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Appendix 

Appendix: Model notation description 

Sets & Indices 𝑟 Index value of review epoch 𝑡 Index value of planning period 𝑊 Set of wafer types (𝑤 ൌ  1,  2,  3,  … ,  |𝑊|) 𝑃 Set of product types (𝑝 ൌ  1,  2,  3,  … ,  |𝑃|) 𝐵 Set of banks. Includes a wafer bank 𝐵ௐ and a FG bank 𝐵௉ 𝐿 
Set of sites. Includes wafer fab sites 𝐿ி, wafer probe sites 𝐿ை, assembly sites 𝐿஺, and final 
test sites 𝐿் 𝑀 Set of machines (𝑚 ൌ  1,  2,  3,  … ,  |𝑀|) 𝑆 Set of demand scenarios (𝑠 ൌ  1,  2,  3,  … ,  |𝑆|) 

Parameters 
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𝑅 The total number of review epoch 𝑇 The total length of planning periods at each epoch r ∆ 
The length of planning periods for the back-end process based on receiving actual orders 
at each epoch r 𝛿 The length of planning periods for the wafer fab process based on demand forecasts at each 
epoch r 𝑑𝑓௣௧௦  Demand forecast quantity of product p required in period t under scenario s 𝑐𝑐௟௪ Consumed capacity of site l to produce a unit of wafer w, 𝑙 ∈ 𝐿ி ,  𝐿ை 𝑐𝑐௟௪௣ Consumed capacity of site l to produce a unit of product p with wafer w, 𝑙 ∈ 𝐿஺ 𝑐𝑐௟௠௣ Consumed capacity of machine m in site l to produce a unit of product p, 𝑙 ∈ 𝐿் 𝑦𝑟௟௪௣ Yield rate of site l to process wafer w for product p, 𝑙 ∈ 𝐿ி , 𝐿ை 𝑦𝑟௟௣ Yield rate of site l for product p, 𝑙 ∈ 𝐿஺, 𝐿் 𝑔𝑑௪௣ Gross die of wafer w for product p 𝑙𝑡௟ Lead time in non-bottlenecks site l, 𝑙 ∈ 𝐿ி ,  𝐿ை,  𝐿஺,  𝐿் 𝑡𝑡௟௟ᇲ Transportation time from site l to site 𝑙ᇱ , 𝑙 ∈ 𝐿ி ,  𝐵ௐ,  𝐿ை,  𝐿஺,  𝐿் , 𝑙ᇱ ∈𝐵ௐ,  𝐿ை,  𝐿஺,  𝐿் ,  𝐵௉ 𝑓𝑐௟௣ Fixed cost when product p is processed in site l, 𝑙 ∈ 𝐿ி ,  𝐿ை,  𝐿஺,  𝐿் 𝑜𝑐௟ Capacity oversupply cost of site l, 𝑙 ∈ 𝐿ி , 𝐿ை , 𝐿஺ 𝑜𝑐௟௠ Capacity oversupply cost of site l with machine m, 𝑙 ∈ 𝐿் 𝑜𝑐௣ Capacity oversupply cost of product p 𝑠𝑐௟ Capacity shortage cost of site l,𝑙 ∈ 𝐿ி , 𝐿ை, 𝐿஺ 𝑠𝑐௟௠ Capacity shortage cost of site l with machine m, 𝑙 ∈ 𝐿் 𝑠𝑐௣ Capacity shortage cost of product p 𝑝𝑐௟௪௣ Production cost of site l to process wafer w for product p, 𝑙 ∈ 𝐿ி , 𝐿ை 𝑝𝑐௟௣ Production cost of site l to process product p, 𝑙 ∈ 𝐿஺ 𝑝𝑐௟௠௣ Production cost of site l with machine m to process product p, 𝑙 ∈ 𝐿் 𝑡𝑐௟௟ᇱ Transportation cost per unit from site l to location l’, 𝑙 ∈ 𝐿ி ,  𝐵ௐ,  𝐿ை,  𝐿஺,  𝐿் ,   𝑙 ∈𝐵ௐ,  𝐿ை,  𝐿஺,  𝐿் ,  𝐵௉ 𝑎௪௣ Binary parameter: 1, if product p can be produced with wafer w; 0, otherwise 𝑡௟௠௣ Binary parameter: 1, if product p can be tested with machine m in site l; 0, otherwise, 𝑙 ∈𝐿் 𝑈𝐵𝑃 Upper bound for production quantity 𝑈𝐵𝑇 Upper bound for transportation quantity 𝑈𝐵𝐶௟ Upper bound for maximum reservable capacity of site l, 𝑙 ∈ 𝐿ி , 𝐿ை, 𝐿஺ 𝑈𝐵𝐶௟௠ Upper bound for maximum reservable capacity of machine m of site l, 𝑙 ∈ 𝐿் 

Decision Variables 𝑄௟௪௣௧௦ଵ  Quantity of wafer w for product p start to be processed in site l in period t under scenarios 
s, 𝑙 ∈ 𝐿ி , 𝐿ை, 𝐿஺ 𝑄௟௠௣௧௦ଵ  Quantity of product p start to be processed by machine m in site l in period t under scenarios 
s, 𝑙 ∈ 𝐿் 
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𝑄௟௪௣௧௦ଶ  Quantity of wafer w for product p completed in site l in period t under scenarios s, 𝑙 ∈𝐿ி , 𝐿ை 𝑄௟௣௧௦ଶ  Quantity of product p completed in site l in period t under scenarios s, 𝑙 ∈ 𝐿஺ 𝑄௟௠௣௧௦ଶ  Quantity of product p completed by machine m in site l in period t under scenarios s, 𝑙 ∈𝐿் 𝑇௟௟ᇲ௪௣௧௦ଵ  Quantity of wafer w for product p shipped from site l to site 𝑙ᇱ in period t under scenarios 
s, 𝑙 ∈ 𝐿ி ,𝐵ௐ, 𝐿ை,  𝑙ᇱ ∈ 𝐵ௐ, 𝐿ை, 𝐿஺ 𝑇௟௟ᇲ௣௧௦ଵ  Quantity of product p shipped from site l to site 𝑙ᇱ  in period t under scenarios s, 𝑙 ∈𝐿஺, 𝐿் ,  𝑙ᇱ ∈ 𝐿் ,𝐵௉ 𝑇௟௟ᇲ௪௣௧௦ଶ  Quantity of wafer w for product p received by site 𝑙ᇱ come from site l in period t under 
scenarios s, 𝑙 ∈ 𝐿ி ,𝐵ௐ, 𝐿ை,  𝑙ᇱ ∈ 𝐵ௐ, 𝐿ை, 𝐿஺ 𝑇௟௟ᇲ௣௧௦ଶ  Quantity of product p received by site 𝑙ᇱ come from site l in period t under scenarios s, 𝑙 ∈ 𝐿஺, 𝐿் ,  𝑙ᇱ ∈ 𝐿் ,𝐵௉ 𝐶𝐸௟௧ Existing available capacity of site l in period t, 𝑙 ∈ 𝐿ி , 𝐿ை, 𝐿஺ 𝐶𝐸௟௠௧ Existing available capacity of machine m of site l in period t, 𝑙 ∈ 𝐿் 𝑂𝑅௟௧௦  Regret of capacity oversupply of site l in period t under scenarios s, 𝑙 ∈ 𝐿ி , 𝐿ை, 𝐿஺ 𝑂𝑅௟௠௧௦  Regret of capacity oversupply of machine m of site l in period t under scenarios s, 𝑙 ∈ 𝐿் 𝑂𝑅௣௧௦  Regret of demand oversupply of product p in period t under scenarios s 𝑆𝑅௟௧௦  Regret of capacity shortage of site l in period t under scenarios s, 𝑙 ∈ 𝐿ி , 𝐿ை, 𝐿஺ 𝑆𝑅௟௠௧௦  Regret of capacity shortage of machine m of site l in period t under scenarios s, 𝑙 ∈ 𝐿் 𝑆𝑅௣௧௦  Regret of demand shortage of product p in period t under scenarios s 𝑋௟௣௧௦  Binary variable: 1, if product p is processed in site l in period t under scenarios s; 0, 
otherwise, 𝑙 ∈ 𝐿ி ,  𝐿ை ,  𝐿஺,  𝐿் 𝑌௟௧௦ Binary variable: 1, if capacity is shortage of site l in period t under scenario s; 0, otherwise, 𝑙 ∈ 𝐿ி , 𝐿ை, 𝐿஺ 𝑌௟௠௧௦  
Binary variable: 1, if capacity is shortage of machine m of site l in period t under scenario 
s, 𝑙 ∈ 𝐿் 𝑌௣௧௦  Binary variable: 1, if demand is shortage of product p in period t under scenario s; 0, 
otherwise 
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