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Abstract

This research paper we use a fast elitist multiobjective genetic algorithm to
solve the new approach that we propose to quarterly disaggregating of the
Gross Domestic Product (GDP) by multiobjective programming. Thus, the
quarterly disaggregation of the GDP is described as a quadratic
multiobjective  programming problem that generalizes Denton's
proportional method. The proposed approach has the advantage reduce to
one the number of optimization programs to be solved. Our proposed
method can be applied to the national accounts of any country that has
adopted the National Accounting System. The simulation results are
compared to those obtained using Denton’s proportional method and these
results revealed the overall performance of the multiobjective programming
approach for the quarterly disaggregation of GDP. Our approach is more
suitable for taking into account the links between branches of national
accounts, in terms of volumes and prices of products demanded during the
production process. Also, it reduces forecast error and volatility of quarterly
GDP. Besides, it is worth noting that our method is a usfull step for data
processing such as chain-linked measures, overlap growth techniques,
seasonal adjustment and calendar effects adjustment, in time series and
econometrics analysis.

Keywords: Quarterly disaggregation, quarterly national accounts, optimization, quadratic
program, multiobjective programming, genetic algorithm.
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1. Introduction

In economics analysis, the main aggregate indicator resulting from the quarterly
national accounts (QNA) is the quarterly Gross Domestic Product (GDP). Thus, the
problem is that of quarterly GDP estimation for global cyclical economics analysis.
Generaly, for having quarterly GDP, the economy is divided into several branches or
sectors and the quarterly accounts estimation is done per branch defined throught
the System of National Accounting (SNA).

The procedures for compiling quarterly national accounts can be subdivided into
direct and indirect procedures. The use of direct procedures requires the availability,
at quarterly intervals, of the same data sources as those used to prepare the annual
accounts, subject of course to the necessary simplifications. Direct procedures are
often used in countries with sufficiently developed statistical systems. Indirect
procedures is based on quaterly disagregation of passed annual national accounts
and extrapolation for current quater by using mathematical or statistical techniques,
with or without reference indicators. Indirect procedures are used in countries
without sufficiently developped statistical systems as there is in sub-Saharan Africa.
That are subdivided into two groups of methods: mathematical methods and
econometric methods.

In the literature, mathematical methods and econometric methods are distinctly
developed for the quarterly disagregation of national accounts. A full presentation is
given in the quarterly national accounts manual [11], [12]. The main difficulty in
applying econometric methodologies is the need to have data available over a long
period. Thus, the mathematical methods presents the advantage for applying them
even with short data series [15]. Overall, mathematical methods based on numerical
approach are adapted to less developed statistical systems [15] as in most of sub-
Saharan Africa countries. The quarterly disaggregation according to mathematical
methods preserves the infra-annual evolution of the quarterly indicator by ensuring
consistency with the annual value of the national accounts [15]. Furthermore, the
most praticable mathematical method using indicators is that developed by Denton
(1971) which is presented in [11], [12] and the modified version done by Sjoberg
(1982), Adriaan M. Bloem and al (2001), Cholette-Dagum (2006) can be seen in [12].
Denton method estimates quarterly accounts by proportional divisions based on the
related quarterly indicator and also following a fairly smooth quarterly path based
on certain criteria. Thus, the quarterly disagregation of national accounts with
Denton’s method becomes a minimization problem with constraints. However, it is
not evident to find a global composite quaterly indicator related to the GDP in order
to quarterly disagregate directly the GDP by this method.

As we can see, the traditional Denton’s proportional method for the quarterly
disaggregation of Gross Domestic Product (GDP) have many weaknesses related to
the independent resolution of several optimization sub-problems resulting from the
decomposition of GDP into branches of the economy according to the nomenclature
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defined for quarterly national accounts. The resolution of all these sub-problems one
by one could be tedious due to the time required for individual processing.
Therefore, this approach could lead to differences between the annual series of
observed GDP and the GDP estimated from the quarterly accounts after aggregation
due to simulation errors which occur at the level of the branches treated separately.

Based on the economy breakdown into several branches or sectors, this paper
proposes a novel theoretical mathematical programming approach where the
quarterly disaggregation of GDP is formalized as multiobjective optimization
problem. Our paper solves the weaknesses of methods based on indirect procedures
mainly Denton’s proportional method for the GDP quarterly disaggregation. The
overall quarterly disaggregation problem is presented using an indirect approach
with indicators, leaning on Denton’s proportional method. A Multi-Objective
Programming for Temporal Disaggregation (MOPTD) model is therefore proposed
(section 2) by generalizing Denton’s proportional method. Moreover, we manage to
build a non-trial hybrid algorithm based on an evolutionary fast elitist non-
dominated genetic algorithm (NSGA-II) for solving the model (section 3).

After quarterly decomposition of national accounts by the MOPTD model, the
derivated data can be used for some important data processing such as chain-linked
measures, overlap growth techniques, seasonal adjustement and calendar effects
adjustement, in order to get more consistency of quarterly time series for
econometrics analysis. This paper proceeds neither chain-linked measures nor
seasonal and calendar effects adjustment. The MOPTD model and the algorithm have
been applied to Benin’s real data of national accounts, breaking down the GDP into
three sectors (primary, secondary and tertiary) (see section 4). The data were
obtained from the National Institute of Statistics and Economic Analysis in short
INSAE, of Benin.

2. Formulation of the Multi-Objective Programming for Temporal
Disaggregation

In this research, the quarterly disaggregation of branches accounts is based on an
indirect approach with indicators. The basic idea of quarterly accounts is to "adapt”
the indicators to the annual accounts, estimating the statistical relationship that
links in the past, the annualised indicator to the corresponding account, and
assuming that this relationship observed on annual data is also valid on quarterly
data. Among the indirect methods, one of them retains our attention. This is the
proportional method of Denton (1971) in [11, 12]. The choice is guided on the one
hand by the fact that it minimizes the prediction error of the current year, so that the
forecast annual growth rate is very close to the realization and on the other hand, by
its ease of implementation because it is a method adapted to short time series.
Several works in the literature have used Denton's basic formulation to propose
modifications, as have Cholette and Dagum (1994) in [11] and Dagum and Cholette
(2006) in [12]. It should therefore be noted that if the time series available on the
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annul national accounts are not long enough, the econometric approach could lead
to inconsistent estimators. Therefore, this research is based on Denton's
proportional method, which is also implemented in several countries.

First of all, it is necessary to make a description all things we need for the
formulation of the problem.

Description of the entities, cardinalities and indexing of the problem
We have the following entities :

M : the number of branches of national accounts, corresponding to the number of
objective functions,

T : the number of years for national accounts observed,

The following indexes are chosen for the problem formalization:

y ﬂl ,2,3,..., T}, year generic index,

i 6{ 1,2,3, 4}, quarterly index,

t 6{1, 2, 3,_,,,4T}, generic index of quarters on the T years’ period: the indexes i

and y allowing to reference an observation are restated using an operator proposed
by Raimi et al. [20]

k 6{1 ,2,3,..., M}, generic branch index of the quarterly accounts nomenclature.
Description of the model variables
Data of the problem

Value of the annual account per branch: let Z,, be the (known) value added of the
branch account, for the year y;

quarterly indicator: let I, , be the value of the branch indicator k, for the quarter
t=1,2,3,....,4T;

I,=(Iy )iz1 »..4r: the vector of quarterly indicator related the branch k over the

entire period ;

Inter-branch interaction: we note Wj . the interaction of the branch j on the branch

k, considered as the average share of the branch k demand of product coming from
the branch j: W, , =1if j=k and 0<W,  <1if j#k.

Target variables

Value added per branch: let X, , be the value of national account for branch k at
quarter t=1,2,3,....,4T
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The vector of national account value for branch k over the entire period is noted:
— AT . —_ .
Xk_<Xk’[)[:1,2,..4T IXk ER ) fOrk—l,...,M;

The vector of quarterly national accounts value for all branches over the entire
period is noted: X = (X, X2, X3 ... XM), X €R4TM;

Quarterly Gross Domestic Product for the quarter ¢t: GDP,.

Relationships between variables and parameters

The target quarterly national accounts are related to the indicators (input data)
through proportionality relationships.

The proportionality relationship between estimated quarterly values added and
quarterly related indicators is as follow:

Xk,t_ Xk,t—1+ . _ . _

—==——+u, ; Vk=1,2,... .M ; Vt=2,...,4T (2)

Ik,t k,t—1

u, , is the random term not explained for the quarter t.

The first difference in the Bl ratio results in the quarterly residues
_ Xk,t Xk, -1, _ . _
u =————; ¥k=1,2,...,N; Vt=2,...,4T (3)
Lo T
The sum of the squares of the quarterly residues that must be minimal is as followed

$ (X X
1

t=2 k,t Ik,tfl

2

Jfork=1,2,...,.M (4)

The quarterly Gross Domestic Product is expressed by the relationship:
M
GDP,.=) X, ;fort=1,2,...,4T (5)
k=1

Annual Gross Domestic Product for the year is obtained by aggregation over the four
quarters

4y
GDP,= ), GDP;fory=1,2,...,T (6)
t=4y-3
Objective functions

For the analysis with a multiobjective approach, the interaction between all
branches is taken into account. In addition, it is assumed that there is an influenced
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additivity between sectoral residues in the determination of quarterly national
accounts. Thus, the objective functions are given by :

XK =3 S, | Bir Ko

j=1t=2 j jt—1

2

sfork=1,2,...,M (7)

Constraints of the model

In each branch, the sum of the quarterly accounts estimated for the four quarters of
a year is equal to the annual account (value added) of the branch for that year:

Y X =7, Yy=1,2,...,T;k=1,2,...,M (8)

At each year, the total of the quarterly values added towards all branches is equal to
the GDP:

M
X =2.2Z,;Vy=1,2,..,T (9

k=1t=4y—3 k=1

For the variables sign, since the values of the branches annual accounts are positive
(if not they can be made positive), it is also assumed that the corresponding
quarterly values are positive:

X, 20;fort=1,2,...,4T Ak=1,2,...,M (10)

With regard to maximum values, for a given year, the quarterly values of the
accounts may not exceed the annual sectoral value:

X, . 2Z Vt=1,2,...,4T ;k=1,2,....M; Vy=1,2,...,T (11)

k,t— ky’

Using remark 1 (a), an additional constraint, relating to the weighted averages of the
Bl ratios, is added to Denton's traditional equilibrium ratios. It resultin :

& X Z
> gm0 Yy=1,2,...,T,k=1,2,...,M,
_ I ’ J
t=4y—-3 Lk,t
I,
t=4y-3
The weights are given by :
— IkJ
M= k=1,2,..., M (12)
:E: Ikr
r=4y-3
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Remark 2

If the constraints translated by the relationships (8) and (10) are satisfied then the
constraint translated by the relationship (11) is satisfied. Moreover, the relationship
(8) implies the relationship (9). As a result, constraints (9) and (11) are not taken
into account in the theoretical model but will be taken into account in the simulation
algorithms in order to reinforce the constraints for minimizing the value of the
objective functions.

Definition 3 (MOPTD)

By grouping together all the elementary objective functions identified by the
relationship (7) for all branches, and the constraints identified by the relationship
(8), (10) and (12), the quarterly disaggregation of GDP appears as a problem
formulated in the form of multiobjective programming. Thus, the multiobjective
programming temporal disaggregation model proposed in this research is as follows:

min (£ X1, Xy Xl X)) r0P)

subject to.
X:(Xl’ Xz, XS‘HHXM)
X =(Xy)st=1,2,...,4T; pourtoutk=1,2,...,M
— X, <0; Vt=1,2,...,4T;k=1,2,..., M(i)
4y
Y X—Z,,=0; Vy=1,2,...,T;k=1,2,...,Nii)
t=4y-3 ’
X V4
> M E——k=1,2,...,M, Vy=1,2,..., Tliiil
t=4y-3 Ik,t ' .

N
where GDPI:Z Xk’[; t=1,2,...,4T
k=1

As it can be seen, this problem is multiobjective quadratic programming.
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To reconcile the estimated quarterly national accounts with the true annual
observed values, an adjustment is made to the estimated quarterly values. The
adjusted value detj of the estimated national accounts for quarter t for branch

(sector) k is given by:

4y 4y
d. X Y . o~
t=4y-3 t=4y-3
Vy=1,2,....T
- Ik,t
The weights are given by: e iy: !
it k.t

Xk . is the estimated value of the account for the quarter and Z, y the value for the
year y

Abs (x) is the absolute value of x: |(x||=max {—x, x}
sign|x|=1if x>0A sign(x|=—1if x<0. (13)

The interest of the quarterly national accounts lies in the fact that in a current year
when the annual accounts are not yet available, the quarterly accounts for that year
can be estimated by extrapolation from the values of the observed quarterly
indicators. Thus, starting from Denton's basic extrapolation method and that
presented by Di Fonzo, T. and Marco, M. [9] in their formula (5), the relationship
presented by Marco [18] through scenario 3, is adapted to the quarterly accounts by
considering the values of the BI ratios of the last nine previous quarters. Assuming
that m is the last year of observed annual national accounts, the extrapolated value

added of the branch (sector) k for the quarter (4 m+r) is given by :

Adj (4m+r—1) Adj
. X 1 X
Adj _ k,4m+r—1 = 2 k,t
Xk,4m+r_Ik,4m+r 0.5 +0.5 x I
k,Am+r—1 t=(4m+r-1)-9 Lk,t
where XMis

the adjusted interpolation value added of the branch k for the quarter t r is the rank
of the quarter of year m+1 for which the extrapolation is made,

r=1,2,3,4.(14)
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Proposition 1

Under the assumption of a total absence of interactions between branches, the
program (MOP) is reduced to the Denton proportional method applied to each of the
M branches of national accounts.

Proof

Let suppose that there is no interaction between the M branches of national
accounts.

Sowe have W, , =1if j=k et W, =0if j#k ; k=1,2,3,...,M

Consequently, f, becomes

t=2\ I, Ipe—1

2
f(X) =347 <&—M> ;o Vk=12 ., M with X=(X,, X5, X3..X )

fk(X] therefore depends only on X, , Vk=1,2,...,M . The problem (MOP) can
therefore be written as follows:

Min (fl(Xl)’fZ(Xz)’""fk(Xk)"")fM(XM))} (MOPY’

(
XI,XZ,X&....XML

subject to
X = (Xl' Xz, X3'""XM)

X, = (Xk,t)t s t=1,2,..,4T ; forall k=1, 2, ..M
—Xpe <0 ; vie=1,2,.,4T; k=1, 2, ..M

\
4
Yo Lay 3Kkt Ziy =05 Vy=1,2.,T; k=12 .,N
4y L S 1 S A =

L t=ay =3 Wht = ,:y:4y_31k,t ; k=12, ., M,VvVy=12,.,T
By relaxing the constraint

< X _ Ly _

> Skl =—T%Y k=1,2,...,M, Vy=1,2,...,T

I k,t 4y

t=4y-3 k,t

2 I, '

t=4y-3

we get the following new program:

Min (fl(Xl)’fZ(XZ)’""fk(Xk)""’fM(XM))} (MOP)”

(
Xl,xz,x&....x,,,l

subject to
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X = ()(1, )(2, )(3'“..)(A1)
Xi = (Xk,t)t ; t=1,2,..,4T; forall k=1, 2, ..M
! —Xe. <0; Vie=1,2.,4T; k=12 ..M
4
Ztyzz].y_?,Xk,t_Zk,y =O; Vy=1, 2,...,T 5 k=1, 2, ,M
\

Since the objective functions have independent arguments, it is possible to optimize
the f, separately to determine the X,=(X, ), for k=1,2,..., M, so that we can

have the GDP, by summing the X, , using relationship (5).

This means solving all the elementary optimization program (EOP), :
Min|f [ X,]| (EOP),

subject to
—X, .20, Vt=1,2,...,4T;

4y
Y X,.~Z,,=0;¥y=1,2,..,T
t=4y-3
[t can be seen that the program (EOP)k is similar to Denton ‘s program presented in
[11], illustrating the Denton proportional method applied to branch k=1,2,..., M
of national accounts.

Thus, the program (MOP) is reduced to Denton's proportional method applied
successively to the M branches to deduct quarterly GDP from the previous
relationship (5). ®

Remark 3

From the results of proposition 1, it can be deduced that the proposed MOPTD
model is a generalization of Denton's proportional method.

3. Resolution Approach and Algorithm Design

The problem is analysed on the basis of a hypothesis of cooperation between the
objective functions. On this basis, Pareto optimal solutions are prospected in solving
the problem. The following definition provides an understanding of the Pareto
optimality concept.
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3.1. Preliminary Definition ([19])

Let's consider the vector function F(x]:(fl(x], fz(x),...,fo(x]) and U the
constrained space (space of feasible solutions) of the problem (MOPP). It should be
noted F (U ) the value space of the objective functions. We define on F (U ) a partial
relationship. Let K be any blunt cone such that g —R“. Let's consider the binary
relationship 5 indexed by K defined as follow:

as.b=lb—a€K.

Since it is not possible to find a solution that simultaneously optimizes all objective
functions in the case of a multiobjective program, the notion of dominance in the
sense of Pareto is used.

(i)- Pareto-dominance: for two feasible decision vectors x et y, we say that x
dominates y in the sense of Pareto and we note (x, F(x) ) <g (v, F (y)), if

and only if forallqe|1,2,3,...,Q), f,|x|<f,ly| and Fq,e(1,2,3,...,Q| such that
fqo(x)<fqo(y)'

(ii)- Pareto optimal solution: a solution y ¢ RY is called Pareto optimal in R¥ if and
only if, there is no vector ye RY which dominates x.

(iii)- The Pareto optimal set is defined as the set of all Pareto optimal solutions.

(iv)- The Pareto optimal front is defined as the set of all objective function values
corresponding to all solutions in the Pareto optimal set.

The resolution algorithms of the traditional quarterly disaggregation methods are
presented in [1], [2]. In this paper, the simulation method for the model resolution is
based on the NSGA-II algorithm developed in the literature for multiobjective
optimization [3], [4], [8], [21].

3.2. A Brief Overview of the NSGA-1I Algorithm

The NSGA algorithm called "Non-dominant Sorting Genetic Algorithm"[10, 20], after
several years of implementation, has become ineffective in ranking individuals [14]
especially for large problems treated. To correct this deficiency, it elitism was
introduced into the basic algorithm [8] in order to preserve the best solutions from
generation to generation [14]. Thus, the improved version of the NSGA algorithm,
called NSGA-II, classify the individuals into many levels [6], this classification does
not require necessary the choice of sharing parameter [4]. The NSGA-II algorithm is
illustrated by the pseudo code given in algorithm 1. It should be noted that elitism in
the NSGA-II algorithm contributes to accelerating the rate of convergence and the
overall performance of the genetic algorithm incorporated in it.
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Algorithm 1 (pseudo-code NSGA-II) [8, 14]
¢ While (total number of iterations not completed)
e Generation of the initial population
¢ Repeat
e While (Population is not classified) do
e Evaluation of all borders
e Normalization of areas of constraint violation
e Search for undominated individuals
* Replacement of individuals
e End while
e Selection
e Crossover
¢ Polynomial mutation
e Until (Criteria for shutdown achieved)
e Recombination of optimal Pareto solutions
¢ End while
3.3. The Proposed MOPTD Algorithm Designing

The NSGA-II adapted to the problem of multi-target optimization for the quarterly
disaggregation of GDP resulted in a fast elitist multiobjective programming
algorithm for temporary disaggregation (MOPTD-NSGA-II). The choice of the NSGA-
II algorithm as the central nucleus is justified by the fact that elitist algorithms allow
better results to be obtained on multiobjective problems [5]. The pseudo code of the
MOPTD -NSGA-II algorithm is given in Algorithm 5. The interpolation of the accounts
by the model takes into account the reconciliation of the quarterly accounts with the
true annual values observed. This reconciliation is done by an adjustment procedure
of which the pseudo-code is given in algorithm 3. In addition, the MOPTD model
allows quarterly accounts to be extrapolated if necessary using the extrapolation
procedure of which the pseudo code is given in algorithm 4.

In the NSGA-II algorithm, the initial population is generated from the bounded
values (minimum and maximum) of the target variables. Since the problem (MOP)
is relatively of large size, to ensure rapid convergence of the algorithm towards
Pareto optimal solutions, the solution search domain has been narrowed using the
annual data provided on account variables. Thus, the variable bounded values were
generated from the annual values of the accounts by releasing the constraints (i) of
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the problem (MOP). The pseudo code of the limit value calculation procedure is
given in algorithm 2.

As it can be seen, the NSGA-II procedure introduces a hazard when generating the
reference population. Since the search for Pareto optimal solutions is based on this
reference population and the Pareto optimal solution does not strictly achieve the
minimum of each objective function, an adjustment procedure has been completed
in order to reconcile the estimated quarterly values with the true observed annual
values. The relationship (13) presented in the theoretical description is used. The
pseudo-code of this adjustment procedure is given in algorithm 3.

Algorithm 2 (pseudo code of the Procedure Boundary_values_Calculation (abX,
ny))

¢ BEGIN (Boundary_values_Calculation)

o */Initialization of the values of the annual accounts (all branches/sectors))
eFork=1:M

e Fory=1:lyear

¢ abX(k, y) annual values

e end for

¢ End for

e */Calculation of boundary values for quarterly accounts
eFork=1:M

e gbX_max (k) [ ] */ empty box

e gbX_min (k) [ ] */ empty box

eFory=1:ny

e gbXmax [ ]

e gbXmin [ ]

e Fort=4y-3:4y

e gbX_max (k, t) abX(k,y)/4+[SD (abX(k))]/(lyear-fyear+1)
¢ gbX_min (k, t) abX(k,y)/4-[SD (abX(k))]/(lyear-fyear+1)
¢ gbXmax [gbXmax gbX_max (k, t) ]

e gbXmin [gbXmin gbX_min (k, t) ]

o tt+l
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e End for
e gbX_max (k) [gbX_max (k) gbXmax]
¢ gbX_min (k) [qbX_max (k) gbXmin]
eyy+l
e End for
e gbX_M(k) gbX_max (k, 1:nq)
¢ gbX_m(k) gbX_min (k, 1:nq)
e kk+1
e End for
e tXmax [gbX_M(1) gbX_M(2) gbX_M(3) ....... gbX_M(M)]
e tXmin [gbX_m(1) gbX_m(2) gbX_m(3) ...... gbX_m(M)]
¢ END (Boundary_values_Calculation)
Algorithme 3 (pseudo code of the procedure Adjustment (qX, ny, nq))
¢ BEGIN (adjustment procedure)
e [nitialization
e vector of the abX annual accounts
e vector of quarterly accounts gX
e vector of quarterly indicators gbl
eFork=1:M
« qX(K)_Adj []
eForcy=1:ny
e fcount 4*cy-3;
e lcount 4*cy;
e qX_a(k cy) []
e For j = fcount : Icount
e w(k, j) gbl(k, j) /sum(gbl(k,j), j, fcount :1: Icount)
e c(1, cy) sum(gX(k, j), j, fcount :1: Icount) - abX(k, cy)
e If c(1, cy)>=0
* gx_a(k, j)= qX(k, j)- w(k, j) * abs(c(1, cy))
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e Else

* gx_a(k, j)= qX(k, j)+ w(k, j) * abs(c(1, cy))
¢ End if

* gX_a(k, cy) [gX_a(k, cy) gx_a(k, j)]
° ] ]+1

e End for

* gX(k)_Adj [qX(k)_Adj gX_a(k, cy)]
e cy cy+1

e End for

e kk+1

e End for

¢ END (adjustment procedure)

The extrapolation of quarterly accounts for future quarters is based on the
procedure described by the relationship (14) presented in the theoretical
description. The pseudo code of the extrapolation procedure is given in algorithm 4.

Algorithm 4 (pseudo code of the procedure Extrapolation (qX_entry, qbl_new,
ng,s))

¢ BEGIN (extrapolation procedure)

¢ s 4 x (lyear-wyear)

e While (s>0) do

o Call for data on quarterly indicators I(1:nq+s)

eFork=1:M

e Colling of the vector I(k, 1:nq+s)

¢ X(k, 1:nq) gX_adjus(k, 1:nq)

* X(k) X(k, 1:nq)

e X(k, ng+1:ng+s) [ ]

eForr=1:s

e X(k, ng+r) I(k, ng+r)* ( 0.5* X(k, nq+r-1) / I(k, ng+r-1)

o +0.5*sum(X(k, t) / I(k, t), (ng+r-1):1: (nq+r-1)-9)/9)
¢ X(k, nq+1:nq+s) [ X(k, nq+1:nq+s) X(k, nq+r) ]
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err+l

e End for

e X(k) [X(k) X(k, ng+1:ng+s)]

e kk+1

e End for

* Recovery and backup of the matrix [ X(1) X(2) X(3) ...... X(M) ]
¢ End while

¢ END (extrapolation procedure)

Finally, the pseudo code of the complete algorithm (MOPTD-NSGA-II) is given in
algorithm 5 which is as follows :

Algorithme 5 (main pseudo code of MOPTD-NSGA-II)
¢ BEGIN (main Algorithm)
« */Initialization time parameters
o fyear */ first year of the observation period of the annual accounts
e lyear */ last year of the observation period of the annual accounts
e wyear */ last year considered for interpolation
 */ Calculation of all other associated parameters
e wy (wyear - fyear +1) */ number of work years for interpolation
e wq 4*wy */ number of quarters for the calculation period
¢ s 4 x (lyear-wyear) */ number of quarters for extrapolation
o [flyear > wyear then
e ny wy; */ number of years for interpolation
e nq wq; */ number of quarters for calculations
e else
e ny (lyear - fyear +1) */ number of years for interpolation
e nq 4*ny */ number of quarters for calculations
e End if
¢ Boundary_values_Calculation (abX, ny ) */ Execution of the Procedure

 */ Interpolation of accounts on quarterly indicators
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e Begin (interpolation)
- Initialization of the other NSGA-II input parameters
M number of objective functions
p1 number of constraints
V nqxM */calculates the number of variables
Pop_size give the size of the population
run the number iteration
gen_max give the maximum number of generations

- Calling up the problem (objective functions and constraints))

* Begin (NSGA)

¢ Execution of the NSGA-II algorithm

e End (NSGA)

 */ Recovery of results provided by NSGA

e [f run==1

e gX [new_pop(:,1:V)] */ Pareto optimal solution

e Else

¢ gX [pareto_rank1(1:V)] */ Pareto optimal solution

e End if

¢ */ Adjustment of quarterly accounts

eFork=1:M

¢ Adjustment (qX(k), ny, nq) */ Execution of the procedure
¢ gX(k)_Adj Adjustment (gX(k), ny, nq)

e kk+1

¢ End for

¢ End (interpolation)

 */ Extrapolation of accounts to the quarters of the following year
o If(s>0)

e Calling up indicator values gbl(1:nq+s)

 Begin (extrapolation)
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eFork=1:M
« Extrapolation (gX(k)_Adj, gbl(k), nq,s) */ Execution of the procedure
¢ gX1_fwd(k) Extrapolation (qX(k)_Adj, gbl(k), nq,s)
e kk+1
e End for
¢ End (extrapolation)
e En if
¢ END (main algorithm)
4. Application to Benin's National Accounts

Simulations are carried out using the databases of the National Institute of Statistics
and Economic Analysis (INSAE). The data were subject to prior statistical processing
before proceeding to the actual simulations. The GDP is decomposed into three
sectors. The results obtained with the proposed model were compared with those
obtained using Denton's proportional method applied separately to each of the three
sectors.

4.1. Statistical Data and Processing

This section presents the data sources we used and the processing carried out on
data related to national accounts and related indicators.

The databases available at the National Institute of Statistics and Economic Analysis
(INSAE) reveals that Benin has the series of annual national accounts (ANA) from
1999 to 2015, compiled according to the System of National Accounting (SNA) 93
with 2007 as the base year, as well as various (quarterly) indicators on economic
activity. These data were therefore used for the simulation exercise. It should be
noted that work undertaken by the INSAE national accounts department to move
from SNA 93 to SNA 2008 [10], with a base year change to 2015, has not yet been
completed to make available the new series on the definite accounts over the
simulation period.

In the context of this research, the quarterly GDP obtained through the quarterly
disaggregation of the values added. Thus, the proposed approach using three
indicators is different from that of Abdelwahed Trabelsi and Leila Hedhili [1] for
which GDP is quarterly in aggregate form with only one indicator, the industrial
production index.

Thus, the resolution approach adopted is that relating to the research for efficient
points (Pareto optimum) after problem reduction (MOP) with three objectives.
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4.2. Our Method Results and Comparison with Denton's Proportional Method

Then, several tests were performed on the key parameters of the algorithm in order
to retain values that reduce the convergence time of the algorithm. Simulation
results and statistics on the quality of the model are presented below. In the
literature, some softwares are adopted for the quarterly disaggregation of national
accounts using traditional methods. As part of this research, all simulations are
carried out using the OCTAVE software.

Pareto optimality front

The NSGA-II algorithm uses the following key parameters as input parameters:
population size (pop_size), iteration number (no_rum) and maximum number of
generations (gen_max) beyond which the algorithm stops. The choice of the values
of these parameters depends on the size of the problem. In the literature, problems
are tested with the NSGA-II algorithm for minimum required values and set at 20 for
pop_size and 5 for gen_max [4]. Sometimes, large values can be set: up to 200 for
pop_size, 10 for no_rum and 1000 for gen_max in the case of problems with two
objectives [8].

Based on these findings, several values were tested for the parameters pop_size as in
[14], no_rum, and gen_max, in this research. These tests have been illustrated by
different representations of the Pareto front. The Pareto front obtained for the main
values of (pop_size, no_rum, gen_max) are presented in Figure 1. The Pareto optimal
points are represented in blue.

The analysis of the results shows that if no_run=1, the simulation gives several
Pareto optimal points but the number of points increases with the population size
(pop_size) and this regardless of the gen_max value, this situation is illustrated by
the panels (al) (b1), (c1) and (c2). It was used in the following pop_size=100
simulations, as adopted in [6] and [21].
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Figure 1 : Optimal pareto boundary for different simulation parameters
Source: INSAE-data base, Author’s simulation

The Pareto boundaries presented in the panels (a2), (b2), (d1) and (d2) indicate that
the algorithm converges to a single Pareto optimal point when no_run=100 for any
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gen_max value with pop_size=100, but the boundaries obtained with gen_max=25
and gen_max=100 have the same configuration; the points obtained for the different
cases are all located in practically the same restricted space.

It should be noted that overall, the gen_max values set at 25 and 100 give Pareto
front with the same characteristics; however, the runtime of the algorithm for
displaying results is relatively longer for gen_max=100 than for gen_max=25. Thus,
based on the situations presented above, the simulations which of results are
presented below are performed with (pop_size, no_rum, gen_max) = (100, 10, 25).

Comparison of the evolution of interpolated series

For the comparison of the model results with those obtained using Denton's
proportional method, MOPTD simulations are performed with the parameter
(pop_size, no_runs, gen_max) = (100,10,25). Figure 2 below presents the results of
both methods. The series of quarterly national accounts represented in panels (a),
(b), (c) and (d) are those obtained after simulations are made over the period
1999-2014 and extrapolated for the quarters of 2015. The quarterly indicators are
represented by red dotted lines. The series of quarterly national accounts obtained
with the model are represented in black and those resulting from the application of
the Denton’s proportional method are the blue curves.

As shown in the results presented in Figure 5, the quarterly national accounts series
obtained by both methods and the respective quarterly indicators maintain the
trends and relationships obtained with the annual data. However, the analysis of the
curves presented in the four panels shows that the MOPTD model produces
relatively much smoother (less fluctuating) series compared to the series obtained
using Denton's proportional method.
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(b) Secondary sector value added
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Source: INSAE-data base, Author’s calculations

The performance test of the MOPTD model compared to Denton's proportional
method is performed in two steps.

The first step in performance analysis is based on a comparison of the level of GDP
and growth rate obtained by extrapolation for the four quarters of 2015, after
interpolation over the period 1999-2014. Table 1 summarizes the interpolation
results compared to the true observed values and Table 2 summarizes the
extrapolation results for 2015 in terms of values and growth rates. As the results in
Table 1 show, both methods of quarterly disaggregation of GDP replicate exactly the
actual observed account values for the retrospective periods (1999-2014).

With regard to the forecast for 2015, as shown in Table 2, for each sector, the annual
values obtained by aggregating the quarterly national accounts are different from
the real values observed for 2015. The order of magnitude of the difference in values
is random, according to an analysis covering the sectors, on the one hand, and the
methods, on the other hand. However, by the rule of additivity of accounts and global
equilibrium, both methods give the GDP annual values relatively close to the value
observed for 2015.

Table 1. Comparison of the values of the annual accounts actually observed and aggregated
after quarterly reporting

Annualized quarterly accounts- Annualized quarterly accounts-
Observed annual accounts DENTON DTPMO
Year X1 X2 X3 GDP X1 X2 X3 GDP X1 X2 X3 GDP
1999 477.64 57296 975.02 §025'6 477.64 57296 975.02 5025'6 477.64 57296 975.02 ;025'6
2000 503.60 612.75 ‘11_027'9 223144'2 503.60 612.75 1027'9 ;144'2 503.60 612.75 1027'9 ;144'2

2001 534.31 654.22 53431 654.22

}070.1 2258-6 53431 654.22

1070.1 2258.6 1070.1 2258.6
1 4 1 4

2002 56124 65970 11425 23635 56124 65970 11425 23635 56124 65970 L1425 23635
2003 57442 5729 L2131 24449 57442 65729 L2131 24449 57442 65729 L2131 24449
9 0 9 0 9 0
2004 62390 66725 L2620 25532 62390 66725 L2020 25532 62390 667.25 L2020 25532
6 0 6 0 6 0
2005 62249 69962 1748 25969 62249 69962 12748 25969 62249 69963 L2748 29969
2006 66247 71003 13268 26993 66247 71003 L5268 26993 66247 71003 L5268 26993
6 6 6 6 6 6
2007 69450 69348 L4729 28609 69450 693.48 L1729 28609 69450 693.48 L1729 28609
7 5 7 5 7 5
2008 70850 637.89 L0546 30010 70850 637.89 L0546 30010 70850 637.89 L0%46 30010
5 4 5 4 5 4
2009 74195 63936 L0893 30706 74195 63936 L0893 30706 74195 63936 L0893 30706
3 4 3 4 3 4
2010 72759 66037 V476 31355 72759 66037 o *70 31353 72759 66037 o *70 31353
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2011 74219 eag71 18376 32284 74219 6agy1 1837:6 32284 74219 64gy1 1837:6 32284
0 9 0 9 0 9
2012 76507 66475 OO0 33938 765.07 66475 000 33938 76507 66475 o0 33938
2013 80176 72261 21027 36271 80176 72261 21027 36271 80176 72261 21027 36271
9 6 9 6 9 7
2014 84841 73897 22745 38619 84841 73897 22745 38619 B4841 73897 22745 38619
6 3 6 3 6 3
2015* 78389 851.19 f303'5 3938‘5 85263 747.52 5340'8 3941'0 83099 743.72 2355'9 2930'6

(*) the account values for this year in the case of Denton and MOPTD are those
extrapolated

The growth rates resulting from the forecast are also close to the GDP growth rate
observed in 2015. The actual observed rate is 1.98% while for the Denton
proportional method, the growth rate obtained is 2.05% showing 0.06 point of
overrun in percentage.

Table 2. Summary of extrapolated GDP for 2015

Annual national accounts Annual national accounts growth rate

X1 X2 X3 GDP X1 X2 X3 GDP
Real
account  783.89 85119 230351 3938.59 7.60%  1519%  127%  1.98%
value

One year-ahead prediction

Denton  852.63  747.52  2340.89 3941.05 050%  1.16%  292%  2.05%
DTMPO
Isl“lm‘]at“’ 830.99 74372 235594 3930.66 2.05%  0.64%  358%  1.78%
i“;”latm 82730 74518  2370.19 3942.66 249%  0.84%  420%  2.09%
i‘g‘“lat“’ 828.01 74434 236894 3941.29 240%  0.73%  415%  2.05%
MEAN 82877 74441  2365.02 3938.20 232%  0.74%  3.98%  1.97%

Note : the MOPTD results are those of simulation 1 with (Pop_size, No_runs,
gen_max)=(100,10,25)

With the MOPTD method, the direction of variation of the GDP growth rate
differential obtained by extrapolation, compared to that really observed, is mixed.
Indeed, in order to test the robustness of the MOPTD model, the simulation was
carried out successively three times with the same parameters. But the random
nature conferred on the NSGA-II algorithm induced different values of the GDP
extrapolated for 2015. The GDP growth rate extrapolated for 2015 from these three
simulations is set at 1.78%, 2.09% and 2.05% respectively, giving an average of
1.97% which is close to the real level observed. This reflects that the MOPTD model
is relatively robust.

The second step of performance analysis of the MOPTD model is based on the
analysis of statistics on the quality of quarterly series adjustments by interpolation
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and extrapolation. To do this, the mean coefficient of variation which referred to the
mean relative standard deviation (MSD), the mean absolute error (MAE) and the
mean absolute revision (MAR) were calculated for the comparison of the
performance of the MOPTD model with that of Denton's proportional method.

The standard deviations (SD) of the interpolated quarterly accounts over the period
1999-2014 are calculated in order to compare the volatility of the quarterly value
added series X1, X2, X3 and GDP. The MSD resulting from the quarterly GDP
adjustment operation is given by the expression (15) :

3
Y. SD, W, |+0.5% SD,,, (15)

k=1

MSD=0.5 x

with w, the average relative share (over the period 1999-2015) of sector k value
added out of GDP

4(T-1) o\ 2
SDy = L= Y(Yt_y)

With regard to forecast quality, the analysis of predictive power for each of the two
quarterly methods is based on the formula proposed by Marco [18] for calculating
the average absolute error. For each series extrapolated to a subsequent year, the
estimated prediction error (E) is estimated by calculating the relative difference (in
percentage) between the extrapolated value and the true value [18]. In practice, the
estimated prediction error of the Y series is given by:

.Y,y
E”:%xloo

T

; Y being the average of the series Y

?T being the estimated value of the series Y (representing either X1, X2, X3 or GDP)

by extrapolation for year T (last accounting year). Thus, since the relative difference
between the extrapolated and observed of GDP values is not obtained by additivity
of errors from the sectors in the GDP calculation, the formula (15) proposed by
Marco [18] has been modified and the MAE in predicting quarterly GDP is given by
the relationship :

3
1 . .
MAE =05 x| 3 Z IE | | +05 X[Egy, | (16)
k=1

In addition, as presented above, the extrapolated values of the account series are
different from the true observed values. The annual and quarterly national accounts
are therefore subject to revision, due to extrapolation errors, seasonal adjustment or
revision of quarterly indicators [16], once the temporary or final annual national
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accounts are available. As mentioned by Marco [18], it is desirable that the impact of
short-term movements be limited so that the quarterly disaggregation method
minimizes the size of revisions. Thus, the revision effect is captured by the mean
absolute revision (MAR) of the last three years of quarterly changes [18]. The
proposed formula for the calculation of MAR is a modification of the one used by
Marco [18] and is presented in the following relationship (17):

~ A~

3 4(T+1) (T+1] [T)
_Il1 Xy Xy
MAR=05%D w,||—= D, |=mt——=t
ki1 12 X+ 7
k=1 t=4(T-2q+1 Ak k,t—1

1 4(T+1) I_’)I\B(TH) ﬁj\B(T)
+05x— — == | (17)
124721 |PIB," PIB,”,

where the indexes T+ 1) and (T) by exponent represent the last years of
observation used; )A(k , refers to the value added of the sector k for the quarter ¢.

The Table 3 presents statistics on the MSD, MAE and MAR for sector value added and
GDP. The resulting average values are in bold. The analysis of the results exposed in
Table 3 shows overall that the MOPTD model performs relatively better than
Denton's proportional method in the quarterly disaggregation of GDP process.
Indeed, when reading Table 3, the MOPTD model minimizes the overall MAE and
MSD statistics (absolute mean). However, Denton's proportional method minimizes
the size of revisions MAR.

Table 3. Summary of statistics in relation to the accounting forecasting exercise

Prediction error Standard Deviation Absolute Revision

(%) (%) (%)
Primary sector value added
X1)
Denton 8.77% 18.17% 1.10%
DTPMO 5.72% 16.33% 3.77%
Secondary sector value
added (X2)
Denton -12.18% 6.69% 1.79%
DTPMO -12.54% 6.20% 4.07%
Tertiary sector value added
(X3)
Denton 1.62% 26.58% 0.22%
DTPMO 2.67% 26.42% 4.27%
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Gross Domestic Product

(GDP)

Denton 0.06% 18.97% 0.05%
DTPMO -0.01% 18.58% 3.17%
Mean Absolute

Denton 2.94% 19.41% 0.43%
DTPMO 2.88% 18.90% 3.64%

Note : the DTPMO results are those of simulation 1 with (Pop_size, No_runs,
gen_max)=(100,10,25)

Conclusion

The estimation of quarterly GDP using an indirect approach based on quarterly
indicators is often done by quarterly disaggregation of the accounts of the various
branches that make up GDP. This approach leads to the resolution of several
optimization programs. On retrospective data, the quarterly disaggregation of
national accounts, based on branch-by-branch disaggregation for the determination
of quarterly GDP, does not take into account the link between branches of national
accounts in the production process. This research presented a brand new approach
to quarterly disaggregate GDP broken down into several branches or sectors that
takes into account the links between branches and generalizes the Denton
proportional method.

The proposed approach describes the method of quarterly disaggregation of GDP as
a quadratic multiobjective programming. In applying the model to Benin's national
accounts for which GDP is broken down into three sectors (primary, secondary and
tertiary), the resolution was made using a multiobjective evolutionary algorithm
using dominance in the Pareto sense. Since the theoretical formulation is a
generalization of Denton's proportional method, the simulation results of the
MOPTD model are compared with those obtained by applying Denton's proportional
method on the value added of each sector.

[t should be noted that the model proposed in this research paper is better suited for
the quarterly disaggregation of GDP. Indeed, the quarterly GDP obtained by the
MOPTD model is less volatile than that obtained by Denton's proportional method.
In addition, on an absolute average, the forecast errors are small for the model
compared to that of Denton proportional. However, it should be noted that the
Denton method gives small revision errors for series compared to the MOPTD
model. This situation could be explained by the random nature of the model's
resolution algorithm.

Finally, this research shows that the extrapolations of GDP using the Denton
proportional method and those made using the multiobjective programming
approach produce similar results when the quarterly indicators used are strongly
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correlated to the annual accounts. It should be noted that the multiobjective
programming approach is better suited to take into account the links between
branches of national accounts in the quarterly disaggregation process and to reduce
the volatility of the quarterly GDP obtained. The proposed MOPTD model can be
applied to the national accounts of any country using the System of National
Accounts (SNA) [10] which describes a uniform methodology for the compilation of
annual national accounts.

Acknowledgments

All simulations are performed with Octave software installed on HP Intel Core i7
(vPro) notebook PCs, 16 Gb RAM, under Windows system.

We would like to mention that any opinions, findings, and conclusions or
recommendations expressed in this material are those of the authors and do not
necessarily reflect the views of nor the Institute of Mathematics and Physics Sciences
(IMSP) nor the National Institute of Statistics and Economic Analysis.

References

[1] Abdelwahed, T, Leila, H. : A Benchmarking Approach for Temporal Disaggregation of
Economicc Time Series by Related Series. Working paper and studies, ISSN 1725-4825, ISBN
92-79-01306-8, Luxembourg: Office for Official Publications of the European Communities,
5-10, 29-41 (2005). http://europa.eu.int.

[2] Ana, A, Enrique M. Q. : Software to perform temporal disaggregation of economic time
series. Working paper and studies, ISSN 1725-4825, ISBN 92-894-8626-0, Luxembourg :
Office for Official Publications of the European Communities, 3-40 (2005). http://
europa.eu.int.

[3] Ankur, S., Pekka, M., Kalyanmoy, D. : A Review on Bilevel Optimization: From Classical to
Evolutionary Approaches and Applications. arXiv: 1705.06270v1 [math.0C] 17 May 2017,
4-7 (2017)

[4] Aravind, S. : A Fast Elitist Multiobjective Genetic Algorithm: NSGA-II. Mathlab source code
(2012). http://www. mathworks. com/matlabcentral /fileexchange /104 29-nsga-iia-multi-
objective-optimization-algorithm/content

[5] Barichard, V. : Approches hybrides pour les problemes multiobjectif. These de Doctorat
Num. d'ordre : 593, école doctorale d'Angers, Laboratoire d'Etude et de Recherche en
Informatique d'Angers, Univesite d’Angers, 1, 7, 22, 32-38 (2003)

[6] Belaidia, I., Mohammedib K., Brachemi, B. : Mise en ceuvre de 'Algorithme NSGA-II pour
I'Optimisation Multi-Objectif des parametres de coupe en Fraisage en bout. 19éme Congrés
Francais de Mécanique, Marseille, 24-28 aotlit 2009, 3-5 (2009)

[7] https://www.researchgate.net/publication/
260553237_Mise_en_oeuvre_de_l'Algorithme_NSGAII_pour_l'Optimisation_Multi-
Objectif des_parametres_de_coupe_en_Fraisage_en_bout

57



European Journal of Formal Sciences and Engineering Vol. 8, No. 2, 2025

[8] Christoph, Sax., Peter, S. : Temporal Disaggregation of Time Series. Contributed research
articles, The R Journal Vol. 5/2, December 2013. ISSN 2073-4859, 80-81 (2013), https://
journal.r-project.org/archive/2013-2/sax-steiner.pdf

[9] Deb, K., Pratap, A., Agarwal, S., Meyarivan, T. : A Fast and Elitist Multiobjective Genetic
Algorithm: NSGA-II. IEEE Trans on Evol. Comp, Vol. 6, No. 2, april 2002, 183 - 188 (2002),
https://www.iitk.ac.in/kangal/Deb_NSGA-IL.pdf

[10] Di Fonzo, T., Marco, M. : On the Extrapolation with the Denton Proportional
Benchmarking Method. IMF Working Paper Series, WP/12/169, 5-6 (2012), https://
www.imf.org/external /pubs/ft/wp/2012/wp12169.pdf

[11] European Communities, United Nations and al. : System of National Accounts 2008. All
rights reserved, New York, 1-7, 39-66 (2009), https://unstats.un.org/unsd/nationalaccount/
docs/sna2008.pdf

[12] Fonds Monétaire International : Manuel des comptes nationaux trimestriels : concepts,
sources statistiques et compilation. Compilation de Adriaan M. B., Robert]. D., Nils O. Fonds
Monétaire International, Washington, D.C., 93-139 (2001), https://www.imf.org/~/media/
Websites/IMF /imported-publications-loe-pdfs/external /pubs/ft/qna/2000/textbook/fra/
text.ashx

[13] International Monetary Fund: Quarterly National Accounts Manual. 2017 Edition, Pre-
Publication, november 2018, 86-126, (2018), https://www.imf.org/external/pubs/ft/qna/

[14] Fréderic, B. : Optimisation continue, Cours et probléme corrigé. Sciences Sup, Maths.
Appl. pour le Master/SMAI, 327 pages Dunod, Paris, 20-21 (2006)

[15] Hafid, Z. : Représentation de solution en optimisation continue, multi-objectif et
applications. These de Doctorat cotutelle, Ecole Mohammadia d'Ingenieurs, LERMA- Rabat-
Maroc, Institut National des sciences appliquées de Rouen, HAL Id: tel-00939980,30-31,
50-51 (2013), https://tel.archives-ouvertes.fr/tel-00939980/document, 31 Jan (2014)

[16] Institut National de la Statistique-Cameroun. : Les Comptes Nationaux Trimestriels.
Document de méthodologie, République du Cameroun, Décembre 2012, 25, 32-39 (2012),
http://www.stat.cm/downloads/CSS/
Methodologie_comptes_trimestriels_Cameroun_version_13dec2012.pdf

[17] Insee : Comptes nationaux trimestriels. La méthode en bref. Derniére mise a jour : 29
janvier 2016, 1-2 (2016), https://www.insee.fr/fr/metadonnees/source/fichier/
comptes_trim_29012016.pdf

[18] Julien, C. : Analyse post-Pareto en Optimisation Vectorielle Stochastique et
Déterministe : Etude Théorique et Algorithmes. Thése de doctorat, Mathématiques,
Université de la Nouvelle-Calédonie, 19 (2014), https://tel.archives-ouvertes.fr/
tel-01337505/document

[19] Marco M. : Nowcasting Annual National Accounts with Quarterly Indicators: An
Assessment of Widely Used Benchmarking Methods. IMF Working Paper, WP/16/71, march
2016, 6-7,12,14,16-17 (2016), https://www.imf.org/external/pubs/ft/wp/2016/
wpl671.pdf

58



European Journal of Formal Sciences and Engineering Vol. 8, No. 2, 2025

[20] Robin C. P, Kalyanmoy D., Maszatul M. M., Sanaz M., Rui W. : A Review of Hybrid
Evolutionary Multiple Criteria Decision Making Methods. COIN Report Number 2014005, 1-3,
6 (2014)., https://www.egr.msu.edu/~kdeb/papers/c2014005.pdf

[21] Raimi Aboudou Essessinou, Guy Degla2 and Babacar Mbaye Ndiaye: From Two to One
Index Isomorphism in Optimization Program for Quarterly Disaggregation of Annual Times
Series. Journal of Advances in Mathematics and Computer Science, 34(1&2): 1-15, 2019;
Article no.JAMCS.51632, http://www.journaljamcs.com/index.php/JAMCS/article/view/
30199

[22] Srinivas N., Kalyanmoy D.: Multiobjective optimization using Non-dominated Sorting
Genetic Algorithm. Journal of Evo. Comput. Vol. 2, No. 3, Pages 221-248, 7-12 (1994), https://
web.njit.edu/~horacio/Math451H/download/SrinivasDeb_GA.pdf

© 2025 The Author(s). Published by Mentisia under CC BY 4.0.

59


https://creativecommons.org/licenses/by/4.0/

	Using a Fast Elitist Non-Dominated Genetic Algorithm on Multiobjective Programming for Quarterly Disaggregation of the Gross Domestic Product
	Abstract
	1. Introduction
	2. Formulation of the Multi-Objective Programming for Temporal Disaggregation
	3. Resolution Approach and Algorithm Design
	3.1. Preliminary Definition ([19])
	3.2. A Brief Overview of the NSGA-II Algorithm
	3.3. The Proposed MOPTD Algorithm Designing

	4. Application to Benin's National Accounts
	4.1. Statistical Data and Processing
	4.2. Our Method Results and Comparison with Denton's Proportional Method

	Conclusion
	Acknowledgments
	References


