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It is well known that blood cells are divided into three types: erythrocytes (red blood cells),
leukocytes (white blood cells) and thrombocytes (platelets). They are responsible for
supplying oxygen and nutrients to the cells in our body and for discharging carbon dioxide
outside the body. In addition, blood cells have immune action to defend the body against
both infectious disease and foreign invaders. Thus, blood cells are extremely important in
vivo tissues. The abnormality in the number of such blood cells causes disease and leads to
death. However, it is not enough only to know that the number of blood cells in a healthy
organism is within the normal range. It is necessary to know how the number of blood cells
repeats increase and decrease within the normal range. Hence, it is important not only in
mathematics but also in medicine to analyze periodic dynamic behavior of the number of
blood cells.

Mature blood cells are produced in the bone marrow. They develop from hemato- poietic
stem cells that have the capacity to self-replicate and differentiate into other blood cells.
These hematopoietic stem cells differentiate into myeloid progenitor cells and lymphoid
progenitor cells as an intermediate stage in order to become various immature blood cells
who will fully mature in the bone marrow. When the immature blood cells grow into mature
blood cells and become functional, they will leave the bone marrow and enter into the blood
circulation. In the whole produc- tion process of blood cells, hematopoietic stem cells,
immature blood cells at various stages that they are proliferating and differentiating and
mature blood cells that have just been completed are coexisted. All blood cells have inherent
life spans. The life span of blood cells will be terminated when it is normally phagocytized by
macrophages of splenic and hepatic sinusoids etc. as a aged blood cell (see [1]).

The production process of blood cells is well-known as hematopoiesis process. In 1977,
Mackey and Glass [2] proposed the hematopoiesis model.




x'(t)
= —ax(t)
bx(t— )

* 1+x™(t-1) ()
with n > 0, which describes the hematopoiesis process. Here, the coefficients a, b and the
delay T are positive constants. As is known that the periodic environ- mental changes due
to seasonal variations have important influence on the dynamics of blood cell number. For
example, see [3]. Also, it has been confirmed that the time for immature blood cells to
become mature blood cells (time lag) is different depending on the type of blood cells (see
[4], [5]). Moreover, blood cells are in fact discrete entities, they work effectively one by one
and are represented by the number contained in one microliter of blood. They are never a
continuum. However, it is obviously that these important facts cannot be considered by a
autonomous differential equation with constant coefficients and a constant delay such as
equation (M). Taking the above reasons into account, this thesis concerns a discrete
hematopoiesis model with periodic coefficients and multiple production terms dominated by
different delays. We consider

Ax(k)
= —a(k)x(k)

o by (K)x(k - 7;(k) ;
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with n>1 and m € N, where Ax(k) =x(k+1) —x(k), and a: Z- (0,1), b;: Z— (0,%)
and 1;: Z— ZY(1< i< m) are w-periodic discrete functions with w € N. Specifically, we
focus on the positive w-periodic solutions of (H). The purpose is to investigate the
existence and global asymptotic stability of positive w-periodic solution. This thesis is
divided into four chapters.

In Chapter 1, theoretical knowledge needed for mathematical analysis is given. We first
introduce a nonlinear delay difference equation with periodic coefficients. Some basic
stability definitions of the zero solution and a positive periodic solution of this equation are
presented. The continuation theorem of coincidence degree theory (see [6]) often used to
explore the existence of positive periodic solutions is given afterwards. We introduce the
well-known Schauder fixed point theorem.

In Chapter 2, we study existence of positive w-periodic solutions of hematopoiesis model
(H). A sufficient condition is obtained for the existence of positive w- periodic solutions.
This sufficient condition is constructed by the relationship between the coefficient a(k) and
the sum Y7, b;j(k) for k = 1,2, - w. The existence region of positive w-periodic solutions
is also clarified.

In Chapter 3, a new theorem of the global asymptotic stability of positive w-periodic
solution of (H) is presented by the mathematical analysis method. Obviously, this theorem
shows that equation (H) has the exactly one positive w-periodic solution. It is undoubted
that we get global asymptotic stability of the unique positivew-periodic solution based on the
existence result given in Chapter 2. In order to complete the investigation of this section, the
information about the fluctuation range of general positive solutions of (H) is needed. By
using this information, we estimate the difference between any positive solution and a certain
positivew-periodic solution. Thereby, the result that this certain positive w- periodic solution
is globally asymptotically stable can be obtained. That is to say, the unique positive
w-periodic solution is globally asymptotically stable.

In Chapter 4, we obtain a result of global attractivity of a unique positive w-periodic
solution of (H) by Schauder fixed point theorem, which is different from the method used to
get the global asymptotic stability in Chapter 3. It is worth mentioning that the global
attractivity of the unique positive w-periodic solution is obtained only under the condition
for the existence of positive w-periodic solutions. This means that as long as positive
w-periodic solutions exist (maybe only one exists), then all positive periodic solutions are
globally attractive. On the other words, equation (H) has the unique positive w-periodic
solution which is globally attractive.
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