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Abstract

A PIE Representation of coupled ODE-PDE systems

Index Terms

PDE Systems

I. PROBLEM FORMULATION

In this note, we focus on translating the most general form of a time-delay system to the differential-difference

formulation and from hence to the ODE-PDE formulation and from hance to the PIE formulation.

II. GENERAL REPRESENTATION OF ODES COUPLED WITH PDES
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and where A, is the dirac operator at point a.

D11 D12 Cl ClO Cal(S) Cbl(S) Ccl(s)

P= Dy1 Dy Cy Oy QI(S): Ca2(3) Ob?(s) CCQ(S)

Biin Biz A E Eu(s) Eu(s) Ec(s)
Q:(5) = [Bar(s) Buo(s) Els) Ern(s)], Ro(s)=[Ao(s) Ails) As(s)], Ra(s,6)=0, Ra(s,0)=0

A. Boundary Condition

w(t) w(t)
u(t) u(t
BA1x(t,s) = |:Bw B, Buo Ba::r:| =B, (t)
(t) x(t)
w u ro ’BTJ‘
BC:P[[B B@y Bao] {0}} x(t, s) x¢(t, s)
III. DE-STATE
Xo(s) Xo(s)
x(t,8) = [x1(s)| = xl(a)—i—fasxls(ﬁ)dG
x2(s) x2(a) + (s — a)xas(a) + [ (s — a)xass(0)db
0, 0 0, 0 O Aa 0
I 0 o0 0 0 0o o 0
=P @,{{[o 0 o},[o I 0 },0}} Xf(t’s)+’P {1 0 0 }{w} 0 0 Aa X(t’s)
o o of |lo 0o (s—0) 0 I (s—a)l 0 0 AD
aUs
0 A, 0
0, 0
=P 0o o 0 I 0 o0 0 0 0 0 Aa X(t’s)
- I 0 0 {{lo o of.|lo I 0 ,0}
0 I (s—a)l o o of |lo 0o (s—0) 0 0 Ag s
Xf(tvs)
Now
0 A, 0
0 A, 0
o, 0 o, 0
A,POOO I o of |o o o0 _OOAG,POOO I o o |0 o
1 I 0 0 ,q{lo o of.,|o 1 o |.oyp| T I 0 0 {lo o of.,lo 1
0 I (s—a)l o 0o of |o 0o (s—0) 0 0 Ay 0 I (s—a)l o o o |o o
0 0 AL
0 0 Ay0s
T Q(s)
I 0 0 0o 0 0
I 0 0 0o I 0
— o 1 0 0o o 0 _ T, Q(s)
=P 0 I (b—a)| |0 0 (b—s) _P[Q, {w}:|
0o o I 0o o 0
0o o I 0o o I
0, {0}

July 6, 2020

DRAFT



where we used
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In conclusion, we have
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For reference:
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D. In Conclusion
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