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“Computational effort »¢ runtime”

The computational effort involved in a run of a numerical code is only loosely related
to overall execution time on modern computers.

Prerequisites.
e Familiarity with basic matrix-vector operations

Dependencies. None

Duration: 55 minutes

c Note: Possible minor mismatch of video and tablet notes!

[Corrections and updates can be incorporated into tablet notes only]
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Definition 1.4.1.1. (Asymptotic) complexity

The asymptotic complexity of an algorithm characterises the worst-case dependence of its
computational effort (— Def. 1.4.0.1) on one or more problem size parameter(s) when these tend

o L

\V
(ot (n) Momencal | A vecky Z@gf/) [mabix denaseny
Molbom © " Landuu-0"
Castln) = On™) |, « =0

For N — w2




&)
s 00, n, el costh) £ C ™

Twedt j})mpﬁm i mphion
cat(n) = o(nf) |

‘V///>>/7o
\//ﬂzoé

Seaman 4 Hc mm@jfﬁ(}/ /Jffc%zv‘; the depentonce
okt a7 asse
IM‘@( (opUm s
CO/'EM@?% (*7/[6026/‘7 7471/?40%
e.g. ' cost(n) = 0/1/7
then n — 27n lewly o cat — Yrcost
1.9.2 Compyttonad (st of bevic nemearcal (A
Opelfinns
operation description #mul/div | #add/sub | asymp. complexity
dotproduct | (x € R%,y € R") — x'y n n—1 o(n) 7
tensor product [ (x € R,y € R") s xy'' nm 0 O(mn)  Qphned’
Matrlxxvector (x € R",A € R™") — Ax mn (n—1)m O(mn))
matrix product (A€ R™",Bc R") — AB | mnk |mk(n—1) O(mnk)
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Measured runtimes, code eigenopstiming.cpp
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y = (abT)x . (1.4.3.2) y = a<bTx> .
T = (axb.transpose () ) *x; S p/ng) t = axb.dot (x);
m Asympp fic cast = <
O] _ J 1. J
- ﬁémﬂwm\/ “nxp rm%‘;(
— e‘.a‘ua‘:sl for rj\ij M{i‘ix-v-ezl_(zt multiplications
e =2 (’140;»/17[
‘5’1

problem size n

(1.4.3.3)

= 0(n)

Ex 74325 ( Iudden sotmebor )
ABe R on xeR"

> 0ln%p)
— 0(h?]

AB = AxB.transpose();
y = AB.triangularView<Eigen::Upper> () *xx;
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The Kronecker product A & B of two matrices A € K" and B € K'X, m,n, 1,k € IN, is the

(ml) x (nk)-matrix
[ (A)1B  (A)12B ... . (A)1,B]
(A)21B  (A)y2B :
A®B .= : : e Kmink
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w p oneA veier X =] , X €K - GITLAB
> |template <class Matrix, class Vector>
s | Vector kronmultv(const Matrix &A, const Mairix &, const Vector &x){
unsigned int m = A.rows(); unsigned int n = A.cols();
; 5 unsigned int | = B.rows(); unsigned int k = B.cols () ;
[M . Ph//(ml&l//( BX 4{ - }72, 6 // 1st matrix mult. computes the products Bx/
Vl 7 // 2nd matrix mult. combines them linearly with the coefficients of
9 A
@ [,X / — _____ j [B - - B)( j 8 Matrix t = B » Matrix::Map(x.data() ,k,n) « A.transpose(); //
) 9 return Matrix/NMap(t.data(), m«l, 1); \
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Explain why the classical concept of “computational effort” (= computational cost) is only loosely related
to the runtime of a concrete implementation of an algorithm.

We are given two dense matrices A, B € IR""", n,p € IN, p < n fixed. What is the asmptotic complexity
of each of the following two lines of code in terms of 1, p — c0?

Eigen::MatrixXd AB = AxB.transpose();
y = AB.triangularView<Eigen::Upper> () *x;

Given a vector u € R", n € IN, we consider the matrix
A € R"": (A)i,j = uj+uj+uuj, i,je {1,...,n}.
Outline an efficient algorithm for computing the matrix-vector product Ax, x € R".
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