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Improving the Efficiency of Marketing Channel between
a Wholesaler and a Retailer with Uncertain Characteristics?

Kyung Keun Lee*

Abstract

The efficiency of marketing channel of distribution between a wholesaler and a retailer with uncer-
tain characteristics can be improved by influencing the retailer’s ordering pattern. The wholesaler
with large unit inventory holding cost can offer a large quantity discount thanks to the great benefit
which comes from the transfer of part of his inventory to retailer. The retailer’s increasing average
inventory holding cost can be offset by the quantity discount and by savings of the ordering cost.

Conditions under which marketing channel improvement can be possible are derived.
1. Introduction

We consider the marketing channel of distribution between a wholesaler and a retailer given a
fixed total quantity demanded for a single iterr. In an earlier paper, Lal and Staelini4| have
taken approach through an integrated inventory model for a marketing channel of distribution
where the total inventory related costs are jontly minimized. Such & model is appropriate if
collaborative arrangement for the allocation of joint benefit can be enforced by some contractual
agreement between a wholesaler and a retailer. When a wholesaler and a retailer are two separ-
ate entities, the problem is not that simple. Lee and Rosenblatt{5]. Rosenblatt and Teel9’,
Eppen and Yehoshual{l] and Monahan 8" have studied the important economic mmplications of
the marketing channel from the supplier’s poin' of view to increase supplier's profitability, Kim
and Hwangl3 and Kim[?] analysed the marczeting channel between a supplier and multiple
retailers with the assumption on the perfect imformation on the retailer's chracteristics. Leel 6]

have analysed the channel for a wholesaler with multiple customers through non-linear pricing.

+ This paper was supported by Research Fund of Pusin National University.
* Department of Industrial Engineering, Pusan Nation:] University.
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In the distribution channel between a manufac:urer with several customers, both parties can
be beneficial by penalizing the large order quantity[7].

In this paper, we apply the theory of non-linear pricing to improve the efficiency of the mar-
keting channel between a wholesaler and a retiuler, The wholesaler is apt to have only the
probability density function of the retailer’s characteristic rather than the perfect imformation
about even one retailer. The behaviors of the wholesaler and the retailer are different from the
case of the perfect imformation due to the impertect imformation,

This non-linear quantity dependent pricing schedule increases the marketing channel efficiency

by influencing the retailer’s ordering pattern.

2. Model Formulation

Let’s consider the situation in which a retailer receives his replenishment stock from a whole-
saler., The wholesaler, in return, receives his supply through order from the manufacturer or the
other vendor. Assuming that the retailer always responds to the non-linear pricing schedule by
the self-selection of optimal order quantity for that schedule, it may be the wholesaler’s advan-
tage to offer a quantity discount pricing schedule even though the demand rate is constant,
This may affect the expected cost of the wholesaler and result in a higher expected profit.

In this situation, we assume that the ordering cost and demand rate of the retailer are known
and the wholesaler knows only the probability censity function of the unit inventory holding
cost for the retailer. Under some conditions, a non-linear pricing schedule can benefit both the
retailer and the wholesaler by transferring part of the inventory holding cost from the whole-
saler to the retailer in return for the quantity discount,

As a result, both parties can benefit economicelly from this use of a nonlinear pricing sched-
ule, although under some conditions, no mutually beneficial pricing schedule exists.

The following assumptions will be used for our analysis.

(1) Demand rate is constant and insensitive to orice changes.

(2) No shortages are allowed on either side.

(3) Instantaneous replenishment at both the wholesaler and the retailer.

(4) The wholesaler knows the probability density function of the retailer’s unit inventory
holding cost,

(5) Demand rate and ordering cost are constant and are known to the wholesaler
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The following notations will be used.

P(g) = Total purchasing cost for ¢ units for tne retailer from the wholesaler.
C(g) = Total purchasing cost for g units for the wholesaler from the manufacturer or the

other vendor.

D = Annual demand rate for the retailer.

K, = Wholesaler’s ordering cost per order.

K, = Retailer’s ordering cost per order.

h, = Wholesaler’s inventory holding cost pe: unit per period.

h, = Retailer’s inventory holding cost per uxait per period.

F(h) = Probability density function of retailer's unit inventory holding cost.
p — Present fixed unit price offered to the retailers by the wholesaler.

2.1 Retailer’s Behavior

The retailer always responds to the price schedule offered by the wholesaler. The retailer
whose unit inventory holding cost is %, has an cptimal order quantity ¢*(k.) that is obtained by
minimizing his average total cost, i.e, total of purchasing cost, ordering cost and average inven-

tory holding cost.

7(h) = arg Min (Plg(h))—2— + K, L + "(g’) B} (2.1)

“ah) " qh)

Thus the first necessary condition for Eq.(2.1), that is, retailer’s self-selection condition, can

be written as

_d D _ _D_
da) (Plg(n,) 2 {P(g(h)) + K.} AT + 3

=90 (2.2)

2.2 Wholesaler’s Behavior

Suppose that the retailer’s economic order quantity is ¢. Then the demand faced by the sup-

plier is a stream of ¢ units of demand occuring at fixed time interval of —%— time units, Given

this stream of demands, ¢ units each, it can be easily shown that the wholesaler’s economic or-

der quantity, g.*, should be some integer multiple of g. Suppose ¢/* is not an integer multiple of
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q. Let g>

n-q + m where n is a positive integer and 0<m<g. For the first —% time units

after the wholesaler’s replenishment, his inventory level becomes (n—1)g-+m, Similary, between

—%— and _%q_ time units after replenishment, the :nventory level 1s (n—2)g+m. Betwee (‘HBD(

and % time units after replenishment, the invertory level falls to m. Since this inventory level

is not large enough to satisfy the next order frcm the retailer, a replenishment request by the
wholesaler is warranted at this time, It can be sezen that, by setting m=0, the inventory levels
during the respective time periods becomes (z—11g, (n—2)g,---,q and 0, and inventory cost are
reduced. In view of the above consideration, the wholesaler’s order quantity is assumed from
now on to be an integer multiple of the retailer's order quantity. We know that average inven-

qa.—q(h,)
2

order quantity from the other vendor just after receiving the retailer's order, which is deter-

tory level for the wholesaler 1s . Therefore, if the wholesaler replenishes his economic

mined by the pricing schedule given by the whaolesaler, the expected annual net profit for the
wholesaler i1s as follows when fixed unit price ¢ is offered to the wholesaler by the other ven-
dor.

k *
Max I[1 = I{ Plgn) D _ cq*, D g D _ M h t flhdh,
Jo a(h,) g g, 2
K (h) q(h,) — qlh,)
D D n(h) q(h,) — qlh, )
— [t Py 22— - e - K, - S dhy (2
Lo{ (ath) L~ oD~ K Do . o} Fh) dh, (2.3)

h, = maximum 4, in f(4,)

h, = minimum %, in f(4,)

Finally the wholesaler’s problem is to find non-linear pricing schedule P(g) and positive in-
teger value n(h,) to maximize his expected net profit function I1 subject to the optimal

retailer’s behavior, 1.e.

Ry R
D qth) K. D n(h,) g(h,) ‘

Max 1T = | 1 Plgthy —2— + h - - A hof) dhy — 2.
ax [, KRG 2 T ah) 2 S dh =D (240)
d D , D h,
st (P —2— P+ K by

ey T X PITAE 2

n(h,) — integer > 1

This expected net profit of the wholesaler can be increased by offering a quantity discount

pricing schedule. The decrease of his gross revenue can be offset by the benefit from the de-
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crease of the inventory hodling cost. Increasing the order quantity of the retailer makes the
wholesaler carry a smaller average inventory level. On the retailer side, the benefit from the

quantity discounted purchasing cost is offset by the increase of the inventory holding cost.

3. Analysis of Model

We will analyze the model to obtain the jricing policy Plg) and positive integer n(h,)
maximizing the wholesaler’s expected net profit and will also investigate how this pricing sched-
ule will benefit both parties, if it is possible to get such a pricing schedule.

We will use a two-step procedure to maximize the wholesaler's expect net profit by

maximizing the first part of Eq.(3.1) at the first step and then minimizing the last part of Eq.

(3.1) given the information from the first step.

3

Max 1= {t Py —2— + 2% 4\ f5) an, — cD
gy q(h,) ~
# KD n(k)gth)
[ N ) S5 ) S, (3.1)

At first, we can rewrite the wholesaler’s problem tc maximize the first part of Eq.(3.1) as

follows,

"

: , h
Max 17 = [t Py —2— + 2% v oy an, (3.2)
hy (I(hr) 2

Integrating Eq.(3.2) by parts and substituting in the retailer’'s self-selection condition by Eq.
(2.2) yields

“ . K,D
AT By A [ Flb) | = - L

v J o

3

I = P(QO)

[§%]
o] &

g, = minimum (/) = ¢(h)

g, = maximum q(k,) = q(h,)

Then, the Euler's first order necessary condition for an interior local maximum is

K.D h, h,
2

Fb) 5 -
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By substituting s, = h(q) from Eq.(3.4) into the retailer's self-selection condition Eq{(2.2), we

will get
d pgy - Pa K a ., (3.5)
dg q aq 2D
We {find the boundary condition involving ¢, 15 exactly same as the retailer’s self-selection

condition Eq(2.2); futhermore, the boundary condizion involving ¢, is always true.

Solving the differential equation Eq(3.5), we wiil get the P(g).

Pg) = - K, — 7‘15 Wadg + Cuyg (3.6)

(where C, : arbitrary constant number from integration)

Because we assumed that total demand is fixed, a profit maximization criterion will drive up
C, to infinity, which is clearly unreasonable, We must, therefore, recognize that the fixed de-
mand assumption is reasonable only as long as prices stay within an acceptable range and not
attempt to use proft maximization in determining C, instead, we will use a satisfying approach
and attempt to impose some restrictions on C,. In particular, we would like to determine C,
such that

(1) Wholesaler’s expected net profit with the new pricing policy is greater than his expected

net profit with existing fixed unit price schedule(old price policy).

(2) Retailer’s total cost with the new pricing policy is less than his total cost with the

existing fixed unit price schedule.
Now we would like to determine the range of €. so that the nonlinear price schedule will be

beneficial for both parties,
3.1 Wholesaler’s Expected Profit

The wholesaler’s expected net profit with the old pricing schedule is as follows.

hy ‘ + +
My ={ ipg 2 ~cpD g —D_ _2ha —a
o q nh)g 2

i

hy 4
(p—D + f 4 nfh)dh, ~

hp

o KD n(h) ;
i + ( e
f{) Tt g dh Ak b (3.7)

.

g" = economic order quantity of the retailer with the fixed price schedule = (—
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n(h,) = positive integer > 1

To supply the retailer’s order quantity without shortage and to minimize the wholesaler’s in-
ventory holding cost, #(A,) should be the positive integer greater than or equal to 1. With a
fixed unit pricing schedule, the wholesaler wants to maximize his expected net profit by
minimizing the last term of Eq(3.7). Because n'fz,) is the positive integer number greater than
or equal to 1, we can find the range of &, corresponding »(k,) values minimizing

K.D nlh,) ) _y : . .
Ty + Zh' g" h, by differentiating with repect to #{k,) and then choosing the nearest positive
7 (L q

integer which makes the smaller value of the minimizing function. For the range of & <k < Buivn.
nlh) = i+1 is the optimal number(See Appendix). Therefore, the wholesaler's expected net profit

with the old pricing policy can be expressed as

[T
M = —oD + [ 4 b fh) dh, ~ C (3.8)
" ho
. ™ KD nh) )
where C, = Min j‘ho{ TR + = g h A dh,

h‘“f{k’ K‘D
[ R O
o ho kq

I-1 h:ti) KD .
4+ v Bl eI S :
T j o Tt ) S dh
m KD
+ (S gt by AR dh (3.9)
J hrii- B lq h

B v o <l Moi-n<hi <l (See Appendix for the range of A

Now, let's determine the wholesaler’s expected net profit with the new pricing policy. The econ-
omic order quantity of the retailer with the new pricing policy can be determined from the retailer’s

self-selection condition. By substituting Eq(3.6) into Eq(2.2), we get

q'={——~—2 . }1 (3.10)
F) .
____*.h — R
k) h

hen,

hy

oo = j (K, ~ =i [ modq + coq 12 - ep

ko 4

_ D _ nh)gth)—qlh
K n(h)g(h,) 2 ks ) oo FB)dR,
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Iy K,D
= (Co—0)D + [ - -1 [ Maidg + & i o fik)dR,

y q

.

- rl, K.D n(h,)

| g @ Sk (3.11)
Ju nlh)g* 5 @'k S

nlh,) = positive integer > 1

By the same procedure as in the fixed unit pricing schedule, we get

no KD ,
Moe = (C,—0)D + [ i uE f Wodg + -4 b\, . fhdh, — C.
[ - -
“OKD )
where C, = Min { n(?h, a*h, ' Ah)dh,
J b n(h,)q* i

Hik) K.D koo
- j (A e an,

hy

(v KD ;
+ ¥ =5 4 = @R} fh)dh,
,vmf%” iq o @ 3 S)dh
& , K.D 1 v i
+ j,,,{fi l;. T + *2— q l’lS rf(h,)dh, (3.14)

B n<ho<hiy, hip <h,<h!, (See Appendix for the the range of Ah,;")

Thus, the wholesaler’s expected net profit cond:tion I1,., > I, implies

LN
Co>p+ [ 4 nfh)dh,
hy
3] K,D C 7‘C»‘ ' =
+ % L”: 7 + “%— [ Kgdq — 9_ B b e fB)AR, — I_D‘~ (3.13)

For the convenience of notation, let [ Mgldg = H(q). Then we get the following necessary

o

condition for C, which assures that the wholesaler will choose the nonlinear price schedule over

a fixed unit price.

X * C,~-C.
_q i St B 114)
5D k3 fh) dh, D Co (3.14)

C[y Zp + [

.

l : K
i _q ’ l
‘2Dh‘+q*+2D

Ay,

3.2 Retailer’s Total Cost

Retailer’s total cost condition TC.,. < TC,. imylies
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2Kk & 1 . 7 _ .
C, <p + (T) + 5D Hg") - D b, = Coux (B) (3.15)
If it was possible to get C, satisfying Egs.(3.11) and (3.15) for all values of h,, we would ob-

tain a non-linear pricing schedule that is beneficial for both parties.
3.3 Existence of a Pareto Superior Pricing Schedule

The behavior of C,..k) is not only dependert on the size of the retailer's economic order
quantity with the old pricing schedule but also that of the new pricing schedule. For the whole
range of the retailer's holding cost satisfying ¢* >g*, C..{#,) is increasing function of &, and for

the whole range of the retailer’s holding cost satisfying ¢*<g*, Cu.{%), is decreasing function of

Fh) . , . . . .
h,. If ) is not a monotone increasing function of A, it makes this analysis much more com-

i

plicated. To simplify our analysis, let’s restrict -flh) to the monotone increasing function of #,.

This restriction is not severe since it is met by many common distributions such as the uni-

form, exponential, and normal distribution,

There are three possibilities which must be considered.

Possibility 1. C, exists for the entire range of 4.

{Case 1> (Case 2>
Cmax(hr) Cmax(hr)
\ i
1 ] ]
: T l '
! : ! ! -
1 3 ! ! i
Cmin ( 1 : Cmin ' ’
1 | ‘I ! |
: ( : i i
ho hr hi ho hi

Fig.3.1 Range of Cy that yields a Pa‘eto superior nonlinear price schedlule

We can summarize the result for both parties as follows.
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Table 1. Range of C; which is beneficial to both parties

Range of C, Result
Case 1 Case 2 Retailer Wholesaler
Coin < Cy < Coin (B Crin < Cy < Chin (B1) Better Better
Ci = Cun Ci = Cun Better Same¥
Co = Coin () Ci = Cun (b)) Same* Better

* ‘Same’ means expected net profit of the who.esaler or the retailer’s total cost is the same as

in the fixed unit pricing schedule

Table 2. Benefit of Wholesaler and Retailer

Wholesaler Retailer
Hnew - Ha[d = (Cmix - Cmin)D Tcm - Tc;;[d = (Cmu(],Lr) - Cmin)D
% Char 18 the fixed Cpoy (B) or Cpy (h))
Possibility 2. C, doesn’t exist for the entire rarge of k,
{Case 1) {Case 2,
C oin ! | € min | i
| ! | ]
: ! Crnax (hr ) ) :
[ : ! !
1 ' :
Conax (hr ) \_,/ | |
] f
| | | |
t i | |
‘ ! ! |
ho hi ho h

Fig.3.2 Range of Chin and Coa (1)

If Cp. is determined to be beneficial for one party, the other party is always worse off. So

the wholesaler should stick with the old fixed urit pricing policy rather than non-linear pricing

policy.
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Possibility 3. C.. can be determined such that the wholesaler will benefit but the retailer
might be worse off with certain probability (TC,.., = TCu)

{Case 1> {Case 2

Cmax (hr) C vax (Ar )

P
Y

Cmin Cmin

:

f
'
I
I
'
!
l
!
I

ho h ho hi

Fig.3.3 Range of retailer's holding cost that leads t0 TCuw = TCon

There is a trade-off between the probability taat the retailer will be worse off and the whole-
saler’s expected net profit. If the retailer is not allowed to be worse off than he was under the
old fixed unit pricing policy, behavior of both parties will be the same as Possibility 2. If the
retailer is allowed to be worse off with certain probability « (and better off with probability
1—a), then the wholesaler can increase his expected net profit until « is reached. The behavior
of both parties will be the same as Possibility 1 until the mentioned probability falls below «. If
this probability is greater than o, the behavior uf both parties will be the same as Possibility 2.
This process can be applied to Possibility 1 to ncrease the wholesaler’s expected net profit un-

til the appropriate probability is less than or equal to a.
3.4 Discussion and Modification

Discussion

We want to make several additional remarks with respect to this model. Generally, we can
assume that P(0) = 0 and P” (0) > 0 in a general non-linear quantity discount pricing sched-
ule. But our pricing policy has a little different shape from the general case. From the Fig. 3.4,
we note that our schedule has negative value on the Plg) axis while the pricing policy is effec-
tive only on the range of q,<g<g, The fact that P(0) < 0 is the result of the extension of
our effective pricing schedule to the Plg) axi:. We want to find the non-linear quantity dis-

count pricing schedule to increase the wholesaler's or manufacturer's expected net profit as
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compared with the old fixed unit pricing schedule If the supplier can benefit from this non-lin
ear pricing schedule, we don't need to worry about the special feature of this shape. 1f he can-
not benefit from this new pricing schedule, he should stick with the old pricing schedule. In
general case, the pricing schedule is positive in tie effective zone due to the fact that the unit

inventory holding cost 1s less than the average unit purchasing price of the product.

P(q)
- Pl
/
y 1
!
]
I
}
]
i
P |
s ! 1
’ . I
p q
e go qi
Fig.3.4 Effective pricing schedule zone
Modification
. o F) .
Our pricing schedule Eq.(3.6) implicitly assumes that ) + h, — h, > 0 for the entire

range of %, to get the retailer’s economic order guantity with the new pricing schedule. This

F(h)
)

nitely large. Futhermore, even in the fixed unit price schedule, the retailer's economic order

+ & — h, < 0, then the retailer’s economic order quantity should be infi

means that if

quantity grows very large for the very small inventory holding cost,

To keep a very large inventory only for the reason of inventory holding cost and ordering
cost is impractical due to the deterioration of the goods, storage space limitation, technological
improvement of the product, etc. Let’s define @ t¢ be the largest possible retailer's order quan
tity, A .* to be the retailer’s holding cost, which zives the largest possible retailer’s order quan
tity in a fixed unit pricing schedule and %,,,* to be the retailer’s holding cost, which gives the

largest possible retailer’'s economic order quantity in the new pricing schedule. Then k4, .,* and

h, ...* can be expressed as below.
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2 K,.D
hrad® = '_Q_z—
Fy o) 2 K,D i
new + hﬂwy* — h\\ = — (31())
Sy ™) ‘ Q

Accordingly, we can easily modify our pricing oolicy by thye following steps.

Step 1. Change C,. by recalculating C, and C.
Step 2. Change C... (h) by recalculating TCy and TCa,
Step 3. Check the existence of C; by the same method as in section (3.3)

The old pricing schedule is no longer a tangent line on the new pricing schedule, however,
the new pricing schedule crosses the old pricing schedule from below at the maximum quantity
of @ as illustrated. The average price charge is less than the reference fixed unit price and the

new profit i1s lower.

P(q)

P(q)

/
/

)
¢
1
]

e q

Fig. 3.5 Shape of old and new pricing schedule

pg

4. Numerical Example

As we take the wholesaler’s point of view to find a quantity dependent pricing schedule that
will be benificial to the wholesaler and the retailer, we concentrate only on the highest pricing

schedule in the ranges of the Pareto superior schedules.
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Three common probability distribution functions whose are monotone increasing func-

F)
JiV/8]
tion of h, are chosen for the retailer’s holding cost : Uniform, Truncated Exponential, Trunc-

ated Normal.

We assume the following parameter values,

Tabie 3. Semple Data

K B K r h.\ hmin hmax hmcan g 2 hy D D Q

100 50 3.0 4.0 6.0 5.0 0.5 150 10 150

% (6%, is given for the truncated normal distribut cn only.)

The retailer’s economic order quantity depends on the value of /4. If the retailer’s unit inven-
tory holding cost lies between k.., and %, he will increase his ordering quantity. If it lies be-
tween and /%, and h.. he will reduce his ordering quantity. To reduce his expected inventory
level, the wholesaler offers a pricing schedule that induces the retailer to increase his order
quantity. The following table gives the ranges o: the retailer’s economic order quantities for the

sample data.

Table 4. Ranges of the Retailer's EOQ.

Distribution Function
EOQ ) )
Uniform Exponential Normal
@ 54.8 52.4 46.1
@ 122.5 122.5 122.5
qi 50.5
q 61.2

The behavior of the Pareto superior pricing ¢chedule and its range is closely related to the
behavior of the retailers’ economic order quantities, which, in turn, are dependent on the prob-
ability distribution, range of the holding cost, the value of 4, and so on., The possibility of the
two cases already discussed further complicates the analysis of the pricing schedule behavior,
After examining Coim Camalh) and Plg), it is very difficult to obtain the general pattern of the

pricing schedule and its sensitivity to the changes in the model parameters.



519%  &1%  Improving the Efficiency of Marketing Channel beiween a Wholesaler and a Retailer with Uncertain Characteristics 183

Nevertheless, we can conclude that a non-linear pricing schedule can benefit both the
retailers and the supplier by transferring part ot the inventory holding cost from the wholesaler

to the retailers in return for the reduced gross ravenue,

Table 5. Range of C0O and wholesaler's benefit

o . . Expected
Distribution h qo q Cuur Cuin .
benefit
2.0 50.0 8¢ 6 11.00 10.99 1.5
Uniform
3.0 54.8 1225 11.09 11.05 6.0
2.0 48.2 8665 10.97 10.76 31.5
Exponential
3.0 52.4 122.5 10.95 10.50 67.5
2.0 43.1 8.6 10.97 10.75 33.0
Normal
3.0 46.1 1255 10.99 10.52 70.5
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Wholesaler with one retailer

Pq)

Fig.4.1
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5. Conclusion

The wholesaler with large unit inventory holding cost can offer a large quantity discount thanks
to the great benefit which comes from the tran fer of part of his inventory to the retailer. The
retailer's increasing average inventory holding ccst can be offset by the quantity discount and
by the savings of the ordering cost. When the wholesaler’s unit inventory holding cost 1s not
large enough to bring considerable benefit, there is no reason for the wholesaler to offer the
non-linear pricing schedule instead of uniform 1ixed pricing schedule. Consideration of an upper
limit on the retailer’s order quantity affects thc existence of a Pareto superior pricing schedule

as well as the specific structure of the pricing ¢chedule which maximizes the wholesaler’s profit.

APPENDIX. RANGE OF % FOR INTEGER VALUE OF #x(h)

A.1. Old pricing schedule.

Let’s assume #(k,) is a continuous variable, Tien, by solving the following equation

d KSD n(h') + - : + o 2K’D "l_"
i e T T @k owhere gt = ()

we will get

nh)? = Kb
hK,
Therefore,

0<nh)<1 if 0<h<KhiK,

1 <nh)<?2 if Kh/K.<h<4Kh/K,

2 <nh)<3 if 4Kh/K.<h<9Kh/K,
k<nlh)<k+1 if BPKW/K<h<k+DKi/K,
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From the condition that #n{k,) should be an inzeger greater than or equal to 1, n(h)=1 for

0<n(h,)<1. For k<nh)<k+ 1. nlh) can be either k or k+1.
We can find the range of k,, whose optimum is w{h,) = k or k+1, by equating

KD KD | et1)

__/f_ + = +
e TR G 7 4k

Finally, we have the range of k4, for the integer value of n(k,)

nwh) =1 if 0<h<2Kh/K, = b

nh) =2 if 2KIrK<h<6Kh/K = b

nh,) =3 if 6Kh/K<h<VDKh/K. = hoo

wh) =k if (G— DEKR/IK<h<klk+ 1)h/K, = by

It can be immediately seen that the situation o lot-for-lot arises if O<h,g%

A.2. New pricing schedule

By the same procedure, we can get the range of %, under the new pricing schedule.

n(h,) =1 1if < hrShm )"

n(h,) =2 if hmjn< h<ho

nwh,) = 3 if b <h<h'

wh) =k if heo"<h<hy'

(h,) kk+ 1)K A,

+h -k =

{where k" is the h, satisfyi
re k" is the h, satisfying ) X
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