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Abstract⎯The concept of  penalizing jobs both for being tardy and for being early has proven one of  
most important and fertile research topics in Operations Research. In this survey, we consider just-in-time 
mixed-model, multi-level supply chains. Obtaining an optimal sequence in a multi-level chain is a 
challenging nonlinear integer programming problem. Problems for two or more levels are strongly 
NP-hard. The problem of  minimizing deviations between actual and desired production for single-level 
can be solved efficiently. Also the multi-level problems with pegging assumption are solvable by reducing 
them to the single-level. Cyclic schedules are optimal for single-level problem. We present various ways of  
dealing with these problems such as the elegant concept of  balanced words and different optimization 
techniques. We provide a short review of  different mathematical models, discuss their complexity and 
compare them. The research results obtained in past several years are presented along with open problems 
and possible extensions. 
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