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Abstract  The electronic commerce (e-commerce) has been a

big issue not only in the technology but also in the business.

This paper presents the stochastic management methodology to

determine the decision points in the electronic commerce setting

that focused on network management methodologies. The

unreliable network architecture is considered with human

behaviors. This network architecture falls into the category of

multi-channel queues with unreliable repair facilities and be

more realistic than basic model. The  (or shopping time human

factor) that spent by the customer who wants to buy something

online is considered. Analytic tractable results are obtained by

using various mathematical techniques and demonstrated in the

framework of optimized network server allocation with human

factor in e-commerce ecosystem.

I. INTRODUCTION

Electronic commerce consists of the buying and selling of

products or services over electronic systems such as the

Internet (mostly World Wide Web) and other computer

networks [5]. It has been one of major topics in modern IT

(Information Technology) industries. Current IT providers

build the network architecture for e-commerce by using

multi-server oriented because of salability and flexibility

issues. A single-server system is very difficult and expensive

to upgrade or repair servers for further customer dimensions.

For instant, all of business must be stopped if the server in a

single-server system is broken. Contrarily, we do not need to

stop all of our business to repair broken servers in the multi-

server system because the multi-server system can keep

doing their jobs even during upgrading servers. Even though

this theoretical model is complicated, it is very practical to

design the network management system. In addition, another

uncertain factor is added to make the current theoretical

model even more practical but the system is getting very

complicated. The following assumptions are given for

compromising the system complexity.

(1) All network servers hooked to the Internet that

supports the web-based shopping transactions.

(2) These servers are randomly broken with certain

distributions.

(3) Each server hook up open transaction access

channels for the customer and the number of channels

is equal for all servers.
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(4) Total service time of each channel includes

human factor.

(5) This system has the deterministic checkout

process .

The last assumption (5) is the key factor to adopt the human

factor into the equation. The checkout process that the

network server possesses all customer information and the

checkout time is relatively fixed but the checkout spend

depends on how many channels are opened and available by

the network server. In the other hand, the "shopping period"

consists of the sum of the periods between random moments

of choosing items and each on of these periods is

exponentially distributed. More over, the count of the event,

which has to do with choosing items, is yet another random

phenomenon. This implies that the "shopping times" is not

only a random process within the random event of the entire

shopping transaction but also the process that includes the

time spent of customers on the each network server. Several

mathematical techniques and stochastic optimization

methods are applied to solve this system. All these functions

need to be evaluated to improve their performances such as

service time of servers, waiting times of customers and so

on. One of practical dimension of this modeling, which is

called " ". This has triggered interest on part ofhuman factor

researches to model network servers and evaluate their

performances. A heavy practical dimension to this modeling,

effort, has been ignored. And that is inclusion of customer

shopping time. The research attempts to model customer

shopping time as part of the network server performance

evaluation. This paper also attempts to the model with

unreliable multi-server as a more practical model. It means

that any network server can  be broken any time. These

assumptions make my model even more realistic.

II. S IMPLIFIED MATHEMATICAL DESIGN OF
 HUMAN FACTOR

In this section, the enhanced service time that represents

human factor in the same customers influence the total

service time is considered. Customers access the single

network server. The service time begins as a customer

connects to one of available channels until the checkout is

done. We will calculate the service time component that

represents only the shopping time. Typically, a customer

takes a look at the merchandise displayed on the net, clicks

on the item of invest until he/she decides to checkout. The

residual time between choosing items by a customer is

exponentially distributed because the action for choosing

during shopping are practically not related with the previous
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actions. And it continues until the checkout is completed.

When the shopping portion finishes, the "checkout process"

begins for dealing with authorization, credit card validation

and so on. Since the checkout process is more mechanical

than the shopping process, This process can be reasonably

deterministic in nature a fixed within amount of time.

However, this period depends on the availability of channels

in the network server . This process takes more timeÐ Ð7ÑÑ3
when more channels are available (i.e., ) since the3Ð7Ñ º 7
channels share their same resource in each server because of

the performance limitations.

Let  be the -th period between choosing items assumed to1 55

follow exponential distribution with parameter  and iid.
(independently identically distributed). Let  be the randomA
transaction per customer with a geometric distribution and

parameter . Then the total shopping time by a customer : ÐKÑ
and total service time of the network server ( ) are asW
follows À

K œ 1  1 á  1 W œ K  Ð7Ñ" # A, . (2.1)3

Since a past event (e.g., previous shopping) does not any

effect on a present event (such as new shopping, surfing or

inquiry), we can reasonably assume  to be exponential15
because of its memoryless properties [8]. The transaction

event  has the geometric characteristic because it is sameA
as independent trial until first success [10]. Let s  be theÐ>Ñ
distribution of the total service time as follows:

s S . (2.2)Ð>Ñ œ TÖ Ÿ >× œ TÖK Ÿ >  Ð7Ñ×3

The distribution of the total service time  needs to beK
determined and it is the main target of this session. The

moment generating function (mgf) [10] is considered to find

the distribution of the . Since   areK 1 ß 5 œ "ßá ß5 A
exponentially distributed (  and  has the"

".
œ Ò1 Ó  _Ñ„ A

geometric distribution with the parameter ::

„
. .

. ) . )
’ “ˆ ‰

 : 
œ Þ

:A
(2.3)

According to (2.2), the random variable  is exponentiallyK
distributed with parameter  and the distribution function:.
of the total service time is:

=Ð>Ñ œ "  /: > Ð7Ñ. 3ˆ ‰
(2.4)

where  This simplified modelling approach>   Ð7ÑÞ3
approximately explain the human factors such as preferences

of customers, statistical data of merchandise. In addition, the

analyzing the shopping time is one of practical factors for

the online shopping. The further section will give the

analysis of the network architecture for e-commerce by using

the multi-channel queueing models.

III. M ODIFIED MULTI-CHANNEL QUEUEING SYSTEM WITH
RANDOMLY BROKEN CHANNELS

The modification of conventional  (multi-channel)GI/M/m/0

queueing system is considered. Recall that such a system is

characterized by the general-independent input (i.e. a

renewal process),  parallel channels without buffer in the7
system [1]. Even though we start with the service time of this

system to be general, we will end up with the exponential

distribution with the parameter  and shifting the constant:.
3Ð7Ñ, i.e., the PDF (Probability Distribution Function) of

the service time  is . This applicable queueing typeW =Ð>Ñ
becomes  type instead of the  typeGI/M/m/0 GI/M/m/0

~ ~

because the total number of the system is the combination of

the number of channels  and the random number ofÐ7Ñ
servers ( :0>Ñ

7 œ 7 †µ 0>. (3.1)

And inter-arrival times are distributed in accordance with the

PDF  (3.2)  The latter is a classical system investigatedEÐBÑ Þ
by Takacs [11] and extended by some other queueing

experts [4, 7]. Let  is the random number of servers at time0>
> which serve customers in the system and

0 08 ³ ß8 œ !ß "ßá78  are iid and the stationary

probabilities are exist:

; ³ ;Ð3ß >Ñß 3 œ !ß "ßá3
>Ä_
lim (3.2)

where . Denote the number of customers;Ð3ß >Ñ œ TÖ œ 3×0>
in the system at time  by .  are> U U ³ U ß 8 œ !ß "ßá> 8 78

the number of customers immediately before the arrival of

the n-th customer Let  be the inter-arrivalÞ Ð œ !Ñß ßâ7 7! "

time which is sequences of inter-arrival moments of

customers and these sequences are iid (identically

independently distributed) with a given number of servers

Ð3Ñ.

Ð ß ß ÐT Ñ ß ÐU à >   !ÑÑpI œ Ö!ß "ßá ß ×ßH È 8B
B−I >

8 œ 7 † 3

respectively. The process is a semi-regenerative one relative

to these sequences [6]. Let assign U ³ U ß8 78

8 œ !ß "ß #ßá . Their limiting probabilities are expressed

through the common invariant probability measure

T œ Ð3 3 3 3
! "T ß T ßá ßT Ñ Ð3Ñ8 with the given number of servers .

The random variable  is supposed to have a5 7 78 8" 8³ 
PDF

EÐBÑ ³ Ö Ÿ B×ß B   !ßT 58 (3.3)

with the mean   There are + œ Ò Ó œ Ò Ó  _Þ 7„ 7 „ 5" 8

channels which support customers on Internet. If channels

are not available, the system loses its customers. Simplified

human factor from the previous section is applied to

determine the service time (2.4). Let  be the number ofG Ð<Ñ8

customers served during  with initial condition Ò ß Ñ <7 78 8"

and  has the binomial properties [7]. Then G Ð<Ñ U8 8"

yields:

     (3.4)œU  "  G ÐU  "Ñß U œ !ßá ß  "ß
7  G Ð Ñß U œ Þ
8 8 8 8

8 8

8

0 8 8

Let

   : ³ TÖU œ 5lU œ 4ß œ 3×ß45 8" 8 8"
3 0

                      and 4 œ !ß "ßá ß7 † 3 5 œ !ß "ßá ß73
then

    : œ "  /45
3  ÐB Ð7ÑÑ4"

5

4"5ˆ ‰' ˆ ‰
‘

. 3

                                        † / .EÐBÑßˆ ‰ ÐB Ð7ÑÑ
ÖB  Ð7Ñ×

. 3
31

                                                                4 œ !ß "ßá ß  "ß8
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and

   : œ "  /7†3 5
7†3
5

 ÐB Ð7ÑÑ 735
, ˆ ‰' ˆ ‰

‘
. 3

                              † / .EÐBÑß 4 œ Þˆ ‰ ÐB Ð7ÑÑ 5
ÖB  Ð7Ñ×

. 3
31 8

The conditional stationary probabilities

T 3 3 3 3œ ÐT ß T ßá ßT Ñ! " 8  for the embedded process with the

given number of servers , (i.e.,3
T œ TÖU œ 5l œ 3×5 8Ä_

8 8
3 lim 0 ), are known to satisfy the

following formulas from Kleinrock (1975)

T Ð3ß DÑ œ T D œ E ÐDÑT" "
4œ! 4œ!

73 73

4 4
4

4
3 3ß (3.5)

where

        E ÐDÑ œ D "  / D4
4"  Ð  Ð7ÑÑ "„’ˆ ‰. 5 38

                                                          / à Ð  Ð7ÑÑ 4". 5 38 ‘ “
        4 œ !ß "ßá ß  "ß8

and

     E ÐDÑ œ8

              „’ “ˆ ‰ ‘D "  / D  / Þ8 .5 3 . 5 3 8  Ð7ÑÑ "  Ð  Ð7ÑÑ8 8

The stationary probabilities  andT œ ÐT ß T ßá Ñ! "

T œ TÖU œ 5×5 8
8Ä_
lim  yields

     T œ TÖU œ 5l œ 3×TÖ œ 3×5 8 8 8
8Ä_ 3œ!

_

lim ! 0 0

         (3.6)œ T ; Þ!
3œ!

_

5
3
3

Let  and2ÐDß Ñ ³ "  / D  /58
 Ð  Ð7ÑÑ "  Ð  Ð7ÑÑˆ ‰. 5 3 . 5 38 8

(3.5) yields:

     TÐ Ñ3ß D œ

                 ! ’ “ˆ ‰
4œ!

73
 Ð  Ð7ÑÑ  Ð  Ð7ÑÑ 4"

4„ "  /  D/ T. 5 3 . 5 38 8 3

  

                "  / / "  D T„’ “ˆ ‰ ˆ ‰ Ð  Ð7ÑÑ  Ð  Ð7ÑÑ73. 5 3 . 5 38 8
8
3

Define the operators  and  which are developed byV F< <

Takacs [11] .  and  have following properties:V F< <

 (i) (3.7)V 0 œ 0 ÐDÑß<
DÄ"

"
<x

Ð<Ñlim

 (ii) (3.8)F œ V Ð3ß DÑ œ T ß< <
5œ<

73
5
< 5

3 3T !ˆ ‰
 (iii) (3.9)T œ F Ð  "Ñ Þ5

3 3 <5

<œ5

73

<
<
5

! ˆ ‰

Using (3.7), we can have

 

     V "  /  D/<
 Ð  Ð7ÑÑ  Ð  Ð7ÑÑ 4"ˆ ‰. 5 3 . 5 38 8

                     (3.10)œ
/ ß 4  "   <ß

!ß 4  "  <
œˆ ‰4"

<
 Ð  Ð7ÑÑ. 5 38

and

     V "  / "  D<
 Ð  Ð7ÑÑ 7Š ‹ˆ ‰ ˆ ‰. 5 38

              (3.11)œ
 / ß 7   <ß

!ß 7  <Þ
œ ˆ ‰7

<"
 Ð<"ÑÐ  Ð7ÑÑ. 5 38

Let . Using the  operator to (3.7),! ) „sÐ Ñ ³ / V ‘ Ð  Ð7ÑÑ
<

) 5 38

we have:

 V Ð3ß DÑ œ T  T ßs s< < <
4œ<"

73
4" 73
< <"4

3 3T ! ˆ ‰ ˆ ‰! ! 8

! ! .s sœ Ð <Ñ< .

From (3.8),

F œ T  T Þ
4  " 73

< <  "
s s< 4

4œ<"

73

< <
3 3 3" Œ  Œ ! ! 8 (3.12)

Since we know that  and (3.8):ˆ ‰ ˆ ‰ ˆ ‰4" 4 4
< < <"œ 

F œ F F  Fs s s
<  "< < <"< < <

3 3 3 3! ! !Š ‹8
8 . (3.13)

Let

+ ³

"ß < œ !ß

ß <  !ß<

3œ"

<
s

/ s

Ú
ÛÜ # !

!
3

Ð7Ñ
3

3

(3.14)

then (3.13) yields

F œ + F Î+ ß 8 œ !ß "ßá ß Þ
<8 8 <

<œ8

3 3
8

8"Š ‹8 8 (3.15)

From (3.8),  and we can find  from (3.15)F œ " F!
33
8

+ F Î+ œ "
<

8 <
3

<œ8
8

8"Š ‹8 .

So,

F œ + Î+ œ T
68 8

8
3 3

! 6

6œ!

"’ Š ‹ “" 8
.  (3.16)

From (3.15)-(3.16)

     (3.17)F œ + + Î+ Î+ ß8
3

8 ! 6 <
6œ!

6 <

"

<œ8
’ “! !ˆ ‰ ˆ ‰8 8

8 8

                                                           8 œ !ß "ßá ß Þ8

Then we can find   as follows from (3.9):T ß 5 œ !ßá75

     T œ + + Î+5
3

8œ5 6œ!
8 ! 66

"! !” Š ‹ˆ ‰8 8
8

                                         (3.18)† Î+ Ð  "Ñ ß!ˆ ‰ ˆ ‰•
<œ8

@ 8
< 5<

85
8

                                                                       5 œ !ßá ß Þ8
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From (3.6) and (3.18), The stationary probabilities

T œ ÐT ß T ßá Ñ! "  are

     T œ ;5 3
3œ!

_! ” !’
8œ5

73

8 73
3+ F  (3.19)

                                     † Î+ Ð  "Ñ ß!ˆ ‰ ˆ ‰“ •
<œ8

73
73 8
< 5<

85

                                                                        5 œ !ß "ßá Þ

We now turn to the continuous time parameter queueing

process of . The treatment is same as that of KimGI/M/m/0
~

and Dshalalow [6]. To find the limiting distribution of the

process , we use the Kolmogorov differential equationsÐU Ñ>
[8] and semi-regenerative techniques to determine the initial

conditions. The limiting probabilities  for1 œ Ð ß ßá Ñ1 1! "

the process with the continuous time parameters are known

to satisfy the following formulas:

Ú
ÛÜ

1 1! 5
5 "

œ " ! ß 5 œ !

œ ß 5 œ "ß #ßá15
T
5+
5"

.

(3.20)

For the process , the corresponding formulas yieldU>

     (3.21)15 8 <
"
5+ <8œ5"

73
73
3

<œ8

73
73œ + F Î+

.
! ”
3œ!

_

3; ! !’ “ˆ ‰
                                            ˆ ‰ •8

5"
85"Ð  "Ñ ß 5 œ "ß #ßá

and

1
.

!

6 !

6
œ " 

T

Ð6  "Ñ+
" (3.22)

along with (3.20).

IV. O PTIMALITY OF
THE NETWORK MANAGEMENT MODEL

In this section, we deal with a class of optimization problems

that arise in stochastic management. Commonly used

stochastic optimization method [3, 4, 6] is applied. Let a

strategy  is a set of action we impose on the system (e.g.,O
the choice of customer distribution, the number of channels

in the network server and so on). For instance,  and EÐBÑ .
in turn can be functions of . On the other hand, a system7
can be subject to a set, say , of cost functions. Denote byG
9 OÐ ß Gß >Ñ Ò!ß >Ó the expected costs within , due to the

strategy  costs  and define the expected cumulative costO G
rate over an infinite horizon [2]:

9 O 9 O( ) . (4.1)ß G ³ Ð ßGß >Ñ
"

>
lim
>Ä_

Since that  is the number of available channels in theU>
given number of network servers . The number ofÐ Ñ0>
unoccupied channels at time  is assigned as>
Q œ 7 †  U 0Ð8Ñ> > >0 . Let  be the cost rate for maintaining

the unoccupied channels of the system. Then the expected8
cost for all empty channel in a network sever during  is:Ò!ß >Ó

     (4.2)Y0Ð>Ñ œ ;Ð3ß >Ñ!
3 !

                         .† 0Ð73  5Ñ T ÖU œ 5×.=’ “! '
5œ!

73

=œ!

> 3
=

If  is the cost rate (it can be reward rate, too.) for2Ð8Ñ
servicing  customers who are served, then the expected cost8
for served customers in the interval  isÒ!ß >Ó

     . (4.3)Y2Ð>Ñ œ ;Ð3ß >Ñ 2Ð5Ñ T ÖU œ 5×.=! !” •'
3 ! 5œ!

73

=œ!

> 3
=

Let  be the cost for using the network servers  in the9Ð8Ñ Ð8Ñ
interval  and . So average cost rate for usage of serversÒ!ß >Ó
is

SÐ>Ñ œ 9Ð3Ñ ;Ð3ß =Ñ.=" (
3 ! =œ!

>

. (4. 4)

The Markov renewal function  V Ð>Ñ œ ÒR Ó3 3
>„

œ Ð Ñ„ 73

8œ!

_

Ò!ß>Ó 8” •!"   gives the total expected number of

customers in the time interval . So, the functionalÒ!ß >Ó
hV Ð>Ñ œ <V Ð>Ñ3 3  gives the total reward for all channels are

completely occupied in  if  is the common reward forÒ!ß >Ó <
each customer. The cumulative cost of the entire procedures

involved in the multi-channel system of the network server

on the interval  yields:Ò!ß >Ó

     9 O hÐ ß Gß >Ñ œ Y0Ð>Ñ  Y2Ð>Ñ  SÐ>Ñ  V Ð>ÑÞ3

Now we turn to convergence theorems for regenerative,

semi-regenerative, and semi-Markov processes [2], to arrive

at the objective function which gives the total9 DÐ ß GÑß
expected rate of all processes over an infinite horizon. In

light of equations [2], we have

9 OÐ ß GÑ œ <
+

(4.5)

                ; 0Ð73  5Ñ  2Ð5Ñ  9Ð3Ñ! !” •ˆ ‰
3 !

3 5
5œ!

73

1

V. APPLICATION FOR ELECTRONIC COMMERCE
ECOSYSTEM

The electronic commerce (e-commerce) has been a big issue

not only in the technology but also in the business. Because

of the heavy population of the Internet, more people want to

live in better and more convenient place. The e-commerce

ecosystem makes these people potential customers. In

business way, companies try to make actual customer, who

really purchases, from these potential customers via Internet

[9]. The culmination of e-commerce where customers can

stop on the computer without actually traveling any distance

to the shopping has been a great influence of the technology

and business.

The business model of e-commerce includes all major

functions that can handle e-business from purchasing

inquires to actual purchases. The paper attempts to model

customer shopping time as part of the network server

performance evaluation. Once again, we allow the

exponential distribution for customer input.
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[  e-Commerce Architecture: Online Shopping]Figure 1.

5.1. M/M/m/0 Queueing System

The pertinent special formulas under these assumptions are

as follows:

 (5.1)EÐBÑ œ "  / ß B"+

 

! )Ð Ñ œ / .EÐBÑ œ Ð Ñ/ .B œ ß' '
‘

) )
)

"
+ B Ð  ÑB

Bœ!

_ " "
+ "+

 ! )sÐ Ñ œ '
‘
/ .EÐBÑ œ ß ÐB Ð7ÑÑ

ÖB  Ð7Ñ×
/
"+

) 3
3 )

1
3Ð7Ñ

  where  is a ratio of 3 3 3Ð7Ñ œ † 7s s checkout

process. (5.2)

We assume that  the limiting probabilities of available

servers are the binomial random variables with parameter :
that is a probability of

; œ : Ð"  :Ñ ß 3 œ !ß "ßá ß 8
8

3
3

3 85Š ‹
Now, we can calculate  from (3.14) and  from (3. 5) to+ F "< 8

get  (from (3.18)). Once we get ,   canT T Ð5 œ !ß "ßá Ñ5 5 51
be found by using the formula (4.9) and (4.14).

In the other hand, we specify the remaining of the three

primary cost functions are as follows:

0Ð8Ñ œ K † 8ß 2Ð8Ñ œ L † 8ß SÐ8Ñ œ S † 8. (5.3)

Finally, we arrive at the following expression for the

objective function:

     ( ) (5.4)9 DÐ8Ñß G œ

                        <+
3 !

3 5
5œ!

73

 ; ÐK LÑ  K † 7S 8:! ! ˆ ‰1

Here we use formulas (3.20) and (5.4). Notice that we have

only one parameters vary. Comparing (5.4) with (3.20),7
we identify  and . We restrict the initial. œ K 6 œ K L
strategy of this model to a combination of the number of

channels and servers. In other words, we need to find the

number of servers  such that8

9 O 9 OÐ Ð8Ñß GÑ œ 738Ö Ð Ð8Ñß GÑ×Þ (5.5)

As an illustration, we take 5   and .< œ ß K œ % L œ  *
Inter-arrival time distribution is exponential with mean

+ œ "Þ : !Þ%"9, the parameter  is . Take the reliability of.
each server  as 0.5 and  1 from (5.2). Now, weÐ:Ñ œs3
calculate  and that gives a minimum for9ÐWÐ8Ñß GÑ Ð8 Ñ!
9ÐWÐ8Ñß GÑ 8. Recall that the  stands for the number of!

servers which minimizes the total cost of this system when 3

channels are available for each server. Below is a plot of

9ÐWÐ8Ñß GÑ 8 − ÖÐ8Ñ À 8 œ "ßá ß "!× for .

The calculation yields that  resulting making the8 œ '
minimum cost equal 4  It means that we  &Þ)( Þ 8 œ '!

channels from a network server to minimize the cost of

server maintenance.

VI. CONCLUSION

This paper shows the full analytic solutions of the enhanced

e-commerce management model. The mathematical tools to

solve the system include the embedded Markov process,

semi-Markov process, semi-regenerative techniques. The

practical setup which is called "human factor" is added to

provide the more realistic performance measuring. These

analytic solutions, which are stationary probabilities of

embedded process and continuous time process, give all of

performance measures and the optimization solution gives

the critical decision points for better performances. This
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research gives the guideline to evaluate the simulation and

real data for e-commerce network management design.

[  Optimal Solution of the Application]Figure 2.
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