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This book is a collection of matrix results that the author found important for his
own work To make the book reasonably self-contaijted author has also added
many elementary resultShe book contains definitions and results only and no
proofs

The collection is a very personal arhere is a lot of emphasis on commuta-
tion, duplication and elimination matrices (whiglof course | welcome) and on
matrix derivatives (on which more lateith addition to a list of symbolsa dic-
tionary of termsand an indexthere are 11 chapter§l) definitions notation
terminology (2) rules for matrix operationg3) matrix valued functions of a
matrix, (4) trace determinantand rank of a matrix(5) eigenvalues and singular
values (6) matrix decompositions and canonical forr{i®) vectorization opera-
tors (8) vector and matrix normg9) properties of special matricgd.0) vector
and matrix derivativeg11) polynomials power seriesand matrices

One essential feature of a “cookbook” like this is that it is free of erreos-
tunately this appears to be the cadeve checked a number of resytiad | have
found no errorsThe book should therefore be a useful tool for econometricians
and time-series statisticians

Personallyl must admit | don'’t like “cookbooks” In my own work (and |
expect in many colleagues’ work as well) the result that | need is very seldom
directly available in the literaturdJsually | need to extend a result or combine
two results Without knowing the proof of the existing resulisis very difficult
to obtain these extensiorf3o | prefer books that contain not only results but also
proofs and discussioiThis is true in particular for (matrix) differential calculus
where—apart from basic results (inversieterminant)—it is thenethodthat
needs to be learned key ingredient in this method is the chain rulewe wish
to employ the chain rule for vector derivatives and matrix derivatweshave to
use the correct method of differentiati@nd this is most easily accomplished by
the use of differentials (see Magnus and Neudeck@88) There is no word
about differentials in Litkepohl’'s collection and hence he is forced to list many
many derivativesThe correct methachowever can be learned in a few hoyrs
and then most of the results and many more can be derived

Let me explain by taking one simple exampfén page 178we find the
result
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atr(X'X)
= 2X 1)

and many other results of the same tyRgeAX, XAX', XAX AXX A/, etc Using
differentials the derivation goes
dtr X’X = trd(X’X) = tr(dX)'X + tr X'dX

= 2trX'dX= 2(vecX)'dvecX. (2)
The derivative isnot 2X but 2(vecX)’, a row vector The matrix 2 does of
course contain all the partial derivativebut it is not the derivativeand hence
the chain rule cannot be appligglupposefor examplethatX is a function of a
vectora, X = X(a), and we wish to find the derivative of(tK’X) with respect to
a. Then (1) does not help ubut from (2) we get simply

dvecX

dtr X’X = 2(vecX)'dvecX = 2(vecX)’ o

da, (3)

and hence the derivative is now 2 (M&f'd vecX/da'. Without the chain rule and
differentials such simple and basic results are very much harder to obtain

| have one further point of critiqu&Vhen discussing matrix functiofi§ A) of
some real symmetric X n matrix A (e.g., €*), it is customary to apply this func-
tion to the eigenvalues @&. Hence if T'AT = A (diagonal) and 'T = |, then

A=TAT/, eA=T(EeMT, (4)
where
e
et = . (5)
ehn

It seems to me that this is the most obvious and useful way to extend scalar
definitions to matrix definitionsHence A > 0 would mean that all eigenvalues
of A are positive A positive definite) andhotthat all elements of\ are positive
(I realize that “positive” matricesvhere all elements are positiy@ay a role in
mathematical economigcbut positive definite matrices are far more important
Neverthelesghe author defineA > 0 to mean that all elements Afare positive
Similarly, he defines Al.ps as the matrix obtained from by taking absolute
values of each element éfseparatelySurely a more useful definition would be
| Alaps= T|AlapsT '?

In spite of these critical point&.itkepohl’s book will be a useful and reliable
reference for econometriciarisis well organizedcarefully producegand con-
tains a lot of useful results
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