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Ques0ons	  

•  Human	  socie0es	  appear	  pervaded	  by	  groups.	  
OMen	  show	  in-‐group	  pro-‐social	  behavior	  

•  How	  can	  this	  be	  understood	  from	  the	  point	  of	  
view	  of	  individuals	  who	  comprise	  those	  
groups?	  

•  How	  do	  selfish	  agents	  come	  to	  form	  groups	  
that	  are	  not	  internally	  selfish?	  

•  Individualism	  v.	  Collec0vism	  (morality?)	  
•  The	  origins	  of	  virtue	  –	  MaE	  Ridley	  1996	  	  	  



Quotes	  

“There	  can	  be	  no	  doubt	  that	  a	  tribe	  including	  
many	  members	  who..	  were	  always	  ready	  to	  
give	  aid	  to	  each	  other	  and	  to	  sacrifice	  
themselves	  for	  the	  common	  good,	  would	  be	  
victorious	  over	  other	  tribes;	  and	  this	  would	  be	  
natural	  selecBon”	  

Darwin,	  C.	  (1871)	  The	  Descent	  of	  Man	  and	  Selec0on	  in	  Rela0on	  
to	  Sex	  (Murray,	  London)	  2nd	  Edi0on.	  



Models	  or	  thought	  experiments?	  

•  Abstract	  models	  /	  ar0ficial	  socie0es	  
•  Agent	  based	  modeling	  
•  Thought	  experiments	  
•  Not	  empirically	  verified	  /	  or	  applied	  
•  Relax	  assump0ons	  of	  tradi0onal	  game	  theory	  /	  ra0onal	  
ac0on	  approach	  

•  Copying	  (replica0on)	  and	  limited	  innova0on	  (muta0on)	  
=>	  cultural	  evolu0on?	  

•  “Emergent”	  macro	  outcomes	  
•  Focus	  on	  social	  dilemma	  /	  public	  goods	  type	  scenarios	  	  



Assump0ons	  

•  Agents	  interact	  producing	  individual	  payoffs	  (e.g.	  
Prisoner’s	  Dilemma	  game)	  

•  Agent	  ac0on	  determined	  by	  a	  trait	  (e.g.	  
cooperate	  or	  defect)	  

•  Agents	  select	  interac0on	  partners	  based	  on	  
further	  trait	  defining	  an	  “in-‐group”	  

•  Traits	  can	  be	  copied	  and	  mutated	  
•  Agents	  copy	  traits	  that	  produce	  higher	  individual	  
payoffs	  

•  Evolu0onary	  game	  theory	  	  



Game	  theory	  v.	  these	  models	  
Cooperation through the endogenous evolution of social structure 5
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Fig. 1. Six qualitative dimensions distinguishing traditional game theory models and
many cultural group selection models.

tural group selection models presented here represent interactions within dy-
namic social structures whereas game theory has tended towards static mean
field structures, by which we mean that game interactions are often assumed to
occur stochastically, with equal probability, between agents over time. In the cul-
tural group selection models (as will be seen later) a key aspect that drives the
evolution of cooperation and increases in social utility is the dynamic formation
of in-groups of agents that interact together exclusively, excluding interactions
with the out-group.

3 Three kinds of models

Historically group selection has been seen as controversial within both biological
and social sciences due to the difficulty in advancing a plausible theory and the
inability of identifying such processes empirically in the field. Also certain kinds
of non-formalised group selection approaches were exposed as naive by biologists.
However these objections have been challenged due to recent advances in the
area due to extensive use of computational (often agent-based) modelling and
a theoretical shift that accepts that selection operating at the individual level
can, under broad conditions, emerge group level selection at a higher level. The
historical debate from a group selectionist perspective is well covered elsewhere
[40].

We will not retread old ground here but will concentrate on presenting a
specific class of group selection models that have recently emerged in the lit-
erature. These models may be interpreted as cultural evolutionary models in
which imitation allows traits to move horizontally. We do not concern ourselves
here with the biological interpretation of such models but rather the cultural
interpretation.

Group selection relies on the dynamic formation and dissolution of groups.
Over time individual entities may change groups by moving to those that offer
better individual performance. Interaction between entities that determine per-
formance is mainly restricted to those sharing the same group. Essentially then,

Six	  qualita0ve	  dimensions	  dis0nguishing	  tradi0onal	  game	  theory	  models	  and	  
many	  cultural	  group	  selec0on	  models	  



SchemaBc	  of	  the	  evoluBon	  of	  groups	  in	  the	  tag	  model.	  
Three	  generaBons	  (a-‐c)	  are	  shown.	  White	  individuals	  are	  pro-‐social,	  black	  are	  
selfish.	  Individuals	  sharing	  the	  same	  tag	  are	  shown	  clustered	  and	  bounded	  by	  
large	  circles.	  Arrows	  indicate	  group	  linage.	  MigraBon	  between	  groups	  is	  not	  
shown.	  When	  b	  is	  the	  benefit	  a	  pro-‐social	  agent	  can	  confer	  on	  another	  and	  c	  is	  
the	  cost	  to	  that	  agent	  then	  the	  condiBon	  for	  group	  selecBon	  of	  pro-‐social	  groups	  

is:	  b	  >	  c	  and	  mt	  >>	  ms	  

Riolo,	  Axelrod,	  Cohen,	  Holland,	  Hales,	  Edmonds…	  



SchemaBc	  of	  the	  evoluBon	  of	  groups	  (cliques)	  in	  the	  network-‐rewiring	  model.	  
Three	  generaBons	  (a-‐c)	  are	  shown.	  White	  individuals	  are	  pro-‐social,	  black	  are	  

selfish.	  Arrows	  indicate	  group	  linage.	  Altruism	  selected	  when	  b	  >	  c	  and	  mt	  >>	  ms.	  
When	  t	  =	  1,	  get	  disconnected	  components,	  when	  1	  >	  t	  >	  0.5,	  get	  small-‐world	  

networks	  	  

Hales,	  D.	  &	  Arteconi,	  S.	  (2006)	  Ar0cle:	  SLACER:	  A	  Self-‐Organizing	  Protocol	  for	  Coordina0on	  
in	  P2P	  Networks.	  IEEE	  Intelligent	  Systems,	  21(2):29-‐35	  

Santos	  F.	  C.,	  Pacheco	  J.	  M.,	  Lenaerts	  T.	  (2006)	  Coopera0on	  prevails	  when	  individuals	  adjust	  
their	  social	  0es.	  PLoS	  Comput	  Biol	  2(10)	  



SchemaBc	  of	  the	  evoluBon	  of	  groups	  in	  the	  group-‐spliSng	  model.	  Three	  
generaBons	  (a-‐c)	  are	  shown.	  Altruism	  is	  selected	  if	  the	  populaBon	  is	  parBBoned	  

into	  m	  groups	  of	  maximum	  size	  n	  and	  b	  /	  c	  >	  1	  +	  n	  /	  m.	  

Traulsen,	  A.	  &	  Nowak,	  M.	  A.	  (2006).	  Evolu0on	  of	  coopera0on	  by	  mul0level	  
selec0on.	  Proceedings	  of	  the	  Na0onal	  Academy	  of	  Sciences	  130(29):
10952-‐10955.	  



What	  are	  tags	  

•  Tags	  =	  observable	  labels,	  markings	  or	  social	  cues	  

•  Agent	  display	  and	  can	  observe	  tags	  
•  Tags	  evolve	  like	  any	  other	  trait	  (or	  gene	  or	  meme)	  

•  Agents	  may	  discriminate	  based	  on	  tags	  

•  John	  Holland	  (1992)	  =>	  tags	  powerful	  “symmetry	  
breaking”	  func0on	  in	  “social-‐like”	  processes	  

•  In	  GA-‐type	  interpreta0on,	  tags	  =	  parts	  of	  the	  
genotype	  reflected	  directly	  in	  the	  phenotype	  



Tag	  Models	  

•  Tags	  may	  be	  bit	  strings	  signifying	  some	  
observable	  cultural	  cues	  

•  Tags	  may	  be	  a	  single	  real	  number	  

•  Any	  dis0nguishing	  detectable	  cue	  
• Most	  show	  coopera0on	  /	  altruism	  between	  
selfish,	  greedy	  (boundedly	  ra0onal)	  agents	  



Tag	  models	  

•  Riolo	  et	  al	  introduce	  a	  tag	  /	  tolerance	  model	  
•  Tolerance	  is	  a	  strategy	  trait	  -‐	  how	  close	  another's	  tag	  should	  

be	  to	  donate	  
•  Tolerance	  =	  0	  means	  only	  donate	  to	  iden0cally	  tagged	  

others,	  Tolerance	  =	  1	  donate	  to	  all	  (assuming	  tags	  [0..1])	  
•  Tolerance	  models	  less	  explore	  less	  strict	  popula0on	  

structure	  –	  random	  sampling	  of	  popula0on	  through	  
“pairings”	  parameter	  

•  Shade	  ShuEers	  –	  detailed	  work	  on	  these	  models	  in	  
combina0on	  with	  space	  and	  binary	  coopera0on	  traits:	  	  

•  ShuXers,	  S.,	  Hales,	  D.	  (in	  press)	  Tag-‐mediated	  altruism	  is	  conBngent	  on	  
how	  cheaters	  are	  defined.	  Journal	  of	  ArBficial	  SocieBes	  and	  Social	  
SimulaBon.	  



Tags	  in	  the	  literature	  



Generic	  evolu0onary	  algorithm	  

Ini0alise	  all	  agents	  with	  randomly	  selected	  strategies	  
LOOP	  some	  number	  of	  genera0ons	  
	   LOOP	  for	  each	  agent	  (a)	  in	  the	  popula0on	  
	   	   Select	  a	  game	  partner	  (b)	  from	  the	  popula0on	  
	   	   select	  a	  random	  partner	  with	  matching	  tag	  
	   	   Agent	  (a)	  and	  (b)	  invoke	  their	  strategies	  

	   	   	   	   receiving	  the	  appropriate	  payoff	  
	   END	  LOOP	  
	   Reproduce	  agents	  in	  propor0on	  to	  their	  average	  payoff	  

	   	   with	  some	  small	  probability	  of	  muta0on	  (M)	  
END	  LOOP	  



From:	  hEp://gneisslife.blogspot.co.uk/2011/08/group-‐selec0on-‐revisited.html	  



Agents	  –	  a	  tag	  and	  a	  PD	  strategy	  

Tag	  =	  5	   Tag	  =	  10	  

Cooperate	   Defect	  

Tag	  =	  (say)	  Some	  Integer	  

Game	  interac0on	  between	  those	  with	  same	  tag	  (if	  possible)	  



How	  tags	  work	  
Shared	  tags	  

Copy	  tag	  and	  strategy	  

Game	  
Interac0ons	  



Visualising	  the	  process	  
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Visualising	  the	  process	  
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Change	  your	  tags	  fast…	  

•  Groups	  have	  to	  be	  formed	  more	  quickly	  than	  they	  
invaded	  and	  killed	  

•  New	  groups	  are	  formed	  by	  muta0on	  on	  the	  tag	  

•  Old	  groups	  are	  killed	  by	  muta0on	  on	  the	  strategy	  

•  So	  if	  tag	  muta0on	  >	  strategy	  muta0on	  this	  should	  
promote	  coopera0on?	  

•  Test	  it	  by	  looking	  at	  the	  exis0ng	  models	  and	  
implemen0ng	  a	  new	  one	  



Tag	  /	  strategy	  muta0on	  rate	  



Network	  rewire	  model	  

Each	  node	  p	  periodically	  performs	  a	  game	  interac0on	  
with	  a	  randomly	  chosen	  neighbor	  

Each	  node	  p	  periodically	  executes	  the	  following:	  
q	  =	  SelectRandomPeer()	  
If	  u0lityq	  >	  u0lityp	  
	   drop	  all	  current	  links	  
	   link	  to	  node	  q	  and	  copy	  its	  strategy	  and	  links	  
	   mutate	  (with	  low	  probability)	  strategy	  and	  links	  



Network	  rewiring	  movie	  



thoughts	  

•  Simple	  copying	  heuris0cs	  based	  on	  individual	  u0lity	  with	  social	  
structure	  =>	  “as	  if”	  a	  mo0va0ng	  force	  higher	  than	  self-‐interest	  towards	  
to	  in-‐group	  

•  Agents	  “vote	  with	  their	  feet”	  by	  moving	  to	  beEer	  groups	  via	  copying	  
•  History	  of	  system	  important	  to	  understand	  behavior	  at	  any	  given	  point	  

in	  0me	  
•  Compare	  some	  ideas	  from	  Ibn	  Khaldun	  (14th	  Century)	  

•  But	  here	  an	  interpreta0on	  can	  be	  not	  of	  physical	  movement	  but	  of	  
cultural	  movement	  (meme0c	  reproduc0on)	  

•  Memes	  are	  selected	  that	  support	  social	  interac0on	  structures	  that	  
perpetuate	  them	  

•  Proto-‐ins0tu0ons	  linking	  evolu0onary	  models	  to	  some	  of	  the	  work	  of	  
Olson	  (ra0onal	  ac0on)	  and	  Ostrom	  (self-‐organized	  social	  ins0tu0ons)?	  	  	  	  



Any	  Use?	  

•  Can	  such	  processes	  be	  observed	  in	  real	  
systems?	  How	  could	  they	  be	  measured?	  

• Models	  assume	  the	  rapid	  ability	  to	  create	  new	  
groups	  and	  free	  movement	  between	  groups	  –	  
is	  this	  valid	  in	  real	  systems?	  

•  Online	  communi0es?	  Ephemeral	  groups?	  
TwiEer	  tags?	  

•  Can	  such	  models	  be	  adapted	  from	  the	  abstract	  
to	  par0cular	  scenarios?	  Vary	  assump0ons?	  


