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Abstract: Based on the assumption that the customer is time
and price sensitive and price is a piecewise function of the
delivery time, a service delivery time guarantee decision
model is proposed, and the existence of the optimal service
delivery time guarantee L is proved. Furthermore, the impact
of the correlation parameters on the optimal L” is analyzed. It
is revealed that if the optimal L* is smaller than the industry
level L,, the service provider with low cost should quote a
shorter delivery time, and the service provider should increase
the delivery time guarantee under the conditions of the
decrease in customer time sensitivity or the increase in the
difference of the customer reservation payment. When L* >
L,, the service provider should quote a longer delivery time
guarantee and should increase the delivery time guarantee and
reduce the price under the conditions of the increase in the
customer price sensitivity or the decrease in the mean customer
reservation payment.
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service delivery time

n modern services, customers have high requirements

for the response speed of service providers, and price
is no longer the only element of competition among serv-
ice enterprises. In order to satisfy customer requirements,
many enterprises have adopted a strategy of pledging the
service delivery time guarantee. For instance, some fast
food restaurants promise that the customer waiting time is
no more than ten minutes.
guarantee includes the customer waiting time and the
service time. Service capacity, which is the service speed
of the service provider in the service process, is the basis
of the service delivery time guarantee. In order to shorten
the service delivery time, the service provider should in-

The service delivery time

crease its investment on service infrastructure. Therefore,
it is necessary to pay attention to the decision process of
the service capacity.
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In the last two decades, many studies have been devot-
ed to study the service delivery time guarantee, the serv-
ice price and the service capacity. In one aspect, some
researchers focused on the study of the service delivery
time guarantee and the service price under the assumption
that the service delivery time guarantee and the service
price are independent. Duenyas et al.'" analyzed the
method where the service provider dynamically adjusts the
service delivery time guarantee according to the queue
congestion. They concluded that when the service capaci-
ty has restrictions, the optimal service delivery time guar-
antee increases with the increase of customers in the
queue. So and Song'®' considered the problem that the de-
mand is an exponential function of price and delivery
time, and the service capacity is extendable. It is found
that a shorter delivery time guarantee should always be
quoted with the increase in service capacity, and guaran-
teeing a shorter delivery time usually results in a larger
profit loss than guaranteeing a longer one. The research
of Palaka et al. ' is similar to that of Ref. [2]. But in
Ref. [3], the demand is assumed to be a linear function
of price and time, and the authors also considered the
So'" also studied the
price and delivery time competition of several service pro-
viders with price and time sensitive demand. In Ref. [4],

congestion cost and delay cost.

it is shown that service providers with a higher service ca-
pacity should select a short service delivery time and serv-
ice providers with lower operation costs should select low-
er prices as their competition strategies; with the increase
in customer time sensitivity, the differentiation of service
providers’ competition strategies become more promi-
nent. Boyaci and Ray"' studied the delivery time guaran-
tee and price decisions when the service enterprise pro-
vides two substitutable services or products. The differ-
ences between the two services are in the price and the
delivery time guarantee. Their research showed that dif-
ferentiation of service delivery time decisions was influ-
enced by capacity costs; when the service capacity cost
differentiation was the same, higher capacity costs in-
duced less time differentiation and less price differentia-
tion. Liu and Lou' investigated a service delivery lead
time model based on customer time sensitivity and cus-
tomer reservation payment. They found that when the
customer is very sensitive to delivery time, the decrease
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in price will not affect the optimal delivery time signifi-
cantly. Considering the situation where there were one
service provider, two queues and two types of customers
with different price and time sensitivities, Zhao et al. i
studied the service price and delivery time guarantee deci-
sions which mainly depended on the number of each type
of customer and the service capacity cost.

Some researchers studied the service delivery time
guarantee and the service capacity decisions under the as-
sumption that the service delivery time guarantee and the
service price are interrelated. Based on the assumption
that price is a linear function of delivery time guarantee
and the demand function used in Ref. [3], Ray and Jew-
kes'®
They concluded that when customers are very sensitive to
price, the delivery time should be longer and the price
should be lower; provided that the service provider does
not consider the relationship between price and delivery
time, the solution may be the suboptimal. Based on Ref.
[8], Liu et al.™ analyzed the influence of customer
waiting time cost on the optimal service delivery time
guarantee. They pointed out that the service provider can
adjust the relationship between price and delivery time to

make customers become less sensitive to time and the
1.1

studied the delivery time and capacity decisions.

service provider obtains more profit. Yang et a used
the method introduced in Ref. [8] to study the delivery
time decisions in electronic market.

Moreover, some studies investigated the delivery time
guarantee decision in some specific management prob-
lems. Shao et al. """ studied the product delivery time and
price decisions in the supply chain. Timothy'”' general-
ized the existing blanket delivery-time guarantee models.
The results indicated that pricing policies are less critical
than previously thought when the payment made for late
delivery is included as part of the delivery-time guarantee
policy. Ching'”' considered a delivery time decision
model of multiple make-to-order suppliers. Jayaswal and

Jewkes'"!

studied a firm selling two services to two dif-
ferent customer segments in a qualifying environment.

To the best of our knowledge, few studies simultane-
ously consider the effect of the customer behavior and the
piecewise service price function. With the motivation of
this point, this paper considers the effect of the customer
behavior in the decision model, and assumes that price is
a piecewise function of the delivery time. This paper tries
to propose the decision model, prove the existence of the
optimal solution and analyze the impact of the correlation
parameters on the optimal solution.

1 Basic Assumptions and Demand Analysis

In this section, several basic assumptions and the prob-
lem formulation will be introduced. Let L denote the
service delivery time guarantee. The service system is an
M/M/1 type queue with a service capacity u. The priori-

ty rule is first-come-first-served ( FCFS). Let the mean
customer arrival rate be A. Assume that customers do not
balk once they enter the queue.
payment V obeys the uniform distribution on the interval
[V, V]. The function of customer payment is related to

Customer reservation

the service price and the delivery time guarantee. In this
paper, we denote the function R(p, L) as

R(p,L) = ap + bL a>0,b>0 @))

where a and b denote the customer price sensitivity and
the customer time sensitivity, respectively.

This paper assumes that the service price is a sub-func-
tion of the service delivery time guarantee. The existing
studies often assume that price is an increased (or de-
creased) linear function of the delivery time. However,
this assumption is not always applicable in reality. For
example, the express enterprises often charge the same
price in some specific period. Therefore, this paper pro-
poses several assumptions as follows: if the delivery time
guarantee is shorter than the service industry level L, the
service price is p,; otherwise, price is a decreased linear
function of the delivery time. The price function of the
delivery time can be denoted as follows:

Po Lsls
po — (L - L) Ly<L <

where L and L are respectively the lower and the upper

L
L) = 0 2
(L) { ’ (2)

,z2>0

bounds of the service delivery time guarantee. z is a con-
stant and it is used to denote the delivery time sensitivity
of the price.

In the following, we will propose the service demand
analysis. Substituting Eq. (2) into Eq. (1), the function
of the customer payment can be denoted as

ap, + bL
A + BL

L<L<I, 3)

mm:{ = 0
L, < L<L

where A =ap, + azL,, B=b —az, B7#0. Note that, we
do not consider the case that B =0, and the demand R(L)
is a fixed number.

In the whole process, the service provider is assumed
to be the leader who formulates the price and service de-
livery time guarantee. On the other hand, the customer
needs to decide whether or not to accept the service. If
the customer reservation payment is no less than the cus-
tomer payment, the customer accepts it; otherwise, the
customer refuses it. In this paper, the mean actual cus-
tomer arrival rate is denoted as

A(R(L)) = A(L - F(R(L)) =

V - ap, - bL L<l<l

V-A-BL -

Y-A-b5L <
A VoV Ly <L<L
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where A is the mean potential customer arrival rate, and
F(V) is the cumulative distribution function of the cus-
tomer reservation payment V. From the above model, it
can be seen that shortening the delivery time needs more
investment on service capacity in the case that the demand
is fixed. As for an M/M/1 queuing system, the require-
ment that the probability of meeting the time guarantee
for each service provider must be at least o can be written
as follows':

1-e "™ =q (3)

In practice, service providers cannot ensure that the
time that the customer spends on service does not surpass
L and even some service providers may cheat the custom-
ers. In order to make sure of a high reliability of the de-
livery time guarantee, two policies can be adopted: one is
giving some compensation to the customer on the condi-
tion that the service time surpasses L; the other is increas-
ing the value of « and increasing the reliability of L. In
this paper, we take the second method.

2 Model Formulations and Analysis

The objective of this paper is to minimize the profit of
the service provider. In the following, we propose the
model.

In the case that L<L<L,,

n:(e}‘xm(u, L)y = (py =) A(R(L)) —cu (6)

| = e-mARIL 5 (7a)
Po>rpu>A >0 70

where r is the per unit operation cost.
Proposition 1 When the objective function 7, (u, L)
is optimal, we have

k=-1n(1 -a
(3)

u(l) = 2= A= F(R(1)

Proof Assuming that an optimal solution (p", u")
requires the constraint (7a) to be a strict inequality, it
can be seen that when u* decreases, 7, increases. Then,
(p*.u") is not the optimal solution. Hence, on the con-
dition that (p*,u ") is an optimal solution, we obtain 1
— e WMRBUDE — . Combining Eq. (4) and 1 -

~(p-AR(D))L

e =, we can obtain that u(L) :% +A(l -F

(R(L)), where k= —In(1 —«).
Substituting Egs. (4) and (8) into Eq. (6), we obtain

V —ap, - bl k
m (L) = (p _r_c)Aﬁ_cf (9

Differentiating with respect to L, we have

, —(p, —r-c)bA
T =—0T/_K +Ci2 (10)
" 2k
m == CF <0 (11)
It is easy to obtain the optimal solution L,
, ck(V - 1)
L = min(L., L L, = —_— 12

1 min( Ly, L), L, (py =1 — ¢) Ab (12)

Eq. (12) should satisfy p, - r - ¢ >0. If p, — r — ¢<0,
Eq. (10) is positive and the optimal solution of 7, (L) is
L,. Given L, we can obtain the optimal service capacity
by Eq. (8),

w = A A= F(R(1)
L=L;

The above result shows that the optimal decision for the
service provider only needs to satisfy the delivery time
guarantee constraint.

In the case that L, <L <L, we propose the following
decision model:

max m,(p, L) = (p(L) —n)A(R(L)) —cu (13)

S. t.
1 = ef(/-L*A(R(LU)L > (143)
p>r,u>A>0 (14b)

With a similar method in the proof of Proposition 1,
we can obtain a similar conclusion. If 7, (u, L) is opti-
mal, the constraint (14a) must be equal. Substituting it
into (13), we have

V-A-BL_

m(L)y = (p, +zL, —z2L -1 —¢c)A VoV

e
L
(15)

Differentiating with respect to L, we can obtain

;o V-A-BL po +2Ly, —zL -1 —¢ k
m, =—zA Vv BA VoV +cL2
(16)

" 1 2k
T, :2ZBATK_CL7 (17)

If L=L,, it results in 7, (L,) =m,(L,). Then, the
range of L can be denoted as [ L,, L]. Combining the
. . . Po + ZLo —-r
constraint p > r in (14b), we can obtain L < ————.
In order to obtain a positive profit, L should be less than
po+zly —r
p .
In the following, we will analyze the optimal solution
of 7,(L), where Le[L,, L].
If there is no solution in [L,, L] such that 7, =0, then
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7,(L) is redundant in [L,, L] and the optimal solution
must be at L, or L.

If there exists a solution in [L,, L] such that =0,
we propose the following analysis. If B <0, then we have
7", <0. It means that there is only one solution such that
7', =0, and only one solution is the optimal solution of
m,(L). If B >0, it can be obtained that 7, (L) is con-

3 p—
ck(V-V)y | . .
vex/concave, and (LO, T) is an inflection
z

point. In this situation, there are at most two solutions in
[L,, L]. If there are two solutions, then the smaller one
is the optimal solution of 77,(L). In the scenario there is
only one solution L,, on the condition that L, <

3 —
ck(V-Y) . , .
T and L, is the optimal solution of 7, (L);

otherwise, the optimal solution must be at L, or L.
Let L, denote the optimal solution of 7r,(L) in [L,,
L]. The optimal profit can be written as

W(L*vﬂ*) = max(ﬁl(lﬂ*vﬂ:)v 77'2(['2*’:“2*))
(18)

3 Impact of Parameters on the Optimal Solution

From the analysis in the above section, we can obtain
the optimal L* and p* on the condition that the values of
other parameters are given. In this section, we try to ana-
lyze the impact of parameters on the optimal solution.

ck(V-V)

— = or ¢ =
(py —r—c)AL;

Property 1 If b <

(o =) AbL;
k(V-V) +AbL)
L" is no less than L,.

Proof From Eq. (12), we can see that when b <

ck(V-V)
(py -7 - )AL
must be in [L,, L]. With the same analysis method, if
other parameters unchanged and ¢ =

(py =) AbL;
k(V-V) +AbL;’

Property 1 indicates that when the customer time sensi-

then the optimal service delivery time

L’ =L,. The optimal solution of 7(L)

remain

L* must be in [L,, L].

tivity is relatively small, the service provider should pro-
long its optimal service delivery time guarantee. In this
scenario, decreasing price and increasing delivery time
guarantee can increase demand, and the service provider
can gain more profits.

The cost of per unit service capacity also has an impor-
tant impact on the optimal decision. Shortening the deliv-
ery time guarantee usually requires the service provider to
increase its investment on service capacity. If the demand
is fixed, a short delivery time guarantee requires a high
service capacity. An increased service capacity may result
in a short delivery time and an increase in demand. How-

ever, if the cost of the per unit service capacity is high,
the income increased from increasing the service capacity
is too little to compensate for the cost. Therefore, in this
case, the service provider should quote a relatively long
service delivery time to guarantee more profits.

Property 2 In the case that L e (L, L;), the results
can be described as follows: 1) L increases with the de-
crease in customer time sensitivity; 2) L" increases with
the increase in the cost of per unit service capacity;
3) L" decreases with the increase in the mean potential
customer arrival rate; 4) L” decreases with the decrease
in differentiation in the customer reservation payment and
the mean customer reservation payment has no influence
onL".

Proof From the conclusion in Eq. (12), on the con-
dition that the optimal solution L~ is in (L, L,), we have

cK(?—K)

L= | —M—m——
(po =1 —c)Ab

(19)

From Eq. (19), we can obtain the partial derivative
with respect to b, r, ¢, A. It is easy to prove that 9L"/
b <0, oL /9r>0, oL"/dc >0, aL"/aA >0.

1) oL"/db <0 means that the optimal service delivery
guarantee decreases on the condition that the price is
fixed, and the customer time sensitivity increases.

2) 9L"/9c >0, 9L /9r >0 indicate the second point
in Property 2. If the per unit service capacity cost is rela-
tively high, shortening the delivery time may increase the
demand. However, the income increased from increasing
the demand is too little to compensate for the cost on in-
creasing the service capacity. Therefore, the service pro-
vider should prolong service delivery time on the condi-
tion that the per unit service capacity cost is relatively
high. If the price is fixed, and the per unit operating cost
of the service provider is high, the marginal profit will be
at a low level. The increasing demand only leads to little
income increasing. So with the increase in the per unit
operation cost, the service provider should increase the
delivery time guarantee.

3) 9L"/9A >0 indicates that the service provider can
shorten the delivery time to attract more customers when
the potential customer arrival rate is high. Besides, we
can also see that the customer price sensitivity has no in-
fluence on the optimal service delivery time.

4) The impact of the customer reservation payment on
L" can be analyzed in two aspects. In the first aspect, we
analyze the impact of the mean customer reservation pay-
ment on L*. From Eq. (19), keeping V -V =3 un-
changed and simultaneously increasing or decreasing V, V
has no impact on L”. The other aspect is the impact of
differentiation in the customer reservation payment on
L*. Keeping (V+L/)/2 =y unchanged, from Eq. (19),

we can obtain 9L"/9V >0. The above analysis indicates
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that when the price is fixed, the mean customer reserva-
tion payment has no influence on the optimal service de-
livery time guarantee. However, with the increase in dif-
ferentiation in the customer reservation payment, the opti-
mal service delivery time guarantee increases. If the cus-
tomer reservation payment differentiation is very large,
the service provider should adopt a relatively long service
delivery time guarantee.

Property 3 If L e (L,, L), then we have: 1) The
optimal solution L~ increases with the increase in custom-
er price sensitivity; 2) The optimal solution L" increases
with the increase in per unit operation cost or service ca-
pacity cost; 3) If the mean potential customer arrival rate
increases and customers are more sensitive about time,
L" should be shortened; 4) The optimal solution L* de-
creases with the increase in the mean customer reservation

payment.
Proof If the optimal solution L* is in (L,, L), then
we have 75 (L") =2zBA 1 c 2k <0. In order to

V- Y - L*z
make sure that 7(L", ") is positive, we can obtain the
constraint p, +zL, —zL" —r—¢ >0 from Eq. (15).

Let w5(L") =0 and differentiate with respect to a, b,
and then we obtain

po +zl, —zL° —-r —c¢
A VoV

po +zL, — zL
V-V

g(zBAz_czk)
da \V-V L

(20)

po +2l, —2zL° - r —¢
V-V

£(23Az C2k)
V‘K L

ob N
(21)

From Eq. (20), we can obtain 9L"/da >0.

dL"/9a >0 indicates that the service provider should
adopt a relatively long service delivery time guarantee in
the case that the customer is sensitive to service price,
and their time sensitivity is relatively low. Hence, in-
creasing the service delivery time and decreasing the price
will attract more customers and gain more profits.

With the same method, differentiating with respect to
c, r, A, we have

oL’ [ 2BAz 2k BA k
—( == -¢ = - 22
E)C(V—K (‘L*S) V_K L*Z ( )
oL { 2BAz 2k BA
ar(T/—K_LL”)_ V-V (23)
6[‘*(23/12 Zk) po +zl, —zL° —-r —c¢
—| = -c =B = +
aA\V -V L’ V-V
po + 2L, —zL”
277/—[ (24)

From Eq. (22), if B >0, then we have 9L"/9c >0. B

>0 indicates the customer is very sensitive to delivery
time, and B <0 means that the customer is not sensitive
to delivery time but to price. So if the customer is sensi-
tive to time and the service capacity cost is high, the
service provider should quote a relatively long service de-
livery time guarantee.

From Eq. (23), if B >0, then 9L"/9r >0; if B <0,
then 9L"/9r < 0. On the one hand, if the customer is
very sensitive to time and the per unit operation cost is
high, a relatively long delivery time guarantee is better.
On the other hand, if the customer is very sensitive to
price, and the per unit operation cost is at a high level,
the service provider should adopt a relatively short deliv-
ery time guarantee.

From Eq. (24), when B >0, we have 9L"/9A <0,
which indicates that when the customer is very sensitive
to time and the mean potential customer arrival rate is
high, the optimal service delivery guarantee will be rela-
tively short.

The analysis of the impact of the customer reservation
payment on L* is similar to the analysis in Property 2.
Keeping V - V = unchanged and differentiating with re-
spect to V, we obtain

£(2zAB_ ) Zk)_zA (25)

av B ¢ %)~ B

From Eq. (25), we can obtain 9L /9V <0.

The increase in V indicates that the mean customer res-
ervation payment becomes larger, and the customer can
accept a relatively high price or a long delivery time guar-
antee. In this case, shortening the delivery time guarantee
can increase the service price and gain more profits. On
the condition that the mean customer reservation payment
is relatively large, the service provider should adopt a rel-
atively short service delivery time guarantee and the serv-
ice price is relatively high.

4 Conclusion

In this study, a service delivery time guarantee cost de-
cision model is proposed with the consideration that cus-
tomers are sensitive to time and price, and price is a sub-
function of delivery time. Furthermore, the existence of
the optimal solution is proved, and the impact of the cor-
relation parameters on the optimal delivery time guarantee
is analyzed. From our study, it can be concluded that
service providers should pay attention to the customer
characteristics and the service cost in the processing of
making their delivery time decisions; per unit operation
costs and service capacity costs have a significant impact
on the delivery time decision; the differentiation in the
customer reservation payment and the mean customer res-
ervation payment also have influences on the optimal de-
cisions.

This paper assumes that all the customers have the
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same price and time sensitivity. However, in practice,
the time and price sensitivities of different customers
sometimes are different. in future research it
is worth investigating the delivery time decision problem

with different types of customers.

Therefore,
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