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Abstract

I present an investigation of the multiplicative structure of H.(SLiMU;F3) as an al-
gebra over [Fo. This includes a list of generators in low degrees and the multiplication
table for these generators. This ring has applications in topology related to orientability
of vector bundles, as it is closely tied to the homology of the spectrum sl MU. The
ring H,(SLiMU) is closely tied to the Hopf ring H,(MU,,) introduced by Ravenel and
Wilson in 1977 [17]. All of the available multiplicative information on H,(SLiMU)
descends from H,(MU,,), and accordingly, I present a complete algebraic description

of this Hopf ring.
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Introduction

In recent history, there has been considerable interest in the spectra sly R and gl R for a ring
spectrum R [3, 10, 11, 18]. However, much remains unknown; in particular, the homology
of sli R is largely a mystery.

In [13, Section 1], Miller constructs a spectral squence that provides an algebraic connec-
tion between SL1 R and sl R or GL1R and gl R. In particular, the Miller spectral sequence
provides a method to derive information about H,(sl; R) from information about H.(SLiR)
and the Dyer—Lashof operations on the latter. This motivates us to study H.(SLiR), as
information on this ring is also very limited. This is the central topic of this thesis.

I will briefly recall the relevant definitions and motivation for these constructions. Given
a ring spectrum R, the spaces GL1 R and SL1 R are defined by the following pullback squares
(see, for example, [3, p. 3]):

GL1R

Q®R SLiR — Q*R

(moR)* &— moR {1} —— mR

Figure 1: Pullback squares defining GL1 R and SL1R for a ring spectrum R

We refer to GL1 R and SL1R as the units space and kernel space of R, respectively. From
these spaces, we obtain the units spectrum gly R and the kernel spectrum sli R: they are the
(—1)-connective spectra satisfying Q*°gliR = GL1R and Q*°slyR = SL1R.

Historically, much of the motivation for these concepts related to investigations of vector
bundles. Given a vector bundle £ — X, one of the most basic questions one might ask is
how far this bundle is from being trivial; that is, how “twisted” it is. One of the primary
obstacles to triviality for a vector bundle is orientability; certainly if ¢ — X is not orientable,

it cannot be trivial. To address this question, we typically consider the characteristic classes
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of ¢ — X. In particular, if we assume this is a real vector bundle, then we find an obstruction
to orientability in the form of the first Stiefel-Whitney class, w; (). This can be constructed
as a composite

of maps which I will define here.

First, recall that the bundle £ — X is determined by a classifying map X — BO(n),
where BO(n) is the classifying space for the orthogonal group O(n). Let S = X°5° be the
sphere spectrum and HZ the Eilenberg-MacLane spectrum representing integral homology.
Both are ring spectra, which in the latter case means there is a canonical unit map S — HZ.
This map is then a ring map with respect to the ring structures on both spectra.

If R is an FE ring spectrum, then GL1 R is a group object in the category of spaces, as
it inherits a product from the multiplicative structure of R. Therefore, in this case there
is a classifying space BGL1 R, and the unit map S — R induces a map BGL1S — BGL1R
[10, p. 333]. In particular, we have a map BGL1S — BGLiHZ.

We can further define a map O(n) — BGL4S as follows. GL1S includes into the space
Map(S,S) ~ Q°°S as the subspace of self-homotopy equivalences. One way to obtain a

self-homotopy equivalence of S is to consider the composite
O(n) — Map, (5", §") == Map(S, S)

where the second map is induced by the suspension functor and the first is given by the
action of O(n) on R"U{oo} = S™. The image of the composite O(n) — Map(S, S) lies inside
GL4S since the elements of O(n) are invertible. Therefore, we have a map O(n) — GL;S,
which induces a map BO(n) — BGL;S.

These three maps then define the first Stiefel-Whitney class

X — BO(n) — BGLS — BGLHZ

as noted above. We generalize this construction by replacing HZ with an arbitrary F ring
spectrum E. In this case, if the map X — BGL1FE is trivial (that is, nullhomotopic), then

there is a Thom isomorphism for E-cohomology. That is,
E*(X) = E*(Th(¢))

where Th(§) is the Thom space for £ — X.

Thus we obtain an avenue to study the orientability of & — X. However, the result
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is of limited practicality because in general, computing a map of spaces X — BGL1FE is
difficult. One way we can improve the situation is by transporting this result from the
category of spaces to the category of spectra, where there is much more structure on maps
available. Provided that E has a strictly commutative structure, then we may replace the
map X — BGL1E with a map ¥*°X — YgliE. This spectrum map X*°X — g1 F
motivates us to study the object gl R in general.

Now I recount the construction of the Miller spectral sequence. This is heavily based
on [13, Section 1]. Given an Q-spectrum E and X = Q*°F, the natural map ¥*°X — E

induces a split epimorphism Q2*°¥*°X — X. Therefore, there is a fibration sequence
E(l) 5 XX - FE

in the category of Q-spectra. Let X(0) = X and E(0) = E. Then iterating the process

above, we obtain a resolution
E0) «+ X°X(0)«+ E(1) <« X*X(1) « E(2) « - --

of E in which, for each n > 0, the sequence E(n + 1) — X*°X(n) — E(n) is a fibration
sequence of -spectra, and each map ¥*°X(n) — F(n) induces a split epimorphism on
infinite loop spaces. If we fix a prime p, then applying mod-p homology H,.(—) to this
resolution gives a spectral sequence converging to the associated graded module of a certain
filtration of H,(FE) [13, p. 1]. We compute the E? page of this spectral sequence as follows.

If we apply Q% to each sequence E(n+1) — XX (n) — E(n), then we obtain fibration
sequences of spaces

X(n+1) = Q°E>®X(n) - X(n)

in which the second map has a section. This implies that QXX (n) is weakly homotopy
equivalent to X (n + 1) x X (n). Therefore, applying H,(—), we obtain a split short exact
sequence of Hopf algebras over the Dyer—Lashof algebra:

F, - H(X(n+1)) = H,(Q*X*X(n)) —» H (X (n)) = F,
These then concatenate into a resolution
Fp < Hi(X)  H (Q®EXX(0))  H, (Q°ECX(1)) -

of H.(X) of Hopf algebras over the Dyer—Lashof algebra.

Now, using this resolution, we can construct the E? page. Letting QA be the module
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of indecomposables for an algebra A and letting Lo (F, ® Q)(—) be the left-derived functor
of (F, ® Q)(—), we have
E? = Ls(Fp ® Q)(H.(X))

The E° page is not H,(F), but the associated graded module of a natural filtration
on H,(E) (see [13, Section 4] for details on this filtration). That is, the extension problem
remains. Regardless, this spectral sequence does provide a connection between H,(F)
and H,(X), and thus in particular, H.(gli R) and H.(GL1R) or H,(sliR) and H.(SL1R).
Because the resolution of H,(X) is in the category of Hopf algebras over the Dyer—Lashof
algebra, it is also necessary to understand the Dyer—Lashof algebra itself. In particular, we
would like to understand how this algebra acts on Hopf algebras of the form H,(X) for a
space X. Note that the homology of a space X does not necessarily have a natural Hopf
algebra structure, but it does when X is an infinite loop space; see [4, p. 35] and [7, p.
2]. See Definition 1.10(1)—(3) for an example relevant to this thesis. Given a Hopf algebra
H,(X), the action of the Dyer—Lashof algebra on H,(X) takes the form of Dyer—Lashof
operations Q° : H,(X) — H,(X). Explicit formulas for these operations are not known in
general, though Turner computes some of those on the homology of complex bordism in
[19, Theorem 3.15]. Further details can be found in [7, 12, 8, 14, 2, 6].

In order to study H.(sljR) via the Miller spectral sequence, we must first understand
the structure of H,(SLiR). In this thesis, I present a description of the low-dimensional
multiplicative structure of H,(SLiMU;F3). Given the universal role of MU in stable
homotopy theory and the beneficial properties of Fo coefficients in the subject, this is a
natural starting point for the problem.

In order to understand H,(SLiMU;Fy), we take advantage of a certain isomorphism of
[Fy-vector spaces between H,(SLiMU;F3) and a subspace of H,(MU,,;F2), where MU,,
is the Q-spectrum associated with MU. In particular, in [17, Section 4], Ravenel and
Wilson show that H,(MU,,) has the structure of a Hopf ring with additive product # and
multiplicative product o on generators [z], 2 € MU?*(pt), and b,, n > 0. These will be
defined in Chapter 1.

The element [0] € H,(MU,,) is represented by an element in a certain path component
of MU,. Following Ravenel and Wilson, we denote this path component by MU [17, p.
28]. We then have the following result, to be proved in Chapter 2.

Proposition 2.2. The map

H.(MUh) 22 g osom)
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18 an isomorphism of abelian groups.

This provides our computational approach: certain parts of the algebraic structure on
H.(MU,,) pass to H,(MUj}) and then in turn to H.(SLiMU).

In Chapter 1, I present the Hopf ring structure of H,(MU,,). This is largely based
on [17] but includes several new calculations that are necessary for the rest of the thesis.
In Chapter 2, I use the content of Chapter 1 and the isomorphism above to compute the
main result, the low-degree multiplicative structure of H,(SL;MU). Chapter 2 is followed
by an appendix with more explicit information on the Hopf ring structure of H,.(MU,,).
The generators [z] and b, above are subject to many very complicated relations, and the

appendix contains an explicit list of those relations in low degrees.



Chapter 1

The Hopf ring H.(MU>,)

1.1 Definition

1.1.1 Hopf rings in the abstract

Definition 1.1. Let R be a Z-graded commutative ring with 1. A (Z-graded, cocommuta-
tive, coassociative) coalgebra (with counit) over R is a Z-graded R-module C = @, ., C»

with maps

e:C—R (counit)
A:C—-CxC (coproduct)

satisfying A : Cp, — @D, -,

A morphism of coalgebras is an R-module morphism f : C' — D that respects the counit

C; ® C; and making the diagrams in Figure 1.1 commute.

and coproduct; that is, f makes the diagrams in Figure 1.2 commute. From this point on, a
coalgebra will always mean a graded, coassociative, cocommutative coalgebra with counit.
Unless otherwise stated, the grading will be over Z. We denote the category of such objects

over R and accompanying morphisms by GCoAlgp.

Remark 1.2. Much of the focus of this thesis is actually on evenly graded coalgebras over R,
the definition of which is completely analogous to the definition of Z-graded coalgebras. We
denote the category of evenly graded coalgebras over R by GoCoAlgp. Different gradings,

such as nonnegative grading, are also possible (and the definitions are again analogous).

Proposition 1.3. R is naturally an object in GCoAlgp, with the identity idr : R — R and
the canonical isomorphism R — R® R acting as the counit and coproduct, respectively. R is

a terminal object in the category, with € : C — R being the unique morphism in Hom(C, R).
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A
c 0
id ®e
A id
CoR
v I
CeC — R C =C
e®id
(coidentity)
A
C——(Cx[C C Cel
7 (twist)
A
A id®A

col

(cocommutativity)

Cel - (CCxC
A®i
(coassociativity)
Figure 1.1: Conditions on an R-coalgebra C
Ac
C—(Cx(C
f
¢ b f fof
EC €D
D D&®D
R D

Figure 1.2: Conditions on an R-coalgebra morphism f : C — D
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The category GCoAlgp has finite products given by C [ D =C ® D.

Proof. R and the proposed counit and coproduct trivially satisfy Definition 1.1. For any
R-coalgebra C' with counit ¢, any morphism f : C' — R must satisfy idr f = ¢, proving
that R is terminal.

For the pairwise product, take as projections the maps idg®ep : C® D - C® R=C
and e ®idp : C® D — R® D = D. Given another coalgebra B and maps f : B — C and
g:B — D, wenote (f®g): B& B— C® D satisfies (idc ®ep)(f ® ¢g) = (ide ®ec)(f & f).
Then precomposing by Ap gives (ide ®ep)(f ® g)Ap = (ide ®ec)Acf = f. The other
projection is analogous, so (f ® ¢g)Ap satisfies the universal property. O

Definition 1.4. Let R be a commutative ring with 1. A (Z-graded) Hopf ring over R is a
graded ring object H,(x) in GCoAlgp. That is, for each n € Z, H.(n) is a coalgebra over R

with counit and coproduct

and there are coalgebra maps

# :H.(n) ® Hy(n) — Hy(n) (additive product)
n:R— H.(n) (additive identity)
¢:Hi(n) = Hy(n) (additive inverse)
o:H.(m)® Hy(n) = H.(m +n) (multiplicative product)
e:R— H,(0) (multipicative identity)

making the diagrams in Figures 1.3 and 1.4 commute. As with coalgebras generally, we

define Hopf rings with other gradings analogously.

There are various basic properties of Hopf rings presented in [17, Lemma 1.12]. T repro-
duce most in the following lemma (others are inherent in Definition 1.4, such as the fact
that the Hopf ring products, identities and the additive inverse are maps of coalgebras). All

of these properties follow directly from the definition of a ring object.

Lemma 1.5. Let x € H;(m), y € Hj(n) and z € Hi(n). For an arbitrary w, let |w| denote
the degree of w with respect to the x-grading; that is, for w € Hp(q), we define |w| =p. I

will use the notational convention A(w) =Y w' @ w”.

(1) Properties of the coalgebra structure:
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id @#

# ®id #
H.(n) & H.(n) ———— (1)
(associativity of addition)
Re Hn) —2 o 1)
n ® id id
H.(n) ® H.(n) m H.(n)

(additive identity)

H.(n) ® Hi(n)
\#A
T H,(n)
5
H.(n) @ Hy(n)

(commutativity of addition)

(id, ¢)
H.(n) H.(n) ® H.(n)
€ #
R 7 > H.(n)

(additive inverse)

Figure 1.3: Additive conditions on a Hopf ring over R
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) . id ®
H.(i) ® Ha(j) ® ==

o®id o

H.(i+j) ® Hi(k) —— H.(i+j + k)

(associativity of multiplication)

R® H.(n) proj H.(n)
e®id id
H*(O) ®H*(n) 5 H*(n)

(multiplicative identity)

H (k) —> H.(i) @ H(j + )

10

H,(m) ® H,(n) —— H.(m +n)

H,(n) ® Hy(m) — H.(m+n)

(anticommutativity of multiplication)

R® H.(n) = H.(n)

n ® id n

H.(m) ® H.(n) ——— H,(m +n)

o

(multiplication by 0)

id ®#

H.(m) © Hi(n) @ Hi(n)
A®id

H.(m) ® Hi(m) © Hyi(n) © Hyi(n)

id®r ®id

Y

> H.(m) ® H.(n)

H.(m)® Hy(n) ® Hi(m) ® Hy(n) ———— H,(m+n) ® H,(m +n)

o® o

(distributivity of multiplication over addition)

Figure 1.4: Multiplicative conditions on a Hopf ring over R
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(a) A(z) =3 (-1)1+"12" @ o
(b) x =75 a'e(z")
(2) Properties of the abelian group object structure:
(a) y#z = (=1)*24ty € Hjix(n)
(b) Aly#z) = S (=DF Iy #2) @ (y'#2")

(c) Let [0,) =n(1) for n: R — H.(n). Then [0,]#y =y
(d) cc=id

(e) ne(y) = > y'#c(y")

(3) Properties of the multiplicative structure:

(a) Alzoy) = (@' ®a") o (y ®y") =X (-1)" W (@' oy) ® (a” 0 y/")

(b) [0n] oy = ne(y)

(c) Let [1] = e(1) € Hy(0). Then [ljoy =y

(d) Let [-1] = ¢([1]) € Ho(0). Then c(z) = [-1]ox

(e) c(zoy)=c(z)oy=mo0c(y)

(f) zoy=(-1)7[-1]""oyox = (~1)7c(yox) € Hiyj(m +n)

(9) wo (y#) = S (~D)I" (! 0 y)#(a" 0 2)

(h) Let [n) =[1+1+4---+1]=e(l+1+---+1) € Hy(0). By the coassociativity of
A, we can unambiguously write

y) = Z y(l) ® y(2) QR ® y(”‘H)

Then we have [n] oy = S yW#yD 4 ... y(n+1)

I will also make extensive use of the following property, albeit indirectly via Proposition
1.20 and Lemma 2.9 in Section 1.2.

Proposition 1.6. In any Hopf ring H.(x) and any x € H, (%),

0#x =0=z#0
Qox=0=2xz00

Proof. Both follow from the fact # and o are defined on a tensor product of R-modules,
and 0®@x=0=2®0. O
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1.1.2 The Hopf ring for complex bordism

Definition 1.7. Let MU be the Thom spectrum, representing complex bordism. In par-
ticular, for n > 1, MU (2n) is the Thom space for the universal bundle v — BU(n) with
base space BU(n), the classifying space of the unitary group U(n). The structure maps
Y2MU(2n) — MU (2n + 2) are induced by the inclusion U(n) — U(n + 1).

We denote the Q2-spectrum associated to MU by MU,,. In particular, for n € Z, we
define MU,,, as follows. The structure map X2MU (2n) — MU (2n+2) for MU is adjoint to
amap MU (2n) — Q?>MU (2n + 2). By iterating the loop space functor, we obtain another
map Q¥MU (2n) — QFF2MU(2n + 2) for all k£ > 2. We then have a sequence

MU(2n) — Q*MU2n +2) — Q*MU(2n 4 4) — Q°MU(2n +6) — - --

from which we define

MUy, = lim Q* MU (2n + 2k)

Observe that MU,, = Q*MU,, . ,. Furthermore, by construction, there is a natural iso-
morphism MU?"(X) = [X, MU,,] where MU?*(X) is the MU-cohomology of X.

For many common choices of coefficients, the homology of MU,, has the structure of
a Hopf ring [17, Lemma 1.13]. This thesis will mostly focus on the case of Fy coefficients;
however, many of the necessary results occur in more general cases, so I will retain some

generality while defining the Hopf ring structure.

Proposition 1.8. Let R be a commutative ring with 1 such that the Kiinneth isomorphism
H,(MU,,,; R) ® H.(MU,,; R) = H,(MU,,, x MU,,;R) holds for any m and n. Then
for each n € Z, H.(MU,,; R) is a coalgebra over R with counit € : H,(MU,,; R) — R and
coproduct A : H,(MU,,; R) — H.(MU,,; R) ® H.(MU,,; R) induced by the unique map
MU,,, — pt and by the diagonal map MU,, — MU,,, x MU,,,, respectively.

Proof. The maps MU,, — pt and MU,, — MU,, x MU,, trivially satisfy the coidentity,

coassociativity and cocommutativity conditions at the level of spaces. Then taking singular

homology with R coefficients, we immediately obtain the necessary commutative diagrams

in Definition 1.1 by the Kiinneth isomorphism
Ho(MUsy, x MUy, R) = H,(MUs,; R) ® H.(MUy,; )

and the functoriality of H.(—; R). O
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Remark 1.9. The Kiinneth isomorphism holds for R a field k or Z. Therefore, there are
coalgebra structures as in Proposition 1.8 on H.(MU,,; k) and H,(MU,,;Z).

Now that we have a collection of R-coalgebras H,(MU,,;R), n € Z, we can construct
the Hopf ring structure on the graded object H,(MU,,; R). I will do this initially using only
the properties of the spectrum MU,, and singular homology. However, we will often require
a more explicit treatment of the elements and properties of the Hopf ring H,(MU,,; R).
Therefore, I will also give an alternate construction using the abstract properties of Hopf
rings, originally due to Ravenel and Wilson [17, p. 242, pp. 250-251, Theorem 3.8, p. 262].

Definition 1.10. Let R be a commutative ring with 1 such that the Kiinneth isomorphism
H.(MU,,,; R)®@ H,(MU,,; R) = H,.(MU,,,x MU,,; R) holds for any m and n. We define

the necessary maps on H,(MU,,; R) as follows.

(1) Because MU,, is a loop space, there is a natural product MU,, x MU,, — MU,,

defined by concatenation of loops. We denote the induced map on homology by

# : Ho(MUs,,; R) © Hy(MUy,; R) — H.(MUs,,; R)

(2) The unique based map pt — MU,,, induces a map

n:R= H,(pt; R) = H,(MU,,;R)

(3) There is a map MU,,, — MU,, defined by reversing the direction of loops. This
induces a map
¢: Ho(MUyy; R) = Ho(MUs,; R)

(4) Since MU is a ring spectrum, there is a product on cohomology
MU*™(X) x MU*™(Y) — MU*"™™(X xY)

Recall that for each k, MU?*(X) = [X, MU,,]. Therefore, if we choose X = MU,,,
and Y = MU,,, this product becomes a map

[MU2m’ MU()m] X [MU2n’ MU?n] - [MUQm X MUQn’ MU2m+2n]
Then the element (id,id) on the left hand side is sent to a particular map

MUQm X MU2n — MU2m+2n
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on the right. This map in turn induces a map

o: Hy(MUy,,; R) © Hi(MUy,; R) = Hu(MUsyy, 49,5 R)

(5) Given a space X, consider the element 1 € MU%(X). Since MU%(X) = [X, MU,,
we can identify the inclusion {1} < MU°(X) with a map [X, pt] — [X, MU,]. This
defines a natural transformation of functors [—, pt] — [—, MU,|, which is determined

by a particular element of [pt, MU,]. The latter induces a map

e: R=H.(pt;R) - H.(MUy; R)

Lemma 1.11. The maps of MU,, from Definition 1.10 make MU,, into a graded ring
object in the (unbased) homotopy category of spaces, Ho(Top).

Proof. The commutativity (up to homotopy) of the diagrams defining the associativity, com-
mutativity, identity, inverse and multiplication by 0 conditions is immediate. Distributivity

follows readily as well. Let

4+ MUQn X MU2n —>MU2n and [ MUQm X MU2n —>MU2m+2n

be the addition and multiplication from Definition 1.10 (1) and (4). For any spaces X and
Y, the cohomology product MU?™(X) x MU?**(Y) — MU?*™+2"(X x Y) is distributive;
that is, for a, 3 € MU?™(X) and v € MU*(Y), we have (o + 3)y = avy + B7. Consider
(a, B) and 7 as elements of [X, MU,,,| x [X, MU,,,| = [X,MU,,, x MU,,,| and [Y, MUS,,],
respectively. If we set X = MU,,, x MU,,, and Y = MU,,,, then in particular we can take
o and S to be the projection maps my,m2 : MU,,, x MU,,, — MU,,,, respectively, and ~
to be the identity id : MU,, — MU,,,. Then

(71'1 —|—7T2) id = mid +m9id

in [MU,,, x MUs,,, x MU,,,, MU,,, , »,|, which is precisely what it means for e to distribute
over +. O

Theorem 1.12. Let R be a commutative ring with 1 such that the Kinneth isomorphism
Ho(MUsy,,; R) ® Ho(MUsy; R) = Ho(MUy,, X MUy, R)

holds for any m and n. With the maps #,n,c,0,e of Definition 1.10, H.(MU,,; R) is a
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Hopf ring over R.

Proof. Because the Kiinneth isomorphism holds and the tensor product is a product in
GCoAlgp, and because pt and H,(pt; R) = R are terminal objects in Ho(Top) and GCoAlgp,
respectively, we see that H,.(—;R) is a product-preserving functor Ho(Top) — GCoAlgp.
Therefore, if we apply H.(—; R) to the commutative diagrams defining the associativity,
commutativity, identity, inverse, anticommutativity, multiplication by 0 and distributiv-
ity properties of the graded ring object structure for MU,,, we obtain the corresponding
diagrams for H,(MU,,; R). Therefore H,(MU,,; R) is a ring object in GCoAlgp. O

1.1.3 An algebraic construction of the Hopf ring H,(MU,,; R)

In this section, I will provide an alternate construction of the Hopf ring for complex bordism,
which Ravenel and Wilson showed is isomorphic to the Hopf ring of Theorem 1.12 [17,
Theorem 4.2(a)].

Throughout, I will assume that R is a commutative unital ring such that the Kiinneth
isomorphism H,(MUs,,,; R) ® H.(MU,,; R) = H,(MU,,, x MU,,;R) holds for any m
and n. Recall that by Proposition 1.8, this means H,(MU,,,) is a coaglebra over R for each
n € 7.

We obtain the formal group law F' for for MU cohomology, which we recall is complex-
oriented, as follows. Denote the orientation by MU € MU 2(CIP’°°). Recall that CP* has
an H-space product CP* x CP>* — CP*°. This induces a map

MU?**(CP*®; R) — MU?*(CP*; R) @ MU**(CP>; R)

under which
MU Z am(xMU)i © (MUY
1,j>0
for some coefficients a; ; € MU 204771 (pt) = MUsy(i4j—1)(pt). We define the formal group
law F' to be
Fly.2) =y+rz= Y ayy's
§,j>0
H*(—; R) is also a complex-oriented multiplicative cohomology theory, so for a particular
generator z € H2(CP*; R), we have H*(CP*®; R) = R[z]. Let 3, € Ha,(CP>®; R) be dual
to z". By Proposition 1.8, the diagonal CP>* — CP* x CP*° induces a coproduct on
H,(CP*; R); in this case, we have (3, — Y " | Bn—; ® ;. We can consider the orientation
for MU, 2™V as a map CP* — MU,. For each n, define b, := MU (3,) € Ha,(MU,; R).



CHAPTER 1. THE HOPF RING H,.(MUs,,) 16

Furthermore, any element z € MU?*(pt) yields an element [z] € Ho(MU,,; R) as fol-
lows. Such a z € MU?* is representable as a map z : pt — MU,,. This induces a map
on homology, R = Hy(pt; R) — Ho(MU,,; R), and we define [z] to be the image of 1 € R
under this map.

Define (s) = ;>0 Bist € Hy(CP>; R)[s] and b(s) = 20 bis' € Hy(MU,,; R)[t]. We

define another formal group law
vz = FF a0y o2
1,720
In particular, we have
b(s) 11 b(0) = FF las] 0 b(s)" 0 b(1)®
1,520

In [17, Theorem 3.4], Ravenel and Wilson prove that in H,(CP*; R)[s, t],

B(s)B(t) = B(s +yt) (1.1)

where f is the formal group law of HR. Because HR is a Eilenberg—-MacLane spectrum,
f(X,Y) can be taken to be the additive formal group law. Then in [17, Theorem 3.8], the
authors use (1.1) to obtain

b(s +yt) = b(s) +r b(t) (1.2)

in H,(MU,,; R)[s,1].

Definition 1.13. Let H be the free Hopf ring generated by the coefficients b; of b(s) and
the elements [z] (for z € MU?*(pt)), modulo the relations implied by (1.2).

The following is Ravenel and Wilson’s main result [17, Theorem 4.7(a), Corollary 4.7(a)]
and provides us with an algebraic description of the Hopf ring H.(MU,,; R) of Theorem
1.12.

Theorem 1.14. There is an isomorphism of Hopf rings H = H,(MU,,; R).

Remark 1.15. The statement that H,(MU,,; R) is generated by the [z] and b; means that
any © € H,(MU,,; R) can be expressed by combining these elements using the three opera-
tions +, # and o. In particular, because # and o distribute over + and because o distributes

over #, any such z is of the form

> (# (oaz] o b»))
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For this reason, we often only need to consider o-products of the generators, and at most

#-sums of such o-products.

1.2 Some simple computations

The following is an immediate consequence of the definitions of [z] for z € MU?**(pt) and
# and o.

Proposition 1.16. Let u,v € MU?™(pt) and w € MU?*"(pt). Then
(a) [u]#[v] = [u+ ]
(b) [u] o [w] = [uw]

Proposition 1.17. by = [0]

Proof. By definition, by = xMY(5y), and By € Ho(CP>; R) is dual to the constant 1 in
H*(CP*°; R) = R[x]. On the other hand, [0] € H.(MU,; R) is the image of 1 € R under
the map pt — MU, representing 0 € MU?(pt). O

Lemma 1.18. For any x € H,,,(MU,,; R),

0] m=0
0o =
0 m#0

Proof. By Lemma 1.5(3)(b), [0] o x = ne(x). We have
Ho(MUsy,; R) = R = H.(MUy,; R)

so the structure outside of homology degree 0 collapses. When z is in homology degree 0,
[0] oz = [0] by Proposition 1.16. O

Proposition 1.19. For any n > 0 and any z € MU (pt),

(a) Al =z @[] @ - @[]

k copies

0) A= Y @b,

t1+-+ig=n m=1

Proof. Tt is enough to show the two-fold cases, as the general results follow by induction.
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(a) This is immediate from the fact that A is induced on homology by the diagonal map
on MU,,.

(b) As noted above, for any n > 0, the diagonal map CP>* — CP* ® CP* induces a

coproduct
A By Y Bi @ B
i=0
on H,(CP*™;R). Because b, = MY (B,) € Hop(MUy; R) and MY is a map of R-

modules, we have the commutative diagram in Figure 1.5.

H.(CP®) — 2+ H,(CP®) ® H.(CP®)
xMU xMU ® .’BMU

H.(MUs,,; R) " H,(MUs,,; R) ® H.(MU,,; R)
Figure 1.5: The effect of A on b,

It follows that Ab, = > (b ® by—;.
]

From now on, unless otherwise stated, I restrict to the case of Fy coefficients (that is,
R =T5). I will simply write H,(MUS,,) to refer to H,(MU,,;F2).

Proposition 1.20. Let u € MU?**(pt) and v,w € H,(MU,) for some | > 0. Let
Xy 21,22,y 2n € Ho(MUS,,) be homogeneous in both degrees and not in homology degree 0.
Then for any m # 0,

(a) [u] o (vi#w) = ([u] o v)#([u] o w)

(b) bom o (x#z) = (by 0 z)#2

(¢) bams1 o (z#x) =0

(d) by o (z1#tzodt -+ #2,) =0 if m <n
Proof.

(a) This follows immediately from the distributive law since Afu] = [u] @ [u].
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(b) In the case m = 0, because x and x#x are not in homology degree 0, we have
bo o (z#tx) = 0 = 040 = (bg 0 2)*”

by Proposition 1.17 and Lemma 1.18. Now let m > 0. By the distributive law and
Proposition 1.20,

2m

b2m © (x#x) = Z(bz © x)#(b2m71 © x)
i=0
Then both (b; o z)#(boy—; © x) and (bgy,—; o )#(b; o ) are +-summands, and they
are distinct except when @ = m. Therefore, all +-summands except (b, o x)#2 cancel

over Fy.
(c) If we replace 2m with 2m + 1, then all +-summands cancel over [Fs.

(d) Again, if m = 0, the result follows by Proposition 1.17 and Lemma 1.18. If m > 0,

then again by the distributive law and Proposition 1.20, we have

buo (ieatt - #m) = S Fr(bi o)

Since n > m, in each +-summand at least one i; is 0, and so there is a #-summand

[0] o zx = 0. Therefore, the +-summand vanishes.

1.3 Polynomial generators of 7, (MU)

It is well known that m,(MU) is a polynomial algebra Z[x1, x2, x3,...] with z; in degree 2i
(see, for instance, [1, Theorem 8.1]). Because these generate the coefficient ring for MU,
and because [ax + by] = ([a] o [x])#([b] o [y]) in H.(MU,,), the generators [z] for the Hopf
ring coming from z € MU?*(pt) are expressible in terms of [z1], [z2], [z3], . ... Therefore, in
mind of Remark 1.15, we typically only need to consider o-products of the [z;] and the b,
or at most #-sums of such o-products.

On the other hand, the Ravenel-Wilson relations are all in terms of the b, and the
[a; ;] (see Table A.6). The formal group law coefficients a; ; are unfortunately not polyno-
mial generators of m,(MU) in general, which significantly complicates computations in the

Hopf ring and in turn in H,.(SL;MU). However, in [5], Hazewinkel provides a connection
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between the two. In particular, in [5, Section 1.5], Hazewinkel constructs the universal one-
dimensional formal group law Fy(X,Y) over the Lazard ring L. As Lazard proved in [9,
Theorem II], L is isomorphic to a polynomial ring over Z in infinitely many variables. In
Hazewinkel’s notation, L = Z[U] = Z[Us, Us, Uy, .. .], with U; in degree 2(i — 1). In [5, p.
xxi, p. 24], Hazewinkel provides the following expression for Fy;(X,Y) in low degrees:

Fy(X,Y)=X+Y + XY (~Us) + (XY? + X*Y)(~U; + U3)
+ (XY + X3Y)(—2Uy + 2U,Us + 2U3)
+ X2Y2(—3Uy + 4UUs — 4U3)
+ (XY 4+ XY (~Us + 4UsU, — 3U3Us + 3U3 + U3)
+ (X2Y? + X3Y %) (=2Us 4 11U,Uy — 11U2U3 + 10U + 3U2)
.

Remark 1.21. There appears to be a typo in this equation in [5]: in the last two lines, U24

is written as U3, which is not in the correct degree.

Since, as Quillen showed in [15], the homotopy ring of MU is isomorphic to L, the
formal group law for MU is a universal one-dimensional formal group law over m,(MU) [5,
Theorem 34.2.16][16, Theorem 1.3.4]. We can therefore treat the coefficient on X*Y7 above
as a; ;. Note that there are no constant term and no monomials of the form X or Y7 for
i,7 > 2. Therefore,

ap,0 = a;,0 = ao,; = 0 for i,j Z 2

and
ayo = apy =1

Furthermore, Fi;(X,Y') is commutative (note that X*Y7 and X7Y* have the same coefficient

above), so
Qi 5 = Qg for all i,j

As an abelian group, m,(MU) is generated in degree n by the monomials of degree n in
the x;. Note also that there are multiple isomorphisms 7, (MU) — Z[z1, z2, 3, . ..], which
gives us a certain amount of freedom to choose convenient generators. For example, degree
4 is generated by z2 and x2, but also by x5 and 9 — 2% or x5 and z2 + 22. We can readily

see the consequences of this in low degrees:
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First, a1 = —Us, so a1;1 generates degree 2. Therefore, we can choose x1 = aj .

Similarly, az1 = —Us + U3 = —Us + ail. Therefore, Us = a%l —ag,1. If we take a%l =12

as a generator for degree 4, then as is also a generator. Hence we can choose x2 = as 1.
The situation gets more complicated in degree 6: we have a3z = —2Uy + 2U2U3 + 2U§
and ag o = —3Uy + 4UxUs — 4U3, so

Uy = 33U,y — 2U,
= (4UsU3 — AU — agz) — (2U2Us + 2Us — as 1)
= 2UU3 — 6U3 + az 1 — azz
= 2(—a1,1)(a%,1 —ag1) —6(—a11)* +az1 — azz

3
= —4daj; +2a1102,1 +az1 — a2

Now, taking af;’,l = J::f and aj,1a2,1 = T172 as generators for degree 6, we see that az 1 —az2
is also a generator. However, as2 — a3 is as well, and as we will see in Section 2.1, this is

a more convenient choice.
We address degree 8 in a similar way: we have a41 = —Us +4U2U4 — 3U22U3 + 3U§L + U32
and ag o = —2Us + 110U, — 11U3U3 + 10U4 + 3U2, so

Us =2Us — Uy
= (11UsUy — 11U3U3 + 10Uy + 3U3 — az2) — (4UsUy — 3U3Us + 3Uy + U2 — aq1)
= TUxUy — 8U3U3 + TUy + 2U3 + as1 — az
= 7(—‘11,1)(—4@:1)),1 +2ay1a21 +az1 —agz2) — 8(—01,1)2(61%1 —az)
+7(—a11)* + 2(6&1 —ag1)? +ag1 —ass

4 2 2
= 29a7 1 — 10a7 yag1 — Tay1a3;1 + Tarpa22 + 2a5 1 +as1 — as2
Finally, this simplifies to
4 2 2
29&1’1 — 10(1171(12,1 + 7a171(a2,2 — ag,l) + 2a271 +a41 —as2

Taking ail = x‘ll, ailam = x%xg, ai1(az2 —asz1) = r1z3 and a%l = m% as generators for
degree 8, we see that we can choose x4 = a4,;1 — a2 or x4 = az2 — a4,1. For convenience in
Section 2.1, we will choose the latter.

Therefore, in summary, we have

Proposition 1.22. There is an isomorphism of rings m.(MU) = Z[z1,x2,x3,...] under

which xr1=4ajl, T2 =041, 3 = a2 — a3 1 and Tg =0Aa32 — a4,1-
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1.4 The general o-product formulas

Computation of the multiplication table in Section 2.3 involves evaluating o-products in
H,(MU,,) of the form

([H#) o ([1#y)

where = and y are certain elements of the Hopf ring. In the simplest case, x and y are
o-products of the generators [z;] and b,,. In particular, we write

By Proposition 1.16, we can simplify this to

M
T =T, Thy - - Thy| © lemj (1.3)
‘]:

Similarly, let

=

y = [zym, - x]o O by,

(1.4)
7j=1

By Lemma 1.5(3)(a) and Proposition 1.19, because the generators b, and [z] for the
Hopf ring are in even degrees, we have

M
A(»Olbmj) - Z (bilo"‘obiM)®(bm1—ilo'
‘]:

0 bmp—ing) (1.5)
0<i;<m,
1<<M

and
A[:Umwm T an] = [xnlan o 'an] ® [xmxnz o 'xm\r]

Now, combining this with and (1.5) and applying Lemma 1.5(3)(a) again, we obtain the
following.

M
N
7=1

Z (@, -+ @hge] 0 biy 00 biy,) @ ([Thy ++ Thoge] © bmy—iy © -+ 0 by —ipy)
1<j<M

We now proceed to the result, which is an expanded formula for ([1]#x)o([1]#y) where z
and y are as in (1.3) and (1.4), respectively. I will write Az = > 2’®@2” and Ay = > ' ®@vy",
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and analogously for other elements, to keep the notation simple until the end.

Lemma 1.5(3)(a) implies that A([1]#z) = >_([1]'#2') ® ([1]"#2"), which we can im-
mediately simplify to A([1]#z) = > ([1]#2') ® ([1]#2"). Continuing the convention, let
([#t)" = ([1)#£2") and ([1]#2)" = ([1]#2").

Now, applying the distributive law (Lemma 1.5(3)(g)), we have
(L) o ([W#ty) = (W) o W)#(([L#2)" 0 y) (1.6)
=D ([U#)#([U#a") o y) (1.7)

We can expand the second #-summand in this formula, (([1]#2”) o y), using a modified

version of the distributive law. Since for homogeneous elements a, b and ¢ we have

o (b#c) = > (-1 (a0 b)#(a" o )

and
boa=(—1)gop

we obtain

(a#b) o c = co (a#tb)
_Z |c Ha‘COCL#(C”Ob)

When a, b and ¢ are in even degrees, this of course simplifies to (a#b)oc = > (aod)#(boc”).
Now, returning to (1.7), we have (([1J#2")oy) = S([1]oy#(z" oy”) = S/ #(" oy

Plugging this back into (1.7), we find
(1) o ([U#y) = S ([# (Zy #(2"oy"))
—Z(Z #HRE 0y"))
= (M##y # (2" 0 y"))
= [# (Y@ #@" 0y")

Finally, in the notation of (1.3) and (1.4), this yields the following result.

Lemma 1.23. Let
b

T = [xkl$k2 o 'xkk] o i

Ox

1

J
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and

Y= [xllwb o 'le] o

10
S
S

Then ([1]#z) o ([1]#y) =
[”#(Z([x/ﬂ T ka] o bil 0:--0 biM)#([xll o 'le] o bjl 0:-0 ij)
#([xk’l C Tk Ll 'le] 0 bpmy—iy0---0 me—iM ° bnl—jl 0---0 bnN—jN)>

where the +-sum is over 0 < i, <mp, 1 <p< M and 0 < j, <ng, 1 <qg< N.

Note that in practice, this +-sum is much smaller than this formula implies. Many of
the b;, and b;, terms are [0] (whenever i, = 0 or j, = 0), in which case either the entire
#-summand containing that term is 0, or every b;, and b;_4 in the #-summand is [0], in
which case the #-summand is [0]. Note that a #-summand of [0] does not affect the #-sum
at all since [0] is the identity element for #, while a #-summand of 0 makes the entire
+-summand vanish by Proposition 1.6.

We will need a more general result than this as well. Here we allow z and y to be

#-sums of elements of the form
M
[l’klku e :L‘k‘K] © q b?nZ
1=

Lemma 1.24. Let ay,aq,...,an and c1,ca, ..., cp be elements of H (MU,) of the form

Ox

[xlﬂxlm T ka] ° ~ bmz
Then in the notation of Lemma 1.5(3)(h),
([U#tar# - - - am) o ((UF#cr# - - #en) =
S (FFEal | # [ FED ) 5| FF (a0 )
1<i<m =1 j=1 1<i<m
1<j<n 1<j<n

(k)

%

and c(l)

where the elements a 5 can be evaluated by Proposition 1.19.

Proof. This follows easily enough from Lemma 1.23 when we examine the coproduct of
a #-sum (Lemma 1.5(2)(b)) and the distributive law (Lemma 1.5(3)(g)). Starting in the

simplest case, if a,b,¢,d € H,(MUS,,) are homogeneous in both degrees and lie in even
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degrees, then we have

(agtb) o (c#td) = ) _((agtb) © c)##((asd)" o d)
=D (@' #) o )#((a"#1") 0 d)
— Z(a/ OC’)#(b, OC”)#(CLH Od/)#(b” Od//)

Iterations A™ of the coproduct A are uniquely defined by coassociativity (as in Lemma
1.5(3)(h)). By induction, the distributive law of Lemma 1.5(3)(g) implies

ao (citpertt--He)) = 3 (aV 0 )@ o ot - #(a™D 0 cypn)

where a and the ¢; are homogenous in both degrees and lie in even degrees. Replacing a

with a1# - - - #am+1, and distributing from the left, we have

(a1 - Fram) o (C1#t -+ #hepn) = Z (al(j) chi))
1<i<m
1<j<n
The result now follows because [1](*) = [1] for all k by Proposition 1.19 and [1] is the identity
for o. U



Chapter 2

The multiplicative structure of
Hy(SL{MU)

In this chapter, I will present the central result of this thesis, the multiplication table in
low degrees for H,(SLiMU) as an Fa-algebra under o. The procedure for its construction

is based around a certain sequence of maps of abelian groups:

[1#(-)

K, < P, - H,(MU}) H,(SLiMU)

I will define each component of the sequence in this opening section. The final map is the
isomorphism of abelian groups discussed in the Introduction. I provide the missing details

here.

Definition 2.1. Following [17, p. 28], I will use MU, to denote the sequence of path
components of MU,, containing the representatives of the homology class [0]. In particular,

MUY, is that path component in degree 0.

Proposition 2.2. The map

[1]#(-)

H,(MU}) H,(SLiMU)

is an isomorphism of abelian groups.

Proof. First, note that the image of H,(MU{) under the map [1]#(—) lies in the homology
of the path component of [1]. By definition, SLi MU consists of those z € QMU whose
images in mo(MU) are 1. Since mo(MU) = [pt, MU,], this is equivalent to being in the
homology class [1] in H,(MU,). Therefore, H.(SL1MU) is exactly the homology of the
path component of [1] in MU,.

26
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Now, to see that [1]#(—) is an isomorphism, we simply observe that [—1]#(—) is an
inverse since [1]#[—1] = [0], and [0]#(—) is the identity map. O

Ravenel and Wilson [17, Induction 4.18] show that H,(MUY,) is a polynomial algebra
over Fy and provide a formula for the dimension of the subspace of #-indecomposables,
Q7 H,(MUY,), which I will discuss in detail in Section 2.1.1. First, let us formally define
the #-indecomposables, following [17, p. 26].

Definition 2.3. For a Hopf ring H, (%), let I H.(n) be the augmentation ideal:
IH,(n) =kere
Then we define the submodule of indecomposables (with respect to #) to be
Q" H.(n) = IH(n)/(IH.(n)#I H.(n))

Q7 H,(MUY,) is generated as an abelian group by o-products of the Hopf ring generators
[;], ¢ > 1, and by, n > 0 [17, Induction 4.18]. Degrees are inherited from the Hopf ring
structure: [x;] € Ho(MU_o;) and b, € Ha,(MU,), so

J K
O [5%] © kC_)l b, € H2(n1+~-~+nK)(MQK—2(2'1+~-+U))

J=1

Remark 2.4. In fact, Ravenel and Wilson provide a more strict set of generators for the
Fo-vector space Q7 H,(MUY,), using only those b, of the form bym, m > 0, but for the
purposes of this chapter it is more convenient to start with a larger set, which will reduce

to a somewhat different set of generators from that of Ravenel and Wilson.

H.(MUSY,) is the polynomial algebra over Fy in these o-products with + and # as the
addition and multiplication, respectively. H,(MUYJ) is the subalgebra generated by those
o-products O}-le[a:ij] oole bp, such that K =iy +---+1y; that is, the number of o-factors
b, equals the sum of the indices of the o-factors [z;], and this o-product lies in degree

2(ny + - -+ + ng). For example, the generators in degrees 0 through 6 are

Degree 0: [0]
Degree 1: ()
Degree 2: [z1] 0 by
Degree 3: ()
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Degree 4: [x1] 0 by, [x3] 0 by oby, [z2] 0byob

Degree 5: ()

Degree 6: [x1] 0 bs, [x%] 0 by oby, [x3]0by o by,
[£3] 0 by 0 by 0 by, [T129] 0 by 0 by 0 by,
[

x3]obyobyoby

These o-products are generators of Q% H,(MUY}) as an abelian group under +, and
H,.(MUY) is generated as an abelian group by #-monomials in these o-products. Therefore,
we can construct H,(MUj) as a quotient group of the graded free abelian group P, generated
by these #-monomials. P, is then the free algebra over Fy generated by these o-products
with + and # as the addition and multiplication, respectively. We define K, to be the
kernel of the quotient map P, — H.(MUj).

Restricting our discussion to the indecomposable elements, we see that in degree 2n, we

have an exact sequence of abelian groups
0 = Q¥ Koy — Q% Pay — Q* H.(MU) — 0

This shows us that Q% H,(MU}) has a presentation with generators O}]:ﬂfﬁij] o OF. | by,
such that ny + --- + nx = n and relations coming from Ko,. Since these are Fo-vector
spaces, we can determine the exact number of linearly independent relations in degree 2n
by counting dimensions of Q¥ P, and Q7 H,(MU}). Specifically, the number of relations

1S
dimp, Q¥ Py, — dimp, Q7 Hy,,(MU})

The computation of these numbers will be done in Section 2.1.1. These relations allow us
to reduce very significantly our set of generators for Q# H,(MU}) as an abelian group and
in turn reduce our set of generators for H,(MUY{) as an algebra over Fa.

Now we turn to the final map in the sequence, [1]#(—) : H.(MU}) — H.(SLiMU).
Since this is a group isomorphism with respect to the +, we immediately obtain a set of
generators for H,(SL; MU) as an abelian group, simply by taking the #-sum of [1] with each
group generator for H,(MUY}). These are #-sums of [1] and the o-products in Q% H,(MUY})

that remain after modding out the relations in Q# K.
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2.1 The polynomial algebra structure of H,(MUj)

In this section, I will construct a minimal set of generators in low degrees for H,(MUj) as

a polynomial algebra over Fo.

2.1.1 Counting relations

It is relatively straightforward to compute dimg, Q% P»,. We need only count the distinct
o-products O}]:ﬂl“z’j] o szl b, with K =iy +---+1iy and ny +---+ng = n. The second
condition indicates that we obtain a set of o-products for each integer partition of n, and
the first condition shows that for each such partition of n, we obtain one o-product for each
partition of K, the number of summands in the partition of n.

For example, consider the generators in degree 6:
[1] o b3, [x%] o by 0 by, [x2] 0by o by, [:1::%] obyobyoby, [x1x9]0by0obyoby, [x3]0biobiob

The partitions of n = 3 are 3, 1 +2 and 1+ 1+ 1, corresponding to the o-factors b3, by o by
and by o by o by, respectively. The partition 3 has one summand, and there is one partition
of 1, namely 1 itself. This corresponds to the o-factor [x;] and tells us that [z1] o b3 is the
only generator in degree 6 with a o-factor of b3. The partition 1+ 2 has two summands, and
there are two partitions of 2: 1+ 1 and 2. These correspond to [2%] = [z1] o [z1] and [z2],
respectively, from which we obtain the generators [22] o by 0 by and [z2] 0 by 0 by. Finally, the
partition 1+ 1 + 1 of 3 has three summands, and there are three partitions of 3: 1+ 141,
142 and 3. These correspond to [x3], [z172] and [x3], so we obtain the last three generators,
[#]obiobyoby, [x129]0by obyoby and [x3]oby oby oby. More generally, we have the following

formula:

Lemma 2.5. Forn >0, let p(n) be the number of integer partitions of n. For 1 <k <n,

let p(n|k) be the number of partitions of n with k summands. Then
dimFQ Q#PQn = Zp(n‘k?)p(k) (2'1)
k=1

Now we turn to dimp, Q% Ha,(MU{). In [17], Ravenel and Wilson provide a formula
for dimp, Q¥ H;(MUj;), which I recount here. Q% H,(MUS},) has a natural bigrading (s, *)
coming from the Hopf ring structure of H,(MU,,), which determines a bigrading on the

polynomial algebra Fa[b1, [x1], [x2], [23],...]. Specifically, since

b € HQ(MUQ) and [l’Z] € Ho(MU_Qi)
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we have
b1 € Fy [bl, [561], [ZL‘Q], [:Eg], .. .](272) and [l‘l] € Fy [bl, [331], [1‘2], [563], .. .](0’_22-) for each ¢

The dimensions of this polynomial algebra and Q¥ H,(MUY,) are related by the following
result [17, p. 28].

Lemma 2.6.
dimp, Q% H;(MU};) = dimg, Fa[by, [21], [22], [23], - . ]

Immediately from Lemma 2.6, we can compute the number of indecomposable elements

in Hy,(MUj). In particular, since
dimg, Q* Han(MUy) = dimg, Fa[by, [1], [22], [23], - - Ji2n,0)
we simply count the products of the form [z;,|[z4,] - - - [zi,]b] in bidegree (2n,0). Note that
(@i |[wip] - - 23,107 € Falby, [a1], [w2], 3], - - J@nt(04-+0).2n-2(i1 +-+iy))
so this monomial is in bidegree (2n,0) if and only if i; +ig + - - - + iy = n. Therefore,
dimg, Q7 Hon(MUp) = p(n),

the number of integer partitions of n.

With these two computations, we have the key result of this section:

Proposition 2.7. Q% Ho, (MUY}) is generated as an abelian group by o-products

O=

J
_l[xij] o bnk

7 k

1

with K =414+ ---+1iy andni1 + -+ +ng = n, modulo

(memp(m) ~ p(n)
k=1

linearly independent relations over Fa.

The results of this computation in low degrees are shown in Table 2.1.
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10 345 42 303
9 210 30 180
8 129 22 107
7 74 15 59
6 44 11 33
) 23 7 16
4 13 5) 8
3 6 3 3
2 3 2 1
1 1 1 0
0 1 1 0
n | dimp, Q¥ Py, dimp, Q% Ha,(MU{) Relations

Table 2.1: The number of linearly independent relations on Ha, (MUj) for n < 10

2.1.2 Generators and relations

Here I will present a set of generators for Q% Ha, (MUY}) for small n and a set of relations.
I will then identify generators that can be removed from the set. For ease of use, I will not
justify any of the relations until Section 2.1.3. The presentation is in Tables 2.2 and 2.3.

The relations in the tables allow us to eliminate the majority of our generators. Since
many of the o-products O;-Izl [z;,] 0 OX_| by, appear in the set of relations, we can remove
them immediately. Furthermore, since the o-products are generators of Q% H,(MUY), any
such o-products expressible as #-sums of lower-degree o-products are redundant. Finally,
for any o-product x we retain in a given degree, we can remove any other o-products in
the same degree that are expressable as a +-sum of & with decomposable elements. On the
other hand, as shown above, there must be exactly p(n) linearly independent generators
left in Ho, (MUY).

In degrees 0 and 2, we lose no elements since there are no relations. In degree 4, we can
remove [x2]obj oby since it is decomposable. In degree 6, [13]objobjoby and [z172]0by0byoby
vanish, so we remove them. We can remove either [z1] o by or [z%] 0 by o by since their sum
is decomposable. We will arbitrarily remove the former and retain [z1] o bs.

In degree 8, we remove [2%] 0 by 0 b3, [z1m2] 0 by 0 by 0 by, [23] 0 by 0 by, [23] 0 by 0 by 0 by,
[£1] 0 by 0 by 0 by 0 by, [2223]) 0 by 0 by 0 by 0by and [z1w3] 0 by 0 by 0 by 0 by because they either
vanish or are decomposable. We can further eliminate [z2] 0 by o b3 or [a;%] objobyobyoby
because their sum is decomposable. We will keep [z2] 0bj 0b3. I leave it as an exercise to the

reader to verify that the list of generators below is consistent with the relations in higher
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[z3] 0 by 0 by
[22] 0 by 0 by
[3] 0 by 0 by 0 by
[x122] 0 by 0 by 0 by
[$3] obiobyob

Generators Relations
Degree 0
[0] 0
Degree 2
[581] ob; 0
Degree 4
[21] 0 by
[z3] 0 b1 o by [z3] 0 b1 0 by + ([z1] 0 b1)*?
[z2] 0 by 0 by
Degree 6
[x1] o b3 [#1] 0 bg + [z3] 0 by 0 by

+([w1] 0 b1)#([21] 0 b2) + ([w1] 0 b1)*
[#3] 0 by 0 by 0 by

[.231&32} o b1 o bl o b1

Degree 8

[23] 0 by 0 by 0 by
[x129] 0 by 0 by 0 by
[23] 0 by 0 by 0 by
[1] 0 by 0 by 0 by 0 by
[2225] 0 by 0 by 0 by 0 by
[z123] 0 by 0 by 0 by 0 by
[3] 0 by 0 by 0 by 0 by

[£4) 0b1 0by0oby 0by

[23] 0 by 0 by + ([x1] 0 by )#*

[22] 0 by 0 bg + [43] 0 by 0 by 0 by 0 by + ([2] © by © by )#?

[z122] 0 by 0 by 0 by + ([w2] 0 by 0 by)#2
23] 0 b2 0 b + ([21] 0 b2)#2 + ([1] 0 b1)#*
[3] 0 by 0 by 0 by + ([z1] 0 by)#4
[24] 0 by 0 by 0 by 0 by
[7229] 0 by 0 by 0 by 0 by

[IlIg] e} b1 o bl e} b1 o} b1

Table 2.2: Presentation of Ha, (MU) for n=0,1,2,3,4
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[73] 0 by o by 0 b3
[x129] 0 by 0 by 0 b3
[z3] 0 by 0 by 0 b3
[#3] 0 by 0 by 0 by
[x122] 0 by 0 by 0 by
[$3] obyobyoby
[#3] o by 0 by 0 by 0 by
[#229]) 0 b1 0 by 0 by 0 by
[x123] 0 by 0 by 0 by 0 by
[#3] 0 by 0 by 0 by 0 by
[964]0510b1 obioby
[z3] 0 b$°

CHAPTER 2. THE MULTIPLICATIVE STRUCTURE OF H,(SL1MU)
Generators Relations
Degree 10
[1] 0 bs + [x3] 0 by 0 by 0 b3 + [2F] 0 by 0 by
+([z1] 0 b1)#([21] 0 ba) + ([1] © b2)#([21] © b3)
+([z1] 0 b1)#2#([x1] 0 b3) + ([x1] 0 b1)#?
[#3] 0 by 0 b3 + ([1] © ba)#([21] © b3)
+([z1] 0 01)F2#([21] 0 b3) + ([x1] 0 br)#([x1] 0 b2)#?
+([z1] 0 b1)#34([21] © by)
[z1] 0 bs
(] o b1 0 by [x2] 0 bg 0 b3 + [x3] 0 by 0 by 0 b3
[m;] °b1oby +[23] 0 by 0 by 0 by 0 by + ([x2] 0 by 0 by)F#([w2] 0 by 0 ba)
[#1] 0 b2 © b3
[2] 0 by 0 b3

[#3] 0 by 0 by 0 b3

[23] 0 b1 0 by 0 by + ([1] © b2)#([1] 0 b3)
+([z1] 0 b1)#([w1] 0 b2)#? + ([w1] 0 by ) 24 ([x1] © by)

[z122] 0 by 0 bg 0 by + [x3] 0 by 0 by 0 b3
[#3] 0 by 0 by 0 b3 + [z223] 0 BS®
[1[,’1%2} o bl o bl o b3
[Z“ﬂ Ob10b1 Obl Ob2

[.T%Z’Q] @) bl o bl @) bl [©) bQ

[$1$3] o bl o bl @) bl o b2

[27] © bY°
[2722] 0 77

[z1z3] 0 b5
[z123] 0 b3°

[2124] 0 b7

Table 2.3: Presentation of Ha,(MU) for n =15
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Generators ‘ Relations

Degree 12

[21] 0 b + [x7] © bz © by + ([x1] © b1)#([1] © b5)
+([21] 0 ba)#([x1] © ba) + ([x1] © b3)#?
+([21] 0 b1) 2 #([1] 0 ba) + ([21] 0 b2)#?
+([z1] 0 b1)#4#([21] 0 bo)

[22] 0 by 0 bs + 23] 0 by 0 by 0 by

[2] 0 b3 0 b3 + ([21] 0 b3)#2 + ([21] 0 by )#©

[z1] © bs
2 o °
El% o zl o ZS (23] 0 by 0 by 0 by + ([z1] 0 b3)#2
[mz} o b: o bi +([21] 0 b1)#2 4 ([1] 0 bo)#2 + ([a1] © b)) #©
1
%i% Zl;j Z Zi [xll'g] o bl o bl [¢) b4 + ([1'2] o bl o b2)#2
1
[2]

3lobiobyob
(23] 0 by o by 0 by [z}] 0 by 0 by 0 b3

x1x2]0byobyob
| [;3]2]0 bllobllo b44 [z122] 0 by 0 by 0 b
(23] 0 by 0 by 0 b3

3lobyobyob b ) #2
[122) 0 by 0 by 0 b3 [27] 0 by 0 by 0 by + ([w1] 0 b3)

(3] 0 by 0 by 0 by +([21] 0 b1)#2#([21] 0 b2)#? + ([21] 0 b1) #O

23]l obyobyob
[i ;]]oz o?) oj) [7122] 0 by 0 by 0 by + ([m2] 0 by © by)#?2
1T2] 0 by 0 by 0 by
[x3] 0 by 0 by 0 by
[z1] 0 by 0 by 0 by 0 by

[I%xQ] o bl o b1 [¢) bl o b3

ri Ob10b10b10b3
1

2 byobiobyob
[x123] 0 b1 0 by 0 by 0 b3 [v122] 0 by 0 by 0 by 0 b3

22] 0 by 0 by 0 by 0 b
Lf'ﬂobiobiobiobz [$1$3]Ob1 ob10b1 Ob3
[12] 0 b3 0 b3 + [13] 0 by 0 by 0 by 0 b3
+([w2] 0 by 0 by)#([w2] 0 ba 0 ba) + ([w2] 0 by 0 by)#?
+([$2] o bl o bl)#3

[2}] 0 by 0 by 0 bg 0 by

[x322] 0 by 0 by 0 by 0 by

Table 2.4: Presentation of Ha,(MUY) for n = 6 (continued in Table 2.5)
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Generators

|

Relations

Degree 12 continued

[xﬂobloblobgobg
[#225] 0 by 0 by 0 by 0 by
[x123] 0 by 0 by 0 by 0 by
[#3] 0 by 0 by 0 by 0 by
[x4] 0 by 0 by 0 by 0 by
[#3] 0 by o by 0 by 0 by 0 by

x329]) 0 by 0by 0 by 0by 0by
a?

x3|obyobyobyobyoby

[

[w1as]

[£123] 0 by 0 by 0 by 0 by 0 by

[x124] 0 b1 0 by 0by 0by 0by

[xox3] 0 b1 0 by 0 b1 0by 0by
o

[$5} b10b10b10b10b2

[#1223] 0 bSO
[r125] 0 bSO
[23] o bS°
[z24] 0 b3°
(23] 0 b$°

[z6] 0 bF°

[£123] 0 by 0 by 0 by 0 by + ([z3] 0 by 0 by 0 by )2

[x2] 0 bg 0 bs + [x4] 0 by 0 by 0 by 0 b3
+[z3] 0 by 0 by 0 by 0 by
+([w2] 0 b1 0 by)#([w2] 0 bz 0 b2)
+([x2] 0 by 0 by )3

[5] 0 by 0 by 0 by 0 by 0 by

[#322] 0 by 0 by 0 by 0 by 0 by

[.’ﬂ%’ﬂg‘,} Obl Obl Ob1 Ob1 Ob2
[xlzg} Ob1 Obl Ob1 Ob1 ObQ
[.Ill‘zd Obl Obl Obl Obl Ob2

[#3] 0 by 0 by 0 b3 + [z223] 0 bS* 0 by
+([l‘3] o bl e} bl o bl)#2

(2] 0 b9
[z12] 0 b5°
[x}2s] 0 bYO
[2323] 0 b3°
[2324] 0 bS°
[z12223] 0 bY°
[z125] 0 bSO
[£2] 0 by 0 by 0 by 0 b + [x3] 0 bSO
4] 0 b1 0 by 0 by 0 b3 + [wa24] 0 BF°

[!El.’rg] o} bl @) b1 o b2 (@) b2 + [.’L‘g] @) b(lj6

Table 2.5: Presentation of Ha,(MUY}) for n =6 (continued from Table 2.4)
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degrees. This leaves us with the following polynomial generators:

Degree 0: [0]

Degree 2: [x1] 0 by
Degree 4: [z1] 0 b2, [z2] 0 b1 0 by
Degree 6: [z1] 0 b3, [x2] 0 by 0 b, [x3]0b1 0byoby
[2]
Degree 10: ]
4] 0 b1 0 by oby oby, [x5]0byobyobyobyob
Degree 12: [z1] 0 bg, [w2] 0 by 0 bs, [w2] 0 by 0 by, [w2] 0 b3 0 b3, [w3] 0 by 0 by 0 by,

[
[
[
[
Degree 8: [z1] 0 by, [x2] 0 by 0 b3, [12] 0 by 0 be, [x3] 0b1 0by 0ba, [X4]0by0byobyoby
[
[
[
[x3] 0 by 0 by 0 b3, [x3] 0 by 0 bg 0 by, [14] 0by 0by 0byobs, [x4]0byobyobyoby,
[

]
]
]
]
1] 0 bs, [£2] 0 by 0 by, [m2) 0 by 0 by, [x3] 0 by 0 by obs, [w3]0byobyoby,
]
]
]
]

I5 Obloblobloblobz, [xﬁ]Oblobloblobloblobl
(2.2)

As an aside, though we will not need it here, the list of generators in (2.2) seems to indicate

the result in Conjecture 2.8.

Conjecture 2.8. H.(MUY{) is generated as a polynomial algebra over Fy by o-products of
the form

K
[‘Tn] © O bnk
k=1

with n; + ---ng = n, and this element lies in degree 2n.

2.1.3 Proofs of the relations

Here I provide the justification for the relations in Section 2.1.2. This section relies heavily

on the Ravenel-Wilson relations in Appendix A. For instance, in Table A.6, we see that
[:171] o b1 o) b1 = bl#bl

which implies the following result
Lemma 2.9. For any m > 0,
(a) [21] 0 b1 0 by © by = (by © byy)#2

(b) [l‘l] Obl Ob1 Ob2m+1 =0
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Proof. These follow immediately from Proposition 1.20 and the Ravenel-Wilson relation
[.’L‘l] o b1 ] bl = bl#bl. ]

Many elements vaish by Lemma 2.9(b), which I collect here.
Computation 2.10. The following vanish:
o [z3]obiobiob

o [z1x2]0biobyob

[x‘ﬂoblobloblobl

.2621'2 Oblobloblobl
1

[xlxg] e} b1 e} b1 e} b1 e} bl

[3] 0 by 0 by 0 b3

e [x1x2]0biobyobs

[x%]oblobloblon

1‘2332 Ob10b10b10b2
1

[xlxg] o} bl e} b1 e} b1 e} bg

[9] 0 by o by o by oby 0 by

x329] 0by oby oby 0obyoby
1

[ZL‘%$3] Ob1 Ob1 Ob1 Obl Obl

[£123) 0 by 0 by 0 by 0 by 0 by

(] [x1x4]ob10b10b10b10b1

[:U‘ﬂoblobloblob:),

x2x9] 0 by 0 by 0 by 0 by
1

o [z1x3)0biobiobyobs

335 Ob10b10b10b10b2
1

1}3$2 Obloblobloblobg
1
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° [x%mg]obloblobloblobg
(] [Jllxg]obloblobloblobg

° [x1x4]0b10b10b10b10b2

[q;?]oblobloblolnol)l()bl

[x%xQ]Oblobloblobloblobl

[x?xg]Oblobloblobloblobl

[2323] 0 by 0 by o by o by oby oby

[z314) 0 by 0 by o by 0o by 0 by 0 by

[l‘lxgﬂfg] @) bl @) bl o bl e} bl e} bl e} bl
° [CEl.Tg)]OblOblOblOblOblobl
Computation 2.11. [22] o by o by + ([11] 0 b1)#2 =0

Proof. From the Ravenel-Wilson coefficient equation for st, we have [z1]ob;ob; +bi1#b; = 0,

and the result follows immediately by applying [z;1] o (—) to both sides. O
Computation 2.12. [z1] 0 bg + [22] 0 by 0 by + ([w1] 0 b1)#([x1] 0 b2) + ([x1] 0 b1)72 =0
Proof. The Ravenel-Wilson coefficient equation for s?t implies

0 = bs + [21] 0 by 0 by + [w2] 0 b7 + bi#ba + bi#([x1] 0 by 0 by)
= b3+ [r1] 0 by 0 ba + [x2] 0 b‘f?’ + b1#by + bf%

Now the result follows by applying [z1] o (—) to both sides. Note that the middle term,
[21] o [12] 0 b33, vanishes by Lemma 2.9(b). O

Computation 2.13. [23] 0 by 0 by 0 by + ([21] 0 by)#*
Proof. By Lemma 2.9,

[l‘iﬂ @) b1 @) b1 e} b2 = [l‘%] @) (bl#bl)02 = ([$%] o b1 e} bl)#Q.

Applying Lemma 2.9 again, we see that the right hand side equals ([z1] o by)#%. O

Computation 2.14. [22] o by 0 b3 + ([x1] 0 b1)#* =0



CHAPTER 2. THE MULTIPLICATIVE STRUCTURE OF H,(SL1MU) 39

Proof. By Computation 2.13, it suffices to show that [z%] o by o bg + [23] 0 by 0 by 0 by = 0.

From the Ravenel-Wilson coefficient equation for s*t, we see that
bs + [x1] 0 by 0 by = [wa] 0 b5® + bi#by + bi#([1] 0 by © by)

We apply [2?] o by o (—) to both sides. On the right hand side, the first summand vanishes
by Lemma 2.9, and the other two vanish by Proposition 1.20(d). O

Computation 2.15. [z122] 0 by 0 by 0 by + ([z2] 0 by 0 by)72 =0

Proof. This follows immediately from Lemma 2.9(a) by applying [z2] o (—) to both sides of
the equation. O

Computation 2.16. [z3] 0 by 0 b3 + [22] 0 by 0 by 0 by 0 by + ([w2] 0 by 0 b1)#2 = 0.

Proof. By Computation 2.15, it suffices to show that
[29] 0 by 0 by + [23] 0 by 0 by 0 by 0 by + [z129) 0 by 0 by 0 by = 0
Applying [z2] 0 by o (—) to Ravenel-Wilson coefficient equation for s?¢, we obtain
[x2] 0by 0 b3+ [m%] obiobyobyoby + [x122]0bioby oby = [x2] 0 by o (b1#ba + bi1#([x1]0b10by))
and the right hand side vanishes by Proposition 1.20(d). O

Computation 2.17. [z%] 0 by 0 by + ([z1] 0 b2)#2 + ([21] 0 b1)#* =0

Proof. The Ravenel-Wilson coefficient equation for s?t2, after canceling repeated terms,
yields
[£1] 0 by 0 by + [ag2] 0 bS* + ba#tby + bi#bi#([w1] 0 by oby) =0

Note that the last +-summand on the left equals bfﬂl. Then applying [x1]o(—) to both sides,

the second +summand on the left vanishes by Lemma 2.9(b), and the result follows. O
Computation 2.18. [z3] 0 by 0 by 0 bg + [w273] 0 b3° =0

Proof. By the Ravenel-Wilson coefficient equation for s%t, we have

[I’Q.’Eg] (e} b?s == [1}3] @) bl o bl o} ([332] @) bl @) bl)

= [x3] 0 by 0 by o (b3 + [x1] 0 by 0 by + b1 #b2 + b1#([x1] 0 b1 0 b))
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All but the first +-summand vanish by Proposition 1.20(d) and Lemma 2.9(b), and the
remaining term is [z3] o by o by o bs. O
Computation 2.19. [xlxg] obyobyoby+ [[L’g] obiobiobs3 =0

2

Proof. Using the Ravenel-Wilson coefficient equation for s?¢2, we have

[x122] 0 b1 0 by 0 by = [x2] 0 by o ([21] © b2 0 b2)
— [.’EQ] o b1 o ([a272] o bcl>4 + bz#bz + bl#bl#([l‘l] o bl o bl))

The last two +-summands vanish when we apply by o (—) by Proposition 1.20(d). Further-

more, from Section 1.3, we know ag 2 = x3 + a3 1. Therefore,

[z122] 0 by 0 by 0 by = [x2] 0 by 0 [X3 + @3] o b3t
= [wa] 0 by o ([z3]#[as,1]) 0 bT*
= [w2] o (([3] 0 bo)#([az,1] 0 b1) + ([3] 0 b1)#([az 1] o bo)) o bS*
[22] o ([ag.1] 0 b1 + [w3] 0 by) 0 bY?

By the Ravenel-Wilson coefficient equation for s3¢, we have
[az,1] 0 b3* = [21] 0 by 0 by + bi#bs + bi#([z1] 0 by © ba) + bi#([w2] 0 by 0 by)

Applying by o (—), the right hand side vanishes by Proposition 1.20(d) and Lemma 2.9(b).

Therefore,
[.’1’;11‘2] e} bl (e} b2 e} bg = [l‘gxg] o bi5

The right hand side is equal to [x3] o by o by o bg by Computation 2.18. O

Computation 2.20.

0 = [x1] 0 b5 + [3] 0 by 0 by 0 b3 + [#7] 0 by 0 by + ([21] © b1)#([1] © bs)
+ ([21] 0 ba)#([1] 0 b3) + ([21] © b1)#?#([z1] 0 bg) + ([w1] 0 b1)#®
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Proof. By the Ravenel-Wilson coefficient equation for s*t, we have

[ﬂf%] o bl o b4 = [1’1] O (b5 + [272] o bl o b2 O b2 + [ag’l] O bl @] bl o bl o b2 —+ [CL471] [¢] bi5 + bl#b4
+ bl#([l‘l] o b1 o bg) + bl#([a&l] o bi4) —+ bQ#([ﬂjl] o bl o bg)
+ bg#([.CUl] o bl o bl))

Distributing the [z1] o (=), by Lemma 2.9(b), we have

[23] 0 by 0 by = b5 + [w2] 0 by 0 by 0 by + by#tby + bi#([x1] 0 by 0 b3) + ba#([x1] 0 by 0 b)
+ b3#([z1] 0 b1 0 b1)
= [x1] 0 b5 + [z122] 0 by 0 bg 0 ba + ([w1] © b1 )#([x1] © bs)
+ ([1]) 0 b1)#([#7] 0 by 0 b3) + (1] 0 b2)#([4F] 0 by © ba)
+ ([a] 0 bg)#([] 0 by 0 by)

[x122] = b1 0bg 0 by = [x3] 0 by 0 by 0 by by Computation 2.19, and the result then follows by

applying the lower-degree relations

[Hf%] o b1 e} bl = ([.%'1] e} bl)#2
[I‘%] o b1 e} b2 = [.36'1] @) bg

[23] 0 by 0 by = ([z1] 0 by)#*

Computation 2.21.

0 = [23] 0 bo 0 bg + ([z1] 0 ba)#([w1] 0 b3) + ([w1] © b1)#*#([z1] 0 bs)
+ ([z1] 0 b1)#([x1] 0 b2)#? + ([w1] 0 b1)#3#([21] 0 bo)

Proof. We will use the Ravenel-Wilson coefficient equation for s3t?. We omit those +-
summands with a o-factor of by o by 0 boy1 since these will vanish after applying [z1] o (—).

Therefore, we have

(23] 0 by 0 b3 = [z1] 0 (b1#([w1] 0 by 0 b3) + by o ([z1] 0 by © bo) + batbs + ba#t([x1] © by 0 bo)
+ b1#b1#([x1] 0 by 0 ba) + b1#b1#([w1] 0 by 0 b1))
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We distribute the [z1] o (—) and apply the lower-degree relations

[23] 0 by 0 by = ([z1] 0 b1)*?
[23] 0 b1 0 by = [21] 0 b3
[23] 0 by 0 b3 = ([z ]obl)
[23] 0 by 0 by = (1] 0 b1)"* + (1] 0 b))
Then canceling terms over s, the result follows. O

Computation 2.22.
[.’L‘Q] o by Ob3 =+ [.%3] ob;oby Ob3 =+ [.ﬁg] objobyobyoby+ ([162] obyo bl)#([xg] objo bg) =0
Proof. Applying the Ravenel-Wilson coefficient equation for s*t, we have

[zg]oblobloblobgz [.’EQ]ObQO([ZEQ]Obloblobl)
= [.’EQ] obyo (b3 + [1‘1] obyoby+ bl#bQ + bl#([xl] ob;o bl))

Rewriting the last +-summand as by #b1#0b;1, we see that it vanishes when we apply by o (—)
by Proposition 1.20(d). Furthermore, by Lemma 2.9(a), we obtain

[x%] 0 by 0by 0by 0by = [x2] 0bg 0bs+ [x122] 0 by 0 b2 0 ba + ([wa] 0 by 0 by)#([w2] 0 by © ba)

The result then follows since [x122] 0 b 0 by 0 by = [x3] 0 by 0 by 0 b3 by Computation 2.19. [J

Computation 2.23.

0= [x:{’] o0 by obyoby + ([x1] 0 ba)#([x1] 0 b3) + ([1] 0 b1)#([z1] © bg)#2
+ ([z1] 0 b1) P34 ([21] 0 ba)

Proof. Again applying the Ravenel-Wilson coefficient equation for st gives
[£3] 0 b1 0 by 0 by = [27] © by 0 (b + [2] 0 b + bi#bs + bi#([21] 0 by 0 b1))
Rewriting the last +-summand as b; #b;#0b; and applying Lemma 2.9, we have

[Qj‘iﬂ obiobyoby = [QS‘%] obyoby+ 0+ ([{L‘%] obyo bl)#([l‘%] obyoby)+0
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The result follows by applying Computation 2.21 and the lower-degree relations

[CL‘%] obyoby = ([x1]o0 bl)#2

[l‘%] o bl o b2 = [:L”l] @) b3

and canceling terms. O

Computation 2.24. [22] o b3 0 b3 + ([x1] 0 b3)#2 + ([z1] 0 b1)#6 =0

Proof. We apply [z1] o (—) to the Ravenel-Wilson coefficient equation for s3¢3. After can-

celing terms over Fy and omitting terms that will vanish by Lemma 2.9(b), this yields

0 = [x1] o ([z1] 0 b3 0 b3 + b1#b1#([21] 0 ba © bg) + b3#b3 + b1 #b1#ba#bo
= [23] 0 b3 0 bg + ([w1] 0 b1)#*#([x7] 0 b 0 by) + ([w1] 0 b3)*? + ([w1] © by)*2#([w1] 0 bo)#?

From the relations in degree 8, we know [23] 0 by 0 by = ([z1] 0b2)#2 + ([21] 0 b1)#*. Plugging

this into the previous equation and canceling terms yields the result. O
Computation 2.25. [z123] 0 by 0 by 0 by 0 by + ([23] 0 by 0 by 0 by )2

Proof. Applying the Ravenel-Wilson relation [x1] o by 0 by = b #b; and Proposition 1.20(a)

and (b), we obtain

3] 0 bg 0 by o (b1#£b1)

x3) 0 by o ((by 0 by)#(by 0 b))

[23] o ((b1 0 by 0 b1)#(b1 0 b1 0 b1))
([z3] 0 b1 0 by 0 by)#([z3] 0 b1 0 by 0by)

[x123] 0 b1 0 by 0bg 0 by = |
[

Computation 2.26. [x%:vg] objobjobyoby =0

Proof. Applying the Ravenel-Wilson relation [x1] 0 by 0 by = by #b; and Proposition 1.20(a)
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and (b), we obtain

[.’E%IQ] e} bl e} b1 e} b2 e} b2 = [$1l‘2] o bQ o b2 e} (bl#bl)

== [111562] o bg o} ((bl (e} bl)#(bl 9] bl))

= [z122] 0 (b1 0 b1 0 b1)#(b1 0 b1 0 b1))
= |

xo] o (([x1] 0 by 0 by 0 by)#([x1] 0 b1 0 by 0 b))

The right hand side then vanishes by Lemma 2.9(b). O
Computation 2.27. [x‘ll] objobiobyoby =0

Proof. Applying the Ravenel-Wilson relation [x1] o by 0 by = b #b; and Proposition 1.20(a)

and (b), we obtain

[#1] 0 by 0 by 0 by 0 by = [x]] 0 by © by o (b1#b1)
= [z] 0 bz o (b1 0 b1)# (b1 0 b))
= [a{] o ((br o by obr)# (b1 o by o b))
= [I’%] o (([1’1] o) b1 0] bl (e] bl)#([xl] (¢] b1 o bl o bl))
The right hand side then vanishes by Lemma 2.9(b). O

Computation 2.28. [z122] 0 by 0 by 0 by + ([x2] 0 by 0 b2)72 =0
Proof. By the Ravenel-Wilson relation [x1]obj 0b) = b;#b1, Lemma 2.9(a) and Proposition
1.20(a), we have

[xlxg] o b1 (e] bl o b4 = [.rg] (e] b4 (e] (bl#bl)

= [2] o ((b1 © b2)#(b1#b2))
([172] o) bl o bg)#([l}z] o b1 O bz)

Computation 2.29.

[.T?] ¢} b1 o bl o b4 + ([mﬂ 9] bg)#2 + ([.’171] o bl)#2#([$1] o b2)#2 + ([:cl] o bl)#G =0



CHAPTER 2. THE MULTIPLICATIVE STRUCTURE OF H,(SL1MU) 45

Proof. By the Ravenel-Wilson relation [x1]obj 0by = b #b1, Lemma 2.9(a) and Proposition
1.20(a), we have

[23] 0 by o by o by = [z3] 0 by o (b1#b1)
= [2%] o ((by 0 ba)#(b1 0 b))
= ([x%] obyo bg)#2

From the relations in degree 6, we know
[23] 0 by 0 by = [21] © b + ([21] 0 b1)#([1] 0 b2) + ([x1] © by)*®

Taking the 2-fold #-sum of the right hand side, expanding and canceling terms yields the
result. O

Computation 2.30. [z3]objobyob; =0

Proof. We have [3] 0 by 0 by 0 b3 = [x1] 0 bg 0 [#2] 0 b 0 by, and from the relations in degree

6, we know
[#3] 0 by 0 by = [21] 0 bg + ([21] 0 b1)#([21] © ba) + ([21] © b1)*?

Distributing [z1] o b3 o (—) over the +-sum and applying the distributive law in Lemma
1.5(3)(g) and Proposition 1.19, we have

[27] © b3 0 by + ([2]] 0 b © bi)#([27] 0 by 0 bo) + ([27] © b1 0 b2)*? + ([27] 0 by © b))

We apply the formula for [23] o b3 o b3 from Computation 2.24, the formula for [z3] o by o by
from the proof of Computation 2.29 and the relation [22]ob; oby = ([x1] 0b1)#2 from degree

4 and see that all terms cancel. O
Computation 2.31. [z1ze]0obiobyobs =0

Proof. By the Ravenel-Wilson coefficient equation for s%t, we have

[.Tlxg] 9} bl 9} b2 o} b3 =

[561332] obiobyo ([:L'l] obyoby + [:EQ] o bi?) + bl#bg + ([{L‘l] ob;o bl)#bl)

If we distribute by o (—), the last two +-summands in the parentheses on the right hand
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side will vanish by Proposition 1.20(d). Then
[5[71172] @) bl o bQ o bg = [‘%%IEQ} (e} bl @) bl @) b2 o bQ + [l’ll‘g] e} b§4 o b2

The first 4+-summand on the right hand side vanishes by Computation 2.26, and the second
vanishes by Lemma 2.9(b). O

Computation 2.32.

0= [$2]Ob301)3—|—[.’E%]Oblobloblobg
+ ([w2] 0 by 0 b1)#([wa] © b 0 by) + ([w2] 0 by 0 b2) 72 + ([2] 0 by 0 b1)*?

Proof. By Computation 2.31,
0= [:Elxg] @) b1 o} bQ e} b3 = [332] @) b3 e} ([:1}1] e} b1 0] bg)

By the Ravenel-Wilson coeflicient equation for s?t, we can rewrite the right hand side to
obtain

0= [xg] obgo (bg + [:CQ] o b(f3 + b1#bo + ([3:‘1] ob;o bl)#bl)

By the Ravenel-Wilson relation [z1] o by 0 by = by#by, the last +-summand on the right
hand side can be rewritten as b#‘g’. Distributing b3 o (—) to the last two +-summands on
the right hand side yields

(by 0 by)#(bg 0 by) + (b1 0 by)#(by 0 by) + (by 0 by)¥>

Therefore, distributing b3 o (—) to the entire +-sum in parentheses yields the result. O

Computation 2.33.
(2] 0 by 0 by 0 by + ([21] © b3)#* + ([21] 0 by) 2 #([21] © b2)#* + ([z1] 0 1) #C = 0
Proof. Applying the Ravenel-Wilson coefficient equation for s?t?, we have
[23] 0 by 0 by 0 by = [27] 0 by 0 ([21] 0 by 0 by) = [27] 0 by © (ba#tba + ([w1] © by © by )#b1#b1)

By Proposition 1.20, distributing ba o (—) to the first +-summand in parentheses yields
([x1] o by o bg)#Q and distributing to the second +-summand yields 0. The result then

follows exactly as in Computation 2.29. O
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Computation 2.34. [z122] 0 by 0 by 0 by + ([w2] 0 by 0 bg)#2 =0
Proof. Replace [z3] with [x5] in the proof of Computation 2.33. O
Computation 2.35. [z3] 0 by 0 by 0 b3 + [x9x3] © b‘f4 obg + ([z1] 0o by obyo bl)#2 =0

Proof. By the Ravenel-Wilson coefficient equation for s%¢,

[.T}ng] o b(i4 o b2 = [1‘3] ¢} bQ o bl o ([.1‘2] ¢} bl o b1 o bl)

= [x3] 0 by 0 by 0 (b3 + [x1] 0 b1 0 by + bi#ba + bi1#([z1] 0 by 0 b7))

Distributing b; o (—) to the last two +-summands in parentheses yields 0 by Proposition
1.20. Therefore,

[zomws] o b‘f4 0 by = [x3] 0 by 0 by 0 by + [x123] 0 by 0 by 0 by 0 bo
and then the result follows by Computation 2.25. O
Computation 2.36. [3] 0 by o by 0 by obg + [23] 0 b5 =0
Proof. By a relation in degree 8, we have

(23] 0 b3® = [aa] 0 by 0 by o ([23] 0 bSY)

= (2] 0 by 0 by o ([w2] 0 by 0 b3 + ([w2] 0 by 0 by)#?)

and the result follows because distributing b; o (—) to the second +-summand on the right
hand side yields 0 by Proposition 1.20. O

Computation 2.37. [z4] 0 by 0 by 0 by 0 b3 + [woxy] 0 b6 =0

Proof. By the Ravenel-Wilson coefficient equation for s%t, we have

[xox4] © b(l)ﬁ = [z4] 0 by 0by 0 by o ([x2] 0by 0by0by)
= [z4] 0 b1 0 by 0 by o (b + [x1] 0 b1 0 by + bi#ba + bi#([1] 0 by 0 b1))

Distributing b; o(—) to the last three +-summands on the right hand side yields 0 by Lemma
2.9 and Proposition 1.20. The result follows. O

Computation 2.38. [z123] 0 by 0by 0byoby + [23] 0 b6 =0
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Proof. Since x3 = a2 — asz 1, we have
[23] 0 530 = [w3] 0 by 0 by o ([aza — az 1] 0 b3*) = [w3] 0 by 0 by o (([ag2]#[—1] o [az1]) 0 b3?)
By the distributive law, since [a22] and [—1] o [ag,1] are in homology degree 0, we have
([az2l#[~1] o laz]) 0 b]" = [az] 0 b7* + [~1] o [az 1] 0 07"
Applying the Ravenel-Wilson coefficient equations for s?t and s3t, this yields

([z1] 0 b1 © by + ba#ba + biF#b1#([x1] 0 b1 0 b1))
=10 (1] by © by) + bi#bs + bi (1] 0 by 0 bo)

+ b1#([x2] 0 by 0 by 0 by) + ba#([x1] 0 by 0 b2)>

By Proposition 1.20 and Lemma 2.9, the o-product of b; with this 4+-sum simplifies to

[1] 0 by 0 by o by since all other +-summands vanish. Therefore,
(23] 0 b3® = [ws] 0 by o ([21] 0 by 0 by 0 by)

and the result follows. ]
Computation 2.39.
0 = [21] 0 bg + [7] 0 by 0 by + ([w1] 0 b1)#([x1] 0 bs) + ([w1] 0 ba)#([x1] 0 ba) + ([a1] 0 b3)*?
+ ([z1] 0 b1)#?#([21] 0 ba) + ([21] © b2)* + ([21] 0 by)#*#([21] © ba)

Proof. Adding the Ravenel-Wilson coefficient equations for s3t and s2t? yields

[as1] 0 b* + [az,2] 0 bY* = [w1] 0 by © by + [21] © by 0 by + by #bs + bo#tby + b}
+ bl#([ajl] obyo bg) + bl#([aﬁg] objobyo b1) + b1#b1#bs
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2

Then, by the Ravenel-Wilson coefficient equation for s*t2, we have

[22] 0 by 0 by = [11] 0 (b6+[q:g]obgobgongr[mg]obloblob4+
+ [1] 0 by 0 by + [w1] 0 by © by + by #bs + by#tby + bi
+ b1#([x1] 0 b1 0 ba) + bi#([w2] 0 by 0 by 0 b1) + b1 #b1#b2
+ b1#([z1] 0 bp 0 b3) + biFE([1] 0 by 0 ba) + bi#([w2] 0 by 0 by 0 b2)
+ ba#tby + ba#t([1] © ba 0 b2) + ba#([1] © by 0 b3)
+ br#tbr#£([1] 0 by 0 bg) + bs#E([w1] 0 by 0 ba) + bY *#bs
+ b1#ba#t([21] 0 b1 © bz))

The result then follows by applying Computations 2.28 and 2.34, Lemma 2.9 and various

lower-degree relations and canceling terms. O

Computation 2.40.

0= [zo] obgobs+ [x4] obyobyobyobs+ [25] obioby obyoby
+ ([z2) 0 by 0 by)#([w2] 0 by 0 ba) + ([w2] 0 by 0 by)#?

Proof. By the Ravenel-Wilson coefficient equation for s3t? (omitting terms with two or

more #-summands by Proposition 1.20), we have

[x%]oblobloblobgz[xg]oblo([:):g]obloblobg)

= [w2] 0 by o ([x1] 0 bg 0 by + [az 1] 0 by 0 by 0 by 0 by + [az 2] 0 b°)
Then Computation 2.31 implies
[23] 0 by 0 by 0 by 0 by = [w9a3.1] 0 b 0 by + [w2a32] 0 b°
We see that

[z2a3 1] 0 b§4 0 by = [z2(ag2 — x3)] © b‘l’4 0 by

= [w2a2.9] 0 b3 0 by + [~1] o [z2x3] 0 b 0 by

By the Ravenel-Wilson coefficient equation for st and Computation 2.35, the right hand
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side equals

([CL‘lfL’g] e} b2 @) b2 o bQ + [1’2] e} (bg#bg + b:f/:z;)
+ [—1] o ([z3] 0 by 0 by 0 b3 + ([x3] 0 by 0 b1 © bl)#z)

By Computation 2.34 and Proposition 1.20,
([z122] 0 by © by © by + [22] 0 (ba#tby + bFH) =0
SO
[23] 0 by 0 by 0 by 0 by = [—1] o ([z3] 0 by © by 0 by + ([x3] 0 by 0 by 0 by)#?) + [w2a3.9] 0 b
Now, note that

[w2a3,2] 0 bY° = [w2(4 + as1)] © bF°
= ([v2z4)#[r204,1]) 0 b3°

= [wow4] 0 1% + [z2a41] 0 BT®
By Computation 2.37, this implies
[29a3.2] 0 b® = [x4] 0 by 0 by 0 by 0 b3 + [w2a41] 0 b3°
Therefore,
[23] 0 by 0 by 0 by 0 bg = [24] 0 by 0 by 0 by 0bg + [w2] 0 by 0 ([ag1] 0 b;> 0 by + [ag1] 0 bT7)

Then, by the Ravenel-Wilson coefficient equation for s*t (omitting terms with two or more

#-summands by Proposition 1.20), we have
[x%]oblobloblobg = [ac4]Oblobloblobg—l—[xlxg]061oblob4—|—[x%]obloblobgob2
Finally, by Computations 2.28 and 2.32, this implies

(2] 0 b3 0 b3 + ([w2] 0 by 0 by)#([w2] 0 ba 0 ba) + ([22] 0 by 0 ba)#? + ([wa] 0 by 0 b1 =
[1’4]ObloblOb10b3+([xg]051052)#2—1—[x%]ObloblonObQ
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and thus

(2] 0 b3 0 by + ([22] © by 0 by)#([x2] 0 b 0 bg) + ([w2] 0 by 0 by)#? =

[24] 0 by 0 by 0 by 0b3 + [23] 0 by 0 by 0 by 0 by

Computation 2.41. [22]o by obs + [23] objobyoby =0

Proof. By the Ravenel-Wilson coefficient equation for s*t (omitting terms with two or more
#-summands or a o-factor of the form by o bygy1 by Proposition 1.20 and Lemma 2.9), we
have

[x%] objobs = [a:%] o by o ([z1] 0 by 0 by + [z2] 0 by © bg 0 b)

Then the result follows because distributing b;0(—) to the second +-summand in parentheses
on the right hand side yields 0 by Computation 2.26. O

2.2 The abelian group structure of H,.(SL;MU)

As outlined above, H,(SL1MU) is generated as an abelian group or Fy-module by ap-
plying [1]#(—) to #-monomials in the generators of Q% H,(MU}). Using the polynomial
generators from 2.2, we obtain the abelian group generators for H,(SL;MU) in Table 2.6.

2.3 The multiplication table

2.3.1 SageMath code

The computations in degree 4 have been done entirely by hand. Most computations in
degrees 6 and higher have been done with the assistance of a SageMath worksheet, which can
be found at https://github.com/ZaneHuttinga/PhD-thesis-files. The only exceptions
are those that follow immediately from a previous result in the multiplication table.
When using the worksheet, note that there are two sets of inputs, each with its own
output. The first implements Lemma 1.23, and the second implements Lemma 1.24. Since
the latter is a more general version of the former, the second part of the worksheet can
implement either lemma, but the first output is cleaner, and the computation is less costly.
In both cases, the outputs omit +-summands that vanish because of a #-summand with a

o-factor of by.
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Degree Generators
0 [1]
2 [1#([z1] © b1)
4 [1]#([w1] 0 b2), [1]# (2] 0 b1 0 by), [1]#([w1] 0 b1)**
6 [1#([x1] © b3), [1]#([w2] © b1 0 ba), [1]#([ws] © by 0 by 0 by),
[#([x1] o b [1]# ([w1] 0 bu)# ([w2] 0 by 0 by), [1]#([a1] 0 b1)#?

1)#([71] 0 b2), (
[1]#([z1] 0 ba), [1]#([w2] 0 b1 0 b3), [1]#([z2] 0 b2 0 ba),
[1]# [xg]obloblobg) [ ]#([x4]oblobloblobl),

([z1] 0 b1)#([z3] 0 by 0 by 0 by), [1]#([x1] 0 ba)#2,
([21] 0 b2)#([x2] © by 0 by), [1]# (2] 0 by 0 b1)#2,

[1)#([21] o by)#*

[1]#([z1] 0 b1)#([21] 0 b3), [LI#([z1] 0 b1)#([z2] 0 b1 0 b2),

[1]#([z1] 0 by)#2#([21] © ba), [1]#([21] © b1)#2#([22] 0 b1 © by),

[1#([21] 0 b5), [1]#([z2] 0 b1 0 ba), [
[1]#([23] 0 b1 0 b1 0 b3), [1]#([z3] 0 b1 0 b2 0 ba),
[1#([5] 0 59°), [1#([x1] 0 b1)

[1]#([z1] 0 b1)#([22] 0 b1 0 bs), [1]#([z1
[1]#([z1] © b1)#([x3] 0 b1 0 by 0 ba), [1]F(]
[1]#([1] 0 bo)#([21] © b3), [11#(]
10 [1]#([z1] 0 ba)#([3] 0 b1 0 by 0 by
[1]#([z2] © by 0 b1)#([z2] 0 b1 0 ba), [1]#(]
[1#([x1] 0 b1)#2#([21] 0 b3), [1)#([z
[1]#([z1] 0 by)#2#([x3] 0 by 0 by 0 by ), [1

1] ([:L’Q]Obgobg),
[

#([21] © ba),
J#(
J# ([
), [1]#
J#(
#(

([z1] o by

[L)## (1] © b1)*°

1] ([x4] (¢] bl @) b1 @) b1 o bQ),

b1)#([w2] © b2 0 bg),
x1) 0 by)#([x4] 0 by 0 by 0 by 0 b)),
1] 0 bo)#([x2] 0 by 0 ba),
[1]#([x2] 0 by 0 b1)#([x1] o b3),
x9] 0 by 0 by)#([x3] 0 by 0 by 0 by),
1] o bl)#2#([x2] 0 by 0 by),
J# )#([x1] © by)#?
[1#([z1] 0 b1)#([21] © ba)#([w2] © by 0 br), [1#([x1] © br)# ([x2] 0 by © b1)#?
[1]#([21] © b1)#3#([21] 0 ba), [1]#([21] © b1)#3# (2] 0 by © by),

Table 2.6: Generators for H,(SLiMU) as an abelian group or Fo-vector space
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To implement Lemma 1.23, note that the inputs are vectors whose components are the
indices of the o-factors b,. Note that the [z;] o-factor is omitted, but there is no ambiguity
because the index i is always the sum of the indices of the b, (as in Conjecture 2.8).
Similarly, in the formula of Lemma 1.23 the [1] #-summands in the o-factors only have the
effect of a single #-summand of [1] in the o-product. Therefore, these are also ignored in

the code. Consider the following example.

Example 2.42. To compute

(07 ([z1] 0 b2)) o ([1]##([w2] © b1 © b3))

we enter

vector(ZZ, [2])
vector(ZZ, [1,3])

b

The output is

[, (, 3, (o, 0, 0)]
(1, <, 0, 1, 1, 3)]
(e, <, 0, (2, 1, 3)]

Here each list (in square brackets []) is a +-summand, and the vectors inside a list (in
parentheses ()) are #-summands. Again, the entries in the vectors are indices of the b,,.
We apply a #-sum with [1] to the entire +-sum as in Lemma 1.23. Also note that the first
two #-summands have the [z;] o-factor of the inputs, and the third has the o-product of

the two. Therefore, the output represents

[1]#(([151] 0 b2)#([z2] 0 b1 0 bg)#([z122] 0 bp © by © bo)
+([5L‘1] o bl)#([l‘g] (e] bo o bo)#([l’lxg] o b1 (¢] b1 o bg)
+([z1] 0 bo)#([z2] 0 by © bo)#([z122] © by 0 by © bg))

From here, we simplify by hand by removing the [0] #-summands and applying results such

as Lemma 2.9 and relations as in Tables 2.2 and 2.3.

To implement Lemma 1.24, the inputs are lists of lists. Again, the entries in the inner
lists are indices of the b,, generators. In this case, one must be careful when reading the

output. Consider the following example.
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Example 2.43. To compute

([1##([a] 0 b1)##([1] 0 b2)) © ([LF# (1] 0 b1)F#([w2] 0 by © b1))

we enter

M = [[1],[2]]
N = [[1],[1,1]]

The output is

plus

a1, f11, [21, [11,
plus

ta1, f11, fol, fol,
plus

ta1, f11, o], [11,
plus

ta, f11, (11, fol,
plus

ca, f[11, [11, [11,
plus

ta1, f11, [ol, fol,
plus

(a1, fol, 21, fol,
plus

ta1, fol, [ol, fol,
plus

ta1, fol, [11, fol,
plus

(a1, fol, [21, (11,
plus

tal, fol, [ol, fol,
plus

(a1, fol, [1]1, [o],
row length: 3

(o,

(o,

(o,

(o,

(o,

(o,

(1,

(1,

(1,

(o,

to,

(o,

0],

0],

0],

0],

0],

0],

11,

11,

11,

0],

0],

o],

(o,

(2,

(o,

(1,

(o,

(1,

(o,

(o,

(o,

(o,

[2,

(1,

0],

1],

0],

1],

0],

11,

0],

0],

0],

0],

11,

il

(1,

(1,

(o,

(1,

(o,

(o,

(1,

(o,

(o,

(o,

to,

(o,

1],

1],

0],

1],

0],

0],

1],

0],

0],

0],

0],

o],

(o,

(o,

(o,

(o,

(o,

(o,

(o,

(o,

(o,

(1,

(1,

(1,

0],

0],

0],

0],

0],

0],

0],

0],

0],

1],

11,

il

(o,

(o,

(2,

(o,

(1,

(1,

(o,

(2,

(1,

(o,

(o,

(o,

011

011

111

011

111

111

011

111

111

011

011

0]]

54

Each list of lists represents a +-summand, and the lists inside a given list represent #-

summands within that +-summand. The entries in the inner lists are indices of the b,,. The
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empty list at the start represents the #-summand [1]. In order to interpret this, first note
the “row length”; this refers to a matrix representation of each +-summand at which the

indexing of Lemma 1.24 hints.

A # d  # v
([ta#b) o (Ue#td) = [# ¢ # (@ o) # (o)
# d/ # (a/l/ o dl/) # (blll o) d///)

The rows are printed in sequence from left to right. So, for instance, the fourth line
ca, 11, 11, (ol, (o, o1, (1, 11, (1, 11, [0, O, O], [0, O, O]]

Indicates the #-sum

[1] # ([z1] o b1) # ([x1] o b1)
#  ([m]obo) # ([#3] 0 bo © o) # ([23] 0 b1 o 1)
# ([JIQ] Ob1 Obl) # ([Jflxz] OboOboobo) # ([:leg] Obooboobo)

This is important because of the ambiguity in, for instance, the two entries [1,1], which

represent different o-products.

2.3.2 Computations
Computation 2.44. ([1]#([z1]0 1)) =0
Proof. By Lemma 1.23,

([1#([z1] 0 51))°% = [1]# (([27] 0 by 0 by) + ([x1] © b)#([x1] 0 b1))
= [1# ([z1] o ([z1] 0 b1 0 by + b1#D1))

By the Ravenel-Wilson coefficient equation for st, the inner +-sum equals 0, so the result
follows. u

Computation 2.45. ([1]#([z1] 0 b1)) o ([1]#([x1] 0 b2)) = [1]#([x1] 0 b3)
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Proof. Again by Lemma 1.23, we have

([1#([z1] 0 b1)) o ([L]#([21] 0 b2)) = [1]#(([2F] 0 by 0 ba) + ([z1] 0 b1)#([x1] 0 by 0 by)
+ ([a1] 0 b1)#([z1] 0 b2))
= [1#([z1] o ([z1] 0 by 0 ba + ba#([1] 0 by 0 by)
+ b1#by) )

By the Ravenel-Wilson coefficient equation for st, the right hand side equals

[1]# ([1’1] o (bg + [a271] objobyo bl))
and the second +-summand vanishes by Lemma 2.9(b). O

Computation 2.46. ([1]#([z1]0b1)) o ([1]#([2] 0 b10b1)) = [1]#([w1] 0 b1)#([x2] 0 b1 0 b1)
Proof. The left-hand side equals

[1]# ([z122] 0 by 0 by 0 by + ([#1] 0 b1)#([2] © b1 0 b1))
and the first +-summand vanishes by Lemma 2.9(b). O
Computation 2.47. ([1#([x1] 0 b1)) o ([1]#([z1] 0 b1)#?) = [1]#([x1] 0 b1)#?
Proof. This follows immediately from Lemma 1.24. O
Computation 2.48. ([1]#([z1] 0 b1)) o ([1]#([x1] 0 b3)) =0
Proof. This follows immediately from Computations 2.44 and 2.45. O

Computation 2.49.

([#([z1) 0 b1)) o ([1]#([w2] © by 0 ba)) = [1]#([z1] 0 br)#([w2] 0 by 0 b2)
+ [1#([2] 0 by 0 01)*?

Proof. This follows immediately from Lemma 1.23. O

Computation 2.50.

(17 ([za] 0 b1)) o (1] #([x3] 0 by © by 0 br)) = [1]#([21] © br)#([w3] © by © by © b1)
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Proof. Lemma 1.23 yields the +-sum of right hand side and [1]# ([x123]0b$*), which vanishes
by Lemma 2.9(b). O

Computation 2.51.

([1#([z1] 0 b1)) o ([1]#([w1] 0 br)#([21] 0 b2)) = [1]#([z1] © b1)#([21] 0 b3)
+ [1]# (1] © b1)#?4£([z1] 0 bo)

Proof. Lemma 1.24 yields

[1]#(([z1] © b1)#*#([21] © ba) + ([21]* 0 by © by)#([1] 0 ba)
+ ([z1] 0 b1)#([2F] 0 by 0 by)
+ ([z1] 0 bl)#Q#([m%] objo bl))

The result follows by applying the relations
[%%] o bl o bl = ([.%'1] @) bl)#2

and
[x%] oby oby = [x1] 0 b3 + ([x1] 0 b1)#([x1] 0 b2) + ([x1] © bl)#3

from Table 2.2 and canceling terms. ]
Computation 2.52. ([1]#([z1] 0 b1)) o ([L]#([z1] 0 b1)#([z2] 0 b1 o b1)) =0

Proof. Lemma 1.24 yields

[1]#(([z1] © b1)#*#([w2] 0 by 0 by) + ([27] 0 by © by)#([x2] 0 by 0 by)
+ ([(L‘l] o) bl)#([wlmg] ) b1 ) b1 o bl))

The first two +-summands cancel by the relation
[$%] o b1 o b1 = ([xl] @) bl)#Q

from Table 2.2, and the last one vanishes by Lemma 2.9(b). O

Computation 2.53. ([1]#([z1] 0 b1)) o ([1]#([x1] 0 b1)#3) =0



CHAPTER 2. THE MULTIPLICATIVE STRUCTURE OF H,(SL1MU)

Proof. Lemma 1.24 yields

[L# (([ar1] 0 b1)™* + ([a] © by 0 bi)#([21] 0 b1)*?

Since [22] 0 by 0 by = ([x1] 0 by)#2, all four +-summands are equal and thus cancel.

From this point on, unless there is a simpler proof using calculations from earlier in the
multiplication table, the process is always the same: compute the o-product using either
Lemma 1.23 or Lemma 1.24 and the SageMath worksheet, and then simplify by applying
relations from Tables 2.2 and 2.3, applying Lemma 2.9 and canceling +-summands over Fs.

Therefore, for simplicity, I will generally only list the necessary relations, and only those

+ ([#1] 0 b1)#([23] 0 by © b1)#([x1] o by)
+ ([z1] 0 b1)#2#([2F] 0 by o by)

that are not immediate consequences of Lemma 2.9(b).

Computation 2.54.

Proof sketch.

[$%] obyoby = ([x1]o bl)#2

+ [1]#([z3] © by 0 by 0 b3)

+ [1#([21] © by)# (1] 0 by)
+ [1#(]

+ [1#(]

[#3] 0 by 0 by = [21] 0 bg + ([w1] 0 by)#([w1] 0 ba) + ([w1] 0 by)#?
[#3] 0 by 0 by = [1] 0 b5 + [w3] © by 0 by 0 by + ([x1] © by) #([x1] © ba)

+ ([e1] 0 ba)#([21] © b3) + ([w1] 0 b1) 23 ([1] © b3) + ([21] 0 b1)

Computation 2.55. ([1]#([1’1} o bl)) o ([1]#([1‘2] o b1 o b3)) = [1]#([.%1] o bl)#([mg] o b1 o b3)

Proof sketch. No additional relations are needed.
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Computation 2.56.

([1J#([z1] 0 b1)) o ([1]##([w2] 0 ba 0 b2)) = [1]F#£([z1] 0 b1)F#([z2] © b2 © b2)
+ [1]##([z3] 0 by 0 by 0 b3)

Proof sketch.

[$1$2] Ob1 Ob2 Ob2 = [$3] Ob1 Ob1 Obg

O
Computation 2.57.
([L#([21] 0 b1)) o ([1]#([w3] 0 by 0 by 0 ba)) = [1]#([21] © b1)#([ws] 0 by 0 by © bg)
Proof sketch. No additional relations are needed. ]

Computation 2.58.

([1#([z1] 0 b1)) o ([1]#([w4] 0 by 0 by 0 by 0 b1)) = [1]#([z1] © b1)#([24] 0 b1 0 by 0 by 0 b1)

Proof sketch. No additional relations are needed. O

Computation 2.59.
([# (1] 0 b1)) o ([U#([e1] 0 br)#([1] © b3)) = [L#([1] 0 b1)F2# (1] © bs)
Proof sketch.

[m%] oby oby = [x1] 0 b3 + ([z1] 0 b1)#([x1] 0 b2) + ([x1] © bl)#3
[23] 0 b1 0 by = ([z1] 0 by)7*

Computation 2.60.

([#([z1] 0 b1)) o ([U#([x1] 0 br)#([x2] 0 b1 0 ba)) = [L]#([x1] 0 br)#([x2] 0 by 0 by )#?

Proof sketch.
[x122] 0 b1 0 by 0 by = ([x2] 0 by © bl)#2
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Computation 2.61. ([1]#([x1] 0 b1)) o ([1]#([x1] 0 b1)#([x3] 0 b1 0 by 0b1)) =0

Proof sketch.
[QZ%] o bl o b1 = ([Il] e} bl)#2

O

Computation 2.62. ([L#([z1] o b1)) o ([L]#([x1] 0 b2)#?) = [1]#([a1] 0 b1)#([w1] 0 b2)#?

Proof sketch.
[x%] obyoby = ([x1] 0 bl)#2

]
Computation 2.63.
([U]#([z1] 0 b1)) o ([1]#([21] 0 b2)#([w2] 0 b1 0 b1)) = [1]#([w2] 0 by 0 br)#([x1] 0 b3)
Proof sketch.
[Z’%] o b1 o b1 = ([1‘1] o bl)#2
(23] 0 b1 0 by = [21] 0 b3 + ([21] 0 b1)#([21] 0 b2) + ([x1] © b))
O
Computation 2.64.
([# (1] 0 b)) © ([U#([w2] © by 0 b1)#?) = [1]#([21] 0 b1)#*# ([w2] 0 by 0 by)
Proof sketch.
(23] 0 by 0 by = ([21] 0 b))
O

Computation 2.65.

(#([z1] 0 b)) o ([L#([z1] © b1)#*#([x1] 0 b)) = [1]#([x1] 0 b1)#*#([1] 0 bs)
+ [1#([x1] 0 b1)# 4 ([21] 0 by)

Proof sketch.

[23] 0 by 0 by = [w1] 0 by + ([1] © b1)#([z1] 0 bo) + ([a1] 0 by)*?
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Computation 2.66.

([ (1] 0 b1)) o ([ (1] 0 b1) 24 ([wa] 0 b1 0 br) = [1]#([21] © b1)**#([ar2] 0 by 0 by)

Proof sketch.
(23] 0 by 0 by = ([z1] 0 by)*?

O
Computation 2.67. ([1]#([z1] 0 b1)) o ([1]#([z1] 0 b1)#*) = [1]#([x1] 0 b1)#D
Proof sketch.
[Hf%] o b1 o b1 = ([.%'1] o bl)#2
O
Computation 2.68.
([ ([z1] 0 b1)) o ([1#([21] © b5)) = [1]#([1] 0 b1) % ([a1] 0 by)
+ [1]#([2171] o bl) ([1'3] objobyo bg)
+ [1#([z1] 0 b)) #2#([21] 0 by) #?
Proof sketch.
23] 0 by 0 by = ([x1] 0 by)*?
23] 0 by 0 by = [x1] 0 b + ([z1] 0 b1)#([w1] 0 b2) + ([w1] 0 b1)*?
[CC%] o b1 (e] b3 ( ﬂ?l] [e] bl)#4
(23] 0 b1 0 by = [w1] 0 b5 + [3] 0 b1 0 by 0 b3 + ([1] 0 b1)#([x1] © ba)
+ ([z1] 0 ba)#([x1] 0 b3) + ([1] 0 b)) #([1] 0 b3) + (1] 0 b1)*”
O

Computation 2.69.

([1#([z1] 0 b1)) o ([1]#([w2] 0 b1 0 ba)) = [1]##([21] 0 b1)#([w2] 0 b1 © bs)
+ [1]#([22] 0 by 0 by)#?
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Proof sketch.

[1'11'2] e} b1 @) bl o b4 = ([xg] e} b1 e} bg)#Z

O
Computation 2.70.
([L#([z1] 0 b1)) o ([1]#([2] 0 b2 0 b3)) = [1]#([1] 0 br)#([x2] © by 0 b3)
+ [1]#([w2] © by 0 by)*?
Proof sketch.
[iUlil?Q] e} b1 @) b1 o bQ = ([ZEQ] e} b1 e} bl)#2
[x122] 0by 0by0ob3 =0
O
Computation 2.71.
([L##([z1] 0 b1)) o ([L]#£([w3] 0 by 0 by 0 b3)) = [1]#([21] 0 b1)# ([w3] 0 by 0 by 0 b3)
Proof sketch. No additional relations are needed. O
Computation 2.72.
([1]#([z1] © b1)) © ([1]#([w3] © b1 © by 0 b2)) = [1]#£([1] 0 br)#([23] © b1 © by 0 b2)
+ [1)#([23] 0 by 0 by 0 by)*?
Proof sketch.
[1'1.%'3] e} b1 @) b1 @) bg o b2 = ([xg] e} b1 e} b1 0] bl)#2
O

Computation 2.73.

([1#([x1] 0 b1)) o ([1#([x4] 0 b1 0 by 0 by 0 b2)) = [1]#([w1] 0 b1)#([w4] 0 b1 0 by 0 by 0 b2)

Proof sketch. No additional relations are needed. O
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Computation 2.74.
([1]#([(171] o} bl)) (e] ([1]#([565] Obl e} bl e} bl e} bl o} bl)) = [1]#([1)1] Obl)#([l‘5] Obl Ob1 Obl Obl Obl)

Proof sketch. No additional relations are needed. O

Computation 2.75.

(
+ [1]#([%1] (¢] bl)#([:(}?,] @) bl @) b1 (e] bg)
+ [1#([z1] 0 b1)#2#([21] 0 ba)
+ [1#([21] 0 b1) 2 #([1] 0 bg) #?
+ [1#([z1] 0 b1) 44 ([z1] 0 bo)
Proof sketch.
[23] 0 by 0 by = ([x1] 0 by)*
[23] 0 b1 0 by = [a1] 0 bs + ([z1] © by)#([21] 0 b2) + ([z1] 0 b1)*?
[LU%] e} bl o bg = ([xl] o bl)#4
(23] 0 b1 0 by = [w1] 0 b5 + [w3] 0 by 0 by 0 by + ([21] 0 by)#([z1] © bs)

+ ([z1] 0 ba)#([x1] 0 b3) + ([1] 0 b)) #([w1] 0 bs) + (1] 0 b1)*”

Computation 2.76. ([1]#([x1] 0 b1)) o ([1]#([x1] 0 b1)#([z2] 0 b1 0 b3)) =0

Proof sketch.
[.75%] o} bl o b1 = ([:L’l] e} bl)#2

Computation 2.77.

([1#([21] 0 b1)) o ([L#([z1] 0 b1)#([w2] 0 ba 0 ba)) = [1]#([21] 0 b1)#([w3] 0 by 0 by 0 b3)

Proof sketch.

[5[71172] Obl ObQ Ob2 = [1}3] Obl Obl Obg
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O
Computation 2.78. ([1]#([z1] 0 b1)) o ([1]#([x1] 0 b1)#([x3] 0 by 0 b1 0 b2)) =0
Proof sketch.
[QZ%] o bl o b1 = ([Il] (@] bl)#2
O
Computation 2.79. ([1]#([z1] 0 b1)) o ([1]#([x1] 0 b1)#([xa] 0o b1 obi0bi0by)) =0
Proof sketch.
[22] 0 by 0 by = ([x1] 0 by )72
O

Computation 2.80.

([1#([x1] 0 b)) o ([1#([z1] 0 be)#([21] © b3)) = [L#([z1] 0 b1)#([21] © ba)#([x1] © b3)
+ [1]#([21] © bg)#?

Proof sketch.

[l’%] e} bl e} bl = ([.’L‘l] o bl)#z
[23] 0 b1 0 by = [z1] 0 by + ([21] © b1)#([w1] 0 by) + ([1] © b1)*®
[QS‘%] o b1 o bg = ([$1] o bl)#4

Computation 2.81.

([1#([z1] 0 b1)) o ([1#([z1] 0 be)#([w2] 0 by 0 ba)) = [1]#([21] 0 b3)#([w2] 0 b1 0 b2)
+ [1]#([21] © ba)#([w2] 0 by 0 by )#?

Proof sketch.

[z3] 0 by 0 by = ([z1] 0 by)*?

[.%11)2] e} bl @) bl o b2 = ([J}Q] e} b1 e} bl)#2
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Computation 2.82.

([1#([z1] 0 b1)) o ([1]#([21] 0 bo)#([x3] 0 b1 0 by 0 b1)) = [1]#([x1] 0 b3)#([z3] 0 b1 0 by 0 b1)

Proof sketch.
(23] 0 b1 0 by = ([1] 0 b1)*?

]
Computation 2.83. ([1]#([x1] 0 b1)) o ([1]#([x2] 0 b1 o b1)#([z1] 0 b3)) =0
Proof sketch.
[.75%] o bl o b1 = ([:L’l] o bl)#2
L]
Computation 2.84.
([L1#([21] 0 b1)) o ([1]#([w2] 0 b1 0 b1)#([22] 0 b1 0 b2)) =
[1]#([21] 0 b1)#([w2] 0 by 0 b1)#([w2] 0 by 0 b2)
+ [1]#([x2] 0 by © by)#([w2] 0 by 0 by )#?
Proof sketch.
[SL’%] @) b1 o b1 = ([xl] (¢] bl)#Q
[2129] 0 by 0 by 0 by = ([2] 0 by 0 by )2
OJ
Computation 2.85.
([L#([z1] 0 1)) o ([L]#£([22] 0 b1 0 b1)#([w3] 0 b1 0 by 0 b1)) =
[1]#([1] 0 b1)#([wa] 0 by 0 by)#([w3] 0 by 0 by 0 by)
Proof sketch.
[CL‘%] obyoby = ([x1]o bl)#2
]

Computation 2.86. ([1]#([z1] 0 b1)) o ([1#([z1] 0 b1)#2#([z1] 0 b3)) = 0



CHAPTER 2. THE MULTIPLICATIVE STRUCTURE OF H,(SL1MU) 66
Proof sketch.

[#3] 0 by 0 by = [1] 0 bg + ([21] 0 b1)#([21] © ba) + ([21] 0 b1)*?
[23] 0 by 0 by = ([a1] 0 by)**

Computation 2.87.

([#([z1] 0 b1)) o ([L#([z1] © b1)#*#([w2] 0 by 0 by)) =
[1]#([w1] 0 b1)#3#([22] 0 b1 0 ba) + [L]#([1] 0 b1)#2#([wa] 0 by 0 b1)*?

Proof sketch.

[z3] 0 by 0 by = ([a1] 0 by)*?

[1'11'2] e} bl @) bl o bQ = ([.’Eg] e} bl e} bl)#2

]

Computation 2.88.
(] 0 b)) o ([1)4t([e) 0 bu) #2#(s] 0 by o by 0 ) =
[1}#([%‘1] o bl)#3#([x3] (¢] bl o b1 @) bl)
Proof sketch. No additional relations are needed. ]
Computation 2.89. ([1]#([z1] 0 b1)) o ([1]#([z1] 0 b1)#([z1] 0 b2)7?) =0
Proof sketch.
[(L‘%] (e] bl o b1 = ([{El] o bl)#2
]

Computation 2.90.

([1#([z1] 0 b1)) o ([1#([21] 0 ba)#([w2] 0 b1 0 b1)) =
[1]#([z1] 0 b1)#([x1] 0 bg)#([x2] 0 by 0 by)
+ [1)#([21] 0 b1)#24([21] © ba) #([a2] © by 0 by)
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Proof sketch.

[23] 0 by o by = ([x1] © b1)*?
[ZE%] oby obg = [x1] 0 b3 + ([x1] 0 b1)#([x1] 0 b2) + ([x1] © bl)#3

O
Computation 2.91. ([1]#([z1] 0 b1)) o ([1]#([z1] 0 b1)#([z2] 0 by 0 by)#2) =0
Proof sketch.
[Hf%] o b1 o bl = ([.%'1] o bl)#2
O
Computation 2.92.
([#([21] 0 b1)) © ([U#([21] 0 b1) 2 #([21] © b2)) = [1#([21] © b1) P #([21] © b3)
+ [1#([21] 0 br)# 4 ([x1] 0 by)
Proof sketch.
[l’%] o bl o bl = ([.131] o bl)#2
[23] 0 by 0 by = [21] 0 b + ([21] 0 b)#([21] © b2) + ([1] 0 b1)**
O
Computation 2.93. ([1]#([z1] 0 b1)) o ([1]#([z1] 0 b1)73#([z2] 0 by 0 b1)) =0
Proof sketch.
[QZ%] o bl o} b1 = ([Il] e} bl)#2
O
Computation 2.94. ([1]#([z1] o b1)) o ([1]#([z1] 0 b)) =0
Proof sketch.
[QZ%] o bl o bl = ([:L‘l] (@] bl)#2
O

Computation 2.95. ([1]#([z1] 0 52))2 =0
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Proof. We have

Factoring out a o-factor of [x1] on the right hand side, we see that the remaining factor

appears in the coefficient equation for s?t2. We replace it with the remaining terms from

said equation (ignoring those that vanish or cancel over Fy):

([1#([z1] 0 b2))°% = [1]#([#1] © [az,2] 0 b1 0 by 0 by 0 by)
This vanishes by Lemma 2.9(b). O

Computation 2.96.

([1J##([z1] 0 b2)) o ([1]##([w2] 0 b1 0 b1)) = [1]F#([z1] 0 b2)F#([72] 0 by © b1)
+ [1]#([22] 0 by 0 by)#?

Proof. This follows from Lemma 1.23 and the relations
[x%] o bl o b1 = ([51:1] @) bl)#2

and

[.fL‘lﬂfQ] e} bl @) bl o bQ = ([IL‘Q] o bl (e} bl)#2
as well as Lemma 2.9(b). O

Computation 2.97.

([U# (1] 0 b2)) o ([ ([1] 0 b1)72) = [1]#([21] © b1) 24 ([1] 0 b2) + [1]#([21] © b1) ™!
Proof. This follows from Lemma 1.24 and canceling terms. O
Computation 2.98. ([1]#([z1] 0 b2)) o ([1]#([x1] 0 b3)) =0

Proof. This follows from Computations 2.45 and 2.95. O
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Computation 2.99.

([L1#([z1] 0 b2)) o ([1]#£([w2] 0 b1 0 b2)) = [1]#([x1] 0 b2)#([w2] © b1 © b2)
+ [1#([21] 0 by)#([w2] © by 0 b1)*?
+ [1]#([x3] 0 by 0 by 0 b3)

J##([a1]
7 ([3]

T3
Proof. Lemma 1.23 yields

[1]# (([z1] 0 ba)#([w2] 0 by © ba) + ([21] 0 b1)#([x122] © b1 0 by 0 by)
+ ([.%'1332] (¢] b1 o bg o bg))

and the result follows by the relations
[$1l‘2] e} b1 @) b1 o b2 = ([J}Q] e} b1 e} bl)#2

from Table 2.2 and

[3311'2] @) bl o} bQ e} bg = [1'3] @) bl o} bl e} b3
from Table 2.3.

Computation 2.100.

([1#([z1] 0 b2)) o ([1]##([w3] 0 by 0 by 0 b1)) = [1]#([z1] 0 ba)#([w3] 0 by 0 b1 0 b1)

Proof. Lemma 1.23 yields

[1]# (([z1] 0 ba)#([23] 0 by 0 by 0 by) + ([z1] 0 by )#([w123] 0 by 0 by 0 by)
+ (s o by o by o by 0 b))

and the last two +-summands vanish by Lemma 2.9(b).

Computation 2.101.

([1#([z1] 0 b2)) o ([1]#([21] 0 br)#([z1] 0 b2)) = [1]#([21] © b2)#([z1] © b3)

J#([21] © b1) T4 ([1] © b)
J#([w1] 0 by)#([x1] 0 bo)*#?
J#([21] © b1) T4 ([21] © ba)
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Proof. Lemma 1.24 yields

[1)#(([z1]) 0 br)#([x1] 0 bo) #?

0 by 0 b1)#([aF] 0 b1 o by)
o by o by)#([21] 0 by)#([2]] 0 by 0 by))

The result follows by applying the relations
(23] 0 by o by = ([z1] 0 b1)*?

and
[23] 0 by 0 by = [1] 0 by + ([x1] © b1)#([z1] 0 b2) + (1] 0 by)#?

from Table 2.2 and canceling terms.

Computation 2.102.

([1#([z1] 0 b2)) o ([1#([z1] 0 b1)#([w2] 0 b1 o br)) = [1#([21] 0 b3)#([w2] 0 b1 o b1)

Proof. Lemma 1.24 yields

[1]# (([21] © b2)#([w1] © by)#([w2] 0 by 0 by) + ([@7] 0 by 0 ba)#([w2] © by 0 by)

+ ([z1] 0 b1)#([w122] 0 by 0 by 0 b9)

+ ([z1] 0 b1)#([2F] 0 by 0 by)#([w2] © by 0 by)
+ ([z1] © b1)#2#([z122] 0 by 0 by 0 by)

+ ([]

xi] o by o by)#([x122] 0 b1 0 by © bl))
The last two +-summands vanish by Lemma 2.9(b). Then applying the relations

[x%] o bl ¢} b1 = ([:z:l] o bl)#2
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[23] 0 by 0 by = [1] 0 by + ([1] © b1)#([z1] 0 bo) + ([a1] © by)*?

and
[z129] 0 by 0 by 0 by = ([we] 0 by © bl)#2

from Table 2.2 and canceling terms gives the result. O

Computation 2.103.

([#([z1] 0 b2)) o ([L#([z1] 0 b1)#?) = [1]#([21] 0 b1)#?#([1] 0 bs) + [L]# (1] 0 b1)*°

Proof. Lemma 1.24 yields

0 by 0 ba)#([x1] 0 by)*?

)#([27] 0 b1 0 ba)#([x1] © br)

)#2 4 ([27] 0 by © by)

1] 0 by)#([22] 0 by 0 by)#([1] 0 by)??
)
)

[1]# (([21] © ba)#([x1] 0 b1)*®

The result follows by applying the relations
[x%] o bl o b1 = ([:z:l] @) bl)#2

and
[#3] 0 by 0 by = [21] 0 bg + ([21] 0 b1)#([21] © ba) + ([21] 0 b1)*?

from Table 2.2 and canceling terms. ]

Computation 2.104.

([##([z1] 0 b2)) o ([ ([z1] 0 ba)) = [1]#([21] 0 b6) + [1]#([x1] © br)#([x3] 0 by © by 0 b3)
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Proof sketch.

obyoby = [x1]0bs+ [w3] 0 by o by 0bs + ([x1] 0 b1)#([z1] 0 bs)
+ ([21] 0 bo)#([21] 0 b3) + ([z1] 0 b1)#2#([x1] 0 b3) + ([w1] © by)#?

(23] 0 by 0 by = ([z1] © ba)#([x1] © b3) + ([w1] 0 b1)*?#([w1] 0 b) + ([z1] © b)#([x1] © be)*?
+ ([z1] 0 b1) 3 #([21] 0 bo)

[23] 0 by 0 by = [x1] 0 bs + ([x1] © b)#([21] 0 bs) + ([21] 0 ba)#([x1] © ba) + ([1] © bs)*?
+ ([z1] 0 b1)?# ([21] 0 ba) + ([21] © b2)* + ([21] 0 by)#*#([21] © bo)

]
Computation 2.105.
([1#([z1] 0 b2)) © ([1]7#([w2] 0 b1 © b3)) = [1]#([21] © b2)#([w2] © b1 0 b3)
Proof sketch.
la129] 0 b1 o by 0 by = 0
O

Computation 2.106.

([11##([z1] 0 b2)) o ([1]#([z2] 0 b2 0 b2)) = [L]#([z1] © b1)#([z3] © by © by 0 b3)
[1]#([21] © b2)#([w2] © b2 © bs)
[1]#([w2] © by 0 bg)#?
[1]#([x2] 0 by 0 by)#3

+ + +
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Proof sketch.

[.fL‘lﬂfQ] (e} bl @) bl o bQ = ([1‘2] e} bl (e} bl)#2

[x122] 0 by 0 by 0 by = [x3] 0 by 0 by © b3

[.731332] e} bz @) bg o bg = ([112] e} bl e} bg)#2

O
Computation 2.107.
([1]##([z1] 0 b2)) o ([1]#([x3] 0 by 0 by 0 b2)) = [1]#([x1] © b2)#([23] 0 by 0 b1 0 b2)
+ [1]#([x3] 0 by 0 by 0 by )#?
Proof sketch.
[l’lxg] e} b1 e} b1 @) bg o} bQ = ([.263] e} b1 e} b1 e} bl)#2
O

Computation 2.108.

([1#([x1] 0 b2)) o ([1#([x4] 0 b1 0 by o by o br)) = [1]#([w1] 0 ba)#([w4] 0 b1 0 by 0 b1 0 b1)

Proof sketch. No additional relations are needed. O

Computation 2.109.
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Proof sketch.
[m%] obioby = ([x1]o0 bl)#
(23] 0 by o by = [z1] 0 by + ([21] 0 b1)# (1] © b2) + ([x1] © b))
[22] 0 by 0 by = ([z1] 0 b)#2 + ([w1] 0 by)#*
[€7] 0 bz 0 by = ([21] 0 ba)#([21] © b) + ([21] © b1) 2 #([21] © b3) + (1] © br)#([ar1] © b2)**

+ ([z1] 0 b1)##([21] 0 by)

Computation 2.110.

([1]#([x1] 0 b2)) o ([1]#([w1] 0 b1)#([x2] 0 by 0 b2)) = [1]#([w1] 0 by)#([x3] 0 by © by © b3)
+ [1#([71] 0 b3)#([x2] 0 b1 © ba)

Proof sketch.

[23] 0 by o by = ([x1] © by1)*?
[x%] oby oby = [x1] 0 b3 + ([z1] 0 b1)#([x1] 0 b2) + ([x1] © bl)#3

[{L’ll‘g] Ob1 Ob2 Obg = [.563] Ob1 Ob1 Ob3

Computation 2.111.
([1]#([z1] 0 b2)) © ([1]#([z1] © br)#([ws] 0 by o by 0 b1)) = [1]3£([w1] © b1)#([x3] © by © by © b1))
Proof sketch.

[m%] obyoby = ([z1] o bl)#2
[#3] 0 by 0 by = [1] 0 bs + ([21] 0 b1)#([21] © ba) + ([21] 0 b1)*?
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Computation 2.112.

([1)#([21] 0 b2)) © ([1]#([ar1] © b2)*2) = [L]#([1] 0 b3)**

Proof sketch.

[xf] (¢] b1 o b1 = ([1'1] o bl)#2
[#3] 0 by 0 by = [21] 0 bg + ([21] 0 b1)#([21] © ba) + ([21] 0 b1)*?

O
Computation 2.113.
([1#([z1] 0 b2)) o ([1#([21] © ba) #([wa] 0 by 0 b)) = [1]#([1] © ba)#([wa] © by 0 by)*?
Proof sketch.
[x%] obyoby = ([x1]o bl)#2
[z123] 0 by 0 by 0 by = ([w2] 0 by © by)*?
(23] 0 by 0 by = ([x1] 0 be)#? + ([1] 0 by )#4
O
Computation 2.114.
([U#([21] 0 b2)) © ([U#([w2] 0 b1 0 b1)*?) = [1]# (1] 0 ba)#([2] 0 by 0 b1)*?
Proof sketch. No additional relations are needed. O

Computation 2.115.

([L#([21] 0 b2)) © ([1]#([1] © b1) 24 ([x1] 0 b2)) = [1]#([x1] 0 br) *'#([21] 0 b2)
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Proof sketch.

[:E%] objob = ([ml] o bl)#2
[22] 0 by 0 by = ([1] 0 ba)*2 + ([w1] 0 by )**

Computation 2.116.

([1#([21] 0 b)) o ([L]#([x1] 0 b1)#*# (2] 0 by 0 by)) =
[1]#([21] 0 b1)#2#([21] 0 ba)#([22] 0 by © by)
1)# (1] 0 by) #24#([22]) 0 by 0 by ) #*

+1
+ [1#([1] 0 b1) 1 #([22] 0 by 0 by)
Proof sketch.

[$%] ¢} bl o bl = ([:cl] o bl)#Z

[1'1.%'2] e} b1 @) bl o bQ = ([xg] e} b1 e} bl)#2

Computation 2.117.

([1#([x1] 0 b2)) o ([1]# (1] © b1)**) = [1]#([21] 0 b1) ™ #([21] 0 b2)

Proof sketch. No additional relations are needed.
Computation 2.118. ([1]#([x2] 0 by 0 b1))°? = [22] 0 by 0 b3

Proof. The follows from Lemma 1.23 and the relation
[29] 0 by 0 bg = [22] 0 by 0 by 0 by 0 by + ([2] 0 by 0 by)7?

from Table 2.2.

Computation 2.119.

([LJ#([x2] 0 b1 0 1)) © ([1]#([ar1] © b1)*2) = [L]#([21] 0 b1)**#([wa] © by © by)

Proof. This follows from Lemma 1.23 and canceling terms.
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Computation 2.120.

([1##([w2] 0 by 0 b1)) o ([17#([21] © b3)) = [1##([w2] © by 0 by)#([x1] 0 b3)
+ [1#([21] 0 b1)#([21] 0 by © by)

Proof sketch.
[$1$2] e} b1 @) b1 o b2 = ([J}Q] e} b1 e} bl)#2

Computation 2.121.

7

([1#([z2] 0 b1 0 b1)) o ([1]#([x1] 0 by 0 b2)) = [1]#([2] 0 b2 0 b3) + [1]#([z3] 0 by © by © b3)

Proof sketch.

[[E%] o bl o b1 o bl o b2 = [1,‘2] o b2 o b3 + [[Eg] o b1 o bl o b3 + ([332] o bl o bl)#([ng] o bl o bg)

Computation 2.122.

([1]#([w2] 0 by o br)) o ([1]#([w3] 0 by 0 by 0 by)) = [1]#([w2] 0 by 0 by)#([w3] 0 by 0 by 0 b)

+ [1]#([x3] (e] b1 (¢] b1 (¢] bg)

Proof sketch.
[ngg]obl objobjobiob = [ajg] obyobyobs

Computation 2.123.

([1#([22] 0 b1 0 b1)) o ([1]#([x1] 0 br)#([21] 0 b2)) =
[1]#£([z1] 0 b1)#([x1] 0 be)#([w2] 0 b1 0 b1)
+ [1]#([w1] © b1)#([w2] 0 by 0 by)#?

Proof sketch.
[x122] 0 b1 0 by 0 by = ([w2] 0 by © bl)#2
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Computation 2.124.

([L1#£([w2] 0 b1 0 by)) o ([1]#([z1] 0 br)#([w2] 0 b1 0 by)) = [1]#([z1] © br)#([w2] 0 by © b3)
Proof sketch.

[22] 0 by 0 by 0 by 0 by = ([a] 0 by 0 by)#? + ([22] 0 by © b3)

O
Computation 2.125.
([#([w2] 0 b1 0 b1)) o ([1#([21] 0 01)7?) = [1]#([21] 0 b1)?#([x2] 0 by 0 by)
Proof sketch. Only Lemma 1.24 and Lemma 2.9 are needed. O
Computation 2.126.
([L]#([z2] 0 b1 0 b1)) o ([L]#£([w1] 0 ba)) = [1]#£([w2] 0 by 0 b1)#£([x1] 0 ba)
+ [1]#([x2] 0 by o bg)
+ [1]#([3}1] ¢) bg) ([a:Q] o b1 e} bl)#2
Proof sketch.
[3711}2] o) b1 0] bl (e] bQ = ([xg] (¢] b1 o bl)#2
[1‘15[)2] e} bl @) bl o b4 = ([1'2] e} b1 e} bg)#2
O

Computation 2.127.

([1]#([x2] 0 by 0 b1)) o ([1]#([w2] 0 by 0 b)) = [1]#([x2] 0 b3 o b3)
[x2] 0 by 0 b3)
[332] o bg o bg)
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Proof sketch.

[l‘%] (¢} bl (e} b1 (¢] b1 o b3 = [562] (e} b3 (¢] b3 + ([332] (e] bl ©) bl)#([SCQ] (¢} b2 (¢] b2) + ([1}2] O b1 o b2)#2
+ ([332] obyo bl)#3

]
Computation 2.128.
([1]#([w2] 0 by 0 b1)) o ([1]#([2] 0 by 0 b2)) = [1]#([x2] 0 bs 0 b3)
+ [1]#([.%’4] e} b1 e} bl e} bl ©) b3>
+ [1]##([w2] 0 b1 0 b1)#([z2] © by 0 b3)
Proof sketch.
[.’E%] objobiobiob = [1'2] obyobg+ ([$2] objo bl)#2
[x%]obloblobgon = [x2] 0 b3 0 by + [x4] 0 by 0 by 0 by 0 b3
+ ([w2] 0 by 0 by)#([w2] 0 by 0 bg) + ([wa] 0 by 0 by )#?
]

Computation 2.129.

([1#([z2] 0 b1 0 b1)) o ([1]#([w3] 0 by 0 by 0 b2)) =
[1]#([$3] (e] b1 (¢] b2 (¢] bg)
+ [1]#([]]2] @] bl (¢] b1>#([x3] o b1 o b1 (@] bg)
+ [1]#([3] 0 by 0 by 0 by)#?
Proof sketch.

[.ZEQCL‘g] Obl Ob10b10b10b2 = [:Eg] Oblobzobg—{—([l‘g] Ob1 Oblobl)#Q
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Computation 2.130.

([1#([w2] 0 b1 0 b1)) o ([1]#([z4] 0 b1 0 b1 0 by 0by)) =
[1]#([x4] 0 by 0 by 0 by 0 b3)
+ [1]#([w2] 0 b1 0 b1)#([z4] 0 by 0 by 0 b1 0 b1))

Proof sketch.

[1’2.%'4]0[)10[)10[)101)10()10[)1:[1'4]01)101)101)10[)3

O
Computation 2.131.
([L]#([w2] 0 by 0 br)) o ([1#£([w1] 0 br)#([x1] 0 b3)) =
[1##([z1] © b1)# ([w2] 0 by © b1)#([z1] 0 b3)
+ [1#([e1] 0 b1) 2 #([x2] © by 0 b))
Proof sketch.
[.1‘15[)2] [¢] bl 0) b1 o bQ = ([.’L’Q] (¢] b1 o bl)#2
O

Computation 2.132.

([1#([z2] 0 b1 0 b1)) o ([1]#([w1] 0 b1)#([z2] 0 b1 0 b2)) =
(1] ([z1] 0 b1)#([w2] 0 by 0 b3)
+ [1#([w1] 0 b1)#([x3] 0 b1 0 by 0 b3)

Proof sketch.
[3] 0 b3 0 by = ([a1] © b3)** + (1] 0 by)#*
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Computation 2.133.

([1]#([z2] 0 b1 0 b1)) o ([L]#([w1] 0 b1)#([x3] 0 b1 o by o b)) =
[1]#([x1] 0 b1)#([z3] 0 b1 0 by 0 b3)
+ [1]#([1] 0 b1)#([w2] © b1 0 b1 )#([z3] 0 b1 0 by 0 b1)

Proof sketch.

[$21‘3]Ob10b10b10b10b1:[$3]Obloblob3

O
Computation 2.134.
([U#([2) 0 b1 0 b)) o ([L#([21] © b2)*?) = [1]#([21] © b2) **#([2] 0 by © by)
Proof sketch. No additional relations are needed. O

Computation 2.135.

([1#£([z2] 0 b1 0 b1)) o ([1]F#([21] 0 b2)#([z2] 0 b1 0 b1)) = [1]F#([21] 0 b2)F([z2] 0 b1 © b3)
+ [1)#([w2] 0 by 0 by)#3

Proof sketch.

[x%] o b1 o bl o] bl o b1 = [xQ] o bl o bg + ([1‘2] o b1 o bl>#2

[:L‘ll‘g] (e} bl e} b1 @) b2 = ([xg] e} b1 e} bl)#Q

Computation 2.136.

([L]#([x2) 0 by o by)) o ([L]#([x2] 0 by 0 b1)#?) = [1]#([x2] 0 by 0 by)#?

Proof sketch. No additional relations are needed. O
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Computation 2.137.

([LJ#([22] 0 b1 0 b1)) o ([1]#([21] © b1) 4 ([21] 0 b2)) =
[L#([21] 0 01)"*# (1] © ba)#([22] 0 by 0 b1)
+ [1#([21] 0 b1)#?#([22] 0 by 0 by) 7

Proof sketch.
[$1CL‘2] e} b1 @) b1 o bQ = ([ZIS‘Q] e} b1 e} bl)#2

Computation 2.138.

([L#([z2] 0 b1 0 b1)) o ([1]#([21] © b1) P24 ([x2] 0 by 0 1)) =
[L#([21] © b1) 24 ([w2] © by © by)

Proof sketch.

[x%] objobiobiob = [IEQ] obyobg+ ([ajg] obyo b1)#2

Computation 2.139.

([1#([a2] © by 0 b1)) o ([#([wr] 0 b1) ") = [L##([x1] 0 b1) 4 ([w2] 0 by © by)
Proof sketch. No additional relations are needed. ]
Computation 2.140. ([1]#([z1] o by)#?)°? = [1]#([z1] o by )7#*
Proof. This follows from Lemma 1.24 and the relation

[x%] obyoby = ([x1] 0 bl)#2

from Table 2.2. O

Computation 2.141. ([1]#([z1] 0 b1)#2) o ([1]#([x1] 0 b3)) = [1#([z1] 0 by)#D
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Proof sketch.

[CL‘%] obyoby = ([x1]o0 bl)#2

[l‘%] o bl o b2 = [:L”l] @) b3

O
Computation 2.142.
([1]#([z1] © b1)#?) o ([1]#([w2] 0 by 0 ba)) = [1]#([w1] 0 by)*?# ([w2] 0 by 0 ba)
Proof sketch. Only Lemma 1.24 is needed. O
Computation 2.143.

([ (1] 0 1)) 0 ([ #([w3] 0 b1 0 b1 0 b1)) = [1J#([1] 0 b1)**#([w3] 0 by © b1 0 by)
Proof sketch. Only Lemma 1.24 is needed. O
Computation 2.144.

([ ([1] 0 1)) o ([U#([21] 0 b1)#([21] © b2)) = [1]#([21] 0 b1) % ([1] 0 by)
+ [1#([x1] 0 by)*®
Proof sketch.
[l‘%] o bl o b1 = ([.’El] (e] bl)#2
O

Computation 2.145.

([U#([21] 0 1) 72) o ([U#([21] 0 b1)#([w2] © b1 0 b)) = [1]#([1] 0 b1)# #([w2] 0 b1 0 by)

Proof sketch.
[ZU%] o b1 ©) b1 = ([l‘l] @) bl)#2

Computation 2.146. ([1]#([z1] 0 b1)#?) o ([1]#([z1] 0 b1)?3) = [1]#([z1] 0 by)?®
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Proof sketch.
[l‘%] o bl e} b1 = ([xl] e} bl)#2

Computation 2.147.

Proof sketch.

[23] 0 by 0 by = ([1] 0 b1)*?
[I%] o bl o b2 = [1,‘1] o b3 + ([ﬂfl] o bl)#([l‘l] o bg) + ([561] o bl)#3

Computation 2.148.

([U#([z1] 0 b1)7)) o ([L#([2] 0 by © b3)) = [1]#([21] © b1)*2#([ar2] 0 by © bs)

Proof sketch. No additional relations are needed.

Computation 2.149.

([# (1] 0 01)72)) o ([U# (2] 0 b2 0 b)) = [11#([21] © b1)**#([2] 0 b2 0 by)
Proof sketch. No additional relations are needed.

Computation 2.150.

([]#([z1] 0 b1)#2)) o ([1]#([zs] 0 by 0 by 0 b)) = [1]#([z1] 0 b1)#?#([w3] 0 by 0 by 0 ba)

Proof sketch. No additional relations are needed.
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Computation 2.151.

([W#([21] 0 b1)72)) o ([ #([za] 0 b1 0 b1 0 by 0 b1)) = [1#([21] © b1)#?# ([wa] 0 by 0 b1 0 by 0 by)
Proof sketch. No additional relations are needed. O

Computation 2.152.

([1#([z1] 0 b1)#%)) o ([1]#([z1] 0 b)#([z1] 0 bs)) = [L]#([x1] 0 b1)#*#([a1] © bs)
+ [1]#([21] 0 b1)#®

Proof sketch.
[22] 0 by 0 by = ([x1] 0 by )72

Computation 2.153.

([ ([21] 0 1)7%)) o ([U#([21] 0 b1)#([w2] © b1 0 b)) = [1]#([1] 0 b1)* #([2] 0 by © b2)
Proof sketch. No additional relations are needed. O

Computation 2.154.

([1#([x1] 0 b1)#2)) o ([1]#([w1] 0 b1 ) #([ws] o by o by oby)) = [L]#([w1] 0 b1)#2#([w5] 0 by 0 by 0by)

Proof sketch. No additional relations are needed. O

Computation 2.155.

([U# (1] 0 01)72)) o ([U# (1] 0 02)72) = [L#([ar1] 0 b1) 24 (1] © b2)
Proof sketch. No additional relations are needed. O

Computation 2.156.

([1#([z1] 0 b1)#?)) 0 ([1]#([21] © b2)# (2] © by 0 by)) =
[1]# ([1] © b1)#2#([21] © ba)#([a2] © by © by)
+ [1]#([21] © b1)# 4 ([w2] 0 by 0 by)
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Proof sketch.
[l‘%] o bl o b1 = ([.%'1] @) bl)#2

O
Computation 2.157.

([#([z1] 0 b1)#?)) 0 ([1]#([2] © by © b1)#?) = [L]#([z1] 0 b1)#*#([22] 0 by © by)#*
Proof sketch. No additional relations are needed. O
Computation 2.158.

([U# (1] 0 01)72)) o ([ ([ara] 0 b1) 2 #([21] 0 b2)) = [1]#([1] © b1) 4 ([21] 0 bo)

+ [1]#([1] © b1)#°
Proof sketch.
[1‘%] (e] b1 o b1 = ([xl] o bl)#2
O

Computation 2.159.

([U#([21] 0 1)#2)) o ([U#([21] 0 b1) 24 ([w2] © b1 0 b)) = [1]#([1] 0 b1)**#([w2] 0 b1 0 br)
Proof sketch. No additional relations are needed. O

Computation 2.160.

([W#([21] 0 01)*)) o ([L#([z1] 0 b1)**) = [1]#([ar1] 0 b1)*

Proof sketch.
[$%] o b1 ©) b1 = ([:13‘1] @) bl)#2

Computation 2.161. ([1]#([z1]0b3))°2 =0

Proof. This follows immediately from Computations 2.44 and 2.45. O
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Computation 2.162.

([1J#([z1] 0 b3)) o ([1]#([2] 0 by 0 ba)) = [1]#([z1] 0 b1)#([x3] © by 0 by 0 b3)
+ [1#([21] © b3)#([wa] 0 by 0 b)
+ [1#([21] © b2) #([2] 0 by © b1)**

I

Proof sketch.

[1'1.%'2] e} b1 @) bl o bQ = ([xg] e} b1 e} bl)#2
[371.%'2] ©) b1 @) bg Obg = [.%'3] @) b1 @) bl Ob3

[1‘11‘2] Ob1 Obg Ob3 =0

Computation 2.163.

([11#([21] 0 b3)) o ([1]##([ws] © b1 0 by 0 b1)) = [1]F£([21] © b3)#([3] © by 0 by © by)
Proof sketch. No additional relations are needed.

Computation 2.164.

([1)#([z1] 0 b3)) o ([L]#([x1] 0 by)#([w1] 0 b2)) = [1]#([z1] 0 bs)**

(

+ [#([z1] 0 b1)#34([21] o b3)

+ [L#([x1] 0 by) 24 ([21] 0 bg)

+ [1#([21] 0 br)# 4 ([21] 0 by)

Proof sketch.

[z3] 0 by 0 by = ([a1] 0 by)*?
(23] 0 by 0 by = [w1] 0 bg + ([x1] 0 b1)#([z1] 0 bo) + (1] 0 b1)*?
[m%] obyoby = ([x1]o0 bl)#4
(23] 0 by 0 bg = ([a1] 0 by)#([1] 0 b3) + ([z1] © b1)**#([21] 0 bs) + ([x1] 0 b1)#([21] 0 bp)#?

+ ([1] 0 b1) P #([21] © bo)
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Computation 2.165. ([1]#([z1] 0 b3)) o ([1]#([z1] 0 b1) o ([x2] 0 b1 0b1)) =0
Proof sketch.
[(l)%] o b1 o b1 = ([le] o bl)#2

[xf] o b1 o bz = [xl] (¢] bg + ([1‘1] o bl)#([ml] o bg) -+ ([(L’l] o bl)#g
[Z’%] o] b1 o b3 = ([1‘1] o bl)#4

Computation 2.166. ([1]#([x1] 0 b3)) o ([1]#([z1] 0 b1)¥3) =0
Proof sketch. This follows from Computations 2.45 and 2.53.

Computation 2.167.

([1)#([w2] © by © b)) = [1]#([w2] © b3 © bs)

o by 0 by 0 by o bs)

o by 0 by)#([x2] 0 bg 0 by)
o by 0 by)#?

o by obp)*3

Proof sketch.

[23] 0 by 0 by 0 by 0 by = [w3] 0 b3 0 b3 + [24] 0 by 0 by 0 by 0 b3
+ ([z2] 0 by 0 by)#([w2] 0 by 0 ba) + ([w2] 0 by 0 by)#?

Computation 2.168.

([1]#([2] 0 by 0 ba)) o ([1]#([23] 0 by 0 by 0 b)) =
[1]# ([z3] 0 by 0 bg 0 b3)
+ [1J#([22] 0 by 0 b)#([w3] © by 0 by 0 by)
+ [1]#([23] 0 by © by 0 by)#?
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Proof sketch.

[ZL‘QCITg] Obl Obl Ob10b10b2 = [ZL‘3] Ob10b20b3+([$3] Obl Obl Obl)#2

O]
Computation 2.169.
([1#([z2] 0 b1 0 b2)) o ([L1FE([x1] 0 b1)#([x1] 0 b2)) =
[1]#([z1] © b1)#([x3] 0 b1 0 by 0 b3)
+ []##([21] 0 b1)#([21] © b2)# ([2] © b1 0 b2)
+ [1]#([w2] 0 b)#([w2] © by 0 by)#?
+ [L)#([2] 0 b1)#24([w2] 0 by 0 by)#*
Proof sketch.
[z122) 0 by 0 by 0 by = ([w2] 0 by 0 by)#?
[CL‘ll’g] @) bl o b2 o bQ = [333] @) bl o bl o bg
]

Computation 2.170.

([11#([22] 0 b1 0 b2)) o ([1]#([z1] 0 b1)#([22] 0 b1 0 by)) =
[1#([z1] 0 br)#£([22] 0 b2 0 b3)
+ [1#([z1] 0 b1)#([z3] 0 b1 0 by © b3)
+ [1)#([x2] 0 by 0 by)#?

Proof sketch.

[1’11}2] e} b1 (e} bl (e} b2 = ([:L‘Q] o bl o} bl)#2

[[E%] obiobiobioby = [1‘2] o by obg+ [563] obyobyobs+ ([$2] obyo bl)#([$2] objo b2)
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Computation 2.171.

([1J#([z2] 0 b1 0 b2)) o ([1]# (1] © b1)7?) = [1]#([21] 0 b1) **#([wa] 0 by 0 by)
+ [1#([21] 0 01) 72 ([22] 0 by 0 by)*?

Proof sketch.

[$1$2] e} b1 @) b1 o b2 = ([J}Q] e} b1 e} bl)#2

O
Computation 2.172.
([1]#([xs] o by o by 0 b1))**> =0
Proof sketch.
[1'1.%'2] e} b1 @) b1 @) bg o b2 = ([xg] e} b1 e} b1 @) bl)#3
[xlxg]obloblobgobg = [:Ug]oblobloblobloblobl
O
Computation 2.173.
((1]#([zs] 0 by 0 by 0 by)) o ([1]#([z1] 0 br)#([z1] 0 b2)) =
[1##([z1] © b1)7#([21] © b2)#([w3] 0 by 0 by © by)
Proof sketch. No additional relations are needed. O

Computation 2.174.

([1#([x3] 0 b1 0 by 0 by)) o ([1]F#([w1] 0 b1)#([x2] 0 b1 o b1)) =
[1]#([z1] 0 b1)#([23] 0 by 0 by © b3)
+ [1]#([z1] 0 b1)#([x2] 0 by 0 by)#([x3] 0 by 0 by 0 by)

Proof sketch.

[xgl’g]obloblobloblobl:[xg]obloblobg
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Computation 2.175.

([U#([3) 0 b 0 by 0 by)) o ([U#([a] 0 01)7?) = [L]#([1] 0 b1) 4 ([w3] 0 by 0 by 0 by)
Proof sketch. No additional relations are needed. O

Computation 2.176.

([1#([21]) 0 b1)#([1] © b2))° = [1]#([21] 0 b3)**
(e} bl)#z#([xl] o bz)#Q
o bl)#ﬁ

Proof sketch.
[22] 0 by 0 by = ([x1] 0 by )#?

UJ
Computation 2.177.
(L4 ([z1] 0 b1)#([z1] 0 b2)) o ([1#([z1] 0 b1 )#([w2] 0 b1 0 b1)) =
[1]#([21] 0 b1)#([w2] © b1 0 b1)#([x1] 0 b3)
+ [1#([21] 0 b1)#2#([1] © ba) # (2] © by 0 by)
Proof sketch.
[23] 0 b1 0 by = [a1] 0 by + ([21] 0 by)#([1] 0 b2) + ([21] 0 by)#?
O
Computation 2.178.
([1#([21] © br)#([x1] © b2)) o ([1]#([z1] 0 b1)#?) = [1]#([x1] 0 b1)#P#([1] © bs)
+ [1]#([21] 0 b1) 44 ([a1] 0 bo)
Proof sketch.
[23] 0 by 0 by = ([a1] 0 by)**
O

Computation 2.179. ([1]#([x1] 0 b1)#([z2] 0 by 0b1))°2 =0
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Proof sketch.
[l‘%] o bl o b1 = ([.%'1] @) bl)#2

O
Computation 2.180. ([1]#([x1] o by)#([x2] 0 by 0 b1)) o ([1]#([z1] 0 b1)73) =0
Proof sketch.
[CL‘%] o bl o bl = ([.’El] e} bl)#2
O
Computation 2.181. ([1]#([z1]0b1)#3)°2 =0
Proof sketch.
[.ﬁ%] o b1 (e] b1 = ([l‘l] o bl)#Q
O

2.4 Some general conclusions

Based on the computations in H,(SL;MU) from Section 2.3, we can begin to draw some
conclusions about the structure of this ring. For instance, we see that several elements have
a o-product of 0, and in fact some square to 0 under o, which at minimum tells us the

following.
Theorem 2.182. H,(SL1MU) is not a domain.

In particular, I single out the following consequence, since the negation would otherwise

be an especially desirable result.

Corollary 2.183. H,(SL1MU) is not a polynomial algebra over Fy.
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Appendix A

The Ravenel-Wilson relations

In this appendix, I explicitly present the low-degree relations of (1.2):
b(S + t) = b(S) +[F] b(t)

These are a basic building block of the multiplication table for H,(SLiMU) since, in order
to compute said table, we need to find generators and relations of H,(MUj}), and those
relations all follow from (1.2) by Theorem 1.14.

While computing these relations explicitly is an algebraically straightforward task, as
the degree increases, the number and length of the relations grows extremely quickly, as
one can clearly see in the tables starting with Table A.6.

Recall that b(s) = > 72 b.s*, a formal power series in s with coefficients given by the
generators by for the Hopf ring H,(MU,,). Note also that because H,() is represented by
the Eilenberg—-MacLane spectrum HFo, the formal group law F may be taken to be the
additive law s+t = s + t. Therefore, the left hand side of the general relation is

b(s+1) Zbks+t Zbk<2(k> Zt’“)

=0

= bo 4 b1 (s +t) 4+ ba(s® + 2st 4+ %) + bz(s® + 3%t + 3st> +- %) + - -

On the other hand, the right hand side is
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which is much more cumbersome to expand. I will show the general process for doing so in

the following section.

A.1 Computation of b(s)™"

To begin with, we must know how to compute a o-power of the series b(s) = Y20 b;s'.
Though I will still work over s in general, in some of the results of this section I work over
Z for computational clarity.

First, note that we have the trivial results b(s)°® = [1] (the empty o-product) and
b(s)°! = b(s). Now, fix some n > 2. For a formal power series > oo ;2% in a variable

over a ring R, recall the standard formula for its n'" multiplicative power:

oo n oo
A i
g a;T —E E Ay Gy ** Q| T
i=0 i=0 | 0<u1,..,un<i

Because o : H,(MU,,;R) ® Hy (MU,,; R) - H.(MU,,; R) is a coalgebra map, o dis-
tributes over +. Therefore, it is immediate that the o-powers of a formal power series over
H,(MU,,; R) follow the analogous formula. That is,

o0

b(s)™" = (i b#) => > by oby o oby, | s (A.2)
=0

=0 | 0<uy,...,un<i
UL+ un=1

By Proposition 1.6, if ug = 0 for any k, then the +-summand b, 0b,,0- - -0b,,, is 0, unless

uj = 0 for all j, in which case the +-summand is [0]). Note that because uy + - - -+ u, =1,

we have uy = -+ = u,, = 0 if and only if ¢ = 0. Therefore, for ¢ > 1, we can take the sum
in the coefficient over 1 < uq,...,u, < i:
e .
b(s)°" = [0] + > > by oby,o-oby, |5 (A.3)
i=1 \ 1<uy, .., un<i

If we wish, we can also rewrite the coeflicients on the right hand side using the fact that
the generators b; are in even degrees and therefore commute under the o-product. This

means that the sum in parentheses on the right hand side will very often have repeated
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summands, and so we may rewrite (A.2) as

= [0] + Z Z <d1 dQT;g g ) b;dl o b;d2 1) bgdS Oen si <A4)

i=1 | 0<di,da,ds...
S dp=n
S kdj =i

where

n n!
= a0 A5
<d1d2d3 ~.> di!dy! ds! - (A.5)

Note that the product in the denominator and the o-product in (A.4) are both finite since
> di =n and Y kd = i. This formula is still somewhat cumbersome, but we will see that

there are further possible simplifications.

Proposition A.1. For any n > 1, b(s)°" = [0] + b"s™ + O(s"*!), where O refers to the

minimal power in the remaining terms.
This follows easily from (A.2) or (A.4), but I prove it here by induction for clarity.

Proof. When n = 1, b(s)°" = b(s) = b+ bys + O(s%) = [0] + bys + O(s?). If the result holds

for a given n, then
b(s)°" ) = b(s) o (0] + b"s™ + O(s™H))
= (bo o ([0] + b7"s™ + O(s"1))) + (brso ( +b7"s" + O(s" 1))
+ (bas? o ([0] + b"s™ + O(s™ ™)) +
= (0] +04+04---)+ <0+b (gt L O(s "*2))
+ (0 + by 0 b7"s™ 2 + O(s"F3)) + -+
= [0] + BTV gm0 (s72)

Combining Proposition A.1 with (A.4) yields the following result.
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Theorem A.2. For anyn > 1,

bo)™ =[]+ b+ > | Y <d b d )bi’dlobsd%bg”'éo-'-
£ 10203 -
i=n+1 | 0<dy,d2,ds,...
S dp=n
S kdy=i
over 7.

For clarity, I now present the first several o-powers of b(s) in low degrees.

Example A.3. Over Z,

by 0 b1)s® 4 (2by 0 by)s> + (2by © by + by 0 by)s? 4 (2by 0 by + 2by 0 b3)s®
2b1 o bs + 2by 0 by + b3 © b3)86 + (2b1 o bg + 2by 0 by + 2b3 o b4)S7

b(s)** = [0]

+(

+(

+ (201 0 by + 2bg 0 bg 4 2b3 0 by + by 0 by)s®

+ (201 0 bg + 2bg 0 by 4 2b3 0 bg + 2b4 0 bs)s”

+ (201 0 bg + 2bg © bg 4 2b3 0 by + 2b4 0 bg + b5 0 bs)s'Y + O(s')

0] + (by 0 by 0 by)s® + (3by 0 by 0 bg)s™ 4 (3by 0 by 0 by + 3by 0 by © by)s”

+ (3by 0 by 0 by + 6by 0 by 0 b3 + by 0 by © by)s°

+ (3by 0 by 0 b + 6by 0 by 0 by + 3by 0 by 0 by + 3bg 0 by 0 b3)s”

+(

+ (3by 0 by 0 by + 6by 0 by 0 bg + 6by 0 bg 0 bs + 3by 0 by 0 by + 3by 0 by 0 by
+ 6bg 0 by 0 by + bz 0 by 0 b3)s”

+ (3by 0 by 0 bg + 6by 0 by 0 by + 6b1 0 bg 0 bg + 6by 0 by 0 by + 3bg 0 ba 0 bg
+6620b30b5—|—3b20b40b4+3b30bgob4)510—I—O(SH)

(b o by 0 by oby)st + (4by 0 by 0 by 0 by)s®

(4b1obloblob3+6bloblobgob2)

(4by 0 by 0 by 0 by + 12b1 0 by 0 by 0 bg + 4by 0 by 0 by 0 by)s”

(4

0 +
.
N
N

+b2 Ob2 Ob2 062)58

3bloblob6+6b1Ob20b5+6l)1Ob30b4+3bgobgOb4+3b20b30b3)88

98

by obyobyoby+ 12b; 0by 0bgoby + 6b; 0by 0bgobg+ 12b1 0 by 0 by 0 by

+(4blOb1Ob10b6+12b1OblObQOb5+12b10()10b30b4+12b1ObQObQOb4

+12()1Obgobgobg+4b20[)20b20b3)89
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+ (4by 0 by 0 by 0 by + 12by 0 by 0 by 0 bg + 12by 0 by 0 bs 0 bs + 6by 0 by 0 by 0 by
+ 12by 0 by 0 by 0 bs + 24b1 0 by 0 bs 0 by + 4by 0 b3 0 by 0 bs
+ 4bg 0 by 0 by 0 by + 6bg 0 by 0 b 0 bg)s™°
+ O(s'h)
b(s)°® = [0] + (b3%)s° + (5by 0 by 0 by 0 by 0 by)s®
+ (5by 0 by 0 by 0 by 0 b3 + 10by 0 by 0 by 0 by 0 by)s”
+ (5by 0 by 0 by 0 by 0 by + 20by 0 by 0 by 0 by 0 b3 + 10by 0 by 0 by 0 by 0 by)s®
+ (Bby 0 by 0 by 0 by 0 bs + 20by 0 by 0 by 0 by 0by + 10by 0 by 0 by 0 bg 0 b3
+ 30Dy 0 by 0 by 0 by 0 b + 5by 0 by 0 by 0 by © by)s”
+ (5by 0 by 0 by 0 by 0 bg + 20by 0 by 0 by 0 by 0 bs
+20by 0 by 0 by 0 bg 0 by + 30by 0 by 0 by 0 by 0 by
+ 30b1 0 by 0 by 0 bz 0 bz + 20by 0 by 0 by 0 by 0 bs + b3°)s*0 + O(s)
b3%)s% + (6697 0 by)s”
6b1 0 by 0 by 0by 0 by 0bz + 15b1 0 by 0 by 0 by 0 by 0 by)s®
603 0 by 4 30by 0 by 0 by 0 by 0 by 0 b3 + 20by 0 by 0 by 0 by 0 by © by)s?
ob5+30b10b10bloblob20b4+15b10b10b10b1ob30b3
+6mnoblomobzo@ob3+1mnoblo@obzo@obgsw
+ O(s'h)
b(5)°T = [0] 4 (b57)s” + (Tb36 0 by)s® + (703 0 by + 21635 0 by 0 by)s”
+ (7535 0 by + 42b3° 0 by 0 by + 35b; 0 by 0 by 0 by 0 by 0 by 0 by)s'® + O(s'1)
b(s)°% = [0] + (b7%)s® + (8657 0 ba)s” + (8637 0 b3 + 28b3% 0 by 0 bo)s'® + O(s'1)
b(5)™ = [0] + (b3")s” + (9b3° 0 b)s'® + O(s™)
b(s )010 [0]+(b°10) 104 o(sth

b(s)*° = [0]

+
+
+
+ (60

Passing to o, the coefficients become substantially more simple.
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Example A.4. Over Fy,

by o b1)52 + 08 + (bg o b2)84 +0s° + (bs o b3)36 +0s" + (bgo b4)58 +0s”
b5 @) b5)810 + O(Sll)

b(s)** = [0]

b(s5)° = [0] + (by 0 by 0 by)s> + (by 0 by 0 bo)s? + (by 0 by 0 bg + by 0 by 0 by)s®

by 0 by 0bg 4 by 0 by 0 by 4 by 0 bg 0 b3)s®

by oby oby + by 0byoby+ byobyobs+bzobsobs)s’

by obyobg+ by obyobg+byobyoby+bzobgoby)s’? +O(s!)

(by 0 by 0 by 0by)st + 05° + 05% + 057 + (by 0 by 0 by 0 by)s® + 05° + 0510
+ O(s'h)

b(5)° = [0] + (by 0 by 0 by 0 by 0b1)s® 4 (by 0 by 0 by 0 by 0 by)s°

+ (
+
+ (
+ (by 0 by 0 by + by 0 by 0 by)s® 4 (by 0 by 0 bs + by 0 by 0 bz + by 0 by 0 bz)s’
+ (
+
+(
4

b(s)** = [0]

+ (byobyobyobyobz)s’ 4 (by o by 0by obyoby)s®

+ (by o by 0 by 0 by 0bs+ by 0byobyobyoby)s’

+ (b1 oby oby 0by obg+byobyobyobyoby)s’ + O(s'h)
b(5)°% = [0] + (b3°)s5 + 05" + (by 0 by 0 by 0 by 0 by © by)s® + 05”

+ (b obyoby obyobgobs+byobyobyobyobyoby)st +O(s')
b(5)°" = [0] + (b]7)s" + (B3 0 b2)s® + (b5 0 by + bS° 0 by 0 by)s”

+ (5% 0 by + by 0 by 0by 0 by 0 by 0 by 0by)s'O + O(s)
b(s)°® = [0] + (b3%)s® + 05 + 05! + O(s!)
b(s)°? = [0] + (b]%)s? + (BS® 0 ba)s™ + O(s'h)
b(s)°10 = [0] + (b310)s10 + O(s1)

A.2 Computing the #-sum

Now that we have explicit expansions of the o-powers of b(s), we can begin to expand the

#-sum

b(s) +11 b(t) = FF [as] 0 b(s)°" 0 b(t)*

1,520
Because the #-summands become extremely long as the degree increases, I introduce the

following notation for this section.

Definition A.5. In the formal power series b(s)°", denote the coefficient of s* by A?. That
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is,
b(s)" = Aps*
k=0

Using this notation, we first identify the #-summands [a; ;] o b(s)°* o b(¢)®/. Since o

distributes over +, we have

la; ] o b(s)° o b(t)% = la; ] o Z (A}C o A{) skl
k,1>0
Before we begin to take #-sums of these terms, let us eliminate as many terms as
possible in order to streamline the process. First, if i = 0, then because b(s)°? = [1], we
have b(s)° o b(t)% = b(t)*, and similarly, b(s)° o b(t)°) = b(s)°* when j = 0. In particular,
when i = j = 0, the #-summand is simply [ag ] o [1] o [1] = [0].
Now, for 7,5 > 1, when 0 < k < ¢, Proposition A.1 and Lemma 1.18 imply that

o 00A]  k#0 0 k#0orl#0
;COA‘Z: . =
[0]o Al k=0 0] k=1=0

Similarly, when 0 <1 < j,

0 k#0orl#0

koAl =
0] k=1=0
Therefore, when 4,7 > 0, b(s)° o b(t)°) has no monomial terms s*! with & < i or j < ,
except the constant term [0].

Now we can begin to compute the #-sum in low degrees. This is the content of the
tables at the end of this appendix, starting with Table A.6; however, I will compute a few
examples explicitly to show the process. First, let us compute the first few #-summands
[ai j] o b(s)° o b(t)* (each through degree 4).
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(i=7=0) [0]
(i=0,j=1) # ([ao,1] o ([0] + Alt + A5t* + AYe® + Ajt* + )
(t=1,7=0) # (Jar0] o ([0] + Als + Ajs® + Azs® + Ays* +--+))
(i=0,j=2) # (laz0] o ([0] + A3t? + A3t® + AJt' + - -+))
(i=j=1) #(Jar1] o ([0] + (A7 o A7) st + (A3 0 A7) s’t + (A] 0 Aj) st?
+ (Aé o A%) s3t + (A% o A%) s2t? + (A% o Aé) std 4. )
(i=2,j=0) # ([ao 2] o ([0] + A3s® + A3s® + A%s* +--+))
(i=0,j=3) # ([ao 3] o ([0] + Ajt® + Aft* +--+))
(i=1,7j=2) #([a1,2] o ([0] + (A7 0 A3) st? + (A} o A3) s°t?
+ (A%oA%)stS-i-'--))
(i=2,j=1) #(laza] o ([0] + (A3 0 A7) st + (AF 0 A]) s°t
+ (A3 0 A}) s*2 + 1))
(i=3,j=0) # ([aso] o ([0] + Ajs® + Afs* +--))
(1=0, j=4) # ([ao,a] o ([0] + Aft* +---))
(i=1j=3) # ([a1,3] o ([0] + (Af 0 AF) st +---))
(i=2j=2) # ([azz2) o ([0] + (A3 0 A3) s*2 +--+))
(i=3,j=1) # ([asa] o ([0] + (A3 0 A}) s’ +--+))
(i=4, j=0) # (laap] o ([0] + Afs* +--+))
(i+J=5) #

We can clear further terms by examining the a; ; coefficients. Recall in particular that
app = 0, app = a10 = 1 and ap; = a;0 = 0 for 4,5 > 1. Therefore, the o-factors
of [ap1] = [1] = [a1,0] can be dropped because [1] is the o-identity. Furthermore, any
#-summand with a [0] o-factor is equal to 0 (since the higher coefficients are in positive
homology degrees, meaning their o-product with [0] is 0). These #-summands can therefore

be dropped from the #-sum. Therefore, the #-sum becomes
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# [a;j] 0 b(s)* o b(t) = ([0] + Ajt + Ajt* + A4t® + Ajt* + )

# ([0] +A%5+A%s2+A§s3+A}154+...)
#(la11] o ([0] + (A7 o A]) st + (Aj 0 A7) st + (A] o A}) st®
+ (AL o A}) $% + (AL o AL) %2 + (Al o AY) st? .- )
#([a1,2] o ([0] + (A} 0 A2) st + (A} 0 A3) s°t
+ (Ao Ad) st3 +--2))
#(laga] o ([0] + (A3 0 A}) s°t + (A3 0 A7) st

# ([GQ,Q o ([0] + (A% o A%) 22 4. ))
# ([a371 o ([0] + (Ag o A%) st + - ))

Now we can evaluate the #-sums. Note that because # distributes over +, the coefficient

on a given monomial s™¢" will be the +-sum of the #-sums of the coefficients of monomials

above whose product is s"t".

Remark A.6. There is a minor technical issue with this infinite #-sum in that, because each
#-summand has a nonzero constant term, there are infinitely many constant monomials that
can be #-summed with other monomials. For instance, the coefficient on s is technically
[0]# A14£[0]#][0]#£[0]# - - -, which is not defined in the Hopf ring. However, the infinite #-
sum is simply a notational convenience. Because the non-constant monomial factors of a
myn

monomial s all lie in degrees less than or equal to m 4 n, we use the convention that

the constant factors do as well. Therefore, the coefficient on s is merely [0]#A] = Al

I will compute the overall #-sum termwise and match coefficients with b(s + t) as
computed above. I will place each coefficient from b(s + ¢) on the left hand side and those
from b(s) 4[] b(t) on the right. I begin with a few examples over Z to show the process
and then pass to Fy in the tables starting with Table A.6.

2by = [au] o A% o A% -+ A%#A% = [alﬁl] oby oby + bi#b; (Aﬁ)
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In degree 3, for s’t we have

3b3 = [a1,1] 0 Ay 0 A} + [ag1] 0 A5 0 A + Aj# A} + Aj#([a11] 0 A} 0 A})
— [al,l] o bQ o b1 + [CLQJ] o bl o bl o bl + bl#bg + bl#([al,l] o bl o bl)

Finally in degree 4, we have two monomials. For s3t, we have

4by = a1 1] 0 Ay o A} + [ag1] 0 A3 0 A} + [az1] 0 A3 o Al + AJ#A}
+ Ab#(Jar1] 0 AL 0 AD) + Al#([ar1] 0 A} o A}
+ Al#([ag ] 0 A2 o A})
— [a11] obgoby + [ag1] o 2by 0byoby + [az1] o by oby obyoby +bi#bs
+ bo#([ar,1] 0 by 0 by) + bi#([a1,1] 0 b 0 by) + bi#([az,1] 0 by 0 by 0 by)

For s%t2, we have

6by = [a11] 0 As o A} + [a12] 0 A} o A3 + [ag1] 0 A3 0 A} + [ag o] 0 A3 0 A3
+ Aj#([a1,1] 0 Ay 0 A7) + Aj#([a12] 0 Af 0 43)
+ Ai# A # ([a11] 0 A 0 AY) + As#EAg + Al (lara] 0 Ay 0 A7)
+ Aj#([az,1] 0 A3 0 A7)

=[ai1]obaoby +[ai2]obyobioby+[azi]obiobyoby+[aga]obiobiobiob

+b1#([a11] 0 b 0 br) + bi#([ar2] o brobroby)
+ b1#b1#([a1,1] © by 0 b1) + ba#ba + bi#([a11] 0 by 0 by)
+ bi#([az,1] 0 by 0 by 0 by)

A.3 Coefficient equations

We are now ready to compute the explicit Ravenel-Wilson relations. These will appear in
the final set of tables, beginning with Table A.6. First note that in the #-sums in Section
A.2, for any m,n > 0, the coefficient on s™ is Al = b, and that on " is AL = b,, which
are exactly the coefficients on these monomials in b(s +¢). Therefore, these monomials will

not give us any information. Furthermore, given a monomial s™t", note that s™t" has the

same factorizations with s and t swapped. Let s*t! be a divisor of s™t". Then s't* is a

divisor of s"t™, and if s*#! appears in a #-summand [a; ;] o b(s)°" 0 b(¢)*/ with coefficient
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o1

a, then s't* appears in [a;;] o b(s)* o b(t)°" with coefficient a as well. Since this applies

to all divisors in all factorizations of s™t" and s"t™, the coefficients on s™t" and s™t" in
the #-sum of (A.1) coincide. Therefore, we need only consider those monomials s"¢" with

m>n> 1.

A.3.1 Monomial factorizations

Factors are listed in degree reverse lexicographical order. The factorizations are listed first
by the partition of the degree (in descending order of the largest summand, descending order
of the second largest summand in the event of a tie, and so on). Within each partition, they
are in degree reverse lexicographical order of their first factors (and their second factors in
442

the event of a tie, and so on). So, for example, the factorizations of s*t~ are ordered as

follows:

1. The partitions of the degree, 6, are ordered 6, 54+1,4+2,4+1+1,34+3,3+2+1,
3+1+1+1,2424+2,24+2+14+1,24+1+1+14+1,1+1+1+14+1+1.

2. For each partition, for example 3+ 2+ 1, the factorizations are listed by degree reverse
lexicographical order of the cubic factor: (s®)(st)(t) is first, followed by (s%t)(s?)(t)
and (s2t)(st)(s). These two have the same cubic factor, so they are listed by degree

reverse lexicographical order of the quadratic factor: (s%t)(s?)(t) is first, and then

(s2t)(st)(s):

Note that only factorizations that can appear as the monomial on a #-sum in the

Ravenel-Wilson relations are included. This is subject to the following facts:

1. The unmixed monomials s™ and t" respectively appear only in the #-summands
[a1,0] 0 b(s)°t 0 b(£)°° = b(s) and [ag 1] 0 b(s)° 0 b(t)°! = b(t). In particular, this means
that at most one power of s and at most one power of ¢ can appear as factors in
any factorization. Additionally, this means we need only consider partitions with 2 or

fewer instances of 1.
mtn

2. The mixed monomial s™", m,n > 1, appears only in #-summands [a; ;]ob(s) ob(t)*

with 1 <4 <m and 1 < j < n. This is a total of mn #-summands, so there can be
at most mn factors of s™t".
The set of factorizations of each monomial in degrees 2—10 are collected in Tables A.1,

A2, A3, A4 and A5
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Monomial ‘ Factorizations
Degree 2
st | (st), (9®)
Degree 3
st | (%), (D)), (st)(s)
Degree 4
St (50, ()0, (*)(s), (2)(sD),
s*t? (s°t%), (s*1)(1), (st)(s), (5*)(#*), (st)(s)(t)
Degree 5
s't (s't), (s)(1), (5°)(s), (s*)(st), (s*t)(s%)
B2 (s°t%), (s°0)(1), (5°¢%)(5), (s°)(t%), (s*t)(st), (st®)(s?), (s*t)(s)(),
(s*)(st)(t)
Degree 6
st (s°1), (2)(1), (s*)(s), (sT)(s1), (s°)(s%), (5°)(5%F)
P (s*), (s 3t2)( ), (s1)(1), (s)(t?), (s7)(st), (s°t%)(s%), (s°t)(s)(¢),
(s°)(st%), (s)(5°), (*)(st)(t), (s°t)(s*)(t), (s°t)(st)(s)
B3 (s°¢7), (s°2)(1), (s%)(s), (°1)(2), (s°t%)(st), (st°)(s), (s*2)(s) (1),
(s°) (%), (s*)(st?), (s*)(£*)(s), (st*)(s*)(1), (s°)(st) ()

Table A.1: Monomial factorizations in degrees 1-6
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Table A.2: Monomial factorizations in degrees 7 and 8
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Table A.3: Monomial factorizations in degree 9
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Table A.4: Monomial factorizations in degree 10 (continued in Table A.5)
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Degree 10 continued

(s 5t4)( ), (s'%)(s), (85t3)(t2), (5% (st), (s%°)(s%),
’ (s)(£%)(s),
), (s%°)(s°t%),
26)(t), (s° 3)(8752)(8)
t3)(s*)(2), (st")(s?
), (s't)(st)(t),
29)(s%%) (),

s%),
) (s%t1)(st)(s), (sSt)(t4) (s182)(
4t2)(5t2)(t), (s182) (1) (s), (s°%)
, (8% (s%)(s), (s1%)(st)(£2), (
( ), (82)(£), (s%)(st?), (s%%)(s
)(1), (%) (st%)(s), (s*°)(s°
, (s)(st?)(2
(2§)( (), (s°)
(st (s”1)(s%), (s°12)(
(1), (sH)(st?)(#), ()
( 2 2) 2

st3
(s
$3¢
243
(t),
(s7t)(st), (s°t%)(st?)(
st*) (s)(t

t

st)
242)(s?
) s)(t), (s
(st?), (st
t2)(s
(s%)

) (¢

(st), (s°£%)(st?)(s%), (s°t)(st)(s) (1),
Dst?)(), (s’ (s7) (), (s°
(s7)(st?), (st%)(s*t)(s%t), (t
), (s71)(£%)(st)(s), (s7t (st)(t
(t), (s%2)(st?)(st)(s), ( )(st
(5), (s%%)(s?)(st)(£?), (s st
t9)(s), (s*)(st%)(st?)(s), (s°
2)(st), (s°t)(st?)(st)(s)(2),

(%)), (
), (s%2) (s
(1), (st%)
(1), (s°t)

)

)s2ts

\/

%)
(st
2

[\

)
t
t)
( ?)(s%)
? t)(s), (st*)(s”)(st)
) (£2), (s%)(st?)(st?)
( ) (st)(st)(t

st

(

(

(

(st

(s®

(

(

(st

( 3
s°t5 | (st

(52

(

(

(

(

(s°t

(st

(

(

t)(t), (s°t
), (s")(#)(st), (s*%)(s*)(£), (s°2)(st?) (st),
2

),
2)(s)(®), (%) (s”t)(s)(1), (s782)(st)(t?)(s),
H(st), (s°)(s*)(8), () (st)(st),
t3)(s?), t

Table A.5: Monomial factorizations in degree 10 (continued from Table A.4)
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A.3.2 The relations

The relations are collected in the final set of tables, starting with Table A.6. In the left
column of the tables, each +-summand is one coefficient that appears on the monomial
in the leftmost column in the general Ravenel-Wilson relation (when expanded). Each
#-summand within a +-summand is a coefficient on one of the monomial factors in the
rightmost column (and the order of #-summands is written to match the order of monomial
factors). Each #-summand is a o-product [a; ;] o A% o A{ coming from the #-summand
[aij] © b(s)° o b()* in the general Ravenel-Wilson relation. Each coefficient A% or Af
appears in parentheses (), unless it has a single o-factor. Parentheses are also used around
#-summands within +-summands if they have more that one o-factor. The [a; o] and [ag 1]
from [a1 0] 0b(s)° 0 b(t)°? and [ag 1] 0 b(s)°? 0 b(t)°L, respectively, are dropped since they are
both [1].

Note that not every possible #-sum corresponding to the given factorization in the
rightmost column appears in the coefficient from the Ravenel-Wilson relations; bear in
mind that the +-summands in each coefficient are #-sums of coeflicients from the o-products
[ai j] 0 b(s)° o b(t)*7, and these coefficients must come from different #-summands in the
Ravenel-Wilson relations. For example, consider the coefficient equation for s3t2. In the
factorization (st)(st), the factor (s*t) appears as ([a1,1] 0 b2 0b1)s?t in [a11] 0 b(s) 0 b(t) and
as ([az1] o (b1 0 b1) 0 by)s?t in [az1] o b(s)°? o b(t). However, only the latter appears in the
Ravenel-Wilson coefficient equation for s3t> because the factor (st) is multiplied by (st),
which only appears in [a1,1] 0 b(s) o b(t). The Ravenel-Wilson coefficient cannot contain a
#-sum of two terms from this one #-summand.

Copies of these tables without page breaks in the middle of the equations can be found
at https://github.com/ZaneHuttinga/PhD-thesis-files.
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Coefficient equation Factorization
Degree 2
st
0=
[a11] 0 by 0by (st)
+b1#by (s)(t)
Degree 3
st
by =
[al,l] obgoby 2
+lag,1] o (byoby)oby (s7)
oty (s*)(t)
+(la11] 0 b1 0 by)#b (st)(s)
Degree 4
s3t
0=
[a1,1] 0 b3 o by
+[ag,1] 000 by (s3t)
+laz ] o (b1 obioby)oby
by #by (s°)(t)
+([a1,1] 0 by 0 by)#b1 (s2)(s)
+([az,1] o (b1 0 b1) 0 b1)#b1
+bo#([a1,1] 0 b1 0 b1) (s*)(st)
522
0=
[a1,1] 0 by 0 by
+az,1] o (b1 0 b1) 0 b2 2,2
+la12] o bz o (by 0 by) (°¢%)
+laz,2] o (b1 0 by1) o (by 0 by)
+([a1,1] 0 by 0 by )#bs 2
+([az,1] 0 (b1 0 b1) 0 by)#b1 (s")(®)
+(lar1] 0 b1 0 ba)#by 2
+([a1,2] 0 by o (by 0 by))#by (s5)(2)
+bo#by (s*)(t%)
+([a1,1] © by 0 b1)#b1 #by (st)(s)(t)

Table A.6: The Ravenel-Wilson relations (continued through the end of Appendix A)
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Coefficient equation

Factorization

Degree 5

s*t

bs =
[a1,1] 0 by o by
+lag,1] o (b2 0 b2) 0 by
+las1] o (by 0byoby)oby
+lag1] o (byobiobiobr)oby
+ba#by
([a1,1] obzo bl)#b1
+([ag,1] 0 00 by)#by
+([as,1] o (by 0 by 0 b1) 0 by)#by
—|—bg#([a1,1} obyoby)
+([a1,1] 0 by 0 b1)#bo
+([aza] o (b1 0 b1) 0 by )#bs

32

0=
[01,1] o b3 0 by
+[az,1] 000 by
+[ag 1] o (by 0 by 0 by) 0 by
+la12] o bz o (byoby)
+[ag2] 000 (by 0by)
+[ag,2] o (by 0 by 0by) o (b oby)
+([a1,1] 0 b3 0 by)#b1
+([az,1] 0 00 by)#by
+([az,1] o (by 0 by 0 by) 0 by)#by
+([a1,1] 0 by 0 ba)#b1
+([az,1] o (b1 0 b1) 0 b2)#b
+(la1,2] 0 b2 o (b1 0 by))#by
+(laz,2] o (b1 0 b1) o (b1 0 by))#b
+bs#by
+([az,1] 0 (b1 0b1) 0 by)#([a1,1] 0 b1 0 b1)
+([a1,1] 0 by 0 ba)#bo
+([a1,2] 0 by o (b1 0 by))#b2
+([a1,1] 0 bz 0 by )#b1#b1
+([az,1] o (by 0 b1) 0 by )#b1#by
+ba#([a1 1] 0 by 0 b1)#b
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Coefficient equation

Factorization

Degree 6

s°t

0=
[a1,1] 0 b5 0 by
+[az1] 000 by
+lag,1] o (by 0 by 0 bz + by 0 by 0by) 0 by
+las,1] 000 by
+las1] o (byobiobiobioby)ob;
+bs5#b1
+([a1,1] 0 by 0 by)#b1
+([a2,1} o (by 0 ba) o by )#b1
+([as,1] o (by 0 by 0 by) 0 by)#by
+([ag,1] 0 (b1 o by 0 by 0 b1) 0 by)#by
+ba#t([a1,1] 0 by 0 by)
+([a1,1] 0 b3 0 by)#bo
+([a2’1] oQo bl)#bg
+([a3,1] o (by 0 by 0by) oby)#be
+bs#([a1,1] 0 by 0 by)
+b3#([az,1] 0 (b1 0 b1) 0 b1)
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Coefficient equation

Factorization

Degree 6 continued

42

be =
[01,1] o by 0 by
+[az1] o (b 0 ba) o by
+las1] o (b1 0by 0by) 0 by
+[ag,1] 0 (by 0 by 0 by 0by) 0 by
+la1,2] obs o (byoby)
+laz2] o (b2 0 b2) o (b1 0 b1)
+[a372] o (by oby 0by)o(byoby)
+[a472} o(byobyobioby)o(byoby)
+([a1,1] 0 b3 0 ba)#by
+([az,1] 0 00 ba)#by
+([az,1] o (by 0 by 0 by) 0 ba)#by
+([a1,2] 0 bg o (by 0 by))#b1
+([az,2] 0 00 (by 0 by))#b
+[a3,2] o(byobyoby)o (b oby)#b
+([a1,1] 0 by 0 by)#b:
+(laz,1] o (b2 0 b2) 0 b1)#by
+([az,1] o (b1 0 b1 0 ba) 0 by)#by
+([as,1] 0 (by 0 by 0 by 0b1) 0 b1)#b
+b4#bo
+([ag,1] 000 by)#([a1,1] 0 by 0 by)
+([az1] o (by obyoby)oby)#([ar1] obyobr)
+([a1,1] 0 b 0 ba)#bo
+([az,1] o (b1 0 b1) 0 ba)#bo
+([a1,2] 0 b o (by 0 by))#bo
+([az,2] o (b1 0 b1) o (b1 0 b1))#b2
+([a1,1] o bz 0 by)#b1#by
+([az,1] © 00 by)#b1#b1
+([az,1] o (b1 0 b1 0 by) 0 by )Fb1#by
+b3#([a1,1] 0 by 0 ba)
erg#([aLQ} oby o (byoby))
+([a1,1] 0 bg 0 b1)#([az,1] o (by 0 b1) 0 b1)
+bs#([a1,1] 0 by 0 b1)#by
+([a1,1] 0 ba © by )#ba#by
+([az,1] o (b1 0 by) 0 by)#ba# by
+([az,1] o (b1 0 b1) 0 by)#([a1,1] © by 0 by )#b1

(s°t%)(s)
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Coefficient equation Factorization

Degree 6 continued
3t3

S

0=
[a1,1] 0 b3 0 bs
+laz,1] 000 b3
+las 1] o (byobyoby)obs
+[a 2] 0b300
+lag,2] 0000 (s3t3)
+[0372] o(byobyoby)o0
+[a1 3] obz o (by obyoby)
+[az,s] 000 (by 0by 0by)
+las,s) o (byobyoby)o(byobyoby)
+([a1,1] 0 b3 0 by)#by
+([a2’1] o0o bg)#bl
F([as,1] o (b1 0 by 0 b1) 0 by)#by )
+([a1,2] 0 b3 o (by 0 by))#by (s°£%)(2)
+([az,2] 0 00 (b1 0 by))#b1
+laz2] o (b1 0 by 0by) o (by 0by)#b
+([a1,1] o b 0 bg)#b1
+([az,1] o (b1 0 b1) o b3)#b
+([a1,2] 0 by 0 0)#by 0.3
H({aza] o (br o by) 0 0) by =)(e)
+([a1,3] 0 by o (b1 0 by 0 b1))#b1
+([az,3] o (b1 0b1) o (by 0 by 0 by))#by
+([a1,1] 0 b3 0 by)#bo
+([az,1] 0 00 by)#bo (s°t)(t?)
+([as,1] o (b1 0 b1 0by1) 0 by)#bs
+([az,1] o (b1 0 b1) 0 ba)#([a1,1] © by 0 by)
+(lar,2] 0 b2 0 (b1 0 b1))#([a1,1] 0 by 0 by) (s*t%)(st)
+([az,2] © (b1 o b1) o (by 0 b1))#([a1,1] 0 b1 0 b1)
+([a1,1] 0 by 0 b3)#by
+([a1,2] 0 by 0 0)#bo (st3)(s?)
+([a1,3] 0 by o (by 0 by 0 b1))#bo
+([a1,1] 0 by 0 ba)F#b1#by
+([az,1] o (b1 0 by) 0 bo)#b1#by
+([ars] 0 by o (by o by))#by by (s*#)()(2)
+([az,2] o (b1 0 b1) o (b1 0 by))#b1#by
byt () ()
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Coefficient equation Factorization

Degree 6 continued

s3t3 continued
+([a1,1] 0 by 0 b1)#([a1,2] 0 by o (b1 0 b1))
+([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by 0 ba) (s%t)(st?)
+([az,1] 0 (b1 0b1) 0 b1)#([a1,2] 0 by o (b1 0 b1))
+([a1,1] 0 bp 0 by)F#ba#by
+([az,1] o (b1 0 b1) 0 by)#ba#by
+([a1,1] o b1 © ba)#bafby o o
+([a1,2] 0 b1 0 (b1 0 b1))#ba#b1 (s£5)(s)(0)
+ba#([a1,1] 0 by 0 b1)#bs (s*)(st)(t?)
Degree 7
5t

(s*t)(t*)(s)

by =
[a1,1] obgoby
+lag,1] o (bg 0 b3) o by
+lag,1] o (b1 0o by 0 by + by o by oby)oby
+[as1] 000 by
+[as 1] o (b1 obyobyoby0bg)oby
+[ag,1] o (b obyobyobyobyoby)oby
+he#b, (s°)(t)
+([a1,1] 0 bs 0 b1)#b1
+([az,1] 0 00 by )#b1
+([as,1] o (by 0 by 0 bs + by 0 by 0 by) 0 by)#by (s°t)(s)
+([aq,1] 000 b1)#by
+([as,1] 0 (b1 0 by 0 by 0 by 0 by) 0 by)#by
+bs#([a1,1] 0 b1 0 b1) (s°)(st)
Jr([al,ﬂ 0 by 0 by)#bo
+([az,1] o (b2 0 ba) 0 by)#b2

+( (s't)(s%)
a3,1] o (b1 o b1 o bg) o bl)#bg
+([aa,1] o (b1 0 by 0 by 0by) 0 by)#ba

ba#([ar,1] o by oby) (s%)(s2¢)

+ba#([az,1] o (b1 0 b1) 0 by)
+([a1,1] o bg 0 b1)#bs

+([az,1] 00 b1)#bs (s3t)(s%)

+([as1] o (b1 0 by 0 by) 0 by)#bs
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Coefficient equation Factorization

Degree 7 continued
542

S

by =
[a1,1] © bs 0 bo
+[az,1] 000 by
+lag,1] o (by 0 by 0 bz + by 0 by 0by) 0 by
+[ag,1] 000 by
+las,1] o (b oby obyobyoby)obs
+a12] obs 0 (b1 0by)
+[ag,2] 000 (by 0 by)
+]ag,2] o (by 0 by 0 bz + by 0 by 0by) o (by 0by)
+ag2] 000 (by 0by)
+as 2] 0 (b1 0by 0by 0by 0by) o (b 0by)
+([a1,1] 0 bs 0 by)#b1
+(laz,1] 0 00 b1)#br
+([a3)1} o (b1 obioby+bjobyo bg) o bl)#bl (85t)(t)
+([ag,1] 0 00 by)#by
+([as,1] o (b1 0 by 0 by 0 by 0by) 0 by)#by
+([a1)1} obyo bz)#bl
+([az,1] o (b2 0 b2) 0 b2)#bs
+([as,1] o (b1 0 by 0 ba) 0 ba)#by
+([aq,1] 0 (b1 0 by 0 by 0 by) 0 ba)Fby
+([a1,2] 0 by o (b1 0 b1))#b1
+([az,2] o (b2 0 b2) o (b1 0 b1))#b1
+([as,2] o (b1 0 by 0b2) 0 (b1 0b1))#b
+([aa,2] 0 (by 0o by 0o by 0by) o (by oby))#by
b5 #bs (s°)(t%)
+([az,1] o (b2 0 b2) 0 b1)#([a1,1] 0 by 0 by)
+([az,1] 0 (b1 0 b1 0 ba) 0 by)#([a1,1] 0 b1 0 b1) (s1t)(st)
+([ag,1] o (b1 obyoby oby)oby)#([ar1]obyoby)
+([a1,1] 0 b3 0 ba)#bo
+([a2’1] oQo bg)#bg
+([az,1] o (b1 0 by 0 b1) 0 bo)#bs
—|—([a172} obg o (by 0by))#be
+(laz,2] 0 00 (b1 0 by))#bs
+([as,2] o (b1 0 by 0 by) o (by 0 b1))#bs

(s1£%)(s)

(s°t%)(s?)
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Coefficient equation Factorization

Degree 7 continued

s°t? continued
+([a1,1] 0 by 0 by)#b1#by
+([az,1] o (b2 0 b2) o by )#b1#b1
+([as,1] o (b1 0 b1 0 ba) 0 b1)#b1#b1 (s")()()
+([as,1] o (b1 0 b1 0 by 0 by) 0 by)#b1#b1
+b4#([a171] o bl [e] bg)
+b4#([a1,2} obyo (bl o bl)) (84)(8t2)
+([a171] obgo bl)#([az,l] o(byoby)ob)
+([az,1] 0 00 b1)#([a1,1] 0 ba 0 by)
+([az,1] o (b1 o by oby) 0 by)#([a1,1] 0 ba 0 b1) (s°6)(s1)
+([az,1] o (b1 0 b1 0 b1) 0 by)#([az,1] o (by 0 b1) 0 b1)
+([a1,1] 0 by 0 ba)#b3
+([az] o (b1 0 by) 0 by)#bs 2021 (43
+([a1,2] 0 b2 0 (b1 0 b1))#b3 (s7)(s")
+([az,2] o (b1 0 b1) o (b1 0 b1))#b3

+ba7f([a1,1] 0 by 0 by )F#by M
+([a1,1] 0 by 0 b1)#ba#b1
+([(12,1] o0o bl)#bg#bl (Sst) (52)(t)
+([as,1] o (by 0 by 0 by) o by)#ba#by -
—|—([a271] (e} 0 (e} bl)#([al,l] [¢] b1 o bl)#bl (53t)(5t)(5)
+([as,1] o (b1 0 by 0by) 0 by)#([a1,1] 0 by o by)#b:
+b3# ([a1,1] 0 ba 0 b1)#b1 (7)(s0)(t)

+b3#([az,1] o (b1 0 by) 0 by)#by
+([a1,1] 0 by 0 by)#([az,1] o (b1 0 b1) 0 by)#bs (s%t)(s*t)(s)
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Coefficient equation

Factorization

Degree 7 continued

s43

by =

[al,l] obyobs
+lag,1] o (b2 0 ba) 0 b
+[as,1] o (by 0 by oba) o by
+lag1] 0 (byobyobyoby)obs
+[a1 2] 0bg00
+az2] o (bg 0b2) 00
+lag2] o (b1 obioby) o0
+lago) o (byobiobyoby)o0
+[a173] obgo(byobyoby)
+laz,s] o (ba 0bg) o (by 0 by 0by)
+laz 3] o (byobyoby) o (byobyoby)
+lagz) o (byobyobyoby)o(byobyobr)

+([a1,1] 0 by 0 b)#by

+([az,1] o (ba 0 ba) 0 ba)#by

+([az,1] o (by 0 by 0 ba) 0 by)#by
+([ag,1] © (b1 0 by 0 by 0 by) 0 ba)#by

+(la1,2] 0 by o (b1 0 by))#by

+([az,2] o (bz 0 by) o (by 0 by))#b1
+([as,2] o (by 0 by 0b2) 0 (b1 0 b1))#b
+([aa,2] 0 (b1 0 by 0 by 0 by) o (b1 0 b1))#b1

+([a1,1] o b 0 bg)#b1

+([az,1] © 0 0 b3)#by
+([az,1] o (by 0 by 0 by) o b3)#b

+([a1,2] 0 b3 0 0)#by

+([az,2] 0 00 0)#by
+([as,2] o (b1 0 by 0 b1) 0 0)#b1
+([a1,3] 0 b3 o (by 0 by 0b1))#b1
+([azg,3] 000 (by 0 by 0by))#by

+(laz,3] o (by o by oby) o (byobyoby))#by

+([a1,1] 0 by 0 b1)#bo
+(laza] o (b2 0 b2) 0 by )#b2
+([as,1] o (b1 o by 0 by) 0 by)#bo
+([ag,1] 0 (b1 o by 0 by 0b1) 0 by)#bo

(s°%)(s)

(s1)(t%)
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Coefficient equation

Factorization

Degree 7 continued

s*3 continued

+([a2,1] o0o b2)#([a1,l] obyoby)
+([az,1] o (by o by 0 b1) 0 ba)#([a1,1] 0 by 0 by)
+([a1,2] 0 bz o (b1 0 b1))#([ar,1] o b1 o br)
+([az,2] 000 (b1 0 b1))#([a1,1] 0 b1 o br)
+([az,2] 0 (b1 0 by 0by) o (b1 0b1))#([ar,1] 0 b1 0b1)

+([a1,1] 0 by 0 b3)#bo
+([az,1] o (b1 0 by) 0 b3)#bo
+([a172] o b2 9] 0)#b2
+([az,2] o (b1 0b1) 0 0)#bs
+([a1,3] 0 by o (by 0 by 0 b1))#bo
+([az,3] o (b1 0b1) o (by 0 by 0by))F#ba

+([a1,1] 0 b3 0 ba) #b1#bs
+([az,1] 0 0 0 ba)#b1 #b;
+([as,1] o (by 0 by 0 by) o by)#b1#by
+([a1,2] 0 b3 o (b1 © by))#b1 #b1
+([az,2] 0 00 (b1 0 b1))#b1#b1
+([ag,2] o (by 0o by 0 by) o (by 0 by))#b1#by

+byF#bs

+([a1,1] 0 by 0 b1)#([a1,2] 0 b1 o (b1 0b1))
+([az,1] 000 b1)#([ar,1] 0 by o b2)
+([CL2 1]o00 bl)#([al 2] o by o (b 0by))
+([as,1] o (by o by 0 by) 0 by)#([a1,1] 0 by 0 ba)
+([ag,1] o (by o by 0oby) o by)#([a1,2] 0 by o (b1 0by))

+([a1,1] 0 ba 0 ba)#([az,1] o (b1 0b1) 0 b1)
+([az,1] o (b1 0 b1) 0 ba)#([a1,1] 0 by 0 by)
+([a1,2] 0 bg o (b1 0 b1))#([a1,1] 0 b2 0 by)
+([a1,2] 0 b2 0 (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)
+([az,2] o (b1 0 by) o (by 0 b1))#([a1,1] 0 ba 0 b1)

]
+([az,2] o (b1 0 b1) o (b1 0 b1))#([az,1] o (b1 0b1) 0 b1)

+([a1,1] o b1 o b3)#b3
+([a1,2] 0 b1 0 0)#bs
+([a1,3] ob; o (b1 ob; o bl))#bg

+([az,1] 0 00 by)#([ar,1] 0 by o by)#by
+([asg,1] o (b1 0 by 0by) 0 by)#([a1,1] 0 by o by)#bs

(s3t2)(st)

(s°t%)(s?)

(s262)(s2)
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Coefficient equation Factorization
Degree 7 continued
s*t3 continued
+([a1,1] 0 bz 0 by)F#ba#by
+([az,1] 0 00 by)#ba#b (s*1)(t*)(s)
+([as,1] o (b1 o by 0 b1) o by)#ba#by
+([a1,1] 0 by 0 by)F#ba#by
+([az,1] o (b1 0 by) 0 bo)#ba# by (s262)(s2) (1)
+([a1,2] 0 b2 0 (b1 © b1))#ba#b1
—‘r([ag’g] o (by oby) o (b oby))#ba#by
+([az,1] 0 (b1 0 b1) 0 ba)#([a1,1] 0 b1 0 b1)F#bs
+([a1,2] 0 ba o (by 0 by))#([ar,1] 0 by © by)#by (s*t%)(st)(s)
([a2 2Jo(byoby)o(byo bl))#([al,l} o by 0 by)#by
+b3#([a1,1] 0 by 0 ba)#by (%) (st2) (1)
+b3#([a1,2] 0 by o (by 0 b1))#by
+([a1,1] 0 ba 0 b1)#([az,1] o (b 0 by) 0 by)F#bs (s%t)(st)(t)
+(lar1] 0 bz 0 b1)#([ar,2] 0 by o (b1 0 b1))#b1
+([az,1] o (b1 0 b1) 0 by)#([a1,1] 0 by 0 ba)#by (s*t)(st?)(s)
+([az,1] o (b1 0 b1) 0 b1)#([a1,2] 0 by o (b1 0 b1))#bs
bs#([a1,1] 0 by 0 b1)#bs (s*)(st)(t?)
+([a1,1] © ba © by ) #ba#bs (52)(2)(£2)
+(laz,1] o (b1 0b1) 0 b1)#ba#bs
+([a1,2] 0 b1 0 (b1 0 b1))#ba#([ar,1] 0 b1 o br) (st*)(s%)(st)
+([az,1] 0 (b1 0b1) 0 br)#([a1,1] o by o br)#b1#by (s*t)(st)(s)(t)
Degree 8
st
0=
[a1,1] o b7 o by
+[az1] 000 by
+[asz,1] o (by oby 0bs + by obzobg + by obyobs)oby
+[as,1] 000 by (st)
+[as,1] 0 (by oby 0oby oby0bs)oby
+lag1] 000 by
+laz1]o(byobiobyobyobyobyoby)oby
+br by (s7)(t)
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Coefficient equation Factorization

Degree 8 continued

s7t continued
+([a1,1} o bg o bl)#bl
+([azg,1] o (b3 0 bg) 0 by )#by
—|—([a371} o (b1 oby oby 4+ byobyoby)oby)#b
+([as,1] 0 00 b1)#by
+([as,1] 0 (b1 0 by 0 by 0 by 0 bg) 0 by)#by
+([a671] o(byobyobyobyobyoby)oby)#b
+be#([a1,1] 0 b1 o by) (s°)(st)
+([a1,1] 0 bs 0 by)#by
+([az,1] 0 00 by)#bo
+([ag,1] o (b1 0 by 0 bz + by 0 by 0 by) 0 by )#ba (s°t)(s%)
+([ag,1] 0 00 by)#bs
+([a571] o(byobyobyobyoby)oby)#by
+bs#([a1,1] 0 bz 0 by)
+b5#([az,1] 0 (b1 0 b1) 0 b1)
([a1,1] © ba 0 by)#bs3
+([az,1] o (b2 0 b2) 0 b1)#bs
+([a3,1] o (by 0 by 0 by) o by )#bs
+([a4,1] o (byoby oby oby)oby)#bs
+ba#([a1,1] 0 bz 0 by)
+ba#f([az,1] 000 by) (s1)(s%t)
+b4#([a3,1] o(byobyoby)oby)
582

0=
[a1,1] 0 bg © ba
+[ag,1] o (b3 0 b3) o by
+lag,1] 0 (by 0 by 0 by + by 0 by 0by) 0 by
+]ag,1] 000 by
+[as,1] 0 (by 0by 0by 0by 0by)0bo
+lag 1] o (b1 obyobyobyobyoby)oby
+la12] o bg o (by 0 by)
+[az,2] o (b3 0 b3) o (b 0 by)
+ag2] o (bioby 0bs+byobyoby)o (byoby)
+[CL4,2] o0o (bl o bl)
+las,2] o (b oby 0byobyoby)o (b oby)
+ag 2] 0 (b1 0b1 oby oby 0byoby)o(byoby)

(s°¢%)
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Coefficient equation

Factorization

Degree 8 continued

s%¢2 continued

+([a1,1] 0 bg © b1 )#b1
—|—([a271} o (bg 0 b3) 0 by )#b;
+([az,1] o (b1 0 by 0 by + by 0 by 0ba) 0 by)#b1
+([lag,1] 0 00 b1)#br
+([a571] o(byobyobyobyoby)oby)#b
+([ag,1] 0 (b1 oby oby 0 by 0by 0b1) 0 by)#by

+([a1,1] 0 bs 0 ba)#b1
+([az,1] 0 0 0 by)#by
+([az 1] o (b1 0 by 0bg + by 0bg 0by) 0 ba)#b1
+([aa,1] 000 ba)#b1
+([as,1] 0 (b1 0 by 0 by 0 by 0b1) 0 ba)F#by
—i—([al)g} o bs o (by 0by))#by
+([az,2] 000 (b1 0b1))#bs
+([az,2] © (b1 0 by 0bg + by 0bg 0ba) o (b1 0b1))#bs
+([as,2] 0 00 (b1 0 by))#b1
+([as,2] 0 (b1 o by 0 by 0 by 0by) o (by 0 b1))#b1

+be#b2

+([ag,1] 000 by)#([ar.1] 0 by 0 by)
+([az,1] o (b1 0 by 0 bz + by o by 0 by) 0 by)#([ar,1] 0 by oby)
+([as,1] 000 b1)#([a1,1] 0 by 0 by)
+([as,1] o (b1 oby 0obyoby 0by)oby)#([ar,1] obyobr)

+([a1,1] 0 by 0 ba)#by

+([azg,1] o (bg © by) 0 ba)#bo

+([as,1] o (by 0 by 0 ba) 0 by)#by
+([a4’1] o (by oby 0by oby) obo)#bs

—|—([a1,2} oby o (by oby))#by

+([az,2] 0 (b2 0 b2) o (b1 0 b1))#b2
+([as,2] o (by 0 by 0 ba) o (by 0 by))#bo
+([aa,2] o (b1 0 by 0 by 0 b1) o (by 0 by))#by

+([a1,1] 0 bs 0 by)#b1#by
+([az,1] 0 00 by)#b1#b
+([a3’1] o (b1 0by 0bg + by 0bg 0by) o by)#b1F#b1
+([a4,1] 0 0 0 by)#b1#b1
+([as,1] 0 (b1 0 by 0 by 0 by 0by) 0 by)F#b1#b

+bs5#([a1,1] 0 by 0 by)
+bs#([a1,2] 0 by o (by 0 b1))

(s°£%)(s)

(s°)(#)

(s°t)(st)

(s12)(s?)

(s°t)(s)(t)

(s°)(st%)
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Coefficient equation Factorization

Degree 8 continued

s%t2 continued
([a1,1] 0 by 0 by)#(Jaz,1] o (by o by) 0 by)
+([az,1] o (b2 0 b2) 0 b1)#([a1,1] 0 by 0 by)
+([az,1] 0 (b1 o by 0 ba) 0 by)#([a1,1] 0 ba 0 b1) (s1)(s0)
+([az1] o (by 0 by 0 ba) 0 by)#([az1] o (by ob1) 0 by)
+([ag1] 0 (b1 oby0by 0by) oby)#([ar,1] 0 bz 0 b1)
+([aa,1] 0 (b1 0 by 0by 0b1) 0b1)#([ag,1] o (by 0 b1) 0b1)
+([a1,1] 0 by 0 ba)#b3
+([aza] 0 00 b)#bs
+(lag,1] o (b1 0 by 0 by) © ba)#bs (5312)(s°)
+(la1,2] 0 bg o (b1 0 b1))#bs
+([az,2] 000 (by o b1))H#bs
+([as2] © (b1 0 by ©b1) © (by © b1))#b3

+bs5#([a1,1] © b1 0 b1)#by (%) (st)(t)
+([a1,1] 0 by 0 by)#ba#by
+([az,1] o (bg 0 ba) 0 by )#ba#by (s4t)(52)(t)

+([as,1] o (b1 0 by 0 b2) 0 by)F#ba#by

+([as,1] © (b1 0 by 0 by 0 by) 0 by)#HbaF#by
+([az,1] © (bz 0 b2) 0 b1)#([a1,1] 0 b1 0 b1)F#bs
+([az,1] o (b1 0 b1 0b2) 0 br)#([ar,1] 0 b1 0 b1)#b1 (s*)(st)(s)
+([ag,1] o (b1 0 by 0 by 0 by) 0 by)#([ar,1] 0 by o by)#by

+ba#([a1,1] o bz 0 ba)

+ba#t([az,1] o (b1 0 by) 0 b2) (4 (s2£2)

+ba#t([ar,2] 0 ba o (b1 0 b1))
+ba#([az2] o (b1 0 b1) 0 (b1 0 b1))
+([a1,1] 0 bz 0 by)#([az1] 000 by)

+([a1’1] o b3 o bl)#([ag’l] o (b1 o b1 o bl) o bl) (S3t)(83t)
+([az,1] 0 00 by)#([as,1] o (b1 o by oby) 0 by) -
N ()50

+ba#([az,1] o (b1 0 b1) o b1)#by
+([a1,1] o b3 0 by)#bs#b

+([az,1] 0 0 0 by)#bs#b; (s3t)(s3)(t)

+([as,1] o (b1 0 by 0 b1) o by)#bs#by
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Coefficient equation Factorization

Degree 8 continued

s%¢2 continued
+([a1,1] 0 bg 0 b1)#([az,1] o (b1 0 b1) 0 b1)#b1
+([a271] o0o bl)#([al,l] obyo bl)#bl

(s°t)(5%t)(s)

+([CL371] (¢] (bl o bl [e] bl) o bl)#([au] o b2 [¢] bl)#bl

+([as,1] o (b1 0 by 0b1) 0 by)#([az,1] o (by 0 by) 0 by)#by

—|—([a271] o0o bl)#b2#([al,1] obyo bl) (5375)(52)(515)

+([a371] @) (bl o bl o bl) @) bl)#bg#([aLﬂ o b1 o bl)
+b3#([a271} (e] (bl [¢] bl) o bl)#([al,ﬂ o bl o bl) (83)(82t)(5t)
+([a1,1] 0 ba 0 by)#([az,1] o (b1 0 b1) o b1)#bs (s*t)(5°t)(s?)

s5t3

0=
[a1,1] 0 b5 0 b3
+laz,1] 000 bs
+ag,1] o (b1 oby 0 bg + by 0obyoby)obs
+[as,1] 000 bg
+las1] o (byobyobyobyoby)obs
+[a 2] 0bs00
+[az,2] 0000
+[as 2] o (by 0obyobg +byobyoby)o0 (s°3)
+[as2] 0000
+las 2] o (b1obiobiobob)o0
+[a1,3] 0 bs o (by 0 by 0by)
+[ag,3) 000 (by 0by 0by)
+[a373] o(byobyobs+biobyoby)o(byobyoby)
+lass) 000 (by0by0by)
+[as 3] o (by 0by obyobyoby)o(byobyob)
+([a1,1] 0 bs 0 ba)#bs
+([az,1] © 0 0 ba)#b1
+([az,1] o (b1 0 by 0 b3 + by 0 by 0ba) 0 ba)#b1
+([a4,1] © 0 0 ba)#b
+([as,1] 0 (b1 0 b1 0 by 0 by 0 b1) 0 ba)#by
+([a1,2] 0 bs o (b1 0 b1))#b1
+([az,2] 0 00 (b1 0 by))#bs
+([asz,2] o (b1 0 by 0 bg + by 0 by 0by) o (byoby))#b:
+(las2] 000 (b1 0 b1))#by
+([a572] o(byobyobyobyoby)o(byoby))#b
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Coefficient equation

Factorization

Degree 8 continued

s°t3 continued

+([a1)1} obyo bg)#bl
+([az,1] o (bg 0 ba) o b3)#b1
+([as,1] o (b1 0 b1 0 ba) o b3)#b1
+([aa,1]) © (b1 0 by 0 by 0 by) © bg)#by
+([a1,2] 0 by 0 0)#by
+([az,2] o (ba 0 ba) 0 0)#by
+([as,2] o (b1 0 by 0 ba) 0 0)#by
+([aa,2] o (by 0 by 0 by 0b1) 0 0)#by
+([a1,3] 0 by o (by o by 0by))#b1
+([a2’3] o(bgoby)o (b1 ob; o bl))#bl
—|—([a373] o (b1 obyobg)o(byobyoby))#b
+([asa,3] 0 (by o by oby oby) o (byobyoby))#br

+([a1)1} 0 bs 0 by )#by
—|—([a271] o 0 o bl)#bg
+([az,1] o (b1 0 by 0 b3 + by 0 by 0b2) 0 by)#bo
+([ag,1] 000 b1)#bs
+([as,1] © (b1 0 by 0 by 0 by 0by) 0 by)#bo

+([az,1] o (ba 0 b2) 0 ba)#([a1,1] 0 by 0 by)
+([ag,1] © (b1 0 by 0 ba) 0 ba)#([a1,1] 0 b1 0 by)
+([ag,1] o (b1 0 by 0 by 0 b1) 0 ba)#([ar,1] 0 by o by)
+(la1,2] 0 by o (b1 0 b1))#([a1,1] 0 by 0 b1)
+([az,2] o (b2 0 ba) o (by 0 by))#([a1,1] 0 by 0 by)
+(las,2] o (b1 0 b1 0 ba) 0 (b1 0 b1))#([ar,1] 0 by 0 by)
+([aa,2] o (b 0 b1 0 by 0by) 0 (b1 ©b1))#([a1,1] 0 b1 0 by1)

+([a1,1] o bs 0 b3)#ba

+([az,1] © 00 b3)#by
+([a3,1] o (b1 ob; o bl) o bg)#bg

+([a172] o b 0 0)#bo

+([az,2] © 0 0 0)#bs
+([as,2] © (b1 0 by 0b1) 0 0)#bo
+([a1,3] 0 bz o (b 0 by 0 by))#by
+([az,3] 000 (by 0 by 0b1))#bo

+([a3,3] o (byobyoby)o(byobyoby))F#be

(s1t%)(s)

(s°) (%)

(s1¢%)(st)

(s°t%)(s?)
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Coefficient equation Factorization

Degree 8 continued

s°t3 continued
+([a1,1] © by © ba)#b1#by
+([az,1] o (b2 0 b2) 0 ba)#b1 #b1
+([as,1] o (b1 0 by 0 by) 0 by)#b1#by
+([aa,1] 0 (by 0 by 0 by 0b1) 0 ba)#b17£by
+([a1,2] 0 by o (by 0 by))#b1#b1
+([az,2] o (b2 0 ba) o (by 0 b1))#b1#b
+([az,2] o (b1 0 by 0 ba) o (by 0 by))#b1#b1
+([a4’2} o (b1 objobo bl) o (b1 o bl))#bl#bl
ha3tbs (s)(#)
+([a1,1] 0 by 0 by)F#([a1,2] 0 by o (by 0 by))
+(laz,1] o (b2 0 b2) 0 b1)#([a1,1] 0 by 0 ba)
+([az,1] o (ba 0 ba) 0 by)#([a1,2] 0 by o (by 0 by))
+([aza] o (b1 0 b1 0 b2) 0 b)#([a1,1] © by 0 bs) (s't)(st?)
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([a1,2] 0 by o (b1 0 b1))
+([asa,1] 0 (b1 0 by 0by 0b1) 0 by)#([a1,1] 0 b1 0 b2)
+([aa,1] o (b1 0 by 0 by 0 by) 0 by)#([ar,2] 0 by o (by 0b1))
+([a1,1] 0 bg 0 ba)#([az,1] o (b1 0 b1) 0 b1)
+([az,1] 0 00 ba)#([ar,1] 0 ba 0 by)
+([az,1] o (by o by oby) o be)#([ar1] o baoby)
+([az,1] o (b1 0 b1 0 by) 0 ba)#([az,1] o (b1 0 b1) 0 by)
+([a1,2] 0 b3 0 (b1 0 b1))#([a1,1] 0 bz 0 by)
+([a1,2] 0 b3 o (b1 © by))#([az,1] o (b1 0 by) 0 by)
+(laz,2] 000 (b1 0 by))#([a1,1] 0 bz 0 by)
+([az,2] 0 00 (by 0 by))#([az,1] o (b1 0 b1) 0 by)
+([az,2] o (b1 o b1 0 by) o (by 0 b1))#([ar,1] 0 b2 0 by)
+([as,2] © (b1 0 b1 0 by) o (by 0 b1))#([az, 1] © (br o b1) 0 by)
+([a1,1] © b 0 bs)#bs
+(laza] o (b1 0 b1) 0 bs)#bs
+([a1,2] 0 bg 0 0)#bs
+([az,2] o (b1 0 b1) 0 0)#bs
+(la1,3] 0 b2 o (b1 0 by 0 b1))#bs
+([az,3] 0 (b1 0 b1) o (by 0 by 0 by))#bs
+([az,1] 0 (b2 0 b2) 0 b1)#([a1,1] 0 b1 0 b1)#b
+([as,1] o (b1 0 by 0ba) 0 b1)#([ai,1] 0 b1 o by)#b: (s*t)(st)(t)
+([ag,1] o (by o by o by oby) oby)#([a1,1] 0 by o by)#by

(s1t%)(s)(t)

(s3t%)(s%t)

(s°t%)(s°)
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Coefficient equation Factorization

Degree 8 continued

s°t3 continued
+([a1,1] 0 ba 0 b1)F#bo#b
+([az,1] o (b2 0 bz) 0 by )#ba#by

4 2
+([a3’1] o (bl o bl ° bg) ° bl)#bQ#b1 (S t)(t )(3)
+([a471] o (bl obyobyo bl) o bl)#bg#bl
+([a,1] o b3 0 ba)#ba#b:
+([CL2,1] o0o bg)#bg#bl
+([as,1] o (b1 0 by 0 by) 0 by)#ba#by () (D) ()

+([a1,2] 0 bz o (by 0 by))#ba# by
+(Jag,2] 000 (by 0 by))#baF#by
+([as,2] (b1 0 b1 0 by) o (by 0 b1))#ba#tbr
+([az,1] 0 00 b2)#([a1,1] 0 b1 0 b1)#b1
+([as,1] o (b1 0 by 0b1) 0 ba)#([a1,1] 0 by o by)#bs
+([a1,2] 0 b3 0 (b1 0 b1))#([a1,1] 0 b1 0 b1)#b1 (s%%) (st)(s)
+([az,2] 000 (by 0b1))#([a1,1] © by 0 by)#b1
+([as,2] o (by o by 0 by) o (by 0 by))#([a1,1] 0 by 0 by)#b1
+ba#([a1,1] 0 by 0 b3)
+ba#([a1,2] 0 by 00) (s1)(st?)
—|—b4#([a1,3] obyo(byobioby))
+([a1,1] 0 b3 0 b1)#([az,1] o (b1 0 by) 0 b2)
+([a1,1] 0 bg 0 b1)#([a1,2] 0 ba o (b1 0 b1))
+([a1,1] 0 b 0 b1)#([ag,2] o (b1 0 b1) o (b1 0 b1))
+([az,1] 000 b1)#([a1,1] 0 ba 0 ba)
+([az,1] 0 00 by)#([a1,2] 0 by o (b1 0 b1))
+([az,1] 0 00 b1)#([az2] o (by 0 by) o (by 0 by))
+([az,1] o (b1 0 b1 0 b1) 0 b1)#([a1,1] 0 bz 0 b2)
+([az,1] o (b1 0 by 0by) o by)#([az,1] o (b 0 by) 0 bo)
+([ag,1] o (by o by 0o by) o by)#([a1,2] 0 bz o (b 0 by))
+([az] o (b1 0 b1 0 by) 0 by)#([az,2] © (by 0 by) o (by © b1))
+bs#([a1,1] 0 by 0 ba)#by
+bs#([a1,2] 0 by o (by 0 b1))#by
+([a1,1] 0 b3 0 by)#([az,1] o (by 0 b1) 0 by)#bs
+([az,1] 0 00 b1)#([a1,1] 0 b2 0 b1)#b1
+([as] o (by 0 by 0by) 0 by)#([ar,1] 0 bg 0 b1)#by
+([as,1] o (b1 0 b1 0b1) 0 by)#([az,1] o (b1 0b1) 0 by)#bs

(s3t)(s%t?)

(s)(st*)(2)

(s°t)(s*t)(t)
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Coefficient equation Factorization

Degree 8 continued
s5¢3

continued
+(la1,1] 0 b3 0 b1)# ([a1,2] 0 b1 o (b1 0 b1))#b1
+([a2’1] o0o bl)#([al,l] 0 by 0 ba)#by
+([az,1] 0 00 by)#([a1,2] 0 by o (b1 0 by))#b1 (s%t)(st*)(s)
+([as,1] o (b1 0 by 0b1) 0 by)#([a1,1] 0 by o ba)#by
+([az,1] o (b1 0 b1 0b1) 0 br)#([ar,2] by o (b1 0 b1))#b1
+([a1,1] © b2 0 ba)#bs#by
+(laz,1] o (b1 0 b1) 0 ba)#b3#b1 2,21/ .3
+([a1,2] 0 by o (by 0 by))#b3#by (=E)())
+([az,2] 0 (b1 0 b1) o (by 0 by))F#bs#b1
+([a1,1] 0 ba 0 b2)#([az,1] o (b1 0 b1) 0 by)F#bs
+([az,1] o (b1 0 b1) 0 ba)#([a1,1] 0 ba © by)#b1
( ]

+([a1,2] 0 ba o (b1 © b1))#([a1,1] © ba 0 by )#b1 2,2\(.2
+([a1,2] 0 b o (by 0 by))#([az,1] o (by 0 by) 0 by) by (5)e72)(e)
+([az,2] o (b1 0 b1) o (b1 0 b1))#([a1,1] 0 b2 0 b1)#b1

+([az,2] 0 (b1 0b1) o (b1 0 b1))#([az,1] o (b1 0 b1) 0 by)F#bs
+ba#([a1,1] 0 by 0 by)#by (s*)(st)(t?)
+([a1,1] 0 bz 0 by)#ba#by
+([az,1] 0 0 0 by )#ba#b2 (s°t)(s*) (%)

+([az,1] 0 (b1 0 b1 0b1) 0 br)#ba#bs
+([ag,1] o (b1 0 by) 0 ba)#ba#([a1,1] 0 by 0 by)

+([a1,2] 0 by o (by 0 by))#ba#([ar,1] 0 by 0 by) (s°t%)(s*)(st)
+([az,2] o (b1 0 by) o (by 0 b1))#bo#([a1,1] 0 by o by) -
+([az,1] 0 00 b1)#([a1,1] o by 0 by)#b1#by B0\ (st)(s
+([as,1] o (b1 o by oby) o by)#([a1,1] 0 by 0 by)F#b1#by M
+b3#([a171] o b2 o bl)#bg 33 52 9
+b3#([az,1] o (b1 0 by) 0 by)#bo M
+b3#([a172} (e] b1 o (bl o bl))#([al,l] (¢] b1 [¢] bl) M
+([a1,1] 0 b2 0 by)#([a1,2] 0 by o (by 0 by))#bo
+([azg,1] o (b1 0 by) 0 by)#([a1,1] © by 0 ba)#bs (s%t)(st?)(s?)

+([az,1] o (b1 0 b1) 0 b1)#([a1,2] 0 by o (b1 © by ))#b2
+([a1’1] o bg o bl)#([ag’l] o (b1 (¢] b1> o bl)#bl#bl (SQt)(SQt)(S)(t)
+([az,1] o (by 0 b1) 0 by )#ba#t([ar,1] 0 by 0 by)#by (5°t)(s%)(st)(t)
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Coefficient equation Factorization

Degree 8 continued
4t4

S

0=
[a1,1] obgoby
+lag,1] o (b2 0 b2) 0 by
+lag,1] o (b obyoby)oby
+lag,1] 0 (byobyobyoby)oby
+[a172] obyo (b2 o bg)
+az,2]) o (ba 0 bg) o (by 0 by)
+lag,2] o (by 0 by 0 by) o (by 0 by)
+[aq]) 0 (byoby obyoby) o (baobs)
+[a173] obyo (b obyobs)
+ag,3] o (ba 0 bg) o (by 0 by 0bg)
+az 3] o (by 0 by 0by) o (by oby0bs)
+laa,3) o (byobiobioby)o (b obyoby)
+[a1,4) 0 by o (by 0byobyoby)
+]ag,4] o (ba0bg) o (by 0by 0by 0by)
+laga] o (by 0oby obg) o (byobyobyoby)
+[ag,4] 0 (byobyobyoby)o(byobyobyob)
+([a1,1] 0 by 0 b3)#by
+([az,1] o (b2 0 b2) 0 b3)#b
+([as 1] o (b 0 by 0 ba) o b3)#by
+([aq,1] 0 (b1 0 by 0 by 0 b1) 0 bg)#by
+([a1’2] o by 0 0)#by
+([az,2] o (b2 0 b2) 0 0)#by
+([az,2] o (b1 0 by 0 ba) 0 0)#bq
+([ag,2] o (by 0 by 0 by 0by) 0 0)#by
+([a1,3] 0 by o (b1 0 by 0 by))#by
+([az,3] o (b2 0 b2) 0 (b1 © by 0 by))#by
+([as,3] 0 (b1 0 by 0 by) o (by 0 by 0 by))F#by
+([as,3] o (by o by oby oby) o (byobyoby))#bs
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Coefficient equation

Factorization

Degree 8 continued

s*t* continued

+([a1,1] 0 b3 0 by)#by
+([a2’1] oQo b4)#b1
+([a3,1] o (b1 oby oby)oby)#by
+([a1,2] 0 bg o (by 0 ba))#b1
+([az,2] 0 00 (bg 0 ba))#b1
+([as,2] o (b1 0 by 0b1) o (b2 0 ba))#b1
+([a1)3] obsgo (b1 ob o b2))#b1
+([a273} o0o (b1 ob;o bZ))#bl
+([as,3] o (by 0o by 0by) o (by 0 by 0 by))H#by
+([a1,4] 0 bg o (b1 0 by 0 by 0b1))#by
+([az,a] 000 (b1 0 b1 0 by 0by))#by
+([as,a] o (b1 0 b1 0b1) 0 (b1 0 b1 0 by 0b1))#be

+([a1,1] 0 by 0 ba)#bo
+(laz,1] o (b2 0 b2) 0 ba)#b2
+([az,1] o (b o by 0 by) 0 by)#bo
+([as,1] o (b1 0 by 0 by 0 by) 0 by)#by
+([a1,2] 0 by o (b1 0 b1))#b2
+(laz,2] o (b2 0 b2) o (b1 © by))#b2
+([az,2] o (b1 0 b1 0 b2) o (by 0 by))#b2
+([aa,2] o (b1 0 by 0 by 0 by) o (by 0 by))#by

+([az,1] 0 00 bg)#([a1,1] 0 by 0 1)
+([az,1] o (b1 o by 0 b1) 0 bg)#([a1,1] 0o b1 0 b1)
+([a1,2] 0 b3 0 0)#([a1,1] 0 by 0 by)
+([az,2] 0 00 0)#([a1,1] 0 b1 0 b1)
+([as,2] o (b1 0 by 0 by) 0 0)#([a1,1] 0 by © by)
+(lo] by 0 (b 0 by 0 b)) #((ari] o by o b1)
+([az,3] 000 (by 0 by 0ob1))#([ar,1] 0 b1 0b1)
+([az 3] o (b1 obyobr)o(biobyobr))#([a1,1]0biobr)

(s°t%)(s)

(s1£%)(t%)

(s3t3)(st)
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Coefficient equation Factorization

Degree 8 continued

s*t* continued
+([a1,1] 0 by 0 by)#b2
([az,1] o (b1 0 b1) 0 by)#bo
([a1,2 obyo (bz o b2))#b2
+(laz,2] o (b1 0 b1) 0 (b2 © b2))#b2
+(la1,3] 0 b2 0 (by 0 by 0 b2))#b2
+([az,3] o (b1 0 b1) o (b1 0 b1 0 ba))#b2
+([a1,4] 0bg o (by 0 by 0 by 0 b1))F#by
+([az,a] o (b1 oby) o (by o by oby oby))#by
+([a1,1] 0 bs 0 b3)#b1#by
+([az,1] © 0 0 b3)#b1#b1
+([as,1] o (b1 0 by 0 by) o bg)#b1#by
+([a1,2] o b3 0 0)#b1#by
+([ag,2] 0 00 0)#bi#b: (s°t%)(s)(2)
+([as,2] o (b1 0 by 0 by) 0 0)#b1#b1
+([a1,3] 0 b3 o (by 0 by 0 by))#b1#by
+([az,3] 000 (b 0 by 0 by))#b1#by
+([as,3] o (by obyoby) o (by obyoby))#bi#b
+([a1,1] 0 by 0 by)#bs
+(laz,1] o (b2 0 b2) 0 b1)#bs
+([as,1] o (b1 0 b1 0 ba) 0 b1)#bs
+([as,1) o (b1 0 by 0 by 0 by) 0 by)#bs
+([a1,1] 0 bg 0 ba)#([a1,2] 0 by o (b1 0 b1))
+([ag,1] 0 00 ba)#([a1,1] 0 by 0 ba)
+([az,1] © 0 0 ba)#([a1,2] 0 by o (b1 0 b1))
+([as,1] o (b1 0 by 0 by) 0 ba)#([ar 1] 0 by 0 b2)
+([az,1] o (b1 0 b1 0 b1) 0 ba)#([a1,2] 0 by o (b1 0 b1))
+([a1,2] 0 b3 o (by 0 b1))#([a1,1] 0 by 0 b2)
+([az,2] 0 00 (b1 0 b1))#([ar,1] 0 b1 0 ba)
+([az,2] 000 (by 0b1))#([a1,2] 0 by o (by 0 b1))
+([az,2] o (b1 0 b1 0 by) o (by 0 b1))#([a1,1] © by 0 b2)
+([az,2] 0 (b1 0 by 0b1) o (b1 0b1))#([ar,2] 0 b1 o (b1 0 b))

+
+

(s2%)(s%)

(s1)(t%)

(s3t%)(st?)
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Coefficient equation

Factorization

Degree 8 continued

s*t* continued

+(la1,1] 0 b2 0 b3)#([az,1] o (b1 0 b1) 0 b1)
+([az,1] o (b1 0 b1) 0 b3)#([a1,1] 0 by 0 by)
+(la1,2] 0 b2 0 0)#([a1,1] 0 b2 0 b1)
+([a1,2] 0 bz 0 0)#([az,1] o (b1 0 b1) 0 b1)
+([az,2] o (b1 0 b1) 0 0)#([a1,1] 0 b2 0 b1 )
+([az,2] 0 (b1 0 b1) 0 0)#([az,1] © (b1 0 b1) 0 by)
+([a1,3) 0 b 0 (by 0 by 0 by))#([a1,1] 0 by 0 by)
+({ans] 0 by o (by o by o by))#([an] o (by o by) o b)
+([az,3] o (b1 0b1) o (b1 0 by 0 b1))#([a1,1] 0 b2 0 b1)
+([ag,3] o (by 0 b1) o (by 0 by 0 by))#([az,1] o (by 0by)oby)

+([a1,1] 0 b1 o by)#b3
+(la1,2] 0 by o (b2 0 b2))#bs
+([a1)3] o by o (by 0by obg))#bs
+([a1,4] 0 b1 o (by 0 by 0 by 0b1))F#bs
+([az,1] 0 00 b2)#([a1,1] 0 b1 o b1)#by
+([as,1] o (b1 0 b1 0b1) 0 ba)#([a1,1] 0 b1 0 b1)#b1
+([a1,2] 0 b3 o (b1 0 b1))#([a1,1] 0 by 0 by)#by
+([az,2] 000 (by 0 by))##([a1,1] 0 by 0 by)#by
+([as,2] o (b1 0 b1 0b1) o (b1 0b1))#([a1,1] © by 0 by)#b
+([a1,1] 0 b3 0 ba) F#ba#tby
+(lazg,1] 0 00 ba)#ba#b1
+([as,1] o (b1 0 by 0 by) o by)#ba#by
+([a1’2] o bs o (by 0 by))#ba#by
+([az,2] 0 00 (b1 0 b1))#ba# b1
+([az,2] 0 (b1 0 by 0b1) 0 (b1 0 b1))#ba# b1
+([a1,1] © b2 0 bs)#ba#by
+([az,1] o (b1 0 b1) 0 b3)#badtby
+([a1,2] 0 by 0 0)F#ba#by
+([azg,2] o (b1 0 b1) 0 0)#ba#by
+([a1,3] 0 bz © (b1 © by © b1))#ba#b:
+([az,3] © (b1 0 b1) 0 (by 0 by 0 by))#bo#b:

(s%)(s1)

(s°t%)(st)(t)

(s°£%)(#%)(s)

(s°£%)(s?)(t)
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Coefficient equation Factorization

Degree 8 continued
std

continued
—|—([a271} o(byoby)o bg)#([alyﬂ o by oby)#by
+([a1,2] 0 ba 0 0)#([a1,1] 0 by o b1)#b1
+([az,2] o (b1 0b1) 0 0)#([a1,1] 0 b1 0 b1)#by (s*t%)(st)(s)
+([a1)3] obyo(byobyo bl))#([al,l] o by 0 by)#b
+([ag,3] o (b1 0 b1) o (by 0by o by))#([a1,1] 0 by o by)#bs
by #by (sh) ()
+([a1,1] © bg 0 b1)#([a1,2] 0 b1 0 0)
+([a1,1] 0 b3 0 by)#([a1,3] 0 by o (by 0 by 0 by))
+([az,1] 000 b1)#([a1,1] 0 by 0 b3)
+([az,1] 000 b1)#([a12] 0 b1 00)
+([az,1) 000 b1)#([a1,3] 0 by o (by 0 by 0b1))
+([as,1] o (by 0 by 0 by) 0 by)##([ar 1] o by obs)
+([az,1] o (b1 0 b1 0 by) 0 b1)#([a1,2] 0 b1 00)
—|—([a3 1Jo(byobioby)oby)# ([al 3] oby o (byobyoby))
+([a1,1] 0 ba 0 ba)#([az,1] o (b1 0 b1) 0 ba)
+([a1,1] 0 b2 0 ba)#([a1,2] 0 bz o (b1 © b1))
+([a1,1] 0 b2 0 ba)#([az,2] o (b1 0 by) o (b1 0 b1))
+([az,1] o (b1 0 b1) 0 ba)#([a1,2] 0 by o (by 0 by))
+([az,1] o (b1 0 b1) 0 b2)#([az,2] © (b1 0 b1) © (by 0 b1))
+(la1,2] 0 bz 0 (b1 0 b1))#([az,2] © (b1 0 b1) o (b1 0 b1))
+([a1,1] 0 bz 0 by)#bs#by
+([azg,1] 000 by)#bs#by (s°1)(t%)(s)
+([as,1] o (b1 o by o by) o by)#bs#by
+([a1,1] 0 b3 0 by)#([a1,2] 0 by o (by 0 by))#by
+([az,1] 000 b1)#([a1,1] 0 by 0 ba)#bs
+(laz,1] 0 00 b1)#([ar,2] 0 by o (b1 0 b1))#b1 (s%)(st*)(t)
—i—([ag,l] (byobyoby)oby)# ([a1 1] 0 by 0 bo)#by
+(las,1] o (b1 0 by 0 by) 0 by)#([a1,2] 0 by o (by 0 by))#by
+(la1,1] 0 b2 0 ba)# ([az,1] o (b1 0 b1) © by)#b1
+([az,1] o (b1 o by) 0 ba)#([a1,1] 0 ba 0 by)#by
+([a1,2] 0 by o (by 0 b1))#([ar,1] 0 by 0 by)#by
+([a1,2] 0 by o (b1 0 b1))#([az,1] 0 (b1 0 b1) 0 by )#b1
+([az,2] o (b1 0 b1) o (by 0 b1))#([a1,1] © b2 © b1)#b
+(laz,2] o (b1 0 b1) o (b1 0 br))#([az,1] o (b1 0 by) 0 by)#bs

(s°t)(st®)

(82t2)(82t2)

(s*t%)(s*t)(t)
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Coefficient equation Factorization
Degree 8 continued
s*t* continued
+([a1,1] 0 b 0 b2)#([a1,2] 0 b1 © (b1 0 b1))F#bs
+(laz,1] o (b1 0 b1) 0 ba)#([a1,1] 0 by © ba)#b1
+(laza] o (b1 0 b1) 0 ba)#([a1,2] © by o (by 0 by))#b1 2,2\ ( 42
+(ax,2] 0 ba o (by 0 b1)([ara] o by © ba) by (FEEE
—|—([a2 2] o (byoby)o(byo bl))#([alﬂ o by 0 by)#by

Jo
+([az,2] 0 (b1 0 b1) o (b1 0 b1))#([a1,2] 0 b1 o (b1 0 b1))#b
+([a1,1] 0 by 0 b3)#bs#by
+([a1,2] 0 by 0 0)#bs#b1 (st®)(s%)(t)
+([a1,3] 0 by o (by 0 by 0 by))#b3#by
+([a1,1] 0 by 0 b3)#([az,1] o (b1 0 b1) 0 by)#by
+([a1,2] 0 b1 0 0)#([a1,1] 0 b2 0 b1)#b1
+([a1,2] 0 b1 0 0)#([az,1] o (b1 0 by) 0 by )#by (st%)(s%t)(s)
+(la1,3] 0 by o (b1 0 by 0 b1))#([ar,1] 0 ba 0 b1)#by
+([G;1)3] obyo(byobyo bl))#([azﬂ o (by 0 by) o by)#b1
+(laz,1] 0 00 b1)#([a1,1] o by 0 b1)#b2
+(las,1] o (b1 0 b1 0 by) 0 b1)#([a1,1] © by 0 b1)#b2
+([a1,1] © ba 0 bo)#baFbe
+(laz,1] o (b1 0 1) 0 ba)#ba#bs
+([a1,2] 0 ba o (b1 © by))#ba#bo
+([az,2] o (b1 0 b1) o (b1 © b1))#ba# by
+([a1,2] 0 by 0 0)#tbo#([a1,1] © by 0 b1)

3 2
+([a1,3] 0 by 0 (b1 0 b1 0 b1))#ba#([a1,1] 0 b1 0 b1) (s£)(s%) (st)
+([az,1] o (b1 0 b1) 0 ba)#([ar,1] © by © br)#bi#by
+([a1,2] 0 bz o (b1 0 b1))#([a1,1] © by © b1 )#b1#b1 (s*t%)(st)(s)(t)
+([az,2] 0 (b1 0 b1) o (b1 0 b1))#([a1,1] © by 0 by)#b1#bs

+b3#([a1,1] 0 by 0 ba)#by

) (st2) (12
+037#([01,2] 0 b1 © (b1 0 b1))#bs M
+b3#b3#([a1,1] obyo bl) M
+([a1,1] 0 b2 0 b1)#([az,1] o (b 0 b1) 0 by)F#ba M
+([az,1] o (b1 0 by) 0 by)#([a1,2] 0 by o (by 0 b1))#([a1,1] 0 by 0 by) (21) (s12) (st)
+([a1,1] 0 by 0 by )#b3#by (a2
+([az,1] o (b1 0 by) 0 by )#bs#bs (s*)(t°)(s%)

+([a1,1] 0 by 0 bo)#([a1,2] 0 by o (b1 © b1))#bs (st*)(st*)(5)
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Coefficient equation Factorization

Degree 8 continued

s*t* continued

+(lar,1] 0 bz 0 b1)#([a1,2] 0 b1 o (b1 © b1))#b1#by
+([az,1] 0 (b1 o b1) 0 by)#([a1,1] 0 by 0 ba)F#b1#by (s%t)(st?)(s)(t)
+([a271] o(byoby)o bl)#([alg] o by o (by 0by))#b1#by
+([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by o by )#ba# b (s*t)(st) (t*)(s)
+([a1,2] 0 b1 0 (b1 0 b1))#ba#([a1,1] 0 b1 © b1)Fb (st*)(s*)(st)(t)
Degree 9
s8¢

by =
[a1,1] 0 bg 0 by
+[ag,1] o (byoby) o by
—l—[ag,l]o(bl obyobg+byobyoby+bgobszobs)ob
+laq,1] 0 (baobg 0by 0by) 0 by
+[a571} o(byobyobyobyoby)oby
+]ag,1] 0 (b1 0o by 0oby 0by 0by0by)oby
+[az1] o (byobyobyobyobyobyoby)oby
+lag1] o (byobiobiobyobyobiobioby)ob
+bs#by (s°)(t)
+([a1,1] 0 b7 0 by)#by
+([az,1] 0 00 by )#b1
+([az,1] o (b1 0 by 0 bs + by 0 bz 0 bz + by 0 by 0 b3) 0 by )#by
+(lag,1] 0 00 b1)#b (s"t)(s)
+([a571] o (byoby oby oby obz)oby)#b
+([ag,1] © 00 by)#b1
+([a7,1] o (b1 obyobyobyobiobyoby)obr)#b
+b7#([a1,1] 0 by 0 b1) (s7)(st)
+([a1,1] 0 bg 0 b1)#bo
+([az,1] o (bg 0 bs) o by )#bo
—I-([ag’l} o (by 0by 0by + by 0 by 0ba) 0by)#bo

6 2
—|—([a471] o O o bl)#bg (S t)(s )
+([a571] o (bl @) bl o bl o bl o bg) @) bl)#bg
+([ag,1] 0 (b1 0 by 0 by 0 by 0by 0by) 0 by)Fbo
+be#([a1,1] 0 bz 0 b1) (9)(s2t)

+b6#([a271] o (bl (e] bl) [e] bl)
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Coefficient equation Factorization

Degree 9 continued

s3t continued
+([a1,1] 0 bs 0 by)#b3
+([az,1] 0 00 by)#bs
+([az,1] o (b1 0 by 0 bz + by 0 by 0 by) 0 by )#bs3 (s7t)(s%)
+([aa,1] 000 by)#bs
+([as,1] 0 (b1 0 by 0 by 0 by 0by) 0 by)Fb3
+bs#([a1,1] 0 b3 0 by)
+bs5#([az,1] 000 by) (s%)(s3t)
+b5#([a3,1] o(byobyoby)oby)
([a1,1] © by 0 by)#by
+(laza] o (b2 0 b2) 0 by )#bs Ay (ot
+([as,1] o (by o by o by) o by)#by S
+([aa,1] 0 (b1 0 by 0 by 0 by) 0 by)F#ba
sTt?

0=
[a1,1] 0 b7 0 by
+[az,1] 000 by
+[asz,1] o (b1 0 by 0 bs + by 0 bz 0 bg + by 0 by 0 bg) 0 by
+[as,1] 000 by
+[as,1] o (by 0 by 0 by 0 by 0bs)oby
+[ag1] 000 by
+laz 1] o (byobyobyobyobyobyoby)oby (s7£2)
+la1,2] 0 b7 0 (b1 0by)
+lag2] 000 (byoby)
+[as 2] o (b1 oby obs + by obgobs +byobyobs)o(byoby)
+[ag2] 000 (by0by)
+las,2] o (b oby obyobyobs)o(bioby)
+ag2] 000 (by 0by)
+lazz] o (byobiobyobyobyobyoby)o(byobr)
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Coefficient equation Factorization

Degree 9 continued
7t2

s"t* continued
+([a1,1] 0 bg 0 ba)#b1
+([aza] o (b3 0 b3) 0 b2)#b:
—I-([ag)l} o (by 0by 0 by + by 0 by 0 ba) 0 ba)#by
+([asa,1] 000 ba)#b1
+([as,1] 0 (b1 0 by 0 by 0 by 0 by) 0 by)#by
+([ag,1] 0 (b1 o by 0 by 0 by 0by 0by) 0 ba)H#by
—i—([al)g} o bg o (by 0 by))#by
+(laz,2] o (b3 0 b3) o (b1 © by))#b
+([az,2] © (b1 0 b1 0 by + by 0bg 0 ba) o (b1 0b1))#bs
+([ag2] 000 (by 0by1))#bs
+([as,2] 0 (b1 0 by 0 by 0 by 0bg) o (by 0 b1))#b1
+([a672] o(byobyobyobyobyoby)o(byoby))#b
+([a1,1] 0 by 0 by)#by
+(laz,1] 0 00 b1)#by
—|—([a371] o (byobyobs 4+ by obzobs—+byobyobs)oby)#by
+([ag,1] 0 00 b1)#bs (s"t)(t)
+([as,1] 0 (b1 0 by 0 by 0 by 0 b3) 0 by )#by
+(lae,1] 0 00 b1)#br
+([a7,1} o(byobyobyobyobyobyoby)oby)#b
+br#by (s)(t%)
+([az,1] o (b3 0 b3) 0 by )#([a1,1] o by 0 by)
+([az,1] 0 (b1 0 by 0 by + by 0 by 0bs) 0 by)#([a1,1] 0 b1 0 b1)
+([aa,1] 000 b1)#([ar,1] 0 by 0 b1) (s%t)(st)
+([as,1] o (by 0 by 0 by 0 by 0 by) 0 by)#([ar,1] 0 by oby)
-‘1-([@6)1] o(byobyobiobiobioby)o bl)#([al,l] oby oby)
+([a1,1] 0 bs 0 ba)#bo
+([az,1] © 00 ba)#by
—I-([ag)l} o (by 0 by 0bg + by 0 by 0ba) 0 ba)#bo
+([as,1] 0 00 bo)#by
+([as,1] o (b1 0 by 0 by 0 by 0 by) 0 by)F#by
+(la1,2] 0 bs © (b1 0 br))#b2
+([az,2] 000 (b1 © b1))#bs
+([az 2] © (b1 0 by 0 b3 + by 0bg 0by) o (by 0 by))#ba
—|—([a472] o000 (by oby))#bs
+([as,2] o (by o by 0 by 0 by 0by) o (by 0 by))#b2

(s°£%)(s)

(s°£%)(s?)
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Coefficient equation Factorization

Degree 9 continued

s7t? continued
+([a1,1] 0 be 0 by)#b1#by
+(laz,1] o (b3 0 b3) 0 by )#b1#b1
+([a3’1] 0 (b1 0by 0by + by obgoby)oby)#bi#b1
+([ag,1] 0 00 by)#by #by
+([as,1] 0 (b1 0 by 0 by 0 by 0bg) 0 by)F#bi1#b1
+([ag,1] o (b1 0 b1 0by 0by 0by 0by)oby)F#bi#b
—I—bg#([al)l} 0 by 0bg)
—|—bg#([a1,2} obyo(byoby))
+([a1,1] 0 b5 0 b1)#([az,1] o (by 0 b1) 0 b1)
+([az,1] 000 b1)#(a1,1] 0 b2 0 b1)
+([az,1] 0 (b1 0 by 0 b3 + b1 0 by 0by) 0 by)#([ar,1] 0ba 0 b1)
+([az,1] o (by 0 by 0 b3 + by 0 by 0by) 0by)#([az.1] o (byoby)oby)
+(lag] 0 00b1)#([ar,1] 0 b2 0 by)
+([as,1] 000 b1)#([az,1] o (b1 0 by) 0 b1)
+([as,1] 0 (b1 oby 0by 0 by 0by) 0b1)#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 b1 0by 0by 0b1) 0b1)#([ag,1] o (by 0 b1) 0br)
+([a1,1] 0 by 0 ba)#bs3
+([az,1] o (b2 0 b2) 0 b2)#b3
+([as,1] o (b1 0 by 0 ba) 0 bo)#bs
+(lag,1] o (by 0 by 0 by 0 by) 0 by)#bs3
+([a1,2] 0 bg 0 (b1 0 b1))#bs
+(laz,2] o (b2 0 b2) o (b1 © b1))#bs
+([as,2] o (b1 0 b1 0ba) o (b1 0 b1))#b3
+([ag2) 0 (b1 0oby oby oby) o (by oby))H#bs
+be#([a1,1] 0 b1 o b1)#by (%) (st)(t)
+([az,1] 0 00 b1)#([a1,1] 0 by © b1)#b1
+([as,1] o (by 0 by 0 b3 4 by 0 by 0 ba) 0 by)#([a1,1] 0 by 0 by)#by
+([as,1] 000 b1)#([ar,1] 0 by 0 b1)#bs
+([a571] o (bl obyobiobio b1) © b1)#([a1,1] obo bl)#bl
+([a1,1] 0 bs 0 by)F#ba#by
+([az,1] 0 0 0 by )#ba#b;
+([as,1] o (b1 0 by 0 b3 + by 0 bg 0 by) 0 by )F#baFtby (s°t)(s2)(t)
+([aq,1] 0 00 by)#ba#by
+([as,1] © (b1 0 by 0 by 0 by 0by) 0 by)FboH#br

(s°)(s)(t)

(s5t)(s%t)

(s1£%)(s%)
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Coefficient equation Factorization

Degree 9 continued
sTt?
+b5#([a1,1] 0 ba 0 ba)
+bs#([az,1] o (b1 0 b1) 0 b2)
+bs5#([a1,2] 0 bz o (b1 0 b1))
+bs#([az,2] © (b1 0 by) o (by 0 1))
+(la1,1] 0 by 0 b1)#([az1] 0 00 by)
+([a1,1] 0 by 0 by)#([az 1] o (b1 0b10b1)obr)
+([az,1] o (ba 0 ba) 0 by)#([a1,1] 0 bg 0 by)
+([az,1] o (b2 0 ba) 0 by)#([as,1] o (b1 o by 0by)oby)
+([az,1] o (by o by 0 by) 0 by)#([ar,1] o bsoby) (s*t)(s3t)
+([az,1] o (by 0 b1 0 ba) 0 by)F([az,1] 000 by)
+([aa,1] 0 (b1 0by 0by 0b1) 0by)#([a1,1] 0 bg 0 b1)
+([aa,1] 0 (b1 0 b1 0 by 0b1) 0b1)#(Jaz,1] 000 b1)
+([aa,1] 0 (b1 0by oby 0by) obi)#([as,1] o (b oby 0b1) 0oby)
+([a1)1} obszo bz)#b4
+([az,1] 0 0 0 by)#by
+([asz,1] o (b1 0 by 0 b1) 0 bo)#by
+([a1,2] 0 b3 o (b1 0 b1))#b4
+(laz,2] 000 (by 0 b1))#bs
+([az,2] o (b1 0 by 0 by) o (by 0 by))#bs
+b5#([a1,1] 0 by 0 b1)#by 5/ 9
+bs#([az,1] o (b1 0 b1) 0 b1)#by ()(7(E)
+(a1,1] 0 by 0 by)#bs#by
+([az,1] o (b2 0 b2) 0 b1)#bs#b1 4py( 3
+([a3’1] o (by 0 by 0bg) oby)#bs#by () (7)()
+([as,1] © (b1 0 b1 0 by 0 by) 0 by)#b3#by
+(la1,1] 0 by 0 b1)#([az1] o (b1 0 b1) 0 by)#b1
+([az,1] © (b2 0 ba) 0 by)#([a1,1] 0 ba 0 b1)#bs
+ [0,3,1] o(byobyobg)o bl)#([aLl] 0 by 0 by )#by (34t)(82t)(s)
—|—([a3,1] o(byobyobg)o bl)#([azﬂ o (by oby) o by)#by
+([asg,1] 0 (by 0 by 0 by 0by) 0 by)#([a1,1] 0 bg 0 by)#by
+([ag,1] o (b1 0 by 0 by 0 by) 0 by)#([az,1] o (b1 oby) o by)#bs
—|—([a271} o(bgoby)o bl)#bg#([aLl] objoby)
+([as] o (by 0 by 0ba) 0 by )#ba#([a1,1] 0 b1 o by) (s*)(s%)(st)
+([ag,1] o (b1 0 by 0 by 0 by) 0 by )#ba#([a1,1] 0 by 0 by)

(s°)(s%t?)

(s°¢%)(s")
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Coefficient equation

Factorization
Degree 9 continued
s7t? continued
+ba#([a1,1] 0 bz 0 by )#by
+by#([az,1] 0 00 by )#by (sH)(s°t)(t)
+ba#([az 1] o (b1 0 by 0 b1) 0 b1)#by
—|—([a171] obsgo bl)#([agyl} 00 0by)#b
+([a1,1] 0 b3 0 by)#([as,1] o (b1 0 by 0 by) 0 by)#by (s°t)(s°t)(s)
+([az,1] 000 b1)#([as,1] o (b1 0 by 0b1) 0 by)#b1
+ba#([az1] o (b1 0 b1) 0 b1)#([a1,1] 0 b1 0 b1) (s1)(st)(st)
+([az,1] 0 00 b1)#bs#([a1,1] 0 b1 0 b1) 34003
+(fasa] © (br o by 0b1) 0 br)dtby(ar] o b o b) e
+([a1,1] 0 bz 0 b1)#([az,1] o (b1 © b1) 0 b1)#bs
+([az,1] 0 00 b1)#([a1,1] 0 bz 0 b1)#b2 30, 20 2
+([as,1] o (b1 0 by 0 by) 0 by)#([a1,1] 0 by © by)#by (7 (7)(7)
+([a3)1] o(byobyoby)o bl)#([azﬂ o (by 0 by) o by)#by
+b3#([a1,1] 0 ba 0 b1)#([az1] o (b1 o b1) o b1) (s*)(s°1) (s*t)
583
0=

[a1,1] o be o b3
+lag,1] o (b3 0 b3) 0 b3
+[as,1] o (b1 0 by 0 by + by 0 by 0 by) o by
+[a4,1] OOObg
+las,1] o (by 0oby 0oby 0by 0by)obs
+ag1] o (b1 obiobyobyobioby)obs
+[a 2] obg 00
+[a2,2] o (bg o bg) o0
+[a3,2]o(b1 obyoby+byobyoby)o0 (S6t3)
+[a4,2] 0000
+las2] o (b1 obyobyobyoby) o0
+lag] o (byobiobyobyobyob)o0
+[a1,3] obg o (by o by 0b1)
+laz,s] o (bzobsg) o (by 0by 0by)
+]ag,3] 0 (by 0by 0 by + by obyoby)o(byobyoby)
+[ag 3] 000 (by oby 0by)
+[as 3] o (b1 0by 0by 0by 0by) o (byobyoby)
+ags] o (b obiobyobyobyoby)o(byobyoby)
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Coefficient equation Factorization

Degree 9 continued

s%¢3 continued
+([a1,1] 0 bg © ba)#b1
+([a271} o (bg 0 b3) o by )#b;
+([az,1] o (b1 0 b1 0 by + by 0 by 0ba) 0 ba)#b1
+([aa,1] 000 ba)#by
+([as,1] © (b1 0 by 0 by 0 by 0 by) 0 ba)#by
+([ag,1] 0 (b1 0 by 0 by 0 by 0 by 0b1) 0 ba)#by
+([a1,2] 0 bg o (by 0 by))#b1
+(laz,2] o (b3 0 b3) o (b1 © b1))#b1
+([az 2] o (b1 0 by 0 by + ba 0 bg 0 by) o (by 0 by))#by
+([aa,2] 000 (b1 0 by))#bs
+([as,2] o (b1 0 by 0 by 0 by 0bg) o (by 0by))#by
+([ae,2] 0 (by 0 by 0 by 0by 0by 0by) o (by oby))#by
+([a1,1] 0 bs 0 b3)#b1
+([az,1] 0 00 b3)#b1
+([az,1] o (b1 0 by 0 bz + by 0 by 0 by) 0 bg)#by
+([aa,1] 000 b3)#by
+([a571] o(byobyobyobyoby)obs)#b
—|—([a172] o b5 e} 0)#b1
+([az,2] © 00 0)#b;
+([az2] o (by 0 by 0 b + by 0 by 0 by) 0 0)#by (s°£%)(s)
+([ag,2] 0 00 0)#by
+([a572] o(byobyobyobyoby)o0)#b
+([a1,3] 0 bs 0 (b1 0 by 0 b1))#b1
+([az,3] 000 (by 0 by 0b1))#b1
+([as,3] o (b1 0 by 0bg + by 0by 0 bg) o (by 0 by 0by))#by
+([as,3] 000 (b1 0 by o by))#by
+([as,3] 0 (b1 obyoby 0byoby) o (by 0byoby))#b
+([a1,1] © bg 0 by)#ba
+([az,1] o (b3 0 b3) 0 b1)#ba
—|—([a371} o (b1 0oby 0by + by obyoby)oby)#bs
+(laa,1] 0 00 br)#b2
+([as,1] © (b1 0 by 0 by 0 by 0 ba) © by)F#bo
+([a671] o (byobyobyobyobyoby)oby)#by

(s°¢%)(2)

(s°)(t%)
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Coefficient equation Factorization

Degree 9 continued

s%¢3 continued
—l—([ag,l] o0o bg)#([aLl] obyoby)
+([az,1] 0 (b1 0 by 0 b3 + b1 0 by 0b2) 0 bo)#([a1,1] 0 b1 o b1)
+([as,1] 0 00 ba)#([a1,1] 0 b1 0 b1)
+([as,1] o (by 0 by 0 by 0 by 0by) 0 ba)#([ar,1] 0 by oby)
+([a1,2] 0 bs o (b1 © b1))#([a1,1] 0 by 0 by) (s°t%)(st)
+([az,2] 0 00 (b1 0 b1))#([ar,1] 0 b1 o by)
+([az 2] o (by 0 by 0 b3 + by 0 by oby) o (byoby))#([ar,1]0byoby)
+(la,2] 000 (b1 0 b1))#([a1,1] 0 b1 0 by)
+([as,2] o (by 0 by 0 by 0by 0by) o (byoby))#([ar,1] obioby)
+([a1,1] © ba 0 b3)#bo
+(laz,1] o (b2 0 b2) 0 bs)#b2
+([a3’1] o (b1 0 by 0 ba) o bg)#bs
+([a4,1] o (by oby oby 0by)obs)#bs
+([a1,2] 0 by 0 0)#bo
+([az,2] o (ba 0 ba) 0 0)#by
+([as 2] © (b1 0 by 0 ba) 0 0)#bo
+([a4)2] o (by oby 0oby 0by) o 0)#by
+([a1,3] 0 by o (by 0 by 0 b1))#bo
+([az,3] o (ba 0 ba) o (by 0 by © by))#by
+([as,3] o (b1 0 by 0 ba) o (by 0 by 0 by))#by
+([a4’3] o(byobyobyoby)o(byobyoby))#bs
+([a1,1] o bs 0 ba)#b1 by
+([az,1] 0 00 ba)#b1#b1
—&-([ag’l] o (by oby 0bs + by 0bg 0by) oby)#bi#by
+([a4,1] © 0 0 ba)#b1#b;
+([as,1] o (b1 0 by 0 by 0 by 0by) 0 ba)F#b1#b1
+(lar,2] 0 b5 0 (b1 0 by))#b1#b1
+([az,2] 000 (b1 0 b1))#b1#by
+([a372] o(byobyobs+byobgobg)o(byoby))#bi#b
+([aa,2] 000 (b1 0 b1))#b1#b1
+([as,2]) o (b1 0 b1 0 by 0by 0b1) o (b 0b1))#bi1#b1
+bo#bs (s)(#%)

(s1%)(s?)

(s°£%)(s)(2)
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Coefficient equation Factorization

Degree 9 continued

553 continued
+(la1,1] 0 b5 0 b1)#([a1,2] 0 by o (b1 © b1))
+([az,1] 000 b1)#([a1,1] 0 by 0 ba)
+(laz,1] 0 00 b1)#([a1,2] 0 b1 o (b1 0 b1))
+([az,1] o (b1 0 by 0 bs + by 0bg 0 bg) 0 by)#([a1,1] 0 by 0 by)
+([az,1] o (b 0 b1 0 by + by 0 by 0 bg) 0 b1)#([ar,2] 0 by o (by 0b1)) (s°t)(st?)
+(lag1] 000 b1)#([ar,1] 0 by 0 b2)
+([as] 00 0b1)#([ar,2] 0 by o (by 0 b1))
+([as,1] 0 (b1 0 b1 0 by 0by 0by) 0 br)#([ar,1] 0 b1 0 b2)
+([as,1] o (b1 0 b1 0 b1 0 by 0b1) 0b1)#([ar,2] 0 b1 o (b1 0b1))
+([a11] 0 by 0 b2)#([az,1] o (by 0 b1) 0 b1)
+([az2,1] © (b2 0 b2) 0 b2)#([a1,1] 0 b2 0 b1)
+([as,1] o (b1 0 by 0 ba) 0 ba)#([a1,1] 0 ba 0 by)
+([az,1] © (b1 0 b1 0 b2) 0 ba)#([az,1] © (by 0 b1) 0 by)
+([aa,1] 0 (b1 obyoby obr)oba)#([ar,1] 0baobr)
+([as,1] o (b1 0 by 0 by 0b1) 0 b2)#([az] o (b1 o b1) o b1)
+([a1,2] © by © (b1 0 b1))#([a1,1] 0 b2 0 1)
+([a1,2] 0 ba o (b1 © by))#([az,1] o (b1 0 by) 0 by)
+([az,2] © (ba 0 ba) o (by 0 b1))#([a1,1] © b2 0 by)
+([az,2] o (b2 © b2) o (by 0 b1))#([az,1] o (by 0 b1) © b1)
+([as2] (b1 0 b1 0 b2) 0 (by 0 b1))#([a1,1] 0 b2 0 b1)
+([as2] (b1 0 b1 0 b2) 0 (by 0 b1))#([az,1] © (b1 © 1) 0 by)
+([aa,2] o (b1 0 b1 0 by 0by) o (by 0 b1))#([ar,1] 0 bz 0 b1)
+([aa,2] 0 (b1 0 by 0by 0b1) o (b1 0b1))#([az1] o (b1 obr)obr)
+([a1,1] 0 b3 0 b3)#b3
+([az,1] 0 00 bs)#bs
+([as 1] o (by 0 by 0 by) 0 b3)#bs
+([a1,2] 0 b3 0 0)#b3
+([az,2] 0 00 0)#bs (s°)(s%)
+(las,2] o (b1 0 by 0 by) 0 0)#b3
+([a1,3] 0 bz o (b1 0 by © by))#bs3
+([az,3] 000 (b1 0 by 0 b1))#bs
+([as,3] 0 (b1 0 b1 0b1) o (b1 0 by 0 b1))#bs

(s%¢%)(s7t)
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Coefficient equation Factorization

Degree 9 continued

593 continued
+([az,1] 0 00 b1)#([ar,1] 0 b1 0 b1)#by
+([ag,1] o (b1 0 by 0bg + by 0 by 0ba) 0 by)#([ar,1] 0 by 0 by)#by
—|—([a4’1] o0o bl)#([al,l] o by 0by)#b (SSt)(St)(t)
+([as,1] o (b1 0 by 0 by 0 by 0 by) 0 by)#([ar,1] 0 by o by)#b
+([a1,1] 0 bs 0 by)F#ba#bs
+([a2}1] o0o bl)#bg#bl
+([az,1] 0 (b1 0 b1 0 bz + by 0 by 0 by) 0 by ) #ba#by (s°t)(t?)(s)
+([as,1] © 00 by)#ba#by
+([as,1] 0 (by 0 by 0 by 0 by 0 by) 0 by)F#ba#by
+([a1,1] 0 by 0 bo)#ba#by
+([az,1] o (b2 0 ba) 0 ba)#ba#by
+([az,1] o (b1 0 by 0 by) 0 by )#ba# by
+([as,1] © (b1 0 by 0 by 0 by) 0 ba)#baF#by
+([a1,2] 0 by o (b1 0 b1))#ba#tby (O
+(laz,2] 0 (b2 0 b2) o (b1 0 b1))#ba#b1
+([as,2] o (b1 0 by 0 ba) o (by 0 by))H#ba#b1
+([ag,2] o (by 0 by 0 by 0by) o (by o by))#ba#by
+([az,1] 0 (b2 0 b2) 0 ba)#([a1,1] 0 b1 0 b1)#b1
+([as,1] o (b1 0 by 0 ba) 0 ba)#([a1,1] 0 by o by)#by
+([ag,1] o (b1 0 by 0 by 0 by) 0 ba)#([ar,1] 0 by o by)#b
+([a1,2] 0 by o (b1 0b1))#([a1,1] 0 b1 0 b1)#bs (s12)(st)(s)
+([az,2] 0 (b2 0 b2) o (b1 0 b1))#([a1,1] 0 by © b1)#bs
+([as,2] o (by 0 by 0 b2) o (by 0 by))#([a1,1] 0 by 0 by)#by
+(las,2] o (b1 0 by 0 by 0by) 0 (b1 ©b1))#([a1,1] 0 b1 © b1)#b:
—|—b5#([a171} o by ob3)
+b5#([a1,2] 0 b1 00) (s7)(st?)
+bs#([a1,3] 0 by o (b 0 by 0 by))
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Coefficient equation

Factorization

Degree 9 continued

s5t3 continued

+([a1,1] 0 bg 0 b1)#([az,1] o (b1 0 b1) 0 ba)
+(la1,1] 0 by 0 b1)#([a1,2] 0 bz o (b1 0 b1))
+([a1,1] 0 by 0 by)#([az,2] o (b1 o by) o (b1 0b1))
+([az1] 0 (b2 0 b2) 0 b1)#([ar,1] 0 b2 0 b2)
+([az,1] o (b2 0 b2) 0 b)#([a1,2] 0 bz © (by 0 b1))
+([az,1] 0 (b2 0 b2) 0 by)#([az.2] 0 (b1 0b1) o (b1 0 b1))
+([as,1] o (b1 0 by 0 ba) 0 b1)#([a1,1] 0 by 0 ba)
+(lasa] o (b1 0 by 0 by) 0 by)#([az,1] o (b1 o by) 0 b2)
+([as,1] o (b1 © b1 0 by) 0 b1)#([a1,2] 0 by © (b1 0 b1))
+([az] o (br 0 by 0 ba) 0 by)#([az,2] © (by o b1) o (b1 0b1))
+([as,1] o (b1 0 b1 0 by 0 by) 0 b1)#([a1,1] 0 b2 0 ba)
+([aa,1] o (b1 0 by 0 by 0 by) 0 by)#([az,1] o (b1 0 by) 0 ba)
+(lag] o (b1 © by 0 by 0by)obr)#([ar2] 0 by o (by 0b1))
+([a4,1] o (b1 0 by 0 by 0b1) 0 b1)#([az,2] © (b1 ©b1) © (b1 © b1))

+([a1,1] 0 b3 0 b2)#([az,1] 000 b1)
+([a1,1] 0 b3 0 ba)#([as 1] o (b1 0 by 0b1) 0 by)
+([az,1] 000 b2)#([a1,1] 0 b3 0 b1)
+([az,1] 000 b2)#([as,1] o (b1 0by 0 by) 0by)
+([az,1] 0 (b1 0 by 0 b1) 0 bo)#([a1,1] 0 bg 0 b1)
+([az,1] o (b1 0 by 0b1) 0 ba)F#([az,1] 000 by)
+([a1,2] 0 b3 0 (b1 © b1))#([a1,1] 0 b3 o by)
+([a1,2] 0 b3 0 (b1 © b1))#([az,1] 0 00 b1)
+([a1,2] 0 bz o (b1 0 b1))#([as.1] o (b1 0by 0 by) 0b1)
+([az,2] 000 (by 0 b1))#([a1,1] 0 bs o by)
+(laz,2] 0 00 (b1 0 b1))#([az,1] 0 00 by )
+([az,2] 000 (b1 0 b1))#([as1] o (b1 0 by 0b1) 0 by)
+([as,2] o (by o by oby) o (by 0by))#([a1,1] o bz oby)
+(las,2] o (b1 0 b1 0b1) 0 (b1 0 b1))#([az,1] 000 by)
+([ag,2] o (b1 oby 0by) o (by oby))#([az1] o (byobyoby)oby)

+([a1,1] 0 by 0 b3)#by
+([az,1] o (by 0 by) 0 bg)#by
+([a1,2] 0 ba 0 0)#by
+([az,2] o (b1 0 b1) 0 0)F#by
+([a1,3] 0 by o (by 0 by 0 b1))#bs
+([az,3] o (b1 0 b1) o (b1 0 b1 0 b1))#bs

(s*t)(s%t?)

(s°2)(s°1)

(s*£%)(s")
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Coefficient equation

‘ Factorization

Degree 9 continued

s%¢3 continued

+bs#([a1,1] 0 by 0 ba)#by
+bs#([a1,2] 0 by o (b1 0 b1))# b
([a1,1] obgo bl)#([ag,l} o (by 0 b1) o by)#by
+([az,1] o (b2 0 ba) 0 b1)#([a1,1] 0 bz © by)Fby
+([a3,1] o(byobyobg)o bl)#([aLl] 0 by 0 by )#by
+([az,1] o (b1 0 b1 0b2) 0 br)#([az,1] o (b1 0 b1) 0 b1)#b1
+([ag,1] o (b1 0 by 0 by 0 by) 0 by)#([ar,1] o by 0 by)#b
4,

+([a

1] o(byobyobyoby)o bl)#([a271] o (by oby) o by)#b

+([a1,1] 0 ba 0 b1)#([a1,2] 0 by o (b1 0 by))#b1

+([az,1] o (b2 0 ba) 0 by)#([a1,1] 0 by © ba)#by
+([az,1] 0 (b2 0 b2) 0 b1)#([a1,2] 0 by o (b1 0 b1))#b1
+([az,1] o (by 0 by 0 ba) 0 by)#([a1,1] 0 by 0 ba)#by

+([as,1] o (b1 0 by 0b2) 0 b1)#([ai,2] 0 b1 o (by 0 b1))#by

1] o (b1 obyobyoby)oby)#([ar,1] o by oby)#b
+([a4,1] o(byobyobyoby)o bl)#([alg] oby o (by oby))#b

+([a1,1] o bz 0 by)#bs#by
+([az,1] 0 00 ba)#bs#b
+([as,1] o (b1 0 by 0 b1) o by)#bs#by
+([a1,2] 0 bz o (b1 0 b1))#bs#b1
+([az,2] 000 (b1 0 by))#bs#b1
+(las,2] o (b1 0 b1 0 by) o (b1 0 by))#bs#b1

+([a1,1] 0 by 0 b2)#([az,1] o (by 0 by) 0 by)#by
+([az,1] 0 00 b2)#([a1,1] 0 b2 0 b1)#b1
+([az,1] o (b1 0 b1 0b1) 0 ba)#([a1,1] © b2 0 b1)#by
+([az,1] o (b1 0 by 0b1) 0 ba)#([az,1] o (b1 0 b1) 0 b1)#b1
—|—([a172} obgo(bo bl))#([al 1] 0 ba 0 by)#by
+([a1,2] 0 b3 0 (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)#bs
+(laz,2] 0 00 (b1 0 by))#([ar,1] 0 bg 0 b1)#by
+(laz,2] 0 00 (b1 0 b1))#([az,1] o (b1 0 b1) 0 by)#b1
+([a3)2] o(byobyoby)o(byo bl))#([al,l] 0 by 0 by )#b1
+([as,2] o (b1 0 b1 0b1) 0 (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)#b

+bs5#([a1,1] 0 by 0 by)#bo

+([a1,1] 0 bg 0 by)#ba#bo
+(laz,1] o (b2 0 b2) 0 b1)#ba#bs
+([as,1] o (b1 0 by 0 ba) 0 by )#ba#by
—|—([a4’1] o (by 0 by 0by 0by) oby)#ba#bs

(s1t)(s*t)(t)

(s1t)(st?)(s)

(s°¢2)(s%)(t)

(s°t%)(s%)(s)

(s18)(s*)(£)

(s°)(st)(?)
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Coefficient equation

Factorization

Degree 9 continued

s%¢3 continued

+([ag,1] 0 00 ba)#ba#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 by 0 b1) 0 ba)#bo#([a1,1]) 0 by 0 b1)
+([a1,2] 0 by o (b1 0 b1))#ba#([a1,1] by 0 b1)
+([az,2] 000 (b 0 b1))#ba#([a1,1] 0 by o by)
+([asz,2] o (b1 0 by 0b1) o (b1 0 b1))#ba# ([a1,1] 0 b1 0 b1)

+([az,1] o (b2 0 ba) 0 by1)#([a1,1] 0 b1 © by)#b1#b
+([as,1] o (b1 0 by 0 ba) 0 by)#([a1,1] 0 by 0 by)F#b1#by
+([a471] o(bjobiobioby)o bl)#([dl,ﬂ 0 by 0 by)#b1#b;

+ba7f([a1,1] © bg 0 ba)F£by
+ba7t([az,1] o (b1 0 b1) 0 ba)Ffby
+ba#([a1,2] 0 by o (by 0 b1))#by
+bs#([az,2] o (b1 0by) o (by 0 by))#by

+([a171] obzo bﬂ#([ag’l] o0o bl)#b1
+([G;1,1] o b3 o bl)#([ag,l] o (bl o b1 [¢] bl) o bl)#bl
+([a2 1] o0o bl) ([ag 1] (bl @) bl o bl) e} bl)#bl

+([a1,1] 0 by 0 b1)#([az,1] o (b1 0 by) 0 by)#by
+(la1,1] 0 bg 0 b1)#([a1,2] 0 bz o (b1 0 b1))#b1
+([a1,1] 0 bz 0 b1)#([ag,2] o (b1 0 b1) o (b1 0 b1))#b1
+([az,1] 0 00 b1)#([a1,1] 0 b2 0 ba)#b1
+([az,1] 0 00 by)#([a1,2] 0 by o (b1 0 by))#by
+([az,1] 000 b1)#([az,2] o (b1 0 b1) o (b1 0 b1))#b1
+([az,1] o (b1 0 b1 0b1) 0 br)#([ar,1] 0 b2 0 ba)#b1
+([as,1] o (b1 0 by 0 b1) 0 by)#([az,1] 0 (b 0 b1) 0 ba)#by
+([as,1] o (b1 0 b1 0b1) 0 b1)#([a1,2] 0 b2 o (b1 0 b1))#b1
+([as,1] 0 (b1 0 by 0 by) 0 b1)#([ag,2] o (by 0 b1) o (b1 © b1))#b1

+ba#([a1,1] 0 by 0 b1 )F#bo
+ba#([az,1] o (b1 0 by) 0 by)#bo

+b4#([a1,2] 0 by o (by 0 b1))#([a1,1] 0 by 0 by)

+([a1,1] o by 0 by )#bs#bs
+([az,1] o 0 0 by )#bs#b2
—|—([0,371] o (bl e} bl e} bl) o} bl)#bg#bg

"‘r([ag’l] o (b1 9] b1 o bl) o bl)#([ag,l] o) (bl o) bl) o bl)#([al’l] [¢) bl o bl)

(s°¢%)(s?)(st)

(s*)(st)(s)(t)

(s1)(s*2)(t)

(s°t)(s7)(t)

(s°)(s*¢%)(s)

(sD)(s*)(£)
(s1)(st*)(st)

(s°8)(s%)(£)

(s3t)(s%t)(st)
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Coefficient equation Factorization

Degree 9 continued
s5¢3

continued
+([a1,1] 0 b3 0 b1)#([a1,2] 0 by o (by 0 by))#bo
+([az,1] 0 00 b1)#([a1,1] 0 by 0 ba)#by
+(laz,1] 0 00 by)#([a1,2] 0 by o (b1 © by))#bs (s%)(st*)(s?)
+([as1] o (b1 0 by 0b1) 0 by)#([a1,1] 0 by 0 by)F#bo
+([a3,1] o(byobyoby)o bl)#([alg} o by o (by oby))#by
+([az,1] o (b1 0 b1) 0 ba)#bs#([ar,1] 0 by o by)
+([a1,2] 0 bg o (b1 0 b1))#bs#([ar,1] o by 0 b1) (s*t%)(s°) ()
([ag 2Jo(byoby)o(byo bl))#bg#([al,l] obyoby)
]
Jo

([a1 1 Ob20b2) ([a2 1] (b1 Obl)Obl)#bQ
+([az,1] o (b1 0 by) 0 ba)#([a1,1] 0 by 0 by)#b2
+([a1,2] 0 b2 © (b1 0 b1))#([ar,1] © bz © b1)#b> 22)(20) (&
+((arz] 0 by o (b1 0 b1))#([a21] © (by 0 by) 0 by )ty ()
+([az,2] 0 (b1 0 b1) o (b1 0 b1))#([a1,1] © b 0 b1)#bo
+([ag,2] o (b1 0 b1) o (by 0 by))#([az,1] o (b1 0 by) o by)#bo
+([a171] ] b3 o bl)#([all] o) (bl ) bl) [e] bl)#bl#bl
+(laza] 000 b1)#([ar,1] 0 by o by )#b1#by B (520 (s
+([asa] o (b1 0 b1 0 br) 0 by)#([a1.1] o by 0 by ) ba by (000
+([a371] o (bl e} bl e} bl) o bl)#([ag,l] e} (bl (e} bl) o bl)#bl#bl
+([ag,1] 0 00 by)#ba#([a1,1] © by © by)F#by B (s2)( s
(lasa] o (by o by 0 by) o by)dtba([ara] o by 0 by) by (D))
+b3#([a1,1] 0 ba 0 by)#([a1,2] 0 by o (by 0 b))

+b3#([az,1] o (b1 0 b1) o by)F#([a1,1] 0 by 0 b2) (s%)(s°t) (st?)
+b3#([a2’1} o (bl o bl) o bl)#([al’g] o b1 O (b1 o bl))
+b3#([az,1] o (b1 0 b1) 0 by)#([a1,1] o by 0 by)#by (%) (s°t)(st)(t)

+([a1,1] o bg o bl)#<[a271] [¢] (b1 o bl) o bl)#bg#bl (S2t>(82t)(82)(t>
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Coefficient equation Factorization

Degree 9 continued
544

S

0=
[a1,1] 0 b5 0 by
+lag,1] 000 by
+[as1] o (byoby obs + by obgobs)oby
+[a4,1] o0oby
+las1] o (byobiobiobroby)oly
+la1,2] 0 bs o (b 0 by)
+az,2] 000 (bg o by)
+ag,2] o (bi oby 0 bg + by 0byoby) o (beoby)
+[aq,2] 000 (bg 0bs)
+las,2] 0 (by 0by 0by 0by 0by) o (bg 0ba)
+la1,3] 0 b5 0 (b1 0by 0b2)
+[ag,3] 000 (by 0 by 0bs)
+[a373] o(byobyobs+byobyoby)o(byobyobsy)
+laa,s) 000 (by 0by 0bs)
+[as 3] o (by 0by oby oby oby)o (byobyoby)
+[a1,4] 0bs 0 (by 0byobyoby)
—|—[a2,4] o0o (bl objob;o bl)
+lag,a) o (by 0by 0obg + by 0byoby) o (byobyobyoby)
+[aga] 000 (by 0by 0by 0by)
+las,a] o (b1 obyobyobyoby)o(byobyobyoby)
+([a1,1] 0 bs 0 b3)#b1
+([az,1] 0 00 b3)#b1
+([as,1] o (by 0 by 0 b3 4 by 0 by 0 ba) 0 bg)#bs
+([a4’1] o0o b3)#b1
+([as,1] 0 (b1 0 b1 0 by 0 by 0 by) 0 bs)#by
—|—([a172] o b5 e} 0)#b1
+([az,2] © 00 0)#by
+([as,2] o (b1 0 b1 0 b3 + by 0 by 0 by) 0 0)#by (s5t3)(t)
+([ag,2] 0 00 0)#by
+([a572] o (byobyobyobyoby)o0)#by
+([a1,3] 0 b 0 (b1 0 by 0 b1))#b1
+([az,3] 000 (b 0 by 0b1))#bs
+([as,3) o (b1 0 by 0 bg + by o by 0ba) o (by 0 by oby))#b
—|—([a4,3} o000 (by obyoby))#by
+([as,3] 0 (b1 obyoby 0byoby) o (by 0byoby))#b
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Coefficient equation Factorization

Degree 9 continued

s°t* continued
+([a1,1] 0 by 0 by)#b1
+([az,1] o (b2 0 b2) 0 ba)#bs
+([as 1] o (b 0 by 0 ba) o by)#by
+([aq,1] 0 (b1 0 by 0 by 0 b1) 0 by)#by
—i—([al)g} 0 by o (b 0 b)) #by
+(laz,2] o (b2 0 b2) o (b2 © b2))#b
+([as,2] o (b 0 by 0 b2) o (by © ba))#by
+([as,2] o (by 0 by 0 by 0 b1) o (bg 0 by))#by
+([a1,3] 0 by o (b1 0 by 0 by))#by
+(laz,3] o (b2 0 b2) © (b1 © by 0 ba))#by
+([as,3] o (b1 0 by 0 ba) o (by 0 by 0 by))F#by
+([aa,3] 0 (b1 0 by 0by 0b1) o (by 0by 0by))#by
+([ag,4] 0bg o (b1 0 by 0 by 0b1))#by
+([az,4] 0 (b 0 ba) o (by 0 by 0 by © by))#b1
+([az,a] 0 (b1 0 b1 0b3) 0 (b1 0 by 0 by 0 by))#b1
+([aa,a] 0 (b1 0 by 0by 0b1) o (by 0by 0byoby))#b
+([a1)1} 0 by © b )#by
—|—([a271] o O o bg)#bg
+([az,1] © (b1 0 b1 0 b3 + by 0 by 0 b2) 0 by)#bo
+([a,1] 0 00 ba)#bs
+([as,1] © (b1 0 by 0 by 0 by 0by) 0 ba)#bo
+(la1,2] 0 bs o (b1 0 by))#b2
+([az,2] 000 (by 0 by))#bo
+([az,2] o (b1 0 by 0 bz + by 0 by 0by) o (by 0by))#bo
+([a4’2] o000 (by oby))#bs
+([a572] o(byobyobyobyoby)o(byoby))#bs

(s1t1)(s)

(s°4%)(t%)
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Coefficient equation Factorization

Degree 9 continued

s°t* continued
+([az,1] o (b2 0 b2) 0 b3)#£([a1,1] © by 0 by)
+([az,1] 0 (b1 0 b1 0 ba) 0 bg)#([a1,1] 0 b1 0 b1)
+([aa,1] 0 (b1 oby0oby 0by)0obs)#([a1,1] 0 b1 ob1)
+([a1,2] 0 bs 0 0)#([a1,1] 0 b1 0 b1)
+([az,2] o (ba 0 ba) 0 0)#([a1,1] 0 by 0 b1)
+([as,2] o (b1 0 by 0 b2) 0 0)#([a1,1] 0 by 0 b1) (s1t3)(st)
+([as,2] 0 (br o by o by 0by) 0 0)#([a1,1] 0 by oby)
+([a1,3] 0 b o (b1 0b1 0b1))#([ar,1] 0 b1 obr)
+([a273] o(bgoby)o(byobio bl))#([a1,1] obyoby)
+([az,3] o (b1 o by 0bg) o (by obyobr))#([ar,1] 0 b1 0by)
+([asa,3] 0 (b1 obyobyoby)o(brobyobr))#([a1,1]0biobr)
+([a1,1] 0 b3 0 by)#bo
+([a2’1] oQo b4)#b2
+([a3,1] o (b1 oby 0by)oby)#bs
+([a1,2] 0 bg o (by 0 ba))#bo
+([az,2] 0 00 (b2 0 b2))#bs
+([a3’2] o (by oby 0oby) o (bg obg))#by
+([a1,3] 0 by o (b1 0 by © ba))#ba
+([az,3] 000 (b1 0 by 0ba))#bo
+([as,3) o (b1 0 by 0by) o (by 0 by 0by))#bo
+([a1,4] 0 bg o (b1 0 by 0 by 0 by))#by
+([a2’4] o0o (bl objiobio bl))#bz
+([az,a] o (b1 oby 0by) o (b1 oby 0by oby))#bs
+([a1,1] o by 0 b3)#b1#b:
+([az,1] © (bz © b2) © b3)#b1#b,
+([as,1] o (b1 0 by 0 ba) 0 bg)#b1#by
+([aa,1] 0 (b1 0 by 0 by 0 b1) 0 bg)#b1#b:
+([a1,2] © by 0 0)#b1#b1
+([az,2] o (bg 0 b2) 0 0)#b1#b;
+([az,2] o (b1 0 by © ba) 0 0)#b1#by
+([aa,2] 0 (b1 0 by 0 by 0 b1) 0 0)#b1#bs
+([a1,3] 0 by o (by 0 by 0 by))#b1#by
+([az,3] o (b2 0 b2) o (b1 © by 0 by))#b1#b1
+([az,3] o (b1 0 b1 0 ba) o (b1 0 by 0 b1))#b1#£b1
+([aa,3] o (b1 0 by 0 by 0by) o (by 0by 0by))F#bi1#b1

(s°%)(s)

(s%)(s)(2)
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Coefficient equation Factorization

Degree 9 continued
sott

continued
+([a1,1} o by obl)#bg,
+([ag,1] 0 00 by)#bs
+([a371} o (b1 0oby 0bg + by 0bgoby)oby)#bs (55t)(t3)
+([as,1] 0 00 b1)#b3
+([as,1] 0 (b1 0 by 0 by 0 by 0by) © by)Fb3
+([a1,1] 0 by 0 b2)#([a1,2] 0 by o (b1 0 by))
+([az,1] o (ba 0 ba) 0 ba)#([a1,1] 0 by 0 b2)
+([az,1] 0 (b2 0 b2) 0 ba)#([a1,2] 0 by o (b1 0 b1))

+ [ag 1Jo(byobiobg)o bg)#([al,l] oby oby)
+([az,1] o (b1 0 b1 0b2) 0 ba)#([a1,2] 0 b1 o (b1 0 b1))
+([aa,1] 0 (b1 0 by 0by 0b1) 0 ba)#([a1,1] 0 b1 0 b2)
+([ag,1] o (b1 0 b1 0 b1 0 br) o ba)#([a12] 0 b o (b1 0b1))
+([a1,2] 0 bg o (b1 0 b1))#([a1,1] 0 b1 0 ba)
+([az,2] o (b2 0 b2) o (b1 0 b1))#([a1,1] 0 b1 0 b2)
+([az,2] o (b2 0 ba) o (by 0 by))#([a1,2] 0 b1 o (b1 0by))
+([as 2] o (b1 0 b1 0b2) o (b1 0 b1))#([a1,1] 0 b1 0 b2)
+([az,2] 0 (b1 0 by 0 by) o (b1 0 b1))#([a1,2] 0 b1 o (b1 0 b))
+([as,2] 0 (b1 0by 0by 0by) o (b1 0b1))#([ar,1] 0 b1 0b2)
+([aa,2] 0 (b1 0 b1 0 b1 0b1) o (b1 0 b1))#([a1,2] 0 b1 0 (b1 0 b1))
+([a1,1] 0 b3 0 bg)#([az,1] o (b1 0 b1) 0 b1)
+([az,1] 0 00 b3)#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 by 0 by) 0 bz)F#([ar 1] 0 bg 0 by)
+([az,1] o (b1 0 by 0 by) 0 bz)#([az,1] o (b1 0 by) 0 by)
+(la1,2] 0 b3 0 0)#([a1,1] 0 bz 0 by)
+([a1,2] 0 b3 0 0)#([az,1] o (b1 0 b1) 0 b1)
+([az,2] 0 00 0)#([a1,1] 0 b2 0 b1)
+([az,2] 0 00 0)#([az 1] o (b1 0 b1) 0 by)
+(las2] o (b1 0 b1 0b1) 0 0)#([a1,1] © b2 0 b1)
+([az,2] o (b1 0 b1 0 by) 0 0)#([az1] o (br 0 b1) 0 by)
+([a1,3] 0 bz o (by 0 by 0 b1))#([a1,1] 0 b2 0 by)
+([a1,3] 0 b3 0 (b1 0 b1 0b1))#([az,1] o (b1 0 b1) 0 b1)
+([az,3] 000 (b1 0 by 0b1))#([a1,1] 0 b2 0b1)
+([az,;3] 000 (b1 0 by 0b1))#([az1] o (b1 ob1) 0 by)
+([az,s] o (b1 obyoby) o (b1 obyobr))#([ar,1] 0 b2 0by)
+([as,3] 0 (b1 0 b1 0b1) o (b1 0 by 0 b1))#([az,1] 0 (b1 0 b1) 0 by)

(s1¢%)(st%)

(s3t3)(s%t)
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Coefficient equation

Factorization

Degree 9 continued

s°t* continued

+([a1,1] 0 by 0 by)#bs3
+([az,1] o (b1 0 by) 0 by)#bs3
+([a1,2] 0 ba o (by 0 ba))#bs3
+(laz,2] o (b1 0 b1) o (b2 0 b2))#bs
+([a1,3] 0 b2 o (by 0 by © by))#b3
+([az,3] o (b1 0 b1) o (b1 0 b1 0 ba))#b3
+(la1,4] 0 bz 0 (b1 0 by 0 by 0b1))#bs

+([ag,4] o (by 0 by) o (by 0 by 0 by 0 by))#bs

+([az,1] o (b2 0 ba) 0 ba)#([a1,1] 0 by © by)Fby
+([as,1] o (b1 0 by 0 ba) 0 ba)#([a1,1] 0 by © by)#by
+([ag,1] o (by o by o by 0by) o ba)#([a1,1] 0 by o by)#by
+([a1’2} obgo(byo bl))#([al,l} o by 0 by)#by
+([az,2] o (b2 0 ba) o (b1 0 b1))#([a1,1] 0 by 0 b1)#by
—|—([a3,2] o(byobyobg)o(byo bl))#([aLl] o by oby)#by
+([as,2] o (b 0 by 0by 0 by) o (by 0 by))#([ar,1] 0 by o b1)#by

+([a1,1] 0 by 0 ba)F#ba#by
+([az,1] o (b2 0 ba) © by )#ba# by
+([as,1] o (b1 0 by 0 b2) 0 ba)Fbatby
+([as,1] © (b1 0 by 0 b1 0 by) 0 ba)H#HbaF#by
+([a1,2] 0 bg o (b1 © by))#ba#by
+([az,2] o (b2 0 b2) o (b1 0 b1))Fbo#b1
+(las,2] o (b1 0 b1 0 ba) 0 (b1 0 by))#ba#b1
+([aq,2] © (b1 0 by 0 by 0b1) 0 (b 0 b1))H#ba# b1

+([a1,1] 0 bs o b3)#ba#by
+([az,1] © 0 0 b3)#ba#by
+([as,1] o (b1 0 by 0 b1) o bg)#ba#by
+([a1,2] 0 b3 0 0)#ba#by
+([az,2] 0 00 0)#ba#b1
+(las,2] o (b1 0 b1 0 b1) 0 0)#ba#b1
+([a1,3] 0 bg o (b1 0 by 0 by))H#baFtby
+([az,3] 000 (by 0 by 0 b1))#batby
+([a373} o (by oby oby) o (by oby oby))#ba#by

(s*t1)(s%)

(s1¢%)(st)(t)

(s*2)(#)(s)

(s°%)(s*)()
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Coefficient equation Factorization

Degree 9 continued

55t continued
+(laz,1] 0 00 bg)#([a1,1] 0 by © by)#by
+([as,1] o (b1 0 by 0 b1) 0 b3)#([a1,1] © by 0 by)#by
+([a1,2] 0 bg 0 0)#([a1,1] 0 b1 0 b1)#b:
+([a272] o0o 0)#([&171] o by 0 by)#b;
+(las,2] o (b1 0 b1 0 by) 0 0)#([a1,1] © by 0 b1)#bs
+([a1,3] 0 b3 0 (b1 © by 0 b1))#([a1,1] © by 0 by)#b1
+([az,3] 000 (by 0 b1 0 b1))#([a1,1] © by 0 by)#b1
+([a3,3] o(byobioby)o(biobio bl))#([am] o by 0 by)#b
bbby (°) (1)
+([a1,1] 0 by 0 b1)#([a1,2] 0 by 0 0)
+([a1,1] 0 by o by)#([a1,3] 0 by o (by 0 by 0 1))
+([az2,1] © (b2 © b2) 0 b1)#([a1,1] © by 0 bs)
+([az2.1] © (b2 0 b2) © b1)#([a1,2] © b1 ©0)
+([aza] o (b2 0 b2) 0 by)#([a1,3] 0 by o (b1 0 by 0 by))
+([az,1] o (b 0 by 0 ba) 0 by)#([ar,1] © by o bs) (s*t)(st?)
+([as,1] © (b1 © b1 0 b3) 0 b1)#([a1,2] © by 0 0)
+([as,1] o (b1 0 by 0 b2) 0 b1)#([a1,3] 0 by o (b1 © by 0 b1))
+([aa,1] 0 (b1 0 b1 0 b1 0b1) 0 br)#([ar,1] o by o b3)
+([ag,1] o (b 0 b1 0 by 0b1) 0 by)#([ar,2] 0 b100)
+([aa1] 0 (b1 obrobyobr)obi)#([ai,z] obio(brobioby))

(s°t%)(st)(s)
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Coefficient equation Factorization

Degree 9 continued

s°t* continued
+([a1,1] 0 bg 0 ba)#([az,1] o (b1 0 b1) 0 ba)
+([a1,1] 0 b3 0 ba)#([a1,2] 0 bz o (b1 © b1))
+([a1,1] 0 bz 0 ba)#([az,2] © (b1 0 b1) o (b1 0 by))
+([az,1] 0 00 ba)#([a1,1] 0 by 0 b2)
+([az,1] 0 00 b2)#([a1,2] 0 ba o (b1 0 b1))
+([az,1] 0 00 bo)#([az,2] o (b1 0 by) o (b1 0 b1))
+([az,1] o (by 0 by 0 by) 0 ba)F([ar 1] 0 by 0 ba)
+([az,1] o (b1 0 by 0 b1) 0 ba)#([az,1] o (b 0 by) 0 b2)
+([az,1] o (b1 0 b1 0 b1) 0 ba)#([a1,2] 0 bz o (b1 0 b1))
+([asz,1] o (b1 0 by 0 b1) 0 ba)#([az,2] o (b1 0 by) o (by 0 by))
+([a1,2] 0 bz o (by 0 by))#([a1,1] 0 by 0 ba)
+([a1,2] 0 b o (by 0 b1))#([az,1] o (b1 0 b1) o ba)
+([a1,2] 0 bs o (b1 0 b1))#([az,2] o (b1 0 b1) o (b1 0 b1))
+([az,2] 0 00 (b1 0 b1))#([a1,1] 0 bz 0 bs)
+([az,2] 0 00 (b1 0 by))#([az,1] o (b1 0 b1) 0 ba)
+([az,2] 000 (b1 0b1))#([a1,2] 0 by o (b1 0 b1))
+(las,2] o (b1 0 b1 0b1) 0 (b1 0 b1))#([ar,1] 0 bg 0 bs)
+([az,2] o (b1 0 b1 0 by) o (by 0 b1))#([az,1] o (b1 0 b1) 0 b2)
+([az,2] 0 (b1 0 by 0 b1) 0 (b1 0b1))#([a1,2] 0 ba o (b1 0 b1))
+([az,2] 0 (b1 0 by 0b1) o (b1 0b1))#([az,2] o (b1 0b1) o (b 0b1))
+([a1,1] 0 bg 0 b3)#([az1] 000 by)
+([a1,1] 0 b 0 b3)#([as,1] o (by 0 by 0 by) 0 b1)
+([az,1] o (b1 0 by1) 0 b3)#([a1,1] 0 bs 0 by)
+([az,1] o (b1 0 by) o b3)#([as,1] o (by oby0by) 0 by)
+([a1,2] 0 ba 0 0)#([a1,1] 0 b3 o by)
+([a1,2] oby o 0)#([a2’1] o0o bl)
+([a172] oby o 0)#([&371} o (b1 obyo bl) o bl)
+([az,2] o (b1 0 b1) 0 0)#([a1,1] 0 b3 0 b1)
+([az,2] o (b1 0 b1) 0 0)#([az,1] 000 by)
+([az,2] 0 (b1 0 b1) 0 0)F#([as1] o (by 0 by 0 b1) 0 by)
+([a1,3] 0 bg o (b1 0 by 0 b1))#([a1,1] 0 bg 0 b1)
+([a1,3] oby o (bl ob; o bl))#([ag,l] o0o bl)
+([a1,3] 0bg o (b1 0by 0b1))#([az,1] o (b1 0by 0 b1)0br)
+([ag,3] o (b1 0 b1) o (by 0 by 0b1))#([a1,1] 0 bs 0 b1)
+([az,3] o (b1 0b1) o (b1 0 by 0 b1))#([az,1] 000 by)
+([az,3] 0 (b1 0b1) o (b1 0 by 0 b1))#([az,1] o (b1 o b1 0b1) 0 by)

(s°¢%)(st?)

(s26)(s°)
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Coefficient equation

Factorization

Degree 9 continued

s®t* continued

+([a1,1] 0 b1 0 by)#by
+([a1,2] 0 b1 o (by 0 ba))#by
+([a1 3] 0 by o (by 0by 0by))#by
—|—([a1 4]obio(byobyobyoby))F#by

+(la1,1] 0 by 0 b1)#([a1,2] 0 by o (b1 0 b1))#b1
+([az,1] o (ba 0 b2) 0 b1)#([a1,1] 0 b1 © ba)#b1
+([az,1] o (b2 0 b2) 0 by)#([a1,2] 0 by o (b1 0 by1))#b1
+([ag 1] o (b 0 by 0 b2) 0 by)#([a1,1] 0 by o ba)#by
+([as,1] o (b1 0 b1 0b2) 0 by)#([a1,2] 0 b1 o (b1 0 br))#b1
+([a4,1] o(byobyobyoby)o bl)#([al,l] o by 0be)#by
+([aa,1] 0 (b 0 by 0 by 0b1) 0 by)#([a1,2] 0 by o (by 0 by1))#b

+([a1,1] 0 by 0 by)#b3#by
+([az,1] o (ba 0 b2) 0 b1)#bs#by
+([az,1] o (b1 o by 0 by) 0 by )#b3#by
+([ag,1] © (b1 0 by 0 by 0 by) o by)#bs#by

+([a1,1} obszo bz)#([ag)l] o (by 0 by) 0 by)#by
+([az,1] 0 00 b2)#([a1,1] 0 b2 0 b1)#b1
+([as,1] o (b1 0 by 0b1) 0 bo)#([a1,1] 0 by © by)#by
+([az,1] o (b1 0 by 0b1) 0 ba)#([az,1] o (b1 0 b1) 0 b1)#b1
+([a1,2] 0 bz o (b1 0 b1))#([a1,1] 0 ba 0 b1)F#bs
+([a1,2] 0 bz o (b1 0 b1))#([az,1] o (b1 0 b1) 0 by)#b1
+([az,2] 0 00 (b1 0 br))#([a1,1] 0 ba 0 b1)#by
+([az,2] 0 00 (by 0 by))#([az,] o (b1 0 b1) © by )#b1
+([as 2] o (b1 0 by 0b1) o (by 0 b1))#([a1,1] 0 b2 0 b1)#b1
+([as2] o (b1 0 by 0 by) 0 (b1 0b1))#([az,1] 0 (b1 0 b1) 0 by)#by

+([a1,1] 0 bg 0 ba)#([a1,2] 0 by o (b1 0 b1))#b1
+([az,1] 0 00 b2)#([a1,1] 0 b1 © ba)#b1
+([az,1] 0 00 ba)#([a1,2] 0 by o (b1 0 by))#by
+([az,1] o (by 0 by 0by) 0 ba)#([a1,1] 0 by 0 ba)#by
+([as,1] o (b1 0 by 0 b1) 0 ba)#([a1,2] 0 by o (b1 © by))#by
+([a1,2] 0 b3 0 (b1 0 b1))#([a1,1] 0 b1 0 ba)#b1
+([az,2] 000 (by 0b1))#([a1,1] © by 0 be)#b1
+([CL272] o0o (b1 o bl))#([al,g] ob;o (b1 o bl))#b1
—|—([a3,2] o(byobyoby)o(byo bl))#([aLl] 0 by 0 by)#by
+([asz,2] 0 (b1 0 b1 0b1) o (b1 0 b1))#([a1,2] 0 b1 o (b1 0 b1))#b

(s1t)(st*)(t)

(s*)(*)(s)

(s°¢%)(s*t)(1)

(s°¢%)(st*)(s)




APPENDIX A. THE RAVENEL-WILSON RELATIONS 159

Coefficient equation Factorization

Degree 9 continued

s°t* continued
+(la1,1] 0 ba 0 bs)#bs#b1
+([az,1] o (b1 0 1) 0 b3)#bs#b
+([a1,2] 0 bz 0 0)#bs#by
+([az,2] o (b1 0 b1) 0 0)#b3#b1
+([a1,3] 0 b2 © (b1 0 by 0 b1))#b3#b1
+([az,3] o (b1 0 by) o (by 0 by 0 by))H#bs#by
+(la1,1] 0 bz 0 b3)# ([az1] o (by 0 b1) 0 by)#by
+([az,1] o (b1 0 b1) 0 b3)#([a1,1] © ba 0 b1 )#b1
+([a1,2] 0 ba 0 0)#([a1,1] 0 b2 0 b1)#by
+([a1,2] 0 b2 0 0)#([az,1] o (b1 0 b1) 0 b1)#bs
+([az,2] o (b1 0 b1) 0 0)#([a1,1] 0 b 0 by)#by
+([az,2] 0 (b1 0b1) 0 0)#([az,1] © (b1 0b1) 0 by )#b1
+([a1,3] 0 by o (by 0 by 0by))#([a1,1] 0 ba 0 by)#by
+([a1,3] 0 by o (by o by 0b1))#([az,1] o (b1 0 by) o by)#by
+([az,3] o (b1 0 by1) o (by 0 by 0by))#([a1,1] 0 bz 0 by)Fby
+([az,3] 0 (b1 0b1) o (by 0 by 0b1))#([az,1] o (b1 0b1) 0 by)F#by
+([az,1] o (bz 0 b) 0 by)#([a1,1] 0 by 0 by)#bo
+([az,1] o (by 0 by 0 ba) 0 by)#([a1,1] 0 by 0 by)#bo (s't)(st) ()
+([aa,1] 0 (b1 0 b1 0 by 0 b1) 0 b1)#([a1,1] © b1 © by)#bo
+([a1,1] 0 bz 0 ba)#ba#by
+([az,1] 0 0 0 ba)#ba#bo
+([asz,1] o (b1 0 by 0 b1) 0 bo)#ba#by
+([a1,2] 0 b3 o (b1 0 b1))# b2 by
+([ag,2] 0 00 (b1 0 by))#ba#tby
+([as,2] © (b1 0 b1 0 by) o (by 0 b1))#ba#bs
+([az,1] o (b1 0 b1) 0 b3)#ba#([a1,1] 0 by 0 by)
+([a1,2] 0 by 0 0)#ba#([a1,1] 0 by 0 by)
+(laz,2] o (b1 0 b1) 0 0)#ba#([a1,1] © by 0 1) (s2t3)(s?)(st)
+(la1,3] 0 b2 © (b1 0 by 0 b1))#ba#([a1,1] 0 by 0 b1)
+([ag,3] o (b1 0 b1) o (by 0 by 0 b1))F#ba#([a1,1] 0 by 0 by)
+([az,1] 0 00 ba)#([a1,1] 0 by © by )#b1#b1
+([az,1] o (b 0 by 0 by) 0 ba)F#([a1,1] 0 by 0 by)#b1#by
+([a1,2] 0 bz o (b1 0 by))#([a1,1] © by 0 by)#b1#by (s3t%)(st)(s)(t)
+([az,2] 000 (b1 0 b1))#([ar,1] 0 b1 o by)#bi#b1
+([az,2] o (b1 0 b1 0 by) o (by 0 b1))#([a1,1] © by 0 b1)#b1#by

(s2£%)(s%) (1)

(s2£%)(s7t)(s)

(s°t%)(s*)(£)
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Coefficient equation Factorization

Degree 9 continued

s°t* continued
+ba#([a1,1] 0 by 0 b3)#by
+ba#([a1,2] 0 by 0 0)#b; (sH)(st)(t)
+ba#f([ar,3] 0 by o (b1 0 by 0 by1))#by
+([a1,1} obszo bl)#([ag)l] o (by 0 b1) 0 by)#by
+([a1,1] 0 b3 0 by)#([a1,2] 0 by o (by 0 by))#b1
+([a1,1] 0 by 0 b1)#([az,2] o (b1 0 b1) o (by 0 by))#b1
+([az,1] 0 00 b1)#([a1,1] 0 bz 0 ba)#b1
+([az,1] 000 b1)#([a1,2] 0 bz o (b1 0 b1))#b1
+([az,1] 000 by)#([az2] o (b1 0 b1) o (b1 0 b1))#b1
+([az 1] o (b1 0 by 0b1) 0 bi)#([a11] 0 bg 0 ba)F#bs
+([az,1] o (b1 o by ob1) obi)#([az,1] o (b1 0b1) 0 ba)#b1
+([az,1] o (b1 0 by 0b1) 0 br)#([ar,2] 0 by o (b1 0 by))#b1
+([as,1] 0 (b1 0 by 0 by) 0 b1)#([ag,2] o (b1 0 b1) o (b1 © b1))#b1
+([a1,1] 0 bz 0 b1)#([a1,2] 0 b1 0 0)#by
+([a1,1] 0 b3 0 b1)#([a1,3] 0 by o (b1 0 by 0 b1))#b1
+([az,1] 0 00 by)#([ar,1] 0 by 0 b3)#by
+([az,1] 0 00 by)#([a1,2] 0 by © 0)#by
+([ag,1] 000 b1)#([a1,3] 0 by o (b1 o by 0 by))#b1
+([az,1] o (b1 0 b1 0b1) 0 br)#([a1,1] 0 by o b3)#by
+([az1] o (b1 0 by 0b1) 0 by)#([a1,2] 0 by 0 0)#b1
+([a3,1] o(byobioby)o bl)#([a1,3] o0by o (byobyoby))#b
+([a1,1] 0 bg 0 ba)#([az,1] o (b1 0 b1) 0 b2)#by
+([a1,1] 0 be 0 ba)#([a1,2] © by o (b1 0 b1))#bs
+([a1,1] 0 b 0 ba)#([az,2] o (by 0 b1) o (b1 0 b1))#b1
+([az,1] 0 (b1 0 b1) 0 ba)#([a1,2] 0 b o (b1 0 b1))#b1
1] © (b1 0 by) 0 b2)#([az,2] o (b1 0 by) o (b1 0 by))#by
2] 0 bz o (b1 0 b1))#([az,2] o (b1 0 b1) © (b1 © by))#b:
+ba#([a1,1] 0 by 0 ba)#by AN/ 4 102
+ba#([a1,2] 0 by o (b1 0 b1))#b2 (=)
+ba#bs#([ar,1] 0 by 0 by) (1)) (st)
+(la1,1] 0 by 0 b1)#([az1] o (b1 0 b1) © br)#b2
+([a2’1] o0o bl)#([al,l] 0 by 0 by )#by

(s°)(s*¢%)(1)

(s°t)(st?)(s)

(s2t%)(s*t%)(s)

+(laz °
+([(l1 o

)
s

31) (s24) (12

+([az,1] o (b1 0 by 0 by) 0 by)#([ar,1] © ba 0 by )#bs (s°t)(s°1)(¢°)
+([az1] o (b1 0 b1 ob1) o bi)#([az1] o (b1 0 b1) 0 by)#bo -
+([az,1] © 00 by )#([a1,2] 0 by o (by 0 b1))#([a1,1] 0 b1 0 by) (s3t)(st?)(st)

+([as,1] o (b1 0 by 0 by) 0 b1)#([a1,2] 0 by o (by 0 b1))#([a1,1] 0 by 0 by)
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Coefficient equation Factorization
Degree 9 continued
s°t* continued
+([a1,1] 0 bs 0 b1)#bs#bs
(s*1) (%) (s?)

+([az,1] 0 0 0 b1)#bs#£bo
+([az,1] o (b1 0 b1 0 b1) 0 b1)#bs#b2
+([a1,1] 0 ba 0 bo)#b3#b2
+([az1] o (b 0 b1) © by)F#bs#ba - )
+([a1,2] 0 ba o (b1 © b1))#bs#ba (s*)(s) (")
+([az,2] o (b1 0 b1) o (b1 © b1))#b3#b2
+([a1,2] 0 bg o (b1 0 by))#([az,1] o (b1 0 b1) o by)#([a1,1] 0 b1 0 by) $242)(s24) (s
H(la22) 0 (b1 0b1) o (by 0 b))zl o (by o b) o by)llan ] obroby) | DY
+([a1,1] 0 bg 0 ba)#([a1,2] 0 by o (b1 0 b1))#bo
+([ag,1] o (b1 0 b1) 0 ba)#([a1,1] © by 0 ba)#bo
+([az,1] 0 (b1 0 b1) 0 ba)#([a1,2] 0 by o (b1 © by))#ba
+([a1,2] 0 b2 o (b1 0 b1))#([a1,1] 0 b1 0 ba)#bo (5°8)(£°)(%)
+([ag,2] o (b1 0 b1) o (b1 0 by))#([a1,1] © by 0 ba)#bo
+([az,2] o (b1 0 b1) o (by 0 b1))#([a1,2] © by o (b1 © b1))Fb2
+(la1,2] 0 b1 0 0)#bs#([a1,1] 0 by 0 b1) 13 (s7) (s
(fan,a] 0 by o (b1 0 by 0 by)) by ([ar] o by o by) (s£5)(%)(st)
+([a1,1] 0 by 0 bs)#([az,1] o (b1 0 by) o by)#bo
+([a1,2] 0 b1 0 0)#([a1,1] 0 bz 0 b1)#bo

+([a1,2] 0 b1 0 0)#([az,1] o (b1 0 by) o by)#by (st%)(s%t)(s%)
+([a1,3] 0 b1 0 (b1 0 by 0 b1))#([a1,1] 0 b2 0 b1)#bs
+([a1,3] O b1 o (b1 o b1 e} bl))#([azﬂ o (b1 o bl) (e} bl)#bg
+([a1,1] 0 b3 0 by)#([a1,2] 0 by o (b1 0 b1))#b1#b
+([az,1] 0 00 by)#([a1,1] 0 by 0 ba)#b1#b
(s°t)(st?)(5)(t)

+([az,1] 000 b1)#([ar,2] 0 by o (b1 0 b1))#b1#b1
+([a3 1] (bl o b1 o bl) o bl) ([al 1] o b1 (¢] bg)#bl#bl
+([as,1] o (b1 0 b1 0 b1) 0 b1)#([a1,2] 0 b1 © (b1 © b1))#b1#be
+([a1,1] 0 bg 0 ba)#([az,1] © (b1 0 by) o by)#b1#by
+([az,1] o (b1 0 b1) 0 ba)#([a1,1] 0 ba 0 by)#b1#b:
+([a1,2] 0 by o (b1 0 by))#([ar,1] 0 by 0 by)#b1#b; $242)(s20) (s
+({ara] b o (by 0 br)#([aza] o (by 0 b) 0 by )by ey ()0
+([az,2] o (b1 0b1) o (b1 0 b1))F([a1,1] © bz 0 by )#b1#by
+([(1272] e} (bl (¢] bl) (¢] (bl o bl))#([agvl] o (bl o bl) o bl)#bl#bl
+([az,1] 0 00 b1)#([a1,1] 0 b1 0 b1)#ba#b1 9
‘*‘([%,l] o (bl obyo 51) © bl)#([al,l] obyo b1)#bz#b1 (s3t)(st)(t )(8)
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Coefficient equation

Factorization

Degree 9 continued

s°t* continued

+([az,1] o (b1 0 b1) © ba)#ba#([ar,1] 0 by 0 b1)#bs
+([a1,2] 0 b o (by 0 by))#ba#([a,1] 0 by 0 by)#b1
+([az,2] o (b1 0 by) o (by 0 b1))F#ba#([a1,1] 0 by 0 by)#by

+bs#([a1,1] 0 by 0 b1)F#bs
+b3#([a271] o (bl @) bl) @) bl)#bg

+b3#([a1,1] 0 by 0 ba)#([a1,2] 0 by o (by 0 b)) (s%)(st?)(st?)
+([a1,1] 0 ba 0 b1)#([az,1] o (b1 0 b1) 0 by )#([a1,2] 0 b1 o (b1 0 b1)) (s°t)(5°t)(st?)
+b3#([a1,2] © by o (b1 0 b1))#([a1,1] o by 0 by)#by (%) (st?)(st)(t)

+([a1,1] 0 b2 0 b1)#([az,1] 0 (b1 0 b1) 0 b1)#ba#tby (s*t)(s%)(t%)(s)
+([a1,1] 0 ba 0 b1)#([a1,2] 0 b1 o (b1 0 b1))#ba#tby
+([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by o ba)#ba#b: (s%t)(st?)(s%)(t)
+([az,1] 0 (b1 0b1) 0 b1 )#([a1,2] 0 b1 0 (b1 0 b1))#ba2#b1
+([az,1] o (b1 0 by) 0 by)#([a1,2] 0 by o (by 0 b1))#([ar,1] 0 by o b1 )#by (s*t)(st*)(st)(s)
+([az,1] 0 (b1 0 b1) © by)#ba#([a1,1] 0 b1 © b1)F#bo (8275)(32)(875)(152
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Coefficient equation

Factorization

Degree 10

s9t

0=

[01,1] o bg 0 by
+[as,1] 000 by
—l—[ag,l} o(byobyoby+byobygoby+byobyobs+bszobsobs)ob
+las1] 000 by
+las1]o(byobiobiobyobs+biobyobyobyoby)oby
+ag,1] 000 by
+laz1]o(byobiobyobyobyobyobg+byobyobyobyobyobyoby)ob
+lag1] 000 by
+lag1]o(byobyobiobyobiobyobiobyoby)oby
+bo#b1
+([a1,1] 0 bg 0 by )#by
+([az] o (bg © ba) 0 by)#b:
—|—([a371] o (byoby obg+ ba obgoby+ byobsobs)oby)#by
+([a471] o (bg 0 bg 0 by 0 by) 0 by)#b1
+([as,1] 0 (b1 0 by 0 by 0 by 0 by) 0 by )#by
+([ag,1] © (b1 0 by 0 by 0 by 0 by 0 by) 0 by)#by
+([az,1] o (b1 o by 0oby oby oby oby obs)oby)#b
+([ag1] o (b1 obyobyoby obyobyobyoby)oby)#b
+bg#([a1,1] 0 by 0 by)
+([a1,1] 0 by 0 by)#by
+([az,1] 000 by)#bo
+([az,1] 0 (b1 0 by 0 bs + by 0 bg 0 b + ba 0 ba 0 bs) 0 by)#ba
+([a4’1] oQo bl)#bg
+([a571] o (by 0by 0by 0by 0b3)oby)#by
+([ag,1] © 00 by)#bo
+(Ja7,1] o (b oby 0 by 0 by 0 by 0by 0by) 0 by)#bo
—|—b7#([a1,1} obgoby)
+br#([az,1] 0 (b1 0 b1) 0 b1)
+([a1)1} o bg o bl)#bg
+(laz,1] o (b3 0 b3) 0 b1)#bs
+([az,1] o (b1 0 by 0 by + by 0 by 0 ba) 0 by)#bs3
+([as,1] 0 00 by )#bs
+([as,1] 0 (b1 0 by 0 by 0 by 0 ba) © by)F#bs
+([a671] o(byobyobyobyobyoby)oby)#bs

(s%)(st)

(s°t)(s%)




APPENDIX A. THE RAVENEL-WILSON RELATIONS 164

Coefficient equation Factorization

Degree 10 continued

5%t continued
—I—bg#([al)l} obgoby)
+be#([az,1] 00 0by) (s%)(s°1)
+be#([az,1] o (b1 obyoby)oby)
+([a1,1] 0 b5 0 b1)#bs
+([az,1] © 00 b1)#bs
+([as,1] o (b1 0 by 0 bg + by 0 by 0 by) 0 by)#ba (s%t)(s*)
+([a4,1] 000 by)#by
+([as,1] o (b1 0 by o by 0 by 0by)oby)#by
+bs#([a1,1] 0 by 0 by)
+b5#([az,1] 0 (b2 0 ba) 0 b1)
+bs# ([as,1] o (by 0 by 0 bg) 0 b1)
+b5#([as,1] o (b obyoby oby)oby)
s3¢2

bio =

[a1,1] 0 bg 0 by
+[az,1] o (b 0 by) 0 by
+[as 1] o (b1 0by 0bg + by 0by 0by + by 0bg0bs)oby
+]aq,1]) 0 (ba 0bg 0 by 0 ba) 0 by
+as1] o (byobyoby obyoby)oby
+[ag,1] o (b1 0 by 0 by 0 by 0by 0 by) 0 by
+[a7,1] o(byobyobyobyobyobyoby)oby
+]ag,1] o (byobyobyobyobyobioboby)oby
+la1,2] o bg o (by oby)
+[ag,2]) o (bg 0 bg) o (by 0 by)
—‘r[ag)g]o(bl obyobg+ by obyoby+boobsobs)o(byoby)
+laq,z]) 0 (baoby 0by0by) o (byoby)
+las2] o (byobiobiobyoby)o(bioby)
+[ag 2] o (by 0by 0by 0by 0byobg)o(byoby)
+[azz] o (byobyobyobyobyobyoby)o(byoby)
+lag2] o (b1 obiobyobyobyobyobioby)o(byobr)
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Coefficient equation

Factorization

Degree 10 continued

s8¢2 continued

+([a1,1] 0 bg 0 by)#b1
+([az1] o (bg © ba) 0 by)#b:
—|—([a3’1] o (byoby obg+ bg obyoby+ byobzobs)oby)#by
+([a471] o (bg 0 by 0 by 0 by) 0 by)#by
+([as,1] 0 (b1 0 by 0 by 0 by 0by) 0 b1)F#bs
+([ag,1] © (b1 0 by 0 by 0 by 0bg 0ba) 0 by )by
+([az,1] 0 (b1 0 by 0by 0 by 0by 0by 0by) 0 by)H#by
+([G8)1] o(byobyobyobyobyobyobyoby)oby)#b

+([a1,1] 0 by 0 ba)#by
+([a271] o0o bg)#bl
—|—([a371] o (by 0by 0bs + by 0bg 0bs + ba 0 bg 0b3) 0 ba)H#by
—|—([a471] o 0 o bg)#[h
+([as,1] 0 (b1 0 by 0 by 0 by 0 b3) 0 by)#by
+([ag,1] © 00 ba)#by
+([az,1] o (b1 oby 0obyoby obyobyoby)oby)#b
—|—([a1,2} o by o (by oby))#by
—|—([a272] o000 (by oby))#by
+([az,2] o (b1 0 by 0 bs + by 0 bz 0 bz + by 0 by 0bz) o (b 0by))#by
—1—([(14’2] o000 (by oby))#b
+([a572] o(byobyobyobyobs)o(byoby))#b
+([ag,2] 000 (by 0 by))#b1
+(laz2] o (b1 obyobyobyobyobyoby)o (byoby))#bi

+bsF#bo

+([az,1] 000 b1)#([ar,1] o brobr)
+([as1] o (by 0by 0bs + by 0bg 0bg + by 0bg 0bs) oby)#([ar,1] 0 b1 0by)
+([CL4)1] o0o bl)#([al,l] obyo bl)
+([as,1] o (by 0 by 0 by 0 by 0 b3) 0 by)#([ar,1] 0 by oby)
+([as,1] 000 by)#([a1,1] 0 by o by)
+([ar,1] o (byobyobyoby obyobyoby)oby)#([ar,1]obyoby)

(s*t)(t)

(s7t%)(s)
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Coefficient equation Factorization

Degree 10 continued

s3t2 continued
+([a1,1] 0 bg 0 ba)#by
+([azg,1] o (bg 0 b3) 0 ba)#bo
+([ag,1] o (b1 0 by 0 by + by 0 by 0 by) © by)#by
+([as,1] 000 bo)#by
+([as,1] 0 (b1 0 by 0 by 0 by 0 bg) © by)F#bo
+([ag,1] © (b1 0 by 0 by 0 by 0 by 0 by) 0 by)#by
+([a1,2] 0 b o (by 0 by))#b2
+([az,2] o (b3 © b3) o (b1 0 b1))#b2
+([az,2] o (b1 0 by 0 by 4 by 0 by 0 ba) o (by © b1))#b2
+([ag,2] 0 00 (b1 0 b1))#bs
+([as,2] o (b1 0 by 0 by 0by 0bg) o (b 0by))#ba
+([ag,2] © (b1 o by 0by 0by 0by 0by1) 0 (by 0by))#bo
+(a1,1] 0 by 0 by)#b1#by
+([az,1] 0 00 by)#bi#by
+([as,1] o (b1 0 by 0 bs + by 0 bz 0 bz + bz 0 by 0 b3) 0 by)#b1#b:
+([ag,1] 0 00 by )#b1#by (s"t)(s)(t)
+([as,1] o (by 0 by 0 by 0 by 0 b3) 0 by)#b1#b;
+([ag,1] © 00 by)#b1#b1
+([az,1] 0 (by o by 0by 0 by 0by 0by 0b1) 0 by)#b1#b1
+b7#([a1,1] 0 by 0 ba)
+b7#([a1,2] 0 by o (b 0 b1))
+([a1,1] 0 bg © b1)#([az,1] o (by 0 b1) 0 b1)
+([az,1] o (b3 0 b3) 0 b1)#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 by 0 by + ba o by o by)oby)#([ar,1] 0 by oby)
+([az,1] o (b1 0 b1 0 by + bz 0 bz 0 ba) 0 b1)#([az,1] 0 (b1 0b1)0br)
+([as,1] 000 b1)#([a1,1] 0 bz 0 by)
+([az,1] 000 b1)#([az,1] o (b1 0 by) 0 b1)
+([as,1] 0 (b1 0 by 0 by 0 by 0bg) 0b1)#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 b1 0 by 0by 0by) 0b1)#([ag,1] o (b1 0b1) 0br)
+([a6,1] © (bl obiobiobiobio bl) o b1)#([a1,1] obyo bl)
+([ae,1] 0 (b1 0 b1 0 by 0 by 0by 0b1) 0 b1)#([az1] o (b1 ob1) o br)

(s°£%)(s?)

(s9t)(s%t)
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Coefficient equation Factorization

Degree 10 continued

s%t2 continued
+([a1,1] 0 bs 0 ba)#b3
+([az,1] 0 00 bo)#bs
—|—([CL3’1} o (by 0 by 0bg + by 0 by 0ba) 0 ba)#bs
+([aq,1] 0 00 bo)#bs
+([as,1] o (by 0 by 0 by 0 by 0by) 0 by)Fbs (52)(s%)
+(la1,2] 0 bs o (b1 0 b1))#bs
+([a2’2] o000 (by oby))#bs
+([az 2] © (b1 0 by 0 b3 + by 0bg 0by) o (by 0by))#bs
+([aa,2] 000 (by 0 by))#bs
+([as,2] o (by o by 0 by 0 by 0by) o (by 0 by))#b3
+br#([a1,1] 0 by 0 b1)#by (s7)(st)(t)
+([a1,1] 0 bg © b1 )F#ba# b
+([az,1] o (b3 0 b3) 0 b1)#ba#by
+([az,1] 0 (b1 0 b1 0 by + by 0 by 0 by) 0 by ) #ba#by 6 9
+(Jag1] 0 0 0 by)Hba#tdy (D0
+([as,1] 0 (by 0 by 0 by 0 by 0 ba) 0 by )F#ba#tby
+([ag,1]) © (b1 0 by 0 by 0 by 0 by 0 by) 0 by)#ba#by
+([az,1] 0 (bg 0 b3) 0 b1)#([a1,1] 0 b1 0 b1)F#bs
+([as,1] o (by 0 by 0 by 4 by 0 by 0 ba) 0 by)#([a1,1] 0 by 0 by)#by
+([aa,1] 0 00 b1)#([ar,1] 0 by 0 by)#b: () (st)(s)
+([a571] o(byobyobiobyoby)o bl)#([aLl] 0 by 0 by)#b;
+([ag,1] 0 (b1 0 by 0by 0 by 0by 0b1) 0 b1)F#([a1,1] © by 0 by)#b1
+be#([a1,1] 0 ba 0 b2)
+be#([az,1] o (b1 0 b1) 0 ba) 6y 2.2
+be#([a1,2] 0 b o (b1 0 b1)) ()7)
+b6#([az,2] 0 (b1 0b1) o (b1 0 b1))
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Coefficient equation Factorization

Degree 10 continued

5312 continued
+([a1,1] 0 b5 0 b1)#([az,1] 000 by)
+([a1,1] 0 bs 0 by)#([az,1] © (b1 0 b1 0 b1) 0 b1)
+([az,1] 000 b1)#([a1,1] 0 bg 0 b1)
+([az,1] 000 b1)#([as 1] o (b1 obyoby)obr)
+([ag,1]) o (b1 o by 0 bg + by 0 by 0by) 0 by)#([ar 1] 0bsoby)
+([az,1] o (by 0 by 0 bg 4 by 0 by 0 ba) 0 by)#([az,1] 000 by)
+([ag.1] 000 by)#([a1.1] 0 b3 0 by)
+([as,1] 000 by)#([az,1] 000 by)
+([as,1] 000 by)#([as] o (by o by oby) o by)
+([as,1] o (by o by 0 by 0by 0by) 0 by)#([ar,1] 0bzoby)
+([as,1] o (by o by oby 0 by 0by) oby)#([az1]000b)
+([a5,1] o(byobyobiobioby)o bl)#([@g)l] o(byobyoby)oby)
+([a1,1] 0 by 0 ba)#by
+(laz,1] o (b2 0 b2) 0 ba)#bs
+([az,1] o (by 0 by 0 ba) 0 bo)#by
+([aa,1] 0 (b1 0 by 0 by 0 by) 0 by)F#bay
+([a1,2] 0 by o (by 0 by))#bs
+(laz,2] o (ba 0 b2) o (b1 © b1))#bs
+([az,2] o (by 0 b1 0 b2) o (by 0 b1))#bs
+([as,2] 0 (by o by o by 0by) o (by 0 by))#bs
+b#([a1,1] 0 by 0 b1)#by
+be# ([az,1] o (b1 0 by) 0 b1)#by
+([a1,1] o b5 © by )#bs#b
+([az,1] 0 00 by)#bs#by
+([az 1] o (b1 0 by 0 b + by © by 0 by) 0 by)#bs#bs (s°t)(s*)(t)
+([ag,1] © 00 by)#bs#by
+([as,1] o (b1 0 by 0 by 0 by 0 by) 0 by)#bs#by
+([a1,1] 0 bs 0 b1)#([az,1] o (b1 0 b1) 0 by)#by
+([az,1] 0 00 b1)#([a1,1] 0 ba o by)Fby
+([ag,1] o (b1 0 by 0 bg + by 0 by 0ba) 0 by)#([a1,1] 0 by 0 by)#by
+([as,1] o (by 0 by 0 bz + by 0 by 0 by) 0 by)#([az1] o (b 0 by) o by)#by
+([ag,1] 0 00 by)#([a1,1] 0 by 0 by)#by
+([as,1] 00 0b1)#([az,1] o (b1 0 b1) 0 by)#b1
+([as,1] o (b1 0 by 0 by 0 by 0by) 0 by)#([ar,1] o by 0 by)#b
+([as,1] o (by o by o by 0by 0by) oby)#([az,1] o (by oby) o bi)#by

(s5t)(s%t)

(s'¢%)(s")

(s°)(s°t)(s)
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Coefficient equation Factorization

Degree 10 continued

s%t2 continued
+([ag,1] 0 00 by)#ba#([a1,1] 0 by 0 by)
+([ag,1] o (b1 0 by 0 bg + by 0 by 0 by) 0 by )#bo#([ar,1] 0 by 0 b1)
+([aa,1] 000 by)#ba#([ar,1] 0 by o by)
+([as,1] o (b1 0 by 0 by 0 by 0 by) 0 by)#bo#([a1,1] 0 by 0 by)
+bs#([a1,1] o bz o ba)
+bs#([az,1] 0 00 by)
+b5#([a3’1] o (b obyoby)obs)
—|—b5#([a1,2} obz o (byoby))
+b5#([az,2] 000 (by 0 b))
+b5#([az 2] o (b1 0 b1 0b1) o (b1 0by))
+([a1,1] 0 bg 0 b1)#([az,1] o (ba 0 bg) 0 b1)
+([a1,1] 0 by 0 by)##([az 1] o (b1 0 by 0 b2) 0 by)
+([a1,1] 0 by 0 by)##([as,1] o (b1 0 by oby 0by)oby)
+([az,1] o (b2 0 b2) 0 by )##([a1,1] 0 by 0 by)
+([az,1] 0 (bg 0 b2) 0 by)#([as1] 0 (b1 0 by 0 by) 0 by)
+([az,1] o (bz 0 b2) 0 b1)#([as,1] o (by ob1 0 by oby)obr)
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([a1,1] 0 by o by)
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([ag,1] o (b2 0 ba) 0 b1)
+([as,1] o (b1 0 by 0 by) 0 by)#([ag1] o (byobyobyoby)ob)
+([ag,1] o (b1 0 by 0 by 0 by) 0 by)#([ar,1] 0 by oby)
+([aa,1] o (b 0 by 0 by 0 by) 0 by)#([az,1] o (ba 0 ba) 0 by)
+([aa,1] o (b1 0 by 0 by 0 by) 0 by)#([ag,1] o (b1 o by 0ba)0by)
+bs#([a1,1] 0 bz 0 by)#by
+bs# ([az,1] 0 00 by )#by (s°)(s°t)(t)
+b57£([az,1] o (b1 0 by 0 by) 0 b1)#by
+([a171] 0 by 0 by)#ba#by
+([az,1] o (b2 0 ba) 0 by )#bs#by
+([as,1] o (b1 0 by 0 ba) o by )#ba#by
+([ag,1] o (b1 0 by 0 by 0 by) 0 by )#ba#by

(s°)(s%)(st)

(s°)(s%t%)

(s*t)(s*t)
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Coefficient equation Factorization

Degree 10 continued

s%t? continued
+([a1,1] 0 by 0 b1)#([az,1] 0 00 b1)#bs
+([a1,1] 0 by 0 b1)#([as,1] o (b1 0 by 0 b1) 0 b1)F#bs
+([az,1] o (b 0 b2) 0 by)#([a1,1] 0 b3 © by )Fby
+([az,1] o (ba 0 ba) 0 by)#([az,1] 0 (b1 0 by 0 b1) 0 by)#b1
+([as,1] o (by 0 by 0 b) 0 by)#([a1,1] 0 bs 0 by)#by (s*t)(s°t)(s)
+([as,1] o (b1 0 by 0 ba) 0 by)#([az,1] 0 00 by)#by
+([a4,1] o(byobyobiob)o bl)#([al,l] 0 bz 0 by)#b;
+([ag,1] o (br o b1 0by 0 by) o bi)#([az1] 0 00b1)#b
+([aa,1] 0 (b1 0 by 0 by 0b1) 0 b1)#([as,1] o (by 0 by 0b1) o by )#by

—I—b5#([a271] o (bl [0} bl) o bl)#([al,l] o bl o bl) @
+([az,1] o (bg 0 bg) 0 by )#bs#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 by 0 ba) 0 by)#bs#([a1,1] 0 by 0 b1) (s*t)(s%)(st)

+([a4,1] o(byobiobioby)o bl)#b3#([a1,l] obyoby)
+([a1,1] 0 by 0 by)#([az,1] o (b1 0 b1) o b1)#bs
+([az,1] © (b2 0 ba) 0 by)#([a1,1] 0 ba 0 by)F#ba
+(laza] o (b1 0 by 0 ba) 0 b1)#([a1,1] © by 0 by )#bs (54) (521 (2)
+([az 1] o (b1 0 by 0ba) 0 by)#([az1] o (b1 0 b1) 0 by)#bo
+([ag,1] 0 (by o by 0 by 0b1) 0 by)#([ar,1] 0 by o by)#bo
+([ag,1] o (b1 0 by 0 by 0by) 0 by)#([az,1] o (b1 0 by) 0 b1)#bs
+ba#([az,1] 000 b1)#([a1,1] 0 b1 0 b1) (s4)(s%4) (st)
+ba#([az 1] o (b 0 by 0b1) o by)#([ar,1] 0 by 0 by)
+([a1,1] o b3 0 b1)#([az,1] © 0 0 by )#b2

+([a1,1] 0 bg 0 b1)#([as,1] o (b1 © by 0 b1) 0 b1)F#ba (s3t)(s3t)(s?)
+(laz,1] 000 by)#([az,1] o (by 0 by 0by) 0 by)#ba
+ba#([a1,1] 0 ba 0 b1)#([az,1] o (b1 0b1) o b1) (s%)(s%t)(s%t)
+([a1,1] 0 b3 0 b1)#bs#([az,1] o (b1 0 by) 0 by)
+([ag,1] 0 00 by )#bs#([a1,1] 0 by 0 by) (5%) (%) (5%)

+([az,1] o (b1 0 b1 0b1) 0 br)#bs#([ar,1] 0 b2 0 b1)
+([az,1] o (b1 0 by 0b1) 0 by)#bs#([az,1] o (br 0 b1) o by)
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Coefficient equation Factorization

Degree 10 continued
7t3

S

0=
[a1,1] 0 b7 0 b3
+laz,1] 000 b3
+[as 1] o (by obyobs + by obgobs + byobyobs)obs
+[a4,1] o0obs
+[as,1] o (by 0by 0by 0by 0b3)0bs
+]ag,1] 000 b3
+[az1] o (byobyobyobyobyobyoby)obs
—‘r[al,g] ob;00
+[az2] 0000
+az 2] o (by 0by 0bs + by 0bg0bg+byobyobz)o0
+[a4,2) 0000 (s7t%)
+las ] o (byobyobyobyobs)o0
+[ag 2] 0000
+laz 2] o (b1obiobyobyobiobiob)o0
+[a1 3] obr o (byobyoby)
+[az 3] 000 (by oby 0by)
+[as ] o (b obyobs +byobgobs +byobyobs)o(byobyoby)
+las,s) 000 (by 0by0by)
+[as,3] 0 (by oby 0by oby 0bg) o (byobyoby)
+[ag 3] 000 (by0by0by)
+lazs]o(byobyobyobyobyobyoby)o(byoboby)
+([a1,1] 0 by 0 ba)#b1
+(laz,1] 0 00 ba)#b1
—|—([a3’1] o (by 0by 0bs + by 0bg 0bs + by 0 by 0b3) 0 by)#by
+([a471] 000 bo)#by
+([as,1] o (b1 0 by 0 by 0 by 0 b3) 0 by)#by
+([ag 1] 000 by)#by
+([az1] 0 (b1 obyoby oby 0by 0by 0by)oby)#by
—i—([al)g} o by o (by oby))#by
+([az,2] 0 00 (b1 0 by))#b1
+([ag,2] o (b1 0 by 0bs + by 0 bz 0bg + by 0 by 0bs) o (by 0by))#b
+([ag,2] 000 (by 0by1))#bs
+([as,2] © (b1 0 by 0 by 0 by 0bs) o (by 0 by))#by
+([ae,2] 000 (b 0 by))#b1
—|—([a772} o(byobyobiobyobyobyoby)o(byoby))#b

(s74)(t)
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Coefficient equation Factorization

Degree 10 continued

s7t3 continued
+([a1,1] 0 bg © b3)#by
+([a2)1} o (bs o bs) o bg)#b1
—|—([a371] o (b1 o bl e} b4 + bQ O b2 o bg) o bg)#bl
+([aa,1] 000 b3)#b1
+([as,1] © (b1 0 by 0 by 0 by 0ba) 0 bg)#by
+([ag,1] 0 (b1 0 b1 0 by 0 by 0by 0by) 0 b3)#by
—I—([al,z] 0 bg 0 0)#by
+([az,2] © (b3 © b3) © 0)#b:
+([as,2] © (b1 0 by 0 by + by 0 by 0 ba) 0 0)#by (s5¢%)(s)
+([as,2] 000 0)#by
+([as,2] 0 (b1 0 by 0 by 0 by 0 bg) 0 0)#by
+([ag,2] © (b1 0 by 0 by 0 by 0 by 0b1) 0 0)#by
+([a1,3] 0 bg o (b1 0 by 0 b1))#b1
+([az,3] o (b3 0 b3) o (by 0 by 0 by))#b1
+([as,3] 0 (b1 0 b1 0 by + bg 0 by 0 by) o (by 0 by 0 by))#b1
+(laa,3] 000 (by 0 by 0 by))#by
+([as,3] 0 (b1 0 by 0 by 0 by 0bg) o (by 0by 0by))#b
+([ag,3] o (b1 0 by 0 by 0by 0byoby)o(byobyoby))#b
+([a1,1] 0 by 0 by)#bo
+([az,1] 0 00 by)#bo
+([as,1] o (b1 0 by 0 bs + by 0 b3 0 by + by 0 by 0 bs) 0 by )#bo
+([as1] 000 by)#bo (s7) (%)
+([as,1] 0 (b1 0 by 0 by 0 by 0 bg) 0 by)F#bo
+([as,1] © 00 b1)#bs
+([az,1] 0 (b1 obyoby oby 0by oby 0by)oby)H#bo
+([az,1] o (b3 0 b3) 0 ba)#([a1,1] © by 0 by)
+([az,1] 0 (b1 0 by 0 by + by 0 by 0bs) 0 bo)#([a1,1] 0 b1 0 b1)
+(lag,1] 0 00 ba)#([a1,1] 0 b1 0 by)
+([as,1] o (by 0 by 0 by 0 by 0 by) 0 ba)#([ar,1] 0 by o by)
-‘1-([@6)1] o(byobyobiobiobioby)o bg)#([aLl] oby oby)
+([a1,2] 0 b o (b1 0 by))#([a1,1] 0 by 0 by) (s9t%)(st)
+([az,2] o (bg 0 bs) o (by 0 b1))#([a1,1] 0 b1 0 b1)
+([a3,2] © (bl objobsg+bzobyo bz) © (bl o 51))#([01,1] obyo bl)
+([asa,2] 000 (b1 ob1))#([a1,1] 0 by 0 by)
+([as,2] o (b1 o by 0 by 0by 0by) o (by 0 by))#([ar,1] 0 b1 oby)
+([a6,2] o(byobjobiobyobioby)o(bo bl))#([aLl] obyoby)
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Coefficient equation

Factorization
Degree 10 continued
s7t3 continued
+([a1,1] 0 bs 0 b3)#bo
+([a2’1] oQo b3)#b2
+([az,1] o (b1 0 b1 0 by + by 0 by 0 by) 0 by)#bo
+([aq,1] 0 00 bg)#bo
+([as,1] o (by 0 by o by 0 by 0by) o b3)#bo
+([a1,2] o b5 9 0)#b2
+([az,2] 0 00 0)#by
+([as,2] o (b1 0 by 0 bz + by 0 by 0 by) 0 0)#by (s°t%)(s%)
+([aq,2] © 00 0)F#bs
+([as,2] 0 (b1 0 by 0 by 0 by 0by) 0 0)#by
+([a1’3] o bs o (by 0by 0by))#bs
+([az,3] 000 (by 0by 0b1))#bo
+([as,3] o (b1 0by 0 bg + by 0 by 0by) o (by 0 by 0by))#bo
+([as,3] 000 (b 0 by 0by))#bo
+([as,3] 0 (b1 o by 0by 0 by 0by) o (by 0by 0by))#by
+([a11] o bg © ba)#b1 by
+(laz,1] o (b3 0 b3) 0 ba)#b1#b1
+([a3’1] 0 (b1 0by 0bg + by obg 0by) o b)#b1#b1
+([a4,1] 0 0 ba)#b1#b1
+([as,1] o (b1 0 by 0 by 0 by 0ba) 0 ba)F#bi1#b1
+([ag,1] 0 (b1 0 by 0 by 0 by 0 by 0b1) 0 ba)#b1#b1
+([a1,2] © bg o (b1 0 by))#b1#b:
+([az,2] o (bg 0 bz) o (by 0 by))F#b1#by
+([az,2] 0 (b1 0 b1 0 by + by 0 by 0 ba) 0 (b1 0 b1))#b1#b1
+([aa,2] 000 (b1 0 by))#b1#b1
+([as,2] o (b1 0 by 0 by 0 by 0ba) 0 (by © by))F#b1#b1
+([ag,2] o (by 0 by 0 by 0 by 0 by 0by) o (by 0 by))#b1#b
+b7#b3

(s°¢%)(s)(2)
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Coefficient equation

Factorization

Degree 10 continued

s7t3 continued

+([a1,1] 0 bs © b1)#([ar,2] 0 by o (b1 0 b1))
+([az,1] o (bg 0 b3) 0 by)#([a1,1] 0 b1 o ba)
+([az,1] o (b3 0 b3) 0 b1)#([a,2] 0 by o (b1 0 b1))
+([ag,1] o (b1 0 by 0 by + ba 0 by 0 by) 0 by)#([a1,1] © by © ba)
+([a3,1] © (bl objobs+bzobyo bz) © b1)#([a1,2] obyo (bl © b1))
+([as,1] 000 b1)#([a1,1] 0 by o ba)
+([a4,1] o0o bl)#([alg] obyo (bl o bl))

—|—([a571} o(byobyobyobyobg)o bl)#([alyﬂ o by 0by)
Jr([%,ﬂ © (bl objobiobio b2) © bl)#([al,ﬂ objo (bl © bl))
+([ag1] o (b1 0by 0by 0by 0by 0by) 0by)#([ar,1] © by 0ba)
+([ag,1] o (by 0 b1 0 by 0by 0by 0by)oby)#([ar2] 0byo (b obr))

+(lar,1] 0 b5 0 ba)#([az,1] o (b 0 b1) 0 by)
+([az,1] 0 00 bo)#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 by 0 b3 + by 0 by 0 by) 0 ba)#([a1,1] 0 by 0 by)
+([as,1] o (b1 0 by 0 b3 4 by 0 by 0 ba) 0 ba)F#([az,1] o (b1 0 by) 0 by)
+([as,1] 000 b2)#([a1,1] 0 ba 0 by)
+([a4,1] 000 b2)#([aza] o (b1 0 b1) o by)
+([as,1] o (b1 0 b1 0 by 0 by 0by)oba)#([ar1] 0baoby)
+([as,1] o (b1 0 by 0 by 0 by ©b1) 0 by)#([aza] o (by o by) o by)
+([a1,2] 0 bs o (b1 0 b1))#([a1,1] 0 ba 0 by)
+([a1,2] 0 b5 0 (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)
+([ag,2] 0 00 (by 0 b1))#([ar1] 0 by 0 by)
+([az,2] 000 (b1 0b1))#([az,1] o (b1 0b1) o by)
+([as,2] © (by 0 by 0 bg + by 0 by 0 by) o (by 0 by))#([a1,1] 0 by 0 by)

+([(1372] @) (bl o bl o b3 + bl o b2 @) bg) [¢) (bl o bl))#([agyl] o (bl @) bl) @) bl)

+(la,2] 000 (b1 0 b1))#([a1,1] 0 bz 0 by)
+([as,2] 0 00 (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)
+([as,2] o (b1 0by 0by oby 0by) o (byoby))#([ar,1] obaobr)
+([as,2] o (b1 oby 0by oby0by) o (byoby))#([az1] o (byoby)obr)

(s5t)(st?)

(s°82)(s2)
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Coefficient equation

Factorization

Degree 10 continued

sTt3 continued

+([a1)1} obyo bg)#b?,
+([az,1] o (bg 0 b) o b3)#bs
+([as,1] o (b1 0 by 0 ba) 0 by)#bs3
+([aq,1] 0 (by 0 by 0 by 0 by) o bs)F#bs
+([a1,2] 0 by 0 0)#b3
+([az,2] o (b2 0 b2) 0 0)#b3
+([az,2] o (b1 0 by 0 ba) 0 0)#bs3
+([aa,2] o (b1 0 by 0 by 0 b1) 0 0)#bs
+([a1,3] 0 by o (b1 0 by 0 by))#bs
+([a2’3] o(bgoby)o (b1 ob; o bl))#bg
—|—([a373] o (b1 oby obg)o(by obyoby))#bs
+([aa,3] 0 (by o by oby oby) o (byobyoby))#bs

+([az,1] o (b 0 b3) 0 by)#([a1,1] 0 by 0 by)#by
+([az,1] o (b1 0 by 0 by + by 0 by 0 ba) 0 by)#([a1,1] 0 by 0 b1)#bs
+([as,1] 0 00 b1)#([ar,1] 0 b1 0 b1)#by
+([05,1] © (bl objobiobio bz) o b1)#([a1,1] obo b1)#b1
+([ag,1] o (b1 0 by 0 by 0 by 0by 0by)oby)#([ar,1] o by oby)#bs

+([a1,1] 0 bg 0 b1)F#ba#by
+([az,1] o (b3 0 b3) 0 by )#batby
—&-([ag’l] o (by 0by 0by + bg 0bg 0by) o by)F#baFtby
+([as,1] 000 br)#ba#b1
+([as,1] o (b1 0 by 0 by 0 by 0ba) 0 by)F#ba#by
+([ap,1] o (by 0 by 0by 0by 0by 0by) o by)Fbo#by

+([a1,1] 0 bs 0 ba)#baF#by
+([az,1] 0 0 0 ba)#ba#b1
+([as,1] o (b1 0 by 0 b3 + by 0 by 0 ba) 0 by )F#ba#by
+([ag,1] © 0 0 bo)F#ba#by
—|—([a5)1} o (by oby 0by 0by 0by) obe)#baby
+([a1,2] 0 b5 o (by 0 b1))#ba#b:
+([ag,2] 0 00 (by 0 by))#ba#tby
+([as,2] o (b1 0 by 0 b3 + by 0 by 0 by) o (by 0 b1))#ba#b1
+([as,2] 000 (by 0 by))#ba#b
+([as,2] o (b1 0 by 0 by 0by 0b1) 0 (b1 © by))Fbo# by

(s1t%)(s?)

(s%)(st)(t)

(s°6)(t*)(s)

(s°%)(s*)(2)
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Coefficient equation Factorization

Degree 10 continued

s7t3 continued
+([az,1] 0 00 b2)#([a1,1] 0 by © by )#b:
+([as,1] o (b 0 by 0 b3 + by 0 by 0 by) 0 bg)#([a,1] 0 by 0 by)#by
+([aa,1] 0 00 b2)#([a1,1] 0 by 0 b1)#by
+([as,1]) o (b1 0 by 0 by 0 by 0by) 0 ba)#([a1,1] 0 by 0 by)#by
+(la1,2] 0 bs o (b1 0 by))#([ar,1] 0 by © by )#b1 (%) (st)(s)
+([az,2] 000 (b1 0 b1))#([a1,1] 0 b1 0 b1)#b1
+([az,2] o (b1 o by 0 b + by 0bg 0by) o (by 0b1))F#([a1,1] © by 0 by)#b1
+([a472] o0o (b1 o bl))#([al,l] obyo bl)#bl
+([a572] o (bl objobiobyo b1) © (bl © bl))#([am] obyo bl)#bl
+be#([a1,1] 0 by 0 b3)
+bg#([a1,2] 0 by 00) (s%)(st?)
+be#([a1,3] 0 by o (by 0 by 0by))
+([a1,1] 0 bs 0 b1)#([az,1] o (b1 0 by) 0 b2)
+([a1,1] 0 bs 0 b1)#([a1,2] 0 by o (b1 0 b1))
+([a1,1] 0 bs 0 by)#([az,2] o (b1 0 b1) o (b1 0 by))
+([az,1] 0 00 b1)#([a1,1] 0 b2 0 bo)
+([az,1] 0 00 b1)#([a1,2] 0 by o (b1 0 b1))
+([az,1] 0 00 b1)#([az,2] o (b1 0 b1) o (b1 0 b1))
+([a371] o (bl obiobs+biobyo b2) o b1)#([a171] oby o bg)
+([az,1] o (b1 0 by 0 bz + by 0 by 0 by) 0 by)#([azg1] o (b1 0 b1) 0 by)
+([as,1] o (b1 0 by 0 b3 4 by 0 by 0 by) 0 by)#([a1,2] 0 by o (by o by))
+([az,1] 0 (b1 0 b1 0 b3 + by 0 by 0 by) 0 by)#([az,2] o (b1 0 b1) o (b1 0 b1))
+([as,1] 000 b1)#([a1,1] 0 bz 0 ba)
+([as,1] 000 b1)#([az,1] o (b1 0 b1) 0 ba)
+([as,1] 0 00 b1)#([a1,2] 0 bz o (b1 0 b1))
+([aa,1] 0 00 b1)#([az,2] o (b1 0 by) o (by 0 by))
+([as,1] o (b1 0 by 0 by 0 by 0by) 0by)#([ar1] 0 by obs)
+([as,1] o (b1 0by 0 by 0 by 0b1) 0b1)#([az,1] o (by 0 b1) 0 ba)
+([as,1] o (by 0 by 0 by 0by 0by)oby)F(larz] obgo(byobr))
+([as,1] 0 (b1 0 by 0 by 0by 0by)oby)#([az 2] o (byoby)o (b1 obr))

(s5t)(s%t?)
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Coefficient equation

Factorization

Degree 10 continued

sTt3 continued

—|—([CL1,1] obyo bg)#([agl] o0o bl)
+([a1,1] 0 ba 0 ba)#([az,1] o (b1 0 b1 0 b1) 0 b1)
+([az,1] o (b 0 b2) 0 ba)£([a1,1] © bz 0 by)
+([az,1] 0 (b2 0 b) 0 ba)#([as 1] 0 (b1 0 by 0 by) 0 by)

+([as,1] o (b1 0 by 0 ba) 0 ba)#([a1,1] 0 b3 0 by)

+([az 1] o (b1 0 by 0 bg) 0 ba)#([ag,1] 000 by)
+([ag,1] o (by o by oby 0by) obg)#([ar1] 0 bz oby)
+([ag,1] o (b1 0 by 0 by 0by) 0 ba)#([ag,1] 000by)

+([a1,2] o] b4 o (b1 o bl))#([aLl] o b3 o bl)
+([a1,2] 0 by © (b1 0 by))#([az,1] 0 00 by)
+([a1,2] 0bg o (b1 0b1))#([as1] o (b1 obyoby)oby)
+([az,2] © (b2 0 b2) © (by 0 b1))#([a1,1] © b3 © b1)
+([az,2] o (b2 0 b2) 0 (b1 0 b1))#([az,1] 000 by)

+([as,2] o (b1 0 by 0 ba) o (by 0 b1))#([a1,1] 0 b3 0 by)
+([az,2] o (b1 0 b1 0 ba) o (by 0 by1))#([az,1] 000 by)

—|—([a4,1] o (bl o bl o bl o bl) o] bg)#([a371] o (bl o bl o] bl) o bl)

+([ag,2] 0 (b 0 ba) o (b1 0 b1))#([as1] o (b1 0 b1 0oby) 0 by)

+([az,2] o (b1 0 by 0 ba) o (by 0 b1))#([az,1] o (by obyoby)oby)
+([a472] o (b1 o b1 o b1 o bl) o (bl 9} bl))#([al,l] @) b3 o bl)
+([aa,2) o (b1 0 by 0 by 0 by) o (by 0b1))#([az,1] 000 by)
+([as,2] o (by 0 by 0 by 0 by) o (by 0 b1))#([az] o (b © by ©b1) 0 by)

+([a1,1] 0 b3 0 b3)#by
+([az,1] 0 0 0 bs)#by
+([asz,1] o (by 0 by 0 by) o b3)#by
+([a1’2] o by 0 0)#by
+([az,2] 000 0)#by
+([az,2] o (b1 0 by 0b1) 0 0)#bs
+([a1,3] 0 b3 o (by o by oby))#bs
—l—([ag,;ﬂ o000 (b oby oby))#by
+([as,3] o (b1 0 by 0by) o (by 0 by 0 by))#by

+be#([a1,1] 0 b1 0 ba)#by
—‘y—bﬁ#([al’g] ob; o (b1 o bl))#bl

(s442)(s°)

(s°t%)(s)
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Coefficient equation Factorization

Degree 10 continued

s7t3 continued
+([a1,1] 0 bs 0 b1)#([az,1] o (b1 0 by) 0 b1)#by
+([ag,1] 000 by)#([a1,1] 0 ba 0 by)#by
+([ag,1] o (b1 0 by 0 bg + by 0 by 0ba) 0 by)#([a1,1] 0 by © by)#by
—|—([a3’1] o (bl objobz+brobyo bz) o bl)#([a2,1] © (bl o bl) o bl)#b1
+([ag,1] 0 00 by)#([a1,1] 0 by 0 by)#by
+([ag,1] 0 00 by)#([az,1] o (by 0 b1) 0 by )#by
+([as,1] 0 (b1 0 by 0 by 0 by 0by) 0 by)#([a1,1] © ba 0 by)#b1
+([a571] © (bl objobiobio bl) 0 b1)#([a2,1] o (bl © b1) © b1)#b1
+([a1,1] 0 bs 0 b1)#([a1,2] 0 by o (b1 0 b1))F#bs
+([az,1] 0 00 b1)#([a1,1] 0 b1 0 b2)#b1
+([az,1] 0 00 b1)#([a1,2] 0 by o (b1 0 b1))#b
+([ag,1] o (b1 0 by 0 bg + by 0 by 0ba) 0 by)#([a1,1] 0 by © ba)#by
+([a371} o(byobyobsg+byobyobs)o bl)#([al)g] o by o (byoby))#by (S5t)(8t2)(s)
+(laa,1] 0 00 br)#([a1,1] 0 by 0 b2)#b1
+([aq,1] 0 00 by)F([ar,2] 0 by o (b1 0 b1))#b1
+([as,1] o (b1 0 by o by 0 by 0 by) o by)#([ar,1] 0 by o by)#b
+([a5’1] o(byobyobiobioby)o bl)#([alg] oby o (by oby))#by
+([a1,1] 0 by 0 by)#b3#by
+([az,1] o (ba © ba) 0 be)#bs#by
—|—([a371] o (b1 0 by 0ba) o bo)#bs#by
+([as,1] © (b1 0 by 0 by 0 by) 0 ba)#b3#by
+([a1,2] 0 bg o (by 0 by))#bs#by
+([az,2] o (b 0 ba) o (by 0 by))#bs#b:
+([a3’2] o (by oby obg) o (by oby))#bs#b
+([ag,2] o (b1 0 by 0 by 0by) o (by 0 by))#bs#by

(s°)(s°t)(t)

(s1£%)(s%)(t)
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Coefficient equation

Factorization

Degree 10 continued

sTt3 continued

—|—([a171} obyo bg)#([ag)l] o (by 0 by) 0 by)#by
+([az,1] o (b2 0 ba) 0 ba)#([a1,1] 0 ba © by )by
+([as,1] o (b1 0 by 0 ba) 0 ba)#([a1,1] 0 by © by)#by
+([as,1] o (b1 0 b1 0ba) 0 ba)#([az,1] o (b1 0 b1) 0 by)#b1
+([a aq,1] o (by ob1oblobl)obg)#([aLl]obgobl)#bl

+([a1,2] 0 by o (b1 0b1))#([a1,1] 0 ba 0 b1)F#bs
+([a1,2] 0 ba o (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)#b:
+([az,2] o (b2 0 b2) o (b1 0 b1))#([a1,1] © bz 0 b1)#b1

+([az,2] o (b1 0 b1 0 ba) o (b1 0 by1))#([a1,1] 0 bz 0 b1)#bs

Jo
([a4 1] (b1 objobjo b1) o b2)#([a2,1] o (bl o b1) o bl)#bl

+([az,2] o (b2 0 b2) © (by 0 b1))#([az,1] o (b1 © br) 0 by)#b:

+([a3,2] [¢) (bl o bl o b2) @) (bl [¢) bl))#([all] o (bl o bl) @) bl)#bl
+([aa,2] 0 (b1 0 by 0 by 0 b1) o (b1 0 b1))#([a1,1] 0 ba 0 b1)F#by
+([aa,2]) © (b1 0 by 0 by 0 by) o (by 0 b1))#([az,1] o (b1 0 by) o by)#by

+b6#([a171] @) bl [¢] bl)#bg

+([a1,1] 0 b5 © by )F#ba#ba
—|—([a2,1] e} O e} bl)#bg#bg
+([as,1] o (b1 0 by 0 b3 + by 0 by 0 by) 0 by )F#baFby
+([CL4$1] o0o bl)#bg#bg
+([a5)1} o (by 0 by 0by 0by 0by) oby)Hbattby

+([az,1] o (b2 0 ba2) © ba)#ba#([a1,1] 0 b1 0 b1)
+([az,1] o (b1 0 b1 0b2) 0 ba)#ba#([a1,1] © b1 0 b1)
+([as,1] o (b1 0 by 0 by 0 by) 0 ba)Fba#([ar,1] by 0 by)
+([a1,2] 0 by o (b1 0 b1))#ba# ([a1,1] 0 by 0 b1)
+([az,2] o (b2 0 b2) o (b1 0 b1))#ba#([a1,1] 0 b1 0 b1)
+([as,2] o (b1 0 b1 0b) 0 (b1 0 b1))#b2#([a1,1] 0 b1 0 b1)

+([as,2] o (by 0 b1 0 by 0by) o (by 0by))#ba#([a1,1] 0 by o by)

+([az,1] © 00 by)#([a1,1] 0 by 0 b1)#b1#b:

+([as,1] 000 b1)#([a1,1] 0 by 0 by)#b1#by

+([ag,1]) © (b1 0 by 0 bg + by 0 by 0 ba) 0 by)#([a1,1] 0 by © by)#b1#by

+([as,1] o (b1 0by 0by 0 by 0b1) 0b1)#([a1,1] © by © by)#b1#b1

(s1£2)(s%t)(s)

(s°)(st)(?)

(s°8)(s*)(£)

(s1%)(s%)(st)

(s°)(st)(s)(t)
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Coefficient equation

Factorization

Degree 10 continued

sTt3 continued

+bs#([a1,1] o bz 0 b3)
+bs#([az,1] o (b1 0 b1) 0 bs)
+bs#([a1,2] 0 by 00)
+b5#([az,2] o (b1 0 b1) 0 0)
—|—b5#([a1,3] obgo(byobyoby))
+b5#([az,3] o (by 0 b1) o (by 0 by 0b1))

+([a1,1] 0 ba 0 b1)#([az,1] 0 00 b2)
+([a1,1] 0 by 0 by)#([az,1] o (b1 o by 0by) 0 ba)
+([a1,1] 0 by 0 b1)#([a1,2] 0 bg o (b 0 by))
+(la1,1] 0 bs 0 b1)#([az 2] 0 00 (b1 0 b1))
+([a1,1] 0 by 0 b1)#([ag,2] o (by 0 by 0b1) o (by 0 b1))
+([a2,1] o(bgobg)o bl)#([al,l] o b3 0 by)
+([az,1] o (b2 0 b2) 0 b1)#([as,1] o (b1 0 b1 0 b1) 0 b2)
+([az,1] o (b2 0 b2) 0 b1)#([a1,2] 0 bg o (b1 0 b1))
+([az,1] o (b2 0 b2) 0 b1)#([az,2] 000 (b1 0 b1))

+([az,1] o (b1 0 by 0 bg) 0 by)F#([ar 1] o bz 0 ba)

+([asa] o (b1 0 by 0 by) 0 by)#([az, 1] 0 00 by)
+([az] o (b1 0 b1 0 bg) 0 by)#([a1,2] 0 b3 o (by 0 b1))
+([az,1] 0 (b1 0 b1 0 ba) 0 by)#([az,2] 000 (b1 0 b))

+([aa,1] 0 (b1 0 by 0by 0b1) 0 by)#([a1,1] 0 bg 0 b2)
+([aa,1] o (by 0 by 0 by 0by) 0 by)#([az,1] 000 by)

+([az,1] © (b2 0 ba) 0 by)#([as,2] o (b1 0 by 0b1) o (by 0 b))

+([a371] o(byobyobsy)o b1)#([a372] o(byobyoby)o(byoby))

+([ag,1] o (by o by 0 by 0by) o by)#([as,1]) o (by oby oby)oby)
—|—([CL471] o (bl obyobyo bl) o bl)#([al,g] obsgo (bl o) bl))
+([as,1] o (b1 0 b1 0 by 0b1) 0 b1)#([azz] 000 (byobr))
+([aa,1] 0 (b1 0 by 0by 0b1) o by)#([as,2] o (by 0 by 0b1) o (b 0by))

+b59£([a1,1] © ba 0 b2 )F£b1
+bs#([az,1] o (b1 0 by) o ba)#by
+bs#([a1,2] 0 ba o (b1 0 b1))#b1
+bs#([az,2] 0 (by 0 b1) o (by 0 b1))#b:

(s7)(s°t%)

(s*t)(s%t?)

(s°)(s*2)(t)
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Coefficient equation Factorization

Degree 10 continued
573

continued
+([a1,1] 0 by 0 by)#([az,1] 0 00 by)#by
+(la1,1] 0 ba o b1)#([az] o (by 0 b1 0 b1) 0 by)#by
+([a271} o (byoby)o bl)#([al)l} o b 0 by )#by
+([az,1] © (ba 0 ba) 0 by)#([az,1] 0 (b1 0 by 0 b1) 0 by )#by
+([as,1] o (by 0 by 0 b2) 0 by)#([a1,1] 0 b o by )#b1 (s*t)(s3t)(t)
+([as,1] o (b1 0 b1 0 ba) 0 b1)#([az,1] 0 00 b1)#bs
+([a4,1] o(byobyobyoby)o bl)#([al,l] o by 0by)#b
+([ag,1] 0 (by o by 0 by 0by) 0 by)#([az,1] 000 by)#b
+([aa,1] 0 (b1 0 by 0 by 0 b1) 0 b1)#([as,1] o (by 0 by 0b1) 0 by)#by
+(la1,1] 0 by 0 b1)#([az] o (b1 0 b1) 0 b2)#by
+(la1,1] 0 by 0 b1)#([a1,2] 0 bz o (b1 0 b1))#b1
+([a1,1] 0 bg 0 b1)#([az2] o (b1 0b1) o (b1 0 b1))#b1
+([az,1] o (b2 0 b2) 0 b1)#([a1,1] © b2 0 ba)#b1
+([az,1] 0 (b2 0 b2) 0 b1)#([a1,2] 0 by o (b1 0 by))#b1
+([az,1] o (bz 0 b2) 0 b1)#([az,2] o (b1 0 b1) o (b1 0 b1))£bs
+([az,1] o (b1 0 b1 0b2) 0 br)#([a1,1] 0 b2 0 ba)#b1
+([as,1] o (b1 0 by 0 ba) 0 by)#([az,1] o (b 0 b1) o ba)#by
+([as,1] o (b1 0 b1 0ba) 0 b1)#([a1,2] 0 b2 o (b1 0 b1))#b1
+(las,1] o (b1 0 b1 0 ba) 0 b1)#([az,2] o (b1 0 b1) o (b1 0 b1))#b1
+([ag,1] o (by o by 0 by 0by) 0 by)#([ar,1] 0 by 0 ba)F#by
+([aa,1] 0 (b1 0 b1 0by 0b1) 0 by)#([az,1] o (b1 0 b1) 0 ba)#by
+([as,1] o (b1 0 b1 0by o br) o bi)#([a1,2] 0 ba o (b1 0 b1))#b1
+([aa,1] 0 (b1 0 b1 0 by 0 b1) 0 b1)#([az,2] © (by 0 b1) o (b1 0 b1))#b1
+([a1,1] 0 bs 0 ba)#baFby
+(laz,1] 0 0 0 ba)#ba#b:
+([a3’1] o (by o by 0by) obo)#by#by
+([a172] o bz o (b 0by))#bsFtby
—|—([a2,2] 000 (by 0by))Fbs#by
+([ag,2] o (b1 0 by 0 by) o (by 0 by))Hba#by

(s1)(s*t%)(s)

(s°#2)(sM)(1)
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Coefficient equation

Factorization

Degree 10 continued

sTt3 continued

+([a1,1] 0 b3 0 ba)#(az,1] 0 0 0 by )Fb;
+([a1,1] 0 bg 0 b2)#([az,1] © (b1 0 b1 0 b1) 0 b1)#by
+([az,1] 0 00 ba)#([a1,1] 0 b3 0 b1)#b1
+([az,1] 0 00 ba)#([az,1] o (b1 0 by 0 b1) 0 by)tby
+([az,1] o (by 0 by 0 by) o bo)#([a1,1] 0 b3 0 by)#b1
+([as,1] o (b1 0 by 0 by) 0 ba)#([az,1] 0 00 by)#by
+([a1,2] 0 bz o (by 0 b1))#([a1,1] © bz 0 by )#by
+([a1,2] 0 b3 0 (b1 0 b1))#([az,1] 0 00 b1)#by
+([a1,2] 0 b3 o (b1 0b1))#([as1] o (b1 o by oby)oby)#by
+([az,2] 000 (by 0 b1))#([a1,1] 0 bg 0 by)#by
+([az,2] 000 (b1 0 b1))#([az,1] 0 00 by)#b1
+(Jazg,2] 000 (by 0 b1))#([as,1] © (b1 0 by 0 by) 0 by )F#by
+(lag,2] o (b1 0 by 0 by) o (b1 0b1))#([a1,1] 0 by 0 b1)#by
+([as,2] o (b1 0 b1 0b1) 0 (b1 0 b1))#([az,1] 0 00 b1)#by
+([a3,2] o (bl o b1 o bl) o (bl o bl))#([ag,l} o (b1 o bl o bl) @) bl)#bl

+bs5#([a1,1] 0 by 0 by )#bo
+bs#([az,1] o (b1 0 by) 0 by)#b2

+b5#([a1,2] 0 b1 o (by 0 b1))#([a1,1] 0 b1 0 b1)

+([a1,1] © ba 0 b1)#bs#bs
+([az,1] o (ba 0 ba) o by)#bs#bo
+([az,1] o (b1 o by 0 by) 0 by )#bs#bo
+([aa,1] © (b1 0 b1 0 by 0 by) 0 by)F#b3H#bo

+([az,1] o (b1 0 by 0b2) 0 b1)#([az,1] o (b1 0 b1) 0 bi)#([a1,1] 0 b1 o b1)
+([a471] o (b1 o b1 O b1 o bl) o bl)#([ag’l] (e} (b1 o bl) o bl)#([am] e} b1 o bl)

+([a1,1] 0 by 0 b1)#([a1,2] 0 by o (by 0 by))#bo
+([az,1] © (ba 0 ba) 0 by)#([a1,1] 0 by 0 ba)#by
+([az,1] 0 (b2 0 b2) 0 b1)#([a1,2] © by o (b1 © by))#b2
+([a3,1] o(byobyobg)o bl)#([al,l] 0 by 0 by)#by
+([a3,1] o(byobyobg)o bl)#([al,ﬂ o by o (by 0by))#bs
+([aa,1] o (by 0 by 0 by 0by) oby)#([ar,1] 0 by 0 ba)#bo
+([aq,1] 0 (b1 0 b1 0 by 0b1) 0 br)#([ar,2] 0 by o (b1 0 b1))#bo
+([az,1] 0 00 bo)#bs#([a1,1] 0 by 0 b1)
+([az,1] o (b1 0 by 0 by) 0 ba)#bs#([a1,1] 0 by 0 by)
+([a1,2] 0 bg o (b1 0 b1))#bs#([a1,1] 0 by 0 b1)
+([az,2] 0 00 (b1 0 b1))#bs#([ar,1] 0 b1 0 by)
+([as 2] o (by 0 by 0 by) o (by oby))#bs#([ar 1] 0 by oby)

(s°£%)(s%t)(s)

(s°)(s*)(£)
(s°)(st*)(st)

(s18)(s*)(£)

(s*t)(s%t)(st)

(s1)(st?)(s%)

(s°¢%)(s%) (st)
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Coefficient equation

Factorization

Degree 10 continued

sTt3 continued

+([a1,1] 0 b3 0 ba)#([az,1] © (by 0 b1) 0 by)#b2
—|—([a271] o0o bg)#([aLl] 0 by 0 by )#bo
+([az,1] o (b1 0 b1 0b1) 0 ba)#([ar,1] 0 ba 0 b1)#bs
+([as,1] o (b1 0 b1 0by) 0 bo)#([az,1] o (b1 0b1) 0 b1)#b2
+([a172} obgo(byo bl))#([al 1] 0 ba 0 by)#bo
+([a1,2] 0 b3 0 (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)#b2
+([az,2] 0 00 (by 0 b1))#([a1,1] 0 by 0 b1)#bs
+(laz,2] 000 (b1 0 b1))#([az] o (b1 © b1) 0 by)#bs
+([as,2] o (by o by 0 by) o (by 0 by))#([a1,1] 0 by 0 b1)#bo
+([&3,2] o(bjobioby)o(bo bl))#([az,l] o (by 0 by) 0 by)#by

(la1,1] 0 ba 0 b1)#([az,1] o (b1 0 b1) 0 b1)#b1#b1
+([az,1] 0 (b2 0 b2) 0 b1)#([a1,1] © ba o b1)#b1#b1
+([az,1] o (b1 0 by 0 ba) 0 by)F#([a1,1] 0 by 0 by)#b1#by
+([az,1] o (b1 0 by 0b2) 0 by)#([az,1] o (b1 0 b1) 0 by)#b1#b:

([a4 1 (b1 objobio bl) o bl)#([al,1] obyo bl)#bl#bl

Jo
+([aa,1] o (b1 0 by 0 by 0 by) 0 by)#([ag,1] © (b1 © b1) o by)#b1#b

+([az,1] o (b2 0 ba) 0 by)#ba#([a1,1] 0 by 0 b1)#by
+([az,1] o (b1 0 by 0 b2) 0 by)#ba#([a1,1] 0 by 0 b1 )#by
+([aa,1] o (b1 0 by 0 by 0 by) 0 by)#ba#([a1,1] 0 by 0 by)#by

+bs#([a1,1] 0 bg 0 b1 )#bo
+ba#([az,1] 000 by)#by

+ba#([az,1] o (b1 0 by 0 by) 0 by)#b2
+ba#([az1] o (by 0 b1) 0 ba)#([ar,1] 0 by 0 by)
+b4#([a1 2] o by o (by 0 by))# ([01,1] obyoby)
+b4##([az,2] © (b1 0 by) © (b1 0 b1))#([ar,1] 0 by 0 by)

+([az,1] 0 00 b1)#([as,1] o

bl o] bl [¢] bl) [e] bl)#([alyl] o] bl [e] bl)

(
+(lar,1] 0 bg 0 b1)#
+(lar,1] 0 by 0 b1)#
+([a1,1] 0 by 0 b1)#([az,2] o (b1 0 b1) o (by 0 by))#bo
+([a271] o0o bl) ([al,l] o bg o bg)#bg
+([a2’1] o0o bl)#([al,Q] oby o (b1 o) bl))#bg
+([CL271] o0o bl)#([azg] o (bl o bl) o (b1 o bl))#bg
+([as,1] o (by 0 by 0 by) 0 by)#(ar 1] o ba 0 ba)#by
+([as,1] o (b1 0 b1 0 b1) 0 b1)#([az,1] o (b1 0 b1) 0 ba)#bs
+([az,1] o (b1 0 b1 0b1) 0 br)#([ar,2] 0 bz o (b1 © by))#b2

([ag,1] 0 (b1 0 b1) 0 ba)#by
([a1,2] 0 b2 o (b1 0 b1))#b2

+([a3,1] o (bl o bl o bl) ¢} bl)#([ag’g] o (bl o bl) (e} (bl (e} bl))#bg

(s°t%)(s*t)(s?)

(s1t)(s*t)(s)(1)

(s1t)(s*) (st)(2)
(sD)(s*)(£)

(s1)(s7t%)(st)

(s3t)(s%t)(st)

(s°t)(s7t%)(s?)
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Coefficient equation Factorization

Degree 10 continued

s7t3 continued
+([a1,1] 0 bg 0 b1)#([az,1] © 0 0 by)#b1#b1
+([a1,1] 0 by 0 b1)#([az] © (b1 0 by 0 by) © br)#bi#bi (s°t)(s%) () (t)
+([az,1] 0 00 by)#([as,1] o (b1 0 by 0 by) 0 by)#by #by

+ba#([a1,1] 0 b2 0 by)#([a1,2] 0 by o (b1 0 by))
+ba#t([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by 0 b2) (s*)(s%t)(st%)
+ba#([az,1] o (b1 0 b1) 0 b1)#([a1,2] 0 b1 0 (b1 0 1))

+([a1,1] 0 by 0 by )#bs#([a1,2] 0 by o (b1 0 b1))

+([az,1] 0 0 0 b1)#bs#([a1,1] 0 by o ba)

+([az,1] 0 00 by )#bs#([a1,2] 0 by o (b 0 b1)) (s%t)(s) (st?)

+([as,1] o (by 0 by 0 b1) 0 by)F#bs#([ar,1] 0 by o by)
+([az,1] o (by 0 by 0b1) 0 by)#bz#([a1,2] by o (b obr))
([az,1] o (b1 0 by 0 b1) 0 by)#([a1,1] 0 by 0 by)#([az,1] o (b1 o by) o by) (s3t)(s%t)(s%t)
+([a1,1] 0 bg 0 bo)#b3#([az,1] o (b1 0b1) 0 b1)
+([az,1] o (b1 0 by) 0 ba)#bs#([a1,1] 0 b2 0 by)

(

]
+([a1,2] 0 b2 o (b1 © by))#bs#([a1,1] 0 ba 0 by) . .
(byoby)oby) (s2t2)(s%)(s°t)

+([a1,2] 0 by o (b 0 by))#bs#([az,1] o
+([az,2] 0 (b1 0b1) o (b1 0 b1))F#bs#([a1,1] 0 b2 0 b1)
+(laz,2] o (b1 0 b1) o (b1 0 by))#bs#([az,1] o (b1 0 b1) 0 by)

+ba#([az,1] o (b1 0 b1) 0 by)#([a1,1] o by 0 by)#by (s*)(s%t)(st)(t)
+([az,1] 0 00 by)#bs#([a1,1] © by © by)#b1 a3
+([as,1] o (b1 0 by 0 by) 0 by)F#bs#([a1,1] 0 by 0 by)#b1 (s7)(s") (1) 1)
+([a1,1] 0 b3 0 by)#([az,1] o (b1 0 b1) 0 by)F#ba# by
([az.] 00 0 b)#([ar.1] © bo o by )#batbs e
+([az,1] o (b1 0 by 0 by) 0 by)#([ar,1] 0 by 0 by)#bo# by (")(s") (%) (®)
+([az,1] o (b1 o by 0b1) 0 b1)#([az,1] o (b1 0 b1) 0 by)#baF#bs
+(las,1] o (b1 0 by 0b1) 0 by)#([az,1] o (by 0by) 0 by)#([a1,1] 0 by o by)#by (s3t)(s%t)(st)(s)
+b3#([a1,1] 0 bz 0 b1)#([az1] o (b1 © by) © b1)#by (s*)(s°D) (s*1) (1)




APPENDIX A. THE RAVENEL-WILSON RELATIONS 185

Coefficient equation Factorization

Degree 10 continued
644

S

0=
[a1,1] 0 bg o by
+[a271] o (b3 ] b3> o b4
+lasz 1] o (b oby oby +byobyobs)oby
+[as1] 000 by
+las1] o (byobyobyobyoby)oby
+[ag 1] o (b obyobyobyobyoby)oby
+[a1,2] 0 bg o (b2 0 ba)
+lag,2] o (b3 0 b3) o (b 0 ba)
+as 2] o (b1 0by 0bs + by 0oby 0ba) o (byobs)
+[6L4’2] o0o (bg o bg)
+as2] o (b1 0 by 0 by 0 by 0b2) o (by 0 by)
+ag 2] 0 (b1 0b1 0by 0by 0by 0by) o (byoby)
+[a1,3] o bg o (by 0 by 0 by)
+[az,3] o (b3 0bsg) o (by 0 by 0bo)
+[as 3] o (b1 0 by 0 by 4 by 0 by 0 by) o (by 0 by 0 by)
+[asg,3] 000 (by 0 by 0bs)
+as 3] o (b1 0b1 0by 0by 0by)o (b obyoby)
+]ag,3] 0 (b oby oby 0byoby oby) o (by 0byobg)
+[a1,4) 0bg o (by 0by 0by 0by)
+]ag,4] o (b3 0bg) o (by 0by 0by 0by)
+laga) o (byobyoby +byobyoby)o(byobyobyoby)
+[ag4] 000 (byoby obyoby)
+[as 4] 0 (by 0by obyoby 0bg)o(byobyobyoby)
+[aga] o (b obyobyobyobyoby)o(byobyobyoby)

(s5¢%)
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Coefficient equation Factorization

Degree 10 continued
s%t* continued
+([a1,1] 0 b 0 b3)#b1
+([az,1] o (bg o b3) o b3)#b1
+([az,1] o (b1 0 by 0 by + by 0 by 0 by) 0 bg)#by
+([a4,1] 000 b3)#by
+([as,1] © (b1 0 by 0 by 0 by 0by) 0 bg)#by
+([ag,1] 0 (b1 0 by 0 by 0 by 0by 0b1) 0 b3)#b1
+([a1,2] 0 bg 0 0)#by
+([az,2] o (bg 0 bs) 0 0)#by
+([az,2] 0 (b1 0 b1 0 by + ba 0 by © by) 0 0)#by (583 ()
+([as,2] 0 00 0)#by
+([as,2] o (b1 0 by 0 by 0 by 0 by) 0 0)#by
+([ag,2] 0 (b1 0 by 0 by 0 by 0by 0by1) 0 0)#by
+([a1,3] 0 bg o (by 0 by 0 b1))#b1
+([az,3] o (b3 0 b3) o (b1 0 b1 0 b1))#b1
+([as,3] o (b1 0by 0 by + by 0 by 0ba) o (by 0 by 0b1))#b1
+(las,s] 000 (b1 0 by 0by))#by
+([as,3] © (b1 0 by 0 by 0 by 0ba) o (b 0by 0by))#b
+([ag,3] 0 (b1 0oby oby oby 0by0by) o (by 0by 0by))#by
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Coefficient equation Factorization

Degree 10 continued

s%t* continued
+([a1,1] 0 bs 0 ba)#b1
+([az,1] 0 00 by)#br
+([as1] o (b1 0 by 0 b + by 0bg 0by) 0 by)#by
+([a471] 000 by)#b
+([as,1] o (by o by 0 by 0 by 0 by) 0 by)#by
+([a1,2] 0 bs o (by 0 ba))#b1
+([a2’2] o0o (bg o bg))#bl
—i—([ag)g} o (by 0by 0bg + by obg oba) o (bg oba))#by
+([as,2] 0 00 (bz 0 b2))#b1
+([as,2] o (by 0 by 0by 0by 0by) o (b oba))#b1
+([a1,3] 0 bs o (by 0 by 0 ba))#b1
—l—([ag,;ﬂ o000 (by oby 0by))#by
+([as ] o (b1 0by 0bg + by 0bg 0by) o (by 0by 0ba))#by
—|—([a473} 000 (by oby 0by))#by
+([as,3] o (b1 obyoby obyoby) o (b obyoby))#b
+([a1,4] 0 bs o (b1 0 by 0 by 0b1))#by
+([a2,4] o0o (bl objobio bl))#bl
+([az,a] 0 (b1 0 by 0 b3+ by 0oby 0by) o (by 0by 0by oby))#br
+([as,4) 000 (by 0 by 0by 0 by))#by
+([as 4] o (by obyobyoby 0by)o(byobyobyoby))#b
+([a1,1] 0 bg 0 ba)#bo
+([az,1] o (bg 0 b3) o ba)#bo
+([as,1] 0 (b1 0 by 0 by + ba 0 by 0 by) 0 ba)#bo
+([a4’1] oQo bg)#bg
+([as,1] 0 (b1 0 by © by 0 by 0 bg) 0 by)F#bo
+([ag,1] © (b1 0 by 0by 0 by 0 by 0 by) 0 by)#by
+([a1,2] 0 bg o (b1 0 b1))#b2
+([az,2] o (b3 0 b3) o (b1 0 b1))#b2
—I-([ag)g} o (by obyoby + by obgobg)o (byoby))#bs
+([ag,2] 0 00 (b1 0 b1))#b2
+([as,2] o (b1 0 by 0 by 0by 0bg) o (b 0by))#ba
+([ag,2] 0 (b1 o by 0by 0by 0by 0by) 0 (by 0by))#ba

(s°t1)(s)

(s°8%) (%)
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Coefficient equation

Factorization

Degree 10 continued

s8¢* continued

+([az,1] 0 00 b3)#([a1,1] 0 b1 0 b1)
+([as,1] o (b1 0 by 0 b3 + by 0 by 0 by) 0 bg)#([a1,1] 0 by 0 by)
+([a4,1] o0o b3)#([a171] obyo bl)
—|—([a571} o(byobyobiobyoby)o bg)#([alyﬂ obyoby)
+([a1,2] 0 b5 0 0)#([a1,1] 0 b1 0 b1)
+([az,2] 0 00 0)#([a1,1] 0 b1 0 by)
+([as,2] o (b1 0 by 0 b3 4 by 0 by 0 by) 0 0)#([a1,1] 0 by 0 by)
+([a4,2] o0o 0)#([&171} ob; o bl)
+([as,2] o (b1 0 by 0 by 0by 0by) 0 0)#([a1,1] 0 b1 oby)
+([a1,3] 0 b5 0 (b1 0 by 0 b1))#([a1,1] 0 by o b1)
+([az,3] © 00 (by 0 by 0 b1))#([ar11] 0 by 0 by)
+([a373] o (bl obyobg+brobyo bz) o (b1 obyo bl))#([a1,1] obo b1)
+([as,3] 000 (by 0 by 0 b1))#([ar,1] 0 by o by)
+([a513] © (b1 objobiobio b1) o (bl obyo b1))#([a1,1] obyo bl)

+([a1,1] 0 by 0 by)#by
+([a271} o (bg 0 by) o by)#bso
+([az,1] o (b1 o by 0 by) 0 by)#bo
+([aa,1] 0 (b1 0 b1 0 by 0 b1) 0 by)#bo
—I-([al)g} 0 by o (by 0 ba))#by
+(laz,2] o (b2 0 b2) o (b2 © b2))#b2
+([as,2] o (b1 0 by 0 by) o (b © ba))#b2
+([as,2]) o (b1 0 by 0 by 0b1) o (ba 0 by))#by
+([a1,3] 0 bg o (b1 0 by 0 ba))#ba
+([a2,3] o(bgobsg)o (b1 0 by 0 by))#ba
+([as,3) o (b1 0 by 0 b2) o (by 0 by 0 ba))#bo
+([as,3] o (b1 0 by 0 by 0 by) o (by 0 by 0ba))#bo
+([a1,4] 0 by o (b1 0 by 0 by 0b1))#bs
+([az,a] 0 (b2 0b2) 0 (b1 0 b1 © by 0 b1))#bo
+([az,a] 0 (b1 0 b1 0ba) o (b1 0 by 0by 0by))#bo
+([ag,a] 0 (b 0obyoby 0by) o (by obyobyoby))#bs

(s5t3)(st)

(s*t4)(s?)
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Coefficient equation Factorization

Degree 10 continued

s%t* continued
+([a1,1] 0 bs © b3)#b1#b:
+([a2}1] 000 bs)#b1#b;
+([az,1] 0 (b1 0 b1 0 bz + by 0 by © by) 0 bg)#b1#b;
+([a4,1] 000 bs)#b1#by
+([as,1] 0 (b1 0 by 0 by 0 by 0by) 0 bs)F#bi#b
+([a,2] o bs 0 0)#b1#by
+([a2)2] 000 0)#b1#by
+([as,2] o (by 0 by 0 b3 4 by 0 by 0 by) 0 0)#b1#b; (s°%)(s)(t)
+([aa,2] © 00 0)#b1#b1
+([as,2] o (by 0 by 0 by 0 by 0by) 0 0)#b1#b:
+([a1’3] obs o (by oby oby))#bi1#b
+([ag,3] 000 (by 0 by 0 by))#b1#by
+([az,3] 0 (b1 0 by 0bg + by 0by 0by) o (by 0by 0br))#bi1#b1
+(las,3] 0 00 (b1 0 by 0 b1))#b1#b1
+([as,3] 0 (b1 0 by 0 by 0 by 0by) o (by 0 by 0by1))F#b1#by
+([a171} o bg 0 by )#bs
+([az,1] o (b3 0 b3) 0 b1)#b3
+([az1] o (b1 0 by 0 by + ba 0 by 0 by) 0 by)#bs
—|—([a471] 000 by)#bs <86t)(t3)
+([as,1] © (b1 0 by 0 by 0 by 0 bg) 0 by)F#b3
+([ag,1] o (by o by o by 0by 0by 0by) 0 by)Fbs
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Coefficient equation Factorization

Degree 10 continued

s%t* continued
+([a1,1] o bs 0 ba)#([a1,2] 0 by o (b1 0 b1))
+([az,1] 0 00 bg)#([a1,1] 0 by 0 ba)
+([az,1] 0 0 0 ba)#([a1,2] 0 by o (b1 0 b1))
+([as,1] 0 (b1 0 by 0 b3 + by 0 by 0 by) 0 ba)#([a1,1] 0 b1 © ba)
+([a371] o(byobyobs+byobyoby)o bg)#([alg] obyo(byoby))
+([as,1] 0 00 ba)#([a1,1] 0 by o ba)
+([a4,1] 0 00 ba)#([a1,2] 0 by o (b1 0 b1))
+([as,1] o (by 0 by 0 by 0 by 0b1) 0 ba)#([ar,1] 0 by o by)
+([a5)1} o(byobyobyobioby)o bg)#([al)g] obyo(byoby))
+([a1,2] 0 b5 0 (b1 0 b1))#([a1,1] 0 by 0 ba)
+([az,2) 000 (b1 0b1))#([a1,1] 0 b1 © ba)
+([az,2] 000 (b1 0 b1))#([a1,2] 0 b1 o (b1 0 b1))
+([as,2] o (b1 0 by 0 b3 4 by 0 by 0 by) o (by 0 by))#([a1,1] 0 by 0 ba)
+([a372] o(byobyobg+byobyoby)o(byo bl))#([alg] obyo(byoby))
+([as,2] 0 00 (b1 0 br))#([ar,1] 0 b1 0 bo)
+([aq,2] 000 (b1 0 b1))#([a1,2] 0 b1 o (b1 0 b1))
+([as,2] o (by o by 0 by oby 0by) o (b oby))#([ar,1] by oby)
+([as,2] o (b1 0by 0by 0 by 0by) o (b1 0b1))#([ar,2] 0b1 o (b 0b1))

(s5%)(st?)
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Coefficient equation

Factorization

Degree 10 continued

s%¢% continued

+([a1,1] © (ba 0 b3) 0 b3)#([az,1] 0 (b1 0 b1) © by)
+([az,1] o (b2 0 b2) 0 b3)#([a1,1] 0 bz 0 by)
+([az1] o (b1 0 b1 0b1) 0 bs)#([ar,1] 0 b2 obr)
+([a3’1] o (bl ob; o bl) o b3)#([a2’1] o (bl o bl) o bl)
+([ag,1] o (b1 0 by 0 by 0 b1) 0 bs)#([a1,1] 0 by 0 by)
+([aa,1] o (b1 0 by 0 by 0 by) 0 bs)#([az,1] o (b1 0by) o by)
+([a1,2] 0 by 0 0)#([ar,1] 0 by 0 by)
+([a1,2] 0 by 0 0)#([az,1] o (b1 0 b1) 0 b1)
+([az,2] o (ba 0 ba) 0 0)#([a1,1] o by 0 by)
+([az,2] 0 (ba 0 ba) 0 0)#([az,1] © (b1 0 b1) 0 by)
+([az,2] o (b1 0 b1 0 b1) 0 0)#([a1,1] 0 b2 0 b1)
+(las,2] o (b1 0 b1 0b1) 0 0)#([az,1] o (b1 o b1) o b1)
+([as,2] © (b1 0 by 0 by 0by) 0 0)#([ar,1] 0 by o by)
+([a472] o(byobiobioby)o 0)#([a2,1] o (byoby)obr)
+([a173] obgo(byobyo bl))#([al,l] obgoby)
+(lar,3] 0 by 0 (b1 0 by 0 b1))#([az,1] o (b1 0b1) 0 by)
+([az,3] o (b2 0 b2) 0 (b1 0 by 0 b1))#([a1,1] 0 b2 0 by)
+([az,3] (b2 0 b2) 0 (b1 © by 0 b1))#([az,1] o (by 0 b1) 0 by)
+([a373] o (b1 o b1 o bl) o (b1 o bl 9] bl))#([al,l] @) bg ] bl)
+([az,3] 0 (b1 obyob1) o (b1 obyobi))#([az1] o (b1obr)obr)
+([a,3] 0 (b1 0 by 0 by 0by1) 0 (by 0 by 0b1))#([ar,1] 0 bz 0 b1)
+([aa,3] o (by 0 by 0by 0by) o (b obyobi))#([azg,1]o (byoby)oby)

+([a1,1] o bg 0 ba)#bs3
+([az,1] © 00 by)#bs
+([as,1] o (b1 0 by 0 by) 0 by)#b3
+(la1,2] 0 b o (b2 0 b2))#bs
+([az,2] 0 0 0 (by 0 by))#bs
+([as,2] o (b1 0 b1 0b1) 0 (bg 0 ba))#b3
+([a1,3] 0 b3 o (by 0 by 0 by))#b3
+([ag,3] 000 (by 0 by 0by))#bs
+([az,3] o (b1 0 by 0 by) o (by 0 by 0 ba))#b3
+([a1,4] 0 bg o (by 0 by 0 by 0by))F#bs
+([az,4] 000 (by 0 by 0 by 0b1))#bs
+([az,a] o (b1 0o by oby) o (by obyobyoby))#bs

(s*t3)(s%t)

(s°t1)(s%)
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Coefficient equation Factorization

Degree 10 continued

s5t* continued
+([az,1] 0 00 ba)#([a1,1] 0 by © b1)#b1
+([az,1] o (b1 0 by 0bg + by 0bg 0 ba) 0 ba)#([a1,1] 0 by 0 b1)#by
+([aa,1] 0 00 ba)#([a1,1] 0 by © b1)#b1
+([as,1] © (b1 0 by 0 by 0 by 0by) 0 ba)#([a1,1] © by © by)#b1
+(la1,2] 0 bs 0 (b1 0 br))#([a1,1] 0 by 0 by)#b1 (%) (st)(t)
+([az,2] 000 (b1 0b1))#([a1,1] © by 0 by)#b1
—|—([a372} © (b1 obyobz+biobyo b2) © (b1 © bl))#([al,ﬂ obyo bl)#bl
+([aa,2] 000 (b1 0 b1))#([a1,1] © by 0 b1)#b1
+([a572] © (bl objobiobyo bl) 0 (bl o bl))#([al,ﬂ obyo b1)#b1
+([a1,1] 0 bs 0 ba)F#ba#by
+([az,1] © 0 0 by)#ba#by
+([as,1] o (b1 0 by 0 b3 4 by 0 by 0 ba) © by )#ba#by
+([a4,1] 000 by)#ba#by
+([as,1] 0 (b1 0 by 0 by 0 by 0by) 0 ba)F#bo#br
+([a1,2] 0 bs o (b1 0 by))#ba#by
+(laz,2] 0 00 (b1 0 by))#ba#b1
—‘r([a‘g’g] 0 (b1 0by 0bg + by 0bg 0by) o (by 0by))#Hba#by
+([as,2] 000 (by 0 by))#ba#tbs
+([as,2] © (b1 0 b1 0 by 0 by 0by) o (b1 0 b1))#ba# by
e Hby (s%)(t")
+([a1,1] 0 b 0 b1)#([a1,2] 0 by 00)
+([a1,1] 0 bs 0 b1)#([a1,3] © b1 o (b1 0 b1 0 b1))
+([az,1] 000 by)#([a1,1] © by © b)
+([az,1] © 00 by)#([a1,2] 0 b1 00)
+([az,1] 000 b1)#([a1,3] 0 b1 o (by 0 by 0b1))
+([ag,1] o (b1 0 by 0 b3 + by 0 by 0 by) 0 by)#([ar,1] 0 by © b3)
+([as,1] o (b1 0 by 0 bg + by 0 by 0 by) 0 by)#([a1,2] 0 b1 0 0)
+([az,1] o (b1 0 b1 0 b3 + by 0bg 0ba) 0 by)#([a1,3] 0by o (by 0by 0by))
+([as,1] 000 by)#([ar,1] 0 by 0 bs)
+(las,1] 0 00 b1)#([a1,2] 0 b1 0 0)
+([as,1] 0 00 by)#([ar,3] 0 by o (by 0 by 0by))
+([as,1] o (b1 0 by 0 by o by 0by)oby)#([ar,1] 0 by obs)
+([as,1] 0 (b1 o by 0 by 0 by 0by) 0b1)#([a1,2] 0 by ©0)
+([&5,1] o (bl obiobiobo b1) o bl)#([al,s] obio (b1 obo bl))

(s°%)(t%)(s)

(s5t)(st3)
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Coefficient equation

Factorization

Degree 10 continued

s%¢* continued

+([a1,1] 0 ba 0 b2)#([az,1] o (by 0 by) 0 b2)
+(la1,1] 0 by 0 ba)#([a1,2] 0 bz o (b1 © b1))
+([a1,1] 0 by 0 ba)#([az,2] o (b1 0 b1) o (b1 0 b1))
+([az,1] 0 (b2 0 b2) 0 b2)#([a1,1] 0 bz 0 bo)
+(laz,1] 0 (b2 0 b2) 0 b2)#([a1,2] 0 bz o (b1 0 b1))
+([a271] o (bg o b2) o bg)#([&gg] o (bl o bl) o (b1 o b1))
+([ag,1]) o (b1 0 by 0 ba) 0 bo)#([a11] 0 by 0 ba)
+([az,1] o (b1 0 b1 0 ba) 0 b2)#([az,1] o (b1 0 b1) 0 b2)
+([az,1] o (b1 0 by 0 ba) 0 ba)#([a1,2] 0 by o (by 0 b7))
+(las,1] o (b1 0 b1 0 ba) 0 ba)#([az,2] o (b1 0 b1) o (b1 0 b1))
+([ag,1] o (b1 0 by 0 by 0 by) 0 ba)#([ar,1] 0 bz 0 by)
+([aa,1] o (b1 0 by 0 by 0 by) 0 ba)#([az,1] o (b1 0 by) 0 ba)
+([aa,1] 0 (b1 0 b1 0 b1 0b1) 0 ba)#([a1,2] © bz o (b1 0 b1))
+([as,1] © (b1 0 b1 0 b1 0 b1) 0 ba)#([ag,2] o (by 0 b1) o (b 0 b1))
+([a1,2] obgo(bo bl))#([am] 0 by 0 bg)
+([a1,2] 0bg o (b1 0b1))#([az,1] o (by 0 by1) 0 ba)
+([a1,2] 0 bs o (b1 0 by))#([az,2] © (b1 0 b1) © (b1 0 b1))
+([az,2] © (ba 0 ba) o (b1 0 b1))#([a1,1] © b2 © b2)
+([az,2] o (ba 0 bz) o (by 0 b1))#([az,1] o (b1 0 b1) 0 b2)
+([az,2] © (b2 0 b2) o (b1 © b1))#([a1,2] 0 bz o (b1 0 b1))
+([ag,2] o (by 0 by 0 b2) o (by 0by))#([a1,1] 0 ba 0 ba)
+([as,2] o (b1 0 b1 0 bg) o (b1 0 b1))#([az,] o (b1 o b1) 0 b2)
+([az,2] 0 (b1 0 b1 0 by) 0 (b1 0 b1))#([a1,2] 0 ba o (b1 0 b1))
+([az,2] o (b1 0 b1 0 b2) o (by 0 b1))#([az,2] © (b1 0 b1) o (b1 0 by))
+([aa,2] o (b1 0 by 0 by 0 by) o (by 0by))#([a1,1] 0 ba 0 b2)
+([ag,2] o (b1 0 b1 0 by 0by) o (byobi))#([aza] o (b1 oby)obs)
+([as,2] o (b1 0 b1 0 by oby) o (byobi))#([ar2] 0 bz o (b obr))
+([aq,2] © (b1 0 b1 0 by 0 by) o (by 0by1))#([ag,2] o (b1 0by)o (byoby))

(S4t2)(82t2)
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Coefficient equation Factorization

Degree 10 continued

s5t* continued
+([a1,1] 0 b3 © b3)#([az,1] 0 0 0 by)
+([a1,1] 0 b3 0 b3)#([as,1] o (b1 0 by 0 b1) 0 b1)
+([az,1] 0 00 b3)#([ar1] 0 bg 0 by)
+([az2,1] 0 00 bs)#([az] o (b o by 0 by) 0 by)
+([az,1] (b1 0 b1 0 by) 0 b3)#([a1,1] 0 by 0 b1)
+([az,1] o (b1 0 b1 0 b1) 0 b3)#([az,1] 000 by)
+([a1,2] 0 b3 0 0)#([a1,1] o bs 0 by)
+(la1,2] 0 by 0 0)#([az,1] 0 00 1)
+([a1,2] o b3 0 0)#([az 1] o (b1 o by 0by) o by)
+([az,2] 000 0)#([a1,1] © b3 0 by)
+([az,2] 0 00 0)#([az1] 000 by)
+([az2,2] 0 00 0)#([az] o (b o by 0 by) 0 by) (383)(s31)
+([az,2] o (b1 0 b1 0 by) 0 0)#([a1,1] 0 b3 0 by)
+(las,2] o (b1 0 by 0 by) 0 0)#([az,1] 0 00 bs)
+(las,2] o (by 0 by 0 b1) 0 0)#([az] o (b1 obyoby)oby)
+([a1,3] 0 b3 0 (b1 © b1 0 by))#([a1,1] 0 bg 0 by)
+([a1,3] 0 bg o (b1 0 b1 0b1))#([az,1] 000 by)
+([a1,3] 0 bg o (b1 0 by 0 b1))#([ag,1] o (b1 0 by 0 by) 0 by)
+([az,3] 000 (by 0 by 0 b1))#([a1,1] o bs o b1)
+([az,3] 000 (b1 0 by 0 b1))F([az,1] 000 by)
+([az,3] 000 (by 0by ob1))#([asa] o (b1 0byoby) 0 by)
+(las,s] o (b1 0 by oby) o (byobyobi))#([ar] o bsobr)
+([az,3] 0 (b1 obyobr) o (b obyobr))#([az1]000by)
+([az,3] © (b1 0 b1 0 b1) o (by 0 by 0b1))#([az,1] o (b1 0by 0by)oby)
+(la1,1] 0 b2 0 bs)#£bs
+([azg,1] o (b1 0 by) 0 ba)#bs
+(la1,2] 0 b2 © (b2 © b2))#bs
+([az,2] o (b1 0 b1) 0 (b2 0 b2))#bs (5244 (%)
+([a1,3] 0 bz 0 (b1 0 by 0 b2))#bs
+(laz,s] o (b1 0 b1) 0 (b1 © by 0 by))#bs
+([a1,4] 0 ba o (by 0 by 0 by 0by))F#by
+([az,4] © (b1 0 b1) 0 (by 0 by 0 by ©b1))#bs
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Coefficient equation Factorization

Degree 10 continued

s%t* continued
+([az,1] 0 00 b1)#([a1,1] 0 by 0 ba)#b1
+([az,1] o (b1 0 by 0 b + by 0bg 0ba) 0 by)#([a1,1] 0 by 0 ba)#by
+([aa,1] 0 00 b1)#([ar,1] 0 b1 0 b2)#by
+([as,1] 0 (by 0 by 0 by 0 by 0by) 0by)#([a1,1] © by © be)#b1
+([a1,1] 0 b5 0 b1)#([a1,2] 0 by o (b1 0 by))#by () (st?)(t)
+([az] 000 b1)#([a1,2] 0 by o (b1 0 b1))#b1
+([a371} o(byobyobs+byobyobs)o bl)#([al)g] o by o (byoby))#by
+([aa,1] 000 b1)#([a1,2] 0 b1 o (b1 0 by))#b1
+([as,1]) o (b1 o by 0 by 0by 0by) oby)#([ar 2] 0 by o (by oby))#by
+([a1,1] 0 b5 © by)##b3#b:
+([az,1] 0 00 by )#bs#by
+([as,1] o (b1 0 by 0 b3 + by 0 bg 0 by) 0 by )F#bsF#by (s5)(t3)(s)
+([ag,1] 0 00 by)#bs#by
+([as,1] 0 (b1 0 by 0 by 0 by 0b1) 0 b1)F#bsH#b1
+([a1,1] 0 b 0 b2)#([az,1] o (b1 0 b1) 0 b1)F#bs
+([az,1] o (b2 0 b2) 0 ba)#([a1,1] © bz 0 b1)#by
+([az 1] o (b1 0 by 0 ba) 0 ba)#([a1,1] 0 bg 0 b1)F#bs
+([az,1] o (b1 0 b1 0 ba) 0 b2)#([az,1] o (b1 0 b1) o by)#bs
+([as,1] o (b1 0 by 0 by 0 by) 0 ba)#([ar,1] © by 0 by)#by
+(lag,1] o (b1 0 by 0 by 0b1) 0 ba)#([az,1] o (b1 0 by) 0 b1)#by
+([a1,2] 0 by o (b1 0b1))#([a1,1] 0 ba 0 b1)F#bs
+([a1,2] 0 by o (b1 0 b1))#([az,1] o (b1 0 b1) 0 by)#b1
+([az,2] © (b 0 ba) o (b1 0 b1))#([a1,1] © by © by )#b1
+([az,2] o (b2 0 b2) o (b1 0 b1))#([az,1] o (b1 0 by) o br)#by
+([az,2] o (b1 0 by 0 b2) o (by 0 b1))#([a1,1] 0 bz 0 b1)#by
+([as2] o (b1 0 by 0 ba) o (b1 0 b1))#([az,1] 0 (b1 0 b1) 0 by)#b1
+([as,2] 0 (by o by o by oby) o (by oby))#([a1,1] 0 by 0 by)#by
+([ag,2]) 0 (by 0by obyoby) o (byoby))#([az1] o (b 0by) o by)F#by

(s1%)(s*t)(1)
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Coefficient equation

Factorization

Degree 10 continued

s%¢* continued

+([a1,1] 0 by 0 b2)#([a1,2] 0 by o (b1 0 b1))F#bs
+(laz,1] o (b2 0 b2) 0 ba)#([a1,1] 0 by © b2)#b1
+([az,1] © (ba 0 ba) 0 by)#([a1,2] 0 by o (b1 0 b1))#b1
+([as,1] o (by 0 by 0 bg) 0 ba)F(ar1] 0 by o ba)#by

+([aa,1] 0 (b1 0 b1 0 by 0b1) 0 ba)#([ar,1] 0 b1 0 ba)F#by

+([a1,2] 0 by o (by 0 by))#([ar,1] 0 by 0 ba)#by
+([az,2] © (b 0 ba) o (by 0 b1))#([a1,1] © by © ba)#b1

—|—([0J3,1] [¢] (bl o b1 [} bg) (@] bz)#([aLg} o bl [} (bl [¢] bl))#bl

]
+([as,1] o (by 0 b1 0 by 0by) 0 ba)#([a1,2] 0 by o (b1 0 by))#by

+([az,2] o (b 0 by) o (by 0 b1))#([a1,2]) 0 by o (by 0 by))#b1
+([az,2] o (b1 0 by 0 b2) 0 (b1 0 b1))#([a1,1] 0 by 0 ba)#b
+([as2] o (b1 0 by 0 ba) o (b1 0 b1))#([a1,2] 0 b1 o (b1 0 b1))#b1
+([a4,2] o(byobiobyoby)o(bro bl))#([am] 0 by 0 ba)#b1
+([aa,2] 0 (b1 0 by 0 by 0 b1) 0 (b1 0b1))#([a1,2] 0 b1 o (b 0 b1))#b1

+([a1,1] © b3 0 bs)#bs #by
+([az,1] 0 0 0 b3)#bs#by
+([az,1] o (b1 0 by 0 b1) 0 bg)#bs#bs
+([a1,2] 0 b3 0 0)#bs#by
+([az,2] 0 00 0)#bs#b
+([az,2] 0 (b1 0 b1 0 by) 0 0)#bs#b1
+([a1,3] 0 bg o (b1 0 by 0 by))#bs#by
+([az,3] 000 (by 0 by 0 by))F#bs#b1
+([as,3] o (by o by oby) o (by 0 by o by))#bs#by

(s1£2)(st*)(s)

(s°£%)(s%) (1)
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Coefficient equation Factorization

Degree 10 continued

s5t% continued
+([a1,1] 0 b3 0 b3)#([az,1] o (b1 © by) 0 by)#b1
+([az,1] 0 00 bs)#([a1,1] 0 by © b1)#b1
+([az,1] o (b1 0 by 0 by) 0 b3)#([a1,1] 0 ba 0 by)#b1
+([as,1] o (b1 0 by 0 b1) 0 bg)#([az,1] 0 (by 0 b1) 0 by)#by
+([a1,2] 0 bg 0 0)#([a1,1] 0 b2 0 b1)#b
+([a1,2] 0 b3 0 0)#([az,1] o (b1 0 b1) o b1)#bs
-‘r([agg] o0o 0)#([a1,1] oby o bl)#bl
+([a272] o0o 0)#([&271] o (bl o bl) o bl)#bl
+([as,2] o (b1 0 b1 0b1) 0 0)#([a1,1] 0 bz 0 b1 )#b:
+([az2] o (b1 0 b1 0 by) 0 0)#([az 1] o (b1 0 b1) 0 by )by
+([a1,3] 0 b3 o (b1 0 by 0b1))#([a1,1] 0 ba 0 by)#b1
+([a1,3] obzo (b1 obo bl))# [agﬂ o (bl o bl) o bl)#bl
+([ag,3] 000 (by o by oby))#([ar,1] 0 ba 0 by)#by
+([az,3] 000 (by 0 by 0b1))#([az,1] o (b1 0 b1) o by)#b1
+(laz,3] o (b o b1 0 by) o (by 0 by 0b1))#([ar,1] 0 by 0 b1)#by
+([as,3] o (b1 0 by 0b1) o (b 0 by 0 by))#([az,1] o (b1 0 b1) o by)#b
+([az,1] 0 00 b1)#([a1,1] 0 b1 o b1)#b2
+([az1] o (b1 0 by 0bs + by 0bg 0by) 0 by)#([a1,1] 0 by 0 by)#ba
+([ag,1] 000 by)#([ar,1] 0 by o by)#bo
+([as,1] © (b1 0 by 0 by 0 by 0by) 0 b1)#([ar,1] 0 by 0 by)F#bo
+([a1,1] 0 by 0 by)#ba# by
+([az,1] 0 (b2 0 b2) 0 ba)#ba#bo
+([as,1] o (b1 0 by 0 ba) 0 ba)F#ba#tby
+([aa,1] © (b1 0 by 0 by 0 by) 0 by)#ba#bo
+([a1,2] 0 ba o (b1 © br))#ba#b2
+([az,2] o (ba 0 ba) o (by © b1))#ba# by
+([asz,2] o (b1 0 by 0ba) o (by 0 by))#ba# by
+([as,2] o (b1 0 by 0 by 0by) o (by © by))#ba#ba
+([a271] o0o b3)#b2#([a1,1] ob; o b1)
+([az,1] o (b1 0 b1 0b1) 0 bs)#ba#([ar,1] 0 b1 0 b1)
+([a1,2] 0 b3 © 0)#ba#([ar 1] 0 by 0 by)
+([0272] o0o 0)#b2#([a171] o b1 ] bl)
+([as 2] o (b1 0 b1 0b1) 0 0)#ba#([a1,1] 0 by 0 by)
+([a1,3] 0 b3 0 (b1 0 by 0 b1))#ba#([a1,1] 0 by 0by)
+([az,3] 000 (by 0 by 0by))#ba#([ar,1] 0 by 0 by)
+([as 3] o (by 0obyoby) o (by obyoby))#ba#([ar 1] 0byoby)

(s°t%)(s%)(s)

—~~ —

~~ ~—

(s°)(st)(t?)

(s18%)(s?)(t?)

(s°¢%)(s?)(st)
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Coefficient equation

Factorization

Degree 10 continued

s%¢% continued

+([az,1] o (bz 0 b2) 0 ba)#([a1,1] © by © by )#b1#b1
+([ag,1] o (b1 0 by 0 ba) 0 bo)#([a1,1] 0 by © by)F#b1#b1
+([a4,1] o (b1 objobio bl) o 52)#([61,1] objo bl)#b1#bl
+([a1,2] 0 ba o (b1 0 b1))#([a1,1] 0 by © by)#b1#b1
+([az,2] 0 (b2 0 b2) 0 (b1 0 b1))#([a1,1] © b1 0 b1)#b1#b1
+([az,2] o (b1 0 by 0 bz) o (by 0 by))#([a1,1] 0 by 0 by)F#b1#by
+([aa,2] 0 (b1 0 by 0 by 0 b1) o (by 0b1))#([a1,1] 0 b1 o b1)F#bi#b

+bs#([a1,1] 0 by 0 by)
+bs#([a1,2] 0 by o (b2 0 b2))
+bs#([a1,3] 0 by o (by 0 by 0 b2))
+b5#([a1,4] 0 by o (b 0 by 0by 0by))

+(la1,1] 0 by 0 b1)#([az,1] o (b1 0 b1) 0 b3)
+([a1,1] 0 by 0 by)#([a1 2] 0 ba 0 0)
+([a1,1] 0 ba 0 b1)#([az,2] o (b1 0 b1) 00)
+([a1,1] 0 by 0 by)#([a1,3] 0 ba o (by 0 by 0by))
+([a171] obyo bl)#([azg] o (b1 o bl) o (bl ob; o bl))
+([az,1] o (ba 0 ba) 0 by)#([a1,1] 0 b 0 b3)
+([ag,1] o (b2 0 b2) 0 b1)#([a1,2] 0 b 0 0)
+([az,1] o (b2 0 b2) 0 b1)#([az,2] o (b1 0 b1) 0 0)
+([az,1] 0 (b2 0 b2) 0 b1)#([a1,3] 0 b2 o (b1 0 b1 0 b1))
+([az,1] o (b 0 ba) 0 by)#([az,3] o (b1 0 b1) o (by 0 by 0 by))
+([as,1] o (b1 0 by 0 bg) 0 by)##([ar 1] 0 bg 0 b3)
+([as,1] o (b1 0 by 0 by) 0 by)#([az1] o (b1 o by) o bs)
+([az,1] o (b1 0 by 0 bg) 0 by)#([ay 2] o by 00)
+([as,1] o (b1 0 by 0 bg) 0 by)#([az,2] o (by 0 b1) 0 0)
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([a1,3] 0 bz o (b1 0 by 0b1))
+(laz,1] o (b1 0 b1 0 b2) 0 b1)#([az3] o (b1 0 b1) o (b1 0 by 0by))
+([ag,1] o (b1 0 by 0 by 0 b1) 0 by)#([ar,1] 0 by 0 b3)
—I—([a471] o (bl obyobyo bl) o bl)#([ag,l] o (bl o bl) o b3)
+([ag,1] o (b1 0 by 0 by 0by) 0 by)#([a1,2] 0 by 0 0)
+([aa,1] o (by 0 by 0 by 0 b1) 0 by)#([az,2] o (b1 0b1) 0 0)
+([ag,1] o (by o by oby oby) oby)#(lars] obao(byobyoby))
+([as,1] 0 (b1 0 b1 0 by 0by) 0b1)#([az 3] o (byoby)o(byobiobr))

(s18%)(st)(s)()

(s%)(st")

(s*t)(s%t3)
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Coefficient equation Factorization

Degree 10 continued

s%t* continued
+(la1,1] 0 by 0 ba)#([az,1] 0 0 0 b2)
+([a1,1] 0 bg 0 ba)#([as,1] o (b1 0 by 0 by) 0 ba)
+([a1,1] 0 bg 0 ba)#([a1,2] 0 bs o (b1 0 b1))
+([a1,1] 0 b3 0 b2)#([az2] 0 00 (by 0 b1))
+([a1,1] 0 b 0 b2)#([as,2] o (b1 0 by 0b1) o (by 0 b1))
+(laz,1] 0 00 ba)#([a1,1] 0 bs © b2)
+([az,1] 0 0 0 b2)#([as,1]  (by 0 by 0 b1) 0 b2)
+([az,1] 0 00 be)#([a1,2] 0 bg o (by 0 b7))
+(laza] 000 b2)#([az,2] 0 00 (by 0 b1))
+([az,1] 000 ba)#([as 2] o (b1 0 by 0 b1) o (b1 0b1))
+([az,1] o (b1 0 b1 0 b1) 0 b2)#([a1,1] 0 b3 0 b2)
+([az,1] o (b1 0 b1 0 b1) 0 ba)F([az,1] 000 by)
+([az,1] o (b1 0 b1 0 b1) 0 ba)#([a1,2] 0 b3 o (by 0 b1))
+(las,1] o (b1 0 b1 0 b1) 0 ba)#([az,2] 000 (b1 0 b1))
+([az,1] o (b1 0 b1 0b1) 0 ba)#([as,2] o (b1 0 by 0 b1) o (b 0b1))
+([a1,2] 0 b o (b1 0 b1))#([a1,1] © b3 © bs)
+([a1,2] 0 bs © (b1 © b1))#([az,1] 0 0 0 b2)
+([a1,2] 0 bg o (b1 0 b1))#([as.1] 0 (b1 0 by 0 by) 0 bs)
+([a1,2] 0 bz o (b1 0 b1))#([az,2] 000 (b1 0b1))
+([a1,2] 0 b3 o (b1 0 b1))#([as2] o (b1 0 by 0 b1) 0 (b1 0 b1))
+([az,2] 000 (b1 0 b1))#([a1,1] 0 b3 0 b2)
+([az,2] 00 (b1 0b1))#([az,1] 000 b2)
+([az,2] 0 00 (b1 0 b1))#([as] o (b1 0 by 0by) 0 b2)
+(laz2] 000 (b1 0 by))#([ar,2] o bs o (b1 0 b1))
+([azg,2] 000 (b1 0 b1))#([as 2] o (b1 0 b1 0b1) o (byobr))
+([az,2] 0 (b1 0 b1 0 b1) o (b1 0b1))#([a1,1] 0 bg 0 ba)
+([as2] o (b1 0 b1 0b1) o (b1 0b1))#([az,1] 000 bo)
+([az,2] o (b1 oby 0 b1) o (b1 ob1))#([as] o (b1 0bioby) 0 by)
+([az,2] o (b 0 b1 0 by) o (by 0 b1))#([a1,2] © bs o (b1 © b1))
+([as,2] © (b1 0 by 0 b1) 0 (by 0 b1))#([az,2] 000 (b1 0b1))
+bs5#([a1,1] o b1 0 b3)#b1
+b5#([a1,2] 0 b1 0 0)#b1 (s°)(st*)(t)
+b5#([a1,3] 0 b1 o (b1 0 b1 0b1))#be

(s362)(s%2)
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Coefficient equation Factorization

Degree 10 continued
5t

continued
+([a171] o b4 o bl)#([ag,l] o (b1 o bl) o} bg)#bl
+([a1,1] 0 by 0 b1)#([a1,2] 0 by o (b1 0 b1))F#bs
+([a1,1] 0 ba 0 b1)#([az,

2] 0 (b1 ob1)o (b ob))#b
+([az,1] o (b 0 ba) 0 by)#([a1,1] 0 by 0 ba)#by
+([az,1] o (b 0 ba) 0 by)#([a1,2] 0 by o (by 0 by))#by
+([az,1] o (ba 0 ba) 0 by )#([az,2] 0 (b1 0 b1) o (b1 0 b1))#b:
+([az,1] o (b1 0 b1 0b2) 0 br)#([a1,1] 0 b2 0 ba)#b1
ag,1] 0 (by 0by) o ba)#by
ai 2} 0 by o (by 0by1))#b
o (b1 o by) o (b1 obr))#bi
#([a1,1] © by 0 ba)#b1

+(lag,1] o (b1 o by 0 bo) 0 by (s1t)(s%%)(t)

)#
+([a3 1Jo(byobyoby)oby)#
+([as 1] o (b1 0 b1 0b2) 0 by)#([ag,

+([as,1] o (brobyobioby)ob
([04 1] (b10b10510b1)0b1) a2 ] (b10b1)0b2)#b1
+([ag,1] o (b1 0 by 0 by 0 by) 0 by)#([ax 2]0520(510b1))#b1
( (laz,2] o

#(

1)
#([az,
([a

2]
1)
(
(

([a4 1] o(byobiobyo b1) o b1) [Cl (b1 o bl) (b1 o b1))#bl
+([a171] 9} b4 9] bl) ( al 2} o b1 o} 0)#b1
+([a1,1] 0 by 0 b1)#([a1,3] 0 b1 o (by 0 by 0b1))F#bs
+([az,1] o (bz 0 bz) 0 by)#([a1,1] 0 by 0 b3)#by
+([az,1] o (b 0 ba) 0 by)#([a1,2] o by 0 0)#by
+([az,1] © (b2 0 b2) 0 b1)#([a1,3] 0 b1 o (b1 0 by 0 b1))#bs
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([a1,1] 0 by 0 b3)#by (s*t)(st%)(s)
+([az,1] o (b1 0 by 0 ba) 0 by)#([a1,2] 0 by 0 0)#by
+([az,1] o (b1 0 by 0 ba) 0 by)#([a1,3] 0 by o (by 0 by 0by))#by
+([ag,1] 0 (by 0 by 0byoby)oby)#([ar1] o by obs)F#by
+([ag,1] o (b1 0 by 0 by 0b1) 0 b1)#([a1,2] © by 0 0)#by
+([as,1] 0 (b1 0 b1 0 by 0b1) 0 bi)#([a1,3] 0 b1 o (b1 0b1 0 b1))#b
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Coefficient equation

Factorization

Degree 10 continued

s%¢% continued

—|—([a171] obsgo bg)#([azﬂ 00 0by)#b
+([a1,1] obszo bg)#([a&l] o (b1 obyoby)oby)#by
+([az,1] 0 00 ba)#([a1,1] 0 bz 0 by)#by
+(laz,1] 0 00 ba)#([as 1] o (b1 0 by 0 b1) 0 b1)#b
+([a3)1] o(byobyoby)o bg)#([aLl] o bg 0 by )#b1
+([az,1] o (b1 0 by 0b1) o ba)#([az,1] 000 by)#bs
+([a1,2] 0 bz o (b1 0 b1))#([a1,1] 0 bg 0 b1)F#bs
+(la1,2] 0 b o (b1 0 br))#([az,1] © 00 by)#b1
—i—([al,g] obgo (b o b]))#([@g’l] o (by oby 0by)oby)#b
+([az,2] 0 00 (by 0 by))#([a1,1] 0 b3 0 by)#by
+([az,2] 000 (b1 0 b1))#([az,1] © 00 by )#by
+([az,2] 000 (b1 0b1))#([as,1] o (b1 o by oby1) o by)#b
+([az,2] o (b1 0 by 0 by) o (by ob1))#([ar] 0 bs 0 b1)#b
+([az,2] o (b1 o by 0 by) o (by 0 by1))#([az,1] 0 00 by)#b
+([az,2] o (by 0 by 0 by) o (by 0 by))#([az,1] o (b1 0 by oby)oby)#bs

+([a,1] 0 b3 0 ba)#([az,1] o (b1 0 b1) 0 ba)#b1
+([a1,1] 0 b 0 ba)#([a1,2] © by o (by 0 b1))#bs
+([a1,1] 0 b3 0 ba)#([az,2] o (by 0 b1) o (b 0 b1))#b1
+([az,1] 0 00 ba)#([a1,1] 0 ba 0 ba)#bs
+([az,1] 0 00 ba)#([a1,2] 0 by o (b1 0 b1))#b1
+([az,1] 0 00 ba)#([az,2] o (b1 0 b1) o (b1 0 b1))#b1
+([az,1] o (by 0 by 0 by) 0 bg)#([a1,1] 0 by 0 ba)#b1
+([as,1] o (b1 0 by 0 b1) 0 ba)#([az,1] o (by 0 b1) 0 ba)#by
+([as,1] o (b1 0 b1 0 b1) 0 b2)#([a1,2] 0 bz o (b1 0 b1))#b
+([az,1] o (b1 0 b1 0b1) 0 ba)#([az,2] o (b1 0b1) o (b1 0 b1))#b1
—|—([a172} obgo(byo bl))#([al)l} 0 by 0 bo)#by
+([a1,2] 0 bz o (b1 0 b1))#([az,1] o (b1 0 b1) 0 ba)#b1
+([a1,2] 0 bg o (b1 0 b1))#([az,2] o (b1 0 b1) o (by 0 by))#b1
+([az,2] 000 (b1 0 b1))#([a1,1] 0 bz 0 b2 )#b:
+([az,2] 000 (by 0 b1))#([az,1] © (b1 0b1) 0 ba)#by
+([az,2] 000 (b1 0 b1))#([a1,2] 0 b2 o (b1 0 b1))#b1
+([asz,2] o (b1 0 by 0b1) o (b1 0 b1))#([a1,1] 0 bz © ba)#by
+([az,2] o (b1 0 b1 0b1) o (b1 0 b1))#([az,1] o (b1 0 b1) 0 ba)#b1
+([as,2] o (b1 0 b1 0b1) o (b1 0b1))#([a1,2] 0 bz o (b1 0b1))#bs
+([az2] o (b1 0 by 0b1) 0 (b1 0 by))#([az,2] © (b1 0 b1) o (by 0 b1))Fbr

(s°¢%)(s*)(1)

(s°¢2)(s7t%)(s)
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Coefficient equation

Factorization

Degree 10 continued

s%¢4 continued

+([a1,1] 0 bg 0 b3)#bs#by
+([az,1] o (b1 0 b1) 0 b3)#ba#tby
+([a1,2] 0 b © 0)#bstby
+([az,2] o (b1 0b1) 0 0)#baitbr
+([a1,3] 0 ba o (b1 0 by 0 by))#badtby
+([az,3] o (b1 0b1) o (b1 0 by 0 by))#ba#bs

+([a1,1] 0 by 0 b3)#([az,1] 0 00 by)#by
+([a1,1] 0 ba 0 bg)#([as,1] o (b1 0 by 0 by) 0 by)F#bs
+([az,1] o (b1 0 b1) 0 b3)#([a1,1] © b3 o b1)#by
+([az,1] 0 (b1 0b1) o b3)#([as,1] o (b1 0 by 0 by) 0 by )#b1
+([a1,2] 0 b2 0 0)#([a1,1] 0 bg © b1)#b1
+([a1,2] 0 ba 0 0)#([az,1] 0 0 0 b1 )#b1
+([a1,2] 0 bz 0 0)#([as,1] o (b1 0 by 0 by1) 0 by )#bs
+([az,2] o (b1 0 b1) 0 0)#([a1,1] 0 b3 0 b1)#by
+([az,2] o (b1 0b1) 0 0)#([az,1] 0 00 by)#bs
+([az,2] © (b1 0b1) 0 0)#([as,1] o (b1 0 by 0b1) 0 by)#b1
+([a1,3] 0 by o (b1 0 b1 0 b1))#([a1,1] 0 bg o b1)#bs
+(la1,3] 0 b2 0 (b1 0 by 0 b1))#([az,1] 0 00 b1)#bs
+([a1,3] obyo(byobyo bl))#([ag)l] o (by 0 by 0by) o by)#by
+([az,3] o (by 0 by) o (by 0 by 0by))#([a1,1] 0 bz 0 by)#by
+([az,3] 0 (b1 ob1) o (b1 0by ob1))#([az,1] © 00 by)#b
+([(12,3] © (bl © bl) © (bl obyo b1))#([a3,1} © (bl obo bl) © bl)#bl

+bs#([a1,1] 0 by 0 ba)#bs
+b5#([a172] o bl e} (b1 o} bl))#bg

+b5#bs#([a1,1] 0 by 0 by)

+([a1,1] 0 by 0 b1)#([ag,1] o (b1 0 b1) 0 by)#bs
+([az,1] o (b2 0 b2) 0 b1)#([a1,1] 0 bz 0 b1)#bo
+([a3)1] o(byobyobg)o bl)#([al,l] 0 by 0 by )#by
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([az,1] o (b1 0 b1) o b1)#be
+([aa,1] o (b1 0 by 0 by 0by) 0 by)#([a1,1] 0 by 0 by)#bo
+([aq,1] 0 (b1 0 b1 0 by 0b1) 0 br)#([az,1] o (b1 0 b1) 0 b1)#bo

+([a271] o(byobg)o bl)#([alz] objo(byo 51))#([%,1] o by 0by)
+([az,1] 0 (b1 0 by 0 b2) 0 by)#([a1,2] 0 b1 o (b 0 b1))#([a1,1] 0 b1 o b1)
+([a471] o (bl o b1 O b1 o bl) o bl)#([alg] o b1 o (b1 o bl))#([alﬁl] e} b1 o bl)

(s*£%)(s")(t)

(s2£°)(s%t) ()

(s7)(st*) (%)
(s°)(#)(st)

(s%)(s7t)(?)

(s*t)(st?)(st)
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Coefficient equation Factorization

Degree 10 continued
s5t* continued

+([a1,1] © by 0 b1)#bs#bs
+([az,1] o (ba 0 ba) o by)#bs#by
+([aza] © (by 0 by 0 b2) 0 by )#bs#bs (s")(#)(%)
+([aa,1] © (b1 0 by 0 by 0 by) 0 by)#bs#bo
+(la1,1] 0 b3 0 ba)#b3#bo
+([az,1] 0 0 0 ba)#bs#b2
+([az,1] o (b1 0 b1 0b1) 0 ba)#bs#bo 5 9
+([ara] o by o (b1 0 by))#bs b (s*)(s) (")
+([az,2] 0 00 (b1 0 by))#bs#bo
+([as,2] o (b1 0 b1 0by) 0 (by 0 by))#b3#bs
+([az,1] o (b1 0 by 0b1) 0 be)#([az,1] o (b1 0 b1) 0 by)#([a1,1] 0 b1 0 b1)
+([a1,2] 0 bz o (by 0 b1))#([az,1] © (b1 0 by) 0 by)#([a1,1] 0 by 0 by) (32)(21) (st)
+([az,2] 0 00 (b1 0 by1))#([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by 0 by)
+([as,2] © (b1 0 b1 0 by) o (by 0 b1))#([az,1] © (by 0 b1) 0 b1)#([a1,1] 0 by 0 by)
+([a1,1] 0 bz 0 ba)#([a1,2] 0 by o (b1 0 b1))#ba
+([az,1] 0 00 ba)#([a1,1] 0 b1 0 ba)#b2
+([az,1] 0 00 ba)#([a1,2] 0 by o (by 0 b1))# b2
+([as,1] o (b1 0 b1 0b1) 0 ba)#([ar,1] 0 b1 0 ba)#bo
+([az 1] o (b1 0 by 0b1) 0 ba)#([ar2] 0 b1 o (by © by))#bo (53t2)(st2)(52)
+([a1,2] 0 bg o (by 0 by))#([a1,1] © by 0 ba)#bo
+([az,2] 0 00 (b1 0 b1))#([ar,1] 0 b1 0 ba)#bo
+([az,2] 000 (b1 0b1))#([a1,2] © by o (b1 0 b1))F#bo
+([as,2] o (b1 0by 0b1) o (b1 0b1))#([a1,1] © b1 0 b2)#b2
+([az,2] o (by o by o by) o (by oby))#([a1,2] 0 by o (by ob1))#b2
+([az,1] o (b1 0 b1) 0 b3)#bs#([a1,1] 0 by 0 by)
+([a1,2] 0 b2 0 0)#bs##([ar,1] 0 by 0 b1)
+([az,2] o (b1 0 b1) 0 0)#bs#([a1,1] © by 0 by)
+([a1,3] 0 by 0 (by 0 by 0 by))#bs#([a1,1] 0 by 0 b1)
+([az,3] © (b1 0 b1) o (by 0 by 0 by))#bs#([a1,1] 0 by 0 by)

(s2£%)(s%) (st)
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Degree 10 continued

s%¢% continued

+(lar,1] 0 bz 0 b3)#([az,1] o (b1 0 b1) 0 b1)#bs
+(laz,1] o (b1 0 b1) 0 b3)# ([a1,1] 0 bz © b1)#b2
—|—([a172] obyo O)#([alyl] 0 by 0 by )#ba
+([a1,2] 0 ba 0 0)#([az,1] 0 (b1 0 b1) 0 by)#ba
+([az,2] o (b1 0 b1) 0 0)#([a1,1] 0 ba © b1)#b2
+([az,2] o (b1 0 b1) 0 0)#([az,1] o (b1 0 b1) 0 b1)#b2
+([a1)3] obyo(byobyo bl))#([al,l] 0 by 0 by )#by
+([a1,3] 0 ba o (by 0 by 0 b1))#([az,1] o (by 0 b1) 0 by)#by
+([azg,3] o (b1 0b1) o (by 0 by 0 b1))#([a1,1] 0 by © by)#bs
+([az,3] o (b1 0 b1) o (by 0 by 0b1))#([az,1] © (b1 0 b1) 0 by)#b2
+([a1,1] 0 by 0 by)#([a1,2] 0 by o (by 0 by))F#b1#b1
+([az,1] o (b2 0 ba) 0 by)#([a1,1] 0 by 0 ba)#b1#by
+(laz,1] o (b2 0 b2) 0 b1 )#([ar,2] 0 b1 o (b1 0 by))#b1#b1
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([a1,1] 0 by 0 ba)#b1#b:1
+([a371] o(byobyobg)o bl)#([al,g] o by o (by 0by))#b1#b1
+([aa,1] 0 (b1 0 b1 0 by 0 b1) 0b1)#([a1,1] © b1 © ba)#b1#b1
+([aa,1] 0 (b1 0 by 0 by 0 b1) 0b1)#([a1,2] 0 b1 o (b1 0 b1))F#b1#b
+([a1,1] 0 b3 0 ba)#([az,1] © (b1 0 by) o by)#b1#b:
+([az,1] © 00 ba)#([a1,1] © ba 0 b1)#b1#b:
+([ag,1] o (b1 0 by 0 by) 0 ba)#([a1,1] 0 b2 0 by)#b1#by
+([as,1] o (b1 0 by 0 b1) 0 ba)#([az,1] o (b1 0 by) o by)#b1#by
+([a1,2] 0 bg o (b1 0 b1))#([a1,1] 0 ba 0 b1)F#b1#b1
+([a1,2] 0 bg o (b1 0 b1))#([az.1] o (b1 0 b1) 0 by)#b1#bs
+([az,2] 0 00 (b1 0 by))#([a1,1] 0 by 0 by)F#b1#b1
+(laz2] 000 (b1 0 b1))#([az,1] o (b1 0 by) 0 by)#b1#b
+([az,2] 0 (b1 o by 0b1) o (b1 0b1))F#([a1,1] © bz 0 by)#b1#b1
+([as 2] o (b1 0 b1 0b1) o (b1 0 b1))#([az,1] o (b1 0 b1) o b1)#b1#by

+([az,1] o (ba 0 ba) 0 by)#([a1,1] 0 by 0 by)F#baF#by
+([as,1] o (b1 0 by 0 ba) 0 by)#([a1,1] 0 by 0 by)F#baF#by
+([as,1] 0 (b1 0 b1 0 by 0 b1) 0 b1)#([a1,1] © b1 © by)#ba#b1

+([az,1] 0 00 ba)#ba#t([a1,1] 0 by 0 b1)#b1
+([as,1] o (b1 0 by 0 b1) 0 bo)#ba#([a1,1] 0 by 0 b1)#by
+([a1,2] 0 b3 o (b1 0 b1))#ba#([a1,1] 0 by 0 b1)#by
+([az,2] 0 00 (b1 0 by))#ba#([ar,1] 0 by o by)#by
+([az,2] o (b1 0 by 0 b1) o (b1 0 by))#b2#([a1,1] 0 by 0 b1)#by

(s°£%)(s%t)(s?)

(s1t)(st*)(s)()

(s°¢%)(s*) () (1)

(s1t)(st)(t*)(s)

(s°t%)(s*)(st)()
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s%¢% continued

+ba#([a1,1] 0 ba 0 ba)#by
+ba#([az,1] o (b1 0 by) 0 ba)#b2
+ba#([a1,2] 0 ba o (b1 © b)) b2
+ba#([az,2] o (b1 0 by) o (by 0 by))#b2

(s1)(s%2)(t?)

+ba#([a1,2] 0 b1 0 0)#([a1,1] 0 b1 0 b1)
+ba#([a1,3] 0 b1 o (by 0 by 0b1))#([a1,1] 0 b1 0 b1)

(s1)(st*)(st)

+([a1,1] © b3 0 b1)#([az,1] 0 0 0 by )#bs
+([a1,1] 0 bz 0 b1)#([as,1] o (b1 © by 0 b1) 0 by)F#ba
+([a2,1] OOObl) ([ag 1] (bl Ob1 Obl)obl)#bg

(s°)(s°8) (%)

+([az,1] 000 b1)#([a1,2] 0 by o (b1 0 b1))#([a1,1] 0 b1 0 b1)
+([az,1] 000 by)#([az,2] o (by 0by) o (by 0 b1))#([a1,1] 0 by oby)
+([as,1] o (b1 0 b1 0 b1) 0 by)#([az,1] o (by 0 by) 0 by)#([a1,1] 0 by 0 by)
+([az 1] o (b1 o by 0b1) 0 by)#([a1,2] 0ba o (by 0 b1))#([a1,1] b1 0 b1)

(s3t)(s%t2)(st)

+([a1,1] 0 by 0 b1)#([a1,2] 0 by 0 0)#by
+([a1,1] 0 b3 0 b1)#([a1,3] 0 b1 o (by 0 by 0 b1))F#ba
+([az,1] 0 00 by)#([a1,1] o by o b3)#bs
+([az,1] 0 00 b1)#([a1,2] o b1 0 0)#bo
+([az,1] 000 b1 )#([a1,3] 0 by o (b1 0 by 0 by))#bo
+(las,1] o (b1 0 b1 0 by) 0 b1)#([a1,1] © by 0 bs)#b2
+([az1] o (b1 0 by 0b1) 0 by)#([a1,2] 0 by 0 0)#by
+([as1] o (b1 0b1 ob1) 0 by)#([a1,3] 0 b1 o (b 0 by 0by))#by

]
+([(1371] o (bl o b1 o b1) o bl) ([ag 2] (bl o bl) o (b1 o bl))#([al,l] o b1 o b1)
(

(s°)(st?)(s%)

#
([a1,1] © bz 0 b2)#([az,1] © (b1 © b1) © ba)F#ba
([a1,1] © ba 0 ba)#([a1,2] 0 by © (by 0 by))#ba
1] 0 b2 0 b2)#([az,2] © (b1 0 by) o (by 0 b)) #bs
1] 0 (b1 0 b1) 0 ba)#([a1,2) © ba o (b1 0 b1))# b2
(b1 0 b1) 0 b2)#([az,2] © (by 0 by) o (b1 © b1))#bs
obyo(byo bl))#([az)g] o (by oby) o (byoby))#by

_|_
_|_
+([aq,
+([az,
+([az,

+([ax,

] o
]

2

(s2t%)(s*t%)(s?)
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s%¢% continued

+([a1,1] 0 by 0 b1)#([az,1] o (b1 0 b1) 0 ba)#b1#b1
+([a1,1] 0 bg 0 b1)#([a1,2] 0 by o (by 0 b1))F#b1#b1
+([a1,1] 0 b3 0 b1)#([az,2] o (b1 0 b1) o (b1 0 b1))#b1#b1
+([az,1] 000 b1)#([a,1] o by © ba)#b1#b;
+([az,1] 0 00 by)#([a1,2] 0 by o (b1 © by))F#b1#b1
+([az,1] 0 00 b1)#([az,2] o (b1 0 b1) o (b1 0 b1 ))#b1#b1
+([a371] o(byobyoby)o bl)#([al,l] 0 by 0 bo)#b1#by
+([a371] o(brobiobi)o bl)#([GZ,l] o (b1 0 by) 0 ba)#b1#by
+([ag,1] o (by 0o by 0 by) 0 by)#([a1,2] 0 b2 o (by 0 by))#b1#by
+([az,1] o (b1 0 b1 0b1) 0 bi)#([az,2] © (b1 0 b1) o (b1 0 b1))#b1#b1

(s°8)(s*t%) () (1)

+bs#([a1,1] 0 ba 0 b1)F#bs
+b4#([a271] o (bl e} bl) e} bl)#bg

(sH)(s*)(£)

+ba#([a1,1] 0 by 0 b2)#([a1,2] 0 by o (b1 0 b1))

(s%)(st?)(st?)

+([a1,1] o bs o b1)#bs#bs
+([a2,1] e} 0 O bl)#bg#bg
+([ag,1] o (b1 0 by 0 by1) 0 by)F#bs#bs

(s°8)(s*)(£)

+([a1,1] 0 bz 0 by)#([az,1] o (b1 0 by) 0 by)#([a1,2] 0 by o (by 0 by))
+([az,1] 0 00 by)#([a1,1] 0 by 0 b1)#([a1,2] 0 by o (b1 0 by))

+([az1] o (b1 o b1 0b1) 0 by)#([a1,1] 0 ba 0 b1)F#([a1,2] 0 by © (b1 0 1))

+(las,1] o (b1 0 b1 0b1) 0 b1)#([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by 0 b2)

+([ag,1] o (by o by 0o by) 0 by)#(Jazg,1] o (b1 0 b1) 0 by)#([a1,2] 0 by o (b1 0by))

(s3t)(s%t)(st?)

([al 1Jobao bg)#bg#([al 2] o by o (by 0by))
([az 1} (b1 o b1) © bz)#b3#([a1 1] obyo 52)
+([az,1] o (b1 0 b1) 0 ba)#bs#([ar 2] 0 by o (by 0b1))
+([a1,2] 0 b2 0 (b1 0 b1))#bs#([a1,1] 0 b1 0 b2)
+([azg,2] o (br 0 b1) o (by 0 b1))#bs#([a1,1] 0 by 0 b2)
+([az,2] o (b1 0 b1) o (b1 0 b1))#bs#([a1,2] 0 b1 o (b1 0 b1))

(s2£%)(s%) (st?)

+([a1,2] 0 by o (b1 0 b1))#([a1,1] © b2 0 b1)#([az,1] o (b1 0 b1) 0 by)

+([az,2]) © (b1 0 b1) o (b1 0 b1))#([a1,1] 0 ba 0 b1)#([az,1] o (b1 0 b1) 0 by)

(s%t2)(s%t)(s%t)

+([a1,1] 0 by 0 b3)#bs#([az,1] o (b1 0 by) 0 by)
+([a1,2] 0 b1 0 0)#bs#([a1,1] 0 b2 0 by)
+([a1,2] 0 by 0 0)#bs#([ag,1] o (by 0 b1) 0 b1)
+([a1,3] 0 by o (by 0 by 0 b1))F#bs#([ar,1] 0 bz 0 by)
+([a1,3] b1 © (b1 0 by 0 by))#bs#([az,1] o (by 0 b1) © by)

(st)(s°)(s7)

+ba#([a1,2] 0 by o (b1 0 by))#([a1,1] 0 by 0 b1)#by

~—

(s1)(st*) (st)(2)

+([a371] [©) (bl o bl @) bl) @) bl)#([ag’l] o (bl o bl) @) bl)#([au} o b1 o bl)#bl

s°t)(s%t) (st) (t)

—~
~
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s0t* continued

+([a1,1] 0 b3 0 by)#([az,1] o (b1 0 b1) 0 by)F#ba# by
+([az,1] 0 00 by)#([a1,1] 0 bz © by )Fba# b
+([az,1] o (b1 0 by 0b1) 0 by)#([a1,1] 0 ba 0 by)F#ba#br
+([as,1] o (by 0 by 0 by) 0 by)##([az 1] o (b1 0 b1) o by)#ba# b

(s°t)(s*) (%) (s)

+([a1,1] obgo bl)#([aLg] 0 by o (by 0by))#baFtby
+(laz,1] 0 00 b1)#([a1,1] 0 b1 © ba)#ba#by
+([az,1] 0 00 b1)#([a1,2] 0 by o (b1 © by))F#ba#b1
+([az,1] o (b1 0 b1 0 by) 0 b1)#([a1,1] 0 by 0 ba)#ba#b:
+([az,1] o (b1 o b1 0b1) 0 by)#([a1,2] 0 b1 o (b1 © by))#ba#by

(s°t)(st*)(s)(t)

+([az,1] 0 00 b1)#([a1,2] 0 by o (b1 0 b1))#([a1,1] 0 b1 0 b1)#bs
+(las,1] o (b1 0 by 0 by) 0 by)#([ar,2] 0 by o (b1 0 b)) #([a1,1] © b1 0 b1)#b

(s°)(st*)(st)(s)

([(12 1 (bl o b1) o bz)#b3#([a1 1] obo bl)#bl
([al 2] © bg o (b1 o bl))#bg#([alyl] [¢] b1 o bl)#bl

(s°£%)(s%) (st) (t)

([a1 1] o by o bo)# ([ag 1] 0 (by 0 by) 0 by)F#ba#by
([112 1 (bl © bl) © bz) ([01 1] obyo bl)#bZ#bl
+([a1,2] 0 b2 0 (b1 0 b1))#([a1,1] 0 by © b1)#ba#b1
+([a1,2] 0 b2 0 (b1 © by))#([az,1] o (b1 0 by) © by)#ba#b1
+([az,2] o (b 0 b1) o (by 0 b1))#([a1,1] 0 by 0 by )#ba# by
+([az,2] o (b1 0 by) o (by 0 b1))#([az,1] o (b1 0 by) 0 by)#ba#by

Jo
]
+([az,2] o (b1 0 b1) o (b1 0 by))Fbs#([a1,1] 0 by o b1)#by
]
Jo

+([a1’2] o b2 o (bl o bl))#([ag)ﬂ o (bl o bl) [e] bl)#([all,l] [e] bl [e] bl)#bl
+([az,2] o (b1 0 b1) o (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by 0 b1)#by

+([az,1] 0 00 by)#ba#([ar 1] 0 by 0 b1)#b2
+([as,1] o (b1 0 by 0 by) 0 b1)F#ba#([ar1,1] 0 by 0 by)#ba

+b3#([a1,1] 0 by 0 by)#([a1,2] 0 by o (by 0 b1))#by
+b3#([az,1] o (b1 0 by) 0 by)#([ar,1] 0 by 0 ba)#by
+b3#([az,1] 0 (b1 0 b1) 0 b1)#([a1,2] 0 by o (b1 0 by))#by

+([a1,1] 0 by 0 b1)#([az,1] o (b1 0 b1) 0 by)#([a1,2] 0 by o (by 0 b1))#b1

+bs#([az,1] o (b1 0 by) 0 b1)#([a1,1] 0 b1 © by )#b1

+([a1,1] 0 by 0 by)#([az,1] © (by 0 b1) 0 by)#ba# b2

+([ag,1] o (b1 0 b1) 0 by)#([a1,2] 0 by o (b 0 by))#ba#([a1,1] 0 by 0 by)
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$°t°

0=

[01,1] o bs o bs
+[a2,1] OOOb5
+las] o (b1 0by obs + by obyoby)obs
+[a4,1] 000b5
+las,1) o (b1 obyobyobyoby)obs
+[a 2] 0b500
+[a2,2] 0000
+las 2] o (b1 0oby obs +biobyoby) o0
+[a4,2] 0000
+las o] o (byobiobyoboby)o0
+[a1,3] 0 b5 0 (by 0 by 0 b3 + by 0 by 0 b)
+[az,3] 000 (by 0by 0bg + by 0 by 0bg)
+lag,3] 0 (by 0 by 0 bz + by 0 by 0by) o (by 0by 0bg + by 0bg obs)
+[ag3) 000 (by 0by 0bg + by 0bg 0ba)
+las 3] o (byobyobyobyoby)o (byobyobs+byobyobs)
+[a1,4] o b5 o0
+[az4] 0000
+lag.a] o (byobiobs+biobyoby)o0
+[ag,4] 0000
+las 4] o (byobiobyobyoby)o0
+[a1,5] obso(byobyobyobyoby)
+laz 5] 000 (by obyobyoby0by)
+lazs] o (byobyobz+byobyoby)o(byobyobyobyoby)
+[as5] 000 (byobyobyobyoby)
+ass] o (biobyobiobyoby)o(byobyobyobioby)

(s°6%)
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s continued

+([a1,1] 0 b5 0 ba)#b
+([az,1] © 0 0 by)#b
+([az,1] o (b1 0 by 0bg + by 0bg 0ba) 0 by)#b1
+([ag,1] 000 by)#by
+([as,1] 0 (b1 0 by 0 by 0 by 0 b1) 0 by)F#by
—|—([a1,2} 0 bs o (b 0 ba))#b1
+([az,2] 0 00 (bz 0 b2))#b1
+([az,2] o (b1 0 by 0 b3 + by 0bg 0ba) o (ba 0 ba))#bs
+(las,2] 000 (b2 0 bz))#by
+([as2] o (by 0 by 0 by 0 by 0by) o (by 0 by))#by
+([a1,3] 0 b o (b1 0 by © ba))#b1
+([az,3] 000 (by 0 by 0ba))#b1
+([as,3] o (b1 0 by 0 bz + by 0 by 0by) o (by 0 by 0ba))#by
+([aa,3] 000 (by 0 by 0 by))#b1
+([a573] o (byobyobyobyoby)o(byobyoby))#b
+([a1,4] 0 bs o (b1 0 by 0 by 0by))#by
+([a214] o0o (bl objob;o bl))#bl
+([az 4] o (b1 0 b1 0 b3 + by 0by 0by) o (by 0by 0byoby))#b
+([a4,4] o0o (bl obiob;o bl))#bl
+([as,4] © (b © by 0 by 0 by 0by) 0 (by © by ©by 0 b1))#b
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Degree 10 continued
5t5

s continued

+([a1)1} obyo b5)#b1
+(laz,1] o (b2 0 b2) 0 bs)#by
+([as,1] o (b1 0 by 0 ba) 0 bs)#by
+([aq,1] 0 (b1 0 by 0 by 0 by) 0 bs)F#by
+([a1,2] 0 by 0 0)#by
+([az,2] o (b2 0 ba) 0 0)#by
—|—([a372] O (b1 o bl e} bz) o O)#bl
+([aa,2] o (b1 0 by 0 by 0 by) 0 0)#by
+([a1,3] 0 by o (by 0 by 0 b3z + by 0 by 0 by))#by
+([az,3] © (b 0 bg) o (b 0 by 0 bg + by 0 be 0 ba))#by
+([as,z] o (b1 0b1 0ba) o (b1 0by 0bs + by 0bg 0by))#by
+([aa,3] 0 (b1 0by 0by 0by) o (by 0by 0bg+ by obyobs))#by
+([a1,4] 0 by 0 0)#by
+([az,4] © (ba 0 ba) 0 0)#by
+([az 4] © (b1 0 b1 0 ba) 0 0)#bq
+([aa,a] o (b1 0 by 0 by 0by) 0 0)#by
+([a1,5) 0 by o (by 0 by 0by 0obyoby))#by
+([az,5] © (b2 0 ba) o (by 0 by 0 by 0 by 0 by))#by
+([az,5] 0 (b1 0 b1 0ba) o (by 0 by 0 by 0by 0by))#by
+([aa,5] 0 (b1 0by 0by 0by) o (byobyobyobyoby))#b

(s1%)(s)
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s°t® continued
+([a1,1] 0 bs 0 b3)#bo
+([a2’1] oQo b3)#b2
+([az,1] o (b1 0 b1 0 b + by 0 by 0 by) 0 by)#ba
+([aq,1] 0 00 bs)#by
+([as,1] o (b 0 by 0 by 0 by 0 by) 0 bs)F#bo
+([a1,2] 0 bs 0 0)#by
+([az,2] © 00 0)#bs
+([as,2] © (b1 0 by 0 b3 + by 0 by 0 ba) 0 0)#by (s°%)(t?)
+([as,2] © 00 0)#b2
+([as,2]) o (b1 0 by 0 by 0 by 0by) 0 0)#by
+([a1,3] 0 bs o (by 0 by 0 b1))#b2
+([az,3] 000 (b 0 by 0 by))#bo
+([as 3] o (b1 0 by 0bs + by oby 0by) o (by obyoby))#be
+([aa,3) 000 (by 0 by 0by))#bo
+([as,3] 0 (b1 o by 0by 0by 0by) o (b 0by 0by))#ba
+([az,1] o (bz 0 b2) 0 by)#([a1,1] 0 by 0 by)
+([az,1] o (b1 0 b1 0 ba) 0 ba)#([a1,1] 0 b1 0 by1)
+([ag,1] o (b1 0 by 0 by 0by) 0 by)#([ar,1] 0 by o by)
+([a1,2] 0 by o (b2 © b2))#([a1,1] 0 by 0 by)
+(laz,2] 0 (b2 0 b2) 0 (b2 0 b2))#([a1,1] © by 0 b1)
+([az2] o (b1 0 by 0 ba) o (ba 0 ba))#([a1,1] 0 by 0 1)
+([aa,2] o (b1 0 b1 0 by 0b1) 0 (bz 0 b2))#([a1,1] 0 b1 0 b1)
+([a1,3] 0bg 0 (b1 0 by 0b2))#([a1,1] b1 0 b1) (s*t4)(st)
+([az,3] 0 (b2 0 b2) 0 (b1 0 b1 0 ba))#([ar,1] 0 by 0 b1)
+([as,3] o (b1 0 by 0b2) o (by 0 by 0 ba))#([a1,1] 0 by 0 by)
+([as,3] 0 (broby oby obr) o (byobyoby))#([ar,1]obiobr)
+([a1,4] 0 by o (by oby oby oby))#([ar,1] obioby)
+([az,4] © (b 0 bg) o (by 0 by 0 by 0b1))#([ar,1] 0 b1 0b1)
—|—([a374} © (bl obo bz) o (bl objobyo bl))#([al,ﬂ obyo bl)
+([as,a) o (b1 0by 0 by oby) o (by 0obyobyoby))#([ar,1] 0 b1 oby)
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Degree 10 continued

s°t5 continued
+([a1,1] 0 bz 0 bs)#ba
+([az,1] 0 0 0 bs)#b2
+([a3,1] o (bl obyo bl) o) b5)#b2
—|—([a172] o b3 e} O)#bg
+([az,2] © 00 0)Fbs
+([as 2] o (b 0 by 0b1) 0 0)F#bo
—|—([a1,3} obg o (byoby obs+ by obyoby))#bs
+([az,3] 000 (by 0 by 0 bz + by 0 by 0 by))#bo (s%%)(s%)
+([as 3] o (b1 0by oby) o (b1 oby obs+ by obyoby))#bo
+([a,4] 0 b3 0 0)7by
+([az.a] 0 00 0)#by
+([a3,4} o (bl o b1 9 bl) o 0)#b2
+([a1,5] 0 bg o (b1 0 by 0 by 0 by 0by))F#bo
+([az,5] 000 (by 0 by 0by 0by 0by))#by
+([as,s] o (byobyoby) o (byobyobyobyoby))#bs
+([a1,1] 0 by 0 by)F#b1#by
+([az,1] o (b2 0 ba) 0 ba)#b1#by
+([az,1] o (b1 0 by 0 by) 0 by)#b1#by
+([aa,1] o (b1 0 by 0 by 0 by) 0 ba)#b1#b1
+([a1,2] 0 by o (bg 0 by))#b1#b1
+([az,2] o (ba 0 ba) o (ba 0 ba))#b1#by
+(las,2] o (b1 0 b1 0 ba) 0 (bg 0 ba))#b1#b1
+([ag,2] o (by 0 by 0 by 0by) o (ba 0 by))#b1#by
+([a173] oby o (by 0by 0be))#b1#b
+([az,3] 0 (b2 0 b2) 0 (b1 0 by 0 ba))#b1#b1
+([as,3] o (b1 0 by 0 ba) o (b1 © by 0 ba))#b1#b1
+([aa,3] 0 (by 0by 0by 0by) o (by obyoby))#b1#b1
+([a1’4] oby o (byobyoby oby))#b1#b
+([az,4] 0 (ba 0 bz) 0 (b1 0 by 0 by 0 by))#b1#b:
+([az 4] © (b1 0 b1 0ba) o (b1 0b1 0 by 0 b1))#b1#b1
+([aa,4] 0 (b1 0by 0 by 0by) 0 (by 0by 0by 0by))#Hb1#b1

(s4)(s)(2)
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Coefficient equation

Factorization

Degree 10 continued

s°t% continued

+([a1,1] © bs 0 ba)#bs3
+([az,1] 0 00 ba)bs
+([as,1] © (b1 0 by 0 b + by 0 by 0 by) 0 ba)#bs3
+([ag,1] 0 00 ba)#bs
+([as,1] o (b1 0 by 0 by 0 by 0by) 0 by)H#bs
+([a1,2] 0 bs o (by 0 by))#bs3
+([az,2] 000 (by 0 by1))#bs
+([as,2] o (b1 0 by 0 bz + by 0 by 0 by) o (by 0 by))#b3
+([a,2] 000 (b1 0 b1))#bs
+([as,2] o (by o by oby 0oby 0by) o (b oby))#bs

+([a1,1] 0 by 0 b3)#([a1,2] 0 by o (b1 0 b1))
+([az,1] o (ba 0 ba) 0 b3)#([a1,1] 0 by 0 ba)
+([az,1] o (b2 0b2) 0 bs)#([a1,2] 0 b1 o (b1 0 b1))
+([az1] o (b1 0 b1 0b2) 0 bs3)#([ar,1] o by o b2)
+([az,1] o (b1 0 b1 0 ba) 0 b3)#([a1,2] 0 by o (b1 0 b1))
+([ag,1] 0 (b1 o by 0 by 0by) 0 bz)#([ar,1] 0 by 0 ba)
+([a471] o(byobyobioby)o bg)#([alg] obyo(byoby))
+([a1,2] 0 bs 0 0)#([a1,1] 0 by © ba)
+([az,2] o (b2 0 b2) 0 0)#([a1,1] 0 by 0 b2)
+([az,2] o (b2 0 b2) 0 0)#([a1,2] 0 b1 o (b1 0 b1))
+([az,2] o (b1 0 by 0 by) 0 0)#([a1,1] 0 by 0 by)
+([as2] o (b1 0 b1 0b2) 0 0)#([a1,2] 0 b1 o (b1 0 b1))
+([as,2] o (by 0 b1 0 by 0 by) 0 0)F([a1,1] © by 0 ba)
+([aa,2] 0 (b1 0 by 0 by 0b1) 0 0)#([a1,2] 0 by o (b1 0 b1))
+([a1,3] ©bg 0 (b1 0 by 0 b1))#([a1,1] 0 b1 0 b2)
+([a1,3] 0 bg o (b1 0 by 0 b1))#([a1,2] 0 b1 o (b1 0b1))
+([az,3] 0 (b2 0 b2) o (b1 © by 0 b1))#([a1,1] © by 0 b2)
+([azg,s] o (b2 0 b2) o (b1 0 b1 0 b1))#([a,2] 0 by o (b1 © b))
+([az,3] o (b1 0 by 0ba) o (by 0y 0b1))#([ar,1] 0 by 0b2)
+(las,s] o (b1 0 b1 0b2) o (by 0 by 0 b1))#([ar,2] o by o (byob1))
+([aa,3] 0 (b1 obrobyobr)o(biobyobi))#([ar,1]0biobs)
+([aq,3] 0 (b1 0 by 0 by 0by) o (by 0 by 0 by))#([a12] 0 by o (b 0b1))

(s°t%)(t%)

(s4%) (st2)
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Coefficient equation

Factorization

Degree 10 continued

s°t% continued

+([a1,1] 0 bg 0 ba)#([az,1] o (b1 0b1) o b1)
+([az,1] 000 bs)#([a1,1] o bz 0 br)
+([as,1] o (b1 o by 0 by) o by)#([a1,1] 0 ba 0 1)
+([as,1] o (b1 0 by 0 by) 0 by)#([ag1] o (by o by) o by)
+([a1,2] 0 bz o (b2 0 b2))#([a1,1] 0 b2 0 b1)
+([a1,2] 0 b o (b2 0 b2))#([az,1] o (b1 0 b1) 0 by)
+([az,2] 000 (ba 0 b2))#([a1,1] 0 b2 0 b1)
+([azg,2] 0 00 (bg 0 ba))#([az,1] o (b1 0 by) 0 by)
+([as 2] o (b1 0 b1 0b1) o (b2 0 ba))#([a1,1] 0 b2 0 b1)

([
+([a1,3] 0 b3 0 (b1 0 b1 0 b2))#([a1,1] 0 bz 0 b1)
+([a1,3] 0 b3 o (b1 © by © ba))#([az,1] o (b1 0 b1) 0 b1)
+([az,3] 000 (by 0 by 0ba))#([ar1,1] 0 ba 0 b1)
+([az,3] 000 (by 0 b1 0 by))#([az,1] o (b1 0 by) 0 b1)

+(las,3] o (b1 0 b1 0by) o (by 0by 0 ba))#(]
+([a174] obso (bl obiobjo bl))#([

aj1]obgoby)

+(laz,a] 000 (by 0 by 0 by 0b1))#([ar1] 0 bz 0 b1)
(

+([az 2] o (b1 o by oby) o (ba oba))#([az,1] o (b1 oby)oby)

2
+([az,3] 0 (b1 obyob1) o (b obyoba))#([ar1,1] 0baobr)
az1]o (b1 oby)oby)

+([a1,4] 0 bg o (b1 0 by 0 by 0 by))#([az1] o (byoby)oby)
+([az,a] 000 (by 0by 0 by 0b1))F#([azg,1] o (b1 obr)obr)

+([ag,a] o (b1 oby 0by) o (byobyobyoby))#([ar,1] obaobr)
—|—([a3,4] o(byobyoby)o(byobiobso bl))#([GZ,l] o(byoby)o bl)

+([a1,1] 0 by 0 bs)#bs
+([a2)1} o (b1 o bl) o b5)#b3
+([a1,2] 0 by 0 0)#bs3
+([az,2] o (b1 0 by) 0 0)#bs
+([a1,3] 0 b2 0 (b 0by 0b3 + by 0byoby))H#bs
+([az,s] o (b1 0b1) o (by 0 by 0bg + by 0 bg 0 ba))#bs
—|—([a174] 0 by 0 0)#b3
+([az,a] o (b1 0 b1) 0 0)b3
+([a1,5] 0bg 0 (by 0 by 0 by 0 by 0 by))H#b3
+([az,5] 0 (b1 0b1) o (by 0 by 0 by 0by 0by))#bs

(st4) (s1)

(s°£°)(s%)
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Coefficient equation Factorization

Degree 10 continued

s%t% continued
+([a1,1] 0 by 0 b3)#b2#by
+([az] o (b2 0 b2) 0 bs)#ba#b1
+([as,1] o (b1 0 b1 0 b2) 0 b3)#b2#b1
+([as,1] o (b1 0 b1 0 by 0 by) 0 b3)#ba#by
+([a1,2] © by 0 0)#ba#by
+([azg,2] o (b2 © b2) 0 0)#ba#by
+([as,2] © (b1 © b1 © by) 0 0)#ba#b1
+([aa,2] o (b1 0 b1 0 by 0 by) 0 0)F#ba#by
+([a1,3] 0 bg 0 (b1 © by © by))#ba#b:
+([az,3] o (b2 0 b2) o (b1 0 by © by ))#bo#b1
+(las,3] o (b1 0 b1 0 b2) o (by 0 by 0 b1))#ba#by
+([aa,3] 0 (b1 0b1 0by 0b1) o (b1 obyobr))#ba#br
+([az,1] o (ba 0 b2) 0 b3)#([a1,1] 0 b1 © b1 )#b1
+([az 1] o (b1 0 by 0 ba) 0 bg)#([a1,1] 0 b1 o b1)F#b:
+([aa,1] 0 (b1 0 b1 0by 0b1) 0 bg)#([ar,1] 0 b1 o b1)F#bs
+([a1,2] 0 ba 0 0)#([a1,1] 0 by 0 b1)#bs
+([az,2] o (b2 0 b2) 0 0)#([a1,1] 0 b1 0 b1)#by
—|—([a372} o(byobyobg)o O)#([al,l] o by 0 by)#b (84t3)(8t)(t)
+([as,2] 0 (b1 0 by 0 by 0b1) 0 0)#([a1,1] 0 b1 o b1)#bs
+([a1,3] 0 by o (b1 obyobi))#([ai1] 0 b1 obr)#b
+(laz,3] 0 (b 0 b2) o (b1 0 by 0 b1))#([ar,1] 0 by 0 b1)#by
+([as,3] o (b1 0 by 0 ba) o (b 0 by 0 by))#([ar,1] 0 by o by)#b
+([aa,3] 0 (b1 0 b1 0 by 0b1) o (b 0 by 0b1))#([a1,1] 0 b1 0 by)#by
+([a1,1] 0 b3 0 by)F#ba#b:
+([az,1] 0 0 0 by)#bo#by
+([asz,1] o (b1 0 by 0 b1) 0 by)Fba#by
+([a1,2] 0 bg o (ba 0 b2))#ba#by
+([az,2] 0 0 0 (b2 0 b2))#ba#b1
+([as,2] o (b1 0 by 0b1) o (b2 0 by))#ba#by
+([a1,3] 0 b3 o (by 0 by © by))#ba#by
+([az,3] 000 (by 0 by 0 by))F#ba#by
+([as,3] o (b1 0 b1 0b1) 0 (b1 0 by 0 b2))#ba#b
+([a1,4] 0 b3 0 (b1 0 by 0 by 0 by))H#HbaF#by
+([az,a] 000 (by 0 b1 0 by 0 by))Ffba#tby
+([az,a] o (b1 0 by 0by) o (b1 0by 0 by 0b1))Fbatbs

(s1%)(%)(s)

() (s?)(1)
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Coefficient equation Factorization

Degree 10 continued

5%t continued
+([az,1] 0 00 by)#([ar,1] 0 b1 0 b1)#by
+([asg,1] o (b1 0 by 0b1) 0 ba)#([a1,1] 0 by 0 by)#bs
+(la1,2] 0 bs 0 (b2 0 b2))#([a1,1] 0 b1 © by)#b1
+([az,2] 000 (bg 0 ba))#([a1,1] © by 0 by)#b1
+([as,2] o (by 0 by 0 by) o (ba o b2))#([a,1] 0 by o by)Fby
—|—([a1,3] obgo(byobyo bg))#([aLl] o by 0 by)#by (83t4)(3t)(5)
+([az,3] 0 00 (b1 0 by 0 b2))#([a1,1] 0 by © b1)#b
+([as,s] o (b1 o by 0b1) o (byobyobs))#([ar] by ob1)#b
+([a1,4] obgo(byobiobyo bl))#([aLl] o by oby)#b
+([az,4] 000 (by 0 by 0 by 0by))#([a1,1] 0 by 0 by)#by
+([ag.a) o (b1 oby 0by) o (byoby obyoby))#([ar 1] o by oby)#by
+([a1)1} 0 bs 0 by )#by
—|—([a271] o O o bl)#b4
+([az,1] o (b1 0 by 0 b3 + by 0 by 0b2) 0 by)#bs (s5t) (%)
+([ag,1] 0 00 b1)#bs
+([as,1]) o (b1 0 by 0 by 0 by 0by) 0 by)#bs
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Coefficient equation

Factorization

Degree 10 continued

s%t% continued

+([a1,1] 0 by 0 ba)#([a1,2] 0 by 0 0)
+([a1,1] 0 by 0 ba)#([a1,3] 0 by o (by 0 by 0by))
+([az,1] o (b2 0 ba) 0 ba)#([a1,1] 0 by 0 b3)
+([ag,1] o (b 0 ba) 0 ba)#([a1,2] 0 by 00)
+([az,1] o (b2 0 b2) 0 ba)#([a1,3] © b1 o (b1 0 by 0 b1))
+([az,1] o (b1 0 b1 0 ba) 0 ba)#([a1,1] 0 by 0 b3)
+([as,1] o (b1 0 by 0 b2) 0 ba)#([a1,2] 0 by 0 0)

+([a4’1] o (bl o bl @) bl o bl) o bg)#([al,l] o bl o bg)
+([aa,1] 0 (b1 0 by 0 by 0 b1) 0 ba)#([a1,2] 0 by ©0)

+([a1,2] 0 ba o (b1 © by))#([a1,1] 0 by © b3)
+([a1,2] 0 bg o (b1 0b1))#([a1,3] 0 b1 o (by 0by 0by))
+([az,2] © (b2 0 b2) o (b1 © b1))#([a1,1] © by © b3)
+([az,2] 0 (ba 0 ba) o (b1 0 b1))#([a1,2] © by ©0)

+([as,2] o (b1 0 by 0 bz) o (by 0 b1))#([a1,1] o by o b3)
+([a372] @) (bl @) bl o bg) o (bl @) bl))#([al,Q] @) bl o O)

+([as,1] o (b1 0 by 0 ba) 0 ba)#([a1,3] 0 by o (by 0 by 0b1))

+([a4)1] o (bl o bl [e) bl [e] bl) o bg)#([al 3] [e) bl o (bl o b]_ [e) bl))

+([ag,2] o (bz 0 b2) o (by 0 b1))F([a1,3] 0 by o (byobyoby))

+([as,2] o (b1 0 by 0 bz) o (by 0 b1))#([a1,3] 0 b1 o (b obyoby))
+([as,2] 0 (b1 0 by 0by 0b1) o (b1 0b1))#([a1,1] 0 b1 0bs)
+([aa,2] 0 (b1 0 b1 0by 0 by) 0 (b1 0b1))#([a1,2] 0 b1 00)
+([aa,2) o (b1 0 by 0 by 0by) o (by 0by))#([a1,3) 0 b1 o (by 0by0by))

(s*%)(st3)
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Coefficient equation Factorization

Degree 10 continued

555 continued
+([a1,1] 0 b3 0 bg)#([az,1] o (b1 0 by) © b2)
+([a1,1] 0 b 0 b3)#([a1,2] 0 b o (b1 0 b1))
+([a1,1] 0 b3 0 b3)#([az,2] o (b1 0 b1) o (b1 0 b1))
—|—([6L2,1] o0o b3)#([a171] obyo bz)
+([az,1] 0 00 bs)#([a1,2] 0 ba o (b1 0 b1))
+([az,1] 0 00 b3)#([az2] o (b1 0 by) o (by 0b1))
+([az1] o (b1 0 b1 0b1) 0 bs)#([ar,1] 0 b2 0 b2)
+([az,1] o (b1 0 by 0 by) 0 b3)##([az,1] o (b1 o by) o ba)
+([ag,1] o (b1 0 by 0 by) 0 b3)#([a1,2] 0 bz o (b1 0 by))
+([as,1] o (by 0 b1 0 by) 0 b3)#([az,2] o (by 0 b1) o (b1 © b1))
+([a1,2] 0 b3 0 0)#([a1,1] © bz © bs)
+([a1,2] 0 b3 0 0)#([az,1] o (b1 0 b1) 0 b2)
+([a1,2] 0 b3 0 0)#([az 2] o (b1 0 by) o (b1 0 b1))
+([az,2] 0 00 0)#([a1,1] 0 bz 0 b2)
+([az,2] 000 0)#([az,1] o (by 0 by) 0 b2)
+([az,2] © 00 0)#([a1,2] 0 by o (b1 0 b1))
+([a3,2] o(byobioby)o 0)#([%,1] 0 by 0 bg)
+([as,2] o (b1 © b1 0 b1) 0 0)#([az,1] © (b1 0 by) 0 b2)
+([as,2] o (by 0 b1 0 by) 0 0)#([a1,2] © bz 0 (b1 © b1))
+([as,2] o (b1 0 b1 0 b1) 0 0)#([az,2] o (b1 0 b1) o (b1 0 b1))
+([a1,3] 0 bg o (b1 0 by 0 b1))#([a1,1] 0 ba © ba)
+([a1,3] 0 b3 0 (b1 0 by 0 b1))#([az,1] o (b1 0 b1) 0 ba)
+([a1,3] 0 bz o (by 0 by 0 by))#([a1,2] 0 b2 0 (b1 0 1))
+([a1,3] 0 bg o (b1 © by 0 by))#([az,2] © (b1 0 by) o (by © b1))
+([az,3] 000 (by 0 by 0 b1))#([a1,1] 0 ba © bo)
+(laz,3] 000 (b1 0 by 0b1))#([az1] o (b1 o by) o b2)
+([az,;3] 000 (b1 0 by 0b1))#([a1,2] © bz 0 (b1 © by))
+([az,;3] 000 (b1 0 by 0b1))#([az2] o (b1 0b1) o (b1 0 by))
+([az,3] o (b1 0 b1 0by) o (by oby oby))#([a1,1] 0 b2 o ba)
+([as,3] o (b1 0 by 0by) o (by 0 by 0b1))#([az,1] 0 (by 0 by) 0 by)
+(las,s] o (b1 0 b1 0by) o (by 0 by 0b1))#([ar,2] 0 bz o (by 0b1))
+([as,3] o (b1 0 by 0by) o (by 0 by 0b1))#([az,2] © (b1 ob1) o (by obr))

(83t3)(82t2)
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Coefficient equation

Factorization

Degree 10 continued

s°t5 continued

+([a1,1] obyo b4)#([a2’1] o0o bl)
+([a1,1] oby o b4)#([a3 1] (b1 ob; o bl) o b1)
+([az,1] o (b1 0 b1) 0 by)#([a1.1] 0 bg o b1)
+([az,1] 0 (b1 o b1) o by)#([as.1] o (b1 0 by 0by) 0by)
+([a1,2] 0 b2 © (b2 © b2))#([a1,1] © b3 0 b1)
+([a1,2] obyo (b2 o bg))#([agJ] o0o bl)
+([al,2] obgo(byo bg))#([a&l] o(byobyoby)oby)
+(laz,2] o (b1 0b1) o (b2 0 b2))#([a1,1] 0 by 0 b1)
+([az,2] o (b1 0 b1) 0 (b2 0 b2))#([az,1] 0 00 by)

+([a173] obyo(byobyo 52))#([a1,1] obzoby)
+([a1,3] 0 b2 0 (b1 0 by 0 ba))#([az,1] 0 00 by)

+([az,3] o (b1 0 by) o (by 0 by 0b2))#([a1,1] o bz o by)
+([az,3] © (b1 0 b1) o (b1 0 by 0 ba))#([az,1] 000 by)

+([a1,4] 0 by 0o (b 0by 0 by 0b1))#([a1,1] 0 bs 0 b1)
+([a1,4] 0 ba o (b1 0 by 0 by 0by))#([ag1] 000 by)

+([az,2] o (b1 0 b1) o (b2 0 ba))#([asz1] o (b1 o by oby)oby)

+([a1,3] 0 by o (by 0 by 0 b2))#([as,1] o (by 0 by 0by) 0 by)

+([a273] o (b1 o bl) (e} (bl e} bl o bg))#([a&l] o (bl (e} bl o} bl) o bl)

+([a1,4] 0 b2 o (by 0 by 0by 0by))#(laz,1] o (byobyoby)oby)
—|—([a274] o(byoby)o(byobiobso bl))#([am] o bz 0by)
+([az,4] o (b1 0 by) o (by 0 by 0 by 0by))#([az,1] 000by)
+([ag,4] 0 (b1 ob1) o (byoby obyoby))#([as1] o (b1 obyobr)oby)

+([a1,1] 0 by 0 bs)#by
+([a1,2] 0 by 0 0)#by
+([a1,3] 0 by 0 (b1 0by 0 b3 + by 0bgy 0by))#by
—|—([a1’4] o by 0 0)#by
+([a175] oby o (byobyobyobyoby))#by

(s2t%)(s%t)
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Coefficient equation

Factorization

Degree 10 continued

s%t% continued

+([a1,1] 0 ba 0 ba)#([a1,2] 0 by o (b1 0 b1))#b1
+([az,1] 0 (b2 0 b2) 0 ba)#([a1,1] 0 b1 0 ba)#b1
+([az,1] o (b2 © b2) 0 b2)##([a1,2] 0 by o (b1 © b1 ))#by
+([az,1] o (by 0 by 0 by) 0 bg)F#([a1,1] 0 by 0 ba)#b1

+([as,1] o (b1 0 by 0 by 0by) 0 ba)#([ar,1] 0 by 0 ba)#by

+([a1,2] 0 by o (b1 0 b1))#([a1,1] © by © ba)#b:
—|—([a272} o} (bg o bg) o (bl (e} bl))#([aLﬂ o} b1 (¢} bg)#bl

+([0,371] o (bl o b1 o bz) o bg)#([alg} o b1 [¢] (bl o bl))#bl

]
+([a4,1] o (bl o b1 o b1 o bl) ] bg)#([al’z] o b1 o (bl o bl))#bl

+([az,2] o (b2 0 b2) o (b1 0 b1))#([a1,2] 0 by o (b1 © b1))#b:
+([as,2] o (b1 0 b1 0b2) 0 (b1 0 b1))#([a1,1] 0 b1 0 ba)#b1
+([az2] o (b1 0 b1 0 bg) 0 (b1 0 b1))#([ar,2] © b1 o (b1 0 b1))#b:
+([as,2) o (b1 0 by 0 by 0 by) o (by 0 b1))#([a1,1] 0 by 0 ba)#by
+([ag2] 0 (by 0obyobyoby)o (byobr))#([ar,2] 0byo(byobr))#b

+([a1,1] © ba 0 ba)#bs#by
+([az,1] o (b2 0 b2) © ba)#bs#b1
+([az,1] o (b1 0 by 0 by) 0 by)#b3#b1
+([as,1] © (b1 0 by 0 by 0 by) 0 ba)#bs#by
+([a1’2] o by o (by 0by))#bs#by
+([az,2] © (b2 0 ba) © (b1 0 b1))F#bs#b1
+([asz,2] o (b1 0 by 0ba) o (by 0 by))#ba#by
+([as,2] o (b1 0 b1 0 by 0by) 0 (by 0 b1))#bs#b

(s1¢%)(st?)(1)

(s1£2)(#)(s)
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Coefficient equation Factorization

Degree 10 continued

s°t continued
+([a1,1] 0 b 0 b3)#([az,1] o (b1 0 b1) 0 by1)F#bs
+([az,1] 0 00 b3)#([a1,1] 0 ba © b1)#b1
+([as,1] o (by o by 0 by) 0 bz)F#([a1,1] 0 ba 0 by )#by
+([G;3,1] o(byobyoby)o b3)#([a271} o (by 0 b1) o by)#by
+([a1,2] 0 bs 0 0)#([a1,1] 0 b2 0 b1)#b1
+([a1,2] 0 b3 0 0)#([az,1] o (by 0 by) 0 by )#b1
+([az,2] 0 00 0)#([a1,1] © bz 0 b1)#b1
+([az,2] 0 00 0)#([az,1] o (b1 0 b1) 0 by)#by
+([az,2] o (b1 0 by 0b1) 0 0)#([a1,1] 0 by 0 by)#by
+([az 2] o (b1 0 b1 0 b1) 0 0)#([az,1] o (b1 0 b1) o by )#b1
+(la1,3] 0 by 0 (b1 0 by 0 b1))#([ar,1] 0 bp 0 b1)#by
+([a1,3] 0 b3 o (b1 0 by 0b1))#([az,1] o (b1 0 by) o by)#by
+([az,3] 000 (by 0 by 0by))#([a1,1] 0 bg 0 by)#by
+([az,3] 000 (b1 0by 0b1))#([az,1] 0 (b1 0 b1) 0 by)#b1
+([as,3] o (by o by 0b1) o (by obyoby))#([ar,1] 0 by o by)#by
+([as,3] o (b1 0 b1 0 by) o (by 0 by 0 b1))#([az,1] o (b1 0 br) o b1)#by
+([a171} obzo bg)#([al,g] oby o (b 0by))#by
+(laz,1] 0 00 bg)#([a1,1] 0 by © b2)#b1
+([az,1] 0 00 bg)#([a1,2] 0 by o (b1 0 b1))#b1
+([a3)1] o(byobyoby)o bg)#([aLl] 0 by 0 ba)#b1
+([az,1] (b1 0 b1 0 b1) 0 b3)#([a,2] 0 b1 o (b1 0 b1))#bs
+([a1,2] 0 bg 0 0)#([a1,1] 0 b1 0 b2)#by
+([az,2] 0 00 0)#([a1,1] © by 0 b2)#b1
+([az,2] © 00 0)#([a1,2] 0 by o (by 0 by))#by
+([az,2] o (b1 0 by 0b1) 0 0)#([a1,1] 0 by o ba)#by
+([az 2] o (b1 0 b1 0 b1) 0 0)#([a1,2] 0 b1 o (b1 0 b1))#b1
+([a,3] 0 b3 0 (by 0 by 0 by))#([a1,1] 0 by 0 b2)#by
+([a1,3] 0 bz 0 (b1 0 b1 0b1))#([ar,2] 0 by o (b1 0 by))#b1
+([az,3] 000 (by 0by 0b1))#([a1,1] © by 0 ba)#b1
+([az,3] 0 00 (b1 0 by 0 b1))#([a1,2] 0 by o (b1 0 b1))#by
+([ag,3] 0 (br oby 0 by) o (by 0by 0b1))#([ar,1] 0 by © ba)F#by
+([as 3] o (b1 0 by 0by) o (by 0by oby))#([ar,2] 0by o (b oby))#bs

(s°6%)(s*)()

(s°¢7)(st%)(s)
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Coefficient equation

Factorization

Degree 10 continued

s%t% continued

+(lar,1] 0 bg 0 by)#bs#by

([ag 1] (bl (e} bl) o b4)#b3#b1

+([a1,2] 0 b2 0 (b2 0 ba))#b3#b1

+(laz,2] o (b1 0b1) 0 (b2 0 b2))#bs#b1

+([a1,3] 0 b2 0 (b1 0 by 0 b2))#bs#b

+([az,3] o (b1 o by) o (by 0 by 0 by))#bs#by
—|—([a1 4] 0 by o (by 0by 0by oby))#bs#b

+([ag,4] o (by 0 by) o (by 0 by 0 by 0 by))F#b3#by

[az,
+([a1 1] 0 ba 0 ba)#([az,1] o (b1 0 b1) o b1)#bs
+([az,1] 0 (b1 0 b1) 0 ba)#([a1,1] 0 ba 0 b1)#bs
+([a1,2] 0 ba 0 (b2 0 b2))#([a1,1] © b2 0 b1)#b1
+([a1,2] 0 by o (ba 0 ba))#([az,1] © (b1 0 b1) 0 by )#b1
+([az,2] o (b1 0 b1) o (b2 0 b2))#([a1,1] 0 b2 0 b1)#b1
+([az,2] o (b1 0 b1) o (b2 0 b2))#([az,1] o
+([a1)3] obyo(byobyo bg))#([aLﬂ 0 by 0 by )#b1

a

+([a1,4] 0 by o (b1 0 by 0 by 0b1))#([a1,1] © ba 0 by )#by

(by 0b1) 0 by)#bs

+([(Z ,3] O bg o (b1 o b1 e} bg))#([azﬂ o (b1 o bl) (e} bl)#bl
+([a273] [©) (bl o bl) o (bl @) bl [©) bg))#([al’l] o b2 @) bl)#bl
+([az,3] 0 (b1 0 b1) o (b 0 by 0 b2))#([az,1] 0 (b1 0 b1) 0 by)#bs

+([a1,4] obyo(byobyobo bl))#([az,l] o (by oby)oby)#b
+([az,4] © (b1 0b1) o (by 0 by 0b1 0b1))#([a1,1] © ba 0 b1)#by
+([az,4] o (b1 0b1) o (by 0 by 0 by 0 by))#([az,1] o (b1 0 b1) o by)#by

+([az,1] o (b2 0 b2) 0 ba)#([a1,1] 0 by © by)#bo
+([as,1] o (b1 0 by 0 ba) 0 ba)#([a1,1] 0 by © by)#bs
+([ag,1] o (by 0 by 0 by 0by) 0 ba)#([a1,1] 0 by 0 b1)#bo
+([a1,2] 0 by o (b1 0b1))#([a1,1] 0 by 0 b1)F#ba
+([az,2] o (bz 0 b2) o (by 0 b1))#([ar,1] © by 0 b1)#b2

—|—([a3,2] o (b1 o b1 o bg) o (bl o bl))#([aLl] o bl o bl)#bg
+([a4,2] (¢] (bl o bl [e] bl o bl) o (bl o bl))#([alyl] [¢] bl o bl)#bg

(s*t)(s)(t)

(s2t1)(s%t)(s)

(s1¢%)(st)(£2)
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Coefficient equation Factorization

Degree 10 continued

s°t® continued
+([a1,1] 0 b3 0 b3)#ba# by
+([az,1] 0 00 bs)#ba#bo
+([asz,1] o (b1 0 by 0 b1) o bz)#ba#by
+([a1,2] 0 b3 0 0)#ba#b2
+([az,2] 0 0 0 0)#ba#by (s%%)(s*)(t?)
+([as,2] o (b1 0 by 0 by) 0 0)F#ba# by
+([a1,3] 0 bz o (b1 © by © by))#ba# by
+([ag,3) 000 (by 0 by 0 by))#battbs
+([as 3] o (by 0 by 0b1) o (by 0 by 0b1))Hba#by
+([az,1] o (b1 0 b1) 0 ba)#ba#([ar,1] 0 by 0 b1)
+([a1,2] 0 ba o (by 0 ba))#ba#([a1,1] 0 by 0 by)
+([az,2] o (by 0 by) o (by 0 ba))#ba#([a1,1] 0 by 0 by)
+([a1,3] 0 by o (b1 0 by 0 b2))#ba#([a1,1] 0 by 0by) (s*t*)(s%)(s)
+([az,3] o (by 0 by) o (b1 0 by 0 ba))#bo#([a1,1] 0 by 0 by)
+([a1,4] © by 0 (b1 0 by 0 by 0 b1))#ba#([a1,1] 0 b1 © by)
+([az,a] o (br 0 b1) o (by 0 by 0 by 0 by))#ba#([a1,1] © by 0 1)
+([az,1] 0 00 b3)#([a1,1] 0 by 0 b1)#b1#b
+([az,1] o (b1 0 b1 0 b1) 0 b3)#([a1,1] o by 0 b1)#b1#by
+([a1,2] 0 b3 0 0)#([a1,1] 0 by © by)#b1#b1
+([az,2] 0 00 0)#([a1,1] o by o by)#b1#b:
+([as,2] o (b1 0 by 0b1) 0 0)#([a1,1] 0 by o by)#b1#by
+([a1,3] 0 bz o (b1 0 by 0 b1))#([a1,1] 0 b1 0 b1)F#b1#b1
+([ag,3) 000 (by o by 0b1))#([a1,1] © by o by)#b1#by
+(las,3] o (b1 0 b1 0 by) o (b 0 by ©b1))#([a1,1] 0 by 0 b1)#b1#br
s b5 (55)(t5)

(s°£%)(st)(s)()
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Coefficient equation Factorization

Degree 10 continued

s°t5 continued
+([a1,1] 0 by 0 b1)#([a1,2] 0 b1 o (b2 0 b2))
+([a1,1] 0 by 0 by)#([a1,3] © by o (b1 © by 0 ba))
+([a1,1] 0 by o by)#([a1,4] 0 by o (by 0 by 0 by 0b1))
+([a2,1] o(bgobg)o bl)#([al,l] o by oby)
+([az,1] o (b2 0 ba) 0 by)#([a1,2] 0 by o (b2 0 ba))
+([az,1] o (b2 0 b2) 0 b1)#([a1,3] © by o (by 0 b1 0 b2))
+([az,1] o (b2 0 b2) 0 b1)#([a1,4] 0 by o (by 0 by 0 by 0 by))
+([az,1] o (b1 0 b1 0 ba) 0 by)#([a1,1] 0 b1 0 ba) (s1t)(st?)
+([as,1] o (b1 0 by 0 bg) 0 by)##([ar 2] 0 by o (bg 0 b2))
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([a1,3] 0 b1 o (b1 0 by 0b2))
+([as,1] o (by 0 by 0 ba) o by)#([ar1,4] 0 by o (by obyobyoby))
—|—([a4’1] o(byobyobyoby)o bl)#([al,l] 0 by oby)
+([ag,1] 0 (by o by 0 by 0by) 0 by)#([ar,2] 0 by o (b2 0 b2))
+([aa,1] 0 (b1 0b1oby 0b1)obi)#([a1,3] 0 b1 o (by 0byobg))
+([ag,1] o (by o by obyoby) oby)#([ar,a] 0byo(byobyobyobr))
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Coefficient equation Factorization

Degree 10 continued
555

continued
+([a1,1] © b3 0 b2)#([az,1] © (b1 0 by) © b3)
+([a1,1] 0 bs 0 b2)#([a1,2] 0 bz 0 0)
+([a1,1] 0 bg 0 ba)#([az,2] o (by 0 b1) 0 0)
+([a1,1] obgo 52)#([01,3] obgyo(byobyoby))
+([a1,1] 0 b 0 ba)#([az,3] o (b1 0 b1) o (by 0 by 0 by))
+([az,1] © 0 0 ba)#([a1,1] 0 ba © b3)
+([az,1] © 0 0 ba)#([a1,2] 0 be 0 0)
+([az,1] © 00 ba)#([az 2] o (b1 0 b1) 00)
+([az,1] 000 ba)#([ar,3] 0 by o (b1 0 by 0 b))
+([az,1] 0 00 b2)#([az,3] o (b1 0b1) o (b1 0 by 0b1))
+([az,1] o (b1 0 b1 0 b1) 0 ba)#([a1,1] 0 bz 0 b3)
+([az,1] o (by 0 by 0 by) 0 ba)##([az1] o (b1 o by) o b3)
+([az,1] o (b1 0 by 0b1) 0 ba)#([a1,2] 0 by 0 0)
+([as,1] o (b1 0 by 0b1) 0 ba)F#([az2] o (by 0 by) 0 0)
+([az,1] o (b1 0 b1 0b1) 0 ba)#([a1,3] 0 b2 o (b1 0 by 0 by))
+([az,1] o (b1 0 b1 0b1) 0 ba)#([az,3] o (b1 0 b1) o (b1 0 by 0b))
+([a1,2] 0 bz o (b1 0 b1))#([a1,1] 0 b2 0 b3)
+([a1,2] 0 b o (by 0 b1))#([az,1] o (b1 0 b1) o b3)
+([a1,2] 0 b3 o (b1 0 b1))#([az,2] o (b1 0 b1) 0 0)
+([a1,2] 0 bg o (b1 0 b1))#([a1,3] 0ba o (by 0 by 0b1))
+([a1,2] 0 b3 0 (b1 0 b1))#([az,3] o (b1 0 b1) o (by 0 b1 0b1))
+([az,2] 000 (b1 0 b1))#([a1,1] 0 b2 0 b3)
+([ag,2] 000 (by 0b1))#([az.1] © (by 0 b1) 0 b3)
+(laz,2] 0 00 (b1 0 b1))#([a1,2] 0 b2 0 0)
+([az,2] 000 (b1 0 b1))#([a1,3] 0 ba o (b1 0 b1 0 b1))
+(laz,2] 0 00 (b1 0 b1))#([az,3] o (b1 0b1) 0 (b1 0 b1 0 b1))
+([az 2] o (by o by oby) o (byoby))#([ar,1] 0 beobs)
+([az,2] o (b1 0 b1 0 by) o (by 0 b1))#([az,1] o (b1 0 b1) 0 b3)
+([az,2] 0 (b1 0 b1 0b1) o (b1 0b1))#([a1,2] 0 b2 00)
+([az,2] o (b1 0 b1 0 by) o (by 0 b1))#([az,2] o (b1 0 b1) 0 0)
+([asz,2] o (b1 0 b1 0b1) o (b1 0 b1))#([a1,3] 0 b2 0 (b1 0 b1 0b1))
+([az,2] 0 (b1 obyob1) o (b1 obr))#([az,s] o (b1 obi)o (biobiobr))

(83t2)(82t3)
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Coefficient equation Factorization

Degree 10 continued

s°t® continued
+([a1,1] 0 by 0 by)#([a1,2] © by 0 0)#by
+([a1,1] 0 by 0 b1)#([a1,3] 0 b1 o (by 0 by 0 b1))F#by
+([az,1] © (bg 0 b2) 0 b1)#([a1,1] 0 b1 o bs)#bs
+([az,1] o (b 0 ba) 0 by )#([a1,2] o by 0 0)#by
+(laz,1] o (b2 0 b2) 0 b1)#([a1,3] © by 0 (b1 © by 0 by))#by
+([az,1] © (b1 0 b1 0 ba) 0 b1)#([a1,1] 0 by o b3)#by (s*t)(st%)(t)
+([as,1] o (b1 0 by 0 ba) 0 by)#([a1,2] 0 by 0 0)#by
+([as,1] o (b1 0 b1 0ba) o b1)#([a1,3] 0 b1 o (b1 0 by 0by))#by
+([aa,1] o (by 0 by 0by 0by) oby)#([a1,1] 0 by o bz)#by
+([ag,1] 0 (b1 0 by 0 by 0b1) 0b1)#([a1,2] 0 b1 0 0)F#by
+([aa,1] 0 (by 0 by 0 by 0b1) 0 by)#([a1,3] 0 by o (by 0 by 0by))#by
+([a1,1] 0 by 0 by)F#bs#b:
+([az,1] o (ba 0 b2) 0 b1)#ba# by
+([az,1] o (b1 0 by 0 by) 0 by )#ba# by
+([aa,1] 0 (b1 0 by 0 by 0 b1) 0 by)#baF#tb:
+([a1,1} obszo bz)#([ag)l] o (by 0 b1) 0 by)#by
+([a1,1] 0 b3 0 ba)#([a1,2] 0 by o (by 0 by))#by
+([a1,1] 0 bg 0 ba)#([az,2] o (b1 0 b1) o (by 0 by))#b1
+([az,1] 0 00 b2)#([a1,1] 0 b2 © b2)#b1
+([az,1] 0 00 ba)#([a1,2] 0 bg o (by 0 b1))#b1
+([az,1] 0 00 ba)#([az 2] o (b1 0 b1) o (b1 0 b1))#b1
+([as,1] o (b1 0 b1 0b1) 0 ba)#([a1,1] 0 bg © ba)#by
+([as,1] o (b1 0 by 0 b1) 0 ba)#([az,1] 0 (b 0 b1) 0 ba)#by
+(las,1] o (b1 0 by 0 by) 0 ba)#([a1,2] 0 ba 0 (b1 0 by))#by
+([as,1] 0 (b1 0 by 0 by) 0 ba)#([az,2] o (b1 0 b1) o (b1 © b1))#b1
+([a1,2] 0 bz o (b1 0 b1))#([a1,1] 0 ba 0 ba)#by
+([a1,2] 0 bz o (b1 0 b1))#([az,1] © (b1 0 b1) 0 ba)#b1
+([a1,2] 0 bs o (b1 0 b1))#([az,2] © (b1 0 by) o (b1 © b1))#by
+([az,2] 000 (by 0b1))#([a1,1] © bz 0 be)#b1
+([az,2] 000 (b1 0 b1))#([az,1] o (b1 0b1) 0 ba)#b1
+([az,2] 0 00 (b1 0 br))#([a1,2] 0 bz o (b1 0 b1))#b1
+([as,2] o (b1 o by 0by) o (b1 0b1))#([a1,1] © bz 0 ba)#by
+(lag,2] o (b1 0 by 0 by) o (by 0b1))#([az,1] o (b1 0 b1) 0 ba)#by
+([as2] o (b1 0 by 0 b1) 0 (b1 0 b1))#([a1,2] 0 ba o (b1 © b1))#b1
+([as,2] o (b1 0 b1 0b1) 0 (b1 0 b1))#([az2] o (b1 0b1) o (b1 0 b1))#b1

(s*)(t")(s)

(s°¢2)(s*1%)(t)
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Coefficient equation

Factorization

Degree 10 continued

s°t% continued

+([a1,1] 0 b3 0 ba)##([a1 2] o by 0 0)#by
+([a1,1] 0 b3 0 ba)#([a1,3] 0 by o (by 0 by 0 by))#bs
+([az,1] 0 00 ba)#([a1,1] 0 b1 © b3)#b1
+([a271] o0o bg)#([al,g] obyo 0)#b1
+([az,1] 000 ba)#([a1,3] 0 by o (by 0 by 0 b1))#bs
+(laz,1] o (by 0 by 0by) 0 ba)#([a1,1] 0 by 0 b3)#bs
+([az 1] o (b1 0 b1 0 by) 0 ba)#([a1,2] 0 by 0 0)7£by
+([a3}1] o(byobroby)o bQ)#([G,l)?)] o by o (byobyoby))#b
+([a,2] 0 b3 0 (b1 0 b1))#([a1,1] 0 by 0 b3)#b1
+([a1,2) 0 bz o (b1 0 b1))#([a1,3] 0 b1 o (b1 0 by 0 b1))#by
+([az,2] 0 00 (b1 0 b1))#([a1,1] 0 b1 0 bg)#by
+([az,2] 000 (by 0b1))#([a1,2] © by 0 0)#by
+([az,2] 000 (b1 0b1))#([a1,3] 0 by © (b1 0 by 0 b1))#b1
+([as,2] o (b1 o b1 0by) o (b1 0b1))#([a1,1] 0 by 0 bs)#b1
+([as,2] o (b1 0 b1 0b1) 0 (b1 0 b1))#([ar,2] 0 by 0 0)#by
+([a3’2] o(byobyoby)o(byo bl))#([al’;ﬂ obyo(byobyoby))#b

+([a171] obyo b3)#([a271] 000 by)#b
+([a1,1] 0 bg 0 b3)#([as,1] o (b1 0 b1 0 b1) 0 b1)#b1
+([az,1] o (b1 0 b1) 0 b3)#([a1,1] o bs © b1)#by
+([az,1] o (b1 0b1) 0 b3)#([az 1] o (b1 0 by 0b1) 0 by)#by
+([a1,2] 0 ba 0 0)#([a1,1] 0 bg 0 b1)#bs
+([a1,2] 0 bz 0 0)#([az,1] 0 0 0 b1)#b1
+([a1,2] 0 ba 0 0)#([as,1] o (b1 0 by 0 by) 0 by )#bs
+([az,2] 0 (b1 0 b1) 0 0)F#([a1,1] © b3 0 by)#b1
+([az,2] 0 (b1 0 b1) © 0)#([az,1] © 00 by )#by
+([az,2] o (b1 0 b1) 0 0)#([as,1] o (b1 0 by 0 b1) 0 by)#b1
+([a1,3] 0 ba o (b1 0 by 0 b1))#([a1,1] 0 bz 0 b1)#b:
+([a1,3] 0 bg o (b1 0 b1 0b1))#([az,1] 0 00 b1)#bs
+([a1,3] 0bg o (b1 0 by 0 b1))#([as,1] o (b1 0 by 0 by) 0 b1)#by
+([az,3] 0 (b1 0b1) o (b1 0 by 0b1))#([a1,1] © bs 0 by)#b1
+([az,3] o (b1 0 b1) o (b1 0 by 0 b1))#([az,1] 000 by)#b1
+([az,3] o (b1 0b1) o (by 0 by 0b1))#([az,1] o (by o by 0by) o by)#by

(s°¢2)(st%)(s)

(s*£%)(s*)(1)
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Coefficient equation Factorization

Degree 10 continued
5t5

continued
+([a1,1] 0 by 0 b3)#([az,1] o (b1 0 b1) 0 ba)#by
+([a1,1] 0 by 0 b3)#([a1,2] 0 by o (by 0 by))#by
+([a1,1] 0 ba 0 bg)#([az,2] o (b1 0 b1) o (b1 0 b1))#b1
+([az,1] o (b1 0 b1) 0 bs)#([ar,1] 0 b2 0 ba)#b1
+(laz,1] o (b1 0 b1) 0 b3)#([a1,2] 0 ba o (b1 0 b1))#b1
+([az,1] 0 (b1 0 b1) 0 b3)#([az,2] 0 (b1 0 b1) o (b1 0 b1))F#b1
+([a1,2] 0 bg 0 0)#([a1,1] 0 ba © ba)#b1
+([a1,2] 0 ba 0 0)#([az,1] o (b1 0 by) 0 ba)#by
+([a1,2] 0 b2 0 0)#([az 2] o (b1 0 b1) o (b1 0 b1))#b1
+([az,2] 0 (b1 0 b1) 0 0)F#([a1,1] © bz 0 be)#b1
+([az,2] 0 (b1 0 b1) 0 0)#([az,1] © (b1 0 b1) 0 ba)#b1
+([az,2] o (b1 0 b1) 0 0)#([a1,2] 0 bz o (b1 0 b1))#b1
+([a,3] 0 b2 0 (b1 0 by 0 by))#([a1,1] 0 by 0 b2)#by
+(la1,3] 0 b2 0 (b1 0 by 0 b1))#([az,1] o (b1 0 b1) 0 ba)#by
+([a1)3] obyo(byobyo bl))#([alg} 0 by o (by 0by1))#b
+([a1,3] 0 b2 0 (b1 0 b1 0 br))#([az,2] o (b1 0b1) o (b1 0 b1))#b
+([azg,3] o (b1 0 b1) o (by 0 by 0 b1))#([a1,1] 0 b © ba)#by
+(laz,3] o (b1 0 b1) o (b1 0 by 0b1))#(laz,1] o (b1 0 b1) 0 ba)#by
+([az,3] 0 (b1 0b1) 0 (b1 0 b1 0 b1))#([a1,2] 0 ba o (b1 © b1))#b1
+([az,3] o (b1 0b1) o (b1 0 by 0 b1))#([az,2] o (b1 0 b1) o (b1 0 b1))#b1
+([a1,1] 0 b1 © by)F#bs#b:
+([a1’2] 0 by o (by 0 b)) #bs#by
+([a1,3] 0 by o (by © by © by))#ba#by
+([a1,4] 0 b1 o (b1 0 by 0 by 0 by))#HbaF#b
—|—([a171] ob o b4)#([a2’1} 00 o0by)#b
+([a1,1] ob; o b4)#([a3,1] o (b1 obyoby)oby)#b
+([a1,2] 0 b1 o (b2 0 b2))#([a1,1] 0 bg 0 b1)F#bs
+([a1,2] 0 b1 o (b2 0 b2))#([az,1] © 0 0 by )#b:
+([a1,2] 0 by 0 (bg 0 ba))#([as 1] 0 (b1 0 by 0 by) 0 by )#by
—|—([a1,3] obyo(byobyo bg))#([aLl] 0 b 0 by )#by (8t4)(83t)(s)
+([a1,3] 0 b1 0 (b1 0 b1 0 b2))#([az,1] 0 00 by)#bs
+([a1,3] 0 by o (by 0 by 0 b2))#([as,1] o (b1 0 by 0 by) 0 by)#by
+([ar,a] 0 by o (by 0 by 0 by 0 by))#([ar,1] 0 bz 0 by)#b
+([a1,4] 0 by 0 (b1 0 b1 0 by 0 b1))#([az,1] 0 0 0b1)#by
+([a1,4] 0 by o (by 0 by 0 by 0oby))#([as,1] o (b 0 b1 0by)oby)#by

$243)(s2¢2) (s
4 (s°t%)(s°t%)(s)
#(
ob
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Coefficient equation

Factorization

Degree 10 continued

s°t° continued

+([a1,1] 0 by 0 b1)#([a1,2] 0 by o (b1 0 b1))#bs
+([az,1] 0 (ba 0 b2) 0 b1 )#([a1,1] 0 by 0 ba)#bs
+([az,1] o (b2 0 b2) 0 b1)#([a1,2] 0 b1 o (b1 0 b1))#b2
+([a3)1] o(byobyobg)o bl)#([al,l] 0 by 0 by)#by
+([az,1] o (b1 0 b1 0 ba) 0 b1)#([a1,2] 0 by o (b1 0 by))# b2
+([as,1] o (b1 0 by 0 by 0by) 0 by)#([a1,1] 0 by 0 ba)#bo
+([aa,1] o (by 0 by 0 by 0by) o by)#([ar,2] 0 by o (by oby))#bs

(s%)(st*)(t?)

+([az,1] o (bz 0 b2) 0 by)#bs#([a1,1] 0 by o by)
+([az,1] o (b1 0 by 0 ba) 0 by)#bs#([a1,1] 0 b1 0 b1)

(s18)(%)(st)

+([as,1] 0 (b1 0 by 0 by 0 by) 0 by)#bz#([a1,1] 0 by o by)
+([a1,1] 0 b3 0 ba)#([az,1] o (b1 0 b1) 0 by)#bo
+([az,1] © 00 ba)#([a1,1] 0 by 0 b1)#by
+([as,1] o (b1 0 by 0b1) 0 ba)#([a1,1] 0 b2 0 b1)#bs
+([a3,1] o(byobyoby)o bg)#([ag’l} o (by 0by) o by)#by
+([a1,2] 0 b3 o (by 0 b1))#([a1,1] 0 by 0 by)#b2
+([a1,2] 0 bz o (b1 0 b1))#([az,1] 0 (b1 0 b1) 0 by)#ba
+([az,2] 000 (b1 0 b1))#([a1,1] 0 b2 0 b1)#bo
+([az,2] 0 00 (b1 0 b1))#([az,1] o (b1 0 br) o b1)#bs
+([a3)2] o(byobyoby)o(byo bl))#([al,l] 0 by 0 by )#by
+([asz,2] o (b1 0 b1 0b1) o (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)#b2

(s°t%)(s%) (%)

+([az,1] 0 00 ba)#([a1,2] 0 by o (by 0 by))#([a1,1] 0 by o by)

+([a371] o (b1 o bl (e] bl) o bg)#([al}g] o bl (e] (bl o bl))#([al,l] o bl o bl)

+([az,2] 000 (b1 0b1))#([a1,2] 0 b1 o (b1 0 b1))#([a1,1] 0 b1 0 b1)

+([(1372] o (bl @) bl [©) bl) o (b1 o bl))#([al,g] o bl o (bl o bl))#([alﬁl] @) bl [©) bl)

(s*2)(st2) (st)

+([a1,1] 0 b3 0 ba)#b3#bo
+([az,1] 0 00 ba)#bs#bo
+([as,1] o (b1 0 by 0 by) 0 ba)F#bs#by
+([a1,2] 0 b3 0 (b1 0 b1))#bs#bo
+([az,2] 0 00 (by o by))#bs#bo
+([as,2] 0 (b1 0 b1 0b1) o (b1 0 b1))#bs#bo

(s°8%)(£°)(s%)

+([a1,1] 0 bz 0 b3)#b3#bo
+([az,1] o (b1 0 b1) 0 b3)#bs#bo
+([a1,2] 0 by 0 0)#bs#£bo
+([az,2] o (b1 0 b1) 0 0)#b3#bs
+([a1,3] 0 bz 0 (b1 © by 0 b1))#bs#b2
+([az,3] © (b1 0 by) o (b1 0 by 0 by))#bs#by

(s2t%)(s°)(£)
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Coefficient equation

Factorization

Degree 10 continued

s%t% continued

+([a1,2] © bg 0 0)#([az,1] o (b1 0 by) 0 by)#([a1,1] 0 by o by)
+([az,2] o (b1 0 b1) 0 0)#([az,1] o (b1 0 by) 0 b1)#([a1,1] 0 by 0 by)
+([a1,3] 0 by o (by 0 by 0 b1))#([az,1] o (b1 0 b1) 0 by)F#([a1,1] 0 by 0 by)
+([az,3] 0 (b1 0b1) o (b1 0b1 o b1))#([az1] 0 (b1 0b1) o by)#([ar,1] 0 b1 0 b1)

(s2£%)(s%t)(st)

+([a1,1] 0 b 0 bg)#([a1,2] 0 b1 © (by 0 b1))#ba
+([az,1] o (b1 0 b1) 0 b3)#£([a1,1] © b1 0 bz)Fbs
+([az,1] 0 (b1 0 b1) 0 b3)#([a1,2] 0 by o (b1 © by))#ba
+([a1,2] 0 bz 0 0)#([a1,1] 0 b1 0 ba)#bo
+([az,2] o (b1 0 b1) 0 0)#([a1,1] 0 b1 0 ba)#bo
+([az,2] o (b1 0 b1) 0 0)#([a1,2] 0 b1 o (b1 0 b1))#b2
+([a1,3] 0 by o (by 0 by 0 b1))#([a1,1] 0 by 0 ba)#bo
+([a1,3] 0 by o (b1 0 by 0 b1))#([a1,2] 0 b1 o (by 0 by))#bo
+([az,3] o (b1 0b1) o (by 0 by 0 b1))#([a1,1] 0 b1 0 ba)#b2
+([az,3] 0 (b1 0b1) o (b1 0 by 0 b1))#([a1,2] © by o (b1 0 b1))#bo

(s2£7)(st*)(s%)

+([CL172} o bl o (b2 @) bg))#bg#([CLLﬂ @) bl o bl)
+([a1,3] 0 b1 o (by 0 by 0 by))#bs#([a1,1] 0 by 0 b1)
+([a1,4] 0 by o (b1 0 by 0 by 0b1))#bs#([ar,1] 0 by 0 by)

(st*)(s%)(st)

+([a1,1] 0 b1 0 ba)#([ag,1] o (b1 0 b1) 0 by)F#bs
+(la1,2] 0 by 0 (b2 0 b2))#([a1,1] 0 bz © b1)#b2
—I—([al)g} obyo(bgo bg))#([ag)l] o (by 0by) o by)#by
—|—([a1,3] obyo (bl obo b2))#([a1,1] obgo bl)#bQ
+([a1,3] 0 by o (b1 0 by 0b2))#([az1] o (b1 0 b1) 0 by)#bo
+([a1,4] 0 by o (by 0 by 0by 0by))#([ar,1] 0 ba 0 b1)F#bo
+([a1,4] 0 b1 o (b1 0 by 0 by 0b1))#([az,1] © (b1 0 b1) 0 b1)F#bo

(st*)(s7t)(s?)

+([a1,1] 0 b3 0 ba)#([a1,2] 0 by o (by 0 by))#b1#b1
+([az,1] 0 0 0 ba)#([a1,1] 0 by © ba)#b1#£b1
+([az,1] 0 0 0 ba)#([a1,2] 0 by o (b1 0 b)) #b1#b1
+([az,1] o (b1 0 by 0 b1) 0 ba)#([a1,1] 0 by 0 ba)F#b1#by
+([az,1] o (b1 0 b1 0 b1) 0 ba)#([a1,2] 0 by o (b1 0 by))#b1#b1
+([a1,2] 0 bz o (b1 0 b1))#([ar,1] 0 b1 0 ba)#b1#b1
+([az,2] 000 (b1 0 b1))#([a1,1] 0 b1 0 ba)#b1#b1
+([az,2] 000 (b1 0b1))#([a1,2] 0 b1 o (b1 0 b1))#b17£b1
+([az,2] o (b1 0 by 0b1) o (b1 0 b1))#([a1,1] 0 by 0 ba)F#b1#b1
+([az 2] o (b1 o by oby) o (by oby))#([ar,2] o by o (by o b1))#bi1#b1

(s°¢%)(st*) (s)(t)
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Coefficient equation

Factorization

Degree 10 continued

s%t% continued

+([a1,1] 0 bz 0 b3)#([az,1] o (b1 © by) o by)#b1#b1
+([az,1] 0 (b1 0b1) 0 b3)#([a1,1] © ba 0 br)#b1#by
+([a1,2] 0 ba 0 0)#([a1,1] 0 by © by )#b1#b1
+([a1,2] 0 ba 0 0)#([az1] 0 (b1 0 b1) 0 by)#b1#b
+([az,2] o (b1 0 b1) 0 0)#([a1,1] 0 bz 0 by )#b1#b1
+([az,2] © (b1 0 b1) 0 0)#([az 1] o (b1 0 b1) o by )Ffbi#by
+([a1,3] 0 b2 0 (by 0 by 0 b1))#([a1,1] 0 ba 0 by )F#b1#by
+([a1,3] 0 b2 o (b1 0 by 0 b1))#([az,1] o (b1 0 by) o by )F#b1#b1
+([az,3] 0 (b1 0 by) o (by 0 by 0 by))#([a1,1] 0 bg 0 by)F#b1#by
+([az,3] 0 (b1 ob1) o (by 0 by 0b1))#([az,1] o (b1 0 by) o by)#b1#b1

+([az,1] 0 00 ba)#([a1,1] 0 by 0 by)F#ba# b
+([az1] o (b1 0 b1 0b1) 0 ba)#([a1,1] 0 by 0 b1)#ba#tby
+([a1,2] 0 b o (b1 0 b1))#([a1.1] 0 by 0 by)F#baFtby
+([az,2] 000 (b1 0 b1))#([a1,1] 0 b1 0 br)#b2#b1
+([as,2] o (b1 0 by 0 b1) o (by 0 b1))#([a1,1] 0 by 0 b1)F#ba#by

+([az,1] o (b1 0 b1) 0 b3)#ba#([a1,1] 0 b1 © b1)#b1
+([a1,2] 0 by 0 0)#ba# ([a1,1] © by 0 by)#b1
+([az,2] o (b1 0 b1) 0 0)#ba#([a1,1] © by © b1)#b1
+([a1,3] 0 by o (b1 0 by 0 by))#ba#([a1,1] 0 by 0 by)#bs
+([az,3] 0 (b1 ob1) o (by 0 by 0 by))F#bo#([ar1] 0 by 0 by)#by

+ba#([a1,1] 0 by 0 bg)#bo
+ba#([a1,2] 0 b1 0 0)#by
+b4#([a1)3] o bl @) (bl [¢) bl o bl))#bg

+ba#ba#([ar,1] 0 by 0 by)

+(lar,1] 0 b3 0 b1)#([az,1] o (b1 0 b1) 0 ba)#bs
+(la1,1] 0 by 0 b1)#([a1,2] © bz o (b1 © b1))#b2
+([a1,1] 0 by 0 b1)#([azg,2] o (b1 0 b1) o (b1 © by))#ba
+([az,1] 0 00 b1)#([a1,1] 0 ba 0 ba)#bo
+([az,1] 0 00 by)#([ar,2] 0 by o (b1 0 b1))#bo
+([az,1] 0 00 b1)#([az,2] o (b1 0 b1) o (b1 0 b1))#b2
+([a3)1] o(byobyoby)o bl)#([al,l] 0 by 0 by)#by
+([az,1] o (by 0 by 0 by) o by)#([az1] o (b1 o by) o ba)Fbo
+([az 1] o (b1 0 b1 0b1) o bi)#([a12] 0 bg o (by 0 by))#bo
+([ag,1] o (b1 0 b1 0 by) 0 by)#([az,2] o (b1 0 b1) o (b1 © by))#b2

(s°£%)(s*t) () (t)

(s°¢%)(st) (£2)(s)

(s2£%)(s%) (st) (1)

(s1)(st*)(t?)

(sH)(*)(st)

(s°)(s*t%)(£?)
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Coefficient equation

Factorization

Degree 10 continued

s%t% continued

+([az,1] 000 b1)#([a1,2] 0 by 0 0)#([ar,1] 0 by oby)
+([az,1] © 00 by)#([ar,3] 0 b1 o (by 0 by 0 b1))#([a1,1] 0 by 0 b1)
+([as,1]) o (b1 0 by 0 b1) 0 b1)#([a1,2] 0 by 0 0)#([a1,1] 0 b1 0 by)
+([ag,1] o (b1 o by 0by) o by)#([a1,3] 0 by o (b1 oby oby))#([ar,1] obioby)

(s3t)(st3)(st)

+([a1,1] 0 bz 0 by)#baF#by
+([az,1] © 0 0 by )F#ba#bs
+([az,1] o (b1 0 by 0 by) 0 by)#baF#bo

(s°t)(t")(s?)

+([az,1] o (b1 0 b1) 0 ba)#([a1,2] 0 b2 o (b1 0 b1))#([a1,1] 0 by 0 by)
+([a2,1] 9 (bl o bl) o b2)#<[a272] o (bl o b1> o (bl o bl))#([aLl] o bl o bl)
+([a1,2] 0 ba o (b1 0 b1))#([az,2] © (b1 0 b1) o (b1 0 b1))#([a1,1] 0 b1 0 b1)

(s%t2)(s%t2)(st)

+([a1,1] 0 bg 0 ba)#([a1,2] 0 by 0 0)#bs
+([a1,1] 0 by 0 ba)#([a1,3] 0 b1 o (by 0 by 0 b1))F#b2
+([az,1] o (b1 0 b1) 0 ba)#([a1,1] o by 0 bs)#bo
+([az,1] o (b1 0 b1) 0 ba)#([a1,2] © b1 0 0)#bo
+([az,1] o (b1 0 b1) 0 ba)#([a1,3] 0 by o (b 0 by 0 by))#bo
+([a1,2] 0 ba o (b1 0 b1))#([a1,1] 0 by 0 bg)F#ba
+([@1,2] obyo(byoby))# ([a1 3] 0by o (by 0byoby))#by
+([az,2] o (b1 0b1) o (b1 0b1))#([a1,1] © by o b3)#b2
+([az,2] o (b1 0 b1) o (b 0 b1))#([a1,2] 0 by © 0)#b2
+([az,2] o (by 0 b1) o (by 0 b1))# (a1 3] 0 by o (by 0 by 0 by1))#b2

(s2£%)(st%)(s?)

+([a1,1] 0 bg 0 b1 )#([a1,2] © b1 0 0)#b1#b1
+([a1,1] 0 b3 0 by)##([a1,3] 0 by o (by 0 by 0 b1))#b1#by

+([az,1] © 00 b1)#([a1,1] 0 by © b3)#b1#b1

+([az,1] © 0 0 by)#([a1,2] 0 by 0 0)#b1#b;
+([az,1] 000 b1)#([a1,3] 0 b1 o (by 0 by 0 by))#b1#b1
+([az,1] o (b1 0 by 0by) o by)#([a1,1] 0 by 0 b3)#b1#b1
+([as,1] o (b1 0 b1 0 b1) 0 b1)#([a1,2] 0 by 0 0)#b1#b1

(s°t)(st%)(s)()

+([a3,1] (byobyoby)oby)# ([al 3] 0 by o (by 0 by 0by))#by#by
+([a1,1] 0 ba 0 ba)#([ag,1] o (b 0 by) o ba)#b1 by
+([a1,1] 0 b2 0 ba)#([a1,2] 0 by o (b1 0 b1))#b1#b
+([a1,1] 0 b 0 ba)#([az,2] o (b1 0 by) o (by 0 by))#b1#by
+([az,1] o (b1 0 b1) 0 ba)#([a1,2] 0 by o (by 0 b1))#b1#b1
+([az,1] o (b1 0 b1) 0 ba)#([az2] o (b1 0 by) o (by 0 by))#b1#b1
+(la1,2] 0 bz 0 (b1 0 b1))#([az,2] © (b1 0 b1) o (b1 0 b1))#b1#b1

(s2£%)(s%2) () (t)
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Coefficient equation ‘ Factorization

Degree 10 continued
s5¢°

continued
+ba#([a1,1] 0 by 0 ba)#bs3
+ba#([a1,2] 0 by o (by 0 b1))#bs
—|—([a171} obzo bl)#([ag,l] o (b1 oby) oby)#bs
+([az,1] 000 b1)#([ar,1] 0 b 0 b1)#b3
+(las,1] o (b1 0 b1 0 by) 0 b1)#([a1,1] © ba 0 b1)#bs
+([a3)1] o(byobyoby)o bl)#([agyl} o (by 0 by) o by)#bs
+([az,1] 000 b1)#([a1,1] 0 by 0 ba)#([a1,2] 0 by o (by 0 by))
+([as,1] o (b1 0 by 0 by) o by)#([a1,1] 0 by o ba)#([ar2] 0 by o (by 0by))
+([a1,1] © by 0 ba)#bs#bs3
+([az,1] o (b1 0 b1) 0 ba)#b3#bs
+([a1,2] 0 ba o (b1 © by ))#bs#bs
+([az,2] o (b1 0 by) o (by 0 b1))#bs#bs
J 0 b2 0 b2)#([az,1] o (by 0 b1) 0 b1)#([a1,2] © by o (b1 0 by))
Jo (b1 ob1) o ba)#([ar] 0 bz 0 b1)#([ar,2] 0 by o (b1 ob1))
Jobg o (b 0b1))#([az,1] o (by 0 b1) 0 b1)#([a1,1] © by © b2)
(b1 0b1) 0 (b1 0b1))#([a1,1] © b 0 b1)#([ar,2] 0 by o (b1 0 b1))
+([a 2] o (b1 ob1) o (b oby))#([az] o (by 0b1) 0 br)#([a1,1] 0 by 0 b2)
2,2] © (b1 0 b1) © (by 0 by))#([az,1] o (b1 0 by) 0 b1)#([ar,2] 0 by o (b1 0 b1))
+([a1,1] © b1 0 b3)#bs#([a1,2] 0 by o (b1 0 b1))
+([a1,2] 0 by 0 0)#bs#([a1,1] 0 by © ba)
+([a1,3] 0 by o (by 0 by 0 b1))F#bs#([a1,1] 0 by o ba)
+([a1,3] 0 by o (by 0 by 0 b1))#bs#([a1,2] 0 by o (by 0by))
+(la1,2] 0 b1 0 0)#([ar,1] 0 ba 0 by)#([az,1] o (by 0 by) 0 b1)
+([a1,3] 0 by 0 (b1 0 by 0 b1))#([a1,1] © bz 0 b1)#([az,1] o (b1 0 by) 0 by)
+ba#bs#([a1,1] 0 ba 0 by)
+ba#b3# ([az,1] o (by 0 by1) 0 by)
+([az,1] 000 by)#([a1,2] 0 b1 o (b1 0 b1))#([a1,1] 0 b1 0 b1)#bs
+([as,1] o (b1 0 b1 0b1) 0 by)#([a1,2] 0 by © (b1 © br))#([a1,1] 0 b1 0 b1)#by
+([a1,1] 0 b3 0 b1)#([a1,2] 0 by o (b 0 b1))#ba#b1
+([az,1] 0 00 by)#([a1,1] 0 by 0 ba)#ba#by
+([az,1] 0 00 b1)#([a1,2] 0 b1 o (b1 0 br))#ba#by (s%)(st?)(t%)(s)
+([az1] o (b1 0 b1 0b1) o bi)#([ar,1] 0 b1 0 ba)#ba#tby
+([az,1] o (b1 0 b1 0 by) 0 by)#([a1,2] © by 0 (b1 © by))#ba#b1
+([az,1] 0 00 by)#bs#([a1,1] 0 by 0 by)#b1
+([asz,1] o (b1 0 by 0b1) 0 by)#bz#([a1,1] 0 by o by )#by

(s1)(st*)(£)

(s°t)(s°t) (%)

(s3t)(st?)(st?)

(s2£%)(s%)(2%)

+([aiq
+([az1
+([a1,2

([asz] o (s%t2)(s2t)(st?)

/\
@
m

(st%)(s%)(st?)

(st?)(s%t)(s%t)

(t1)(s*)(s%)

(s°t)(st?) (st)(t)

(s°8) (%) (st)(s)
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Coefficient equation

|

Factorization

Degree 10 continued

s°t5 continued

+([a1,2] 0 bg o (b1 0 b1))#([az.1] 0 (b1 0 b1) 0 b1)#([a1,1] 0 b1 o b1)#bs
+([az,2] o (b1 0 b1) o (b1 0 b1))#([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by 0 b1)#by

(s2£%)(s?t) (st)(2)

+([a1,1] 0 bz 0 ba)#([az,1] o (b1 © by) o by)F#ba#by
+([az,1] o (b1 0 by) 0 ba)#([a1,1] 0 ba 0 by)#ba#by
+(lar,2] 0 bz 0 (b1 0 b1))#([ar,1] 0 ba 0 by)#ba#by
([a1,2] 0 ba o (b1 0 b1))#([az,1] o (b1 © b1) 0 by)#ba# by
(lag,2] o (b1 0b1) o (b1 0 b1))#([a1,1] 0 ba 0 by)#b2#b:

+([az,2] o (b1 0 b1) o (b1 0 b1))#([az,1] o (b1 © b1) o b1)#ba#by

+
+

(s2£%)(s%t) (£%) ()

+([a1,1] 0 ba 0 ba)#([a1,2] © by o (b1 0 by))FbaF#by
+([ag,1] o (b1 0 b1) 0 ba)#([a1,1] 0 b1 © ba)FFba# by
+([az,1] o (b1 0 b1) 0 b2)#([a1,2] 0 by o (b1 0 by))#ba#by
+([a1,2] 0 bg o (by 0 b1))#([a1,1] 0 b1 0 be)#ba#by
+([az,2] o (b1 0 b1) 0 (b1 © b1))#([a1,1] 0 b1 © ba)#ba#br
+([az,2] © (b1 0b1) o (b1 0 b1))#([a1,2] 0 b1 o (b1 0 b)) #b2#b1

(s2t%) () (s?)(2)

+([a271] o (b1 o bl) @) bz)#([alg} o b1 o (bl @) bl))#([aLl] [©) bl o bl)#bl
+([az,2] © (b1 0 b1) © (b1 © b1))#([a1,2] © b1 o (b1 0 b1))#([a1,1] 0 by © b1)#by

(s2£%)(st%) (st)(s)

+([a1,2] 0 by 0 0)#bs#([a1,1] 0 by 0 by)#b1
+([a173] o bl o (bl [©) b1 o bl))#bg#([al,l] @) b1 [©) bl)#bl

(st7)(s%)(st)(t)

+([a1,1] ob;o bg)#([GQJ] o (b1 0 by) o by)#baFtby
+([a1,2] 0 b1 0 0)#([a1,1] 0 ba © by )Fba#b1
+([a1,2] 0 b1 0 0)#([az,1] o (b1 0 b1) 0 b1)#ba#tby
+([a1,3] 0 b1 o (b1 0 by 0 b1))#([ar,1] 0 by 0 by)#ba#by
+([a1,3] 0 by o (by 0 by 0 b1))#([az,1] o (b1 0 by) 0 by)F#ba#by

(st%)(s°t)(s%)(2)

+([a1,2] 0 b1 0 0)#([az1] o (b1 0 b1) 0 b1)#([a1,1] 0 b1 0 b1)#bs
+([a1,3] 0 b1 0 (b1 0 b1 0b1))#([az,1] o (b1 0 b1) 0 b1)#([a1,1] 0 by 0 by )#bs

(st%)(s°t)(st)(s)

([02 1] (bl © bl) © b2)#52#([a1,1] obyo bl)#b2
([al 2] obyo (bl © bl))#bQ#([aLl] obyo b1)#b2
+([az,2] 0 (b1 0b1) o (b1 0b1))#bo#([ar,1] 0 by 0 by)#bo

(s2£%)(s?) (st) (%)

+b3#([a1,1] 0 by 0 ba)#([a1,2] 0 by o (b1 0 by1))#bs

(s%) () (st*) (1)

[
—l—([al,l] obyo bl)#([ag)l] o (bl o bl) o bl)#([alyg] ob; o (b1 o bl))#b1

+([a1,1] 0 b 0 by1)#([az,1] o (b1 0 by) o by )#bs#by

(s°)(s°t)(st*)()
(s°t)(s°t) () (s)

—I—([a271] o (bl o bl) o bl)#([al’l} o bl o bg)#([al)g] o bl o (bl o bl))#bl

(s°)(st?)(st%)(s)

+b3#([al 2] [¢] b1 o (bl o bl))#([alyl] [¢] b1 o bl)#bg

(s%)(st*) (st)(£)

([al 1Jobso b1) ([01 2] objo (bl o bl))#b2#b2

]
+([ag,1] o (b1 0b1) 0 by)#([ar,1] 0 b1 0 by)#ba#tby (s*t)(st*)(s*) (%)
+([az1] 0 (b1 0b1) 0 b1)#([a1,2] © by o (b1 0 b1))#ba#bo
+([ag,1] o (b1 0 b1) 0 by)#bs#badt([a1,1] 0 by 0 1) (s*t) (%) (%) (st)
+([ag,1] 0 (b1 0 b1) 0 b)#([a1,2] 0 by o (b1 0 by))#([ar1] 0 by o b )#bi#b1 | (s°t)(st?)(st)(s)(t)




