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ABSTRACT 

In newsboy model, the relationship between unit cost and order quantity of retailer is established, and the optimal 

decision of retailer is given. By analyzing the optimal decision of the retailer, it is found that the optimal order 

quantity of the retailer based on the cost curve may be larger, smaller or equal compared with the previous optimal 

decision under the newsboy model; compared with the influence of cost curve parameters on the optimal order 

quantity, the increase of every parameters leads to the increase of the optimal order quantity; the constant term has the 

least influence on the optimal order quantity; for the influence of the change of the first or second coefficient of the 

cost function on the optimal order quantity, the retailer can choose to pay attention to one of them because of the 

existence of the optimal order equilibrium point. The retailer should pay attention to the influence of the change of 

cost curve parameters on the optimal order quantity. 
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1. INTRODUCTUON 

Volatility is a common phenomenon in economic 

activities, such as the volatility of wholesale end and 

retail. A classic example of international price volatility 

is the crude oil futures price from 2003 to 2008, which 

soared from $30 / barrel in 2003 to $147.27 / barrel on 

July 14, 2008. In China, the transformation and 

upgrading of domestic enterprises and supply side 

reform have been in progress since 2016. In some 

domestic food markets, the price volatility is obviously 

different from the past. Guangdong eggs market is taken 

as an example. With the supply quantity increasing from 

2016 to 2020 (361500 tons in 2016, 385000 tons in 

2017, 392400 tons in 2018, 414800 tons in 2019 and 

438500 tons in 2020), the egg price was different from 

the previous periodicity (at the end of April every year, 

when laying hens enter the peak laying season, the egg 

production will also increase significantly. Because of 

having more festivals in the second half of the year, 

resulting in a large demand for eggs, the wholesale price 

and retail price show seasonal weakness.). 

In 2020, from the perspective of supply side, the 

price of farm was higher than that of wholesale price; 

both prices had been down all the way since the Spring 

Festival until May and June when both prices began to 

rebound, and again began to fall after reaching the peak 

in September as shown in Figure 1. The retail price 

trend of eggs in China was similar to that in Guangdong, 

with an amplitude of about 18% as shown in Figure 2. 

The abnormal phenomenon of egg price had been 

aroused great concern in the market. Experts used 

"moulting", "chicken to capacity", "egg to replace pork 

in part", "COVID-19 has affected the consumption and 

income of residents," "speculation on idle funds" to 

qualitatively explain the egg prices volatility. For 

another example, from the end of November 2018 to the 

beginning of December 2021, due to the outbreak of 

African swine fever in China, the National Development 

and Reform Commission, together with a number of 

departments, has carried out several macro interventions 

on the price of pork, putting national reserves or 

purchasing and storing on the market. 
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Figure 1 Price trend of eggs in Guangdong Province in 2020 (yuan / kg)

Three characteristics can be summarized from 

Figure 1 and Figure 2: ① in terms of price cycle, the 

cycle is longer due to various environmental factors than 

before; ① in a long time, the retailer has multiple cycle 

of orders and sales with different wholesale prices; ① 

the wholesale price is concave function or convex 

function of quantity, which means that the price will fall 

or rise sharply over multiple cycle of orders and sales.  

 
Figure 2 Current value of eggs (ordinary eggs) market 

price (yuan / kg) 

Source: National Bureau of statistics 

Because of the three characteristics, retailers cannot 

make orders according to their past experience 

(wholesale price is relatively stable), and cannot predict 

when the fluctuation of wholesale price will end, so face 

the difficult to make order decisions. 

In the previous literature, the demand and cost can 

be dealt with as follows: demand generally is handled 

with linear method (the relationship between retail price 

and demand is linear [1] [2]) or stochastic method (retail 

price is exogenous variable of demand [3]); the cost is 

divided into variable cost and fixed cost, and the 

variable cost is equal to the wholesale price provided by 

the supplier. For example, the newsboy model is 

commonly used in FMCG decision-making [4-12]. The 

hypothesis in these literatures does not take into account 

the fluctuation of wholesale price. 

In order to solve the retailer's optimal order shown 

above, this paper constructs the cost function on the cost 

side in the basis of newsboy model, gives the optimal 

order, and then compares it with that of classical 

newsboy model. 

2. MODEL CONSTRUCTION  

The process of classic newsboy model is to set in a 

product sales cycle. Before the sales start, the retailer 

purchases products from suppliers for the purpose of 

maximizing expected profit and make other preparations 

before sales, such as recruiting new employees and 

advertising [It is believed that advertising will directly 

affect the demand during the sales period, so there is a 

relationship coefficient between advertising fee and 

demand. In order to simplify the processing, the 

coefficient between the advertisement and the demand is 

not considered for the time being wait]. During the sales 

cycle, the retailer sells products at fixed market prices 

(exogenous variables). At the end of the sales cycle, the 

retailer process products with zero residual value and 

get sales revenue. 

According to the characteristics of the above 

phenomenon and figures 1 and 2, we can reasonably 

infer that there is a concave or convex function 

relationship between wholesale price and the order 

quantity, so there is a functional relationship between 

the wholesale price and the order quantity. Based on this 

deduction, the cost function is constructed to reflect the 

relation with order quantity in the classic newsboy 

model. 

Compared with other functions, such as exponential 

function, logarithmic function, trigonometric function, 

and so on, because the uni-variate quadratic function has 

a good reflection of the concave or convex function 

characteristics, the unit cost function is chosen as the 

uni-variate quadratic function.  

Parameter description in the model: 

p  is retail price in the market; 

x  is the market demand quantity during the sales period; 
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Z  is the order quantity of the retailer, and the 

superscript * indicates the best choice; 

 Z  is the retailer's revenue at the end of the sale; 

 ZE  is the expected retailer's revenue at the end of 

sale; 

 Zcr
is the retailer's cost function, 

  CbZaZZcr  2 ,   ,,, cba ,   0Zcr
 and 

the subscript r denotes the retailer. Obviously, if a = b = 

0, c is the wholesale price in the classic newsboy model. 

 is the optimal order quantity of the classical 

newsboy model. 

3. DECISION MAKING of RETAILER 

The retailer's revenue at the end of the sale is 
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The expected retailer revenue at the end of the sale is 
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The retailer's decision is to order optimal quantity to 

maximize  ZE . 

For the first derivative of  ZE , we get 
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For the second derivative of  ZE , we get 
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Substitute   baZZcr  2' ,   aZcr 2'' 

 

in formula 

(4), we get 
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Lemma 1: when   026 **  baZZpf , the retailer 

has the maximum expected revenue. 

Lemma 2: when    
 10

'
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p

ZZcZc rr , the retailer 

has the optimal order quantity. 

Then we make 
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obtained is satisfied with 
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Substitute   baZZcr  2' ,   aZcr 2''  in formula (6), 

we get 
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Obviously, if 0 ba , formula (7) is rewritten to 

  


p

C
dttf

Z *

. 

4. RESULTS & DISCUSSION 

4.1. Results 

From formula (7), we have theorem 1~3.  

Theorem 1. when 023 *  baZ , the optimal order 

quantity based on cost curve is larger than that of the 

traditional newsboy model. 

Proof: when 023 *  baZ , we have *Z . If 

0a , then 0b . If 0a , then 
a

b
Z

3

2*  , the values 

of  ba,  are shown in the ① area in Figure 2. If 0a , 

then 
a

b
Z

3

2*  , the values of  ba,  are shown in the ① 

area in Figure 3. 

 

Figure 3 The order quantity based on cost curve is more 

than that of the classical newsboy model 

Theorem 2. when 023 *  baZ , the optimal order 

quantity based on cost curve is equal to the optimal 

order quantity of the traditional newsboy model. 

Proof: when 023 *  baZ , we have   CZcr * ,  

*Z . If 0a , we have 0
3

2* 
a

b
Z , the values of 

 ba,  are on the line 
a

b
Z

3

2*   shown in Figure 4. 

 
Figure 4 The order quantity based on cost curve is equal 

to that of classical newsboy model 

Theorem 3. when 023 *  baZ , the optimal order 

quantity based on cost curve is smaller than that of the 

traditional newsboy model. 

Proof: when 023 *  baZ , we have *Z . If 

0a , we have 0b . If 0a , we have 
a

b
Z

3

2*  , 

a 

b 

o 
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the values of  ba,  are shown in the ①area in Figure 4. 

If 0a , we have 
a

b
Z

3

2*  , the values of  ba,  are 

shown in the ① area in Figure 5. 

 
Figure 5 The order quantity based on the cost curve is 

less than that of the classical newsboy model 

We synthesize Figure 3 ~ Figure 5 to get Figure 6. In 

Figure 6, the retailer can know whether the optimal 

order quantity is more than, equal to or less than that in 

the classical newsboy model by knowing the area of a 

and b values. Obviously, when  ba,  is in the blank 

area in Figure 6, it means the optimal order quantity in 

the classical newsboy model does not exist. 

 
Figure 6 Comparison between the order quantity based 

on cost curve and the optimal order quantity of classical 

newsboy mode 

4.2. Discussion 

We discuss the influence of coefficient change in 

cost curve on optimal order quantity, then we have 

theorem 4~9. 

Theorem 4. The optimal order quantity increases 

with the increase of a. 

Proof: for *Z , we get the first derivative of a, then 

  baZZpf

Z

a

Z

26

3
**

2**






         (8) 

Because of 02* Z , according to lemma 1: 

  026 **  baZZpf , then *Z increases with the 

increase of a. 

Theorem 5. The optimal order quantity increases 

with the increase of b. 

Proof: for *Z , we get the first derivative of b, then 

  baZZpf

Z

b

Z

26

2
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         (9) 

Because of 0* Z , according to lemma 1: 

  026 **  baZZpf , then *Z increases with the 

increase of b. 

Theorem 6. The optimal order quantity increases 

with the increase of c. 

Proof: for *Z , we get the first derivative of c, then  

  baZZpfc

Z

26

1
**

*






        (10) 

Because of 0* Z , according to lemma 1: 

  026 **  baZZpf , then *Z  increases with the 

increase of c. 

Theorem 7. The influence of a changing on the 

optimal order quantity is greater than that of c changing. 

Proof: for *Z , the relationship between a and c, 

because of 0* Z , we have 

0
2

1
*
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c

a  means that the influence of a changing on 

the optimal order quantity is greater than that of c 

changing. 

Theorem 8. The influence of b changing on the 

optimal order quantity is greater than that of c changing. 

Proof: for *Z , the relationship between b and c, 

because of 0* Z , we have 

0
3

1
2*

**
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c

b  means that the influence of b changing on 

the optimal order quantity is greater than that of c 

changing. 

Theorem 9. When 
3

2* Z , with the increase of c , 

the influence of a changing on the optimal order 

quantity is greater than that of b changing; when 

3

2* Z , with the increase of c, the influence of a 

changing on the optimal order quantity is less than that 

of b changing. 

Proof: for *Z , the relationship between 
c

a



 and 
c

b



 , 
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When 
3

2* Z , we have 0









c

b

c

a , which means 

that the influence of a changing on the optimal order 

quantity is greater than that of b changing. When 

a 
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3

2* Z , we have 0









c

b

c

a , which means that the 

influence of a changing on the optimal order quantity is 

less than that of b changing. 

It can be understood that 
3

2* Z is the optimal order 

equilibrium point the retailer concerned about of the 

coefficient of a or b. when 
3

2* Z , retailers should first 

pay attention to the change of quadratic coefficient a, 

otherwise the retailer should first pay attention to the 

change of the first term coefficient b. 

5.CONCLUSION 

In the newsboy model, a quadratic linear relationship 

between retailer's cost side and order quantity is 

constructed, and the optimal decision of retailer is given. 

By analyzing the optimal decision of the retailer, it is 

found that the optimal order quantity of the retailer 

based on the cost curve may be larger, smaller or equal 

compared with the previous optimal decision under the 

newsboy model; compared with the influence of cost 

curve parameters on the optimal order quantity, the 

increase of every parameters leads to the increase of the 

optimal order quantity; the constant term has the least 

influence on the optimal order quantity; for the 

influence of the change of the first or second coefficient 

of the cost function on the optimal order quantity, the 

retailer can choose to pay attention to one of them 

because of the existence of the optimal order 

equilibrium point. 

Future research can consider whether there is 

coordination contract between retailer and supplier 

based on cost curve, and optimal decision of risk 

preference retailer based on cost curve, and optimal 

decision based on information asymmetry between 

retailer and supplier. 
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