ENGINEERING TRIPOS PART IA 2014
Paper4 Mathematical Methods

Solutions

Section A: Dr. P.R. Palmer
Section B: Dr. T.P. Hynes

Section C: Dr. A.H. Gee
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Version GV/1

Crib 1

(a) The bool value indicates whether the quadratic equation has real roots or not. If not,
the solutions in s1 and s2 are invalid. 2]
(b) The & signs indicate call be reference as opposed to call by value. If they were omitted,
the function would store the two roots in local copies of s1 and s2 instead of the actual
parameters passed by the calling routine. The calling routine would have no way of
accessing the roots. [3]
(c) This is subtractive cancellation. When we subtract two similar numbers a and b, the
intended result may be of comparable magnitude to the truncation errors when storing a
and b to finite precision, and therefore subject to significant error. We could correct the
error by changing the variable types from float to double and/or obtaining s1 instead
using the known product of the roots: s1 = c/(a*s2). 5]

Crib 2

(a) The first code segment calculates the transpose of the n X n matrix m1, storing the result

in the n X n matrix m2. It has complexity O(n?). The second code segment calculates the
sum of the n-element vectors v1 and v2, storing the result in the n-element vector v3. It
has complexity O(n). The third code segment calculates the product of the n x n matrices

m2 and m1 (in the order m2*m1), storing the result in the # X n matrix m3. It has complexity
o(n3). (7]
(b) The key point here is to ignore the first two code segments, whose execution times
are negligible compared with the third. Given the cubic complexity, when n doubles we
would expect the execution time to increase by a factor of eight to 8 s. (Most likely it will
take even longer than this, because of cache misses, but Part [A students are not expected

to appreciate this subtlety.) [3]
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