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Problem 1  (12 points)
(a) Calculate the steady-state probabilities for the two states characterized by the 2x2 Markov transition matrix

M=.  (b) What is the time constant for the decay to the steady state?  To solve this problem, you will need to calculate the eigenvalues and eigenvectors of M. 

a)


Thus the steady-state probability is (0.5, 0.5). 

b)



[bookmark: _GoBack]The time constant for the decay to steady state is 


Problem 2  (12 points)
Determine (a) the 9x9 transition probability matrix for the nine microscates 1-9, and (b) the 3x3 transition probability matrix for the 3 macrostates A, B, and C. 

[image: Description: 1.png                                                          00073EBDMacintosh HD                   C05C5288:]


a)



b)






Problem 3 (14 points)
(a) Name two of the seven residues with positive hydrophobicity values on the Kyte-Dolittle hydrophobicity scale.  (b) Why are single intrinsically disordered proteins unstructured under physiological conditions? 

a) Ala; Met; Cys; Phe; Leu; Val; Ile
b) Intrinsically disordered proteins are significantly depleted in bulky hydrophobic and aromatic amino acid residues, which form and stabilize the hydrophobic cores of folded proteins. (enriched in polar and structure-breadking residues)

Problem 4 (15 points)
What is the difference between a deterministic and stochastic model? Which term applies to Ordinary Differential Equation (ODE) models? 

No randomness is involved in a deterministic model. Given model structure, parameter values, and initial conditions, there is no variation in output. In stochastic models, the next state of is not fully determined by the previous state – probability is involved.
ODE is deterministic. 

Problem 5 (15 points)
What is inverse modeling? Give an example of a biological system/question that could be addressed with an inverse modeling approach.

Inverse modeling uses a simple model along with parameter estimation techniques to quantify physical or physiological parameters of interest.

Problem 6 (10 points)
What does it mean for a model parameter to be identifiable?

Identifiable parameters are those which effect the value of the data and can be estimated with some degree of certainty.

Problem 7 (10 points)
In the context of mathematical modeling, what is an F test used for?

The F test can be used to determine whether a parameter (or variable) should be added or deleted from a model. For example, it is used as part of a forward selection or backward elimination strategy.

Problem 8 (12 points)
Assume that B and M are two different cell types (e.g., Naïve B cells (B) and memory B cells (M)). Write a brief biologically-oriented description of the potential meaning for each parameter in the model below (s,p,c,t):





s:	production rate (source) for naïve B cells (B)
p:	proliferation rate for naïve B cells (B)
c:	death rate of BOTH types of B cells (B and M)
t:	rate that naïve B cells (B) differentiate into Memory B cells (M)
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Figure 1. Representation of the Markov transition matrix for the
example problem described in the text. Only “off-diagonal” values of
the matrix are explicitly shown. The diagonal elements can be deduced
from the fact that the sum of all transition probabilities out of any state
is unity. The nine microstates of the nine-state system are indicated by
numbers. Three macrostates, indicated by letters, are formed by lumping
groups of three microstates together, as shown.





image6.emf
0.99 0.005 O 0 0 0 0 0 0

0.01 099 0.01 0 0 0 0 0 0
0 0.005 0986 0.004 0 0 0 0 0
0 0 0.004 0976 0.01 0 0 0
0 0 0 0.02 0.98 0.02 0 0 0
0 0 0 0.01 0976 0.004 0 0
0 0 0 0 0 0.004 0946 0.025 0
0 0 0 0 0 0 0.05 095 0.05
0 0 0 0 0 0 0 0025 095










T

ij

=

0.99 0.005 0 0 0 0 0 0 0

0.01 0.99 0.01 0 0 0 0 0 0

0 0.005 0.986 0.004 0 0 0 0 0

0 0 0.004 0.976 0.01 0 0 0 0

0 0 0 0.02 0.98 0.02 0 0 0

0 0 0 0 0.01 0.976 0.004 0 0

0 0 0 0 0 0.004 0.946 0.025 0

0 0 0 0 0 0 0.05 0.95 0.05

0 0 0 0 0 0 0 0.025 0.95

æ

è

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ç

ö

ø

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷

÷


oleObject5.bin

image7.emf
2.996/3 0.004/3 0
I.=| 0.004/3 2.992/3 0.004/3
0 0.004/3 2.996/3









T

ij

=

2.996/3 0.004/3 0

0.004/3 2.992/3 0.004/3

0 0.004/3 2.996/3

æ

è

ç

ç

ç

ö

ø

÷

÷

÷


oleObject6.bin

image8.wmf
dB

spBcBtB

dt

dM

tBcM

dt

=+--

=-


oleObject7.bin

image1.emf
|

07 03
03 0.7

|









0.7 0.3

0.3 0.7

é

ë

ê

ù

û

ú


oleObject1.bin

image2.emf
0.7 0.3
(ﬂl’%){ 0.3 0.7 }:(nl’ﬂz

w+r =1









(

p

1

,

p

2

)

0.7 0.3

0.3 0.7

é

ë

ê

ù

û

ú

=

(

p

1

,

p

2

)

p

1

+p

2

=

1


oleObject2.bin

image3.emf
03 07-1
AP=144+04=0

I AVES
{/1:0.4

det[ 07-4 03 }:0









det

0.7

-l

0.3

0.3 0.7

-l

é

ë

ê

ù

û

ú

=

0

l

2

-

1.4

l+

0.4

=

0

Þ

l=

1

l=

0.4

ì

í

ï

î

ï


