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4. Conclusions

The current paper extends the approach of Liang et al. [1] to analyze the 
efficiency of two-stage network structures where the second stage has its own 
inputs in addition to the outputs from the first stage. In the current paper, a 
centralized model and a non-cooperative model are proposed to evaluate the 
efficiency of such a two-stage process and to further decompose the overall 
efficiency as a product of efficiency scores of the two individual stages as in Kao 
and Hwang [16].

Unlike the models in Liang et al. [1] or Kao and Hwang [16], t h e  centralized 
model cannot be transformed to a linear program due to the existence of additional 
inputs to the second stage. The current paper proposes a heuristic method to 
estimate the global optimal efficiency. The proposed approaches are illustrated with 
a data set for measuring the R&D performance of 30 Provincial Level Regions in 
Mainland of China. As demonstrated in the application, the developed relations 
between the centralized and non-cooperative approaches can help test for whether 
a global optimal solution is found.
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