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Complex systems description
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Complex systems description

Complex input output system witl elementary subsystents,, O,, ...,0,, .

Ym = Fm(Um)
Characteristic of then-th subsysteminput u,, and outputy,,, Fnis aknown function.
euy o ey o
ey ey
u =" Yy iR y=¢"Uy R m=1, 2., ¢
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g gy

where S, andL,, are dimensions of the input and output spaces
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Complex systems description

Letu, y, denote vectors of all inputsid outputs in the complex plant:

ae eu s &yWe eyo  exle
€ (nUu.é U e U e u € (u
p=@ulehy e uleven, e
e4u é40 equ équ €gu
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M
where vector of all complex systénputs ul U =U,3U,333U, I R>S=3S,,
m=1
) - N
vector of all complex systesutputs ~ yi Y =Y, 3Y,333Y,I R L=3L,,
m=1

andxis S dimensional external input vectord X 1 U T R S.
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Complex systems description

The structure of the system is given by the relation:

u=Ay+ BxX,

where Ais S3 L andBis S3 S zeroi one matrix.
The matrixA defines the connections between system elements

) el it u® =yl
A_[a3|] s=1,2,2 ,S! aSI _I,O I.I: u(S)b y(|) '

1=1,2,2 L |
and matrixB shows the external inputs, i.e.:
61 if u®=x6

B:[bs'«;]

=122 .51 MNs
$=1,2.2 .S | 5
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Complex systems description

&g
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External complex system outputsv = &a0

o/}

L dimensional vectov, distinguisledall outputs defined b)[3 L matrix C,
v=Cy,

where

Bl jf Jﬂzym

r=122.0' O _}O if V(l), y(l)'

1=1,2,2 ,L

C= [Cn]

The external outputweor: vi V. ={v:" yi Y, v=Cy}1 R".
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Complex systems description

u=Ay+ Bx
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Complex systems description

éj)ﬁ? é,Fl(Ul)?
é U é Uy
eY2(_¢é F,(u,) U=F(u).
c4ue 4 U
e u e u
eyma  &hw (Uy)g

Let us denotd by: y =

y=F (Ay+ Bx).
By solving this with respecto y we obtain y=F *(x; A B)

v=CF '(x AB)=F(xX).
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ldentification of complex systems with
restricted measurement possibilities

Let us consider complex system with elementsQ,, O,,...,Q,,. The structure of the compl
system is given by matricédsandB. Static characteristics are known with accuracy to parameter:

)Gﬂ ::Fin(Lhn’Qﬂn)
u.,, and y_ are inputand aitput ofmi th elements,F is a known functiong_ is R, i dimensional
vectorof unknown parameters:

—

1)
)

q,
q

~ 3

g, = [ O, 1 R

NS
cooon

(D~ D~ (D~ (D~ (D

A (Rm)

m " 0
Only external inputg and outputy shown by matrix C are measured.
Now a new question appears: Is it possible to uniquely determinecplaracteristic parasters base
on restricted output measurements?

HUMAN CAPITAL [ oy
i HUMAN - BEST INVESTMENT! w Wroclaw University of Technology e
Project co-financed from the EU E 5 | F

-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology e

at Wroctaw University of Technology

(1) (2)
(1) (1) Yi U; (2) (1)
X U, q Ol _: 03 Y3 V >
yl(2) u gZ) v N
u yi
x(2) O v
g — >
U; Y

Exampleof complexsystem

HUMAN CAPITAL @ oo
i HUMA - BEST INVESTMENT! Wroclaw University of Technology o daiacd
Project co-financed from the EU European Social Fund



r Master programmes in English
Wroctaw University of Technology : . =

at Wroctaw University of Technology

ldentification of complex systems with
restricted measurement possibilities

The following examples show the problem.

<

X U Yi=U;, Y,
— T Ol > 02 >

Cascadestructure otwo elements

For the above case tegstem descriptiohas the form:
eulz el Oﬂeylﬂ elz eX g
8) 1ueYz3 8)u _SyZH
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ldentification of complex systems with
restricted measurement possibilities

Example 1Let static characterissof the firstand seconeélementare:
Yi=Ult, Yo =goU,.
The system as a new element trasform: v=g, x% =% "% where g = [ql qz]

is a vector of unknown parameters of complex system characteristic.
For external inputs¢, >0, X, >0, X, , X, outputsv; andv, were measured =2).

g qu 2 eech X +Ing, o
Now the system descriptidras the form Qvlu 372 u= U,

&0 &% | ?@qlxzﬂnqzl]
e Inv, - Inv,
eq 2_¢ Inx-hx
gn %H adnviinx, - Inv,In X
€ hx-hx

and identification algorithm

e o e C'C'Q
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ldentification of complex systems with
restricted measurement possibilities

Example 2Now let us assume, that both elements are linear, ones

Yi=q U Yo =4qU,.
The description ofhe system as a new eleméas the form:

V=04, X
= [ql qz] is a vector of unknown parameters
For external inputsx; , X, outputsv; andv, were measuredN = 2).

eV, @ X, @
Now the systendescripton has the form evlu gql 2 1u

el @hdr X

Y
It is possible to determine ¢, 9, =—*,n=1, 2..
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Deterministic separability

ey €& F(u.,q) o
e u e U g
&2 U—é F,(Uy,4,) U =F(u,0)
4u & 4 |
e u e

é¥mu &Fw (Uy.aw)a
where @ is a vector of all parameteo$ particular elements i.e.:

y:

| e e

257(2) gdféqz u- SR M
g=5" =S4 491 0=0°0,°33Qy1 R",R=g R,.
€40 €au o
e (R)l\J é @
&7 'y éwvi
Thecharacteristic of the system as a whalth external inputx outputsv is:

df

v=CF !(x,g;AB) =F(x,9q) .
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Deterministic separability

Example 3.Descriptionof them1 th element has the form:
Yo =X U, Mm=12,2 M ,where: X, is L3 S, marices of parameters i.e.:

m-m?

Xm — |_qr(r|1$)]

1=1,2,2 L, *
s=1,2,2 .S,

Now, the relations:

ey, @ €X1 O 3 @) geu, g é,X1 O 3 O g
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Deterministic separability

y=Xu=X(Ay+Bx)Y y=(I - XA)'Bx.
Taking into account system structure and measurement possilbiigieescriptiorof the
whole systenhas the form:

v=C(l - X AJ'XBXx,

under condition tha(l - XA) IS nonsingular matw. Noticethat complexsystem compost
by linear elements gives linear system

where;
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Deterministic separability

Definition 2 The complex system with a given structure and characteristics of each
element known with accuracy to parameters is called separable, if the element def

by measurement possibilities is identifiable.
Using Definition of the identifiablywe can conclude, that complex systsmseparable
if there exists such a sequence

An=1 % 3 XN]’
which together with corresponding results of output measurements
W= v, 3 VN]’
uniquely determingplant characteristiparameters. In the other words, the complex

system is separable if there exists such an identification seg¥igeneich together
with output measurementg, gives systemfoequations

v,=F(x,,q), n=1,22 ,N,
for which thereexists the uniqusolution with respect tqy .
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Deterministic separability

Let us notice that parametegsin the characteristic, for the newly defined element
are transformedlhe characteristic can be rewritten in the form:

. df _
v=CF Y(x,g;AB)=F(x,9)=F(x,q9),
and finally: v=F(x,q),
where vector bplant parameters? in thenewly definedplant is given by the relatior
_df
q=Glg),

where G is a kmown function such that:

G:0- 0.0={g:" gl 0.q=6(g)i R®.
R is dimension of the new plant characteristic &hds a known function, such that:
F:X3Q- V .
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Deterministic separability

The form of functionskF and G depends on the dawption of particular elements
system structurand measurement possibiliti€oming back to the examples,
the characteristics for Example 1 has the form:

V=g, X" =gh xting, — e£7-1X+£7-2 ’

eqlﬂ e ql

where q =& U

o 4
é]z n qZU
and characteristic for Example 2
V=04, X=4gx,
where q =q,q,.
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Deterministic separability

Theorem 1The complex systens separable if the elemeistidentifiable and functionz is an oni
to one mapping.

Proof: V, :E(xn,g), n=1,22,N,

which have the unique solution with respB:o:tL; . The system of equatiomsay be rewritten
in the form:

V = IE(X,\| ,q).
and solutiorwith respecto g gives identification algorithm
~ = df
qg=F 1(XN’VN) = YN(XN1VN)’
g=:6g),

where G ! is an inverse function o6 Finally, we obtain identificatioralgorithn
qg=G 1(YN (Xn Y )): Yo(Xy: V).
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Probabillistic separabillity

G, 49,

@) f.(a)
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Probabillistic separabillity

utilizationof [% E]} E]
information
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