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(@3.0.1.11.C) [A jol e* de-type problem|  We know the solution x € IR and the right-hand-side vecfor
b € IR" of the n x n (Toeplitz) tridiagonal linear system of equations
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Which overdetermined linear system of equations of maximal size has the vector |[«, ﬁ]T € R? as its L&
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(@3.1.1.14.C) Given a matrix B € IR avector ¢ € R, and A > 0, define

{x*} —argmmHBx—b||24</y|x||2 R" . (oolCS

x€R” L/ Tho =y )\H;(/(:' clow (ncrecse !

State an overdetermined linear system of equations Ax = b, of which x* is a least-squares solution.
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Q uts {7 AR J‘# £Vl ce (w OJVG h 70 S CS C /C 'QS (Q2.7.1.5.E) For a given matrix A € R”"*, m,n € IN, we define the square matrix

Onm A
WA p— ,m = IRm+n,m+n
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A Op,n

CS$ : j 00 J —)Co v S /(Z, (;\ ﬁ CO '[C’)L, LS Outline the implementation of an efficient C++ function

void crsAtoW(std::vector<double> &val,

CIZS’, 260 J ‘Fol/ S[(\C(‘ha Vo W§ std::vector<unsigned int> &col_ind,

std::vector<unsigned int> &row_ptr);
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170 ('L\ al 4 g o0 ‘/ FOV ( 1"(\ Uy e ( ‘+ ) * C/ 1 ¢ { whose arguments supply the three vectors defining the matrix A in CRS format and which overwrites
them with the corresponding vectors of the CRS-format description of W4 .
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Remember that the CRS format of a matrix A € IR""" is defined by

vallk] = (A);; COI—mdU\’] - : 1<k<nnz(A).
Q& l‘ é % 2] row_ptr(i] <k < row_ptr[i+1],
B iy, other gOYh»a'Ls Glra el ,,[w,
It may be convenient to use std: :vector: : resize (n) that resizes a vector so that it contains n
o %% é (6;«5 ( yec ‘(('UL. elements. If n is smaller than the current container size, the content is reduced to its first n elements,
' removing those beyond (and destroying them). If n is greater than the current container size, the content

is expanded by inserting at the end as many elements as needed to reach a size of n using their default
value.
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This function does it:

CRSMatrix sparse_transpose(const CRSMatrix& input) {
CRSMatrix res{
input.m,
input.n,
input.nz,
std: :vector<double=(input.nz, 0.0),
std: :vector<int>(input.nz, 0),
std::vector<int>(input.m + 2, 0) // one extra

1,

// count per column
for (int 1 = 0; 1 < input.nz; ++1) {
++res.rowPtr[input.colIndex[i] + 2];

}

// from count per column generate new rowPtr (but shifted)
for (int 1 = 2; 1 < res.rowPtr.size(); ++1) {

// create incremental sum

res.rowPtr[i] += res.rowPtr[i - 1];

}

// perform the main part
for (int 1 = 0; 1 < input.n; ++1i) {
for (int j = input.rowPtr[i]; j < input.rowPtr[i + 1]; ++j) {
// calculate index to transposed matrix at which we should p
—) const int new_index = res.rowPtr[input.colIndex[]j] + 1]++;
res.val[new_index] = input.vallj]:
res.colIndex[new_index] = 1i;

}
}

res.rowPtr.pop_back(); // pop that one extra

return res;



(Q2.6.0.25.F) [|L.oss of stability] By direct block-wise Gaussian elimination we found the following
solution formulas for a block-partitioned linear system of equations with D € R"", ¢,b € R", a € R, -1
y c IR”+11 2 _ g
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Use these formulas to compute the solution of the 2 x 2 linear system of equations g - = o = /(
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assuming |6| < EPS and using floating point arithmetic.
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Hint. Remember that, if |§| < %EPS, in floating point arith

: -1
1 _ o1 ~1
and 2+9 o . -)(’( - S ( 4 _ ,{) = 0 = E OJ

This is compatible with the “Axiom” of roundoff an2” :, Ass. 1.5.3.11
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