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Introduction
Aims of Polmaft

@ freely available library for symbolic computation with
polynomial matrices

@ developed for MUPAD, which was an easily
accessible CAS

@ focused on algorithms useful in control and filter
design

@ provides

e algorithms for basic manipulations with polynomial
matrices

@ solvers for linear equations with polynomial matrices
@ solvers for polynomial spectral factorisation

e etc,

Petr Augusta POLMAT library now within Symbolic Math Toolbox for Matlab in stems computations



History of Poimat

2003 project was started

2004 Polmat website was found,
the first version of Poimat was infroduced

2005 Polmat presented at IFAC World Congress
MuPAD ends providing academic licence

2008 MUPAD becomes part of
Symbolic math foolbox for Matlab 2008b

Petr Augusta
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Introduction

Polmat in multidimensional systems theory

We show
@ manipulation with multivariate two-sided polynomials
@ stability analysis of a spatially distributed system

@ computation of the greatest common divisor of
two-sided polynomials

@ solving linear equations with multivariate polynomials
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Basic properties

Bassic properties of n-D polynomial

a:=s"2+(c/M)*s+(k/M)*(1-1/2/z-1/2%z)

z

1
2 ¢s k(z+2z-1)

S*MT M

polmat::ldeg(a, s), polmat::tdeg(a, z),
polmat::ldeg(a, z)

2,-1,1

polmat::tcoeff(a, s)
2
kz -2kz+k
- 2Mz

polmat::coeff(polmat::coeff(a, s, 0), z, 0)
k
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Stability analysis
Stability analysis

A long seismic cable

b(s,z2) 1/M

als,z) 2+ (¢c/M)s+ (k/M)[1—-0.5z71 —0.57
s—temporal variable, z - spatial variable

k=8, c=10and M= 40

P(s,z) =
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Stability analysis
Stability analysis

A long seismic cable

P(S Z) _ b(S, ) _ 1/M

als,2) 82+ (c/Mys+ (k/M)[1—0.5z"1 - 0.5
s—temporal variable, z - spatial variable
k=8, c=10and M= 40

a:=s"2+(c/M)*s+(k/M)*(1-1/2/z-1/2%z)

NI

1
2 s k(+32z-1)

S+M M

Q

a:=subs(a, [k=8, c=10, M=40])

s z 21 1
4°10%% "10z7%5
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Stability analysis

Stability analysis

based on Hermite-Fujiwara matrix

als,2) = +1s— H(z+z 1) +1

Stability condition
als,z) #0, {Res>0}n{|z2 =1} J
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Stability analysis

Stability analysis

based on Hermite-Fujiwara matrix

als,2) = +1s— H(z+z 1) +1

Stability condition
als,z) #0, {Res>0}n{|z2 =1}

Test based on Hermite-Fujiwara
matrix Hq(2): system is stable iff
Ha(z) = 0forall |z =1
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Stability analysis

Stability analysis

based on Hermite-Fujiwara matrix

_ 2 1 1 1 1
0(572)_3 +ZS_E(Z+Z_ )+5 polmat::hermFuji(a, s)
2 2-4 2
Stability condition (—7892 0)
1
0o 7

a(s,z) #0, {Res>0}n{|z =1} )

subs(%, z=1)

Test based on Hermite-Fujiwara (1)
matrix Hq(2): system is stable iff “‘
Ha(z) = 0forall |z =1
< linalg::isPosDef (%)
FALSE

Ha(1) % 0 = system is not stable
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Stability analysis

Stability analysis

based on root map

p:=subs(solve(a, s), z=exp(I*o))

%(32+32902j759e01) ii(32*329021’5950[)

e e
80
2

80
2

1
-5

o |=

pl:=plot::Curve2d([Re(p[1]), Im(p[1])], o0=0..2*PI,
Color = RGB::Green, LineWidth = 1,
Legend="Root map"):

p2:=plot::Curve2d([Re(p[2]), Im(p[2])], 0=0..2*PI,
Color = RGB::Blue, LineWidth = 1,
Legend="Root map"):

p3:=plot::Curve2d([0, o], o=-1..1,
Color = RGB::Red, LineWidth = 1,
Legend = "Stability margin"):
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Stability analysis

Stability analysis

based on root map

plot(pl, p2, p3, AxesTitles = ["Re", "Im"])

0.5

| | 0.0
t t
-0.24 -0.22 -0.20 -0.18 -0.16 -0.14 -0.12 -0.10 -0.08 -0.06 -0.04 -0.02

Re

-0.5

@ Root map
& Root map
@ Stability margin
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The greatest common divisor

The greatest common divisor

two-sided polynomials
a b J
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The greatest common divisor
The greatest common divisor

two-sided polynomials pa+qgb = g
a, b J ra+sb = 0
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The greatest common divisor

The greatest common divisor

two-sided polynomials pa+qgb =
a b J ra+sb =

< Q
—

a=(Z2+z?)(z+2+2Y), b=z+2+27"
a:=(z+2+1/z)*(272+1/2"2)

C%+;)Q+%+ﬁ

z

b:=(z+2+1/2z)

1
z+7 +2

[g, p, q, r, sl:=polmat::gcd(a, b, z, all)
1 1 2
z++2,0,1,1, -—2-2

z z
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Linear equations

Linear equations

Linear equation ax+ by = c
given: a(z1,2,...2n), b(21,2s,...2n). C(21, 22, ... Zpn)
unknowns: X(zi, 2, . ..2n). Y(Z1,22, . . . Zn)
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Linear equations

Linear equations

Linear equation ax+ by = c
given: a(z1,2,...2n), b(21,2s,...2n). C(21, 22, ... Zpn)
unknowns: X(zi, 2, . ..2n). Y(Z1,22, . . . Zn)

a,b,c,x,ye R[Zl,...,Z/_I,Z/+1,...,Zn][Z/] J
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Linear equations

Linear equations

Linear equation ax+by=c
given: a(z1,2,...2n), b(21,2s,...2n). C(21, 22, ... Zpn)
unknowns: X(zi, 2, . ..2n). Y(Z1,22, . . . Zn)

a,b,c,x,ye 7—\),[21,...,Z/_I,Z/+1,...,Zn][Z/] J

a=14+z212+2z, b=212z, C=z12+22

a,b, c € R[zi, 2] (23]
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Linear equations

Linear equations

a:=1+z[1]1*z[2]+z[3]

Z1z2+23+1

b:=z[1]*z[2]*z[3]

212223

c:=z[1]*z[2]+z[1]"2*z[2]"2

2 2
Z1 22 +2122

[x,y]:=polmat::axbyc(a,b,c,z[3]):

[x,y]l:=subs([x,y], t=0)
[poly(21 22, [23]), poly(-1, [23])]

simplify(expr(a*(x+b*w)+b*(y-a*w)-c))
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Conclusions
Conclusions

We demonstrated use of Polmat library for manipulating
n-D systems described as fractions of n-D polynomials J
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Conclusions

We demonstrated use of Polmat library for manipulating
n-D systems described as fractions of n-D polynomials

Polmat

@ based on symbolic computation

@ implemented in MUPAD (now part of Matlab)
o freely available on the web

@ open to modifications by all users
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Conclusions

We demonstrated use of Polmat library for manipulating
n-D systems described as fractions of n-D polynomials

Polmat

@ based on symbolic computation

@ implemented in MUPAD (now part of Matlab)
o freely available on the web

@ open to modifications by all users

http://polmat.wz.cz |
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