KHOVANDV HomMmoLogy
s(n) HomoloGIES
aad

Ri8BoN CON CORPANCE

Melissa Zl/wmg (uah)
J'oinf work wdlh

Carmen Caprmn, Niwlle Gonealz, Chrisine Ruey Fhan (ee,
Adam bowranw, and Radwmila JFardanovic



T.

LINK HomdloaY
7 fo']/xz

Each yank 2 Tobeniws system T A ) ol ner oo TRFT :

z:KL—)A s:A_,& m:A® A — A A A — ABA
)
g
lndex 2
@ et pe indax 1
. : enit. P
Index O «Wii
¢ S e cnit. pt.
A A nmove !
birth ot & cinhe " “deatn acinle’  Cmerging of meocimler” " splifting of 4 cinle”
" .
N . N
) D S
.
" .
i o "
o £l - Yl oo o




LINK HOMD(OG |ES ( Links, Cobordisms) —— Z -nod
inS? SR T

Zt ,
0, Khovarov HomoLo77 i R A= )q/(xl) [ khovanoy ‘001

) (
e

\
[
Complete wgoluhons

[col- oo —

ABA —> A

"

¢ ————————D o
Lo\ !

Xo\ Lo X

X & X

®  univesat Khovwanow H/Dmoloyj [Khovanov ‘04

= = z{k,t/ X]
R= ZIh¢] A )

"

¢ porahad



Con define and Compute  Flaase Npoto?ica_uy
Viaa +e TOFT: (Bar - Noton ‘051

Instead of chan tomplx:

kea 9
Homologlj = e

Wae a bilinean Bron: @ @ /—\eﬂ reso lution = <>

Jurfa s =

all vesolutions and au the
Surfacs ey bouad @ @ — (] =
(with dots o rep receat “ X ")
H.Dwtwyj = =
o bilinear form

oeo tnhe o relahms, (o
evalua hon 63 cloeed Sufa s

VAR o1
=O ‘,=| (Splare velatwn S )

o, evoluateS

@ @ (Ned-wﬁinﬂ relan NC )
= =+
& =5

= SAY,
YLY,X%%) = 72(1 %)



What about higher vank  Finb ysten ?

@ Sl(S) Mmologlj .

eﬂ, A = ZLX]/(XS) Topolegi cally  heed P use websr and Rams'

tuPD‘H’!\T\M ! g
I Kmovonsy 04

=
E
e s

@ Remank. o) homologis Cakgoity Ha Rin) link polyvouvats

[ Kiovanou ] st) honvolegy (aka Khovenou Homology )

] Kiwvansy —l@»l.anibj:l $n) bwmtmgj

Fuvuuvria,u'#y Rr Huce Hheones © Sra work 0’6

Jacobuson

Bar -Natan

Caprau

Muta.aﬂ - Vazg,
Clank,

/Vlad(aa.ﬁ -dtorcc ~Vat



In foct, e ic a hpological  dscciption

univessol L)
wnivergsal  L(3)
se(a) Puwlo,y fov

poreahad

=

There art many nrore velahons,

(webs + Ramc tdots) For

[BM-NMM]

{ Mackaay - vax)

ZIX]/(X") [Mu_(&mj - §todié - Var]

way s o o&wnu'-e}'

edges now )

(eg, Mmoye dott = o e
we have Jingu.lu ™valent

but we $hil hare tla
Sphere  and Mck‘acﬁv‘ny rlafkony °
1 17 -l
Sn =
= - -
cEREe
. &
7

t ﬁ«nc‘lvﬂdld:,

Al we ned w FHu abouve wvelahme
Yo Show tat Haue s vwy 7w~e an obftwechon
rblbon oncovdarce o one link D Gantler.

™~ a



L. KNOoTC (N £F, SURFACES v BY
2D e G oiSec>icl) (Many wies)
4p - (F,2F=K) < (BY,6 98%=s*)

(D)
We con make e set+ o knolt nto o group if we nwd Ou-:fbj

dtn. A knot Ko to Concordont o A ket K, f theve exiglr
on anmulus A= S'xT —— SixzT swchh ot

?A"’ KDU-Kl

nohe Thu (¥ an u:‘ua(vau/\u velarnen ,

Kt eon eordone group &

eq. If Kic onodant 1 Hw wrknot, flun K i« slie @ boundsr o dick in 8Y

(Than [K) ic the ideatity i ()



R Within eadn equivalene dass, Can we poh ally ovder te kuotr?
,:, rechure [erd.m €1} 5,'w a  paatad wdﬂi'\j
A, A prbbont Concordance fom Ko o K,

& a onordasce with oty index 0,1 critical pontt, (2.
it movie  hay oty births and sadd(es (n0 olratirc)

(comcordence : ho genuy eitner!)
The movie ghowld look like

.
@")) Joiw\ 40 make Stevedore knot ()

@ ot

X(F) = # birthhs — #saddes =0.

O = oy birhs and merg el
O Create bands Connect
Curehay Circlas
-
O . birth o€ a frienad
N
O lonely Cuete  (unkmot)
Contoon -
X
Cinj’ccm.vt [ Gwten ‘813 gives a pantal ordesing

(

Q I Hwere ot nbbon ewnes K, — K, ond K — K,
fen coer K, =K ?



“Olassicat” resusdtr  (§o¢D

[ovdnl f F & a ribbon cne Rem Ko — K, Hun
K,
S
e { SENK) ——— (B F)
- w(BYNF) — (s°\K)
Ko
Febnuany 4009
oL o direct swunmanand..

K e s FAFR(K) < FeREE)

[ Zumie]
Many otur papus Rlswed; notady, for today -

[Levine - Lembkd)  Kh
© arkan] & nague o ‘Nbbon distance " ucing Kh
. t(’”\"ﬁ3 TRFTE Ahat  sahsfy o vw.c.k—PM.s’wxj velatan (\/‘U\j ?.V\LMAJ‘-)

c [ealisS2) k) web/fom homologies
Thuy aut retied on 2Zembkds  caitical 'bF)L03iLa_0 lemnna

Umma [ 2embke]
Lt € be a ribbowvt  concovdance el
bt T e Ha upside down Concordanue L \lo

Than Coe * Lo—= L, g otopic to the furfaa (eontordone) F:le—(, obtaiied Lj

. J{-wrh‘yy uathh e [Mﬁ‘fj obordignmy LoxT
“Ml‘nﬂ m ‘ Jomnd  unknotted, unlinked Jpbever

B
D



T  REeJuLT

HHam. LCGLLJZ, ng' cf. Lem’V\L'ZLMk(]

Lot M denote e of Mﬁttowng Aamtaﬂy-fy/u vmnantr
° wnlreasad ()

i rergad $3)
web / foam SLUn)

Lot

C be aa rnbbon concorclone C: K, — K,
TLM y ﬁr W h‘ﬂ"‘“"‘j (3fbl.omnl.57iud ) ﬁr'u.miwn) = li'J>,
B (K ) embeds 4n M (K,) a0 a direct summand.

b prachce, Touse would he used ao obsMChons T nbbda Concordaace.

Prood_Jledth
e T
=
g 0 P > RO ElE)
l(o’-—\

= H(e) H(K) — H(K) & injective, with left -invest Gien by H(C).

a



N
R

il

ST

s




N
R

il

ST

s




N
R

il

ST

s




