt 0f50|2Hs Abaat g7t B i 50[2ts AH0] SXI7} ELICH ot X|2t 22| = 0| =2 AT Z Lt
7t E o710 E223| k= THH 050|311 J= B 0iF0| ot o7t /S + ASLICE

ojet Z2 &S UHot= HESa 4AH T2 2 FAHFte|| =FH2 0B HZ0| =NUASMK? o5 K7t THH
0HE0]7| mi20f Fa| 3.201 ol5to] k2| Xt x(k)7+ s*ofl B A oiEo| =1

§* = X(K) U $*\ X(K)

2 £ 2 ASLICH O LIob7}E v(K)2H Y(J)7H ZTHs AFME 0] 83H0] 5\ X(K)°t X())E 20 MER CIYH|

XK, J)=X(J) U $*\ X(K)



E 1St = SIASL
S4et QA E3{0|at=
XK, )= stet 0|2 530

= O|OF7[ota 4xHR D11

ol

OF
=

o]

Ral

[e]3
=

1=
0x

—_

il
|0
Hu

A3 omy J
o> mot
4>

[o]

IR
rm
i}
rir
rr
Mo
o
ne
=]
rot

Ct.
At

LBl Y(K)2 V()7 ZOH K= T TIS0| T = T O4S0| Ol OIS K9t /B BH=CHH £ 3 1
UBLICH DHs2| AR} S YRE 5|2 WES =20|M Z0|22 2189 WS (K, /)| -;-p S
a

-
Il
-Ll-
=
<
rr
40
10
0x
H
o
H
_|
e
1M
Of
Ral
r—l-
rn

52
90
>
r
Il
J
o
N
=

IHS0IES SoHM MAXZ sl 25}
F

52
S Sol0f Tl £Z0 ofL|2t Axtel Cheniet BRE Choyst 20 SRS 2 20l2tn 7| ok

XEMS| A SR = AKX T2 E0HO| 4Kt QAR THTL| K| SHE2 X(K, J)7t
2 2 FLICE kX2 X(K, /Ol X()7F BN EA| i E =[] e 2 Ha| 3.20] 2|5t
OtL|2h= AHMS & & USLICE F, ol stofl Mojz T 7He| jne{g =7t UChs A
Eg
=

=
22 Tt F20]

o

o
{ L SO EH DHSQIX] OHAX|off CHBt AbAITH 22
O HS (K.}, ..., B0 T StLtEHE CHRH DhSOlakel 4Xtel th1al @ Th7tay 20

ol 21712] f 50| 2& THH O E0] OtL|2h= AFR O] SR SLICE. StX|2 O] =&

Ch= Zofl 0|7t ASLILH ALZE B2 XS

2

=6 nhsa| Aot 32Tt O

rlot

= 2170 BHE (K}, ;o0 LIS THS



M|

o gl S tHH oiE0I2t= T, Ol SaliM Folkl= sl SAIZ, 221 50| 4XHa ChkA| H720f of

© Alo2 20| £ =X|0f thoto] LOLLYLALICE Ol 20iM 1T SH BT ofL|Et B KXtel SIA4sto 2
o

HE3t HS0|22 2 HBo| AFLICH Al Hel AR7H SXHSOA RAT AN S HHfLIC
g

—_

10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

Anar Akhmedov and B. Doug Park. Exotic smooth structures on small 4-manifolds. Invent. Math., 173(1):209-223,
2008.

R. H. Bing. An alternative proof that 3-manifolds can be triangulated. Ann. of Math. (2), 69:37-65, 1959.

Jae Choon Cha. Primary decomposition in the smooth concordance group of topologically slice knots. Forum
Math. Sigma, 9:Paper No. e57, 2021.

Tim D. Cochran, Shelly Harvey, and Peter Horn. Filtering smooth concordance classes of topologically slice knots.
Geom. Topol., 17(4):2103-2162, 2013.

Jae Choon Cha and Min Hoon Kim. The bipolar filtration of topologically slice knots. Adv. Math., 388:Paper No.
107868, 32, 2021.

Simon K. Donaldson. The orientation of Yang-Mills moduli spaces and 4-manifold topology. J. Differential Geom.,
26(3):397-428, 1987.

Hisaaki Endo. Linear independence of topologically slice knots in the smooth cobordism group. Topology Appl!.,
63(3):257-262, 1995.

Michael H. Freedman and Frank Quinn. Topology of 4-manifolds, volume~39 of Princeton Mathematical
Series. Princeton University Press, Princeton, NJ, 1990.

Michael H. Freedman. A surgery sequence in dimension four; the relations with knot concordance. Invent. Math.,
68(2):195-226, 1982.

Michael H. Freedman. The disk theorem for four-dimensional manifolds. Proceedings of the International
Congress of Mathematicians, Vol. 1, 2 (Warsaw, 1983), pages 647-663. PWN, Warsaw, 1984.

Robert E. Gompf. An infinite set of exotic R*'s. J. Differential Geom., 21(2):283-300, 1985.
A.J. S. Hamilton. The triangulation of 3-manifolds. Quart. J. Math. Oxford Ser. (2), 27(105):63-70, 1976.

Matthew Hedden, Se-Goo Kim, and Charles Livingston. Topologically slice knots of smooth concordance order
two. J. Differential Geom., 102(3):353-393, 2016.

Matthew Hedden, Charles Livingston, and Daniel Ruberman. Topologically slice knots with nontrivial Alexander
polynomial. Adv. Math., 231(2):913-939, 2012.

Taehee Kim Kim and Charles Livingston. Knot reversal acts non-trivially on the concordance group
of topologically slice knots. arXiv:1904.12014, 2019.

Min Hoon Kim and Kyungbae Park. An infinite-rank summand of knots with trivial Alexander polynomial. J.
Symplectic Geom., 16(6):1749-1771, 2018.

Edwin E. Moise. Affine structures in 3-manifolds. V. The triangulation theorem and Hauptvermutung. Ann. of
Math. (2), 56:96-114, 1952.

Peter S. Ozsvath, Andras 1. Stipsicz, and Zoltan Szab6. Concordance homomorphisms from knot Floer homology.
Adv. Math., 315:366-426, 2017.

Clifford Henry Taubes. Gauge theory on asymptotically periodic 4-manifolds. J. Differential Geom., 25(3):363-430,
1987.






