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Who	
  am	
  I?	
  

•  Computer	
  scien,st	
  
•  PhD	
  in	
  agent-­‐based	
  modelling	
  (Essex)	
  

•  Ar,ficial	
  socie,es	
  focus	
  (MAS)	
  

• Moved	
  into	
  P2P	
  

•  Coming	
  full	
  circle	
  

•  Disclosure:	
  no	
  substan,al	
  posi,on	
  in	
  any	
  of	
  
systems	
  men,oned	
  or	
  associa,on	
  with	
  them	
  



Summary	
  

• Will	
  dis,nguish	
  two	
  classes	
  of	
  Peer-­‐to-­‐Peer	
  	
  
(P2P)	
  systems	
  that	
  have	
  emerged	
  

• Will	
  focus	
  on	
  new	
  fully	
  decentralised	
  class	
  
(such	
  as	
  bitcoin	
  and	
  biQorrent)	
  

•  Outline	
  their	
  interes,ng	
  proper,es	
  
•  Discuss	
  how	
  might	
  be	
  captured	
  in	
  Agent-­‐based	
  
models	
  

•  State	
  future	
  research	
  challenges	
  /	
  open	
  issues	
  
related	
  to	
  Bitcoin	
  and	
  emerging	
  variants	
  	
  



Two	
  classes	
  of	
  P2P	
  

•  First	
  wave	
  P2P:	
  
– Centralised	
  systems	
  architecture	
  
– Conven,onal	
  company	
  structure	
  
– Provides	
  “person-­‐to-­‐person”	
  plaVorm	
  
– Zopa.com	
  (p2p	
  lending),	
  Napster	
  (file-­‐sharing)	
  

•  Second	
  wave	
  P2P:	
  
– Distributed	
  systems	
  architecture	
  
– No	
  conven,onal	
  ownership	
  (open	
  source)	
  
– Self-­‐organised	
  soYware	
  provides	
  services	
  
– Bitcoin	
  (p2p	
  “money”),	
  biQorrent	
  (file-­‐sharing)	
  



2nd	
  wave	
  -­‐	
  P2P	
  Terminology	
  

•  SoYware	
  running	
  on	
  user	
  devices	
  are	
  called	
  
Clients	
  

•  The	
  way	
  the	
  soYware	
  behaves	
  and	
  
communicates	
  is	
  called	
  the	
  Protocol	
  	
  

•  The	
  dynamic	
  connec,ons	
  clients	
  make	
  
between	
  each	
  other	
  forms	
  what	
  is	
  termed	
  an	
  
Overlay	
  Network	
  

•  Clients	
  communicate	
  by	
  passing	
  messages	
  
over	
  the	
  overlay	
  network	
  



What	
  is	
  Bitcoin?	
  

•  Decentralised	
  informa,on	
  system	
  
•  Supports	
  distributed	
  public	
  ledger	
  (blockchain)	
  
•  Ledger	
  updated	
  in	
  and	
  stored	
  in	
  all	
  clients	
  
•  Clients	
  will	
  not	
  accept	
  updates	
  that	
  violate	
  the	
  ledger	
  
(to	
  stop	
  double	
  spending)	
  

•  Ledger	
  stores	
  bitcoin	
  transac,ons	
  
•  Bitcoins	
  are	
  endogenously	
  created	
  (mined)	
  within	
  the	
  
system	
  -­‐	
  awarded	
  to	
  those	
  who	
  provide	
  substan,al	
  
CPU	
  power	
  maintaining	
  the	
  ledger	
  

•  Bitcoins	
  are	
  released	
  to	
  a	
  schedule	
  with	
  an	
  upper	
  limit	
  
set	
  at	
  21m	
  by	
  2140.	
  



What	
  is	
  Bitcoin?	
  

•  I	
  am	
  not	
  going	
  to	
  spend	
  ,me	
  on	
  the	
  technical	
  
detail	
  of	
  Bitcoin.	
  See:	
  
– Satoshi,	
  N.	
  (2009)	
  "Bitcoin:	
  A	
  Peer-­‐to-­‐Peer	
  
Electronic	
  Cash	
  System".	
  hQps://bitcoin.org/
bitcoin.pdf.	
  

•  Suffice	
  to	
  say	
  it	
  uses	
  public	
  key	
  crypto	
  and	
  an	
  
incen,ve	
  system	
  to	
  provide	
  quite	
  robust	
  
distributed	
  ledger	
  services.	
  



Bitcoin	
  client	
  



Many	
  Bitcoin	
  variants	
  

•  Bitcoin	
  has	
  spawned	
  many	
  variants	
  (altcoins)	
  
•  As	
  of	
  Feb	
  2014	
  over	
  100	
  (but	
  small	
  no.	
  ac,ve)	
  
•  Each	
  supports	
  subtlety	
  different	
  proper,es	
  
•  Some	
  “pre-­‐mine”	
  coins	
  or	
  place	
  different	
  limits	
  
on	
  total	
  number	
  of	
  coins	
  that	
  can	
  be	
  produced.	
  

•  Some	
  aQempt	
  to	
  allocate	
  coins	
  to	
  na,onal	
  
communi,es	
  

•  In	
  general	
  however,	
  they	
  all	
  rely	
  on	
  the	
  
distributed	
  ledger	
  concept	
  (the	
  blockchain)	
  



From:	
  www.cryptocoincharts.info	
  



Group	
  selec,on	
  of	
  variants?	
  

•  Could	
  we	
  model	
  this	
  ecology	
  of	
  variants	
  using	
  
previously	
  proposed	
  cultural	
  group	
  selec,on	
  
models?	
  

•  There	
  are	
  several,	
  summary	
  of	
  some	
  given	
  in:	
  
– Hales,	
  D.,	
  (2010)	
  Ra#onality	
  meets	
  the	
  Tribe:	
  
Recent	
  Models	
  of	
  Cultural	
  Group	
  Selec#on.	
  In	
  
Mollona,	
  E.,	
  (ed)	
  Computa,onal	
  Analysis	
  of	
  Firms’	
  
Organiza,on	
  and	
  Strategic	
  Behaviour.	
  Routledge.	
  
hQp://cfpm.org/~david/papers/tribe-­‐proof-­‐v1.pdf	
  



Tag	
  Models	
  

•  Tags	
  may	
  be	
  bit	
  strings	
  signifying	
  some	
  
observable	
  cultural	
  cues	
  

•  Tags	
  may	
  be	
  a	
  single	
  real	
  number	
  

•  Any	
  dis,nguishing	
  detectable	
  cue	
  
• Most	
  show	
  coopera,on	
  /	
  altruism	
  between	
  
selfish,	
  greedy	
  (boundedly	
  ra,onal)	
  agents	
  



SchemaGc	
  of	
  the	
  evoluGon	
  of	
  groups	
  in	
  the	
  tag	
  model.	
  
Three	
  generaGons	
  (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.	
  MigraGon	
  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	
  condiGon	
  for	
  group	
  selecGon	
  of	
  pro-­‐social	
  groups	
  

is:	
  b	
  >	
  c	
  and	
  mt	
  >>	
  ms	
  

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



Simula,on	
  algorithm	
  

Ini,alise	
  all	
  agents	
  with	
  randomly	
  selected	
  strategies	
  
LOOP	
  some	
  number	
  of	
  genera,ons	
  
	
   LOOP	
  for	
  each	
  agent	
  (a)	
  in	
  the	
  popula,on	
  
	
   	
   Select	
  a	
  game	
  partner	
  (b)	
  from	
  the	
  popula,on	
  
	
   	
   select	
  a	
  random	
  partner	
  with	
  matching	
  tag	
  
	
   	
   Agent	
  (a)	
  and	
  (b)	
  invoke	
  their	
  strategies	
  

	
   	
   	
   	
   receiving	
  the	
  appropriate	
  payoff	
  
	
   END	
  LOOP	
  
	
   Reproduce	
  agents	
  in	
  propor,on	
  to	
  their	
  average	
  payoff	
  

	
   	
   with	
  some	
  small	
  probability	
  of	
  muta,on	
  (M)	
  
END	
  LOOP	
  



Tag	
  =	
  5	
   Tag	
  =	
  10	
  

Agents	
  –	
  a	
  tag	
  and	
  a	
  PD	
  Strategy	
  

Tag	
  =	
  (Say)	
  some	
  integer	
  
Game	
  Interac,on	
  between	
  those	
  with	
  same	
  tag	
  (if	
  possible)	
  

Tag	
  =	
  5	
   Tag	
  =	
  10	
  Cooperate	
   Defect	
  



How	
  tags	
  work	
  
Shared	
  tags	
  

Copy	
  tag	
  and	
  strategy	
  

Game	
  
Interac,ons	
  



Visualising	
  the	
  process	
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Network	
  rewire	
  model	
  

Each	
  node	
  p	
  periodically	
  performs	
  a	
  game	
  interac,on	
  
with	
  a	
  randomly	
  chosen	
  neighbor	
  

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



Network	
  rewiring	
  movie	
  



Tags	
  applied	
  to	
  altcoin	
  ecology?	
  

•  Groups	
  have	
  to	
  be	
  formed	
  more	
  quickly	
  than	
  invaded	
  
and	
  killed	
  (new	
  altcoins	
  created	
  rapidly)	
  

•  New	
  groups	
  are	
  formed	
  by	
  muta,on	
  on	
  the	
  tag	
  (new	
  
altcoin	
  variants?)	
  

•  Old	
  groups	
  are	
  killed	
  by	
  muta,on	
  on	
  the	
  strategy	
  
(hacking	
  or	
  specula,on?)	
  

•  So	
  if	
  tag	
  muta,on	
  >	
  strategy	
  muta,on	
  this	
  should	
  
promote	
  coopera,on	
  (following	
  the	
  protocol,	
  avoid	
  
specula,ve	
  runs?)	
  

•  Compare	
  Tiebout	
  (1956).	
  Although	
  here	
  we	
  have	
  
simple	
  bounded	
  imitators	
  we	
  s,ll	
  assume	
  zero	
  cost	
  for	
  
moving,	
  crea,ng	
  a	
  new	
  tag,	
  network	
  effects	
  etc.	
  



Further	
  emerging	
  research	
  areas?	
  

•  Recentralisa,on	
  
•  Dynamic	
  money	
  supply	
  

•  Price	
  stability	
  
•  Distributed	
  ins,tu,ons	
  



Recentralisa,on	
  

• Wallet	
  services,	
  central	
  exchanges,	
  mining	
  
pools,	
  developer	
  groups	
  

•  Is	
  recentralisaGon	
  of	
  Bitcoin	
  (and	
  variants)	
  
inevitable?	
  	
  



Dynamic	
  money	
  supply	
  

•  Exis,ng	
  coins	
  do	
  not	
  allow	
  dynamic	
  expansion	
  
and	
  contrac,on	
  of	
  money	
  supply	
  

•  This	
  is	
  considered	
  a	
  feature	
  not	
  a	
  bug	
  
•  AQempts	
  (such	
  as	
  Ripple.com)	
  

•  Is	
  it	
  possible	
  to	
  create	
  a	
  P2P	
  system	
  supporGng	
  
fracGonal	
  reserve	
  type	
  funcGons?	
  



Price	
  stability	
  

•  Bitcoin	
  evidences	
  high	
  vola,tly	
  on	
  exchange	
  
markets	
  against	
  fiat	
  

• Would	
  it	
  be	
  possible	
  to	
  create	
  a	
  P2P	
  system	
  
that	
  could	
  proacGvely	
  aXempt	
  to	
  stabalise	
  
such	
  coins	
  using	
  some	
  form	
  of	
  distributed	
  
algorithmic	
  “open	
  market	
  operaGons”?	
  



Distributed	
  ins,tu,ons	
  

•  Speculated	
  that	
  next	
  wave	
  of	
  P2P	
  could	
  be	
  
termed	
  “Distributed	
  Autonomous	
  Organisa,ons”	
  
– Based	
  on	
  computa,onally	
  specified	
  contracts	
  
– Many	
  possible	
  services	
  other	
  than	
  coins	
  

– Governance:	
  Vo,ng,	
  joint	
  control	
  of	
  accounts,	
  etc.	
  
– See	
  www.ethereum.org	
  

•  Can	
  producGve	
  aspects	
  of	
  exisGng	
  insGtuGons	
  be	
  
used	
  as	
  “templates”	
  for	
  new	
  algorithmically	
  
enabled	
  distributed	
  insGtuGons	
  	
  



Conclusion	
  

•  On-­‐going	
  computa,onal	
  experiments	
  “in	
  the	
  
wild”	
  with	
  “skin	
  in	
  the	
  game”	
  

•  Challenge	
  to	
  modellers	
  –	
  but	
  look	
  inherently	
  
amenable	
  for	
  agent-­‐based	
  approaches	
  

•  Could	
  this	
  all	
  be	
  a	
  passing	
  fad…	
  
•  Or	
  as	
  significant	
  as	
  the	
  inven,on	
  of	
  double	
  
entry	
  bookkeeping	
  and	
  the	
  joint	
  stock	
  
company?	
  



Ques,ons?	
  

•  Thank	
  you	
  for	
  your	
  aQen,on	
  


