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Abstract 

Thi s  st udy i dentified t he salient  pr obl e ms  i nvol ved i n t he anal ysis of  t he f ull  backga mmon 

ga me  especi all y wit h respect  t o t he nano backgammon and i n t his  connecti on construct ed an 

appr opriate di stance measure of  cl oseness  t o wi nni ng,  generat ed associ at ed recurrence 

equati on from st ate t o stat e and devised an optimal  strategy t o maxi mi ze t he pr obabilit y of 

wi nni ng over  fi nite nu mber  of  st ages  f or  t he pl ayers.  This  was  wit h a vie w t o pr ovi di ng a 

unified anal ysis of a uni que versi on of t he nano backga mmon ga me.  

Havi ng i dentified t he proble m as  a menabl e t o dyna mi c pr ogra mmi ng met hodol ogy,  t wo 

distance measure criteria na mel y Eucli dean and a particul ar  Mi nkowski  wi t h p = 0. 5 were 

adopt ed by t wo pl ayers  (pl ayer  I  and pl ayer  II)  i n det er mi ni ng t he rati onal move ment  of  t he 

checkers  on t he board as dri ven by t hrows  of  a  fair  di e.  For  ill ustrati ve pur pose,  si mul ati on 

runs  of  t he modified nano backga mmon ga me  pl ayed by different  st arti ng pl ayers,  at  different 

starti ng st ates  ( 167257 and 027127)  usi ng different  strategi es  were presented.  The pr obl e m of 

maxi mi zati on was  considered usi ng a generat ed r ecurrence equati on t o obt ai n t he opti mal 

sol uti on vi a t he dyna mi c pr ogra mmi ng t echni que.  The t ot al  durati on of  time  t o wi n,  nu mber 

of  wi ns  and pr oporti on of  wi ns  by t he t wo pl ayers  a mong ot her  fact ors, were not ed.  Two 

hypot heses  were f or mul ated and t he pr oporti on of wi ns  by pl ayer  I  was  t ested at  0. 05 l evel  of 

si gnificance usi ng t he t -test  st atistic.  As  an alternati ve,  a hypot hesis was  for mul at ed and t he 

relati ve dependence of  durati on of  ti me t o wi n on st arti ng st ates,  st arti ng pl ayers,  wi nni ng 

pl ayers and criteria were tested at 0. 01 si gnificant level usi ng t he χ2 test statistic. 

For  t he different  st arti ng st ates  167257 and 027127,  t he t ot al  duration of  ti me  bef ore 

concl usi on of  t he ga me  depended on who pl ayed first  usi ng t he Eucli dean di stance measure 

criteri on.  In contrast,  while wit h t he st arti ng st ate 167257,  t he t ot al  duration of  ti me  bef ore 

concl usi on of  t he ga me  appeared not  t o depend on who st arted t he ga me if  t he particul ar 

Mi nkowski  di stance measure criteri on was  applied.  Thi s  was  not  t he case wit h t he st arti ng 

state 027127.  The st udy al so not ed t hat,  wit h respect  t o t he st arti ng st ates  consi dered,  t he 

pr oporti on of  wi ns  by pl ayer  I  di d not  depend on who pl ayed first  usi ng t he particul ar 

Mi nkowski  di stance measure criteri on but  wit h Eucli dean distance measure criteri on.  It 
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depended on who pl ayed first.  In additi on,  t he duration of  ti me t o wi n depended on st arti ng 

state, starti ng pl ayer and wi nni ng pl ayer at 0. 01 significant level. 

The st udy concl uded t hat t here was  si gnificant  associ ati on of  t he durati on of  ti me t o first  wi n 

and chance of  wi nni ng wi t h st arti ng st ate,  st arting pl ayer  and wi nni ng player  f or  a  specific 

di stance measure criteri on.  
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Chapter 1 

I NTRODUCTI ON 

Thi s  t hesis is  concerned wi t h t he anal ysis of  strategi es  i nvol ved i n t he pr ocess  of  pl ayi ng a 

modified versi on of  nano backga mmon board ga me.  Nano backga mmon ga me  itself,  i s  a 

si mplified versi on of  backga mmon– one of  our  oldest  ga mes.  The specific techni que appli ed 

here i s  sequential  and has  t o do wit h Dyna mi c Pr ogra mmi ng or  Multistage Pr ogra mmi ng. 

We  begi n by di scussi ng dyna mi c pr ogra mmi ng,  ga me  t heory as  well  as t he backga mmon 

ga me.  

1. 1 Introducti on to Dyna mi c Progra mmi ng 

The t er m “dyna mi c pr ogra mmi ng”,  accordi ng t o Denar do ( 2003),  was  origi nall y used i n t he 

1940s  by Ri chard Bell man t o descri be t he pr ocess  of  sol vi ng pr obl e ms  where one needs  t o 

fi nd t he best  decisi ons  one after  anot her.  By 1953,  he refi ned t his  t o t he moder n meani ng, 

referri ng specificall y t o nesti ng s maller  decisi on pr obl e ms  i nsi de l arger  decisi ons,  and t he 

fiel d was  t hereafter  recogni zed by t he I nstit ute of  El ectrical  and El ectronic Engi neeri ng 

(I EEE),  as  a  syst e m analysis and engi neeri ng t opi c.  Accor di ng t o Powel l  (2012),  Ri char d 

Bell man i n 1957 published his  se mi nal  vol ume t hat  l ai d out  a si mpl e and elegant  model  and 

al gorithmi c strategy f or  sol vi ng sequential  st ochastic opti mi zati on pr obl ems.  Thi s  pr obl e m 

can be st at ed as  one of  findi ng a policy π :  s  → A that  maps  a di screte st ate s  ∈ S t o an acti on 

a ∈ A,  generati ng a contributi on C(s, a).  The syste m t hen evol ves  t o a ne w st at e s0  wit h 

pr obabilit y p(s0| s, a). If V(s) is the val ue of bei ng in state s, then Bell man showed t hat  
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where γ  i s  a di scount  fact or.  This  i s  known as t he Bell man’s  equati on (also called t he 

dyna mi c pr ogra mmi ng equati on)  na med aft er  its  di scoverer,  Ri chard Bellman.  It  i s  a central 

result of dyna mi c programmi ng whi ch restates an opti mi zati on probl e m i n recursi ve for m.  

1. 2 Dyna mi c Progra mmi ng. 

Oft en,  decisi on- maki ng process  i nvol ves  several  decisi ons  t o be t aken at  di fferent  ti mes.  For 

instance,  pr obl e ms  of  i nvent ory control,  eval uation of  i nvest ment  opportunities,  l ongt er m 

corporat e pl anni ng,  and so on,  require sequential  decisi on- maki ng.  The mat he mati cal 

techni que of  opti mi zi ng such a  sequence of  i nt errelated decisi ons  over  a  peri od of  ti me  i s 

called dyna mi c progra mmi ng.  

An exa mpl e of a dyna mi c progra mmi ng probl e m is gi ven as foll ows, ( Chinneck, 2010):  

“ An ent erprisi ng young statistician believes  t hat  she has  devel oped a  syste m f or  wi nni ng a 

popul ar  Las  Vegas  ga me.  Her  colleagues  do not  believe t hat  her  syst e m wor ks,  so t hey have 

made a  l arge bet  wit h her  t hat  if  she st arts wit h three chi ps,  she will  not  have at  l east  fi ve 

chi ps  aft er  t hree pl ays  of  t he ga me.  Each pl ay of  t he ga me  i nvol ves  betting any desired 

nu mber  of  availabl e chips  and t hen eit her  wi nning or  l osi ng t his  nu mber  of  chi ps.  Thi s 

statistician believes  t hat  her  syst e m will  gi ve her a  pr obabilit y of  wi nni ng a  gi ven pl ay of 

the ga me.  The decisi on at  each pl ay shoul d t ake int o account  t he results of earlier  pl ays  and 

the objecti ve is to maxi mize the probabilit y of wi nni ng her bet wit h her colleagues”.  

A dyna mi c pr ogra mmi ng sol uti on can be f or mul ated f or  t his  pr obl e m t o det er mi ne her 

opti mal  policy regardi ng how many chi ps  t o bet  (if  any)  at  each of  t he three pl ays  of  t he 

ga me.  

Dyna mi c pr ogra mmi ng can be defi ned as  a  mat he matical  procedure desi gned pri maril y t o 

i mpr ove t he co mput ational  efficiency of  certai n mat he matical  pr ogra mmi ng pr obl e ms  by 

deco mposi ng t he m i nt o s maller,  and hence co mput ati onall y si mpl er,  subpr obl e ms.  It  i s  a  ver y 

powerful al gorithm paradigm i n whi ch a probl e m is sol ved by i dentifyi ng a collection of 
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