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C. S. Peirce(1839-1914): The “highest maxim of logic” is

Do not block the way of inquiry

e By making absolute assertions submitted as absolute fruths

e By claiming that something transcends human knowledge langldan-
not be known;

e By stating that a proposition is basic or unexplainable;
e By claiming that some law or truth has found its last and pfi@rmu-
lation.

What does it mean tomathematisean area?

In brief, in a mathematised area we accept mathemadigaimentsasexpla-
nations The locus classicus is physics:
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Consider a system of 3 springs and 2 weights (no gravity &sffeo air resis-
tance, which is surprisingly easy to arrange). Make th@¥alg assumptions:

1. The weights are point masses;(andms.);

2. The springs are Hookean.

I, m,
k]_ k2 k3

Now use a piece of magic:

Newton’s second law!

. and you get a system of two coupled second order ODEsiablasx, (t)
andzs(t), the distances of the centres of mass of the two weights fsaiy,
the left-hand wall.
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Now, usually, the motion is not periodic, but one can commital conditions
such that it is; in fact there are two different types of péigcanotion:

_>

—
m m,
1 2 3

In-phase motion

- -

1, m-
WALAYAY, -/\/\/\/\/\/\/\/V\/-/\/\/W
k, k, k,

Out-of-phase motion
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These have periods andT,, respectively, and itis amazing, having computed
their values theoretically, i.e. from the elasticity maif the ODE model, to
see experimentally (in a system in which the masses are lwihpmtter of
length circa 10—-15cm, the springs are real coils of steefgtls gravity and air
resistance) agreement up to a tenth of a second.

So far so well modelled. .. But there is more: in every systam @ays with,
T > 1T,.

Why Is that?

| can see no other (rigorous) answart: if you consider the elasticity ma-
trix, work out its eigenvalues and from them the peridds is what you get.
Unlike Descartes (for example) and like Newton, we acceigtdb anexpla-
nation.

Let us go through the main ingredients of what gives us thédemnce to accept
a mathematical answer tonahy question:

1. The fact that our magic natural law admits of a mathemldiedement;

2. The fact that our model is insured against refinement:yeeinement is a
regular perturbation of the model.
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Regular vs. Singular

Suppose we have a “model” for a phenomenon involving a viiallSuppose
the modelling process leads us to an equation of the form

a1y —ag =0, a1 # 0.

Then if any refinement of this model just introduces smalhgj#s intaz; and
ag, we are OK: these perturbations aegular.

But suppose the more refined model is
asy® + a1y — ag = 0.

The set of solutions fat, = 0is nothing like the set of solutions fap as small
as the size of one over the mass of the universe (in pounds)péinturbation
IS singular.

Singular perturbations occur very often when you make agabsut the di-
mensionality of your problem and have to revise it upwartsla

[ Sometime you can get away with this; say, in neglectingtiaelerms in wave
equations. But in each such case there is a theorem to bedprjove
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Now back to our points 1. and 2.: these exemplify E. Wignerseasonable
Efficacy of Mathematics ..

[in Physics; on which V. |. Arnol'd remarked that “a coroNato it is the Rea-
sonable Inefficacy of Mathematics in Biology and Econortiics.

To summarise: it is not clear to me how you can mathematiseeathat a)
has no mathematically expressed laws and b) in which youatdrehassured
that model refinement is a regular perturbation.

[ Of course in biology we accept the laws of mass-action kiseGSeems to me
that these are sometimes wrong (ecology) and sometimegsysimapenough
(see below).]

Note that a) and b) are fundamentally different. One seemstan ontologi-
cal statement and the other, an epistemological one.

Perhaps we will get somewhere with a) if we listen more cdlyefa R. Rosen
(1934-1998). ..
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. So that we have something to add to:

“Biological systems are high-dimensional, tightly couplstochas-
tic dynamical systems.”

Hmmm. They are alsalive, non?
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There are two further puzzles, the puzzleohstantsand the puzzle ofom-
plexity.

Concerning the first of these: note that both Newton’s setandnd Hooke’s
law are assumptions, but these are different. If Hooke’s daws not hold,
spring constants, which we find by spring extension experts)elo notmean
anything.

Frequently, models in biology have the following fundana¢structure: We
have a puzzling phenomendh AssumptionsA lead to consequencésthat

can be interpreted as being ‘similar to’ £ Therefore if assumptiond hold,

P stops being surprising.

|.e. Peircian abduction and in no way a justification of agstions A.

... Also note thatd embody our understanding. So it is not clear how using
a model, the assumptions of which are at play themselvesyasitively and
unconditionally further our understanding. Think abow Ty < 7; question

if we are not sure of Newton’s second law. Now puzzle out hovwntmdel
“complex systems”.

ICMS Workshop, July 2009 8



And now the constructive bit

Even though | do not think that “biology is the new physicsiidaneither is
economics), | think mathematics has a lot to contribute adolgyy.

Mathematics is: a way of thinking, a compendium of resultgotities involv-
ing numbers or having spatiotemporal extension, a treasflcgncepts.

Hence it can serve as

e a source ofrticulation models

e a “logic inspector.

(But prends garde la douceur des chosaeemember catastrophe theory, frac-
tals, deterministic chaos.)

[Note that logical inference, which is what models promis& very specific
type of a causal relation. The right framework in which tocdiss how it
interfaces with the natural world is Rosen’s Modelling Rielia. ]
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Articulation Models

An articulation model of a “system%' is another “system’\/, consideration
of which allows us to further a study ¢f (think aboutS, understand it better,
find new ways of prodding it, connestto some other “system8’, etc.).

The concept is due to the theologian lan T. Ramsey Ksadels and Mystery
OUP 1964). A somewhat playful example of Ramsey is this: “Astanof a

college is like a figurehead on a ship.” Try this for yourself.

ICMS Workshop, July 2009 10



A personal remark
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The work of Lee Segel, from the Keller-Segel model of chemistto his later
work on distributed control in the immune system, exemgdifghough | am
not sure he would have agreed) a move from modelling whatraessence
mechanical systems to suggesting articulation models weithh simple math-
ematics that mainly serves to emphasise plausibility.
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Some Biology

Ionizing Radiation

Genomlc
/ Instability ‘\
Bystander Effects I Chromosomal
ROS \‘ » Rearrangements
Cytoklnes Cytokines

ROS ‘/\\

Death-Inducing Effects

Apoptos1s

This is W. F. Morgan’s scheme of non-targeted radiationogfféOncogen@?2
(2003), 7094-7099).

His description of the relation between ROS and Cytokinds i®rms of a
vicious cycle [Vicious cycles are abundant in mechanistic explanatimins
disease; see M. Pall's work on CFS, fiboromyalgia etc.]
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This is unproductive on many levels. For example, becausadls us to envis-
age a dynamic process. A much better articulation model sdroe realising
that

Vicious cycle = Bistability

Once you have this idea, which is in its nature mathematcahole research
programme opens up. Concepts such as hysteresis, sadtidsifiorcations,

catastrophes (!) can be brought to bear on understandiegtiqus about min-
imal topologiesand biological functions that give rise to bistability can be
asked; one can think about negative feedbacks that woulteraghe system
monostable,dle of hub proteins such as p53, and so on.

Perhaps some of the work done on mathematical modellingstdltlie systems
might be useful. ..

Not really. Most theoretical work is of the following for if network
topology is such and such, the system is monostable. It dutegve guidance
how to explore parameter space for bistability. Much woik tictually shows
bistability works with models that are simply wrong.
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Logic Inspection

Many natural scientists make plausible claims that are ema#itical in nature;
what (only) mathematicians can do is to prove or disprovethe

Here is an example (MG and S. D. Webb (2009)). In a paper in PRAS
(1985), pp. 3055-3057, J. Lisman suggested an autophodatiog kinase
memory switch that works as follows:

stimulus

phosphatase------- \

T ke K

phosphatase---------
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The kinetic equations are:

Cii—[t( =a—dK — fiKK" +b,Cx + f4Cbp,
df; — K" — KK +b,Cx + 220k

— [3K*(Pior — Cp) + b3Cbp,
% = f3K*(Pio; — COp) — (b3 + f1)Cp,
% = 1KK* — (by + f2)Cxk.

The terms in red are protein turnover parameters,ahdd, d* are zero, there
IS NO protein turnover.

Lisman is right in that if the red terms are zero, it is easy mal ftonditions
under which there is bistability. But he also claims thats#heonditions are
insensitive to the red terms if they are small enough:

“A switch of this kind is a dynamic switch and will thereforetn
be reset by reasonable levels of protein turnover.”
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This is incorrect, and Lee Segel would have spotted it witlaoy analysis: it
IS the ratioa /d that has the dimensions of concentration, and this can ge lar
if both o andd are as small as you wish.

In fact, putting for simplicityd = d*, for reasonable values of all the ki-
netic parameters, one can work out the regioridn) plane in which one
has bistability. It is a wedge, so the model is sttucturally stable (and
neither are many other bistability models). This immedjataises questions
(which means that. . .).

5.5 : : : :
5| 0/d=8.7293

= 3.5 a/d =3.7572

0 02 04 06 0.8 1 1.2 14
d(s~1)

So: Even by simply providing fruitful articulation models anafercing a
higher level of rigour in mechanistic thinking mathematsa knowledge dis-
covery tool in biology.
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A final thought: The mathematisation of physics necessitated the develupme
of mathematics needed for physics. Look at 18th-19th cgmhathematicians
(Laplace, d’Alembert, Fourier). How and why can one expechathematise
biology with that toolkit? What new mathematics is needed®eGory theory

a la Ronald Brown’s work could be a good place to look.

The gquotation from Wittgenstein

In the course of a scientific investigation we say all kindhafgs,

we make utterances whose role in the investigation we domot u
derstand. For itisn’t as though everything we say has a counsc
purpose; our tongues just keep going. Our thoughts run abest
lished routines, we pass automatically from one thoughnadleer
according to the techniques we have learned. And now conees th
time for us to survey what we have said. We have made a whole ot
of movements that do not further our purpose, or that eveedap

it, and now we have to clarify our thought processes philasop
cally.

(1947;Culture and Valuep. 65)
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