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M o d e l l i n g h u m a n p e r f o r m a n c e o n th e travellin g salesperso n p r o b l e m 
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Departmen t  o f  Publi c Administration ;  Universit y o f  Victori a 

Victoria ,  B C ,  Canad a V 8 W 2 Y 2 

Thomas C. Ormerod & Edward P. Chronicle (t.ormerod,e.chronicle@lancaster.ac.uk) 
Departmen t  o f  Psychology ;  Lancaste r  Universit y 

Lancaste r  L A I  4YF ,  U K 

Abstrac t 

The travelling salesperson problem (TSP) is a classic prob-
le m i n combinatoria l  optimisatio n whic h i s o f  consider -
abl e theoretica l  an d practica l  importance .  Here ,  w e propos e 
and tes t  a  computationa l  mode l  o f  ho w human s solv e TSPs . 
Model  behaviou r  wa s highl y consisten t  wit h huma n solu -
tions .  Huma n TS P performanc e depend s o n boundar y for -
mation .  A  human-emulatin g mode l  ma y allo w bette r  solu -
tion s tha n conventiona l  algorithms . 

Introduction 

Th e Euclidea n for m o f  th e Travellin g Salesperso n Proble m 
(TSP )  require s findin g th e shortes t  pat h ("tour" )  throug h a 
set  o f  point s i n th e plan e an d returnin g t o th e origin .  Al -
thoug h i t  ha s attracte d a  grea t  dea l  o f  research ,  th e genera l 
proble m remain s unsolved ,  i n tha t  n o practica l  algorith m 
has bee n discovere d tha t  guarantee s a n optima l  solution . 
MacGrego r  &  Ormero d (1996 )  reported ,  however ,  tha t  wit h a 
rang e o f  TSPs ,  human s ar e abl e t o dra w solution s tha t  ar e 
significantl y shorte r  tha n thos e provide d b y th e bes t  know n 
algorithms .  H u m a n performanc e appear s t o dqien d upo n th e 
abilit y  o f  visua l  perceptio n t o identif y a  globa l  figur e i n th e 
T SP poin t  array .  Thi s figur e i s the n utilise d t o construc t  a 
tou r  (Ormero d &  Chronicle ,  1999) . 

Th e research reported  her e develope d an d teste d a  mathe -
matica l  mode l  o f  huma n performance ,  wit h tw o aims :  first , 
t o provid e suppor t  fo r  th e accoun t  o f  huma n performanc e 
suggeste d b y Ormero d &  Chronicl e (1999) ,  an d secon d t o 
investigat e th e performanc e o f  human-derive d heuristic s 
agains t  conventiona l  algorithms . 

Method 

Thre e psychologicall y plausibl e feature s wer e incorporate d 
int o th e model :  (i )  a  conve x hul l  basis ,  (ii )  a  sequentia l  pro -
cedure ,  (iii )  capabilit y o f  producin g a  variet y o f  solutions . 
The resultan t  algorith m i s describe d i n genera l  term s below . 
Not e tha t  "closest "  ca n b e define d i n a  numbe r  o f  possible , 
ways . 
Ste p 1 ;  sketc h arc s betwee n adjacen t  boundar y points ,  selec t 
one randoml y (th e "curren t  arc" )  an d choos e a  tou r  directio n 
Ste p 2 :  fin d th e closes t  interio r  poin t  t o th e curren t  arc ,  an d 
chec k tha t  n o othe r  boundar y arc s ar e close r  t o tha t  point .  I f 
so ,  th e nex t  ar c i n th e directio n o f  trave l  become s th e curren t 
ar c an d Ste p 2  i s repeated .  I f  not ,  retai n th e curren t  arc . 
Ste p 3 :  replac e th e curren t  ar c wit h tw o arc s tha t  includ e th e 
interio r  poin t  identifie d i n Ste p 2 .  M o v e t o th e nex t  ar c i n 
th e directio n o f  travel ,  an d retur n t o Ste p 2 . 

Tour  length s generate d b y th e mode l  wer e firs t  teste d 
agains t  thos e produce d b y MacGrego r  &  Ormero d (1996)' s 
participants .  Second ,  th e optimalit y o f  thos e tour s wa s as -
sesse d agains t  know n o r  predicte d optima l  tou r  length s fo r 
th e 1 3 problem s concerned . 

Results 

Regressio n throug h th e origi n wa s use d t o fin d th e slope s o f 
th e line s predictin g th e experimenta l  dat a fro m th e mode l 
results .  I n al l  case s th e result s supporte d th e goodness-o f  fi t 
of  th e model ,  wit h r-square d value s i n exces s o f  0.9 9 fo r  al l 
problems . 

The bes t  solution s o f  th e mode l  wer e 1  % abov e optimal -
it y acros s th e sam e 1 3 tes t  problems .  Th e experimen t  als o 
employe d th e highly-structure d benchmar k 10-nod e proble m 
describe d b y Dantzi g e t  a l  (1959) ,  an d fo r  thi s proble m th e 
bes t  huma n solution s wer e 2. 7 an d 3. 0 percen t  abov e opti -
mal .  B y comparison ,  th e presen t  mode l  foun d th e optima l 
solution . 

Discussion 

We propose d an d teste d a  mode l  o f  huma n performanc e o n 
TSPs.  Becaus e o f  empirica l  evidenc e tha t  peopl e ar e influ -
ence d b y th e conve x hul l  i n generatin g solution s t o TSP s 
th e mode l  wa s designe d t o confor m i n a  genera l  wa y t o a 
conve x hul l  approach .  However ,  i t  differ s fro m conven -
tiona l  conve x hul l  heuristic s b y generatin g solution s fro m a 
give n startin g poin t  an d progressin g i n a  specifie d directio n 
(clockwis e o r  counterclockwise) .  Th e result s o f  th e mode l 
conforme d closel y t o thos e o f  th e huma n subjects ,  bot h 
quantitativel y an d qualitatively .  Th e mode l  als o foun d tour s 
tha t  wer e neare r  t o optima l  tha n conmronly-use d heuristics . 
H u m an performanc e m a y b e capitalise d upo n i n thi s nove l 
domai n fo r  cognitiv e science . 
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