Product Diffusion Model (SIRB)

In order to study the popular of Black Death in London and plague in Mumbai, Kermack and Mckendrick put forward the SIR model. In the SIR model, populations of individuals have three states (i.e., Susceptible, Infected, and Removed), and two state transitions (S→I, I→R). In accordance with recent literature, this study extends the infectious disease model within an individual's personal network because people primarily care about the behaviors of those who are close to them. This concept is adopted in this research to represent individual opinions on online products. The consumers in the S state (Susceptible, Product information susceptible) may transform into I state if their neighbor node is in I state. The consumers in I state (Infected) are product information owners; they may pass information through a social network to a neighbor node, and they may transform into the R state. The consumers in the R state (Removed, Product information Remover) don’t to receive and transmit product information; therefore, they would never influence others or buy any product.

However, information owners don’t mean they are the product buyers, SIR are Threshold model are limited in define of this state. We retained major features as the three basic states of our model and added Buy as the fourth state. Therefore, SIRB can provide four classifications of individuals: Susceptible, Infected, Removed, and Buy. SIRB has three state transitions: S→I, I→R, and I→B. 

Based on the SIR model and the discussion above, we can obtain the differential equations (1).Consumers in I state will transform into B state (Buy, Product buyer) as they buy the products (first and fourth lines in differential equations (1)). The product buyer can pass information through his or her social network to the neighbor nodes (second line in differential equations (1)). However, the B state cannot become the S state. 
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Firms provide sample products to k consumers, and k consumers become testers. Testers can determine the product attributes by using the product and decide whether to diffuse the information in their online social network. The probability of the individual in the social network receiving product information (S→I) is β; the probability of the individual who owns the product information not accepting and diffusing the product (I→R) is γ. the probability of an individual in the social network purchasing the product after they received the product information (I→B) is λ. In time t, the proportion of four states are s(t),i(t),r(t),b(t). Transmission probability β and Purchase probability λ are two important variables in product diffusion, which will be discussed in the following.
The pseudo-code for the diffusion dynamics is presented in Table 1. All agents are set as S states in the beginning, and then, agents whose degrees are highest in the network are set as I states. While an I state agent exists, the loop for each agent with corresponding probability must be performed. Run these four differential equations with a giving an initial status of the population, we can get how the proportion of these four groups changes with time, and then calculates the profits earned in this advance selling process. Each combination was run 100 times. In each simulation, individual-level data on whether and during which simulation period the individual decides to buy product were gathered. Aggregate-level data on the global individual state rates were collected as well. 
Table 1. The pseudo-code for product diffusion

	set product category

set T, h, τ, ξ 

for each event do 
  generate BA network
  set all agents as inactive(S)
  choose one agent (with highest degree) as testers (I)
  while there exist I agent
for each I agent do
  if neighborhood node is S
    neighborhood node become I with probability β
  end if
I agent become R with probability γ
I agent become B with probability λ
    end for
  end while
calculate n
calculate profit at different T, h, τ, ξ
end for
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