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INFORMATION 

Email: edmund_w@mit.edu 
 
Web Site: http://mit.edu/edmund_w/www/ 
 
Blog: http://ingehygd.blogspot.com/ 
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WHAT I WILL DISCUSS TODAY 

 
I.  Bias adjusted safety stock 

II.  Master production scheduling 
- MODS  (Modified Dixon Silver Heuristic) 

III.  Open system 
- Way of layering and delivering models using Internet 

 
IV.  Simulation  

- Performance measure - Stability 

V.     Conclusion 
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SAFETY STOCK 

 
 
 
 

 
Why would you ever need to carry safety stock? 

 
 
 
 
 
 
 
 
 

- Are backorders acceptable to you?  
 
- JIT(Just-In-Time) production vs. make-to-stock type production  
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MASTER PRODUCTION SCHEDULING 

  

 
 
 

Forecasts of Demand 

Aggregate Plan 

Detailed Job Shop Schedule 
To meet specification of production quantities from the MRP system 

Master Production Schedule 
Schedule of Production  Quantities by production and time period 

Materials Requirements Planning System 
Explore master production schedule to obtain requirements for components 
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(OPEN SYSTEM) 
MASTER PRODUCTION SCHEDULING  

•  Master Scheduling Model along with Open Systems 
–  Open source versus open systems 
–  Powerful trend in the computer industry: Salesforce.com, Netsuite 

•  M Language (since 2003) and other web standards 
–  Semantic connections for models and data via the Internet 
–  http://mlanguage.mit.edu  

 
•  Software as a Service 

–  Access a sophisticated scheduling model on a remote server using an Excel spreadsheet 
interface that can reside on any microcomputer with Internet link 

–  Match a specific model to a specific problem 
–  Create a world-wide standard for a specific MPS problem 
–  Provide a way of “layering” models  
 

•  No implementation of model on local system, access is immediate 
–  No storage of data on the server 
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ARCHETYPAL MPS 

•  Do not integrate statistical safety stock planning into algorithms or 
heuristics 

 

•  Make no provision for type 1 or type 2 customer service levels (ability 
to meet demand Vs total percentage of cases shipped) 

 

•  Do not account for forecast bias 
 

•  Assume independent demand is “deterministic” 
 

•  Accept forecast at face value 
 

•  Can not find optimal solutions for sequencing and lot sizing problems 
under situations with dynamic safety stock 
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CLASSIC STATISTICAL THEORY  
AS APPLIED TO SAFETY STOCK 

•  Typically, the amount of safety stock is incorporated in replenishment 
planning process as a fixed reserved quantity, which would be: 

                                                     
 

where  
k = multiplier based an desired service level  
MAD = Mean Absolute Deviation between forecast and actual demand 
LT = lead time  

 
•  Major Flaw 

–  It is not appropriate in “lumpy demand” situation OR where “forecast bias” is likely 
to occur all the time 

–  Kakorous et al., 2002, Measure, then manage, APICS – The Performance Advantage, 
12(10)   
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BIASED ADJUSTED SAFETY STOCK 
MODEL ENHANCED FROM KRUPP(1997) 

•  A mechanism to apply the safety stock to future demand in a dynamic manner 
based on forecast bias 

               
 
                                       

where  
k = multiplier based an desired service level  
un = future forecasted demand per week 
TICF = Time Increment Contingency Factor , a measure of variability applied to the real forecast un 
 
 
FETS = Forecast Error Tracking Signal, a measure of forecast bias 
 
 
LT = lead time 
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SOLUTION METHODS FOR MPS 
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Attribute Math Prog. Simulation Heuristic 

Hold Time  X X 

Queue Time X X 

Customer Service X 

Forecast Bias X 

Set-up Cost X X 

Holding Cost X X 

Overtime Cost X X 

Capacity X X 

Production Lot-Size X X 

Production Sequence X X 

Customer Due Date X X X 

Family Structure X X : Functional  
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THE MODIFIED DIXON SILVER HEURISTIC 
 
 

•  Circumstances 
–  A make-to-stock manufacturing environment with no stock-outs or 

backorders permitted. 
 

–  Multi-item, single level, dedicated production lines with finite 
capacity 

 

–  Setup times and cost are nonzero and sequence independent 
 

–  Sequencing of multiple items to be produced within a specific time 
period is not considered 

 

–  Safety stocks (buffers) are determined “outside” of the scheduling 
system.   
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THE MODIFIED DIXON SILVER HEURISTIC  
(CON.)  
 

•  Heuristic 
-  FC (finite capacity) version of Silver-Meal Heuristic 
-  Obtain initial feasible solution dividing marginal cost by available capacity 
-  Improve the solution by shifting 
  

•  Result 
-  MIP solver could’t get feasible solution from 6 out of 16 test problems, while MODS 

solved every problems less than ten seconds 
-  Worst-case cost penalty for MODS was 12% but the majority were under 5% (DOE). 
-  Came up with feasible solutions where MIP would not converge. 

   
References	
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SEMANTIC MODELING 

Take the output of one model and use as the input of another model. 
- M Language provides semantic input/output that is machine understandable 

 
Find the models that need to be linked together. 
 
 
Bias adjusted safety stock model + Finite production planning Model 
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THE OVERALL ARCHITECTURE  
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EXCEL SPREADSHEET INTERFACE FOR 
MASTER PRODUCTION SCHEDULING PART 
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THE OSMPS RELATED ONTOLOGY 
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AN EXAMPLE FROM THE M DICTIONARY 
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STABILITY TEST FOR PROPOSED METHOD 

•  MPS stability – frequency of changes in timing and quantity over time 
for end-items appearing in the MPS 

  

Schedule changes(instability) in 
early periods are amplified 
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STABILITY TEST FOR PROPOSED METHOD 
(CON.) 

•  Forecast bias, capacity, and safety stock rendered significant from    
full factorial design 

•  Sensitivity analyses 

  

TMSS	
  :	
  Tradi9onal	
  model	
  for	
  safety	
  stock	
  	
  	
  
KMSS	
  :	
  Enhanced	
  model	
  of	
  Krupp	
  for	
  safety	
  stock	
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PREDICTIVE EQUATION 

Stability = 17.29 + 7.44 (Bias) - 3.33 (Capacity) 
     – 1.77 (SS Method) - 1.63 (Bias x SS Method)  
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CONCLUSION 

•  Bias adjusted safety stock + Real-time master production scheduling 
–  mitigates negative effects of forecast bias 
–  improves MPS stability without freezing a portion of the planning horizon 

•  A comprehensive solution to the MTS scheduling problem 
–  ongoing recalculation of bias obtained from rolling forward through a finite 

time horizon  
–  controls production and the level of end-item inventory while adjusting 

forecast bias 

•  Open system approach 
–  powerful trend in the context of software-as-a-service 
–  M language incorporates semantic disambiguation and syntactic conversion 

facilitating search and layering mathematical models 
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Thank you! 
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