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Abstract

The Co-inertia analysis of the two tables was generalized with the
simultaneous analysis several couples of triplets of tables initially in
STATICO (STATIS and Co-inertia). The theoretical base of STATICO
constitutes two components resulting from two analyses which are the
analysis of Co-inertia and ACT-STATIS analyzes. Moreover, the anal-
ysis of Co-inertia is recently extended in the analyses of Co-inertia be-
tween two vertical multi-tables ACIs1, ACIOs1, ACIs2 and ACIOs2. In
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this article, being given on the one hand method STATICO, and on
the other hand the successive approaches suggested in the analysis of
Co-inertia ACIs2 and ACIOs2 between two vertical multi-tables 2, it is
a question of proposing a simultaneous method making it possible to
determine two matrices orthogonal associated with each group of vari-
ables and container with the axes with Co-inertia what is a priori better
from the point of view of the criterion of connection used (which for the
row is a criterion summons covariance squared). These axes make it
possible to determine projected inertias of each group of variables and
the coefficients of correlation squared between components partial for
each couple of tables. In order to study the stability of the connec-
tion between these two groups of variables, one is used for oneself of
these quantities. To illustrate our approach, an example concerning the
ecological data on the Méaudret river of France treated east.

Mathematics Subject Classification: 62H25

Keywords: analysis of common data, components, unit weights

1 Introduction

Analysis of Co-inertia of Chessel and Mercier [5] between two tables X
and Y quantitative variables measured on the same whole of individuals was
extended to two vertical multi-tables X = [X

′
1 | X

′
2 | · · · | X

′
M ]
′

and Y = [Y
′
1 |

Y
′
2 | · · · | Y

′
M ]
′

for the first time in STATICO, and recently some methods of
successive analysis of Co-inertia between two vertical multi-tables were con-
ceived by Kissita et al. [9], Niéré et al. [11] Context of these recent methods
being always identical to that of STATICO and also to that of the canonical
analysis between two vertical multi-tables of Kissita et al. [10] More precisely,
one considers M couples of triplets of tables {(Xm, Q,Dm), (Ym, R,Dm)} for
all m = 1, · · · ,M , Xm is nm by p table whose row are observations of nm

individuals and whose columns are measurements of p variables, Ym is nm by
q table relating to the same ones nm individuals that the table Xm and the
number of variables is q. VXmYm = X

′
mDmYm is the cross-covariance matrix.

These two recent approaches make it possible to determine with order 1 the
axes of Co-inertia u and v, between two vertical multi-tables by maximizing
the function

f(u, v) =
M∑

m=1

(
u
′
QVXmYmRv

)2
(1)
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subject to the contraints ||u||2Q = ||v||2R = 1.
The solution of order 1 is given by the following equalities

M∑
m=1

VXmYmRv
(
u
′
QVXmYmRv

)
= βu (2)

M∑
m=1

VYmXmRv
(
u
′
QVXmYmRv

)
= βv (3)

where β =
∑M

m=1

(
u
′
QVXmYmRv

)2
is the maximum value of the function de-

fined in (1). To approach the solution of the system consisted the equations
(2) and (3), an iterative algorithm and converge is implemented whose points
are as follows:

0) The tables are centered Xm and Ym , but in more the tables Ym are nor-

malized (Bouroche [3]) overall for all m = 1, · · · ,M , one put: Xm = X
(0)
m

and Ym = Y
(0)
m for all m = 1, · · · ,M .

1) Choose u0 and v0 (e.g., randomly, such that , u
′
0Qu0 = 1 and v

′
0Rv0 = 1)

and ε (eg. 0, 00001)

f(u0, v0) =
M∑

m=1

(
u
′

0QVXmYmRv0

)2
For k = 1, 2, . . .

2) Compute the vector uk Q−normalized

uk =

∑M
m=1

(
u
′

k−1QVXmYmRvk−1
)
VXmYmRvk−1

‖
∑M

m=1

(
u
′
k−1QVXmYmRvk−1

)
VXmYmRvk−1‖Q

3) Compute the vector vk R−normalized

vk =

∑M
m=1

(
u
′

kQVXmYmRvk−1
)
VYmXmQuk

‖
∑M

m=1

(
u
′
kQVXmYmRvk−1

)
VYmXmQuk‖R

4) One compute the value of the optimized criterion

f(uk, vk) =
M∑

m=1

(
u
′

kQVXmYmRvk

)2
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5) If f(uk, vk)− f(uk−1, vk−1) ≥ ε puts u0 = uk and v0 = vk and go to 2), if
not one stops the algorithm and go to the 6) One compute the synthetic
components, and The unit weights for all m = 1, · · · ,M

6) Calculate the synthetic components, and The unit weights for all m =
1, · · · ,M

cXm,k
= XmQuk and cYm,k

= YmRvk

ρXm,k
= var(XmQuk)

ρYm,k
= var(YmRvk)

ρXm,kYm,k
= cor2(cXm,k

, cYm,k
)

where cor2(cXm,k
, cYm,k

) indicate the correlation squared enters cXm,k
and

cYm,k
.

With the higher order s ≥ 2 where 2 ≤ s ≤ min(p, q), the analysis of Co-
inertia between two vertical multi-tables (sCIA2), determines the axes
of Co-inertia us and vs by making deflations in spaces of the individuals
Rp and Rq, these axes are determined by the relations

M∑
m=1

σ(s)
m V

X
(s−1)
m Y

(s−1)
m

Rvs = βsus

M∑
m=1

σ(s)
m V

Y
(s−1)
m X

(s−1)
m

Qus = βsvs

where βs is the maximum value with the order s of the function defined
in (1).

X
(s−1)
m = Xm

(
Ip −

∑s−1
h=1Quhu

′

h

)
= XmP

⊥′
Us−1

the deflation of Xm and

Y
(s−1)
m = Ym

(
Iq −

∑s−1
h=1Rvhv

′

h

)
= YmP

⊥′
Vs−1

the deflation of Ym with the
order s.
X

(0)
m = Xm and Y

(0)
m = Ym for all m = 1, · · · ,M .

Systems of axes of Co-inertia {us}s and {vs}s are Q−orthogonal and
R−orthogonal respectively. But, systems of the partial synthetic compo-
nents {cXm,s = XmQus}s and {cYm,s = YmRvs}s are not Dm−orthogonal
in Rnm for all m = 1, · · · ,M and s = 1, · · · , r, one cannot represent the
variables of two groups in orthogonal plane (s, l) for s 6= l.

Consequently, by now making deflations in spaces of variables Rnm , solu-
tions of order s are defined in the following way: axes of Co-inertia of order s,
us and vs witn 2 ≤ s ≤ min(p, q), of ACIOs2 in the coupling of two vertical
multi-tables are the axes of order 1 of sCIA2 in the coupling of two vertical
multi-tables of the triplets
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(X
(s−1)
1 , Q,D1), · · · , (X(s−1)

M , Q,DM) and (Y
(s−1)
1 , R,D1), · · · , (Y (s−1)

M , R,DM)

X
(s−1)
m = P⊥CXm,s−1

X
(s−2)
m , the dflation of Xm with the order s and Y

(s−1)
m =

P⊥CYm,s−1
Y

(s−2)
m the dflation of Ym with the order s, X

(0)
m = Xm and Y

(0)
m = Ym,

m = 1, · · · ,M .

Let P⊥CXm,s−1
= Inm −

CXm,s−1
C
′
Xm,s−1

Dm

‖CXm,s−1
‖2Dm

be Dm−orthogonal projector on the

subspaces generated by the orthogonal one of cXm,s−1 and P⊥CYm,s−l
= Inm −

CYm,s−1
C
′
Ym,s−1

Dm

‖CYm,s−1
‖2Dm

Dm−orthogonal projector on the subspaces spanned by the

orthogonal one of cYm,s−1 . It results from it that the systems from components

{cXm,s = X
(s−1)
m Qus}s and {cYm,s = Y

(s−1)
m Rus}s are Dm−orthogonal.

In our article, we include exactly the context of STATICO of Simier et al. [13],
of Hanafi [7] and the methods of analysis of Co-inertia between two vertical
multi-tables developed recently, i.e. one renews the analysis of Co-inertia of
two tables of the data relating to the same objects with M couples of triplets
of tables. With each renewal, the observations can be modified.
To characterize the stability of the relations observed between these two groups
of descriptors, we propose another simultaneous method in the context pointed
out Ci-high leading in construction of the axes of Co-inertia in a total way,
because this way of proceeding is more interesting in the sense that the solution
in only one blow is determined. These matrices being independent of Xm and
Ym (m = 1, · · · ,M) can be regarded as common to all these tables and will
allow to calculate projected inertias of tables and the coefficients of correlation
squared between synthetic components partial of each couple of tables.
This question had been tackled in the case of one M−multi-tables horizontal
(paired in lines) by Hanafi and Qannari [8]. Moreover, Kissita et al. [10]
determined the simultaneous solution with the successive method of Hanafi
and Qannari [8]. The synthetic components rising from this method are not
orthogonal. This method generalizes sCIA2 perfectly.
One defines by trace(Adiag(A)) =

∑r
k=1 a

2
kk = ‖diag(A)‖2, where A = [akh],

1 ≤ k ≤ r and 1 ≤ h ≤ r is a square matrix.
Km = VXmYm = X

′
mYm indicate the matrix of inter-covariances between the

tables Xm and Ym.
VXm = X

′
mXm is the matrix of variance-covariance of the table Xm. A

′
indicate

transposed of the matrix A. diag(A) indicate the diagonal of the matrix A
and Ir the matrix identity of order r.
var(X) indicate the variance of X.
At paragraph 2, we present our new method, by defining it initially; then, one
proposes an algorithm allowing to find the solution. Lastly, one shows the
monotony of the algorithm and his convergence. Moreover in this paragraph a
summary of this algorithm is given. In paragraph 3, we make some comments
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on the method on the level of the properties checked by the axes of Co-inertia
and the associated synthetic components. In more one establishes certain
links between the SCIA and some methods of analysis of the data. Finally, we
apply to our method the same ecological data which were treated by Pegaz-
Maucet [12], Hanafi [7], Blanc et al. [2], Thioulouse et al. [14], Thioulouse
[15] and recently by Kissita et al. [9], [10] and Niéré et al. [11] with an aim of
comparison. The programs were carried out in scilab language and the graphs
in R language.

2 Materials and Methods

2.1 Data

The data which are in this example were already also treated by Pegaz-
Maucet [12], Hanafi [7], Chessel and Hanafi [4], Blanc [1], Thioulouse et al.
[14], Thioulouse [15] and recently by Niéré et al. [11] and Kissita et al [10].
These ecological data were measured on the Méaudret river of France. Six (6)
stations distributed in the Méaudret river were visited each one once per season
(1-Spring, 2-Summer, 3-Autumn, 4-Winter). With each time were measured in
each station 10 parameters physicochemical of the rivers (Temp=Temperature,
Debi=Flow, pH, Cond=conductivity, Oxyg=Oxygen, BDO5=Demand of oxy-
gen for biology, Oxyd=oxydability, Ammo=ammoniaque, Nitra=Nitrates,
Phosp=phosphates) and identified the 13 species (ephemeroptera) present
(Eda=Ephemera, Bsp=Baetis sp, Brh=Baetis rhodani, Bni=Baetis Niger,
Bpu=Baetis pumilus, Cen=Centroptilum, Ecd=Ecdyonurus, Rhi=Rhihrogena,
Hla=Habrophlebialauta, Hab=Habroletoides modesta, Par=Paraletophlebia,
Cae=Caenis, Eig=Ephemerella ignita). We thus obtains a total of 24 state-
ments (6 stations 4 seasons ). The faunistic X is 24 by 13 table is made up
using four Xm is 6 by 13 tables. In the same way, the mesologic table Y is 24
by 10 is made of four tables Ym, where Ym is 6 by 10. Both tables Xm and Ym
correspond to the same season m (m = 1, 2, 3, 4).
The objective of this study is to describe the evolution of the species-environment
relationships from one season to another.

2.2 SCIA method

While restricting itself if the metric ones in spaces of the individuals and
the variables are metric identity, which does not harm the general information;
we propose another method called, the analysis of simultaneous Co-inertia be-
tween two vertical multi-tables. Context of this new method being that of
the methods which were largely quoted Ci-high more precisely the method
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STATICO and the methods of analysis of Co-inertia between two vertical
multi-tables.

2.2.1 Definition of SCIA

One calls the analysis of simultaneous Co-inertia between two vertical
multi-tables, the method which makes it possible to determine two orthog-
onal matrices U first group and V of the second group respectively containing
in columns the axes of Co-inertia us and vs (s = 1, · · · , r) carrying out the
maximum of the function

g(U, V ) =
M∑

m=1

‖diag(U
′
KmV )‖2 (4)

subject to the contraints

U
′
U = V

′
V = Ir (5)

where r is the number of the solutions to be determined. or the rank of the
matrix VXY .
We are

g(U, V ) =
M∑

m=1

‖diag(U
′
KmV )‖2 =

M∑
m=1

r∑
s=1

(
u
′

sKmvs

)2
=

M∑
m=1

r∑
s=1

cov2(Xmus, Ymvs) (6)

Thus, after having defined the problem, we can now solve it.

2.2.2 Solution of SCIA

To maximize g subject to the contraints U
′
U = V

′
V = Ir an iterative algo-

rithm associated (4) and (5) is given. This algorithm proceeds by the iterative
update of U and V . Monotony amounts showing the growth of the function g
initially compared to U and afterwards compared to V .
To build the updates U∗ and V ∗ respectively matrices U and V , one chooses
matrices arbitrarily subject to the constraints U

′
U = V

′
V = Ir. This con-

struction will be done alternatively and in three stages. The first stage is
devoted to maximization compared to U , the second stage consists in maxi-
mizing g compared to V and the third stage is reserved for the monotony of
the algorithm.
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• First stage: determination of the update U∗ of U .
To determine the update U∗ of the matrix U in the problem which is
defined in (4) subject to the constraints (5), it is necessary to maximize

g(U, V ) =
M∑

m=1

tr(U
′
KmV diag(U

′
KmV ))

= tr(U
′

M∑
m=1

KmV diag(U
′
KmV )) = tr(U

′
TUV )

subject to the contraints (5) where TUV =
∑M

m=1KmV diag(U
′
KmV ) is

the pr matrix, One takes the singular values decomposition of matrix
TUV , or TUV = PDQ

′
where P

′
P = Q

′
Q = QQ

′
= Ir. The update of U

is the matrix U∗ = PQ
′
. For the proof of this result, see Cliff [6].

• Second stage: determination of the update V ∗ of V . To find the update
of V noted that V ∗, one writes g in the form

g(U, V ) = tr(V
′

M∑
m=1

K
′

mUdiag(U
′
KmV )) = tr(V

′
HUV )

where HUV =
∑M

m=1K
′
mUdiag(U

′
KmV ) is the qr matrix with U = U∗

the update of U . determined at the first stage. While proceeding as at
stage 1, one finds V ∗ = LG

′
the update of V where HUV = L4G′ the

singular values decomposition of HUV , where L
′
L = G

′
G = GG

′
= Ir.

• Third stage: monotonically of the algorithm

We show only the monotonically of the algorithm with respect to U ,
knowing that that of V same manner is shown by exchanging only the
roles of U and V . It is thus a question of showing that

g(U, V ) ≤ g(U∗, V ) ≤ g(U∗, V ∗)

To establish this monotonically with respect to U , it is enough to show
that

g(U, V ) ≤ g(U∗, V ).

Indeed, using

U∗
′
TUV = U∗

′
M∑

m=1

KmV diag(U
′
KmV ) =

M∑
m=1

U∗
′
KmV diag(U

′
KmV ),
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one can draw it sth diagonal element

M∑
m=1

u∗
′

s Kmvsv
′

sK
′

mus = u∗
′

s

M∑
m=1

Kmvsv
′

sK
′

m)us = u∗
′

s Gsus

where us and vs (s = 1, · · · , r) are respectively the sth vectors columns
of the matrices U and V ,
Gs =

∑M
m=1Kmvsv

′
sK

′
m a positive semi-definite symmetrical matrix.

Consequently

‖G
1
2
s us −G

1
2
s u
∗
s‖2 ≥ 0 (7)

The relation (7) is equivalent to the relation below

u
′

sGsus + u∗
′

s Gsu
∗
s ≥ 2u∗

′

s Gsus (8)

or

u
′

s

M∑
m=1

Kmvsv
′

sK
′

mus+u∗
′

s

M∑
m=1

Kmvsv
′

sK
′

mu
∗
s ≤ 2u∗

′

s

M∑
m=1

Kmvsv
′

sK
′

mus (9)

While adding (9) compared to s, one finds the relation equivalent follow-
ing

M∑
m=1

tr(U
′
KmV diag(U

′
KmV )) +

M∑
m=1

tr(U∗
′
KmV diag(U∗

′
KmV ) ≥

2
M∑

m=1

tr(U∗
′
KmV diag(U

′
KmV )) (10)

While referring to Cliff [6], one has, starting from the update U∗ of U the
relation

M∑
m=1

tr(U∗
′
KmV diag(U

′
KmV )) ≥

M∑
m=1

tr(U
′
KmV diag(U

′
KmV )) (11)

While combining (9) and (10), one finds the relation sought below

M∑
m=1

tr(U∗
′
KmV diag(U∗

′
KmV )) ≥

M∑
m=1

tr(U
′
KmV diag(U

′
KmV )) (12)

What makes it possible to write

g(U∗, V ) ≥ g(U, V ) (13)
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We obtain the monotonically of the algorithm with respect to U . We can thus
say that the updates of U and of V who are noted respectively U∗ and V ∗

make grow the function . The function g being limited, continues increasing
and monotonous in particular on the unit formed by the normalized vectors
consisted the columns of the matrices U and V , the algorithm converges.
The particular choose of U = U∗ imply

U∗
′
TUV = QP

′
PDQ

′
= QDQ

′
(14)

is a symmetrical semi-definite positive matrix, and thus D contains positive or
null singular values.

The summary of the algorithm which makes it possible to determine the
solution of the maximization of (4) subject to the constraints (5) is given below:

Algorithm of the SCIA

0) The tables Xm and Ym are centered, but in more the tables Ym are nor-

malized (Bouroche [3]) overall for all m = 1, · · · ,M . Put: Xm = X
(0)
m

and Ym = Y
(0)
m for all m = 1, · · · ,M .

1) Choose U and V (arbitrary matrices such as U
′
U = V

′
V = Ir) and

(ε for example 0, 00001),

2) Determination of the updates

A) Update of U

a) Compute TUV =
∑M

m=1KmV diag(U
′
KmV )

b) Make the singular values decomposition of matrix TUV = PDQ
′

c) Put for update of U , the matrix U∗ = PQ
′

B) Update of V

a) Compute HUV =
∑M

m=1K
′
mUdiag(U

′
KmV ) where U = U∗ found

previously

b) Make the singular values decomposition of matrix HUV = L4G′

c) Put for update of V , the matrix V ∗ = LG
′

d) While g(U∗, V ∗)−g(U, V ) ≤ ε, then the algorithm converged, if not
U = U∗ and V = V ∗ go to 2.

e) Compute CXm = XmU
∗ and CYm = YmV

∗.
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f) Compute ρXm,s = var(Xmus), ρYm,s = var(Ymvs) and ρXm,sYm,s =
cor2(Xmus, Ymvs) where us and vs are respectively the columns of
the matrices U∗ and V ∗. After having proposed the algorithm of
method SCIA, we will give some properties checked by the axes of
Co-inertia and their associated synthetic components. Moreover,
we will give some links of this method with other methods of mul-
tivariate data analysis.

3 Results and Discussion

The species and the environmental variables are centered per season. More-
over, the environmental variables are standardized overall. This total stan-
dardization makes it possible to take into account the variance intra-season.
Each one of these tables corresponds to a triplet (Xm, Q,Dm) for fauna and
(Ym, R,Dm) for environmental variables. Table 1 gives the correlations squared
between couples of tables for the four seasons and the three methods to order
1 and 2. It arises from the results of this table that it there not of stability
of the connection between fauna and the medium for the three methods. The
seasons Be and Autumn resemble themselves for the three methods, they con-
tribute more to the stability of the connection, it is not the case for the seasons
spring and Hiver. The coefficients of correlation squared associated with the
first two axes with Co-inertia which are in table 1 are represented on figure 1.
This figure highlights nonthe stability of the connection between fauna and the
medium for the four seasons. On the other hand, table 2 contains the percent-
ages of inertias projected of tables (seasons) on the first two axes of Co-inertia.
The goal is to highlight on the one hand one season the faunistic stability at
the other and to study a temporal dynamics of this faunistic composition. It
is deduced from this table that the percentages of inertias projected of the
Autumn for all the methods sCIA1, sCIA2 are highest for the faunistic multi-
table on the first two axes. On the other hand, for this same multi-table, the
percentage of inertia projected of the SCIA is only large also on the first axis
and for the autumn. For the multi-table of environmental variables, it is al-
ways the autumn which has the largest percentage of inertia on the first axis.
One finds also percentages of inertias raised for the second axis for example for
Spring concerning the variables of fauna and the medium. When one observes
the position of the individuals (Fig 2) concerning the faunistic multi-table, we
note overall a similarity of the representations of the stations from one season
to another. Axis 1 opposes stations 6 with station 2 for the Autumn. For
the Winter, axis 1 opposes station 5 to station 4. Concerning the multi-table
of environmental variables, there are also strong similarities on the position
of the stations from one season to another. As an example, station 2 does
not change a position for every season. But there are no common structures
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between these two sets of descriptors on the position of the stations. There is
an size effect for the species on axis 1. The environmental variables organize
same manner from one season to another as a whole.

Table 1: Squared correlations between linear combinations of the species vari-
ables and the environmental variables to order 1 and 2

Saisons
Methods Spring Summer Autumn Winter

0.370 0.881 0.936 0.334
sCIA 0.574 0.135 0.015 0.427

0.373 0.880 0.935 0.335
sCIA2 0.298 0.640 0.828 0.461

0.451 0.916 0.921 0.388
sCIA1 0.674 0.669 0.713 0.764

Figure 1: Representation of the seasons on the first two axes associated with
the correlations squared between synthetic components
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Table 2: Percentages of projected inertias of SCIA, sCIA2 and sCIA1 of each
table (season) for the first two axes ρXm,s = var(Xmus) and ρYm,s = var(Ymvs)

Saisons
Methods Spring Summer Autumn Winter

11.990 16.375 42.496 29.136
sCIA1 (X) 20.416 28.120 40.675 10.786

6.854 30.633 57.804 4.707
sCIA1 (Y) 30.869 35.182 15.655 18.291

10.929 14.069 44.258 30.742
sCIA2 (X) 7.652 37.223 45.374 9.749

6.606 30.759 58.279 4.353
sCIA2 (Y) 18.860 53.192 21.727 6.220

10.76 13.87 44.50 30.84
sCIA (X) 79.29 17.42 1.91 1.37

6.57 30.54 58.45 4.42
sCIA (Y) 83.83 8.05 0.92 7.18
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Figure 2: Position of the stations per season for the first two axes for the
multi-tables X and Y of SCIA
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Figure 3: Position of the species and the factors of the medium per season for
the first two axes for SCIA

Matrices U∗ and V ∗ who are trained of the axes of Co-inertia associated
respectively with the two groups with tables X and Y are orthogonal. Thus,
systems of axes of Co-inertia {us}s and {vs}s are also orthogonal. Co-ordinates
of the individuals of the tables Xm are contained in the tables CXm = XmU

∗.
In the same way co-ordinates of the individuals of the tables Ym are contained
in the tables CYm = YmV

∗. The representation of the individuals in these axes
of Co-inertia does not pose a problem for the two groups of tables. On the other
hand, the variables cannot be represented in the orthogonal reference marks
because of nonthe orthogonality of the partial and total synthetic components.
To represent the variables of the first multi-table, one uses the technique of
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the additional elements of the lines of the tables Km = X
′
mYm on the system of

axes V ∗. We chooses the two first axes to plot the rows. Columns of the tables
Km are the rows tables K

′
m and ploted in the system of axes U∗. Unit weights

of tables Xm and Ym are determined by the numbers ρXm,s = var(Xmus) and
ρYm,s = var(Ymvs) who are projected inertias.
But, ρXm,sYm,s = cor2(Xmus, Ymvs) for all m = 1, · · · ,M and s = 1, · · · , r
allow to characterize the stability of the connection between these two groups
of variables.
When the two multi-tables are reduced each one in only one table, the SCIA
is confused with the CIA of Chessel and Mercier [5].
The SCIA generalizes the successive methods (sCIA2 and sCIOA2), because
one easily finds these methods in the particular case r = 1. Moreover, it
extends also the dual analysis in common components and unit weights of
Hanafi and Qannari [8], since this last method is found when Xm = Ym for
all m = 1, · · · ,M , in this case the criterion (3) pennies the constraints (4)
becomes maximize

g(U) =
M∑

m=1

‖diag(U
′
VXmU‖2 (15)

subject to the contraint U
′
U = Ir.

A simultaneous criterion of the type (15) had already been the subject of an
article called analyzes in common components and unit weights by Kissita et
al. [10] in its primal version.
Of all these methods, an increased interest must be granted to the orthogonal
methods in research of the bond between two vertical multi-tables like sCIOA1
and sCIOA2, because they present at the same time properties at the level of
the axes of Co-inertia and synthetic components partial. They have also many
helps with interpretation.

4 Conclusion

The method which has been just proposed in this article generalizes the
methods such as the analysis of Co-inertia of Chessel and Mercier [5], ACIs2
and ACIsO2. It also generalizes the analysis in common components and
unit weights of Qannari et al, [] in its dual version. It extends also ACIs1,
because if the two vertical multi-tables are reduced to only one table each
one, to maximize the criterion of covariance is equivalent to maximize the
criterion of covariance squared. The algorithm which is proposed in this article
converges monotonement towards a stationary point, but total convergence is
not assured. To have a total convergence, it is possible to start again the
algorithm several times by modifying the starting points and, the greatest
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value of the function is chosen. It is the latter which constitutes the solution
of the problem.
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Doctorat unique, Université Claude Bernard de Lyon 1, France, (1997).

[8] M. Hanafi and E. M. Qannari, Nouvelles propriétés de l’analyse en com-
posantes communes et poids spécifiques, Journal de la Société Francaise
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