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1. INTRODIETItlN

SURrfrl ?6 EDIT0R is an extension o{ the interactive statiEtical sys-
ten 9URW ?6 and pernits various text processing and data handling
operations in editorial node. All the data, tert and oPerations are
represented in an edit field a part of nhich is al$ays visible on the
screen uhen EOIT0R is in use, The edit {ield is tike a note book for
the user and it is easily controlled by the special function keys
(Edi.t keys). This editoriat approach to statistical data processing is
described in llustonen t990,1981.

In this reFort a Re$ CIFsråtinn
intnoduced. ESTIilATE cån be used
ånd non*lineår r€gression $odels
Båxinun likelihood estinates o{
distr ibutions.

ESTIHATE of SURV0 ?6 EDIT0R h,ill be
{or estinating pårätseters o+ linear
ard n$rg genera l ly for cCIillprJting

usen-de{ined statistical

ESTIIIATE alluils the Etatistical nodel to be expresEed in the edit
field in norral notation, variables and paraneters having alphanuneric
naues gelected by the user, ESTII,IATI is capable of interpretins the
rodEl and'it also fonns analyticallJ the firet and Eecond pantial
derivatives of the rodel function nith respect, to the pararreters to be
estinatEd, Ati this in{ornation, yhich is necessåry in nodel identi{ic-
ation and in the estination pnocess, nill be tranEforred bv EOIT0R
into BåSIC subroutines norking subsequently in connection *ith the
nain prsgnil. Thus this approach neans no loss in thE corputing e{fi-
ciency.

The astotatic capatility of utiliring fornål derivatives has
irportani colgequerces in ståtistical conpuiing. In this connection,
{or instance, the progren is able to recognize rhether the rodel is
linear rith respect to the parareters (the second derivativeE vanish
in this casal and thus it nay Eelect an optinal corputational
eFproeEh.

E. ANALYTICAL DERIUATIUES

The.procedure of forning analytieal derivatives is recursive. Each
step in this procedure consists of splitting the {unction to be analy-
zed into tso parts like sun, difference, product or ratio of tno func-
iions and then applyinE hasic derivaiion rules to the partition obta,i.-
ned. Fsr exanple to forn the derivative of {{1)=(1+s)*los(xtp) rith
respect to x' the function f(x) is interpreted as f(r)=r(x)ts(r) shere
r(xl=x+a and s(x)=lsg{xfE), In order to epply the derivation rule for
a product, the derivetives of r(x) and s(r) are needed. The derivation
algorittn enploys itself for evaluating these derivatives. In this
sasp r(r) is interpreted as sun of r end a and its derivetive is at-
tained after {orning ihe derivatives o{ x and a. sirilarly the deriva-
tive o{ s(r)'alog(rtä} is obtained according io the {orrula
D( log(g(x ) ) )=1/g(x )*0(s(r ) ) thuE raquiring derivation of g(x )sxlfl etc.

The {ornal derivation algorithn is eutonåtically rrploycd by thc
E$TII'IATE operation; HoEever, nhen the user likes to forr analytical
derivative,s in the edit {ield, this is possible by using another oper-

H ffi.LStN{}t hs yrr flF}t $l-{}rx
TI L,',\f'"Hr,}-t-$ ffiTfu:$:f"I t Å\ lT{}s
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ation 0ER, For exanple, to find the derivative of f(x)=(x+alrlog(rtä)
rith resPect to r se tYPe

OER (r+a)*Ios(rlP) x

on åry enpty line in the edit field and a{ter activation o{ this line
by pressing RETURil(EXEC) the result cill åPpesr on ihe nert tno linee

as follots:

DER (r+a)*lostxf*) x

Serivetive of {x+a}*log(xtä} with respect to x is
lsg ( x fä ) +t x +6 )*fl* x /xt?,

{}bserve thet the resulting expression is not Reces5årily

sir1p ti{ied {orn, b$t r.tsua IIy the differencs between the

pur Elgorithn ånd the most reduced one ås ånsigni{icant'

in the Bost
fsrm given by

in präctice.

3.'ESTII{ATE' OPERATION

The use o{ ESTII{ATE in ståndard applications is best described

through sone sinple exanples. In ihe follsing displav a tyPical reg-

ression rodel and set of data to b€ Processed are Presented in ihe

forr required {or ESTI}IATE.

0åse.l
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,rt
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å0

i.1
H
13

14

å5

L6

17

Ls
19
80
fl1
f;a

e3
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*S*Tå
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EfiUNTRIES,A,B,f

A Fin land
* Sneden
* Danuark
* Nsnway
* France
s lre land
* Italy
* Fls tr land
* Portugal
* fuitzer land
* Spain
B Eng lend
*
*HOOEL BEER1
* log (8eer ) =constånt+coef+* log ( Tea )

a
tt

*gST IITATE IOUNTRIES, BEERl' ä1*
*
*
*

Ccffee Tea Beer
1ä,5 0" J"5 54. 7

le,9 0,30 58" 3

11,. I CI,41 113,I
9.4 0" 19 43.5
5,9 0,10 44'5
s, ä 3, ?3 1P4.5
3,ö 0. m 13.å
9.3 0,58 75' 5
g,ä 0.03 97,5
9, I 0. e5 ?3.5
fl"5 0.03 43.6
1, I 3.49 113" 7

Sine Spirits
7.6 A. ?

?,9 8"9
10.4 l. ?

3. 1 l.B
104.3 4.5

3. g 1.9
1.06,6 P. 0

9. ? ?,.v
99" 3 0.9
44,9 e,1
73. E e.7
5, 1, 1,4

lhen the ESTIIIATE operation on line t0 is activated ue shall have

the results digplaved fror the linE Pl onsards in the {orn:

tf, ) 1.9?9 ( 1001 100 )
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0isp.ä
EO *ESTI}IATE COI$'ITRIEs,BEEru,EI
el * constant=4,488964 (0.1565?49)

ee x coe{f=0.3e?5e88 (0.0?5e?09)
e3 x R$S=1.553554 Rt?=0.6545

In this display ule l-rave the estinated paraneters and their standard
elrors {in brackets), the residual sun o{ Equåres (RSS) and the square
of the nultiple correlation coefficient (R+A).

Let us non describe what actually happened after ESTII,IATE on tine p0
Has activated. In this operation re have three påråreters: the nanre of
the data set (cutf,lTRIES), the nane of the nodel (BEERI) and the first
line {or the results (31).

The data set considered has to be defined by a DATA specificatisn
rhich stands here on line ä. 0bserve thåt it is possible to use
synbolic labels (a character placed in the control colurn) {or the
Line nunbers rgferred to in the editing operations. In this case
the observation values are located on lines fror A to B and the labels
of the variables (colunns) on line c. llote also that each observation
nust'be preceded by a contiguous alphanureric string (nane of the
observation ).

The nodel to be estinaied has to be defined by a I{0DEL specification.
In this case the mdel BEERI is defined on lines 1?-18, the line lB
containing the nodel in the fona (regressend)=(todel function).
The nodel function is written according to the norlal BASIC notation
{or algebraic expressions, but the variables (regressors) are notated
by their labels in the DATA specification and the paraneters by any
other nales. Hence, rhen ESTII{ATE tries to analyze the nodel, it
interpretes aE Faranef,ers all rords nhich ane not recognized aE
variables. A{ter the intenpretation the rodel {unction is converted
into a standard forr, nhich in this case iE

A (1)+A (e )*L0G (X t4 ) )

and uhere At1),4(A),... stånd for paraneters to be estinated and
Xtl),X{e},... are variables of the data set in the order they appear
in the data natrix.

The regressånd, here log(Beer), nay also be a {unction and has to be
rritten according to the sane rules as the nodel {unction. It is
interpreted and converted in a sinilar ray. (AIso ihe regressånd lay
include Farereters to be estinåtedi see ? and 1å.)

After the rodel has been analyzed its {irst and second partial deri-
vatives rith respect to the paraneters ritl autonatically be evaluated
and then the nodel {unction, the regresEand and these derivatives are
presented as EA$IC subroutines norking in conneciion uith the nain
Progral.

In the linear ceEe, rhere the second derivatives vanish, the routine
{or these derivatives is autonaiically oritted.
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4, CO}TPUTATIONAL I{EI}I(IDS

The rain eslinåtion nethod o{ ESTIIiATE is the ordinarv least squarEs

(0LS) rethod' (For alternetives see 8. )

The itenative nulerical algorithn needed for nininizing the residual

sun o{ squares nay be selected by the uFer by an extra specification
llETH0D typed in the edit field. At the norent re have three aliernati-
ve5:

l{ETHOO=ll },lsrton-Raphson (see e.g, tlalsh, 1975 p'108)

IiETH0D=O Davidon{letcher-Pone11 (Eee e.9. ldalsh, 19?5 p.110}

I{ET}100=H Hooke-Jeevee tgee e.g. l{alsh, 1975 p' ?6}

I{ the |{ETHt}D specification is nissing (as'in our first' exarPle)'

ESTIIIåTE EElects the corputational algorithn according to the tvpe

of the nodel.- 
lrri neston-Raphson rethod finds the optinun.{or a quadratic

objective function (i.€. {or a linear nodel riih resPect to
paraeters) in one iteration-round.shich corregponds eractly to the

conventional procedure of solving thE linEar nornal equationg'

Hence, in case of a linear rodel l{EIH0Od{ is alsavE defau}!' 
..

In other cages the defautt is ltEltloo=o, since alihough the Neston-

Raphson nethod iE the roEt efficient, rhen it rsrks, it.is unreliable
in rore corplicated lodels and esPeciallv uhen the-initial valu91

{or the paralelers åre Poof. The $avidon-Fletcher-Pmel} (v:riable

mtric) rethod seeag to be one o{ the best nunerical procedures for

;;;;;i ririi"tt"ned optiriration problens and it nev be noticed that

lo."u* of a linear nodel the result is reached a{ter a finite nunber

oi ileration steps. In {act the nunber of iterations required equals

to the nunber of parareters to be esiirated'
The siaple but ingenious direct search nethod by Hooke and Jeeves

(selected by }iETHOO=X) is here neent Prinarlv {or inprovins ihe

initiat esiinåtes and for very irregular nodels {e'9' lhen the nodel

{unction is not dif{erentiable).

5. IilITIAL ESTIITATE5

The initiel values for the paraneters io be estinatEd are not needed

at all rhen dealins $ith linear nodels. In non-lineat cåses' ho$ever'

goodapProxinations{orthefinalestinatesarealnaysdpsirable.
The default {or each initial value is altlays 0, but the user cEn

"nt"t 
iit grrn suggestions sinply by tvpinS {Paraneter nane}={initial

value) in the edit field, Since the {inal results are displaved in the

t"n" +otn (see Oisp.?), reeults fron a Previous esti$ation nay also

be directlv enploved as initial valueE {or the nert one'

lhus rhen develoPing a nodel e.g. from a EinPle to nore a corplica-

ted one the user asy sinPly use the present results as starting values

{or the next attenPi. ntto the iteratior nåv alnavE be int'erruPted bv

Pressittg,.,({ullstop)andwhencontinuing(a{terchangingtheno.
del, data or the conputational nethod) the tatest valges.of.the para-

reters eerve ås initial vElueE, unless Etsied otheruise by the user'

For exarple, in Disp.l re could generalize the nodel on line l8 to
the folluing non-linear {orn!
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Disp,3
14 r Spain e.5 0.03 43.6 73'?, ?..1
15 B England 1.8 3,49 1r3.? 5.1 1.4
16r
L7 *}IODEL BEER1

18 r lo9 (Beer ) =conEtant+coeff* Iog ( Tea+C*Cof{ee )

19*
20 *ESTII{ATE COIJI.ITRIES,ffiERl,El
el * constånt=4.488964 (0.1555?49)

22 * coef{=0.3ä76€88 (0.0?Se?09}

e3 * RSS=1.553654 Rt?=0.6545
e4r
e5 *ltETHOD=t{

I{ then ESTII{ATE on line å0 is re-activated, the preselt valueg of
'constant' and 'coef{' on lines ?1 and 2P uill be used as initial
Estinates and since no initial valuE for the nen Paraneter (C) is
given, C=0 uill be used as such. 0bserve also thei ne have inserted
l,lETH0O=il on line E5 thus requiring that the Nevton-Raphson nethod

ought still to be enployed, although the nodel is not linear enynore.
A{ter 9 iterations ihe {otloring results uill finallv be displavedi

Disp,4
14 l Spein P;5 0.03 43.6 rc.? A.7
tS B England 1.8 3.49 113.? 5.1 1.4
16r
1? 4,IOOEL trERl
18 i 1o9 (Eeen )=constEnt+coe{{* log ( Tea+C*Coffee}
19*
EO *ESTI}IATE COIfiTRIE5,BEEru,El-
el I constant:4,163?18 (0.50?S59)
ee n coef{:0.5183450 t0.e50794?}
Eg * C=0.0609008 (0.10594?0)

e4 * RSS=1.488P58 Rtä=0.6691
a5 *ilETHtl0=N

6. C0t{$TA}trs ll'l THE l,l0oEL

Nunerical constants appearing in the rodel can, of courge, be nota-
ted nornally as nunbers. Sonetiaeg, hilever, it is useful to have sytr-
bolic notetions, In that casp the value of the constant should be en-
tered in the edit field in the forn

{nane of the congtant}={nunerical value}
rhere (nane of the constant) is a string starting rith a'il'.

Eranples of syubolic constants! SFI=3.14159865 $llean=3?0.333ffi.
0bserve that in the uodel the Enbolic constants are notated rithout
the prefir 'fl'.

By using this fecility it ie aaEy also to fix any Paraneter in the
aodel tenporarily.

In the nert erarple it is shmn, hor to conPute å leail of a variable
and then use its centered values in another nodel.

In {act He åre continuing the previous exa.ple and at first Dåke a

border line of rongecutive '.'s lline 3? in the nsrt display),
Thus ue can define independent regresrion scherss in the sanc edit
field according to the sane rules as tle havc for conputation rchnm.
Observe houever, thet the data sets (DATA specification) and rodels
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(|{0DEL specifications) ete alraye Slobal and can be re{erred to fron

any sub{ield. 0n the contrary aII speci{ications uEing the connector
,=i åre local and accessible only fron ihe sane subfield linited bv

the *.r...r.... lines, Thus initial valueEr syrbolic constants and

Extra specificEtions like l{E1}1t10{) are sei separatelv for each gub-

{ie Id.
l{ou, in order

viation ) of the
ESTII'IåTE cå11:

Disp.3

f,o compute the arithmatic nea$ (and the standard de-

vårieb le 'TEä', ul8 cåTl B$tqr the folloning uodEl ånd

p6

?7
e8
e9
30
31
3A

33
34

*
*
*
*I{I}DEL A1
*Tea=TneåR
*E 5T II{A TE [O UN Tfr IE S, A I , 3P-
*
*
*

since $tsl (Tea-Tneanllä is nininized nith resPect ts Tlean shen

Tnean is the ariLhnetic reat of the variable 'Tea" activation o{

ESTIIiATE on line 31 then leads to

Disp.5
1 SUR$I ?6 EOITOR (C)19?9 S.ituFtonen (100x100)

eö*
?7 *..1. r. r r... I t I I t tt I c t r I t

eg*
A9 IHOOEL A1

30 *Tea=Tmeån

3T TESTII{ATE COIJNTRIES,SI,SE

3e * Tuean=O' ??66667

33 * RS$=19.5854? Rfä=O

34r

shere ne have the arithretic nean o{ 'Tea' Tneån=0'??6666? and its
sLnoana deviation (0.gg81944). To conpute a quadratic nodel for
,Beer' rith ,Tea, as the sole regressor Te ray enter another rodel A?'

rhere ,Tea' eppears in the centered {orn Tea-Trean, To enploy Taean as

a constant in this nodel ne add a 'il' in front of Trean on line 3t.
Activation of ESIIIIATE on line 3? then leads to the result!

t s.3851944 )
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*
*

ES I TI}R ([ ) 1979 ( 100x 100 )
0.is*.5

e6

71
e8
P9

30

31
3e
lrrJ
ult-l

34

35
36
,'J'I
r-r I

3S

3S

40
41
4e

t
T}IODEL A1
* Tea=Tmean
TE ST I}'IATE COI.h{TRIEs, A1, 3E
rsTmean;0" ??6666? { 0.3851944 }

* RS$=19.59547 RfP=0
*
T}'IODEL AE
ffleer=6+[* t Tea-Tmean ) +c* ( Tea-Tnean ) +e
*ESTII'IATE COUNTRIES, AA, 38*
* a=111.3094 (L?"6e399)
* b=8ä.63949 (AS,188?1)
* c=*ä8. Se650 (10,e?111)
* RSS=3195.018 R+A=0. ??el
t

7. IdEIGHTING SF I}FSERVATIONS

The observations can be rEichted by using a HEIGHT Epeci{ication
ffi IEHT={reight {unction}

nhere the seight function is a {unction of any variables appeEring in
the date set (typically the ueisht {unction is siaply a variable). I{
ffiIgHT is not given, UEIffHT=1 is used aE default. The reighi funclion
is expressed according to the sahe rules as the nodel function, but no
unknurn paraneters are allored

Then ffiIGHT is in use, it is possible to eEtinate rodels of the
general type

9 (X,fl 1=41;,4 )+eps/sqn (r,r {X ) )

shene
X and A are the variables and the paraneters, respectively,
g(X,A) is the regressand ({unction},
+(XrA) is the nodel function (regressor function),
s(X) is the neight function,
eps is a nornal error tern nith zerg nean and unlcnwn

csnstan! variance.

To speci{y this kind o{ a nodel for ihe ESTI}IATE operation re have
to de{ine }tt}DEL in the {orn g(X,A)=f (X,A) and HIGHTT{X}.

If gLX.A) iE ,irldependenl of A, nhich is the norral caser Be dbtsin
laxinun likelihosd Estiriåtes fsr the paraueters A nhen itre standard
0LS criterion is used and the ohservetions are independent.

If S(X,A) depends on A, the estimtion procedure nill not take into
accounl the Jacobian of the g-transforuation {Eee B}. To guarantee
that the optinization probleu is rell-defined, the rodel is to be for-
rulated so ihåt the regnessand nill be approxinately independent of A.

To denonstrate the use o{ ESTII,IATE in this general situation se take
a sinulation experinent. In the nert display å0 independent obEervat-
ions are generated according to nodel

f=E+[*sin ( s*f) +sqp (t)*spg
shere t=1,å,,..,e0, a=100, b=10, c=0.1 and eps is H{0,0.3tP}, This is
done by activating the CUI{P operation on line 5?:
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Då,pp rJ
1 $URl,'o ?6 ES IT0 (C ) 1979 S.llustCIile[ t 100x 100 }

5eI.....ttl'|l.l......r.lt...i,l,,..t...tl..

sg * 
'tr'rr'r""'

54 * f=s+!*sin(c*t)+sqr(t)*eps
5E * a=100, b=10, c=0.1, eped.G(0'.09'rnd(l))
56*
5? rc0l,lP 61,80,60,59_
58 *DåTA TEST,X,Y,Z
59 * xx 1e3.1e3
602tY
61 X1 I 100.681
6e *e e 10e.$1
63 13 3 103.017
64 *4 4 104.069
65 *5 5 105.693
66 *6 6 105.18e

6? *7 ? 105.315
68 *8 I 10?.637

69 19 I 10?'ffi0
?0 * 10 10 109.704

7L r 11 11 109.471
T? *le lE 109.9&
7g * 13 13 109.81?
74 * 14 14 109.94e

?5 * 15 15 111.600
?6 r 16 15 1$.e?3
11 * 1? L7 11e.443
?g * 1g 18 110.741
?9 * 19 19 108.345
80 Y e0 a0 106,565
gl*

Using this arti{icia} data set ne have tried to estinåte the sene

rodel {irst rilhoui neighting the observationE (lines 84-91 in the

nert display) and then by erploying cornect neightinS (ueight functisn

s(t)=l/tl lines 93-98).

OiEe' q

8A

s3
84

85
86
8?

B8

89

90
gl
9ä
93
94

95
ffi
9?

98
99

*o a t t t t a t c t I t o a l t t t t t I r t t 
" 

l I I I t t r

*
*ITI}OEL TRIG
*f=s+[*sin tc*t ]
T

*E$T IHATE TE$T, TRI6, 8S

t äs99.P654e (0,70438e0)

* b=11.P8469 (0.8837113)
* c=0, L094699 t 0.004388e )

* R$S=18.31.13S RfA=O.glä I
*... !. t r I

*UE IgHT=1/t
*ESTI},IATE TEST, TRIG, 95-
* åä99.60S4S
* b=10, g 85l
r c=0. LffiS417
* RSS=?" ffi9696
*

t 0. e8äs318 )

( 0.4674e75 )

( 0, 0048035 )

R+9s0,9695
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8. ESTIIIATION CRITERIA

The nornal estination criterion in ESTIIIATE is ondinery least squa-
res (OLS) uhich in case of the general nodel preeented in the previous
chapter (nodel 9(X,A)={(X,A), }EIGHT=u(r)) inplies the nininization o{

StSt r (X )r (s (X,A)-f (X,A ) )fe

niih respect to the paraneterE A.
Bv using an extra speci{ication 0RIIERI0N=Lp rhere p is any poEitive

ronstent the estiaates rill be ohtained by riniuiring the generalized
criterisn

Stfi s(X)*ABS(s(X,A)-f (X,A) )tp

CRITERI0I{+E is alnays default and thus corresponds to 0L$.
CRIIERItIII:L1 can also be given in the {orn ERITERI0I{=ABS and it in-

plies the Eun o{ absolute deviations to be used as the object {unction to
be uininized,

The influence of the criterion selected is illustrated in the
follwing display Ehere a Einple data set having a "serious outlier,
on line 15 is analyzed xith the nodel Y=aiX (true a=l) and by using
p=P'1,0.1 and 10 successively.

In the results obtained by Hooke-Jeeves' npthod ne have R$S=lininun
value of the object function and il(fnct)=nurber of function evalua-
tions.

Disp.9
I -- SURrö ?5 EDIT0R (C)19?9 S.t{ustonen [00x100)

1*
E *ilOOEL YX

3 t|=6*f,
4r
5 *ESTII{ATE KOE, YX,6
6 * å=1.0e59?4 (0.03e9549)
7 * RS5=3 .740fl6$ RtB=0,9555
8*
I *0ATA K0E,11,ä0,10

10 * xY
11 r I 11
lE *e ae
13 * 3 33
14 * 4 44
15 *5 57
16 r 6 66
1? * 7 77
18 * B 8g
19 * g gg
8S *10 1010
el t
?2 TCRITERION=II l,lETH0D=ll

E3 TESTII{ATE XIIE,YX,E4
?4 * a=1.0005833?5
eS * llIN Lp=E.0e6e518?5 N(fnct)s3? Final step lenst6=.g999?656?s
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g6

71
e8
ä9
3S

31
3A

33
34

35
36

t. r. r.
TCRIIERI0II*10. I I{ETHOD=H

*ESTII{ATE KI}E,YX,E9
r a=l
I l{If{ Lp=l.0?1??34645ffi il(fnct)=ä5 Final step length'.0009?656e5
*. a a r l r a a ,, r a t t a ., a a r r I a t ! I I a I n, I I t a t 

" ' 
l ! t t t I I I | 3 t r I t t t r

*CRITERI0N=Ll0 ltElHtt0+l
TESTII{ATE Kt}E,YX,34
* a=1.183045875
* llllt Lp=3?.?860085865? N(fnct)c3? Final step lengtha.0009?656å5
lt

9. RESIDUALS AI{O PREOICTED VåLIE5

The residuals gtx,A)-f(x,A) and the predicted values f(x,A) and

g(X,Al ray be conPuted iointly rith the ESTII{ATE oPeration and dis-
ptaveO as n€H .otutit iu the data ratrir. In this case the EgTIilATE

call rust include an extra (fourth) Paraneter shich is the nuuber

(or lebel) of an inage line. This inage line indicates the places and

forrats of the pertinent nen colunns so that--nn.nnn 
ir-i""g* ior residuals g(X,A)-f(X,A),

-GGG.66 is inage for values g(X,A),
+FF,FF is irage for values +(X'A).

Any of ihese opf,iors nåy, of course, be oritted. Also the order is
inraterial, but all colurRs indicated by ihese ilagå5 rust he loceted

on the right side of the data set involved'

In the next displey our first exånptre

using this Extrå påråBeter (imaEes itre

Oisp, 10

1r
e*
3C

( digp leyg 1, e ) is rweåted bY

on line 16 ) in ESTII{ATE.

uRu0 EO ITCI (C ) 19?9 5,l'lustongll t 100x 100 )

4

5
6
7

I
I

t0
11
rp
13

t4
15
16
1?

18

19

e0
er
pa

e3

A F in land
* $ueden
* Oannarlt
* l,lorwey
* France
* Ire land
* Itely
* Ho l land
* PortugåI
* Ssitzer land
* $pein
B E ng land
*
*TI}OSL BEERT

r log (Beer ) =constånt+coefft log ( Tea )

t
*ESTIHATE COIJNTRIES, BEERl., ä1, 16*

[o{$ee Tea Beer trlinE SPirits
le.5 0. 15 54,? 7.å 7,.1

1e"9 0.3s 58"3 ?.9 t.9
11. I 0.4L 113"1 10.4 l" ?

9.4 0. 19 43,5 3.1 1. g

5. g 0, 10 44.5 104,3 e.5
s.a 9"73 194"5 3.8 l.g
3" 6 0, 06 13,6 10S.6 ä, 0

9. e 0.58 75,5 9' 7 ? '7
g, P 0, 03 e?,5 891,3 0' 9

9,I 0.e5 73.5 44.9 e" I
9.5 0.03 43.6 73.9 ?..1

L, g 3.49 113. ? 5, 1 1" 4

( 0. 1565?49 )
( 0. 0?5ä?09 )

0. 134 4. 00 3" 8b
-0. 048 4. 06 4. 09

0.538 4. ?3 4. 19

-0,17e 3. ?? 3,94
0. m0 3, ?9 3, ?3

-s.095 4. åe 4"9ä
-0.95? e,61 3.55
0.013 4.3e 4,31

-0. 0e5 3" 3L 3.34
0. e6a 4 .?9 4. 03

0.434 3.77 3.34
-0. 164 4.73 4. 89

-R. RRR -60. GG -FF.FF

* constant=4.488964
r coeff=0.3e76e$8

*SW DATA

*DATA IOUhITRIES,A,B, I

* RS$=1.553654 R+gä0.6545
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10. SELECTINE OB$ERUATIONS

The inage line speci{ied by the extra {ourth paraneter in the ESTII{ATE
operation (see 9) nay also be used to indicate the observationE rhich
actually are io be handted. Setting an irage I to any position on this
inage line inplies thE corresponding colunn in the data set to be sel-
ected as the indicator. If a 'blank','0' or '-' occurs in that colunn,
the corresponding observation sill be onitted. All other characters
tet the observation to be analyzed.

The residuals and predicted values set by the såre inage line rill,
horever, be conputed al6o {or observetionE rhich are onitted in the
estination procedure.

In the preceding eranple 'Italy' seerE ts be an erceptional obser-
vation. Treating 'Itely' as an outlipr fle nåy repeat ihe sane analysis
by using the indicaior specified on the inage line 15. Thus by reacti-
vating E$TII'IAIE on line 30 the fotlmins results rill be obtained.

Disp,11

I S!8V0 ?6 EDITO.R-- tC)19?9 $.1{ustonen (100rt0.0) 
,1 *SAVE DATA

E *DATA C8I$ITRIES,A,B,C
g C Cof{ee Tea Beer Uine Spirits
4 A Finland $.5 0.15 il,? ?.6 ?,.7 0.018 4.00 g,9B I
5 * Sleden 1E,9 0.30 58,3 7.9 e,9 -0.110 4.06 4.1? I
6 * Dannark 11.8 0.41 113,9 10.4 t.? 0.4?4 4.?g 4.e6 I7 * Norspy 9.4 0.19 43.5 3.1 t.g -0.a?g g.?? 4.0S I
I * France 5.P 0.10 44.5 lM.B e.S -0,089 g.?9 g.B? 1
I r lreland 0.4 3.ru 1l{.5 g,g 1.9 -0,099 4.& 4.8 I

10 * Italy 3.6 0.05 13.6 t06.g e.0 -t.tg0 e.6t 8.74 0
11 * Holland 9.e 0.59 ?5.5 g.? e.7 -0.090 4,n 4.S I
lP * Portueal e.P 0.03 e?.5 8:t.3 0,9 -0.eg8 g.gl g.SS f13 x Srit,zerland 9.1 0.25 ?3.5 44.9 e.t 0.1?0 4.e9 4.1å I
14 r Spåin e.5 0.03 43.6 Tg.e ?.7 0,eAe g.?? g.SS r
15 F England 1,9 3.49 113.? 5.1 1,4 -0.106 {.?g 4.F 1
16 f R.RRR -GG.GE fF.FF I
1? *}IODEL HER1
18 * log (Beer ) =constant*coeff* log (Tea)
19r
e0 *EsTIl,tATE Ctlts{TRIES,trERl,et,16
el * constånt=4.5016f (0.0909984)
ee * coeff=0,P?05604 t0.0454tr15)
eg * RSS=0.4?17560 Rtä=0.?9?P

11. },IAXII{IJ},I LIKELI}IOOO ESTII{ATES FCIN U{IUARIATE DISTRIBUTIOilS

The ESTII{ATE operetion also enables the conputation of naxinur like-
lihood estinåteE for a user-defined univariate distribution. In ihis
case the llCIDEL specification has to be nritten in the forn

*l{00EL {nane o{ the nodel}
*L0SDEllSITY={logarithn of the denEity {unction}

Thus the logarithn of the density {unction of a single observation
has to be givEn and it is assuned that the data sat defined by a 0ATA
specification is a randon sanple of the distribution in question.

Otherwise the ESTIIIATE operation is used in the sane ray as in reg-
ression nodals and some extra speci{ications and options (like }lETX0D,
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lconctrnts, initial vrluos) ere rtilI velid'

As an exanple re try again to estinate the nodel apPeering in

diEplay 1, log(Beer)=constant+.os44ttog(Tea) rhere it is hitherto
tacitly assuled that the ilodel has an additive nornal error terr
rith zero rean and unknmn constant variance (notated by 'var' in
sequel).

The sane problen nay nor be handled by entering ihe lEgdensity o{

the nornal distribution {or 'log(Beer)' uith nean
iionstant+coe+f*Iog{Tea)' and variance 'var'. This is erPreEged as the

rodel N0Rl'lAL (on lines 1S-19 in the next displav).
Since 'val' ig a "nuiganceo pårileter {or conPutationål reåsonE'

too, it is best to start the estinåtion by keePing 'vår' consiant

by setting Svar=.l (on line ?1).
åfter E$TIIIATE notr on line E? has been activated ne shall have the

follsing display rhere the estif,åtes obtained {or 'congtgnt' and

'coefl'are {inal (due to the {orn of ihe nornal density)'hut their
standerd enrots are not.

0isp.lF
?6 EOITI}R tC ) i.9?9 S, ftuslasex 100x 100 )

1*
E *DATå CtII.SITRIES,A'B'C

3 C Co{fee Tea Beer Tine SPirits
4 A Finland 1P.5 0,f5 54.7 ?'6 P'?

5 * srEden l!.9 0.30 58'3 1.? q,:
6 * 0annark 11.S 0,41 113,9 10'4 1'?
1 x ilorray 9.4 0.19 43.5 3,1 1.8

I * France 5.a 0'10 44,5 104'3 g'5

I * Ireland 0.e 3.?3 134.5 g'g 1'9
10 * Itely 3.6 0.06 13.6 106.6 e'0
11 * Holland 9.e 0.58 75.5 9'7 e'7
tå * Portugal 3..3, 0.03 å?,5 89,3 0.9

tg * Suiizerland 9,1 0.AS ru.s 1.? 1.1
14 I SPåin e.5 0.03 43.6 T3.e A'1

15 I England l.g 3,49 r$.? 5'l 1'4

16
L7*
18 *lltlDEL NtlRl'lAL i

ig *LSGpENSITy=-0.8* ( ( log (BeEr ) -constant-coef{* log ( Tea, 11g/vsr+ log tvar } )

e0 *HETH0O=N

el *Svat=.1
eP *ESIII{ATE C0${IRIE5'il0RltAL'e3-
eA * constent=4.488964 (0.f56160)
e4 i coe{f'0.3ä?6å88 (0.G03879)

l{m to obtain the }'lL estinate for 'var', ne {ix 'constent'and
'coe*l'by sEiting å 'S' in front o{ thEn on lines ?3-P4 and on the

other hand delete ,s, fron line ?1 thus letting 'vår' be the only

påraneter to be eEtimated.
A{ter altering the last Påråneter o{

reäctivating line 33' å nF$ r€6ult Hill
ESTII'IATE from e3 to eS ånd bY

äppFär on line t5:
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H.rE_
18 *I'II]DEL NCIR}IAL

19 rt-0G0Et{SITY=-0.5* t ( log (Beer ) -constant-coef{* Iog ( Tea ) ) t?/var+ log ( var ) )

e0 *|lETH00=N

e1 * var=.l
EE *ESTII,IATE COI${TRIE9,N(IR}IAL,E5-

eg *$constant.4.488964 (0.1P56160)
e4 rlcoe{f=0.3e75e88 (0,0603879)

eS * var=0.1P9471P (0,05e8564)
26*

To obtain correct vatrues for the standard errors åDd to check thE
results in genenal it is best to do the sene job nith all 3 paraneiers
sinultaneusty still once, Thus after erasing line Pl and the ,$,s fron
lines 33-?4 and by activating ESTIIIATE ne finally have

Disp,14rr-*
18 *t{80E1 N0RI{AL

19 *L080ENSITY=-0.5*( ( log(Beer)-constant-coe{frlog(Tea) )tPlvar+1og(var} )

a0 *itETH00d't

al *
EE *ESTII,IATE COIJ}ITRIES,}II}RfiAL,g3-
A3 t constant:4.488964 (0.14e93e7)

e4 * coef{s0.3875P8$ (0.0687U6}
g5 * var=0.1194?18 (0.05f,F64)
26*

le . SPECIAL APPLICATIIINS

It has been stated previously (eee ?) that also the regressand in
ihe nodel defined by e |{0DEL specification råy include pareneters to
be estinated, but the estiurates obtained in this case using the
(neighted) {lLS criterion ere not l{L estirates.

As a first sinple exanple of this general type re consider a nodel
of the foru (X-allP=b nhere X i a variable and a,b are parareters to
be estinated. It iE natural to expect that a is near the nean o{ X and
b is near the variance o{ X.

Ue apply this nodel to Ctltf{TRIES by using 'Beer' as X. Thus re
activate ESTII'IATE on line 31 in the next display.

t)isp.15
?7T
eg *lt0DEL ab
e9 i(Beer-a)l?=b
30*
31 tE$TIIiATE Etlt${TRIES,ab,S
3e * s=?P.79598 (4"935?0Al

33' * b=1P?0.?1? (344.$4?)
34 * RS$=13663151 Rt?=0.0000
35*

To conpare the results obtained uith the true nean and varience of
'Beer' Be nåy conpuie these Etatistics directly either by estinating
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nodel ,Beer=constant, (see Disp.4) or by using the STAT operation as

follors:

Qrg.nJ9.
ä *DATA COUNTRIE$, A, BO C

3 C Coffee
4 A Fån land j,fl 

" 
5

5 * S*eden J.e.9

Tea Beer
0.i,5 54.?
0,30 58,3

0" 03 43,6
3,49 113, 7

XXXXX

liline SpiritE
7,6 ?,.7

?.9 ä,9

?3"e ?"7
5.1 1,4

14

15

16
1?

t Spain P.5
B Eng lend I.. S

*
*

31 *ESTII{ATE C0I}'ITRIES'ab'3?

3e i e=??.?9599 (4.9!5?03)

33 * b'1å80.?1? (344.894?)

34 * RSS=13663151 Rl3=0.0000
s*
36 tsTATC0tflTRIES,l5,37-
3? * Beer: il=13 l{EAt{=65.566? STD'DEV'=35'?0P5

38 * SKES'IESS=0.4049? EXCE$S=-1'154S6 :

39 * ilIl'l=13.6000 ttAX'1P4'500

40t
41 r STD.DEU.t2=13?4.6?5646?6

4e*
43 * ltEAil+0.5*SGS|ESS*STD.OEV.=?e'795940961

44t

After the STAT operation on tine 36 has been Ectivated' the basic

stetiEtics fot 'Beer' (indicated bv X'5 on the iuage line 16) nitl
il;;ri;;.d fror line 3? (=last Paraneter in $TAT) onrarde.

It is seen irrediately that a and b.do not natch eractly rith
l,lEAl{ and sTo.DEU.€ (rhich is conPuted e{tErwerds on line 4l}.

In{act,itcanbeshffnthattheOLSprincipleinthiEcaseleads
to an estinsie a=}IEAN+0.5*S}G$ES$*ST0.DEV and this result is deronst-

i"t.l tt line 43.

As another exanple ue shall study the e{fect of the Box-cox poner

trensforuatiot in a certain sPecial case nhere it is aEsured that
ihe rodel (Ytt-1)/c=e*x+b+ePs is vElid for sone unknurn value o{ c'
An artificial data set of 40 observations uith X=1,2""'40' a=-0'l'
6=g, eps=N(o,0,1) and c=0 (i.e. log(Y):råfx+b+eps) is generated by

a C0l{P oPeration!
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1*
e*
-t: *

4*
5*
6 *C0l'lP

7r
8t
9r

Prp,g.,..lI
I

10r
11 *
le*
13*
14*
15*
16*
1?*
18f
19*
a0*
tl*ee*
flä*

11 , 50, 10, 9*

xx
X

I
e
F1

;r

4

b
6
?

I
I

10
11

le
{å&r.l

SURUI} 76 EDITOR (C )19_79 $.llustonen ( 100x 100 )

6 *C0l,lP 11,50, 10,9v*
8 *DATA XY , A, B, f,
9* xx
10cx
11 All
J.e*P?
13*33

Y*EXP (-,elX+3+N.G (0r, l, Fnd (1) ) ]

14.1e3
Y

17.489
19,316

g" 050
15" 391
4.6e9
4. 8?A

5.35g
4.95e
e.430
4. e08
e,3a9
1. e6g
1.011

YYYYYY

Y=EXP (-.erX+3+N,G ( 0,, 1, rnd (1) ) )

1A. 1e3
Y

L7 "483
le.316
9.050

I
a

3
4

5
6
7

I
I

10
11

la
13

To 58e the nature of the Eituation obtained, a PLIIT operation
{on Line 4} is activeted (after labelling il're data Eet by å SATA
specification on line 8):

P.ågroåff

1r
g*
3 *SIZE=500,500

4 IFLOT XY,s-
5* TT

and the fo I lo$ing p lst lli 11 appeår on il're graphic screen I



S,llustonen : 5URU0 ?6 ES IT0R

Estimation of regression nodels (ESTIHATE)
i,3.9.81 16

D I AGRftI'I

19

XY

16

13

1

-?

F ina tr 1)/ , ån E ST IltA TE

is ectiveted using f,=l
resu lts åre ohtained !

OF

Y

10

7

4

operation supported bY ä I'I0DEL

ås å!r initial estimate end the

T II,IE

specification
fol loulins

pi.eP J9

48

49
50
51
5A

59
il
55
56

5?
58
55
60

Sinc e

* C=0.0334?40
* a=-0.1886771
t b=P 

" 
93ee39

* R$S=3" 8g1644
*

the residuals

*38 3g
*39 39
840 40
*
*I{ODEL TEST
* (YtC-1, lt *61[+[
* C=L
*E ST I},IA TE XY , TE ST , 56 , 51-

0.0L0 -0.03e
0.005 -0.431
0,007 0.040

-R. RRR

( 0" 0e066la )

( 0. 0058e34 )

( 0. 105ffi49 )

R+A*0.9809

$ere also colrrputed (due to

(C ) 1979 $.l{ustonen 00x 100 )

-R. RRR on the inage



S,l'luston€n : 5URU0 76 ED IT0R
E Etimation of regression node ls (ESTII,IATE )

13.9. 81 17

Iine 51), they can inmediately be plotted on probability paper, too.
At {irst re sort the observations rith a S0RT operation (on line 61)
by using the residual colunn aE a sort key

Disp.?0
I SURtrtl" 76 EDIT0R , (C)19?9 S.l'lustonen ll00r10Q)_

48

49
50

51
5e

53
54

55
56

57
58
59
60

6i.
6ä

*4
BPl
f

S+sg.31
8 TDATA

9*
10c
11 Ae3
le r13
13 * t9

XY'A'BnI
XX

x
e3

13

19

* e9 e9 0,115
4 15,391

e1 0. ?19

le. ffi3
Y

0.144
1.011
0,'331

0.45e
0.694
0.701

L11111

Residua I
-0.469
*0.469

-0,43e

rt'tfl0El TEST
* (Y tfi-l 't l|=atx +b
r C=l
*ESTII,IATE XY , TEST,56,51
* C=0. ffi34740 (0.0e066ffi )
* ås*0. 18S67?1 ( 0. 005ffi34 )
* b*P.93te39 t 0. 1051? 4S )
* R$S=3.831644 Rtfl=0,980e
*
*SRT XY,51_
*

and then the required plot is obtåined hy activating ihe follsrins
PL0T operatisn (on line 6E uith an iaage line 51 rhere PFPPPP nm ir-
plies ptstting on nornal probabitity peper).

48
49
50

51
5e
53
54

55
56
5?
58

59
60
61
6P

63

ra9 ag
*44
Bel el
*
*}IOOEL TEST
* (Y+C-l)/C=a*X+b
* f,=l
*EsTIHåTE XY, TEST, 56,51
* f,=0. 033t7{0 ( 0. Oeffi6ffi }
* a=-0.1895771 (0.0ffi8434 )
* b=fl,g3eg:S ( 0. 105ffi49 )
* RSS=3,831644 RtPe0.980ä
*
*slRT xY ,51
*PLOT XY,51*
t

0,115 0.45e
15.391 0.6grl
o'71e 

rl;#å
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ESTII{ATE can also be used for Eolving nonlinear equations in thE

folluing lay, To {ind a real root for the equation

Fin(Xlt+1)=sqr(X)-1 re enter il as a nodel E0tSTI0l{ (on lines 49-50 in
the neri display) and activate ån ESTII{AIE (on line 53) nith a 'durnv'
data set {C0I${TRIES} and X=l (on lile 51} as the initial value. 8v ihe

llooke-Jeeves' rethod (i|EIH0D'H) the {0110*ing resuli Eill be obtained!

Disp.??

- 1 $URIW ?6 EDII0R (C)19?9 S.l{ustonen - (100110!L. 
.

47 *........... . r.............r.r . rr. r..r|.. t. r.... r.........r.

48*
49 TIIODEL EO[nTION

S0 *sin(Xtl+l)=sqr(X)-l
51 *X=1

5A rilETHOO=H STEP=.1'.00001
53 *ESTII{ATE COISITRIES'EOIJåTION'5d
54 * X=1.3991690€1876
SE * RSS=.0000000030€06458? N(fnct)=S0 Final step length-.00000610$156es
56*

il I åGRftI,I OF XY

0. B Funal -guant i 1e

0,4

0

tIIc
rl
e

rGI

a
C

t
t

t

t

*(l .4

-0. B
-0. B *0.4 0 0.4 0.8

Residuöi
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