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Tools

1 Adams SS Eit Exit H ko Fz T.sk o Iz

dr Eit 一一 Eitr.ttr 1

2 Cotensor M N right left T.comodules T flat over A

A.TIHopfalgebroidlfieldk.tn M T AM

left A linear counital.coassoc similary 4N comodule str

on N Then cotensor is given 多

0 M i N MAN
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and M o N N 口 M if defined

3 Reformulate Adams Ez 一 page

FACT I M.NlefiP comods.Mpnoj.CA then HomAlM人

is a right P comodule and

Homi M N HomA M A i N

Homi A N A n N

FACT 2 M left P comod Ext IM 一 ith right derived

functor of Homn M 一



IN
right P comud.cotort N ith right derived

functor of N口一一

FACT3 Change of rings f I k T k Σ sung

map of Hoif algs then It left I comodule

Extr k T口 IN Extz I k N

Reformulate

Est Exj H ko.IE

E Exit I Fz H kol duality between comod mod

Since H Ko All AN A Acn E

H ko A 口Ain IE dualiy

So ET Ext Fz Hxko

Exya Fz A 17Aall Fz

ExtIii F2 F2 Change of rings
Cotorāin Fz Fz

T.sk o Iz

4 MaySS E FzEhij i 1 j o CotorIIFz.FI
w dr Eit 一一 Eit t u r

For submodule of A one has for Acn
E Fz I hij 1 itj 2 induced hy

A All

5 Cobar complex Probably not used1

A P Hopfalgebroid.M.NlefelrightP.comodules



N proj A then the cobar cpx Ci N M N ATSQM

for T coker lyn A T s.t

ds Cf IN.M s C N.M

x a as m 1 4Nlxl a as m

i 11I x a lai

as m

175 x a as 4in1m

FACT HS C N.M1 Cotorf N M

6 FACT Ain1 Fz 3i i 1.2 n 17 13.2 1
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Computation

Note Ei Fz h o hi h2o

di iyilesarehi.o.hn hi 1by derivation 1

While d.ch2ol hi.oh.n.li c

Pup di hi j ockcihi

k.ktjhk.jpf hij 3 E EIi CAin 1Fz Fz where

EsA FsA Fs A graded piece and in cobar cpx

Scsi iii iii 织

dilhi.gl

Σockcihi.k.ktjhkj.Thus.yPup.onehacd.lhz.nl
h oh



On the other hand using Massey product

h.o.hn hi h hi

hz.ohz.co h2o

o o

On Ez page it's gen.ly h.o.hi.o.hin.su
ijectTorelationshi.ohi.i.Nowd2Eitn sEi t.n 2

hn.o E Ei hi E Ei h2o E 33 hi E E2266

By degree reason no non trivial d2 So E3 Ez

In fat even pages don't have non trivial differentials Ezn Eznt

first grading 3ʳᵈ grading have same

odevityl.OnE3
page.it's gen.ly hi o hi i h2o To compute the

differentials Note d3ㄑh o dsch o

Pmp dr l hi j 0 Hr.j
pf hi j 3 E EYCAN 1Fz Fz

IS3 二 点 o

Suffice to compute dschio dskhio.hin.h.o.hn
To use higher Leibniz rule

Thm 1 Higher Leibniz rule May 19691



Let C be a dga w increasing filtration w inducing SS indexed

s.t dr Et E t
If cx xus defined in Ert

w each xi matrix w entries being permanent cycles xi βi
in MH C Let k he w 1 k n 2 s.t βi βitk

strictly defined in Htc and that each

entyofai.jwllcj.iek in the defining system for ax

xnshashidegreecp.glthen each elet of E 9min w m o is a permanent

cycle hetssrbes.t.eachip.qlasabovewlkaj.io n

and for each t w rates Et o and if
j isktl.thenEiis.it 0 Then for each x E ax x

dtlx1 0 H r e t c s

Besides there are permanent cycles Si EM Ert for 1 i n 1

converging to elets in C βi βitkss.t.hr ru k

is defined in Ertl and contains an elet r surviving to

dscxi where

r 8 x

r i

f
Xitk

Si xi
Kian_k

rn k 余_k
Assume further that each Si is unique that each Lx

Xi i.fi xitk 1 Xn is strictly defined and all Massey

pnodiets in sight except for possil.ly βi βitk s have 0
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indeterminacy then we have

dskx xn 1 Ěf ㄨ xi i.fi Xiiktj

In our case s 3 r 1 1 chi.o.hn h o.hi.is hiv is

defined in Ez page n 4 k 2 since h o h hi o and

hi hi o hi strictly defined Thus

ds ch o hi h o h 8 hi

hi o 823

S hi hi.o 82
where S.EC hi o hi hi o hi

82 EChi.i.hi.o.hi.is hioh 2

FACT hi.j.x.hi.gs hi jt X

Thus dshio hi hioh 2

Now we get our E3 Move to E4 T generators of E4
are hi.o.hn hi Can check

ch.io hi hi hi hi

h hi hi h.is hio

hio E E44
212

By degree reason E4 Ecs No non trivial

difs on E4一 page



T get the cornet ring structure and know to what elet each elet

is mapped to we need the following theorem

Thm May convergence theorem

With notions given in higher Leibniz rule let cx xn

be defined in Evil Xi matrix w entries being permanent cycles

and xi βi E MH C If β βns strict defined

and there are no crossing cliffs lie if an entry of
ai.jwlicj.ien in the defining system for cx

xnshasbideglp.qi.theneacheletofEiimi.mu
m o is a

permanent cycle Then each det in cx xns is a

permanent cycle converging to an elet in β βn

Thm Moss convergence theorem

Suppose x X2 Xs be permanent cycles s.t X X2 X2 0

Let xi.xz.xr.be realized in En hy htpy classes α α2 α3

s.t α α2 二 α2α3 0 Also there is no crossing cliffs for
x X2 X2X3 Then there is a permanent cy.la e E Cx X2Xs

that is realized in Es ly an elet of Tda bracket

α α2 α3

Now denote bzo hi Adams SS Ez page Eis for
degree reasons no non trivial difs Ts one has



Tx ko II Iα β 7 Relations

where h o 2 multiplication by 2

hi.i

syh.iobz.o α h o h hi

bio β h hi hi hi.is
So α 2 y y2 β c y y2 y rps as Tda
brackets and Relations are given hy

d h.o h oh 2y o

ds hio hi hioh 2 113 4h 2 0

but hi 2 0 y3 0

Since h oh not survive we have to ask αy 0

By construction we also want α2 4β o since hio 4

Thus we obtain

Tx ko II α.β 7了 1113 27 α2 4β α7


