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Comp. Bio. & Med.

anticipation of gene patterns based on

robotic

PCR amplification
purification

Lesl reference

~
g g, N
I adade

reverse
transcription

label with
Huor dyes

hybridize target
Lo microanay

excitati on
laser 1 laser 2

. Y
g

l.‘l'il'l'lpll[ﬂ
analvsis

M.U. Akhmet, H. Oktem

S.W. Pickl, E. Quek Ming Poh
T. Ergeng, B. KarasOzen

J. Gebert, N. Radde, W.

O. Ueur, R.Winschiers

M. Taetan, F.B. Yemaz
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Gene Patterns Modeling & Prediction

time-contin.

E =M(E)E c0-E

time-discr. Ex.:

E..= M E
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Gene Patterns Model. & Pred.

For which parameters, i.e., for which set M (or: dynamics),
IS guaranteed ?

pef. M s U $ B: (compl.) bounded neighbourhood of O,,
"mioe, M,M,,...,M_,T M:

M_,M_,..M,)BI B.
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Analysis with Polytopes

Theorem (Brayton, Tong 1979):

Given a set M: ={ MO,...,Mm_l} of M distinct complex matrices.

Then,

¥
M is 0 B =UB, is

k=0

Here, B, isa bounded neighbourhood of O,
and for k >0

B ¥
Bk .= Héu Mlk' Bk—l

=0

QI I-Or

where
kG=(k-1) mod m, H: convex hull.
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Extremal Points

The “discrete” power of the algorithm is based on using
B, and focussing on the

of the sets Bk .

Theorem 1: If Z is an extremal point of B, , then there

exist jT IN, and an extremal point U of By.1, such that

Z = M, u
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Construction Principle

ME L
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Stopping Criterion

Theorem 2 :
Let z=M),u (as above, il {1,2,....r}).
Then,

H{z,.,z}=B, U Mzl H{z,..,z} " i=12,.,r.

ME, ot ME
-~ !
\
E| il .".1
M*E,

@ IAM. METU Ankara
N CUBIC, Uni Cologne




Construction Principle

"stopping” (at stepk,),
4

B.=B, (kk) P | B :_l_JOB, bounded,

of matrices/dynamics

B" unbounded

B CI8 =0 b
o & T8 nstability

Gebert, Laetsch, Pickl, W., Winschiers 2005

Ergeng, W. 2004
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Numerical Example

EX. (Pickl 1999) .

® 16
M = {My,M} °:§ =, Mlng +
b Oy Oy
O: region of
T instability

8
Parameter a
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Gene Network

E=ME h-=1

EX. :

ggEl(to) E,(t) Eslt) Eu(t)o @55 250 0 255 ¢

(}El(tl) E,(t) Es(t) E4(t1)f: (;255 200 S0 0 =+

Ei(t,) E,(t,) E(t) E(t,)I %255 180 70 255

E.(t) E,(t) Es(ty) Eu)g &255 170 80 0
. 20 0 0 05
04 -061 0 0-:
7 2 M = -
é 0O 02 -039 0°
0 1 -
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Gene Network

genez

genes
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Comp. Bio. & Med.

F.B.Yilmaz 2004 .
E = F(E)
EX.: E fiil Es)
=1
E. : exper. data
E’k . approx. increase/decrease

=2
jlilbj 1:“'_;,1: Z || F m”

E.i'l'“lll.:l:“?ﬂ'.i'l

1]

On /i

E a5 ( Bl + big(Ey) + c54).

=1

gene, - +2}{| gene., Ex+ 2 gene.
— @ — @
g At 3
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Inference of Gene Regulatory Networks

disintegration disintegration

T T

genes — mMRNA —— proteins —

| L] [

external .
protein complexes
factors ‘

cellular
processes

nonlinear
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Proposed Model Class

piecewise linear:

E(k+1) = M, E(K) +b,

(k)
s(k) = FzQ(E(k - 1))
ey 11 i ER)>W
Q( ())_}0 ol

Akhmet, Gebert, Pickl, Oktem, W. 2004

Gebert, Radde, W. 2004

E(t) = |\/Is(t) E(t) t bs(t)
s(t) = F(Q(E(), E(t- a,).- E(t-q,)))

Q(ELE%,...E"M1 {01... ¢}
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Dynamics and Variation

population dynamics with delay  and impulse

M.U. Akhmet , V. Tkachenko
H. Oktem, S.W. Pickl, W., etal.

E(t)= f(t E®),E(t+t]))

anticipation

gene dyn. & variation
I. Togan i ' A. Kence
C. Berkman S [ and _ et al.
et al. g ;_.:}<’J r |
oo \""
(—
time
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... Tomography

Discrete ...

VLSI chip design

medicial imaging

inverse problems

Brain / Heart ...

O. Yaear, O. Ozgir, W.

C. Diner, A. Doean
F. Ozbudak, A. Tiefenbach

M. Eyiboelu, N. Genger
Y. Serinae o¢lu, A. Kurt
S. Sarkaya, W.

E ME
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Metabolic Engineering

sports (and general) medicine

object oriented

modules

training program

math. modeling

parameter estimation

A. Schulte Thomas

S. Ozde ur

2005

2004
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Generalized Semi-Infinite Opt.

Posz(f b, g,u,v)

CZ

7

Minimize f(z) on Mgsz|h,g|, where
Mgszlh,g] = {z € R"[ hi(z) =0 (1 € I),

9(z,y) 20 (ye Y(z)) }

Y(z) = Mz[u(z,-),v(z,)]

= {y € R"| up(z,y)=0 (k€ K), ve(z,y) >0 (£ € L)}

I, K, L finite

W. 2003
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Reverse Chebychev Approx.

Ex.: approx. of a thermo-couple characteristic

Hoffmann, Reinhard
thermo-couple f(y): spline of polynomials with deg. 3— 13, on [a,b]

to be approx. by ¥z, y) = EZ_IB Tip1y"

bounds on error  §(z,, y) := (z.,y) — fly)

o +4 PP o= m———— S S Bernhard
? mv SU(T) & 5T =+0,1 K *-
£
=
s 0
=
£ BU(T}
2.2
=
< / sum=oT= RN
P [ T I S, W A o
500 600 700 8OO 900 1000 1100 1200 °C 1400
Temperatur T —
Pl =y _—>

some interpol.
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Reverse Chebychev Approx.

Ex.: approx. of a thermo-couple characteristic

thermo-couple f(y): spline of polynomials with deg. 3— 13, on [a,b]

to be approx. by ¥z, y) = EZ_IB Tip1y"

bounds on error  §(z,, y) := (z.,y) — fly)
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Reverse Chebychev Approx.

Ex.: approx. of a thermo-couple characteristic

thermo-couple f(y): spline of polynomials with deg. 3— 13, on [a,b]

to be approx. by ¥z, y) = EZ_IB Tip1y"

bounds on error  §(z,, y) := (z.,y) — fly)

Figuire 10,30 - 26 Kpe
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Time-Optimal Control

EX.:

ptm

time-minimal cooling

Min |(T,u) := T such that

there is a bounded function & : [0, ] x [0,00) — I, where

(or heating)

#1(0, R] x (0, oc) is partially differentiable,
u = #(R,-)|[0,7T] is continuous, and

0i(r,t) = ald(r,t) = L2(r20,(r, 1)) ((r,t) € (0, R)(0,00)),

0(r,0) =0, (r<[0,H]),

(R, T)=0g,

r=90

7

lou(R, 1) < % (€0, T]).

of

Min,,, ||JE‘?]_(R,')||OO,T:

where uy € C([0,T], R) fulfills

ur(T) = O
"T>0 9 dap
2
pgSI
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Anticipation

EX.'s.: : thermo-regulation

control of earth warming

Pickl, W. q(r,x,t)
local-global
maximization of time-horizon longest term approximation / description
anticipation

/0\ | IAM, METU Ankara
N/ -|—‘— CUBIC, Uni Cologne




TEM Model

E:(f + 1:] —

E;(t) + Z em;j M;(t)

=1

[Ei(t) + @i AE;(#)]+u;(t)
u;(t) control parameter
) P
A L
E -1 SQL
g-” gnu

emissions reduced

financial means

S.W. Pickl

Z. Alparslan

B. K., W.

Q L
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EU project application

“Joint International Emissions Trading,
Analysis,

Forecast,

and Optimal Strategies

in

Sustainable

Low Carbon Energy Management”

U. Leopold-W.,

Risk Management H. Kérezlioslu et al.

L
Mmu‘_,_ Temy |2
—_— . .__
I I-:."l: '.’-:‘.' '.':."
1l ';L- o .:r'
* RO kl
wesdi| (| = o |
@ @
S
3 = 4 -

B. K., SW.P.,, M. Turkay, W.
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Sustainable Living

Balaban Valley

products
(milk, meat)

fertilizer

heat or
electrical biogas reactor waste
energy

heat
(dunk)

} enlarged

I
I
F——»  basisfor |
I
I

| marketability

3 v

cost savings and increased
expendable income and
savings

high density energy
(tractor fuel, electricity)

expenditure on energy consumption

D. DeTombe, A., I, H. Gokmen
S. Kayaleil, M., Y. Ecevit
T.Bali, W. etal

learning

modeling

optimization

data mining

' o= IAM, METU Ankara
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Conclusions and Perspectives
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Conclusions and Perspectives
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