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ABSTR AC T 

Th i s  thes i s  develops algori thms for max imum l i k eli hood est imat ion 

that can be i mpl emented us i ng a sequence of we ighted least squares 

compu tat i on s  and examines the ir proper t i es . 

St andar d l east squares algori thms are f irst descr i bed and the ir 

execut i on t imes , stor age requir ement s and ac curac ies ar e compared.  The 

G i vens QR algor i thm uses l ess s torage than o ther algor i thms of 

compar abl e  accuracy and i n  good impl ementations is v ir tually as f ast as 

them if there are several explanatory var i abl es .  A vers ion that can be 

used f or constr ained least squar es is desc r ibed ; it is  used for l east 

squares calcul ati ons i n  the remai nder of the thes i s . 

In many max imum l i k el i hood probl ems , the l i k el i hood can be wr it ten 

as a sum of f unct i o ns called l og-l ikel ihood components and these of ten 

depend on the unknown par ameters only through one or two quant i t ies 

cal l e d  systemat i c  parts . For these mode l s ,  a class of algor i thms 

call ed NRL algor ithms appro aches the max imum l i k el i hood est imate with a 

s equenc e of least squares calculations . For many common models , the 

Newton-Raphson algor ithm and Fi sher 's scor i ng techn ique ar e par t i c ular 

NRL algor i thms . Implementation of NRL algor i thms i s  descr ibed i n  

det a i l  an d  the r e l at i ve mer its o f  the var ious NRL algor ithms ar e 

d i scuss e d .  If the NR algor i thm i s  i n  the clas s ,  i t  converges bes t  near 

the max imum l i k el i hood est i mate ,  but other NRL algor ithms may perform 

better i n  the f ir s t  few i terat ions . Sev eral exampl es are analy sed to 

i l lu st r at e  the var ious poss ible methods . 

When the max imum l ikelihood est imates of some parame ters c an be 

wr i tten as expl i c i t  functions of the rest , the c onver genc e of the NR 

and NRL algori thms can often be i mpr oved by adjust i ng these paramet ers 

between iter at i ons . The relat i onsh ip of th is techn i que to elim i nat ion 

of thes e parame ters from the l ikel ihood is investigat e d .  In several 

typ es of model , including non l inear l e ast squares , adj ustment can be 



performed wi thout s l ow i ng the NRL i terat i o ns . A rel ate d more general 

method i s  also descr i b ed for improv ing NRL i terat ions wh en some 

parameter s  are l i near and some are non l i near in the systematic  par t s .  

Another general algor ithm call e d  the EM algorithm i s  descr i b e d .  I t  

c a n  be app l i e d  t o  several types of model for wh i ch the NR L algor i thm 

cannot be use d .  I n  some mo dels , i t  can also be implemented using a 

s equenc e  of l east s quares calculat i ons , but f or appl i cations wher e b oth 

EM and NRL algor it hms can be use d ,  the l at t er u sually converge f aster . 

Final ly , i n  two appendices ,  Fortran subr out ines that can be used to 

implement the algor ithms in the the s i s  ar e descr ibed and l i s ted . 
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