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Abstract

When the dimensions of the covariance matrix are relatively large compared with
the sample size ; or when the dimensions of the matrix are close to the sample size or
larger, There will be difficulties in finding a good estimation for it. Most Matrices with
high dimension suffer from the difficulty of finding their inverse. Therefore, the
classical methods of estimation such as maximum likelihood will give biased estimators

and far from their true value. This research aims at expanding usage of shrinkage
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estimation to estimate the covariance matrix in the case of using samples with large
dimensions. The covariance matrix will be estimated by using three methods. The
Maximum Likelihood estimator MLE and the nonlinear shrinkage estimator Oracle,
and the linear shrinkage estimator Lediot and Wolf (LW) and the Suggested Estimator
and make comparison among them based on (MMSE) minimum mean square errors.
Here, a simulated experiment with high dimensions samples was made with multiple
sizes and calculated MMSE as the increasing in sample size to the large dimension of

covariance matrix.
As conclusions, the Suggested Estimator is perfect when the sample size is very small
compared with the number of variables in it. Moreover, the Oracle estimator is working
well when the sample size is fairly small to the number of variables in it while it has not

cleared that the maximum likelihood estimator MLE and the (LW) have any goodness.
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Minimum Mean Squares Error , p = 0.7

LW MLE
74.9033 240.9809
46.9168 101.9495
39.4267 73.1855
34.0649 58.0118
29.3432 45.5564
25.2860 38.4333
24.1668 33.1798
21.7295 29.1589
18.4682 25.9067
17.9318 22.0129
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25 1 =32,36,40 Gsiall 22 (e xS Aal) ana 058 Latie g @kl 48 o8 LW, MLE

oS3 Abad) 6l Q98 LW, MLE g dia £l aa < jaial) Ay o 7 jilal) jaal) Adiad) ) paina)

P 098 Ladie dad Lo (g68 (I LGN 9% Latie p = 0.7 (2) a8 JSd 5 (2) ) Jsd> (e
A8 o bl s pailall il of Badin =4,8,12,16 chaiall s ) il jsue ddall

aaa OsSiladic g, LW, MLE (gt ) dpadlly 4liad) &) agag ase Baadlip JSho¥) ke Aly clpiiall
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G 52 ) wsell (13) slaall sl pglell aglyell algall

)

ISy IS5 gY) dha Lo 7 yital) jalall dyliad) pl8y Badl = 20,24, 28 < piiall 330 (e Ly B Adal)
S Al ana 68 Ladie gl il A8y 0o s MILE Uk sy aa il ol 438 0 LW e il )

Adde 98 e e Jall i aind 23in = 32,36, 40 Slsiall a6 0

A (98 Latie 4d) aad lay Jle A BLEY) S Ladie p = 0.9 (3) ad) JSE 9 (3) ad) Jed> (e
Ly (e Qb 08 el Lakal o) Badin =4,8,12,16 clbial 2o ) dpdlly hsa ddal)
paa s latie g, LW, MLE (gia ) dpailly dlad) &y 3529 ate Badly JShs¥) Jaha Agdy cipalal)
QS g JS) 4 g¥) ke o 7 ial) jaiall Adagey liadl Badi 1 = 20,24, 28 &l il 330 Gha Ly B Adal)
n =32,36,40 < il 20 (e S Al aaa 58 Ladie gl i) Ay oo LW, MLE (g sa8a iyl

SN ALl (o) eu LW, MLE (st sl8; g il paial) 48y o 7 il jafial) Aullad) ) paiaa) 2

Real Data d8aa) bl -9
oailadl) Jia ayl dakd JS) Juite 16 (uld & 3 (2 dakd 9 (e AisSa A o Jpuanl) o3
DS S ) Jaulg Alablaa B el Ghga Al Aniliasst)

(4) Jox
S Gags Al dpibiassll Gailadl

ESB @ SO4 Hco3 p ESR Ca Mg K Na Cl PH OM  EC Lime Gypsum
11.74 250 349 003 070 1023 150 152 241 3050 7.74 135 237 2235 23.20
1267 265 325  0.02 0.79 8.28 149 | 147 250 2950 750 145 199 2315 26.45
956 221 376 003 077 397 217 242 193 2987 7.45 112 167 2312 28.10
1115 247 234 014 084 486 138 112 242 2988 7.83 136 152 2140 23.99
1264 694 325 002 099 69 211 178 299 2175 7.81 157 205 24.10 30.95
1005 560 237 002 047 750 @213 224 233 2215 7.44 158 174 2341 33.45
(5) Joa
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20.60

19.67

20.20

21.55

23.65

23.10



7

8

9

GSZ)hun

(13) slall

Byl aglell 2o lsell sl )

6.94 7.24
13.60 7.53
17.15 15.95

3.43

4.30

2.23

0.02

0.03

0.02

062 390 192 134 151 2145 7.65 1.40
102 723 227 139 315 1810 795 1.67

0.89 1340 1053 0.69 437 1405 742 139

cyitall g

So4 il sl g
Hco3 alisylsgaed Ol
o sl (59
ESR Lallal) ) o shea
Ca asallSl] 5
Mg pspeiiiall &y g4l
K psalisd) ¢ o)
Na assageal) &gl
Cl BRCrY
PH Taalal) Juls
OoM Ay guanl) 3)gal)
EC LI oY)
Gypsum o)
Lime sl
IC Aalaal) LA

1.83 2219 29.30 21.55

3.15 2545 33.55 23.15

9.64 2315 3095 @ 25.40

(23) a8 Aslaall s Oracle estimator  Jshg¥) e ddall ciluld AV chalall ad Glua

A ey - (7) Ml s LW 3iag (33) ad) Adalaall s Suggested Estimator giall jsially

(1) pd) Dalaal) quing MMSE  slad il je g jial ciluial

(6) Js>

Lagal) bl EMAY @) idMMSE

MMSE

Oracle 102.9
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LW 178.5
(6) A Jss» Wadla 04
S B ) hay £l il (50 ) ¢l il dio A Jil (68 £ skl Clagyal Basgia sl o) 2
Gl hugia giual dliey 43 aadd LW bdl) jaial) ) deilly Lol Oracle jaiey Jiaiall JaddU) jaal)

cchiall Ay oo g Al daghy olbd

Slslaal) il (e tany Ay b Gald) lle Juaan ) gl aadg

Conclusions alalinn-10

S L gl &5 Gaw Laa

30 ) Al an Byiua Adal) 068 Al B ) 4y (e Juadl JS)g¥) ke 8- 1
Salh I DG ¢S Ladisy cufpiiiall

clial) alaa) ciliday Jlo 303 Jala)) dpass cpiiall A8y (e Juadl 7 fBal) jakal) () 99-2
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gl jshally JSGY) ey A3 LW, MLE (gl Aliabl 4 3509 ate—3
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b Loy Galll ag
Bl agag o clibud) s latisg e Al aaa 68 Latie zjiial akal) alais)-1
e 0
& idial) bl cplal) A8 ghaal dalial) cjalall yyghatl Apdadd) Jlgal) Jlaniad (& auugili-2
calida 8 sla) Adle cilibal) jed 3B A paSill AN Bauaa Cala ) B)g Gl
Slall c¥laa
laal)

243



G 52 ) wsell (13) slaall iyl gslell igplyell ilyall )

[1]. CHEN, Y., WIESEL, A. and HEREO, A. O. (2011). Robust
shrinkage estimation of high dimensional covariance matrices. JEEE
Transactions on Signal Processing, vol. 59, issue. 9.

[2]. CHEN, Y. A., WIESEL, A. and ELDAR, A. O. (2010).
Shrinkage Algorithms for MMSE covariance estimation.
IEEFE Transactions on Signal Processing, vol. 58, issue 10.

[3]. DEY, D. K. and SRINIVASAN, C. (1985). Estimation of a
covariance matrix under Stien's loss. 7he Annals of Statistics, vol. 13,
No. 4, pp. 1581-1591.

[4]. FISHER, T. J. and SUN, X. (2011). Improved Stein-type
shrinkage estimator for the high-dimensional multivariate normal
covariance matrix. Comp. Statist. Data Analysis, 55, 1909-1918.

[5]. FROST, P. A. and SAVARINO, ]J. E. (1986). An empirical Bayes
Approach to Portfolio selection. Journal of Financial and Quanttate
Analysis, 21: 293- 305

[6]. FUJIKOSHI, Y., ULYANOV, V. and SHIMIZU, R. (2011).
Multivariate Statistics: High-Dimensional and Large-Sample
Approximations. Wiley Series in Probability and Statistics.

[7]. HAFF, L. (1980). Empirical Bayes estimation of the multivariate
normal covariance matrix," 7he Annals of Statistics, vol. 8, no. 3,
pp. 586-597.

[8]. HOREL, A. E. and KENNARD, R. W. (1970). Ridge regression;
biased estimation for nonorthogonal problems. 7echnometrics,
vol. 12, pp. 55-82.

[9]. HORVATH, Z. and JOHNSTONE, R. (2000). AR(1) Time series
process. Econometrics 7590, Utah University Press.

[10]. JOHNSTONIE, 1. M. and TITTERINGTON, D. M. (2009).
Statistical Challenges of high-dimensional data. Philosophical
Transactions of the Royal Society. 367, pp. 4237-4253.

[11]. KINCAID, C. (2005). Guidelines for selection the covariance
structure in mixed model analysis. Proceedings of the 30" annual
SAS, Paper 198-30.

[12]. LEDOIT, O. and WOLF, M. (2004). A well-conditioned
estimator for large- dimensional covariance matrices, Journal of

Multivariate Analysis, vol. 88, no.2, pp. 365-411.

[13]. LEDOIT, O. and WOLF, M. (2012). Nonlinear shrinkage
estimation of large-dimensional covariance matrices. 7he Annals of

244



652)“111 (13) slsall

iyl pglel agalyell ilsall )
Statistics. Vol. 40, No. 2, pp. 1024-1060.

[14]. MARTINEZ, W. L. and MARTINEZ, A. R. (2002).
Computational Statistics Handbook with MATILAB,
Chapman & Hall/CRC Press.

[15]. SRIVASTAVA, M. S. (2005). Some tests concerning the covariance
matrix in high dimensional data. J. Japan Statist. Soc. 35(2), 251-272.

[16]. STIEN, C., EFRON, B. and MORRIS, C. (1972). Improving the

usual estimator of a normal covariance matrix, National Science
Foundation Grant, Technical Report, No. 37.

[17]. ZWILLINGER, D. (2012). Standard Mathematical Tables and Formulae.
32ed. CRC Press. Taylor & Francis Groups. NW. USA

245



