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FourierPoints@x_Integer, ri_Integer, p_Integer, q_IntegerD :=

Module@8M, lc<,
M = 82 ∗p∗q, p, H2∗p − 1L∗ q, 2 ∗Hp − 1L∗q<;
lc = Chop@N@Exp@H−2∗ ri∗ Pi∗IL êHM@@xDD + 1LDD, 10^H−10LDD

CalculateDeterminantCoefficient@A_, i1_Integer,

i2_Integer, p_Integer, m_Integer, q_Integer, opts___?OptionQD :=

Module@8deflt, method, res<,
deflt = 8Method → GeneralizedInverse<;8method< = 8Method< ê. Flatten@8opts<D ê. deflt;
Switch@method,
GeneralizedInverse,

res = Chop@Det@FourierPoints@2, i2, p, qD ∗IdentityMatrix@pD −HA ê. s −> FourierPoints@1, i1, p, qDL.HTranspose@AD ê. s → FourierPoints@1, i1, p, qDLD, 10^H−10LD;
,

DrazinInverse,

res = Chop@Det@FourierPoints@2, i2, p, qD∗IdentityMatrix@pD −HA ê. s −> FourierPoints@1, i1, p, qDLD, 10^H−10LD;D;
Chop@resDD

CalculateDeterminant@A_, opts___?OptionQD :=

Module@8n1, n2, p, m, q, in, tbl, deflt, method<,
deflt = 8Method → GeneralizedInverse<;8method< = 8Method< ê. Flatten@8opts<D ê. deflt;8p, m< = Dimensions@AD;
q = Max@Append@Flatten@Exponent@A, sDD, 0DD;
n1 = 2∗p∗q;

n2 = p;

tbl = Table@Chop@CalculateDeterminantCoefficient@A, i − 1,

j − 1, p, m, q, Method −> methodD, 10^H−10LD, 8i, n1 + 1<, 8j, n2 + 1<D;
in = InverseFourier@tbl, FourierParameters −> 81, −1<D êê N;
in = Chop@in, 10^H−10LD êê N;
RRound@in, 10^H−6LDD

CalculateBCoefficient@A_, i_Integer, p_Integer, q_Integer, ais_, l_IntegerD :=

ModuleA8lc, o, j, AT, si, Asi, ATsi, aissi, B, ss, no<,
AT = Transpose@AD;
si = FourierPoints@3, i, p, qD;
Asi = A ê. s → si;

ATsi = AT ê. s → si;

ss = Table@Chop@N@si^Ho − 1LD, 10^H−10LD, 8o, Dimensions@aisD@@1DD<D;
aissi = Chop@ss.ais, 10^H−10LD;
no = Dimensions@aisD@@2DD;
B = ChopAATsi.ikjjjjjjikjjjjjj‚j=0

l−2

 Haissi@@no − j − 1DDL ∗ MatrixPower@HHAsiL.HATsiLL, Hl − 2 − jLDy{zzzzzz +

MatrixPower@HHAsiL.ATsiL, Hl − 1LDy{zzzzzz, 10^H−10LE

karampet
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E
GeneralizedInverse@A_D :=

Module@8lc, B, p, m, q, n, dt, ais, ss, k<,8p, m< = Dimensions@AD;
q = Max@Exponent@A, sDD;
n = H2∗p − 1L ∗q;

ais = CalculateDeterminant@AD;
k = CalculateK@aisD − 1;

If@k > 0,

lc = Table@CalculateBCoefficient@A, i − 1, p, q, ais, kD, 8i, n + 1<D;
ss = HTable@s^Ho − 1L, 8o, Dimensions@aisD@@1DD<DL.
ais@@All, 8Dimensions@aisD@@2DD − k<DD;

Chop@−CalculateInverseFourierTransform@lc, m, pDêss@@1DD, 10^H−10LD,
ss = Table@0, 8o, m<, 8i, p<DDD

MakePolynomial@ls_D :=

Module@8<,
Plus @@ MapIndexed@Function@8x, y<, x∗s^Hy@@1DD − 1LD, ls, 1DD

CalculateInverseFourierTransform@a_, p_Integer, m_IntegerD :=

Module@8quo, i, r, j<,
quo = Quotient@Times @@ Dimensions@aD, p∗ mD;
Table@MakePolynomial@RRound@Chop@InverseFourier@

Flatten@aD@@Table@Hr − 1L∗HmL + j + p ∗m ∗ Hi − 1L, 8i, quo<D êê FlattenDD,
FourierParameters −> 81, −1<D, 10^H−10LD, 10^H−5LDD, 8r, p<, 8j, m<DD

CalculateK@a_D :=

Module@8m, lst<,
m = Dimensions@aD@@2DD;
lst = Table@And @@ HLessThane@a@@All, 8i<DDD êê FlattenL, 8i, m<D;
−Min@Append@Position@lst, FalseD, m + 1D êê FlattenD + 1 + mD

LessThane@a_D :=

Module@8<,
If@Abs@aD <= 10^H−10L, True, FalseDD

SetAttributes@LessThane, ListableD
RRound@a_, b_: 10^H−10LD :=

Module@8ra<,
ra = Round@aD;
If@Abs@raD − Abs@aD < b, ra, aDD

SetAttributes@RRound, ListableD
CheckIfIsZero@a_D :=

Module@8q, i, b<,H∗ For simplicity we do not use Fourier Points but integers ∗L
q = Max@Exponent@A, sDD;
b = Table@a ê. s → i, 8i, q + 1<D;



And @@ Flatten@LessThane@bDDD
DrazinFourierPoints@ri_Integer, nj_IntegerD :=

Module@8M, lc<,
lc = Chop@N@Exp@H−2∗ ri∗ Pi∗IL êHnj + 1LDD, 10^H−10LDD

CalculateDrazinK@a_D :=

Module@8m, lst<,
m = Dimensions@aD@@2DD;
lst = Table@And @@ HLessThane@a@@All, 8i<DDD êê FlattenL, 8i, m<D;
−Min@Append@Position@lst, FalseD, m + 1D êê FlattenD + 1 + mD

CalculateDrazinBCoefficient@A_, i_Integer,

q_Integer, ais_, l_Integer, nj_Integer, k_: 0D :=

ModuleA8lc, o, j, AT, si, Asi, aissi, B, ss, no<,
si = DrazinFourierPoints@i, njD;
Asi = A ê. s → si;

ss = Table@Chop@N@si^Ho − 1LD, 10^H−10LD, 8o, Dimensions@aisD@@1DD<D;
aissi = Chop@ss.ais, 10^H−10LD;
no = Dimensions@aisD@@2DD;
B = ChopAMatrixPower@Asi, kD.ikjjjjjjMatrixPowerAikjjjjjjikjjjjjj‚j=1

l

 Haissi@@no − jDDL∗ MatrixPower@HAsiL, Hl − jLDy{zzzzzz +

MatrixPower@HAsiL, HlLDy{zzzzzz, k + 1Ey{zzzzzzEE
DrazinInverse@A_D :=

Module@8dt, t, m, lc, Bj, q, r, k, j, i, B, Bjf, ats, test, nj<,
m = Dimensions@AD@@1DD;
q = Max@Exponent@A, sDD;
If@m == Dimensions@AD@@2DD,
dt = CalculateDeterminant@A, Method → DrazinInverseD;
t = CalculateK@dtD − 1;

j = m;

nj = 2 ∗j∗q;

Bjf = Table@CalculateDrazinBCoefficient@A, i − 1, q, dt, j, njD, 8i, nj + 1<D;
Bj = CalculateInverseFourierTransform@Bjf, m, mD;
test = CheckIfIsZero@BjD;
While@test,
j = j − 1;

Bjf = Table@CalculateDrazinBCoefficient@A, i − 1, q, dt, j, njD, 8i, nj + 1<D;
Bj = CalculateInverseFourierTransform@Bjf, m, mD;
test = CheckIfIsZero@BjD;D;
r = j + 1;

k = r − t;

nj = 2 ∗Ht − 1L∗q∗ Hk + 1L + q∗ k;

B = Table@CalculateDrazinBCoefficient@A, i − 1, q, dt, t − 1, nj, kD, 8i, nj + 1<D;



B = CalculateInverseFourierTransform@B, m, mD;
ats = HTable@s^Ho − 1L, 8o, Dimensions@dtD@@1DD<DL.
dt@@All, 8Dimensions@dtD@@2DD − t<DD;

BêHH−ats@@1DDL^Hk + 1LL
,

Print@"Argument must be a square matrix"DDD




