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End of Lesson 1 
Conclusions 

Need a way of representing n-ary relations 

Hypergraphs a first step, but not rich enough 

Simplicial Complexes are better, but still not rich enough 

Hypernetworks complete the relational jigsaw 

 

 

 

Hypernetworks can represent multilevel systems 

Necessary (if not sufficient) for complex systems 



Complex Systems 
Generally there is no formula for predicting the future 
states of complex systems 

Sometimes we have ‘transition rules’ from t to t’ > t. 

Computing may the only way of knowing possible futures 

 

Representation problem: 

How can we get this into that? 



DIMENSION TESTS 
At a given level of representation, a thing has dimension p if it 
has p+1 parts and they are all necessary for the thing to exist, 

e.g. the arch has dimension p = 2. 



DIMENSION TESTS 

Some things can be 
assembled pairwise (p = 1) 
– some cannot (p > 1) 
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What is Global System Science ? 

 

Give an example of a scientific prediction 

that cannot be tested 

The climate in 100 years ? 

The population of the world in 100 years 

Science = Telling stories about our world 

                  Using the stories to make predictions 

Sometimes Testing predictions with observation 



What is Global System Science ? 
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System = set of interacting parts or agents 

  e.g. Greece, car, family, university 
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What is Global System Science ? 

 

Global = world wide? Universal ? Whole ? 

Examples ? 

 

 

 

 



What is Global System Science ? 

 

Global = world wide? Universal ? Whole ? 
  climate change 
  the financial system 
  cities 
  epidemics 
  wars 
  famine 



What is Global System Science ? 

 

Global = world wide? Universal ? Whole ? 
  climate change 

many  the financial system 
global  cities 
system  epidemics 
are   wars 
coupled  famine 

  energy 



What is Global System Science ? 

 

Global = whole system, worldwide, universe 

 

System = set of interacting parts or agents 

 
Science = Telling stories about our world 
                Using them to make predictions 

    Testing predictions … … … ? ? ? 
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What is Global System Science ? 

 

Do we have a Global System Science ? 

NO ! 

Do we need a Global System Science ? 

YES ! 

Where would YOU start ? 

Maybe a theory of time and space ? 



Dynamics - System time and System Events 
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System time and System Events 

 

Examples of events in social space-time ? 
 

 first love    Life is never 

 getting your PhD   the same 

 learning to drive   after events 

 having a baby   like these 

 first time in Greece   



System time and System Events 

 

Events mark social time =/= clock time 

Events are hypersimplices ! 



System time and System Events 

Planning involves changing relations 



System time and System Events 

System dynamics involves changing relations 

… trajectories of multidimensional events 



System time and System Events 

Wednesday 

Thursday 



System time and System Events 

Wednesday 

Thursday 

Jeff Johnson 

Ko van Wheele 
 



System time and System Events 

The plan – maps social time into clock time 

Jeff Johnson social time  è 

Clock time è 

Mon     Tues      Wed     Thurs 
Brussels  Brussels  Brussels      Today ! 
Deadline  Deadline + 1  Deadline + 2 

Submit Etoile Reports Give Lecture 2 

Event 1 Event 2 
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Jeff Johnson social time  è 

Clock time è 

Mon     Tues      Wed     Thurs 
Brussels  Brussels  Brussels      Today ! 
Deadline  Deadline + 1  Deadline + 2 

Submit Etoile Reports Give Lecture 2 

Event 1 Event 2 Reports not 
ready – event 
can’t happen- 
move it 
! ! ! ! ! 



System time and System Events 

The plan – maps social time into clock time 

Jeff Johnson social time  è 

Clock time è 

Mon     Tues      Wed     Thurs 
Brussels  Brussels  Brussels      Today ! 
Deadline  Deadline + 1  Deadline + 2 

Submit Etoile Reports Give Lecture 2 

Event 1 Event 1 Reports still not 
ready – event 
can’t happen- 
Moved event 
clashes ! ! ! 
 

Prof Prof Bountis 
      Help ! ! ! 



System time and System Events 

The plan – maps social time into clock time 

Jeff Johnson social time  è 

Clock time è 

Mon     Tues      Wed     Thurs 
Brussels  Brussels  Brussels      Today ! 
Deadline  Deadline + 1  Deadline + 2 

Submit Etoile Reports Give Lecture 2 

Event 1 Event 2 Reports 
finished - 
event can 
happen 



System time and System Events 

The plan – maps social time into clock time 

Jeff Johnson social time  è 

Clock time è 

Mon     Tues      Wed     Thurs 
Brussels  Brussels  Brussels      Today ! 
Deadline  Deadline + 1  Deadline + 2 

Submit Etoile Reports Give Lecture 2 

Event 1 Event 2 
event has 
happened 



Representing Global Systems & Dynamics 
Backcloth, Traffic & Type-1 Dynamics 

Traffic on the multi-level backcloth - coherence 

Cannot look 
at just one 
level 

 

 

Traffic must 
aggregate 
coherently 
over the 
structure 



 
Global Systems Science & Policy 
 

    Global System Science 
    Policy – Designing the Future 
    Complex Systems, Design and Policy 



Global Systems Science 
 
Global     –  can mean ‘worldwide’  
 

  but also ‘the whole system’ 
 
Examples:  cities 

  financial systems 
  climate change 
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Global Systems Science 
 
Global     –  can mean ‘worldwide’  
 

  but also ‘the whole system’ 
 
Examples:  cities 

  financial systems 
  climate change 

 
 
 
 

systems of 
systems of 
systems … 

Question – what are the subsystems ? 

Are they necessary to ‘predict’ dynamics of the whole? 



Global Systems Science 
 
 
 
 
 

Policy informatics 

The use of computer ICT systems to support policy 
 

 knowledge and theory is inside computers 

 knowledge and theory are explicit 



Policy	
  as	
  designing	
  the	
  future	
  is	
  entangled	
  with	
  
complexity	
  science	
  and	
  design	
  

Policy	
  

Science	
  

Design	
  

Policy	
  is	
  designing	
  the	
  future	
  

Policy	
  



Design	
  is	
  an	
  	
  Intermediate	
  Word	
  Problem	
  

What	
  are	
  the	
  intermediate	
  structures	
  ?	
  

What	
  	
  shall	
  we	
  call	
  them	
  ?	
  

Hierarchical	
  
Soup	
  

Policy	
  is	
  designing	
  the	
  future	
  



Innova8on	
  involves	
  crea8ng	
  ar8ficial	
  systems	
  

Crea8ng	
  ar8ficial	
  systems	
  involves	
  Design	
  

Design	
  a	
  co-­‐evolu8on	
  between	
  what	
  you	
  think	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  you	
  want	
  &	
  what	
  you	
  think	
  you	
  can	
  have	
  

Policy	
  is	
  designing	
  the	
  future	
  



Design	
  is	
  an	
  itera8ve	
  process	
  –	
  it	
  takes	
  8me	
  





Almost	
  all	
  policy	
  interven8ons	
  are	
  experiments	
  



Almost	
  all	
  policy	
  interven8ons	
  are	
  experiments	
  



4.	
  
Example	
  
	
  
Policy	
  for	
  
street	
  
gangs	
  
following	
  
the	
  2011	
  	
  
London	
  
riots	
  	
  



Street	
  gangs	
  played	
  a	
  big	
  part	
  in	
  the	
  riots	
  

‘Ending	
  Gang	
  &	
  Youth	
  Violence’,	
  published	
  in	
  Nov	
  2011	
  Secretary	
  of	
  State	
  for	
  
the	
  Home	
  Department	
  was	
  the	
  basis	
  for	
  a	
  policy	
  response	
  to	
  the	
  riots.	
  
	
  	
  
“One	
  thing	
  that	
  the	
  riots	
  in	
  August	
  did	
  do	
  was	
  to	
  bring	
  home	
  to	
  
the	
  enGre	
  country	
  just	
  how	
  serious	
  a	
  problem	
  gang	
  and	
  youth	
  
violence	
  has	
  now	
  become.”	
  	
  



High	
  levels	
  of	
  violence	
  are	
  partly	
  associated	
  with	
  street	
  gangs	
  



2012	
  Centre	
  for	
  Social	
  Jus8ce	
  report	
  ‘Time	
  to	
  Wake	
  Up’	
  :	
  
	
  
Was	
  police	
  prac8ce	
  of	
  iden8fying	
  and	
  removing	
  gang	
  
‘elders’	
  effec8ve?	
  
	
  
“it	
  seems	
  that	
  an	
  unintended	
  consequence	
  of	
  the	
  arrest	
  
of	
  senior	
  gang	
  members	
  has	
  been	
  to	
  heighten	
  tensions	
  
and	
  violence.	
  …	
  	
  
	
  
There	
  was	
  a	
  consensus	
  that	
  the	
  current	
  gangs	
  neither	
  
have	
  no	
  cohesive	
  leadership,	
  which	
  is	
  resul8ng	
  in	
  
increased	
  chaos,	
  violence	
  and	
  anarchy.	
  [14]	
  	
  



“it	
  seems	
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  unintended	
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  of	
  the	
  arrest	
  of	
  senior	
  
gang	
  members	
  has	
  been	
  to	
  heighten	
  tensions	
  and	
  violence.	
  …	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



“it	
  seems	
  that	
  an	
  unintended	
  consequence	
  of	
  the	
  arrest	
  of	
  senior	
  
gang	
  members	
  has	
  been	
  to	
  heighten	
  tensions	
  and	
  violence.	
  …	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



“it	
  seems	
  that	
  an	
  unintended	
  consequence	
  of	
  the	
  arrest	
  of	
  senior	
  
gang	
  members	
  has	
  been	
  to	
  heighten	
  tensions	
  and	
  violence.	
  …	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
no	
  cohesive	
  leadership	
  →	
  increased	
  chaos,	
  violence	
  anarchy.	
  	
  

Policy	
  –	
  
	
  
How	
  to	
  predict	
  
the	
  outcome	
  
of	
  
intervenGons?	
  
	
  
What	
  are	
  the	
  
dynamics	
  of	
  

the	
  
hypersimplices	
  

?	
  



The	
  lifecycle	
  of	
  a	
  gang	
  
member	
  
	
  
Hypersimplices:	
  
	
  

〈neglected	
  by	
  parents,	
  
parental	
  substance	
  abuse,	
  
parental	
  violence;	
  

Rexperienced_0-­‐5〉	
  	
  



The	
  lifecycle	
  of	
  a	
  gang	
  
member	
  
	
  
Hypersimplices:	
  
	
  

〈outbursts	
  of	
  aggression	
  
as	
  school,	
  	
  
involved	
  in	
  street	
  
violence,	
  	
  
many	
  visits	
  to	
  A&E;	
  	
  

R_10-­‐15	
  〉	
  	
  
	
  
Child	
  geVng	
  violent	
  !	
  



The	
  lifecycle	
  of	
  a	
  gang	
  
member	
  
	
  
Hypersimplices:	
  
	
  

〈regularly	
  late	
  and	
  truant,	
  
school	
  low	
  aXainment,	
  
excluded	
  from	
  school;	
  

Rexperienced_10-­‐15	
  〉	
  	
  
	
  
precursor	
  	
  to	
  



The	
  lifecycle	
  of	
  a	
  gang	
  
member	
  
	
  
Hypersimplices:	
  
	
  

〈joined	
  a	
  local	
  gang,	
  
selling	
  Class	
  A	
  drugs,	
  	
  
early	
  and	
  repeat	
  
offending,	
  	
  
drug	
  and	
  alcohol	
  abuse;	
  

Rexperienced_16-­‐21	
  〉	
  	
  
	
  



The	
  lifecycle	
  of	
  a	
  gang	
  
member	
  
	
  
Hypersimplices:	
  
	
  

〈joined	
  a	
  local	
  gang,	
  
selling	
  Class	
  A	
  drugs,	
  	
  
early	
  and	
  repeat	
  
offending,	
  	
  
drug	
  and	
  alcohol	
  abuse;	
  

Rexperienced_16-­‐21	
  〉	
  	
  
	
  
precursor	
  	
  to	
  murder	
  



Social	
  Chemistry	
  

In	
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Social	
  Chemistry	
  

In	
  chemistry	
  the	
  relaGonal	
  structure	
  of	
  the	
  atoms	
  maXers	
  	
  	
  
social	
  systems	
  



Social	
  Chemistry	
  

In	
  chemistry	
  the	
  relaGonal	
  structure	
  of	
  the	
  atoms	
  maXers	
  	
  	
  
social	
  systems	
  

σ(731) = <gaming, sport, painting, literature, science, nature, history> 
σ(737) = <painting, literature, gardening, cooking, nature, science> 
σ(742) = <gaming, cooking, nature, science> 
σ(746) =<pubs, painting, history, literature> 
σ(747) =<clothing, basketball, war history, graffiti, racing, mathematics> 
σ(753) =<pubs, sport, fashion, painting, history, cooking, nature, science> 
σ (754) = <gaming, pubs, history, nature, science> 
σ(779) = <gaming, pubs, history, cooking, science> 
σ(760) = <gaming, painting, history, nature, science> 
σ(764) = <sport, painting, history, literature, cooking, nature, science> 
σ(767) =< sports, fashion, cooking, nature, science> 
σ(768) = <gaming, history, literature, cooking, science> 
σ(769) = <gaming, sport, cars, history, science, cooking> 
σ(770) = <sport, history, nature, science> 
σ(774) = <fashion, cooking, nature, science> 
σ(772) = <science> 

Disconnected ! 



Conclusions	
  
	
  
Networks	
  -­‐	
  essenGal	
  for	
  analysing	
  social	
  systems	
  &	
  policy	
  

	
  system	
  behaviour	
  emerges	
  from	
  interac8on	
  of	
  pairs	
  
	
  network	
  is	
  the	
  backcloth	
  to	
  traffic	
  dynamics	
  	
  
	
  networks	
  are	
  necessary	
  for	
  complex	
  systems	
  science	
  	
  

	
  
Hypernetworks	
  also	
  essenGal	
  for	
  social	
  systems	
  &	
  policy	
  

	
  system	
  behaviour	
  emerges	
  from	
  n-­‐ary	
  interac8ons	
  
	
  hypernetworks	
  are	
  backcloth	
  to	
  ML	
  traffic	
  dynamics	
  
	
  hypernetworks	
  -­‐	
  necessary	
  for	
  Global	
  System	
  Science	
  


