OPERATIONS

BACKGROUND NOTES

This simulation introduces participants to basic operations management and budgetary control. Participants have to attempt to minimize average costs by making optimum use of resources under conditions of uncertainty.

TOPICS

The topics built in to the simulation are:

Basic Accounting

The Budgeting Process

Sales Forecasting

Costing

Measuring Performance

Managing Uncertainty

These topics are explored through an experiential, discovery process. These notes are designed to help reinforce learning.

APPROACHING THE SIMULATION

The participants should:

Analyze the Facts

Discuss Implications

Forecast Sales

Prepare a Plan

Develop Performance Measures

Agree Budget

Simulate the Business

Compare Actual & Budget

Modify Plan

The simulation brief is deliberately brief and so the analysis of the facts is limited. However, there is sufficient information to make a plan.

ACCOUNTING CALCULATIONS

The simulation introduces the basic operational accounting concepts and calculations associated with an operations unit. These are illustrated by the three months history shown in the brief.  Calculations underlying this history involve:

Finished Inventory

Raw Materials Inventory

Labor Costs

Raw Material Usage

Inventory Holding Costs

Manufacturing Costs

Cost of Sales

Finished Inventory Calculations


October
November
December

Opening Inventory
4025
1551
55

+ Actual Production
2346
2464
2519

- Unit Sales
4820
3960
2280

= Closing Inventory
1551
55
249

Inventory Value
21714
770
4116

The production history shows the inventory available at the end of the month. This becomes the opening inventory for the following month. The opening inventory for October was calculated from the closing inventory, unit sales and actual production. The inventory value is calculated by multiplying the closing inventory by the standard unit cost ($14).

Raw Material Inventory Calculations


October
November
December

Opening Inventory
3841
7496
5032

+ Purchases
6001
0
0

- Actual Production
2346
2464
2519

= Closing Inventory
7496
5032
2513

Inventory Value
37480
25160
12565

The production history shows the inventory available at the end of the month. This becomes the opening inventory for the following month. The opening inventory for October was calculated from the closing inventory, purchase and actual production. The inventory value is calculated by multiplying the closing inventory by the standard material cost ($5).

Labor Cost Calculations


October
November
December

Indirect Labor
10000
10000
10000

+ Direct Labor
4800
4800
4800

- Overtime
2400
2400
2400

= Total Labor Cost
17200
17200
17200

Throughout the production history only a single shift worked so indirect labor cost was $10000. The direct labor cost was calculated by multiplying the target production by the unit labor cost ($2). Overtime cost was calculated by multiplying the amount planned for overtime (2400-2000) by the overtime cost ($6).

Raw Material Usage Calculations


October
November
December

Opening Inventory
19205
37480
25160

+ Purchases
33006
0
0

- Closing Inventory
37480
25160
12565

= Material Used
14731
12320
12595

Actual Production
2346
2464
2519

Ave. Material Cost
6.28
5.00
5.00

In the months where materials are bought the difference between the purchase price and the usage at the standard value is charged to material use costs. As raw material inventories are valued at $5.00 per unit and the purchase price is higher, this increases the October cost. In the months where no materials are bought the average material cost reverts to the standard cost of $5.00.

Inventory Holding and Overhead Calculations


October
November
December

Opening Inventory
75555
59194
25930

+ Closing Inventory
29189
25930
16681

= Average Inventory
52372
42562
21306

X Carrying Cost
0.03
0.03
0.03

= Inventory Cost
1571
1277
639

+ Fixed Overheads
5000
5000
5000

= Total Overheads
6571
6277
6639

The calculation of the average inventory value assumes that materials are used evenly during the month and sales are made evenly. Thus the average level of inventories is the total of the opening and closing inventory divided by two. The opening inventory value is the sum of the Finished and Raw Inventories at the end of the previous month.

Manufacturing Cost Calculations


October
November
December

Labor Costs
17200
17200
17200

+ Material Used
14731
12320
12595

+ Total Overheads
6571
6277
6639

= Mfg. Costs
38502
35797
35434

Actual Production
2346
2464
2519

Average Mfg. Costs
16.41
14.52
14.07

Manufacturing Cost is the total of labor costs, materials used and total overheads and the average manufacturing cost calculated by dividing this total by the actual produced during the month. The high average cost in October is mainly due to the cost of raw materials and, to a lesser extent, due to the relatively low production. The differences in average manufacturing costs for November and December are due to the different levels of actual production.

Cost of Sales Calculations


October
November
December

Opening Inventory
56350
21714
770

+ Mfg. Costs
38502
35797
35434

- Closing Inventory
21714
770
4116

= Cost of Sales
73138
56741
32088

Unit Sales
4820
3960
2280

Average Unit Cost
15.17
14.33
14.07

Cost of Sales represents the value of goods sold. Some of these sales may be delivered from inventory and the rest from production. Cost of Sales is calculated by adding manufacturing costs to the reduction in finished inventories. The average unit cost is calculated by dividing the Cost of Sales by the number sold. 

BUDGETARY PLANNING PROCESS

The budgetary planning process consists of:

Sales Forecasting

Develop an Operating Strategy

Develop a Purchasing Strategy

Produce the Budget

SALES FORECASTING
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The starting point for the budgetary planning process is the preparation of a sales forecast. This involves analyzing the sales history. This shows a classic seasonal pattern with the sales growing at approximately twenty percent a year. The seasonal peak occurs between September and November. However, this sales pattern is confused by short-term erratic patterns. Although, graphing the sales history helps one visualize this pattern.

Another alternative is to use a statistical technique such as time-series analysis. This assumes that the sales pattern consist of the following components:

SALES = TREND & SEASONAL & RESIDUAL

TREND: recently sales seem to have been growing linearly with the monthly growth rate of 36.3 units each month.

SEASONAL: these factors indicate a sizable peak in the latter half of the year (where October's sales were, typically, twice the average monthly sales.

Month
Seasonal

January
0.852

February
0.722

March
0.392

April
0.576

May
0.657

June
0.809

July
0.966

August
0.911

September
1.499

October
2.027

November
1.499

December
1.090

Seasonal Factors

RESIDUAL: this represents the remaining unexplained, erratic variation in sales. It is the effect of unforecastable factors such as weather that may vary widely month on month. With this data, past sales have varied by as much as twenty-one percent from central trend and seasonal line. A statistical evaluation of the residual suggests that this variation could be as much as thirty-five percent but ninety-five percent of the time the variation will less than twenty-three percent.

BAND FORECAST

One planning and control aid is a "band budget''. With this, besides the expected sales, an upper and lower limit is calculated based on the expected spread in sales. Provided the sales fall between this upper and lower limit, then, probably, the actual is following the forecast. 


Forecast for Month
Cumulative Forecast

Month
Sales
Lower
Upper
Sales
Lower
Upper

January
2092
1605
2579
2092
1605
2579

February
1798
1379
2217
3890
3247
4532

March
990
759
1221
4880
4197
5563

April
1478
1134
1822
6358
5593
7123

May
1709
1311
2107
8067
7205
8929

June
2133
1636
2630
10200
9205
11196

July
2583
1981
3185
12783
11621
13946

August
2468
1893
3043
15251
13954
16548

September
4116
3157
5075
19367
17754
20981

October
5641
4327
6955
25009
22928
27089

November
4224
3240
5208
29233
26931
31534

December
3112
2387
3837
32345
29931
34758

Besides the period by period forecast, the sales forecast can be presented on a cumulative basis. Similarly, upper and lower limits can be calculated for the cumulative budget. Note, because the "random'' fluctuation in sales will even out, in percentage terms, the upper and lower bands converge.

COST STRUCTURE

The balance of fixed and variable costs, coupled with shift changes and possible overtime means that the average manufacturing cost per unit varies significantly with production levels.

Production
Fixed
Variable
Total
Average

Volume
Costs
Costs
Costs
Cost

1500
15000
10500
25500
17.00

2000
15000
14000
29000
14.50

2400
15000
16800
34600
14.42

2500
25000
17500
42500
17.00

3000
25000
21000
46000
15.33

3500
25000
24500
49500
14.14

4000
25000
28000
52300
13.25

4500
25000
31500
56500
13.22

4800
25000
33600
63400
13.21

5000
35000
35000
70000
14.00

OPERATING STRATEGY

It is necessary to match the cumulative sales forecast against cumulative production. When this it is done it is apparently necessary to increase from one to two shifts in September.


Cumulative
Cumulative
Inventory
Shortage

Month
Sales
Production



January
2092
2400
557
0

February
3890
4800
1159
0

March
4880
7200
2569
0

April
6358
9600
3491
0

May
8067
12000
4182
0

June
10200
14400
4449
0

July
12783
16800
4266
0

August
15251
19200
4198
0

September
19367
21600
2482
0

October
25009
24000
0
760

November
29233
26400
0
2584

December
32345
28800
0
3296

Cumulative Production and Expected Sales

Besides looking at the expected sales, it is sensible to look at the maximum expected sales as this shows the possible effect of the normal spread in sales.


Cumulative
Cumulative
Inventory
Shortage

Month
Sales
Production



January
2579
2400
70
0

February
4532
4800
517
0

March
5563
7200
1886
0

April
7123
9600
2726
0

May
8929
12000
3320
0

June
11196
14400
3453
0

July
13946
16800
3103
0

August
16548
19200
2901
0

September
20981
21600
868
0

October
27089
24000
0
2840

November
31534
26400
0
4885

December
34758
28800
0
5709

Capacity and Total Maximum Sales

Looking at the maximum sales forecasts, if conditions such as weather cause high sales in January inventory is virtually nothing. From that month until June the inventory grows and there is little change of a shortage. From the peak in June forecast sales exceed production and inventory falls until September (when the inventory buffer will have fallen to virtually nothing and a second shift needs to be started. If no overtime is worked, then the second shift is required earlier.

PURCHASING POLICY

The price structure for raw materials means that lower purchase prices must be balanced against higher inventory holding costs. The illustration shows the costs of two purchasing policies. One assumes purchases are made monthly in quantities to meet demand. The other involves buying every three months to ensure lowest price. For simplicity, the calculations assume that two thousand units are produced each month.

Purchase Quantity
2000
6001

Average Inventory Level
1000
3000

Average Inventory Value
5000
15000

Average Holding Cost
150
450

Holding Cost/Unit
0.08
0.23

Purchase Cost
6.00
5.50

Total Cost/Unit
6.08
5.73

Purchasing Policy Cost

Assuming that deliveries are made just when stock is about to run out, the average inventory level is half the delivery quantity. For each alternate, the average inventory is valued using the appropriate purchase price and the average monthly holding cost of this is calculated. The holding cost is then divided by the monthly production rate to produce an average holding cost per unit. This is then added to the purchase price to find the total costs for each policy. This shows that purchasing in amounts of 6001 are the cheapest. 

This means that raw materials should be purchased every few months. However, the actual demand figures and the seasonal pattern means that this is not a regular pattern and the actual amount purchased will change. Further, this irregular pattern, together with the need to purchase one month in advance, may mean that teams "forget'' to order at the right time!

MEASURING PERFORMANCE

The prime measure of success for the simulation was defined as the average cost of units sold. However, this is not necessarily the best measure of manufacturing performance. This is because, like most products, sales are seasonal and several factors distort average cost thus:

Fixed Costs

Shift Change Costs

Inventory Valuation

Purchase Cost Variation

Inventory Shortages 

Fixed Costs of operation, like most manufacturing units, are relatively high (at normal operating levels they are roughly the same as variable costs. As fixed costs do not change with sales activity, the seasonality of the business has a major effect on average costs. For instance, in March (the seasonal dip) the fixed cost per unit of sales is more than five times the fixed costs per unit of sales in October (the seasonal peak). (Although the effect is mitigated to some extent as much of the production in March goes into finished inventory (at standard costs) and much of the sales in October are provided from finished inventory.

Shift Change Costs are significant and are charged in the month they occur. So, when the shift level if increased or reduced the costs in that month are unnaturally high. Consequentially, it is attractive to constrain shift changes to one and leave the unit operating two shifts at year-end when a single shift would be better.

Inventory Valuation is done at "standard cost" and this causes a distortion in costs when production does not match sales. In the simulation (as is often true in real life), the standard cost of finished inventory assumes a very efficient operation and is less than the actual average cost that can be obtained. This means that when sales are less than production, the unit cost for the period is inflated.  Similarly, if sales are greater than production, then the unit cost for the period is less. This means that for the first half of the year, unit cost is overstated and for the second half of the year it is understated.

Purchase Cost Variation is caused because the standard cost of raw materials is less than can be obtained. This means, as illustrated in the three months financial history, that month where raw materials are bought, the unit cost is higher than the months where it is drawn from inventory.

Inventory Shortages occur is demand exceeds available inventory. This effects average unit cost because the unit cost is calculated by dividing cost of sales by the number of units sold. If fewer units are sold, the cost of sales does not reduce proportionally (fixed costs remain the same). However, this is minor compared with the loss of gross profit that occurs when sales are lost. It is arguable, that manufacturing should be charged if an inventory shortage occurs. But, the situation is not that straightforward, the inventory shortage may be because sales are different from the forecast and manufacturing should have been notified of this by sales!

OTHER MEASURES

Because of these distortions, it is reasonable to use additional measures of performance as follows:

Labor Cost/Unit Produced

Overtime Cost/Unit Produced

Material Cost/Unit Produced

Average Manufacturing Cost/Unit Produced

Finished Inventory Turn

Raw Inventory Turn

MANAGING UNCERTAINTY

The size of the possible demand variation (plus or minus thirty-five percent) and since production does not match target production means that control of the operating unit is difficult. Participants have to consider how they are going to compare actual results with the forecast and budget.

So, deciding and using measures (above) is not enough. It is necessary, when managing the unit to address the question whether any difference between budget and actual results is caused by normal variation or is due to a change in the manufacturing unit or the pattern of sales. Graphing results can help to visualize trends and identify whether the erraticness is normal or due to new factors. (Additionally and alternatively, statistical analysis can help identify whether the variation from the budget is significant or not. And, if many items are being measured then statistical analysis may be the only realistic option.)

OPERATIONAL CONTROL

Besides using the above measures, it is helpful to monitor performance against budget (sales forecast) by graphing cumulative sales against cumulative inventory availability (cumulative production plus opening inventory) as illustrated below.
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This simulation is one of a comprehensive range of Computer Aided Management Education simulations developed by Hall Marketing, Studio 11, Colman's Wharf, 45 Morris Road, London E14 6PA.

Phone & Fax +44 (0)20 7537 2982

E-mail jeremyhall@simulations.co.uk
Web http://www.simulations.co.uk
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