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Networks can represent relationships between pairs, < x, y > 

e.g. x trades with y 

Hypernetworks 
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e.g. x trades with y 

What about relationships between three thing, < x, y, z > 
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Networks can represent relationships between pairs, < x, y > 

e.g. x trades with y 

What about relationships between three thing, < x, y, z > 

e.g. x , y and z form an oligopoly. Or a relation between 4 things 

Hypernetworks 



Networks can represent relationships between pairs, < x, y > 

e.g. x trades with y 

Or any number of things … 

Hypernetworks 



The generalisation of an edge in a network is a simplex 

Simplices can represent n-ary relation between n vertices 



The generalisation of an edge in a network is a simplex 

A p-dimensional simplex has p+1 vertices 

A 1-simplex 〈a, b〉 has 2 vertices A 2-simplex 〈a, b, c〉 has 3 vertices 

A 3-simplex 〈a, b, c, d〉 has 4 vertices A p-simplex 〈v0, v1, … vp〉 has p+1 vertices 



Binary	  rela*ons	  &	  links	  are	  essen*al	  

But	  we	  also	  need	  n-‐ary	  rela*ons,	  n	  >	  2	  

Alibaba	  

Seller	   Buyer	  

From	  Networks	  to	  Hypernetworks	  



Binary relations & links are essential 

But we also need n-ary relations, n > 2 

Alibaba	  

Seller	   Buyer	  

This	  is	  a	  3-‐ary	  rela<on	  
	  

Remove	  any	  vertex	  
and	  there	  cannot	  be	  
this	  transac<on	  
	  

The	  transac<on	  is	  a	  
`whole’	  

From	  Networks	  to	  Hypernetworks	  



Global Systems Science as a 2-simplex (source: Ralph Dum) 



Gestalt	  Psychologist	  Katz:	  
	  

Vanilla	  Ice	  Cream	  ≠	  cold	  +	  yellow	  +	  so=	  +	  sweet	  +	  vanilla	  

	  

it	  	  is	  a	  Gestalt	  –	  experienced	  as	  a	  whole	  
	  

〈	  cold,	  yellow,	  soK,	  sweet,	  vanilla	  〉	  

From	  Networks	  to	  Hypernetworks	  

NESS	  –	  Alibaba	  Workshop.	  23-‐24	  Nov	  2012.	  	  Hangzhou	  



	  

set	  of	  ver*ces	  	  	  	  	  	  ≠	  	  simplex	  	  	  	  	  	  	  	  	  	  	  ≠	  	  clique	  

〈	  cold,	  yellow,	  soK,	  sweet,	  vanilla	  〉	  

From	  Networks	  to	  Hypernetworks	  



Simplices represent wholes 

… remove a vertex and the whole ceases to exist. 



Time t 

The girls all 
like each other 
pairwise 

 



Time t 

The girls all 
like each other 
pairwise 

 

Time t+1 

Two girls gang up 
on one when they 
play together as a 

2-simplex 



Time t 

The girls all 
like each other 
pairwise 

 

Time t+1 

Two girls gang up 
on one when they 
play together as a 

2-simplex 

Time t+2 

The 3-way 
interaction has 
changed the 
pairwise relations 



Simplices have multidimensional faces 



Simplices have multidimensional faces 

A set of simplices with all its faces is called a simplicial complex 



Simplices have multidimensional connectivity through their faces 

Share a vertex 

0 - near 

Share an edge 

1 - near 
Share a triangle 

2 - near 

A network is a 1-dimensional simplicial 
complex with some 1-dimensional 
simplices (edges) connected through their 
0-dimensional simplices (vertices) 



Mul<dimensional	  Connec<vity	  

Polyhedra	  can	  be	  q-‐connected	  

through	  shared	  faces	  



Polyhedra	  can	  be	  q-‐connected	  

through	  shared	  faces	  

1-‐connected	  components	  

Mul<dimensional	  Connec<vity	  



Polyhedra	  can	  be	  q-‐connected	  

through	  shared	  faces	  

1-‐connected	  components	  

Q-‐analysis:	  lis<ng	  q-‐components	  

Mul<dimensional	  Connec<vity	  



Polyhedral	  Connec<vity	  &	  q-‐transmission	  

change	  on	  some	  	  

part	  of	  the	  	  

system	  

(q-‐percola*on)	  



Polyhedral	  Connec<vity	  &	  q-‐transmission	  



Polyhedral	  Connec<vity	  &	  q-‐transmission	  



Polyhedral	  Connec<vity	  &	  q-‐transmission	  

change	  is	  not	  transmiVed	  

across	  the	  low	  dimensional	  face	  



From	  Complexes	  to	  Hypernetworks	  

Simplices	  are	  not	  rich	  enough	  to	  discriminate	  things	  

Same	  parts,	  different	  rela*on,	  different	  structure	  &	  emergence	  

We	  must	  have	  rela%onal	  simplices	  





〈s0, s1, …..s95 Roffset 〉 〈s0, s1, …..s95 Raligned 〉 

illusion: Squares narrow horizontally No illusion 

Richard Gregory’s café wall illusion  



A hypernetwork is a set of relational simplices 

 

Hypernetworks augment and are consistent with all other 
network and hypergraph approaches to systems modelling: 

Hypernetworks and networks can & should work together 



Dynamics	  on	  the	  hypernetwork	  backcloth	  

opinions	  

Person	  1	   Person	  2	  

J J



Dynamics	  on	  the	  hypernetwork	  backcloth	  

opinions	  

Person	  1	   Person	  2	  

Inconsistent opinions or beliefs 

JJ



Dynamics	  on	  the	  hypernetwork	  backcloth	  

opinions	  

Person	  1	   Person	  2	  

The simplex is unstable 

& internally stressed 

LJ



Dynamics	  on	  the	  hypernetwork	  backcloth	  

opinions	  

Person	  1	   Person	  2	  
& internally un-stressed 

The simplex becomes stable 

JJ



Rela<onal	  Simplices	  and	  Mul<level	  Systems	  



Mul<level	  Systems	  

Can	  highly	  entangled	  mul<level	  systems	  separated	  into	  well-‐
defined	  levels	  ?	  



Mul<level	  Systems	  

The	  Intermediate	  Word	  Problem	  

Hierarchical	  
Soup	  



Mul<level	  Systems	  



e.g.	  take	  a	  set	  of	  3	  blocks	  

Forma<on	  of	  simplices	  ⇒	  hierarchical	  structure	  

{ }



{ }
R 

R 

Forma<on	  of	  simplices	  ⇒	  hierarchical	  structure	  

e.g.	  take	  a	  set	  of	  3	  blocks	  
	  	  	  	  	  	  	  assembled	  by	  a	  3-‐ary	  
	  	  	  	  	  	  	  rela<on	  



{ }
R 

Forma<on	  of	  simplices	  ⇒	  hierarchical	  structure	  

e.g.	  take	  a	  set	  of	  3	  blocks	  
	  	  	  	  	  	  	  assembled	  by	  a	  3-‐ary	  
	  	  	  	  	  	  	  rela<on	   R 

The	  structure	  has	  an	  
emergent	  property	  



{ }
R 

Forma<on	  of	  simplices	  ⇒	  hierarchical	  structure	  

Level	  N+1	  

	  

	  

	  

	  

	  

Level	  N	  

n-‐ary	  
rela<on	  

assembles	  
elements	  
into	  named	  
structures	  at	  
a	  higher	  
level	  



{ }
R 

Forma<on	  of	  simplices	  ⇒	  hierarchical	  structure	  

Arch	  n-‐ary	  
rela<on	  

assembles	  
elements	  
into	  named	  
structures	  at	  
a	  higher	  
level	  

R 



AND	  and	  OR	  aggrega<ons	  in	  mul<level	  systems	  

Sets,	  classes	  

Structures	  

Sets	  of	  parts	  

Conven*onal	  classifica*on	  trees	  don’t	  have	  alpha	  aggrega*ons	  



Mereology	  
	  
Parts	  and	  wholes	  go	  back	  millennia	  to	  Plato	  and	  Aristotle.	  	  
	  
mereology	  was	  coined	  in	  1927	  by	  Stanislaw	  Lesniewski	  
	  
A	  mereological	  system	  is	  defined	  to	  be	  composed	  of	  objects,	  X,	  
and	  a	  binary	  rela*on	  called	  parthood,	  ‘x	  is	  a	  part	  of	  y’.	  	  
	  
Winston,	  Chaffin	  and	  Herrmann	  gave	  six	  types	  of	  meronymic	  rela*ons:	  
	  

1.	  component	  integral	  object	  (pedal-‐bike),	  

2.	  member-‐collec*on	  (ship-‐fleet),	  

3.	  por*on-‐mass	  (slice-‐pie),	  

4.	  stuff-‐object	  (steel-‐car),	  

5.	  feature-‐ac*vity	  (paying-‐shopping),	  and	  

6.	  place-‐area	  (Everglades-‐Florida).	  



Mereology:	  	  e.g.	  component	  –	  integral	  object	  



Applica*ons	  
	  
Digital	  texts	  are	  mul*level	  systems	  of	  hypersimplices	  
	  
	  
	  	  	  	  	  	  	  Text	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘meaning’	  
	  
Paragraphs	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘meaning’	  
	  
	  	  sentences	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘meaning’	  
	  
	  	  	  	  phrases	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘meaning’	  
	  
	  	  	  	  	  words	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ‘meaning’	   words	  	  	  	  	  	  	  	  	  	  	  	  meanings	  

Galois	  pairs	  

Galois	  Pairs	  	  
texts	  	  	  	  	  	  	  	  	  	  	  	  meanings	  

Applies to the analysis of policy narrative in Big Data – but may need many relations 



Mul<level	  paYerns	  of	  numbers	  on	  the	  structure	  

The simplices form a backcloth for the more dynamic traffic (numbers) 

… but there are also backcloth dynamics as relational simplices are formed. 



System	  dynamics	  as	  traffic	  on	  a	  fixed	  mul<level	  backcloth	  

Dynamics	  on	  the	  hypernetwork	  backcloth	  



e.g.	  the	  dynamics	  of	  greenhouse	  gas	  reduc*on	  



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

Policy	  

Science	  

Design	  

Policy	  is	  designing	  the	  future	  

3.	  Policy	  



Design	  is	  an	  	  Intermediate	  Word	  Problem	  

What	  are	  the	  intermediate	  structures	  ?	  

What	  	  shall	  we	  call	  them	  ?	  

Hierarchical	  
Soup	  

Policy	  is	  designing	  the	  future	  



Innova*on	  involves	  crea*ng	  ar*ficial	  systems	  

Crea*ng	  ar*ficial	  systems	  involves	  Design	  

Policy	  is	  designing	  the	  future	  

                      The simplified generate-evaluate model of the design process 



Innova*on	  involves	  crea*ng	  ar*ficial	  systems	  

Crea*ng	  ar*ficial	  systems	  involves	  Design	  

Design	  a	  co-‐evolu*on	  between	  what	  you	  think	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  you	  want	  &	  what	  you	  think	  you	  can	  have	  

Policy	  is	  designing	  the	  future	  



Design	  is	  an	  itera*ve	  process	  –	  it	  takes	  *me	  





Example: Innovation systems in China 

Policy: move to the ends of the smiles for greater added value 



Example: Innovation systems in China 

Policy: move to the ends of the smiles for greater added value 

Policy Question: what can the government do to improve innovation in China? 



Example: Innovation systems in China 

Policy Question: what can the government do to improve innovation in China? 

necessary but not sufficient ingredients for successful industrial innovation: 
 
Place    location with diverse resources and capabilities, e.g. cities 
Education  school system to develop ability, Advanced Education 
Elite   with spare time to think (researchers, rich people) 
Passion   hunger to do something different & desire to make money 
Money   Money to invest in R&D 
Design   Design and IP, Marketing 



Example: Innovation systems in China 

Policy Question: what can the government do to improve innovation in China? 

necessary but not sufficient ingredients for successful industrial innovation: 
 
Place    location with diverse resources and capabilities, e.g. cities 
Education  school system to develop ability, Advanced Education 
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Design   Design and IP, Marketing 



Example: Innovation systems in China 

Policy Question: what can the government do to improve innovation in China? 

Which vertices can the Government change? 



Example: Innovation systems in China 

Policy Question: what can the government do to improve innovation in China? 

Which vertices can the Government change? 

Are any vertices missing? 

If the Government changes the vertices will the simplex form? 

ü 
ü 
ü 
ü 

ü 

? 



Example: Innovation systems in China 

This is a multilevel system of systems 

Policy Question: what can the government do to improve innovation in China? 

Place       World > China > Provinces > Cities > innovation clusters > … 
 
Education  Universities > Teaching & Research x Types > … 
 
Elite       academics, research fields – pure, applied > individuals >  … 
 
Passion      personality types, behaviours individuals 
 
Money       tax breaks, grants, … 
 
Design       specialisms, patents by type, …   



Example: Innovation systems in China 

Policy Question: what can the government do to improve innovation in China? 

Scientific question: how can the Government know that policy might work? 

 



Example: Innovation systems in China 

Policy Question: what can the government do to improve innovation in China? 

Scientific question: how can the Government know that policy might work? 

 

 ? Multilevel agent based simulations 

     e.g. micro-simulations at individual levels 



Example: Innovation systems in China 

Policy Question: what can the government do to improve innovation in China? 

Detecting innovation in Big Data 

 

Feature F1  measured by number of new products sold 

Feature F2  trading patterns with other companies 

Feature F3  trading patterns with individuals 

 

These patterns form relational simplices  σt = 〈F1, F2, F3; Rt〉 

 

Then may have ‘innovation hypersimplices’ through time: 〈 σ1, σ2, σ3, σ4, …. ; R 〉 

 



System	  dynamics	  as	  traffic	  on	  an	  evolving	  mul<level	  backcloth	  

Example: Innovation systems in China 



Conclusions: Hyperneworks & Design in Global Systems Science 

Multilevel Hypernetworks 

Policy Design 

Ralph Dum: 



Policy 

Conclusions: Hyperneworks & Design in Global Systems Science 

Global Systems Science as a 3-simplex 



Conclusions: Hyperneworks & Design in Global Systems Science 

Policy	  
Science	  
Design	  

Policy 



Hypernetworks augment standard network approaches to 
include relations between many things 

Hypernetworks give a natural way of representing multilevel 
structure and systems of systems of systems 

Design is the construction of new multilevel systems 

Policy is designing the future 

Science, policy and design are inextricably entangled 

GSS, policy, design & hypernetworks are inextricably entangled 

Conclusions: Hyperneworks & Design in Global Systems Science 


