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.;iils *xr)-rt*isr-n ;.,,iiv *$, $.ir {,i$t-:ott*r., of bire d"erl,vation
of the l.irronl.s,l illstri!'irtt ion frs:t f irt;t prllrciples and tlre
qpplleatiorrs oJ iire di:;trli:utJ.r;ri to vsriores fLelde of
trr,r,icgn gcti\rlt l*s .

Al: llle ii.i.;,.c,,.iul r'.i .; i.l'ii.""l,ti*,";-: 1l; tr$sef, o]; *]re
.trtteO3:J Of, g,:;.r:ir&!::ilil*Y, r*t:ie i.r,1r: 'L' .*-' t'r-r.l'l':Ci*stOr.€ Sf l3&,nt'

-,,:ysii*:ul , i'irrl s:'.i-*ii.l- irtlrt s+i:i."rl" ::,;* it*:i+r*s r ws f icst iliscl:se
l,oi.:e fnr.r,riii:::telr*af. c,{:i}ii:{r:';1rg $,I:td l*,i.ie 1rr,$ac ee}eulus Of' PIQ*
hetiillt; f ag. ex;;r*rfu:er:t,1. tili;ir ti. t:'itl.iL€r qf pc.seilile sutson€s.
* pre *ali3, itii :; c r. $ i*i ri isi f i l s'u i-t;'; r.o{.hre Etd, over' t}ie ev€nl, s
oI'fi. ggupl$ s;a*ei i*eir-:;ir::::iic,r-* g-i cljr":;r'ijl; i.i-id. {;rla1a *'*,*
,ru'ul,t'd ,titrt .r l-.,t' .i' i.ucL lr,iciiLi'.,rr; i'i'c 1...-orr d.iscugged.
a

.,ex- we i: - r'o,illr)u :,i.cr ', ]ci; ii: tlruoz'y of *'foba-
:,il-LL;, it., bi.e fil:i't",e JB$e. ,rnl.di)i!', va:"iAilel; Are deflned
&s j.u:e*.i!:,r l$ e:r *B;.: 1 '. ij;ficgs, ir=ti p:r'*i:a?:iritg- fltslr,ibutJ-ons t
ld6&i1ti, vrxrierltc€ rinrl ntan**rd ti*vlet tcn ar€ dealt !**.th.

w.,lc'. rs rfr 1,33,.1ii33il-fiil ;l13rfili*rrfli:liil"3:;tiuu
o:r a filtte sanple elraetl, w€ elerlve tlle bsstc propgffiiee
of B ller:rouH,i l:roeebe e.n$ a bitro;rtLally dlstrij,'trted !&I1-
.ts:,; verial,,|g, eid dts;cuss solnc of the l-rnport,nnt l,ropertles
oi 't iie distriuubiu:r. .r€ lrrcludc ilt tirie cirapter & d.Lscue-
gion O-:t tlre lnw Of l6r:,'';c.r'iluxberst u'hiClr Se:nrea aE A b&Sts
f Or tile ili ::it lve ;lot ion Of ,:.t.-ol;&iri11t;;' tl s I ilieetsure of
1gl{rldlve fr.equencles" ditliorrri L}.ile ,lErwo t}re who}e proba-
t,l}tty tlreorl' woiiltl. lone lts i:tt1titlve founcatlon.

i,:: :sariy prseuicel proi lerrs, ti.9 vs-Iues sf lr trrtd'
i:i i:r ui:e liirro,:il,si lt*tril uti-bn Ior':;:lria b(k1;:up) i;ir'e vefJr
ll,ir1-,;e 1 a SJ.re cf nso of tlre f orr:uLe trecoines el-nost iml:ossible
as tirs L'ino:;:l,e.I co*fflcienLs gl'e d'ifflcult to evaluste.
fwo approxLmate nei}:ods of calculqtior_ru bsged €n the Poleeon
di$ brii,rrtl;;i; r,.lirl Ll,e iiornsl tlfsLri.i;utio*r sre di.ueusued.
t$r3 sL*o il1r;strgLc, witli exaxlples, the coiililutetion of the
};f ;ys,riel rJtstrl iLr.t!j j-'i,:r f or vurJ 

-i;;', 
; ,r, (n'> lOO ) by :seans

of a *,.iort metlloil"
,fbs ;iilor.iial Ltistrr'1'*utio:r *.s np;)lie&, tc, I lalge

*:xl, eirL " j.lr qlCOftO.::ics, e,ngtnecrtv;.Sr irred4Cllre nnd ien.etl0g"
i*"*irioia !n b !:ls exei'clse are ti:.e ap1:}lc&t ir:ns of tltls
d*irtt:iutit:n 1n i;:d.*utrl-al quellty control n decJ.pion'
*i:l*rU, testiru; of s st{rtls{icsl liypoti:tesls n testlng sf

t*
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Frobebltlty coneopta sre ncul BfqyfTS !T to*"***-
*ngly ,trap*rtatit ra!,,a- {n sesin* $*n1$*" Stgtta!*to* tb€
[Scipifh*-- s*rras*td* sit,h thc eo[lSetfgTr.'clffiaff{Stlont
eneit;;g{: ana 1ntgersstetlo* *f d*99' .lt hge$ s[} !?e
thr",r$-df p*u*t,$t"by. ffiak ,nfr e,xp3{riit ref*r*a*G te' €ke
#t;G sff- ;iia;t; a? ebgnes pa*gE6Fn*r -pressb*4g*g thessy
is thr s€ffi€r**teere *f Hai?,S 'piryet**3 aRe- Al*fryg*el s*leaeea*
gl*r-iietffi**" [el*pirone a#.+rt*brs,lrse ittp lf,eaa ef 

_ 
pr*liabf'*

:. f ty-tt,eerJ-i o 
- 
*"f f rrls,te tiis derrettg of talepr;;sn€, traf f*-e i

i,hyslc&ats employ protr&bil,istle .notions to atdy thom$Jl
'"4;;-G-*f e"ti'ii iirEule s end tiie E.esnlan aotlon of
iii ti*Gr-i*u*"***'i;-; ri-enlg Gr $€?s wlt3e *ha se,aFel*is*s
bttenpt ta-p6diCt, th:rogEF tFg Fse ef prelabl35.tf fb€ss?t
ffi;-;{i"ii"& ireeu&$cr r+tu wh3,eh varr.a'ua ehereete:rf,etlee
sEc"r f" :;"oupl 

-,ir ini.tvtdual.s. - Apurt f"-"* thglf, egPi-lca-
t I cn 1n tte pirys lca1 and b 1o] aglesl 

- 
Horlil ' Pr9 DFDII luy

coneepto "ie-fi;aift incraasd*r.rsa ln tbs- toala} eetEnc&s
ind uirafneEs is- seff r sconcnlsts uao the tech'nJ-quea of
;,&ug t,lreOry And Other-ggpects-Of i:poretlun reeearcil ang'Jy-
lir"-ro dtsiueo empeti*tiln and ts qmlva et opt$p* lavest-
nsnt in onder bo mexlnl.Ee rstu11na (ulrlah Sengrslly are
achleved "f-[ne outpu$ whsre EsqEtnal r€vsnua - aergrr$
;[!t)" *id-iroc uuelnbes sxocutlvei sho have to eaks decJ'-
sioni *n tha f,acs of unecrtelnty, lnvokc ths tbos31y sf '{
prouauflftt-Ee- an ald ln plannll{! inyantory and establteh-
ine quallty control.

Olne E6y aeic$ tsbat 1e !.hs peeul$'ar feature tn fhe
proi;s,btlltp tlreoly that enetrlae tt tb havc gucb d*veres
[;;ii;atfo]rs'; sblrt la tbe praperty tbst Ls PosPeseed. in
;[ffif,[-;;-eueH ptrin*on€n&, es-thb nuhUer af !elephone ealla
nafle ln A tosn ln a day, the number of Lndtvtduals-po8ssss-
t;1g a i:erotiad conapesitlon or tbe ete:rd.ar:d^cf queltty of
paFticlas ns.nufecUured'liy a certatn procesn?

hi. lra,rsentr at r,r'tbrlt ee tbe wfule spplfsatJ-+n of

I"
&pql{sp3$qqq,,r

S" Fessrtt
f,ohn 'uftJ.ey
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itlf#r*,g**i lty tJ-leSL?' Su b&f* trl;: [*g:tsss " 6f tbe plre*S:**ns*
*+qth ef, g*ae gpgts-4!qs*rr*tg$&d *ss;, [g *gge&te#J & :'e$sffi
giroruw,€$o$ i,n L.r,{t SJeg!.Je 5 rr{t t

*rl rwnsoln Lls ebencs ;lh*;*g:;r8n&n 1a an onp.trtget
trrir*$Wsa$s €h*etsGt,*sf"e$d bg lba ;rwp*x-Ey .Hhet f&* eherb
vgt lou uruler s , :lvos eoi of c llx; .i .soL r : ic o8 Socc r rot al *-eoro
ted &o 'Ehg sES€ tr}"$*ltyg*j, rlli*,!':{d{€} (Ee &bst t,trere t-g ng
r:eLer-..tnleLic trE,.tulalitu ) iut .l'riL".Gs ts dig^iese:ri o:r[*c':oe
ll* saslr e Edqf' *he* t,tr*rc l"c **t ,sL l"e[ lcsl rrnl] a,x$tgr. "E i-e
;168r&8 Ay tlx.fl,€ t"Ii&t xria".t&rsF'a * e$ t*tsees O ,"'; 3 s:3{3 S}#,t
i;hs nw*bsr rsiirss*nb ffhe r€l,atire fr.or.tu,arlcy ulLlr ut:.l"cii
bfua d;t$i'slrwfr& Eor:ai.ble *u'tr,ffi6g :rg;i fue sLe l"a a
ae.r!.ee c-f ubsesvet luris3 gf tnu-ie.,'6ls"ient *€$tas:r€ne €€ of fuiral

l) ..€'lffJ€ll@c

{i!aeELJ*. s*st6s€'t€,* el.ui: sii$ €cneept ef, € r*n*gee
plle;.o.-{g:1on ers Er.s eerrgsliEg Og a E-effffi svent erui G.f t[re
,rroLalilli=v eS €3 g€d@ sven&e ; reslm evcnL refere ts
b&e uboss reSati've f r.lsquesey gg s*our'rcneg ln & v€ry ler. e
ri rb€r gC rltr$*sr*,Ltp$s s.f, r eely aglesLd ggssettqlns irt .

ulrlslr tlro ese;:t rraJf o**ur ngprone&ee s ltnlt valueE, erld
ag etl6 rutr,,lisr Ef, alis$afe&loe ls Sncre*e$ t,o tnflsltJ.r t,lie
llntt yalus sf tlro ;'clatlve frequeney bose$ea biro proLabt-
llby of t"lre r'erd. e sr€nt.

Ihs ;eelerm thaoqy sf i;robablt,lty $a coucolved
Ln tenrs oS gxtons" fccord,lnd to ;r ltellgrJ t tlrree
esSroet,s sf the t,leeoxTr' nrrnol3's tlre .f,orsn*l lq,,lesl csn*e:ttt
tlre Lnl; u3,t lvE b*e b . round esi0 Ubs eppl l et l eng -':':t:st be
n*l,et.!.r\;:t3.*lreu3.r !'FC;i t"lie ""g lEl.nt sf fsr-*e,3 3eL;ieel
eontentn protal"ili&y thooryr llke ,,-acmetqr sr gnslyt.lsel
:elclra:rlca, b9,1,.,,in8 *llt:L Unrtef lnd cerre slrt*a sr oxleit$g f r,*o::r

u..t slr va:{.*us I o lcal .;roy'or}lt l...,lrs Gxtg deduced. in tite
rnet$or gf lntutllon, br€ notteg tligt t,hE ax*o*s gf *';G€*t6ux}
$1,$l sscirs:.1c.g :.ef,sr tg &rr oxS"eifuU tntultlve L,trchnrourxl*
i'rlgl,e[,{1{t.r'p tsoo dcrtvps 1&g ilotlorrs snd tem,:fulo1q,:y
Sros t$Uutulong &lroec notlons liet"n,: ;iu$t as fuuleffnat'le
sed, es lntultlvu &E arrs tl:o nosiang af s, ;1ol*t* lLne si"
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Hlth rsr58r€ to eFplt,Eatione, ths abatract
metb*nattrs3 mEd-ela shieb th* px'obabsltty theory eonetftlctg
seflr* as t6sls sf e*alyeie, *lrii dtffa*e,nE ;*de}a ce*
&aacrlbe thE sslile eupli:flc*i situatJ.on' Tilesa abetras*
nod.els erq "ss$fi of,* a qup-ll,tatlve rrstusp$: srily e4porL-
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iafeE8, we *e;r **a*u,*t ss *e,nee9ss ?Ep3reentgf fsT tn*
E.tea*e* gssg!3ft * cetrr, eg1rsrlfilss e &aek ef selrd'st ebe*I'!f*
inrl t# iffespE* ef, & ps,x:ss&r ao*+"S t'he.frequeney of
ueltdenter o$ 6s&ir ea*prrn6 pes?sutEts €a tba l'bra and n'ete
fb*tr p*rs*fble sute@t*s.

hqr*ea*3;r the putese*e *re !*eellEs** Seke
tlr* €ase sf-*6ssfn6- a cel.n fsr iaetsace. Se *r*,*nse$fy
e*res to *si;as*. xhpad" and, Htgle* sE the sn+y iefepftt$g --
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;"r J 1 Gosslgts CIf tiroee sg*pLr; Etlfuita &bst, ets ns$ fuelogU
&* ;* el,*eg 65i;b€1" v. * s 'iJ :i 9r€{egiigtt tt;e,:f, 1 i- tvsr: fl t**
r::'u'*j;:,:S;i, Si.*.,*-:'.* i..J,;r:, *'.rJr-rtlti ,: tg *;i;* ttf*g.Ll-i',: *f i, :'::r-.*l i=! Sg'
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.:tiAfft'd}t 'r$$i
-!;.1!*.-a*.F#

ltAI'[D*Fr V,t*-i f A - ti,i

In F,athenatlce r w€ of,t'eri c oss scrQ$s tlre fd'ae
of & funetfon' - ftre qua,nttty y ls cstled I fanctlon of
[Ue-reaf nonner x i.f 'to sveg],rr tii*lr€ eorr€8ps*d'e a value
;;- 'I'hs ffitt of q f'unetlon csn ba ep;;l"t*d ba *as€s shssc
ifre indepon&ea* vsriable te nct & rbal rurnber-; s: {i. the
*retar:*e' le s f uac'tton of a pai-r of 

- 
poS"nqs ; Lha birroralal

*ougf fc ient ( + ) is a f irnct lc.rn def tned f sr palra ol
;ilil#-i;; i)*oi whi*rr k ie s il€fi-g*gerlve iat€s€r.

A rasl*valued functlen &efin*d sn a ealpte slpsce
ls eelle* t rend*sr ve-rleble' $ose exe;'lrplee {rrs the
au"it*Fut6*ttt* Ll"re nr-:.:ntrer ef *u}"ti{le bflrtlrd'*}'s ln s eel$*

i-*l-r-uf o*$eoel* ena the snsrcffr en* be*1*-'ss'st*r€ 8f *
jlrr. ' -i. * al gy s t ern .

In a f$.n*te aanBle spac*r H6 e&n tabulate eny
rerr4oa v**GUfs-X Ay-eaurnhratltg 1n sPEg- or€ar e11 Fllnts
sf tbe spBce arrd, aasoci.at trrg w{Ctr each the cogesponelirq;
raftt" of'{" lf -*e let Xl , *A, ....,... be the values

wtileh tho randocr varLable X ag6lltil€s r then !n A dlscrete
sanpte "p"lir-{ u ilfG lnte.';ers, ine a:';6re6ate sf eI}
s*l:.,Ie po:Lnto 1; *ril.sb I aaau$ss tlro vgl'ue *J folr^ta tlre

event 6qx.i . D*not, tng ttre proba bl,I lty of thts event by
EI

l X-x+'r -B-e have tire function PiX.xr' E g(x.,), i-l , 2r "
rJ -' tl'

.. .. r. tstrlCtr becomee t ire prcbabilf!;' dist,riir'rtlc''n of bile
rendon vlr.I'lebltt X. UUvfoirsli'i(*r)-=u and -f(xr) 1* l*

tbsee falr eoine aro toesed. i:iow ilarly fall
Exani.rlg r
-r-cw

heeds?

,Ihe ansuar !.e e nunber deter'mlned' by the ogt-
cg$e Of tha Sxpeflrnent. the nuilher may be U! 1! V Gr

,.

chen 3 f,alr co{,ns sre tesnedr_ Yg.heve the
fsllsrrlas *sfipfu frpace and, the prel:&bility for esch
oanple Pclnt -

x.e
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?ebulettru the prebablltty fgnctlou for the
nr.u;rber of hea0g r Hs bavs

r14e
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J&r.li FrobabilltY
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;#r+. *-+-*w*##+,F
!

ilu,nbor of .resd.B O I 2i illxrb$r of iieeds ; O 1
rltl
\ -". ,-' *'#rr##{

,€t the verlatrle X represent ttre :runber ef hcads'
J

X is a r*ttao* toar,fsbls since thA value of X la e $unL-er
deLe,-.rgneA 

".by th; outcorne of tlre experll:lerriJ. Assocfetint;
i*x. uith a probabl.lttyr He hsve

di
P'l .X,*x.s 1 s f(xo) (J*1, e """'"*'): d. ,J

fn tbl's 1-€sj-n experlnsnt r s€ note thst
'l

P iX"O I r f(O) 3 €-
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:')tr)lx*Il -f(I)a"6-
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I€t us se€ liou thg ldea of, Frobabl].Xty Dlstri'*
button of a rasdsm varleble Ls ?pr)Itgd ^ln the- sssplg
sFe*e sg l[ui6--1, sttir psorratillliy *for 6aeh earapS,e

na.lnt. il'ba nu*l"ler ti Sf scsupte€ eatr.}s le s rand'gng Yerf'-
gtil:' Ai-rh* rhreE por"i g l' - , I bhe rendon verlabre
i6*ui*s' ure-'v *f ;6 i t - 

;t th* eJ"i'.[r[ ee]*Poi'nt s 4- * f] r tlie
;AG"t lgle *t-tlte=if* poiit* ?P-.r-f?;.'th€ ve-t'ue 5" fbuE
;h--p"otr.r,ffr"y dl"etrit"ut1on of Ii le gt'ven by
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1E f(I) = A
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Anothes rarrdosr varlable ie tba nunber x of balls
ln tho fLrrst eell. T';tulatt.on I atrous thet Lts probablllty
d,l,strlbutlon le glvon bY

r'o 'r . f (0)
)

X*I i * f (f )
)

L-Z t rr f(2)
J

L-7 f c f(t)
r

sr {1'
TEF .r;t*
4,(

(,* -li? -

I' '27

uonsl&er not tys rsndom varlablee x el1d x
deffne& ou btro Fairle e;,oile spee€, ?nd devrote the values
in6y A$SUAS by Xl , X,An .......f An& S1 t $go .'r'"':*'tt'

r€spcctlvetlr. Gt the corr€s;rond,ing; probebillty dletri-
[urLoo" o*-{iC*rii *"d as$k)i' rbr; Bs6rsriate of polnto

ln shlsb tb; tr*6 eondltlons X-*J and y'"Jk ers estlsfted
forns en *v*3t wrrosl rrlua i.ttty re denoted by 

:

[' 'l .Lox* I*f u i
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and f sr everY f ix€{i L t

ptxl; rg)+ptxtr ,Xp)*'r**'e r E rfx'ff*} * *fun)

,ftrus b:r d$*n*1 tb* pr-o,beb11!.ttss ln t*fl.lvidusl
esrs€ e€ *,eetirnee! ** *b€a* tA€ Frye'ryFgl+*S Sle*e&bsttort
€f t en*,E* a.}:E*e p:etetralitt"1ts 6*a€rl[bt*tt,*ne ax€ sG#s-
tfu:er e*116d ilglft,ilr:s-!' dlsEr'lbutl'onEr

*ltb ref erencs Ea r'Able I I Ua nOte Ltrat Llre
tlcnbLnetlon ii,.t, f,d ffisurs et two pol'nto wtrem

!i {rr'I; r*O } - ,7 . fhe probabtlttlee of 6l} palre slro

gLven ty tbs dolni; Ibollebll3ty Dtstrlt'utinn of t" and X

sirswn bslor
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ed 651i*r$ra g;tvea glls pr:eitial-13.ity d*ptrgb*otlsn sf I{ s{nil
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F. fbp Sas+ ;r{ q-&Uuim Tsr*phkg.;BLbXJts.etetron

Sbc essn sf a red@ valge la * e6a8ur6 Ef lssE-
ttsnr lt r;u6b$ |pdic*tEe e n*t&gle* or FaYer*g6* value
of tEs ra$dsn verlable.

J.dbt X ba a rs$d.arg yar!.abla a**uafurg tbe valu€s
*l * ,sa, * . I;, ;* . -*:.$'.- earsaapbrdtnA FfobaUtltttee f {xg ) r

f!x^)-{.**r..n-r The m6an er exp**t*d valug gf X !E
a-

deftnd' by

:* (g) a Else f(su)

olr the as:.iusptlon $bEt cbe serlce collv€rLea absoLutly.

3J t, fo, .c..o.. \ &-Fe rai-rdoe verlebles el-til

eryacta&j,oaE, tf*sn Fbq expeetstl*n ef theLr sun exlste
en;I le ttre slrm af bbelr expectettons.

Ii{xr"xe** r r.xu} ,! s{h) + E(xa) + .. ' '. E(\}

u x and Y aI\6 mutually lnd.ependent rand,om
verleble, *ttn expestatl"onsr. tben tbeii product le s
raudoc virleble rl'ttr erpectatlou end

s { rr) - btx} !;(r}

{16}



9, fhq' H${$aqllg- q,{, ,,iq- Rsn#Pn- YWtFb&i[

13be sse$ *f s rsn*ou val'fable )i., - -U91ru: ?n.
avera[;s v*oe, &oeq lot tt]]^ u9. Ui'g vertat"rlllty of tbe
vijielj rrg &.--"ra etud* e &lstrlbutlsn $or€ eeeutf,tol$r He

il*o""*qurre & *es.sorb sf the varlabrlltry, the oepraad.*

o""6afi$e*gio;* of ttre valuos of ttie renson variabrer 8E

random vartablae wltii dlfferent p5'gbabtlnty {*lllo}a can
ffi; r*as ;quil m6sErs* tl:ts rs i.uustratad tn tbs folrow-
ln*l cbsrfi'g I

E(xr) * 3"73
efl-ft*
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;

I

:r f { } G'{ 
' 

l

?

.l f i * # *t

(el lr'trotrebtl ttY
for x1

J.

,:i, ?.J

1-*r r;-t - ti-'- +' c

ili ,' i

i

t/g ' I I

l' | 
|

CI l'-. .! -: .r -:',t .' 1, ' r-" t " -
*3 *t *l * r "t

(b) FrebsbllltY
for E-,4

i
i

i

i

a tl'

+l'

I

i
I

'!'

I

1.-l .r..r.'. f,.;} f

t?
't
t!
I .- i. l

e 7 tt.'.

6

x e 5 4 7

r, (x) I*6' 2,7i?T-:EiE-:.'

x *7 s 6 7

f,.' (x)
a-

I-E* _1*
B

4
E*

T*B- tT

f,un*t i"cin

T?

f r:netlon



He notfeo that though tlielr rr€sns &r€ the s&$lsr
bhe prubabtllty dlstrll.rutir,n Of I' ls lo8* apreed out
Liran tuet ;f - i;. --- - - r

If we let ii be .i rand,ou varl.alle with ssco*d
a\

firoi,rsfrt :f ( id ) enrl let 'rr* ji(X) l;* l,t* - :ses,n * tlte varlance sf
X l"e ,lef ined ss

u ( ({ - u)e )
etrLctr ls eque.l be

a1
E (f,) - u'

Fsr lndepesrdent renfror: qnrlebles , vgr(qtt ) - -yar(.tlrfu*l .: .:.g) E var([r)+var(};)*" . *.,. rYar(L)..

fbe etendard devlablon ef A !e ttre poslt lve
squer€ roui:{*r s,€re} of, the var1a*ea sf X.

l,eb d, b€ elry raadom varlablA wlth ft€atr % *nS

standar{ devietlon ct-* ;- o, Iet the rend.os varlable x
bE doflne& as

-f x-\
x a#*-

dx
(Xt le salled tbe etendandlg€d ran&on verleble

corre$pondlru.:; to {)
't,ben l: ( x* ) * ol lfar ( X" ) .n I

ln other uor€e, the etgndsr{,i'zed rand'sna V'$rL-
e tuI e irrrs :ileaa I sfrd stetrAe11t devletlon ]. .

, L Ssr t116 datbom&tlesl derlvatLon of
','sr:lsrcs r se6 &-rutqpdt$.*&.

(rB)



ciiAFxiih &u.t u

r s sg$s$$sl;, p,+#s,!t&Iltf4l$ i

In probabllS.ty tfiaorlyr s6 s-r* often aeEed te
eolre problsne tnveLllw-aspertm&ats egds up +f a number,
Bfiy ar of tedlvtfrtr#3 t*Ssle* Seeh trlel l.E ltea1f eeelly
gf, arbi.tregy *xper*sent, end. te tb+s*f,Gs€ d*ftad 1"4 th€
asthsnatleaL thsery by aon6 sanple spaoe en& aeaignmcnt
ef prabcbllltlec to it* sisp}c event&" Fhe trLals e&n be
tndipesdant otr ileperu&ent, ffi* tbs aieple es€sts sf tbe
e*spl+ spas.s €as tbs n=trlel egpar&ent ase esaisne&
prsbab*,3ftt Es *e**g€l tr*

Althoug! eaeh trlel ileJr bave Eany poeeLble out-
ec&6sr *s sss *ften tntereeted only l"* whEtber a cex$eXn
raeult sosurs or not. Fer erample* a naebS.ne turne eut
parta rhlsb eae elaEelfted dsfeetlpe sr gsodi e p6r8on ls:Uffm 

Gr not bll&il3 tuo dlse sro rolled an& thE aun of
tha nurltrers shOwlnt{ ls fl.va or Le dtfforent fron fl,ve.
In otber ug$ils I uB alnpS.y descrlbe the reeult sf srr out-
coire &s A or Dor[*A" To eten&Bnlige our terrnlnol-og,vr u€
calL one of tbe tuo poeelble rssultc sf a trta-l s, succsssr
the other a fsllure;- and rblcb result ls to be called &
suec6as ts of cours6 eomplstely arbltrery" A8 the rssults
of En expertnont ars Juet a Eucceas or a {atlursr !h*
ee,:rple ellaea fsr tba suteoms of s trtal stll contaln ?nly
tt*o- elenbnts. ii:e*erelly *e densLe the twa prcbebllltiee
by l, e.n$ q and t'efer te the o*tsons wlth*prsbablllty p si.s

uucbeeeo li and ts the other e8 f,at"l':rer S'

to pettafy tbe axlsnatlc thaory of probabtlttyt
evl*ently p snd E .*uab be rioo*rlgtistlve and I)+Q'l"

l' framao tr;lsrnoulli (16Y$*1?S5).
E{g*SgF$s*t+ryddtg r ryaB putr}lshed pEel,hunously

iits natn work,
tn 1?15"

{}9



In Bopsate€ lndapand.tnt tr$.alar tf ther* ars
anly tvo poeaib,le outcomes for eaelr trla"l snd tholr pro-
bablllty remain the sese throughsut tbe trleler then He
havs shat tha probablllste eall $erRoullt tr*e1a. fhe
oampLe SpsCA for sn eq;eriment mads up of n Barnoull t
trtal.e [e tbe Cartselan pr$.uct eet

:_.

i$,I
I
I

c$nbsln*ni5 fn n-tui;},*s a$ aleu€nts r - #ory 
- 
il*tu":lg 

-r.olix.Seants *n cut *ose of, tlls, n;brlel €XpeFful*ni end i*
ea&e u;l gf n ey:;bol*n *ach I li of' e F* $lncs ttte tr181&
ar€ ln*epondcnt r ttis prohab*.lntiee Fu}ttply" fgf ^ 

Lnstar:*et
€or ttl* ssquenee ;ii*F$Fr Hs have far l*e g:rol:ab*IitS
FP}:<]F€*

Se de€use f,rsm ths ebave Ciscuseisn theE the
Br-*hebtllt;r ef er-lg e*mpI* evsau- eir.}*e n:Euples s+ntaA:l
k $*e *Rd bane* Fg-.k sre tga €ras e,rf,*r) te phg**ka k*s, 1,
2* r,l o " n* (he su*h nrtupl'e la &etermined, by neleettng
tlic k trlals Ln rhi,eh Sre s6ear frsnn e#snfi e31 n trlE"ls.
'Ilr*e can be dsne t$ { t } sasse* t*herefsre ttrere are
rptuplae conta{nlnf k Sre and r-k Flsn the probat,illty
of tire corrsspond.ln,: alnple events belrry pkqo-l'.

Ue ttrus coma to the f ollowln* conclualon:

If b(kinrp) ls the probebillUy thst n iprttorrlli
trlale sttb prol-ratlLlLtl"os Ir f,or success and ql *l-g f or
fallure resuit tn k suecegsss and r-k fatlures, (Os k5n)r
$I. atlUIIE I}

f(k) G tr{kinrp) *. ( . k ll*kJpqJl
k

( r+,1 )

terrne of
n lurnoullL

thls theoran cnn algo be derf-ved ln
rend,gm vartebloa* fut an experlnent msde up of

t * ), def,iaed. *s tbe
wlth exsetly k aLemsntg) sf
, nlEo k ifi;Ffi- .

2,. number of,

B eet of
k*eubsets
n elellreRt s ,(euLnetE

la equal

m



trlalE r ss ars lntereeted in *etertuX,nlrrg th€ probebtllty
functfon of tlra rsndom varishle uhoee value ie ths totsl
nu*trer sf su$a€ss*s obteine* ln the experi"een** Tlrle
randon varfable, Sn, hae poss ihle veluee C, 1 r 2, . . . r nr
Slou Sn''k, Nrher€ k s€aLrsss eny one *f tbese poselble values,
Le tbe *ve:rt for whLch exsctly k i]|s end. therefsre rr-k F|e
occlltr 'Iirlg evant ts the unl*n of
dei sni:inEql try n-tuplee vlth k ;j r I
bebilllty sf enth such ni*;,rle t*venb

ths(il)rlnplaevente
g&/t fi*k Flsn ttre prg-
b*tnr; oi'in;:'*k. I{gnce

{' tki *b{.e; Iir., p J *i i..r!1', i;' * {

k*t", 1* *r .....*, 11* { &.1 }

For glven yaluaa ef n end Fr the param€tere, the
px'abeb5-ltGS f'unetl';::r &*flir l.ry l'{'Je*k) $,s eel}.e€ ttre
i:i.*ei:i&l prsbabtSlty fsactis&c ullre rexrlon varletrte lin
J.e seid to be 'b{nos*ial}y dietrlbuted, th* attrtbute
'blriomt€1. * ppf errlr&m tc the f net that thls fsumu.la x.€BFB*
eants tbe klb tert of the binomlal expanalon of (q*a)a
uhlcb !.s eriual te q + { I } q*-lp + ( X ) nn-fna + r,t,r

srs blnonial coef f l"*. r r. + Irn uligrg
eientB.

fhla ststement e.lso siross ttrab

ffi u(ninrP) r (e*p)* ! I

a&I ts re{j ulrod by the not lon pf prohal:lllt3 .

de rrotc fr.rrtber that b(klnrP) repre,;ents &
fa.rtt;" of blnoni"a} dletrl.butloneo the va-lue of eeclr terrr
belry; rlelrendent on the values of the psrenetera n end pr

rCe have been conslderf,,ng tlre ijl"nomial Distri.-
butl.o,n where an oxperinent baa tro outcoseg. A ;_!Brlere-
llsst lon of tbte vi*13. be etochesti"s J"ndopend"enf prse 6csss
wLth nore than tuo sutcosesn

Assume tbat tbs outcones &rs { urr apt ..., uX}

occurtry; ry1th praliabllr,ttes F'r Fer .r.r'. Flr-

l. *- *-* .t*h -trll^t
ktx'*t

rA \ / n \\ I lt \ 2 ) ""'

II

PT



J*t n E tl + rg -l ...., [k

'r'he protrabitity' of ,,:.9f1;1nt:;

ren€gs of r*1 i *,*l oc.L:irr'J.'snces ol' *,A . a

f(r.I , f. *... *fJ a
pi f1 r;)

r'., lr'-,, I ... r- I i'': L P2
I .^ ^kt +

r**. pu*k"

{*., .Jp'.ry.,q, qrqpp$i$ep, ,o$,.tt}q,, $l+ptr,+*.-, s3}qp4p, t

{f i {*e, qe,l}.3FqLj$.r&5-

Ae go€s frar:r e to n! tbe terqe b(ki;xrtr)
f5,rst in,crese+; nonotonle ally, then deerefise nnerroton{ca"lly
resciilnl; thelr Sreateet qalue vhen k-m, excep'i; that
b(n-I;nrp) - b(;irrrp) when n=(rr+1)p. '

He call tr(::rfnrp) tlre central tern. Uften
n ls ga.Il"ed nths uoet probable sunnber of succ€Fsgs$n but
f or lerle va"luoa of nr- aII terns b(ki srp ) ars ensll.

41lqet,re! ion

Con-rute ths blnornlaJ. probabllttlee for n-5,
p=Or4 lrnd. for n"/+ end p.O.4

tlq q a ge o$ Ir *rr , p Tfi.t tt r

Se :rot e thst (n+1,\p .E (i+l)O,ii. r'r 2.4. and
le; ti?t Bn in Le;er.

!'or k4o l, 2r ,.. . " 5, Hg hgve values of
( f )pkqo-k o.o?8, o. ?-5g, o. 546n o,rlo, o- o??
0 , iiti . Gr&pirleall;, ws obtaln

wher* sseh rlO,

exectly *L occuf-
*rr ig

aa

3 * For t3le proof ef fitris theorer:r, sse
Arlnendfx ;: { A,) .

{ee
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:fhess Ya-Luss *hot$ thet for {n+t}n nst {rn
{nts5er, tf k< {n+f)p, b(k;nrg} fg Srsater tlrs:r
ttre Fre,i*aln$ tdrm ;iiA il [ >(n*f )p' b(ki r:rp]
Ls sna-llsr than tbe prsced-in$ t€rrn.

f
Ttre, cqJq$ .?f p.4.. for-O.T:

tde note that (n+l)p E (4+1)0.4 a 2 is an
lfitsgs1.r For k*O, 1, 2, . . r . . 5, the valtlee of
t A " k D-k e,rs o.l}on o'3460 o. r4br o.LlJ aad"(.k)pq.
0. 026, In i,;reph r Hs ehold I

{{j ,,, .,, ". p

i-:,r: t
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thl s tll us b rst ec t ire
.4r an lnte1;*r, tr(;*irlrF)
b{m-l intF) ui:l.e}r is s{its}
dgeres$e$.

l'irgorsr . olr ta l] s4

fact that for (n+t )pincreases up to
te b{mtnrF), and then

(u)
if r I rlp r t lr+ prciix bil i by af Ft I eest; r

tiucceeues setlufl,ee Lhe :l.nequalit-v

fl-l]
b{r*xr-i nrF} S' b(r:r}ri}}

vn*

and 1f 3 BFr tlrc ;:.rsbrtbtltty sf st ;:l*st S
sue{:*ssss eatlsfles tbe $.nequeltty-

*
s bt#inrp) S h(ri1llop)
S*fi

( 11r ) Jhn"*tissn sf $be F!pgl4,qJ. DleFqlbut lcn.
'Ilrls if; equal to ry whel.e n d.euotes the

i:uijlt;ef, of llernoultt trlals and, p the probabLliul
of sirccssgr

I'roof r j,et Xk be Lhe uumbe.;. of s ue cess e$gcorad st ths kth t; rlal, 'Ilris
varlsble asa*x$es ehe vel"ues O elld I
uitli rorr€s;rondLry; prot,abtlli,les q
rr:rd p"

i.ionce t(d,k) r O.e + l.F s+ p

rfut, $ti !r Xt*;ittr.r,.L wlte?e
*in is tbs totsl nuriibor of
$ugsesseg ls n Sornoultl
trlalp.

r+3- (n+3

S, Sor tlre proaf of thls thesrnr*, see
&i*.qs**s -*.LIJJ"

e*



And ginee sacb ;tk del.reurlc orrly
on Eh* ktlt trislo \,r,% rr.r. %
&.ra ind.eperedent randsg variables.

tr(;n) r ri(1 +frrr . r . . +Xrr)

H u( Xl ) *$(,rfu)*, r . r. +S(Xb)

rE $, + p + p .*.ilr * Sp

n t erme

{lYi tl,*g TF,s.f.aase ef Fhs lStnoelet. A{strl"hu i$n,
:* .Ei;rr:=j"el &5.sijril,utiu.'1* the vse*&nee is

flFQ.

koof i* 
i'or ea-eh of, the rands.: vr;rigb}es,

Af

E(dA)'O2*q*laXp*p F*, u*lxp+{xe*S

var(x) 3 * fr{-"}a
ra gixe)-;e wlere u*E( x) ts

-' the mes:ft.
tE P-P'
E * (3,-p i
- pql

Vnr(in) r Var(X, )+Va"(&) *" , . Yar(q)
" pq{-pq*. *. }... | | f .
:* npq

us l;o1; thc f act tlra L f or intiepentlent
vrrrlebles n the varienee qf tlrelr
suin is the sutr ef tireLr vertaa,ces.

( A:5 )



S,n ..{sfr $*$$' q,g, J$f,"r;e l{rl#bqg+
njr&be

ln-u yeli- 1a:'-e/of trlnls, the probaLrilltooof en event le lnterp*ret&C ea *he ielattie freouenlv ofIta G€ou]llrencs. I€t uE attenpt to Juetlfy tlrls'lntuittve
grsquengy lnsgrpr*tstlon of plobabrl*,tr b$ means sf theLstt of l*n:e l,lunhers 

"

ftrr lntult*ve notion of probatrt3lty ls basd 6nthe Bsawnptlon tbet lf ln rr lde'.t ibal t rials, & oecur$
x tlmesn and l,f' a is v€!*; le,rl'c, bht:R -fi s;,Guld, be $€ar
trre probabtl lty p of the event ,i. I$ g errae of &rnsu1ll
t rlels, wltli probai;tilty p f or Fueeeas, tbe abeve not ionia equlvalant to ib€ conee-ut tb,at lf sn^represenfe the
nrrrubeg sf sncc€.q$ss i:r n hrlele, tiren -+ r the sv,e:'€*r 8'n
numbcr of augc €69 , eilot$ri t"re n€€rr p c

I,et us gtva s, tlressstlcal for:,rulation5 to tlils*
ffonalrler ttrs ;rrobab*te*' that i* exceeds F*Sr

sherc S ;:-fi ia &n arbJ.trarlly snall trut f lxed nunber. fhleprobabtllty ls tbs as.aa as P{sn > n(p+s)} end aquals
O-F
E:: b{r+vl nrp } vhen r Le the snel!-est S,nteper excead.lnr,,;
V st-,

a (F+ri) .

then,

ll'..3
;?:'- b(r+vinrp) r::" b(r;nrp)
v.O

t-mpl tss

r {sn ** rr(p+E)J *.., b(rl trrp) 3q.$'fi.n

i.{:tlJh,

ilee U. Feller, 6F " clt " , pssn ltsl.5,

3S



fudt$h {us;,lasiq, Q r 6ir* - f ract lon on the rtsht
reraal.as lioulded, r*Iiefsss b(r;nrF) -*. {J. slnce F("lirp)-- $(k3n1l) f or €usli K gueir r,tiati' (nol )lr :- k --.p. I tie6ou-s&itx k>(rr+I)p' bhe berrn b(U,inrp,) le Ebetler f.rah tbe
prece'diru on&r &e us bave polntcd tn ths dtscueston €n
tire tbeorern en Oarrtral f erxr, I snd thare arre about n E
such tesms b {::. : n, u;, ) '

Ig f*I"Lcws tblst s# n .tn*reas,ea r

tiS" > n(p+o)i -..- (i.

UE{nS th* fsmuls
g

';l:*

P"O
- r,(pinrF) - b(sinrpl -S:ftl)+

\u+I JP-J

'ss €#i sir€F be* F

e ];av€

sv ereije***;[;' off"l"*ffi;3.f; 3;t:l;"t'fl:fi*,1t *]t":]3* rllfi
sr\y pre€resl6rrad ii tends to O n

Thlg lat* aerves as a tresj.e f or l,he lnLult Lve
notion ef protiabl}J,ty e.s a &essure of rels Ll,ve frsrjuanci.eE*i wJ.f lrout [lifs lr,u, probeblJ, 1t3' thenry would. loce lte
lnbuitlvE f,sundation.

{d;i ==: l:{;:r*;}i ** ;+

,, ll.ju | ]PliT - pl d E) --L, I

a1



clr*FrxEIl FIJE

FHSB}:T 3 CAJ, ITESULTS CIUI{CI'RITTSq

gllE BIlioHIAl DIJtRIiTUXIOU

:'

In Ef,€"qy prraesisal problffiaq 9F€ Yglue? 9f , o E'td
h a5lg veay lerge-r -sd g tltrait B6€ of ?Fg hl..aeial DlEtrl-
Sstils'ieinur;-t (tcf n*r) bacamee tgpoaslble Sa the btnssl*l
o$iilolents Erra-dtffi:uft to evaluate foE larg,g Ei gttd k.
Xn-nt*sh Eit,tatles€* tx€ appr*fr$"€€t $"eas Se the 

- Ff+rylcl
${e*#ibg les e*€ #$'* ab13i s&* €&e, F*l*Ess {l!,st*trbgtlent
A;rttd by $. I'. F*tseon en$ bs ble ttails, eani the
otbar, tbb HormaS d,l"etribu&t on*

&g , -, &tB.: #e*Fe?$i &FfrFS.8+*Fg'*,{:,r ' ' ' *

Ie tb4 tilngutal $ietrfbu&lsnr 1f n le larya and
D !.a asgt!,} slg *hst *he xeese,np'lp" of nd.era,te egsprltud-er
;.": oi-E[a ar€Er sf untty i"a *ny 6!,vea apgrlleatf,onr tbe
n*irmlaf Distsltrutloa S.s tben spprositcated' by tha
Polesonts Xrgrn trlrf'eh etateg tlrat

ttul,t 1 t), r -k-rr-k e-Dp ftrp)k - qff-
;=;(.t) p-q ' - TT-_

tf -7'.., r npt k.O, 1, ?f .... o ( 5.lul )

es eil EpllrsxtnatlEn to the &lnoslelr tbe" I'olsson
ApproxLsstGs le iibeful tn a elags of blnoul€&-pr9blosns ln
;tiil-Glii*" p nor n arc knovn, bt! 

- 
bueir progu:!, _''- ie

bnrExnr srl cen bb eailneled. lFhQ qppllgaLlone od Enls
eonroxt"eatlon ars mgJqf and varldl- they ranso fram the
;"rtfiil; "f 

-urttcfeE lolu tn subwqys to the freqpgnE.f ef
;ffii;"- ilglorc tlre eppsaranes ol sleborat€ tabies of tbg
brneuE!.ga uiEtiiliutlonr- a Eueoes.8f.4 gpprlcsttsn sf tbs
folaeon qpe;oxtuatlon'to bba lilnomlst- Haa ]4.g3ryF'Ilng
l$p*etfaif of J"ndustrlal pro{uct. ,i'hg- probab$f lty -p of
;;;i;*fi"*-tnft of p6ubt ls typlca"lly gua*l' ryla tbe
aun*er sg untte {nepbetsd' a tE often falrly larga'

&s e lsx itpelf n $63&Y :eeden tli€FgFsn& aF?{ fhe
Folse+n raui -aesng t[a--uirr*l 6noa e.rs &eatha reeuJ-tltte;
frsn iroreE;Xtcgs; [se,r311snc€ of accl*entEi Brrorg 5nd

(ffi1



bronkdtssltsr Ia p}qpolcen the ras,w es*esl*a of, eLaetrene
frroe tho fllncent of e vncumn tubs, nnd tho epontaaoou*
&e*om'gaattfon ef rs**oacttv* atssls rguoSel l*d ts
pbenmssq obsyt Rg tbe SnlEs*n lnr. fhte },tr, ssg alEe b,€
spplld ia tho fteld, of operatlon reeoarci, rnd, Emtrateeent
gcl.gnge.

lr *n $x&pla ef Ehe &tessn aBptsxtsattoan 1€
queta tbs axperlnentai d,ata of itutharfod erd Galger
abarla6 t,he aumbar of alpha pertlElee enf"ttrd- from e
r**ta*ctiv* rp;alea4 ls A1608 p*rt$,s sf t,*.ss eeeh sf
?fr e#Esais.

Eslagen fsgqueasv
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'ffi

t
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ffi

e€p?

fhs Daptg€ter \ ef, the Fo:Leson spproxlnatlon
1r tbe Arttbggtte glealr ef tbe Polsson vert'able.
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r r .tnt.i*ii::_:Trpr:+r f Jhffi; n 5,&?

fbs Psieeon frequaneies as6 ealcureted from( t.l.r ).
For A.np eEtlaared by 3.8?r u€ ne€d not deterulnen sd p bers aF 16 a:t6 epprnoscdnattuls e btnonleg d,tststbu*

ilsnc

Sl+ca tbe SslEass fregusge{,*E eps fel*ly e].ga$ c '" ! }

t€ obEesv€f, -frequanclear- thA' c,sad,ltl,one uM,ortyi,.nb tha
Potanon eppryx*Ee&lon eay bE sattefldn een&{.8loas balg
theE Ee heye krneulll trl.ale ultb eeall p end. ler6e af
f,as [t snaf be ergpd tbe,g the prebablllty-p of aF atm-
ea*ttlng eB E3pbe pertlcle gs anail r that tha nlrsber of
ttens ln eb6 apee l"een arya*labtr€ ta aplt s-r i. s* , tbe
nueber or* t"adepaaient triele E le ver3r lerge, end that
p *,e *agetgrat fres tstal esd. trlal, 1*G., Sbs v,xri:eu€
ateac have ths aea€ c,beaea of sgttting partlelaa.

Idt 2r .Bp ao thet p*+- and, p -{ O for n --} r< r

( i ) okunrk 3 ( * )rktr-.B)o-k
nl t A. rkr. -rrrD-kr rilF--EII\fr) \r-5/

, r(q:l).ii: (n:r+r r 

# (r+)\rr$;-k
,ir.' ltr li[r* i)" ... (1-

rr \rll >'-k
\I- ;/ --:r 1-f-

n;t){}* }) -J*r- -
8- 

\ f,or n *-'t '\--''

te
sf

Sf.nce the f,aetora ln the 6qu&r6 bracksta eonvsrtjs
I ad. #s t,bo Brduet alao scsvs:g€s to t wben the nunbar
f,agtsss te fJ.nf.te'

t r 7\ 1It . -\{, } - ,='F-.*+ e P . }_II

{w}



Thta cas be axrtyed et by the applleet'lon sf
tha trylur sxpanslon arldt tha us;€ of losartthmx; vl$l*

b(krnrp)B(l)pHq**ts
b(gtnrs) !r ( 3 ) poq*4 c qn -, (I-plo

\Eliea *np r Eg hava F - *
. - a' G i ' ' 

- 
t t 

t tt-'- ;- - q 
" F

b(oinrpi * ( f -t )t
leg b(oinrF) * n to[', (l- ]) ra -,\- ei r.rr

ss that fer la&ie nr

b{*tnrp} * ( 1 * } )* nt=G*h'

--Ax.-k-4-*'-i * Ll,ait ( n .,, k il-k 
= -F-5-D'l n-)w \ ; )p*g"-o = ff lf A'nPi k4111"'

(3r )
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i:'ol.eggn

TA$I'{.'kJ
, t'b* .&egial J!.etril,,,.;g1lr*
@ lm & ps * (1.e., np*t)
&[ebrtb,utlcln"

b{xinrCI} for n.}, lo,
t of;etlrer u*.tfr tbe

l!

l

s,; ql q€s G.€ e"st
*p I * I t

I I

_ig!
qC qr S.$ {}.ff 0.W

+pq e,ffi qst g"g'5 E*ffi k*gf

t , b{lil"ttll b{l;&.{l.1}. btt;er,*u.6j b{t;$r,ru***i , S{f ;leruru*fl}

tff' tttt I {*rl i [r]
-.".".r i i' '- -------F - - 

-

{rtl *; trftj i {rf . rfl}

, falw i

r Slrtrtbstlss,

,l.S?l qstl u.S& {J.ff u"s6d t;.S?3

'ftffi trsli i Lfill d.tls q$e? t'.$tg ' u.urjl8

4 utffiE qlst Lrst qlst I .. rl.lffif ; d. nfg , u.USlO ;.t-+-s-d
.J.6H : tt6t+ b6S g"etjl iJ"slij 6tt ,irffil

-+- t Crt'mf- !, $*St!? -. irrtilSt o * ri.i;l{s rl.Ufl9 ittulSl ;.u.w6

i.{x}*3 t!.grl$ i;.d,llt ;.t 31 u*.;tJ3 i

**r€*.-

ii.t'ull i*.uwl

i &"rdXll r u*wii.l '. , J{6 v. ttur}i

u. uuUl u. iiJU I l

Ffon Eabla 7, tte $ot,e ttrAb tire l'oiesori DJ'sf ri*
t..u*lo* ts a-gs66 epilr;xlsgtlon to tl.le b{n+nLa} Dlstrlbutlorl
..r ao Fof-csell valuee of T.r Hhen 

- 
p. r?. ruff lcierrftly ss&l-I.

*I-rr*i;Frtffiipitv-!u* I''ci6eo;r illstrirsslsn {r& approxfl-
.+f.1ttsn &s [h*- Ttnir*faf 1.r{ntrlLutlsn when F { S.l'
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I{eryal sistrtbutr..,', rsoo !,s tha rtettln6fors af tho ry'i@te& ola*ntuuiion J*;r-iuen bth n E*

{'rc lerye. Fo rasue ry' * G * ; *; ;; n"**
nasl$rblgt Eble rngrie* fa*r 5,'T*r * .;L s'q&€.brffi Er**raatly f,lfttrui rrba -iri]l-

Ehe ertee.t Eietrt'nuelun
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Sa 69 ue$ thg iro irl&I iu:p r,axlrat i c; r L o e lra irJ,no$i,sl
. i,:Lributlgt ?P*-r. ult!i exacr .'inonlai. Dlairl. utioir, Fe
r rG rastrf,gtod by ihe Gf,r,BnL of '.'i,lueg 

"""il,a-le G t..e:,,itrenial &l'atrllrutlon'Iptrlss,, ilhe lsr:-est [iuiio auppl"p'
on+y veiuae o-f n up io ioi0, uitir lar."e tspg of vliueE

:,rI' tx in bgtrg6n* !\rltheri;i*r'e *;,t*,lor:aal"'ll;*jiL,.,r.lticn
r.''',I,,'i\Ll8 gOe*tlXgg Offl'fs *,..:,*rS.;G,.tj:,,,,sai',!g sx;:l,ss.*j'+i- fG3'
i:i .: ,1**'- **t Ffet:&b11'l-t; i ;.; er;; i3 *{..r e c +s3; I : ce: +:*3 e:*p1ge* 1*,:: *

tg aEudJ" t,hg l1:;i U1;:,. be-i.ssi.*xrr' sf fi.i:e bi,t* l*l
., rr,.,jJJs f,.8. to stufu' tl;e l-,ertLal n'!,;.rfff;{lnat l*1.., H,G neei*.
,. i, i-,egr 3& slj"&d tlrs'b *l;,;69 ii.hc l*::#;lee l* fi. *Ls'i:i.ets
,-.i=Er,li'. tigrr @* *;'e .,or...nl F c+;;t,;:iij.-i,tti i:.c s i'*€ ;,fg!:€.*

. L lttes r€pres€rried ty ..lric:laI crdinrrias neeri to- be
, laCgd Lty 6fAABr f i 8lttrl"l Ll'r-' jlj8.- *c l c''- Ci€.1. ,I'c'-u-

,,,i-1liJ,log lo,,.*n*t lrt=au* *i*;:'-i.;-"et, i*.*,s '
. i *l::.. ,1

fbeProt.;gtji1,ir;lbliatt}ieran,icnr,'s'I.ial.l-.i.}E&-'el;
i-i VAJ.UO }Atgaen A gnd i-) i* I'€*'; egeltl;ect ;11', liie {ti"€S Of C18

;:,r$d,€d p*i-ii--t[r-gisuTi: . , slda -*t.** *'ive$ 
i'(n * ;' s r;) "

i.{: f lt a ltlnornlal' df ;Ertl.'irtic;1 !'i . -:":t iltj::?-f ".tY:!g:t.
. Ll;1u3, tx*'i*it*H-;;;;_;al*.i. :f B r:rs:i*l $is!rr'-
, ,,.r- { *n u'' ,n nratar{ nt' *i- i 8 :.ecta}ii'le "':o*e 't'i*t}';. il":, u::-

.Llglt uJ YF*-i"-t.t :- --._1^ | r,ar rr,i. t-!.rr r;l.i i-:aI ::.O,:I..-ionDjr.iffi';:*:*;';.!i"".."tLi;e:'ii.:ai'..l.'i"'.
i;rit and, ul
,.,,r."r11ri8t8. tire sr'es Gf 

-t'.e, t"u:1yi51: i;ris 
,,;t'1'l ?::l:.-*i * " u;:*,.,'L"t11fi8E8o &u|: "r sP " dliat,g. ;o ill:1s1"':'Ft*l i-1;r*
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.*ffJrlqAt IAS$ U"&' Jiiir illi,rtjt ;l.ii, Dlprrtli;Ui'IU}l
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ltqt+Wt;

Io.*t us fi;rse fln'l tire pr*l':ai;ilit; *;i:at iiie
oaorsr plafer si"l} win. F*r & ], n sa& 7 tdi;e
Fffiffi"- Uhe prcbelllitl.es of Lbe IlsGrGr player
i*tmill sre

b(2t],0.4); L'(j;;,3.'i) ; b(uli oO'4) v;i'icir
ar€ O.$:tr'3.)Lni {i l.2K i'esr ec-i;e l;'"

$o the probet i 1 tt t es t 'l-:at t1:e bgt t er p1q5er
uXas *-l,-5 [frd-i ;sfde serles sre 9*048' grtrl
sn([ O.?Lg

lon* ,er ilie cerles ls, tbe i;l""ber
;ili -ine bet:er PlsYdr ulll win'

i
I

flenee the
the I thel lhood'

{i} glegp.tles eq .FeH,leJi}li

$uPpo8earlsk'vgp':ucl'on''ll.'€dfor.'silen*"s
*iLi rlo oLher bope or'Ilvlvar i,,ll--o-i.r:vivaL i'LLe oi 3o'I'

';.i'^,$.L1eti:eprobat,i11t;''Ih1}-.*****,1*'.;0:jof:,}iertex|>
: i, ieni; a oPeiat eri u;i oi: 5 ir'\'Ii'v i

s

Denat e the ProbcblJ- :f 3'

p'o,8:*'-;ii"*--rc* of ti:e 
'

of srri!'\'i.YnI Lt;,' P r 'iitgn
;'il r *n" t, t o iic oP e r-i:' f; ed e*

1. ioe u1?9 i:, r"1.113*,;,.ffif:#-'#,f,*#J""',*

*iif#ir:ii::::t,i:iiui:ili,:f, "i' ;;;-r,er'tcr Le'li:: wirrliirr'

'[t;* serles 
'r; tbe T"-!i;;ur lqultue*i'nti*;i'*r1 

i''{ril:e ' rire

;,:::*i-!c6n r.eegue an& t'i"I"-;*itia *oi1'o bii !*n ;)*ries'



4

wi-ll surtrtvet tito j'rtri,ri,;*r'6.ii:vivirr-,: ls 4.

otrr
Frobabtllty of itr *;;rrrri.vl,nt; ou| of 3 operatod

b(4i 5r o.[i) . ,tu (0.,)4 (o.i)l
s 8.tii'1*.1 '

,1*8",? Frcbsbiltt;" sS su,:tiivnl li: atrout' tll$'

p(sn'r) 
- l 

-*:[;l].*,,
., - r I ) (,l.cr)o 1c.,?)taa\O

.n
I * (c. -'J,l'

{+} *;P€Pg-t,xqP q€ i:*ral esfp

iftr* perc.e:nt *f she raeb4 'parLe ps*dueed by e
,ru*ii!*re Sx,S &ei*sttve, '1hS auiret' ')'9,: ure .1;oSf ircs aqlXlr

rll,rld*i n*&S bi-Sss*it**d in *rd.er f+t-tire probetiif*y oS et
i;;# ene aeia6t -ve bs be ?1 sr ;a+*e?

Solut ton:

Hc assu$le ttre produut' ion of peTt ? 9 
o b€ &

bernou]li pf**eau fbr ui;isr: eeclr i't'ietl . (1+ruilucl'1E.

on6 pert) ;;;"1t; ln u*uo""**i-{A*i**tiv! part) or
f e{ I ure tgitl""g ). llie probabllltv p f or auscees

o& gIry trlel ,'-e-i:fvon "ii-p4'g+t 
*e- Ibok for tire

snellest l.ate$er n "ooil-tf,ti-r(';:ra 
L>'4 'fr'

. -.n1 a (0.?9)"

w]:ene e

1
ry

1*

qg*

liance, to have -git eaveil cbanct: or l:etter cf

fin&tri'g at 'rl;*I*i-*3.i-iliun i;rrrb ir: tlre lr;t' s't

least *g pui'i"-iust be prcd'lced" '

( 5L )
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f,n
+:' partsl_s€

SuPPoae se

i,ii€ se$pltsg plen 8,rlf,

E*&S.&s.r

aB l.sslustrlel- proe€ss prsd.ucin{;
ggnen*}}y lrave & r:*rtrrin snount

Br€ i;tven PI r Pe r

dcclslorr ru]-e (nt

i: antl i o dete rnine
b).

e lffi;s nunber
ol defeetlve

i

i

I

I

o rrt :rttt. Iqt -thg orr/ lf the
-r :."ilp$rtl-on eif defectlvs autoluf,

i. i tire Broport ton cf de ll*et' lve
{^r-^aF { #1r
output te? pp (and re have

i.:1.,fid.r16ltl,** Sf lrrteni:isdtate i;ue}"l-;y lf the pf€psrtlone of
,:l*fee.tlve output fs,tt betxaen F1 an,f, P?. ) iiuBpoae a

i:ii3;:.itf&Cturetr tekes end tnapecte & *e;aple slss n frsln the
.=t'u*eee eadt ft# that seme pe*a er€ rt'efsetl-v*" lte elll
i!*:ciqs t€ e*eep€ €x: re$eet the pre€u*tlon Strce*s* as
:,;:.u1sfaetEfy ei 1.lasatlife,*t*ry a*cox€i.ng to {Xs de*leloa
:.H;-t;;-6:, in wl,lctr n denou-€s the ne€ber of Barte teken
r *;,i it& pi6*aee sa& espggte{ ard, E} ln&icaten ttie uaxlssun
,,ii*eeble* aG*e* eg *er*b+gve ?sE.*e i'r the *ample ef n for
'r,,.;e pfi!€€sa Be be ca3le$ eetisfeet*r;r'

Srss ths absve we ss€ that tltq procesn' wlth pTo-

,.,sr*itoil gei6ctf"e-fg or,fen", lie1ry; sattslac1oryt si:ould

f;* aeeeptd AnS ths Procesg r*lttr pfopoEtLon defeetlva Fet

:;cln{f rrneat!.*factof;', sliould tre reJecteg: - ,;juppose fype I
{,ird typa Z 'ffor' ""*t 

il--:.et tb; irry91Ui}itf of rejectlng
;he xorgt oi-iii-g"ii*irctory irroc-esses (91* with propor-
uio* oii"*[i"l"i1i-ffi? ;-i;t iir; piobablrrtv of acceprlng

i, ir € best ef tbe trasat lsf act or;' proceeg be 
'-;' '

Asarrrnlngthattlre$8j:}l}leofelrencons'bltutcs
n l*rnoutit Erlalsr w8 lrwe

c{* onn otk (r-pr)**kn
X]

k-b+1

b*b& 4' E
i" ir-Lr

6lvsn P1r

"msng\tlrorfiry;$ ln tbe

o% pa* (l-pplo*k

PA, I &. 
j 

t

tlj,nocrlal
(92

we c&n sclve fsr !! ff; b bY

ta-b1es '
)
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S*..$st_sl

If Fr -or02, F.c).Q7, x 4.0> e, i.o.lo He fiJ}a-I - f .c -'*. | -tv.
n"ll0 & b*3"

. U1&b thl"g *elupli:r1= plen and €e*ip{orr rule
(13O, 5)n the risf of tnhtcttngi & satlefoctery procoes
shero^p$*Oe ls O.eF anr] bire r'lslc sf appr*vtn; b:r
ugratlsf*etory process w}sre p*.S? ls:**lG"

In thls problern, we spply the blnenial d,Le!r!.-
buttoe tas to Esslve sl, a eerte-ln &eclston rulect
aaeum{.ng tbat the marrufacturin$ procsss ts a ikrnoullt
procegs; I{6te, however fri:^ts proeeas Le & msthenatleel
l*eettaetiEn sf the actual pre,*uetion pf,sea$s+ $sog
tbe polnt oJ vlet$ of _qualtty cilnt{olr it_1* desirable
that-tbe pscseess sonfefas ts the lilner'iletr s*j:-ener aF
e*th ee$tAnrrous eorrtrel * nabic*able rlepartures *&n be
rregd As an irid*catl-cn af iai:endiltt. tr*uble"

Aeee eet ion: ere.t Ohareet e st lc

Ln oriler tO decLde wliether tq accept or reject
a, vcry rar# ro{-o*-it;;; ordered for se}e, tire buy'er tskes
i; sampre og-eo itens ut-i*"ao'fron the loi and tests tirein.

if at most oge dsf estiv* iten is .f,ound, 
- l* accepts the

*ntl,re lott-li ;;il 
=_-ffi 

o"" elefectlve'lter,r J"s bj.ecevered

in tbe "ant'te, 
he reJects the Lot"

(c) rfud the probebPlty that the buyer rrccepts

tha fdt-gf 1o gact i[ eontatn] & proportian of defec-
ttrves €eusl ts p" where P *""*us-tlla value O'O1;

c.o5r 6:iil o"25i o'10; b'4o; o'5o'

(b) GTapl lpe pl?!:lilltv !h?t ^uire 
buver accept's

the lot r,uiatnsr i[; !;roportlu# of defectlves' si"iowinS

tlre proba6il,lty ;f-"ilei,ta"** on tbe vertleal axis'

*.snruelGotrlberl.ld,iscuesesinc].eigril8.I1
*xar*plc ef 

'lesil'oq *- #;;;;ii.9]."i'ypolltuPls s*n& tllui;i;rates

- iie epptro"iii;:;E *oi";ffi;1e1..D';ir'iLution in a problen

of iitat$'sttsaf, IsreEe;'*il1'--su* sir;;;t-&oldbert';' ep,*-s-lfu r

,,ir.7f?*ffi5.
fr$



{u } - , p-*ax ths operetiry:; *}rerrret erl r+t. {. g s:rfirg,for thE folloyla al!errn* illvr,r r;1,r.*,,rls***mpl. * rleel-elon
rulsr & Fffipls of ernly t*n lleu:r: *"e drsinn sf randen
f,rqs th$ l0t teeted. I'tie I ot, 1* r;ccepte& lt' no
d'gfagtlsea &16 f,olmd and ;,*j*ciecl cth.brulse.

fulutlsp r

'Fbg b'uge:r t*es e ea;e;;3c ef :* lt, ere* at' ;.e,$€*r$ *
tf at mggt I defect tv e ls t'ilu;:'l " ile #e**!:L,s the
eatin* lst* Lf nsrs bhen 3 cl'efeebive ls faw:&r be
reJsots th* lot.

5 -& L.- *l^- - *-^^ ^--l :^., al' -q-' .'-,*l-irrac
L€* P [Jt' LLttF !tI-t/Frgr['AL/II l'I \lL;j'(-L;u-Ll.'vP'

ls eq-sal ta 2O.

{a} Prsbsbtllty of Becep&trng: the t"ot
r r($rc = r)
r l r f{$m *e)
r I r O.OU * 0.gS} for P'O*S3;

t I - 0.264 ' 0.'|7{' f or P"O'O5 i
i ,l o 0.60g * o.Jil)a for p4.ro;
I I . I - O-9'1 * O"069 fclr"P*O'3C;

: *l.rO'99e t C.OO{'I for;'-O'}Oi
.r l - O.999 ,r 0'OOl fsr P'0'4Oi

, .. I ,* I.*OOO r O.OSO feir P*O')O'

etlc iigry :' tirc- sinr llo-.
the buyer.

?! i1faT'F

j(b)
ni

sat

i:
l

I

,

|' t;''{ft

ffi'e Eer e ad,op-! e

of llef ecfi ive s

(w)

lt

, tr:i,t

I roPort I on

\t



{e } &ryobabtl"*ty sf ac c ept trq . I he t or,

3 P(to q e)

* I - F(\o ='.)
rl O.9O4l O'19')i C.)4';i O.f0?; 0.Clu; 0"ffi6;

&,'S,"Sl

p- O*fiI I $.O}i 0.10; il. ?tl ; U ' 5S i iJ,4S i *. S" FO

Sespsct 3tr*.1,$'*

Gne *'$t, t
5€

tlr*rr:*t *r'1*r l- r'i {-1r

rn8 g :.v* 6i

' a.7

Proportion

t
I

ts



('l )

Ebe p{aduetluT &frsn€ru€r of a conpejqr eub;,ilts e
i.*,:srt lss€w Lsg hirtag sf = addlr lonal iopifrnen. Hle
i:{incl,r.lg*sng g]trF beggd. on ubo aec-u;rp$ion the-t r en bbe
{riisrru;st @ of tbs ryae}rlnes 1:: t}ii e}rap wlJi reguire
;:.iii:iteaen*a € a&S 5itven d{y, 'fhe preeldent ef €lrs ooe-
.,{ilri, te intongetpe ln testitil thle esrunptfon, sf.nce the
i.rrr.bltletoea gf' *be *aport stll lt* d.efferbnt gf t1:.* easui*d.
.lilri Sa ef,tber too h&r{h or ,Lso lcw, ;iuppoee ttie.t, o*rly eO
:'.ir;;:1$e-d.qys ara ebgerired *r:d, tlie ;re=id"ent .ts wlllit'rg
i. i) fi s&,e at acst a 196 rlsk of r* $ ect in4 t tre aasurfipt I on lf,
: t ls trtre i *q *,1' n tak5.ng rs. nS r LG level af rlSr:lf3eenee'

solut l,sa I
--,--d

1f O test thA 888ul*;:! i *r:.r, t'i:e lrresf.dent $Ceds ta
fergulata a nu3.3. g;r$ d.te*n*,tl"ve hgpcthsssg an&
&;;xg*n; a *.asaorr*ble €eeleios vule firr tasting t1:*
null bypethas€ao

ISt the eYent of ob*anrlng €I nq$citlne for s d'ay

be ts F*rnouff i tiis.I. llrls trlel $qJ 
- 
e'*su3t; ln

augo€gg .-- ggcbl.ns nogds repalr or fatlure * raachine

Oeaa not roqulr€ rePalr"

I€t p be tbe probatrility of a oucc€ser

!{ull[ypatbeeissp'o'ffilAlternatlveir$i':o*
tbeelss P I O.2o'

l,hgBoE;nnunberof,6ucceggisniJ*20:c0-lJ|.if! ! -i,'- -+l-ca{ a {.g tfuei ug fe.iect i;tre null

1ff";ffiirfff;T:'F"*i*'[er' or sucies$ea ot oerved,

ie eL&ber t;; fri*i-r*"u'ur or t*o ;,trc5 e$elrer tlan
f,outro

Ist&&enotgt|esmallestd'evlettonfro;,ttlre
nean tbat *iiu"-X *too*rueL lari:ern or *too :'trch

sm&llsr* tbsn uhq pu9i' 'ru-ry'we-ieJect tl;e null

#ffi#*$T3 i= &'d or x;4+d'

1gpo ngmber-d ls. deterr:riued" by requtrtne'; the

orobabtlltv of rYpP l*;;;i-ii be no Lar";er tiian

6.ro ( oo_'$,ril-"i" [ro;"]; o,ig.iir!"ffiit;: r;]i'
error p*ul[iri[Y-r" F(i s 4-d)'

P"S.S

(56



P(X6
g(SS l)+r(s p ?) ", o,to1 rf d*,v7)<o.ro ---'Trf$t*

Ift sf tBn A0 m.achf.ne-deys obse:rrerJl, aevsn
requl.ros, sasrrlega of a repairn*rr. ue ui&tr ts flnd.
out tho degarlpt tve r evel- of eti:rrlf !.e anee of t,h€
eYut.

*a note tbat the protreblllt-v that X devlat ee
frw ttE E€aB LB sittlsr dlrectlon by et least Bst
nuelr &E the obeemred velue cloee le r(X * l)+F{X ry ?}
whXcb ie equal ts 0,069+0.OS7-0.1i6' ,-ir.,r)B O.1>6
0*tS, lt *,s nst eignlflcant st O.lG level and He
aeeept the null,-hrpothee{s at thl"s }eveI'.

(3) r

goqetfusea Hs eonduet I etstlstieel lnvastlf';s'blan
lI se}eetfng tro grsups of elenentsg'y urrl'ts' .frsr;t tho
,liverse Ufle 

- 
ranEot |roceae , cleel;nai lry. one i,{oup t}re

G;;;*oi'-Aroup ;nd tho ortrei the -e*terlnent&ln 6rgup.

'ir*--ian*c[-cnbsen aay bs indepeadent- or rslated. rn
i*ste of ofg;fi[;*n€a for dlffbrsnces ln satrqleet ue,

|egulre eE iatr aB po"atUte the B8$e numbel' of elenentary
,::;its tn tbs ecntrol ;;ilp as there are !n the ex;:erl-
,,,etrtfl g=nui. --6-"ef![.4. 

"4q11" 
the so;rp!'ee need to be

,::cuched ""d"i"f"g. 
pos lgsten96t. 4 eonltl3er survoJrst 

-

'rr*k*t ,*sosrshErs *n*I[1g"r-oerect twg frroupa of fa.iLlies
:;iiet ar€ satebd ao tfat t]re two*rat*iireii in- esch palr
r;rts a6 nearly aE po""fUie allke fn, ^for exa.ili'le, al:es - 

of
;..e iruebsnd ana wlfe,-tr'"r" level or educatlonal attgln-
:lent, n*mbJ"T! eagar#-G ^ie*try asd tncorua of tire
ia;:ilyn ete. In the il;u;f-eAuc;tronat experimentu ' t'ire

,:nl-red. atud'*ts er€ *i[iU*A fn cUe^recterietics llice aG€r

ijex, I" q.;T;[oGit* s'trd' eptltudo' st;Q"

J.stblgaoctlonue.gba.udtscueg.thestgntest
of sr6ntfr#d;:F++;o-iI"'"*s11y. ;; tpplication of tlte
i:inon,ar prsusu$r?{. I;;'**F;iT3o-'t- bei4s; stnplo and

ftexxbl,er ffiil""*sali$iiq.:l;tt,'as*s not reaulre a Pr6-

':::rou&dg;o 6r 
- tu9*s'ury;;I-gi*t"r[Iilo'n- sr tti* unlverse

l'rora wbiab aenpLea "t" !ux*o-1yl*-;*t-tti^u 
daia need not

ue ln ths f,eq8 eg & til*iF guentitlt*ve c}easificstlon'

SberofgT€r !b" preeldent *riLl rejecr ibe nuLl
ffiotheal.s tf Xd or" X V &*
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tffgg",_!lqt. Eom€ pprfeerly aarebed pairs ef,
clen€ntTsy- uel'tE h8?e bearr eelse?s* tor, EH *xpb.rteent *. ird that tha erpertment resuj.ts in trsc- "*o**" cr tvo
;:€&atrr€nea€s f,ar paeh natclred palrr one neesursrxsnt fn-*icatlns trr-o eMlttsn ef ons nsrntr6r sf ttre nateho& naLr
;:rld the $tbgr the essdltlon of uhe ofirer semtigr. *

t , , i'
i $tstehd Scorc of: +n€ mamLretr
I Sa$r , u#.en c*f,i*
i dltlan 1

-.

, $*crs sf
totltar .';lg!**
: tler u*der
' 
c*nd"itiarr. 2

i

. $lfferanc.a
, for a&t*
' cited peir

$lrp
fEE
lig.t-
*hed
I's*r

&t ='l€5 fl# F1*x1 *+5

xg*6? Yeg*7 SA-H3* O

Pt# r$g*x3h)

tbeprenlasuponw\fclrLlresii;:rj-flcancebestls
;irrsud. te tbst tS thg -t[5""n;;1;r*ng. 

a5e egutvaleRt t plu*

*rrfi :ninue els* us,,1a'll iilIiry-frxury to occ*r and'' lf
ii; w€rG nst fsr ebsnee-'io-i*ars ler;'rir$r oae-h&If of

v.l* *t6ne uqut d", b8^ pl;"-[rla- tite otft*i-ttaf i r*cul5 be uJ"nus '
:t. e., the elgs test -d-based on ii*-tuornial 'rl.obability
,:i.Gbr{buti+al { y5 * ?2 i"-.p:tu*1.-i;*th;- totar ir'i"rber ryl- t

.,1-us nnd, ntn*i elgne. io" the natJiiea-pul"?' undcr c'Jniiider-

i; ; ic,n. rn tue slsn t;;; n Ye l::;;-uirot tl" rurderrv in;
,*grsiebl+ Ls ssretfgr*uil-&"9 cont{nuity trnp}ips tbat t

'ile{}r6gfssflg' " tbu -&u[irt*a pulr-*olra ]ieve tle* scoras

fu'%
&% rn.6I YS'6L Y4*X4* O

Y5& Yg-x5*+2

&86 so65 Y6-€ F5-x5:-)

4ry Ys5 Y?ffi Y7-x7*+7

tu% q*eA 7 g*77 fg-Ig-+!

F)



or msa,Eur€nsntst -thus natchod pale.* b;l*t produ*e ssroellffE a$f ap.S dfoppcd froi,: Uha arialys{e;

Fha tgtilg r H8 heL.* t ucr nl,nr"ig E L:*rr& Sna f,ourI.6t *l € n tba Eriaf ] *1 nurrber of sl1:na, I"€t
.I8,lus s16f,r,e.

c$s tal} test Xs S"5*"
lsvel of stgnlfleanc*t
the$ €*s*lCI, He eannot

r;,.,*J-$* fhgn Bsqf*1a-e*s*6" 'ihe pr+belltllty of obtalntq
;rot nolXl tbeft tro gfnu? ttr-,ns lrr ti randcns sa;aple of 6
*J,:..Fr€ gJ F=Q*S S,* feun& b; adcilne thG fiLret t?iree '&ews
*f ths btg€*tef" €rpsrtelon {lt+ld')tu"

Fhue s* heve

(s)6*5q (s)I (H)5*60?(;r)?(r;+ r o,Fr*d+

Shus tha probabtl$.tY fsr
;f H6 sssduot €uI tEet eb ,-|"S.}*
sJ"iice Frsbeb1lltf S.34J* f; a i-Fs*t*,s
i'cjeet t'b,E srrll hYpeebeggs.

tsbie ex*upte *"e aqually api:lleetlle to a dbefore-
i,n&*qftgr*-gxlpefGAj*. SOr 

-lnr,;tbncbr a rand'** sar;rFle gf
. ;pi; G eelbet€d froc a ,rntvcrcc anc il.e e:?ll:*ul:

I i ulsif l€d ace ording to wircttrer ltietr' &re t:, f avour or ox
. ,:;o!rd to ;-;"rtos;]. 'rltsss people 8r9 ll,gl oxposeti' to

" ,l"itiref*v-cGpAu" ittt, t4c iurlose of .lnf]'uencLns ;irern

i.; devalop s-t;;o;FaUi" "rttttu?te 
ioryard tlie ii'oEPPaI".

i,'ir.,BIIJ I bbAJ &rs ,'g-Cissslf le& oCcordtnt; 'to uirether Uiley

;,I.e no* ra 
"iiv*..* ei ;;-;;tosed. {ro rirs proi,onal. i ';lua

.,1-::t le uu"iEoJa-te- tltcue" luo shani'ie l'n s desLrar dls Hqy

;:,;.iil s minus-Ers" Eirron*i,iu " rle nutt liypof ireeln f or sitc

-; i;ve.$tl6atton-Is t at-thg-lyPtlcity canpnt;in r*tll nave

: ro ef f s$t on thg poot:ti in' the untv*ru* f 1'oij: wirlclt uirs

ri$-:r;le .1e d.ra n, the iit ui*utivo ityl'ot5eele le Ubet f ]is

,,,,, t:llcl'ty iffi["iui-*"''u*u nor'e peo;tie to clr*n"'e ln &

J:i,llr{rursble HeS" s€ otr*s hav* a Jtti*t411 tgn& and' the
r-: r.rr1glgs5,on le the aalre 

-lg bliq one s t" nt ed above '

In tho talrle] tbe Lwo carHiJ'tj'E-'tt* *tnte&'l|:i8y l:e:-

.{1}t'godlfferenti*et}.iod'gofQl].*,tjirg-jc1.."t}ul;:*
il, ln & factor;;

{11} tse d*f,fere$t nredic&l tretrb:i;€nus for s'i

c i.,r't * 3n c omBl a !.nt i or

{stl)t*+&j,ffarerrtwa}$of"ueacilitq;s.uu*jt.ol;
; u schocl*Glxil*rerlr

(5e)



*l6t Es. .E,:t,*
,;.,.,$ !,59: S,l,'.$

*lt"**5,1 *#;. !; .+-:,:,,-..,-._*..,,: : ,*,8._;. .,,r:];_ .*,:;.-,. ::,_, ,,"i
rd i:'3!:;r, ru.i*;ten*S.el;A .:-., ;-,. _',,,,,,,.,. :l;, e :a:='i-.:.;.r*

.'. *..iii se;-*.litd' ;; lg,sg:.,r.: ,$... ig; ,:,r;: :rr;.:'., '=,.;:.:, g:,r** *o<
r-i*,*i. l-:- li-e ;.,&,*Eg** ::.r.s,,i.i *i:;,,.J"** I,.,r, :*;2g,g; J.;-

;:.; S** $'..,Stt*ri&,,i :,1;,* S :a=.;.*'; ri;. i,,;:., 1 .;.,1n g;: J.l.:.,,;ia;::&,EA ,L;..;Sl[Jr;&,, l, i s S ira.:',,;.*'i ,1, lt ;;, ,i,:;:., 1 .;.,]. .*;: J..l ...,,;;Ai*5: g

i ';' .'!$f,;fr,..,*,:3.* " -. i , '" ;t *: t,i. ,r;.1r,:..*.,=', .:ir ' ..',r:.:,'i' ,. .; ; -r:_t 5,- -" 
,- - -:

i,:,-., ,* 'l,fIi,I* *f g'L.X, rt{,'.i',.,;; , ,iJ,i:, - -,..*J, ,. - ,. -=.* -._. : :;t*
c--f€ S&g? ES * S€--& e ..Il -.:8- --- i:..::- f,:--:a:.---e:

:;..,,€, '*#rSS- :1 l; :*€:t g- ,.. ::,;.,*,':. ;;:,' .*+-;j' tsi*,t.*-,;' *

e ;1 LE t:::-:-s -:--lr-.-
:.-l:ul&- rts;-.8:-

'+r*.--.rF
i.-. -.ri ].'.-*' .1.--:
---O b- r-tt-*{'-

si:3: ::a:,--.-"-

*ceSg

$*pe

i -*.*

i"ggg

I*,s$

.i.*s g

,.i*le {
i.*ss
i"s's*,

;'!SS&

;,€ss'
;.#sg
Hs,;s

r:.!,!,.'. ::.t +: .:-" -- i:
,* r'. s;' r +

-.,-.,*i*'.I:t-
ia

.t _

*.i;.i;

-t;

-re iS

*"€,,5 $

Jrtr

sfq

b f-

L]ih*

?*



Agaualn$ thst ell u [he[. e und,lt ion* sf work. ,oinod Ebp_ 8&EG durin" tbc twc $lx*r'rorrLir wori"'. per.lc.rds,
,,,,rL t,lre n*3.1 ffilothesie tbell rri*cr'i lori i;r lruinen F81a-
i.,n:s hee *o ef,fget ur; tire *billuy of forerren ts [,lct
-;. ...1i.i wlbh t b6 acn urio Hsfr' f gr-" ti,e. r, Uee Fg sl,t ernat iye
,,,., ut8e6ffi6nt tlra& f *resrsn whc iisvg attend"ed" a t,ratnLrui
..:;.rrag tn busen rqlat ioRs E onrl to t,et alons better cith
,r+ir $BBr fukg the tert eb, tLre --r di,,03 trevel gf &t:,'.r:l-
i ance.

HC a8Bl1,n I ,1'tL * r n Lo .l:ol;c t'Li'ullc: ;,io et
j 1,: r;$ :t;*tb€ft' sf *o::pl m,i:it = €{'t; '':l- i- rg J ,.i :-., f ;-- ;-

.. -:.'f: grrd g minug 41. .n f g;' no:'e c c':i. j I alnt g.
i: irrtve si.s lElpus 51,:.as enef l]if;ii+:g;l pl'ue sf,rnt;*

J€t *I S, rh* $rga:tr er ;lunt'*t: o'i" s li ,Ir$ ' ict

Th.e probabtttti' af +l i e!tlj-*i, ::91 r:ors t]:an
;, i:,; *L:rus a{f,a}, 

- 

ig {ol3{ld-}{_-*9i:q*3t"* rlrct ir€r cli tcr*s
;: l' i .:is bl:;onlal d.lEgrILut 1on ['l + i*'i*"* '

The sut:I ls

0*12r*?t*, (;l;r (11)t0 ntt *, (i*)l (,i)19*. . a . 
tt** (:l;6(;l';r>

tt +.i \,'
'!rErr.:-i'frnaaEitti*s+v-vt

*1 1.. * t *€R rluofll til-. €l .

a;{|a' ' r 0"Or?

$lnse o"o3? i o'clr tctr

;', s irr tliJ.E ctre-tall l;egt' "

In otber r*orxls, Lbg 1 :tl.:ott.. *1t1., ',j.:u."
q ;.i-t:fg.J!-fglgtlOn5hlp CuufgC Len"i' vu "Lr err'v'ai"i

'. ,,.ult: utQrker$.

;'r:: jeut l;iic uuJ.'L ii;1 Po'*iie-

i'i i; i; uriclud
b-*il[*r uli;i'r

lr\ '' ) Pgrgr- $J!}PnlE 
r n . .-- - ,. -:sc r,r'^L iir' .r L-

$uPPoee ttrat "-lO Yu:T:"u 
r'r* t 9 

l

i,i-:i,:irly electrB,e p*1*ti io* *9-freL-to esbinete the total

. ci.rt Lc be €xpected. 'ro" rou;,1, ;;p;;=+,1: 1'"' i: :a' 'itie
ri.i r- at any ,,ive1 ttlo ;;"i-wortci't'cs 

'L-l'c, :ist' "c ;" r'oLa[":1-

.i .; ;;;i. il sf re{utrtrrki *-uil* of pu'Iit'" 
-- Ii i:rey rsorli iniie*

,l,r-.rtlyr;fr;-nro{'9r,i;il;;il''"lir}ruo:'''ir.srctl''riltitt
;wijr r,t tlre eafoe tr*i iPi'o*f i i';"i?lt;ii 'p)' 

rf ori Li:e

6



. ".x'{r, .€ r I ls$rk6r llses pager f or c4
r- r-#'O'+' rhe Protigr'iilir'01'

-:;.,i rl.rlng currglrt st t he 88,;ls b i-lne

tven p'O.4* P(\.OT ?)nc.055. tur

;,rlJ f,g ad"jueted te r poher i.itsr sf, *'r'r*rlosd has
" ..al tllty 0.C55r md sl;auld be *x1:gcfrsd f"t,r on€ ln

jt.. ,:;inuteg apprsxlpet ely, 'ili;e prcb*trl.l{t;; +f eli;,ilt sr
1.il'r.: 'workere requirlni. e Jl'r(*rii sl ', ^e 5$ lri t l;ae in irsler

,'- 4iL tl-eee l6se.

eln tbe otl:er h.a,'r].r tf *ri 'i:i',* ;1';.l,-fp,.-.8, il.:e *o.fl-
L-ri of ps*er L*t s *c:'hc.r l- LL.i'lc:i .i .-llf i i.9'l

.,,:1.,1;.,,, ;-:,ossg 3or }e ..,1gl'iiees B;:r ;;'.1 ' *:l1.lr d* l."ayrl ir****.
',...i.. l,'t3 pf*b*bl}5.ty' *f 7 oi -iuI'c \*{-...'-L;'s ;ei:i!i;in'' *l]}*
.', 1'r - .uI [rla ;#; irse ls P(;ri
.i...:=-- ! S6 SYe.fl*ed t:es ;rr*Eixblltt;" ii.l00i':i=r lrssrtlitirl= thet
,,,*u iupBlf ia als.s ad.!uete*,.to *l--,,- poge"r.G*1!9r- sail
r,:-,':rJlfl-ile- etrysetsdl foi aii*ii'b u$€ tli;-rrt;s, irr }li'l c,;' tJ$e

' 
:rrie G A0-hourg' ile ;;i"*e'cr,ilit,, of - 

ui ir; CIir :.tol's
,i. i.r_,:i;rs 

"uqt 
r"tng- etrren&*' n& riie g8.16 time ts o.ouoo"/'/9,

i,,,,i)lf' E*f,gtn8n tlnog Iegs'

;iti;ruts* i.iel. haurr s6
'f €E* l;sr* workcrg

ls tiien F(iilCIZ 7)
other i#ord.c, tf tbe

il,.]' ) FeEtt$g,EeFa SE, Yacclnes

Aseusatbretthenr;rrn4rate:fl"fc;'Lir:lo;:a
':',.i,in d.feeaEe tn c"tif e fn A)i't': 'l'r; belt a neull'' $tueo-

, '::'*.r ;:elus. H6 lnJc'c;;e-n-tt*cir!;''y', 9tt1::1s*uiilii it' iior*

-* ; rr'c t o sis-luate the-iesul t of ii*e' exp crlnnsnt; ?

IfthoE*I:l.rnisccr::pletlly.-t*::l:1'-19u*'Liic'rro*
;,1 -,!1tty tbat eTa+t1y 

-x-or t$ n. t'*lt ri';:i:'::ul-; :',''''li1:'i f,I'ec

' .i-;.,: i inf ectlon is tj{k;;r;" i":, ';ow ossr':i':ir tirrit Ite iitject
r- ll llre n-IO heelt\y $ffi;i6'orutt tlre soquis" rltat is'
, *r1 IS. probab$.'{ty 

^ 
#T5-i"i"ii*-t'it-ii ro Icste'l remarin-

;.ii,, {ree *"Xfr-i;s;;iriir-l'?::*:F of 10 tsut anlmersn

;.,ri:bablllty sf non6 of iUe entnsis *stcliln.r; lnfecti''in
an -:\

E! ( a )pkqo*k {, ( 13 ) (0''15)^' (0'2t')-
&

st 0tO56 "ttr,.ttrf "rttt-a 
(i)

&



* r.,, r r k-o*fff 
a'&arr$ie that bie I':iii;cr fltl. l.L;s **ll enimei u,

{?yg*lltlry of le i;lril:rste,;ur of
- . ; ink$ free frsn r*i'_e,'t i on , 

-ot i:r o:.I.cr
' e $t anlnnale 

. ttre probeblt i i, -of 
,;c.re ofjil., lnfecti*r.

El ( iE ) (o.z>)rr (0.;:,)o E u.i);,. ..r
If thgre li; no $LrJ.r1 t,l,c ,,.i",.::i;{ri_rrj.ie:lLnele at ;:r*st *lle ra t, cjiae irrfi;:,:i..i*:l i

( tfr ) {o. a:: }G {*. ;,,i;1 i ..i { *i ; ir , ;,i . }1

a-aattocatGD

/. \ = ,.. - \
l r / (11rJ,

18 lestcd.
werc-s, out af
ti-e a:.:ri-nal s

i*f,r. (tt;

+1;' EXI{J; out
:til

! ,r'"., . .,,. .= I{:;
\i*'c J- l' j

r,,i{rE:}

sirice

*!

**Gp3 -+s+6*.. * = *r ?- -** . i. -

C*aparln*: Jro -;at j.Ilt ies

, .I; *-,lig{ihqF }-q.q!:;lief ii -t]t:prilqrti (ti'i,,ri*t Lt, t: t-t i

In" t}re rockei; {-lest]-.'};.,::' j.'::..:; i..i;.,:;:::1,.;.,].} L].t], i',r:_
.'r , ,;i.i" :i. i,y eXpeft , 'rrt t- ir A 1;rui.'lt;i,r ;

!,glfg V,el,J.Clg 1g derri,_-ti*tl. ii,v ctrii use 'l;ttO I€'I',';e
.';,.r,.:-t"i:! Or fil; il*1i-utOtoys *jr:,i: , ' ! ," (: '1.'r r'f '';ir:''u'i"i; iillel'
. .i; tiilr,ic *"iU[t.: 

-iio"evcrr,!i'o iiirokf 1;i.rEii; l'].iu i'lo'r'tJ;'$ *:"tl
, ,..,, rroL i;s *-ituitnoi:l:ic f iitul'e , sr:* l;€ lil:-Vt: ';ir:*i.;t:'r:ii tit:
,,,;i.rij l*€ will sti}} [si-$bo or,:?tir; i;1,:r*1f i.;i';'o';o-'s rail.
:iit if Sou "ffi-[ofi "*-fftg 

p:..'lui;illt:*r ':f fi ;iiJ";or f si]ir\:
'.',- ;iile *"q"i"td-t; Uet fur{'o orl''it n I e$'i iirii':l{'o to use

- i^ S,-.t* n
'*, L J, L, lJ.l, a

,:1 < i],S5(;

We c*naludc tiu:t tirere il ; i,r.'c:..."ci' *;.irie::*e in
..,':,.r:.ti oi bhS 6err].il!.

for n.25, tire plob*bilit;'of au:;rcst btro unimals
',i.,;l,r\l inf ection is elicut U"il492 aad uiius ;: fail{r'es
;. of 2, 1g a3ain bett,:r= u;iuc;r**'; f or' t-ie ser l:,i i:irtr.ri ono
+ .lf 17 or non€ ou L of lC .

65



ii replled, o'iig 
:.-i€iv c fiitd,,i;.,,: t;.1: ,r, i, ;.r i,, i_,.,,1,, ,:1,r,, i,l uj:rr-:i't.:fgn a$d. hsve fr-li:n{i- tl.;r.;i; ..:.,1 lE:ir.!=,, i:r r:;i.sr {.i:::r:r r .,r.r:.\r:r::..c same probsbirlL;,. or loiri; -;: ;' r.l*,,';i;*.'"'I''

ii$:.-;Ltt]* ]'QU that tt ;:s1;es n.* _:.il ,-_rrci1su wirti"l_*r jrcu
i wo or four motors* ii*':+v*r'r r,,:ii - rc jr .';... ;:i"lliirir.,;.i.ssifl.sd, top secrel i,,'xi "i c.-,r...-t ._1i.i 

--rl il ,.,+ri*,r ''

3t $91d, *li{:Ve} .i,ijt',: r ;:i1,-.:.,- -,+lll,,t. 
,ii *,rl f ./{,:

.l' i:n?:. CgletflgtJC t.,i;,. {n,t*J.r:1.,r,'., .,,.:.'i.,,..: , i l . . t'r .
,roLor r,nd I'o:' t e r'. - i.,. ,. r

*lra* ls
..,# :'OC.k*L ?

-;c'l:.it.i*la :.-------'.lF.--

:'et tite
i.sLl'*gegs sn*
" r.iI i*.. be p r
.i iii ., (u,no

bi:t i';li,1,;--", ;.r.i ,i,..1- ,:r., i,., r i.

g il'*j.:; l't..;1i, {};' I-i.: i.l .. :.:., . " l.;*
the pr<,;Lr**;r-L-ii,,1,. s-:= ;.-,';E

,lusb'i,old
:i r ! I l

!: ' i d - t

1 '. lI 't -i '-l
O + v, jJ ", E-V,* rn} 'i. ;,

,J,'s i ili-.1 i, ii-'; { l ;r.i'ilre proira i,il;"i;J' oi i lir:".'{r: .'r'ui
,ii,g1'g;r;1 of th.e rsckar t't.'Lii-"" f r$

Fra(;a
.- t- ^4-U1 P q a P

a;

$lncg tlie 1ar.;e nntl si':nli. :iioi''{}t-"$ }r;r;rr'ir tile $i'i:;l€

,.:r#ii&bif fty 
-bi 

f oiiiu,,t ii: ri i.;iu'et; * li.t* ' bie 'rave
4l;?4))'qiy'BP

--4 ,,^5^ - ,.1 :s ,.);)' + +p-q 1)

n/)
Pd (P" +/|P{-} ) *

t ( 1) i.; illq: r.: i.j "f i] !=. L .. t ) ,r/**lil (]*p )*-L . oc i.t ;

P L 
P a*r^' \'L- -' '

2']p JIP* *^IfP*'1 * i]
r-l

\Pc *+P+l' r' ()

(}P t 3) (-r' s li s! i')

1p&*T
#s



. f?pfss* thei j-" _ f . ^ i. !
-.. .. *'ti:alll,i;;. t r in{,*,r-rj',l:'3,,:.-;. ') :

.li - a plane :nske- a i rc .* :
. :*' lbs Fs;ri;-;e,f. f;,";r , t. .:, l

-r*cI]-it.e pla::e t?: . i'..
., .f iliilt L;:,* ;fg, ir'1:ii.i1..;' ,',;,. 1:-;

*tl:'**"i,tt, t

&i *t-=ie r,-ij,;j',,-'! +.f,

- -- .ri. H;11 l'e ;';c.'

ilre ba *i1it;. 01,

- :'. f, ,i

|^.l Sft.
I f *e.l1;.

.. ,.: ti:

J"r.. t,

.i i.,. "l ., .-.

,;
.a

{}.
t'

,.a .lrf! I -, yta , -I a/I.J- {i-irV { 1

1-r.-.rr1 ^*.,{,,-.,.,,., 4 : r.

.l i + ,tr
--+ .L lA

f ai.l
1r.e
.,. *
.:,?

1 - ,. -.:J. (,:.: U
'if

i, *i-l .

&.t^a.^,,1{t1r'l
..r ..1.; i*'; ;,i.-.' * rj.

:.. i ? ',...:
i , r'* f .1. .:;

a -. !r t/-

;;;,-: r- 1

ttt Lc.

;,; -.U; ;&;l.

i'{.';U ;.''

;, ':la L ::

"t'. 
^r. 

' i
-::;:+tIlt-_ .+- i. * i4

. .\ a
;" ,.,r: ---_... "i ,,. .

rro Le I iJ, i;; rl 'r .

-^. *..i11+-. rq..- a !, i-rc
^ - vL.(,1 v4.-3v. !rr4

;iiree q
&t* p I Cr lr ?l,r: twc*el:.

3$r i:istH:cc : {;.1''

-q il-I,i, j--q
"l r ., r* *: .l f'r 1^' a,

.rl','l a l r
a

- l-,C

-:-C r lC :. -:
-.i:'{rr:r:;"t, ,, i f' .

fl 1;*t iior tuo-e;:"-: j-ie 
- Pla""c

;l"al f or Gne-e'l;;::c *'1c;;'* 'i'i

rrotf Iet ilg *t'r'ltj,rsre
g;4i-ae Plerao dl;'' 'i;ili;'
;;-e rna;Je 865t;ili: ::i' e'*

't ,."__

,},jr* ;-'if'::u n

iet n be b:'g :;;':' i-i'r;'

FOf -tl,i€ tbr0'-*li:;il'rg r=;l'i:"-* n i::f
rtie *es:ig 1 f 1i';i:; is

F(i 7t) . ]-r t-r

For j;bg f '' t r'-g 
'il

prcbebilt:9Y le

*5



f
€

f Of A LHt)-,.:,i, J i, *,n, -) , j (r I -,.,.1.r. i,, fi A
'.';.s51*g.l&...,i.!!S Gg.! e &E* **i,.".;;J1 :.,Lii-!:r,::

r --,*3 *'a t .., .,;1 - - -F*.i*Q / I-;..-+,r'i

''*4.*.3.^, i.,,.!-r'Q ++,- i1

l,r{1
,aa-\/jq ._4,;_*ai* 

*_

?q* (1*q] {1-'*c ) .. c

'l

for q.{)r lr *J' *, -..r l'*',,irii,,:;.lli,iuu J-1",-' uic:i
i-! tid of aBl o1:Iet:e j'rc Ll:e lir,'lrl,'

.t

iPOf VelUeS cf {i i et, h*ec * +- J | ?i'-".: i,:}r i;
*t

LU0-*fii,;tng i|l{r}le ii', ;r,1''r,i';11'1::.:i,-;i r i ,i - ^ 
j..ii . .- .'..t-

. i r owlr:l ra; I::
'* 

,,

, ..

,
ft t 

, 
lnri .; ;, t 

. : '

tl

({ic )



F(X A e) * l*I,{r:}*p{: }

{
€

? ta \ -1 r - \ Aq \f-q/ \r-1q,i.. U

i'or q.l('}r 1r f]l +, ,-.*J: -i',,'i,{i..:.::Jfl;ic* J"'i--*"c;.rcil

,;!.li,i. of &sr'o;:I8lls {rrr 4l:e lir:ii.',.

sor v&Iues cf q i &i:lCCC* + ": 1t l:Qirii'r!'rlrltr J;
;j

iICOFSJi,:';tn6:l *',1tr*lg it: 
''., 

1::l r-,:.':'-l-::'''L':, i:;i :-'-'i':"':i'i i';r ";iu
j ' ,i i owl:11. :i rsl,i; :

.i'l
-

/ i:

-

1.;1.'-.l'''.'..".,..::|'::''']j.i||::i.l]i.,l.'-.
l,lr:,,'I./rI,!,.'..i 

r

fr;b)\



- $stn6 tho sa;ae eg.:.,li::r,.;'*j.ri.-.;i, r.fi:.., r,;,tiei,i ';";:il:*{ls sfi! t* a tso*en.;lrre ,rlqn* b; :::r ,r1,rfer'e| ;; *'1*oo1;i'e
;'1$ue?

;*orktltg, o'iit i;l..i,: j:r3..si.,:ijt;;iii'l;i,rs o. $1.iilc;:$Jidl
i li,iht f gf the Oil*-i=.i:r:,r.il;.;.r pll:r:i:: Brl,j i..l-r*i,r €i),,11;1s
i.,1g:le sltd fer !}lre tl*t:*!..r.,.r.-,-.. ;1*re Lo l-'.* ,r-:."*;."i:rr -
i,3 * H€ i:e,ve

L - qe
A
)n r,t ) t

v6Jjtir
\J

I
t)
f,i

l;

a--.

*J- fll-

'l
a*

.:.* tri'a I 1*q
qj-q2+

Fj
Cl-a\\q- [Q-1 +:ill ) '

rT

c,* {-p+}q )

1-
?,!? t

?

) \:

2p ("1",-p )"-
t'!

,1 \6p tI-p /

n/Ll

l ,'-\

>oO-r

$

a"

fl*.rs t.i::*: tws*t;lili:le
*iI \rslues elrceP* CI snd"

:,cr_r.ree,r t jie ;'1aneS.

pliii:i, 1r:
1 *ri:e::e vr*

it.r,:*:-ici'-;-'t}il f *r' r:,I,,= -i"l:'G:'r-:lf r]l''c:i:t'

Ar)



i:"'l 'a

t-.:' .': J

gFg Blssslar DloLrr.Luti** rireor.eu ssat,ee tlrat
r, ::."; rrrobabtl t*g ef exectl;- k suf,cesses in n ie*_ou1l li r iil.ls ls

{ l } ncrpk,..;r*fi

Es tema af rendon
r"*stste& g-s f ollows I *

ui;e..:c j,i itrt;oi;ec *i:g ;-rt,dlb&l.:ltlU;laf g,il$s{rsli ri?;r}, q *jl*ti; of fallur*,
vsri.{{trl*:,;, il;l1s t}leore:* cB"rr

3f t, X2 *++'n X* ere $€{}*';ie*t!cel"tts lrr€c;*;.i-
rient rnrtd,ota varl&b,Ies escl. o! x.:;lc"., &sslr:le$ tire valucs
t sn* I trlth pratret:l}lt; i, ;:.J .r- r.'cs;-,6g1-J.ve1"r, L lterr

SErkc
ft

€l

1*1
.11

l.s e re$dom vnrf,Ft,le Hit,:i p:'LriaLj-I-'i-t;, ftn*i;iu.,:

(it) p(;n-t) a t'al;tet-k

Us wlll naJre uae of t Llc in s clv j"L' I'untiol; welk
probl o!86 r

iiuppoce a Fol"nt gtsrt,r f r0 ,r t: ire orl:-- 1r: enii :ov e$
, i.,'i,:i,' tirb 5*Cxl6 t1 ;.jl,r.rn;c- of I '.;;1t' sr'rc'.- '!.'9 r") i r''t :'ttL,'

u';* fortsard;;-baek&arfr I i:ttlL ' ii'e Fs$11' 'c Lltt:t' *f €lrc"
,i:,r.:., the probability f;; eaet; *l"refiLi-'::: tu i"r1 .riltil- ta:o!,

,.,;-, u;; j ,*rr- G 
- 
trrfruptluront of arr t, rie ot,irsrs . r'Jt er il i ilr':r,: i 1'; t

;iic ,rlfnfi ilAy*6;-;i a;1y ole of bhe-i,?"luts^'i'ri llre r{r}l;'s *rr
I ..- *lr]*"^ie*w1eb to ff nb the ;,robe.!:li tt,:' af !.ts l;el"' i;t
,:;,c;, of tfre"F6euiifg potrrt,s i,, blie 1'{rn,.;e -ll to *trr

lf rf6 lgt xt {1:1 , ln . .. n:: -n) t'? t}re--dtsplacetilerit 0i1

:, .: r:: Stir j urmp * ttre *{ t 3; t-i f t',- 
. *9*f gnilcr;:'t ^rt:r:iJo"' 

v'ri rial':} e:": '
,,, :i.i essl #;o-ti,uloiiouing ilrCIi"*i'5"1!*;; fi:nctior:

68



3he s6t &ir1:r16oe.,€.'rt rl f'1,*r n ju*pa ls thE srr.*J"#tvld,uar ffiaplae€;:"'€ntsi asg* .ilrrk &itr i.s sheiie ebseie$e of tn e po I t * e,cl J,.e a*sgll;aa he

n
S. tXli*I
'fbese verlairi e s oo rio'l; f tt tf i 3 mi'sss; Lu't

.?r xl .' ?

t L rr -_+ -+- do i'lE.

hom (ri): H€ heve

fn
P t S 7,L a k j E "to (,Y.)s (;r;tt-r;

t L-l

t:^
'v tr

+.- irE' r'

:l

.:

. -,:..;-.:.it::.,,lei*

rl,t f lthlB lY'1- \.. J
Itr

Itrr'!
\^t,

A
l*-..#

"rs(-

t

*':; e ! hat

J-+xJtr.x+n..E zt c 4-. -n- {r 
2

l. *l 1-I
*, *+g

..,8& Jllsang ,X l&I G T*

P iI r E ":! '\+d'

l8buetheprobebilttyfirnctl":nfsrXla'ln
ij::€r&l g&s8 t

o (x+n)7t
#

(6e)



In Sba ssas of e dineri*j-r:nal rendon ualk pro'bla:.;rn
r;.'e tlre polut sss reor6- f oruard, *eekwsrd; ilp *r' d.byn I
*. ! wltb prabablllty -i , tirs point, .,Fobablllt;- functiori
;.t;;.rs s.beelgaa 8nd gxd{nete ol tiie;*ovin1'; poirrt *fser n

:, ig
l'I/r
'(x+n )7t

,
ltrn

r \, 1tv +*)7n

4n

ii, j qBsl4*:+q#,*+lp 1,*,, lieg-:;S$.4+,{i i**!}+,+ . i1pli4q33*:i-+rg.Hg'1+!3g$
jlq {q

tbe Hen4'elL*n 'Si:ec*y sf lic;rvstllty provlues an
., ..:,,r;,sstgw iffue13atl*rr sf the *r* g:li;.i,lion sf *he iil:ra"qinl

'.;= ',rl-ljt-rt*,*9"
Iteritable *h*l"::*tc:'s tle-;;*'.t1 i:'ili I 'e neJ. 'il:ese

,.. .:,;,8, **lilg:i-fgg iu tiltl ClrrO::tOS*:'i{i$r fl.';;:c.'X' i:} :rir'i1-$' 't1tre

. .,'''r:1*su,=**l vf e*t f * lrt the e *1I* of sn cl'i"El:ilu': i - 
*l:'ei:'r

r;.,i;..{i tgl ;"d-p;ir'*d 1,;eilgs. f;gti,ri;i' il're s[l';e ;rosiul$::,, u;l'i

,,l:.sd, ci-rromosonsb. fi h;-slnpf e-st case 1 eecli,,i-.*-13 
3{r.:

,::ti.,;1Cd,af pAif Cgn ag[3UI1C tt'O lO::nr, !;' i'"::i l';' -'::]'ce u:

,;.i,,r.:f; pntr!";-*t-;; f;tstcir- a*du irit;r r:es;:cct i;o illris i;&'.-
,, ' ,.:,.iIirt: patr, lhs o"UilIti'r'ef on';s f o -cltie- 

of ti'e t:*t'ce

.it;,JesmtQssnd#;--tiacl--piiroi;cnesdufc::":rincn
:,.i ;:.erltalil.e f actor, '[!:ou6h l]t" *ajor1[;' of cLsct'vnb']e

:'*:, i:,'tres ii ;*;;ii"" rtelena o;: *ei'r:::nl- I'nci o1'5 '

Irrtbf.ssec-Uit.:}t'.l,,Gdiieirgs:i!;:::;'.'*"iirtdil:ireri*
, '.,iJJ for on.Ly one psrticular p$rr or r'{rilUu+

rbergprgtuctive"gl}fn",llnet,es,{|:'Cfol'r..lcd'
,t ii spllttlns prggesi-ana rscclvc snq |:cne onI" Cf 'r"''n*

i- of the pure Gti *1"iii:;;:ot'';*i (oi' :rirroi' c'-cs)

i,, rilsss $irer€f ors igarn*tee- of u:ti't'Iio'ii:tt.f r;rit G-;*cr;;i:i:1i5il:s

,. ',,' l;'1'16* sr haterosirs[i!])-proaui'e ri- 89d';r;-1;n;iiet'iltl i::

' :iril ntrsb€rs' tlew "iliiioT:"ttlIri* 
theti: '1:e:leij frc;':

, r:,fi psrentel ggegtsor-Hlctr palr iiil'icr*;t $ pril;*:';:nl snd

i,. ,ir,i;e3sd 6gn6-

F.
,,.1 , ,ri,"i:i Lfi*;;ilt

$gE !i. I*' tr':u::rt"ie I

lgsk 0ompa&Y, 1i1.0 c 1

7a

r I : g o U.o-?!--r-I o::' i-ij-+l'
.,;*il;- 1Y;r t r.)i)' i xl-ir'j'



I'Il hle boo;14, .J* :r€-rf;di:; j.'oi**i,lt|*,.:,,,gs H few ei-x:Loins
;;u!rlr{5 probablllstlc proi,Iens lll 1,.r.-rl f;"Les" j*l H*
i.;itereffisa +& thg.probebtllt;: of tne ilro..en$ t.rlieri*
e gp€e{f,trsd e*ant;fn*ti{'n of l.s,lr$ * r,,rii'*n"' ltrit tlre

,,,.ts or the s8fisdparente, etc, , pogsegg seme per.t lcular
.,: ,.lss.l eoupggl;loR, the f all oxtlr6. ex1"*ne s.s& nesesssr;. I *

"-iJiil; 1i

tn gveE rrirnlesr s&,'fin, of rs;,)roduetlve calls
f.o;tt,el.ggfr in ggeh oi i.f,;s*'t.;rtf,1 sir=,,ir.:15.i*ili tr-;'+ j.cr

',,,g .lgrt11*.Eg&, ;"i'ts ..,i)1 -]t: , ir* i ii' i L.' .t* ; ."=.i;"*;i,.tctivg
,i"lellsr FFetucnd ii:r' t;';* -:f,:-:'*.,",":;*:j, * ' i', iln,sr -; 

-' - f' olj€
r - ! -! -1--,- 

I -*.,:eggnE an Elle itrxi.;lI;8J, Br -.1 ; ' Irli.t;- iirr( -.r Lit'i LI.i

-* ::::ut{ltlor: belii;,- 1.".::o- ;i' Ji' '.':-:c !':ri;fl.';'i';:J- o-' r 'isl:
i:.;:,i#fi$& * gtf ttleni it:$l i.;eilsS, li=eft t;liC ::ep:=-otlu*.i tVe
ce1lg egggy tiie sar*e {rr,*i:.i}, ;{ *lie lre,re*ntFi sl':";a;i18ts

iairiue tga d3f,f *r,ept j*.c: Lf s , i-+r exf,ir: )le .:="' +lr"iA ii u

t,iron one sf tb.e re. r'o,1:.lel,j-vc ceLlr; eol'rie*' (:'c Ll

n:.(1 f;he other ijs:1€ fi .

tL. *f. ileyn8ns f1-r-9-t -i'ggl-S:fg@
:, _i.srt s€, 'u"+i; 

l*:*:l;: lll*n;J:;u'o,," i:ly""n, : wor ..

liotq trie-Ipesiar nouu'u ion 'sed 
'i; J. iroy'ian : -

e f,ot I'i stsni f or inother ' . 
F f oT f 9! i11:'r .c :{o"

.i: c;:i-l,d, t, fOr a "p*ilIl1$e-eonl'1ns[itn 
of i:;'of.]€rjr' ''r \i! ;ir

, l.r:: son€ i"i-e"f*r" oI-fl***u., . 
i. nrl'6 i tiie 611icanai Btio

,,,,clrl&r rsprductlvo ;"Ii;-oi..i-*i, corrl;i*c r*u ;,'oti*ce l;'ic
. -,t'''r''i v' 

i';l ,!-'ulerio!es'fhat; t; lros8€$ails f;it: i;tr't'i-'r*

:i 1p 1, goulblngtlqt *nt _la*tt*l 
'r,.,'",.,.,;,,r,..] 

(i*;,,,;1r r,r;,) : .;'it,.-.relF; {*tP r '): .jGl ''':{ "\l';'':,i.j"t" ir:,.;ii; i[* r]vi*i-iitts.ulti:
,r orr&ru111ty tbat tLe c':rro .Yt; i."^;l:;.ii;. i.o" *- i;,.c cor.i-

.: * irii ;,,iuei-t Let t*s mo[]rcr s$(i 
-t[s 

f utl:cr ]rav c "i; r-c c(

i' - roFrs *4,"Fi"Bii?irti,ti:ti,iii!;,I^r.'. j 
'l::"r:s 'r"l,lr-

':;r the ch*'& te be "'t'F{ii+--t-,.-i!'t' 1i:t}$E}itri'r 
{rlr'r''i :

;. i.*ierit ) t'et uoe *op"ohustiv* -cerl' csrri* $ 'ulre r'€ce$tlr-'r"e

,;j,ii€ sn& tb;"n6[6r tite somtnant [!sn6r

?L



F#&&*.aet,3en gs sq$Sgrg* ,:i*;',,;*i]* '*i-e Er.L i.er-
rlf pepr€d$stlV€ ,3tl3-r'* ;.:.u:'it*.i:",i.;.] L,*' ::: 'i;;c .rslL",** t,c
;l:rf ad thgt Gortt*l,tr:ied 1; p Li-,s g6f,r"er i.,g fn*. 'r.ire
,'ii>ftllcsesi"BS oft;s;'tle;,:t ,, ::elu-*,.9 t:.:,,:.t; tr."t;;:.r'sii;*g'LLvtr
ct:tl f,rcm lq,&S Gne f,:'..nrr !'o *-.e -.1'ohei=i111;; of
::,*lsetl$S g sett fror,:;" arr'il" j" utlt l,e ll, ri-iiri th
J'$spsctlvely. fi:* tu* r:eI+':{i'il'i',.:* tEj:r:'r}.;'"lfl'll;* cellu
c';ni:l.ga to prsfiuc€ Ltls f l r'ri *$II si *o

tbg ;€neti€sl gsr;i*#e! li:
*$11 gslsEte€ tiy' S, freis.l ,l';. ,ie
.c;r€*l.€el s€s3rssltl*r': sg tl're
;*I+eted fr+r *r.

nf L lrn re, ;'uuuc , iv ev* vr-v

i-p$f*:€llil**S <lf i;.r{:
;."*;,f; tli.r:e.* lvt+ **1 I

:-*Jrixr,{}++".JHF,Je siflru:rlg l S 
gi-g$r enss

Jutrlpoe€aagx"'''Bn!'urlc$rl:l*$s1'rt"-le;i&i!'s:
r- r.; : : $n* G; i'l*erg utre tllrs$ 1i*ssibl c ec'; "'furn'; l" ':ls !

r ,.i dr$d GG arld" an *".,.ini}" utit c.$rry rlne of f l"**c

:'*c c"r'aLlns,tlonE. I'st*i*i'l i*-: *1ct' stenri foi' sit'' t:i
i..,*:,cggnbltrStlonB.*€enii'nIgr:er'r'edt'Oot]l'i;i11gg'':l'ol]tt*
r, !i,,i of ttrre*lrilii c ittitiii{iil: -ttt;-i*""o;ltlt''t i ivctr

i:: * uila rr,gn6ttcgl cat;,irosl[f ";, [f lflg '''t:f lrer i"' cl'l'J t'i'i;l'gr

.i r; f ;"d' 5 resps€ttvo];r"

+ -' 1a9" 1

. t.'| A r/"*'. -- 'l

I) tJt _/\;.:,l )\F. .;t
!

As StUfi tr ('t:r''1(fl ''i
ctgc rr ("r:i:')(l:;) r (':::') (;':"')

OrtiG $ {;iri'r)(ir;;
,.,1r* a 6rld, X &enots !t'e :teirl"o&uci'lre cr;ll 

=!J 
i"oii'o"l' i;

,'. r.'r;'bir6r Fr sa* *p;ufiiru 
- ixlyl' f t 

-; $.lii 5 al ::t ;lr+
.,-,."ii.;ierr a&&,'liultlpff*Jiib"'l*trc:1ii* r 

w€ {r i'.sfve s't i;liil

riowinf tabla:

vs



l,,j; i *S

^'9, ll . ;
irrotrnl,tlLtiae af f.i-''., gr!'..{r.r1..,: :;r, *1"

Fgtl"l*::
i.rr \i

ai';otl,l,ef

6i5

lJ r {.. ':'a != i ,l
:.j. .t-.. !- .'. , i'.: I' :, l'::,r.gl

^;rl;rll' " \., l\ru

T.: . rI., &a v.l .

1..i,
i, .1.'.i i sI . v. Y

P-C:(i{i'*

ti-

.!: j

rii O

{t

I
U

a-*-ir'.s

1
i"

GG

llIlI'.i i' t:
li r, rl,

i

ai;ara'e*F]

ri;':tl O j. v ;'t)

T C {..J

rr i
L.: :,

tL

*] s:

Jrst ug oee llolt' rie
:, i :st; h,otb H a"r:d 3 h$u ' ;

C:fl: & (Xr;';)tYt' )

,,iIiati6vef thg i.t,sriotictil eQii'l'iolj-rL i:ir; :

ritoLher arld fatlrer t

riC!fi$l(t;r 'l i(1" 'j )-:
F Pf{xlg}(Ylt-;)/(lit'l )trt' i; "'."4*'t ( l''"' i

usf re (') ***l*"*:-fHillH i,;:.i,,;t',:.,;,;:l*"i'. ; l*..'

liJ*gf,X'3&.[ldi:i'i:, i;+r,:,i,i:iii*.i't,; 
;' 1':i*r j ;i

i;:;e rsprehuctlvg ceir
$rrd. (tr) ltlrigT!- ] --*ri*$r:L-i-lr1:; 

*i:eri; {1 r'+::x:siiit+ri;'*

i: *31 *gy C.U.if; ei*,l-icr" it,cr'* l' flL' ;' iut' *t {l 1:;"f .i"'r#ii 
';*' ':i

( 71 )



sf thss.
l{gg f sreiule ( '1 *t ) Lraco,-1*$

t:'I i-. /\; ir5+.

!4:er,.,!!!! ( tl 
.:t )

S*neg SXi-OFg F s'Lil:-.*-rl': Lir$1,.'t...'rE:,:.{:}.1.11.}tir:rl1 e(r*}.:r-ilil*
*ii;r:r €:f, the tngl* rs$r'G*u*tlve ge}I ls ltic.le,rendent of
*l+e Ssn€t ge.a} essp*$li-i*:ir a.f Liitl =l'slrale repr:sducl, lvF
s6j.,tr; *h*s t*Sepe,&*#rice ilss *r.re i,1*,ti. u# L* *BplT t"-,e
,i'ii i.ttp&1e*t !*ri prlr:*L;I€*

In OBf Sxenplar He gt'e ;lven t,liaL I'il;':ii' AXirr'* t
*.,silert$ gbge anallit*if *{ !|ie.r"*;.tiq}.1*c.tive e€lls *f i''-

ulll €&EII|J $€n€ i. qprl Lj,C oL;rul- i.re,il. i'' ,le .ti. . i':ii-r ' i
iii--i*ei-€&"[ f ,;t*7i- lsG-i *1:- ti:ntle'r];. r;i'i;$l;'if iil : x;;''

*berefsr€; fro* ( ?.i.
Ftalo,f, i ,t I: /Ft .. i

aJt

:s
P'Cs6g ' B *.',

if ll:. C arrJ Fi6G'

g,;::i1,uS* t,l;e ;:I'o1:ni"'Llii';1urn ill
uf' tlra irsssiitt e t:*t'1i'.J'ltt:Uil::l of
of I'i 61111 id"

de can aLnlJ.ar:lY
i: r;ii snd '-; l:iS f or &f Ij
en*t teel c orspo:iit lcnr i

$qte that

CEgO r (;otl)(r:s)

*rrS r,:cli;Grl(il: , )(1t". )'
Pt(xr,;)(i:c) r ("':G)(tt

ri (rrs) (t r!;/{t': .:_} 
i:l 

'

Pi'Xl$fi'il i;,i YrY:G/t:"- j

\t\lJ\r; ) -

I i('i;
b
I

uafng *he sxie:;ls and 'i';'r€

crrtion I'rlne*Ples'

Note aSeo tirat

?e*

Adriiti.uli r:nd' i'';rlt' i;':'li*



P[Xtg#!$rI: ., f i{;iil,::Gti i ra I
,: :- ."n+' );.

* i i." I t+

tt r Fr.:itl I'iizi/i.lil0- a I ..:ut'. i .l

, .slr ive 6,gIief{Jt i <.r:.ie

i.€t ug noH consltlcr' ,Fo, I t:.,. i)r. i.r,c di:::.:'j r'i:t,1or

.-::.,,:,$r*iVS gf'n*f€ti*n$ UiilCli f'f;r'E'OqiitS* *,fria*,F A S;r-Stei.; Of
, -i ; (i.ende:ten) mcrtlnt,r tscr':t3'ceJ.I; cerllcC PErrunlx,+.

"r'ii ma$gg &{''& eglgete* ittt*'tli'r:l:';.ct;hl;t'' sj'i;l:iei:- it*r:erlit*rr;'
,:-:.r'i-,,iri**xLgtLSs, Af r rlg*t:en*nrtisr for i;..*Le;it*, il:. ti..e
. :. ,. t. I.ltlgl S€nergttall ii.F€ ci:ouen *i; rr*,itlc:;i, L )-et' tl.elr
,.:-,,,,i;;i, f$g:lg € 3:{indG::5 $€i=..}.g cf i:::f }'? trli"l"'1" ;'csltlle
:- .i',l.itigng fggi= tiie Sl:.i;.=.;.-;.:.,-tii;i-5 eif gli :i*itljli?'Le ;:e:'entel
,- ia,*l 33i ethef worx}'.sr" er,C,.t *r::;r,gi;{1rri1J i= '*o }.;+l re;l;{11\1+i}-

,, 
-. 

l* i;,rnd.i*et Of A refiiloit sE,le*ti*r-l of ;:+i:-'ent$, tlnJ ell
, i.,.,.:tii,lls sr€ ::ru&*slly in*e;rerl*el}t *

r1:-i'€lg*.',::s-ngqq'qiq,.q,g*g${:-L{.llr*i>,i.il qul: ':tq*::9l-eii-Lq.:} :-
,,- 9$-..Ple Pelf,--o "'

i fi lr:i"rt t,.

T,r"Ir

irriii";l'r'ilt: o'r'.i;""iiltil I *tli''i'tr*

Oonsider a r:fu:;';le l"rrir ot' '''t-:l;u!:'

:!iOe Of SUeCg$$iVg i"'ellel'i'L 1!r1t$o

rlsi I'rllti "r'1ri "...' ;

where I'Igr IJ1 r .*o**
i,lSIISfrr{,iOii1''OI":l + r : {'

of i-,€nsl,i,euI f;;'i-r{rri }'1r "i

F11r Flef "'"

lT :" llre .. a. r ll*;ii-'ggg::L;
*' i;iii'Lvicitrrl u itli

: lI'fi *!;$ OI

,,.1.'li.''!:,"'"",?l;;;,.uc'il' "

l,'- 'eli 1r I'

r;C;,i*;., i':,'I i; : ;u;lli;li; i-;::tI +;1:'*itl
';".-- .' ) ilc.:o.tJ(rvltcre ]I=r: " " / sv'| v'

B\l

,,.,.., l;g1'11, fl:fnt
r:' r.:-1.;i l,ril:ut lot:

i-r

i:Lt *0et "3't

snd

' i.:':

,,".i'.,* i ,Ci L.'i 1. 1t, I c tS

3if a*:;o'tct.r l'';'
!! I' v.;,:

1,", t

.+
::it ,:Blit€ tf un s{rtitt,,,, secvlitl
i"u"i#tiiri{ee sr t:enrtlce}

':_l-r Fi.t;* rr.|.*'t

$'!nce tli'er* i:;lid) *il J" I
;.,, r , u srld uljr--lst nt, iin $Irtl lin

l::'; 75



:': i,;l'sbskL['*Bg *'L*t &*
:', i' J[* be & dew$'ne nt t

,:1 -r.

i;:.?i', 1.i,,:*3 o: :;;;* '"tll ..,$rl€f;{i'iis};.l
a li7. rt.- r,iii a ;'uLo;,;gire loJ.r$g-

I1 sf fiIie t,ilre*
{l'ilrrw-'.:
i.$ :;{"b

Fei[' g@Pr*i:;,'',,']i"'.
{}.'.sl}Jlpt tcnB: *

.,,i,. .,.:.l l W\;- ::'tli.l;';r't', it-l "*li,..;*-

{i} thG 5ireb€i,J.ll.tful; *5 fu'*e: blrl'q:.-r*:,,{":i:t.'-' }. ;-;s1

L , ,€S |i: Gffel.i. l,-fr:l*::r=t; i.,.,:", 1.,*.:,:.: i',,.t's 1.'l.'.* '.',{'.1., 1r.'} f O i;l Leil

.1.': ion f eraele*;
{gX} gngil ;.1&i:*n";,.i;*.",.:: :;in,.;i.i= 'r'1- Ee i';t:,",1;:...:i:'':' rt;i;;i

,r*Ir'I;'cl g;insC fr'-.,"1 L';rl ;);c*'-'d"'. 
-- u ")'i 

:'"'" 'i'u''i

.. i ,;su L ael oc L -' wr. !

{5gg} ?bs $lrsba1't}ttlen ln
", 

i.f f etr€Ft! .ri l}e* *,cel €;*'5rsst ri t &;il

*3'pae
i.'*o ni,tl ti;ies

ir,
t.t for
rt' f or

? It :r

gg:-,:g,1tl$
:..i{,1{tS

I rn*.f

l::Irl q
1 ' . (.'^.'iJr::fr+

t-;'.{l')

1'. i 1
L

r 
" 

l-
i,.t L,' t, ' . (: v

1t;,;L*

il€
I nl

o' fl
.J

,* f$

i [$ ] t lre ast 1n3
!i] ;rarurtrlsr

ref ore ca-n'l31.,. ';o ti'c ''1li*l
f !.rEt conl,)ut o i'1, *I ci:.t.\" "'1. '

J. c li::0 1 .r'i r
i,1: e$:: l:e 5

I
:

I
I

f
t

,

;i *(rt +;,'q r

L; ';r*r:
t.l.rt

}.' ttI]i]

$*e "&Hss**gx"i-'

t'l*(lrt *Jtqt ) (P**,;q")

I*{pr +.1,qf ) (rr'*}lq"} * (x't r;','Qt } i;tn' ' 'qH )

) (r"*)iq" i

If tht
|: :t ':. f rl ir l igff lg

" . r (if -q"-!
lir" - 

eg$ti.::,ed

tli:;trrj bu1,l"l:l oll '-
*ii* &:ii:ts s.s il:'lri';
Ui,f I:f a!'fl*i.' i*l;u;*
cCIr:st$nt s n Li':*:::

ci1igr!.,1*;i:l
#.i . O,. 1,. ' l.:';t i;

"j t 
';i t'r tlr"U

F.

r i::'l
/*'

{a*5'*'rt+* 
*:i -''!,",-'s,@t'+1+ 

q t_:



5'i r {p+riq)f

q1 a

ti i*

3 {p+riq } tr+.,i,q }

q
(r+itq)*

*S p+q + *{!,' +"i"ii,i j *'{:tu.'1:.: }x,l,

*,,.r * !3.*{r'+,,,}q;",. f F (l*.'il;I:
I

^ f ,-: a/t -. I -
I a e l'.! \ es r1\I- ti / t.l"*

ii!.*S*, *,}rege is ae sol sc.b * o* * t ire pg"Obebil it'l.eo
Gd. fix *ltgg t€ c*tuiectr€ . *1+6.,r i,r_.*1, 4*=t s:,iil %*f
sena relatiur: { J .i ) H. ric" c c:uicct r'I t 'I and t'l

q8$r:* 
n

['-r - {Pt *,t'*I )'

QA s ?(*'to:''tf)(li+'!r;t)
.l

R? r (.i*,i'', )'

\t,
I
J ( ;,"5 )

H* 3;sv e

]
,'(*{.
{\
t

?.ti )

t
= :.f,:

n

,., iJt

tbus

ra'
'ip G

tt€ can def,rrce t"i;t: f r'llowtrqr 3*

F, tr I'S 'o'r.." 
lr,

aF3qs faaoo,.fr

'% a n3 : 'i:* 
o;'.o'rt

b
t,.''b

tbs Alstrl'tlt lurr l ?' '3 e'; iS

r-iiL ion ,.lepende - 
ori wi'eL' rcF or lot t

orr :irs,ttngn -'{b;*A*[rl"irti'an 
of ttie I

r:l f{,rt!,..gf8 e* tieg Sa$irg g$ ttret $L::{ir\;'

Ir., lu tiit} Sirgcrllil
t,-

!n fire firgu '',ti:'l€"L"i:'-
.eii,{:t iCg} 'ii;' ; 'gg $r';$lli;:'

tlig :.iot].lc,['15'

In the l;sn*ral 6sga r

tt



=, {l', +;r!r la*ie }e. . I-lt+ct'I? :'{1 &. x4* ic{l
)

\
T\]
]
t

l *-a4
':
!
I

-l {o
J

., *;i (Pl+ l$Ql ) (\ *sQr )
(r]']
\ f rf

*.9'*q*'i
LC.}

.bf + xt"*f I*-

=,;:it'$j + fr n 
1r't',

i1]
.1"'1' |a'

a-,,

f .-,. lr',11ll i
Fri 1

\
,,in:q"l

L.r

I{.r-!'r'"

'r{,**tr - 
tg . ttre clJ"stril''"i'[ lr,'n ls'l]re s€ile* i* co E ifr,*.,)lro €'*8,u e$& r**rtt, Lrter: Fl-Plr it;*.i1 en& %*31,

,,. , i.crul$ G r tha dlgtrii.:i:ti*n cf fierrgt lc{iI t;'peg in tire
-..,,:.:riii i.i€ItreFgtl"on l.'ofri nged, Fist be t;i$ sei[e {rg i-rt the f,lrst.

{l,Bsritve irensrsti"e'ns nn<ler l:ai.r.iixl-* a:.id a€rs*i ssleetisn
ffi*Lrr$E receS$f,.ve.

J'. i.eJ'nnan defines ttri.s fis ti:e selectic;t of tlie ntl:
. ;,i;i'€it iun mat lnU "lT n olrt oI the ilrcc cd.in;; ::r*ri€fet i^;n l"orri
I 
-,_l o wirlch conElst3 ln includlnl; ir: It o o11 the clcnltrants

:(: s}I the lgrbrl"d"n presetrt in f lo-l , i-:ut llolie of the
;.. i.:; ;5 tY gg .

,rs Bsgumo tlie f oll owlrtl ; :

(a) the OrL*-,inal 1ericr{r'b l-i,: r I,[i; 1S lrOr]i ouL; ut'

*,.,*tile wlth rerj*"t -ti, a siu;,;l!. !;alr of rj;s.les i., r G

wirlch ui* 
";;t iinkea witlr liex ' iiiblef o''e ' !J. f crt'iula

il-t;i ; -rii" - alstrii,.rrt or: of tiie 3 i::c:re I i..41 t.,'p e*i i;r
ilo ls ieterlnrlned' by tire pr$r:&i'::-'Libies;

r- "l /\

PiGS/rroi E Fo n qI*''...i)",

Pieg/TIo: - itc

(U) Out of eerch i 'elleru t' ion 'l;o:'t: 
'

sives are ;;";;d-a:rd' ti'c ile':ilinirr ci';

;4'brld"s mat;'"#;;rd'ing to paiirnixfa'

picg/rtui s, t*o !!' ;(r- tr-[] "'"1l.;- |

ll11 f:re ssceri*
ii::i'i:lfl s r;lr1

'/8



I
.. i

rJ* sr€ irrte*esbed, it,firrdl;:"i; tue i:rol,aliilitlee
'.,1:: s:rd ltn. A,s eAcir ;:ielt*rtJ'r., iurr *ab en uniler panrylxia
nrJ t,iiere 1g no lirrkg.:;e *it,'; sexr !c(: lreve

,)
tsri*(I* -i iin )*

' alt f1:-\qit*d(t* \itnr'r _,rfi

( '?'* )

."1 ir*:.;f"fJn,I
l{r

w
EUccesslve

€ ilet,

t
rl:r.d 1.,;' :';n{i ii},,I*t,ica.]-

Xn !F
( 7.1C) )

{--a -I\.}.L
t--.'-..: \ \tlr=i?a t.tr" I

( ?.8 )

1 ? iol il-tl-ift. .L '-,, 1 I

iisl ns,Bd t"a ilr-'lY{-' ft}.t. ,r.l-', i'l':"' :,*Ir.'r ri}ar 'lirig
:i;.: CC:]&gCted, Wil,:i ilr,u t;, {,'1,*1_ i' .g:.:i*i.r #:;ttx '*t.:.le IPI*i:&*

i-.,,'l-.ltls *l.i*.t A :ts:ti.rtir of :;.,'i:r: "'".r'i": ; ,L.lul'i.'. ;'., - - ,reibi', . will
,l * na:l* * k;tfurid *r r"*{}r;r,ii$,L+ tl - iia'** 4ir4, J.=''.:.!'. i*

:,,:;ii{l { ?*4 }, Hg uci[e Liri'L ''1.o(,'*,tq)' . '.'(.];''*iur-t: ?
, i1 t #r, j 1 ,.:l l-. i; lVe

'i,ir;.,., )t'- f Of Sg1Ch Jl r ii;i:' {11.:ir-|; ;-rl-'. 'i, rir-- ii'.i.liji}-r"tri
:.1

::;.:*.1,:i3lty r Hg ifeV'e

?1
l,r f C

Rrt :lr [rdC J r-ll-

IlrLBforrnulag:'iotu=tirr:i;r&$ti're:'it.t::tl't::.ol'5fc-:6;j-''
,,,i q rrppllcafilone of *"I"-"tf e;tiitt ls: lnq'lr:enri;o(l] ulre

.,,.;:*OItlOfr itn Gf i'e*gggi'On in iirt' i:;e,neJ'"{r;-i'u";' i;c'ti i'"ii;*,(r;rlt?li

,i,.ilrlr rill& e&sf,.ler'

r i.,;Lls,,I3rrg$34r,t''l;fiH*ll*lon 
ui;'.k*d

-*! i^gl.jlLj Y: r q(1) ra.FlP*3, *'*#i**f@er P-P.*trle" H#'*
Inapopulst;Lsru-'l;;"le&is-;ri:-':ti;'of''ellc-

b l*a.l 'bYPes is a$ f oll CIEr; : *

tYPee Gil iic i5i5

$lstrJ'butlon O.l 0.5 O'ji'
o.f Fenelos

DtstrihutJ-on O. ii
of, i';ales

{?e}
*.3 U.l



. $*mputt: i1:s &t{itrl,-.:;ti'..1; g.1" ,,=*}"r{.}ti+s.L {,.;11€s
ln'tltg tHO su*Cs{}gtvL:,,.L.,1"rr.'i .. -r,ij' t*, rlc:; i'rlti*rd
tr rrnd*6r En;'utlxl* fr,::iil uii,:v,lb :lcilesi..iri:'",

S# €8.1*1ti;,, i.,; r-.rlJ.;i:i,L',1:. 1,,ii.,,i;; .i 
+o ,"*:..t r.rqri*

1g Farulll*xlg *lt:;: r'sri;.;ect,, t,r; l"i,ir lc::;]cs ,.,,t rr:lt i
g,Ild th*fe 1S t+{) :;clrr:L.,.+.:re i+,r: :ir+y*r ...;. I +r. i*1ri( 7.4 )

ft,*(j,tn ,it)(, "* ";I
i a t! t \ / d rr \ ' | | ! \ a !JLil*lp'+ ;q'Jl:-' i,:',. ) | r j -i ,l '/ \, -i 

"J-'l

la*(x-t *.,t{l' ) {.rt'l ;,ii ti i

11 rnr.lr*re i'11 *a €*:.;* .." *(;."{;Lu: '" '"r- ;ri-r.:i-'i:':i.ri-i"i*", 'i'i'L
e:r indLVtdUrs At -;tre Jl-;,;'u'!, :'e: '.i{rf[1i--;ir'* i;o:::n lll
$J.11 be $ do$tn$nt *G n s i,;it:rld. :,iis' 51nd $ "il'$co5*
plve $$ ru"p**ltvelyo'r,:.,1 ;t* qt; !'t *:'r{,"'J 

"",;! reflsaent dlr: Lrii.'iri;lri: of t;','tt*s J'cr f e:iitilr:s
an& ' 

iel &8 t'c$;: c; t iv cl; .

F, - (O. I +ri:rO. ;) (';, i, *,.,,r.{}. -i )
I
I O"}t x O.'/5
P 9:iT? !

-1-(O.1+,!1!. r) (u'I r"\U' -'i t t\)'4+'lx;':) 1 l't-'t l'*J' -' J

tr O.35 X O.i-l!,' t {'}'rt) x Jr/'-'

n O. Ott?} + 0 'Ut::79
H q:iT?l

il.. .(O.4r;;.to.- ) (u'l r ;: v' l: )
I

F 0.65 x O'f5
* tllY'?

Ilet Fe* Ef snd k sfena t::. *::-::o1iatrrlltv

thet &n 14&tv {aua} :{ -11:, ,::il*tt;':"*l;*1- i;' '*lu''"il}r be GG I ,t''[ qt'q ' "- r s"i-\ 'r s -

LY .fornrula ( /'/ )t

so



P-. !D
e.

*

a

Qg, *
i*l .--t!jI: - ,* -L':'-' -tS *
: t-.

t+ -E:

ig$ ++.,t'*sJ',2L.- '2 **2-J 
_

i-q1lgnt9 4lrc.21o.!2\'---E-_ ' d. c ./

[a.z - I .. o.B. ,a\-E- n Tr -{:
ril *" 5O25

\
, rlt+(ltt I\l!-4 -.5-4.i- t

L-l ,)

:

I ' ot+gtl'
+ --x \ -&,_x"*- -

t1: *;

E [0.r, + o.r)'

^lDr+DtfCi.*ld.

.t;
! 4\ o.5i] ia-+p i

R-'.
€,

?:1?.ry

( '-,?
irr+rn I . qt+dt G-

'*:2-* * >5 ^--T ,
ft

'-Q-dfrl + * -?'iiY,tI

o.mel
----!rrid:d'

(2) *u- t+t*3-i,t-.n- #
-.*-''-*81V68.

-* 
& populatian lT ttre ctlstrli.,'r;:ii;::. sf i;':re e

l,srrgt lcal tJry1es*"i{ii :-csipe{ t i t' ..r'+:1rgi5 r.' li;*id C ' iu
th* Bglt* einCIn$ *o[i* *nd'feilalesx' fltc pl-opol'LL'rr

sf rec"i*iver ln ;;; *. f 4:ti;n- rr i'orn out or

panmlxi" f" il ls eq"ai to o'g1' ;tow nanJ' tir''es

inuet tbe process ;i'^ii"" 
- 

""i""t 
ion be *;,ipr r"ect . t o

re€uce the p"oi'odi"un-ot l'ec$s$J'ves t o sc"ict::*:"l'r "'

Iess than one Percent?

B1



fu* Sg"p::,T si'ous bl:et tl=ie i]*"tl;:ortlan(l +n ,' r{o )'
h sf, rse€asi.vgg Lr; bnle rrtarifii,r,.L lq:ris bgrri t"rcesmes
sm&ill€r en* emgll*r. ss t re n i ,l:c'r of srleccs*lve
appliestlone of msso p*leet tan ls increas6d,. fo
d.etGfrili"ae thE i.:€rl6x:gttr:r, f Io ( "i ,), eu*h that '
beglnntng ulr,ir tttls ,' rlrleftlti t;r. aud, tn cr13" that
follouo Lhe */roi:'ablllt5CIf e t"st;a$cive utLl tte
6ffig:.1ei' thgrr - *:* tle-cd t' {r{;,}.1,',' t.'.u ir;uq"re}"j..t-r,

rt$

(1*n J trc )*
[{ln * s-:r.- f)(

In OHl* ,-:l'rr'irj i:::.: n ii{: irl-,t;r. ,il:"{}*'-=J- {'ifr*. GC'tii.iil
.:"rnini';

n
t

JoC
!r*-$-

/.J " t,'I
a, -&**

. tio

10 - 1.11

n >8'89
flre ;'l'ocscs

appl leo 9 !iu.e.g..
o{ t{es$ selccLii';li "[tiL lre

T1s 0;T - ;.'J

.r )

iluppoee.?srtx'elnterc$'tcr:'bof\"rr*orttt'ire1*sst
, r. , i,;cr of s*nr ger&tli, 'i It;^ ;;a;ir'ed t ur tt l t*r;' $ 't'i r'r'r r" r'rr- *

.,,-,i.,i-i ui & lteeebrch f*liiUole r go 
- 
[i*nt &*J :':uIbi'Lrii; 

'di'i"'1"

:. 
-r ,,i.i" Or.rB p*riirrf tot^i-,ieei.i*f; *iitif *i"i* {:il' a i'i;"'" I e "*'u}

,;i ;:r'rlii&t,1}iil;""*r' 95lti sr 9?;;.

'Igsolvgttretirai"I*::L--I*';"{;t:l;':r;rr'l-';o'':j'iiLl'J'ii*
"r.i.: l..li'iiy las esg rg$g,idlttf quer;tii;;r {3s orre invo}'Yi::'l

; :.iil;sfiA"rrd*Xffiioiiiil' {r{ats; ue*eup:'lee *irerf f*r tire

,.i;i; cc{rr *h;;;:;;;";;;, b}rere 
's 

& 
'rshei:tltt;' 

iri Lirt;t

ac



:..i.!J.':';t!!'..-}ctts;..*q;,t..*:.:.t,t$''*.:.{'1(:.i;,:.!t*i-.,L::.::ilt,si=.:.*b}'-i:i'it:;.]'.'lI]li
i.,,, ;rr] l3$fff$i: Of ii:, tf ;' '1,'.f' , I) ":;j' 

'.ir,:ill:li X tr ,-,,i:f!,;{.r'., . Jr-ri-

,,::"r,.:,,,.. ,isr;[9 [t"r.l el,,tfuirrfut';,' :'l l,'.;. +* ul; i.ir{r {r$sl',il:i.ri6;:,.r

....l.:]t.&..n:l.etr]ltii.;.]Lj.of..'.j','.,.=,).r;,..*..*,.....:'.1.i.,j-.*i:':=''.+.:::J€I-lL'l]*
,rl' .ttrl.ifu," Li:e 1, I ; i L;,,,;;.'1 u(. .-rvu --s'

rar1-i r- ra * - O.1. U.. Ol\./--; j. Ltr .ri v't.. [.S eri r-d. L';' t",' , I .r

gr &l't

-;t.ll* HdE &S8.u1e ,lo.*.t e*"+r *:,,-.i,. 'iL* f1{: Saifi'''i d:

..l'l,i€IICG Of EVCTL; l;r '.. i , t" rt { { i ""i l" i" t-

: 
:..ri,:.3'g:*ai::1i;fEi€: $:,tt,i'.1'*il'1::- -l" "- i-ii i'ii''i-:i'g.';':;"!1'-' I tt' 

.*

.,, - ,,:.lr --. * :i*i'xipr t cti,l. *,,rit r.'+:,,.:,:,:i",;..';,,: ;:til f.: :"4.?{}* iilS:'}-,:-:irii: 1li-

' \n*&, -. (l_p).'-*.
€..:a1 ,::: -:,iii. l.: r.-!,1 eti.' 

=r.-..=?:"l..:1.-lt. i c,r l'L' .l'l.
,..''::l'..,*[E i,,$1;,t ,::i{:r;.I ': j,*r
l;iit i:ii.. .i:$"r: r.;i' :i'.:.'::;j-:';..

t-:

i:: '-t:', : :t:

;: ill
i,; .i--1

i :., l: {"
i.r ":!i.': L,.

1,,.:":;1.;.J-

rJ tLo I''o'lsseirl
! ' ,*l; i+:,: 1:-t *pii'i I q :' l'

!. l,

j.r., (;r ? h) F

If tl':* ;'$"lf i{r:J

*1 cqus} tr;o

{I*;,i '-

fi.!;, r I"U;'' r' i;.' ii I ;
lrl , ' L' : rr

-\lf| ./\
Y -----'f

.:

fr
5$fti>* \ E j E
r,{J

r1,i i,
l'i l

: a ::.4{ ,i,,';
!r!

*.Lr

1. r,,,tr

*
at.':i a.

gr

i, -

-l
L!.1(J i'i'u'rr'i'.'

-q:

f-:' t{l $: a.

, ,,.' l-

r, t.: I f 1 :' lr 
.':..

. f.- ;i:'l . t:l : . : t
,1,1 ..i-:V.i. rl

.. ., .:'i : 
,. 

'
ir ,1.-i :a :r:- i ;.-'.

: , , ,":
1 I i. r.;, t!,f il..:

'A n ti[''] j:. - t l[i{]!\n,:}.rf
.riLi;" t {}
,',,j:;t tli&
f , ':-;rltlf;f;

, .o:,{:'iJ,5.;,

'1, ,11{. 1o 
I

{*s }

.-:i..;";*



i, r.,jllt3 ('3 xg1p$. 1). f se I*1. u(F ) danate lrire p s
,::"r.:,*:*I$11€ of the $o::rael DLst;rtl iri:lqn f ir:.r*f;i':''r, L-.*ii

i u(p)

-.rt 
* 

"{]

F -E { 'r{P} } ,u p(xidx

Tg ebtals s gsulial'i]-iE} r #&t*sr -l;hsf,r- & !:Te*
,,.,;:.:i.",.!;&d leVgI Fg* ttle leAgt, 11..i1,ilrg1*. i" .Of p*rkln1;; lAtl;
' ".-''..ir'*&t s0 ttrst 

- e notorl*ru l*iii f itid sn€ parkirri-i; lot
,,,,,;*:iliet6fY &v'ai'3.@'i:La, I*

B (Iii ns,) F*L'\'-pt*

r..:r(i h u {rci ril {1*1, } +

l'.p:: Li*9. i'ei1s.e*ti-
J. :

u t,,i'p6t-r i lltL I rr- -

Fs
i;.:,* .:: i-e;I'*rl* ';gfi"tl-l

ui s t ri i;, :rt i r'in

'}t)]0.Ix'-r. ]Y, s 1, t'*) ;

*r Ttrls C*li be ,li.:iitil;'*d' ils f *11ow{::-

l'9",}4;llrkI}}i*'l-o|.lii.ire.}t'{}{l!:':i;l.i:i1.o.i:.-itr..:ii3.-i:
.j?',,i ;r<;bai:*l ltv re 19r;: ,:il*11i'U' ' ii ' ;; ri rrxi) t1. r o'" s B:r'e

.lrt:d f or 90 cars E{r'' -1 ) r' \ L+ '

Fr*m tir*
il (o"S)
1.1 (o- 95 )
u (o.99 )

Anatrninli
irsv 6, f or n-9o i

r, *g t u(r)

If rrpq F*5'
np F rlpg.

I**rrgal x*.i=:1*n r Hs Ji*'r'v*:

s l.e*A
ii^ I * t&!
* 7 r13*

tirS',,
P'O.1

i;i:e iiu.:-r;;i{LL Apirf't;::f'::ni;iali iio}rlS t
trr;d to*,'2,J

+ .a;:ifi"l * ';l'' * Lr":

'r'-rl'f+.-

) * E t;fiFpr
.ryq ry i' ."ltnce

r\ rl

-* Z rlii,l 7
* itpq '

-- :J}Q;z*- rF )
J rrlt \r-P I

.-t a
fl ** .L

{i -E-

P* r1'w[

") r

:!' .tr 'r., f np..-xj"rjl$#* l - _$ -, J,Sq!-X ,/truQ* ! * l'^Y

t.l
* , 4.-':" -.-

- i flrlnv 'litr

\]

.'n-:14\J
I

'"-l'H* ) t).
_. ilptl { -

ffi

u::Itl.l-L



n.& GeIl L{$r!; Slitr i' Si''},L:ir,''.L.'' I ui' ' '' {*:Ot *'tl"
;,. +,,t,lr,i ,f$,f tr..rilffi)* ;l"S*I*, ;'ot'.jfi'''.

i. f ltr'} i,tti Il*I.. i tritr^ .l-1.'.'* -";.', t.ut'lv''I' .

I$ Sire' r'ol"&sr;:''
. r'o., ," .(nl nPi F.: o

,l

,. r,., ,::*#* Bc*i)*13 1.$"''ji'

hq#t Eiae#tg i,'i,..rt3:*sr - 
L1 €ilt i y(}rr rii: l'*:'t'.,iOf,rS

,;, ., "J l*ib..r F$-b€iitii*' - 
{rf -*'*1:=::'i'1:':'i' 

* 1;;L E cxll5 }i uL L (
. .':,,i-.,{+::,::' 1*|:q &r* s-(-lritl'lt:.,g,'.L i,1.; t}l: tir' gnltr, * lls-':rllit; ull}
' L;q' &f,i*€ 

r I :ol;t I )U c;rrt*{.L .
Glcc urerl*!4" $itaoJe rrvtiJailt i

,l;;r;,;,'i;5,i,;ti.,o'11,,..,.; $.!: rjier', *"t'Iu *L i';i --

;i:t ,-lt*': t:r: t *i+ n::l:-:-l :'';:'i]'-r':ii!r'

{.;,r,' ;,;*:'$p *,' *4jo l r' ; ta 1}:::'*

I

s

I
I

ts
€



il,ar'li lil,iA! I;iu.
UFA

a ? l I:'lJi.f I g.'lJl""r

l';i r ' i.'/ 5..1 ;. r .' i , tii'' I'
i:i;i*;Sq-,;, V'A'iifSi;:ifg

Ju':poee )I lS 6 r*n&or1 vr:r:.1{ijrl{; r*-i.**ii d.l.:.;t'r'il;titir,"tr

.'i::,.)t'i*ita $;il'iosc l'.,:' u il ii;i ifit*;"'i'"x'" Ii'r* tr'Yi;*{::'t.:{}*
' .J -: ."

:,-.:-.:: *f L|:e r{rnd.Sul VFT"*I.r'::lr: ;if ,,, }e f ., {Ni"}* .'{ X5 f (*i)

,..:,,:..o:: tiieltt g& iS *A11g* 'Li''* 
"'eti 

$Ofngnt Ol. X Ai:*'il* tbe
i r' 1'',t v':'v-- 

**ft- : ^*^,.* grlgs gollYgx:ti1ge
,.,.:..:'.ri.ij*, '*lre *tli md,me:lt ;l::i.f *xi*b*; lf t'tr* si .pl

=,;1s!-il'i*1;' ilince ,Xi"*I :.= 
'x*i 

* Lr *tllenev'er "lic 
r'*

..;,1,i::i.:t eXlS?** #CI d.*+e *i'i+ {;'"*I }:it' Attd irt)Ilt:€ S}} pg1g*€&ir

. i lir

fi-the?nA:':*iils'itexilifslsQn'i'ocs*uiielll*8ir'tr*EtX)'
t'u ri;*t-'i"il )*H 

.3tltf 
*;: 1,

X-u exist s tJlienev i I'

l) r(x,)

I::*Uesd' cf 5he ::i'**'s::t v i' I'isl''
,, . , l., e vi$t ltri f Tol'"l t'1ie :ilesll t X*11"

i,.,; *ris tirat lblro gecond notlo:lf ot
.,u,,;'.ii*exisig. rre find

 ,

;( (X*u)'' ) a . (*4-2ux 
' 
+tl

t,i 
-rJ d

B =- *l f (x , )-2'r
JJsJ

E u(f ) - Zua(r)
-t

s E(t') - 2't' + u
.?

s S(f)-r-"

tho nl.tl'er of
rhe Var(XJ

^, ..-.1-'x ,f(x ; /+tt
I Ll ]-1 "J

{,
n
&:,

+rJ

t,-.,

r(*j)

IsXls
ayunotris &leo

;oi.:it;s s**r'e$ wii;r tl

,'}

)
- -*- {}"?+e3+3a n +e

--{F

6o

*iz+ua) - ( $



I,i i i#.riE*J lA)

m{.trLH$ OH J-l{l,rAL :ttr

'iroof t

I

Let l*g sffipe:'* gb*
prcqadtsr: tcffi.

t,cr* btkfgtP) r*n<l ths

{fr}pkue-'x
( A P*t i te*F] {*LE } p

k b,k*}-
,trl

kpkpil

', S .-,-

h t (a-H) t

16-n+l)o

(k*1) !-k:E+li t

af

,k-k+l OB*k*E+k*l

x

a
tsg

- (s.t i n-E_! i 1' __ 
hq-

lf (n+l)p t"* not ss fEtgiler*

G&r ters b(ktar P) > t(ts"-l lu' p) lf ; a; (o+1rF

esd b(klnrP) ':" b(k-l f nr P) lf ts :- (s+l)p

i. &s h S.e€$ f raq- O to B1 b( k l1f tr ) tnc re:t r{is t1:"" ts

& **xlsus 'Jilru}'-Ebtgu-otiuri ioi'is*s "fi,'t tlren 'leer€:'.,;i':r,'

If (n+L)p!,gl hau;eac !o b* nn"lnto ler' '\8n
b( EiETPJ o b(a-l i3;!i

,1 b{gla.*} 
-i.*orr1*,'.. .]'-r *"u{fo.' ;nn::i ,*':l*h j* *..:.u3I

to (*ln*Pl' * tbg d::*rfr{lltr&{c

f*fb.creexls*sffit'hg.unlquai'nbg'5erfr;F:*!:rleh
t A ?.2 ) 

b*ra ExLabG *t*i'tp-i ** {(s*ljF"



"tPp snlx 2 (s)

fl{:r*:{: off .*;iII,jj

yor

hrf+ln f+?t .olf r,t
I to $btqtn

gxanpl s l

r lnf ;l sfi*sxsXth6b

?
ilri

-.,i ,)

wlthln tha b ne' *s te
g lsEcls tc a f tntte

. -fh* retlc ls fornule ( A ?.a ) ab*vc t'$"* *ppandlx
,(*)/ 6ocr**nes ncn*t*nt*ri1q l.*x k lncrr:r,'.:lt?sr

'-n*n kr5+1*

-ih6E k

ta;F
Gr$r k:r+*

tEf P)

#han

( A A.t )

.ict harel,n
l.ne1nll,tto

( A ?,4 )

- , [n:r] e-* (r+tltl

Fsr 3 p sFr tb6 frsctl"on
thun un -tY, rlntl euegatl* eYef,

tf v-}n thss k*r+13 kcr+? I krF+} r

IEI)Pqs+I)a

. . r r+Y aad nrrlttPlY tho v

les s
geouetrt c

tfnrP

finrP

o ,f,.+.s.-ry
3 o b(rlDrF

s erl"ee etg*l rstla -



d$c €onc luda, f cr r
&-S
5 b{r+sssrP}

?rO

* tr9r

ir{, btr$nrPJ tr+1)q
( r+I ) -{a+1 }p

Sa 'the teft xs, h*ve thc rlght tatl €f tb* btnmtal
'Ji"str1bnti,oar Ssssl.g the prob*r'b11I.ty af *t lsstlt r
FUSCSBS*I*r

tl*tgg Ehs reletLomtrtp b(Xin+P) * h{a*h'a*g}srgd

{ 3 } =* {#*} & ( * } .--( a3r },

,r(? GPS CeliVe

t b{st*rr} :'s b{slsrF}



AFI}Ef{STX

G llftf.Ellftufy L.rsB

rF

*

+

i (srs*)(Fres)(crs')
H{sa}{PrGc){or*!} +

Htgc)(PrsG)(cre') +

(xsce)(Frss)(Sre I ) +

(BrcC)(rroo)(C:cf J :

*

+

Tht prababtltttss la ?-1 ef dlfferEut genetlcal typo*
GG, gL s.nd ffi Er€ g5.van ag p t r {' , Ft 'rcd pt r e*, r* for
femalee nad for ealaa r€sp€etivel5r.

&*t Hr F eFA C etaud fsr nothero father *nd. cht}.d.
ln c fantly wltb p*Fssl,B froae r { If C t dan*tea eay
Bpectfld gaactl,eal eonposttloa'S, thea

B i 5rlal,:.tr r rrf*t* L

1.€" s C bavtng the Ploperty C! te represented' by thc
sus of 5xi-9 autuat.ly ox6luelve proleT![ea. ApplyJ.nli the
a<1lltloi 'firiotpla, "b note that p ' C: C | ' i$ the suni of
nl,aa probabtlltlee qf the tYPe

p ., (Hrgt )(rer, )(c10, ) ; sihen [dt nEd rr represent:
BoEa ap€cffis conbtantlon of, the geaas Sr S'

App],y|.ag tha eultlpllc r*tf on ;;.rlac lple r s€ hnve

- 
'i

F i (xrx')(stF')(cru') ;
: F juosr ] r'1 FrF'lgtgr.,i F i crc',1(stst)(F;Fr) 

'

aad s*nce tbe nettnffi te under pannlxlet

P' PIF'/b1sffit; -!"F:Fr'
, P - (16r3')(FrF')(C:C'):

*F iHlu'1fi PrF': P a (fl:u'/(w:bir){r:r'}I

+ (Hres)(rrsG)(crC')

te{EsG}{F;w}{s;C')
(xrgc)(FEGGi(C:']')

(urcc)(r;ee)(c:ot)



Shs value sf f i HrEf ; Lsf es plvcn ta tbo problorut

eltban Fto qt oF trt. iLutlnrly Fur qn cr r'

for P r FtFl'

,'. Ft r ptp" * ntq" b + Por* x O

tl+ qrp*-!- + qt,l"t + qf r" a O

* r,F* x S + rtq* x O + rttrt x C

rhere Pr Seaotes tha probebflity tb,nt ^nu lnCt vtdual
sr tb; i;*..131;:-H-:ll,:-.+ 

;"; 
*

$t.ellarlg t

{ , (pt+ *qt )(r"+*q*) + (rt**e')(p*t*q")

&l r ( r' +*q' ) ( r'+ *q,* )



AFFHHI}IX 4

TtrdIFTH Al, SI ; f'Ii,I BUf I$!{ i{J- rt'f }iA"REA g$l}lt*

i
:
:..:!

i

:

i

i

dlxrl

(&, fr)

fr
(o' o)

to provs th*t -t*:" '' "'

-j ?t' - *€iF

Teh's

9?2
_ F:+

E € E dxay

and tat*grata tt wltb resPact to

Fhur

.:\

UJ

ilxItJ
r_I

I!.tC i,

-+t
a ixy

#*r

!F

$
lt .."
1i

t:j

i"o
E

--t-d
6

&xeYrl i
o

G

,

dv

v

:;i
I

Y

;ati
I
I

2
--s-
€e dx

J;,.".--..._-,,.-. "...,..- -."1.,,

FjftU,L

l' ;":
'f

sl€i_,g "$l
L\

#f,nea x*ssasS &\Y*
_A + gZ rfe',

X,* Pol*r €c*erdll'$'t

r8Ln O

w€ hsvs

rtq 1

t6g ?

i

*Ee 
t(P=*Y

Ss lclpns€ thte bs the aathsd of double latcgrrtlca!*E' y'aYFvV Er.-e

trs*sfo*tng th6 vnrinbiam :*r F Xnta *sl.nr ****3d'l,nntee.

(u, HJ

(R'

dx

t?
U

x2+



re
at

tB€

ti ;YFdrag''"E 'r :, € -3*Fdrs*

'lr

FEs a3 .?*-9'e L Fdrde
rsg

.2
-.8-Hzta)

-. ** 
r' 

, 
d*

oo
It

a\-

t - o-Rz r-T.. e-

th* E ef u*Ssa{"-iil&€r thE }.*r'it ts ar€ 0 -.Fs R and

o$s
Oa
'1't'.l;r

,
B-

- aF :'':'

rr" s. B. r r d 0 7 ' x * ',

s

tb,rrc fi* have

-?11 Ft

' * €-,--o :r r .-. , l-*-Rt t-p*.llo rx*f

As R . .s{rr I \ oT
*

;.)\ .-, r:
atY

ao -!tF -ed.

'-i'4,'r?f$f s-:r" qtg-
C-

{ee)



Ig othsr ritr,la t tG hsYe ghosa that
e

'21
xi , * --f ,t.r-

i -,' a Gx. r *.8-
f\ 4'
\, ate

i,--:i g
dFd: :-""""''-==F.s-i

,io6GGx'F r

e.g€ feE lle*.ts fr*s '*' r:""€s f -"':':

2
r.l X

1 ;Td,x r ==l- x '2..'. c!
a -.f- 

E s- 'r



Br$tIaGiisl'trl Y
**--*dga* 4****i-t- *--***-

1. Fe3.ter+ H* t

S*reenr Sn i

toldbero, t f5r i

An InFrdrrctlan te ltohsblltty Tlreery
snrl l.ts "Appllcaticne, , ?nd ed.lttont
Job:r -rtlelr- end Sons, Ine* , L9}7 .

/

!',d.exrr Fr+b*bttl"ty lheory and lte
Appllcst ion6 r John ,*ileir an{ $one t
Inc", ]9CS.

FrobabllltS:; Arr Introduetionn
P,?antice*Hsi1, Inc. r 1?6O*

,:..

..,r r

ilr

jt

l-iunroo,

iieynant J.3

$tatlstlcal Inferencet
l.utrllstrini; 0e. I Inc u e

wlt'it iii. J-neeritr,;
*'ileY atid. iiol:*;t

[r',. E, : Tbeory Of Probablltty, 
_ 
FrcGruw-iilil

i*ook ComParry, rrlc"1 L'J7L'

ln Prolrabtlttl' end
Iienry iiolt end iJoiitP&Ily r

Y:IIrreonranr rr 3

'/ . l{eld 1 A" !

F*r t Courae
$tatietlcst
hrc. r 195O.

Introductl,on ts
Ad.6.ls on- ,rle sl eY
1965.

Sbe.ttstlcsl tlteorY
fnoPl lcat ions , J oim
fi4. , L?77 .

95



':itl 
rlrtlllRllmltltll

ttO |rls ttr
lfl rrtlr llr 

;l 
I iit | | ! | 

| 
lll | 

| 
Inl|Frl

m lfs t!0 rbt
tlll.rf ruf lll

80

rl llllllllllltlljllllf llll;,l,tl';!rr{illllllllllrrrI
to 10

ltritlrlililltlf
,,0 *1, l0
"it

.0 m__-s_ _l
UNIV}:RSTTY OF I{ALAYA LI ERARY .

- trl

-*

e s 't T t l*0lltlrlrrrt:rtl
gr'il €r el' lt 0l s fi tfrlrlrltlrltltlrl


	Title page
	Table of contents
	Synopsis
	Chapter I: introduction
	Chapter II: 
	Chapter III: 
	Chapter IV: 
	Chapter V: 
	Chapter VI: 
	Chapter VII: 
	appendices

