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Overview of first-passage phenomena

Telomere dynamics & immortality transition
pberhaps of dubious significance but not wrong

How long is a hospitalization?
a tentative attempt to describe failure



First-Passage Probability in 1d

A Guide to First-Passage Processes, SR (Cambridge, 2001 )

When does a random walk first hit the origin?
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When does a random walk first hit the origin?
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First-Passage Probability in 1d

oc L0 2
(ZO’ ) Ox | z=0 A4 Dt c
- B hitting is
1. /O F(xg,t)dt =1 certalgn
three o ;
‘ _ _ infinite
Eacsgsc. 2. {t) = /O t F(zo,t)dt = oo it

t
3. S(t) = 1—/ F(xo,t") dt’
0

- ( 70 ) @ slowly decayin
— er ] V4Dt survival probability




First Passage in the Interval

0 X

* Survival probability?

* Splitting probability to 0 & L?

* First-passage probability to 0 & L?
* Exit time!

e Conditional exit time to 0 & L?
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First Passage in the Interval

Splitting probability to 0 & L

by time-integrated or backward Kolmogorov equation
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First Passage in the Interval

Splitting probability to 0 & L

by time-integrated or backward Kolmogorov equation
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First Passage in the Interval

Splitting probability to 0 & L

by time-integrated or backward Kolmogorov equation
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First Passage in the Interval

Average unconditional exit time
by time-integrated or backward Kolmogorov equation
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First Passage in the Interval

Average unconditional exit time  t(x)




First-Passage in Spherical Geometry
What is the eventual hitting probability £(r)?

Solve:
V2E(r
ﬁk®\ { — 1, g( )

a
(A

E(r) =



Cell Senescence StatistiCs anta siogoenrugman, sk 78 2007

telomeres L ~ 10* cell
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Model Kesten (1978)

biased branching random walk
deterministic cell stochastic
telomere division exchange

shortening



Schematic Evolution
(I telomere/cell)
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Schematic Evolution
(I telomere/cell)




Number of Cells & Lifetime

(I telomere/cell)

number of cells with telomere of length x at time t
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Length of Hospitalizations serden.shat bufiesne,sw
a tentative attempt to describe failure
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Length of Hospitalizations serden.shat bufiesne,sw

a tentative attempt to describe failure

~ 98%
O

treatment complication discharged

model:  steady recovery
sporadic setbacks

parameters: recovery rate
rate and extent of setbacks



Summary

Sid Redner, Santa Fe Institute, tuvalu.santafe.edu/~redner

First-passage processes a basic and underlie many
bhysiological phenomena

Idealized telomere dynamics model for immortality

Random walk insult/recovery model for
hospitalization lengths



