COP 3502 – Lab Notes

More on Summations

The last couple of labs introduced you to the concept of order analysis and dealing with summations that arise from the analysis of the number of statements executed by an algorithm.  This week we will look further at dealing with summations in which the starting index of the summation is a value other than 0 or 1.  

Summations where the index begins at a number greater than 1

We know how to solve summations where the index begins at 0 or 1.  How do we handle summations where the index begins at a number greater than 1?  We will look at two methods, one where we calculate the difference between two sums and one where we convert the sum we want to solve into a sum where the index starts at 0 or 1.

Method I – subtract the difference between two summations

We want to solve:  
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 which is equal to (4+5+6+7+8+9+10).  

But, this is equal to (1+2+3+4+5+6+7+8+9+10) – (1+2+3).

Another way of saying that is: 
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Try it for other summations!

Method II – shift the range of the summation:

Here is another way of looking at the same problem. 

Notice that there are 7 terms in 
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, i.e. (4+5+6+7+8+9+10), 

and the difference between those seven numbers and the summation (1+2+3+4+5+6+7) is that the numbers in (4+5+6+7+8+9+10) are each 3 larger than the numbers in  (1+2+3+4+5+6+7) .

We could also say that (4+5+6+7+8+9+10) is equal to (1+3)+(2+3)+(3+3)+(4+3)+(5+3)+(6+3)+(7+3)

and we can write (1+3)+(2+3)+(3+3)+(4+3)+(5+3)+(6+3)+(7+3) as 
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This leads us to a different method for solving 
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, one where we convert a summation that doesn't start with 1 into a summation which starts at 1 by shifting the index range from i=4 to 10 down to i=1 to 7 (note, both have the same number of terms).  However, and this is very important, we must also add 3 to each i term of the summation.

So, 
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Note that we could have also converted this to a summation which starts at 0 by shifting the index range 

to i=0 to 6 (still 7 terms) and adding 4 to each i term, i.e. 
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This summation is equal to (0+4)+(1+4)+(2+4)+(3+4)+(4+4)+(5+4)+(6+4) and isn't that equal to

(4)+(5)+(6)+(7)+(8)+(9)+(10) ???

In either case, when we shift the index range down by a certain number, we must add that number to each i term of the summation.

Example Illustrating Both Techniques
Here is a more complex problem, and the solution using both methods:

solve
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Method I

First, lets split 
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into two summations, 
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Second, we convert each of those summations into the difference between two summations, 

both of which start at 1.
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    and   
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Third, we solve each of the four summations:
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 = 3(67(67+1)/2)) – 3(22(22+1)/2)) = 6834 – 759 = 6075
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  = 5(67) – 5(22) = 335 – 110 = 225

and 
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= 6075 + 225 = 6300

Method II

To convert 
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 into a summation which starts at 1, we have to shift the index range down by 22.

This means that we have to add 22 to each i term in the summation.  But, we don't add 22 to the 5's because the shifted summation will still have the same number of 5's ( of them).

So, 
[image: image28.wmf]å

=

+

67

23

i

)

5

i

3

(

becomes 
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which equals 
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and that is 
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Well, we can certainly solve that problem, 
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 = 3(45(46)/2) + 71(45)

which is 3105 + 3195 = 6300.

As we can see, both methods work.  The first involves more summations and more algebra, the second requires that we correctly convert the summation.  Choose the one that you are more comfortable with.
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