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ABSTRACT:  
   Modern science has shown that there are two trends at play in the "big history" of the universe. 
First, a tendency to produce more order, with the emergence of more and more complex systems, 
from galaxies, stars, planets, to plants, humans and our technological society. Secondly, the second 
law of thermodynamics applied to the universe as a whole implies that in the far-future the universe 
will irreversibly go toward a state of maximum disorder. The outcome of those two opposite trends 
remains unsettled.  Yet,  cosmologist  Eric  Chaisson defined a universal  complexity metric  which 
allows to quantify such trends. 
   However, this metric is incomplete scientifically and needs to be updated, extended and evaluated. 
Its broader philosophical significance for the future of intelligent life also remains to be investigated 
in depth. We propose to update this metric with new data points and then compare it with other 
metrics,  to suggest  possible extensions.  We then evaluate the broader philosophical  significance 
implied by these trends for the future of intelligent life. This contributes to make a stronger case of 
"big  history"  with  the  beginning of  a  sound scientific  and  philosophical  basis  to  provide  us  a 
potential role in future cosmic evolution. 

1. Aim  

This  research  aims  to  gain  an  understanding  of  possible  and  preferable 
cosmological  futures  for  intelligent  civilization,  by  investigating  a  quantitative 
complexity metric connecting physical, biological and cultural realms. 

2.Situating the project proposal  

Big history studies the past on all time scales, from the Big Bang to technological 
society, seeking out common themes and patterns (e.g. Jantsch 1980; Christian 2004; 
Chaisson  2001;  Snooks  2005;  Spier  1996;  Aunger  2007).  It  thus  differs  from 
conventional history in being unbounded in space and time.
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 Nevertheless, inquiring in our big history is only half of our intellectual pursuit. It 
tackles the fundamental question “where does it all come from?”, but leaves “where 
are  we  going?”  unanswered.  This  question  is  equally,  if  not  more  important  to 
inquiry, and we thus need to understand our possible and preferable futures. 
Thanks  to  modern  theoretical  physics  and  astrophysics,  many  of  the  questions 
regarding the ultimate fate of the universe are now quantitatively addressed, in the 
field of physical eschatology (PE) (e.g. Adams and Laughlin 1997; Ćirković 2003 for 
a review with more than 200 references). Unfortunately, the main lesson of PE is that 
in  the  long-term  the  universe  will  irreversibly  go  towards  a  state  of  maximum 
entropy, or heat death. Since this discovery, a widely spread pessimistic worldview 
sees the existence of humanity as purposeless and accidental in the universe (e.g. 
Russell 1923; Weinberg 1993). The fatalism implied by this worldview may lead to a 
loss of  meaning. Therefore it would be better to provide a big history narrative that 
can guide humanity to participate successfully in the future evolution of life in the 
universe.

On the other hand, there is an apparent paradox between this increase of entropy 
and the complexity increase at play in the big history of the universe (e.g. Morowitz 
2002). Chaisson (2001) showed with a thermodynamical analysis that this paradox 
can  be  solved.  Indeed,  it  is  the  expansion  of  the  universe itself which  allows a 
decrease of entropy locally, while there remains an increase in entropy globally. Yet, 
we need an objective metric to characterize those two trends. More fundamentally, 
which  of  the two trends  will  turn out  to  be dominant  in  the long term remains 
unsettled.

3.Problem definition  

A few authors proposed speculative ways to save intelligent life from heat death 
(e.g. Dyson 1979; Barrow and Tipler 1986). For example, in his landmark article, 
Freeman Dyson suggested  a  civilization  could  go  into  hibernation  by exploiting 
relativistic  effects  near  black holes.  Although fascinating,  this  scenario and other 
similar ones remain poorly grounded with past empirical data, and highly theoretical 
and speculative (for criticisms see e.g. Krauss and Starkman 2000). Considering the 
trend of  complexity increase,  a  number  of authors have argued within a  broader 
framework that future intelligent life  might become the architect  of the universe 
(Crane 2009; Gardner 2000; 2003; Harrison 1995; Smart 2008; Stewart 2009; Vidal 
2008a; 2009a; 2009b; 2009c; 2009d; Vaas 2009).  If  such scenarios based on the 
increase of complexity are well argued scientifically and philosophically, this leads to 
a potential role of intelligent life for the future, and is thus in sharp contrast with the 
pessimistic view inspired by the heat death. 

However, these scenarios also need to fit more precisely with our best descriptions 
of big history. Chaisson (2001; 2003) developed a metric based on non-equilibrium 
thermodynamics which quantifies precisely such a trend in complexity increase. This 
metric, the  Free Energy Rate Density  (FERD) is defined as the rate at which free 
energy transits in a complex system of a given mass. Its dimension is energy per time 
per  mass  (erg  s-1  g-1).  Non-equilibrium systems,  whether  physical,  biological  or 
technological need to process an  energy flow to sustain their activity  (Nicolis and 
Prigogine 1977). This is why the FERD is successfully applied in those three realms. 
Let us illustrate it with some examples (Chaisson 2003, 96). A star has a value ~1, 
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planets ~102, plants ~103, humans ~104 and their brain ~105, current microprocessors 
~1010. It is quite surprising that processors have the highest FERD values by orders 
of magnitudes. This suggests that evolution goes toward inward development, with 
manipulation and control of  smaller scales (Barrow 1999, 133; see also Ćirković 
2008; Smart 2008; Vidal 2009c, 344-345). This is currently in contradiction with 
most views on the future, emphasizing our ability to manipulate and control  large 
scales,  as  in  Kardashev  (1964)  civilization  space  colonization  scenarios.  If  the 
inward scenario is substantiated, this has major impacts for long-term future research 
and innovation policies. According to the FERD metric, complexity has risen at an 
exponential rate  in  recent  times.  It  is  arguably the  most  concrete,  coherent  and 
empirically grounded complexity metric and this explains why it has been adopted 
by some scholars in big history (e.g. Christian 2004; Spier 2005; Aunger 2007).

However,  this  metric  also  leaves  open  problems.  First  from  a  scientific  
perspective,  the  metric  is  incomplete  for  technological  evolution  since  only two 
microprocessors data points are taken into account. As Chaisson acknowledges, the 
metric also focuses only on dynamic complexity and functional complexity remains 
to be investigated. Koh and Magee (2008) proposed a matrix of fifteen  functional 
performance metrics, defined by three operands (matter,  energy,  information) and 
five  operations  (storage,  transportation,  transformation,  exchange and  control). 
This approach, if further studied and integrated with big history, can remedy to this 
limitation of FERD. Secondly, from a philosophical perspective, no future scenario is 
proposed by Chaisson. The possible role and significance of intelligent civilization in 
this scheme thus remains to be investigated. The benefits of such an understanding 
are very much needed. Indeed,  there are psychological and sociological practical 
needs for a meaningful worldview (Vidal 2008b). The aim of this project is thus to 
extend and evaluate this metric, and then assess its broader significance. 

4. Objectives  

More precisely, our objectives are to:
(1) Update FERD technological data to assess whether the trend described by FERD 
still holds nine years after the publication of Chaisson's (2001) book.
(2) Assess whether the FERD is currently plateauing as some authors suggest, or if 
this exponential increase has continued until today.
(3) Conduct a  theoretical  systematic  comparison  with  fifteen  other  functional 
performance  metrics.  
(4) Compare arguments  for  Kardashev  civilization  development  towards  larger 
scales with civilization development towards smaller scales that the FERD seems to 
support.
(5) Evaluate a class of future scenarios consistent with the global FERD trend. 

5. Methodology  

To  achieve  objective  (1),  we  collect  more  data  about  microprocessors  and 
calculate  their  FERD value.  In  technological  studies,  the  mass  of  chips  are  not 
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considered a relevant variable to include, whereas it is needed for FERD data points. 
We  thus  simply  collect  (from  Intel's  database  http://ark.intel.com)  recent 
microprocessors data to update Chaisson's FERD curve. Then we plot it and perform 
classical statistical tests to assess whether it exhibits a plateau or not -objective (2). 
This data analysis will be studied with consultation and collaboration of Béla Nagy, 
research statistician at the Santa Fe Institute.

In order to conduct  objective (3) we use a conceptual approach to assess the 
value of alternative  functional performance metrics.  More precisely,  we analyse 
critically the matrix of metrics deduced by Koh and Magee (2008). We assess the 
pros and cons of each metric. We situate and contrast FERD in this matrix, and 
suggest complementary metrics to define and further study.

For objective (4), we critically review and analyse arguments for and against each 
position.  We rely on  advices  of  co-promotor  Milan  Ćirković,  expert  in  physical 
eschatology and related issues  (e.g. Ćirković 2003; 2004). We use argumentation 
mapping techniques to maintain a clear overview of complex logical structures of 
propositions  and  their  logical  dependency  (Scheinkopf  1999;  applied  in  Vidal 
2008a).

We use the method of  causal layered analysis (Inayatullah 1998) for building 
alternative preferable futures -objective (5). This method does not aim at predicting 
the future but in creating spaces for alternative futures. This method  also  naturally 
fits  with  the  rational  futurology  program  of  the  interdisciplinary  worldview 
framework developped by Leo Apostel (Aerts et al. 1994, 32-33, 73; see also Vidal 
2008b). The help of promotor Diederik Aerts will be used in this endeavor, since he 
has  extensive expertise  in  worldview analysis,  construction and assessment.  It  is 
important to stress that at this level of analysis, the enterprise becomes philosophical, 
because by definition there can be no empirical or observational data of the future 
(Vidal 2009c).
 
6. Planning  

In 2010-2011 we conduct objective (1) as described above. This will also help to 
settle  objective (2), because there is yet no consensus on whether this exponential 
performance increase will continue (e.g. Smart 2008; Kurzweil 2006) or whether it 
has plateaued (Aunger 2007, 1176). 

In  2011-2012  we  review  FERD  critiques  and  evaluate  if  and  how we  can 
improve FERD with them. In particular, we study the metrics defined by Koh and 
Magee (2008) -objective (3). We then compare two hypotheses about the future of 
intelligent civilizations -objective (4). 

In 2012-2013  we evaluate a class of future scenarios, consistent with the global 
FERD trend  -objective (5).  This  includes reviewing propositions suggesting that 
intelligent life might well play a role in future cosmic evolution. 

In 2013-2014   we analyse implications of the results for the possible role of 
intelligent life in the universe. We as much as possible synthesize the new insights 
and results to formulate the scientific and philosophical basis of an inspiring future 
worldview in harmony with big history.
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