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l'laay appltcatroag of er.ectroarc courynrtera, for exangfs (:o), (rr], (r?),
(20), 

""l*:.tre cfflcleat Eero:.'atlor of largB nrrnbers of raadm aoraal dcv1'tca.
-?.::,of 

'"Ed'o 
DorEAl devlatee are of cour'G av*ilabJ.c, for r*.,,,r (eD,

- (d.1, to't tLy a!. not auffleleatly extenslve for rnau3r *rDo; anit.ai crsarac .,riii*
' :' \-.. l-i4

aorrree of thls rtae cannot rrsua.rry De usecl atfecti.veJ;r by tbc *r3g.iji: ',Jtut ' ..
ls rcgulred' rs ;ec retlpd of gerrattoa rlrlch caa be raptdl3r clr"'1ea d,.t ty 'lntba qactlao ltedf-

;

--.t-- - lkrtDo'b an a,Ear1a6& by nLleh peeuito random oubars ualr'bc Jroaiilir. :"r- -
ror e:rausrr.c,'(ur"(8i; (g), (r), (*), ($), (a3), (2il. Judern!'i/i,u, r=nrlts,
glvsa for eaaplc br (.9), (9), (aO), (a:r), the uosr sattstactorg r_".**, ;;{'
la use, for gpngrattng randoa aunbers le t&s ona beaed, oa ,ree1&rc crasa,,
tccbotquea, se. ftr exanpJ,a (f6), (a3).

He sball not coaelaler bcra tle vartdlty of eqrbyrag alet€rrntn.rtlc uctboils
for 6sneratlng. raudm aurabers hrt assres tbat sc,e nachrns netbal of satlsfactor{ry
pro&rclng randoo rrubers La avair.shl'e fuoo uhlch raudom ao:lra]. dgytatea arc to bp
prodtcad' A rurbcr of dllffereut rays of generatl.ng raaaca ronoal dartatca le
Lnora, ror'erq.rjj,,(g} (zU, .

Onc pur1rso..of..tbc prescnt p8pcr ls to g1ve vbat le baU.cmA to ba a Eoy lir. . li
rctbod. for gaaaratr,ng lorral dcvr,atcs *ue to Drr. e.E.p. Dox a.d, tb afrb! rEft{.1"4r,-,,r:}'. ,., "-r ,r,r ,tr-.

,. ,''.*r" iffi ;X ff"- "

gpncratc a norma], derrate by flrst geEeratl'g a unlfotu davrata, ray u,., f,&E
tla ullt lateFal^ [o, r] and thcn sotrvlng the lnversc raratloasltp for tn+

noraa-r agrrite r, (nerat:r fracuug xr rro, r, - * J-tL .-"=a iii, ",,,Lrfr
!n

' o-aad offtctcat aad rcltable appitcatlon of thls ncthod ls not aualtablc.
"+,{,*
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naprl furtatca.. &ru^,tDc.sdrc lomal dlEtatDutlon 8tar*188 fsoo a pafi of, rrdda -"

. artbatE., :' ..,r
-.s jarSr 'i, .t - *r+.-*,la 'i;p-":r'

;"St- UU- riYri . t€ tadblnndrat ranitou rrartahlLag fr6 th sam nlBttsgEtrlr

d!1"iii;tiractfoirco'ilta fntc3raf [C, fI. EonsldegtD. randa+nr11trLts'{5 *86"'
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Conscqrrul.ly, thle probLen lE consldereA !r det8l,J. too'

EcattoB.tbs EBrcrattoa of otber randolt va8labLes'

trrersa rralatt oaahlnn ;' t'

We also nDa1l brlcf,tY

t
B

t53a (1, t}tlltl bG a palr of ladcpndrnt rasiha.Yafr,ables flu'tb,seE lorEal

illstri,bnttoa rttb 4tr ze!o, &d rult vaclgace, . ' :;'r' r '' - I
I

- I -^ --^^ -ulproofl 3tr.m..'(f), (gvfag attcntlor! to prfncipal-valuoe), onr oUta:lnt et ouc3 "tbf

It,.tb1lollgtr- aftDrt eraluetfag tbs Jaaoblaa of t&c traasforTatloa, tDnt tF totDt

rtcoslty ft rgtfl.lf 11, f,z 18
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lts abgnE 1esult 1s Eotlvstefl by tbs foLlovlag colrsldalatlont: l&l

lrobabl.llty tlenstty of f(L, X2) fs coDstsnt ou clrcf,ea, so I - asctas |;\
ls lntrfona,ty dletr{hrt€O [O, axJ. 5'ultb.r, t&s sqrara of tbs lsagtb of t'Lr

ladlne victqr r2 ' x 2 + x-a I* " cLl-aguasad a{atritnrttoa rrlt& :hp dcgrc'
.,.r,.-t t ,. -.*, t 2

"'ii.,.;..','-;; ?^ -r ^. -.- \ a r-of frccdil. lt U baa. r rrrct3ngg8s tlaaatty oa [O, ]l tb.B : e IttU bs- "

a CLl-eqnsl'|&dlrtrlUstto8iYltL trc dcglclg'of freedoq."''ItocdlDgi$:15*:i':ry '

. :'
-*'. ;., ti .A'f its'fadslnndaub'varLab:Ics tDB technleuc'inr€gbetcfl'aDourias

DG.U53a,to-gEIrSrtS a-dtgrelooal Bot,al dgnlat+c:"J1 ri"]-"ill"sJi!*'"ali1.'';'.;'biurr' 
" 

;

.'."':;. lfhr:*usuaJ. triatfolrostloa to obtata lnclcpcndcot arbftrary-rir-vauiatcJi;'r'

roruallJF allltr:l.lrrt G:vb,rtabLas ' If: Ia .. ., YB ' rltb ireaar 'fjri"fr!.ii.]' Fo, - 
i

2 2 z',ya8iSacca Or'', Oi, ..., 6,-', asd corlel.etl.on matrlf p folJorr at onSe

q.^- s^i----
by gencretlng n-ioroal dlenrlstcs' arA ualag a Jacobl-troqrfftz'dciroqncltlol, 'scc

(45), For emgl4 tu t5l fuElrort,ast ealn of tb bllr8r'Letc tllstrLbutlo, rrltb

Deana \r E2r irartanccc "f , ,f, anil correr,atton p , ue bsver

r', ,,,: '"r " ,' ilj-''. 
- 

! -''' " 
.] 
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L' t'r + oa[ '
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r-3' Eslsslsiii-S-4lsssri ! '.t ' ' 1ar','."'1b\
,.'i:"it

11hc d,hod orggtated bra.grcu out of tbs deslrc to hcra E'trr+y of brrsttlg

nolusl dnylatcr. llhlcb rrctr].&.bc.rc.ltabLe ln tbs tatls of tb dlstrthlttonr-,-.S1Ec*

ooat culrrtLlg. ccatars bslrc lf}1ary prcgnraq to cqutc valucs of tr1'go@trl'c

fb3cttoE r rogarltlaar-&d rgrato roott tLle appaoacb r=Erlrea lltilta ad&{oqa1

rgcblar Drcgl.6 vtltlng. 'E acetrracy oUtatrable brc delcndr Qsss[tl'llt oD"*'

- ;i.', ..*+i", ;irl,"11rgg4[r11
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t& prcc{e.rou of tb" avEllable }lbrary p.ograus, ubreaa that of ot,br
taet'beda eenrot ec roacBly bo hcreased,.
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lttr epccd ta coqtutlng It ls best to Xate tns Chcbyabfr pofgaria$fs of ar

tou (bgrar Es DotqtDb, mbJect to thp.elnelflett level of accrutacy. Eo!.ort-ug

thle aryprcacL oac coulil tl,n& aub-lntornals of greateet or qrttml elatth, qs (6).

lfno ilrarDesks t&oc-Li!@ qgpatlat. tl oa a blaary ca;utcr f.b arD-IutarrS

rlAtlr en lot" so",aagatlrp I,oEr of tro, considsrablr csln&i,ag tb 1r
a "':

alrcnt fn Earyp,fae,a. glvrD.orb-fi16g,o1 onto tb sa!8a [- l, I] rrtlcLla ga.dld.{}:-t:.
" {':Ji i'' - "'l .Ld$t*:l*.:."J;.L a* : ' -.r" '' " " ';r-;/-

rbea urlag a Cbatpbir EIDrod.E iLloa- t&rlc fryortani, tf tb- tatrmatra-.'a aol's:Ilf
.17 i '' 7*' ' I

of udforn ytdtb aoO. a EgEU.tru. IDE oE tr o, corcldarrahla roacLllr tlc, ad re:
spsca,i' fr r:giiu& ib' ;ilccu. tf qproprLatc EgprodEdl,on. :' lb!1 te ntLL Et th1.

. $*.
be trostlbte teii*.b.lairr* rggtat€r'to eelcct t,ta rygroprlatr q4unrlnr?l,o-:"i:,.

!."rekrrr8 tnr-.ra4+llto constd€tBtl*; ; t*t.ng tnto accqrst:prir Ernc. "".,t ,,

reeuftacuta, lt* saa'dcclatad.to bart tDe ddths of tb sub-lataralr qqEJ. # r,
$1t&, t$ls' o1.rnhwa.l-rr.Eh fS rorg'rat lnrt'of [O, rl;.!sE]JP '"t S g S I ,

cstrld bc a34no:drnatact'by tl,near ftrnctlorc.. Quadntfc aod quartlc apBi.lrUattons

ala uscd,t*tf U -.ffi. ror ( ffi.u S r), strd,by sy,retqr (O guS1lg),
X - X(U) Es. a sfir€nlgrftyof logarltbclc ty?e, conscqueatl;r for U ln thlc !ub-

Lut firatr, aa elprod.uatlon.of .Eta subtle tylp tban CEbyqfirr.pgmafalg tr E adld,
i ')

.+ i.
' ?t -t/. ' rrii , Brt

2.2
!J

elt ,r:?ii. j;,:-

''"1': SLaoa. tUi=.t*nnfEucd. us€it tr aglxodtatl,ag X - X(U) , XarE"bollfDb BlrlilUcatt(

rhco coarldaitpdrL"Hliti" of otrrcr Snletblc pecudo rauao vutaLlae n oD..IL

rcvlev the tccbnlq[cc la,dttqll.
.-r. I

," * ... -igtm;Arr.irr.Xi,fi (g,t-IS,.

. fb aXpm$^ratq X *X(U) lE tb Jth.eub-latana1r...._ -.."t F.:,,"i,"i*, iLl .

( 6" 
L* ,.lf u S S=? l, J - r(1)5be by cbcbyrtav por,yaarals n opnlr

peka uso of tDo,taitntqrc o! Interpolatfos Chebysiiv Folya@fa.fs ar datulolnd-by

C. Iaoszoa, ssa for exuplc (fr), (fa). If a plynmlal aIlnrroFnttton 1" .

rygrcDrntlto fol a gluau m$-l.staral tJrle approach r.1.1f aXprorlnatclgr ntolulrc ,

t$3 n vtr[rnt crn! of tb qpru:doatlon, '', ,,,,,;;;i!rI i' ! *\'$i.iu,i,

..-, . -. .., 
".,g. -r*foir. o,r- -**.6.d,iic&l*;*i:



Ilo bcgl.u, tb! Jtb sub-lsto$al ts traosfonpd oato [- f, fJ by ualng,

t-**u-rg7-2J.
Iet, r'r.co&-0r.o 

-(,.0 S i. fnt fr(r), r cos [f(coe-lr)l aenotr rli lt,L,

glsbyatff- pofyairrUaf ._.1 !Xb8 . for tDs'JtJr suD-lrtelllral',
:iru ;$vrr.:: Irr

, .,.:iil;Ilhr

daitrS lBort(r}-*rCoascqlcutJ,5r ur eaek' tb'.aetr, I rO k - O, 1r^.2, ,i:-., * ]r...a,**,

suc!, tbst fr*r(ril, r Or or eqd?aputly, 8O's suc!.t&at. cos(n +..f)"..1 - O..

lr,bla la turp rsurroe ttrgr er - E t *** l. IruE' rk o eoc, { t *it ).....

llha eocf,ftcl,ots UrJ a,re tbs otrtalned, fFoq,

* In crrztrrlag;<rrLtib sys,I$ttong"for XJ(UJ l. O, ..., r.-tbiR tH JtJt

f.rrtcwE)'lf&i,steccssa4r to"e?alrrat X.- X(U) . ftor UOis r&r_rc,'gy. srri$.6sr{-,,.,r

Sr vaLlrca of I(ULJI ...sGra obtalaed, by orbtc !.mrcrac lstorDollfif@ b tba

Eatlooal Errcan of,.stadard tablcs of tb llorual probabtrlty nuctlot, (u1..

lllesc vEIE alr'tncllded as s table ln tbc AgSnndl*.

.qD
drJ -ft;}
..J; "J;-5 il- A -

- -.-S'.-a. Z;.. ?lsr. L.ii.a brc,

r(rt) lr(rj),'

x(.ILl cos *l +i+,.
.' i'*

:,.- ir

r$(:1{*:.

lle tEn obtrln,
.E

!-^ 6

i..r . r:i:-

*, "Y;:r .:,..:.-.

' i.ryf{r'rl"i.
xor(r) .' tll doJ * 

,3, t, r.(r) '

-.r *-*aurr"lia - -;:, *" jlilLj:+



IEErEfrforcoqutfug$lrIPseElt!sEorecosveoleattoossrreast'b'

n(r)ra as plyoolals to, ", 
8€e LosczoE (B)' (:g)' fror, exaryita tlt(r) 'rr

B'l

$)-.-r*(r) , ,!lerJr' 
. Ebe coriroalnadrns coesfi,creot's 

ii.{, 
* 

-tT.i
'. i. !$ Yrt .a

aaatl42.3c,;*'ttr't'ri[*:'""-:r*s::;'r?"'tsr"3"r''i'\fs-tii';'l-r']i{f-}:i-J#!'tw-"i''
. .-; ;tu{qtsrg*pr.:.eaaer }reeEcst,ar 

couguteiloee''":*'.f l:t|.F*ff"i.s'*r
a-a riltD finnrae ttr r'rx'rcrgo.I*"'. T''" ",i-ll(hl''.,?ffii$f--' 

"; 
'

-3 *' -..,'--' il J-t oUt fore 
-fi tUa o4trr:

rr*cE'o d"iiis" gl'd rDsGctto6,tl:::.ffi*,

l1-'o*loAyrt;o149t-"c**et'tetrriraanot&&t'bt'adiltfosEr{*lFoE:p&rtlndlng-- .'.In I . .iu I

- tE Gals'a$'4tq3*tf utUlztag'-tba evaltrbls X(U")'a' @l 
t

r EtraLSt llE . by ttrat,abgrce chobJtd& porgaD6laLs G El!! &ll-te oltalr

tbg deslr?a oro, ot.precrjor as forlors3e-rn tbe-'Jt'lr lntornaJ'3 rbts lt ls
ut r Ul*t

qpropr{,atc t., flt a stralg[t It!B' eoasl'br U3' g;+1' and U'' 1 -

!er,Itrl,tr;+l,*J,adenotathecorreslnad.lugxvaluea.shEJtL}lncls

fftt if 'slrcb t!8t,.!b-'lsvlatloDl at ttre eatlE of the class ftrtcryEl arc cqual

and, sucD, tbat,ah* i*Olons at tbo nld'ptnt' nanraly UJ' e ' te 'eq[al tn 
"

;; ;"#;+r5 * .o" ": polnts, rnrt ls of orrroans ir6r'

.rypriu o**a-j*idt"iiit cEbJBliiv'tylp e5rprodrat'loo lE tbat E aE*

- I .;., - 
'-r.-,:".tTI-' i- - ..; nD sub-lntanral. 3f !t8af&t--

srrrv1os r" jJiff e'iu ..#*P error 
1"n- 

e elt-1 :5 . '-.

r" ji a- +1"""''' r' F'*a-'h-r!\ -.'t 
t';l.j'- * * ?,-'

. forartl.crynrir.tloq on t.bqo oltatD' .tDatlrilr: "l.ii.[i,1*.1.j r } 3{ry},.'-, " .,1:

: i.:f 1 :tFr 6.r#;Bhs,_fr#J"

..,,Lr-.-.-fS.Ir*r 
- xJ) 

'r

In tE ceLect'lon of trlg dAtb of a sub'lBt€ttalr "':"iiitt'flT*
i'- -i j t E| 'a ":'+"

t&e agrrcprfite itcgree 'of thB'cbcbysEv'rofynmfel for a glvr:o sub-lntttvarr

. *. ,::':-' - ' " :l;*'r X* " 
*' 

"'
tbc lollorrtn5' rroutt rs ug'a; ;' (q foi noru gencra} 

'lct'&trs'

't -..J-*- -. *.!,r,r., ..
-r -.,.!- ..€.rri.\i;l$-nu.jr\*.r,r lpr'.s'



EDcarer, for coryutfng purlosee lt !s trore coaveolent to e:q)rest t'b'

Lauczoa (u) ' (r2) ' for exaqfl'e tlt(r) ' r'
Tr(r) ts as SrolYootels ln 

, 
r' 8t"



*J-L[("]Ui. i*(a+1) t"rll -'l*
'lbere e 1o tbe largeet elbeotute e1t.or tbat ls tol€fabLe, la our casl

t s - lr x IO-L, and. rfiere
"(n+1)1u) 

ts thc (a+Llst derlvativc of X. x(u)

a,
itI

1{'

,, v.\ !D[E[8 I
rf,

Ibr(vatlrra. of tbe Iavrrae lttrnctioa

"?--

:.-
2.
3..

b,
J.
6.
T.
8.

9-
lb.

Ie(x)1-r
te(xlfl
Ie(xll*(ara + r)
te(x) 1+1ex1.+ tx)
teixtt-'tetrb +\6* +7l
te(xif-6i::of * 3e6f + wlxl
rd$l-?C?aof + z,#*1 r,?to l wl

:
" 

' i 
'i 

"-r" -"r-ti
-''ij i..?*" ..'.'

le(x)118(totoxz + a,?J;x'+ aa,rro&t' + L,359x) :
;;6i+it,*" Joir.';;,:,u"t * ii,rar + bnq,t . "'' :'

tq$-1-.T(36a,8&f i."E arro,:!d 
1"3,Bo,rr.8br' 

+ e,o&,5iltt' + aber6tgl).

i ' rl"

IDa foU,onlag t&.Irs provltb tbc lscQasarSr eoefiClctcata fur tb

cprogroettonr glmo by eElafil,oa (f) ".ot ccctloa 2.2 .

'i" ._

I-,1:

2.3 :tbbLe o? Coctelclents- " ..
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3.3 Easttncrt luplpaclr
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t. Soe, Cgurrrarlso.ls..

l}oug! the foLlovtag trnlng ard :'reaotTr sllacs coqsldarBtloas trry D. Vd3'A
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). OlLer Raada Deulatss.
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