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Appendix 

Appendix I. Mathematical definition of demand and shift optimization. 

Equation 1. Definition of the demand. 

Suppose we want to model the demand 𝐷	(𝑑) on a particular day(𝑑) according to the various 

critical tasks (CTs) that are expected of orthopaedic residents, where 𝐷 ∈ 𝑅,𝐷	 ≥ 0. Then,	the 

demand on a particular day(𝑑)may be defined as: 

𝐷	(𝑑) 	= 	𝑂(𝑑) ∙ 𝑡!5 + 𝑇(𝑑) ∙ 𝑡"5 + 𝐴(𝑑) ∙ 𝑡#5 + 𝐶(𝑑) ∙ 𝑡$5 	+ 	𝑅 
, where 𝑂(𝑑) is the number of ORs complete per day, 𝑇(𝑑) is the number of traumas seen per 

day, 𝐴(𝑑) is the number of admissions per day, 𝐶(𝑑) is the number of consults seen per day, and 

𝑅 is the baseline amount of time required to round per day. Similarly, 𝑡!5  is the average amount 

of time it takes to complete an OR, 𝑡"5  is the average amount of time it takes to complete a 

trauma, 𝑡#5  is the average amount of time it takes to complete an admission, and 𝑡$5 	is the average 

amount of time it takes to complete a consult. 

 

Equation 2. Definition of optimization potential possible. 

Suppose 𝑁!% is the total number of shifts of the optimized schedule on an annual basis, where 

𝑛!%(𝑑) is the number of residents in the optimized schedule on a particular day 𝑑. Suppose 𝐶 is 

the cut-off on the demand of the residents, where 𝐶 ∈ 𝑅, 𝐶	 ≥ 0. Then, the number of residents 

on a particular day can be modeled by: 

𝑛!"	(𝑑) = '2, 𝑖𝑓	𝐷
(𝑑) > 𝐶

1, 𝑖𝑓	𝐷(𝑑) ≤ 𝐶 

 
The total number of shifts of the optimized schedule may be defined by:  

𝑁!% =<𝑛!%(𝑑)
&
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Accordingly, the annual reduction possible may be defined as:  
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𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛	𝑃𝑜𝑠𝑠𝑖𝑏𝑙𝑒	 =
𝑁)% −	𝑁!%

𝑁)%
∙ 100% 

, where 𝑁)% is the historic number of residents scheduled, and 𝑁!% is the optimized number of 

residents scheduled. 


