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DEFORMATION RETRACT OF A DIGITAL H-SPACE

SIBEL DEMIRALP AND GULNUR HACAT

ABSTRACT. In this study we investigate some properties of digital H-spaces
and digital H-groups. It is shown that a k-deformation retract of a digital
H-group is itself a digital H-group. Also we prove that there is a functor from
the homotopy category of the pointed digital images to the category of groups
and homomorphisms.

1. INTRODUCTION

Digital topology examines the topological properties of the digital images, such
as connectedness, compactness. The first study on this area was carried out by
Rosenfeld in [8]. The following years, a lot of concepts of algebraic topology were
converted to digital topology. Digital homotopy and digital fundamental group are
defined in [2] by Boxer. Digital H-space is defined in [4] by Ege and Karaca. An
H-space consists of a pointed topological space P with a continuous multiplication
m: X x X — X and with a constant map ¢ : X — X, such that mo (¢,1x) ~
1x ~mo(lx,c). A group structure can be established on H-space, called H-group,
by homotopy group operations which are similar to group operations.

2. PRELIMINARIES

Let Z be the set of all integers and Z" the set of all lattice points in Euclidean
n-dimensional space. A digital image is a finite subset (X, ) of Z", where X C Z"
and k is a certain adjacency relation for the members of X. There are various
adjacency relation in use.

Definition 2.1. [4] Consider the following statements:

(1) Two points p and q in Z are 2-adjacent if |p — ¢| = 1.

(2) Two points p and q in Z? are 8-adjacent if they are distinct and differ in
at most 1 in each coordinate.

(3) Two points p and ¢ in Z? are 4-adjacent if they are 8-adjacent and differ in
exactly one coordinate.

(4) Two points p and q in Z?3 are 26-adjacent if they are distinct and differ in
at most 1 in each coordinate.

(5) Two points p and ¢ in Z* are 18-adjacent if they are 26-adjacent and differ
in at most two coordinates.
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(6) Two points p and ¢ in Z? are 6-adjacent if they are 18-adjacent and differ
in exactly one coordinate.

A digital interval is a set of the form [a,b]z = {z € Z | a < z < b}.

Definition 2.2. [10] Let (X, 1) and (Y, k2) be two digital image and z1,z2 €
(X,K1),91,y2 € (Y, k). Then (x1,y1) and (x2,y2) are adjancent in X x Y if and
only if one of the following is satisfied:

(1) 21 = x5 and y; and yo are kg-adjacent; or

(2) z1 and x4 are ki-adjacent and y; = yo

(3) z1 and x4 are ki-adjacent and y; and ys are ko-adjacent.

The adjancency of the cartesian product of digital images (X, k1) and (Y, k2) is
denoted by k*.

A k—neigbor of p € Z™ is a point of Z™ that is k—adjancent to p. A subset A of
a digital image (X, k) is k—connected if and only if for every pair of diffirent points
a,b € A, there exists a set {yo,y1,...,yr} of points of A such that a = yg,b = y,
and y; and y;11 are k—neighbors where ¢ € {0,1,...,7 — 1}.

A function f: (X, k1) — (Y, ke) is called (k;, ko) —continuous if the image under
f of every ki—connected subset of X is a ko—connected subset of (Y] k2).

Definition 2.3. [2] Let (X, k1) and (Y, k2) be two digital image. (k,, kq)-continuous
functions f,g : (X,k1) — (Y,k2) are said to be digitally (x,,k,)-homotopic in
(Y, ko) if there exist a positive integer m and a function H : X X [0,m|z — Y, such
that,
(1) for all x € X, H(z,0) = f(z) and H(z,m) = g(z)
(2) for all z € X, the induced function H, : [0,m]z — Y, H,(t) = H(z,t) for
all t € [0,m]z, is (2, ky)—continuous,
(3) for all t € [0,m]z, the induced function H; : X — Y, Hy(z) = H(z,t) for
all x € X, is (K, ky)—continuous.

In this case H is called a digital (k,, ky)—homotopy between f and g, written
J =01 ,m0) 9-

T(he n())tation [f] is used to denote the digital (k, k5 )-homotopy class of (k;, ky)-
continuous function f: X — Y, ie. [f] ={g: X = Y | gis (K, ky)-continuous
and f ~(.; xy) 9}

For a digital image (X, k) and its subset (A, k), (X, A) is called a digital image
pair with k-adjancency. Also, if A is a singleton set {p}, then (X, p, k) is called a
pointed digital image.

Definition 2.4. [3] Let f : X — Y be a (k;, ky)—continuous function and let
g:Y — X be a (ka, K1) —continuous function, such that fog ~(gym0) Ly and
90 f ~(uy ) 1x. Then (X, s1) and (Y, k2) are said to be same (x4, ) —homotopy
type or (K, ky)-homotopy equivalent. Also f and g are called (x,, ky)-equivalences.

Definition 2.5. [4] Let (X, A) be a digital image pair with k-adjancency. Let
i: A — X be the inclusion map. Then A is called a rk-retract of X if and only if
there is a k-continuous function r : X — A such that r(a) = a for all a € A. Then
the function r is called a k—retraction of X onto A.

Definition 2.6. [5] Let (X, A) be a digital image pair with k—adjancency. If there
exists digital pointed x-homotopy D : X x [0,m]z — X such that D(z,0) = x
and D(z,m) C A,z € X, ie ior~(,,) lx, then A is said to be k—deformation
retract of X.
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3. DiGITAL H-SPACES

In this section we investigate some properties of digital H-spaces and digital
H-groups.

Definition 3.1. [4] Let (X, p, k) be a pointed digital image. For a digital continuous
multiplication g : X x X — X and the digital constant map ¢ : X — X, defined by
c(x) = p, if

wo (C, 1X) Z(k,w) B O (lXa C) = (k,k) 1x,
then (X, p, k) is called a digital H-space.
Definition 3.2. [4] Let (X, p, ) be a digital H-space.

(1) if po (Ix X p) M=) o (px1x), then p is called digital homotopy
associative.

(2) if Ko (@7 1X) (k,k) O (1Xa QO) (k,r) G for a map @ : (X,p, K) - (vay K)a
then ¢ is called a digital homotopy inverse for p.

(3) if poT >~y T, for a map T, defined by T'(z,y) = T(y,z), then p is
called digital homotopy commutative and (X, p, k) is called abelian digital
H-space.

Definition 3.3. A digital H-group is a digital H-space (X, p, k) with the digital
homotopy associative multiplication p and digital homotopy inverse 7.

Theorem 3.4. [}] A k—retract of a digital H-space (X, p, k) is a digital H-space.
Theorem 3.5. A k—retract of an abelian digital H-space is itself an abelian digital
H-space.

Proof. Let (X,p, k) be an abelian digital H-space and A C X be a k—retract with
a k—retraction r : X — A. Then (A4, q, k) is a digital H-space.

Since (X, p, k) is abelian, there exist a function f(x,y) = (y,z) for all z,y € X,
such that po f ~(.« ) p. Define g = f [axa and =70 po (i x i) .Then,

N=10po(ixi) i« yropofo(ixi)=ropo(ixi)og=mnog.

So (A, g, k) is an abelian digital H-space. O
Definition 3.6. Let (X,p,x) and (Y,q,/{/) be digital H-spaces. If there exist a
map f : X — Y such that fopu ') 10 (f x f), where u and 7 are digital
continuous multiplication of X and Y, respectively.

Theorem 3.7. Let (X, p, k) be a digital H-space and A C X be a k— deformation
retract of (X,p, k). Then the inclusion map i and k—retraction r are digital H-
homomorphism.

Proof. Let p be the digital continuous multiplication of (X,p,k) and n = ro o
(i X Z) Asior z(m,n) 1x,

ion=1070po (i X 1) () Ixopo(ixi)=po(ixi).
So i is a digital H-homomorphism. In addition,
no(rxr)=ropo(ixi)o(rxr) ., yrouolxyx =ropu.
So r is a digital H-homomorphism. O

Theorem 3.8. A k—deformation retract of a digital H-group is itself a digital
H-group.
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Proof. Let (X, p, k) be a digital H-group with the digital continuous multiplications
14, homotopy inverse 6 , constant map ¢ and let A C X be a k— deformation retract
of (X,p,k) and n =ropo (i xi). By Theorem 4 (A, q, k) is a digital H-space with
the digital continuous multiplication 7.
nX1ly = ropo(ixi)xly

= ropo(ixi)xroi

= (rxr)o(pxlx)o(ixixi).
As a similar way 14 xn=(r xr)o(1x x p)o (i X i x1).

no(mx1a) = ropo(ixi)o(rxr)o(uxly)o(ixixi)
(ke m)T oo lxyx o(px1x)o (i xixi)
ro(puo(ux1lx))o(ixixi)
(e )T 0 (o (Ix x p)) o (i x i x 1)
= ropolyxyxxo(lx xp)o(ixixi)
(k)T oo (ixi)o(rxr)o(lx xu)o(ixixi)
no(laxn).

1

Therefore 7 is homotopy associative.
Let ' =rofoi.

no(¢,1y) = ixi)o (0, 1y)
ixi)o(rofoi ly)
rop)o(iorofoi,ioly)
>~ (am)(rop)o(lyofoi,i

= ro(po(f,1x))oi

()T ©€OT

1R

/
= (mR)Cs

where ¢/ = ¢ |4 . In a similar way 70 (14,0") ~(..) . So (A,q,k) is a digital
H-group with the digital continuous multiplication 7, digital homotopy inverse 6’
and constant map c’. O

Corollary 3.9. A k—deformation retract of an abelian digital H-group is itself an
abelian digital H-group.

Theorem 3.10. [9] For any category C' and object X of C, there is a functor Il x
from C to the category of sets and functions which associates to an object Y of
C to the set IIx(Y) = hom(X,Y) and to a morphism f :' Y — Y’ the function
IIx(f) = f« : hom(X,Y) = hom(X,Y”) defined by f.(g) = fog, forg: X =Y.

Definition 3.11. The category whose objects are pointed digital images and the
set of morphisms is hom((X,p, x1), (Y, ¢, k2)) = [(X,p, k1), (Y, q, k2)] is called the
homotopy category of the pointed digital images.

Theorem 3.12. Let (X, p, k1) be a digital H-space with digital homotopy associative
multiplication p and (Y, q, k2) be a pointed digital image. Then [(Y, q, k2), (X, p, k1)]
is a semigroup with identity.
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Proof. For any [f],[g] € [(Y,q, k2), (X, p, k1)], let define the product

(1@ gl = [wo (f.9)]-
Let [f] = [f’] and [g] = [¢'] , then f ™ ) frand g ~(., «,) g'- Define a digital
homotopy F : Y x [0,m]z — X such that F = po (G,H). Then
F(y,O) = Mo (GrH) (y,O)
1 (G(y,0), H(y,0))
= u(f()9(y))
= (no(f.9) W)

and similarly
F(y,m) = (no(f'.9") (y).
So (ko (f,9)) X(kamy) (o (f'g")). Therefore [uo (f,g)] = [wo (f',g')], for this

[fle g =[f1eld]

Consequently 7 ® ” is well defined.
Let ¢: (X,p, k1) = (X,p, k1) be the constant map c(z) = p,Vax € X. Then

(o (e, ) (@) = pup, f(x) = (pole,1x) o f) (z)

and since g o (¢, 1x) ~(x,.x,) 1x, then [¢] ® [f] = [wo (¢, f)] = [f]. So [c] is the
identity element of [(Y, ¢, k2), (X, p, k1)] -
Let [f],[g], [h] € [(Y, g, 52), (X, p, 51)] -

[flo(gl@n]) = [f1®we(g,h)]

= [po(f,(nol(g,h)))

= [po(ly xp)o(f g, h)]

= [po(px1y)o(f g,h)

= [no((no(f.9),h)

= ([fl®ld]) @ [h].
Therefore ” ® 7 is digital homotopy associative. As a result [(Y, ¢, k2), (X, p, k1)] is
a semigroup under the product 7 ® ”. (Il

Theorem 3.13. [4] Let (Y, q, Iil) be a digital H-group with the digital multiplication
w:Y xY =Y. For all digital images (X,p, k), |(X,p, k), (Y,q, n/)} is a group
with” ® 7.

Theorem 3.14. Let (Y,q,k1) and (Z,r,k2) be digital H-spaces and h : (Y,q, K1)

— (Z,r,Kk2) be a digital H-homomorphism. Then there exist a homomorphism from

[(Xapv ’i) ’ (va q, "il)] to [(vav "{) ) (Zv r, "{2)} fO’f‘ any pOinted dzgztal Z"'nage (Xapv ’{) :

Proof. Let [g],[¢'] € [(X,p,r),(Y,q,x1)], [9]®[¢'] = [no(9,9")]-
Let h. : [(X,p, k), (Y,q,61)] = [(X,p, k), (Z, 7, Kk2)] be a map such that h.([g]) =
[h o g]. Then

he (l9]® [9]) = ha ([0 (9.9")]) = [hopo(g,9)].
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Since 7o (h X h) ~(, ) ho i,

[hopol(g.g)] = [no(hxh)o(g,g)]
= [hogl®lhog]
= h(lg)) @ ([g])-
Therefore h, is a homomorphism. O

Corollary 3.15. Let (4,q,k) be a k—deformation retract of a digital H-space
(X,p, k). It is clear that, since k—retraction r is a digital H-homomorphism, there
exist an homomorphism from [(Y,q, k1), (X,p, k)] to [(Y,q, k1), (A, q, k)] for any
pointed digital image (Y, q, k1). Also since inclusion map i is a digital H-homomorphism,
there exist an homomorphism from [(Y,q, k1), (4, q, k)] to [(Y,q, k1), (X, p, K)].

Theorem 3.16. Let (X,p,k) be a digital H-group. Then Ilx is a functor from
the homotopy category of digital H-groups and digital H-homomorphisms (D) to the
category of groups and homomorphisms (G).

Proof. Let (Y,q,k1), (Z,7,k2) be objects of D and [h] € [(Y,q, k1), (Z,7,K2)] be a
morphism of D. Ix((Y,q, 1)) = hom((X,p, k), (Y, q,k1)) = [(X,p, k), (Y, q,51)] -
By theorem 10, [(X,p, ), (Y, q,k1)] is a group and by theorem 9 IIx ([h]) = h, is
an homomorphism. Let [1y] € [(Y, ¢, k1), (Y, ¢, k1)] be the unit morphism. Then
HX ([1Y]) = 1Y* . [(vaa ’%) ) (Y7Q7 H’l)] — [(Xap7 KJ) ) (K q, Hl)]
such that 1y, ([h]) = [ly o h] = [h]. Therefore IIx ([1y]) is the unit. Let [g] €
[(Z,r, Kka), (W,t,k3)]. Then,
Ix ([f]) ([h]) = [f o h]

Ix ([9]) ([f o h]) = [(g o f o h)] = TIx ([g o f]) ([A]) -

So,
IIx ([go f]) ([A]) = 1Ix ([g]) ([f o h]) = Ix ([g]) (Ix ([]) ([2])) = (Ix ([g]) o ILx ([f])) ([A]) . = Hx ([g o f])
Consequently IIx is a functor. O

Corollary 3.17. Let (X,p, k) be an abelian digital H-group, then Ix is a functor
from the digital homotopy category of the pointed digital images to the category of
abelian groups and homomorphisms.
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