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Abstract. In [8]), we introduced the category of chain bundles and it is shown that this category is set based having
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1 Introduction

Category theory, in general is a mathematical theory of structures and system of structures which
has come to occupy a central position in present day mathematics. Eilenberg and Mac Lane provide
a purely abstract definition of a category in 1945 (cf. [2] and [5]). Accordingly a category C can be
described as a set Ob whose members are objects of C and for every pair X,Y of objects of C there
is Hom(X,Y) called morphisms from X to Y both satisfying certain specified conditions. There are
many situations where one has to deal with chains (sequences) of objects and hence it is natural to
consider categories whose objects are chains in some category C and morphisms are appropriate mor-
phisms between such chains. In order to discuss such situations, in [8] we introduced the category
of chain bundles as a category whose objects are sequence in a category C with zero such that for
any two objects X and Y any subset of Hom(X,Y) constitute the morphisms between X and Y. A
category whose objects are chain bundles and morphisms appropriate chain bundle maps is termed
as a category of chain bundles written as CB.

K. S. S. Nambooripad introduced certain categories whose objects are ideal categories of semigroups
and morphisms are appropriate translations and he characterized these categories as categories with
subobjects and factorization (cf. [7]]). In [8], it is shown that the category of chain bundles is a
category with subobjects and factorization. In this paper we provide provide the examples of the cat-
egory of chain bundles of directed graph and augmented simplicial categories. Further we describe
the category of chains in chain bundle categories and discuss the properties of these categories.

2 Preliminaries

In the following we briefly recall basic notions such as categories, category with subobjects, factor-
ization of morphisms and the like which are needed in the sequel.

Definition 2.1. A category C consists of
1. aclass vC called the class of vertices or objects

2. a class C of disjoint sets C(a,b), one for each pair (a,b) € vC x vC, an element f € C(a,b) called a
morphism (arrow) from a to b, where a =dom f and b = cod f
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3. Fora,b,cevC, a map
0:C(a,b)xC(b,c) = C(a,c)

(f,g) — f og isthe composition of morphismsin C
4. For each a € vC, a unique 1, € C(a, a) is the identity morphism on a.
These must satisfy the following axioms:
Cat 1 for f €C(a,b), g €C(b,c) and h € C(c,d); the composition is associative
Cat 2 foreachaevC, f €C(a,b),geC(c,a), l,of=fandgol,=g.

vC may identifed as a subclass of C and with this identification, categories may regard in terms of
morphisms(arrows) alone. The category C is said to be small if the class C is a set. For any category C
an opposite category denoted as C° is the category with

vC? =vC, C%(a,b)=C(b,a)for alla,bevC

ie., for arrows f°P there is a one-one correspondence f +— f°F with arrow f of C and the composite
foPg°P = (gf)°P is defined in C°P exactly when g¢f is defined in C (see cf.[2]).
A structure preserving map between categories is called a functor.

Definition 2.2. A category D is a subcategory of a category C if the class D is a subclass of C and the
composition in D is the restriction of the composition in C to D. In this case, the inclusion D C C preserves
composition and identities and so represents a functor of D to C.

A morphism f in a category C is a monomorphism if
gf =hf =g=hVgheC

and a morphism f in C is called a split monomorphism if it has a right inverse. Every morphism in a
concrete category whose underlying function is an injection is a monomorphism. A morphism f in a
category C is an epimorphism if

fg=fh=g=hVgheC

and a morphism f in C is called a split epimorphism if it has a left inverse. Every morphism in a
concrete category whose underlying function is an surjection is an epimorphism.
Let MC denote the class of all monomorphisms in C. On IMC, define the relation

f<ge f=hg forsomeheC

<is a quasi- order and
~=xn<! (1)

is an equivalence relation on IMC.

Definition 2.3. A preorder P is a category such that for any p,p’ € P, P(p,p’) contains at most one
morphism. In this case, the relation C on the class vP defined by

pcp o Plp.p)=0 (2)

is a quasiorder. When P is a preorder, v'P will stand for the quasiordered class (vP,C). Conversely given a
quasiorder < on the class X, the subset

P={(x,y) e XxX:x <y}

of X x X is a preorder such that the quasiordered class vPP defined above is order isomorphic with (X, <). If
the relation C on P is antisymmetric then we shall say that P is a strict preorder.
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Definition 2.4. Let C be a category. A choice of subobjects in C is a subcategory P C C satisfying the
following:

(a) P is a strict preorder with vIP = vC.
(b) Every f € P is a monomorphism in C.
(c) If f,g€Pandif f = hg for some h € C then h € P.
When P satisfies these conditions, the pair (C,P) is called a category with subobjects.

When C has subobjects, unless explicitly stated otherwise, vC will denote the choice of subobjects
in C. The partial order defined by equation (2) is called the preorder of inclusions or subobject rela-
tion in C and is denoted by C. If ¢,d € vC and ¢ C d the unique morphism from c to d is the inclusion
jé: ¢ — d. Any monomorphism f equivalent to an inclusion (with respect to the equivalence relation
~ defined by equation (1)) is called an embedding.

Example 2.5. In categories Set, Grp, Vecty, Mody the relation on objects induced by the usual set inclu-
sion is a subobject relation.

Definition 2.6. A morphism f in a category C with subobjects is said to have factorization if f can be
expressed as f = pm where p is an epimorphism and m is an embedding.

Factorization of a morphism need not be unique. Every morphism f with factorization has at least
one factorization of the form f = gj where g is an epimorphism and j is an inclusion. Such factoriza-
tions are called canonical factorization. A category C is category with factorization if C has subobjects
and if every morphism in C has factorization. The category has unique factorization property if every
morphism in C has unique canonical factorization.

Example 2.7. If f : X — Y is a mapping of sets and f(X) = Imf the f(X) C Y and we can write f =
foj}f(x), where f° denote the mapping of X onto f(X) determined by f. Since surjective mappings are
epimorphisms in Set, this gives a canonical factorization of f which is clearly unique. ie., Set is a category
with unique factorization.

Proposition 2.8. Let C be category with factorization. Suppose that the morphism f € C has the following
property:

(Im) f has a canonical factorization f = xj such that for any canonical factorization f = yj’ of f, there is
an inclusion j” with y = xj”

then the factorization f = xj is unique.

A morphism f in a category with factorization is said to have image if f satisfies the condition (Im)
of the proposition above.

Definition 2.9. Let F : C — D be a functor. A universal arrow from d € vD to the functor F is a pair (c,g)
where ¢ € vC and g € D(d, F(c)) such that given any pair (¢’,g’) with ¢’ € vC and g € D(d,F(c’)), there
is a unique f € C(c,c’) such that ¢’ = go F(f). In this case, the morphism g is universal from d to F. A
universal arrow from F to d is defined dually.

Example 2.10. Vecty be the category of all vector spaces over a field K, with arrows linear transformations,
then U : Vecty — Set sending each vector space V to the set of its elements is a functor and is called the
forgetful functor. For any set X there is a familiar vector space Vx with X as the set of basis vectors, consists
of all formal K-linear combinations of the elements of X. Then V which sends each x € X into the same
x regarded as a vector of Vx is also a functor. Consider the arrow j : X — U(Vy). For any other vector
space W, it is a fact that each function f : X — U(W) can be extended to a unique linear transformation
f':Vx > WuwithUf’oj = f. This familiar fact states that j is a universal arrow from X to U.
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Definition 2.11. Let C be a category and X,,X, € vC. An object X is a product of X, and X,, denoted
X1 x X,, if it satisfies this universal property such that: there exist morphisms 111 : X — X1, 115 : X = X,
and for every object Y and pair of morphisms f1 : Y — Xy, f, : Y — X, there exists a unique morphism
f Y — X such that the following diagram commutes:

Y
an

Xl %X1XX2 TZ)XZ

The unique morphism f is called the product of morphisms f, and f, and is denoted < fi,f, >. The
morphisms 1ty and 1, are called the canonical projections.

Example 2.12. In the category of sets, the product (in the category theoretic sense) is the cartesian product
and in the category of groups, the product is the direct product of groups given by the cartesian product
with multiplication defined component wise.

Definition 2.13. Let C be a category with zero morphisms. A kernel of a morphism f : X — Y in C is an
object K together with a morphism k : K — X such that f o k is the zero morphism from K to Y. Given any
morphism k’ : K’ — X such that f ok’ is the zero morphism, there is a unique morphism u : K’ — K such
that kou =k’.

Kernel of homomorphisms are familiar concept in many categories such as the category of groups
or the category of (left) modules over a fixed ring (including vector spaces over a fixed field). To
make this explicit, if f : X — Y is a homomorphism in one of these categories, and K is its kernel in
the usual algebraic sense, then K is a subalgebra of X and the inclusion homomorphism from K to X
is a kernel in the categorical sense.

3 Category of Chain Bundles

We introduced the category of chain bundles in the paper entitled " Category of Chain Bundles" (cf.
[8]). However the following definition is a slightly generalized one.

Definition 3.1. Let C be category with zero. A chain bundle c in the category C is a sequence

53 Sz Sl
M3 —)Mz —)Ml —>M0:0

where M; € vC and S; be any subset of Hom(M;, 1, M;) for all i, which also include homsets of the form
Hom(M;, M;) and all possible composite of morphisms. Let d be the chain bundle

"'N3—)N2 —>N1 —>N0:0

morphisms m : ¢ — d of chain bundles is the sequence m = (f;, x;,v;) where f; : M; — N, x; € S; and y; € T;
be such that diagram commutes

S S S
sy My —— M, —— M; ——> 0
5| Iz 15 lfo
T T T,
y Ny —— N, —— N; —— 0

ie., X Of;'_l = ﬁ ov;.



384 Moroccan Journal of Algebra and Geometry with Applications/P. G. Romeo and R. Jose

S
Generally a bundle is a triple (E, p, B) where E, B are sets and p : E — B is a map. Each M;,; — M;

in chain bundle can be regarded as a collection of bundles and hence --- M3 i M, 2 M, i) My =0is
called a chain bundle.

Let C be a category with zero. A category whose objects are chain bundles in C and morphism are
the morphisms of chain bundles called chain bundle maps is the category of chain bundles CBH.
Note that all objects and morphisms in a chain bundle category €13 are objects and morphisms in C
as well and so CI¢ may regard as a subcategory of C, also it is easy to observe that given any category
C one can always obtain chain bundle categories C¢ of C. The cochain bundles and the category of
cochain bundles may be described dually.

Next we proceed to describe the subobject relation and factorization of morphisms in the category
CB¢, whenever the category C admits subobjects and factorization of morphisms.

Definition 3.2. Consider the chain bundle c:
M3 —)Mz —)Ml —>M0 = OGQ:BC
then, the chain bundle c’:
’ Sé ’ Sé ’ Si ’
Mz —>M, >M; —>M;=0

with M/ a subobject of M; and for each x" € S! there is an x € S; such that (j]\]\//fli",x)0 = (x)° is a subchain
bundle of c.

. . Si T; .
Consider chain bundlesc: -+ > M; > M; —»--+, d:---—> N; - N; —--- € vCB¢ and morphism
m:c — d. Since each f; : M; — N;, admits a factorization of the form flojg’, where N/ = cod fio in C,
we obtain a factorization of m = m°]. For,

S
c: > M; —— M; o > My — 0
| b ol
T
d: » Nj —— N > . > Ny > 0

each g€ S; and m(g) € T}, (jll\\,[_’}m(g))0 € Hom(N/,Nj’), take

S7 = {(iyim(2)": g € Si).

Define m° : g > (jll\\]]i’}m(g))O = m(g)’, then m(g) = ]((jlz\\]]i’}m(g))o) = J(m%(g)) and so m = m°J is a
factorization. i.e., the category C15; admits a factorization as below.

C. v 4 Ml 7 M] > e > M1 > 0
\Lmo fio lfjo \Lflo 0
/. \ / m(g)'\ / \ \ / \

c 5 Ni 1N N] S e 1N ]\]1 > 0

|

d: s N; > N;

—
=
<_
=
{\.
=
o

~
~
Z
~
(=]
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Summarizing the above discussions we have the following theorem.
Theorem 3.3. Let C be a category with zero object. If C is a category with factorization then so is CH¢

Example 3.4. Consider the following chain bundle map m : ¢ — d in Cd¢ where C is the category of finite
abelian groups

c: z, 27 257,250
lm l4 i4 i1 0
d: 7, 2y 7s bty7z, %y
then m admits the following factorization:
c Zs 27— 57,250
m° lz; l4 il 0
4’ {0} —225 10,4} —25 7z, %5 0
J l} j i] j
d 7, 27—t 7,250

3.1 Functors between chain bundle categories

Let C and C’ be two categories with zero object and €3¢ and €1 are the associated chain bundle
categories. A functor F: CBe — CB¢: consists of two related maps: the object map F which assigns
to each chain bundle ¢ of CB; a chain bundle Fc of CB¢ and the morphism map which assigns to
each morphism F : ¢ — ¢’ of CB¢ a morphism F(F) :Fc —Fc’ of €B¢/, in such a way that F(1,) = 15,
F(FoG)=FFoFG.

Example 3.5. Consider the categories C = Grp and D = Set,. The functor from CB¢ to CHBp maps the
chain bundle c :

"'G3—>G2—>G1—)GO:0
in CHe to the chain bundle d :

S S S
-+(Gs,e6,) = (Gye,) = (Gireg,) = (Goreg,) = 0

in CBp, where each G; in c is mapped to corresponding pointed set (Gj, eg,) in d (eg, is the identity element
in group G;) and homomorphisms in S; of ¢ are mapped to underlying set map is a forgetful functor from

CHe to CHp.

3.2 Chain Bundle Category from Directed Graph and Augmented Simplex Category

G be a directed graph (with loop at each vertex), then G is regarded as a category with vertices as
objects and path between two vertices as morphism. For a vertex v in G, the set of all paths ending at
v is denoted as ¢, and any subset of ¢, is a chain bundle in G with end vertex v. Let v and w be two
vertices in G and cy, ¢ be chain bundles in G such that ¢ = {cli} Ccyand ¢y = {cé} C ¢y A morphism
from c; to c; is a path p from v to w such that cjp € c;,¥c| € c;. Thus we can obtain a category CHg
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of chain bundles from a graph G by choosing chain bundles in G as objects and chain bundle maps
as morphisms. It is easy to see that this category is a category with subobjects where usual inclusion
of sets is the subobject relation.

Example 3.6. Consider the graph G given below:

)
0000
o

Cyy = {(V1V2V4Vs5, V1 V2V3Vs, V2V, V45, V35, Vs, €y, = {V1V2, 2}, {1273, 03} C oy,
Cy, = {V1V2V4V6, V2 V4 V6, V4Ve, V6, €y, = {v1} are chain bundles in G. Then

P1 = VU405 1 Cy, = Cyg
and

P2 =V2V3V5 1 Cy, = Cyg
are two chain maps from c,, to c,,.

Definition 3.7. The simplex category A has objects the set of nonempty finite linearly ordered sets {[n]|n >
0} and morphisms from [m] to [n] are given by weakly monotone maps. A map f :{0,1,---,m} - {0,1,---,n}
is called weakly monotone if, for every 0 <i < i’ <m, we have f (i) < f(i’).

The augmented simplex category, denoted by A, is the category of all finite ordinals and order-
preserving maps, thus A, = AU [-1], where[-1] = 0. [-1] is an initial object and [0] is a terminal
object in this category. Consider the augmented simplex category A,. A chain bundle in A, is of the
form

o [m3] 3 [ma] 33 [my] - [0]

where [m;] are ordinals and S; is any subset of Hom([m;], [m;_1]).
The chain bundle map between two chain bundles can be defined in a similar way as in Definition
The chain bundle category thus obtained from A, is denoted as C1,,

4 Categorical Properties of chain bundles

When C is a category with the categorical properties like product, coproduct, kernel and cokernel
then CBH¢ also admits the same.

Consider the chain bundles ¢ and d:

7 7’ 7’
3 , 52 Sy

S
c:--Mj—>M,—>M{ >M;=0

S S S
d:-M; SM, 3M; >My=0

in a category C with product, then the product ¢ x d is the chain bundle

, SixSs $3xSy SixS1
cxd:--MzxM; — MyxM,; — M| xM; — MyxMy=0x0
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For any F:] — cand G: ! — d where | is the chain bundle

lZ"'N3—>N2—>N1 —>N0:0,

there exists a chain bundle map L : | — c¢xd such that for any k € T; and L(k) € S/xS; there corresponds
F(k) e S/ and G(k) € S; such that L(k) = (F(k), G(k)).
In a similar manner one can define coproducts in CB;.

Example 4.1. C be the category of submodules of Z and C1¢ be category of chain bundles in C. Consider
the two chain bundles

2.

5a 30 0 3 W0
c:3Z>52Z-55Z—-0 and d:6Z—>47Z > Z—0
The product ¢ x d is the chain bundle

A szx 7z 0x0

51 11
2

wIN

2
exd:3Zx6Z° 3" 27 x47

n P h//

Forany | : mZ > nZ > pZ % 0in vV and for any F : 1 — c and G : 1 — d there exists a chain
bundle map L : 1 — c x d such that the following diagram commutes

Suppose C be a category having kernels. For ¢,d € vCByg, let F : ¢ — d be a morphism in CB,
whose vertex mapping is {f;}. Then kernel of F is a morphism K : a — ¢ where a is a chain bundle in
CBc whose vertex mappings are {ker(f;)} and morphism map of K maps each morphism in T; to the
zero morphism in S/.

a:-..

> A; S
l}( kerfll lkerf]- lkerfo
S/
> M;

~
~
~
(=]

C:...

| s
s D;

d:e--

~
~
(=]

Similary one can define cokernels in CBH¢.

Example 4.2. Let C be category of finite abelian groups. In CB¢, consider the chain bundles c : Z4 5
Zy,—0,d:7Z4, 4 Zg — 0 and the chain bundle map F : ¢ — d given by

c: Z, —2—> 7, s 0
L
d: > 0

a
7, > Ze
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then kernel of F is the following:

a: Zg 2 Zy > 0
\LKerP l/4 l/Z \LO
c: 7, —— 7, > 0

Let CB¢ and CBp be two chain bundle categories and S: CBp — CB¢ be a functor. For a chain
bundle ¢ in CB; , a universal arrow from c to S is a pair < r,G >; r is a chain bundle in CBHp and
G : ¢ — Sr such that for every pair < d,F >; d € vCBp and F : ¢ — Sd there exists a unique arrow
F':r—dof CBp with GoSF’' =F.

Consider the category Vectyg of all vector spaces over a field K, the category Set of all sets and the
forgetful functor U : Vecty — Set. For X € vSet, universal arrow from X to U is the pair (Vyx, )
where Vy is the vector space generated by X and j : X — U(VY) is the inclusion morphism.

Example 4.3. Consider forgetful functor U : CBp — CB¢ where C = Vecty and D = Set,. Let c :
= (X,x) > (Y,9) > -+ = 0 € vEB¢. A universal arrow from ¢ to U is the pair < r,] > where
ri-— Vx> Vy —>0and]:c— Ulr)is defined as follows:

¢ e (Xx) ———— (Vy) ——— 0
l | [ :
U(r) o —— (U(Vx,0y,)) — (U(Vy,0y,)) — 0

where jx : (X, x) — U(VX,OVX) is defined by jx(x) =0, jx(X—x) = (X —x) and for f : X — Y withf(x) =y,
J(f): U(Vx) — U(Vy) is given by ]
J(N)x(x) = jy ()
J(FNU(Vx)-X) =0y,
J(HX = jx(x)) = (X = jx(x))
Let S : D — C be a functor and S be the functor from CBp to CB; induced by S. Then the

universal arrow in the base categories can be used to define the universal arrow in the corresponding
chain bundle categories. Suppose that for each C; € vC there is a universal arrow < D;, g; > form C;

Aj
to S, where D; € vD and g; : C; — §(D;) is a retraction. Now, forc:--- > C; > C; — -+ > 0 € vC 1y,

Hom(D;,D;j) _
we have <d,G>whered:---—>D; — ~ D;j—--—>0€vCDpand G:c— Sd with vG ={g;} and

forxe A;, G(x) = gi_lxgj is a universal arrow from c to S.

5 Category of Chains

Next we proceed to discuss the chains in the category of chain bundles C13¢. A chain is a chain bundle
having exactly one morphism in each homset. A category whose objects are chains and morphisms
are appropriate chain maps is called category of chains.

Definition 5.1. Let C be a category with zero object. A chain in C is
S3 Sy S1
M3z >My, >M; > My=0

where M; € vC and s; is a morphism in Hom(M; 1, M;) Yi, which also consists of morphisms 1y, and all
possible composite of morphisms.
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Definition 5.2. A chain map between two chains in C is a functor F between the two whose vertex map
vE ={f; : M; — N;} is a sequence of morphisms in C such that the below diagram commutes.

S
> My —— M, > M, > 0

L A /A lfo

A y N, s N,

Let C be a category with zero. If we take chains as objects and chain maps as morphisms, we get a
category called category of chains which is actually subcategory of C1¢.

Definition 5.3. Given a chain c in the category C
53 52 51
c:---M3z—>M; >M; > My=0

then the chain
S5 s s
My S M, S M S My=0
with M a subobject of M; and (s))° = (j%:,si)ois a subchain of c.

Definition 5.4. A chain complex (C, d) is a graded abelian group C = {C,} together with an endomorphism
d = {(0,,} of degree -1, called boundary homomorphism d = {d,,: C,, — C,._1}, such that 9> = 0. (cf. [3])

Example 5.5. Consider the category C of graded abelian groups and the category CB¢ of chain bundles in
C. Let the condition for choosing chain from a chain bundle in C1¢ be as follows:

Forc¢:---Cyyy — C, = C,_1 = --- — 0 a chain bundle in CB¢, choose one d; from each Hom(C;,1,C;)
such that d;,1 o d; = 0. By choosing such a d; from each Hom(C;,C;,1) Vi we obtain a chain of the form

an+1 an an—l
¢ Cy1 > C—>Cqg > >0

and such chains in the chain bundle category together with chain maps is a category which we call category
of chains.

Let C be a category with factorization and I' be a category of chains obtained from C1.. Consider

the chains ¢ : --- = M; A M;—---andd:--— N; LA Nj — --- €I, and the chain map F:c — d
with vF = {f; : M; — N;}. Since each f; admits a factorization in C, F may admit a factorization of the
form F = FJ as in case of factorization of chain bundle map depending on the choice of category of
chains.

In the following we provide an example of a category of chains with subobjects and factorization.

Example 5.6. Let Csim denote category of simplicial complexes and simplicial maps. Consider the follow-
ing simplicial complex.

389
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Let C’ be the subcategory of Csim whose objects are set of all subcomplexes of above simplicial complex and
morphisms are simplicial maps between them. Consider the homology functor H,(-,Z) : Csim — AbZ,
where AbZ denotes category of graded abelian groups and related morphisms ( see cf. [3]]). Im(jCC,S"mH*(—, Z))
is a subcategory of AbZ denoted by C. Let V¢ be category of chain bundles in C. By choosing chain com-
plexes from CBH¢ we obtain a category I with subobjects and factorization. Being a (chain) subcomplex is
a subobject relation and any chain map F,

9

Cieee > C) > Cy > C, > 0
lF A 15 15 0
9, 91 9;
d:- s C) —=>C —=> Cy —= 0
admits a factorization given by
d d d
c > C) — Cy 5 C) ——— 0

In particular, consider Ki,K, € vC’ where

Ky = vy 2 wh {(xyzw), (xp2), (x9), (92), (2x), (zw), (%), (), (2), (w)})

and

K; = {{x, 9,2, w}, {(2), (2x), (zw), (%), (¥), (2), (w)}}
Let f : Ky — K; be the simplicial map given by

XYYV 2,2 Z,WH 2

C(Ky) ={C,(Ky)} and C(K,) = {C,,(K;)} be chain complexes corresponding to Ky and K,. C,(f): C,(Ky) —
Cu(Ky) is given by

{f(x), f(v), f(2), f(w)}, ifimages are distinct.

0, otherwise.

Ca(Hxy 2 w)) = {

Consider the chain map C(f): C(Ky) = C(Ky) in I induced by f:

a/ a/ a/
C(K7): 0 —0) < xyz > — < XY,92,2X, 2w > —2 <x,9,zw> — 50
Jen o0 Ol cml lcm lo

0 0 J
C(Kp): 0 C 50 s <yzzxzw > —— <X,P,Z,w> — 0

Factorization of C(f): C(K;) — C(K,) is given by:
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C(Ky): 025 <xyz> i} < XV,9Z,2X, 2w > i} <x,9,z,w> i} 0
lC<f>° Ol Oi cm‘i lcuf)() lo
C(K3): 0 LIENY) % )<yz>$<y,z>i>0
1l ql ql {L lj lp
C(Kp): 0 ¢ 50 % > <Yz,2X, 2w > L) <x%9,z,w> i) 0

where C(K3) is the chain complex corresponding to simplicial complex K3 = {{y, z},{(vz), (v), (2)}}
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