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1. Apparent errors in spreadsheets 

The Round-Pound Problem is a practical problem which was introduced by Iain MacCallum, University of Essex [1]. In a spreadsheet, the displayed values may be different from the internal values due to rounding. When these differences are accumulated, the displayed values may look erroneous, even though the calculations are correct according to the internal values. For reporting purpose, these apparent errors are best avoided, as they could dent the creditability of the reports.
Example 1:

Suppose you have a spreadsheet with the following values:
	Internal values
	
	
	Sum of rows:

	
	68.59
	29.98
	98.57

	
	28.83
	59.87
	88.70

	Sum of columns:
	97.42
	89.85
	187.27


Suppose you format the cells to display two decimal points only. Most spreadsheets will display the rounded numbers (the internal values remain intact). The following values will probably be displayed. 
	Displayed values
	
	
	Sum of rows:

	
	69
	30
	99

	
	29
	60
	89

	Sum of columns:
	97
	90
	187


As the internal values are not visible, some of the sums appear to be erroneous to the viewers. These apparent error are indicated in red (in the first column, 69+29 is 98, not 97, in the final column, 99+89 is 188, not 187). Following is another scenario where two apparent errors are generated.

Example 2:

	Internal values
	
	
	Sum of rows:

	
	45.04
	18.62
	63.66

	
	61.60
	35.63
	97.23

	Sum of columns:
	106.64
	54.25
	160.89


	Displayed values
	
	
	Sum of rows:

	
	45
	19
	64

	
	62
	36
	97

	Sum of columns:
	107
	54
	161


2. Flexible rounding
One way to make the sums look right is to round the figures up or down flexibly. This means we would allow 97.42, say, to be rounded to either 97 or 98. However, 62.00, say, must remain 62 (not 61 or 63).
For example, the first table could be rounded to:
	Displayed values
	
	
	Sum of rows:

	
	69
	30
	99

	
	29
	60
	89

	Sum of columns:
	98
	90
	188


From the first table, the sum of the first column, 97.42 is rounded up to 98 in the new table. Similarly, the grand total 187.27 is rounded up to 188. Now the sums look right. The internal values are kept, so there is no risk of accumulating these rounding errors to future states.
Similarly, the second example could be displayed by the table below:
	Displayed values
	
	
	Sum of rows:

	
	45
	19
	64

	
	62
	35
	97

	Sum of columns:
	107
	54
	161


Here 35.63, the value in the second row, second column, is rounded down to 35. This makes the sums look correct.

3. Complications

In the above examples, the raw data had two rows and two columns of independent values – they are values that the sums are dependent on. When there are more rows and more columns, there will be more chance of displaying erroneous sums. 

Besides, the tables shown are two dimensional tables. Rounding would be more difficult when one has three dimensional tables. This is because more constraints will be present. 

In general, the dependency of the values could form any acyclic graph. It is not clear whether solutions exist for any given graph through flexible rounding.
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