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stochastic process -> finite Markov chain with transition matrix P
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efficiency = non-reversibility of P
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PX = XA
Yy = XA

X orthogonal matrix with regard to the
stationary distribution (separability =
orthogonality of A)
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PX = XA

diagonal matrix??

X orthogonal matrix with regard to the
stationary distribution
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»~ochur = Eigen” for reversible matrices
Schur is well-conditioned
Schur always exists

Z> Schur is not unique

Schur values of P become Schur values of P
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Non-reversibility n = ||[DP¢ — (DP;)"||g,, of Pcisa
consequence of the non-diagonality of the Schur matrix
and the ,separability / orthogonality“ of the clusters.

Djurdjevac-Conrad, Schitte, Weber, 2016 +
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SDE Hindemarsh-Rose (neuronal excitation)
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Preparation of the invariant space:

Pd=diag (sgrt (sd)) *P*diag(l./sqgrt (sd));
[Q, R]=schur (Pd);

[Q, R]=SRSchur(Q, R);
X=diag (l./sqgrt(sd)) *Q;

X orthogonal with regard to the stationary distribution
SRSchur sorts the eigenvalues

function [val,pos] = select (r)

%[val pos] = min(abs(l-r)); %Metastability

[val, pos]=max (abs(r)); %SPermutation Matrices

s [val, pos]=max (abs(r-(real(r)<0).*real(r))); % LOG

Brandts, 2001
Fackeldey, Weber, 2016
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Find clustering ({0,1}-entries of membership vectors) such that
transitions are as non-reversible as possible between the clusters and
coherent within the clusters.

Beckenbach, Eifler, Fackeldey, Gleixner, Grever, Weber, Witzig, 2016 (subm.)
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SCIP is available in source-code (http://scip.zib.de) and free for
academic purposes to solve the MIP:
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Generalized PCCA

. L S Repressilator
* *
L, € .
" * * * '
* *
£ * + s . A 4 P lac01
* * #*
* * % s ¥t
* e %, * e * " .
* * ® L N ® o * o ? i
P T S # e e B N tetR-lite
* *® " £ *;pf { # "y L3 fﬁt PR * M *
® % * ® . ¥
& * 4 ***t*i**&i i**?* '}’e*‘ wt TP " * o,
. R e T F e & F o i
= . ot . " B
L " o+ +x, e gt x EE gt #e L T *
*'E *: * ;**“'ﬁe o * &g* £, o i " *
R AP S Hf‘gu*gg&%#*;w‘* L pSC101 AP
* 4 # * % ' Py R
R [.E a’ei%&;;* B L T . S A origin
-
L #E * o @5**’; #i‘ *;"**“ % ‘:*** B
B e i B LI TV R L A
* e . P ERCIE S )
* P wE 4 # * ®
4 " P L S, = §s e e ® * 3 * ®
. ® LEE e Rl TR *** * "*@ ¥ g w5 ey LJ Lt s lacl-lite
. e Te L J’:;‘*{**~s *5 :;t* ot v ,i¥*ae~€ L
™ " * ® gk P g o= ng'f*:”& LA * *
+ . % . >
+ . « A cllite
*
P tet01

Reinmiedl, 2016

Beckenbach, Eifler, Fackeldey, Gleixner, Grever, Weber,
Witzig, 2016 (subm.)




"

Repressilator Reporter

P lacO1

P tet01
kan®

pSC101 gfp-aav

origin

ColE1

A cllite S

P tet01 Generalized PCCA
(¢=0.005)

Reinmiedl, 2016
Beckenbach, Eifler, Fackeldey, Gleixner, Grever, Weber,
Witzig, 2016 (subm.)



"

Repressilator Reporter

P tet01
kan®

gfp-aav

pSC101
origin

TetR v
\/ '\ o \P.
A cl— Lacl

ColE1

MIP formulation
(£=0.046)
Reinmiedl, 2016
Beckenbach, Eifler, Fackeldey, Gleixner, Grever, Weber,
Witzig, 2016 (subm.)



"

Information ,,to go*“

2 1
@’® .

v

efficiency = non-reversibility

:j lag = 0,2 :j lag=0,3 :j lag=0,4
bt e ni‘p%«j .
— _ . i 1|2
i>j
ot lag=05 05 lag=0,6 05 lag=0,7

v

A 4

v




