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Abstract

The aim of this dissertation is the computation of Steenrod squares on the Mod-
2 cohomology of all groups of order 128. By using the package Homology
Algebra programming (HAP), which is part the Group algorithm programming
(GAP). Steenrod squares were computed for more than 200 groups of order
128 and Give a group cohomology construction and implementation of the cup-i
product with implements an algorithm the cup-i product used to compute the
Steenrod square on the classifying space of groups of order 128. Three methods
were utilized to compute the Steenrod square of groups of order 128 two of them
by using HAP and the third by hand. we devised and implemented an algorithm
to compute all groups that can be represented as a direct product of two groups
of order less than 128. The study also demonstrates how the underlying
techniques can be used to compute the Stiefel-Whitney classes of certain real
representations of non-prime power groups. Other contributions of the study are
introducing the definition of fuzzy cofibration and fuzzy Serre cofibration with
mixing case of fuzzy (Serre) cofibration. The study concluded properties and
theorems.
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Introduction

The cohomology operations were introduced in 1940, given as lectures
by N. E. Steenrod. Later, they were Written and revised by D. B. A. Epstein in
1962[23]. Cohomology operation has many important applications in algebraic
and differential topology. Our study is about one type of these operations is
called steenrod operation (Z,,n,Z,,n + 1). (For more information of the
homomorphism Sq* we follow [7], [24] and [22], [28] and [5]). The first pillar
of the study presented in this dissertation is computation of Steenrod squares on
the mod 2 cohomology of all groups of order 128 we used the (HAP)[4]
Homological Algebra Package in the GAP programming[8] software. This type
computation was identified at the beginning of by Rusin(1989) [15], such that
he compute All 2-groups of order 32 except two groups of number 8 and 44 in
the GAP library of small groups and most of the computations were done by
hand. Guillot(2008)[11] computed The 5 groups of order 16, 28 groups of
order 32, and 61 groups of order 64. and Thanh Tung Vo(2011)[26] computed
All 2-groups of order less than or equal 32, except group number 8 by using
detection method.(He mentions to compute 210 groups of order 64 but did not
explain any details). The summary of their studies used by Daher(28)[2018] who
managed to compute all Steenrod squares of finite groups of order less than 64
by using cup i- product and detection method . Results of all groups of order 2,
4, 8, 16, 32 were obtained, but only two of order 64. The second and
fundamental pillar of our work is also demonstrates how the underlying
techniques can be used to compute the Stiefel-Whitny classes of certain real

representations of non-prime power groups.

Based on the space that we worked on when we compute the Stiefel-Whitney
classes (classifying space "fiber space") we touched on the topic of fuzzy
cofibration and fuzzy serre cofibration. Then this subject was examined by
taking the mixing cofibration and the mixing serre cofibration with some
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Important concepts, we benefited from Zadeh classical paper such that he
introduced the fundamental conscepts of fuzzy sets [19]. Fuzzy sets have
applications in many fields of engineering, social science, economics, etc. Later
in mathgematics, the theory of fuzzy topology was developed by many
researchers starting with chang[2]. Since then various notions in classical
topology have been extended to fuzzy topological space [18],[9] . The
topological algebra at first studied by Allen Hatcher[13] developed some of its
concepts. The fuzzy homotopy theory was studied and submitted by Cuvalcioglu
and citil [10]. In this dissertation the concepts of fuzzy homotopy, the fuzzy
lowering homotopy property, fuzzy cofiberation, fuzzy serre cofiberation were
examined. Later Z .Y Habeeb, D . Al Baydli(2022) [29] study the concept of
mixed serre fibration and some of its properties which enabled us to study the
cofibration and mixing cofibration concepts in fuzzy case with their properties

and theorems.
This dissertation consists of five chapters:

Chapter One, consist of two sections; the first one contains of the most
important basics and definition of cohomological algebra and classifying space
and fiber space. The second one contains the data type of all functions and
relationships we used for computing by using GAP program.

Chapter Two consists of five sections. In section one, we introduced the
concept of fuzzy cofibration and fuzzy serre cofibration and studied their
definition with the most important properties and relationships. In section two,
we introduced the concept of mixing fuzzy cofibration and studied the most
Important properties of this concept. The third section, introduced mixing fuzzy
serre cofibration, and studied its definition, the most important properties and
relationships. In the last section, we studied the Fuzzy homotopy Extention
property. For the fifth section we have introduced the concept of a mixing

criterion for a fuzzy map to be a mixing fuzzy Serre Cofibration.



Chapter Three consists of three sections. Section one introduced the
definition of cohomology operation and Steenrod squares and studied its
properties. Section two explicated the structure of cup-i product and their
relationships in this section also, we developed algorithm. In section three, we
investigated the relation between cup-i product and steenrod square, the
computation of steenrod squares on the cohomology ring of 2-groups of order
128 and the methods for computing. In our computation, we followed the way
of Rusin [15], Guillot [11], Thanh Tung Vo [26] and Daher W. Al Baydli [28].
Farthermore, we use the direct product method which depends on the results of
previous groups of order less than 128 and we get the results for more than 200

groups of order 128.

Chapter four, contains of two sections. In both sections we explained how
Steenrod squares with cupi- product, orbit polytopes and the thom isomorphism
are used to compute the Stiefel-Whitney classes (pithiness SW-classes)
comparable to a real representation p : G — 0,(R) of a non-prime power
groups. The main obstacle was how to calculate the steenrod squares on
cohomology rings of non-prime power groups, which were computed by
Mahmood [21]. However, if the cohomology ring of the sylow subgroup of any
non-prime power groups is homeomorphic to finite groups then they are less
than or equal to 128 groups. The SW-classes comparable to a
real representation p : G — 0,,(R) of a finite groups studies were taken up
Ellis(1989and 2006) [5,6], Guillot [26] and Daher [28]. In our computation we

used three programs GAP, polymaker and texmaker.

Chapter Five is composed of two sections. In section one; we introduced all
results of compute the Steenrod squares of groupes of order 128. In section two
we introduced all results of compute stiefel-whitney classes of real represntation

of non-prime power groups.
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CHAPTER ONE Review of necessary background material

Chapter One:

In this chapter, we deal with the most important special mathematical tools
in the process of constructing a dissertation, as they are the mainstay of our
work, This chapter contains two parts: The first topic deals with the concept
modules, topological algebra, the concept of fiber space and homological
algebra with there's most important characteristics, theories . The second topic

dealt with the data type.
1.1 Review of cohomological algebra.

In this part, we review the concept of homological and cohomological
algebra and its basic properties and theories that we need in our work. In other
side we review the concept of fiber space, fibration and cofibration with there's

theories and properties.

Definition 1.1.1[25]

Let R be aring and M an abelian group (M,+). We say M is a left R-module if
there is function ¢ : R x M = M such that yi(r, m) = rm, called a scalar
multiplication and satisfying:

* (r+s)m=rm + sm,
* r(m+n)=rm+rn,
* (rs)m=r(sm), forallr,s € R, m,n € M.

Definition 1.1.2[25]

Let R be aring and M an abelian group (M,+). We say M is a right R-module
if there is function Y : M x R = M such that y(m, r) = mr, called a scalar
multiplication and satisfying:

* m(r+s)=mr + ms,
* (m+n)r=mr + nr,
* m(rs) = (mr)s, for allr,s € R, m,n € M.

If R is a commutative ring, then we say M is an R-module.

4
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Definition 1.1.3.[25]

Let M and N be two R-modules over arbitrary ring R. Their tensor product
M ®jr N is the R-module generated by the formal symbols m® n for some m
€ M, n € N subject to the following relations.

* (mp+mz) ® n=(m: ® n)+(m2 ® n),
e Mm@ (ni+nz)=(mM® ni1) +(mQ ne)

e rm® n=mQ r.n, forallr e R, mi1, mz €M and ny, n2 €N.
Definition 1.1.4.[25]

Let A and B be submodules of a module M over arbitrary ring R. we say that
M is the direct sum of A and B and denotedby A@ B =M |ifA+B=M
and AN B = 0.And we also say A @ B is a decomposition of M.

Definition 1.1.5. [25]

An R-module M is a free R-module if and only if M is isomorphic to a direct
sum of copies of R, that is M =@ j¢;R;j, where Rj= < j >= Rforall j € ]. We
call | a basis of M. By Definition of direct sum each m € M has a unique
expression of the formm = ¥ ;c;7;j, rj € Rand almost all rj = 0.

Definition 1.1.6.[25]
Let R be a ring. A chain complex C = (Cy, dn)n <z of R-modules

is a sequence of homomorphisms of R-modules

dn+1 . dn dn-1
* = Chr1 —Ch > Cho1— - (11)
such that dndn+1 = 0 for all n. The chain complex C is called an exact
sequence

if Imdn+1= Kerd, for all n. The operation d, are boundary maps. An element
of the kernel of dn is called a cycle and an element of the image of dn+11is
called a boundary.

We dualize the chain complex (1.1), that is, we apply Hom(-, R) to it, to get
the cochain complex.

on+1 omn om-1
e —(Cn*le— Cne—(Cnle ... (12)
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with Cm := Hom(Cy ,R), and the coboundary map 6" : C» — Cr+*1 is defined by
(6" y)(a) =y (dn+1 &), for ye Crand a € Cn+1 (1.3)

with the property that §7e §2*1= (0. An element of the kernel of 6" is called a
cocycle and an element of the image of 671 is called a coboundary.

Definition 1.1.7.[25]

Let C = (C,, dy)nez be achain complex of R-modules and let C =
(C™, 6™), oz be a cochain complex of R-modules . For each n €7, the nth
(co)homology module of C is defined to be the quotient module

Kerd,
Hn(C) - Imdp 44
Keré™
Hn(C) - Imén-1

Definition 1.1.8.[25] Let C= (C,, d,) and C= (C* , d*) be two chain
complexes of R-modules. A chain map f: C —C is a sequence of
homomorphisms of R-modules {f,}¢ <73 : Cn —(,, such that the following

diagram commutes

dn+1 dn

_)Cn+1 Cn Cn—l
fn+i[/ fn J/ J/fn—l
, Alnyq ¥ dry '
e C n+1 C n C n-1 —_— ...

Figure 1.1.1

A chain map f: C — C induces R-module homomorphisms

fi= Ha(f) : Ha(C) — Ha(C) for all n.

That means a chain map f takes cycles to cycles and boundaries to
boundaries. The map z, + B,(C) = f,(z,) + B,(C) is a well-defined R-
module homomorphism because if z € Z,,(C), then d,, (z) = 0, since f'is chain

map, dn fo(2) = fu-1dn(2) = f,-1(0) = 0, therefore fa(2) € Z,(C)
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However if b € B,,(C), then d,,,1 (¢) = b, for some ¢ € C,,4, then f, (b) = f,
(dn1(€)) = dpy1fari(c), so f, (b) € By, (€).
Definition 1.1.9.[13]

Let X and Y be two topological spaces ,and let f, g: X = Y be two maps. We
say that f is homotopic to g(by symbolsf = g) if and only if there exista
continuous function H: X X I = Y, [=[0, 1] such that

H(x,0) = f(x),H(x,1) = g(x),Vx € X. H is called a homotopy.

Definition 1.1.10.[25]

Let £ g : C — Cbe chain maps. A chain homotopy h between fand g, denoted
by h: f= g, is a sequence of homomorphisms hn : C, —C,, 41 such that
fo— 9n = d'pni1 hy + hy,_1dy; see the diagram below.

Cn _n) Cn—l

Figure 1.1.2
If there exists a chain homotopy between fand g, then fand g are said to be
chain homotopic.

Lemma 1.1.11.[25]

Iff- g : C - C are chain homotopic then they induce the same
homomorphisms Hu(C) — Hn(C") for all n.

Note: Let G denote an arbitary discrete group. Let Z denote the additive
group of integers considered as a ZG-module in which the group G acts
trivially by gn=nforg € G,n €Z.



CHAPTER ONE Review of necessary background material

Definition 1.2.12.[25]

Let G be a group and Z be the group of integers considered as a
trivial ZG-module. The map €: Z G — Z from the integral group ring to Z,
given by Zmg,g —»Emg, is called the augmentation.

[t easy to see that € is a ZG-module homomorphism.
Definition 1.1.13.[25]

Let G be a group. A free ZG-resolution of Z is an exact sequence of ZG-
modules

In+1 In Yy €
RE;___—)RS+1—)RE—>R1€_1—)---—)RIG—)Rg%Rfl:Z—)O

with each Rf a free ZG-module for all i > 0. Given R¢ a ZG-resolution of Z
and any ZG module A we can use the tensor product
of Definition (1.1.3) to construct an induced chain complex RG ®zcA of
abelian groups:

n+1

d dy
> Ri ®6 A— R ®z6 A= R Qg6 A~ -+

In addition, we can also construct an induced cochain complex

Homz6(RS, A) of abelian groups:

6‘n—1 67'1
. > Homy;(RS_;,A) — Homy; (RS, A) » Homy (RS, 1, A) ...

Definition 1.1.14. [25]

Let RS be a free ZG-resolution of Z. A contracting homotopy h of RS is a
sequence of homomorphisms of Z -modules h,: RS - RS, (n>-1)
such that

Gh_l = 12,

h_16 + 191h0 = 1Rg
h’i—lﬁi + l9i+1hi = 1R-G fOT' i >0
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Definition 1.1.15.[25]

Let RS be a free ZG-resolution of Z and A be a ZG-module. The homology
and cohomology of a group G with coefficients in a ZG-module A are defined
to be the ZG-modules

Hn(G:A) = Hn(Rf ®ZG A)
H™(G,A) = H"(Homgg(RE,A)), for alln = 0
Definition 1.1.16. [3, 5]

Suppose that (C+9) and (D+,9) are two chain complexes of free R-module,
let

(C. Qr D)n :@p+q=n Cp X Dq

where the tensor product C, ®g D, is the module of Definition(1.1.3.) one
can check that (C, @z D,)nis the free R-module with basis af (03] bZ where
a’ eCpand b;f eDq,p, q =0, p + g = n: The boundary operator

dn: (C* ®R D*)n - (C* ®R D*)n—l
is the homomorphism defined on the free generators by

dn(al ® bl) =9al @b, + (—1)al @b
Definition 1.1.17. [5]

Let A be a ZG-module and let B be a ZH-module for two groups G, H. By
regarding both A and B as abelian groups, we can form their tensor product
A @QzB. There is an action of the direct product of groups G x H on the
tensor product A @7 B define by

(9 h)-(a ®Db)=(ga) ® (hb), (g, h) €eGxH (a®b) cARQ®zB (1.4)
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If A is a free ZG-module and B is a free ZH-module then AQ); B is a free
Z(GxH)- module under this action. Let R¢ be a chain complex of ZG-modules
and let S¥ be a chain complex of ZH-modules. By regarding these chain
complexes as complexes of abelian groups we can form their tensor product
R¢ ®;SH as defined in (1.1.15.) Under the action (1.4), the chain complex
R¢ ®,SH is a chain complex of Z(GxH)- modules.

Let RY be a free ZG-resolution of Z with contracting homotopy
hn:RE—>RE, .,

let S be a free ZH-resolution of Z with contracting homotopy h,,: S —»S¢ .,
Then the tensor product RE®ZSf is a free Z(GxH)-resolution of Z with
contracting homotopy h,, given by

hy(u @ v) = (hyu) @ v + (—1)Pu @ (hyv),

foru eR5,v eSS ,p,q=0
Definition 1.1.18. [25]

Let ¥ : G — H be a group homomorphism, let A be a ZG-module and let B be
a ZH-module. A function f: A — B is a Y -equivariant homomorphism if

flur+uz) = f(u1)+f(uz) and f(g.u) =y (g) . fla) forall uy, uy, uz € 4, g € G. Also,
let RS be a ZG-resolution and let S¥ be a ZH-resolution. A Y -equivariant
chain map f. :R% —>SH consists of sequence of -equivariant
homomorphism f; : RS -»SH n >0, satisfying the usual chain map condition

fr-10n = Infu forn=1
Definition 1.1.19. [13]

A
Let X —— X x X, suchthat x = (x, x) be the diagonal map,
dA 0] f®g
Cp+g(X) — Cpig(X x X) — C(X) ® Cy(X) — Z® Z — Z
(f—0)(c) = (f @ g)9 > da(c) = F & g (¢ (da(c))) , € € Cp+q(X)

then the cup product is the homomorphism
— H(X) ® HY(X) — H"(X)
defined by f—g=d"(fx Q).

10



CHAPTER ONE Review of necessary background material

(Coefficients are in any commutative ring with unity) An immediate
consequence of the rules for the cross product is that f — g = (-1)Mg — f

Where p and q are the degrees of f and g respectively.

Definition 1.1.20 [13] Let X be a topological space and ¢ € C* (X, R) Let y €
C' (X, R) where R is a ring from which wepick the coefficients (Z, Z,) , Define
the Cup Product ¢ — y € C*"' (X, R) is given by ¢ — ¢ (6 : Akt — X) =
¢ (olo... k) -V (O|Vk... Vi+11)- Where is the multiplication in ring R. To see
that this cup product induces a cup product of cohomology classes, we will use

the lemma below which relates the cup product to coboundary maps.
Lemma 1.1.21 [13] if ¢ € C"(X) and y € C" (X) then

(¢ —w) =380 —y+(-1)"¢ — dy

for more explicit description of cup product follow [ [3], [13]] and[ [22]]
Definition 1.1.22.[25]

Let G be a group, A a ZG-module and R¢ a free ZG-resolution
of Z. An element « € Homy; (RS, A) is called a n-cochain with coefficients
in A.For the trivial ZG-module A = Z and any group G there is a bilinear

mapping:
HP(G,Z) ® H(G,Z) » HP*1(G,Z), ([a], [B]) + [a] — [B]

called the cup product. The cup product is associative and graded
commutative,
i.e. [a] — [B] = (-1)P9]B][a] for cohomology classes [a], [F] of degree p, q.

The cup product gives a multiplication on the direct sum of the cohomology
groups

H(G, Z) = @,,eyH"(G, Z). This multiplication turns H*(G, Z) into a ring which
is called the integral cohomology ring of G. For more details the
construction of the cup product « — f € HomZG(Rg+q, A), where a €

Homy; (RS, A) and B € Homy, (RS, A) see [5]. There are several ways to

11
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construct the cup product. One way is to lift « to family of ZG-equivariant
homomorphisms an: Rj., — Rf,n 20, statisfying

19y 4n = O, forn=1land a =ea, withe: R§ » Hy(RS) =17
the canonical quotient map.

a
G P pG G ptl G
Rpyq — Rpyg-1 - —— Rpy1 — Ry

[+ T T N

ad 04 €
R§ ——> RS ;.. —— R{f —— R§ — 1
l :
Z
Figure 1.1.3

The composite homomorphism Sa, : Rg+q — Z is then a (p + g)-cocycle.

Any contracting homotopy on RS can be used to compute the
homomorphisms a, (for more details see [5],[ 25],[20])

Definition 1.1.23:[5, 27]

A segment connecting any two pointsa,b € X, a subset X of R™ is called
Convex, and it implies that for every pair and A € [0,1], which is real number,
one has Aa + (1 — A)b € X. The finite set X = {a4, ay, ..., ag} of points in
R™ called convex hull and denoted conv(X),

conv(X) = (X%, a;:a;€X, 4, = 0,34, 1, = 1}
Definition 1.1.24 :[13]

CW-complex is an abbreviation of what means "closure-finite weak topology"
which is obtained by taking the union of a sequence of topological spaces

XocX;CcX, -

Each space X,, is formed from X,,_; suchthat X, = X,,_; [l«eX where each
eg is an open n-disk. X is called CW-complex if X = U, X,

12
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Definition 1.1.25:[17]

To construct a contractible CW-space EG, there are various ways for any group
G, where G acts freely; the action changes the cell when referring to EG as a
total space for G. The base space BG = EG/G is a quotient space. A
classification space for G is produced by omitting the action. We have a free
ZG — resolution which is the cellular chain complex C,(EG) and C,(BG) =
C.(EG) ®y; Z. Thus, H*(BG,Z,) = H*(G,Z,).

Definition 1.1.26:[14]

(Fibre Bundle). A fibre bundle(locally trivial fibration) is a collection (E, B, F,
IJ) where E, B, F are topological spaces and 9: E — B is acontinuous surjection.

e E is the total space.

e B is the Bace space.

e Fisthe fibre.

e U:E — B isthe (bundle) projection.

For each b € B there exist an open neighborhood U < Band homeomorphism
@: 97 1(U) -» U x F such that the following diagram is commutes

9 1) —— 5 UxF

U

Figure 1.1.4
It follows that for every b € B,9"1(b) = F
Noting that F;, :== 9~ 1(b) R {b} x F.
Definition 1.1.27:[14]

let E, B , F are topological spaces an n-dimensional real(resp. complex)vector
bundle over B is a fibre bundle 9: E — B along with a real vector space structure
on each fiber F;, such that for every b € B there exist a neiborhood U and

13
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@:97'(U) » U xR" (resp.C") where ¢|g,:Fp S R™(resp.C") is an
iIsomorphism of vector spaces.

Definition 1.1.28:[29]

Let E, B, X are topological spaces a map 9: E — B is said to have the covering
homotopy property (CHP) with respect to X, iff given f: X — E and homotopy
hy: X = B satisfying 9f = h,,.

Figure 1.1.5

Then there exists a homotopy f;: X — E such that f, = f and 9f; = h; for all
t €l =[0,1]. Amap 9 ia a fibration with respect any class of spaces (Q) if it
has the (CHP) for every X € Q.

Definition 1.1.29:[27]

Let E, B, X are topological spaces a map 9: E — B is said to have the lowering
homotopy property (LHP) with respect to X, iff given h: B — X and homotopy
f+: X = B satisfying h9 = f,,

Figure 1.1.6

Then there exists a homotopy h;: B — X such that hy = h and h;9 = f;. for
allt € I =[0,1]. A map 9 ia a cofibration with respect any class of spaces

(Q) if it has the (LHP) for everyX € Q.

14
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1.2 Data type
In this chapter we give an explain of the data types which we used in our

work especially in chapter four and five with some examples.

1.2.1 HAP free ZG — resolution.[4,5]
A free ZG — resolution 1S an exact sequence of zZG — modules

M,=>M, >M,_1 > >M >My—>1Z
such that M, is a free ZG — modules

Definitions 1.2.1: A free z¢ —resolution IS represented as a component object

M with the following components:

« M!. Dimension (k) is a function which return the ZG — rank of the
module M.

o Melts is a (partial) list of (possibly duplicate) elements in G

« M. Boundary(k,j) is a function which returns the image in M _, of the

j-th free generator of the ZG — modules M. Let us denote by el-"j the free

ZG — generators of M. To represent a word w =n;ef™ +
— k— . j
nizeikz 1 + -4+ nijel-j 1, where T]U € ZG, with Th] = {=1 a g, (gl €

Gand a; # £1)
We use a list of integer pairs w = [[ayiy, 1], [ayiy, 5], ..., [ak ik, ik ]]
With MLelts [i,] = gi fork=1,2,3, ..., h

« M. Homotopy(k,[l,9]) is a function which returns the image in Mj,,, ,of
the element gef in M;,.

o M. Group is the group G

« M. Properties is a list of pairs ["name" ,value] where "name" is a string

and value is a numerical or Boolean value.

15



CHAPTER ONE Review of necessary background material

Examples 1.2.2:

1) let we take the resolution for the eight- elements quaternion group Qg
such that

Qg =={*1,%i,+j,+ k},suchthat, ij = kand jk = i and ki = j
Another representation of Qg is
Qg = (i,j/1* =j* = (i)’ = —Lji=—ij (-D* = 1)

={1,a,b,b?, ab,ab? a’*b,abb?}; a,b are ageneratores of Qg

dy d; d, d, €
. — (Z[Qg])®> — (ZIQg])? —— (ZIQg)* —— Z[ Qg] — 0
To compute d,we have
di(1,a) =a—-1

d,(1,b) = b — 1, we geta (1 x 2) matrix rerepresentation for d, such that

d]_:(a—l b_l)

To compute d, by the same way, we get a (2 X 3) matrix rerepresentation for d,

ab+1 ab?+b*+a+1 —a—1)

such that d, = ( 1 0 L4 h
a_

0 ab—1 —a-—-1
0 a—1 b-—1

We tensor with Z over the group ring, ie (— ®gzq,Z) 1O get,

0 0 -2
0 0 1
0 0 O

2 4 =2
_)23 ‘Z?’ (0 0 2)\22 (0 0) 7—s 0

GAP session

gap> G:=QuaternionGroup(8);
<pc group of size 8 with 3 generators>

16
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gap> A:=Mod2SteenrodAlgebra(G,8);
<algebra of dimension 15 over GF(2)>
gap> gens:=ModPRingGenerators(A);
[v.1,v.2,v.3,v.7 ]

gap> List(gens,Al.degree);

[0,1,1,4]

gap> R:=ResolutionFiniteGroup(G,8);
Resolution of length 8 in characteristic 0 for <pc group of size 8 with
3 generators>.

gap> Elements(R!.elts);

[ <identity> of .., X, y, y2, x*y, x*y2, y*y2, x*y*y2 ]
gap> Rl.elts[5];

x*y

gap> Rl.elts[6];

x*y?2

gap> Rl.elts[4];

y2

gap> List([0..8], Rl.dimension);
[1,2,3,3,2,2,3,3,2]

gap> R!.boundary(1,1);
[[12].[-1,1]]

gap> R!.boundary(1,2);
[[13].[-11]]

gap> R!.boundary(2,1);
[[15].[22][1,1][-21]]

gap> R!.boundary(2,2);
[[1.6].[14][1,2][11]]

gap> R!.boundary(2,3);
[[23].[21][-1,2][-11]]

gap> R!.boundary(3,1);
[[22].[-2,1]]

gap> R!.boundary(3,2);
[[1.5][32][-31][-1,1]]

gap> R!.boundary(3,3);
[[33][23][-31][-1,1].[-1.2]]
gap> R!.boundary(4,1);
[[1.6][14][12][11]]

gap> R!.boundary(4,2);
[[25][3,2],[15][21][-3,1]]
gap> T:=TensorWithintegers(R);

Chain complex of length 9 in characteristic O .

17
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gap> BoundaryMatrix(T,1);
[[0,0]]

gap> BoundaryMatrix(T,2);
[[2,4-2],[0,0,2]]

gap> BoundaryMatrix(T,3);
[[0,0,-2],[0,0,1],[0,0,0]]
gap> BoundaryMatrix(T,4);
[[41].[02],[00]]

2) For another example on computing the boundarys let we take
G:=SymmetricGroup(3); we have S; ={ e, (2,3), (1,2), (1,2,3), (1,3,2),
(13)}

I @S] —E (@IS,])? — 2 (ZUS5])? —— Z[ S3] — 0

di=02-"91 93— 91)=>d;=(23)-1 (12)-1)

d :<gz+g1 0 93_94_91):
2 0 93+ 91 gs+tgst g

Q- (2,3)+1 0 (1,2) — (1,23) — 1
z2 ( 0 (1,2)+1 (1,32) +(1,23) + 1)

by the same way we can found d5 such that
92 — 91 0 93— 91 —YJa
d; = 0 92 — 94 0 gs+9st 01
0 0 9das — 91 —93 — 01
We tensor with Z over the group ring, i.e (— ®zs,] Z) to get:

0 0 0 -1
0 0 0 3 (2 0 -1
0 0 0 -2

0 2 3)22 (0 0)

—a 73 —0

18
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GAP session

gap> G:=SymmetricGroup(3);;

gap> R:=ResolutionFiniteGroup(G,6);

Resolution of length 6 in characteristic 0 for Group([ (1,2), (1,2,3) ]) .
gap> List([0..6],R!.dimension);

[1,2,3,4,56 7]

gap> R!.boundary(1,1);

[[12][-1,1]]

gap> R!.boundary(1,2);

[[13][-1.1]]

gap> R!.boundary(2,1);

[[12][11]]

gap> R!.boundary(2,2);

[[23][21]]

gap> R!.boundary(2,3);
[[25][24],[1,3][21][-1,4].[-1,1]]
gap> R!.boundary(3,1);

[[12][-1,1]]

gap> R!.boundary(3,2);

[[22][-2,4]]

gap> R!.boundary(3,3);
[[3.4]1,[13][-31][-1,1]]

gap> R!.boundary(3,4);
[[25][24],[2,1],[-3,3],[-1,4].[-3,1]]
gap> Rl.elts;

[0, (2.3), (1,2), (1,2,3), (1,3,2), (1,3) ]

gap> Elements(R!.elts);

[0, (2.3), (1,2), (1,2,3), (1,3,2), (1,3) ]

gap> Rl.elts[2];
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(2,3)

gap> Rl.elts[3];
(L,2) ..ets
gap> Rl.elts[4];
(1,2,3)

gap> Rl.elts[5];
(1,3,2)

gap> T:=TensorWithIntegers(R);
Chain complex of length 6 in characteristic 0 .

gap> BoundaryMatrix(T,1);

[[0,0]]

gap> BoundaryMatrix(T,2);

[[2,0,-11,[0,2,3]]

gap> BoundaryMatrix(T,3);
[[0,0,0,-1],[0,0,0,3],[0,0,0,-2]]

gap> BoundaryMatrix(T,4);
[[2,0,-1,1,0],10,2,0,1,0],[0,0,3,0,0],[0,0,0,0,01] ]

1.2.2 HAP chain complex and cochain complex
We have a chain complex of free Z — modules.

o Gy — Gy C1 Co

We can compute the co-chain complex and chain complex by recording C

with the following components.

e Cldimension(h) is a function which returns the Z — rank of the module
Ch.

e Cl.boundary(h,i) is a function which returns the image in C;,_, of the i-th
free generator of C,, (Elements in C;,_; are represented in the obvious way
as free vectors of length to the rank of C;,_,).

e Cl.properties is a list of pairs["name",value] where "name" is a string and
value is numerical or Boolean value. Example pairs are:["length”, n]

which would record that there are n terms in the chain complex. A
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cochain complex

_)CO Cl > >Cn >Cn+1 — ...

Is represented by a similar record C. the difference is that

Cl.boundary(h,i) returns an element in Cy,; ;).

By taking the same example we can get the chain complex and the cochain

complex.

GAP session

gap> T:=TensorWithIntegers(R);
Chain complex of length 8 in characteristic 0 .

gap> List([0..8],T!.dimension);
[1,2,3,3,2,2,3,3,2]

gap> Tl.boundary(1,1);

[0]

gap> T!l.boundary(1,2);

[0]

gap> T!l.boundary(2,1);

[2,0]

gap> T!.boundary(2,2);

[4,0]

gap> Tl.boundary(2,3);
[-2,2]

gap> Tl.boundary(3,1);
[0,0,0]

gap> Tl.boundary(3,2);
[0,0,0]

gap> T!l.boundary(3,3);
[-2,1,0]

gap> F:=HomTolntegers(R);
Cochain complex of length 8 in characteristic 0 .

gap> List([0..8],F!l.dimension);
[1,2,3,3,2,2,3,3,2]

gap> Fl.boundary(0,1);

[0,0]

gap> Fl.boundary(1,1);
[2,4,-2]
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gap> Fl.boundary(2,1);
[0,0,-2]

gap> Fl.boundary(1,2);
[0,0,2]
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Chapter Two:

This chapter consists of five sections. In section one, are clarified the basic
concepts of fuzzy cofibration and the concept of the fuzzy serre cofibration, with
an explanation of the most important fuzzy topological algebraic properties is
presented. In section two, we introduce the concept of mixing fuzzy cofibration
and in the last sections in this chapter we study the concept of mixing fuzzy
serre cofibration, Fuzzy homotopy Extention property, and mixing criterion for
a fuzzy map to be a mixing fuzzy Serre Cofibration.

2.1 Fuzzy cofibration and a fuzzy serre cofibration

In this section, we study and introduce the concept of the fuzzy cofibration,
the fuzzy serre cofibration and presented some characteristics and theories of

these concepts with examples.

Definition 2.1.1[19]

A fuzzy set y is a function y: X — [ such that X # @ and I = [0,1] the family of
all fuzzy sets is denoted by 1%,

Definition 2.1.2 [2]

Let X be a set and t be a family of fuzzy subsets of X, then 7 is called fuzzy
topology on X if satisfies the following condition

e Oyand 14 €.
o Ify,u €t then yAu €.
o Ify;etforeachie€l, thenVy; €.

The order (X,t) is said to be fuzzy topological space (F.T.S) moreover the
members of T are said to be the fuzzy open sets and their complements are said
to be the fuzzy closed sets.

Definition 2.1.3 [10]

Let (X,7,)and(Y,1,) be fuzzy topological spaces,and u,v:X — Yare fuzzy
continuous functions, then . w is a fuzzy homotopy to v if there exist a family of
fuzzy continuous functions F;: X — Y such that forall t € I
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o Fi(x) =u(x)
o Fy(x) =ux)
o Fi(x) =v(x)

iIf u and v are fuzzy homotopic functions, then we write "u~v"
For example every fuzzy continuous function is a fuzzy homotopic to itself.

Definition 2.1.4: ( fuzzy cofiberation and fuzzy serre cofibration)

amap p: A — X is said to have the fuzzy lowering homotopy property ( FLHP)
with respect to Y if and only if given a fuzzy map f:X - Y and a fuzzy
homotopy F,:A — Y satisfying fp = F, ; then there exist another fuzzy
homotopy F,: X - Y,with Fy = f and F,p = F, for all t € I.

A—P oy
_\ /f
F

Y

Figure 2.1.1

e Let Q be aclass of fuzzy topological spaces a fuzzy map p:A - X is
a fuzzy cofibration with respect to Q if and only if p has the (FLHP)
with respect to each X € Q.

e |f Qis the class of all fuzzy topological spaces ,then p: A — X is called
fuzzy Hurewicz cofiberation.

e If Q is the class of all fuzzy CW-complex spaces ,then p: A — X is
called fuzzy serre cofibration.

e If A c X, the inclusion map is a fuzzy cofiberation.

e The pair (X,A) is called fuzzy cofibred pair.

e A necessary condition for (X, A) to be a cofibred pair is the existence
of a retraction

rXXI->Xx0uUxI).

If A is closed, this condition is also sufficient.
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Example 2.1.5:

The fuzzy inclusion map i: usn-1 = upn of the boundary sphere of solid disk is a
fuzzy cofibration. In addition, if the space CW-complex then, the fuzzy
inclusion map i: ugn-1 = ppn is a fuzzy serre cofibration.

Definition 2.1.6:

A c X is said to have the fuzzy homotopy extension property (FHEP) with
respect to Y, if and only if any fuzzy partial homotopy: H:X X {0} U A X
I — Y can be extended to afuzzy homotopy H: X X I =Y.

If A c X has the (FHEP) with respect to every Y,then A c Xis said to have
the fuzzy absolute homotopy extension property (FAHEP)

Theorem 2.1.7:

The cofibred pair (X, A) has (FHEP) with respect to Y, if and only if given a
fuzzy homotopy f;: A — Y, and a fuzzy map hy: X — Y such that f, = hy|A,
there exists a fuzzy homotopy h;: X — Y that starts from the given fuzzy map
ho and extends the fuzzy homotopy f;, in the sense that f; = h;|A.

Proof: Suppose y:X XI - (Xx0)U(AXxI) is a retraction. A fuzzy
homotopy f; and a fuzzy map h, as above combine to give a fuzzy map
g:X x{0} U A x I - Y. The desired fuzzy homotopy is h.(x) = g(y(x,1t)).
Conversely, take Y=(X x 0) U (A x I), f;(a) = (a,t), and hy(x) = (x, 0).if
(X, A) has the FHEP, the resulting homotopy h;: X — Y can be rewritten as a
retraction X X I - Y.

Example2.1.8:

The same pair (upn, pusn-1)has the FHEP. If given a fuzzy homotopy
fiipsn-1 = Y and amap hy:IP" = Y such that ho|psn-1 = f,. We assemble
these to form a fuzzy map g: upn = Y from ppn = {u,: D? - I:||x|| < 2} by
setting

) ho(y)  forllx|l <1
T atien (25 for 1 < llxll < 2

The desired fuzzy homotopy h;: upn — Y is then just h, = g((1 + t)x).
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Theorem 2.1.9:

If p: A —» X is a fuzzy serre cofibering of a fuzzy compact Hausdorff A into
a fuzzy Hausdorff space X, then p must be an imbedding.

Proof:

First let us prove that p must be injective. This will be proved by
contradiction. Assume that p were not one-one then there exist two distinct
points u and v in A with p(u) = p(v). Since A is fuzzy normal, and {u}, {v}
are closed subsete of A, there exists a fuzzy continuous function y: 4 — I,
withy(u) = 0 and y(v) = 1.

Define a fuzzy homotopy F;:A -1 by F.(a) =ty(a), a€ At €l =1[0,1]
and definef: X — I,with f(x) = 0 for all x € X. Then we have fp = F,.

But p: A — X is a fuzzy serre cofiberation, hence there exists a fuzzy homotopy
FeX > Y,withFy=fand F,p =F, forallt € I.

Now y(u) = Fy(u) = F;(p(w)) and y(v) = F;(v) = F;(p(v))
But p(w) = p(w) = yw) =yw)
But y(u) =0+ 1 =y(v) = p must be injective.

But A is a fuzzy compact Hausdorff and X is a fuzzy Hausdorff space, hence p
must be an imbedding.

Proposition 2.1.10:

(X, A) is fuzzy closed cofibration iff there are a fuzzy maps D: X x I — X,
@: X — I such that:

1) D(x,0)=x forall xeX
2) D(a,t) =a forall a€Atel
3) A=¢ (1) and D(p1(0,1] x 1) c A.

Proof: A c X is a fuzzy cofibration iff there is a retraction
rXXI->Xx0uUxI).

If A c X is a fuzzy cofibration, define D: X X I - X by D(x,t) = myr(x,t)
where 1, is the projection on the first coordinate. Then D satisfies "1" and
"2" since r is a retraction. Define ¢,:X — I, by
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@1 (x) = max,¢|m,r(x,t) — t|. Then @, (x) =0 iff x € Asince ¢,(x) =
0 =mr(x,t)=t foralltel,fort #0 r(x,t) € AxI. However
r(x,0) = (x,0) and thus x € A. Define ¢,: X —» I ,by ¢,(x) = m,r(x, 1).
Then ¢,(a)=1if a€ Aand if p,(x) #0 ,D(x,1) € A. Thus if we let
p(x) = (1= @1(x)) - p2(x) , o satisfied condition "3".

Conversely, given D and ¢, define a retraction
rmXXI->(Xx0)UxI).

As follows:
( (x.0) if ¢(x) = 0.
(D(x,29(x) - 1),0) if 0<q(x)< %
r(x,t) = ; (D (mm)O) if %s p(x) <1, t<2(1-9X))
(D(x, 1),t—2(1- (p(x))), if% <p(x)<land 2(1-p(Xx))<t<1
) (x,0) if p(x) =1

Definition 2.1.11:

let p: A — X be a fuzzy cofiberation and let Y be any fuzzy topological space
and f:X — Y be any fuzzy map and Af < A XY be any fuzzy subspace such
that Af = {(a,y) € AXY; p(a) = f~1(y)} of the Cartesian product.

Let p*:Af > Y be the projection p*(a,y) = ythen p* is called the fuzzy
pullback of p by f. Define a fuzzy map m: A —» Af such that (a) = (a,p(a)) ,
it is immediate from the definitions that the diagram is commutative such that

*

prem=fop

Af —— 4
p*l O] lp

Y —— X

Figure 2.1.2
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Example 2.1.12:

Let we take the fuzzy cofibration i: ugn-1 © pupn and let Y=ugn , we have a
fuzzy inclusion map f:upn © pgn and pgn-1f C pgn-1 X ugn, the projection
p*ipgn-1f — pgn such that p*(uy, uy) = uy, is a fuzzy pullback of i by f .

Theorem 2.1.3: The fuzzy pullback of a fuzzy cofibration is also fuzzy
cofibration.

Proof:

Let Z be fuzzy topological space we will show that p* has the (FLHP) with

respect to Z.
s
F; Af — A

Z Y —— X
h f

Figure 2.1.3

Let h:Y — Z be a fuzzy map and F;: Af — Z be a fuzzy homotopy such that
hp™ = Fy

Consider F; cmr:A—>Z and h o f : X — Z are a fuzzy homotopic

Ft oTT

Z

(—
\
hof

Figure 2.1.4

p

HRe—n

hofop=F,om Since (hp* = F, and p* is a fuzzy pullback = f o
p=p-om)

ho p*0T[=Ft°T[=>FO °T[=Ft°7t$F0 :Ft VtEI

hofop=ho p*om

But p is a fuzzy cofibration then there exist a fuzzy homotopy H;: X — Z ;
suchthat H=ho fand Hiop =F;om

Define a fuzzy homotopy F,:Y — Z such that F,(y) = h(y)
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= Fo(y) =h(y)and F o p*(y) =he p*(y) = F,

= (X, Af) is a cofiberd pair

2.2 Mixing fuzzy Cofibration

We will study the new concept of Mixing fuzzy (Hurewicz) cofibration
(MF(H) Cofibration)

Definition 2.2.1:

Let , X;,X, be three fuzzy topological spaces and let f;: X; = Y, fo: X, =Y
are two fuzzy fiber space and a:X, —» X; such that fieca =f,, let X; =
{X1, X2}, fi ={f1 f2}, then{X;, f;, Y, a} where i=1,2, has Mixing fuzzy
lowering homotopy property (M-FLHP) with respect to a space Z if and only if
given a fuzzy map h:Y - Z and a fuzzy homotopy g;:X; — Z satisfying
ho f, = g, o a then there exist a fuzzy homotopy h;:Y — Z, with h, = h and
hiofi=g:; Vtel =]0,1] , M-fuzzy fiber space is called M-fuzzy
cofibration for class of all fuzzy topological spaces if f has (M-FLHP) for each

fuzzy topological spaces Z.
Proposition 2.2.2: Every fuzzy Cofibration is mixing fuzzy Cofibration.
Proof:

Let {X;, fi, Y, a} be a M-fuzzy fiber space such that X, = X; = X, a s the
fuzzy identity map f; = f; = f, ,let h:Y = Z and a fuzzy homoyopy g;: X; =
Z such that h o f, = g, ° a, then there exist a fuzzy homotopy h;:Y — Z, with
ho=h and h;of; =g;; YVt €l then f has (M-FLHP) with respect to Z

therefore (Y, X) is a mixed fuzzy cofibred pair.
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Proposition 2.2.3:

Let fi:X; > Y , f;":X;" > Y’ be two M-fuzzy cofibration then f; x f'.:X; x

X', » Y xY' isalso M-fuzzy cofibration.
Proof:

let Z be a fuzzy topological space and let h*: Y X Y' — Z be a fuzzy map where
h:Y - Z and h':Y' -» Z and we define a fuzzy homotopy g¢,: X X X' -» Z ;
as h*o(fL,xf,)=go" °(axa),suchthatg,:X," - Z and g,: X; > Z,

Since f and f' are M- fuzzy cofibration then there exist a fuzzy homotopy
he:Y - Z, with hy=h and h,of; = g,; Yt €1 and a homotopy h,": Y’ —
Z with hy' = h' and h,' o f;' = g, ; now for the fuzzy homotopy h,": Y X Y’ —
Z defineas h o(fixfi)=g ,and hy" = h* , therefore f; X f':X; x

X', > Y xY', is also M-fuzzy cofibration.
Definition 2.2.4:

Let {X;, fi, Y, a} be a M-fuzzy fiber space such that X is any fuzzy

topological space and h:Y’ — Y any continuous fuzzy map into base Y let
X" = {(x1,y) € Xy X Y: f1(x1) = h(y")} and X, = {(x2,y) € X; X
Y: f,(x;) = h(y")} ;then X;" = { X;', X, '} is called M-fuzzy pullback of f by h
and ;' ={f;’.f,' }:X' =Y is called induced M-fuzzy function of f; by h.
Define a’: X, —» X; by a’(x,,9") = (a(x,),y") to show that «' is continuous
since a’ = a X I/, a is continuous and [,/ is continuous then «’ is continuous
to show that a’ is a commutative f; oca'(x,y") = fi (a(xy),y) =y,

fo' (x,¥") = y' therefore f,'oa’ = f,'.
Proposition 2.2.5:

The Mixing-fuzzy pullback of Mixing-fuzzy cofibration is also Mixing-fuzzy

cofibration.
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Proof:

let h:Y - Z and h":Y' - Z be two fuzzy map . define a fuzzy homotopy
gi: X1 = Zsuchthat h o f, = g, o a. Since f has M-fuzzy cofibration then there
exist afuzzy homotopy h;:Y = Z, with hy =h and h;of; =g;; Vt el
define a fuzzy homotopy g,":X,' = Z ,such that h'o f," = g,' o a and
g:' = g¢ o L then there exist a fuzzy homotopy h,": Y’ — Z with hy" = h’ and
h,' o f,' = g, therefore f": X’ — Y’ has a M-fuzzy cofibration.

2.3 Mixing fuzzy Serre Cofibration (M-FS Cofibration).

Definition 2.3.1:

Let Z be a fuzzy CW-complex f;:X; = Z , f,: X, —» Z are two fuzzy fiber
space and let a: X, — X; such that fiea = f, , let X; = {X1, X5}, fi; = {f1, [2},
the {X;, fi,Z,a}, has Mixing fuzzy lowering homotopy property (M-FLHP)
with respace to a fuzzy CW-complex Y if and only if K:Z — Y and a fuzzy
homotopy g;:X; = Y satisfying Ko f, = go,oa then there exist a fuzzy
homotopy K;:Y = Z, with K, =K and K;of; =g:,; Vtel=10,1] , M-
fuzzy fiber space is called M-fuzzy cofibration for class of all fuzzy topological
spaces if f has (M-FLHP) .

X2 X
gl
P
Y Z
K
Figure 2.3.1
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Proposition 2.3.2:
Every fuzzy Serre Cofibration is mixing fuzzy Serre Cofibration.
Proof:

let {X;, f;, Y, a} be a M-fuzzy fiber space such that X, = X; = X, «ais the
fuzzy identity map f =f; = f, ,let K:Y — Z and a fuzzy homoyopy g;: X; =
Z such that K o f, = g, © a, then there exist a fuzzy homotopy K;:Y — Z, with
Ky=K and K;of; =g:; YVt €l then f; has (M-FLHP) with respect to Z,

therefore (X;, Y) is a mixing fuzzy cofibred pair.
Corollary 2.3.3:

Let fi:X; > Y , fi':X;" > Y’ be two M-fuzzy cofibration then f; x f;": X; x

X;' - Y xY', is also M-fuzzy cofibration.
Proof:

let Z be a fuzzy topological space and let K*: Y x Y’ — Z be a fuzzy map where

K:Y > Zand K':Y' - Z and we define a fuzzy homotopy g, : X, X X;' - Z ;
as K*o(f,Xf,)=g0" °(axa’),suchthat g,”:X;" > Z and g,:X; - Z,

Since f; and f;' are M- fuzzy cofibration. then there exist a fuzzy homotopy
K.Y > Z, with Ky =K and K;o f; = g;; Yt €I and a homotopy K,":Y' -
Z with K, =K' and K, o f;' = g, ; now for the fuzzy homotopy K,":Y X
Y' > Z defineas K, o(fixf,)=g:, and K,” = K* , therefore f; x
il X; x X, > Y xY' isalso M-fuzzy cofibration.

X, X X, X x X,
fixfi
foxfo \J/ \J/ gt
Y XY’
Figure 2.3.2
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Proposition 2.3.4:

The Mixing fuzzy pullback of Mixing fuzzy Serre cofibration is also Mixing

fuzzy Serre cofibration.
Proof:

let h:Y - Z and h":Y' — Z be two fuzzy map . define a fuzzy homotopy
gi: X1 = Zsuchthat h o f, = g, o a. Since f has M-fuzzy cofibration then there
exist afuzzy homotopy h;:Y = Z, with hy =h and h;of; =g;; Vt el
define a fuzzy homotopy g,":X;' = Z ,such that h'of," = g,' o and
g:' = g¢ o L then there exist a fuzzy homotopy h,": Y’ — Z with h," = h’ and
h.' o f,' = g, therefore f': X' — Y’ has a M-fuzzy cofibration.

2.4 Fuzzy homotopy Extention property:

A fuzzy subset A Y issaid to have the fuzzy homotopy extension property

(FHEP) with respect to Y, iff any fuzzy partial homotopy:

H:YX{0}UAXI—>Z
can be extended to a fuzzy homotopy H:Y xI — Z If A has the (FHEP)
with respect to every Z, then A is said to have the absolute fuzzy homotopy

extension property (AFHEP).
Definition 2.4.1:

A fuzzy subset A cY has the Fiber fuzzy Homotopy Extension
Property (FFHEP) iff for any fuzzy Serre fibration q: E — B and any
fuzzy map G:Y X{0}UAXI—E such that qG(y,t) = qG(y,0)
where yeY,0<t <1 there is an extension H:Y X I - E of G such

that qG (y,t) = qG(y,0).
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Definition 2.4.2:

A fuzzy subset A;,A, < Y has the mixing fiber fuzzy homotopy
extension property (M-FFHEP) iff for any M- fuzzy Serre fibration
q;:Ei @B wherei= 1,2,and map G,;:Y xX{0}UA; XI > E,,
G,:Y X{0}UA, XI > E, such that p;G,(y4,t) = p,G,(y;,0),
PG, (y,,t) = pyG,(y,,0), where y,,y, €Y,0 <t < 1, there is an
extention H,:Y XI - E,, H,:Y X I - E, of G4, G, such that

q1H,(y1,t) = q1H,(y1,0), q2H,(y,,t) = q,H,(y,,0).

Theorem 2.4.3:
If q;:E; = B is M-Fuzzy Serre cofibration of a fuzzy compact
Hausdorff E; into a fuzzy Hausdorff space B, then q; must be an

imbedding.
Proof:

First let us prove that q; must be injective. This will be proved by
contradiction.
Assume that qg; where not one-one. Then there exists two distinct
points u; and v; in E; with p(u;) = p(v;). Since E; is normal, and
{u;}, {v;} are closed subsets of E;, there exists a fuzzy continuous
function

AMiE;p -
and

AEy, =
where 1=1[0,1], with A;(u;) =0,A,(v;) =1, and A,(u,) =
0,A,(v,) =1.
Define a fuzzy homotopy f.:E; =1 and g:E, -1 by f(e;) =
tA,(e;) andg.(e,) =tA,(e,), e; €E;,e, €E,,teland define
h:B—->1byh(b)=0forallbeB
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=2

Figure 2.4.1

Then we have hq, = f, and hq, = g,.

But q,:E; - B and q,:E, — B are a M-Fuzzy Serre cofibration,
hence there exists a fuzzy homotopy hi:B — I such that hy = h,
and h.q; f;,

h.q, = g For all t € I. Now

A (ug) = f1(ug) = hy(q1(uy))

A (v1) = f1(v1) = hy1(q1(v1))
and

A (uz) = gy(up) = h1(Q2(u2))

A (vz) = g1(v2) = h1(Q2(V2))

Since q;(u;) =q4(vy), therefore A;(u;) =2A;(vy) and q,(u,) =
q,(v,) therefore A,(u,) = A,(v,) But

M) =0#1=24(vy)
and
A(uz) =0+ 1=2(vy)
Therefore q; must be injective. Since E; is fuzzy compact Hausdorff

and B is fuzzy Hausdorff, hence q; must be an imbedding.

Hence q,: E; — B and q,: E, — B are a M-fuzzy Serre cofibration,
when E; < B has the FHEP with respect to all fuzzy CW-complex
spaces.
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Theorem 2.4.4:

Let A; be a fuzzy closed subspace of a fuzzy topological space ;.
Where i = 1,2. Then (Y;j, A;) is a M- fuzzy Serre cofibered pair if and
only if there exist:

1) A fuzzy neighborhood U; of A;which is deformable in Y; to A;
relA; (there exists a fuzzy homotopy H,: U; X I — Y; such that
H,(y:,0) =y, ,H;(a;,t) =a; and H,: U, X I = Y, such that

H;(y2,0) =y;, Hy(az,t) = azand H,(y;,0) € Ay, Hy(y2,0) € A,
for ally, e U;Ay,€U,,a; EA; ANa, € A,,teL

2) A fuzzy continuous function ¢;:Y; — I such that A; = ¢71(0),
@1(y1) =1and A; = @3'(0), @,(yz) = 1forally; € Y; — Uy,
y2 € Y2 — Uy,

Proof: Suppose that (Y;j, A;) is a M- fuzzy Serre cofibered pair. Then
there exists a retraction
ri:Yi X[ - (Yl XO) V) (Al XI)

Where i = 1,2, and U;, H; and ¢; may be chosen as follows:
U; = {y; € Yilpriri(yi, 1) € Aj}

H; = prir;|U; X 1

sup
@;i(yi) = te Ilt — prri(yi, t)|

pr; and pr, denoting projections on Y; and I, respectively.
Conversely, suppose that U;, H; and ¢; are given and satisfy the
conditions of the theorem. Since A; is fuzzy closed it suffices to prove
the existence of a retraction.

ri:YiXI—>(Yi><O)U(Ai><I)
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The required retraction may be constructed as follows:

o If @i(y;) =1, let r;(y;, t) = (3, 0).

oIf 1/2 < ¢i(yi) <1,

(Hy (), 2(1 — @1 (y1))t), 0.

let  ri(y;t) = {(Hz(}’z)r 2(1 — (@3 (YZ))t)' 0).

e If0 < @i(y;) <1/2 and 0 < t < 2 o;(y;y),

(Hi(y1, t/ (21 (y1))),0).
(Hz (y2, t/ (292 (y2))),0).

oIf 0 < @;(y;) <1/2 and 2¢i(y;) <t <1,

let r;(y;, t) = {

(H1(Y1; 1,t- 2(P1(Y1))-

Let iJi -
etr (y t) {(Hz(YZr 1),'( - ZCPZ(YZ))'

o If @i(y) =0, let r;(y;, ) = (y;, V).

Lemma 2.4.5:

If (Y;, A;) is Mixing fuzzy Serre cofibered pair, where i = 1,2, then

(Y; X 0) U (4; x I) is a strong deformation retract of Y; X I
Proof:
Let 17;: (Y; X 0) U (4; X I) < Y; X I be the inclusion map, and let
r: Y, xI - (Y; x0)U (A; XI)
be a retraction. A fuzzy homotopy

Dy:mry = 1y, «;  releated to (Y; X 0) U (A1 X I)

and

Dy:myry = 1y releated to (Y, X 0) U (A, X I)
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Is given by

Di(yit.t) = (primi(y;, (1 — £)t), (1 — ¢)priri(yy, t) + tt)
Wherej=1,2, i=3.

Dl(yl’ t, t) = (PT17”1(}’1, (1 - t,)t)r (1 - t,)prBTl(ylr t) + tt)
Dy(y2,t,t) = (prar2 (2, (1 = £)t), (1 = t)prsry(yy, t) + tt).

Theorem 2.4.6:
Suppose that p;:E; — B is M-fuzzy fibration, that A; is a strong
deformation retract of Y;, and that there exists a map ¢;:Y; —

I such that A; = p71(0)and A, = ¢51(0.Then any commutative

diagram
oD S P | N )
pgl ha lm 1 l}m
B < - Yi P B
Figure 2.4.2

may be filled in with a fuzzy map h;:Y; — E; such that p,hy = f,
p.h, =f, and hyn, = fy, hyn, = f,,. h; is unique up to fuzzy
homotopy relA;.

Proof: By hypodissertation there exists a retractionry;:Y; = A4,
r,: Y, =» A,and a fuzzy homotopy

Dyinyry = 1y, relAq,

Dyin,ry, = 1y, relA,.
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If hy:Y; - E; and h,:Y, - E, such that hyn; =f;, then h;=
hyn;r; = f; relA which proves the last assertion of the theorem. Define
D;:Y; xI—Y;by

— D1y, t/ (@1 (y1))) t<@i(y1)
D1(ys,t) = { D;(y1, 1) t= ¢@1(y1)
_ (D (y2,t/(p2(y2))) t < @z(y2)
DZ (YZ: t) - { DZ(YZ’ 1) t> ‘_pz(yz)

D; is easily shown to be fuzzy continuous. Because p; is a fuzzy
fibration there exists a fuzzy homotopy F;:Y; X1 > E;, F,:Y, X1 —
E, such that p,F; = f;D; , p;F; = f;D; and F;(y;,0) = f;r(y41),
F;(y2,0) = f,r;(y;) for each y; € Y1,y € Ya. h; is given by h;(y)) =
F,(yi, i (yi)), where i = 1,2.

Theorem 2.4.7:

Suppose that p;: E; — B is a M-fuzzy fibration, that (Y;, A;) is a M-
fuzzy Serre cofibred pair, and that A; is fuzzy closed. Then any

commutative diagram

B L (vixou <) — 5 B

LAy —
N V
p2 7 p1
-, //
-~ -~

B Yix1I B

F-;g FL

~

Figure 2.4.3

may be filled in with a fuzzy homotopy F:Y; X I — E; such that p,F; =
Fi, p2F, =F, and F|(Y; x0) U (A x D) =f;
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Proof:

According to the lemma (2.4.5), and by theorem (2.4.4) there exists a
fuzzy Function {;:Y; = I, P,:Y, = I such that A; = y71(0),A, =
Yz 1(0).

Define ¢:Y; XI > 1 and @,:Y, XI - I by ¢;(y;,t) = ty,(y;) and
@2(y2, ) = tP,(yz). Then (Y;x0)U(A; xD)=¢7'(0) and
(Y, X 0) U (A, X 1) = ¢31(0) and the theorem follows from theorem
(5.7) The condition that A; be fuzzy closed is not very restrictive. For
instance, A will always be fuzzy closed if Y; is fuzzy Hausdorff. Not
all M- fuzzy Serre cofibration are fuzzy closed, however. The most

trivial example of a non-fuzzy closed

M-fuzzy Serre cofibration is the pair (Y;,a;,),(Y,,a,) where Y; is the

two-point spacea;, b; with the trivial fuzzy topology

2.5 A mixing criterion for a fuzzy map to be a mixing fuzzy
Serre Cofibration.

In this section the M-criterion that allows us to recognize M-fuzzy Serre
Cofibration when we see them. We shall often consider pair (Y;, A;) consisting
of a fuzzy space Y and a fuzzy subspace A;. M-fuzzy Serre Cofibration pairs
will be those pairs that "behave fuzzy homologically"” just like the associated

fuzzy quotient spaces Y;/A;.
Definition 2.5.1:

A pair (Y;, A;) is an Mixing fuzzy Neighborhood Deformation Retract
pair (MFNDR-pair) if there is a fuzzy map u:Y; = 1,v:Y, = I such
that u=1(0) = A;, v-1(0) = A, and a fuzzy homotopy h:Y; X1 —
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Y:, kY, XI—>Y, such that hy =id, h(a;,t) =a; and k, =id,
k(a,,t) =a, for a; € A;,a, €A,and tel, and h(y;,1) € A; if
u(y1) <1, and k(y,, 1) € A, if v(yy) < 1. (Y;,4;) is a MFDR-pair
if u(y,) <1, v(yy) <1forally,; € Yy,y, €Yy, inwhich case A; is

a deformation retract of Y; where i = 1,2.
Lemma 2.5.2:

If (h;,u;) and (k;, v;) represent (Y;j, A;) and (Z;, B;) as (MFNDR-
pairs), then (1;, w;) represents the (product pair) (Y; X Z;,Y; X B; U
A; X Z;) as an MFNDR-pair, where
wi(yi,zi) = min(u;(y;), vi(z;)) and

(((hi @i 0, ki (za twi (7 /vi(z)))
L (ysr 20, 6) = if vi(z;) = u;(y;)

Gi 20, ©) { (hi(yi,tVi(Zi)/ui(Yi)) ,ki(zi,t))
if u;(yi) = vi(z)

IT (Y;, A;) or (Z;,B;) is a DR-pair, then so is (Y; X Z;,Y; X Bj U A; X
Z) .

Proof:

If v;(z;) = 0 and v;(z;) = u;(y;), then u;(y;) = 0 and both (Z;, B;)
and (Y;, A;) , therefore we can and must understand 1;(y;, z;, t) to be

(vi,z;). It is easy to check from this and the symmetric observation that

li is a well-defined continuous fuzzy homotopy as desired.

Theorem 2.5.3:

Let A; be a closed subspace of Y;, where i = 1,2. Then the following
are equivalent:
e (Y;,A;) isan MFNDR-pair.
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e (Y;xLY; x{0}UA; xDisaMFDR-pair.
¢Y; X {0} U A; X IisaM-fuzzy retract of Y; < 1.
. The Fuzzy inclusion n;:A;—Y; is a M-Fuzzy Serre
cofibration.
Proof: The lemma gives that (a) implies (b), (b) trivially implies (c),
and we have already seen that(c) and (d) are equivalent. Assume given

aretractionr; : Vi X I > Y; X {0} UA; X L.
Let pr;:Y; X I = Y;and pr,:Y; X I — 1 be the projections and define
u:Y1 - I by

u(y,) = supf{t — pryry(yy, |t € I},

and v:Y, — I by

v(y2) = sup{t — pryry(y;, )|t € I}
h:Yl X I - Y1 by

h(yy, t) = prir; (y1, £)
and k:Y, XxI-Y, by

k(yz t) = prora(yz, )
Then,(h,u), (k,v) represents (Y;,A;) as an MFNDR-pair. Here
u~1(0) = A, since u(y;) =0 and v 1(0) = A, since v(y,) =0
implies that r;(y;,t) € A; X I for t > 0 and thus also for t = 0 since

AjxTisclosedinY; < I, wherei= 1,2
Example 2.5.4:

Let ny:A; = Y;and n,:A, = Y, be a M-Fuzzy Serre cofibration,

where i = 1,2. We then have the commutative diagram
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Mans e Ay m Vs
Mym i Ay o Y1
1
Figure 2.5.1

Where k,(a,) = (a,,1) and ky(a,) =(a,,1 where M;n; =
Y; U, (A; X I). The obviou fuzzy homotopy inverse I;: Y; — M;n; has
l;(y;) = (y;,0) and is thus very far from being a map A;. The
proposition ensures that I; is fuzzy homotopic to a fuzzy map under

A; that is fuzzy homotopy inverse to r; under A;.
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Chapter Three:

In this chapter, we give a computational treatment to compute the cup i-
product and Steenrod operations on cohomology rings of as many groups as
possible. There are some available approaches for computing Steenrod
operations on these cohomology rings. We compute all Steenrod squares on the
Mod 2 cohomology ring of groups mod 2 of order 128. Spacial to compute
Steenrod operation for all groups of order 128 as possible and we construct

some algorithm and technique for computing by using HAP programming.

3.1 Steenrod operations
In this section, we introduce our treatment to compute_Steenrod operations

on cohomology rings of as many groups of order 128 as possible.

Definition 3.1.1: [25]

The type (A, n, B, m) is a natural transformation, @ : H*(—, A) - H™(—, B),

which called cohomology operation that for any spaces, X, Y and for any map
f + X — Y there are functions @y, @y satisfying _the naturality condition

f @y =0xf" (i.e., the following diagram commutes).

0]
H™(X,A) —— H™(X, B)

A 1"
HM (Y, A) —— H™ (Y, B)

Figure 3.1.1

44



CHAPTER three Computation of Cohomology operation

We know the Bockstein homomorphism as an example of a cohomology
operation of type (Z,, n, Zy, n + 1).

Definition 3.1.6. [28]
Consider the cohomology of a space B with co-efficients in the field of p
elements, p a prime number. The Steenrod squares are cohomology operations

of type (Z p,n, Z p, n + 1) for p = 2,
Sq': H*(B, Z ,) —» H™"*' (B, Z ,),i>0 (3.1)

and the Steenrod powers are cohomology operations of type (Z ,, n, Z p, n + i(p -
1)) for p > 2,
P':H" (B, Z,) — H"®-D (B, Z,),i>0. (3.2)

The Steenrod squares Sq ‘of 1, defined for i > 0 satisfy the following properties:

Sq 1 is the Bockstein homomorphism (denoted p) [26].

. Sq ° is the identity homomorphism.

Sq b (x) = x*when degree(x) = i.

Sq* (x) = 0 if degree(x) < i.

"Cartan formula” Sq ™ (xy) = Xi4j=n Sq " (X) —Sq* (y).
Sq ' (x+y) =5q'(x) + Sq '(y).

Naturality: means that forany mapf: B — B ',

N o g bk~ w npoRE

Sqt(f*)=f*(Sq?) for the cohomology homomorphism
f " induced by the map f.
8. Sq%SqP = Z?ﬁ,Sq atb=cgg ¢ for a < 2b,
Where Sq “Sq ? denotes the composition of the Steenrod squares and the

binomial coefficient is taken modulo 2 is called "Adem relations".
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3.2 cup —iproduct:

The cup-i product is introduced by [ [23], [24]] and [ [28]] such that for each i >
0 and cochains u, v € C? (R%) of dimension p, q respectively, where the cochain
complex CP? (R¢) =Homy; (RS , Z) such that RS is free ZG-resolution of Z a
product u—ive CP+a*t (RS) the general case of cup product is the cup-i

product such that they are equal if i =0, [i.e:=u—ov=u —V].
3.2.1. Structure of cup — i product

Let S® represent the infinite-dimensional ~ sphere  such  that
SO St c..cS8® =UX,Ssn
There exists a cell structure on S* as a CW-complex, with two cells in each
dimension. the group of Z, acts on S by the antipodal action induces an action
in S, whose orbit space denoted by RP* . We have some steps to follow.
1) It has one cell in each dimension. Let R”2 e the free ZZ,-resolution of Z
obtained from the cellular chain complex with one free ZZ,-generator Kk,
in each degree n.

7 t-1 t+1 t—1
RSt o L[Zp] > L[Z2]— Z[Z] — Z[Z,]

2) Let B =B, for some group G and set RS = Cx(B). Let el , elt, ... denote
free generators for the free Z G-module RS .
3) The group Z, acts on Rj ®Z Ry = R{*by the

interchange map

7:RG ® RG -5 RE ® RE
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t-gel ®@g'el =(-1)Plg’e] @ gef

4)The tensor product R¢*¢= R¢®7Z RE by(The Eilenberg-Zilber theorem)is a
free Z [G x G]-resolution of Z with free Z [G x G]-generators ¢ ® e/’ in
degree n = p + g. With a free a belian group RS*¢ is freely generated via
g/elp ® g'el, suchthat( g, g") € GXG.

5) The action extends to an action of Z,xG via the formula:

(L) (g'e; ® g'e) = (—1)Plge"e! ® ge'ef.
We view R%G as an exact chain complex of Z[GxG] modules.

6) The tensor product szxG = R?z &z RC is a free Z[Z,x G]-resolution of
4.

7) We will consider the Z[Z,xG]-equivariant homomorphism
$o: RE @ RS — RS ® RS,

definedby ¢, (k° ® el )=e R e).

8) The map ¢, extends, using the freeness of sz QRS  and 1 the

exactness of R¢ ® R%to a Z [Z,x G] equivariant chain map

¢, R™ ® R - RS @ RS (3.3)
and the diagram below describes the ¢,

] ]
ZyxG 9n  7,%G Z,xG 91 L7,%G
R, —RZ = .oR"* —R,

?y
0, Pn1 Do

0 0
GxG M GXG GxG 1 GXG
R‘I’l > Rn—l - - Rl > RO

Figure 3.2.1
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and ¢, is uniqgue up to chain homotopy. The chain map ¢,
is computed from a contracting homotopy (or discrete vector field) on RS,
The diagonal map A : G — G X G define by A(x) = (X, x), the first projection 7 :
Z, x G — Z,given by m(t, X) =t, and =, : C, x G — G be the second
projection given by 7,(t, X) = X. Leti; : G — G x G, 11(X) = (x, 1) and
I:G— G %G, (X) = (1, x) the specified embedding to GxG. We now
consider the cochain complex C*(RY) = Homy;(RE, Z). The group C™(R¢) is a
free abelian group with free abelian generators e;* corresponding to the free ZG-
generators e*of RS. More precisely, e*: R¢ — 7 is the Z G-equivariant
homomorphism sending e;* + 1, e;* = 0 for j # i. This notation describes a
homomorphism

R¢— C™ (RY), u— 1.

For each integer i > 0 define a Z-linear cup-i product
CP(RY )Qyz CURY) —» CPHL (RY), u@p — U —; 7 (3.4)
by the formula
(t—; 7)(€) = (L&) Pp4q (k' &) (3.5)

G
force Ry 4

Algorithm 3.2.2 The function HAP-PHI

Input:
* G finite group and

* an integer n > 0.
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Output: A list [¢., R?™ ©, RE* €.

Procedure:

1: Construct diagonal function G — G x G.

2: Construct interchange map 7 : R¢ ® R¢— R¢® RY,
t-(ge) ® g'ef) = (~1PIgg"e! @ g'e}.

3: Construct ¢ : RZ2 @ R§ — RS @ RS, do(k°® ®Ref) =
el-0 X eio

4: The output {¢s, ¢z, ..., du}, R22*¢ and RE*C

5: EndProcedure:

Example: the following command compute the cup-i product for G=(128,988)

GAP Session

gap> G:=SmallGroup(128,988);;
gap> P:=HAP_PHI(G,8);
[ function( n, a, ii ) ... end, Resolution of length 9 in characteristic

2 for <group of size 256 with 8 generators>.

, Resolution of length 9 in characteristic 2 for <pc group of size 16384
with 14 generators> .

, Resolution of length 9 in characteristic 2 for <pc group of size 128 with 7
generators>. |

3.3 The computation of Steenrod squares for groups of order 128.

In this section we will give some methods to compute Steenrod squares on
cohomology rings of groups of order 128 and we will study the relationship
between the The cup-i product and the computation of Steenrod squares of
groups of order 128.
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Theorem 3.3.1 [24]

The operation

C*'(RS) - C> TR, u— 0 —; 0  (3.6)

Induces a homomorphism

Sqt: HY(G, Z,)— H?" (G, Z,) (3.7)

The homomorphism

Sqt = sq™ " H™(G, Z,)— H™"{(G, Z,) (3.8)

is independent of the choices in ¢» made in (3.3) and satisfies the properties of
Definition (3.1.6)

We use the HAP function Mod2Steenrodalgebra(G,n) which is an
implementation of Sq' defined in 6 that inputs a finite 2-group G and a non-
negative integer and returns the first nth degree of Steenrod squares.

Example 3.3.2

Let us take the small group of order 128 andnumber 206 To compute the
Steenrod square Sq* for each generator and each positive 2-power k = 2! <

degree(x), x € H*(K, Z,) for G123 206 See the following

GAP session

gap> M:=SmallGroup(128,206);;

gap> P:=Mod2SteenrodAlgebra(M,8);;
gap> gens:=ModPRingGenerators(P);
[v.1,v.2,v.3,v.4,v5 v.6,v.7]

gap> List(gens,P!.degree);
[0,1,1,1,2,2,2]

gap> List(gens,y->Sq(P,2,y));

[ 0*v.1, 0*v.1, 0*v.1, 0*v.1, v.31
V.27+v.28+v.35, 0*v.1 ]
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gap> PrintAlgebraWordAsPolynomial (P,
List(gens,y->Sq(P,2,y))[5]);

V.5*v.5

gap> PrintAlgebraWordAsPolynomial (P,

List(gens,y->Sq(P,2,y))[6]);
V.6*Vv.6

Also we using the HAP command Cohomological Data(G,n) to determine
details of the groups, It prints

correct data for the cohomology ring H*(K, Z,) of a 2-group G on the
condition that the integer n is at least the maximal degree of a relater in a
minimal set of relaters for the ring. Moreover, n terms of a free Z G-resolution
are sufficient to compute the whole mod-2 cohomology ring by the tables of
King and Green [16].

When Steenrod squares are composed, the composetion satisfy certain relations
known the Adem relation (3.1.6),

a/2

b—j—1 o
Sanqb :Z( aizj )Sqa+b—JSqJ

j=1

for a < 2b, where 5q%Sq” denotes the composition of the
Steenrod squares and the binomail coefficient is taken modulo 2. A detailed
proof the Adem relation can found in [3], [24].

Suppose that i = a + b where b = 2%and 0 < a < 2% Then

we can rewritten the Adem relations in the form,

a/2

b—1y . b—j—1 o
Sl=5a5b Z( )Sa+b—jsj
]:

ifa<b— 1 that (°~') = 1(mod2) which proof in [Proposition 15.6 [3]], we can

. . k . .
used recursively to express Sq* in terms of Sq?". For instance,there are relations
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Sq'Sq* = 0, Sq* Sq® = 0 ,...;5q*Sq*™** = 0 and Sq® = Sq'Sq?, Sq° =
SqlSq*,... Sq?"t1 = SqlSq®™. The expression of Sq® in terms of squares of the
form Sq2“as Sq® = Sq2Sq* + Sq5Sqt,...,Sq "2 = Sq?Sqin+Sqintisgt.
Also, Sq3Sq*"t?% = 0,5q*" 1Sq™ = 0, and more details see [15].

Group order: 128

Group number: 206

Group description: C2 x ((C4 : C8) : C2)

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Cohomology relations

1: f2

2. a*f

3:a*b

4: q?

Steenrod squares

Sq*(d)=0

Sql(e)=e xa+e b

Sql(f)="f b

3.3.3 Method of computation
In this part we will give some methods to compute Steenrod squares on

cohomology rings of groups of order 128

1) The first method we use the HAP command CohomologicalData(G, n) [ [5],
[28]]to compute and print details of the group order,group number,
cohomology ring generators with degree and relations and the Steenrod

square Sq *(x) for each generator x and each positive 2-power k =
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2 ‘degree(x) .this method is used with groups that have generators with
degree one or two. If we want the cohomology ring details printed to a file

then this file name is included as an optional third input to the command.

Example 3.3.4

Consider the group G=G25459 namely the small group of order 128 and number
459 in GAP’s library(see [1] ). The eight generators of H*(G, Z,) can be
denoted al, by, ¢y, d,, €5, T2, 02, hy such that the index of each generator indicates
the degree of the element. we can check that the cohomology of G by using The
command CohomologicalData(G,n) taking n = 8 the integer n is at least the
maximal degree of a relator in a minimal set relators for the ring, moreover n
terms of a free ZG-resolution is enough to compute the whole mod-2
cohomology ring by the tables of king and Green [16] the output we get are the
group order,group number, cohomology ring generators with degree and
relationsand the Steenrod square Sq *(x) for each generator x and each positive
2-power k = 2¢ < degree(x) . If we want the cohomology ring details printed to a
file then this file name is included as an optional third input to the command, the
output will be as follows.

Group order: 128

Group number: 459

Group description: C2 x ((C8 x C2) : C4)

Cohomology generators

Degree 1:a, b, c

Degree 2:d, e, f, g, h

Cohomology relations

1:f?

2:exf+f=xg

3:e?+g?

4:bxe+bxg
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. b?
caxf
raxet+taxg+bxf

ra*b

2

© 0 N O O

La
Steenrod squares
Sql@)=0
Sql(e)=exa+exb
Sql(f)=exa+fxb
Sql(g)=exa+fxb+hxa
Sq* (h)=0

2) DETECTION METHOD

we use the following HAP command Cohomological Detected(G, K, n) and the
command Cohomological Detected Intersection(G, K, n) instead
Cohomological Data(G, n) because the higher degree of generators, such that

there inputs a finit 2-group , K are maximal subgroups and positive integer n.

Definition 3.3.5 [16]
Let K be a a proper subgroup from finite group G suchthat K <G andi: K —
G the inclusion map. The induced cohomology homomorphism
i%: H*(G,Z,) »H*(K,Z,)
Is called restriction map.
Definition 3.3.6. [17]
Let k a collection of proper subgroups

of a finite group G. If the producct of the restriction maps,

[kex ifé: (H*(G,Zy)) = [lkex H* (K, Z5)
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Is an injection. We say that k detects the cohomology

H*(K, Z,).

The HAP function Mod2Steenrodalgebra(G,n) and ModPSteenrodAlgebra(G,n)
become less practical as the size of the finite 2-group G increases. For large G it
can be useful using Definition (3.3.6). We are using the HAP function
InducedSteenrodHomomorphism(f,n) which input a homomorphism f: K — G
of finite 2-groups and a positive integer n.

It returns a triple [HG, HK, 1], where HG = H="(G, Z,),

HK = H="(K, Z,) and lis a list [ly, I, ..., I] with

i : H{(G, Z,) — H(K, Z,) the linear homomorphism

induced by f. For each element v in the generating set of the cohomology ring

H*(G, Z,) and each Steenrod square quk,

we have

Mierif (562 = MeeSa** (@)

If iS (Sq2* (v)) = Sq2*(i§(v)) = 0, then the Steenrod square

Sq%*(v) € Kernel(l;) N Kernel(l,) N ... N Kernel(l,).

Example 3.3.7.

Consider the group G=G,5 181 Namely the

small group of order 128 and number 181 in GAP’s library. The six generators
of H*(G, Z,) can be denoted

X1, V1, Z2, Wy, Usg, Uy, SO that each generator index indicates the degree of the
item. One can verify the cohomology of G is not detected by any family of
proper subgroups as in example (3.3.2). However it is possible to determine
some information about Steenrod squares for G using Steenrod square
computations in a proper subgroup K. The group Gi2g 151 has seven subgroups of

order 64; we denote them by [Kes 2, Kesgs, Kea 3, Keag3, Koa2, Kea112, Keas] . Let

Kes.3 < G denote the subgroup of order 64 and number 3. The following GAP
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session uses a Steenrod square computation in H*(K, Z,) in order to determine
that Sq?(f,) =f xa xb +f xb D,

GAP session

gap > G: = SmallGroup(128,181);;

gap > K:= MaximalSubgroups(G)[1];

[ Group([ f1, f2, f4, 5, f6,£7 ])]

gap > f: = GroupHomomorphismByFunction(K, G, x—> x)
gap > L: = InducedSteenrodHomomorphisms(f, 8);;
gap > HG: = L[1];;

gap > HK: = L[2];;

gap > iota: = L[3];;

gap > gens: = ModPRingGenerators(HG);
[v.1,v.2,v.3,v.4,v.7,v.10,v. 17 ]

gap > List(gens, HG!. degree);

[0,1,1,1,2,3,4]

gap > P:= Sq(HK, 2, Image(iota[5], gens[7]));
0*xv.1

gap > Kker: = Kernel(iota[7]);

< vector space overGF(2), with 13generators >

gap > P:= Elements(ker);
[0*v.1,v.57,v.54,v.54 + v.57,....]

gap > PrintAlgebraWordAsPolynomial (HG, P[3]);
v.7*v.7*v.4*xv.4 + v.17 xv.3 *v.4

Also, we are using the HAP command Cohomological Detected(G,K,n) which

inputs a finite 2-group, K are maximal subgroups and positive integer n to
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determine and print details of the group order, group number, a list of maximal
subgroups, conomology ring generators with their degree, and Steenrod squares
Sq* for each generator. If a file name is included as an optional fourth input to
the command then the details are printed to this file.

Example 3.3.8.

From the previous example we can use the command
CohomologicalDetected(G,K,n), which returns the following information for
Gi2s.181, N = 8 and the seven maximal subgroups of order 64.

Group order: 128

Group number: 181

Group description: C8 x (C8 : C2)

Subgroup List:;[ [ 64,2],[64,85],[64,3],[64,83], [
64,2],[64,112],[64,3]]

Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 3: e

Degree 4: f

Steenrod squares

Sql(d)=1[0,a b *c]

Sq'(e) = [0]

Sq?(e)=[d ra xb »xc+e xcxc+f*aexc+c+fxa

Sql(f)=1[0,d a *b *c]

Sq?(f)=[f raxb+fxb xb]

In the example above, we found the Steenrod square by taking the intersection
of the Steenrod squares over all maximal subgroups. For instance Sq(d) =0, a
* b *c by taking the intersection between the list of Sq(d) over [Kes., Sq*(d)
over Keags, Sq1(d) over Kess, Sq* (d) over Kesgs, Sq* (d) over Kgs o Sqt(d) over
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Kea 112, Sq*(d) over Kgs 3] We proceed analogously with the other generators.
Occasionally, the HAP command CohomologicalDetected(G,K,n) gives

us a huge information therefore we use the HAP commend
CohomologicalDetectedIntersection(G,K,n) which input a

finite 2-group, K a maximal subgroups and positive integer n, and output the

information of Steenrod square.

3) DIRECT PRODUCT METHOD
In special cases, we use direct product as a third method to compute the
Steenrod square and another cohomlogy operations relying on the previous
information where we can represent the groups which has generators of
degree highest than generators in the groups which the previous two methods
succeede in computing as a direct product of groups of
order less than 128 (order 2, 4, 8, 16,32 and 64) .

we can use the direct products to compute the Steenrod square.by using the
proposition below.

Proposition 3.3.9.[3]

Let L and K are groups and G = LXK be the direct product, for | e H*(L, Z,), k
eH*(K, Zy) and (I x k) e H*(L % K, Z,) we have

Sq™(1 x k) = ¥i=j=n Sq" (1) x Sq’ (k) The first projection p; : LxK - L

and the second projection p, : L x K - K induce ring

inclusions p;: H*(L, Z,) » H*(L X K, Z,) and p; : H*(K, Z;) » H*(L X K, Z,)
from property 5 we have

Sq™(1xk) = Sq™((1x1) U(1xKk)) = ¥; Sq' (I x 1) Sq™"*(1 x k), then Sq*(l x 1) =
Sq'(p1 (1)) = piSq'(l) = Sq*(1) x 1.
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P; P
H*(L,Z,) — H*(L X K, Z,) «—— H*(K,Z,)

\ 1x sq 1x sq*
sq" \ sq! sq

H™* (L, L) —— HH(L X K, Ly) ——— H™ (K, Zy)
1 2

Figure 3.3.1

Accordingly  Sq™(1 X K) = Ly jon Sq'(L X 1)Sq/(1 X k) =Ei4jon (S (D) X
DU xSPU))= Tirj=n Sq'(D) x 5S¢’ (k).

Example 3.3.10.

let we take the small 2-group Gizgg7s Of order 128 and number 878 in the small
library of the computer algebra system GAP, To compute all Steenrod squares
on H*(G, Z,), by using the proposition above Let L = C2 and K = ((C16: C2) :
C2) are groups and G = L x K =C2 x ((C16 : C2) : C2) be the direct product.
Then it is known that the projections G - L and G - K induce ring inclusions
H*(L, Z,) » H*(G, Z,) and H*(K, Z,) » H*(G, Z,) see Proposesion( 3.3.9) ,
and so we can think of H*(L, Z,) and H*(K, Z,) as subrings of H*(G, Z,). It is
known that the ring H*(G, Z,) is generated by the generators of two subrings
H*(L, Z,) and H*(K, Z,). In fact we have an isomorphism H*(G, Z,) = H*(L x
K, Z;) = H*(L, Z;) ®z, H*(K, Z;). All of this means that the cohomology ring
and the Steenrod squares for H*(G, Z,) are completly determined by the ring
and operations for H*(L, Z,) and H*(K, Z,). In other words, if a group G of
order 128 is a direct product then we already have the Steenrod operations since
we have computed the rings and operations for groups of order less than 128.

By wusing the Cartan formula, The Steenrod operations on

cohomology ring H*(G, Z,) are determined by
$q'(axb) = Xnij=; Sq4"(a@) x Sq’(b).
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Group order: 128

Group number: 878

Group description: C2 x ((C16 : C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f, g

Degree 4: h, p

Steenrod squares

Sq* (d) =[d = b]

Sq*(e) = [0]

Sq*(f) = [d = d]

Sqg? (f)=[dxexb+fxd+p=al

Sq1(g) = [0]
Sq?(g)=[d+xexb+g*b*xb+g=*d+p=*Db]
Sqgt(h)=[d*exb+g=xe]

qu (h) = [d*dxb*b+g *dxb+g *exb+f xg +p+d+p=*e]
Sql (p) =[d * e * b]
Sq?(p)=[d*exbxb+dxdxd+g*xdxb+g*g+px*d]

Gigg78 = Go1 X Geg

to statistic all groups of order 128 that can be represent as direct product of

groups of order less than 128 we use the next algorithm

Algorithm 3.3.11 direct product decomposition of groups of

order ’n”
Input:
* Order of a finite group G. as an integer n > 0
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Output:

* A list of all direct product groups of order n;
Procedure:

1: L:=NormalSubgroups(G);

2: L:=Filtered(L,N-.not Order(N)=Order(G) and not Order(N)=1);
3:forMinLdo

4. forNinLdo

5 if Order(M) = Order(N) = Order(G) then

6 if Order(Intersection(M,N))=1thenreturn[M,N]

then;
7 end if
8: end if
9: end for

10: end for
11: return fail;
12: EndProcedure:

This algorithim is new and we get all the direct product for

the order 128, and we show some of them.

[128, 42] is a direct product C;¢ x Cg

[128, 128] is a direct product C5,% C,

[128, 159] is a direct product Cg4 X C,

[128, 164] is a direct product C,x ((C4 X C5) : Cy)

[128, 179] is a direct product Cgx Cg % C,

[128, 180] is a direct product C, x (Cg : Cg)

[128, 181] is a direct product Cg % (Cg : C>)

[128, 2319] is a direct product C, x C, X C;, X C, X Cy X C,
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[128, 2320] is a direct product C, x C,C, %X C, X C, X Dg

[128, 2321] is a direct product C, XC,x C, x C, X Qg

[128, 2322] is a direct product C,XC,xC,X((C4XC5) : Cy)

[128, 2323] is a direct product C, x C, X ((C, xC,% C2) : (C, X C,))
[128, 2324] is a direct product C2 x C2 x ((C2 x Q8) : C2)

[128, 2325] is a direct product C2x((C2x((C4xC2) : C2)) :C2
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CHAPTER Four Stiefel-Whitney classes of a real representation for non-prime power groups

Chapter Four:

In this chapter, the current study, the researchers conduct computation of
the Stiefel — Whitney classes of real representations of non — prime power
groups such as Mathieu groups, symmetric groups, alternating groups
and Janko groups. Stiefel- Whitney classes are conducted by using polytope
convex hull with wvector in n-dimention our computation using the HAP
(Homological Algebra Programming).

4.1 Construct Stiefel- Whitney classes:

In this section, we discuss the method of computation or construction SW-
classes. We have some steps to find them.

1) Let p:G - 0,(R) or GL,(R) be an any (orthogonal) matrix
rerepresentation of a finite group G.

2) Take v e R™ be any vector.

3) LetQ(g,v) ={g.v: g €G} represents convex hull of Q(g,v) in R"

4) The vertices of the orbit polytope P =P(p,v) = p(gv=g.v =
Q(g,v), convex hull of Q(g,v) in R",

We have the convex polytope by choosing a vector v e R",

P = P(p,v) = comv{p(g).v: g G}

is a CW-space homotopy equivalent to a ball B"and P~ is equivalence to a
sphere S™1, C,(P) is cellular chain complex of the polytope P which is a
complex of ZG-modules (may be not free). "A contractible m — dimensional
and G acts on it by permuting cells" is the polytope P, and "the action endows
PS with structure of a ZG — resolution of Z."

C.(P):0 - Cx(P) - Cx_1(P) = -+ = Co(P)
And  C.(PX™1):0 > Cx_1(P) > Cx_p(P) = - = Co(P)
RS is 7Z.G — resolution of Z
Then the tensor product R¢ ® C.(P) if (non- free) ZG —resolution with
g(a = b) = ga * gh, where P = P(p,v) = ball, P""1 = sphere.

And we have the equivalence R ® C.(P) = EG x B™
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R ® C.(P" 1) =EG xS™1
In general the module Ck (P) is not always free for 1 < m < K, such that K
represents the dimension of P. The free abelian group on one generator is
the module Cx(P) given a possibly non-trivial G action, we denote Cx(P) by
ZE. For the it" orbit of p-cells, let G¥ = G represent "the stabilizer group of

k .
some cell in the orbit"”, and let Rf ‘ designate some "free ZG}‘ — resolution of
Z".

Gk GF Gk k

i i Gi
R —R," >R, —)RO

* PEREY

The polytope P has dimension K = dim(P). In addition, RS = RS denotes a
free ZG —resolution, when the unique K-dimensional cell has stabilizer group
Gf = G. The direct sum of ZG-modules is a module C,,(P).

k
By defining D, = @KisdeG@ZGka;i to obtain a free ZG-resolution

D aDp,q —> e aDp,l — Dp,o

Y

of the module C,(P). The boundary maps in C.(P) induce chain maps dh :
D, q — Dp_1,4 to yield a diagram D, , of free ZG-module

I, o 7 o )y s

v D, 4 Iy o I

LT res ho— 'I-'II-I.II

Figure 4.1.1
The vertical maps 9, : D, 4 — D, 4—4 in D, , Satisfy 0'0" = 0.
(24 a
.2>RS®Z->REQRZ->RS QT

9 d
. = Co(P) = C1(P) = Cy(P)
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1® 90®
= C(P) @ RE @ L2 €,(P) ® R @ Z 25 Cy(P) @ RS @ Z
IQa 1 Qa \L IQa,
11 01
> CP)QREQZ— C,(P) QRS @Z—— Cy(P) ®RS QT

I1® a, I® a \L I'® a

o C(P) ® R @ L C,(P) @ RS ® T2 Co(P) @ RS ® 7

Figure 4.1.2
Co(P) QRS R
@ Co(P) @ RS @ T
P RRE@L 0QIOIQx;89;QIIQa @ 0B10IB R ®Z
@ C,(P)QRS ®T
C,(P) @RS ® T
Figure 4.1.3

Now, Hom(R¢ ® C.(P))=E¢, and it is denoted by ES¢, that can construct a
second ZG-resolution. This second resolution has

k
G — _ Gi
ETL —@p+q=n Dp,q —®p+q=n®1sisdp qu ®ZG-k 7G
0<p<D 0<p<D :

We can define F¢ < E¢ as a "ZG — subchain complex "by setting

k
G _ _ G;
Fi =@ pta=n Dpq =@ p+q=n Dixiza, Ry’ Ber LG
0<ps<D-1 0<ps<D-1 L

We let R, = ES/ES Then

_ {0 n<kK

Rn = chl—K®ZZE n>K (41)

An Addition, there is a short exact sequene .
F¢ > ES » R, .. (4.2)
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CHAPTER Four Stiefel-Whitney classes of a real representation for non-prime power groups

Taking Z, as a field and applying the contravariant functor Homg,g(-, Z;)

we acquire "the short exact sequence of cochain complexes™
Homg ¢ (R,,Z;) = Homg (ES,Z,) » Homg ;(F°,Z;) .. (4.3)

The explanation behind working over Z, is that we can ignore the action of G on
ZE. In equation (4.3) the inclusion of cochain complexes induces cohomology

homomorphisms
pt:HY(G,Z,) » HK(G, Z,) . (4.4)

The cohomology homomorphism p* is only dependent on " * and to a certain

extent on the vector u. The cochain complexes in (4.3) as
L* = Homy ;(R.,Z;) , M* = Homy ;(ES,Z,) , M*/L* = Homy, ¢ (FE, Z,)

The relative cohomology can be define by setting

*

HM(M*, L") = H" ( - ) . (45)
in low dimension n < K
H™(G,Z,) = H*(M*,L") .. (4.6)
We obtain the isomorphism from (4.1)
. HY(G,Zy) = H™X(M*, L") ,n >0 ..(4.7)

And H*(M*,L*) =0 , where n < K. The isomorphism t is called the Thom

iIsomorphism (for more information see [4, 1] ) .
The cohomology cup product is defined as
w: HP(M*) x H1(M*) - HP*1(M*) ... (4.8)

A cup product can extend to
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CHAPTER Four Stiefel-Whitney classes of a real representation for non-prime power groups

HP (K™, L) &y, H(M*,L*) —» HP*I(M*,L*)  ...(4.9)

Taking 1 to signify the non-zero component of HX(M* L"), it is possible to
demonstrate that the formula (3.5) yields the Thom isomorphism in terms of
(4.9).

(x) =Yoo x ..(4.10)
And by using the properties of a cup-i product
vt MP @y M1 - MPFIL
We can restrict L* < M™ be the subcochain complex producing a cup-i product
vt lP®y L9 - [PTITE(4.11).

We can use properties of Steenrod square and formula (3.8) in order to define

Steenrod squares on relative cohomology, with the restricted cup-i product.
Sqi: HM(M*, L) — H"™(M*, [)
Definition 4.1.1:[3]
the it" SW- class w; e H'(G, Z,) is described by the formula
w; = 17H(Sq W)

If we have the rerepresentation p : G — 0,,(R) of afinite group G,and v
R" as a vector, or similarly Yow; = Sq'(Y), where 0£1 e H'(M* L¥) =
Z,.

In particular wo =1 and y=7(1).
The total SW- class can be explained as

w(p,v) = wy+ w; + -+ wg
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CHAPTER Four Stiefel-Whitney classes of a real representation for non-prime power groups

We recommend reading [2, 4] for a theoretical explanation of SW-classes. A
direct computer implementation of specification (4.1.1) may not be practical
because "the size of the resolution ES underlying the definition”. Although, the
homomorphism p° : H'(M*, L*) — H(G, Z,) it is feasible to calculate p°(1) =y .
If it occurs that p°(1) is non-zero, then p° is an isomorphism.

The Naturality formula is

0
HOM*, 1)'5 HK (G, Z,)

s/ l l s/
HL(M*,L*) ﬂl) HK+i(G, ZZ)

Figure 4.1.4

p'(Sq' (1) = Sq'(p° (1))

Hence, any solution w; to ¥ vw; = Sqi(¥) yields p° (1) vw; = Sq'(p°(1)).
is totally within the ring H*(M) = H*(G, Z,). This final formula can be used to
calculate the multiple p°(1) U w;. No doubt, this multiple contains helpful

information when p°(1) =0.

4.2 Computing method SW- classes of real representations of non-

prime power groups:

We previously learned the method of computing method SW-classes. As for the
non-prime power groups the method revolves around how to compute Steenrod
square for this type of groups. To compute Steenrod square on cohomology
rings of non — prime power groups are less than or equal to 128 group.
However, if the cohomology ring of the sylow subgroup of the given group
known, we could calculate the steenrod square on cohomology rings of
several non-prime groups whose sylow subgroup is order< 128. For example,
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CHAPTER Four Stiefel-Whitney classes of a real representation for non-prime power groups

the group Ggs of order 8 and number 5 belong to syl,(G). Structure Description
IS Z, X 7, X 7, where G isomorphic to J; (Janko group) is a realizable group of
type J;. Also, Gy the group of order 16 and number 8 in GAP library belong
to syl,(G) where Structure Description is QD ,where G = M,, . Is means that
Gie,g IS a realizable group of type M,;.We applied the above for all groups, and

it is realizable .
Example4.2.1:

Consider the group G= Syl,(M;;) of order 16 and number 5, emerging as the
sylow 2 — subgroup of the M;j; . let p signify the representation that transfers
each permutation ge G to 11X 11 permutation matrix p(g) and let v =
(1,2,3,4,5,6,7,8,9,10,11) € R'L. The total SW-class will be calculated at the

next GAP session.

GAP session

gap > G:= SylowSubgroup(MathieuGroup(11),2);

Group([ (2,4)(5,9)(6,11)(7,8), (3,10)(5,9)(6,8)(7,11), (2,5)(3,10)(4,9)(7,8),

(2,6,9,8,4,11,5,7)(3,10) ])

gap > A:= Mod2SteenrodAlgebra(G,12);;

gap > gens:= ModPRingGenerators(A);

[v.1,v.2,v.3,v.6,v.8]

gap > List(gens,Al.degree);

[0,1,1,3,4]

gap > rho:= PermToMatrixGroup(G);

[ (2,4)(5,9)(6,11)(7,8), (3,10)(5,9)(6,8)(7,11), (2,5)(3,10)(4,9)(7,8),
(2,6,9,8,4,11,5,7)(3,10) ] ->

[rr1o,o0,0,0,0,0,0,0,0,01,[0,0,0,1,0,0,0,0,0,0,01,

[0,0,1,0,0,0,0,0,0,0,01],[0,1,0,0,0,0,0,0,0,0,017......
gap> v:=[1,2,3,4,5,6,7,8,9,10,11];;
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CHAPTER Four Stiefel-Whitney classes of a real representation for non-prime power groups

gap > sw: = FundamentalMultiplesOfStiefelWhitneyClasses(rho, v, A, true);
[[0*v.1,v.1 ],[ O*v.1, v.3, v.2, v.2+v.3 ], [ O*Vv.1, v.5, vi4, v.4+v.5 ], [ O*v.1,
v.7,v.6,v.6+v.7 ],] 0*v.1, v.10, v.9, v.9+v.10, v.8, v.8+v.10, v.8+v.9,
v.8+v.9+v.10 ],.....

gap > TotalStiefelWhitneyClass: =
sw[1][2]+sw[2][2]+sw[3][2]+sw[4][2]+sw[5][2]+sw[6][2[+sw[7][2]+sw[8][2]+
swl91[2];

v. 1+v.34+v.5+v.7+v. 10+v. 14+v. 18+v.22+v.27

gap > PrintAlgebraWordAsPolynomial (A, TotalStiefelWhitneyClass);
Vv.1+v3+v2*%2+v.2*¥v3 +v.2*¥2*2+Vv.2*v.2*xVv.2*V.2+
V.2¥v.2RV 2%V 2%v.2 + v.6*v.2*v.2 + v.2¥v.2FV.2*V.2*v.2HV.2 + v.6Fv.2*y.2*y.2

+ v.2*v.2*v. 2K\ v.2FV. 2RV 2R 2 + v.2FV. 2*y. 2RV 2Ry 2Ry . 2F .2 F .2
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CHAPTER
FIVE

Experimental results




Chapter Five:

5.1 Experimental results of Steenrod squares on a a finite 2-
groups of order 128.

We present a sample of results from our implementation of Steenrod squares on
a a finite 2-groups of order 128. We have completed the computation of more
than 200 groups of order 128. The implementation can compute the Steenrod
squares.

« all direct product groups of orders 128 by using Direct

product method.

* some small groups of order 128 wich have generators of degree 1, 2, 3 or 4 by
using The CohomologicalData(G,n) method or Detection Method as well as
using the HAP command CohomologicalDetectedIntersection(G,K,n) on the
specified maximal subgroups.

Group order: 128

Group number: 1

Group description: C128
Cohomology generators
Degree 1: a

Degree 2: b

Cohomology relations
1:a?

Steenrod squares

Sq" (b) =0

e e ek ek ek ek ek ek ke ke ek ek ek ek ek ek ko
Group order: 128

Group number: 2
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Group description: (((C4xC2):C8):C2): 1

Maximal Subgroup list:[ [ 64,17 ],[64,71],[64,17]]
Cohomology generators

Degree 1:a, b

Degree 2:c, d, e, f

Degree 3: g

Steenrod squares

Sq* (c) =0

Sqt(d)=c*b+d*b+exa
Sqt(e)=c*b+dxa+exbh

Sqt()=e=xa

Sq'(g)=c*bxb
S*(g)=c*c*a+cxCxb+exexa+exexb+gxbxb
Group order: 128

Group number: 3

Group description: (C4 : C4) : C8

Maximal Subgroup list:[ [ 64,17 ],[64,70],[ 64, 17] ]
Cohomology generators

Degree 1: a, b

Degree 2:c, d, e

Degree 3: f, g

Degree 4: h, p

Steenrod squares

Sq* (c) =0

Sqt(d)=b=xb

Sq* (e) =0
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Sqt()=dx*b
Sq'(g)=c*a+c*b+dxb+f
Sqt(h)=c*bxb
Sq'(p)=cxbxb

qu(f)=C*C*a+C*C*b+d*d*a+f*C+p*a,C*C*a+c*C*b+d*
dxa+g*bxb+fxc+p=x*a

Sq°(g)=c*d*a+cxdxb+fxd cxdxa+tcxd*b+gxbxb+fxd
Sq? (h) =2

kAhhkAhhkkhkrhkkhhkrhkhrhkhkhkihhkkihkihkhhhhhihkihkhhkhhkihkhhhihkhhkhhkhihkhhkihkhhiihihkiikkx

Group order: 128

Group number: 5

Group description: (C8 x C2) : C8
Maximal Subgroup list:[ [ 64, 83 ], [ 64, 83],[ 64, 83]]
Cohomology generators

Degree 1:a, b

Degree 2: ¢, d, e, f, g

Steenrod squares

Sq'(c)=0,ex*b

Sqt(d)=d+a+d*b d+a+d*b+exb
Sqt(e)=d*a,dxa+exb

Sqt ()=d*a,d+a+exb
Sq'(g)=0,exb

*khkkhkkkkhkkhkkkkhkkhkkhkkhkkkkhkkhkkhkkkkkikkhkkkkkkhkkhkkkkkkhkkhkkkhkkhkkhkkhkkkkkkhkkkkkkkikkkkkkkikkkkkkk

Group order: 128
Group number: 6
Group description: (C8 x C4) : C4

Maximal Subgroup list:[ [ 64, 112 ], [ 64,57 ],[ 64, 112]]
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Cohomology generators
Degree 1:a, b

Degree 2:c, d, e, f

Degree 3: g, h

Degree 4: p, q

Steenrod squares

Sg'(c)=0,d*a

Sq'(d)=0,d*a

Sq'(e)=0,d *a

Sq' (f)=0,d*a

Sq'(9) =0
Sg?(g)=c*d*a+cxfxb+g*f+qxb cxfxb+g*f+qx*b
Sq' (h)=0

S (h)=c*d*a+hxf+qg*a h*xf+qx*a
Sq' (p)=0,c*d=a

Sg*(p)=c*cxd+cxcxf+cxdsfrorexfroxfrfrdsfrfrexfs
f+gxh+q+xd+qgx*e

*khkkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkikkhkkhkkkkkhkkhkkhkkkkkhkkhkkhkkhkkhkkikkhkhkkkkhkkhkkkkkkhkkkkkkkikkkkkkkk

Group order: 128

Group number: 7

Group description: (C8 x C2) : C8

Maximal Subgroup list:[ [ 64, 112 ],[ 64,84 ],[ 64, 112 ] ]
Cohomology generators

Degree 1: a, b

Degree 2:c, d, e, f

Degree 3: g, h

Degree 4: p, q
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Steenrod squares

Sq'(c)=0,d*a

Sgt(d)=d*a+d*b,dxb

Sq'(e)=d*a+dxb,dxb

St (H=dxa+dxb,dxb

Sq"(9) =0

Sq(g)=cxdxa+gxd+gxf+qxa gxd+g*f+qxa
Sq' (h)=d = d

Sq?(hy=c*d*a+hxd+qg*b hxd+qgx*b
Sqt(p)=c*dxa+d+dxb+gxd+g+fdxd+b+gxd+gxf
S (p)=d*d*f+gxh+qgxd+qg=e

St (q)=cxdxa+dxdxb dxdxb

e e ek ek ek ek e e ek
Group order: 128

Group number: 42

Group description: C16 x C8

Cohomology generators

Degree 1:a, b

Degree 2: ¢, d

Cohomology relations\

1: b2

2:a?

Steenrod squares

Sq* (c) =0

Sq' (d)=0

k,kkkkkkkkkhkkkkkkkhkkkkkkhkkkkhkkkhkkkhkhkhkkkhhkhkhkkkkhkhhkkkhkhhhkkhkhkhhkkikiiiikk
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Group order: 128
Group number: 128
Group description: C32 x C4
Cohomology generators
Degree 1:a, b

Degree 2: ¢, d
Cohomology relations
1: b2

2:a?

Steenrod squares
Sgl(c)=0

Sql(d)=0

khkkkhkkhhkhkhkikhkhkhkkhkirkhkhkrhkhkhkrhkhkhkkhkihkhkihhkhkihkhkhkkhkihkhkrihkikkiihhikkiihhiiikkx

Group order: 128

Group number: 159

Group description: C64 x C2
Cohomology generators
Degree 1:a, b

Degree 2: c

Cohomology relations
1:a?

Steenrod squares

Sq' (c)=0

e e ek e e ek ke e e ke ke e e e ke ek e ek e ek ke e ek ke ke ok

Group order: 128
Group number: 164
Group description: C4 x ((C4 x C2) : C4)
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Cohomology generators
Degree 1:a, b, c
Degree 2:d, e, f, g, h, p
Cohomology relations

L f2

cexf+fxg

e+ g°

1

2

3

4

Sbxe+bx*g

6

lrax*f
8:axet+axg+bx*f
9:ax*b

10: a?

Steenrod squares

Sql(d) =0

Sql(e) =exa+exb
Sq*(f)=d*b+exa+fx*b
Sq'(g) =exa+fxb+hx*a
Sq'(h) =0

Sq'(p) =0

*khkkkkhkkhkkhkkkkhkkhkkhkkkkkhkkhkkhkkkkkhkkhkkkkkkhkkkkkkkhkkhkkkhkkhkhkkkkkkkhkkkkkkkikkkkkkkkkkkkkk

Group order: 128

Group number: 179

Group description: C8 x C8 x C2
Cohomology generators

Degree 1:a, b, c
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Degree 2: d, e

Cohomology relations

1:b?

2: a?

Steenrod squares

Sq'(d)=0

Sq'(e)=0
khhkkhkEhkEhkhkhkhkhkAErkAkAkAkAkAhkhkAkAhAhAhkhkhkAhhkhkhkhkhhhkhkhkhkhkhkhkhkhkhhhkhkikhhhhkihhhhihiiiiiii

Group order: 128
Group number: 180
Group description: C2 x (C8 : C8)
Cohomology generators
Degree 1:a, b, c
Degree 2: d, e
Cohomology relations
1: b2

2: a?

Steenrod squares

Sq' (d)=0

Sq' (e)=0

*khkkkkkhkkhkkkkkhkkhkkkkkhkkhkkhkkkkkhkkhkkhkkkkkhkkhkkkkkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkikkikkkk

Group order: 128
Group number: 181
Group description: C8 x (C8 : C2)

Maximal Subgroup list:[ [ 64,2],[64,85],[64,3],[64,83],[64, 2], [ 64,
1121,[64, 3]]

Cohomology generators

Degree 1:a, b, c
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Degree 2: d

Degree 3: e

Degree 4: f

Steenrod squares

Sq'(d)=0,a*b=*c

Sqt(e)=0
Sq°(e)=d*axbxc+excxc+fxaexcxc+fxa
Sq'(f)=0,dxa*bxc
SqP(f)=f+axb+fxbxb

e e ek ek ek ek e e ek
Group order: 128

Group number: 188

Group description: C2 x (((C8 x C2) : C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Degree 3: g, h, p

Degree 4: q, r

Degree 5: s

Steenrod squares

Sqt (d) =0

Sqg(e)=d +xa+e +b+g

Sqt () =d xa+g

Sq' (@) =0
qu(g):d *d *a+(g~*e+(q=+a
Sqt(h) =e e
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Sq”(h)=d b *b *b+d »d ra+e e xb+h b xb+g +e+h xe xq *b
Sqt () =d *b *b

Sq° (p) =p b xb +g xe
Sq' (@) =q *a

Sq?(q) =d *b *b b xb+d *d *b xb +d xe b xb+d xe e +e xe xe
+exexf+hxexb+h+h+q=xe

Sq*(r)=d *d xa+g *d

S’ (r)=d b *b *b xb+d *d *b *b +d xe b xb+d »d xe +d *e e
+erxerxe+exexf+hrexb+prxexb+hxh+q+d+q=*f+r xe

Sq*(s)=d *b #b xb xb+d +d *b xb+e xe xf+h xd *b+h xp+q e +
r«e

Sq°(s)=d #b b *b xb xb+d #d b *b *b +d e xe b+ h #d #c *c +
g+dxe+hs+dxe+p+dxd+h=xpxc+qgx*p+rxh

Sq* (s)=0

G128,188 = G2,1 x G64,4

e e e e e ke ke e e ke ek e ke ek e ek e ek ke ke ek ke ks ok
Group order: 128

Group number: 189

Group description: C2 x ((C4 x C2) : C8)
Cohomology generators

Degree 1: a, b,c

Degree 2: d, e, f

Degree 3: g, h

Degree 4: p

Steenrod squares

Sq' (d)=0

Sqt(e)=c *C *C+e xcC

St ()=d xb+e xb+g
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Sq(g) =0
Sq’(g)=d *c xc#c+d+d xb+fxcxc+g*e+pxb

Sqt(h) =e #c *Cc +e *e
Sq”(h)=d xc cxc+d+d b +d e xc+h #c+c+h+e+hxc
Sqt (p) =d *c *c #c+d +d xb+g *d *p #b

Sq?(p) =d *d #c *c+c xe xc xC+exe xc xc+d xd xd+d »d xe +d »

d+f+dxexe+erexe+exexf+pxd+pre+p =f

G128,189 = G2,1 x G64,5

khhkAhhkkhkrhkkhhkrhkhhkhkhkhArhkihkrhkhhkhhhrhkihkhhkhhkihkiikhihihhkihkhihhhihkihkihkiihkiikkx

Group order: 128
Group number: 206
Group description: C2 x ((C4 : C8) : C2)
Cohomology generators
Degree 1:a, b, c
Degree 2: d, e, f
Cohomology relations
1:f?

2:a * f

3:axb

4 q?

Steenrod squares

Sqt(d)=0
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Sq'(e) =e xa+e xb

sq' (f)=f b

e e e e e e ek e e ek e ek ek e ek e ek ke ek ke ek ok
Group order: 128

Group number: 207

Group description: C2 x (Q8 : C8)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares

Sqt(d)=0

Sqt (e) =e #b

Sqt (f)=0

Sq°(f)=e xb xb xc+g *a, g *a
Sq'(g) =0

Sq°(g) =d #d #c #c+d *e xC #c

G128,207 = G2,1 x G64,7
KEAAAXIAAkEAAAkEAIAAAkAIAkAhAkAkkhkhhkhkihkhhkkihkhhkkihhhkkhkkkhkihkhkikhhkihikihihihihikikikihikiiikkikx
Group order: 128
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Group number: 230

Group description: C2 x (((C8 x C2) : C2) : C2)
Cohomology generators

Degree 1: a, b, c

Degree 2: d, e, f

Degree 3: g, h

Degree 4: p, g

Steenrod squares

Sqt (d)=d *a+d *b

Sq'(e)=d xa+g+h

Sqt (f)=0

Sq' (9) =0

Se?(g) =g *b *b+q *b

Sqt (h)=0

Sq?(h)=g b *b+h «f+q *a+q b
Sq*(p)=d *b *b *b+d *xd xa+q *b

Sq°(P)=d *b *b xb b +d »d xb b +d +d xe +d xe #f+p xf+q *e
Sql(q):d *d+a+dx+fra+g+f+h=f+q=a

qu(q):d x*d xe+dxdxf+gxg+q=+e+q =f

G128,230 = G2,1 x G64,8

k*kkkkkkkkkhkkkkkkkhkkkkkkhkkkkkkkkkkhkhhkkkhkhkhkhkkkkhhhkkkhkhhhkkhkkhkhhikhkhkiiiikk
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Group order: 128

Group number: 231

Group description: C2 x ((C4 : C4) : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g, h, p

Degree 4: q

Steenrod squares

Sq'(e) =e xa+e *cC

Sq' (f) =0
Sq'(g) =e *a *a+e xa*b+g *c

Sq°(g) =e xexa+exexc+exfsc+grbxc+grc exexa+exexsc+e
#C+ Q *C

Sqt(h)=e xb xc+g *c

Sq’(h)=e xfxa+g*b*c+q+*aex+fra+tq=xa

Sq'(p)=e xa*a+e+ax+b+fra*b+g*c

Sq’(p) =e xfxb+gxb xc+q*b,exfxb+qxb

Sqt(q)=e #*fra+exfxcexfra+texfrc+g+bxc

SqP(q) =e *e ra+a+exe+a+b+exe+bsc+exexf+exfxf+gxg

G128,231 =G2,1 x G64,68

k,kkkkkkkkhkkkkkkhkkkkkkhkkkkhkkkhkkkhkhkhkkkhhkhkhkkkkhkhkkkkhkhhhkkhkhkhhhkhkikiiiikk
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Group order: 128

Group number: 254

Group description: C2 x ((C8 : C4) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g, h

Steenrod squares

Sqt(d)=d b +f

Sq'(e) =d #b +f

Sqt()=0

o (f) =g *a

Sq*(g) =d #b *b #b

S?(g) =d *d xb xb+g b xb+g xd+g e
Sq* (h) =h *b

Sq% (h) = d#b b #b #b+d #d #b sb+d #d #d+d #d se-+g +b #b+h b xb+g +d+g »e
G128,254 = G2,1 x G64,10

R R T R R R R R R R R R R R e R R R R R R e R R R R R e e R R R R R R R R R R R e R e R R R e R e R
Group order: 128
Group number: 255

Group description: C2 x ((C2 xC2) . ((C4xC2) :C2)=(C4xC2).(C4xC2)
Cohomology generators

Degree 1:a, b, c
Degree 2: d
Degree 3: e, f
Degree 4: g, h, p, q
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Degree 5: 1

Steenrod squares

Sq* (d) =0

Sqt(e) =0

Sq*(e)=g*a

Sq" (=0

Sq*(f)=g+a+p=a

Sq' (@) =h=b

S’ (g)=exf+gxbsxb+qgxbxb
Sqt (hy=h=b
Sq?(h)y=g*b*b+gxbxb+qg=c
Sq” (p) =0

Sq’ (p)=exf+gxbxb+qxc
Sq' (@) =h=xb
S?(q)=exf+gxbxb+q*bx*b
Sqt (=0
Sq"(N=gxe+gxf+qxe
Sq'(N=gxg*a+gxq=a
G128,255=G2,1 x G64,11

Group order: 128

Group number: 270

Group description: C2 x((C4 : C8) : C2)
Cohomology generators

Degree 1: a, b, c

Degree 2: d, e, f

Steenrod squares
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Sqt(d)=d*a+dx*b

Sq'(e)=exb+fxb

Sq* (f)=0

G128,270 = G2,1 x G64,12

e ek ke e ek ke e e ek e ek e ek ke ek e ek ke ke ok ok
Group order: 128

Group number: 271

Group description: C2 x ((C2 x C2) . ((C4xC2):C2)=(C4xC2).(C4xC2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares

Sgh1(d)=d*b

Sg™1(e)=0

Sg™1(f)=e*b*b

Sg"2(f)=d*d*a+g*a

5g"1(g)=0

Sg"2(g)=d*d*b*b

G 128,271 =G 2,1 x G 64,13

e e e e ek e ek ek ke ek ek ek ek
Group order: 128

Group number: 273

Group description: C2 x ((C2 xC2) . ((C4xC2):C2)=(C4xC2).(C4xC2)
Cohomology generators

Degree 1:a, b, c
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Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares

Sq™1(d)=d*b

Sg™1(e)=0

SgML(H=e*b*b
Sg"2(f)=d*d*a+g*a

Sg™1(g)=0

Sg"2(g)=d*d*b*b

G 128,273 = G 2,1 x G 64,13
A T A ——
Group order: 128

Group number: 294

Group description: C2 x (C8 : C8)

Maximal Subgroup list:[ [ 64, 15],[ 64, 103],[64,15],[64,83],[ 64, 15], [
64, 1031, [ 64, 15]]

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Steenrod squares

SgM1(d)=0,a*b*c

SgMl(e)=a*b*c+d*a+e*a,d*a+e*a

e e e e e ek ke ek e ek ek ek ek ek ek ek ek ek ko
Group order: 128

Group number: 295

Group description: C2 x (C8 : C8)
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Maximal Subgroup list:[ [ 64, 16 ], [ 64, 103 ], [ 64, 16 ], [ 64, 831, [64, 16 ], [
64,1031, [ 64, 1611

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Steenrod squares

SgM1(d)=0,a*b*c

SgMl(e)=a*b*c+d*a+e*a,d*a+e*a

e e e e ek ek e ek ek ek ok ke ok
Group order: 128

Group number: 307

Group description: C8 x D16

Maximal Subgroup list:[ [ 64, 61, [ 64, 115], [ 64, 16 ], [ 64, 1151, [ 64, 1181, [
64,21,[64,6]1]

Cohomology generators
Degree 1:a, b, c

Degree 2: d, e

Steenrod squares
Sgq™1(d)=d*a+d*b

Sg*1(e)=0

e e e e e e e e ke ek ek ek ke ek ek ek ko
Group order: 128

Group number: 308

Group description: C8 x QD16
Cohomology generators
Degree 1:a, b, c

Degree 2: d
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Degree 3: e

Degree 4: f

Steenrod squares

Sg™1(d)=0

Sg™1(e)=0

Sg"2(e)=e*b*b+f*b

Sgr1()=0

Sgh2(f)=e*e

G 128,308 = G 8,1 x G 16,8
S U U U
Group order: 128

Group number: 309

Group description: C8 x Q16
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 4: e

Steenrod squares

Sq™1(d)=0

Sg™1(e)=0

Sg"2(e)=0

G 128,309 =G 8,1 x G 16,9
e e e e ek e e e ek ek ek ek ko ek ek ke
Group order: 128

Group number: 456

Group description: C8 x C4 x C4
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Maximal Subgroup list:[ [ 64,83 ], [64,83],[64,83],[64,55],[64,83], [
64,83],[64,83]]

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Steenrod squares
SgM1(d)=0,a*b*c
Sg™1(e)=0,a*b*c
SgM1(H)=0,a*b*c

e e e e e ek e e ek ek ek e ek ek ok ok
Group order: 128

Group number: 457

Group description: C4 x (C8 : C4)

Maximal Subgroup list:[ [ 64,84 ],[64,83],[64,84],[64,55],[64,84], [
64,83],[64,84]]

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Steenrod squares
Sg™1(d)=a*b*c+e*a,e*a
Sg™1(e)=0,a*b*c

SgM1(hH=0,a*b*c

e e e e e ek e ek e e ek ek ek ke ek ek ko ke
Group order: 128

Group number: 459

Group description: C2 x ((C8 x C2) : C4)

Cohomology generators
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Degree 1:a, b, c
Degree 2:d, e, f, g, h
Cohomology relations
A2

s e*f+f*g

. en2+g"2

: b*e+b*g

b2

a*f

: a*et+a*g+b*f
a*b

sal2

© o0 N o o B~ O w N

Steenrod squares

Sq™1(d)=0

Sg™hl(e)=e*a+e*b

Sgh1(f)=e*a+f*b

Sg™1(g)=e*a+f*b+h*a

Sgq~1(h)=0

e e e e e e e e e e ek ek ek ok ek ek ok
Group order: 128

Group number: 463

Group description: C2 x (C4 . (C4 x C4))
Cohomology generators

Degree 1:a, b, c

Degree 2:d, e, f, ¢

Degree 3: h, p

Degree 5:q, r
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Degree 6: s, t

Degree 8: u

Steenrod squares

SgM1(d)=0, d*a+d*b+e*a
SgMl(e)=d*a+d*b+e*b, e*a+e*b
SgM1(f)=d*at+e*a+e*b, d*b+e*b
SgM1(g)=d*a+e*a+e*b, d*b+e*b
Sq™1(h)=d*d

Sg"2(h)=h*e+h*f+q+r

Sg*1(p)=d*d+e*e
Sg"2(p)=d*d*b+e*e*b+h*g+p*e+r
Sgh1(g)=d*d*f+d*d*g+d*e*f+e*e*e+e*e*f
Sg™2(q)=d*d*d*a+d*d*d*b+qg*e
Sg™M4(g)=g*d*d+g*d*e+u*a+u*b
Sg™1(r)=d*d*d+d*d*e+d*e*g+e*e*e+e*e*f
Sg"2(r)=d*d*d*a+h*d*d+h*d*e+p*d*d+p*d*e+q*d+q*e

SgM4(r)=d*d*d*d*a+d*d*d*d*b-+h*d*d*d+h*d*d*e+p*d*d*d+p*d*d*e+q*d*d
+g*d*e+r*d*d+u*b

Sg™1(s)=d*d*d*a+h*d*d+h*d*e+h*e*g+p*d*d+p*d*e+qg*e

Sg"2(s)=d*d*d*e+d+d*d*f+d*d*d*g+d*d*e*e+d*e*e*e+e*e*e*e+e*e*e*f+q*
h+q*p

SgM4(s)=d*d*d*d*e+d*d*d*d*f+d*d*d*e*e+d*d*d*e*f+d*d*e*e*e+d*e*e*e*
e*e*e*e*e*et+e*e*e*e*f+q*h*d+q*p*d+u*d+u*f+u*g

SgML(t)=d*d*d*a+d*d*d*b+h*d*e+h*d*g+h*e*e+h*e*g+p*d*d+p*d*e+q*d+q
*e+r*d

Sq"2(t)=d*d*d*d+d*d*d*e+d*d*e*f+e*e*e*f+q*p+rh

SgM4(t)=d*d*d*d*d+d*d*d*e*f+d*e*e*e*e+e*e*e*e*e+e*e*e*e*g+h*p*d*d+
h*p*e*e+q*h*d+q*h*e+r*h*d+r*p*d+u*g

93



SgM1(u)=h*d*d*d+h*d*d*e+h*d*d*g+h*e*e*g+p*d*d*e+p*d*e*e+q*d*d+qg*e
*e+r*d*d

Sg"2(u)=d*d*d*e*e+d*d*d*e*f+d*d*d*e*g+d*d*e*e*e+d*e*e*e*et+e*e*e*e*
e+e*e*e*e*f

Sg*4(u)=d*d*d*d*d*d+d*d*d*d*d*f+d*d*d*d*e*e+d*d*d*d*e*g+u*d*d+u*d
*f+u*e*e+u*e*g

G 128,463 = G 2,1 x G 64,19
e e ek e ek ek ek ek ok ok
Group order: 128
Group number: 464
Group description: C2 x ((C4 : C4) : C4)
Cohomology generators
Degree 1:a, b, c
Degree 2: d, e, f, ¢
Degree 3: h, p
Degree 4: q, r
Cohomology relations
1:h%+p?
2:g*a+ hx*p
3:f%
4d:exh+exp+ f=*p
e x f

: e?

5

6
7:b*xa+exp
8:'bxp+exg+ fx*xg
9:bxh+exg
10:b * f

11 : b?
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12:a * a
13:a *x p
14:a * h
15:axg + b xe
16:a * f + b * e
17:a e + b *x e

18:a * b

19 : a?

20:f x h x p + f = p?
21:f xg*xh+ f*xg=x*p
22:d * p?>+ a®

23 : g*h+p=xa
24:d * g* + p?

25 :
26 :
27 :
28 :

xfxg+f*xa
xexgt+texa+f xa

xexa+d*xg*p+ h=x*xa

ST T QA Q& QA4 Q& & Y Y Q8
*

xex*g
29'bxdx*xg+e*xp+f*xh
0:bxd=xe+ f*xh+fxp
Steenrod squares

Sq' (d)=0

Sq'(e)=d*b+e=xa

Sq' (f)=e=xa
Sqt(g)=dx*b+exa

Sq* (h) =?

k*kkkkkkkkkhkkkkkkkhkkkkkkhkkkkkkkkkkhkhkkkkhhkhkhkkkkhhhkkkhkhhhkkhkhkhhkikkhkiiiikk
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Group order: 128

Group number: 466

Group description: C2 x ((C4 : C4) : C4)
Cohomology generators

Degree 1:a, b, c

Degree 2:d, e, f, g, h

Cohomology relations

1:f?

2:ex [+ fxg
3:e’+ g
4:bxe+ b xg

5:b?

6:a x f
laxe+ax*xg+bx*f
8:a *xb

9:a?
Steenrod squares

Sq' (d)=0

Sqt(e)=exa+exbh

St ()=d*b+exa+fxb

Sq' (9) =0

Sq*(h)=h+a

e e e e e e e e e e ek ke ek ek ke ek ek ek ko
Group order: 128

Group number: 469

Group description: C2 x ((C4 x C2) . D8 =C4 . (C4 x C4))

Cohomology generators
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Degree 1:a, b, c

Degree 2:d, e, f, ¢

Degree 3: h, p

Degree 4: q, r

Steenrod squares

Sgq™1(d)=0

SgMl(e)=e*a+e*b
SgM1(f)=d*b+e*a+f*b

Sg™1(g)=0

Sq™1(h)=d*d

Sg"2(h)=e*f*b+h*d+r*a

Sq™1(p)=d*g
Sg"2(p)=d*d*b+e*f*b+h*e+h*g+p*d+r*b
Sg*1(q)=d*d*b+e*f*b+h*g+p*d
Sg"2(g)=d*d*eh*p+r*f
Sg™1(r)=d*d*b+e*f*b+h*g+p*d
Sg"2(r)=d*d*d+d*d*e+d*d*f+r*d+r*e

G 128,469 = G 2,1 x G 64,22

e e e e e e e e e e ek ek ek ke ek ok ek ek ek ko
Group order: 128

Group number: 473

Group description: C2 x ((C8 : C2) : C4)

Cohomology generators

Degree 1:a, b, c

Degree 2:d, e, f, ¢

Degree 3: h, p

97



Degree 4: q, r

Steenrod squares

Sgq™1(d)=0

Sg™l(e)=e*b
SgM1(H)=d*b+e*b+g*a
Sq"1(g)=e*b

Sg™1(h)=0

Sg"2(h)=h*e+r*a

SgM1(P)=e*e
Sg"2(p)=e*g*b+h*f+p*e+r*b
Sgh1(g)=d*g*+e*e*b*h*e+h*f
Sg"2(g)=d*e*g+e*e*f+h*p+r*d
Sg*1(r)=d*g*b+e*e*b+e*g*b+h*e+h*f

Sgh2(r)=d*e*e+d*e*g+e*e*e+e*g*g+rrd+r*e

G 128,473 = G 2,1 x G 64,24

e e e e e e e e e e e e ek e ek ek ke ek ok ek ek ok
Group order: 128

Group number: 475

Group description: C2 x ((C8 x C2) : C4)
Cohomology generators

Degree 1:a, b, c

Degree 2:d, e, f, ¢

Degree 3: h, p

Degree 5: q, r

Degree 6: s, t

Degree 8: u
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Steenrod squares

Sg™1(d)=0

SgMl(e)=e*a+e*b

SgM1(f=e*a+e*b

SgM1(g)=d*b+e*a+e*b

SgM1(h)=d*e+d*f

Sg"2(h)=e*e*b+h*d+h*e+r

SgM1(P)=d*e+d*f+e*e
Sg"2(p)=d*d*a+d*d*b+h*g+p*d+p*e+q*r
Sg™1(g)=d*d*e

Sg"2(q)=d*d*d*a+d*d*d*b+q*d+q*f
Sg™4(g)=d*d*d*d*a+te*e*e*e*b+h*d*d*g+g*d*e+u*a+u*b
Sg™h1(r)=d*d*e+d*e*f+e*e*e+e*e*f
Sg"2(r)=d*d*d*a+h*d*e+h*e*g+p*d*e+q*d+q*e+q*f

SgM4(r)=d*d*d*d*a+d*d*d*d*b+e*e*e*e*b+h*d*d*e+h*d*d*g+p*d*d*e+q*d
*d+r*d*d+u*a

Sg™1(s)=h*d*e+h*e*e
Sg"2(s)=d*e*e*e+e*e*e*f+r*h

SgM4(s)=d*d*d*d*f+d*d*d*e*e+d*d*d*e*g+d*e*e*e*e+e*e*e*e*f+e*e*e*e*(
+h*p*e*e+q*h*e+u*e+u*f

SgqM1(t)=d*d*d*a+e*e*e*b+q*d+q*e+r*d
Sg"2(t)=d*d*d*d+d*d*d*e+d*d*d*f+d*d*d*g+d*d*e*f+q*h+q*p

SgM4(t)=d*d*d*d*d+d*d*d*d*f+d*d*d*e*e+d*d*d*e*f+d*e*e*e*e+e*e*e*e*e
+e*e*e*e*f+g*h*d+g*p*d+r*h*d+r*p*d+u*e+u*f+u*g

SgM1(u)=d*d*d*d*a+e*e*e*e*b+h*d*d*g+h*d*e*g+g*d*d+r*d*d

Sg"2(u)=d*d*d*d*g+d*d*d*e*e+d*d*e*e*e+e*e*e*e*g+h*p*d*d+q*h*d+r*h
*d+r*p*d

SgqM4(u)=d*d*d**e*e*e+d*d*e*e*e*e+d*e*e*e*e*e+e*e*e*e*e*e+h*p*d*d*e
+g*h*d*e+u*d*d+u*d*f+u*d*g+u*e*e
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G 128,475 =G 2,1 x G 64,25

e e e ek e ke ke ke ek ek ke ke ek ek ke ek ek ek ke ke ke
Group order: 128

Group number: 480

Group description: C4 x ((C8 x C2) : C2)

Cohomology generators

Degree 1: a, b, c

Degree 2:d, e, f, ¢

Cohomology relations

1:d?+e?

2:bxd+ b xe

3:b?
4:a b
5:a?+c?

6:b x c?

Steenrod squares

Sqt(d)y=d*a+d=*b

Sq' (e)=e *a

Sq' (f)=0

Sq'(g)=a*a*xa+ta*xa*c

e e e e e e e e e e ek ek ke ek ek ok
Group order: 128

Group number: 483

Group description: C8 x ((C4 x C2) : C2)

Cohomology generators

Degree 1:a, b, c

Degree 2:d, e, f, g
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Cohomology relations
1:bxd+ b *e

2:b?

3

4:a%+c?

S:c?xf +d? + e?

6:bxc?

Steenrod squares

Sqt(d)=d*a+dx*b
Sq'(e)=exa+fxa

Sq' (H=0

Sq' (9) =0

e e e e e e e e ek e e ek ek e e
Group order: 128

Group number: 487

Group description: C4 x ((C8 : C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Degree 3: g, h

Degree 4: p, q

Steenrod squares

SgM1(d)=d*a

Sg™1(e)=0

Sg*1(f)=0

5q"1(g)=0
Sg"2(g)=f*b*b*b+e*f*b+g*f+q*a
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Sq1(h)=e*b*b+f*f
Sg"2(h)=e*f*b+h*b*b+h*f+g*a+q*b
SgM1(p)=e*b*b*b+e*f*b+f*f*pb+g*f+h*e
Sg"2(p)=e*b*b*b*b+h*e*b+h*f*b+g*h+q*e

Sg*1(g)=0
Sg"2(q)=e*b*b*b*b+e*f*h*b+f*f*b*b+h*f*b+h*h+q*f

G 128,487 =G 4,1 x G 32,7
S —
Group order: 128

Group number: 488

Group description: C4 x (C2. ((C4xC2) : C2) =(C2xC2).(C4xC2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Degree 3: g

Degree 5: h, p

Degree 6: q

Degree 8:r

Steenrod squares

Sg1(d)=0

Sg™1(e)=0

Sgr1(f)=b*b*b+f*b

SgM1(g)=e*b*b

Sq"2(g)=g*f+h

Sgr1(h)=e*f*b*b+f*f*b*b

Sg"2(h)=p*b*b
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Sg™4(h)=r*a

S 1(p)=f*f*f+p*b

Sq*2(p)=0

SgM(p)=e*f*f*fF*b+p*f*b*b+p*f*f+r*a+r*b
SgML(q)=e*f*f*b+g*f*f

Sg2(q)=f*f*f*b*b+e*f*f*f+p*e*b
Sqr4(q)=f*f*f*f*b*b+p*g*f+rre

SghL(r)=e*f*f*f*b

Sqn2(r)=f*f*f*f*h*h+e*frfrff

SN (r)=f*f*Ff*f*b*b+f*f*Ff*f*f+p*f*f*f*b+p*p*f+r f*f

G 128,488 =G 4,1 x G 32,8
S L U S U A U
Group order: 128

Group number: 490

Group description: C4 x ((C4 x C4) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Degree 3: g

Degree 4: h

Steenrod squares

SgM1(d)=d*a

Sg™1(e)=0

SgM1L(H=0

Sg"1(g)=0

Sgn2(g)=f*f*a+g*f+h*a
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Sg*1(h)=0

S 2(h)=f*f*f+h*b*b+h*f

G 128,490 = G 4,1 x G 32,11

e e e e e e e ek e e e e e ek e e e e ek ek ke ke ke ke ok ok
Group order: 128

Group number: 492

Group description: C4 x ((C8 x C2) : C2)

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f, g

Cohomology relations

l:bxd+b=xe
2:b%
3:axb
4:a%+c?
5:c?*xe+d?+e?
6:bx*c?
Steenrod squares

Sqt(d)y=d*a+dx*b

Sq*(e)=0
Sq' (H=f=xa
Sq* (9) =0

*hkkhkkkkhkkhkkkhkkhkkhkkhkkhkkkkhkkhkkkkkkhkkhkkhkkkkkhkkhkkhkkhkkhkkhkkhkkhkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkikkhkkhkkhkkhkkkkk

Group order: 128
Group number: 493
Group description: C4 x (Q8 : C4)

Cohomology generators
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Degree 1:a, b, c
Degree 2: d, e, f
Degree 3: g
Degree 4: h
Steenrod squares
Sg™1(d)=d*a+d*b
Sg™1(e)=0
SgM1(f)=a*a*c
Sg™1(g)=0
Sq2(g)=h*a
Sgthl(h)=e*e*b+e*f*b
Sg"2(h)=e*e*f

G 128,493 = G 4,1 x G 32,10

e e e e ke ke ek e ke ek ek e e ke ek e ek e ek ke ke ek ke ks ok
Group order: 128

Group number: 498

Group description: C4 x (C4 : C8)

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Cohomology relations

1:b?

2:axb+c?
3:a%+c?
4:p*c?
5:ax*c?
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6:c?

Steenrod squares

Sq'(d)=d *b
Sq'(e)=0
Sq' (f)=0

kkhkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkhkhkhhhkhkhkhhhhkhkhkhkhkhkhkhkhhhhkhkhihhhkiiiihkikikkkikkikik

Group order: 128
Group number: 501
Group description: C8 x (C4 : C4)
Cohomology generators
Degree 1:a, b, c
Degree 2: d, e, f
Cohomology relations
bZ
caxb+c?
a? + c?

2

1:

2

3
4:bxc?
dlaxc
6

¢t

Steenrod squares

Sq'(d)=d *b
Sq' (e)=0
Sq' (f)=0

k,kkkkkkkkkhkkkkkkkhkkkkkkhkkkkhkkkhkkkhkhkhkkkhhkhkhkkkkhkhhkkkhkhhhkkhkhkhhkkikiiiikk

Group order: 128
Group number: 506
Group description: C4 x (C8 : C4)
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Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Cohomology relations

1: b"2

2: a*b+c"2

3: ah2+c"2

4: b*c"2

5:a*cn2

6: cM4

Steenrod squares

Sg*1(d)=d*b+e*a

Sg”*1(e)=0

Sgr1(f)=0

e e e e e e e e ek e ek ek ek ke ko
Group order: 128

Group number: 507

Group description: C4 x (C8 : C4)

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Cohomology relations

1:b?

2:axb+c?
3:a%+c?
4:p*c?
5:ax*c?
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6:c*

Steenrod squares
Sq'(d)=d *b
Sq'(e)=0

Sq- (=0

AEEEAKXKAAKXAIAEAXALAARAAAXAAAAAAAXAAXAAAIAAAAIAIAAAIAAAIAAhdhhkihhhkihhkikihkiihkiixk

Group order: 128
Group number: 509
Group description: C4 x (C4 . D8 =C4 . (C4 x C2))
Cohomology generators
Degree 1:a, b, c
Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares
Sq1(d)=0

Sg™1(e)=0

Sghl(f)=e*e
Sgn2(f)=f*e+g*a
Sg™h1(g)=e*e*b
SgM2(g)=e*e*e+g*e

G 128,509 = G 4,1 x G 32,15

e e e ek e e ke ek ek ek ek ke ke ek ek ek ek ek ek ko
Group order: 128

Group number: 837

Group description: C16 x C4 x C2
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Cohomology generators

Degree 1: a, b, c

Degree 2: d, e

Cohomology relations

1: b?

2:a?

Steenrod squares

Sq' (d)=0

Sq'(e)=0
*AEAEAEAAAAANEAAAAAKAAAAAAKAAAAAAAAAAAAIAhkhkhkhkhkhkhkhhhhkhkhhhrhkihhhhhiiiiiikh
Group order: 128

Group number: 838

Group description: C2 x (C16 : C4)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Cohomology relations

1: b?

2:a?

Steenrod squares

Sqt(d)=e=xa

Sq'(e)=0
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Group order: 128

Group number: 839

Group description: C4 x (C16 : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 3: e

Degree 4: f

Steenrod squares

Sq'(d)=0

Sq' (e)=0

S (e)=exbxb+fxbx*b

Sq' (f)=0
SPP(f)=f+axb+fxbxb

G 128,839 =G 4,1 x G 32,17
e e e e e e e e e e e ek ke ek ek ko ek ek ko
Group order: 128

Group number: 841

Group description: C2 x (C16 : C4)

Cohomology generators
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Degree 1:a, b, c

Degree 2: d

Degree 3: e

Degree 4: f

Steenrod squares

SgM1(d)=0

Sg™1(e)=0

Sg"2(e)=e*d+f*a

Sg™1(f)=e*d

Sgr2(f)=f*d

G 128,841 = G 2,1 x G 64,28

e e e e e e ek ke ek ek ek ek ek ok
Group order: 128

Group number: 843

Group description: C2 x ((C16 x C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Cohomology relations

1:f°%
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2:a * f

3:axb

4 q?

Steenrod squares

Sq' (d)=0

Sq'(e)=exa+exh
Sq*(f=exa+fxb

e e e ek ek ek e ke e e e ek e ek ek ke ke ek ks ok
Group order: 128

Group number: 846

Group description: C2 x ((C16 : C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g

Degree 5: h, p

Degree 6: q

Degree 7:r

Degree 8: s, t
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Steenrod squares

Sg™1(d)=0, d*b

SgM1(e)=d*b+e*b, e*b

Sq™1(f)=0

Sg"2(f)=e*b*b*b+f*e+h
SgM1(g)=e*e*b+f*e+g*b

Sq"2(9)=g*b*b+q

Sg1(h)=d*b*b

Sg”2(h)=h*e

SqM4(h)=t*a
Sgq™1(p)=e*b*b*b*b+d*e*e+e*e*e+g*b*b+p*b
Sg”2(p)=e*b*b*b*b*b+e*e*b*b*b+g*b*b*b+p*b*b+h*e

Sq4(p)=e*b*b*b*b*b*b*b+e*e*e*b*b*b+e*e*e*e*b+f*e*e*e+g*b*b*b*b*b+

g*e*e*b+p*b*b*b*b+p*e*b*b+h*e*e+p*e*e+p*g+t*b
Sg™hl(g)=e*e*e*b+f*e*e

3q"2(q)=0

SgM4(q)=p*e*e*b+p*f*e+t*d

SgM1(nN=0

SgM2(n)=e*e*e*e*b+f*e*e*e+h*e*e+t*a
SgM4(r)=e*e*e*e*e*b+f*e*e*e*et+g*e*e*b*b*b+q*p+rre*e+t*e*b+t*f,

g*e*e*b*b*b+h*e*e*e+r*e*e+t*e*b+t*f
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Sgtl(s)=e*e*e*e*b+f*e*e*e+g*e*b*b*b+h*e*e+p*g+rre
Sg"2(s)=g*e*b*b*b*b+g*e*e*b*b+p*e*e*b+p*fre+t*d
Sgr4(s)=d*e*e*e*e*e+g*e*e*b*b*b*b+g*e*e*e*b*b+p*gre*b+s*p+t*g

Sg™L(t)=e*b*b*b*b*b*b*b+e*e*b*b*b*b*b+e*e*e*b*b*b+f*e*e*e+g*b*b*b*

b*b+p*e*b*b+h*e*e+p*g+r*e
Sg"2(t)=e*e*b*b*b*b*b*b+d*e*e*e*e+g*e*e*b*b+p*b*b*b*b*b+p*f*e+t*d

Sgh4(t)=e*e*e*e*b*b*b*b+*e*e*e*e*e*h*b+e*e*e*e*e*e++gre*e*e*b*b+p*b

*h*h*h*h*h*h+prerh*b*h*h*h*b+p*e*e*e*b+prgrerb+prore+trere+trg
G 128,846 = G 2,1 x G 64,30

e e e ek ke ek ke ek ek ok
Group order: 128

Group number: 848

Group description: C2 x ((C16 x C2) : C2)

Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares

Sq™1(d)=0

SgMl(e)=d*ate*b
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Sg™1(f)=d*d

Sgh2(f)=f*d+g*a

5g"1(g)=0

Sg™2(g)=g*b*b+g*d

G 128,848 = G 2,1 x G 64,31
B ——
Group order: 128

Group number: 850

Group description: C2 x (((C8 : C2) : C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Degree 3: g, h, p

Degree 4: q, r

Degree 5: s

Steenrod squares

Sg*1(d)=d*b+g+h

Sg™1(e)=0

Sgr1(f)=f*b+g+h

Sg"1(g)=0

Sg"2(g)=g*d+g*e+g*a
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Sg™1(h)=h*b

Sg"2(h)=h*f+q*b

Sq1(p)=d*d+f*f
Sq”2(p)=d*f*b+f*f*b+h*b*b+p*b*b+g*d+g*e+h*d+p*d+p*f+q*a+q*b
Sq™1(a)=q*a+q*b

Sq"2(q)=q*e+q*f

SgML(n)=g*d+h*d+h*f+p*d+s
Sg"2(r)=d*d*b*b+d*d*e+d*f*f+h*d*b+p*d*b+h*h+h*p++g*d+q*f+r*f
Sg™1(s)=d*d*d+d*f*f+p*d*b+h*p

Sg™2(s)=0

Sg™4(s)=0

G 128,850 = G 2,1 x G 64,32

Group order: 128

Group number: 856

Group description: C2 x (((C2 x C2 x C2) : C4) : C2)

Maximal Subgroup list:[ [ 64, 341, [ 64, 90, [ 64, 341, [ 64, 2111, [64, 341, [
64,907, [64,341]

Cohomology generators
Degree 1:a, b, c
Degree 2: d, e, f
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Degree 3: g, h

Degree 4: p

Steenrod squares

Sg™1(d)=0

Sg™1(e)=e*b+h

Sq1(f)=0

5q"1(g)=0

Sq™2(g)=g*b*b+g*e+p*b

Sg™1(h)=0

Sg"2(h)=g*d+h*e+h*f+p*a

Sq™1(p)=p*a
Sq”2(p)=d*d*d+d*e*e+g*e*b+g*g+p*d+p*e+p*f
Group order: 128

Group number: 868

Group description: C2 x ((C16 x C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e, f

Cohomology relations

1: a*d+a*f
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2:a*b

3:a"2

4: A 2*e+d"2+A2

Steenrod squares
Sgr1(d)=d*a+d*b

Sg™1(e)=0

Sgr1(f)=d*a+e*b+f*b
L U U U
Group order: 128

Group number: 869

Group description: C2 x (Q16 : C4)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares
SgM1(d)=d*b+e*b

Sg™1(e)=0

SgML(H=e*b*b

Sg2(f)=e*e*at+e*e*b+g*a
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Sg"1(g)=0

Sg"2(g)=0

G 128,869 = G 2,1 x G 64,39

e e e e e e e e e e e ek e ek e e ek e e ek ke ek ke ek ko
Group order: 128

Group number: 874

Group description: C2 x ((C16 x C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares

Sq1(d)=0

Sg™1l(e)=d*a+te*b

SgM1(f)=d*d

Sg"2(f)=f*d+g*a

Sg"1(g)=0

Sg"*2(g)=g*b*b+g*d

G 128,874 =G 2,1 x G 64,31

k*khkkkkkkkkkhkkkkkkkhkkkkkhkkhkkkhkkhkkhkkkhhhkkkhkkhkkkkkhhhkkkhhhhkhkhkhhhikikikiiiikk

119



Group order: 128

Group number: 876

Group description: C2 x ((C16 : C2) : C2)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Degree 3: f

Degree 4: g

Steenrod squares

Sq™1(d)=0

Sg™l(e)=d*a+te*b

SgM1(f)=d*d

Sgn2(f)=f*d+g*a

5g"1(g)=0

Sq”2(9)=g*b*b+g*d

G 128,876 = G 2,1 x G 64,31

e e e e e e e e e e ek ek ek ek ek ek ko
Group order: 128

Group number: 878

Group description: C2 x ((C16 : C2) : C2)

Cohomology generators
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Degree 1:a, b, c

Degree 2: d, e

Degree 3: f, g

Degree 4: h, p

Steenrod squares

Sgr1(d)=d*b

Sg™1(e)=0

SqM1(f)=d*d

Sg"2(f)=d*e*b+f*d+p*a

Sg™1(g)=0
Sg~2(g)=d*e*b+g*b*b+g*d+p*b
Sg™1(h)=d*e*b+g*e
Sg"2(h)=d*d*b*b+g*d*b+g*e*b+f*g+p*d+p*e
Sg™1(p)=d*e*b
Sg"2(p)=d*e*b*b+d*d*d+g*d*b+g*g+p*d
G 128,878 =G 2,1 x (G 64,42

Group order: 128

Group number: 881

Group description: C2 x (C4 : C16)

Cohomology generators
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Degree 1:a, b, c

Degree 2: d, e

Cohomology relations

l:axb + b ?

2:a?

3:p3

Steenrod squares

Sq'(d)=0

Sq' (e)=e *a

e e e e ek ke ek ek ek ek ok
Group order: 128

Group number: 884

Group description: C2 x (C8 . D8 = C4 . (C8 x C2))
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 3: e

Degree 4: f

Steenrod squares

Sg1(d)=0
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Sg™1(e)=0
Sg"2(e)=e*d+f*a
Sq™1(f)=0

SqP2(f)=d*d*d+f*d

G 128,884 = G 2,1 x G 64,45
T
Group order: 128

Group number: 886

Group description: C2 x (C16 : C4)
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 3: e

Degree 4: f

Steenrod squares

Sq™1(d)=0

Sg™1(e)=0

Sg"2(e)=e*d+f*a+f*b
SgM1(f)=d*d*a+e*d

Sgr2(f)=e*d*a+f*d
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G 128,886 = G 2,1 x G 64,46

e e e e e e e ek e e e e e e e e e ke ek ek ke e ke ke ke ok
Group order: 128

Group number: 888

Group description: C2 x (C16 : C4)
Cohomology generators

Degree 1:a, b, c

Degree 2: d, e

Cohomology relations
l:axb+b?®

2:a°

3:b®

Steenrod squares

Sq'(d)=0

Sq'(e)=e *a

*khkkkkkhkkhkkkkkhkkhkkhkkkkhkkhkkkkkkhkkhkkkkkkhkkhkkkkkkhkkhkkkhkkhkkkkhkhkkhkkhkkkhkkhkkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkikkhkikik

Group order: 128
Group number: 889
Group description: C2 x (C16 : C4)

Cohomology generators
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Degree 1:a, b, c

Degree 2: d, e

Cohomology relations

l:axb+b?®

2:a°’

3:b?

Steenrod squares

Sq'(d)=0

Sqt(e)=d+a+d*b+exa

e e e e ek ke ek ek ek ek ke ok
Group order: 128

Group number: 892

Group description: C2 x (C4 . D16 = C8 . (C4 x C2))
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 3: e

Degree 4: f

Steenrod squares

Sq™1(d)=0

SqPL(e)=d*d
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Sg"2(e)=e*d+f*a

Sgr1(f)=0

Sgr2(f)=f*d

G 128,892 = G 2,1 x G 64,49
e e e e e e e e ek e e e e ek e e e e ke ek ke ke ke ke ok
Group order: 128

Group number: 899

Group description: C16 x D8
Cohomology generators
Degree 1:a, b, c

Degree 2: d, e

Cohomology relations
l:axb

2:a’+c?

3:bxc?

Steenrod squares
Sq'(d)=dx+a+dx*b
Sq'(e)=0

k,kkkkkkkkkhkkkkkkkhkkkkkkhkkkkhkkkhkkkhkhkhkkkhhkhkhkkkkhkhhkkkhkhhhkkhkhkhhkkikiiiikk

Group order: 128

Group number: 904
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Group description: C4 x D32
Cohomology generators
Degree 1:a, b, c

Degree 2: d, e

Cohomology relations
l:axb

2:a’+c?

3:bxc?

Steenrod squares
Sqt(d)=d*a+dx*b

Sq' (e)=0

e e ek ek e ke ke e ek ek e ek e ek ek ek ek ke ek ek ek
Group order: 128

Group number: 905

Group description: C4 x QD32
Cohomology generators
Degree 1:a, b, c

Degree 2: d

Degree 3: e

Degree 4: f
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Steenrod squares

Sg~(d)=0

Sg™1(e)=0

Sg"2(e)=f*b

SgM1(H=e*b*b
Sg~2(f)=e*b*b*b

G 128,905 = G 4,1 x G 32,19
e e e e e ek ek ek ok ek ok
Group order: 128

Group number: 906

Group description: C4 x Q32
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 4: e

Steenrod squares

SgM1(d)=0, a*a*a+a*a*c+b*b*c
Sg™1(e)=0

Sg"2(e)=0

G 128,906 = G 4,1 x G 32,20

k*khkkkkkkkkkhkkkkkkkhkkkkkhkkhkkkhkkhkkhkkkhhhkkkhkkhkkkkkhhhkkkhhhhkhkhkhhhikikikiiiikk
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Group order: 128

Group number: 914

Group description: C16 x Q8
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Degree 4: e

Steenrod squares

Sg™1(d)=0

Sg*1(e)=0

Sg"2(e)=0

G 128,914 =G 16,1 x G 8,4

e e e e e e e e e e e e e ek ek ke ek ok ek ek ok
Group order: 128

Group number: 988

Group description: C32 x C2 x C2
Cohomology generators

Degree 1:a, b, c

Degree 2: d

Cohomology relations

1: an2
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Steenrod squares

Sg™1(d)=0

e e ek ek ek ek ke ke ke ke ke e ke e ek ke ke ke
Group order: 128

Group number: 989

Group description: C2 x (C32: C2)

Cohomology generators

Degree 1:a, b, c

Degree 3: d

Degree 4: e

Steenrod squares

Sq™1(d)=0

Sg"2(d)=d*b*b+e*a

Sg™1(e)=0

Sg"2(e)=e*a*b+e*b*b

G 128,989 = G 2,1 x G 64,51

e e e e e e e e e ek e ek ke ek ke ek ek ek ek ek ko
Group order: 128

Group number: 991

Group description: C2 x D64

Cohomology generators
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Degree 1:a, b, c

Degree 2: d

Steenrod squares
Sgr1(d)=d*a+d*b

G 128,991 = G 2,1 x G 64,52
e e e e e ek e ek e ek ek ke ek ok ok
Group order: 128

Group number: 992

Group description: C2 x QD64
Cohomology generators
Degree 1:a, b, c

Degree 3:d

Degree 4: e

Steenrod squares

Sg™1(d)=0
Sg™2(d)=d*b*b+e*b
Sg™1(e)=0

Sg"2(e)=d*d

G 128,992 = G 2,1 x G 64,53

k,kkkkkkkkkhkkkkkkkhkkkkkkhkkkkhkkkhkkkhkhkhkkkhhkhkhkkkkhkhhkkkhkhhhkkhkhkhhkkikiiiikk
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Group order: 128

Group number: 993

Group description: C2 x Q64
Cohomology generators
Degree 1:a, b, c

Degree 4. d

Steenrod squares

Sq™1(d)=0

Sg"2(d)=0

G 128,993 = G 2,1 x G 64,54
AEEEEEEEEEAEEEEAELEAEAEEAAAEAEAAAAAALEAAALAAAAEAEAEAAALALALAAAAAALAAAAAALAAAAAALXX

Group order: 128

Group number: 997

Group description: C4 x C4 x C4 x C2
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1:¢c"2

2: b2

3:a"2
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Steenrod squares

Sg™1(e)=0

Sgr1(f)=0

Sq"1(g)=0

e e e e e e e e e e e e e e e e e e ke ek e ek ke ke ke ke ke ok
Group order: 128

Group number: 998

Group description: C2 x C2 x ((C4 x C2) : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, g, h, p

Cohomology relations

1: g"2

N

: f*g+g*h

3: fA2+h"2

4: b*f+b*h

5: b2

6: a*g

7: a*f+a*h+b*g
8:a*b

9: a2
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Steenrod squares

Sg™1(e)=0

Sqr1(f)=f*a+f*b

Sg*1(g)=e*b+f*a+g*b
Sgr1(h)=f*a+g*b+p*a

Sq™1(p)=0
-
Group order: 128

Group number: 999

Group description: C2 x ((C4 x C4) : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1: b2

2: a*b+c"2

3:an2

4: b*c"2

5:a*ch2

6: c™M

Steenrod squares
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Sg™1(e)=0

S"1(H=0

Sg*1(g)=e*b+f*a

e e e ek ek ek ek ke ke e ke ke e ke e ke sk ke ke ke
Group order: 128

Group number: 1000

Group description: C2 x C4 x ((C4 x C2) : C2)
Cohomology generators

Degree 1:a, b, c, d

Degree 2: ¢, f, g, h

Cohomology relations

1: b*e+b*f

2: b2

3:a*b

4: a"2+c"2

5: c"2*g+en2+1t"2

6: b*c"2

Steenrod squares

SgMl(e)=e*a+e*b

SgM1(f)=f*a+g*a

Sg™1(g)=0
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Sg*1(h)=0

e e e e e ek ek e e e e ek ek e e e ke ek e ek e ke ke ke ke ke ok
Group order: 128

Group number: 1001

Group description: C2 x C4 x (C4 : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, ¢

Cohomology relations

1: b"2

2: a*b+c"2

3: ah2+c"2

4: b*c"2

S:a*ch2

6: c™M

Steenrod squares

SgMl(e)=e*b

SgM1(H=0

Sg"1(g)=0

k,kkkkkkkkkhkkkkkkkhkkkkkkkhkkkkkkkhkkkkkhkkkhkhkkkkkkhkkhkkkkhhkkkkhhhkhkhkhiiikk
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Group order: 128

Group number: 1002

Group description: C4 x ((C4 x C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g

Degree 4: h

Steenrod squares

Sg*1(e)=0

Sgth1(f)=a*a*b+f*a
Sg™hl(g)=a*a*a*b+f*a*b+f*a*c
Sg"2(g)=g*a*a+h*a+h*b+h*c
Sgq~1(h)=0

Sg"2(h)=a*a*a*a*a*b+g*g

G 128,1002 = G 4,1 x G 32,31

e e e e e e e e e ek e ek ke ek ke ek ek ek ek ek ko
Group order: 128

Group number: 1003

Group description: C4 x C4 x D8

Cohomology generators
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Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1: b"2+c2

2:a*b

3: a2+d"2

4: b*d"2

5:a*c"2

6: c"2*d"2

Steenrod squares
Sg™hl(e)=e*a+e*b

Sg™1(f)=0

Sg"1(g)=0

e e e e e e e e e e e e e ek ek ek ek ek ek
Group order: 128

Group number: 1004

Group description: C4 x C4 x Q8
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 4: g
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Steenrod squares

Sg™1(e)=0

Sq1(f)=0

Sq"1(g)=0

Sg"2(g)=f*f*a*a

G 128,1004 = G 4,1 x G 32,26
A ——
Group order: 128

Group number: 1009

Group description: C2 x ((C2 x ((C4 x C2) : C2)) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g, h, p, q

Degree 3:r

Steenrod squares

Sg™1(e)=0

SgM1(H=e*ate*b+e*c+f*b+f*c+g*at+p*a
Sq*1(g)=g*a+g*c

Sg~1(h)=e*c+g*a+h*b+h*c+p*c
Sg™(p)=e*a+e*b+p*a+p*b

Sg*h1(g)=e*c+f*c+g*a+q*b
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SgM1(r)=e*c*c+e*g+e*h+e*q+f*h+g*q+p*q
Sg™2(n=0

G 128,1009 = G 2,1 x G 64,60

e e e ek ek ek ek ek ke ke e ke ke e ke ek ke ek ek
Group order: 128

Group number: 1010

Group description: C2 x (((C4 x C2) : C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g, h

Cohomology relations

1:a*g

2:a*c

3: a*b+b"2

4:a"2

5: c"2*e+g"2

6: b"2*g

7: b"2*c

8: b3

Steenrod squares

Sq1(e)=0
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Sgr1(f)=f*a+f*c

Sg*1(g)=e*c+f*at+g*c

SgM1(h)=h*a

e e ek e ek ke e e ke e ek ke ek ke ek ek ek ek ke ek ok
Group order: 128

Group number: 1011

Group description: C2 x (((C4 x C2) : C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, g, h

Degree 3: p, q

Degree 4:1, s

steenrod squares

Sg™1(e)=0

Sgrh1(f)=f*a+f*c

SgM1(g)=e*c+f*at+g*c
SgM1l(h)=e*at+e*b+f*c+h*b+p
SgM1(p)=e*a*b+f*b*c+p*b
Sg"2(p)=f*b*b*c+e*e*a+te*e*b+s*a
SgM1(g)=e*a*b+e*b*b+f*a*b+f*b*b+p*b

Sg"2(q)=f*b*b*c+g*b*b+s*c
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SgML(r)=f*b*b*c+e*e*b+e*f*a+e*g*c+e*h*b+f*g*c+f*h*b+p*e+p*f+p*h+q*e

Sg"2(r)=e*f*a*b+e*g*b*c+f*f*a*b, e*e*a*b, e*f*a*b, e*g*b*c,

e*e*a*b+e*g*b*c+f*g*b*c, e*b*b*b*b+f*b*b*b*b+p*b*b*b+g*q
SgM1(s)=0

Sg"2(s)=0, e*f*a*b+e*g*b*c+f*f*a*b, e*e*a*h, e*f*a*h, e*g*b*c,

e*e*a*b+e*g*b*c+f*g*b*c, e*b*b*b*b+f*b*b*b*b+p*b*b*b+g*q
G 128,1011 = G 2,1 x G 64,62
e
Group order: 128

Group number: 1013

Group description: C2 x ((C4 x C4) : C4)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1: a*c+b"2

2: a*b+c"2

3:an2

4: b*c"2

5: b"2*c

6: b"3+c"3
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7:cM

Steenrod squares

Sg”*1(e)=0

Sgt1(f)=e*a+e*b+e*c+g*a
Sg*1(g)=e*a+e*b+e*c+f*a
A
Group order: 128

Group number: 1014

Group description: C2 x ((C4 x C4) : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g

Cohomology relations

1: a*c+b"2

2: a*b+b"2+c"2

3:an2

4: b*c"2+c"3

5: b"2*c

6: b"3+c"3

7:cM
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Steenrod squares

Sg™1(e)=0

Sgr1(f)=a*b*c+e*b+g*a
Sg*1(g)=e*c+f*a+g*a

e e e ek ek ke ek ek ek ke ke e ke ke ek ke e ke ke ke ke
Group order: 128

Group number: 1016

Group description: C2 x ((C4 x C4) : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g

Cohomology relations

1: a*c+ch2

2: a*b+b"2

3:an2

4:¢c"3

5: b"2*c+b*c"2

6: b"3

Steenrod squares

SgM1(e)=0

Sg1(f=f*a
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Sq*1(g)=g*a

e e e e ek e ke e e e ek ek ek ke ke ek ek ke ek ek e ek ke ek ke
Group order: 128

Group number: 1018

Group description: C2 x ((C2 x (C4 : C4)) : C2)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g, h

Cohomology relations

1: a*e+a*g

2:a*c

3:a*b

4: a"2+b"2

5: b"2*g+b*c*e+b*c*g+c 2*f+e"2+g"2

6: b"2*e+b*c*e+b*c*g+c 2*f+en2+g"2

7: b"2*c

8: b3

9: b*c*e2+b*c*gh2+c2*e*f+c 2*f*g+e3+en2*g+e*gn2+g”3
10: b*c"2*f+b*e2+b*g"2

11: b*c"2*e+b*c 2*g+c 3*f+c*e2+c*gn2

12: c"3*f2+b*eN3+b*e2*g+b*e*g 2+b*gN3+c*e 2 f+c*f*gh2
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13: cM* A 2+eM+gha

Steenrod squares

SgMl(e)=e*a+e*c

SgrL(f)=f*a+f*b

SgM1(g)=e*a+f*c+g*b+g*c

SgM1(h)=e*a+f*a+f*b+f*c+g*b+g*c

e e e e ek ek e ek ek ek ok ke ok
Group order: 128

Group number: 1021

Group description: C2 x (((C4 x C2) : C4) : C2)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g

Degree 3: h

Steenrod squares

Sq'(e)=exa+exc

Sq' (H=0

Sq'(g)=f+a+g=a
Sq'(hy=a*axaxat+texara+texa*b+exbxc+g*axat+tg*axb
S (h)=fxaxara+texexc+g*g*a+h*axa

G128,1021 = G2,1 x G64,69
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Group order: 128

Group number: 1023

Group description: C2 x ((C4 : C4) : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1: a*c+c"2

2:a*b

3: a"2+b"2

4: b*c"2

5: bA2*c+c"3

6: b"3

7:cM

Steenrod squares

Sg™hl(e)=e*a+e*b

Sg™1(f)=e*a+e*b

Sq™1(g)=g*a

e e e e e e e e ke ek ek ek ke ek ek ek ko
Group order: 128

Group number: 1024

Group description: C2 x ((C2 x (C4 : C4)) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, g, h
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Cohomology relations

: a*e+a*f+b*e+b*f

s a*c+ch2

: a*b+b"2

: at2+b"2

. b*c*e+b*c*f+c"2*e+c 2*f

. b*c"2+c"3

: b 2*e+b"2*f+bN2*g+e2+112
: b"2*c+c"3

. C"3*e+cN3*f+cN3*g+creN2+c* A2

© o0 N oo o1 B~ O w N

Steenrod squares
Sg™l(e)=a*a*ate*b
Sgthl(f)=a*a*at+e*a+g*a
Sg™1l(g)=e*ate*b+g*a
Sg™1(h)=h*a

AEEEEEEEEEAEEEEEAEAETEEAAEAAEEAAAAAAAALAAAAEAAEEAAAALAAAAAALAAAAAALAAAAAALXX

Group order: 128
Group number: 1026
Group description: C2 x ((C2 x Q8) : C4)

Maximal Subgroup list:[ [ 64, 721, [ 64, 56 ], [ 64, 721, [ 64, 1941, [ 64, 721, [
64,56, [ 64,721, [ 64,1921, [64, 721, [ 64,56, [ 64, 721, [ 64, 2621, [ 64,
721,164,561, [64,72]]

Cohomology generators
Degree 1: a, b, c, d
Degree 2: e, f, ¢
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Degree 3: h

Degree 4: p

Steenrod squares
Sq'(e)=exa+exc
Sq'(f)=a*a*b+exb+fxb+g=xa
Sq'(g)=exb+gxa+gxb+gx*c

Sqt(h)=exaxb+exbxb+f+raxa+frxaxb+g*axa+tg*arb+hxc

SqP(h)=e*exaxa+texexaxb+g*g*axa+hxh

G128,1026 = G2,1 x G64,76

e e e e ke ke ek e ke ek ek e ek e ek ek ke ek ks ke ok
Group order: 128

Group number: 1031

Group description: C4 x ((C2 x C2x C2x C2): C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g, h

Steenrod squares

SgMl(e)=e*at+e*c

SgrL(f)=f*a+f*b

SgM1(g)=e*a+ f*c+ g*b+ g*c

Sg~1(h)=0

G 128,1031 = G 4,1 x G 32,27
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Group order: 128
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Group number: 1032

Group description: C4 x ((C4 x C2x C2) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1:a*c

2: a*b+b"2

3: a2+d"2

4; c*d"2

5: b"2*c

6: b"3+b*d"2

Steenrod squares

Sg™l(e)=e*at+e*c

Sgnh1(f)=f*a

Sg"1(g)=0

e e e e e e e ek e e ek ek ek ek ke ke
Group order: 128

Group number: 1033

Group description: C4 x ((C4 x C2x C2) : C2)

Cohomology generators
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Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g, h

Degree 4: p

Steenrod squares

Sg™1(e)=0

SgM1(f)=f*a+f*b
Sg™1(g)=f*a*b+g*b
Sgn2(g)=f*a*a*at+f*b*b*c+f*f*c+p*a
Sg™1(h)=f*b*b+f*b*c+g*b
Sg"2(h)=f*f*c+f*b*b+p*c
Sghl(p)=f*a*a*at+f*b*b*c+g*a*a

Sg"2(p)=f*a*a*a*a+f*b*b*b*b+f*f*a*a+f*g*a*b+f*f*b*b+f*g*b*c+g*a*a*a+
g*b*b*b+h*h+p*b*b

G 128,1033 = G 4,1 x G 32,30

e e e e e e e e e ek e ek ek ek ek
Group order: 128

Group number: 1034

Group description: C4 x ((C2 x Q8) : C2)

Cohomology generators

Degree 1: a, b, c, d
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Degree 2: ¢, f

Degree 3: g

Degree 4: h

Steenrod squares

Sg”*1(e)=0

Sgr1(f)=f*a+f*c

Sg™1(g)=f*a*a+g*c
Sgr2(g)=f*c*c*c+f*fra+f*f*c+h*c
Sg™1(h)=f*c*c*c
Sg"2(h)=f*c*c*c*c+f*f*a*a

G 128,1034 = G 4,1 x G 32,29

e e e e e e ek ke ek ek ek ek ek ok
Group order: 128

Group number: 1035

Group description: C4 x ((C4 x C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g

Degree 4: h

Steenrod squares

152



Sg™1(e)=0

Sq™1(f)=0

SgM1(g)=f*a*b+f*b*b

Sg"2(g)=g*b*b+h*a

Sg"1(h)=f*b*b*b+g*b*b
Sg"2(h)=f*b*b*b*b+f*f*a*b+f*f*a*c+f*f*b*b+h*b*b
G 128,1035 = G 4,1 x G 32,24

e e e e e e e e ek e e ek ek ok
Group order: 128

Group number: 1036

Group description: C4 x ((C4 x C4) : C2)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 3: f, g, h

Degree 4: p, q

Steenrod squares

Sg™1(e)=0

SgML(f)=f*c

SgM2(f)=f*b*c+p*c+g*a

SgM1(g)=f*c
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Sg"2(g)=f*a*b+p*b+p*c+g*c

SgML(h)=f*c

Sg"2(h)=h*a*a+p*a+p*b+g*b

SgML(p)=f*b*c

Sg"2(p)=f*g+g*g+p*a*a

Sg*h1(g)=f*a*a
Sg"2(q)=f*a*a*a+g*g+h*h+p*a*a+p*a*c

G 128,1036 = G 4,1 x G 32,33
A R ——
Group order: 128

Group number: 1037

Group description: C4 x ((C2 x C2) . (C2 x C2 x C2))
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 3: f, g

Degree 4: h, p

Steenrod squares

Sg™1(e)=0

SgML(H)=f*b+f*c

Sg"2(f)=h*a+p*b+p*c
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Sg"1(g)=0
Sg"2(g)=f*a*a+h*b+h*c+p*a+p*b+p*c
Sg*1(h)=f*a*a+f*b*c
Sg"2(h)=f*a*a*b+f*f+h*a*b+p*a*b+p*b*c
SgM(p)=f*a*a+f*a*b
Sg"2(p)=f*f+h*a*a+h*a*b+h*a*c+h*b*c+p*a*b
G 128,1037 = G 4,1 x G 32,32
A A A ——
Group order: 128

Group number: 1038

Group description: C4 x ((C4 x C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1: a*c+c"2

2: a*b+b"2

3: an2+d"2

4: c"3+c*dN2

5: b"2*c+b*cN2

6: b"3+b*d"2
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Steenrod squares

SgMl(e)=e*a

SgrL(f)=f*a

Sq"1(g)=0

e e e e e e e e e e e e e e e e e e ke ek e ek ke ke ke ke ke ok
Group order: 128

Group number: 1039

Group description: C4 x (C4 : Q8)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f

Degree 4: g

Cohomology relations

1: a*c+ch2

2: a*b+b"2+d"2

3: an2+d"2

4: c"3+c*dN2

5: b"2*c+b*c 2+c*dN2

6: b3

7:a*d"2

8: d™4
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9: cN2*d"2

10: b"2*d"2

Steenrod squares

SgMl(e)=e*a

Sq1(f)=0

Sg™1(g)=e*a*a*b+e*a*a*c
Sg™2(g)=e*e*a*b+e*e*a*c
S L U S U A
Group order: 128

Group number: 1070

Group description: D8 x ((C4 x C2) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g, h

Steenrod squares

Sg™1(e)=0

Sqr1(f)=f*a+f*b

SgM1(g)=e*b+f*a+g*b
SgM1(h)=h*a+h*b

G 128,1070 = G 8,3 x G 16,3
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Group order: 128

Group number: 1072

Group description: Q8 x ((C4 x C2) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Degree 4: h

Steenrod squares

Sg™1(e)=0

Sqr1(f)=f*a+f*b

Sg™h1(g)=e*b+f*a+g*b

Sgq™1(h)=0

Sg~2(h)=0

G 128,1072 = G 8,4 x G 16,3

e e e e e e e e e e e ek ek ek ek ek ok
Group order: 128

Group number: 1080

Group description: D8 x (C4 : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢
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Steenrod squares

Sg™1(e)=0

SgrL(f)=f*a

Sq™1(g)=g*a+g*b

G 128,1080 = G 8,3 x G 16,4

e e e e e ek e ek e ek ek ke ek ok ok
Group order: 128

Group number: 1082

Group description: Q8 x (C4 : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f

Degree 4: g

Steenrod squares

Sg™1(e)=0

Sgh1(f)=f*a

Sg"1(g)=0

Sq™2(9)=0

G 128,1082 = G 8,4 x G 16,4
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Group order: 128
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Group number: 1116

Group description: C2 x ((C2 x C2 x D8) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2:e,f, g, h, p

Steenrod squares

Sgtl(e)=e*at+e*c

SgM1(f)=f*a+f*b

Sg™1(g)=e*at+e*c+g*b+g*c
Sg*hl(h)=e*a+f*b+f*c+g*c+p*a
Sg™1(p)=e*b+f*c+p*a+p*b+p*c

G 128,1116 = G 2,1 x G 64,73

e e e e e e e e ek ek ek ek ok
Group order: 128

Group number: 1118

Group description: C2 x ((C2 x ((C4 x C2) : C2)) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, g, h

Steenrod squares

Sgtl(e)=e*at+e*c
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SgM1(f)=e*a+e*c+f*b+f*a

SgM1(g)=e*b+g*a+g*b+g*c

Sg™1(h)=h*a+h*b

G 128,1118 = G 2,1 x G 64,75

e e ek ek ek ke e e ke ke ek e ek ke ek e ek ke ek ke ok ok
Group order: 128

Group number: 1119

Group description: C2 x ((C4 x C2) : Q8)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f, g

Degree 3: h

Degree 4: p

Steenrod squares

Sg™l(e)=e*at+e*c

SgM1(f)=a*a*b+e*b+f*b+g*a
Sq"1(g)=e*b+g*a+g*hb+g*c
SgM1(h)=e*a*b+e*b*b+f*a*a+f*a*b+g*a*a+g*a*b+h*c
Sg"2(h)=e*e*a*a+e*e*a*b+g*g*a*ath*h

G 128,1119=G 2,1 x G 64,76
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Group order: 128

Group number: 1121

Group description: C2 x ((C2 x (C4 : C4)) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Degree 3: h

Steenrod squares

Sg™hl(e)=e*c

Sgh1(f)=e*b+f*b+f*c

Sq™1(g)=e*at+g*a+tg*c

Sg™1(h)=e*c*c+h*c
Sg"2(h)=f*f*a+f*f*c+g*g*a+g*g*c+h*c*c

G 128,1121 =G 2,1 x G 64,77

e e e e e e e e e e e ek ek ek ek ek ok
Group order: 128

Group number: 1122

Group description: C2 x ((C2 x (C4 : C4)) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢
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Degree 3: h

Steenrod squares
SgMl(e)=e*c
SgM1(f)=e*b+f*b+f*c
SgM1(g)=e*ate*b+f*a+f*b

SgM1l(h)=e*a*a+e*a*b+e*b*b+f*a*a, e*a*a+e*a*b+e*b*b+f*a*a+f*a*h,
e*a*a+e*a*b+e*b*b+f*a*a+f*a*b+g*a*b, e*a*a+e*a*b+e*b*b+f*a*a+g*a*b,
e*a*ate*b*b+f*a*a, e*a*at+e*b*b+f*a*a+f*a*b,

e*a*a+e*b*b+f*a*a+f*a*b+g*a*b,e*a*a+e*b*b+f*a*a+g*a*b
Sg"2(h)=e*e*at+e*e*c+f*f*a+h*b*b

G 128,1122 = G 2,1 x G 64,78

e e e e e e ek ke ek ek ek ek ek ok
Group order: 128

Group number: 1123

Group description: C2 x ((C2x C2 x C2) . (C2x C2 x C2))
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g, h, p

Degree 4: g

Steenrod squares
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SgMl(e)=e*c

SgML(f)=e*b+f*b+f*c

SgM1(g)=e*a*a+f*a*a+g*a+g*b
Sg"2(g)=e*e*at+e*e*b+e*e*c+g*a*b+q*h, e*e*ate*e*b+e*e*c+q*b
SgM1(h)=e*a*a+g*a+g*b+h*c

Sg"2(h)=e*e*a+e*e*b+e*e*c+g*a*b+q*a+q*b+q*c,

e*e*a+e*e*b+e*e*c+g*a+q*b+q*c
Sg™l(p)=e*a*at+e*a*b+f*a*a+f*a*b+g*a+g*b
Sg"2(p)=e*e*b+e*e*c+g*a*b+q*c, e*e*b+e*e*c+q*c
Sg™1(q)=0, g*a*b
Sg"2(g)=e*e*a*a+f*f*a*a+g*e*a+th*e*c+g*h

G 128,1123 =G 2,1 x G 64,79

e e e e e e e ek ke ek ek ek ek ko
Group order: 128

Group number: 1601

Group description: C8 x C4 x C2 x C2

Cohomology generators

Degree 1:a, b, c,d

Degree 2: e, f

Cohomology relations

1: b"2
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2: ah2

Steenrod squares

Sg™1(e)=0

Sgr1()=0

e e e ek ek ke ek ek ek ke ke e ke ke ek ke e ke ke ke ke
Group order: 128

Group number: 1602

Group description: C2 x C2 x (C8 : C4)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f

Cohomology relations

1: b2

2: ah2

Steenrod squares

SgMl(e)=f*a

SgM1(H=0

e e e e e e e e e e e e ek ek ke ek ok ek ek ek ko
Group order: 128

Group number: 1603

Group description: C2 x C4 x (C8 : C2)
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Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares

Sg™1(e)=0

Sgr1(H)=0

Sg"2(f)=e*a*b*c+f*c*c+g*a, f*c*c+g*a
Sg™1(g)=0, e*a*b*c
Sq*2(g)=g*a*c+g*c*c

G 128,1603 = G 2,1 x G 64,85

e e e e e e e e e e ke ek e ek ek ek ke
Group order: 128

Group number: 1604

Group description: C2 x ((C8 x C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g
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Steenrod squares

SgMl(e)=a*b*c+a*c*c, a*c*c

SgM1(f)=a*c*c*c+e*b*c+e*c*c

Sg2(f)=e*a*b*c+e*c*c+g*b, f*c*c+g*b
SgM1(g)=e*a*b*c+e*a*c*c+e*c*c*c+f*c*c, e*a*c*c+e*c*c*c++f*c*c
SgM2(g)=a*c*c*c*c*c+e*c*c*c*c+e*e*c*c+g*a*b+g*c*c

G 128,1604 = G 2,1 x G 64,86

e e e e ek ke ek ek ek ek ke ok
Group order: 128

Group number: 1606

Group description: C4 x ((C8 x C2) : C2)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 4: f

Steenrod squares

Sg™1(e)=0

SgM1(H=0

Sgr2(f)=f*a*a+f*b*b+f*c*c

G 128,1606 = G 4,1 x G 32,42

k*khkkkkkkkkkhkkkkkhkkhkkkkkkhkkhkkkkkhkkkkkkhkhkkkkkkhkkkhkkkkhkkhkkkkkkikkkkkkkikkkkkikk
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Group order: 128

Group number: 1608

Group description: C2 x C2 x ((C8 x C2) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1: g2

2:a*g

3:a*b

4:a"2

Steenrod squares

Sg™1(e)=0

Sqr1(f)=f*a+f*b

Sgr1(g)=f*a+g*b

e e e e e e e e e ek ek ek ke ek ok ek ek ek ko
Group order: 128

Group number: 1610

Group description: C2 x ((C8 x C2x C2) : C2)
Cohomology generators

Degree 1: a, b, c, d
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Degree 2: e, f

Degree 3: g

Degree 4: h

Steenrod squares

SgMl(e)=e*a+e*b

Sq"2(f)=b*b*c+f*b

SgM1(g)=f*b*c+f*c*c
Sg"2(g)=e*b*b*c+e*c*c*c+f*b*b*c+f*c*c*c+g*c*c+h*a
Sg™1(h)=b*b*b*b*c+e*a*c*c+f*c*c*c+g*c*c

Sg"2(h)=b*b*b*b*b*c+e*a*c*c*c+e*b*b*b*c+e*c*c*c*c+e*e*a*cte*e*b*c+

h*a*c+h*b*b+h*b*c+h*c*c

G 128,1610 = G 2,1 x G 64,89

e e e e e e e ek ke ek ek ek ek ko
Group order: 128

Group number: 1622

Group description: C2 x C2 x ((C8 x C2) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f, ¢

Cohomology relations

1: a*e+a*f
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2:a*b

3:a"2

4: pA2*g+en2+A2

Steenrod squares

Sg*l(e)=e*a+e*b
Sgr1(f)=e*a+f*b+g*b

Sq*1(9)=0

e e e e ek e ek ek ek e e ek ek ek ek ek ks ok
Group order: 128

Group number: 1623

Group description: C2 x C2 x (Q8 : C4)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g

Degree 4: h

Steenrod squares

Sg™1(e)=0

SgML(H=e*b+f*b

59"1(g)=0

Sq"2(g)=h*a
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SgM1(h)=e*e*b+e*f*b

Sg"2(h)=e*e*f

G 128,1623 = G 2,1 x G 64,96

e e ek ek e ke e e ke ek ek ek ke ok e ek ke ek ko
Group order: 128

Group number: 1624

Group description: C2 x (((C4 x C4) : C2) : C2)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g

Degree 4: h

Steenrod squares

Sg™hl(e)=e*b

Sg"h1(f)=e*b+e*c+f*a+f*c

Sg"1(g)=0

Sg"2(g)=e*b*c*c+f*c*c*c+e*f*c+g*a*a+g*f+h*a

Sg1(h)=e*b*b*b
Sg"2(h)=e*f*c*c+f*f*c*c+e*f*f+g*f*a+g*g+h*b*b+h*b*c+h*c*c+h*e+h*f
G 128,1624 = G 2,1 x G 64,134

k*khkkkkkkkkkhkkkkkkkhkkkkkhkkhkkkhkkhkkhkkkhhhkkkhkkhkkkkkhhhkkkhhhhkhkhkhhhikikikiiiikk
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Group order: 128

Group number: 1631

Group description: C2 x C2 x ((C4 x C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Degree 3: g

Degree 4: h

Steenrod squares

Sg™hl(e)=e*b

Sg™1(f)=0

5g"1(g)=0

Sg"2(g)=e*f*c+f*f*a+g*f+h*a

Sg™h1(h)=g*c*c
Sg"2(h)=e*f*c*c+f*f*a*c+f*f*f+h*a*v+h*b*b+h*f
G 128,1631 = G 2,1 x G 64,101

e e e e e ek e ek ek ek ek ek ke
Group order: 128

Group number: 1634

Group description: C2 x C2 x (C4 : C8)

Cohomology generators
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Degree 1: a, b, c, d

Degree 2: e, f

Cohomology relations

1: a*b+b"2

2. a2

3: b3

Steenrod squares

Sg*1(e)=0

SgrL(f)=f*a

e e e e e e ek ke ek ek ek ek ok

Group order: 128
Group number: 1635
Group description: C2 x ((C4 : C8) : C2)
Cohomology generators
Degree 1: a, b, c, d
Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares
SgMl(e)=e*a

SgM1(H=0
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SgM2(f)=e*a*b*c+f*c*c+g*a, f*c*c+g*a
Sg™1(g)=0, e*a*b*c
Sg"2(g)=g*a*c+g*c*c

G 128,1635 = G 2,1 x G 64,104

e e e e e e e e ek e e e e ek e e e e ke ek ke ke ke ke ok
Group order: 128

Group number: 1636

Group description: C2 x ((C4 : C8) : C2)
Cohomology generators
Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares

Sg™hl(e)=a*c*cte*a

SgM1(fH)=e*b*c+f*a

Sgh2(f)=a*c*c*c*ct+e*a*b*c+e*c*c*c+e*e*c+f*a*c+f*c*c+g*a+g*b,

a*c*c*c*ct+e*c*c*cte*e*ct+f*a*c+f*c*c+g*a+g*b
SgMl(g)=a*c*c*c*cte*a*b*c+f*a*c+f*c*c, a*c*c*c*c+f*a*c+f*c*c

Sq2(g)=e*e*a*c+e*exc*c+fra*crc+f*f+gra*ctgrcrc
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G 128,1636 = G 2,1 x G 64,105

e e e ek e ke e ek ek ek ke ke ek ek ke e ke e ek ek ek ke
Group order: 128

Group number: 1639

Group description: C2 x C2 x (C8 : C4)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e, f

Cohomology relations

1: a*b+b"2

2: ah2

3: b"3

Steenrod squares

Sg™1(e)=0

Sg*1(f)=e*a+e*b+f*a

e e e e e e e e e ek e ek ke ek ke ek ek ek ek ek ko
Group order: 128

Group number: 1640

Group description: C2 x C2 x (C8 : C4)

Cohomology generators

Degree 1: a, b, c, d
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Degree 2: e, f

Cohomology relations

1: a*b+b"2

2. a2

3: b3

Steenrod squares

Sg™1(e)=0

SgrL(f)=f*a

e e ek ek ek ek ek ok ek ek ek ok
Group order: 128

Group number: 1641

Group description: C2 x ((C8 : C4) : C2)
Cohomology generators
Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares

Sg™1(e)=0

SgM1(H=e*a*b

Sg"2(f)=e*a*b*c+e*c*c*c+e*e*c+f*c*c+g*a, e*c*c*c+e*e*c+f*c*c+g*a
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Sg"1(g)=0
Sg"2(g)=e*b*c*c*c+e*c*c*c*ct+e*e*a*c+e*e*b*c+e*e*c*c+g*a*c+g*c*c
G 128,1641 = G 2,1 x G 64,108

e e e e e e e e e e e e ek e e e e ek e ok ke ke ke ke ke ok
Group order: 128

Group number: 1642

Group description: C2 x ((C8 : C4) : C2)

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares

Sg™1(e)=0

Sg™1(f)=e*a*b

Sgh2(fH=e*a*b*ct+e*e*at+e*e*b+f*a*c+f*c*c+g*a+g*b,

e*e*a+e*e*b+f*a*c+f*c*c+g*a+g*b
SgM1(g)=a*c*c*c*c, a*c*c*c*ct+e*a*b*c

Sg"2(g)=e*a*c*c*cte*e*a*b+e*e*b*cte*e*c*c+f*a*c*c+f*f+g*a*c+g*b*c+g

*c*c

G 128,1642 = G 2,1 x G 64,109
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Group order: 128

Group number: 1646

Group description: C2x C2 x (C4 . D8 =C4 . (C4 x C2))
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares

Sg™1(e)=0

Sgh1(f)=e*e

Sgn2(f)f*e+g*a

Sg"1(g)=0

Sg"2(g)=a*b*c*c*c*ct+e*e*e+g*a*b+g*e, e*e*e+g*a*b+g*e
G 128,1646 = G 2,1 x G 64,110

e e e e e e ek e ek e ek ke ek ek ok ek ke ek
Group order: 128

Group number: 1647

Group description: C2 x ((C4.D8=C4.(C4xC2)):C2)

Cohomology generators
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Degree 1: a, b, c, d

Degree 2: e

Degree 4: f

Degree 5: g, h, p

Degree 8: q, r

Steenrod squares

Sg™1(e)=0

Sg*h1(f)=e*e*b

Sg™hl(g)=e*e*b*c+e*e*c*c+g*a
Sg™1(h)=b*c*c*c*c*ct+e*c*c*c*c+e*e*c*c+f*c*c
Sg*1(p)=b*c*c*c*c*ct+e*e*e+g*a

Sq"1(a)="?

Sg™1(r)=?

G 128,1647 = G 2,1 x G 64,111

e e e e e e e e e e e ek ek ek ek ek ok
Group order: 128

Group number: 1649

Group description: C2 x ((C8 x C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e
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Degree 3: f

Degree 4: g

Steenrod squares

Sg™1(e)=0

Sgr1(f)=0

SgM2(f)=e*a*b*c+f*b*b+g*a, f*b*b+g*a
SgM1(g)=e*a*b*c+f*b*b, f*b*b
Sg"2(f)=e*e*a*b+g*b*b

G 128,1649 = G 2,1 x G 64,112

e e e e e e ek ke ek ek ek ek ok
Group order: 128

Group number: 1650

Group description: C2 x ((C8 : C4) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares

SgMl(e)=e*at+e*c

SgL(H=F*c
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Sgh2(f)=e*b*c*c+e*e*c+g*c

SgM1(g)=e*a*a*b

Sg"2(g)=e*b*c*c*c+e*e*a*b+e*e*h*c+e*e*c*c

G 128,1650 = G 2,1 x G 64,155

e e e ek ek ek ek ke ke e ke ke e ke e ke sk ke ek ke
Group order: 128

Group number: 2011

Group description: D8 x D16

Cohomology generators

Degree 1: a, b, c, d

Degree 2: ¢, f

Cohomology relations

1:a*c

2: a*b+b*d

3:b*c*d

Steenrod squares

SgMl(e)=e*ate*b

Sqr1(f)=f*a+f*b

e e ek ek ek ek ek ek ke ke ek ek ek ek ek ek ko
Group order: 128

Group number: 2013
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Group description: D8 x QD16
Cohomology generators
Degree 1: a, b, c, d

Degree 2: e

Degree 3: f

Degree 4: g

Steenrod squares
Sgthl(e)=e*a+e*b

Sgr1(H)=0

Sqr2(f)=f*b*b+g*b
Sg"1(g)=0

Sq"2(g)=t*t

G 128,2013 = G 8,3 x G 16,8
e e e e e e e e e e e e ek ek ke ek ok ek ek ok
Group order: 128

Group number: 2018

Group description: D8 x Q16
Cohomology generators
Degree 1: a, b, c, d

Degree 2: e

Degree 4: f
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Steenrod squares

SgMl(e)=e*a+e*b

Sgr1(f)=0

Sgr2(f)=0

G 128,2018 = G 8,3 x G 16,9
T
Group order: 128

Group number: 2110

Group description: Q8 x D16

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Degree 4: f

Steenrod squares

Sgthl(e)=e*a+e*b

SgM1(H=0

Sqr2(f)=0

G 128,2110 = G 8,4 x G 16,7

e e e e ek e ke e ek ek ek ek ke ek ek ek ek ek ek ko
Group order: 128

Group number: 2111
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Group description: Q8 x QD16
Cohomology generators
Degree 1: a, b, c, d

Degree 3: e

Degree 4: f, g

Steenrod squares

Sg™1(e)=0
Sg™hl(e)=e*b*b+g*b
Sgr1(H)=0

Sg*2(f)=0

Sg"1(g)=0

Sq"2(g)=e*e

G 128,2111 =G 8,4 x G 16,8
e e e e e e e e e e e e ek ek ke ek ok ek ek ok
Group order: 128

Group number: 2114

Group description: Q8 x Q16
Cohomology generators
Degree 1: a, b, c, d

Degree 4: e, f

Steenrod squares

184



Sg™1(e)=0

Sg"2(e)=0

Sgr1(f)=0

Sgr2(f)=0

G 128,2114 =G 8,4 x G 16,9
T
Group order: 128

Group number: 2136

Group description: C16 x C2 x C2 x C2

Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Cohomology relations

1: a2

Steenrod squares

Sg™1(e)=0

e e e e e e e e e ek e ek ke ek ke ek ek ek ek ek ko
Group order: 128

Group number: 2137

Group description: C2 x C2 x (C16 : C2)

Cohomology generators
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Degree 1: a, b, c, d

Degree 3: e

Degree 4: f

Steenrod squares

Sg™1(e)=0

Sg"2(e)=e*b*b+f*a

Sgr1()=0

Sgn2(f)=f*a*b+f*b*b

G 128,2137 =G 4,2 x G 32,17

e e e e e e ek ke ek ek ek ek ok
Group order: 128

Group number: 2138

Group description: C2 x ((C16 x C2) : C2)
Cohomology generators

Degree 1: a, b, c, d

Degree 4: e

Steenrod squares

Sg™1(e)=0

Sg"2(e)=e*a*at+e*b*b+e*c*c

G 128,2138 = G 2,1 x G 64,189

k*khkkkkkkkkkhkkkkkkkhkkkkkhkkhkkkhkkhkkhkkkhhhkkkhkkhkkkkkhhhkkkhhhhkhkhkhhhikikikiiiikk
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Group order: 128

Group number: 2140

Group description: C2 x C2 x D32
Cohomology generators

Degree 1: a, b, c, d

Degree 2: e

Cohomology relations

1:a*b

Steenrod squares

Sgtl(e)=e*a+e*b

e e e e e e ek ke ek ek ek ek ok
Group order: 128

Group number: 2141

Group description: C2 x C2 x QD32
Cohomology generators

Degree 1: a, b, c, d

Degree 3: e

Degree 4: f

Steenrod squares

SgM1(e)=0

Sg™2(e)=f*b
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SgML(H=e*b*b

Sg~2(f)=e*b*b*b

G 128,2141 =G 4,2 x G 32,19

e e ek ek e e ek e ek ek ke ek ek ke ke ok
Group order: 128

Group number: 2142

Group description: C2 x C2 x Q32

Cohomology generators

Degree 1: a, b, c, d

Degree 4: e

Steenrod squares

Sg™1(e)=0

Sg"2(e)=0

G 128,2142 = G 4,2 x G 32,20

e e e e e e e e e ek e e ek ke ek ek ek ek
Group order: 128

Group number: 2145

Group description: C2 x (QD32 : C2)

Cohomology generators

Degree 1: a, b, c, d

Degree 5: ¢, f
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Degree 8: g

Steenrod squares
SgM1(e)=b*b*c*c*c*c+e*a
SgM1(f)=f*b

59"1(g)=?

G 128,2145 =G 2,1 x G 64,191

kEhkArhhkkhkrhkkhhkihkhrhkhkhkikhkihhkihkkhhhhhihkihkhhkkhhkirhkhihhihkhhkhhkhihkhkhihkhhiikhihkiikkx

5.2 Experimental results of Stiefel-Whitney classes of real
representation of non-prime power groups.

Group name: SymmetricGroup(6)

Stiefel-Whitney Classes: [ [ v.1 ], [ v.2, v.2+v.3 ], [ v.8+Vv.10, v.8+v.9+Vv.10,
v.6+v.8+v.10, v.6+v.8+v.9+v.10 |, [ v.11+Vv.12+Vv.17, v.11+v.12+Vv.17+v.19,
v.114+v.12+v.17+v.18,v.11+v.12+v.17+v.18+v.19, v.11+v.12+v.14+v.17,
v.11+v.12+v.14+4v.17+v.19, v.11+v.12+v.14+4v.17+v.18,
v.11+v.12+v.14+v.17+v.18+v.19, v.11+v.12+v.13+v.15+v.17,
v.11+v.12+v.13+4v.154+v.174+v.19, v.11+v.12+4+v.13+Vv.15+v.17+v.18,
v.114v.12+v.13+v.15+v.17+v.18+v.19, v.11+v.12+v.13+Vv.14+v.15+v.17,
v.11+v.12+v.13+v.14+4v.15+v.17+v.19,v.11+v.12+v.13+v.14+v.15+v.17+v.18
, V.114+v.124v.13+v.14+v.15+v.17+v.18+v.19 |, [ v.22, v.22+Vv.34, v.22+V.33,
v.22+v.33+v.34,v.22+v.27,v.22+v.27+v.34,v.22+v.27+v.33,
v.22+v.27+v.334+v.34,v.22+v.26+Vv.29, v.22+Vv.26+Vv.29+v.34,
V.22+v.26+v.29+4v.33, v.22+v.26+Vv.29+v.334+v.34, v.22+V.26+V.27+V.29,
V.224V.26+V.27+v.29+v.34, v.22+v.26+V.27+Vv.29+v.33,
V.224V.26+v.27+v.29+4v.33+v.34, v.22+V.24, v.22+4V.24+v.34,v.22+Vv.24+Vv.33,
v.22+v.24+v.33+4+v.34, v.22+v.24+v.27,v.22+Vv.24+v.27+v.34,
v.22+v.24+v.27+4v.33,v.22+v.24+v.27+v.334+v.34, v.22+4V.24+V.26+V.29,
V.224V.24+v.26+v.29+v.34, v.22+Vv.24+Vv.26+Vv.29+v.33,
V.224V.24+v.26+v.29+v.33+v.34, v.22+V.24+Vv.26+Vv.27+Vv.29,
V.22+V.24+v.26+v.27+v.294+v.34, v.22+4V.24+v.26+Vv.27+v.29+v.33,v.22
+V.244v.26+v.27+v.29+v.33+v.34, v.22+Vv.23+v.28, v.22+v.23+v.28+v.34,
V.22+v.23+v.28+v.33, v.22+v.23+v.28+v.33+v.34,
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V.224v.23+v.27+v.28,v.22+v.23+v.27+Vv.28+v.34, v.22+Vv.23+v.27+Vv.28+V.33,
V.224v.23+v.27+v.28+4+v.33+Vv.34,v.22+Vv.23+V.26+Vv.28+Vv.29,
V.224V.23+v.26+v.28+v.29+v.34, v.22+4+V.23+v.26+Vv.28+Vv.29+v.33,
V.224V.23+v.26+v.28+v.29+v.33+v.34, v.22+4V.23+v.26+V.27+Vv.28+V.29,
V.224V.23+v.26+Vv.27+v.28+v.294v.34,v.22+Vv.234+v.26+Vv.27+v.28+v.29+v.33
V.224v.23+v.26+v.27+v.28+v.29+v.33+v.34,
V.224V.23+v.24+v.28,v.22+Vv.23+4v.24+Vv.28+v.34, v.22+v.23+v.24+Vv.28+v.33,
v.22+v.23+v.24+4v.28+v.33+v.34, v.22+V.23+V.24+v.27+V.28,
V.224v.23+v.24+v.27+v.28+v.34,
V.224v.23+v.24+v.27+v.28+v.33,v.22+Vv.23+V.24+v.27+v.28+v.33+v.34,
V.22+V.23+V.24+4V.26+V.28+V.29, v.22+V.23+V.24+Vv.26+Vv.28+v.29+v.34,
V.224V.23+v.24+v.26+Vv.28+v.294+v.33,v.22+Vv.23+4+V.24+Vv.26+Vv.28+v.29+v.33
+v.34, v.22+v.23+v.24+V.26+4V.27+Vv.28+Vv.29,v.22+Vv.23+Vv.24+
v.26+Vv.27+v.28+v.29+v.34,
V.22+v.23+V.24+4v.26+V.27+Vv.28+v.29+v.33,v.22+v.23+
V.24+4v.26+v.27+v.28+v.29+v.33+v.34 | ]

TotalStiefelWhitneyClass:=sw[1][1]+sw][2][1]+sw][3][1]+sw][4][1]+sw][5][1]
v.1+v.2+v.8+v.10+v.11+v.12+v.17+v.22
StiefelWhitneyClassAsPolynomial :

v.1 +v.2 +Vv.4*v.4 +v.8 + v.2*v.4*v.4 + v.8%v.2 + v.8*v.4 + v.8%v.2*v.4
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Group name: SymmetricGroup(7)

Stiefel-Whitney Classes: [ [ v.1 ], [ v.2, v.2+Vv.3 ], [ v.8+Vv.10, v.8+v.9+Vv.10,
v.6+v.8+v.10, v.6+v.8+v.9+v.10 |, [ v.11+Vv.12+Vv.17, v.11+v.12+v.17+v.19,
v.11+v.12+v.17+v.18, v.11+v.12+v.17+v.18+v.19, v.11+v.12+v.14+v.17,
v.114+v.12+v.14+v.17+v.19, v.11+v.12+v.14+v.17+v.18,
v.11+v.12+v.14+v.17+v.18+v.19, v.11+v.12+v.13+v.15+v.17,
v.11+v.12+v.13+4v.154+v.174+v.19, v.11+v.12+4+v.13+4Vv.15+v.17+v.18,
v.114v.12+v.13+v.15+v.17+v.18+v.19, v.11+v.12+v.13+Vv.14+v.15+v.17,
v.11+v.12+v.13+v.14+4v.15+v.17+v.19,v.11+v.12+v.13+v.14+v.15+v.17+v.18
, Vo11+v.124v.13+v.14+v.15+v.17+v.18+v.19 |, [ v.22, v.22+V.34, v.22+Vv.33,
v.22+v.33+v.34,v.22+v.27,v.22+v.27+v.34,v.22+v.27+v.33,
v.22+v.27+v.334+v.34,v.22+v.26+Vv.29, v.22+Vv.26+Vv.29+v.34,
V.22+v.26+v.29+4v.33, v.22+v.26+Vv.29+v.334+v.34, v.22+4+V.26+V.27+V.29,
V.224V.26+V.27+v.29+v.34, v.22+v.26+V.27+v.29+v.33,
V.224V.26+v.27+v.29+4v.33+v.34, v.22+V.24, v.224V.24+v.34,v.22+Vv.24+Vv.33,
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v.22+v.24+v.33+v.34, v.22+v.24+v.27,v.22+v.24+v.27+v.34,
V.224V.24+v.27+v.33,v.224v.24+v.27+v.33+v.34, v.22+V.24+V.26+V.29,
V.224V.24+v.26+v.29+4v.34, v.22+V.24+Vv.26+V.29+Vv.33,
V.224V.24+v.26+v.29+4v.33+v.34, v.22+V.24+v.26+Vv.27+V.29,
V.224V.24+v.26+Vv.274v.29+v.34, v.22+V.24+4V.26+Vv.27+Vv.29+v.33,v.22
+v.24+v.264v.27+v.29+v.33+v.34, v.22+Vv.23+v.28, v.22+Vv.23+v.28+Vv.34,
v.22+v.23+v.28+4+v.33, v.22+v.23+v.28+v.33+v.34,
V.224V.23+v.27+v.28,v.22+v.23+v.27+Vv.28+v.34, v.22+Vv.23+v.27+Vv.28+V.33,
v.22+v.23+v.27+v.28+v.33+v.34, v.22+4+v.23+Vv.26+Vv.28+V.29,
V.224V.23+v.26+v.28+v.29+v.34, v.22+4V.23+v.26+Vv.28+Vv.29+v.33,
v.22+v.23+v.26+4Vv.28+v.29+v.33+v.34, v.22+Vv.23+v.26+Vv.27+v.28+Vv.29,
V.224V.23+v.26+v.27+v.28+v.294+v.34,v.22+Vv.234v.26+Vv.27+v.28+v.29+v.33
V.22+v.23+v.26+4v.27+v.28+v.29+v.33+v.34,
V.224V.23+v.24+v.28,v.22+v.23+4v.24+Vv.28+v.34, v.22+v.23+v.24+Vv.28+v.33,
v.22+v.23+v.24+4v.28+v.33+v.34, v.22+v.23+V.24+Vv.27+v.28,
v.22+v.23+V.24+v.27+v.28+v.34,
V.224V.23+v.24+v.274+v.28+v.33,v.22+v.23+V.24+4Vv.27+v.28+v.33+v.34,
V.224V.23+Vv.24+v.26+4V.28+Vv.29, v.22+4V.23+4+V.24+Vv.26+V.28+Vv.29+v.34,
V.224V.23+v.24+v.26+v.28+v.29+v.33,v.22+Vv.23+4+V.24+v.26+Vv.28+v.29+v.33
+v.34, v.22+v.23+V.24+4V.26+4V.27+V.28+Vv.29,v.22+Vv.23+v.24+
V.26+V.27+v.28+v.29+v.34,
V.22+V.23+Vv.24+4v.26+4v.27+v.28+v.29+v.33,v.22+v.23+
V.24+4v.26+v.27+v.28+v.29+v.33+v.34 | |

TotalStiefelWhitneyClass:=sw[1][1]+sw][2][1]+sw][3][1]+sw][4][1]+sw][5][1]
v.14+v.2+v.8+v.10+v.11+v.12+v.17+v.22

Stiefel-Whitney Class As Polynomial :

v.l+v.2+v4*v4 +v.8 +v.2*v4*v.4 +v.8%v.2 + v.8*v.4 + v.8%v.2*v .4

We note that Stiefel-WhitneyClasses of S, = Stiefel — WhitneyClasses of S¢
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Group name: MathieuGroup(9)

Cohomology generators: [ v.1,v.2, v.3,v.7 ]

Generators degree: [0,1,1,4 ]

StiefelWhitney-Classes:

[[0*v.1,v.1],[0*v.1,v.3,v.2,v.2+v.3 ], [ 0*v.1,v.5,v.4,v.4+v.5], [ 0*v.1, v.6
], [ 0*v.1,v.7 ], [ 0*v.1,v.9, v.8, v.8+v.9 |,
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[ 0*v.1,v.11,v.10,v.10+v.11 ], [ 0*v.1,v.12 ] ]
sw[1][2]: v.1

sw([2][1]: 0
sw|2][2]: v.3
sw|[2][3]: v.2
sw[2][4]: v.2 +Vv.3

sw[3][4]: v.2*v.2

sw[3][3]: v.2*v.2 + v.2*v.3
w[3][2]: v.2*v.3

sw[4][2]: v. 2*V 2*v.3

sw[5][2]: v

sw[6][2]: v. 7*V 2

sw[6][3]: v.7*v.2 + v.7*v.3

sw|[6][4]: v.7*v.3

[7]1[2]: v.7*v.2*v.2

[7]1[3]: v.7*v.2*v.3

sw[7][4]: v.7*v.2*v.2 + v.7*v.2*v.3

sw(8][2]: v.7*v.2*v.2*v.3

TotalSteifelWhiteny:=sw[1][2]+sw][2][4]+sw][3][2]+sw][4][2]+sw][5][2]+sw[

6][2]+sw|[7][2]+sw][8][2];

v.1+v.2+v.3+v.5+v.6+v.7+v.9+v.11+v.12

AsPolynomial(TotalSteifelWhiteny);

v.1+v.2+v.3+v.2*v.3 +v.2*.2*.3 +Vv.7 + v.7*V.2 + v.7*v.2*v.2 +

Vv.7*v.2*v.2*v.3

Sw
Sw
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Group name: MathieuGroup(10)
Group([ (1,7)(2,3)(4,5)(9,10), (2,4)(3,5)(6,8)(9,10), (1,3,7,2)(4,9,5,10) ])
Group Generators: [v.1,v.2,v.3,v.6,v.8 |
Generators degree: [0,1,1, 3,4 ]
Stiefel-Whitney Classes:
[[0*v.1,v.1],[0*v.1,v.3,v.2,v.2+Vv.3 ], [ 0*v.1, v.5, v.4, v.4+v.5 ], [ 0*v.1, V.7,
v.6, v.6+v.7 ],[ 0*v.1,v.10,v.9, v.9+v.10, v.8, v.8+v.10, v.8+v.9, v.8+v.9+v.10 ],

[ 0*v.1,v.14,v.13,v.13+v.14,v.12, v.12+v.14, v.12+v.13, v.12+v.13+v.14,
v.11,v.11+v.14,v.114+v.13, v.11+v.13+v.14, v.11+v.12,

v.114+v.124v.14, v.11+v.124v.13, v.11+v.124+v.13+v.14 |, [ 0*v.1, v.18,
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v.17,v.17+v.18,v.16,v.16+v.18, v.16+v.17,v.16+v.17+v.18, v.15,
v.15+v.18, v.15+v.17,v.15+v.17+v.18, v.15+v.16, v.15+v.16+Vv.18,
v.15+v.16+v.17, v.15+v.16+v.17+v.18 ],
[ 0*v.1,v.22,v.21,v.214v.22,Vv.20,v.204Vv.22,v.20+v.21,v.20+v.21+Vv.22,
v.19,v.19+4v.22,v.19+v.21, v.19+v.21+v.22, v.19+v.20,
v.19+v.20+v.22, v.19+v.20+v.21, v.194+v.20+v.21+v.22 ], [ 0*v.1, v.27,
V.26, Vv.26+Vv.27,v.25,v.25+v.27,v.254v.26, v.25+v.26+Vv.27, V.24,
V.24+v.27,v.24+4v.26,V.24+v.26+Vv.27, v.24+V.25, v.24+Vv.25+Vv.27,
V.24+4v.25+v.26, v.24+v.254+v.26+v.27,v.23,v.23+V.27, v.23+V.26,
v.23+v.26+v.27,v.23+v.25, v.23+v.25+v.27,v.23+Vv.25+V.26,
v.23+v.25+v.26+v.27,v.234+v.24, v.23+v.24+Vv.27,V.23+V.24+V.26,
v.23+v.24+v.26+v.27,v.23+v.24+Vv.25, v.23+Vv.24+4v.25+v.27,
v.23+v.24+v.25+v.26, v.23+v.24+v.25+v.26+v.27 | ]
Total Steifel-Whetiny class:= sw[1][2]+sw][2][2]+ sw[3][2]+sw[4][2]+
sw[5][3]+sw[6][4]+sw[7][3]+sw][8][2]+sw][9][2]
v.1+v.3+v.5+v.7+v.9+v.13+v.14+v.17+v.22+Vv.27
Total Steifel-Whetiny class As Polynomial:
v.1 +v.3 +v.2*v.2 + v.2*v.2*v.2 + v.6 + v.6*V.2 + v.2*v.2*v.2*v.2*Vv.2 +
V.6%v.2%v.2*v.2 + v.2*v.2*v.2*v.2*v.2*v.2*v.2 + v.6*v.2*v.2*v.2*Vv.2 + v.8\

*V.6 + v.2*v.2*v.2*v.2*v.2*v.2*v.2*Vv.2
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Group name: MathieuGroup(11)

Cohomology generators: v.1, v.2, v.3, v.6, v.8
Generators degree: 0,1,1,3,4

StiefelWhitneyClasses(rho,v,A,true);

[[0*v.1,v.1],[0*v.1,v.3,v.2, v.2+v.3 ], [ 0*v.1, V.5, v.4, v.4+Vv.5 ],

[ 0*v.1,v.7,V.6,v.6+V.7 |,

[ 0*v.1,v.10,v.9, v.9+v.10, v.8, v.8+v.10, v.8+v.9, v.8+v.9+v.10 |,

[ 0*v.1,v.14,v.13, v.13+v.14,v.12, v.12+v.14, v.12+v.13, v.12+v.13+v.14,
v.11,v.11+v.14, v.11+v.13, v.11+v.13+v.14, v.11+v.12, v.11+v.12+v.14,
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v.11+v.124v.13, v.11+v.12+v.13+v.14 ],

[ 0*v.1,v.18,v.17,v.17+v.18,v.16, v.16+v.18, v.16+v.17, v.16+v.17+v.18,
v.15,v.15+v.18,v.15+v.17, v.15+v.17+v.18, v.15+v.16, v.15+v.16+v.18,
v.15+v.16+v.17, v.15+v.16+v.17+v.18 ],

[ 0*v.1,v.22,v.21,v.21+v.22,v.20, v.20+Vv.22, v.20+v.21, v.20+Vv.21+Vv.22,
v.19,v.19+4v.22,v.19+v.21, v.19+v.21+v.22, v.19+v.20, v.19+v.20+Vv.22,
v.19+v.20+v.21, v.19+v.20+v.21+v.22 ],

[ 0%*v.1,v.27,v.26,Vv.26+Vv.27,Vv.25, v.25+v.27,v.25+v.26, v.25+v.26+Vv.27,
V.24, v.24+v.27,v.24+v.26, V.24+V.26+Vv.27, v.24+Vv.25, v.24+v.25+v.27,
V.24+v.25+v.26, v.24+v.25+v.26+v.27,v.23,v.23+Vv.27, v.23+V.26,
v.23+v.26+Vv.27, v.23+Vv.25, v.23+v.25+4+v.27,v.23+v.25+v.26,
Vv.23+v.25+v.26+4v.27,v.23+v.24, v.23+V.24+v.27,v.23+V.24+V.26,
V.23+v.24+v.26+4v.27,v.23+v.24+v.25, v.23+v.24+v.25+Vv.27,
V.23+v.24+v.254v.26, v.234Vv.24+v.25+v.26+v.27 | |
TotalStiefelWhitneyClass:=
sw[1][2]+sw[2][2]+sw([3][2]+sw][4][2]+sw][5][2]+sw][6][2]+sw[7][2]+sw[8]
[2]+sw([9][2];

v.1+v.3+v.5+v.7+v.10+v.14+v.18+v.22+v.27

TotalStiefelWhitneyClass AsPolynomial

v.1+v.3 +v.2*.2 + v.2*v.3 + v.2*v.2*v.2 + v.2*v.2*v.2*v.2 +
V.2*v.2*v.2*v.\2*v.2 + v.6*v.2*V.2 + v.2*v.2*v.2*V.2*v.2*Vv.2 + v.6*v.2%v.2*V.2
+ V.2%v.2*v.2*\v.2*v.2*v.2*V.2 + v.2*v.2*v.2%v.2*v.2*v.2%v.2*v.2

*hkkhkkhkkhkkhkkhkkkkhkkhkkhkkhkkkkhkkhkkkkkkhkkkhkkkkkhkkkkkkkhkkhkkhkkhkkhkkhkkkkkkkhkkkhkhkkhkkikkhkkhkkhkkhkikkikkikikikikk

Group name: AlternatingGroup(4)
Group([ (1,2)(3,4), (1,3)(2,4) )
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Group Generators:

[v.1,v.2,v.3]

Generators degree:

[0,1,1]

Stiefel-Whitney Classes:

[[vl] [v2+v.3 ], [v4]]

Total Steifel-Whiteny class:=sw[1]+sw][2]+sw][3];
[ v.1+v.2+v.3+v.4 ]

Total Steifel-Whiteny class As Polynomial:
v.l+v.2+v.3+v.2*v.3
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Group name: AlternatingGroup(5)

Group([ (1,2)(3.4), (1,3)(24) 1)

Group Generators:

[v.1,v.2,v.3]

Generators degree:

[0,1,1]

Stiefel-Whitney Classes of A5 = Stiefel-Whitney Classes of A,

>k 3k 3k Sk ok ok ok ok ok ok sk 3k Sk ok ok sk sk sk ok ok ok sk sk sk Sk ok sk ok ok sk ok ok ok >k sk >k Sk Sk ok ok sk sk ok ok ok ok sk >k sk Sk ok ok sk sk ok sk sk sk Sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk

Group name: Alternating Group(6)
Group([ (1,2)(3,4), (1,3)(2,4), (1,2)(5,6) ])
gap> A:=Mod2SteenrodAlgebra(G,8);;
Group Generators:

[v.1,v.2,v.3,v4]

Generators degree:

[0,1,1,2]

Stiefel-Whitney Classes:

[[0*v.1,v.1],[0*v.1,v.3,v.2,v.2+v.3 |, [ 0*Vv.1, v.6, v.5, v.5+V.6, V.4, v.4+V.6,
v.4+v.5, v.4+v.5+v.6 ], [ 0*v.1,v.10,v.9, v.9+v.10, v.8, v.8+v.10, v.8+v.9,
v.8+v.9+v.10,v.7, v.7+v.10, v.7+v.9, v.7+v.9+v.10, v.7+Vv.8, v.7+v.8+Vv.10,
v.7+v.8+v.9, v.7+v.8+v.9+v.10 ], [ 0*v.1, v.15, v.14, v.14+v.15, v.13,
v.13+v.15, v.13+v.14, v.13+v.14+v.15,v.12, v.12+v.15, v.12+v.14,
v.12+v.14+v.15, v.12+v.13,v.12+v.13+v.15,v.12+v.13+v.14,
v.12+v.13+v.14+v.15,v.11, v.11+v.15, v.11+v.14, v.11+v.14+v.15, v.11+v.13,
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v.11+v.13+v.15, v.11+v.13+v.14,v.11+v.13+v.14+4v.15,v.11+v.12,
v.11+v.12+v.15, v.11+v.12+v.14, v.11+v.12+v.14+v.15, v.11+v.12+v.13,
v.11+v.12+v.134+v.15, v.11+v.12+v.13+v.14, v.11+v.12+v.13+v.14+v.15 | ]

Total Steifel-Whieny class:=sw[1][1]+sw[2][2]+sw[3][2]+sw][4][2];
v.3+v.6+v.10

Total Steifel-Whieny class As Polynomial:

v.3 +v.3*v.3 + v.3*v.3*v.3

>k 3k 3k ok ok ok ok ok ok ok >k 3k 3k ok ok ok ok sk ok ok sk >k >k >k 3k Sk ok ok ok sk ok ok ok ok >k >k 3k Sk ok ok ok ok ok ok ok ok ok >k >k 3k Sk ok ok sk sk ok >k >k sk sk sk sk sk ok sk sk sk sk sk sk skk sk sk k-

Group name: Alternating Group(6)
Group([ (1,2)(3.4), (1,3)(24), (1,2)(5,6) 1)
gap> A:=Mod2SteenrodAlgebra(G,8);;
Group Generators:

[v.1,v.2,v.3,v4]

Generators degree:

[0,1,1,2]

Stiefel-Whitney Classes of A, = Stiefel-Whitney Classes of A4

>k 3k 3k Sk ok ok ok ok 3k ok >k ok Sk Sk ok sk sk sk ok ok 3k >k >k ok Sk Sk ok ok ok sk ok sk ok 3k 3k >k 3k Sk Sk ok sk ok ok ok ok 3k sk sk sk Sk Sk ok sk sk sk ok sk sk skosk sk sk skosk sk sk sk ok sk sk sksk sk sk k
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Conclusion:

The current study computing of Steenrod squares on a a finite 2-groups of order
128. the computation of more than 200 groups of order 128 were conducted. The
implementation can compute the Steenrod squares.

» all direct product groups of orders 128 by using Direct product method.

* some small groups of order 128 wich have generators of degree 1, 2, 3 or 4 by
using The CohomologicalData(G,n) method or Detection Method as well as
using the HAP command CohomologicalDetectedIntersection(G,K,n) on the
specified maximal subgroups.

In addition We tried to find the results of computing the largest possible number
of SW-classes of real representation of non-prime power groups .

Moreover, fuzzy cofibration and fuzzy serre cofibration were studied as a branch
based on our study of the classifying space also, we expansion to study the

mixing case of this spaces.
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future work:

we can suggest several studies, including:

1.

introducing some of point to compute power Steenrod and fuzzy
cofibration as a future work.

computing power Steenrod square of mod-2 cohomology ring of finite
groups.

computing power steenrod squer of non-prime power groups .
computing Chern classes of mod-2 cohomology ring of finite groups.
computing Chern classes of non-prime power groups by

using Stiefel-Whitney classes of non-prime power groups and Steenrod
square of non-prime power groups .

finding structure Triple fuzzy fiber space is called Triple fuzzy Serre
(co) fibration (Tri FS(co) fibration , by short), and similarily we find triple
fuzzy (co) fibration (Tri F(co) fibration , by short)..
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Appendix GAP Codes

GAP Codes:

1) CohomologicalData:
HHHHHHHHHH

HHHHAHHHRH AT R R
HH

##Input: A Finite 2-groups, Maximal subgroups and and an integer N.

##Output: Print details of the group order, group number, cohomology ring
##generators with degree and relations and the Steenrod square Sq”k for
##each generator x and each positive 2-power k=21 <degree(x).

H#

H#

InstallGlobalFunction(CohomologicalData, function(arg)

Local G, N, file, alpha, alphal, A, gens, gensletters, gensletters1, gensdegrees, d, p,
tmp, tmpdir, X, relabel, relabeltwo, pres, rels, 1, s, i, k, w;

G:=arg[1];
if not SSortedList(Factors(Order(G)))=[2] then
Print("This function is only implemented for 2-groups.\n");
return fail;
fi;
N:=arg[2];
if Length(arg)=2 then
tmpdir := DirectoryTemporary();;
file:=Filename( tmpdir, "cdata.txt" );
else
file:=arg[3];
fi;
AppendTo(file,"Group order: ", [dGroup(G)[1],"\n");
AppendTo(file,"Group number: ",IdGroup(G)[2],"\n");
AppendTo(file,"Group description: ",StructureDescription(G),"\n\n");
alpha:=['1"/a’)b’,/c’,/d")e’ g 0, p’ )/ q ) ), st ,)u, Vv, W, X];
alphal:=List(alpha,i->[i]);
A:=ModPCohomologyRing(G,N);

gens:=ModPRingGenerators(A);
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gens:=ModPRingGenerators(A);
gensletters:=alpha{[1..Length(gens)]};
gensletters1l:=alphal{[1..Length(gens)]};
AppendTo(file,"Cohomology generators\n");
gensdegrees:=List(gens,Al.degree);
for d in SSortedList(gensdegrees) do
if d>0 then
AppendTo(file, "Degree ",d,": ");
tmp:=Filtered([1..Length(gens)],i->A!.degree(gens][i])=d);
tmp:=gensletters1{tmp};
for x in tmp do
if Position(tmp,x)<Length(tmp) then
AppendTo(filex, ",");
else
AppendTo(filex, "\n");
fi;
od;
fi;
od;
AppendTo(filex, "\n");
HARHHHHHHHAHHH AR B H AR HHH A H B H A HHH AR T H
Relabel:=function(ss)
Local i, s, us;
s:=String(ss);
s:=List(s,i->i);
s:=Filtered(s,i->not i="x");
Add(s,’);
us:=Filtered([1..Length(s)],i->s[i]="_");

foriin us do
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s[i+1]:=gensletters[1+EvalString([s[i+1]])];
if not s[i+2] in ['*’)+,*’] then
s[i+2]:="";
fi;

od;

s:=Filtered(s,i->not i="_");
s:=Filtered(s,i->not i="");

if Length(s)=0 then return 0;

fi;

return s;

end;

HEHHH S HHH S HHH SR HH S HH SR TS HHH SRS HH SRR H SR HH R
AppendTo(file,"Cohomology relations\n");
pres:=Mod2CohomologyRingPresentation(A);
pres:=MinimizeRingRelations(pres);
rels:=presl.relations;

forrin [1.Length(rels)] do
s:=relabel(rels[r]);

AppendTo(file,r,": ",s,"\n");

od;

AppendTo(file,"\n");
AppendTo(file,"Poincare series\n");
p:=HilbertPoincareSeries(pres);
p:=String(p); p:=List(p,i->i);

foriin [1.Length(p)] do

if p[i]="_ then p[i]:=""; p[i+1]:="";

fi;

od;

p:=Filtered(p,i->noti="");
AppendTo(file,p,"\n\n");
N:=Maximum(List(gens,Al.degree));
A:=Mod2SteenrodAlgebra(G,2*N);
gens:=ModPRingGenerators(A);
gensletters:=alpha{[1..Length(gens)]};
gensletters1l:=alphal{[1..Length(gens)]};
gensdegrees:=List(gens,Al.degree);
HHHHHHAHHHAHBHAHHH A H B A HHHAHHH A H AR H A HHHH
relabeltwo:=function(ss)
local i, s, us, t, ii, I;

s:=String(ss);
s:=List(s,i->1);
s:=Filtered(s,i->not i="v’);
us:=Filtered([1..Length(s)],i->s[i]=".);

Add(s,” ),
foriinusdo
i:=i+1;
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1:=[];
while not s[ii] in [**’,’+,’*’, * ’] do
Add(l,s[ii]);
s[il]:=="";
ii:=ii+1;
od,;
t:=Basis(A)[EvalString(l)];
s[i+1]:=gensletters[Position(gens,t)];
od,;
s:=Filtered(s,i->not i=".");
s:=Filtered(s,i->not i=" ’);
if Length(s)=0 then return O;
fi;
return s;
end;
HHHHHH R
AppendTo(file,"Steenrod squares\n™);
for i in [2..Length(gens)] do
for k in [1..Al.degree(gens[i])-1] do
if k=2”Log(k,2)then
AppendTo(file,"Sg™" k,"(",[gensletters[i]],")=");
w:=Sq(A,k,gensli]);
if IsZero(w) then
AppendTo(file,0,"\n");
else
w:=PrintAlgebraWordAsPolynomial(A,w,1);
w:=relabeltwo(w);
AppendTo(file,w,"\n");
fi;
fi;
od;
od;
Exec(Concatenation(*display " file));
if Length(arg)=2 then RemoveFile(file);
fi;
end;
U R R

2) CohomologyDetacted:
HHHHHHHEHHEHHEHHE

HitHHAHHHRH R

HH
##Input: A Finite 2-groups, Maximal subgroups and and an integer n> 0.
##Output: Print details of the group order, group number, cohomology ring
##generators with degree and relations and the Steenrod square Sq”k for

##each generator x and each positive 2-power k=2"i <degree(x).
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HH
HH

InstallGlobalFunction(CohomologicalDetected, function(arg)

Local G, N, file, alpha, alphal, A, gens, gensletters, gensletters1, gensdegrees, d, p,
tmp, tmpdir, x, HG, HLL, K, f, [, iota, j, P. ws, LL, L, ker, KER, relabeltwo, pres, rels,
r,s i,k w;

G:=arg[1];

L:=arg[2];

N:=arg[3];

if Length(arg)=3 then
tmpdir := DirectoryTemporary();;
file:=Filename( tmpdir, "cdetected.txt" );
else
file:=arg[4];

fi;
LL:=L;
if LL=G then

return CohomologicalData(G,N);
AppendTo(file,CohomologicalData(G,N));
else
AppendTo(file,"Group order: ", IdGroup(G)[1],"\n");
AppendTo(file,"Group number: ",IdGroup(G)[2],"\n");
AppendTo(file,"Group description: ",StructureDescription(G),"\n\n");
AppendTo(file,"Maximal Subgroup list:",List(L,IdGroup),"\n\n");
forjin [1.Length(LL)] do
LL:=L[j];
f:=GroupHomomorphismByFunction(LL,G,x->x);
G:=Range(f);
LL:=Source(f)
[:=InducedSteenrodHomomorphisms(f,N);
HG:=I[1];
HLL:=I[2];
iota:=I[3];
alpha:=
['1)a'b''c,'d e, f, g, 'h,'p,'q, ') s, t, u,'v,'Ww', x'];
alphal:=List(alpha,i->[i]);
gens:=ModPRingGenerators(HG);
gensletters:=alpha{[1..Length(gens)]};
gensletters1l:=alphal{[1..Length(gens)]|};
AppendTo(file,"Cohomology generators\n");
gensdegrees:=List(gens,HG!.degree);
for d in SSortedList(gensdegrees) do
if d>0 then
AppendTo(file, "Degree ",d,": ");
tmp:=Filtered([1..Length(gens)],i-
>HG!.degree(gens[i])=d);
tmp:=gensletters1{tmp};
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for x in tmp do
if Position(tmp,x)<Length(tmp) then
AppendTo(filex,", ");
else
AppendTo(filex,"\n");
fi;
od;
fi;
od;
AppendTo(file,"\n");

HAHHAHHAHHHAHHAHH AR HH A H AR HH AR AR H AR RS HAHH
relabeltwo:=function(ss)
locali, s, us, t, ii, I;
s:=String(ss);
s:=List(s,i->i);
s:=Filtered(s,i->not i="'v');
us:=Filtered([1..Length(s)],i->s[i]=".");
Add(s,'");
foriinusdo
ii:=i+1;
L=[];
while not s[ii] in ['*,'+',"*"," '] do
Add(1,s[ii]);
s[ii]:="";
ii:=ii+1;
od;
t:=Basis(A)[EvalString(1)];
s[i+1]:=gensletters[Position(gens,t)];
#if not s[i+2] in ['"','+","*'] then s[i+2]:=""; fi;
od;
s:=Filtered(s,i->not i=".");
s:=Filtered(s,i->noti="");
if Length(s)=0 or s="[]" then return 0; fi;
return s;

end;

HAHHHHAHHHAHHHAHHH AR HHHAHHHAHHH AR
HHHH#HHHH#
AppendTo(file,"Steenrod squares\n");
foriin [2..Length(gens)] do
for kin [1..HG!.degree(gens[i])-1] do
if k=2"Log(k, 2) then
AppendTo(file,"Sq”"k,"(",[gensletters][i]],")=");
w:=Sq(HLL,k,Image(iota[HG!.degree(gens[i])+1],gens][i]));
if IsZero(w) then
ker:=Kernel(iota[HG!.degree(gens[i])+1+k]);
#KER:=Basis(ker);
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#KER:=subspace(HG, Basis(ker));
KER:=Elements(ker);
KER:=List(KER x->x);
AppendTo(file, "[");
forjin [1..Length(KER)] do
w:=PrintAlgebraWordAsPolynomial(HG,KEA[j],1);
w:=relabeltwo(w);
AppendTo(file, "," );
fi;
od;
AppendTo(file, "]\n" );
else
P:=List(PreLmagesElm(iota[HG!.degree(gens[i]+1+k], w), x->X);
##ws:=[];
AppendTo(file, "[" );
forjin [1..Length(P)] do

w:=PrintAlgebraWordAsPolynomial (HG,P[j],1);
w:=relabeltwo(w);
#Append(ws,[w]);
AppendTo(file, w );
if j< Length(P) then
AppendTo(file, "," );
fi;
od;
AppendTo(file,"]\n");

fi;
fi;
od;
od;
od;
fi;
Exec(Concatenation("display " file));
if Length(arg)=3 then RemoveFile(file);
fi;
end;
#######end of CohomologicalDetected###H##H#HH## AR HHHHHHHARAHHHHHHHH
HAEHHHHAHHHAHHHAHHH AR HHHAHHHAHHH TR

3) CohomologyDetactedIntersection:

HitHHAHHHRH R
HitHHAHHHRH R
HH

##Input:A Finite 2-groups, Maximal subgroups and and an integer n> 0.
##Output: Print details of the group order, group number, cohomology ring
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##generators with degree and relations and the Steenrod square Sq*k for
##each generator x and each positive 2-power k=271 <degree(x).
Hit
Hit
CohomologicalDetectedIntersection:=function(arg)
local G,N file, alpha, alphal, A, gens, gensletters, gensletters1,gensdegrees,
d, p, tmp, tmpdir, x, HG,HLL, K,f Liota,j,P,ws,LL, L,ker,t,IP,IPP,relabeltwo,
pres, rels, 1, s,i, k, w;
G:=arg[1];
L:=arg[2];
N:=arg[3];
if Length(arg)=3 then
tmpdir := DirectoryTemporary();;
file:=Filename( tmpdir, "cdetected.txt" );
else
file:=arg[4];
fi;
if L=G then
return CohomologicalData(G,N);
AppendTo(file,CohomologicalData(G,N));
else
AppendTo(file,"Group order: ", IdGroup(G)[1],"\n");
AppendTo(file,"Group number: ",IdGroup(G)[2],"\n");
AppendTo(file,"Group description:
",StructureDescription(G),"\n\n");
AppendTo(file,"Subgroup order:",List(L,IdGroup),"\n\n");
forjin [1.Length(L)] do
LL:=L[j];
f:=GroupHomomorphismByFunction(LL,G,x->x);
[:=InducedSteenrodHomomorphisms(f,N);
HG:=I[1];
HLL:=I[2];
iota:=I[3];
od;
alpha:=['1/a’,’b’,/c’/d’)e’,)'f,g’ ’h’,’p’,/q’,'1’)s’,)t,)w,) v/ W', )X'];
alphal:=List(alpha,i->[i]);
gens:=ModPRingGenerators(HG);
gensletters:=alpha{[1..Length(gens)]};
gensletters1l:=alphal{[1..Length(gens)]|};
AppendTo(file,"Cohomology generators\n");
gensdegrees:=List(gens,HG!.degree);
for d in SSortedList(gensdegrees) do
if d>0 then
AppendTo(file, "Degree ",d,": ");
tmp:=Filtered([1..Length(gens)],i-
>HG!.degree(gens[i])=d);
tmp:=gensletters1{tmp};
for x in tmp do
if Position(tmp,x)<Length(tmp) then
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AppendTo(filex,", ");
else
AppendTo(file,x,"\n");
fi;
od;
fi;
od;
AppendTo(file,"\n");

HH#HHHHHHH A HHH AR HH SR HH SR HH S TSRS H T
HEHHHHHHHHHHHH
relabeltwo:=function(ss)
locali, s, us, t, ii, 1;
s:=String(ss);
s:=List(s,i->i);
s:=Filtered(s,i->not i="v’);
us:=Filtered([1..Length(s)],i->s[i]=".");
Add(s,”’);
foriinusdo
ii:=i+1;
L=[];
while not s[ii] in ['"’)+,*,’] do
Add(],s[ii]);
s[ii]:="";
ii:=ii+1;
od;
t:=Basis(HG)[EvalString(1)];
s[i+1]:=gensletters[Position(gens,t)];
od;
s:=Filtered(s,i->not i=".");
s:=Filtered(s,i->noti="");
if Length(s)=0 or s="[]" then return 0;
fi;
return s;
end;

HHHHHH A HHHAHBHAHBHAHHH AR HH SRR
HHEHHHAHHHAHH
AppendTo(file,"Steenrod squares\n");
foriin [2..Length(gens)] do
for kin [1..HG!.degree(gens[i])-1] do
IP:=[];
forjin [1..Length(L)] do
Add(1P,[]);
LL:=L[j];
f:=GroupHomomorphismByFunction(LL,G,x->x);
[:=InducedSteenrodHomomorphisms(f,N);
HG:=I[1];
HLL:=I[2];
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iota:=I[3];
gens:=ModPRingGenerators(HG);
if k=2"Log(k,2)then

w:=Sq(HLL,k,Image(iota[HG!.degree(gens[i])+1],gens][i]));
if IsZero(w) then

ker:=Kernel(iota|HG!.degree(gens[i])+1+k]);
P:=Elements(ker);
for tin [1..Length(P)] do

w:=PrintAlgebraWordAsPolynomial(HG,P[t],1);
w:=relabeltwo(w);
Add(IP[j], w);
od;
else

P:=List(PrelmagesElm(iota[HG!.degree(gens[i])+1+k],w),x->x);
for tin [1..Length(P)] do

w:=PrintAlgebraWordAsPolynomial (HG,P[t],1);
w:=relabeltwo(w);
Add(IP[j], w);
od;
fi;
fi;
od;
if k=2"Log(k,2)then

AppendTo(file,"Sq™" k,"(",[gensletters[i]],")=");
[PP:=IP[1];
forjin[2.Length(L)] do
[PP:=Intersection(IPP,IP[j]);
od;
AppendTo(file,IPP[1]);
forjin [2..Length(IPP)] do
AppendTo(file, "," ,IPP[j]);
od;
AppendTo(file,"\n");
fi;
od;
od;
fi;
Exec(Concatenation("display " file));
if Length(arg)=3 then RemoveFile(file);
fi;
end;
H######H#H##H######end of CohomologicalDetectedIntersection##########
HHHHHHHHHHAHHHAHHH A HHH A HHHAHHH S HHH AR HHH A HHHH
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4) HAP-StiefelWhitney
R R
H#H
## Input: Inputs $(G,v)$ or $(G,v,n)$ or $(\phi,v)$ or $(\phi,v,n)$. In the
first ## two cases $G$ must be a matrix group or a permutation group
which we convert to ## a permutation matrix group. In the second case
$\phi:G\longrightarrow Q$ must be ## a homomorphism to a matrix or
permutation group $QS3.
i
## Output: List of Stief , dimension of polytop, Resolution Prime Power
Group and ## Polytopal Representation Complex.
HH#
## InstallGlobalFunction(HAP_StiefelWhitney,
function(arg)
local G,v,n,P,R, T,homid, ThomR,CRhomCT,CThomCR,CR, CT,trans,
Iso,pos, CTmatCR, TRmapping,stief,one,zero,d,u,uu,A,B,B1,B2,i,j;
iIf I1sGroup(arg[1]) then
G:=arg[1];
else
G:=Source(arg[1]);
fi;
v:=arg[2];
P:=PolytopalRepresentationComplex(arg[1],v);
if 1sBound(arg[3]) then

n:=arg[3];
else
n:=0;
while P!.dimension(n)>0 do
n:=n+1; od;
fi;

T:=FreeGResolution(P,n+1,2);
R:=ResolutionPrimePowerGroup(G,n+1);
homid:=GroupHomomorphismBylmages(G,G,GeneratorsOfGroup(G),
GeneratorsOfGroup(G));
ThomR:=EquivariantChainMap(T,R,homid);
CRhomCT:=HomTolntegersModP(ThomR,2);
CR:=Source(CRhomCT);

CT:.=Target(CRhomCT);

S S

##Now compute cochain map CThomCR:CT--->CR
CTmatCR:=[];
foriin[0..n+1] do
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u:=List([1..R!.dimension(i)],x->0);
A=l
for jin [1..Rl.dimension(i)] do
u:=0*u;
u[j]:=0ne(GF(2));
Add(A,CRhomCT!.mapping(u,i));
od;
B1:=SemiEchelonMatTransformation(A);
uu:=List([1..Length(B1.heads)],x->0);
B2:=[];
for jin [1..Length(B1.heads)] do
uu:=0*uu;
if B1.heads[j]=0 then
uu[j]:=0One(GF(2));
Add(B2,1*uu);
fi;
od;
B:=SolutionsMatDestructive(One(GF(2))*Concatenation(A,B2),
One(GF(2))*IdentityMat(Length(A[1])));
B:=List(B,x->x{[1..Length(A)]});
Add(CTmatCR,B);
od;
# The cochain map CT--->CR sends vector v to v*CTmatCR
U R R R R
TRmapping:=function(v,n);
return v*CTmatCR[n+1];
end;
U R R R R
CThomCR:=rec(source:=CT, target:=CR,properties:=CRhomCT!.properties,
mapping:=TRmapping);
CThomCR:=0bjectify(HapCochainMap,CThomCR);
##DONE
AR
#We now construct a function stief(v,k):CR"k--CR*(n+d), v|-->w
#where d is the dimension of the polytope P
d:=0;
while P!.dimension(d+1)>0 do
d:=d+1;
od;
zero:=Zero(GF(2));
one:=0ne(GF(2));
HETHEERR R EER
stief:=function(v,k)
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local w;

w:=zero*[1..T!.filteredDimension(d-1,k+d)];

Append(w,one*v);

return w*CTmatCR[1+k+d];

end;

HEHHHEHEH T

return [stief,d,R,P] ;

end);

HIHHHEHEHEHE A end of HAP-StiefelWhitney #t#H#H#H
HHHHHHHH R HHH AR R HHHH R

5) FundamentalMultiplesOfStiefel WhitneyClasses
HHHHHHHHH R HHHHH A AR R HHH AR A AR
HHHHHHHHH R HHHHHH R T A H
HHHHHHHAH

## Input: either (G,v,A) where G is either a matrix/permutation group or
## a group representation.

## Output: a list $[t_0, t_1,...,t_D]$ where the term $t_i$ is a list of all
## solutions to the equation $\rho”0(1)x=\rho”0(1)\omega_i$ with $x\in
## HNi(G,\mathbb{\Z}_2)$.

HH#

H#

InstallGlobalFunction(FundamentalMultiplesOfStiefelWhitneyClasses,

function(arg)

local bool,G,v,A,P,N,S,R,stief,d,L,i,k,j,fund,Bas,Bas1,Bas2,swc,swcl,PIRep,

u,a,b,w;

G:=arg[1];

v:=arg[2];
A:=arg[3];
if Length(arg)=4 then
bool:=arg[4];
else
bool:=false;
fi;
S:=HAP_StiefelWhitney(G,v);
P:=S[4];
N:=0;
while P!.dimension(N+1)>0 do
N:=N+1;
od;
stief:=S[1];
d:=5[2];
R:=S[3];
Bas:=Basis(A);
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L:=[;
for k in [0..N] do for j in [1..R!.dimension(k)] do
w:=Zero(A);
If k+d<=N then
u:=Zero(GF(2))*[1..R!.dimension(k)];
u[j]:=0ne(GF(2));
u:=stief(u,k);
a:=Sum(List([0..d+k-1],s->R!.dimension(s)));
b:=a+R!.dimension(d+Kk);
foriin[at+l..b] do
w:=w-+u[i-a]*Bas[i];
od;
fi;
Add(L,w);
od;
od;

fund:=L[1];
swc:=[];
for iin [0..N] do
Add(swc,Sq(A,i,fund));
od;
if not bool then
return swc;
fi;
swcl:=[];
foriin[0..N] do
Basl:=Filtered(Basis(A),x->Al.degree(x)=i);
Bas2:=L.ist(Basl,i->i*fund);
L:=LeftModuleGeneralMappingBylmages(Subspace(A,Basl),
Subspace(A,Bas2),Bas1,Bas2);
HERHREE AR N R R R R R R
PIRep:=function(L,x);
if x=fail then
return Xx;
fi;
iIf x=Zero(A) then
return Elements(Kernel(L));
fi;
return Elements(Prelmages(L,x));

end:
HHHHHHHHHHH R R

Add(swcl,PIRep(L,swcli+1])); od; return swcl; end);
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i #H#end of FundamentalMultiplesOfStiefelWhitneyClasses###
R R R R

6) CohomologyHomomorphismOfRepresentation

HHH R T R T R R R T
HHHHH R T R R R R
Ht

## Input: G can be a matrix/permutation group or a group representation.
## A is the Mod2 Steenrod algebra up to some degree.

## v Is a vector on which the group (representation) acts.

HH#

## Output: a list $[t_0,t_1,...,t D]$ where the term $t_i$ is a list of all
## solutions to the equation $\rho”0(1)x=\rho™0(1)\omega_i$ with $x\in
## HMNi(G,\mathbb{\Z} 2)$.

HH#

HH#

InstallGlobalFunction(CohomologyHomomorphismOfRepresentation,
function(G,v,A)
local N,S,R,stiefel,d,L,i,k,j,Bas,w,u,a,b;

N:=Maximum(List(Basis(A),x->Al.degree(x)));
S:=HAP_StiefelWhitney(G,v,N);
stiefel:=S[1];

d:=S[2];

R:=S[3];

Bas:=Basis(A);

L=[I;
for k in [0..N] do
for j in [1..R!.dimension(k)] do
w:=Zero(A);
if k+d<=N then

u:=Zero(GF(2))*[1..R!.dimension(k)];
u[j]:=0One(GF(2));

u:=stiefel(u,k);
a:=Sum(List([0..d+k-1],s->R!.dimension(s)));

b:=a+R!.dimension(d+k);
for i in [a+1..b] do w:=w+u[i-a]*Basli];

od,;
fi;

Add(L,w);
od;
od;

L:=LeftModuleGeneralMappingBylmages(A,A,Bas,L);

Al StiefelWhitneyHomomorphism:=L;
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return L;
end);

####tend of CohomologyHomomorphismOfRepresentation #######H##H##
HHHHH R R R R R R
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