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Notable Quotations
Lord Kelvin : ‘There cannot be a greater 
mistake than that of looking superciliously 
upon the practical applications of science.  
The life and soul of science is its practical 
application ...’

and then : ‘To measure is to know’

and even : ‘If you cannot measure it, you 
cannot improve it’



Notable Quotations
Lord Kelvin : ‘There cannot be a greater 
mistake than that of looking superciliously 
upon the practical applications of science.  
The life and soul of science is its practical 
application ...’

and then : ‘To measure is to know’

and even : ‘If you cannot measure it, you 
cannot improve it’

However : ‘There is nothing new to be 
discovered in physics now.  All that remains 
now is more and more precise measurement’ 



Notable Quotations

on Michael Farady, one of the greatest 
scientists in history
‘He was not theoretically minded and never 
wrote an equation in his life’

‘It is very easy for men of acute intellect, 
apart from experiment and practise, to slip and 
err’
Sir Francis Bacon



Nobel Prize in Physics
1991 - Developing methods for studying order

1992 - Invention of particle detectors

1993 - Discovery of a new form of pulsar

1994 - Development of neutron spectroscopy

1995 - Discovery of the Tau lepton

1996 - Discovery of superfluidity in 3He

1997 - Development of optical traps

1998 - Discovery of a new form of quantum fluid

1999 - Electroweak theory

2000 - Developing semiconductor heterostructures



Nobel Prize in Physics
2001 - Achieving Bose-Einstein condensates

2002 - Detection of cosmic neutrinos

2003 - Theory of superconductors

2004 - Theory of the strong interaction

2005 - LASER based spectroscopy, optical frequency comb

2006 - Discovery of anisotropy in the cosmic microwave backgnd

2007 - Discovery of magnetoresistance

2008 - Broken symmetry theory

2009 - Discovery of the Charge Coupled Device (CCD) sensor

2010 - Discovery of fairy dust for electronics



Nobel Prize in Physics

Number of ‘theoretical awards’ 
- 5 in twenty years

Number of ‘experimental awards’ 
- 15 in twenty years



Simulation Validation

Drougul’s interpretation of validation
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ABSTRACT

This paper discusses aspects of validating simulation
models designed to describe, explain and predict real-
world phenomena. It starts with a short review of argu-
ments used in the simsoc mailing list discussion on the-
ory, simulation and explanation a few months ago, deals
with the use of quantitative and qualitative computational
models to make quantitative and qualitative predictions
or rather to draw conclusions from complex antecedents,
and then discusses different types of explanation and pre-
diction (and the relation between these two), It closes
with an overview of topics in validity and validation from
the point of view of the structuralist programme in the
philosophy of science.

INTRODUCTION: THEORY, SIMULATION, EX-
PLANATION AND OBSERVATION

A few months ago, the simsoc mailing list experienced
a longish discussion1 which originated from Thomas
Kron’s question “about the relation of computer simu-
lation and explanation, especially sociological explana-
tion”. More than fifty contributions to this discussion fol-
lowed within less than three weeks, and contributors dis-
cussed the role of simulation in theory building (mostly,
but not only) in the social, economic and management
sciences— as well as the relation between observation on
one hand and computer-assisted theory building (Hanne-
man 1988) on the other. Scott Moss came back to his
presidential address at the 1st conference of the Euro-
pean Social Simulation Association, Groningen, Septem-
ber 2003, in which he said “that if social simulation with
agents is to be anything other than another in the long line
of failed approaches to social science, it will be a positive
departure only because it facilitates the dominance of ob-
servation over theory” and continued that the great suc-
cessful scientists (outside the social sciences) built their
generalisations around observation, developing new theo-
retical structures based on and validated by new evidence
(quoted from his contribution to the simsoc mailing list
as of November 14, 2003). Well in the line of this trait of
thinking is the role of simulation or computational mod-
eling which can be found in Gilbert and Troitzsch 1999

1The discussion can be found in the November 2003 section
of http://www.jiscmail.ac.uk/archives/simsoc.html, topics
“simulation and explanation” and “theory and simulation”.

which was recently extended by Alexis Drogoul (Drogoul
et al. 2003: 5) and can be seen in Figure 1.
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Figure 1: Drogoul’s and his colleagues’ interpretation of
Gilbert’s and Troitzsch’s methodological proposition on
the role of simulation

This diagram does not even contain the word ‘simu-
lation’, but in its centre we find ‘data’ which are taken
from observation and compared with results from simu-
lation runs, for their similarity. Gilbert’s and Troitzsch’s
original diagram describing “the logic of simulation as
a method” (Gilbert and Troitzsch 1999: 16, 54, see also
Troitzsch 1990: 2) is much the same: A model is built
by abstraction from a target system, it is translated into
a computer programme which can then be run and deliv-
ers results in the form of simulated data which can, and
have to, be compared to data gathered from the same kind
of target systems in the real world from which the model
was abstracted.

Being aware that observation (as contrasted to just
looking around in the world) presupposes at least some
primitive form of theory (which tells us which entities
and which of its properties to observe and which rela-
tions between them to register to find out whether there
are some regularities), we should admit that our assump-
tions and our observation are not independent from each
other (although Figure 1 insinuates this). And we should
admit that in most cases computational (and other) mod-
els do not directly start from observation data but from
a theory which in turn should build on, but often does
not refer explicitly to observation data. Instead, we often
start from a verbal theory which expresses our (or other
authors’) belief in how reality works, comparing simula-
tion results with stylised facts instead of observation data.

A good example of this strategy is Sugarscape where
the question “can you explain it?” is interpreted as “can
you grow it?”, and where “a given macrostructure [is]
‘explained’ by a given microspecification when the lat-
ter’s generative sufficiency has been established.” (Ep-

1



Types of validation
Replicative validity: the model matches data 
already acquired from the real system 
(retrodiction),

Predictive validity: the model matches data 
before data are acquired from the real system,

Structural validity: the model “not only 
reproduces the observed real system behaviour, 
but truly reflects the way in which the real 
system operates to produce this behaviour” 

All taken from Zeigler (1985)



Validation of models
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<Iterative process of calibrating a model> 



So, what has simulation 
done for us?

‘Then the model fell apart. Cracks started 
appearing early on, when financial markets 
began behaving in ways that users of Li's 
formula hadn't expected. The cracks became 
full-fledged canyons in 2008—when ruptures in 
the financial system's foundation swallowed up 
trillions of dollars and put the survival of 
the global banking system in serious peril... 
Li's Gaussian copula formula will go down in 
history as instrumental in causing the 
unfathomable losses that brought the world 
financial system to its knees.’



So, what has simulation 
done for us?

‘Simulation is merely an endeavour in seeking 
the expected.  The outcome must, therefore, 
lack novelty’ 
Benjamin John Dylan Furnival Ph.D.(almost)



Something a little 
more scientific ...

The standard model 
of particle physics

This is the theory on 
which simulations are 
based



Why is this an issue?
In a word - Higgs

The theory can’t perform the one thing it 
must be able to do ...

The importance is that it ‘predicts new 
things’
Richard Feynman

So, the mass of the Higgs is ?



Why is this an issue?
In a word - Higgs

The theory can’t perform the one thing it 
must be able to do ...

The importance is that it ‘predicts new 
things’
Richard Feynman

So, the mass of the Higgs is ?

Predicted using theory to be ‘under 1.4TeV’



Why is this an issue?
In a word - Higgs

The theory can’t perform the one thing it 
must be able to do ...

The importance is that it ‘predicts new 
things’
Richard Feynman

So, the mass of the Higgs is ?

Predicted using theory to be ‘under 1.4TeV’

Time for the experimentalists!



Experimental Higgs

As of July 2010 :

Either between 114-158 GeV or 175-185 GeV
(95% confidence level)

Theory says it shouldn’t be over 140 GeV

Expect to see somebody find it in the next 
five years



And why does this 
matter to me ?

Although not responsible for carrier 
mobility in silicon, it explains why 
matter has mass, the origin of the 
universe and even dark matter

At a cost of $9bn (before it broke) 
this is a serious check on theory



Final Thoughts

‘This manuscript is not suitable for 
publication in Solid State 
Electronics as it only contains 
results of simulation, with no 
experimental validation’
Reviewer 1 - Bhatnagar, Horsfall, et al, 2005



So, is it all bad ?

‘Any man who has an ayme to advance much in 
naturall science, must endeavour to draw the 
matter he inquireth of, into some such modell, 
or some kind of manageable methode; which he 
may turne an winde as he pleaseth ...’ 
in relation to Gilbert’s Terella


