& Rrirgionad Topoloficel Teld Taeori=
Nathaliz. Wahf

B

RoOP ASV{W menodald ceat, W/Ob M

Moot mcncell firlar
Cpet. - collaction of Cbj. 1F, W 2n
W/ COVVY; QALC
MW s X s.£, @ZM>>4><V)~—P‘Y§‘6
© o(;grad] /VPPVC? S
flg -+ A
Whef Ao ue sl talk ‘alad @P“/‘”@)
3 p,(aFg Are. /500(
Ex Car consrct o “’”‘“«’7(”“% e w
only/ Vhe. tiviad algelora.

Condrast Ty @W);@W&MM

over E

.. . 32 4 o et of 56

%@m are &j )< af O/QZZM//PMP =




Meving @re ., ... .

A divnd toplosicol(conformal ) fuld Hroots

More “fancs vo o, ;ré) Kb

ALb TP 30hy = M (g 4— L1 5%
Mntnym) = L=y

| ! \
Gk S 4,3
M) = Mo ispr 2

= sprce of corfevmid
dasses o,ﬁ %gwn
Strucfenres
o= [Somo by, ohrSseS
of &t Srclee-oS
on &_ @"‘j P> lely Cﬁ/@
C\;’Zbi L@(Omofph,“c-c/ofgafg
Of-CE¥ Shrenafrmns |

,/A( : ;; e 0@55!}57/&3 SEACe p/ 27
PRV R smecth GuwndlS o/
& -

~BOHH(=,0) .



Del- &é@bo’\ ggj -
Mep(#ym) - Gy %C@é e )
& Cob'™*
oy

\

Dt b Bdim TCET ™ (fop. conforendl el m»;,)
18 4, 69»/%, rnoroidal MU@V‘
=i 2L Gob™ — Chang
A Lol tCET U\Onwloycal = = &)

S & U mmonoidal /w/zdry
3 Cob M —AG/@%

Oue gt ions

@ WP\QO{‘(S us as cun M%nga/c, quchﬁ/{/,&
@&@5 F o<

@ s iF lnleres Hng) 4

aG )= e (ﬁ%&bﬁp (V))WL))

Pnswers
@ Wil 56{»2{ (ate,
@ = @JDS 6"#“ u@b D O .QXOJW\Q (0,8

N aTNHI 4/ cofwn{//c_a( ({“'\/}9//1’-1/‘ ¥ Ww‘jlﬁ)

OMPZLR({ Lseov- glos f/(m P(A%yicg éam/,(ﬂﬁzo




@ 9//1&&/{ ﬁf\g’ ajﬁ- BRlrnchusy s O//“/«?/f 05/6/74/,
oﬂ-/,‘pj(" f///;('(_),/z) fs 2. repn (j)// Cy,(ﬂ(.z>) o~
WEN(Z) — ~op laorn abont (.
VN s .
\
@Wmféo/é @fsfnww s an o7
Degree Opare (1)
(E) connectef =, (M=) =%
ard &Cebte 5 14, liveartza lon od 2cab
= owﬁf HCEC s in pwticidapo TEET
(L & CommupntafVe Froberic) @é%ém.
o (M(E)) @ ()82 —s £1())
Y,
[¥] ?namﬁoz/-

Grenus O OpYadic port (o «ceop)

= of Wmnﬂ%})]j ~ @@

R=E Y




W_Q_W I) (LgPr OVeR W\esm@w\
W

NO 1D Ol Mt 8RISTTS

. PRP = eI C Vo
AN oV # REP = Stnh. HMororoel FMCTHR. .
, OverAD = Co W ChoN @:CIQM%@O +¢anosm‘od haPy
N A . Zn
heees 1 GOXNK " R
. Ay OFSReD pefines 7 Pf—DP & WW*LG%E&AP ARREL .
QWY Do T/ PeoPlE ML Talk I opecads Wi
Rops ARE & o G SINPLEX hup  NVoRE cenfsol
S e Sane TNE 772
Ansoel: pccanse  PeefS gE MO & m—@aw@o
MN—‘?@M@‘L/

R
Sprnl, "W ofeRap / frof o XL ALGERRs
Hore Carvlori®y of Alos 18,

- orerep,/ et W
T s MT VAL -

WeRE MiEK hE A LA GEN

L AMQVAGE:
15 gy IO SAYM

A/[\ cvanl Tar. Of@Rels
N (TheuGh TR OPESAOS



- VOOWGler Conravet THeD

j rEIGSg

Uore FaNCl \eesim) of THE GROORN  CTEEDRY !

@&\" 6 OL’A‘ - N

| Mor (nym) = Wov Ul sCaCe of Rigt . (ol .
o é—ﬂLS‘
w,LISDQQ (=)

~$ Rreer M%MQS - o 25/&%(2/)

SV&CQ of CPNE% fc‘ﬁ&.&C\ﬂSS@*aF Bw\n MeMICs ON =

_ BHNoRPHT Cre SSEF oF CPX. SWW@X on =-

)

M=)

8 H

= ﬂoﬂ% H’(F%Bevc SCT 6N =
= ULSHFUN ¢ Sﬂscf e SNEDTH BOLS Wity FZEL =
Stacx oF MGt WhRew BECeNTs OF I Fewy PRIy |

ST -
/}1’\7('(“;'“\ (/IIVL@{‘C{.Of("\,!"V\ ) f’CeU

?WCT
w He -, N IOV CED
wod,” - [ By ]
5? [\/M/bof(“\)""\i- L‘wy(\ e > A B;"JE:&E

e

i A S Monoibsy Tl (ol
Fagt s Oy = O

A ok BOPT (HonoleGib GonForrel Few) Treops) ir
. =l o 9)\&@&' Graped VU x>

Bef. A 2ok TCFT (TopoLeGrae (onFoRreu LD ’M%)




QUEsToNS ) wher iy THR | 45 A MGPERAIC Shairugs O

oz\ DOE} Thy EXRT 7

3) IF i1 o ANy INTeesT 77

: 77 sk SAY  SanvEYHW
Avowers = 1) 2 i SAY BOEVING 87 o)

Qj DI LSS "mor‘/ co Tete SHouw Fe haRe SXNAR-

s TTS MRRE  ConulaTed , & Tere SOV R Fewoz
ERNPUES |

. THere A2 A Coop WNEER OF EXFECTen tXenpre—

Teanr PHASTS | Stnprecric TORIOGY , - . (naT ERS| W
e CE *

3) . kOOMANG Tt & petr ARONTE A SWCGWeE (e
A WWWQQ(\W) A WaCE, 222) | oPTEN  (REEUA
(66 H* AMD T e %D&JC(“) ?D/ _,.)

Chisey e hoDUL SfaCe  TSLF W ppeeeTNG T
f}rlm TH® GV @3‘% fresentenon OF TTF |

STWT e Mobudl §P8lE .

Hovole 61 ~> Cad W (S 0

Stilg MIwaL To A) : Wher iz 4 TTFT/ HOFT ?

HCFT: Tssves We Oan'F Know So Muck BoUT
B m(e)) .- BT we Do oW
S&SUE T RNET !
(D) Fpeee 0. o ME) 11 A o E
NG G oF Hg (l%gaf(%,h)) R g6t TOP. TIFE
oF CoborD S\



= H 2 -8CGFT 15 W TRpWwa. A Coim. "/
Tro@ewiUs AGERRA |

(I Gaws o " oRerspiC Pex /VW(§§>9 \

n —>1

Mm( %}9 (@B BB Bt )

2
DYy (0] .ﬂDﬁ —> WD 1)) Bb (w wﬂ) T 0\@C
oPeleD

(oM POSMON = nWJaz:(‘l‘wv

(cernec], 1, (D) - B

= OfereD ©F  BATMN -VILKOURLLY
| AGEBRA
= Conm . AlG WD AN oftsR N\ of deeret L

Bﬁm’bf‘_{ﬁ\f@ TYaT A(O(i b«oc) ~Nosb)ec ¢ - - -
@ _ NaebeC — - -
A > Gamesma i Ha(W(ED)) £ W (57 = (B
- =D GEONOLsral_ (N .Ha(/h/{(g:o\) }

B > "Ierens peVsson

6—9meﬁm&ww@m (ig) T
AD  THer’s AW WK M%wxww@wnwﬂ(wwar W<

A0D  Bang  AOSUMPTINR
. Wwnww Deo Theseler / =

Y{E\z\ Cann. TRoB Al (Feomes Mesuc Hd ) |
EX: b (A A T A cvn (egGom| o, MG
;\:f:;‘/—-_’ [:A'ff'nﬂ N T B . » S W oS U 1\ ﬁﬁ—-




O VL T e ™ v e TOET e Tk | L

et 16 G ME) 7 4 meipri ks IS e SWGIR
O —— 2T TeT 15 fal To0 86 A MefeL TV GVF A

DESCRBADS  STONCTCE |

Smae . Mgl :  FArT SeaPHS .

Def . A BT GupP (4 4 Grapl TIGTHR. wATH-

A 1 C mmw@ AT BALH \VRTEX !
UF’“‘*F HALF-EDGeS

00

CowW
mop\e ©VG& J/

o+ GO

A Ter CRaPW Canl BE TETENEO
DEVLUNG €acH TpGe BY A Riwgw Hwy TAU

V‘W\%X,}L 24 A SPloeR %
R

To A S\KFéOE/

.
= \ - /-\h E
. r ! VW et "_""\A A - T T . ~ U - ”,r\ n/\.)r u-— " v (‘
== nEs i NEI I e , y o
- kel b = —~ - .’ g . h ~— ‘
o ’ L
o PRt & i et i Tolac Tt " y . - J | e IIVWGV{

N A -— = ) - /\../n! . - - _ A an AN



Phee i A Chan KX ®,

= .
%;W-g LZL {orinrEr TeT GRapHs > ) d, = IR ﬂmsmw

YT peggee ()= 5 w3
%— —>2Z 5

@ @OWD\’WH—WSTW\), Herr | Penivex ]
He k) = W (um(=) )
= PNy
N .
: ¢e
ReNCL! (55 W\ App LEAVES <TV RoUNDART
(B coSelin GO0 \ A :
QVLC(E)’

@ 9
-

THM - Goow 4661’63 GLUUING of SURFeler AONG  LBORY
Coneom chd AR B O=EmED  TwesUbd A

- Geaprt  MSDL
[W\T otore PROVT ¢ SUTLOTIEY of TN QuiNG |



/’én/zmo@ oF Aol WRW- KmNA///Nme;mm—(,/
OW thgee ¢«

@Q e TTZET = Syma, Mgn. FWCTOwNS Tean

T AL N o T e
‘l“;f’%r( h}—“;‘\ N C# (/M(Z—\ \

Lo OROUN
. g r - A AN
e A b~
Z iR
fapeu® By 50 o K
GRS (MM VERVEY A
HONG BY ATMM/
\grvey”
Gmus 0 "FT" ofeeniC YERT = Mg~ ofecel

DW@ _ MACHNE TR PRIDVING

k)
TresY >>, TCFTS
ofeJ —rCFT

oy KQMNW—MMW] HH(/\ A) Ts B (W) IaT

Y. rm A, (rFT)

e | fie)
[aRb0L- N A, I ey ). oLk A/k) (A @“’@Cﬁ
W’\FYLDD 4167 /

MeenT ) HH(AA 'y AN Ay OVL HaRnemT Comp-




Famed Lift Lisc O/JWO/ 79&
/Dy_()rg /r(/ Z/DZ &
PO D’ O
()

Ayl GOM()ozéH@y\/ in 71@ (nsertion)) s
conpahille “”Eé the =% COMmpox iy,

%mm I Conh 6P

Ex. 4Dy 1) 87 @
by (M(a))2 £
= A=gpremior
(Guefezles| Ky FOD=RY (BMM—V{(,@OV/S%)
Zonr. WCFT s . poybical g BV -2l
e, ¥ lhas « I%GMWQS/CW F’roé)
4 o a@jm@:i Oproven A
3C Alrbr ) -flakb)we £ axA (bxc)
t L EAD e

| galvoctore- W]



EX. oA 1S o bt fire Froberius W%')
e iL defires o HCET

A Gk ¥ — QMo 5 gf/zc;é

e #Hﬁc (A)A\ o Wefej COVN"N)
Fob. qﬁg\ 0(2//7‘4"63 o BCrr* witt,
F:Ci);h‘ﬂ* (Ah)  whee A= CNnes, Bcpeh,
Bt whaee Hoprd o furC YCF frovrne
&f»@b“””bwrph only Lor S CeS

w non- & W%D@wf C%

(i o oyt drace|

(N some c2ses, Fﬁ%{ (/4)432’#%@4’{) ﬂ,/‘w/%;
Where does Phis come W oy
(e prom TCETS (somehimres 'woﬂ?% 0’"@/
after He( D
Lrdion TCFT <5 2Teb™ —y Chy &

Mgt (D = € MG

Ar Pjﬁm} C* oy mhaél/lﬂa»{f @M}Vl@\



:EJ ﬁMW @n SO a Sukp

el 2 p pibpon
i=e ol

THM « | Boomitth - £0slen, Porvcy, ferer|
Thare 9sd<f ol chocin MC@( %%
52/ Jt WLS (with Or/'é/fz/@t/(a;;q/ olfferei
= v (B 95 plogtan) whase h@m(@fg/ S
Yot ap L TVUZ) (moddi spaces)] gl
~ >



@(ch: @dg_a,f\ —TCF(s

Rk T+ Obj——-/)&lﬂ (h~> 7’43—7
Hor (mm = ©Co. (=)
g LT

weddd s with, /s
W/ Z@WS @ Q@{W
@ém? & mfac% @ (s
@q: "Genus O @pe/aoé{c W{(\ 1‘-&4!(3@
= oS s Licoeed l‘j ve
A~—Cpoad )
0. anopen TCET IS e Wﬁdfé@/

an ﬂcﬁo'@%,
8

R




A Ht = maging /o/ﬁmduuhg 2-o TCFTS¥

KLC%@’@@Z@ ﬁéha\;ev{o% S@;ﬁ@z//nﬂmj/

W HH(A, >¢> /s e 2~ TCFc
ZLT"VUI{)@/’"%WQ}; W - {/U,e&}e/w

A ?son 5 C Frobead .
g ST oS o

| IS & conmpaechliof versiy,, cL. 2a-TChy
”: é#%{[%);@, A canm, Tzoh, (S

W\.@m’/@wc/- C+ET=

[2orems] s ot/
7\## fg)( &U‘mf{ﬂ 4
Jen TCFTS 353,,% Erob. > Comne, fcb
}x%@



Problem 1. Show that the n x n-matrices M (k) over a field k with the usual trace
is a non-commutative Frobenius algebra, i.e. that the trace is non-degenerate in the
sense that its kernel has no non-trivial left or right ideal.

Problem 2. Let G be a group and kG the associated group olgebra. Can kG be
made into a Frobenius algebra?

Problem 3. Let Spaces denote the category of topological spaces and GVect the
category of graded vector spaces.

(1) Show that homology as a functor
H,: (Spaces, X, 7) = (GVect, ®, 7)
“and also as a functor
H.: (Spaces, U, 7) = (GVect, ®, 7)
is symmetric monoidal.

(2) Can you make reduced homology into a symmetric monoidal functor between
appropriate categories?

Problem 4. Find a functor F': (2Cob, ®,0) — (Vect, ®, o) which is not symmetric
monoidal.

Problem 5. Let O be the surface operad, with O(n) the set of topological types of
connected surfaces with n + 1 boundary components. Give a concise description of
what it means to be an O-algebra.

Problem 6. For an operad O, let So be its associated prop. Show that the category
of @-algebras is isomorphic to the category of So-algebras.

Problem 7. We have seen that Frobenius algebras could be defined in terms of a
non-degenerate trace, an associative pairing, or a coproduct satisfying the Frobe-
nius identity. Prove the equivalence between some of these different definitions of
Frobenius algebras.

Problem 8. Show that the Euler characteristic defines a functor 2Cob — Z, seen
as a category with one object. Can it be made into a symmetric monoidal functor
by choosing appropriately the symmetric monoidal structures on both sides?





