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I n t r o d u c t i o n 

A fundamenta l  proble m fo r  an y statisticia n face d wit h a 
nois y dat a se t  o r  fo r  an y livin g creatur e tryin g t o surviv e i s 
t o identif y h o w muc h (i f  any )  usefu l  structur e exist s i n a 
nois y input .  I n othe r  words ,  i n a  give n dat a se t  on e wishe s t o 
identif y a s m u c h redundanc y a s possibl e s o a s t o reduc e th e 
amount  o f  informatio n neede d t o cod e fo r  th e data . 

I n bot h case s clusterin g technique s ai m a t  identifyin g 
group s o f  individual s withi n a n inpu t  spac e suc h tha t  th e 
one s withi n cluster s ar e mor e simila r  t o th e one s outsid e 
clusters ,  s o tha t  th e domai n i s partitione d int o disjoin t  o r 
properl y inclusiv e subsets .  W e interpre t  th e clusterin g 
proble m a s on e o f  dat a compressio n withi n a n informatio n 
theor y framewor k an d us e th e min imu m descriptio n lengt h 
principl e (hencefort h M D L ;  Rissanen ,  1978 )  t o deriv e a 
non-parametri c algorith m whic h identitie s th e clusterin g 
configuratio n maximall y compressin g a  give n dat a set . 
Encouragin g huma n experimenta l  result s ar e presented , 
highl y suggestiv e o f  a  low-leve l  categorizatio n mode l  base d 
(i n informatio n gain . 

Clustering by MDL 

Th e proble m o f  identifyin g th e se t  o f  cluster s tha t  bes t 
captur e th e statistica l  structur e o f  th e domai n ca n b e 
redescribe d a s follows .  Suppos e w e ar e intereste d i n 
transmittin g a  se t  o f  ordere d relation s amon g n  object s (s o 
tha t  w e hav e ii*(n-l)/ 2 relations) ,  o f  th e for m a<b ,  a<d ,  b< c 
etc.) .  I f  w e wer e t o transmi t  eac h relatio n individuall y the n 
we woul d require/j*(«-l)/ 2 bits . 

Specifyin g a  cluste r  i s equivalen t  t o sayin g tha t  al l  th e 
distance s withi n cluster s ar e les s tha n al l  th e distance s 
betwee n cluster s s o tha t  th e tota l  numbe r  o f  relation s tha t 
need s t o b e transmitte d i s  reduced .  I n particular ,  i f  s 
constraint s ar e introduce d b y a  se t  o f  clusters ,  the n th e 
informatio n gai n i s . v bits .  However ,  i n genera l  n o cluste r 
wil l  b e perfect ,  s o tha t  som e o f  thes e constraint s wil l  b e 
wrong ,  an d als o th e particula r  wa y cluster s divid e u p th e 
dat a se t  need s t o b e described .  Accordin g t o th e M D L 
principle ,  a  cluste r  solutio n wil l  b e advantageou s t o th e 
exten t  tha t  th e abov e cost s ar e les s tha n th e informatio n gai n 
associate d wit h th e constraint s impose d b y clusters . 
S u m m i ng up .  th e informatio n gai n associate d wit h 
iiansmittin g a  cluste r  solutio n instea d o f  al l  relation s 
individuall y woul d be : 

Informatio n Gai n =  Constraint s -  Costs ,  wher e Cost s ar e 

{n-v Y 
give n b y (log(.v+1 )  +  log(^C,))-H^(-l) ' 

(Se e Chate r  &  Pothos ,  i n preparation. ) 

(n-v)\v \ 

Imp lementa t io n o f  th e algorith m 

The algorith m proceed s b y groupin g case s int o bigge r  an d 
bigge r  clusters .  A t  th e beginning ,  al l  item s ar e considere d 
individua l  clusters .  A t  eac h step ,  al l  possibl e cluste r 
combination s ar e forme d an d th e tota l  (domain )  transmissio n 
cost s ar e calculated .  Th e cluste r  tha t  lead s t o th e greates t 
informatio n gai n ove r  th e previou s configuratio n i s th e on e 
t o b e formed .  Th e algorith m stop s whe n n o mor e 
informatio n gai n i s possible . 

Performance of the algorithm 

Four  simpl e dat a set s (1 0 point s embedde d i n a  2 D 
Euclidea n space )  wer e use d t o illustrat e performanc e o f  th e 
algorithm .  Th e first  thre e dat a set s wer e highl y structure d 
and th e algorith m indee d partitione d th e dat a point s i n th e 
way tha t  seeme d t o refiec t  mos t  faithfull y th e structur e o f  th e 
domains .  Th e fourt h dat a se t  wa s constructe d s o tha t  ther e 
woul d b e littl e structur e an d thi s le d t o a  ver y lo w 
informatio n gai n associate d wit h th e final  configuration . 

Comparisons with human results 

The dat a point s i n eac h o f  th e dat a set s use d i n validatin g th e 
performanc e o f  th e algorith m wer e the n printe d o n A 4 sheet s 
of  pape r  an d w e aske d huma n subject s t o partitio n thes e 
domain s i n a  wa y tha t  seeme d "natura l  an d intuitive" ,  b y 
drawin g a  curv e roun d th e points .  Chi-square d test s reveale d 
tha t  th e algorith m cluste r  solution s wer e th e onl y one s tha t 
wer e produce d significantl y mor e frequentl y agains t  chanc e 
fo r  th e first  thre e dat a sets ,  whil e fo r  th e las t  on e (th e littl e 
structur e dat a set )  al l  solution s wer e a t  chanc e frequencie s 
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