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Let us take a paint store. I’m sure that at one point in the history of manufacturing and selling paint, the 
factory added the color and shipped cans of colored paint to retail outlets. There are virtually hundreds 
of shades of paint, if not more. If a paint store wanted to fully stock five gallons for all colors, three 
inventory control challenges immediately arise. One is a very large inventory with high carrying costs for 
financing, insuring, and storing. Then there is the risk of a stockout. If a customer buys three cans of paint, 
this leaves two in inventory. If another customer also wants three cans, a stockout ensues. This leads to 
loss of business if the customer buys from another paint store. Another major risk is stocking a color no 
one wants. After some passage of time, paint becomes unfit for sale and must be disposed – the risk of 
spoilage. Thus the paint store is left with high inventory carrying, stockout and spoilage costs. 
 
All these are eliminated by postponing the addition of color until after the customer purchases the paint. 
A customer wants three cans of a specified color. The paint store unseals three cans of uncolored base 
paint. Numbers are punched into a color maker – typically three tubes of colored paint, which when mixed 
in different proportions create every entry on the color chart. Once color is added, the cans are sealed, 
mechanically shook, annotated with the color, and turned over to the customer.   
 
What are the benefits of postponement?  
 

1. Inventory of paint reduced to the level of base paint necessary to support sales; 
2. No risk of stockouts; 
3. No risk of spoilage. 

 
Postponement eliminates the need for inventory control of the finished product as the product is 
completed only after its sale. While eliminating finished product inventory, there is a raw material 
inventory – the base paint. At what minimum level should the base paint be reordered and at what order 
quantity to minimize inventory carrying and stockout costs?  
 
Modeling Demand 
 
Suppose that the number of buyers per day varies between 10 and 30 with a most likely value of 15. 
Furthermore suppose that there is a 25% chance of a buyer purchasing one can of paint, 25% for 2 cans, 
20% for 3 cans, 10% for 4 cans, 5% each for 5 cans and 6 cans, 4% for 7 cans, 3% for 8 cans, 2% for 9 cans, 
and 1% for 10 cans. Input data for the discrete distribution can be entered by Define Distributions. 
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From spreadsheet file MRPDemand: 
 

 
 
Row 2 lists up to 30 customers, the maximum of the Pert distribution. Row 3 is 1 up to the customer 
number in cell B3, then 0 thereafter. This restricts sales up to the number of customers in cell B3. Cell B4 
is the total cans of paint sold in row 4.  
 
The formula in cell B3 is: =INT(RiskPert(10,15,30)+0.5). The integer function rounds down, but the addition 
of 0.5 rounds up for decimal values above 0.5 and down if below 0.5. The discrete distribution probability 
function for sales in cell D7 is replicated to the right.  
 
Cells B6 and B7 are the best fitting continuous and discrete probability distributions derived from running 
100,000 iterations of a simulation on cell B4, total daily sales. 
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Customer 1 2 3 4

# Customers: 11 1 1 1 1

# Cans Sold: 34 7 1 2 2

Continuous 56.36723

Discrete 43



3 
 

 
 
 
 
The best fitting discrete distribution is a negative binomial probability distribution. 
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The equally good best fitting continuous probability distribution was a beta general distribution. 
 

 
 
The probabilities associated with actual and generated values have excellent agreement for both 
distributions. 
 

 
 
 



5 
 

An adjustment is in order. The negative binomial has a 0 minimum and plus infinity maximum whereas 
the actual data had a minimum of 15 and a maximum of 148. With the negative binomial distribution in 
cell B10, cell B11 introduces the desired minimum and maximum: =IF(B10<15,15,IF(B10>148,148,B10)). 
 
Material Requirements Planning (MRP) 
 
The following is from spreadsheet file MRP1 
 

 
 

• Row 6 covers 250 days – a full year of five-day weeks.  

• Row 7 is the beginning inventory where the initial inventory of 200 was arbitrarily selected. For 
other cells, it is the previous beginning inventory plus arrival of any shipment less demand. 

• Row 8 determines the placement of an order. An order is placed if beginning inventory less 
demand is smaller than the trigger point in cell G4. The order size is in cell D4. Orders can only be 
placed on Monday with delivery the following Monday. Orders are prohibited for other days of 
the week for simplicity of spreadsheet design to demonstrate the methodology. 

• Row 9 is the arrival of the shipment which occurs five days (following Monday of a five-day week) 
after the order is placed.  

• Row 10 is the negative binomial probability distribution while row 11 is row 10 incorporating a 
minimum of 15 and a maximum of 148. 

• Row 12 is the preliminary ending inventory permitting negative inventory, row 13 is the final 
ending inventory of positive values only and row 14 records the stockouts. 

• Row 18 contains total stockouts over 250-day period, which are charged $10 per occurrence for 
loss of gross margin from a lost sale. 

• Row 19 is the average of the beginning inventory, which are charged $2 per can of base paint to 
cover annual financing and warehouse costs to hold the inventory. 
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Materials Requirements Planning 

3 4

Base Paint Order Qty 300 Trigger 400

1 2 3 4 5 6

Beginning Inventory 200 141 91 57 14 0

Place Order 300 300

Shipment Arrived 300

59 50 34 43 38 63

Demand 59 50 34 43 38 63

Preliminary Ending Inventory 141 91 57 14 -24 237

Ending Inventory 141 91 57 14 0 237

Stockouts 0 0 0 0 24 0

Cost

Factor Cost

Total Stockouts 141 $10 $1,410

Average Inventory 339 $2 $678

Total Cost $2,088
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RISKOptimizer 
 
The RISKOptimizer menu shows an objective to minimize total costs in cell D20 by changing the order size 
in cell D3 and the trigger point in cell G3 between integers from zero to ten. There were no constraints. 
The number of iterations was set at 100 and the initial order size and trigger point were set at 1. 
 

 
 
RISKOptimizer rapidly arrived at the following solution. 
 

 
 
Total stockouts of 46 occurred during the first week of operation. The beginning inventory in cell C7 was 
increased to 300 and RISKOptimizer rerun. The results were the same, but with no stockouts. Thus the 
optimal course of action is to check the inventory on Monday. If the inventory is less than 300 cans of 
base paint, place an order for 500 to be delivered the following Monday, otherwise do nothing.  
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Materials Requirements Planning 

3 5

Base Paint Order Qty 300 Trigger 500

1 2 3 4 5 6

Beginning Inventory 200 146 83 36 0 0

Place Order 300 300

Shipment Arrived 300

54 63 47 62 20 43

Demand 54 63 47 62 20 43

Preliminary Ending Inventory 146 83 36 -26 -20 257

Ending Inventory 146 83 36 0 0 257

Stockouts 0 0 0 26 20 0

Cost

Factor Cost

Total Stockouts 46 $10 $460

Average Inventory 386 $2 $773

Total Cost $1,233
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Improving the Model 
 
The model in spreadsheet MRP1 is based on checking inventory only on Mondays to see if a shipment is 
warranted for the following Monday. Spreadsheet file MRP2 relaxes this requirement where an order can 
be placed any day of the week as illustrated below. 
 

 
 
Row 8 examines beginning inventory, demand, and the trigger point to see if an order should be placed. 
If so, an order will continue to be placed until the shipment is received. It is necessary to amend the model 
to reflect reality in that an order can only be placed once in an ordering cycle (the time between ordering 
and delivery of a shipment).  
 
The formula cell D9 is =IF(C8>0,0,1). A zero is generated if the previous cell in row 8 has a non-zero value. 
As seen above, multiplying row 8 with row 9 in row 10 reduces permitted orders to one order per order 
cycle as reflected in row 11. The value of one in cell J9 permits an order to be placed as the previous value 
in row 8, cell I8 is now 0, signifying that the previous order has been delivered. An order is subsequently 
placed in cell M8 triggered by a low inventory.  
 
The second order happens to occur on a Monday, but this is no longer a requirement. In reviewing the 
rest of the spreadsheet, orders were placed on non-Mondays as dictated by the state of the beginning 
inventory and demand. The beginning inventory in row 7 works off row 15 that does not permit negative 
values as in row 14. Stockouts in row 16 are the negative values in row 14.   
 
Running RISKOptimizer resulted in the switching of order quantity and trigger point. Before the order 
quantity of 500 and a trigger point of 300, now the order quantity is 300 and the trigger point is 500. This 
resulted in a decline in the average inventory in ordering only on Mondays (MRP1) from 353 to 290 by 
giving the inventory control manager freedom to order on any day of the week. This demonstrates the 
capability of @RISK to evaluate different inventory control policies.  
 
 
 
 
MRPDemand, MRP1 and MRP2 spreadsheet files can be obtained from rnersesi@monmouth.edu if 
desired. 
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Materials Requirements Planning 

Ordering Not Restricted to Mondays

5 3

Base Paint Order Qty 500 Trigger 300

1 2 3 4 5 6 7 8 9 10 11

Beginning Inventory 300 240 188 141 76 21 479 448 401 350 310

Place Order with Repetition 500 500 500 500 500 500 0 0 0 0 500

Permission 1-yes   0-No 1 0 0 0 0 0 0 1 1 1 1

Permitted Orders 500 0 0 0 0 0 0 0 0 0 500

Shipment Arrived in 5 Days 0 500 0 0 0 0 0

Preliminary Demand 60 52 47 65 55 42 31 47 51 40 43

Actual Demand with Min/Max 60 52 47 65 55 42 31 47 51 40 43

Preliminary Ending Inventory 240 188 141 76 21 479 448 401 350 310 267

Ending Inventory 240 188 141 76 21 479 448 401 350 310 267

Stockouts 0 0 0 0 0 0 0 0 0 0 0
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