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BAYESIAN FIXED SAMPLE SIZE PROCEDURES
FOR SELECTING THE BETTER OF TWO

POISSON POPULATIONS
Sxld A. l{rdhi Sanlir. l  l i is:r l  l l :r thot
Calllge of |lcl caliotl, ndbylon Univct sily

,^bst r:rct
ln t lr is papcr i in optiuraL (Baycsian) f ixcd salnplo sizc proccdurc for sclccti l lLl thc

bcttrr o.f lwo l)oisson populal ions is proposcd and stl( l icd Baycsian dcci:; ion-
thcorctic ir l 'proach rvith cl i f lcrcrrt loss fLl l lct ions arld Cil lnnla priors afc u:jr( l  1o

conri l l l rct this proccduro. A. suboptinlal proccdLlrc that is b:lsc{l on postcrior csl inri l tc

of t l lc f i l famolcrs and x nrctl lod oI obtaining al l  aPl)roxi lrr ir t iolt  to thc ol)( i ini l l
proretlurc using Stir l inU'\ I i)r i l tulu rrc also lrcscDlc(I. Conyarisons amoDS lhcrjc

1'r,, . . , lurcs:rrc r lrr, lc using pcrfort l l .rncc chilr l lctcrist ics such rs Baycs risk and t lro

f robrl) i l i ty of corrcct sclcction oIthc bcttcr pof ul lrt ion.

1 -  i  n l  r od r rc t i on

SLrfl)osc thirt l l  ,  ( i :1,2) iuc two lroir ison popull t ions- lhc qtral i ly ol th' i lh

poILrl l l ion is cLl i lnctcf izcd by a posil ivc rci l l -vir lucd Pilr ir l l lctcf ,1 t ,  thc Inci ln r i l lc o1

occrUcnccs in a unit oI l i lnc, sl)acc, voluDc .-.( i :1,2) lhc problcnr is l(r lcl ircl l l i r :

l)cttcf ol_1hcsc l 'oisson PoPrrlat ions orr tho brsis ol la f ircd Itunrbcr of obsclYlr l ion:j  N

rvhich is part i t ioncd irt lo nr i lnd nr 0lo1 ncccssrf; ly lrrc ct lLrel) thc nrrr)rbcr ' l

ol)scfvlLtions lakcn l ioln fofulal ions f l  r and l l , fcspcctivcly.
' lhc 

Lrcttcr fopulal io,r is clcf i Icd to bc tho onc wilh lLlo lurgcst lr lcan rir lc ol

occLirrcnccs. 
- i 'hc rankcrl nlcrn ralcs olc dctlolc. l  by /.1r 1 < "11.'1, thc laluL:r ol

2 1, 1 a,c ass,-rnrcd to bc turl i l lown to r ls. i l lolcovcr Ne don'l  l i l low rvlt ich poprrhtiorr ir

ar:ocirtcd rvith / J: 1 .

OLrf lloal is to dcsign fixcd sanlltc sizc sclcction proccLlufcs that cllirl)lc us lo

sclc,:t thc populalion associalcd with l' 1: 1 , rlrrts lvo havc tNo clccision Problcnr'

Thc statistical lorrtulatioll as ststcd xbovc is typiclrl of n]any \vcll_knor.'o

pmcticrl l)roblcIns in Drnny sitLrations i11 rcel li1'c. Iror ilLustfirtion, suPposc \\'c \'rould

iil.,. tn .onrp"." tllc pcrlorlnancc of two differcnt DllchiDcs tlrat producc shcct ol

nrclxL in conli l luol ls rol l :r,  dnla n]ay bc collcctcd on thc nuolbcr of dclccls x, 1l l l l  arc

spotlcd ill scvcraL tilnc scgncnts of, say, 5 lninutcs duration lt is rcasonrbl' 1.)

assuDrc llral X has a Poisson distribution witli pararrctcr ^i, (i-l'z) lor lhc two

nlrchhcs. Our goal is to choosc tlic machinc thxt his higli ratc of dcfccts lir(hcr

cxixlplcs on thc sitr-rations whcrc thc Poisso! modcl applicd and thc problcrr of

lrrcl ical intcrcst is to sclcct thc bctlcr of t \ro Poisson populations Inay bc lound rlr

Cibbons, Olkin and Sobcl (1977).
Thc lolloNins cxpcrirnental condilions should bc Drct.

1. Thc obscn'ations produccd by cach populatioll ruc iidcpcndent each olhcr'

2. ,t , al1d 1,2 , thc mcen latcs of occu[ciccs arc constxllt during thc cx Pcri ]llcnt'

 rA
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Most of lirc pcvious work on l1., rr,c crassicai"o;.;;":,ii;;;;il#:,"":;l""tTlTrj;,J;,i,:i:r::["i:ii,:l
an,iosch.

," ,,,;tlJi.l"iii) iLl "u,.":.1H[ffi::T:hT[:J;::::::,^",.,T":ilrcspo'iiing
.  Cocl (1972) considcrcd invcrsc s."r..ring "'.uuJt J*;;;;;;rtil;1llil-,'J,;l:,:;Til ill:ii?ii:i"ii,::*i

,",,",i1:1,*ii:l'ffii,ll;J,1]lli:l,xtl;l,ilxii,1,,lllli,jijil,si'rulr,rncou:;r),hc
,  

l i  r '  r ' ; . . l J  W ( n  l . r ' ,  I  l t T r ) : , J u J ( - j r , . . l  r \ \ o , " f " . . , ; n , , , " j . . , i , , . ) . 1 , : . ,  . , .

i;1,,1:il1, ,;i"o';i '.':;'";i.."J i; :"'1*,.','',""j' [:T"fii:i:i::""i,il:'1"';:::]lli";
( lLiprr ancl l luaDg (1975) considcr

ml* 6 x l*.,"ll:J'i;"j:,,l$#il11H jfi ;:?,ffi :ffi , jl{i,ltl::l::i:jijliflil":li::i:tT::i::::";',,';"'r'., i1;,,.,i,'j'l:ll:;,i.i;':1,,, ,,,.
..'i'llj;; i:;i;i,;tl', )l:;':i,i,:ll:] r',:scd ,nocrilrcd l,roccrrurcs r. c,,p, , and: u r,i1;,;;ii;iffi i|:ii,:x,.'l:[#;ilrj);fir:r]il;],'; :::: / '  , c  \ ( t L U t i o r  p r u c c i h r r c  r r l r r u l r  i s  : c q u

., ,, "^, ;;.i,1,,,"il;li;i,i,::$l"J,ixli;::;,"xl,ii:iillllilii:ii::':1,;]:::;f:iff;

)i:t ",i:,:,i:ii"ii,j-::i:,]'.::i,l:1fi'T,::,j:,,J:i,ill"i,",;:,lli:li",l,l.l,i,jl'\::l:?
:cl, :ct iorr problcns. Blanrl lrnrl  l l rrtchcr;, ; i;;,f,')",":iil,,1l,'.i.".,.,*i*.:tl{ifili ili:i l,"l ,1 t il,ljlll;;i j ;,il :F;
;: :i l, l;i :L::i :lr ; lir;;,il:j;r;: ri';Il tilr,:ij,il r jl;i,l l; jii l r : , i r lbuttons on lhc pamnlclcrs,  Danr

;rr ffi i,;:;r';;:n j[r".nm:, j*mis i j*i j, jii'li]:t 
;'1r;

,,o"1'11i,;ni-li"."fi:il'iii'"i:,,::lf":- lll,:::,i"",2:'i '*l*; ,, orr,i,Di,r
:t::nruml#i]lf il :#r=1"::T:1iff . li:,i,: i:," :i:. lji;, l :: l:::t
mlgml*s;:;*i]*'""'ffi jl*:r1i{iiil"1,'ilii';::t:?
s1".:::*;lxtltl'TH:j" :-,*:tilll::*l::il::,lt::ir:
r:::lllllll,!i*o "; ;;;;;;i;.'u.,; ;:,",:,','"T ji:,,"'1,t",.:,',',,:',:i..J:;ff;,ji::.lil:
;ilii"li:".i,T".lli:.."1::::"j lH iifiiJ:ili;.;,?:,:,: jl'"."ffi ;1.,ft ,"",*

.:,ijl il,r "t" 
givcn in scc(ion 6. Conitusions ,i"a ir,"" ."."", 

"f,, "i: ;:r,ii ,,,



2.'fhc Baycsian (Optirnal) sclcction proccdurc (Opn)
2. I'f hc B:rycsi:rn Dccision-Tllcorctic trolmtll:rtion

lct ,r// aDd .ry] be two Poisson populations tvith urlinorvn mcan

occurrcuccs 2/ and ir rcspcctivcLy, and consjdcr thc llollowjng two -

proL)lcln \vith dccisions :

t l 1  : 7 1  < ) " '

rrnd
1 2  :  1 , 2  A ,
Couc: jponding

f.0 , r' :r.ll /l :1'a1 r ;,-ri=,J14 arpl pglJl z j,l, r-L' ;\o

Illtcs of

dcci : i ion

( i )

to thc two dccision problcnr thc f : rr iurclur \ f  r .u

0 i ), < ). <ay :urd c,-1il,,l j) : 0 | 7, < 7, <-'t,.
' fo 

ol)tain. an cxplicit  Baycs lulc (Raycs sclcction
dc,.: ision prnblcm rvc nust spcci ly loss func{io0 and fr ior
lo!r; [ irncl ioI ls proloscd arc as fol lorvs :

lo if ( t,^))e..),
L t \  )  

, , ) . : J  t )  \  ,
t l ,  ' ,  

)  U O. . )  ] )  o /

a () ' t ,  ) i :0-4'{t,  | l )r<a\ rs cl ividcrl inlo trvo ( l isjo;nt scls: Q ' [(2r,1') i

proccdurc) for lhis Lvo
dii lr ibLrt ions. SLrl)posc lhc

(2)

t,,{l,,S.r;rt ; =[;l' lt ' (3)

,4rffia'z 4"' , l i>0,t :>0,4>0 (4)

Whcfc

// : thc nunrbcr ofinclcfcndcut cvcnls occurrcd ill a tlnit of timc.

, I : Iullo.

,tr i : rc tncan ratc ofocourrcncc

I Li = ( xi t, xi2,..., xr, ) , ( i=],2) bc a rur,lonr srnrflc frorr pofulutiorr 11 , ,
t lrcr thc l i l icl ihoocl function is givcn by

rf (\,)')) ec\

,f (),,4).a,
Wlrcrc / '  , ,-1,2 givcs thc typcs ol ' loss function, which arc col lslanl, l i r lcirf  lnl( i

qrirdfrt ic rcspcctivcly, l ,  ( i=/,2) is thc loss functio cofcsl)o|din8 1o clccisioD r/, .  rrrr( l

,{1 :rn(l , tr lrc posit ivc consLrt l ts ( lho srn)c for cach pair of2's ).
' lhc l laycsi iro approach rcquircs lhat wc spccily a prior dcl lsity Jirrrctrolr

;Li).,) ,  i-  1,2, cxprcssing our bcl ici.5 about ,tr,  lcibrc rvc obtain data. l i ' t l l l  i r

nrirthcnri l t icr l  foint ofvicw, i t  would bc vcty convcnicnt i f  2, is assigncd a prior

( l i !( i iLrLrl ion rvhich is a ncmbcr of thc co jugatc ft Ini l l / ,  in l l t is casc is thc f irmily of

Crnrnrx dislr ibul ions. Accorcl ingly lcl ) ' ,  ,  ( i  = i ,2) is essigncd Canrnro priul

di:xf ibution with pamrlrctcrs n', , t ' , ,^t,Go tntt l  (t t ' . , ! :) .  I l lc norrral iTcd (lcn:; i ly

functior ( l iai l l 'a an<l Schlai lcr (1963)) is givcn by :
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Ir, ,

.  f( .x, /  A,) - "-"^-)", '" ' '
|. ' , j '

thc "  _ . , , , . . : , , _ , , u r c  
I , f . .  I  J r  s i, ' J r L . L . (  u  5 : i n l l r l l I g  n t o  l c l  r t r l y 1 . 1 . X " a o ,  d : l y c s  u r c  , c l t r  r ,  l o l l ,

l l : l ' ;,f l;;, '; ' ;; j:,,1;. i: j '  ' :. j:: 'I:*,.r, ',c r,,. , J;,si. r,.:. : r,
n (  ) ,  / :  )  -

/ (,r, l. l , )r( A, )

(4) rurd

\r,Icrc

!,1'(.,, / ), )o(Iji,

I / ( 4, / ), ).tr( ), )il., =

t c t  / l ' =  1 ' . 1  ' ,

l b c l l

(s)

t ,,,.t

' r D d  I 1 : ' . .  n : +  L  r t ,
i = l  

'

rt )., / r. ) L!r! ' '  ,
f  1  r t i '  ' '  

1  1 '  
) ' t :  

I

, . ;):1' '":; i l l l l : j ' ; ,1;" :,,;,1:l l i i ' ; , . 'u,l : l t : , .1"",,,,r, i '  i  r c.rv,s',r,,t,c,, ci"",,r,1,, i",, i ," i , : ; , l i iJ: j i l i : : l , l i . : l ; , , : . l i : . l l l i i j : ; :  
: .

/; . t: + n tLnpl rt,,, - 1,' ., f l ,r, { i_1,),

,  . ,_ l  
r i , ,  lL< lulnbcr { ,1 ,hr. , , . . , t , r r ,s t-,r,rbcr.ur ob-scrvirions r.r.", ;";,,; 1,i,,, i),",i'"[lil',,1j'" 

,,onu,",,o" (N .2n ii r],c ror.r
...i.11,'iji,i.l '-i;,il lll;l,i;;iffil,jil;Ll;; " u ,"' rLrr ,,:rcr i,u

. l ' f  hc  t , r . occdu l ' c  (o f  rD . )

. , i ; . ' i : . " : l : j ; : i ;orr  r rur  r ' l r r r  co", iJcrcr  . , ru\c.  r j ,c

i ] l :  , ' j ' : ) , " "^  
, : , . , . . .  , ,  r r , r r  is  s. ' ,ccr ,ns uJi . .  , j ,c

: 
t, ('1 1. 4 ; ct t ) <40 t, 4 ; d : )

',1'i 
,l),"ii.!i,i:^,ul! 

> ); tt't is screcri,g u, rs rrrc

i

l l iL j ,csi i tn sclcct ioI l

bcl tcr polul :rdorr

bcttcr lopui:r l io] l

.,liiiil",ilii;t;l , (i=1,2) i.s thc posrcrior cxpccrcd toss ror ttrc crccision ri
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R,( ),,,1r;d,) = Dat, t,r,r,.,i,,i.a1[L,(L,L;d')] , i=1,2

w|rcrc z()., ,),r/ni, t ' i ,n'), t l)on t lrc cxpcclatiorl  sigr is thc joint postcrior of

,1r txxl 12\!ith rcspcct to which thc cxpcctalion is bcing pcrfomlccl.

f  hc opti al poslcrior cxpcctcd loss using opm is R( ) '  t ,  ).  ) ) = tt t i t t  ( l l  t ,  R ) )

2.3' l 'hc I 'ostcrior Expcclc(l  Loss for Sonrc Loss Functions
h this subscction, wc dcfivc thc Postcrior cxpcctcd losscs olnlal i ing dccisiort r/7

and r/r for conslant, l incar and quadratic loss f i tncl ions , supposc thc losscs in nrrkinl l
dccision r1l and ./2 arc constant, thcn thc postcrior c)ipcctcd losscs arc dcfncd r 'r

l b l l o \ vs :

' '  l '  ( t " ) ' t ' " ' t l ' ' t ' ! ' t l ' ' t  i t f
I i . r  ) , . 4 . i ' t t  t  1 (  

l t  
-  

n  n ,  t  l o V t , ' ;  t , , . ' .  l ; ' , -  _ l
whcrc 1 f)  is a ganrma fLrncl ion rvi th a siur i l l r  lornr 1 'or rL.  nr( .1" '1"; l ) .

I f  Lhc losscs arc l i t lcrr ,  thcn thc Postcr ior cxPcctcd lossuj wi l l  bc :

.  l  ' r i  r , '  ( r i  t r ' ) ' i  { r . i  r  I ' i  -  l ) l
r r ,  ) . . 1 \  L  '' ' ' l  

r '  r i  r r r i  l r t  r r l  l r t  r '  r '  r  :  ' i

,  . ' .  : r r i  r  i -  I , i t 1 r ' r t r f t l  r { r ] -  r ' r r ' - r i i r l
t ' t '  

I  . 1 : , r ' ' t i r  " r , , ;  t r :  I
Wilh rL si lDilor lbmr l l t  lhc poslcrior cxpcctcd loss for r/: '  R,( ) 1') );d,)

Siuril.rrly for thc QtradriLtio losscs, lhc postcrior oxPcctcd losscs iLrc givcn b)' :

,  , l  n i . r t t ' i :  " \ J ' t . : ; ( ! "  '  |  ' : : i  - i .  ) '
"  

'  " '  ' l  
, ; \  : "  j ' t  ' n i ) ' t " t 1 ' ' ' :  "

) ' i : t i  2 , , 1  ( 1 '  1 r ; 1 " i 1 1 '  t i f  r t t i  i  t t
) '

, . ' , i '  4  I .  j l f  t r t \ \ t i  I  t ; i ' : ' i  l

( n'l -t I )n\
(  t ' : ) '

t  11"  1 .  !  )n" ,  ,  < ' . ,  r  ! ' i  )  ' r  l |  t '  r  ,  n ' :  " ' .  
. i  

) )

I i j  ! , t , 1 , U ' :  t " ,  . , - I
witlr o sini laf lorl1l lbr lhc poslcrior cxfccted loss ibr r/: ,  I l)( 1!,) 7; l  ) ) '

3. 'fhc Suboptinrll Selcction Proccdure (Subopnl)
Using stirling's forlnula lor approximating frctoricls, wc can obtilin 1hc

!l)irfoxinrxtions postcrjor cxpccted \oss I{(1,}r;tl') tnd I(:(),)r:dr) lor constitlrt'

l incrr and quadralic losscs Sivcn in scction 2.3.
'l hc proccdurc subopnrl is givcn as follolvs :

nrakc dccision r/1 (sclcct l l ras bcttor populal ion) i f

l i '  t(  ). ,  ,  ). , ;  cl '  )  < l l '  z( 7,,7r;d, )
iur.l

makc clccision rl (sclccl fl/ as bcttcf population) if

Ii'' ( tr,, i, ; tl, ) >, R' t ( ).,, )", ; d, )



Undcr- constant losscs,,(r

r ror,=rfih

t.l : r' rr,JI 4 :ll,j,"rl ,/ z.rs,-rl=rll! ;nl-ll FglJl ,, Llrr;-L_ ab!

,t-r
u ,  with a simil ir f

'.i-t)
il

i'{r,*410"

givcn by :aDd ,/ar arc

(/,1
!  , 1

@|(t,-1j'-;
tLtt Ltt lor I(:(A,)7;dr)

ljldcr linoar losscs, 1Ir and .{: rviil bc :t
. t . ,  , l  , l  , 1 , t , / t : t , , . . , r - t , 4 " / t. \ t . / . r 1 . ' t . )  ^ l / , , : .  _  , . .  

, ' . " ' . - 1  _

l '  
' '  ' ,1  r ' " ' ) t "1 t ,  1  ,1  )  

"  ,  7  .  7 . . , r ' , , ,

t 1'l lt it it,ti r,tit ,!1t,t , ,-,iF 
l.,,,,tt

'  
, , , , , . . r , ' , , 1  , , / r l r ' ) l / 4 ' l  

t t t  -  l t ' \ ) ' ' 0 l / ' ' t k "  r ' l [ ,  r ' , 1

i  :  ui t  r 'r i t  t , ' t  r  Z,nt 1t [ .  t1,
Sirniiar [i;rnr for ]i;e,),;l).

thc l i r rDrs I

i . lti. rlt r*t !tl. ,trl ,(ltr1./1ri t /l,i,,i ri .lit , 
'., 

I( t  t ( / 1 l t / 7 1  : , :  .  
" ;  

.  -  ' -  
I

J .c /h) ttl, _t,' ,t.r',1,f lt,. l\Vith a siorilar 1bllr 1.o r l()()),\;d)).
r ire opljDal postcrior c)(poctcd loss undcr suboplul is 1i. = ntiD( l l ,  t  , l i .  :  ,  .

t,i.,t:,1_ql-ttjlll,] l)r.occrt.ur.c (subop,uz)
/ \  rrrycsran subojrr inrJr schcrnc is proposcj rvith dccision criteria ba:jcd .r) i , , ,, lcr ior probabil i t ics ol,, lr  a|d lr,  thc pol

. rcr io rhc samna posrcrior r,.,.,r,,,":, ;.t;;,trttr,).i l:ft.,i:,l:
IntcLJ b] r l .c nccJ lor:r quicl,  

".-u 
nro.- , . ._'- ior.s. wlicir .rr"" r"llrl" i"i"'nlJ,lllj."l;il.':"1::il,'. Lrrtcf orL\1o r, i. .,1'.iilliilq :ifx1"';", +,",r", ,il o.ii;];":i,,::l:ii:'iIl,l,::,,,11:,,i,'; :^:. i,. ,v,,,,u,i,rior. )Lfrosc n obscrv,rio". .," 

"r."".n"^, ",;,ii;;llli;il,:i:,,, ;
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assLrlncd to bc indcpcndcnl, this procedurc is givcn as lollows : Solcct '// L'. < /.r

if )., .), ^nd Scicct./,. r'r >)', if )'>).,
lor ihc sakc ofrisk conrparison, wc usc thc follo|rirlg proccdurc

Lc t  ! l ' = t t t ( L , ) t ; c t t )  i f  ) t  < ) t ,  R '=R t ( ) t , \ ; d t )  r f  l t > ' ) t

So ,/ i '  \vi l l  bc lhc optint l l  t isk ttsing srrbopm2

5. Comp:rrisons and Discussion Undcr Postcl ior I lxpcctcd Lossci;
'flris scctiolr contains somc numcriccl rcsults aborlt lhc cfficicncy of Lllr'rc

schcmcs rclativc to opur lor thc l incar loss fur]cl ion, vit f ious l . \  and various priors'

1;ronr lrblc I wc llotc that, tlrc Postcfior c\pcctcd loss for thc optirnlal lro'l(llrr'c
is Icss thirn or cqual to t l lc pcrstcl ior cxpcctod loss for t l lc slrboptirnl l  I  and : iubolt ir)r:r l

2 p|occclurcs. Also it i:r clcar lrom thc tablc thal as N incrcascs' tbc llaycs risk

dccrcitsc:i  in i l l l ,schcrr)cs.

2.1 ' t 'hc r\ lgorithtr ls for thc opru antl slrbopml l ' t  occdltrcs

1. Spccily prior prnmclcrs ,; ,1] , l  = /,-?, s.r] l ]plc siTc , Pi lranrclcrs lbr 1'opulati"r ' : ;

,,:, > 0 rnd consta t k'sscs lii.

?. Ccncrirtc r rarclom sarttpic ofsizc rr l lorrr popul.r l iol)s I I , ,  frr, j tr '  -r: , , ,) r lr( l  l l rrd

.r - ) -r,, ls lbllow:j :

i .  lbr i- ' l  to n
ii. Cclcratc lr randonr nLrrnltcr [/, e [0,/]

i i i .  I l  l lU ,  > r :  i  l hcn j= j+ l  andgo to i i c l scs  s r i

:1. Cllclr l i r lc lhc pos(crior pl lrxrnclcr I ir1 popuhtio s i l / , i  1-l

t t " = n ' l . s ,  t i = t :  I

4. lr ind t lrc postcrior cxPcctcd loss for ( lccisiorr r/r anLl r/-:  1l l ,()", ') ' ; t i ' )  '

R,(7,,7r:dr) 1br opm proccclurc atxl t l ' t() ' , ,) ' , ;d,), R':(A, '), ;d.) r '"

ruhopnrl proccdLrrc).

Txblc I

Corlp:rr isons o [ (hc schcnlcs using l]aycsrisl( undcr I incrr loss lutrcl iort [or
variorrs Nio r  xnd

t .  _ t .  - <  ) - / o 6 )

rs!lt!it!!

(r,5),(r,s)
l 0 2.44.183'1|-42

'7.02'1235t.'02 2.4.,,'13i1t .-A2

3.5494,12L'0i 4.755n08L-02 3.5,191,1?[ 0]

_20 l. :817561t-03 3 .32,1223E-02 L2817560,03

(6,5),(6,5)
t 0 3. l617l8C-02 7.33C076U,02 3. t6171lJt ;02

l 4 4.7369411'03 4.55!9l i t -02 ,1.7369,11i-0i

20 1.624334D-03 3.2073498 02 l .6:n3i4u,0i



(7,J) , (7,5)

lr,5),(r,5)

r0,J),(10, j )

l 0 3.1T65AE-A2 7 .4637 65ra,-A2
I 3.4236501j 011

] J. l8222tt-r : l

I  r . 7 5  t 9 l 0 r - 0 1

3.9729S1]]_02

6.149 5228-A3

2.02605tr i -01

4.2(2A32t:. a2

6.61225- .  r . t

2.113426L-Al I

l . l 5 . | 32229E-03 4.51016$t-02

20 1.751910E 03 3.t73l l : i l -0:

1 0 1.972t8i I ] -02 7.1t7 t-taL-a2

a.I495221:-03 4 . . r 1 I 5  t , ] i - 0 2

,: 2.02605rI ]  0]

4 .2624]21:,-02

3 . 1 I l l S l t r  0 2

7.9352,10t,02

6 6722511:.-0) 4.4076611:-02

3.0817: l6L 0220 2 t7t426t-01

f .f , r" r:rll /r. .l:"ll u ; (iJJ-1n ruJ p$J r ,),tt;,a1.. at n

l , i g u t c ( l ) : T t r ci l r l lucrrcc 0[ lhc s: l Inl tc sizo on
opm pr-ocedur.c

l l lc poslcr- ior cr i l )cc(cd losl ,  : . :

- ' l
- ' l

i ;  
- l

- l

ofthc-prior informntion on thc poslcri0r cxpcctrd Iossln opll1 Proccdurc

: +- prlor paramel.jr
i  _ .  l i t s K

iurc ( l )  :  
' l 'hc 

inf lucncc
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6. ' i 'hc MC Studics
for s{il'nc applicalions it is of intcrcst to comparc thc pfoccdurcs nelltioncd in

thc prcvious scctjons undcr critclia otltcr lhiut risk such as thc probability of coffcc{
sclccrion ofthe bcllcr population. Usiug this pctlomancc nrcasurc, sornc Montc Callo
(N1C) sinlulatioDs wcrc carricd out to cvaluatc thc cffcctivcncss ofour proccdurcs.

Subscclion 6.1 contains dcscripl ion of the MC studics. In subscction 6.2 \\c

lrcscnl sonrc tr4C rcsulls ofcsl imatcs and discussion

6.1 l)cscl ipt ion of t l lc MC Studics
ln this subscction wc bricf ly dcscribc thc mcthod of NIC si l l lulxl ion as l t  ls

.rfflicd 1o our proccdurcs. NlC sludics lravc bccn carriccl out to invcsliL}rtc l|l:
probabil i ty ofcorrcctly scloctir lg thc bcttcr of two l 'oissoD poPll lat ions.

'Ihc sinLrliLtion proljrllll pcrforms lergc nunrbcr ol runs (l-5000J, rvlrich lro
assrrncd to bc indcpcr)dclrt,  in ordcr !o obliLin MC csl irnrtct wilh h;gh prcci: j io A1
cach run rnutually indcpcidcrrt I 'oisson obscrvetions arc Sqlcralcd by tr:; i l rg LLc

assrrrnccl problbi l i ty nroclcL rvith , i ,  and ,1., spccif icd iD atlvancc ancl thcn t l lc sclcctron

f.(rcc(lLuc i j ;  alpl icd. lhc obscrvcd valucs ofProbabil i ly ofcofrcct sclccl ion rnci lsrrrL-
arc lccuDrLrlrtcd. At thc cnd of al l  ru s, thcsc accumull l lcd vir lucs ffc cl iviLlcd by / lo
obLir in tbc NlC cstinntc:; offfoLrabil i ty ofcorrcct sclccl ion On rlur of5000 tr i ir l : j  l l rc

sanrc ,tr/ lLlrd ,tr., arc usctl.
' l -hc vi lucs of X can bc considcrcd as lhc obscrvcd vi l lucs of randon vrri l lJl f ,

l)o:r: jcssin!l  lhc l)oissorl dislr i l )ut ion that should bc sinl l lrrtcd rccordi g to thc samIl in: l
scllcnrc, lhc lbllow;n3 qultltitics arc rcLluircd ftrr inpLrt /i7,k;' priors, Ioss iiulclion' N-

As urcasurc ofpcrlbnnanco ofthc profoscd proccdurcs wo shil l  usc thc probnbil i ty ol

corrcct sclcction 1'(Cl\).  In a MC cxpcrimcntation t lrc popull t ioD lhl1t hl:;  grcirtcf

nlcl lr  r i l tc is known lo us, so wc can chcck if lhc ffoccdorc Sivcs i l  colrcct sclcci iulr '

Al lcr t  rcpcti t ions wo csLimalo 1aC.5) by thc fr i lct ion ol 'coflcct sclcctio|: i  i l l  1hc I

rcl)ctiLion:;. It dt coDlpLtlcd as follolvs :
P(1,/d,) is tho nroport ioos of nLrnrbcr of l inrcs \\ icrr lhc procc(hfc lrrkuj

dccir j ion r/,  givcn dccision./r is truc i l l  t  fopcti t iorls-

I

l

, lict c .lt : 4 <. ). , (1. : ).t:a )..

6.? Thc Atgorithrus 1o ni lrd thc Prob:tbi l i ty of CoIrcc( Sclcctiou

l .  : ; t cc i l y  p ( i o r  p i r ra r l c l c r  n ' , , 1 ' ,  , i - 1 ,2 , s? rnp l cs i zc l l l l unc l chpoPu la t i on ' i r nd thc

l)ilfanlctcr for Populations .1, > a/

2. rakc t=1,... ,5000 rcpl ication
2. lrkc an i. i .d. samplc of sizc I f tom populations 11,, (-t ,r,-tr-u,. ,r,r) aud l irrt l

. ,  \ - ,' ,  L ' .  i j

4- culcLrlr lc thc postofior Brycs cstimators
r r l + I r ,

, l
\ \ i D C r C , i ,  = -  ,  / : / . 1

I ) + 1 1

5. col l lprrc thc postcrior Bayes csl i l l lxtors i , ,  i-- l ,Z sncl lhc parancLcls of

populxlions ,1, 1o find rhc numbcr of corrcct sclcction and thc llunlbcr of not

corrcct sclcclioD fo( thc subopnl2 proccdure. for thc opm alld subopllll proccduics



f..0 , r" rtlt /f trL,jl ,i ,i+i,i.ii"l! djjr]-ll tglJl / Ji, ,r-,L r!,

conrparc i , i:1,2 and R,(),,)";ct,), Rr(l,,).r;ctr) Ior oplr procedLrc rr(i
R' t ().,,ir;d, ), R' t ( )",,),r;clr) for subopmt proccclurc.

,. .. l icr 5000 rcp-licrtiuD com|Lrtc lhc probabil ity of coffcct solcction ],(CS) rud thcntoDrDlrr lv ol lot corrcct sclcctiotr p(-NCSJ.
'  - i r  r " t : r l  r t r t r r rbc ro r ' co r r . , , . l sc l c . t , o r , / r rL .D . l c ro f r c j . j i c . r t i ons
'(NCS)= toLal numbcr ofnot cofrccl sclcction / nunbcr ofrcpl icationl

i . J  I I r '  I IC  l t cs l t l t $  o t  I , (CS l :  Conrp : r r i son  an t l  U i s r .uss ion

-,.. . .- l l - ,1,,r 
r, ' r , . . . t ,o]r wc coinl0rc iuld discuss.thc lvfC csl i lnalcs of I ,(CS) oftJ )i jcnrcJ oprn,subopml and subopur2. 1'hc numcrical rcsulls !rc prcscntcd iui l lblc l i .ronr l l) is tablc lvc notc thal t lrc P(CS) incrcascs as N ir. l"",," fo, , t t  pro"l iu. i l  n,.: l  :cts oI sirrulations. - lhc 

tablc aiso shorvs lhat thc l(CS) f". , f* lp, ir-frr"." i ,"" ; .
l- . l lcr thiu or c(iurl1hc1,(CS) udcr thc proccdurcs sLrboprl l  and snbopnr2 l irr al l  scr-. srnlulations. 1,hc l ' (CS) hrr thc sul;opnrJ is grcatcr tbari l ,1CS; for rtrc sutro)nt: for..  icts ol sinlulations

: - l
:":;l

i11u|c (3) : ' l  hc i | f lucncc oI thc prior infor-nr:rt iorr on
sclcc(iox in opm pr.occdurc

lhc prob:r l ) i l i ( ]  0f  c{Jr. j .ct

s",pi",i,"

I i igurc ( l) |  Thc inf lucdcc of.thc_s:rnlplc sizc on thc pr.obibi l i ty ofcorrcct
sclccl ion in opm proccdurc
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Tablc II
Con)p:lr isons of thc schcnlcs using l '(cs) undcr l irc:rr lols IuDction for vrl . ious

prior prolrabil i t ics, vi lr iorrs N lrnd vrrious ),tni )2,

N SL,h ,o in2

(r.5),(?.,r)
/. .- (d.r)

l 0 1.000000 1.000000 ,.79,1000I]  0r

r.0000c0 I -0u0000 t . 9 1 0 0 0 0 8  0 1

20 1.000000 1.000000 , t70000u-01

(. ,
).

:l),(,1,:)

(?,r),(l,r)
/. - (9,r)

( i ,

)

.r),tr,:,)
: ( 1 , 5 )

l 0 t .000000 r.000000 9.86S000L01

1.000000 Lr.ru0000 9.916000t1-01

2 0 1.000000

r 000000

1.000000

1.000000

t .rss000li  0l

9 l l :1000011.01

;

I '
? a

1.000000

1.000000 
_

9-98000011 0l

9.93000011 0l

1.000000

1.000000

1 0 0 0 0 0 0

,i:ryl]'
.  

9 . 9 5 0 0 0 0 1 1 0 1  
-

,  r9l0i l0 l :  0l

9.9t i l000l l0l

9 . 9 9 S 0 0 0 1 : 0 1

11 00?00u 01

:lll-l
, . 5 6 0 0 0 0 1 1 t ) l

7. (louclusions antl I iuturc Rcscalch
ln this papcr lvc proposcd Baycsioll lixcd srnrplc sizc pr-occdurcs lor sclccLi ri

tbc bcl lcf  of  two l toisson populat ions using l ' l ' rycsi lu dccision{hcorct ic l i r rrnrr l r t iorr

ul l ( ]crdi j l t |cnt]ossJi jnct ions.Anlcthodofobtai l l ingal)p|oxi l ) lat ion(sobq)nl ])1o1hc
olrr i rnal  proccdurc (opm) is suggcstcd rvhich is sinrplcr i r )  conrPulet ion \ 'v i lh l i l t lc

i , ,cn"sir ig nr r isk.  Tirc srrbopt imal schcmc (subofrnl)  lhxt birscd on i)ostor iof  cst inrr tc

is sLr i t rblc tr4rc '  l1c uunrbci  ofal tcrnal ivcs iuc latgc iLs t1c conrlnr l i r t ions ploccr l l r rc j

i rc sinrplc ind last.
fulurc rcscarch dirccl ions inclndc

t.O[ ly Baycsian f ixed sanlplc proccclurcs hevc bccn col ls idcrcd, an cxlcl t l j ron lo

lirycsian sc(lLlcntiill proccdLrrcs rvoLrkL bc uscful

2.'fhc casc of two poplllations hlls bccn liLkcn uf, iln cxtcllsLon to Inorc tirir l ro

fopulat ions \voLl l ( l  bc straight fonvard, ahhough not lv i l l lout conlful l t l lo l l i lL

di l f icul l ics.
3.,\pplicatiolis ofoul approach can bc cxplorcd in othcr tasli

4.Thc 
"*act 

fornula for thc probability of a corrcct sclcctioD (P(CS)) can bo

c)iPlorcd.
5.'l'he work can bc cxtcnd using cxpotlclltilrl fxmily and gcncral loss function'
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