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Robust Beta Estima tion and Applications 

The &; HI!Ue;, for the WI?;ghted regr,,*ion aIV geuenJly lo~er than that of the 
non-weighted equivalent. The R" ."lues fur the Ll dJld Lp estimate'; are simi!;u- to 
thif;e of the non-weighted estimates. The weighted OLS estimates howevffl" produced 
sigTlifkautly higher R~ valuPS as well as lower 11; and clearly provided an improved 
fit when compared to the non-weighted OLS. 

Efficient Front iers. 

Effident front iers generated from the weighted regrps<;ion €f;t imates for each of 
the different bounded formu]atious discussed in the prpvioUB sect ion are plot below 
in Figures 8 to 10. The efficient front iPTh generated from the non-weighted regression 
are plotted on the same set of axis as the output from the weighted regre&<;iOll . 
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Figure 8 Sharpe Single Indh Model (0 - J Rounds) 
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Sharpc Singlc Indcl Mlldcl (0.0.25 Bounds) 
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Robust Beta Estimation and Application~ 

From Figurf' e; it is df'dT tjlat, the weighted i'5timati'" generated efficient InJIl­
tiers tha.t outp<,~[ormed the nO/l-,\;f'i~htro equivalents. Th", out perf0rmanc-", 0f tlw 
weighted L; w.,d Lp estimat<''5 CJ\-W th", lloll-weightRd equ;valf'/lto did not appear to rw 
very large. Weighted OLS did bow'f'w" significantly outperform UOIl-w'f'ightf,d OLS 
and reinforCf''; thf' f'arlie:r Buggec;tion that, it provided a superior fit to tbf' model. The 
plot with (0. 0.25) bounds produced very similw.: re;;ults though the smaller Sf,ale d0P:S 
highlight the improvemellt.s that the wf'ighted ~tiUla.tt:s make in the generation of 
effident frontiers. Th", (-I. I) reilliorC€'E tbe rf'5uit,<; from th", two ilrevious plots, 

12.3. The Sharpe Multiple Index Model. 

Rnhw,'t regression "'stima.tioll M,S also applied to the Sharpe Multiple Index 
/I.1odf'J. The robust techniqUf'5 \l,,","/ we,re Lland Lp regression. TheBe werf' COm­
pd,r",d to th", OLS multiple regres~ion. Tbe markd prOXif'f' that were r<'W"'~Sf'(1 the 
nine ~hd,r<"s \l.w,d in thf' anal:(sis are listed below. 

• JSE All Sha.n, lndi'" 

• JSE Banks Ind<'", 

• JSE Gold lndf'x 

• JSE Immrauce L"lex 

• JSE Platinum Index 

Tlw rf'gr"ssirJil output and the resulting efficient frontiers are given below. 

Regression Out p ut . 

OLS a fi, i~" ~, fi, iJ., ~, 

cr , R' 
Anglos 0.0035 1.70'27 0.1548 0.0739 -0.4&54 0.0103 0,iXI63 0.7J28 
D€ B€ers 0.0019 1.3200 OA179 0.0029 -0.3551 0.0957 0,0086 0.5408 
Gencor 0,0091 0,8593 -0.1362 0.04B0 -0 ,3233 0,3497 0,0051 0.4721 
Implats OJXll9 00894 0,0762 0.0739 -0.0593 0.9984 0,0091 0,7518 

:'I1~tlife 0.0053 0.6345 -00749 ·0.2124 0.1)402 -00905 00000 0,4915 

Remg,ro 0.0078 1.0577 ·0.2100 -0.0551 _0.0212 -0.C(l43 0<Xm 04532 
SAB 0.0010 (1.~709 -0,1434 -0.1070 0.1698 -0.1395 0.()(128 05408 

Sa.Pl'i -0.0066 1,%21 -0.1794 -0.2(;8{) -0.&(;50 -0.1)141 0.0038 0.3895 
St8.nbic 0.0063 1,1177 -0.2996 -0.268·1 0.265G -0.1462 0.0018 0.5163 
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R.obust Beta Est.imation and Applicatiorus ~(j 

L, a ~, ~, 73.J ~, ~, 
~, 

", R2 

Anglas 0.0024 1.615] 0.2032 0.01>54 -OA079 0.0424 0.00]2 0,7~99 

De Beers 0."," U849 0.3338 0.0056 -0.4169 0,(1827 0,((1:)6 0,4856 

Gencor 0,0111 0.G271 -0.1564 0.0307 -0,1633 0.3681 0.0032 0.4262 

Implats 0,0024 0 .0756 0.22~ 0.0696 -0.0842 0.9752 0.0017 0.7386 

Metlifu 0,()126 0,4971 0.Q135 -O.leRI 0,70(;!) -0.0969 0.0014 0,4807 

R~mgT(I 0.()I25 1.07(16 -0.1714 -0.0807 00766 -0,(1415 0'((160 0.4796 

SAB 0.0043 1.07R9 -0.0162 -0.1116 0.1067 -0.1662 O.Cl:.l20 0.5507 

Sappi -0,((121 1.3140 -0,(1098 -0.0589 -0.2766 -0.0398 O.Cl:.l13 (1.~699 

St.anhic 0,((145 0.6814 -0.3706 -0.]805 0.4866 -0.0332 00036 0.4749 

L, a ~, ~, ~, ~, ~, 
~, 

", R" 
Angloo 0,(1013 0,(1021 1.6379 0,1~5~ 0.0752 -0.4324 O.CI:.I13 0.74n 

De Be~r8 0.0032 0,((128 L3329 0.3691 0.0031 -0,3706 O,OCI32 (1.5408 

Gencor 0.()I29 0.0118 0.7'294 -0.1369 0.0443 -0.2Ot3 0.0029 0.4721 

hnplats O.IXIlS 0.0019 0.0871 (1.0871 0.0745 -0.0577 0,(1018 0.7518 
:\Jptlife 0.0014 0.0052 0.6154 -0.0755 -0.2054 0.6482 0.0014 004915 
Remgro O,(l(Jfjl 0.0063 1.0508 -0,20-87 -0.0723 O.Cl:.l46 0,[106] 0.4532 
SAB O,()I~l O.Cl:.l13 0.9739 -0.]052 -0.1(0) 0,1658 O.C(J2l (1.5408 

Sa-Pri 0,()114 -0.0061 1.5298 -0,(14(t2 -0.1444 -0,3611 0,((114 0.3895 
S(anbic 0.0037 0.0049 0.9681 -0.32-30 -0,2333 0.3405 0.0037 0.5163 

In what is a similar pattern (0 the results of the single index model, the OLS 
estimates generally produce higher R2 statistics but the L,l>lld Lp estimates have 
geuerally produred lower (T; values. 

EHkient Frout;cr". 

The rfficient froutiers for the Sharpe 11ultiple Index model Wf'.re gf'.nemted from 
the regression output in the previous section. As was done for the singlr index 
model. three sets of efficient frontiers were generated subjoct to different oonstraints. 
The con~traintl; used Wllre again (0, 1), (0, 0,2·5) and (-1, I). The efficient frontiers 
generated from the thrre regt'CESioll outputs as well as the efficient frontier generated 
by sample mean and variance are plotted on he same system of axis. 'l1le plots are 
given below. 
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Figure 13 
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Y1 
-10.4425 

2.8663 
4.052 

-1.726 
-4.2427 
-9.423 

-1.7206 
-0.8163 
3.8661 

-6.1713 
-0.3807 
0.7443 

-4.0861 
3.3979 

-3.6102 
10.103 
4.4403 
7.5791 

-0.4604 
-1.825 

-6.1727 
9.3474 
4.195 

3.3442 
-3.398 
0.4324 

-0.1835 
-3.7106 
-8.0643 
-2.6031 

-10.8643 
6.834 

4.7047 
13.468 
3.0158 

-3.8504 
-0.4354 
-3.4819 
4.0209 
7.4935 

-0.4951 

Data Set One 
Y2 Y3 Y4 Y5 

-10.2606 -9.4413 -8.7177 -11.8848 
1.9475 1.5545 27.4358 18.4401 
3.6897 2.3131 2.2425 3.2465 

-2.2668 -0.4489 -1.2483 9.0057 
-4.3072 -3.9135 -5.4177 -3.155 
-9.5797 -7.4684 -7.8966 10.3902 
-0.7194 0.5432 -0.3935 -1.8607 
-0.3952 1.4005 -0.3293 -0.707 
4.5141 4.1087 3.9899 5.5603 

-6.2241 -7.515 -6.429 -0.6636 
-0.9435 -3.7842 -1.8052 -1.3191 
-1.936 0.0816 1.4952 2.9943 
-5.242 -5.8114 -2.9406 -4.5659 
1.9037 2.9097 -0.5953 1.6849 

-5.2148 -4.0165 -4.0812 -4.488 
10.7425 7.5069 10.2113 8.5787 
3.4213 5.1473 3.7795 0.774 
7.385 5.8284 7.0922 5.6438 

-1.2084 -1.9737 -0.9594 -0.2911 
-3.6679 -2.3222 -3.315 -3.1383 
-7.0724 -6.2462 -6.9626 -5.1687 
9.6297 8.7136 8.9716 7.3168 
3.9458 4.8553 2.3266 7.9989 
3.0341 1.5703 1.3966 4.0194 

-4.9731 -6.107 -4.7929 -5.1065 
-0.1072 -0.1048 -0.1071 -2.5419 
1.8718 0.7496 1.7519 -15.5986 

-3.8522 -5.1275 -2.8114 -3.6216 
-6.7974 -6.9546 -6.8774 -2.7761 
-3.9239 -2.7986 -3.6383 -2.7708 

-12.1145 -10.8148 -12.5744 -11.6357 
9.5401 8.973 0.117 14.8919 
5.5636 4.3284 5.4676 17.7841 

13.1653 11.9149 10.9108 10.5634 
1.6574 0.4001 1.6406 5.7376 

-1.2658 -0.9296 5.4306 -4.494 
-2.6167 -1.3798 -1.655 -6.147 
-5.2204 -2.8303 -1.5287 -2.9041 
4.0901 5.8435 4.9984 4.9652 
8.5976 9.0406 8.5729 5.2274 

-1.0891 0.5158 -1.9032 0.3891 

Y1 
-10.4425 

2.8663 
4.052 

-1.726 
-4.2427 
-9.423 

-1.7206 
-0.8163 
3.8661 

-6.1713 
-0.3807 
0.7443 

-4.0861 
103.3979 

-3.6102 
10.103 
4.4403 
7.5791 

-0.4604 
-1.825 

-6.1727 
9.3474 
4.195 

3.3442 
-3.398 
0.4324 

-0.1835 
-3.7106 
-8.0643 
-2.6031 

-10.8643 
6.834 

4.7047 
13.468 
3.0158 

-3.8504 
-0.4354 
-3.4819 

104.0209 
7.4935 

-0.4951 

Data Set Two 
Y2 Y3 Y4 Y5 

-10.2606 -9.4413 -8.7177 -11.8848 
1.9475 1.5545 27.4358 18.4401 
3.6897 2.3131 2.2425 3.2465 

-2.2668 -0.4489 -1.2483 9.0057 
-4.3072 35 -5.4177 -3.155 
-9.5797 -7.4684 -7.8966 10.3902 
-0.7194 0.5432 -0.3935 -1.8607 
-0.3952 1.4005 -0.3293 -0.707 
4.5141 4.1087 3.9899 5.5603 

-6.2241 -7.515 -6.429 -0.6636 
-0.9435 -3.7842 -1.8052 -1.3191 
-1.936 0.0816 1.4952 2.9943 
-5.242 -5.8114 -2.9406 -4.5659 

101.9037 102.9097 99.4047 101.6849 
-5.2148 -4.0165 -4.0812 -4.488 
10.7425 7.5069 10.2113 8.5787 
3.4213 5.1473 3.7795 0.774 
7.385 5.8284 7.0922 5.6438 

-1.2084 -1.9737 -0.9594 -0.2911 
-3.6679 -2.3222 -3.315 -3.1383 
-7.0724 -6.2462 -6.9626 -5.1687 
9.6297 8.7136 8.9716 .7.3168 
3.9458 4.8553 2.3266 7.9989 
3.0341 1.5703 1.3966 4.0194 

-4.9731 -6.107 -4.7929 -5.1065 
-0.1072 -0.1048 -0.1071 -2.5419 
1.8718 0.7496 1.7519 -15.5986 

-3.8522 -5.1275 -2.8114 -3.6216 
-6.7974 -6.9546 -6.8774 -2.7761 
-3.9239 -3.6383 -2.7708 

-12.1145 -10.8148 -12.5744 -11.6357 
9.5401 8.973 0.117 14.8919 
5.5636 4.3284 5.4676 17.7841 

13.1653 11.9149 10.9108 10.5634 
1.6574 0.4001 1.6406 5.7376 

-1.2658 -0.9296 5.4306 -4.494 
-2.6167 -1.3798 -1.655 -6.147 
-5.2204 -2.8303 -1.5287 -2.9041 

104.0901 105.8435 104.9984 104.9652 
8.5976 9.0406 8.5729 5.2274 

-1.0891 0.5158 -1.9032 0.3891 
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Variable 

C 
X1 
X2 

Prob. 

35570 
0.040566 
0.039431 

0.881812 0.3836 
0.0000 
0.0000 

19.05341 0.0000 

",<>r.rl<>,nt var 
var 

0.867158 Akaike info criterion 
Schwarz criterion 

-50.22818 
1 OOJOJU 

0.140022 

2.645277 
2.812455 
542.9741 
0.000000 
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Included obselVations: 

Variable 

C 

X2 
X3 

Coefficient Std. Error 

var 
info criterion 

28.97933 Schwarz criterion 
-51 
2.272161 

Prob. 

-0.153637 
5.918225 

o 
88 
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Variable 

C 
Xi 
X2 
X3 

Coefficient Std. Error 

0.958906 

1.149221 
48.86625 

-61.77454 
1.424469 

Prob. 
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C 
X1 
X2 
X3 

1 
0.880004 0.250901 

Prob. 

0.4742 
0.0001 
0.0000 

3.507380 0.0012 

0.508570 
6.824758 

Schwarz criterion 
3 

6.083591 
19.01975 -11 F-statistic 

2.058265 
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Included observations: 41 

C 
Xi 

1 
0.814962 

0.438546 

Std. Error 

0.910662 
0.272494 

var 
Akaike info criterion 
Schwarz criterion 

0.1833 
0.0067 
0.0002 
0.0177 

0.000078 
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Time: 17:45 

observations: 41 

Variable 

C 
X01 

X03 

Coefficient 

-0.292837 
1 
0.028633 
0.128438 

0.542607 
0.505521 

Std. Error 

0.628729 
0.1 
0.038175 
0.039212 

t-Statistic 

6.130557 
0.750046 

3.935225 Akaike info rrm<>rln 

572.9817 Schwarz criterion 
-112.2408 F-statistic 
1.914309 

Prob. 

0.0000 
0.4580 
0.0023 

0.140022 
5.596232 
5.670281 
5.837459 
14.63109 
0.000002 
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C 
X01 
X02 
X03 

-0.586613 
1 
0.019148 
0.136629 

Std. Error 

0.685691 
0.206810 
0.041633 
0.042765 

-0.855507 

0.459915 
3.194873 

Prob. 

0.3978 
0.0000 

-0.1 
5.918225 
5.843736 

0913 
1 00 
0.000006 
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Included observations: 41 

Variable 

C 
X01 
X02 

Std. Error t-Statistic 
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C 
X01 
X02 
X03 

Durbin-Watson stat 

17:45 

Std. Error Prob. 

0.954867 0.8645 
3.661433 0.0008 

0.9415 
0.125317 0.059553 2.104300 0.0422 

1.972279 

f1~I"" .. :>nrl~nt var 
Akaike info criterion 
Schwarz 
F-statistic 
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C 
X01 

X03 

Std. Error Prob. 
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1.115627 
0.805860 

Std. Error 

0.437732 var 
npl",,,,nr,,,,nt var 

criterion 
1249.015 criterion 

F~statistic 

0.1746 
0.0169 
0.0005 

1.121117 
7.645756 
6.509554 
6.680176 

0.000139 
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USE THE 

OF IN THE DATA 

NUMBER OF DATA SET 

, & 
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Robust Beta and 

OF THE DATA FILE 
DO 

ENDDO 

THE LOG 
DO 

DO ,NVAR 

ENDDO 

!THE 
DO I=1, 

DO 

ENDDO 
ENDDO 

(I, = 

THE THE 

(I, (I, 

!READ IN VALUES FOR THE 
I=l, ( 

ENDDO 

OF DATA 

) 

BETWEEN 

TO FORMAT 

) 

(I, )) 

&, 

FOR 
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I=1,NVAR 

RHS =1 

ADJUS=12 

1,I)=EXPRET( 
=1 

(I+2,I)=1 
, I)=-1 

MIN AND RETURNS 
(0,NVAR,1,EXPRET,NVAR,0,0,0, .0, .0,0, & 

,1) 
,1) 

MNMX, 

!CALCUALTE THE RETURN ITERATION SIZE 

1=1,501 
WRITE (7 , ) , " " (I) 

.xIs') 

100 

, & 
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ENDDO 

I=l, 
WRITE 

ENDDO 
END 

Beta 

) 

.xls') 

.xls') 

USE 
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(MAX) 

OF DRLLP 
,NIND 

,IRANK,IRSP, ,IWT, 

,EPS,P, 

FORMAT( I,' ENTER NAME OF FOR , ,/) 
READ(*, INDEX 
160 
C 

CALL 
OPEN(12, 
I==O 

'OLD' , 

102 

, ) 

, ) 
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Beta Estimation 

) 

............ "'4> (I) , , HINDX ( , LONDX ( 

DO II==l, NINDX-l 
El( =LOG 

NI==NINDX-l 
CALL MOMENT 

109 FORMATC16H 

110 

( , 
FNAME 

DO WHILE ( . NOT. 

,FILE::::'STOCK. 

+ v ......... ,.nU,' .. """'., 

(II+l))) ) ) 

,SDEV, AM4,SKEW, 

== ,FB.4, 
,FB.4.BH 

= ,FB.4. 
"" ,FB.4,/) 

,22, 
,FB.4,5H 

) 

OF ...... Li • .o. ............. 

'OLD' , 

(I) ) 

) 

,FB.4,7H CHI == ,FB.4. 

u-..... "L.tU!, ....... DAT' .I) 

, ) 

103 
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PAUSE 

J==O 
DO 
J:::::J+1 

.0 

.0 

Estimation 

, ) 

'UNKNOWN' , 

NAME SHARE' 

SHA 

'WE NOW DO A OF 

'OLD' , 

.EOF( ) 
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read(11, NSHARE, 
2 date ),dlast ),dhi(j),dlo ),dvo ),dltr ), 
last )=ifix )) 

WRITE DATE ( 
)) 

(j)) 
)) 

)) 

J=O 

J=J+1 

c NDA( 
C 
nhi )=hi 
nlo )=10 ) 

nvo )=vo 

ENDIF 
continue 

CONTINUE 
format Ox, a11 , 

.AND. .LE. 

MONTH ,NIN,nda, ,nhi, ,nvo, 
+ NOUT,MDATE, ,MHI,MLO, 

KUMVO=O 
DO 1605 

=MDATE(I) 
( 

CONTINUE 

) 
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IF 
DO 

nhi 
nlo( 
nvo( 
16621 
nin=nout 
call ,nin,nda,nla,nhi,nlo,nvo, 
&nout,mdate,mlast 
GOTO 

C DO 1601 I=l, 
C 

J=O 
DO I=l, 
DO 1805 

GOTO 

ENDIF 

C DO I=l,N 
C I, = 

,LO,VO, 

,MHI ),MLO( ,MVO ) 

) THEN 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Beta 

c ) 
mraw ,1),mraw(i, 

c 
c format 
C else 
C endif 
DO 1=1,N 

,111) 
MRAW(I,l) 
MRAW(1, 
MRAW(I, 
ENDDO 
111 format 
IF 
GOTO 

*, N 

DO JT=l,N 
X =1. 
X1(JT,l)=1. 

I=l,N 

DO 

,MLAST( ,MINDX ) 

(I+1, / (I, » 

N=N-1 
,N,AVE,ADEV,SDEV,VAR,AM4, 

,SKEW, ,Zl,Z2, ) 

107 
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WRITE (9 , 

C 

C 
C 

do 3 i=1,n 

Beta 

INDEX,N,AVE,VAR, ,Zl,Z2,CHI 
,15, .5,/ , 

WEIGHT 

,N,NP,NR,NC,WWV, 
Q) 

,3 .3,) 

) 

write ,4213) I,y( ,x(i,1),x , 
3 continue 
4213 

C 
CALL 

else 
end if 

,N, 

then 

CALL SKECUR(N, 
WRITE 

C 
C 
C 

CALL REGRES ,X,CKB,A ,N, ,NP, 

,AM4,SKEW, 

) , 

Z1,Z2,CHI 

108 
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,N,AVE, 
P==2.00 

WRITE P,SKEW,CURT 
SVAR(N,RES ,NP, 

C*, RVAR 
I=l,NP 

DO J=1,NP 

DO I=l,NP 
WRITE (I, J) ,J=1, 

" LEAST estimate' ,/ /) 
C write ckb( ,ckb 
C 556 formate' ALFA == " fl0.6, ' == ',f .6, 
C LEAST 
C WITH ADAPTIVE P 

,P,R,IO, ,WV. 

1001 FORMAT(' P= ',Fl0.4) 
CALL SVAR(N, NP, 
Pl==P 

MOMENT 
WRITE 

= 

,SDEV, 

,BP(1, 
.5,7H 

,AM4,SKEW, 
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& BETA =,F7.5,7H SKEW =, .4,7H CURT =,F8. 
WRITE RVAR, 

RVAR = ,F7.5,8H = ,F7.5,8H = ,F7~ 

,YR,N,AR,BR, 

JJ=l,N 
D=YR 

,N 
,1)=XR 

X =YR 
X =WWV( 
X =WYV 

, . RET' 

NSHARE, 
=X 

,X ,1),X ,XCI, ,XCI, 

112 format 1,18, 

LDX=NR 

IRSP=2 

PR=O. 

) ) 
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& 

& 

CALL 

,X,LDX, ,lIND, 

B 

,RVARLP 

,LDR,tJvfiLJ.:.':; 

B , SE ( , TI (I) , 

,N,AVE.ADEV, 
,SKEW,CURT,Zl,Z2, 
SKEW,CURT,Zl,Z2, 

,VARY 

AM4.SKEW, 

111 

,SE,TI) 

) ,UPPER ( 
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P=1. 00 
write 
4441 format 
CALL DRLLP 
& 

C 

P==2. 

CALL 
& 
& ,E, 

,X,LDX, 

,X,LDX, 
,MAXIT, 

,ELP,ITER, 

1 

,IRSP, 

,IRSP, 
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1 

B 

.0) THEN 
BETLS =B 
DO II=l,N 

=E 
CONTINUE 

C 

CALL DCONFIL ,SE, 
CALL 

), UPPER ) 
CURT, 

9, SCALE2, 
if(iwt. then 
AVEBET=AVEBET+B 
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B~ 1 

BAYES,SVARB, 
(14H BAYES BETA = ,F10.5,8H S.E. :: ,F10.5, 

&10H t-stat = ,FlO. 
else 
endif 
IF(IWT. THEN 
GOTO 180 
ELSE 

I=1,N 
(I) 

CONTINUE 
IWT=3 
P::::Pl 
GOTO 
END IF 
180 
9898 
DO 6344 II=l,N+l 

C PAUSE 

,JJ=l,11) 

CALL ,NC,N,NSHA,XPORT,XBAR, 
I=l,NSHA 

PAUSE 
I=l,NSHA 

WRITE(*, 
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Estimation 

(I, J) 

DO 3320 I=1, 
(I),BETL1), ) 

C PAUSE 
DO ,NSHA 

BETLP(I) 

WRITE 
WRITE 
DO I=1,NSHA 

BETLH 

DO I=1,NSHA 

I=1,NSHA 
BETLS(I) 

DO 2220 I=1,NSHA 
DO , NSHA 

.0 

) 

) 

) 

1 
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DO 2210 K=l,N 
SOM =SOM+RESMAT 

DO 5223 II=l,NSHA 

2225 II:::1,NSHA 
DO ,NSHA 

CONTINUE 
CONTINUE 

2227 II:::::l, 

=BETLS 

(K,J) 

(II, ,JJ=1, 

,N,NSHA,VINDEX,RESMAT ~~ .• ~u,PSIMAT, 
DO II=1,NSHA 
4221 WRITE , 

4435 
DO II=1, 
DO JJ=1,NSHA 

. INP' , 

. INP', 

(II) 

,JJ) 

1 

, ) 

, ) 
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I=O 
CUMVO=O 

CUMHI=O 
DO 10 

C 
I=I+1 

(I) 

)=LAST 
MHICI)=HIC 

1 

) THEN 
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MLO 
MVO 

NOUT=I 
(*,*) NOUT 

DO 9020 J=I+l,MAX 
(J)=O 
(J)=O 

MHI =0 
(J)=O 
( =0 

NOUT=I 
RETURN 
END 

I=O 
DO J:::::1,NIN 
IF .GT. 
I=I+1 
MDATE )=DATE 

(I) 

MHI )=HI( 

Beta 

,DATE, ,HI, 
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MLO( =LOU) 
MVO (I) =VO( 

GOTO 4100 

ELSE 

RETURN 

PRITRA 

MVO 
(1) 0) 
(1) =LAST 0) 

MHIO) (1) 

MLOO)=LO(1) 
MVO ( 1) = VO (1 ) 

I=l 
DO 4100 

4100 

119 

,NIN,DATE, ,HI,LO, 

IF 

THEN 
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END 

C WEIGHTED 
C 

IF( 
I1=I1+1 

100 

and 120 

,X,B,N,NR,NP,NC,P,R, ,I1,WWV, 
WITH P 

) 

,R,SD, 

.1) THEN 

(I,1) ,1=1, 
.4) 
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,SKEW, 
WRITE(*, ,SKEW, 
160 FORMATe' VAR= ',F10.4,' SKEW= ',F10.4,' CURT= ' 
P=9. +1.0 

P=P1 
IF( 

180 

ENDIF 
176 

180 WRITE 
190 

END 
C 

c 
C 

C DOUBLE 
C 
C H' .\.<Jr,-, 

C 
C 
C 
C N = 

C L.A .. --ftUUnr:..n 

C XC=X MOMENT 

.0)+1.0 
P,Pl 
P= ',Fl0.4,' Pl= ',FlO. 

, P= , 

,NPO, 

,J.E. & KENNEDY,W.J.( 

,E 

,R 
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C YC ::: Y nUl.,..",. 

C SD= 
C 
CRATE = 
C IT=NUMBER 
C = NUMBER 
C ] 
C =1 ] 
C =2 ] 
C =3 ] 

C 
C 
C 
DATA 1. 

1)=3 

EPS2=2. 

SD4=-10. 
WP=P-2. 
C 
C 

1 I=1,N 
1 =1. 

,MAXIT 

13 I=1,NVE 
VMEAN )=0. 

13 J=1,NVE 
, I) =0 . 

13 
C 
C 
C 
CSEE .C( 

Beta Estimation 

MATRIX 

12 
C STATIST. 17, 
C 
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DO 14 NN=l,N 
DO 15 I=l,NVE 

)=2 
),1=1, 

IF GOTO 18 

DO 16 I=l,NVE 
DMROW) (I)-VMEAN( 
DI==DMROW ) 
DO 17 J==l,I 

GOTO 14 
18 
14 CONTINUE 
130 FORMAT(lX,6Fl0. 
C (I),I=l,NVE) 
C DO 120 I=l,NVE 
C 120 WRITE(*, 
C 
C 

DO 2 I=l,NVEl 
YC =2CCI, 
Y1CI)= YCCI, 
DO 2 J=l,NVEl 
2 XCCI, =2C , 
C 
C 
C 

(r, ,J=l, 

BY U WHERE XC=UWV1' 
CALL SVBKSB ,W,Vl,NVE1,NVE1,10,10,Yl,Bl) 
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,100) 
DO 110 ,NVEl 
100 FORMAT(lX,6Fl0. 
110 B =Bl 

DO 21 J=1,NVEl 
SXM=SXM+B 

DO I=1,N 
E( =0. 
DO J=1, 

)=E 

*VMEAN 

*B(J, 
-SXM 

C 

C 
TEST FOR CmlVEI1GE:NCE 

ISW=O 
DO 4 I=1,N 

R )=RES 
4 CONTINUE 
C WRITE 
RATE=ABS 
IF( 

( 

C 

C 

,1)-E 

,I=l,N) 

99 
GOTO 5 

C FOR INCREASE IN NORM 

ISW=1 

C PORTER,M.A. & WINSTANLEY,D.J.( 
C APL. .,,1 13 

IF 
IF 

41 

C 
10 

.SD4. 

.GT. GOTO 7 

GOTO 7 

110 
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51 J=1,NVE 
51 A(J)=B , 
11 CONTINUE 
C 
C 

C 
C 

C 
7 

99 

DO 71 ,NVE 
71 B(J,1)=A 

81 I=1,N 
R )=0. 

DC 81 J=1, 

IN 

81 R( =R )+Z(I, *B ,1) 
DO 8 I=1,N 
8 R( =Z , 

99 
C 
C XC 
98 
C 

END 

-B ,1) -R 

AND R, 

,B,C,N,K,M,IMAX, 

DO 1 J=1,M 
DO 1 I=1,N 
cer, =0. 

1 KK=1,K 

,B( ,C( 

1 C(I, =C(I, +A(I, *B 
RETURN 
END 
C 
C 

, N, VAR,AM4,SKEW, 
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REAL*8 
DATA(N) 

IF(N.LE.1)PAUSE 'N must be at least 2' 
S=O. 

eN) 
,N 

12 J=1,N 
S=DATA( 

Ie * 
)1 * 

PAUSE 'no skew or kurtosis when zero variance' 

) 

) 
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C 

C 

Estimation and 

SVDCMP ,M,N,MP,NP,W, 

,N 

THEN 
11 K=I,M 

11 CONTINUE 

TIIEN 

J=L,N 
S=DBLE(O. 

13 ,M 
S==S+A *A 
13 CONTINUE 

14 K=I,M 
=ACK,J)+F*A 

CONTINUE 
15 CONTINUE 

A ,NP),W ,V 
g,scale,anorm,s,F,H 
C,X,Y,Z 

(A ) 

(0. ) 
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DO K= I,M 
A(K, =SCALE*A(K,I) 

DO 17 K=L,N 

IF 
DO 
A , 

F=A 
G=-DSIGN 
H=F*G-S 
A 
DO 
RV1 
19 

DO J=L,M 

DO 24 K=L,N 
A 

) THEN 

) 

(0. ) THEN 
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Robust Beta 

ENDIF 

25 
DO 32 I=N,l,-l 
IF .LT.N) THEN 

.DBLE 

DO 29 J=L,N 
.0) 

,N 

(W ) 

) THEN 

(I, ) 

, J) 

29 
ENDIF 

-LJ'-'.Lol:, (1. 

L=I 

L=I+1 
G=W( 
IF (I.LT. THEN 
DO 33 J=L,N 
A , .0) 

33 CONTINUE 

IF THEN 

,1) 

) 

( »)) 
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DO 36 J=L,N 

DO 34 K=L,M 

34 
F= 

DO 37 ,M 
A(J, I)=A , *G 

DO 

, +DBLE(1. 0) 

DO 49 K=N,l,-l 
DO 48 

41 L=K,l,-l 
NM=L-l 
IF ( 
IF ( 
41 "",.. ....... T'.~"".., 

DO 43 I=L,K 

W )=H 
H=DBLE(l. IH 
c= 
s=-
DO J=1,M 

.NE. 

2 
GO 1 
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END IF 

W ::::-2 

GO 3 

IF 
X=W 

y==W 

I=J+1 
G=RV1C 

J=L,NM 

+ 
+ 

) THEN 

'No 

* )/ 

and 

in 30 

)) ) 
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H=¥*S 
¥=¥*C 
DO 45 NM=l,N 
X=V 
Z=V 
V 

V 

F= 

X=-
46 NM=l,M 

¥=A 
Z=A(NM,I) 

A 

A 

w 

49 

double 
DO 12 J=l,N 
S=dble .) 
IF .NE.O.)THEN 
DO 11 ,M 

V,M,N,MP,NP,B, 
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ENDIF 
TMP 
12 

c 

,N 
*TMP 

and 

MATRIX 

c ******************************* 
c 
c 
c 
c 
c 

c 
c 
c 

DO 3 I=1, 
=0 
=0 

PIVOT 
, EXAMPLE 5.2 

,-1, 

TO 

,JORD ,Y 

133 

ON 

,A ,X 
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\ 

Beta 

NM1=N-1 
DO 22 I=1,NM1 

J=IP1,N 
.GE. ) 

(J) 

22 
IF( .NE. 
IF(INDIC.LE. TO 26 

26 DO 28 J=l,N 
DO 27 ,N 

DO 30 I=l,N 
29 J=l,N 

RETURN 
200 
C 
END 
C 

( 

22 

) 

C PERFORMS ANALYSIS ON DATA 
C **************************************************** 
C 
SUBROUTINE 

C 
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18 K=1,N 

IF 

11 
11 

DO 18 I=1,N 
AI JCK=A , 
IF(I. 
ACI, 

20 I=1,N 
( 

INTCH=O 

9 
,KM1 

11 

11 
) 11 

.GT. 13 

A , =A , -AIJCK*A( 

x =A 
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C 
C 

DIMENSION 

DO 20 I=l,NP 
DO J=l,NP 

DO 10 K=l,N 

WRITE , * » COMPUTED 
DO 1111 I=l,NP 

TO FIT 

,B 

1111 WRITE CI, ,J=1, 
1112 FORMAT 
CALL INVERT ,A,XS,EPS,-1,NP, 
DO 50 I=l,NP 

DO 40 ,NP 
SUM=O. 
DO 30 K=1,N 

50 
DO 70 I=1,N 
SUM=O.O 

RETURN 
END 
C 
C 

,C ,XS 
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I == I+1 
TO 

525 HOU == X( 
XC == X 
XC == HOU 
J == 

GO TO 5 
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c 

c 

C 
800 

c 

IF 
IF 

VAR=O.O 
DO 10 I=l,N 

TO 540 

GO TO 
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SHARE 

, ') 

ELSE 

u'fiB . .c;.-";'L.LfiI"l..w ( 1 : 8) / /' . ' 

100 
RETURN 

EXTERNAL ROFUNC 

SX=o. 
Sy=O. 
SXy=O. 
SXX=O. 
DO 11 J=l, 
XT =X 
YT =y 
SX=SX+X 

DEL=NDATA*SXX-SX**2 
AA= L.uU\'~Ll 

BB= 

DO 12 J=l,NDATA 

"LUUJ'''J'VU and 

A,B, 
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Bl=BB 
) 

,F1) 

1 IF . GT . 0 . ) THEN 

.*B2-Bl 
B1=B2 

SIGB=O. 
2 IF 

F1=F 

ELSE 
F2=F 
B2=BB 
ENDIF 

3 A=AA 

2 

RETURN 
END 

Nl=NDATA+l 

",,,,,,1\'.1VH and 140 

THEN 

3 

,Y ,ARR ,AA,ABDEV 
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AA=O.5* 

ABDEV=O. 
DO J=l,NDATA 
D=y(J)- ( 

RETURN 
END 

C1.0,D) 

SORT , 
REAL RA 

IF . GT.1)THEN 
L=L-1 

ELSE 

1 
IF( . 1) THEN 
RA(1)=RRA 

I=L 
J=L+L 

IF(J .LE. THEN 
IF(J .LT. 
IF 

IF .LT.RAC ) THEN 
RACI)=RA 

) 
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C 
C 
C 

J=IR+1 
END IF 
GO TO 20 

RA( =RRA 
GO TO 10 

C ********************************************* 
C L1 

C ********************************************* 
C 
C 
C 

M2=M+2 

DO 9 I=l,M 
DO 8 J=l,N 
ACI, =GEWIG *X1(I, 
8 CONTINUE 
B( =GEWIG( *Y1(I) 
9 
M1=M+1 
N1=N+1 
DO 10 J=1,N 

DO 40 I=l,M 
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A(I, N2) 
A(1,Nl)=B( 

IF ).GE.O.) GO TO 30 

20 
30 E(I)=O. 
40 
DO 60 J=l, 

SUM=O.DO 

DO 50 I=l,M 
F==1. 
IF (I, . LT. 0 . ) F=-1. 

(I, J) * 

. TRUE. 

KL=l 

70 

MAX=D 

80 
IF 

90 
100 K=O 

D=A 

IF .LE. 
1 

1. 

.GE.O.) 

,M 

=ACI ,Nl) /D 
=1 

80 

1 

. ) 

GO TO 80 

100 
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120 IF(K. 

MIN=BIG 
DO 140 I=l,K 
IF .GE. 

K=K-l 
IF 

160 I=1,M2 
D=A , 
ACI, 
ACI, 
160 

180 PIVOT=A 
IF 

A 
A 
190 CONTINUE 
A =-A 
GO TO 120 

Estimation 

GO TO 130 

GO TO 

GO TO 170 

TO 180 

.LE. GO TO 200 

-D-D 
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IF . 
D=A(I, 
DO 220 
IF(J . 
A(I, 
220 
230 

,Nl 

240 I=l,Ml 

IF(. 
KL=KL+l 

,N2 

290 J=KR,N 
D=A 
IF .GE.O.) 
IF(D. GT. .)) 
D=-D-2. 

IF .LE. 
MAX=D 
IN=J 
290 

.LE. 

230 

.NE.N1) 

290 

,IN).GT.O.) 100 
I=1,M2 

A(I, =-ACI, 

and 145 
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- 2. 

L=KL-1 
I=l,L 

C 
C 
C 
CRANK 
C 
C 
C 

RANK ,RANG, ,NR, 
C 

I=l,N 
IF(I. 40 

IF 

END 

.0 
10 J=I+1,N 

) . ( 

(I) 

30 K=I,NTEL+I-1 
=SSS 

50 I=l,N 
J=l,N 
( 

) 

) RANG (I) 

SKECUR ,SKEW,CURT,Zl,Z2, 



Univ
ers

ity
 of

  C
ap

e T
ow

n

and 

) 

END 
,NC,N,NP,X,XBAR, 

,XBAR ,SIGMA 

+XCI, 

-XBAR 

20 I=l,NP 
,NP 

.0 
10 K==l,N 

J=l, 
.0 

2210 K=l,N 
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(r, 
2220 

DO 2225 rr=1,NSHA 
DO ,NSHA 

2226 
2225 

=BETA 

II=1,NSHA 

Beta 

*BETA 

2227 WRITE(*, (II, 
DO 4441 ,NSHA 

DIAMAT 
4442 
4441 

DO II=1,NSHA 

DO 4447 II=!, 

(II , 

(II , 

DIAMAT(II, =DIAMAT(II, 
4447 

RETURN 
END 

!DECLARE THE 
MSIMSL 

OF THE 

(II,JJ) 

(II , 

...,-'-u ....... ...,(II , 

!DECLARE ALL THE VARIABLES THAT TO BE USED IN THE PROGRAM 
!ALL AARRAYS AND MATRICES ARE DYNAMICALLY WITH SIZES 

LATER 
: :RAWDATA, & 

LIBRARY 
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REAL, 
REAL, 

!NUMBER 

!NUMBER 

!NUMBER 
NVAR=9 

!READ IN THE 

and 

,ADJUS 

,DATE, 

IN DATA SET 

IN THE DATA SET 

VARIABLES INTHE SET 

) 

. txt')" 

THE DATA 
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Estimation 

I=1,NR 
READ ,*) (I, 

THE LOG THE DATA 

!READ IN THE DATA 
1=1, 

J=1, 
(1, 

1=1, 

!READ THE 
DO J=1. 

( 

:: ( 

THE 

AN 

(J, 

) 

THE THE MULTIPLE H.uurHLLh .. 

!READ IN THE 
THE A 

J=1, 
BETAMAT(I,J)=BETAVEC(J) 

),1,BETAVEC, 

THE 

)) 

ARRAY 
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STATS 
1,NC, ,0,0,0, & 

95.0,95.0,0,STATS,15, 

THE MEAN OF THE ","nLl-LIJ'-.w 

DO 
(1, 

OF 

( ) 
ENDDO 

(I, 

!CALCULATE FOR OF 
DO ,NR-1 

3=1,NVAR 
LILLl.LJH I, (I, -EXPRET( 

DO 1=1, 
!READ IN THE A MATRIX 

,I) 

!CALCULATE RESIDUAL 
, 1 , 
,15, 

,0,0,0,95.0, & 
95.0,0, 

(1,1) ,1) 

SHARE 
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Beta 

DO I=l,NVAR 
DO 

=0 

ENDDO 
I, 

COVTYP=l 

IF THEN 
DO 1=1, 

,NVAR 
PHI (I, =PHI (I, 

ELSE 
,NVAR 

DO J=l, 
PHI (I. =PHI 

IF 

THE 

+COV , 

152 

THE SHARES 
, & 

.0, & 

) 

(I, 

TO THE 
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1=1, NVAR 

! READ IN VALUES 
1=1,( 

RHS( 
RHS( 

RHS ::::::1 

THE 

MIN AND MAX RETURNS 
CALL , NVAR , 1, 

95.0,0,MNMX,15, 
MN=MNMX ,1) 
MX=MNMX , 

K==O,500 

and .n..UUH' ... CH, 

,0,0,0,95.0, & 

THE 
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,NVAR, ,W, 

AN FILE 

DO 1=1, 1 
" " 

END 

THE USE OF THE 

BE .n .... A~U"'.n 

REAL, 

REAL, 

( : ) , 
DIMENSION INCD(1), 

,MX, ,JUMP, 
NACT,NR,NC, 

oJvnJ..oJ.:.oL;,ELP 
,IRANK, 

NUMBER OF 
NR=150 

IN THE DATA SET 

(1) 

154 

, & 

LIBRARY 

PROGRAM 

, & 
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READ IN THE 
I=l,NR 

READ cr, 

DATA SET 

DATA 

THE LOG RETURNS OF DATA 
I=l,NR-l 

J=l, 

DATA 

& 

, & 

.txt') 
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(I, = 

READ IN THE 
I=l,NR-l 

DO J=l,NC-NVAR 

(I, 

p 

= 1. 

= 1. 
::: 1. 
:::: 1. 
= 1. 
:: 1. 
= 1. 
= 1. 
:: 1. 

!READ IN THE 
1= 1,NR-l 

J=l,NC-NVAR 

1 

(I, (I, 

(1+1, ) (I,J))) 

,NR-l,O,O,O, .0, .0,0, ,15, 

INDICES A MATRIX 

(I, 

EACH SHARE 
(I)= 1 1= 1 TO 9 

THE 
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I 

ENDDO 

!RLLP 

CALL 

TO vlU.vU.A..o.l'1.1. 

THE RESIDULS 
,NR-1 

(J, == RESID( 

DO J==1, 

(I, 

ENDDO 

OFLP AU;"\.lf'"'''''''' 

LP 11.L\.lfnr:-.c,c> SHARE 

, & 

SHARE I INTO OF 

I IN A 
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(I) 

u.n. ... 'vv ............. THE 

(I)=O 

ENDDO 

MRRRR 

DO I=l, 
DO J=l, 

MEAN OF 

(1, 

)+ 

(I, =0 

I,I) I, 

OF THE .l.n.w'.l.\JJ.~iJ 

) 

FOR OF THE ..... u.n. ...... ..., 

I, ») ) 

(I, 

OF THE 
, &; 

) 
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Robust Beta Estimation 

!IF COVTYPE = 0 THEN BETWEEN 
BE ZERO, OTHERWISE THEY ARE NONZERO 

IF 
DO ,NVAR 

DO J=l,NVAR 
PHI =PHI 

ENDDO 

ELSE 
DO I=l,NVAR 

DO J=l,NVAR 

THEN 

PHI =PHI(I, 

ENDDO 
IF 

!THE 
DO ,NVAR 

DO J=1,NVAR 

(I, =2*PHI 

!READ IN VALUES FOR THE 
1=1,( 

J=1, 

(I, =0 

ENDDO 

, J) 

MATRIX TO THE 

ARE 
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DO I=1,NVAR 

1,I) 
,1)=1 

(1+2, =1 

RHS =1 

MX=MNMX ,1) 
MN=MNMX ,1) 

!OF 
DO 

CALL 

=( 

ENDDO 

,1)=-1 

.0, .0, O,MNMX, 15, 

FOR 

FOR 

+2,2, , & 
HESSIAN, ,W, 

,NVAR,PH1,NVAR,W,W) 

+MN +0.0001 

.txt') 
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DO 1=1,501 

DO 1=1, 

ENDDO 

DO 1=1, 

ENDDO 

Beta 

S1GMA( " ", (I) 

(I, ,J=l, 

) 

OUTPUT 
.txt') 




