PEGASUS v6.1
This is an account of the Pegasus mental calculations training system, version 6.1 - what it contains, how it works and how to use it. There are 33 types of problems available to use in the main body of the file, and there are several levels of difficulty within each one. The file also concludes with several 'specialist' (or ‘bonus’) problem formats.

To begin with, let's look at the main problem formats. They are divided into six 'family groups', which are as follows: Integers, Decimals, Fractions, Brackets, Roots, and Miscellaneous. The first three groups of formats are available in horizontal or vertical alignment, with the exception of the Currency Conversions; these are in horizontal alignment only as vertical alignment would not make sense.
Group 1: Integers. Within this group, there are Integer Additions, Integer Subtractions, Integer Multiplications x2, Integer Multiplications x3, and Integer Divisions. Each is available in either horizontal or vertical alignment.
Integer Additions.
In this format, there are integer numbers which are required to be added together to produce the answer to each problem. The minimum length of an integer number thus presented is two digits, the maximum length is ten. There can be from a minimum of two numbers up to a maximum of six in each problem. The valuation is calculated by adding the number of numbers to the number of digits in the longer/longest number in the problem and subtracting three. Thus a problem with four numbers of up to six digits each would be worth 4+6-3=7 points. With these limitations, the minimum value of an integer addition problem is 1 point, and the maximum is 13.

Integer Subtractions.
These problems are, as the name suggests, subtractions of one integer number from another. There are no 'chain' subtractions (i.e. A-B-C), just plain & simple A-B. Each of these problems has a second number of similar length to the first (equal or one digit shorter), although the number being subtracted is always lower in value than the principal and so the answer is always a positive non-zero integer number. The valuation for each problem is quite straightforward; the number of digits in the first number is taken as the points value for the problem. The minimum length of the first number is 2 digits, the maximum length is 14. Thus the value range in this format is 2 - 14 points.

Integer Multiplications x2.
As should be clear from the format title (again), these problems have two integer numbers which are to be multiplied together to reach a solution. Each number has a minimum length of 2 digits and a maximum of 8. The first number of the pair is never longer than the second, although it can be the same length. Adding the numbers of digits in the two numbers together and subtracting 1 gives the value of the problem, thus the range of values available is 3 - 15 points. As examples of the problems available, AAA x BBBB would be worth six points, and AAAAAA x BBBBBBBB would be worth 13.

Integer Multiplications x3.
These problems have, as you will by now have realised, three integer numbers which all need to be multiplied together. Additionally, there is no capacity for the recording of an intermediate result (such as AxB when multiplying AxBxC). As with the two-fold integer multiplications, these three-fold problems are valued by adding the total number of digits involved and subtracting one. The valuation range is from 3 - 13 points; i.e. the total number of digits involved has a minimum value of 4 and a maximum of 14. The digits are spread amongst the numbers as evenly as possible, so that (for example) a problem with a value of eight points will have three 3-digit numbers to work with. Where the number of digits cannot be divided exactly by three, the last number will be the longest - or the first will be the shortest. Therefore a problem worth seven points will have one 2-digit number followed by two 3-digit numbers, and one worth nine points will have two 3-digit numbers followed by a single 4-digit number.

Integer Divisions.
As with the subtractions, there are no 'chain' problems set in this format. The shape of a problem is A/B, but the valuation is not quite so simple. The value of a problem is obtained by adding the number of digits in the first number to half the number of digits in the second (rounded up if necessary) and subtracting one. Thus a problem where a number of 8 digits is divided by one of 4 would be worth 9 points, and the division of a nine-digit number by a five-digit number would be worth 11. The minimum value for an integer division problem is 2 points, and the maximum is 15. No number has more than 12 digits, the principal (the first number) never has fewer than 2, and the divisor (the second number) normally has no fewer than two and can only be reduced to a single digit if the principal is just two digits long.

Group 2: Decimals. Within this group, there are Decimal Additions, Decimal Subtractions, Decimal Multiplications x2, Decimal Multiplications x3, Decimal Divisions, and Currency Conversions. Again each format is available in either horizontal or vertical alignment, with the exception of the Currency Conversions – these are strictly horizontal alignment only.
Decimal Additions.
The make-up and general parameters of this format are almost identical to those of the integer additions, with the obvious exception of the fact that decimal numbers are used rather than integers. The presence of the decimal point is disregarded in respect of the matter of counting the number of digits in a number. There can be up to five post-decimal digits within a number, larger numbers normally carrying more such digits than smaller ones. There is a difference between the valuations of the decimal and integer addition problems; the decimal additions are valued by adding the number of numbers to the number of digits in the longer/longest number and subtracting only two points rather than three. Thus a decimal addition of four numbers with up to five digits in each would be worth (4+5-2=) 7 points. With this in mind, the range of values available for decimal addition problems is from a minimum of 2 points up to a maximum of 14.

Decimal Subtractions.
As with the decimal additions, matters involving the decimal subtractions are very similar to those of their integer counterparts. Again there is no recognition of the decimal point when counting the number of digits in any particular number. The number of digits in the first number is again the number of points allocated to the problem, and with the decimal subtractions format there is also a 'regulation' regarding the number of post-decimal digits to be involved according to the value of each specific problem:

3 - 5 points,
1 decimal place used

6 - 7 points,
2 decimal places used

8 - 10 points,
3 decimal places used

11 - 12 points,
4 decimal places used

13 - 14 points,
5 decimal places used

From this table, it can be seen that the range of values available within this format reaches from a minimum of 3 points up to a maximum of 14. From this, in turn, it can also be seen that the shortest numbers have a total of 3 digits each, whereas the longest have 14.

Decimal Multiplications x2.
Each of the numbers presented in a two-fold decimal multiplication may have from one to three post-decimal digits. As with the decimal additions/subtractions, the decimal point is not in itself included in the count of the number of digits in a specific number. In keeping with the two-fold integer multiplications, the first number is never longer than the second - although it may be the same length. The limits of the lengths of the numbers also remain almost the same, i.e. from 2 to 8 digits inclusive for the second number. although the first number is restricted to a total of seven digits in its length. Since the decimal point has to be positioned correctly in the answer, as it is (of course) in any other decimal-related problem, there is - as has already been seen with decimal additions and decimal subtractions - an extra point available for each problem. Thus the total number of digits presented in any particular problem is the number of points available for solving that same problem correctly. The only exception to this is a problem involving the multiplication of two numbers with one pre-decimal digit and only one post-decimal digit each and where neither number has a value of 5 or more. For such a decimal multiplication problem, the value is reduced by 1 point and therefore the problem becomes worth 3 points. The range of values available within this format is thus from a minimum of 3 points up to a maximum of 15.

Decimal Multiplications x3.
Within this format, the 'shape' of each problem is determined in essentially the same way as the integer equivalent. Each number in each problem may have one or two post-decimal digits, with the proviso that there is always at least one non-zero pre-decimal digit in each case. The valuation is also the same as for the three-fold integer multiplications, i.e. each problem is worth a number of points which is one fewer than the total number of digits involved, except for the simplest of such problems. A three-fold decimal multiplication in which no number has a value of 5 or higher or displays a value of 4 points rather than 5. Only the third & final number in each problem is allowed to be extended as far as a fifth digit, with each of the other two numbers being restricted to a maximum of four digits each. The value of a three-fold decimal multiplication problem can thus have a minimum value of 4 points and a maximum of 12.

Decimal Divisions.
Decimal division problems are, like integer divisions, generated by creating multiplication problems and presenting them in reverse - this ensures that there is an exact answer in each case. The result of the multiplication is presented as the principal number in the division, with one of the original multipliers being shown as the divisor and the other being recorded as the answer to the division. The divisor and answer will each have from one to four pre-decimal digits and one to three post-decimal digits, and so the principal in the division may have from one to eight pre-decimal and from two to six post-decimal digits within itself. The total number of digits in the divisor and the solution combined gives the value for each individual problem, thus a decimal division may be worth a score from a minimum of 4 points up to a maximum of 14. Whilst it is true that there may be a slight advantage in being able to calculate the total number of digits (including potential trailing zeros) required in the answer to a decimal division problem, this advantage is marginal at best - and would in any case require a diversion of calculating time away from the problem itself in order to utilise it.

Currency Conversions.
This format is encountered in two sections - currency rates and actual currency amounts.

Currency Conversions - currency rates:
In this set of problems, three currency conversion rates are presented - these being of the form fo A:B, B:C, and C:D. Three new conversion rates are required for the first three problems of the set - these being A:C, B:D and A:D. The original rates will be shown to an accuracy of 4, 5 or 6 decimal places each, with the same degree of precision being required for the 'new' rates. For the first two problems in this section, the correct answers are each worth as many points as there are post-decimal digits in each of the rates - the final problem of the section having a further two points awarded for a correct answer. Thus the problems in this section are worth a minimum of 4 points each for the first two and 6 for the third, up to a maximum of 6 each or the first two and 8 for the third.

Currency Conversions - actual amounts:
Here we see the newly created currency conversion rates put to use. It must be remembered that only the correct rates will give correct answers to these problems; if the rates are wrong to begin with, then the answers in this section are also likely to miss their respective marks. Various amounts of currency are presented, and these are required to be converted into alternative currencies via the newly created conversion rates. Each conversion rate is employed four times 'in each direction', and all amounts are given/required to two decimal places each (in accordance with currency recognition in the real world at large). Depending on the selection of difficulty level made by the user, the amounts of currency shown may have from one to three digits in the pre-decimal integer part of each amount for each of the first two rates - the amounts for the third rate having one additional digit. The number of points allocated to each problem in this section is calculated from the levels of difficulty selected for each of the two sections within this format. Adding the two levels of difficulty together and adding three gives the value for each of the problems involving the first two rates, with a further two points being applied for each problem using the third rate (as this was a more difficult rate to find in the first place). Thus the problems in this section carry values from a minimum of 5 points for each of the first two rates and 7 for the third up to a maximum of 9 for each of the first two and 11 for the third.

Group 3: Fractions. This group consists of Fraction Additions, Fraction Subtractions, Fraction Multiplications x2, Fraction Multiplications x3, and Fraction Divisions. Each format has problems which are evaluated according to the ranges of values used for each of the elements of the fractional numbers presented in the individual problems. Individual problems may appear to display lower values for the numerators and denominators than are quoted in the value ranges given; this is because the fractional numbers may be simplified after the values have been selected. As before, each format is available in horizontal or vertical alignment.
Fraction Additions.
With these problems, the task is to add two or three fractional numbers together. Naturally enough, the problems with three fractions are worth more points; these have a minimum value of 4 points each and a maximum of 10. The range of values for the two-fraction problems runs from a minimum of 1 point each to a maximum of 6. Within each style of problems, the limits of the ranges of values available for the integer, numerator and denominator are as follows:

Two-fold additions:
Value
Integer range
Numerator range
Denominator range

1
1 - 3

1 - 2


2 - 3

2
2 - 5

1 - 4


2 - 5
3
3 - 8

2 - 5


3 - 6
4
5 - 13

2 - 7


3 - 8
5
7 - 20

3 - 11


4 - 12
6
10 - 35

4 - 19


5 - 20

Three-fold additions:
Value
Integer range
Numerator range
Denominator range

4
2 - 6

1 - 5


2 - 6
5
5 - 14

3 - 8


4 - 9
6
7 - 25

5 - 13


6 - 14
7
10 - 35

7 - 23


8 - 24
8
15 - 45

9 - 34


10 - 35
9
20 - 60

14 - 49


15 - 50
10
25 - 99

24 - 98


25 - 99

As you can see, there is a small amount of scope for overlap between one valuation and the next. However, this is within acceptable limits.

Fraction Subtractions.
Fraction subtractions are, like integer and decimal subtractions, simple 'A minus B' subtractions without any 'chain' calculations. As with the fraction additions, the ranges of values available for use as the integer, numerator and denominator are determined by the valuation of the problem, rather than the other way round. They are:

Value
Integer range
Numerator range
Denominator range

2
1 - 2

5 - 9


6 - 10

3
1 - 3

7 - 19


8 - 20

4
2 - 5

9 - 29


10 - 30
5
4 - 9

14 - 44


15 - 45

6
7 - 20

19 - 54


20 - 55
7
11 - 35

24 - 69


25 - 70

8
20 – 60

29 - 84


30 - 85

9
30 - 100
34 – 99


35 - 100
10
50 - 150
39 - 124

40 - 125
Again there is scope for overlap between problem values, but again this is within acceptable limits. The range of score values available extends, as you can see, from a minimum of 2 points per problem up to a maximum of 10.

Fraction Multiplications x2.
At the risk of stating the obvious, these problems are multiplications of two fractional numbers in each problem, the result being a single fractional number in each case. As with the fraction additions and subtractions, the ranges of values available for use as the integer, numerator and denominator within each number are determined by the value assigned to the individual problem. The ranges are:

Value
Integer range
Numerator range
Denominator range

2
1 - 2

1 - 2


2 - 3
3
1 - 3

1 - 4


2 - 5
4
2 - 5

4 - 8


5 - 9
5
4 - 10

8 - 11


9 - 12

6
8 - 16

11 - 15


12 - 16

7
15 - 28

15 - 19


16 - 20
8
25 - 40

19 - 24


20 - 25
9
35 - 60

24 - 39


25 - 40

10
55 - 80

39 - 59


40 - 60
11
75 - 100
59 - 79


60 - 80
As can be seen from this table, the minimum value for a two-fold fraction multiplication problem is 2 points, whereas the maximum is 11. Once again there is an acceptable level of overlap between adjacent valuations.

Fraction Multiplications x3.
These problems are created and handled in the same way as the two-fold multiplications, with the obvious exception of the fact that there are three numbers presented in each problem rather than just two. The available value ranges are:

Value
Integer range
Numerator range
Denominator range

4
1 - 2

1 - 2


2 - 3
5
1 - 4

1 - 5


2 - 6
6
2 - 5

3 - 8


4 - 9
7
3 - 10

5 - 11


6 - 12
8
4 - 12

7 - 13


8 - 14
9
5 - 15

9 - 16


10 - 17
10
8 - 20

12 - 19


13 - 20
11
15 - 30

19 - 25


20 - 26
12
15 - 55

24 - 39


25 - 40

Again there is acceptable overlap between valuations; however the random nature of the numbers, along with the fact that three numbers are created for each problem, tends to show that the actual amount of overlap will be very low. As we see, the value range reaches from a minimum of 4 points per problem up to a maximum of 12.

Fraction Divisions.
Like the integer and decimal divisions, fraction divisions do not involve any 'chain' calculations and are simply of the form 'A divided by B to give C'. There is a minimum value of 3 points per problem and a maximum of 12, and - as with the other fractions problem formats - there is an acceptably small level of overlap between adjacent valuations. With the three elements of each number being once more dictated by the valuation of each individual problem, the ranges of values available for use within each of those elements are as follows: Please note that the limits apply to the divisor and the solution, and not to the principal number.

Value
Integer range
Numerator range
Denominator range

3
1 - 2

1 - 4


2 - 5
4
1 - 3

3 - 6


4 - 7
5
2 - 5

4 - 7


5 - 8
6
3 - 9

7 - 11


8 - 12
7
5 - 14

10 - 17


11 - 18
8
10 - 20

15 - 24


16 - 25
9
15 - 30

24 – 39


25 - 40

10
25 - 40

40 – 59


41 - 60
11
35 - 60

60 – 79


61 - 80

12
55 – 75

80 - 99


81 - 100
Group 4: Brackets. These problems are divided into Integer Brackets, Decimal Brackets and Fraction Brackets. Since they involve 'chain' calculations and multiple operations, they are given their own 'family group' rather than being included in Integers, Decimals and Fractions respectively.

Integer Brackets.
The problems in this format involve, as has already been mentioned, multiple calculations and multiple (different) operations within each problem. As the complexity of each bracketed calculation rises, so do the maximum values of the numbers involved and - of course - the value of the problem. The ranges of values available for use, along with the shape of the individual problems, are as follows:

2 points

(A+B)x(C+D), each number with minimum value 2 & maximum value 9.

3 points

(A+B)x(C+D), each number with minimum value 11 & maximum value 39.

4 points

(A+B)x(C+D), each number with minimum value 41 & maximum value 65.

5 points
(A+B)/(C+D), with A&B each being in the range 111 to 999, and C&D each being in the range 35 to 64.

6 points
(A+(BxC))x(D-E). A, C & E are each in the range 51 to 99, with B in the range 2 to 9 and D in the range 481 to 999.

7 points
((A-B)/C)x(D+E). A, D & E are in the range 125 to 999, with B in the range 2 to 9 and C in the range 11 to 99.

8 points
((A-B)/C)x(D+E). A&E are in the range 125 to 999, with B&C in the range 11 to 99 and D in the range 1111 to 9999.

9 points

((A-B)/C)x(D+E). A, D&E are in the range 1111 to 9999, with B&C in the range 11 to 99.

10 points
((A-B)/C)x(D+E+F). A&D are in the range 1111 to 9999, B, E&F are in the range 111 to 499, and C is in the range 11 to 99.

From this table, you can see that an integer brackets problem can carry a value from a minimum of 2 points up to a maximum of 10 points. It may appear at first as though there is considerable overlap between adjacent valuations, however this is not so on account of the fact that the 'design' or 'shape' of the problems changes between values as well as the sizes of the numbers being employed.

Decimal Brackets.
As with the integer brackets problems, these have multiple operations in calculations of varying complexity. The ranges of the numbers of pre- and post-decimal digits to be used in the numbers in different values of decimal brackets problems are:

The values of 4, 5 and 6 points are all of the form (A+B)x(C+D).

Value

Pre-decimal digits

Post-decimal digits

4 points

A, B, C, D (2)


A, B, C, D (1)


5 points

A, B, C, D (2)


A, B, C, D (2)


6 points

A, C, (3) B, D (2)

A, B, C, D (2)



Problems with values 7, 8, 9 & 10 are of the form ((A/B)+C)x(D+E).

Value

Pre-decimal digits

Post-decimal digits

7 points

A (3) B, C, D, E (2)

A (2) B, C, D, E (1)

8 points

A (4) B, C, D, E (2)

A (2) B, C, D, E (1)

9 points

A (4) B, C, D (2) E (3)

A, D (2) B, C, E (1)

10 points
A, C, E (3) B, D (2)

A (4) B, D (2) C, E (1)

The highest value problems, those worth 11 points each, are of the form ((A/B)+(CxD))x(E+F)

Value

Pre-decimal digits

Post-decimal digits

11 points
A, F (3) B, C, D, E (2)

A (4) B, C, E (2) D, F (1)



This table shows that the minimum value of a decimal brackets problem is 4 points, whereas the maximum is 11 points.

In any problem in which one number is to be divided by another, the principal number (that which is being divided) may have fewer post-decimal digits than otherwise expected. This is because the principal number is created by a reverse multiplication, thus generating the possibility of post-decimal digits being cancelled out. No other numbers are affected in this way, and no number will show more post-decimal digits than given in the above tables.

Fraction Brackets.
Again these problems have multiple operations in calculations of varying complexity. Within each individual problem, the ranges of values to be applied are the same for each of the numbers involved.The ranges of the numbers available for use as the integers, numerators and denominators are as follows:

The problems with values of 4 points are of the form ((A+B)xC)

Value

Integer range

Numerator range
Denominator range

4 points

4 - 7


1 - 3


3 - 9

A value of 5 or 6 points is associated with a problem of the form (A+B)x(C+D)

Value

Integer range

Numerator range
Denominator range

5 points

3 - 8


1 - 3


4 - 7

6 points

4 - 9


1 - 5


5 - 10

Problems with values of 7 points each are of the form (A+B+C)x(D+E)

Value

Integer range

Numerator range
Denominator range

7 points

3 - 8


1 - 4


4 - 10

The remaining values, those of 8, 9 & 10 points, are of the form (A+B+C)x(D+E+F).

Value

Integer range

Numerator range
Denominator range

8 points

2 - 7


1 - 4


5 - 13

9 points

5 - 11


1 - 5


6 - 14

10 points
3 - 10


2 - 5


5 - 15

This table shows that a fraction brackets problem has a minimum of 4 points and a maximum of 10 points.

As with the earlier fraction-related problems, numerators and denominators may appear to exhibit lower values than expected. Again this is because of the potential simplification of the fractions following the selection of the values to be used.

Group 5: Roots. The problem formats in this group are Exact Square Roots, Inexact Square Roots, Exact Cube Roots, Inexact Cube Roots, Exact Deep Roots, and Inexact Deep Roots.

Exact Square Roots.

Within this format, each problem presents a single number. The square root of this number is the solution to the problem, and the answer is always an exact integer number. The minimum length of a number being so presented is 2 digits, and the maximum length is 13. The number of digits in the number is taken as the value of the problem, and so the value range available is from 2 - 13 points.

Inexact Square Roots
These problems also present a single number for each one, and again the square root is to be extracted and given as the answer. However, the solution is required to be given to a specified number of decimal places. It is possible that trailing zeros may be involved in this, but they must still be recorded in order to provide the correct answer. The minimum length of a number from which the root is to be extracted is 2 digits, and the maximum is 6 digits. The simplest square roots are required to a single decimal place, whereas the hardest problems call for five decimal places. The valuation is a little more complex for this format than it is for some others. The value of the number being presented is recognised as being in one of a number of groups. The first four are:

Group 1: 26 - 49

Group 2: 50 - 99

Group 3: 101 - 316

Group 4: 317 - 999

From here onwards, the groups appear in pairs and increase in size by a single digit for each pair. Each pair begins with a power of ten plus a single unit, and the pair is split across the square root of 10 multiplied by that same power of ten. Therefore the remaining groups are:

Group 5: 1001 - 3162

Group 6: 3163 - 9999

Group 7: 10001 - 31622

Group 8: 31623 - 99999

Group 9: 100001 - 316227

Group 10: 316228 - 999999.

The number of points each problem in this format is worth is calculated by adding the 'group number' to the required number of decimal places and adding 2. Therefore examples of the problems likely to be faced are:

Give the square root of 12345 to 3 decimal places (12 points)

Give the square root of 345678 to 4 decimal places (16 points).

The upper and lower limits of both the 'group number' and the number of decimal places called for dictate that the range of values available in this format has a minimum of 4 points and a maximum of 17.

Exact Cube Roots.
Again a single number is presented in each of these problems. Here it is the cube root which is asked for as the answer, and again there is an exact integer answer in each case. The minimum length of each number is 4 digits, and the maximum is 14. The valuation of a problem is taken as being one point less than the number of digits in the number being presented, and thus a 6-digit number would represent a problem worth 5 points. The minimum value of an exact cube root problem is thus 3 points, and the maximum is 13.

Inexact Cube Roots.
A problem in this format also requires a cube root to be extracted from a single number, and decimal accuracy is called for in much the same way as it is with the inexact square roots. There is always at least one single decimal place needed in each answer, and the maximum post-decimal length to be recorded is three digits. The numbers involved in these problems carry a minimum length of 3 digits and a maximum of 12. The value of a problem in this format is found by adding the number of digits in the presented number to the number of decimal places required (and subtracting 1 if this is only a single decimal place), and so the cube root of a 4-digit number to be given to 2 decimal places would be worth 6 points, whereas the cube root of a 6-digit number to just one place would be worth the same. The range of values available in this format runs from 3 points (for the cube root of a 3-digit number to 1 decimal place) to 15 points (12 digits & 3 decimal places).

Exact Deep Roots.
Deep root problems are those where a root deeper than the cube root (i.e. 4th or greater root) is needed as the answer, and the deepest root requested in these problems is the seventh root. The numbers themselves have minimum lengths of 5 digits each and maximum lengths of 18. Adding the depth of the root to half the number of digits in the number to be worked on (rounded down if necessary) and subtracting 3 gives the score value for that particular problem, and so (for example) the fifth root of a 13-digit number would be worth 8 points. The values of problems in this format thus have a minimum of 3 points and a maximum of 13.

Inexact Deep Roots.
As with the exact deep root problems, these problems have a minimum depth of the fourth root and a maximum depth of the seventh. The correct answer is not expected to be an integer number, although this is still possible, and each answer is required to two decimal places of accuracy. Roots are to be extracted from a single number in each case, each number being a minimum of 3 digits in length and a maximum of 8. Each problem is valued by adding the number of digits in the number to the depth of the root and subtracting 2, so a problem calling for the 6th root of a 5-digit number (to 2 decimal places) would - if answered correctly - yield a score of 9 points. With these limitations set, the valuation range here is from a minimum of 5 points up to a maximum of 13.

Group 6: Miscellaneous. This is the final group, and contains problems which do not fit easily into any of the other five groups. The formats contained herein are Remainders, Prime Factors, Ratio Calculations, Next Squares, Next Cubes, Calendar Calculations, Times Elapsed, and Base Conversions..

Remainders.
These problems are presented in essentially the same manner as the integer divisions. However, the answer to each problem is not that of a division; it is the remainder after an inexact integer division. For example, a problem might be shown as 345/29. Since the highest multiple of 29 which can be subtracted from 345 is (11x29=) 319, which would leave a value of 26 after the subtraction, the answer to this problem would be 26. Neither the value of 11 nor that of 319 would be required to be presented within the answer - indeed they should not be recorded anywhere at all. The principal number has a minimum length of 2 digits and a maximum of 14, and the divisor is always shorter than the principal by at least one digit. Adding the numbers of digits in the two numbers together and subtracting 1 gives the value for a specific problem, and so a remainder problem shown as the division of a 7-digit number by a 4-digit number would be worth 10 points. Problems in this format have a minimum value of 2 points and a maximum of 18.

Prime Factors.
As with several other formats held by Pegasus, a single number is presented for each of these problems. The prime factors (i.e. the prime numbers which multiply together to give the target number) are to be listed as the answer to the problem. These numbers need not be given in ascending numerical order, but each is to be given the relevant number of times. For example, the correct list of prime factors for the number 420 would be 2, 2, 3, 5, 7 since 2x2x3x5x7 = 420. Alternatively, 3, 2, 7, 2, 5 etc. would be just as valid. Note that the number '2' is given twice within the answer, since it is used twice in the multiplication. The list 2, 3, 5, 7 would be wrong, since this list would only multiply out to a value of 210. The number of digits in the target number for each problem is taken as the number of points that problem is worth; this having a minimum value of 2 and a maximum of 13.

Ratio Calculations.
Here we see problems being presented as equations with missing numbers. The form of each equation is A/B = C/D, and three of the numbers are given - the missing number being the answer to the problem. The value of each problem is taken from a number of factors; namely the value of 'A', the ratio of B to A, and the ratio of C to A. The relevant ranges are:

Value of A

Ratio B to A

Ratio C to A
Points value

20 - 49


5 - 20


2 - 10

4

51 - 99


11 - 29


3 - 12

5

51 - 99


21 - 49


3 - 15

6

101 - 316

21 - 49


4 - 15

7

317 - 650

41 - 64


4 - 15

8

651 - 1500

53 - 87


5 - 20

9

1501 - 3162

65 - 99


6 - 25

10

3162 - 5999

77 - 124

7 - 30

11

6001 - 9999

91 - 149

8 - 35

12

6001 - 9999

111 - 199

9 - 40

13

10001 - 14999

111 - 199

10 - 50

14

As you can see from the above table, the value range for a ratio calculation problem is 4 – 14 points. 

Next Squares.
Again a single number is given for each problem, the task in this case being to find the next exact square (i.e. of an integer number) which is greater in value than the number shown. If the number given is itself the exact square of an integer number, the answer required will be the square of the next integer. For example, the next square after the number 1234 is 1296, and the next square after 7744 (the exact square of 88) is 7921. The shortest number to be given for such a problem has 3 digits, and the longest has 15. Since the points value of a next square problem is one lower than the number of digits in the original number, the range of values available goes from a minimum of 2 points up to a maximum of 14.

Next Cubes.
These problems are similar to those in the 'next squares' format, but with the obvious exception of the fact that it is the next cube of an exact integer number which is required. Again the value of a problem is one below the number of digits in the number being presented - and since the shortest numbers available have 6 digits each and the longest have 15, the valuation range stretches from a minimum of 5 points up to a maximum of 14.

Calendar Calculations.
The problems in this section actually come in four separate - but closely related - types. Firstly, an exact date (date number, month, year) is given, and the task is to identify the relevant day of the week for this date. The second form gives a number, the name of a day, and the month & year involved. The task is then to identify the exact date number for that day. The third requires a month to be given which meets all the criteria stated, the fourth similarly requiring a ‘missing’ year to be supplied. Examples of these questions are:

On what day of the week was/will be 11 August 1999? (Answer = Wednesday)

On what date was/will be the second Tuesday in January 1964? (Answer = 14th)

The 25th day of ______ in 1963 was/will be on a Wednesday (Answer = September or December)
July 3 _______ was/will be on a Saturday (Answer = 1965, 1971, or 1976 from the range 1960 – 1980)
The first two types of problems are worth three points each, the last two being worth four. The range of years from which the dates can be taken is from 1901 - 2099 inclusive, as this is the range within which Microsoft Excel (the system which generates the tests) will reproduce the day/date match accurately. Other competitions can call for anything in the range from 1600 - 2100, employing the Gregorian calendar throughout history. Since the problems given in the first two formats are all of equal value, the more difficult tests will utilise a greater part of the available range of years. That is to say that a lower level test will be restricted to a range of years closer to the present moment, whereas harder tests may take dates from years which are further into the past and/or future. The ‘missing month’ problems will come from a similar range of years, whilst the ‘missing year’ questions will refer to the range from 1960 to 1980 inclusive.
Times Elapsed.
Each of these problems gives exact starting and finishing points for a period in time. These may be from the same day, or even be several years apart - but in each case, the task is to calculate the length of that time period in seconds. Problems involving time periods which finish on the same day as that in which they start are worth 3 points each. Those which finish on a later date in the same month are each worth 4 points, whilst those which finish in the following month are worth 6. A time period finishing in a later month (but still in the same year) gives a  problem valued at 8 points, and one which finishes in the following year yields a value of 10 points. The longest time periods, those which finish in a year later than that following the year in which they start, are found in problems which are worth 12 points a piece.

Base Conversions
The final sheet within this area of Pegasus is a sheet of base conversions. The bulk of these questions each give a number in a specified base, requiring the conversion of this number into another specified base. The remaining questions each have two numbers in different bases, with these results being required to be written in base 10. The questions are worth a minimum of three points and a maximum of eighteen, with the value being dependent on the length of each number used and the size of the number on which it is based. No base lower than 5 or higher than 16 is used in this section.
Now that we have seen what types of problems are available, let's see how they are presented.
Each of the 33 formats has a single sheet of problems dedicated to that particular format. These sheets have 30 problems each, apart from the currency conversions sheet which has 21, and the level of difficulty (or the range thereof) is selected manually. For most of the formats, this is done by selecting minimum and maximum score values, but in the case of calendar dates it is done by selecting a range of years from which the dates may be randomly drawn. The maximum value must be no lower than the minimum, although it can be the same value, and both the minimum and the maximum must be chosen from within a stated range (this range varies from format to format, as we have already seen). Where the 'shape' of a problem is variable, such as with mid-range problems in two-fold integer multiplications, the shape is selected randomly by the system. All numbers presented are generated randomly within limits appropriate for the individual format and the specific value of the problem. One further exception to the manner in which the level of difficulty is selected is the sheet of problems relating to currency conversions. Each section of the sheet has a separate selection of level 1, 2 or 3, which is used to determine first the number of decimal places to which the conversion rates are quoted/required and second the size of currency values to be converted.

Where the values of the problems within an individual format are spread across a range, rather than taken as being the same value for each problem, the values will be smoothly (or nearly smoothly) distributed throughout the chosen range. With the exceptions of the calendar dates and the times elapsed, the average points value per problem will be exactly the average of the minimum and the maximum selected by the user. Calendar dates will be drawn randomly from throughout the chosen range of years, and presented in random order, and the problems involving times elapsed do not have all of the values within the range of 3 - 12 points available for use. The times elapsed format will, however, still produce an average value per problem which is equal or very close to the average of the minimum and 
the maximum.

A suggested time limit is given at the top of each of these sheets; this is calculated from the 'generic' rate of 16.8 seconds per point, and is rounded to the nearest second if necessary. This time limit comes from the generic values of 750 points and 3 hours 30 minutes, which were the normal values applied to the Mental Calculations World Championship events during the 2000 - 2008 era.

Each group also has a 'quick practice file'. This gives a small selection of problems from each format within the group, giving a total of 30 problems in each such file. Rather than have the values of individual problems dictated by manual selections of minimum and maximum values, the strength of the problems in these tests is determined by the selection of a single level of difficulty. This level has a minimum value of 1 and a maximum of 17 in each case, each having a ten-point range of total values associated with it. Generally, a quick practice file set to level 1 will have a total points value in the range of 130 - 139 inclusive, with level 17 being valued somewhere from 290 - 299 points. The quick practice file for the roots section does, however, carry ranges of values which are ten points higher in each case. Within each quick practice file, the points are allocated randomly (though to strict & small limits of variation) to each format, and then each format has its own individual problem values similarly assigned. The exception to this rule being the quick practice file for the miscellaneous group, where the calendar dates problems are all valued at three or four points each. Here it is the range of years available which is varied, rather than the values of the problems themselves, and the variations in total values are carried by the other seven formats within that group. Each quick practice file also has a 'blanket' time limit of one hour, as well as having a 'generic rate' time limit set in the same manner as the sheets showing problems of individual formats. Which time limit you apply, if indeed you use either, is entirely up to you. The quick practice files for the first three groups are, like the formats themselves, available in either horizontal or vertical alignment.
Beyond the formats and the quick practice files come the Simulator and Exterminator. These files have fixed 'shapes', with fixed values for each of the problems, and they reflect the types of problems presented in the World Championships during the period of 2000 - 2008. There are 23 formats involved, thus omitting the ten most recent additions to the Pegasus training system. The Simulator holds a selection of 120 problems, showing a representative selection of problems from each of the formats used, and has a total value of 750 points. This is in keeping with the values of the test papers normally presented during this same time period, and accordingly the simulator has a time limit of 3 1/2 hours. The 
Exterminator is similar in structure, but there are 200 problems in total and each of the formats has one problem of the highest level of difficulty available during this same time period. The total points value of an Exterminator is 1500, and the time limit is set at 7 hours. Small variations in the total values of these sheets are to be expected on account of the manner in which the problems themselves are generated.

Following these two sheets are the six Layout Plans. Each has a fixed number of problems within each format in much the same way as a quick practice file. The layout plans, however, have - except for the two shortest - all 33 formats on board. Like the quick practice files, each layout plan has its total score selected randomly by the system according to a single level of difficulty selected by the user. The minimum level of difficulty available to each plan is 1, and the maximum depends on the size of the plan - the larger plans generally having more scope for variability. Each level has a range of 50 points values available for the system to choose from, and the minimum total value is also dependent upon the size of the plan. The points are distributed first by group, then by format, and then by individual problem. As with the quick practice files, there are small variations available within the percentage distribution of the points at each level. Each of the layout plans has a time limit of three and a half hours (regardless of overall value), as a reflection of the World Championship time limit. Each plan is available with horizontal or vertical alignments with regard to the presentation of the first three ‘family groups’; the remaining three groups of formats being presented only in horizontal alignment.
The layout plans are followed by a set of potential test papers for the mental calculations section of the Decamentathlon World Championship. There are two separate layout designs for each of five sizes of test paper – these being from 16 to 20 questions per sheet. Each of these layouts is presented twice; the first set of ten test papers have the score values distributed automatically, the second set inviting the user to distribute the points manually. Where manual distribution is involved, guidelines are given and non-compliance with these guidelines is notified automatically.

Following on from the Decamentathlon sheets is a single ‘blitz’ sheet. This carries 100 questions, in twenty rows of five, and bears a time limit of 30 minutes. The questions have values ranging from one to seven points each, with all questions on any individual row being equally valued. The rows are grouped into sets of three or four rows to a set, and each ‘mini-column’ of three or four questions contains questions of the same format. As with the ‘quick practice’ sheets and the layout plans, the total difficulty is determined by the selection of a single numerical level. This level must be in the range from 1 to 25, and the total number of points available varies from 280 to 520 points in multiples of 10.

After the blitz test we find five 'basic training' sheets. These carry 30 problems each, and each represents one of the five basic operations with integer numbers (addition, subtraction, two-fold & three-fold multiplication and division). These are for quick and simple exercises, and do not carry score valuations - although you may apply them if you wish. Since there are no set values to the problems, there are no set time limits either - but should you wish to apply your own, perhaps in accordance with the assumed values of the problems, you are of course welcome to do so. These sheets allow for you, the user, to select an exact 'shape' (as opposed to a value) of problems to work on. Please be advised that the additions page, as with the original Integer Additions format, may present some numbers which are one digit shorter than specified.

The final few sheets from Pegasus v6.0 are specialist sheets set in the form of the Mental Calculations World Cup. These are integer additions and multiplications, and calendar calculations - each format being set in the manner in which it is presented in the World Cup. The suggested time limits are also reflective of those applied in the same tournament up to 2010, although these limits have since changed - and are liable to further changes in the future. The last few of these specialist sheets also reflect (or have been inspired by) the 'tasks of surprise' from the Mental Calculations World Cup of 2012. These sheets cover mixed addition/subtraction questions, conversions of distances between metres & feet/inches, use of Pythagoras’ Theorem, temperature conversions (Deg C/Deg F), and comparison of totals of three fractions with given integers. Each of the two sets of conversions is presented in both ‘directions’. The classic test of extraction of inexact square roots, however, is not included. Within the World Cup, this test asks the solvers to extract square roots of six-digit numbers to five decimal places. This can be recreated within the main body of Pegasus v6.0 on the ‘Inexact Square Roots’ page, by selecting a single value of 17 points (the maximum available).

Ok, so that's what the system displays - but how does it do it?
Put simply, the numbers are all created by random number generators working within strict templates. Where the number of numbers to be presented is variable, such as is the case with mid-range values of integer additions, a random number generator is used to determine how many numbers there should be. This then leaves the actual lengths of the numbers to be determined by a simple subtraction from the value of the problem - plus or minus a static reference number as appropriate.

With the calendar dates, each date is drawn at random from within the range available, and the relevant aspects of that date are supplied to form the problem. The missing element of the date, i.e. the solution, is also recorded but is not displayed. Where the format is taken from the Brackets group, the shape of the problem is determined by the value of the individual problem. The system therefore produces one problem of each available difficulty level, and displays the brackets, symbols & numbers from the relevant creation. With the integer & decimal addition formats, where the number of numbers can vary, all six numbers are created by the random number generators - and then those which are not required are simply ignored. There is even a random number generator used to determine which of the four numbers in a ratio calculation problem is to be replaced with an 'X'. For each of these problems, the first number is created at random according to the range appropriate to the points value, the ratios are created in a likewise manner, and the remaining three numbers are generated via simple mathematics. One number is then selected to be obscured - and is recorded as the solution to the problem.

Fine. That's what I see in front of me - now how can I use it?
Each of the pages, regardless of what type of problem(s) it holds, is used in the same way. First, make sure you have a fresh set of numbers by recalculating with <F9>. Then print the page you have in front of you - the print ranges are already set, but you might like to check the 'print preview' first in case your computer treats the printing in a different way from mine. Then, without recalculating, pressing <ENTER> or doing anything else, move the cursor to the top left corner of the sheet and highlight the whole sheet. By formatting the text colour to black (or automatic), the answers will now appear on the problem sheet. Print the sheet again, and you will have the same set of problems but this time with the correct answers on the lines. This is because the answers are actually on the page, but they are originally set in white text so as not to show up on the screen or the printout. Remember to use the 'undo' function to reset the answers to white text; alternatively, do not save the workbook (there should be no reason to do this anyway). If you save the workbook without first causing the answers to revert to white text, the sheet will continue to show the answers whenever you come to view it again.

Whichever type of worksheet(s) you choose to use, there are a few rules to follow. You are not allowed to use any calculating aid, such as a calculator or abacus, and you are not allowed to receive or seek help from another person while you are taking your chosen test. Referring to printed (or on-line etc) material during the test is also prohibited. The only thing you are allowed to write on the paper is the answer to each question; you must not record any intermediate results - and you must not use any 'scrap' paper for this purpose either. If you think that you have made a mistake in your answer to a particular problem, you can cross through your first answer and write a second one - but you must not abuse this facility in order to breach the 'no intermediate results' rule. Each problem may carry one such alteration and no more. If two answers are given and both are left clear (i.e. neither has been crossed through), this must be treated as a wrong answer - even if one of the answers is correct. For numbers requiring a specified number of decimal places, this exact number of places - no fewer and no more - must be given. With other decimal answers, trailing zeros do not need to be written (although you may record them if you wish). All answers given in fraction problems must be written as mixed fractions in the simplest possible form. If the answer is (for example) intended to be 14 2/3, this is exactly what must be given. Answers such as 14 4/6, 13 5/3 or 44/3 would therefore be taken as being wrong. If an answer has the correct value and is given in the proper manner, this receives the full value of that problem - otherwise there is a zero score applied. There is no capacity for partial scoring, even if the answer given is only slightly wrong in value or has the right value but is presented in the wrong way.

And that, ladies and gentlemen, is the Pegasus mental calculations training workbook as it stands today. Enjoy!

