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Abstract

In this paper, calibration and prescription capacity of different types of positive
mathematical programming models applied to the Alentejo agricultural sector is analysed.
Model results are compared in the 2000 and 2004 agricultural price and subsidies
scenarios, regarding optimal combination of activities. Results allow concluding that
positive mathematical programming is an efficient instrument on calibration of
agricultural supply models, as well as on prescription of their results.

Resumo

Neste artigo avalia-se a capacidade de calibracdo e de prescricdo de resultados de
um modelo de oferta agricola da Regido Alentejo. A capacidade de calibracdo é analisada
para o regime de precos e de ajudas agricolas em vigor no ano 2000, comparando os
resultados de diferentes formas de especificacdo da funcao dos custos variaveis totais do
modelo de programacdo matematica positiva com os resultados do modelo tradicional de
programacado linear e com os dados estatisticos observados. Depois de calibrado, o
modelo de programacdo matematica positiva é utilizado na prescricio dos resultados
relativos ao cenario de precos e ajudas em vigor no ano de 2004. Conclui-se que a
programacado matematica positiva para além de ser um eficaz instrumento de calibracéo
dos modelos de oferta agricola, constitui também uma forma de prescricdo de resultados
futuros.
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1 Introducao

As primeiras aplicacdes da programacao linear (PL) & economia agricola realizaram-se no
contexto da empresa agricola (Throsby, 1974; Martin, 1977). Esses modelos, faceis de
construir, revelaram-se muito Giteis para compreender a realidade. A sua ampla utilizacao
no estudo de problemas econdémicos aplicados a agricultura deve-se principalmente a
facilidade com que incorporam na sua estrutura os principios da teoria econémica do
produtor e ao facto das necessidades de informacdo serem substancialmente inferiores as
dos métodos econométricos (Howitt, 1995).

O problema econémico do produtor agricola é geralmente formulado sob a forma
primal da PL, em que o objectivo é determinar a combinacdo das actividades agricolas que
maximizam o lucro e que sao admissiveis relativamente a disponibilidade dos recursos
fixos. Frequentemente, a solucdo deste problema afasta-se da realidade observada e é
sobre-especializada nas actividades que mais contribuem para a formacao do lucro do
produtor.

Segundo Howitt (1995) a origem do problema de sobre-especializacdo da solucédo do
modelo de PL, principalmente nos modelos agregados, esta no reduzido ntmero de
restricoes empiricas comparado com o numero observado de actividades agricolas na
situacao de referéncia, na falta de especificacdo da nao linearidade das tecnologias
agregadas e no facto de ser dificil considerar os precos endégenos dos produtos e o risco
no comportamento dos agentes economicos.

No modelo de PL, as variaveis ndo zero, que representam as actividades agricolas
realizadas, estdo limitadas pelo numero das variaveis basicas do problema. Cada variavel
basica esta associada a uma restricio do problema que, por sua vez, representa a
disponibilidade dos recursos e o seu valor dual. Para cada restricdo, o valor dual
corresponde ao valor da produtividade marginal do recurso. Deste modo, se o numero de
restricoes empiricas for inferior ao nimero de variaveis basicas, a solucao do modelo sera
necessariamente sobre-especializada, verificando-se que varias actividades agricolas
observadas na situacao de referéncia nao constam da solucao do modelo.

Para aproximar os resultados dos modelos de PL a situacado de referéncia, podem
sempre acrescentar-se restricbes que permitem aumentar o nimero das variaveis basicas
e condicionar os valores das variaveis de decisdo. Apesar da complexidade dos factores
que estado na origem da discrepancia dos resultados, os esforcos dos investigadores neste
sentido tém sido significativos.

Day (1961) defende que o realismo da solucdo dos modelos de PL pode ser
aumentado, através da introducao de limites superiores e de limites inferiores ao valor
das variaveis que traduzem o nivel das actividades agricolas no modelo. Para McCarl
(1980), a solucao esta em aproximar o custo de producado do verificado na situacdo de
referéncia através da decomposicao das tecnologias (variaveis) e dos recursos (restricoes)
de acordo com a sua heterogeneidade. No entanto, é necessario dispor de dados
detalhados e os resultados sdo validos apenas para a situacao de referéncia, sendo, na
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maior parte dos casos, inapropriados para estudar os efeitos decorrentes de alteracoes
técnicas, economicas e institucionais.

As decisbes de afectacdo dos recursos fixos resultam geralmente da maximizacdo dos
rendimentos e dos trade-offs entre rendimentos, custos de producao e externalidades
entre culturas, sendo raramente tomadas com base em critérios agronomicos. O
estabelecimento de rotacdes de culturas é, geralmente, o reflexo da escassez dos recursos
agricolas e dos precos relativos dos produtos e dos factores de producao.

De acordo com Heckelei e Britz (2005) uma abordagem alternativa para a calibracao
dos modelos de PL é a utilizacao de funcoées objectivo ndo lineares para explicitar no
modelo o comportamento de risco dos agentes econémicos ou os precos endégenos dos
produtos. A funcdo objectivo nédo linear permite a existéncia de solucbdes interiores
independentemente das restricoes definidas, atenuando, deste modo, a sobre-
especializacdo da solucdo. No entanto, mesmo nestas condicoes nao € possivel calibrar
completamente a solucao do modelo (Meister et al., 1978).

A necessidade de informacao substancial para descrever adequadamente as
tecnologias de producédo, os problemas de enviesamento decorrentes do processo de
agregacdo e a fraca aderéncia dos resultados aos comportamentos observados sao as
principais limitacdes dos modelos de PL no apoio a deciséo e na avaliacdo de medidas de
politica agricola e de desenvolvimento rural. A Programacdo Matematica Positiva (PMP)
constitui uma alternativa viavel, na medida em que permite calibrar automaticamente os
modelos sem necessidade de recorrer a restricoes adicionais de flexibilizacdo e as
respostas as alteracoes dos parametros reflectem comportamentos mais regulares dos
agentes economicos (Howitt, 1995). Sao varias as aplicacoes recentes da PMP ao estudo
de problemas sistémicos e multidisciplinares de sustentabilidade econémica, social e
ambiental, como é o caso das ultimas reformas da Politica Agricola Comum (Heckelei e
Britz, 2005).

O objectivo deste artigo é avaliar a capacidade de calibracdo e de prescricdo de
resultados de um modelo de PMP de oferta agricola da Regiao Alentejo.

O artigo compreende mais quatro seccoes que dizem respeito a uma apresentacao do
modelo geral de PMP e de diferentes formas de especificacdo da funcdo dos custos
variaveis totais, ao desenvolvimento de um modelo de oferta agricola para o Alentejo, aos
resultados e por tltimo a conclusao.

2 Programacao Matematica Positiva

A PMP permite obter de forma automatica a calibracado exacta do modelo em termos dos
niveis das actividades, da producdo e dos precos. Mesmo antes de ser formalmente
apresentada por Howitt (1995), a PMP ja tinha sido utilizada na modelacao de problemas
econémicos aplicados ao sector agricola (House, 1987; Kasnakoglu e Bauer, 1988; Bauer
e Kanakoglu, 1990; Horner et al, 1992). Depois do artigo de Howitt sucederam-se varias
utilizacoées do método, tendo inclusivamente surgido novos desenvolvimentos que vieram
reforcar o seu interesse (Arfini e Paris, 1995; Cypris, 2000; Gohn e Chantreuil, 1999;
Barkaqui e Butault, 1999; Baskaqui et al., 2001; Graindorge et al., 2001; Helming et al.,
2001).

No modelo de PMP, a informacdo contida nas variaveis duais das restricoes, que
limitam as actividades de um problema de programacéo linear de maximizacdo do lucro
aos niveis observados, € utilizada para especificar uma funcao objectivo nao linear, de tal
modo que a solucdo 6ptima reproduzira os niveis observados dessas actividades.
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A PMP pode ser entendida como um compromisso entre os modelos econométricos e
os modelos de programacdo matematica, na medida em que a estimacdo dos parametros é
feita, tal como nos primeiros, com base nos comportamentos observados e a solucéo
primal exibe uma especificacdo explicita da tecnologia, como em qualquer modelo de
programacao matematica.

Os procedimentos empiricos do problema de PMP tém lugar em duas fases, que
compreendem a estimacao dos parametros de calibracao (fase I) e a especificacao de uma
funcao objectivo nao linear com base nesses parametros (fase II).

Na fase I deste processo usam-se restricoes de calibracao que forcam a solucao do
modelo de PL aos niveis observados das actividades:

maxZ=p'x-c'x
X

sujeito a
Ax <b[A] (1)

xs(x° +a)[p]
x>0

em que:
Z = valor da funcao objectivo
p = vector (nx1) de precos dos produtos
c = vector (nx1) de custos variaveis por unidade de actividade
x = variaveis de decisdo
A = matriz (mxn) de coeficientes técnicos
b = vector (mx1) de disponibilidades dos recursos
A = vector (mx1) de variaveis duais associadas as restricdes nos recursos
x0 = vector (nx1) de niveis observados das actividades
¢ = vector (nx1) de nimeros positivos muito pequenos
p = variaveis duais associadas as restricoes de calibracao

Para garantir a independéncia linear das restricoes do problema, e deste modo evitar
a degenerescéncia da solucdao dual, é necessario adicionar um pequena perturbacao
positiva ¢ aos termos independentes das restricoes de calibracdo x°. Este procedimento
leva a que o valor dual da restricdo de calibracao da ultima actividade a fazer parte da
base da solucao do modelo de PL seja nulo. Por conseguinte, o parametro de especificacao
desta variavel na funcéo objectivo nao linear também sera nulo.

Nessas condicoes, o nivel de pelo menos uma das actividades no modelo de PL nao é
limitado pela respectiva restricao de calibracdo, mas por uma das restricoes dos recursos
fixos, o que levara a que essa variavel exiba rendimentos constantes a escala. Deste
modo, o vector x pode ser dividido num vector ((n-m)x1) de actividades ditas preferenciais
(xP), que sdo limitadas pelas restricoes de calibracdo, e num vector (mx1) de actividades
marginais, x™, limitadas pelas restricées dos recursos fixos.

As condicoes de Kuhn-Tucker demonstram que o valor dual das restricoes de
calibracao das actividades preferenciais (pP) é dado pela diferenca entre a receita marginal
e os custos marginais, que o valor dual das restricoes de calibracdo das actividades
marginais (p™) € nulo e que o valor dual das restricoes dos custos fixos depende dos
coeficientes das variaveis marginais na funcao objectivo:

pP =pP - cP-APy (2)
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p™ =[0] (3)
xz(om- cm)(A )'1 (4)

Na fase II, os valores duais das restricoes de calibracao, pP, que acomodam erros de
agregacao, ma qualidade da informacéao disponivel e comportamentos de aversao ao risco,
sdo utilizados para especificar uma funcao objectivo ndo linear, tal que o custo marginal
das actividades preferenciais seja igual ao respectivo preco para os niveis das actividades
observadas na situacao de referéncia, x0. Nestas condicoes, o modelo devera reproduzir
exactamente o vector x°.

Para traduzir correctamente o lucro do produtor na funcao objectivo, é necessario
introduzir termos nao lineares do lado da oferta, consistentes com as tecnologias
agricolas, com a teoria micro-econ6émica e com os dados disponiveis.

A nao linearidade do problema primal do produtor € explicada pela heterogeneidade
da qualidade da terra e pelos rendimentos decrescentes a escala em funcdo do aumento
da area das culturas (Peach, 1993).

Qualquer tipo de funcdo nédo linear pode ser utilizado para representar o lucro do
produtor, desde que a funcdo dos custos variaveis das actividades seja convexa. Pelo facto
de se adaptar bem a hipotese dos rendimentos decrescentes da producao agricola e
também por falta de argumentos mais fortes para outro tipo de funcdes, a funcao
quadratica é frequentemente utilizada. O lado da oferta representado pela funcéo dos
custos variaveis de producao pode ser especificado como:

c'=d'x+%x'Qx (5)

em que:
d = vector (nx1) de parametros associados ao termo linear, e
Q = matriz (nxn) simétrica, definida ou semi-definida positiva, dos parametros
associados ao termo quadratico.

A funcao dos custos marginais das actividades resulta da soma dos custos lineares c
e dos custos marginais p. Os custos lineares sao explicitados pelo vector d com base na
informacédo contabilistica disponivel e os custos marginais das actividades sdo dados pela
matriz Q, que corresponde aos termos quadraticos da funcao custo:

v [o]
Cm"=%x—)=d+Qx°=c+p (6)

Uma vez especificados d e Q, o problema de programacao nao linear que reproduz os
niveis observados das actividades é:

maxZ=p'x—d'x—1x'Qx
x 2
sujeito a (7)
Ax<b[Ar]
x>0
A condicdo Cm = c + p, definida em (6), constitui um sistema indeterminado de

n+n(n+1)/2 parametros e n equacgoes, que esta associado a existéncia de uma infinidade
de padroes de resposta. Na tentativa de evitar simulacoes arbitrarias do comportamento
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dos agentes economicos, tém sido desenvolvidas diferentes formas de especificacdo dos
parametros d e Q da funcéo do custo variavel (Heckelei e Britz, 2005).

Nas primeiras utilizacées da PMP, o problema da especificacdo quadratica da funcao
custo foi resolvido fazendo d=c, e os n elementos da diagonal de Q, gj, eram entéo
calculados como:

qu :_0 j:1,2,...,n (8)

Esta especificacdo da funcao custo, designada de standard, € linear nas actividades
marginais em que pm=0. Por conseguinte, o valor dual do recurso fixo permanece
constante, o que implica que uma alteracdo no preco de uma actividade preferencial
conduz a uma substituicdo da actividade marginal, sem afectar os niveis das outras
actividades preferenciais.

Este método é de simples especificacdo, especialmente quando a informacao
disponivel é reduzida. No entanto, Cypris (2000) verificou que os resultados obtidos
evidenciavam padroes de comportamento pouco coerentes com as alteracoes introduzidas
nos coeficientes do modelo, nomeadamente, respostas a incentivos que traduzem
elasticidades implicitas demasiado elevadas.

Paris (1988) usou uma especificacao alternativa a anterior, em que o parametro d da
funcdo custo é igual a zero e os elementos da matriz Q sdo calculados em funcdo dos
custos explicitos observados na situacdo de referéncia, c, e dos valores duais das
restricoes de calibracao, p:

d=0
9)
ci+p; .
q;=——7%— j=12...,n

X;

Neste caso, os elementos da diagonal da matriz Q, correspondentes
as actividades marginais, sao todos positivos.

Apesar deste método representar uma melhoria relativamente ao anterior, o padrao
de resposta continua a ser arbitrario e esta condicionado pela informacao contida numa
Unica observacéo.

Outra forma de especificacdo da funcao custo consiste em partir do pressuposto que
o vector observado dos custos unitarios por actividade, c, é igual ao custo médio da funcéao
quadratica de custos variaveis:

e (10)

Neste método, os valores obtidos para a diagonal de Q sdo superiores aos obtidos com
a regra standard em (8), o que implica a existéncia de elasticidades implicitas menores.
Persiste o problema da linearidade da funcdo custo nas actividades marginais para as
quais nao séo definidos custos médios.
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A utilizacao de elasticidades exdgenas na especificacdo da funcao dos custos
variaveis possibilita a introducédo de informacao relativa a varias observacoes e reduz a
PMP ao seu papel de calibracao no contexto de uma Unica observacdo dos niveis das
actividades. A elasticidade preco da actividade j é calculada por:

e (11)
— 0 i_
d;=c¢;+p;—q;X; j=12..,n
Nesta especificacdo os elementos da diagonal principal da matriz Q sado nulos e o
efeito marginal do valor dual dos recursos fixos (A) € ignorado, dependendo as alteracoes
do nivel das actividades, x, dos seus precos relativos e de gj!, i.e., da derivada parcial de
x em ordem ao preco p (0x/0p).

3 O modelo da oferta agricola da regiao alentejo

Para avaliar a capacidade de calibracdo e de prescricio da PMP, nomeadamente das
regras de especificacdo da funcao custo de producao, foi desenvolvido um modelo de PMP
adaptado as caracteristicas regionais da producdo agricola da Regidao Alentejo. A sua
formulacao simplificada é a seguinte:

Max Z = YpjXj+XajXj+Xp;Yj +XajY;
J | |

-JZCJXJ'%JZq”XJZ e _%izqiiYiz -phT-piE -
sujeito a
ZeijiQ(jf (13)
_IZ st *0,1 =Xget (14)
ng <bg (15)
Zj_:thj +ZhiYiﬂ)t +T (16)
|

J
ZcjXj+2ciYjsShg +E (17)
] i
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em que X; e Y; sdo variaveis de decisdo que traduzem, respectivamente, a area das
actividades vegetais j em hectares (ha) e a dimensao dos efectivos pecuarios reprodutores
i em Cabecas Normais (CN); T e E sao variaveis de contratacdo adicional de trabalho e
capital no curto prazo; p, a, c e h sdo, respectivamente, o valor da producao, as ajudas
directas, os custos variaveis e as necessidades unitarias de trabalho das actividades j e i;
ph e pi sdo precos unitarios da contratacdo de unidades adicionais de trabalho e de
capital; ejr sdo os encabecamentos das actividades pecuarias i; e bs, b € be sédo os termos
independentes das restricoes dos recursos fixos terra, trabalho e capital.

A funcao objectivo (12) traduz a maximizacdo do VAB no sector agricola do Alentejo.
Este indicador econémico corresponde ao lucro do produtor no curto prazo. O seu valor,
em euros, € obtido retirando, ao total dos proveitos, os custos variaveis totais. Os
proveitos incluem a venda dos produtos nos mercados agricolas e as ajudas directas em
funcdo das areas cultivadas e do numero de animais elegiveis. Nos custos variaveis
consideram-se os custos dos factores de producdo proporcionais as quantidades
produzidas (cj e cj), os custos de contratacdo de recursos fixos adicionais no curto prazo,
como o trabalho (ph) e o capital (pi) e os coeficientes dos custos marginais das actividades
(gjj € qi). De acordo com a regra de especificacao utilizada, a funcédo dos custos variaveis
totais pode assumir as formulac¢ées que constam no Anexo 1.

As variaveis de decisdo incluem dezoito actividades de producédo agricola na Regido
Alentejo. Essas actividades estdo divididas em actividades de producao vegetal e
actividades de producdo pecuaria. As actividades vegetais abrangem a producao de
culturas arvenses (trigo, milho, arroz e girassol), horto-fruticolas, fruticolas, vinha, olival,
pastagens permanentes, culturas forrageiras, pousio obrigatério e pousio de rotacao e
ainda uma actividade destinada as ocupacoes de matas e florestas. A producao pecuaria
inclui: a producao de bovinos de carne, com uma tecnologia de engorda de novilhos e com
uma outra de venda de vitelos ao desmame; a producédo de ovinos de carne e a producao
de suinos alentejanos em regime extensivo.

No Anexo 2 sao apresentados os coeficientes que descrevem as actividades no
modelo, para os precos e as ajudas agricolas em vigor em 2000 e em 2004.

A producdo de pastagens permanentes e de culturas forrageiras constituem
actividades intermédias, reutilizadas nas actividades pecuarias. Por isso, estas
actividades nao apresentam proveitos, mas apenas custos, uma vez que os seus proveitos
sdo os que se obtém indirectamente das actividades pecuarias. Essa transferéncia de
rendimento entre actividades é realizada através da equacédo (13) que estabelece o balanco
entre as areas forrageiras que sdo disponibilizadas pela producao vegetal e o numero total
de animais.

A equacao (14) modela a retirada de terras de cultivo imposta pela PAC apés a
reforma de 1992. Trata-se de um instrumento de controle da oferta agricola, que obriga a
que uma percentagem da area de culturas arvenses seja retirada da producao agricola e
posta em pousio. De acordo com a regulamentacdo em vigor, essa percentagem foi fixada
em 10% da area de culturas arvenses e do proprio pousio obrigatorio.

As equacdes (15), (16) e (17) modelam, respectivamente, a utilizacado dos recursos
terra, trabalho e capital. Estas equacdes garantem que a procura destes recursos €
inferior a sua disponibilidade. Para a terra considerou-se uma disponibilidade de
aproximadamente 2 milhdes de ha, que correspondem a superficie agro-florestal no
Alentejo, incluindo a superficie agricola utilizada e a superficie de matas e florestas. A
disponibilidade anual de trabalho foi estimada em cerca de 24 milhdes de horas, o que
equivale a perto de 12,5 mil Unidades de Trabalho Anual (UTA). No caso do capital
operacional, considerou-se uma disponibilidade inicial de 350,8 milhdes de €.
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Apesar da funcdo objectivo representar a retribuicdo dos recursos primarios da
producao agricola (terra, trabalho e capital), a solucao do modelo esta limitada apenas
pela disponibilidade do recurso terra na equacdo (15). A procura de trabalho na equacao
(16) e de capital na equacao (17) pode exceder as suas disponibilidades através da
contraccao, no mercado local, de unidades adicionais de trabalho por 3,5 euros por hora
no primeiro caso e de capital a taxa de juro anual de 7% no segundo caso.

4 Resultados

A capacidade de calibracdo do modelo de PMP é avaliada através da comparacao dos
resultados com os dados observados e com os resultados do modelo tradicional de PL de
oferta agricola para a Regido Alentejo para o cenario de precos e ajudas de 2000. Nas
Figuras 1 e 2 apresenta-se a comparacao dos resultados com os dados observados em
2000, em termos da percentagem das actividades na superficie agro-florestal total e dos
efectivos pecuarios reprodutores expressos em milhares de cabecas normais (CN),
respectivamente.

Os resultados obtidos para o modelo de PL indicam que a totalidade da superficie da
agro-florestal devera ser utilizada na producdo de vinha para vinho e que a producéao
pecuaria devera ser abandonada. Estes resultados sdo inaceitaveis na medida em os
dados estatisticos de 2000 mostram que apenas 0,7% da superficie agro-florestal da
Regiao Alentejo € ocupada com vinha e que o efectivo pecuario reprodutor € composto por
27,1 mil CN de suinos alentejanos, 176,3 mil CN de ovinos de carne e por 183,5 mil CN
de bovinos de carne, dos quais 64,2 mil CN no sistema de engorda de novilhos e 119,3 mil
CN no sistema de venda de vitelos ao desmame.

Contrariamente, os resultados, obtidos com os modelos de PMP para as varias
especificacoes consideradas para a funcao dos custos variaveis, reproduzem com precisao
o nivel das actividades observadas nos dados estatisticos de 2000.

O facto de nesta fase se obterem os mesmos resultados para as diferentes formas de
especificacdo da funcao custo de producao, deve-se a condicdo Cm = ¢ + p definida em (6),
que constitui um sistema indeterminado de n+n(n+1)/2 parametros e n equacdes. Como
para este sistema existe uma infinidade de valores para os parametros qj € qi que
satisfazem as condicoes do problema de PMP, sdo de esperar padroes de resposta
distintos para o modelo, consoante a forma de especificacao utilizada para a funcao dos
custos variaveis.
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Fonte: INE, 2000 e Resultados do modelo de PL e dos modelos de PMP

Figura 1: Niveis observados e estimados das actividades agro-florestais para 2000
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Fonte: INE, 2000 e Resultados do modelo de PL e dos modelos de PMP

Figura 2: Niveis observados e estimados dos efectivos pecuarios para 2000

O padréao de resposta do modelo relativamente a alteracoes dos seus coeficientes do ponto
de vista da analise econoémica das politicas agricolas e das condicoes de mercado traduz a
sua maior ou menor capacidade de prescricdo.

Para avaliar a capacidade de prescricao do modelo de PMP e das diferentes formas de
especificacao das funcdes dos custos variaveis alteraram-se os coeficientes do modelo
introduzindo os precos e as ajudas em vigor no ano de 2004.

Nas Figuras 3 e 4 apresenta-se a comparacao dos resultados dos modelos de PMP
com os dados observados em 2004 em termos da percentagem das actividades na
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superficie agro-florestal total e dos efectivos pecuarios reprodutores expressos em
milhares de cabecas normais (CN).
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Fonte: INE, 2004 e Resultados dos modelos de PMP

Figura 3: Niveis observados e estimados das actividades agro-florestais para 2004

Estes resultados mostram que a especificacdo da funcédo dos custos variaveis pela
regra das elasticidades exégenas é superior as restantes, na medida em que a sua solucéo
€ a que se afasta menos dos valores observados nos dados estatisticos de 2004. Neste
caso, o desvio absoluto ponderado na afectacdo das actividades a superficie agro-florestal
é de 7,3% e o desvio absoluto ponderado na composicdo dos efectivos pecuarios
reprodutores é de 7,8% (Quadro 1). Segue-se a regra de Paris com desvios absolutos
ponderados de 8,3% e de 14,4%, respectivamente.

Os resultados obtidos para as regras especificacdo da funcado dos custos variaveis
standard e do custo médio sao claramente inferiores, apresentando, respectivamente,
desvios absolutos ponderados de 39,2% e 26,2% na afectacao das actividades a superficie
agro-florestal e de 88% e 63,4% na composicao dos efectivos pecuarios reprodutores.
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Figura 4: Niveis observados e estimados dos efectivos pecuarios para 2004

Tabela 1: Desvios absolutos ponderados dos niveis das actividades para 2004 (%)

Standard Paris Custo Elasticidades
Standard Médio Exégenas
Actividades Vegetais 39,2 8,3 26,2 7,3
Actividades Animais 88,0 14,4 63,4 7,8

Na especificacdo pelo método das elasticidades exdégenas apenas trés actividades
agricolas apresentam um desvio absoluto superior aos 15% indicados por Hazell (1986)
como limiar minimo de calibracao desejavel. Essas actividades sao o arroz (-23,5%), o
girassol (76,4%) e a vinha (-48,6%).

No caso da regra de Paris, existem seis actividades que apresentam desvios absolutos
acima dos 15%, quatro actividades vegetais e duas actividades pecuarias. Particularmente
elevados sao os desvios absolutos registados nas superficies de trigo mole (109,9%) e de
girassol (63,7%). No que diz respeito as actividades pecuarias, os desvios absolutos sao da
ordem dos 20% nas actividades de producéao de bovinos de carne.

Para as regras de especificacdo standard e do custo médio, das dezoito actividades
agro-florestais previstas no modelo, dez apresentam desvios absolutos acima dos 15%,
sendo particularmente elevados para a composicado dos efectivos pecuarios reprodutores.

5 Conclusao

Este artigo avalia a capacidade de calibracao e de prescricdo futura dos resultados de um
modelo de Programacao Matematica Positiva, desenvolvido para as condicoes de oferta
agricola da Regiao Alentejo. Foram consideradas em alternativa as regras de especificacao
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da funcao dos custos variaveis totais standard, Paris, custo médio e elasticidades
exégenas.

Os resultados obtidos demonstram que o modelo de Programacao Matematica
Positiva reproduz com precisdo o nivel das actividades observadas na situacdo de
referéncia, independentemente da regra utilizada para especificar a funcdo dos custos
variaveis de producéo.

Relativamente a prescricdo de resultados futuros, a Programacao Matematica Positiva
revelou ser também uma boa opcdo metodolégica, especialmente se forem utilizadas na
especificacdo da funcado dos custos variaveis de producdo a regra das elasticidades
exbégenas ou a regra de Paris.

As regras de especificacao da funcdo dos custos variaveis baseadas no método
standard e no método do custo médio revelaram uma menor capacidade de prescricao dos
resultados futuros.

Pode concluir-se que as propriedades da Programacdo Matematica Positiva nao se
esgotam apenas na calibracdo exacta dos modelos de oferta agricola, mas também se
estendem a sua capacidade de prescricao de resultados futuros.
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Anexo 1 Formas de especificacao da funcao dos custos
variaveis totais no modelo de pmP
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Anexo 2 Coeficientes técnicos das actividades agro-
florestais no modelo de pmP

Valor da producéao Ajudas Custos Mao-de-
2000 2004 2000 2004 variaveis obra
€/ha €/ha €/ha €/ha €/ha h/ha
Trigo mole 340 181 65 129 260 17,9
Trigo duro 310 240 415 482 260 17,9
Milho 1550 1480 411 479 1154 19,1
Arroz 1545 1350 319 319 1490 15,8
Horto-fruticolas 3673 4052 - - 1837 186,2
Girassol 158 123 90 129 152 17,4
Olival 375 390 - - 362 29,0
Vinha 4160 4000 - - 925 153,0
Fruticultura 3988 3910 - - 615 537,1
Pastagens permanentes - - - - 43 1,2
Culturas forrageiras - - - - 246 14,4
Pousio obrigatoério - - 75 129 - -
Pousio - - - - - -
Matas e florestas 750 750 - - - -
€/CN €/CN €/CN €/CN €/CN h/CN
Bovinos engorda 313 1512 205 317 228 29
novilhos
Bovinos venda de vitelos 287 330 227 327 190 19
Ovinos de carne 293 280 167 200 203 4,8
Suinos alentejanos 669 669 - - 475 4,8

Fonte: Contas de actividade agricola, Staff do Departamento de Gestdo da Universidade de Evora
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Abstract

In this work we present a classification of some of the existing Penalty Methods (deno-
minated the Exact Penalty Methods) and describe some of its limitations and estimated.

With these methods we can solve problems of optimization with continuous, discrete
and mixing constrains, without requiring continuity, differentiability or convexity.

The boarding consists of transforming the original problem, in a sequence of problems
without constrains, derivate of the initial, making possible its resolution for the methods
known for this type of problems.

Thus, the Penalty Methods can be used as the first step for the resolution of constrained
problems for methods typically used in by unconstrained problems.

The work finishes discussing a new class of Penalty Methods, for nonlinear optimization,
that adjust the penalty parameter dynamically.

Resumo

Neste trabalho pretende apresentar-se uma classificacdo dos Métodos de Penalidade
existentes (salientando os Métodos de Penalidade Exacta) e descrever algumas das suas
limitacoes e pressupostos.

Esses métodos permitem resolver problemas de optimizacdo com restricées continuas,
discretas e mistas, sem requerer continuidade, diferenciabilidade ou convexidade.

A abordagem consiste em transformar o problema original, numa sequéncia de pro-
blemas sem restri¢coes, derivados do inicial, possibilitando a sua resolucédo pelos métodos
conhecidos para este tipo de problemas.

Assim, os Métodos de Penalidade podem ser usados como o primeiro passo para a re-
solucao de problemas de optimizacao permitindo a resolucdo de problemas com restricoes
por métodos tipicamente utilizados em problemas sem restricoes.

O trabalho termina com a discussao de uma nova classe de Métodos de Penalidade,
para optimizacdo nao linear, que ajustam o parametro de penalidade dinamicamente.

Apdio }b— © 2008 Associacgao Portuguesa de Investigacao Operacional
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1 Introducao

A modelacao matematica tem sido utilizada para o estudo e compreensao de muitos pro-
blemas e fendmenos reais, na engenharia, economia, medicina, entre outras. Os problemas
de optimizacédo sao abundantes, havendo a necessidade de determinar solu¢des que corres-
pondam o melhor possivel a realidade. Podem encontrar-se alguns desses problemas, por
exemplo, em Ferris (1997).

As técnicas ou estratégias utilizadas em cada método dependem da quantidade de infor-
macao disponivel, e passivel de ser utilizada, da maior ou menor eficiéncia e robustez do
algoritmo a utilizar, da facilidade de implementacao, e, obviamente, das especificidades do
proprio problema.

Quando o problema tem restricoes (NLPs, do inglés NonLinear Programming Problems)
sdo, muitas vezes, usadas as funcoes de penalidade, que vém permitir efectuar uma trans-
formacao ao problema original, para que a solucio seja obtida pela resolucdo, nao de um,
mas de uma sequéncia de outros problemas, derivados do inicial, todos eles sem restricoes.
Esta abordagem, possibilita, assim, a utilizacdo de outro tipo de métodos ou algoritmos,
nomeadamente a classe dos Métodos dos Gradientes ou a classe dos Métodos de Pesquisa
Directa.

Alias, as estratégias existentes para a resolug¢do de problemas nao lineares com restri-
cdes, consistem, em geral, em os transformar em problemas sem restricées, de resolucao
mais facil, cuja solucédo € igual ou se relaciona de alguma forma com a solucao do problema
original.

Os métodos disponiveis para efectuar este procedimento sdo diversos, por exemplo:

1. Métodos de Penalidade;

Métodos Barreira;

Método dos gradientes reduzidos;

Método de projeccao do gradiente;

Métodos baseados em funcgdes Lagrangeanas aumentadas;

Métodos de Lagrangeanas projectadas;

N o s Wb

Método dos filtros.

Neste trabalho comecam por abordar-se, genericamente, os Métodos de Penalidade, para
seguidamente se apresentar uma classificacdo de alguns dos Métodos de Penalidade exis-
tentes, apresentando algumas das suas limitacoes e pressupostos.

Nos ultimos anos surgiu um grande interesse nos Métodos de Penalidade (em 2006,
Byrd (2006), em 2005 Chen (2005), em 2002 (2002), em 2003 Gould (2003), Leyffer (2006)
em 2006 , Klatte (2002) em 2002, em 1995 Mongeau (1995) e em 2005 Zaslavski (2005),
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entre outros), por causa da sua capacidade de resolucdo de problemas degenerados e com
restricdes nao lineares.

Os Métodos de Penalidade Exacta foram usados com sucesso para resolver problemas
com restricoes de Complementaridade (MPCCs - do inglés Mathematical programs with com-
plementary constrains), por Benson (2003) e por Leyffer (2006), e, por Byrd (2006) e por
Chen (2005), foram usados em programacio nao linear com restricoes (CNLP, do inglés
Constrained NonLinear Programming) para assegurar a admissabilidade de subproblemas e
melhorar a robustez da iteracao.

Assim, os Métodos de Penalidade podem ser usados como o primeiro passo para a reso-
lucao de problemas de optimizacao, pois permitem a resolucio de problemas com restricoes
por métodos tipicamente utilizados em problemas sem restricoes.

2 Formulacao Matematica do Problema

De uma forma geral, a formulacao de um problema, P, de optimizacao nao linear com
restricoes, nao lineares de igualdade, desigualdade e limites simples, pode ser posta na
seguinte forma, Matias (2003):

minirﬁ/izar f(x)
2CR™
sujeitoa e (x) >0, i=1,2,..,s
di(x) =0, j=1,2,..,t (2.1)
ar <z, k=12,...,n
:Clgbl, l:1,2

Y I

onde f : R” — R é a funcao objectivo do problema, ¢; : R* — R, com i = 1,2,...,s, sdo
as s restricoes de desigualdade, d; : R* — R, com j = 1,2,...,t, representam as t func¢ées
das restricoes de igualdade, e as duas ultimas condi¢des representam os limites simples
impostos as variaveis.

3 Meétodos de Penalidade

Os Métodos de Penalidade foram criados para resolver um problema, P, resolvendo uma
sequéncia de problemas sem restricdes especialmente escolhidos. Ou seja, é efectuada
uma transformacéo ao problema original e € feita a resolu¢do de uma sequéncia de outros
problemas, sem restricoes, derivados do inicial, pelos métodos conhecidos para este tipo de
problemas.

Assim, é construida uma nova funcao objectivo, ®, que contém informacio relativa a
funcao objectivo inicial, f, e, simultaneamente, as restricdoes do problema. Sao, desta forma,
construidos problemas sucessivos sem restricoes, que dependem de um parametro positivo,
r, cujas correspondentes solucoes, z*(r), convergirao para a solucdo do problema inicial, z*.

A regiao admissivel de P € o conjunto R definido pelas condicoes:

(3.2)
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Nos Métodos de Penalidade, a regiao admissivel, R, € expandida a todo o R", mas ¢€
aplicada uma grande penalizacdo a funcao objectivo nos pontos que estido fora da regiao
admissivel original, R.

Considere-se o problema P, (2.1). Convertendo as restricoes, e;(x) > 0 em —e;(z) < 0,
di(z) =0emdj(z) <0e —dj(z) <0eap <zpex <b emay—xz, <0ezx —b <0, podemos
assumir P na forma:

minimizar f(zx)
wERn (3.3)
sujeitoa  Cj(x) <0,

onde C;(x) representa o conjunto de todas as m = s + ¢ + 2n restrigoes, c¢;(z) < 0, i =
1,2,...,m, do problema.

)

Assim, o problema original, com restricées de todo o tipo, é agora um problema com
restricées apenas de desigualdade da forma menor ou igual.

Entao pode construir-se uma nova funcao objectivo, ®, que contém informacao relativa
a funcao objectivo inicial, f, e simultaneamente, as restricées do problema:

O(x,r) = f(z) + O(z,7), (3.4)

onde O© : R"*! — R" é uma funcio de r, parametro real positivo, denominado parametro
de penalidade e da funcao de penalidade, sendo O(x,r) = rp(z).

Definicao 1 - Freund (2004)

Uma fungao p : R™ — R diz-se_func¢do de penalidade para P, se verifica:
e p(z) =0seci(z) <0
e p(z) >0seci(z) >0

Assim, o problema a resolver, que subtitui o problema P, é um problema, P,,, com uma
nova funcao objectivo e sem restricoes:

Py, : minimizar f(x) + rpmp(x), (3.5)

reR™

representando r,, uma sucessao crescente de constantes tal que r,, — +oo.

Seja ry, > 0,k =1,2,...,00 a sucessao de parametros de penalidade, tal que, ri11 > 7, Vk
e kliT rE = +00.
C— 1+ 00

k

Sejam ¢(z,r) = f(x) + rp(z), " a solucdo exacta do problema P(r;) € z* a solucdo 6ptima

de P.

Nestas condicdes prova-se o Teorema da Convergéncia dos Métodos de Penalidade,
com f a funcéo objectivo, ¢; as funcées restricdo e p a funcéo de penalidade:
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Teorema 1 - Freund (2004)

Suponha-se que f. ¢; e p sao fungées continuas. Seja {z*} ,k =1,2,...,00 uma sucessao de
solugées de P(ry,). entao qualquer ponto limite z de {z*} é solucdo éptima de P.

3.1 Funcoées de Penalidade usadas frequentemente
Uma classe de Fun¢des de Penalidade usada frequentemente é:

m

p(x) =Y [max {0,¢;i(2)}),p > 1, (3.6)

i=1

e se p =1, p(z) em (3.6) diz-se funcao de penalidade linear.
Nota: Esta funcao pode nao ser diferenciavel nos pontos onde ¢;(z) = 0, para algum .

e (3.6) com p = 2, é a funcao de penalidade mais usada na pratica e, diz-se funcao de
penalidade quadratica.

3.2 Métodos de Penalidade Exacta - Definicao

A caracteristica principal dos Métodos de Penalidade Exacta € que, ao contrario dos
Métodos de Penalidade Inexacta, apresentados anteriormente, que transformavam o pro-
blema original numa sequéncia infinita de problemas, a sequéncia de problemas ¢€ finita, ou
seja, a solucao do problema NLP é determinada resolvendo um numero finito de problema
sem restricoes.

Definicao 2 - Zaslavski (2005)

Um Método de Penalidade Exacta é um método que escolhe a fungéo de penalidade p(x)
e o parametro r de tal forma a que a solugéo éptima & do problema sem restricées, P,,, seja
também a solucdo éptima, x*, do correspondente problema com restricées, P.

4 Classificacao de alguns dos Métodos de Penalidade exis-
tentes

Nesta seccao faz-se uma revisao e apresenta-se uma classificacao para alguns dos Méto-
dos de Penalidade existentes. Sao ainda apresentados alguns dos seus pressupostos e
limitacoes.

Na tabela seguinte apresenta-se resumidamente essa classificacao.
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Tabela 1: Uma Classificacdo de alguns dos Métodos de Penalidade existentes

Penalidade
Penalidade Estatica
Exacta Penalidade
Optimizacao Dinamica
Global Penalidade
Penalidade de Recusa
Inexacta Penalidade
Discreta
Lagrangeana
Optimizacao | Penalidade
Local Exacta Penalidade [;

Uma das dificuldades dos Métodos de Penalidade € encontrar parametros de penalidade
convenientes de forma a que a solucao &, que minimiza o problema sem restricées corres-
ponda, de alguma forma, ao minimo do respectivo problema com restricoes.

Se o minimo do problema sem restricoes € admissivel e correspondente ao minimo global
do problema com restricoes (CGM, do inglés Constrained Global Minimum), ou seja, se
€ o ponto da regido admissivel com melhor valor da funcao objectivo, diz-se que o método
utilizado € um Método de Optimizacao Global. Se esse minimo, correspondente a um minimo
local do problema com restri¢des (CLM, do inglés Constrained Local Minimum), ou seja, se €
o ponto de uma vizinhanc¢a admissivel pré-definida, com melhor valor da func¢éo objectivo,
diz-se que o método utilizado € um Método de Optimizacao Local.

Assim, os Métodos de Penalidade podem ser classificados como:

e METODOS DE PENALIDADE DE OPTIMIZACAO GLOBAL, (GOPM, do inglés Global Optimal
Penalty Methods), se permitem obter solucédes globais, CGM, de P

e METODOS DE PENALIDADE DE OPTIMIZACAO LocAL, (LOPM, do inglés Local Optimal
Penalty Methods), se permitem obter solucdes locais, CLM, de P.

Por outro lado, podem ser (Bertsekas (1999)):

e METODOS DE PENALIDADE INEXACTA, nos quais a minimizacido da nova funcéo objec-
tivo, ¢, nao encontra os pontos CGM e CLM exactos, apenas caminha para pontos
infinitamente préoximos destes, pela minimizacido sucessiva dos problemas obtidos;

e METODOS DE PENALIDADE EXACTA, se permitem encontar os CGM e CLM exactos,
através de uma sequéncia finita de problemas de penalidade.

4.1 Métodos de Penalidade de Optimizacao Global - GOPM

Os GOPM podem ser Inexactos ou Exactos. Nesta classe de métodos estao Métodos de
Penalidade Estatica e Métodos de Penalidade Dinamica.
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4.1.1 Métodos de Penalidade Estatica

Os METODOS DE PENALIDADE ESTATICA foram propostos inicialmente por Homaifar (1994).
Nestes métodos é considerada uma familia de niveis da violacdo para cada tipo de restri-
cdo. Cada nivel da violacdo impbde um nivel diferente da penalidade. A desvantagem deste
método € o niumero de parametros a ser seleccionado. O numero de parametros aumenta
rapidamente com o numero de restricdo e de niveis da violacao.

Nestes métodos é fixado um parametro de penalidade, r para todo o processo. Existem
duas dificuldades associadas a esta abordagem, Deb (2001), Godfrey (2004):

e A solucdo da funcao objectivo depende do parametro de penalidade, r. Diversos au-
tores procuraram encontrar o melhor valor para r, nestes métodos, para conduzir a
procura dentro da regiao admissivel. Isto requereu uma extensa experimentacao para
encontrar uma solugio razoavel. Este problema ¢é tao indomavel que alguns investi-
gadores usaram diferentes valores de r, dependendo do nivel de violagao das restricoes,
enquanto outros actualizaram o parametro de penalidade a cada iteracao a partir de
parametros que fixavam o raio de evolucédo (métodos de penalidade dinamica )

e Ainclusao do termo de penalidade distorce a funcao objectivo, Deb (2001). Para valores
pequenos de r, a distorcao € pequena, mas o 6ptimo de ®(z,r) pode nao estar perto do
verdadeiro 6ptimo. Por outro lado, se € usado um r grande, o 6ptimo de ®(z,r) €
proximo do minimo, mas a distorcdo pode ser tao grande que ®(x,r) pode ter minimos
ficticios.

Considerando, as retrigoes a;(x) > 0 como —a;(x) <0,i=1,2,...,s;ap,—2, <0,k =1,2,..,n
ex; —b <0,l=1,2,...,n, como restrigcoes do tipo menor ou igual, ¢g;(z) <0,i =1,2,...;s + 2n,
(2.1), pode ser escrito como:

minimizar f(z)
zeRn
sujeitoa  d;j(z) =0, j=1,2,..,t (4.7)
gi(z) <0, i=1,2,....s+2n

Com os vectores de penalidade « e 8, um exemplo de Problema de Penalidade Estatica,
para (4.7), p > 1, €&

mz‘nxz’g%zar Ly(z,a, ) (4.8)
com
t s+2n
Ly(z, 0, 8) = f(2)+ Y aj|d;(@)|”+ > B (maz(0,gi(x))” . (4.9)
J=1 i=1

Um Método de Penalidade Estatica pode ser Exacto ou Inexacto. Por exemplo, no Pro-
blema (4.8), se p = 1 em (4.9), estamos na presenca de um Método de Penalidade Estatica
Exacto, se p > 1 € um Método de Penalidade Estatica Inexacto, Bertsekas (1999).

Isto €, quando p = 1 existem valores de penalidade « e § tais que o ponto que minimiza a
funcao de penalidade é exactamente o CGM de P.

Contudo, quando p > 1, o Método de Penalidade Estatica € um Método Inexacto e con-
vergira para CGM como aproximacao infinita dos valores de penalidade.
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O Método de Penalidade Estatica de Homaifar, Homaifar (1994), resolve um problema
semelhante a (4.8), mas requer a escolha de um numero muito grande de parametros e
além disso é um Método de Penalidade Inexacta.

Assim, a limitacao comum de todos os métodos de penalidade estatica € que geralmente é
muito dificil escolher os valores apropriados de penalidade estaticamente. Além disso, estes
métodos foram desenvolvidos para encontrar CGM e nao permitem encontrar um CLM de P.
Portanto, sdo computacionalmente dispendiosos porque envolvem a procura de um minimo
global de uma funcao de penalidade nao linear.

Como alternativa a procura de parametros de penalidade por tentativa em erro existem
os Métodos de Penalidade Dinamica.

4.1.2 Métodos de Penalidade Dinamica

Os METODOS DE PENALIDADE DINAMICA, Wang (2006), discutidos na sec¢ao 5, incremen-
tam as penalidades em (4.8) gradualmente encontrando o minimo global Z de (4.8), para
cada combinacao de penalidades, terminando quando # é uma solucdo admissivel de P.

Tal como os Métodos de Penalidade Estaticos, os Métodos de Penalidade Dinamica podem
ser métodos exactos ou inexactos, dependendo do valor de p. Além disso, tém uma limitacao
comum com o0s anteriores, uma vez que também s6 permitem encontrar um minimo global
de funcoes nao lineares.

Existem muitas variantes dos Métodos de Penalidade Dinamica.

Uma variante amplamente conhecida € o Método de nao estacionaridade, que resolve uma
sequéncia de problemas do tipo de (4.8), verificando em cada iteracdo de cada subproblema
k, as condicoes que se seguem, com C > 0 e p > 1 parametros constantes:

aj(k+1) = a;(k) + C.|d;()] (4.10)

Bi(k +1) = Bi(k) + C. (maz(0, gi(x)) (4.11)

Outro Métodos de Penalidade Dinamica é o Método de Penalidade Adaptativa, que faz uso
do feedback do processo de pesquisa. Este método resolve o seguinte problema na iteracédo
k:

minﬁg}%gar Li(z,, 8) (4.12)

com o
Li(w,a,8) = f(2)+ Y a;(k)(d;(@)*+ D Bi(k) (maz(0, gi(x))*, (4.13)

j=1 i=1

onde ¢ (k) €, respectivamente, incrementado, decrementado ou deixado inalterado quando
a restricao d;(z) = 0 €, respectivamente, nao admissivel ou admissivel ou nenhuma delas,
nas ultimas [ iteracées. Isto é:

° Olj(k"‘ ].) = OZj(]C)/)\l

- se d;(z(i)) = 0 € uma iteracao admissivel k — [+ 1,.... k
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o aj(k+1) = X.aj(k)
- se d;(z(i)) = 0 € uma iteracao ndo admissivel k — [ +1,....k
o aj(k+1)=ay(k)

— caso contrario.

onde [ € um inteiro positivo, A1, A2 > 1 e A\; # Ay (para evitar ciclos nas actualizag¢bes). O
parametro ( é actualizado de forma similar.

Existem outras duas variacoes de penalidade global, ambas abordagens exactas, sao os
Métodos de Penalidade de Recusa e os Métodos de Penalidade Discreta.

4.1.3 Métodos de Penalidade de Recusa e Métodos de Penalidade Discreta

Um METODO DE PENALIDADE DE RECUSA (Death penalty Methods), Hu (2002), Zhang
(2005), ¢ um método de penalidade que rejeita simplesmente todos os pontos nido admis-
siveis. Comeca com um ou mais pontos admissiveis e procura novos pontos, se o novo ponto
nao for admissivel é rejeitado.

Nesta categoria, a dificuldade reside em gerar os pontos admissiveis iniciais e computa-
cionalmente € ainda mais complicado, nomeadamente quando a regiao admissivel € muito
pequena.

Assim, este método resolve o Problema (4.7) considerando:

Ly(z,a,0) = f(z) + o’ P(d(z)) + 57 Q(g(x)),

onde

P(d(x)) =400 se d(z) #0

€
P(d(z)) = 0 se d(z) = 0
€
Q(g(z)) = +oo se g(x) >0
€

Q(d(x)) = 0 se g(a) < 0.

Este método ¢ um Método de Penalidade Exacta. Para quaisquer valores finitos dos
parametros de penalidade « e (3, o ponto minimo da funcao penalidade sera admissivel e
tera o menor valor da funcao objectivo, sendo dessa forma exactamente o CGM de P.

Outro Método de Penalidade Exacta € o METODO DE PENALIDADE DISCRETA que usa o
numero de restricoes que foram violadas em vez do grau de violacées na funcao penalidade.
Este tipo de métodos € usada muitas vezes em Métodos de Elementos Finitos, Dai (2007).

Conclui-se assim, que os Métodos de Optimizacao Global de (4.7) tém aplicacdo pratica
limitada, porque a procura do minimo global é computacionalmente dispendiosa e as técni-
cas de optimizacao global, como o método de nao estacionaridade, também sao lentas pois
s6 alcancam 6ptimos globais com convergéncia assimptotica, Kirkpatrick (1983).
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4.2 Métodos de Penalidade de Optimizacao Local - LOPM

Para evitar a dispendiosa optimizacédo global tém sido desenvolvidos métodos de opti-
mizacgdo local. Estes incluem, por exemplo, os Métodos dos Multiplicadores de Lagrange e
os Métodos de Penalidade /;, que sdo ambos Métodos de Penalidade Exacta. Estes métodos
foram criados para resolver problemas de optimizacao nao linear continuos, isto é pro-
blemas do tipo (4.7), onde f é continua e diferenciavel e g e d podem ser descontinuas,
nao-diferenciaveis.

Nestes métodos o objectivo é encontrar um minimo local #, relativamente a vizinhanca
N(Z) = {a* : ||z* — %] < eee— 0} de z*.

Definicao 3 - Gould (2003)

Um ponto ¥ diz-se um mimimo local de P,, relativamente a vizinhanca N(z), se & é admis-
sivel e f (&) < f(x) para todo o x admissivel dessa vizinhanca.

4.2.1 Métodos dos Multiplicadores de Lagrange

A Teoria Lagrangeana tradicional funciona para (4.7) com funcoes restricdo g e h con-
tinuas e diferenciaveis.

A Funcao Lagrangeana de (4.7) com multiplicadores de Lagrange A e y € definida por:

La, A, p) = f(x) + ATd(2) + p" g(2).

Assumindo a continuidade e diferenciabilidade, o CLM satisfaz a condicido necessaria de
Karush-Kunh-Tucker (KKT) e a condicao suficiente de ponto sela, Bertsekas (1999).

Esta abordagem é, portanto, limitada a resolucdo de CNLPs com funcédes continuas e
diferenciaveis e nao pode ser aplicada a problemas discretos ou a problemas onde nao se
conhecam as derivadas das funcées. Esta limitacdo deve-se ao facto da existéncia dos mul-
tiplicadores de Lagrange depender da existéncia dos gradientes das restricées e da funcao
objectivo e da regularidade das restri¢coes (independéncia linear dos gradientes das restri-
¢oes) nos pontos solugao.

Além disso, € dificil encontrar pontos e multiplicadores que satisfacam a condicao sufi-
ciente de ponto sela, porque esta € expressa como sistema de desigualdades nao lineares,
nem sempre facil de resolver. Assim, esta condicido é usada simplesmente para verificar se
as solucdes encontradas pela condicao KKT sio, efectivamente, solucoes 6ptimas.

4.2.2 Métodos de Penalidade [;

O METODOS DE PENALIDADE [/; € outro método de penalidade exacta de minimizacao local
e que permite, portanto, resolver CNLPs. Este método resolve problemas de minimizacao
com a seguinte funcdo, Gould (2003):

s+2n

b ) = f(@)+ p 3 di (@) + Y mazlgi(x), 0] (4.14)

i=1
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A teoria desenvolvida a volta desta expressao mostra que existe uma correspondéncia
bijectiva entre o CLMs e o minimo global da func¢ao I; (4.14), quando p € suficientemente
grande, Bertsekas (1999).

Como € sabido, para valores apropriados do parametro de penalidade u, os pontos esta-
cionarios de /;(z, ) sao também pontos KKT do problema néo linear (4.7) ou pontos esta-
cionarios nao admissiveis, ver por exemplo, Byrd (2003). Esta propriedade € a mais apel-
ativa destes métodos de penalizacao exacta porque uma escolha adequada de i devera ser
adequada para todo o processo de minimizacao.

Este como os outros Métodos de penalizacao exacta sdo, assim, menos dependentes no
parametro de penalidade do que os métodos de penalizacdo quadratica para os quais €
necessario resolver uma sucessao de subproblemas com séries divergentes de parametros
de penalidade.

A funcao (4.14) serviu de base a muitos métodos de penalidade propostos na literatura.

Apresenta-se de seguida o correspondente Algoritmo, Byrd (2006):

Algoritmo: Método de penalidade [, classico
e Dados:
- po >0
- a tolerancia 7 > 0
- um ponto inicial x§
e Parak=0,1,2, ...
Encontrar um minimizante aproximado zx de /1 (z, 1), comecando em z7;
Se 3 ldy(o) + 3. mas{—g:(x),0] < 7
Paf;r e conside;ar a solucao aproximada xx;

Senao

- Escolher um novo parametro de penalidade px+1 > fi;

- Escolher um novo ponto inicial x},;

A minimizacdo da funcao de penalidade [y, I;(x, u), € dificil porque é nao diferenciavel.
Como resultado destes obstaculos, esta aproximacdo sem restricées, nio é infelizmente
viavel como técnica para a programacao nao linear.

A limitacao maior deste método, tal como nos Métodos de Multiplcadores de Lagrange, €
que s6 se aplicam a problemas continuos e diferenciaveis e é dificil encontrar um valor de u
consistente para todos os subproblemas.

As alternativas a estes métodos tém vindo a aparecer, nomeadamente no que diz respeito
a procura de solucdes para o problema da escolha de parametros de penalidade.

5 Uma nova classe de Métodos de Penalidade Dinamica

Os métodos de penalidade cresceram em trés etapas de desenvolvimento desde que foram
introduzidas em 1950. Primeiro foram vistos como meio de resolucao de problemas de opti-
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mizagao com restrigoes através de técnicas de optimizacao sem restricoes. Esta abordagem
nao provou ser efectiva, execepto para classes especiais de aplicacdes.

Na segunda etapa, os problemas de penalidade foram substituidos por uma sucessao
de subproblemas com restricoes lineres. Estas técicas, descritas nas abordagens de pro-
gramacao quadratica sequencial, sio muito mais eficientes do que as aproximacoes sem
restricdes, mas deixam em aberto a questao de como escolher o parametro de penalidade.

Infelizmente a escolha dos parametros de penalidade era, frequentemente, muito dificil
porque a maioria das técnicas utilizadas sao estratégias heuristicas.

Como alternativa a estas estratégias apareceu o método dos filtros, introduzidos por
Fletcher and Leyffer, Fletcher (2002). Desde ai, as técnicas de filtros foram aplicadas a
métodos SLP (Sequential Linear Programming) e SQP (Sequential Quadratic Programming),
porque constituiam métodos menos dependentes de parametros do que os métodos de Pe-
nalidade.

Na etapa mais recente do desenvolvimento, os métodos de penalidade ajustam o parametro
de penalidade em cada iteracao, com o intuito de atingir um nivel estipulado de admissibil-
idade linear. A escolha do parametro de penalidade deixa de ser heuristica e torna-se parte
integral do processo de calculo.

Um exemplo deste tipo de abordagem € a apresentada em Byrd (2006), no contexto do
algoritmo da progressao linear quadratica sequencial (SLQP). Neste artigo € feita uma analise
e generalizacdo desta estratégia para a a sua aplicacdo em outros métodos.

A estratégia consiste em ajustar o parametro de penalidade dinamicamente; por con-
trolo do grau de linearidade admissivel considerado em cada iteracao, elas promovem um
progresso balanceado de optimabilidade e admissibilidade. Para escolher um parametro de
penalidade que permita cumprir o objectivo deve resolver-se um subproblema adicional em
cada iteracao.

Em contraste com as aproximacdes classicas, a escolha do parametro de penalidade
deixa de ser uma heuristica e € determinado, através de um subproblema com objectivos
claramente definidos. A nova estratégia de actualizacdo da penalidade é apresentada no
contexto de métodos de programacao quadratica sequencial (SQP) e programacao linear
quadratica sequéncial (SLQP), métodos que usam regiées admissiveis para promover a con-
vergeéncia.

A abordagem apresentada em Byrd (2006), consiste em fazer uma reformulacao do pro-
blema linearizando as restri¢coes, depois, exigindo que em cada passo haja progresso na
admissibilidade flexivel (linear feasibility) que € proporcional ao possivel progresso 6ptimo.
Esta nova estratégia, incrementa automaticamente o parametro de penalidade e supera
o comportamento indesejavel da dificuldade de escolher valores apropriados para pu; nos
métodos de penalidade. Esta dificuldade, causou que os métodos de penalidade nao difer-
enciaveis perdessem o interesse durante os anos 90 e originaram o desenvolvimento do
método dos filtros, Gonzaga (2003), Wachter (2004), que nao exigem um parametro de pe-
nalidade.

Outras estratégias de actualizacdo de penalidade foram propostas recentemente. Chen
e Goldfarb, Chen (2005), propuseram regras que actualizam o parametro de penalidade
baseadas na admissibilidade e no tamanho dos multiplicadores. Leyffer, Leyffer (2006),
considera métodos de penalidade descrevendo critérios dinamicos para actualizar parame-
tros de penalidade baseado no decrescimento médio das restricées penalizadas.
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6 Conclusao

Neste trabalho apresenta-se uma Classificacdo dos Métodos de Penalidade existentes e
descrevem-se algumas das suas limitacoes e pressupostos.

Esta Caracterizacao baseia-se essencialmente na distincdo dos métodos de acordo com o
tipo de 6ptimo que permitem encontrar (global ou local) e na distin¢cao no que diz respeito a
exactidao das solucdes encontradas (Métodos exactos ou inexactos).

Se o minimo do problema sem restri¢coes ¢ admissivel e correspondente ao minimo global
do problema com restricées (CGM) diz-se que o método utilizado € um Método de Optimiza-
cao Global (GOPM). Se esse minimo, correspondente a um minimo local do problema com
restricoes (CLM), diz-se que o método utilizado € um Método de Optimizacao Local (LOPM).

Se a minimizacdo da nova funcdo objectivo, ¢, ndo encontra os pontos CGM e CLM
exactos, apenas caminha para pontos infinitamente préximos destes, pela minimizacao su-
cessiva dos problemas obtidos diz-se que o método utilizado € um Métodos de Penalidade
Inexacta. Se o método permite encontar os CGM e CLM exactos, através de uma sequéncia
finita de problemas de penalidade diz-se que o método utilizado é um Métodos de Penalidade
Exacta.

O trabalho termina com a discussao de uma nova classe de Métodos de Penalidade, para
optimizacédo nao linear, que ajustam o parametro de penalidade dinamicamente.
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Abstract

This article is characterized by the presentation of some problems found in ports
that emphasize the Berth Allocation Problem, for which a heuristic model has been
proposed to resolve this problem. This heuristic proposal is based on Genetic Algorithms
and its objective is to allow the learning of this subject, besides urging the reader to
implement a computer-based tool that uses these heuristics to solve this problem,
practically and efficiently.

Keywords: Genetic algorithm; berth allocation problem; Competitiveness.

Resumo

O presente artigo caracteriza-se pela apresentacdo de alguns dos problemas
portuarios, enfatizando o Problema de Alocacdo de Navios em Bercos, para o qual se
propée um modelo heuristico de resolucdo. A heuristica proposta baseia-se nos
Algoritmos Genéticos e tem por objetivo tornar possivel o aprendizado deste assunto,
além de instigar o leitor a implementar uma ferramenta computacional baseada nesta
heuristica para resolver o problema de maneira pratica e eficiente.

Palavras-chave: Algoritmo genético; Problema de alocacdo de bercos; Competitividade.

1 Introduction

The administration of a maritime port complex involves many decision-making problems,
which can happen at: strategic, tactical and operational levels. There are many
operational problems and methods addressed in technical literature; however, they are
aimed at the sizes of the mooring berths, which are compatible with an expected demand
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of vessels. Other studies seek to simulate operations that consider costs, investments and
responsibilities, in other words, directed towards a system of economic operational sizing
of container terminals (FERNANDES, 2001).

According to Silva and Coelho (2007), a gap still remains to be explored regarding the
research and methods of relevant operational problems that are found in port systems:
the berth allocation problem, BAP.

In this case, the article is divided into 4 chapters, including this introduction. In chapter
2, transport will be presented as an economic developer, specifically related to maritime
transport and, also, information relating to the port operation, as well as the problem
under study in this article. In Chapter 3, a heuristic method is proposed that solves the
BAP, for which the main variables involved in problem have been identified. The model
that has been developed endeavors to determine the sequence of vessels allocation to
mooring berths, therefore minimizing the total time spent servicing the vessels, as well as
the operational cost. Finally, in Chapter 4, the final considerations, conclusions and
recommendations are shown for future studies

2 Contextualization and Systemic View of the Maritime

Transport System

According to Novaes (2004) the distribution of products from factories to
wholesale or retail outlets can be done using several transportation methods: highway,
rail, waterway transports, by air, pipe work systems for special cases (gas, gasoline,
diesel, ethanol). Like this, the investments in transports such as in any project, should be
preceded by technical-economical viability studies. For this, it is necessary to carry out a
discerning comparative analysis of the costs and benefits of the project (PEIXOTO, 1977).

2.1 The Importance of the Maritime Transport and Costs

Waterway transport includes all types of transport made on water. It includes the
fluvial and lake transport (inland waterways) and maritime transport (NOVAES, 2004).
According to Peixoto (1977) the technological progress and the increase in the world’s
population will cause a great increase in the demand for some items and therefore, as can
be seen in Graph 1 both the exported and imported volume show a significant growth.

Brazilian Evolution of Exportation and Importation
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Graph 1 -Brazilian export and import volumes (1990-2006)
Source: Site of the Ministry of the Development, Industry and Overseas Trade

Therefore, to meet the whole demand that may occur, marine transport should
concentrate its efforts on the recovering the transportation deficiency that has become
worse over recent decades, this may done by the construction of new ports or the
refurbishing of existing ones, the construction of shipyards, the upgrading of the
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merchant fleet, the training of labor or even the search for the optimization of the current
control systems for the ports operation, which have been obstacles to the country’s
economic expansion.

Adapting old ports to new cargo operational methods, requires large investments,
in an attempt to reduce the length of time that the vessel remains in the port, thereby
maximizing its performance for the owner and reducing the operational cost with the use
of mechanization. Where investments do not occur, the cargo and discharge operations of
the vessels are slow, the costs and the losses are high.

2.2 Port Operations

2.2.1 Some Problems Found in Ports

Several problems are encountered in ports, some of them are shown below:
Problems with the acquisition or rental of equipment;

Problems with the rental of equipment to be used in port services;
Problems with the sizes of the berths;

Problems with the port layout;

Problem with the allocation of vessels to berths.

According to Nishimura et al. (2001), the majority of berths in large ports are
rented, in other words, rented by the ship’s operators for the containers processing to
obtain a greater productivity.

In this context, it is interesting to limit the number of effective berths. The
allocation of vessels in this system, that is, the attribution of berths to vessels that dock
for loading/unloading, the reduction of time required to carry out this task becomes
important; because the handling time for a specific vessel will not necessarily be the same
for each berth.

2.2.2 Definition of the Allocation Problem

According to Guan et al. (2004), the problem of allocating space in the berths for
vessels in port terminals, is considered as being the berth allocation problem. In the
definition of Moon (2000) the problem consists of determining the moment of the mooring
and the positions for each vessel in the port terminal. A more complete definition is that
the problem consists of determining the allocation plan for the vessel that moor in the
port in the berths, so that each vessel is allocated a berth for a length of time to do the
loading/unloading activities with the intention of reducing operational costs.

Because of berth space being very limited and thousands of containers are
handled daily, an effective allocation of berths becomes critical for the efficient
administration of the flow of containers. When there is no available space at the berths,
the vessel needs to wait before mooring and, this time should be the least possible,
because a stopped vessel generates unnecessary arrears in delivery schedules, as well as
extra costs (Waterway Survey CNT, 2006).

However, the mooring position is also a very important variable in the decision
for the following reasons. The containers that are to be loaded onto the vessels arrive at
the port several days before the vessels arrive at the port. Therefore, if a vessel is moored
near to the container storage area, of the containers to be loaded on the vessel, the
transportation cost of the containers by trucks or other internal transport equipment that
is used in the port, can be minimized because the distance traveled will be less than if the
storage area of the containers is far from the mooring berth.

2.2.3 BAP Mathematical Formulation

Amongst the formulations found in the bibliographical survey, the work done by
Imai et al. (2001) stands out, initially developed for a static model, in other words, when is
considered that all vessels arrive in the port, for later allocate each one to an available
berths, always respecting the restrictions.
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Later the authors solved this problem with the use of a dynamic model, in which
the information that is known prior to the arrival of each vessel is taken into
consideration and that, vessels don't arrive in the port before the berths which have been
attributed to them, become available.

In the dynamic BAP formula the defined binary variables xijk specify if vessel j
should be supported as the ki vessel in the berth i as follows:

Minimize > > > {(T -k +1)Cy +S, - A} x + 2 > > (T-k+1).y, (@

ieB jeV keO ieB jeW; keO

Subject to:

D> X =1 VjeV, (2

ieB keO

injk <1 VieB, keO, 3

jev

Zv: Z; (CoXum + Yim )+ Vi —( A =S ) X3 20 VieB, jeW, keO, (4)

Xk 6{0,1} VieB, jeV, keO, (5)

Yy 20  VieB, jeV,keO (6)

Where:

1(=1..,1)eB group of berths,

JEL..T)eV group of vessels,

k(=1...T)eO group of service orders,

5 the moment in which the berth i becomes available for the planning
of berth allocation,

A the arrival of vessdl j,

G the handling time of the vessel j in berth i,

Xi listhevessd j ishandled as the ky, vessel in the berth i
Oif not.

R subgroupofOsuchasPk:{p/p<keo},

W subgroup of vessels as A Zsi,

Yiik

time available in berth i between the departure of the ki, vessel and
the arrival of the ky, vessel when the vessdl j is being served as the ky,
vessel.

The objective function (1) is to minimize the total waiting and handling time for
each vessel. The group of restrictions (2) guarantees that each vessel should be handled
in some berth in a service order (the order of being attended to). The group of restrictions
(3) guarantees that each berth attends to, at the most, one vessel at a time.

Bearing in mind that the system is static, Si 2 Aj, in other words, the vessels will
always arrive before the time of the berth becoming available. The restrictions (4)
guarantee that the vessels should be handled after arriving.

Later a heuristics solution was proposed for this problem, because this could not
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be solved in polynomial time, using the method of the optimization of the sub-gradient,
based on the Lagrangian relaxation of the original problem - dynamic BAP.

2.2.3.1 Proposed Techniques to Solve the BAP

The majority of the studies related to ports, focus their attention on strategic and
tactical problems. Because most berths are operated by private shipping companies, few
studies have ever been carried out into the allocation of vessels in berths (Imai et al.,
2001). According to Dai et al. (2004) there is a large amount of studies on operational
research applications about container operations. In Table 1, the relationship between
research that was found in the literature for solving the BAP is shown:

Table 1 — Bibliography found on BAP

Pesquisador Ano Trabalho
Brown et. al 1994, 1997 Allocation problem in naval ports
Lim 1998 Bidimensional problem of packing
Moon 2000 Integer linear programming
Imai, Nishimura e 2001 Lagrangean Relaxation
Papadimitriou
Nishimura, Imai e 2001 Genetic algorithms
Papadimitriou
Park e Kim 2003 Subgradient optimization, dynamic programming
Kim eMoon 2003 Simulated annealing

There is additional research that seeks a solution for the BAP, is available form
Park and Kim (2003), Dai et al. (2004), Guan and Cheung (2004) and, Mulato and Oliveira
(2006).

3 Proposal to solve the BAP
3.1 General Idea of the Proposed Method

Similar to the series of studies carried out by Imai, Nishimura and Papadimitriou
(2001, 2003), the intention of this survey is to propose an alternative tool for solving the
BAP, which differs from other studies that were found that deal with the insertion of
variables related to operational costs, that are carried out in practice, making the model
the closest to the activities carried out in the ports. An example is, the inclusion of the
berthage fees for a vessel in the port, which is of great relevance in the decision making
process.

In practice, we know that a port receives several sizes of vessels, therefore, they
charge different rates for the length of time spent in the port (termed as berthage fees). In
a survey held in the port of Itajai (SC) was obtained the information that the daily
berthage rate for a ship in the port is close to US$ 15,000.00. Thus, in his way, probably,
it will more viable to service a large vessel first, leaving the smaller vessels for later, in
order to avoid high costs for staying in the port.

Therefore, in this survey some parameters are considered as being of great
relevance for solving the BAP, proposing a solving methodology that is easily implemented
and that can offer good results.

3.2 Parameters for solving the BAP

In order to demonstrate the port operations with respect to its mooring plan it is
necessary to determine some parameters that are pertinent to the problem, so that these
reflect to the maximum, the real problems found in ports.

3.2.1 Costs (Vessel and Port)

The port system, because of its responsibilities and activities, involves several
taxes that are charged for its operations. Firstly, the construction cost of the terminal,
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then, costs related to the acquisition of trucks and equipment, labor expenses, fuel,
amongst others. As the focus of this survey is the berth allocation problem, only the port
operational costs are considered.

For the preparation of this article the mooring tariffs and transport of cargo were
considered, these were considered to have the greatest impact on making up the
operational cost of the port.

The mooring rates are charged per linear meter of the wharf that is occupied by
the moored vessel and for a certain period, or fraction, in hours. Some ports adopt the
nomenclature 'period' to designate a certain number of elapsed hours from the moment of
the vessels mooring in a berth, until its removal from that berth. For instance, the port of
Santos (SP) uses a period of six continuous hours. In this way, if a ship is moored in
certain berth for seven hours, it will have to pay the mooring rate for two periods, because
it went over the limit of six hours in a single period.

The rates charged for cargo handling is charged for the handling that is done
with the vessel. This rate may be based on tons moved or number of containers; however,
the charging criteria should be defined at the time of the negotiations between the owner
and the port authority.

These two charges are considered as being the main tariffs that are charged for
using the port infrastructure, there are also charges for the use of the terrestrial
infrastructure and general services.

3.2.2 Restrictions

Amongst the several restrictions that influence the mooring decision process of a
certain vessel, the following should be highlighted: time, depth, length of equipment and
the vessels schedules.

With regard to the time restriction, it is necessary to consider the arrival time of
the vessel in the port, as well as the time of the availability of the berth. Berth availability,
is understood to be moment when a vessel leaves a berth, thereby freeing it to receive
another vessel. In practice, ports consider a time interval between the release time of the
berth and a new mooring at that berth. This interval is used to prepare the berth for the
next mooring, by removing or the repositioning of equipment, relocation of labor, etc. The
Itajai Port allows two hours for this interval.

The draft restriction is responsible for ensuring that the berth depth is greater
than the draft of the vessel so that the vessel can be moved without any problems.
Usually the vessels draft represents 70% of the depth of the water at the berth, this for
greater security in the mooring operation.

The length restriction should verify that the length of the berth is greater than
the length of the vessel so that it can adequately come alongside the berth.

Regarding the equipment, it is necessary to evaluate the probable berths (which
already complied with previous restrictions) that will receive a certain vessel, ensure that
it has suitable equipment to undertake the loading and unloading operation of the
merchandise. Assume that a certain berth complies with the length and depth
restrictions, and it is also unoccupied, already taken into account the period of time
required between the release of a vessel and the mooring of another; nevertheless, it is
necessary to verify that this berth has equipment capable of meeting the needs of the
vessel which is a candidate for the mooring, because depending on the type of
merchandise, different equipment will be required. For this study, it has been considered
that all berths have suitable equipment available for any type of vessel to be handled.

The restriction scheduling to be considered in this study is to ensure that the
staging of the vessels occurs in two possible ways: the earliest date of liberation of the
vessel or by the least allocation cost. In some cases, and depending on the merchandise
type to be handled, it may be better to carry out the load/unloading operation in the
shortest period of time; mainly in the case of perishable products, where the time factor
plays a fundamental role in the shelf life of the product, even if that allocation has a
greater cost.

In other cases, usually for nonperishable products, such as ores, iron,
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aluminum, it is more convenient to guarantee that the allocation has the smallest
possible cost, not to increase the cost of the merchandise. Like this, probably, the ship
will wait for a mooring for a longer period, however, with a lower allocation cost if the
criterion of the earliest release date was used.

3.2.3 Decision Making Variables (When and How to Allocate Each
Vessel)

The port administration, that has a list of vessels to be moored within a certain
period of time, a week, a fortnight or a month, should prepare a mooring plan, in other
words, create a system of scheduling vessels, to guarantee that all vessels are dealt with
in the shortest period of time or at the lowest possible cost. For this, it is necessary to
verify if all the restrictions are satisfied for the staging to begin.

The mooring plan should be capable of allocating the vessels to berths in the best
possible way, in other words, to determine in 'which' berth should each vessels be
moored, as well as 'the time' of the mooring, and analyze if there was any waiting time on
the part of each vessel, considering costs that will optimize the ports operating system, at
the end of the staging, to determine a group of berths that are handling a group of vessels
moored in different periods, with different capacities, tariffs and productivity rates.

Port activities involve the daily arrival and departure of several vessels (the port
of Rotterdam, has 60 vessels on average), as well as the use of several berths (Rotterdam
has five mooring areas and another two areas for emergency mooring), the scheduling of
the vessels can be slow on many occasions, requiring the use of Information Technology
(IT).

3.3 Heuristic Allocation Algorithm

In an attempt to offer an easily implementable method that can provide good
results for solving the BAP, a heuristic algorithm has been suggested for the allocation of
berths for vessels.

Initially a simplified algorithm has been proposed that is capable of analyzing a
list of vessels (each one containing information on the time of arrival, draft, load, length
and differential tariffs), and a list of berths (with information relating to the release time,
the considered interval, depth, length, productivity, tariffs), to verify that the restrictions
have been satisfied and, later, allocate each vessel to a berth.

The list of vessels that are to be moored, is not necessarily informed according to
the arrival schedule, and therefore the algorithm has the allocation criteria to verify the
final time of release of a certain berth, add the interval period to be considered (two hours,
in the case of the Itajai port), then allocate a ship to this berth.

Supposing there is a list with two ships to be moored, according to Table 2:

) s Cost to be
Ship ID Length Depth | Cargo | Arriving time waiting
nl 220 14 150 | 18/8/2007 17:00 | 2.000,00
n2 210 14 125 | 18/8/2007 12:30 | 1.700,00
Table 2 — Example of a list of vessels to be moored
Source: the author
And a list of two existent berths, according to Table 3:
- Movement
Berth Productivity Release | Anchorage .
ID Length Depth (container/hour) Time tariff tarlff_(per
container)
bl 260 16 50 2,50 45
b2 250 13 45 2,30 45

Table 3 — Example of a list of berths to be occupied
Source: the author
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After scheduling the vessels, it is noted that the berth b2 does not comply with
draft restriction, because both vessels need 14 meters for mooring and berth b2 only has
13 meters of water. This way, both will have to be handled in berth b1, which meets the
length and depth restrictions.

As the list of vessel starts with vessel nl with an arrival time of 17:00 h, this
should be the first ship to be allocated. It is worth mentioning that this criteria is used in
this survey, and may be altered between authors, in other words, initially the list of
vessels may be arranged in accordance with the time of arrival, to later to carry out the
staging.

Also considered in this example is the time of liberating both berths as being free
to make for staging at any moment, in other words, a vessel can be moored in any one of
the berths from when it arrives (if the restrictions are complied with).

We can then go to vessel nl that has its arrival time set 17:00 h. As already
mentioned, it will be handled by berth b1, from the time of its arrival. As this vessel has
150 tons of merchandise to unloaded and berth bl has a capacity of 50 tons per hour,
this vessel b1 will take 3 hours to be handled, therefore, terminating its port activities at
20:00 h. From this moment forward, a period of two hours will be added (using this
example) so that the berth can undergo the necessary treatment to receive the next
vessels at about 22:00 h.

Using this time schedule, vessel n2 moors into berth b1, it has 125 tons of cargo
to be handled, and it will finish it handling at 00:30 h, freeing the berth at that time. Like
this, it can be concluded that vessel nl didn't have any waiting time and vessel n2 had a
waiting time of 9:30 h, according to Figure 1 (a).

" Y .

(@ (b)
Figure 1 - Servicing vessels varying the sequence
Source: the author

To calculate the total cost of the allocation (CA), consider:

MinCA=>" 3" {[(E + A;).CR |+(C, TMov, ) +[ (L, TAtrac, ) P ]| x, (7)

ieN jeB
Subject to:
Y(L-L)x >0 VijeB (8)
ieN
Y (Dj-D,) x>0 VjeB 9
ieN
Mcheg; + Y A;X; —Mlib; >0 (10)
ieN

Where:
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CA: is the objective function of the allocation cost;

Ei: waiting time for the vessel i

Aijj: time servicing the vessel i in the berth j;

CPi: Cost of the vessel i stopped,;

Mchegi : arrival time of the vessel i

Mlibj: time of liberating the berth j;

Li: length of vessel i

Lj: length of berth j;

Di: draft of vessel i

Dj: depth of berth j;

TAtracj: mooring fees charged for the berth j of vessel i
Ci: vessels load i

TMovj: movement fees charged for the berth j for vessel i
P: number of periods charged for;

xij: binary variable of the type 0-1, where it is assumed that the value 1 if the vessel i has
been serviced at berth jand assume O otherwise;

N = {n1, n2, ..., nk}, represents the group of vessels;

B ={bl, b2, ..., bm}, represents the group of berths.

The equation (8) represents the restriction on the length of the berth j which
should be greater than the length of the vessel i; restriction (9) indicates that the draft of
the ship i should be less than depth at berth j and, restriction (10) indicates that the time
of mooring and servicing of the vessel i should be greater than the time of freeing of berth
J, in other words, a vessel cannot be moored and serviced by a given berth before being
liberated from the handling of the previous vessel.

Therefore, the total cost of this allocation would be $29,500.00 obtained using
equation (7). If the service list began with vessel n2, which would be handled first, the
total allocation cost would be $23,700.00, because the vessels would stay in the port for
less time, there would be no waiting time for any vessel, according to Figure 1 (b).

In consequence, this results in a vessel downtime cost less than the first
allocation, in other words, in this case, the cost reduction would be approximately 20%.

Because the cost varies a lot from one allocation sequence to another, it becomes
necessary to evaluate the several possibilities of sequences that can exist, and for this
search not to be exhaustive, a genetic search algorithm has been proposed that analyzes
the possible allocation sequences.

3.4 Genetic Search Algorithm

According to Soares (1997), a procedure for the selection of the method is to
carry out an exhaustive study on available optimization algorithms, verifying the
characteristic of reaching the global solution more frequently for a certain number of
executions. That is a factor for measuring the potentiality of the algorithms and, amongst
the most effective methods, are the Genetic Algorithms - GA. GA's are applied as a
random search technique that have been used by a great number of followers (DAVALOS
& STANGE, 1994).

In accordance with Tcholakian and Stange (1994), in the GA’s each point of the
space solution is considered as a chromosome or an individual. The group of
chromosomes is called a population. The individuals in the population grow generation by
generation through operations between the chromosomes, such as the selection,
crossover and mutation operations.

3.4.1 Characterization of the Chromosome

For Mayerle (1996) it is in the chromosome where the characteristics of the
researched solutions are stored. According to Goldbarg and Luna (2000), a chromosome is
usually defined as a vector of components.

Like this, for the BAP, a chromosome may be represented by a sequence of
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vessels, which carry in themselves the values of the variables:
Chromosome ={N3,N2,,N1,,..,Nn}

where Nnk represents the kwm vessels in the list, and each vessel occupies a
position in this list (for instance: the vessel n3 occupies position #1 in the list).

3.4.2 Generation of an Initial Population

An initial population is formed, in principal, through some evaluation
performance mechanism (GOLDBARG & LUNA, 2000). The individuals are coded in a
finite sequence of vessels and in this way, each component of the sequence is called a
gene, which is associated to a variable of the problem.

This evaluation performance, better known as fitness, represents the individual's
capacity to adapt to the environment. In the case of GA, when applied to the optimization
of combinatory problems, its size relates to the value of the objective function, which can
be calculated according to the expression shown in (7).

Considering that for a BAP we want to find the minimum value for the objective
function, the fitness measure should be considered as; the smaller the value is, the bigger
the adaptation capacity will be.

3.4.3 Selection Technique

To arrange the individuals of the population during the search process of the

fitness size is (represented by fr‘), calculated by (7), as already mentioned. The order is

< <..<
given in the following way: fl - f2 - f“ . Moreover, this way, the first individual of the

population presents the best performance, while the last individual has the worst
performance of all the population. This way the method always chooses individuals with
best performances causing them to reproduce.

3.4.5 Crossover

The crossover operator, is considered as the fundamental characteristic of the
GA. Pairs of genitors are chosen, randomly, from the population and, based on the
aptitude, new individuals are formed from the exchange of genetic material. This way, the
descendants will be different from their parents, but with genetic characteristics of both
genitors (PACHECO, year unknown).

There are several rules that exist to make up the individuals crossing and like
this, for the problem related to this survey, is was opted to innovate and to differentiate
the other rules, considering the average of the occupied positions for the individuals in
the chromosomes

Considering two chromosomes:

C1-{N3,N2,,N4,, N1}
C2-{N2,N4, N1,N3,}

The averages of the positions are calculated occupied by each individual in the
two chromosomes:

N1: occupies positions 4 and 3, therefore the average is 3.5;
N2: occupies positions 2 and 1, therefore the average is 1.5;
N3: occupies positions 1 and 4, therefore the average is 2.5;
N4: occupies positions 3 and 2, therefore the average is 2.5;

Next, list them in ascending order and, when there is parity, randomly select any
one of these to occupy the position:
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15<25< 25<35
N
N2,—N3,-N4,- N1,

As there was parity between the N3 and N4 individual averages, it was decided to
insert in the list, in the second position, vessel N3 and, followed by vessel N4.

3.4.6 Mutation Operation

After making the crossover, the mutation takes space. This is a genetic operator
which is introducing new characteristics to the individual or even to restore
characteristics that were lost in operations, for instance, in the crossover.

In this way, the mutation assures that the probability of arriving at any point in
the search space is never zero, as well as solving any problem relating to maximums (or
minimums) places, because with this mechanism, the direction of the search may be
altered slightly. In the GA system, a mutation is an event that has a probability pm for
each bit of the chain of characters of all the individuals in the population, which could
become an expensive operator.

In the BAP, the mutation should be done randomly after the crossover, using a
mutation rate, in other words, a probability that this procedure will occur.

The mutation operator has an important role in the growth of the population
(introduction and restoration of characteristics), however a secondary genetic operator is
considered, which should happen with a low probability, considering the high computing
cost.

3.5 Implementation of the Proposed Algorithm

For the implementation of the suggested method, it is suggested that this be
based on the Imai et. al (1994, 2001, 2003, 2005) and Nishimura et. al (2001) studies.

In this way, the proposal for solving the BAP is the construction of a program,
which can be developed using Delphi®, where the behavior of the proposed variables
method should be implemented, tested and analyzed. The suggestion to use Delphi® is
because this includes several simulation methods and it allows for the possible
representation of dynamic aspects, where some variables can be implemented — such as
berth productivity - with the objective of being closest to the reality that is needed.

The suggestion of the heuristic method for solving the BAP is idealized for generic
use, so that it can be adapted to any marine port terminal by simply modifying a few
parameters.

4 Final Considerations

At the end of this article it is hoped that some implications that are present in a
port administration have been conveyed concisely, more specifically the problem relating
to the allocation of ships to berths and the respective implications.

It is hoped that something has been learnt about genetic algorithms, an easily
understood tool and application, which is proposed for the solving of the BAP.

To take this survey a step further, it is intended to implement a program to use
the suggestions in this article, the use of the genetic algorithm and the inclusion of
pertinent variables relating to the real problem, allowing for testing of the suggested
methodology and the evaluation of the results, validating them with the intention of
helping in the administration of the port system.
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Abstract

There is a consensus that conventional continuous demand distribution methods are not
appropriate for forecasting replacement parts. However, many forecasting tools available in market
still use them. This work presents an application of the Poisson distribution to forecast the needs of
electronic spare parts. Using basic stock management notions and usual concepts of reliability,
availability and the Poisson process, an alternative method is proposed for sizing the initial stock of
replacement parts to be purchased along with a electronic equipment. The results from the
application of the proposed method and its comparison to the SAGA method, which is based on
time series and normal distribution, are presented. The analyses of results have shown that it is
possible to reduce the forecast errors; hence the stock costs, and the number of stockouts, thus

enhancing the operational availability.

Keywords: Replacement parts, spares, forecast, stock management, supply, time series,

availability, reliability, Poisson.

Apdio ﬁ- © 2008 Associacdo Portuguesa de Investigacdo Operacional


mailto:gneves01@gmail.com�
http://www.ind.puc-rio.br/~diallo�

46 G. NEVES et al. / Investigagdo Operacional, 28 (2008) 45-58

1 Introduction

The adequacy of the stock control type depends on the purpose for which the material is
intended. Thus, when a spare item is seen from the manufacturer or the seller’s point of
view, it should be analyzed through an appropriate method for production or sales.
However, if the same material is seen under the user’s point of view, the appropriate
method must serve the purpose of a “Maintenance Support Stock" (MSS).

Often, replacement parts are expensive, with long re-supply time, the stockout cost very
high and the patterns of demand are not the same found in the retail sales and
production. There is a consensus among researchers that the spare parts consumption
forecast should not be made by traditional methods such as moving average and
exponential smoothing. This is mainly due to the low consumption rate, the long time
between demand occurrences, characteristic of spare parts. Moreover, the demand
generating process depends on the number of equipment units in use and in some cases,
on the intensity of use, which are usually well known data. When the reliability of the
system is critical, manufacturers and users focus their attention on the failure
probability, which is the time elapsed until it fails (MTBF - Mean Time Between Failure);
for repairable parts, the average time to fail (MTTF - Mean Time To Failure); for disposable
parts, the time between repairs (TBO - Time Between Overhaul), informed by the
manufacturer. For these reasons, the management of parts must be based on the process
that generates failures, which is endogenous to the system. However, the software most
commonly used in the management of spare part stocks disregards these characteristics
and use the exponential smoothing forecasting methods.

Another important feature related to spare parts in a MSS is the desired operational
availability, Ao, of the associated equipment. The availability can be understood as the
parameter that measures the proportion of the time the equipment is up and ready for
use. Thus, the shorter the time off is, the higher the availability of the equipment and the
better the level of service will be. However, for the availability be high, there should be
spare parts ready for the replacement of the defective items in case of failures.

The literature on inventory management is rich in methods for controlling stocks in
wholesale, retail sales and manufacture, but in what the supply of spare parts is
concerned, it does not have the same coverage and is relatively scarce. In spite of its
actual importance to many industries, engineering or business academic courses seldom
address subjects approaching the management of replacement part inventories.

The purpose of this study is to present a real case of forecasting the consumption of
electronic spare parts adequate for sizing stocks to cover the needs between acquisition
epochs. The method is mainly aimed at the application in companies that provide services
that need to maintain high operational availability of their equipment and thus to have
stock of spare parts for the ready replacement of the defective items.

The next section will present a brief review of the literature on spare parts consumption
forecasting. Following that, Section 3 will present details of the exponential smoothing
forecasting method adopted by the SAGA System (Management and Support Automated
System) used by the studied organization managing spare parts. Section 4, presents the
proposal of an alternate methodology for forecasting the needs of electronic spare parts,
as well as the present situation, and compares the expected results from both
methodologies. Finally, in the last section, the benefits of the proposed methodology will
be discussed.
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2 Literature Review

Methods for forecasting and determining the re-supply of wholesale, retail and
manufacture stocks are easily found in books and inventory management courses. In
such cases, the demand and the response time frequently have good adherence to the
normal distribution, and time series methods are adequate for forecasting the demand.
However, in the case of spare parts for maintenance, the problem is clearly different.
When compared with retail items, spare parts are usually more expensive, of sporadic
need and low consumption rate; the availability is critical (high stockout costs). This
intermittent demand rules out the normal distribution as a reasonable representation,
and the time series methods, designed for continuous distribution, becomes inappropriate
in face of high probabilities of zero demand.

Frequently, time intervals between failures are completely random, and many studies
found in literature employ mainly Gamma and Poisson distributions to represent the
demand for spare parts (CROSTON, 1972).

These distributions are associated with the known Poisson process characteristic of
phenomena in which age or wear of the component does not affect the likelihood that it
will fail, and also the fact that given that a failure has just occurred has no influence on
the time elapsed until the next failure. A characteristic of the Poisson distribution (i.e. the
probability distribution that, in a Poisson process, x failures will occur in a given time
interval t), which makes it easy to use, is that its average is equal to its variance and is a
parameter that completely characterizes the distribution. Therefore, if the failure process
has the characteristics of a Poisson process, it is enough to use the average demand of
historical data to estimate the probability of any given number of failures to occur in any
time interval. Strijbosch et al. (2000) discuss the selection of adequate distribution for
methoding demand distribution for spare parts for an (s, Q) control system, and use a
compound Bernoulli distribution.

Studying the case of a manufacturer of electronic products in Taiwan, Yeh (1997) adopted
the premise of the Gamma distribution for demand to determine the spare parts stock
policy. As usual, the normal distribution proved to be inadequate by the fact that most of
the items studied presented annual demand less than ten units. The Poisson distribution
also showed little adherence to data since the variances and average historical demands
were significantly different.

Wanke (2005) studied the case of a Brazilian manufacturer of agricultural equipments
and used the Gamma distribution for methoding the consumption of spare parts
adjusting the actual data to test alternative methods based on the key characteristics of
the spare parts. In another study, Wanke (2006) noted that the demand for spare parts
had good adherence to the Poisson distribution. He also pointed out that the properties of
this distribution become particularly interesting when examining how different safety
stock levels would affect the likelihood of lack of material, especially in environments
where the annual consumption is between 1 and 300 units.

From the logistic point of view, spare parts systems can become extremely complex,
especially when the company provides maintenance service for its customers. Some
factors that may exacerbate the complexity are the geographic location and the existence
of repairable items. Some interesting case studies are presented by Cohen, and Zheng
Wang (1999) and by Fleischmann et al. (2003) for companies that offer service to their
customers.

After checking the forecasting methods used by a central audio manufacturer, S.I.T.T.IL.
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(1999), by the France Telecommunications Committee, C.C.T. (1983), by a radar
manufacturer, FIAR (1988) and by the authority responsible for the logistic development
of equipments used for flight protection in Brazil, CISCEA (1994), it was found that all use
the Poisson distribution in the methodology for estimating the initial purchase of spare
parts.

The methodologies developed by Yeh (1997), and by Wanke (2005) were aimed at the stock
of suppliers or manufacturers of spare parts. However, the methodologies employed by
manufacturers of equipment S.I.T.T.I. (1999), FIAR (1988), CCT (1983), and mentioned by
Wanke (2006) and CISCEA (1994), were developed for users of equipment maintainers.
This latter seemed to be more adherent to the reality proposed in this work and was
chosen to be the basis of its development.

3 The SAGA Stock Management Method

The SAGA System (Management and Support Automated System) is a software system
containing a popular time series method (exponential smoothing) that allows forecasting
demands of items based on its consumption records. The method is based on two main
variables: the consumption average level (MI) and the growth trend (TI). For the
calculation of future consumption, the past MI and TI values will be analyzed and used to
calculate future values.

The procedures presented below have been taken from the technical documentation
ISDS013 (PAME, 1986).

3.1 Presentation of the Method
The exponential smoothing method with trend can be described in two steps:
a) startup , and

b) (continuous) re-estimation of the parameters of the method.
3.2 Startup

In the startup step, the system provides starting values for a (smoothing coefficient for the
average level estimate) and B (smoothing coefficient for the trend estimate) chosen from a
set of pre-defined values that best represents the series. In other words, the pair that
gives the smallest mean absolute deviation (MAD) value for a starting sample of the series
of observed demands of the item (or, perhaps of some similar item, if the item has no
history).

a |0.10 |0.10 | 0.10 | 0.15 |0.15 | 0.15 | 0.20 | 0.20 | 0.20 | 0.30 | 0.30 | 0.30

B 1040 |0.20 |0.10 [0.40 |0.20 | 0.10 | 0.40 | 0.20 | 0.10 | 0.40 | 0.20 | 0.10

Adapted from PAME, 1986.
Table 1 — Initial values of a and B for the selection of the best pair

Different values of a and  can be entered manually.

Two situations are considered:
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a) There is a historical series of consumption; in this case, the system methods the series
and computes the mean absolute deviation (MAD) of the forecasts produced by each pair
a and B. The pair selected will be the one presenting the lowest MAD; and

b) There is no historical series of consumption; in this case, the system estimates the
future consumption considering a = 1 for the first forecast, a = 0.8 for the second
forecast, a = 0.6 for the third forecast, a = 0.4 for the fourth forecast, a = 0.2 for the fifth
forecast and a = 0.15 for the sixth forecast. In the seventh forecast, the system considers
that there is already a historical series of consumption, and reevaluates the parameters

accordingly.
3.3 Estimation of Model Parameters

The calculation of the consumption forecasts is done using the formulae described below:

Et =aQ, +(1_a)|\7|t

- level in month t

~

t = ﬁ( L‘ - L1—1)+(1_ﬁ)Tt—l - trend in month t

A

Mt+1 = Lt +Tt
t+1

- consumption forecast for month

Qt - actual consumption
in month t

3.4 Calculation of the Mean Absolute Deviation (MAD)
The MAD is calculated using the formula below:

EMA, = a‘Qw _ |\7|t0 +(1-a)EMA_,

M
fo - Average consumption forecast for the current
month made in previous month.
Qto - Actual consumption in the current month.
EM
AO - Mean absolute deviation estimate of the level
estimates.

3.5 Estimation of Future Values

The estimation of future values is performed taking the optimum pair a e 3, the last
forecast and actual consumption as reference.

L

t > Level estimate in month t.
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>

-

- Trend estimate in month t.

Mt+n:Lt+nTt

- Consumption forecast for month t+n (made in month t).

The total consumption forecast for the next n months will be given by:

€, =nx b+ (R,

- Consumption forecast for n future months.

3.6 Considerations on the SAGA

The system was developed in the 80’s of the last century to manage around 100,000
different items. At that time, the computing resources in terms of memory, capacity and
processing speed were quite limited when compared to today. Thus, programmers used
tables and simplifications to avoid operations such as exponential, which consumed large
processing time.

If the same system would be developed today, it would not be so worried about processing
speed and could use procedures such as linear regression for the initialization of
coefficients a and B, as well as the mean quadratic error instead of the MAD, making the
calculations more accurate.

4 The Forecast Methodology Proposed

Modern electronic equipments present very low failure rates, something around one
failure every 100,000 hours. This characteristic would lead us to think that electronic
equipments would have long lifetime. However, one must consider another aspect: the
obsolescence. There are two types of obsolescence: the operational obsolescence due to
the emergence of new equipment providing greater convenience and operational
performance, and the technical obsolescence due to the evolution of components, leading
manufacturers to seek for components with better performance and lower cost.
Obsolescence, even of reasonably large and expensive electronic equipment, has made the
time to replacement that, not long ago was of 20 years, to drop to some 5 to 10 years.

It is then assumed that an electronic component does not wear during the lifetime of 5 to
10 years, and in this case, ruling out the phase of “infant mortality,” the failures follow a
stable stationary stochastic process. This assumption is fundamental for understanding
the proposal made in this work, to use the Poisson distribution as an alternative to the
use of time series to achieve better results in forecasting consumption of electronic
replacement parts.

Initially, a brief review of the concepts that will support the methodology proposed will be
presented followed by a methodology for calculating the initial purchase of spare parts
used by the majority of suppliers of equipments.

4.1 Failure Rate A

The failure rate of a given part can be defined as "the proportion of entities that having
survived a certain time t failed within the time interval [¢t+T]”, (VILLEMEUR, 1992). The
failure rate can also be defined for a single item, by:
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A - Failure rate

f

- number of failures occurred in the time interval T

T > observation time interval,

and for N items installed in K equipments, by:

f
heg = e
KNT
K - number of identical equipments containing the item,
N - quantity of the item installed in each equipment,

A variant of the failure rate, also widely used, is the MTBF (Mean Time Between Failures)
and MTTF (Mean Time To Failure). For obvious reasons, the MTBF is customarily used to
repairable items and the MTTF for disposable items.

MTBF = MTI'F%

4.2 Availability and Level of Service

The operational availability is related to the time to repair the equipment. It can also be
seen as level of service and depends basically on the following:

a) Frequency and duration of the preventive maintenance, and
b) Quantity and duration of corrective maintenances.

Mathematically, the operational availability is the relationship between the operational
time and the sum of the operation time and the time off (or, down time). A value of around
one means maximum availability.

A\) — TON

TON + TOFF

A - Operational availability
Tov = Operational time
_)

Torr Time off
Time off is a function of several factors, of which, the most important are (C.C.T., 1983):

a) Constructive characteristics of the equipment:
- Devices for testing and locate failures
- Facilities for the removal of the defective item and its replacement;

b) Maintenance personnel:
- Quantity;
- Classification;
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- Experience;

¢) Technical documentation:
- Scope;
- Update;

d) Testing tools and equipment:
- Adequacy;

- State;

- Calibration;

e) Replacement parts availability:
- Adequacy;
- Quantity.

This work is focused on the issue of sizing spare parts inventory. The target stock should
be such that the probability of no stockout (replacement parts availability) provides an
operational availability index (level of service) specified for the equipment. Modeling the
probability of no stockout as a function of available stock is, therefore, key issue on
controlling operation availability. The model here proposed is based on the Poisson
distribution.

4.3 Poisson Distribution

The Poisson distribution, whose concept was presented in Section 2, is used to method
the occurrences of an event considered "rare" in a given period of time, (SHAPIRO, 1967).

Probability Density Function

— At

e
f(k)=P(K = k):(/lt)kT, t>0
A - Failure Rate
At - Mean failures in time period t
k - Number of failures in time period t

Cumulative Probability (probability of k or less failures)

P(Ksk):zk: (/u)iei—:t, t>0

i=0

4.4 Initial Purchase Forecast

The purpose of the initial purchase of spare parts is to minimize the probability that
particular equipment becomes inoperable due to the lack of parts in the initial operation
period. This is important because the cost of the additional parts at the time of
acquisition is far lower than when it will be years latter when the part is already out of
regular production.



G. NEVES et al. / Investigagdo Operacional, 28 (2008) 45-58 53

Usually, the initial quantity of spare parts is purchased along with the equipment and is
calculated according to the buyer’s criteria and suggestion from the supplier. It is
essential to maintain the availability of the equipment within the operation period in
which the maintainability is estimated based on data from the manufacturer.

The problem is, essentially, to determine the number of spare component units to buy
along with new equipment so that the probability of running out of stock is some given
value.

4.4.1 Assumptions

The following assumptions are used in the inventory sizing method:

a) the defects due to the infant mortality were eliminated in the burn in process;
b) the components follow an exponential failures law;

c) there is no degradation of parts during the storage period (bottom of the “bath-tub”
curve);

d) only the items damaged in the equipment are replaced by spare parts during the repair;

e) the failure rate is considered constant over the period forecasted for the stock, and the
failures are resulting from stochastic and independent events, by intrinsic mechanisms of
the own item (related to assumption (c) above);

f) the equipment is operating according to normal specification conditions, receiving all
the recommended preventive maintenance, as well as all the corrective maintenance
needed to restore it to original specification conditions and level of quality, and

g) the spare quantities of the item necessary for repairing failures, other than those
resulting from the processes listed above, are supplied by additional stocks.

4.4.2 Mathematical Method

The cumulative Poisson distribution defined above gives the probability of not running out
of stock during the maintainability period. With a notation and terminology more
adequate to the application (CISCEA, 1994) it is presented below:

Ps(s) =) F—I xe"
w0 X

>

s - number of units of the spare item bought with the equipment,
Ps(s) - also called the "probability of no stock disruption," is the cumulative
probability that the number of failures, x, of the item is less than or equal to
S.

Using the notation defined earlier:

At
F= "% > mean number of failures of the item under consideration during a given a

time interval t, assuming that all equipment units are identical:

F=KNMLT,.
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K - total number of units of equipment that contain the item,

N - quantity of the item installed in each unit of equipment,

M 2> (M < 1) average utilization rate of the KN items installed (M = 1 if under 24h
a day, year-round operation),

L - failure rate of the item (failure per time unit), usually designated asﬂ',

Ty

- time to decommissionement (or support, or maintainability period) forecasted
as of the initial purchase.

4.5 Methodology Proposed

An item is considered critical when its failure puts the equipment, which contains it, out
of operation. Hence, the first step in the stock-replacement methodology proposed is the
identification of critical items. These items should have priority treatment in relation to
others, regardless their value and quantity, because the consequences of the equipment
breakdown will override other operational costs.

Once these critical items are identified, the non-critical items can be treated according to
the usual cost benefit analysis, perhaps still methoding the demand as a Poisson,
compound Poisson, gamma, or some other adequate distribution, in case the demand
exhibits an intermittent generation process .

4.5.1 Operational Availability and Probability of no Stock Disruption

Usually, there is no simple direct relation linking the operational availability Ao with the
probability of no stock disruption Ps, because as seen in Section 4.2, the time off, TOFF,
depends on many other factors, especially on the supplier’s lead time. However, ceteris
paribus, the greater the Ps is, the greater the Ao will be. According to the experience with
critical and complex electronic systems, Ps plays a dominant role in defining AO due to
the strict standards that usually focus on the other intervening factors mentioned above.

Table 2, below, shows a suggestion, based on experience, to associate Ps with Ao.

Ao Ps
0.95 0.95
0.96 0.97
0.97 0.98
0.98 0.99
0.99 0.995

Table 2 — Ps suggested as a function of Ao

Ideally a very large Ao would be desirable; but very high values may be economically
infeasible. Because the cost of failures and time-off are hard to assess in a formal way,
the more realistic approach is to leave availability as a discretionary value left to
managerial judgment.
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4.5.2 Consumption Forecast

The methodology for forecasting the consumption in a given time period is described
below:

a) Estimate time to decommissionement of the equipment, Td;

b) Identify the operational availability or level of service contracted for the equipment
under analysis. Estimate the no stock disruption rate that provides the level of service,
Ao, contracted (such as the Table 2);

c) Examine the failures of this item and the respective dates;

A
d) Calculate the failure rate estimate @ during the observation time, T (symbols as
defined earlier):

f
1 =—
= KNT

e) Calculate the number of parts s to be acquired for the desired probability of no stock
F=2qTa.

disruption, where

Ps(s) = ZF—' xg"
x=0 X

It is important to stress that this approach calculates the probability of consuming no
more than s units of an item during a given period of time. Therefore, it also useful for
calculating the amount to be acquired to restore the stock, in case the initial stock is
depleted.

5 Comparison between the SAGA method and the forecast
method proposed

The forecast error measurement helps to assess the adequacy of method adopted by
estimating the dispersion and the bias of the forecasted demand.

The forecast error, Et, is given by:
Et = Forecast — Actual Consumption

The Mean Absolute Deviation (MAD) is used to evaluate the forecast error, given by:

MAD =13 |

e
The MAD was used to compare the forecasts between SAGA method and the method
proposed.

Another important aspect to measure in the performance of the method is the number of
“insufficient forecasts.” More so for maintenance jobs that will be stopped (in case of lack
of spare part to replace the item that has failed) until the part required becomes available.
The lack of replacement parts is one of the most important factors compounding the time
off. It is special importance for parts with long acquisition lead times. Cases, where the
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acquisition time is more than 3 months are very frequent. Therefore, low occurrence of
insufficient forecasts that lead to stockouts is an important performance measure.

The performances of the two methods were evaluated for three representative items of a
flight protection system using historical data of four consecutive semesters. The values
presented in Table 3 below show that the forecast method using the Poisson distribution
presents smaller MAD when compared with the SAGA method. Using the Poisson model,
no insufficient forecast was observed, while a total of nine occasions in two items were
produced by the SAGA method in the period considered. In the case of the SAGA system,
the stock manager would have to increase the safety stock to improve the availability of
spare parts, meaning a substantial cost increase because, due to obsolescence, residual
value of the leftover parts is negligible.

ltem Period Actual For ecast For ecast InFS; rffe';;nt In;fggé';m MAD MAD
Consuption [ SAGA POISSON SAGA POISSON SAGA | POISSON
2005-1 3 7 3 6 0
2005-2 5 12 13 0 0
;Owelr 2006-1 8 24 15 0 0 7,25 45
PPY ™ 5006-2 11 11 14 0 0
TOTAL 37 54 55 6 0
2005-1 ) 7 10 1 0
2005-2 6 2 9 2 0
MAorEEie 2006-1 6 13 10 0 0 4,25 35
2006-2 5 12 10 0 0
TOTAL 25 36 39 3 0
2005-1 2 3 3 0 0
2005-2 2 2 3 0 0
(L)cs)ccialﬂl 2006-1 3 3 3 0 0 13 1,25
2006-2 1 2 ) 0 0
TOTAL 8 14 13 0 0

Table 3 — Performance comparison:

SAGA vs. POISSON
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Conclusions

The objective of this study was to show an alternative method for use in sizing the initial
stock of spare parts for expensive electronic control equipment. Consumption forecasts of
critical electronic spare parts were based on the Poisson distribution as alternative to
traditional methods that use classical exponential smoothing time series forecasting.

Through simulations of both methods applied in real cases, it was found that the simple
and easy-to-implement methodology proposed may be considered more appropriate for
forecasting the consumption of electronic parts, since it presented the smallest forecast
errors when compared with the exponential smoothing method.

In addition, the alternative method provided considerable reduction of insufficient
forecasts. The cost of insufficient forecasts is related to penalties for not meeting the
operational availability contracted — due to the lack of spare parts for the ready
operational recovery of the equipment — and, above all, to the company’s image, which is
priceless in complex systems maintenance business.

It is important to stress the importance of calculating the failure rate. When the
manufacturer provides the failure rate of the equipment and its components, the value
provided is obtained under standard conditions, and often does not match that found in
the actual life of the item. In the case studied, the initial stock of replacement parts was
dimensioned according to the failure rate informed by the manufacturer. However, after
one year of operation, it was possible to reevaluate it to estimate future consumptions.
The recalculated failure rate is an important forecast parameter and a description of the
item behavior under the prevailing conditions. It should be noted, however, that the
methodology proposed here assumes that the failure rate is stable. This means that the
infant mortality phase and the wear out phase, of the “bath tube” shaped failure rate
curve, are ruled out by an adequate burn in and by decommissioning the equipment
before failure rate accelerates.

Future studies should consider the improvement of the failure rate calculation, especially
in relation to the optimum calculation period and perhaps the application of a damping
coefficient; so that failures occurred in a distant past have less weight than recent
failures. Additionally, the operational availability as a function of the probability of no
stock disruption also merits further investigation. The optimization of these factors could
lead to results better than those already found with the application of the simple method
proposed in this paper.

5 References

Cohen, M. A.; Zheng, Y.-S.and Wang, Y. (1999) Identifying oportunities for improving teradyne's
service-parts logistics system. Interfaces, Vol.29, No.4, pp.1-18, , July - August 1999.

CISCEA, Comissao de Implantacao do Sistema de Controle do Espaco Aéreo (1994). Documento de
Especificacoes Logisticas, Rio de Janeiro, Brasil.

C.C.T - COMITE DE COORDINATION DES TELECOMMUNICATIONS (1983) Maintenabilite des
Equipments Electroniques, Paris, Franca.

Croston, J. D. (1972) Forecasting and Stock Control for Intermittent Demands. Operational
Research Quarterly, Vol.23, No 3, pp. 289-303, September.

FIAR, Fabrica Italiana Apparecchiature Radioelettriche. (1988) Reliability, Maintainability and
Failure Mode, Effects and Criticality Analysis for Precision Approach Radar (PAR), Roma, Italia.



58 G. NEVES et al. / Investigagdo Operacional, 28 (2008) 45-58

Fleischmann, M.; Van Nunen, J. A. E. E. and Gréve, B. (2003) Integrating closed-loop supply
chains and spare-parts management at ibm. INTERFACES, Vol. 33, No.6, pp.44-56, November -
December.

PAME, Parque De Material De Eletronica De Aeronautica Do Rio De Janeiro. (1986) Instrucédo de
Servico, ISDS 013, Methodo Matematico do SAGA. Rio de Janeiro 1986.

Shapiro, S.H. (1967) Statistical Methods in Engineering, New York, USA. John Wiley.
S.IT.T.I. (1999) System Design M600, SD 1099A, Milano, Italia.

Strijbosch, L. W. G.; Heuts, R. M. J. and Schoot, E. H. M. V. D. (2000) A combined forecast-
inventory control procedure for spare parts. The Journal of the Operational Research Society, Vol.
51, No. 10, pp. 1184-1192, October

Villemeur A. (1992) Reliability Availability Maintainability and Safety Assessment, Chippenham,
John Wiley & Sons.

Wanke, P. (2005) Metodologia para gestao de estoques de pecas de reposicao: um estudo de caso em
empresa brasileira. Revista Tecnologistica. Sdo Paulo, Dezembro.

Wanke, P. (2006) Gestao de Estoques de Pecas de Reposicdo de Baixo Giro. Disponivel em:
http:/ /www.cel-coppead.ufrj.br/fs-pesquisa.htm, Rio de Janeiro, Brasil..

Wanke, P. (2005) Método de Nivel de Servico e Otimizacdo de Estoques na Cadeia de Suprimentos:
Probabilidade de nédo  Faltar Produtos e Vendas  Perdidas. Disponivel  em:
http:/ /www.centrodelogistica.com.br/news/fs.public.html, Rio de Janeiro 2005.

Yeh, Q.J. (1997) A Practical Implementation of Gamma Distribution to the Reordering Decision of
an Inventory Control Problem. Production and Inventory Management Journal. Vol. 38, No. 1. USA.


http://www.cel-coppead.ufrj.br/fs-pesquisa.htm�
http://www.centrodelogistica.com.br/news/fs.public.html�

C.R. GONZALEZ et al. / Investigacdo Operacional, 28 (2008) 59-75

Validacion del intervenciones ‘SOFT OR’

Carlos Raudl Navarro Gonzalez t
Sara Ojeda Benitez *

t Universidad Auténoma de Baja California

Mexico
carlos_raul _n@otnmail.com

¥ Universidad Auténoma de Baja California

Mexico
sara@i ng. nxl . uabc. nx

59

Abstract

In order to subsist and be successful in this environment with greater complexity
and competition, any organization is urged to start and keep a inquiry-learning-
improvement cycle; Establish and increase this cycle is the objective of the soft systems
approach —also know as ‘soft operations research’ ‘Soft OR’ or ‘soft system methodology’
‘SSM’-. The big benefits of “Soft OR’ and SSM is recognized by many authors,
unfortunately any soft approach has an inherent difficulty to be validate in an objectivity
way; thus, in many cases, it’s application not produces the expected cycle of inquiry-
learning-improvement or worse only in isolated interventions that not always achieve
success. In this way, this work gives a proposal methodology to evaluate in an objective
manner the ‘Soft or’ approach trough the measurement of the organizational achieved;
also to identify and evaluate elements (from organization, team members, or
methodologist) than may limit the obtained success. An application case was provided
and strong and weak elements from it’s applications was discussed.

Resumo

Para subsistir e ser bem sucedido neste ambiente de crescente complexidade e de
competicdo, qualquer organizacdo é convidada a iniciar e manter um do ciclo de
inquérito-melhoria-aprendizagem; Estabelecer e aumentar este ciclo é o objetivo do soft-
sistemas abordagem também conhecida como 'Soft OR' ou 'soft system methodology’
(SSM). As grandes vantagens do "Soft Or" é reconhecido por muitos autores, infelizmente,
tem uma abordagem suave qualquer dificuldade inerente ao ser validar uma objetividade
em curso; assim, em muitos casos, é pedido que ndo produz o esperado ciclo de inquérito
- -melhoria da aprendizagem ou pior s6 em intervencdes isoladas que ndo semper
alcancar o sucesso. Desta forma, este trabalho apresenta uma metodologia proposta para
avaliar de forma objectiva "Soft OR" abordagem vale a medicdo da organizacdo
alcancados; também para identificar e avaliar elementos (da organizacdo, os membros da
equipa, ou metodologia) que podem limitar ou condicdo o nivel de sucesso. Um caso é
apresentado de uma forma objectiva de avaliar o impacto alcancado organizacional e
identifica os pontos fortes e fracos da metodologia que a interferéncia deve ser melhorado.

Resumen

Para que una organizacién pueda subsistir y tener éxito en este entorno de creciente
complejidad y competencia requiere iniciar cuanto antes y mantenerse en una espiral de
indagacién, aprendizaje y mejoria; cuya instauracién y acrecentamiento es el objetivo del
pensamiento de sistemas suaves, representado por la investigaciéon operativa suave (‘Soft

Apdio ﬁ- © 2008 Associacdo Portuguesa de Investigacdo Operacional
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OR’) y la metodologia de sistemas suaves (‘SSM’). La gran utilidad de la ‘Soft OR’ y la ‘SSM’
ha sido documentada por multiples autores, desgraciadamente cualquier intervencion
suave mantiene una dificultad inherente para valorarse objetivamente; por lo que en
ocasiones su aplicacién puede no redundar en un ciclo, sino mas bien en intervenciones
aisladas y que no siempre conducen al éxito. Este trabajo, presenta una propuesta para la
evaluacion objetiva de una intervencion metodologica suave mediante la medicion del
impacto organizacional logrado; y con la identificacién y valoracién de aspectos propios de
la organizacién, del equipo de trabajo y de la propia metodologia que podrian impulsar o
condicionar el nivel de éxito obtenido. Se presenta un caso que evaliia de manera objetiva
el impacto organizacional logrado e identifica aspectos fuertes y débiles de la injerencia
metodolégica que conviene mejorar.

Keywords: System approach, Soft system, Soft OR, validation, evaluation

Title: Hard validation of soft methodologies

1 Introduccion

La gran constante de los tiempos modernos es el acelerado cambio hacia un entorno de
creciente complejidad y competencia en los sistemas organizacionales, lo que conlleva a la
gran necesidad de mejoria dentro del ambiente industrial (Torras, 1997). En este sentido
existe una mayor conciencia en las organizaciones de la importancia —para su
subsistencia y éxito— de lo que implica el compartir sus conocimientos y desarrollar una
cultura de aprendizaje (Dixon, 2001; Bartlett y Ghoshal, 2002), que cuestione los
mecanismos usados para la resolucién de problemas (Forrester, 1989; Richmond, 1994;
Senge, 1998; Sterman, 2001), impulse una “intuicién colectiva” (Yeung, 2000) y maneje
adecuadamente la resistencia organizacional (Pardo y Martinez, 2003 y 2005).

Varios autores (Forrester, 1989; Checkland y Scholes, 1990; Dash, 1994; Flood, 1998;
Senge, 1998; Argyris, 2001; Checkland, 2001; Roth, 2001; Sterman, 1991 y 2001,
Grinstein, 2005) afirman que las soluciones hacia la complejidad dinamica creciente de
nuestro entorno se encuentran en el “pensamiento de sistemas”. Su exitosa utilizacién en
infinidad de casos ha sido documentada en los ultimos treinta anos; sin embargo su
aplicacion mas bien resulta en intervenciones aisladas y que no siempre conducen al
éxito (Salner, 2000), por lo que no se genera e impulsa una espiral de indagacién,
aprendizaje y mejoria (Checkland y Scholes, 1990).

2 Marco teorico

2.1 Metodologias sistémicas suaves

El pensamiento de sistemas suaves encarna un paradigma de aprendizaje (Wilson, 1993;
Checkland, 2001), considera el mayor o menor grado de incertidumbre -que
frecuentemente se tiene al abordar un problema que englobe seres humanos- en cuanto a
los fines que se persiguen o el no tener una idea clara de cual es la razén de las
deficiencias observadas y de las posibilidades reales de que se modifiquen. Por lo que su
interés es crear una metodologia que guie la accion para tratar de “administrar”
situaciones problematicas del mundo real, intentando cambiar situaciones reales
constructivamente, conocer la situacién real y definir (o redefinir) objetivos, recursos y
restricciones para sobre esta base recomendar los cambios y acciones mas convenientes
(Checkland y Scholes, 1990; Fuentes, 1993; Checkland, 2001). Formando de un ciclo de
indagacion y aprendizaje que tiene como objetivo introducir mejoras en las organizaciones
(Checkland y Scholes, 1990)
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Aunque el pensamiento de sistemas “suaves” tiene su origen en la “metodologia de
sistemas suaves” (SSM) (Checkland y Scholes, 1990; Checkland, 2001), muchos
investigadores combinan la SSM con otros modelos (Bergvall y Grahn, 1996; Lopez y
Delgado, 2003; Pidd, Brown y Koper, 2006); incluso, la propia SSM requiere —en una de
sus etapas— el analisis e inclusion de otros modelos de pensamientos sistémicos que se
consideren pertinentes y con ello adaptar la metodologia a la situacién problematica. Esto
ha conducido al desarrollo de metodologias derivadas o complementarias al enfoque de
sistemas suaves, tales como: Metodologia Multi-Modal (Mirijamdotter, 1998); Dinamica de
sistemas (Forrester, 1989; Sterman, 1991), Planeacion Iteractiva (Ackoff 1979), teoria de
los sistemas vivientes (Miller, 1982 y 1995), Intervencion de Sistemas Totales (Flood,
1995), Heuristicas sistémicas criticas (Ulrich 1998 y 2000), etc. Por lo que la
“Aproximacion suave de sistemas” (Soft systems approach) o mas genéricamente la
Investigacion operativa ‘suave’ (Soft OR) (Daellenbach, 2001) engloba una variedad de
metodologias y complementos sistémicos.

Aunque la evolucion del pensamiento de sistemas “suaves” ha sido vertiginosa,
documentandose infinidad de aplicaciones exitosas, surgiendo nuevos seguidores y
formandose asociaciones para su estudio; las intervenciones tienden a resultar aisladas
dentro de una misma organizacion (Salner, 2000) y no se logra encarnar e impulsar la
espiral de indagacién, aprendizaje y mejoria.

2.2 Dificultades inherentes en las metodologias suaves

Los enfoques constituidos en la ‘Soft OR’ presentan puntos débiles y han recibido
distintas criticas en su aplicacion (Leonard y Beer, 1994; Bergvall y Grahn, 1996;
Checkland, 2000; Salner, 2000; Valqui, 2005b; Pidd, Brown y Koper, 2006); una critica
generalizada al uso de los enfoques suaves radica en que su aplicacion no es concluyente;
este principio de ‘aplicabilidad inconcluyente’ caracteriza a toda metodologia que dependa
en su uso del sentir y forma de pensar de las personas, e implica la dificultad de probar
que la metodologia tal sea 1util.

El principio de ‘aplicabilidad inconcluyente’ se puede ilustrar al conjeturar sobre la
aplicacion de alguna metodologia que consecuentemente logre la resolucién del problema,
en este caso se puede opinar que la metodologia funciona’, y en caso contrario decir que
esta ‘no funciona’. Pero bajo otro punto de vista, se puede apuntar a que los bajos
resultados se deben a la falta de habilidades y competencia del usuario, y viceversa que
los buenos resultados obtenidos se deben a las habilidades y tenacidad del aplicador y no
por la metodologia en si (Checkland, 2000; Joldersma y Roelofs, 2003). Bajo esta
perspectiva no existe una metodologia que por si sola pueda conducir a alguien al éxito,
sino mas bien, que ayuda a llegar al “éxito” mejor y mas rapidamente de lo que se podria
lograr sin sus principios y lineamientos (Checkland, 2000). Este principio también rige a
cualquier metodologia industrial, tal y como ‘Lean Manufacturing’y ‘Six Sigma’.

Otra deficiencia implicita en las metodologias suaves se encuentra en la subjetividad en
su aplicacion, la cual puede verse reflejada en la formulacién de un problema equivocado
o suboptimo. Pues el problema expresado por el grupo de ‘usuarios’ puede ser el menos
controversial y no ser el “mejor problema” del cual se puedan generar soluciones creativas
y efectivas, con lo que se afecta la calidad e impacto las decisiones tomadas (Heslin y
Moldoveanu, 2002). Asi mismo, un segundo equipo de estudio hara un diferente analisis,
lograra disparejos modelos y esquemas sistémicos que los orientara hacia otras decisiones
con variados niveles de impacto, con lo que se muestra el problema de subjetividad que se
tiene también en la validacién de los lineamientos metodologicos suaves (Pidd, Brown y
Cooper; 2006; Valqui 2005b; Daellenbach, 2001).

Es facil observar que la evaluacion de una intervencion suave también presenta
problemas de objetividad, pues esta se realiza bajo distintas perspectivas de “usuarios”
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Connell (2001), esta subjetividad es mas latente al entender los diferentes tipos “usuarios”
que algunos autores han explorado mas detenidamente (Ormerod, 2001; Taylor, Robinson
y Ladbrook; 2003 y 2005): ‘el hacedor’, los receptores’, los colaboradores’, ‘entrevistados’
y ‘no involucrados’.

Existen tres elementos interactivos que condicionan a una intervenciéon metodolégica
suave (Checkland, 2000) y que cualquier evaluacién o mediciéon debe considerarlos
(Connell, 2001): el nivel de capacitacion y habilidades del usuario, la estructura y claridad
en los procedimientos metodolégicos y la sensibilidad y entendimiento hacia la situacién
percibida. Con lo que se deduce que es conveniente evaluar y retroalimentar la
intervencién metodolégica con la identificaciéon y el reconocimiento de aspectos propios de
la organizacién, del equipo de trabajo y de la metodologia que podrian condicionar los
resultados (Tolvanen, 1998; Barnden y Darke, 2000; Connell, 2001; Valqui, 2005b;
Blackman, 2006; Sorensen y Valqui, 2000); pues de lo contrario una intervencién suave
no redundara en un ciclo, sino en una aplicacion aislada que pueda o no tener éxito.

2.3 Evaluacion objetiva de una intervencion suave

Joldersma y Roelofs (2004) indican que el impacto de una metodologia ‘Soft Or’ en la
estructuraciéon de problemas puede hacerse desde cuatro distintas perspectivas (o una
combinacién de ellas): Experiencias con el método, la atraccién por el uso del método,
percepciones de la efectividad del método por los participantes y percepcion de la
efectividad por los observadores externos sobre la cantidad y calidad de las ideas
generadas. Pidd, Brown y Cooper (2006) manifiestan que la validacion pudiera ser hecha
bajo el aspecto de si los modelos y esquemas conceptuales son coherentemente
defendibles, consistentemente logicos y factibles. En cambio Barnden y Darke (2000)
(congruentemente con la meta de las metodologias ‘Soft OR’ de inducir una espiral de
indagacion, aprendizaje y mejoria) manifiestan que la evaluacion debera hacerse sobre el
‘producto de aprendizaje’ que es la realizacion del “cambio deseado y factible”, lo cual se
puede manifestar superficialmente (por cambios en los diagramas, esquemas o
procedimientos de la compania) y mas profundamente (por el cambio de la “teoria en uso”
—creencias, asunciones y formas de trabajo-). Se puede facilmente observar que las
propuestas anteriores para validar y evaluar una intervencién suave presentan problemas
de objetividad, pues estan sometidas a una evaluacién subjetiva que debe realizarse bajo
distintas perspectivas de “usurarios” Connell (2001).

La necesidad de disponer un mecanismo de validacién y evaluacién mas objetivo es
manifestada por Blackman (2000), quien explica la falacia de medir los niveles de
conocimiento y aprendizaje; para mejor calcular el nivel de impacto que debe presentarse
en la organizacion; para en todo caso complementarlo con la informacién subjetiva de
como se fue dando el aprendizaje (que se puede recolectar en forma de entrevistas y de
revision de perspectivas e implicaciones sobre los ‘usuarios’). Ello evidencia la necesidad
de vincular una metodologia ‘Soft OR’ con una metodologia Dura -llamada simplemente
‘Hard OR-; en este sentido diversos autores (Pauley y Ormerod, 1998; Salner, 2000;
Mingers, 2000 y 2001; Daellenbach, 2001; Holst y Nidhall, 2001; Valqui, 2005a; Mingers,
Liu y Meng, 2006) han manifestado las ventajas obtenidas de la vinculaciéon entre una
metodologia ‘Soft OR’ (que utiliza informacién cualitativa) y otra ‘OR’ (que provea
informacién cuantitativa) para con ello no sé6lo proporcionar validez al uso de la
metodologia; sino apoyar al proceso orientador y evaluador de su utilizacién.

Kushner (2002) indica que una efectiva medicién del impacto organizacional no solo hace
referencia a ‘hacerlo bien’, sino debe incluir responder a la pregunta “cQué tan bien lo
hago?”. Y en esto, precisamente radica la diferencia entre validar la intervencion
metodoléogica (¢Lo hago bien?) y evaluarla (¢Qué tan bien lo hago?). Validar una
intervenciéon metodologica implica verificar que el problema “aminoro o se resolvio”,
mientras que la evaluacion busca proporcionar informacion mas detallada de la
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intervenciéon metodologica al enfatizar debilidades y fortalezas en los elementos
interactivos que condicionan el nivel de éxito o fracaso de toda intervencién ‘Soft OR’
(Checkland, 2000). Por lo que mas que validar se debe evaluar la intervenciéon
metodolégica ‘Soft OR’ y con esto proporcionar una guia para el cambio (Kushner, 2002) e
impulsar la espiral de indagacion, aprendizaje y mejoria que toda metodologia suave
pretende crear.

2.4 Medicion del impacto organizacional de una intervencion suave

Para que una intervencién suave redunde en una espiral de indagacién, aprendizaje y
mejoria, y no en intervenciones asiladas, es conveniente evaluarla y retroalimentarla con
los aspectos propios de la organizacién, del equipo de trabajo o de la metodologia que
puedan condicionar los resultados (Tolvanen, 1998; Barnden y Darke, 2000; Connell,
2001; Valqui, 2005b; Blackman, 2006; Sorensen y Valqui, 2000); esta validacion y
evaluacion ha de ser lo mas objetiva posible (Blackman, 20006) y orientarse hacia calcular
el nivel de impacto que se presente en la organizacion; pues esto puede representar una
guia para el cambio (Kushner, 2002) e impulsar la espiral de indagacion, aprendizaje y
mejoria que toda metodologia suave pretende crear.

Existen muchos modelos para la medicién de la efectividad organizacional; el modelo mas
tradicional es el ‘modelo de metas’ (Etzioni, 1960 y 1987), el cual asume que la
organizaciéon en su conjunto se orienta racionalmente hacia la obtenciéon de metas,
consecuentemente la efectividad sera medida por el cumplimiento de sus salidas
(objetivos y metas); presenta la desventaja de que solo puede ser aplicado en un entorno
en el las metas son claras, consensuadas, que se conocen con certeza los resultados y
fechas esperados; y no en un entorno en el que éstas no estén claramente definidas, sean
complejas, cambiantes o contradictorias (Cameron, 1980; Murdaugh, 1998).

Otro modelo de la efectividad organizacional es desarrollado por Cameron (1980) al
considerar que la organizacién esta inmersa en un contexto de alta complejidad, con
metas confusas, complejas, cambiantes y contradictorias; donde los medios para lograr
los resultados no son claros y la capacidad de respuesta se vuelve critica; todo ello
contenido en lo que él llama “Anarquia Organizada”. Para la cual presenta el ‘modelo de
inefectividades’ para la efectividad organizacional (Cameron, 1980 y 1986), en el cual
concibe a la organizaciéon como un conjunto de problemas y fallas, en la que la efectividad
se puede evaluar mediante la ausencia de factores de inefectividad que inhiben el
rendimiento exitoso de la organizacion (Henri, 2004), vinculando el rendimiento de la
organizacion con la capacidad de establecer conexiones de alta calidad entre los
empleados, que sean significativas y valiosas (Davel y Tremblay, 2003). Estas conexiones
significativas y valiosas entre los empleados surgen en los elementos de la ‘cultura
organizacional’ y pueden presentarse en forma de comportamientos, procedimientos,
valores, asunciones o creencias; y buscan incrementan la capacidad de la gente de
cooperar dentro y a través de sus unidades, facilitan una efectiva coordinacion entre las
distintas partes de la organizacion, afianzan el sentido de pertenencia de los empleados a
su organizacioén, facilitan la transmisiéon del propésito o meta de la empresa, promueven
el dialogo y la deliberacion para facilitar el aprendizaje organizacional, y mejorar la
capacidad de la compania de ser flexible y adaptarse al entorno. Por lo que algunos
autores apoyan la relacion negativa entre los indices de inefectividad con la ‘cultura
organizacional’ (Baer y Frese, 2003; Bhattacharjya y Venable, 2006) o alguno de sus
elementos (Stetzer, Morgeson y Anderson, 1997; Davel y Tremblay, 2003; Guerra, et al,
2004).

Existen otros modelos para entender y medir la efectividad organizacional en las
organizaciones (Cameron, 1980 y 1986; Murdaught, 1998; Henri, 2004), pero los
anteriormente presentados sirven para ilustrar el conflicto existente en la investigacion de
la efectividad organizacional, segin el cual una misma organizaciéon puede juzgarse como



64 C.R. GONZALEZ et al. / Investigacdo Operacional, 28 (2008) 59-75

efectiva o inefectiva segtuin diferentes modelos (Cameron, 1980). Otro aspecto importante a
considerar es el marco de temporal: no es lo mismo medir la efectividad a corto plazo que
a largo plazo, pues ello puede presentar ambigliedades e incluso contradicciones
(Cameron, 1980); el mantener un enfoque en el rendimiento a corto plazo es cada vez mas
inadecuado para la nueva realidad de las organizaciones inmersas en un entorno de
creciente necesidad de innovacion y flexibilidad (Henri, 2004). Adicionalmente, existe un
movimiento en la medicién de la efectividad organizacional hacia consideraciones no
financieras de direcciéon estratégica tales como participaciéon del mercado, aprendizaje
organizacional, satisfaccion del cliente, satisfaccion del empleado, calidad del producto;
esto es debido a que se considera que estos indicadores no financieros pueden anticipar
precozmente EN el rendimiento financiero a largo plazo (Banker, Potter y Srinivasan,
2000; Henri, 2004); esta postura es apoyada por algunos autores (Ittner y Larcker, 2001;
Amir, Lev y Sougiannis, 2003; Lev y Radnakrishnan, 2005) al coincidir en que es crucial
introducir indicadores no financieros y que nos orienten en el largo plazo al medir el
movimiento hacia una direccién estratégica, en vez de una distancia a una meta (Henri,
2004).

La eleccion del adecuado modelo de efectividad organizacional es critica y subordina la
medicion del impacto organizacional de cualquier intervencion suave que se haga. En este
aspecto, una postura (Murdaugh, 1998) es considerar que deben revisarse a fondo las
fortalezas y debilidades conceptuales de cada modelo y compararlas con las
circunstancias especificas, para en base a ello seleccionar el mas adecuado; una mejor
postura es la complementaria (Henri 2004), que indica que ninguno de estos modelos es
apropiado en todas las circunstancias y organizaciones, por lo que deben usarse como
guias y complementos para evaluar la efectividad de una organizacién. En este aspecto el
“modelo de metas” esta mas relacionado al desempefio a corto plazo, y se complementa
con el “modelo de inefectividades” que se relaciona mas con el desempeno y supervivencia
a largo plazo (Henri, 2004; Banker, Potter y Srinivasan, 2005).

En la interseccion del “modelo de metas” y del “modelo de inefectividades” para la
eficiencia organizacional se puede lograr una evaluacién objetiva del impacto de una
metodologia suave; y con ello tener una guia para el cambio (Kushner, 2002) que impulse
la espiral de indagacion, aprendizaje y mejoria que se pretende crear en la organizacion.
Bajo el paradigma del “modelo de metas” se implica la utilizaciéon de indices cuantitativos
para medir la efectividad en el corto plazo y observar su distancia a una meta; mientras
con la utilizacion del “modelo de inefectividades” es necesario incluir indicadores
cualitativos que al evaluar el cambio en la ‘cultura organizacional’ nos orienten en el largo
plazo hacia el movimiento en una direccién estratégica. Este doble proceso de validacion
proporciona informacion detallada de la intervencién metodologica y ayuda a enfatizar
debilidades y fortalezas en los elementos que condicionan el nivel de éxito o fracaso de
una intervencion ‘Soft OR’ y podra apoyar la espiral de indagacion, aprendizaje y mejoria
que toda metodologia ‘suave’ pretende crear.

Por lo tanto, para medir objetivamente el impacto de una metodologia suave, es necesario
introducir indices cuantitativos y cualitativos que valoren el cambio organizacional en el
corto plazo (distancia a una meta) y en el largo plazo (en la capacidad de la organizacién
de establecer conexiones de alta calidad entre sus miembros, que sean significativas y
valiosas); y con ello valorar objetivamente su utilidad, ademas de deducir fortalezas y
debilidades de la intervencion metodoloégica.

3 Metodologia

En este articulo se pretende evaluar el nivel de impacto organizacional logrado por una
metodolégica suave y no enfocarse en analizar el proceso de la intervenciéon metodologia
suave en si mismo; con lo que los resultados y conclusiones obtenidos seran mas
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generales y aplicables a cualquier metodologia ‘Soft Or’. Por lo anterior, se describira de
manera general el procedimiento de la intervencion suave, y posteriormente de manera
mas detallada la metodologia de evaluacién de impacto organizacional que se haya
logrado.

3.1 Metodologia para la intervencion suave

Se presenta un caso de aplicacion realizado en una empresas de la ciudad de Mexicali,
Baja California, México; del tipo de maquiladora del ramo electronico, donde se trabajo
sobre el area de produccion.

Se integré un equipo de trabajo de cuatro personas, el cual se reuni6é una vez por semana
durante un periodo de cinco meses. Durante los cuales por requerimientos de la
metodologia, recibié entrenamiento en los principios subyacentes de las corrientes de
“sistemas suaves”, “aprendizaje organizacional”, y de “dinamica de sistemas”; con lo que
se buscé sensibilizar y modificar sus “modelos mentales” y “rutinas internalizadas”, para
promover que el analisis y las mejorias realizadas no sean intervenciones aisladas sino
que produzcan la espiral de mejoria esperada en la organizacion.

Esta propuesta metodolégica ‘Soft OR’ es derivada de la SSM y se desarrolla en siete
etapas que se describen a continuacion:

Etapa 1 - Reconocer la complejidad del entorno
- Conformar un equipo de trabajo
- Entender la necesidad de una “intuicién colectiva” para la resolucion de
problemas, y el entendimiento de las barreras para lograrlo.

Etapa 2 - Expresar el problema raiz
1. Deducir el problema principal que genera y abarca la problematica del area.
2. Generar un esquema o diagrama para sustentar y justificar el problema raiz
expresado; que ilustra y mejora el entendimiento por otros miembros de la
organizacion, los cuales pueden complementarlo.

Etapa 3 - Percibir el flujo del actuar organizacional
- Lograr una mayor comprensiéon de la estructura organizacional; y sensibilizar
hacia los patrones y ciclos de comportamiento que pueden estar causando
problemas en la organizacién.
- Expresar de manera la genérica la orientacién de los esfuerzos colectivos hacia la
eliminacion de las causas estructurales del mal comportamiento organizacional.

Etapa 4 - Propuestas de cambio al entorno decisorio
- Expresar de manera especifica tres alternativas concretas orientadas a
contrarrestar de manera estructural el “problema raiz” del area.

Etapa 5 - Refinar y sustentar los cambios propuestos
- Sustentar y refinar los cambios especificos propuestos mediante la generacion de
un esquema de actividades, que muestre y clarifique las actividades y supuestos
tacitos no expresados.

Etapa 6 - Implementacién de cambios
- Compartir y mejorar el esquema de actividades por otros miembros de la
organizacion, al revisar cada actividad propuesta para reconocerla o ajustarla para
que sea deseable y factible de implementar
- Detallar y definir roles relacionados con las propuestas y sus esquemas de
actividades para introducir los cambios en la organizacion.
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- Realizar cambios en el entorno decisorio del departamento basados en las
“propuestas especificas” expresadas y sustentadas en las dos etapas anteriores.

Etapa 7 - Monitoreo y evaluacion del impacto
- Procurar y verificar que los resultados perseguidos en cada paso se alcancen de la
mejor manera posible.
- Establecer pautas para la evaluacién del impacto logrado en la mejoria
organizacional.

3.2 Metodologia para la evaluacion del impacto organizacional logrado

Para la evaluaciéon objetiva del impacto organizacional se utilizo de manera
complementaria el ‘modelo de metas’ que implica la utilizacion de indices cuantitativos
para medir la efectividad en el corto plazo al medir la distancia a una meta; en
complemento con el ‘modelo de inefectividades’ con la utilizacion de indicadores
cualitativos para evaluar el cambio en la ‘cultura organizacional’ que nos oriente en el
largo plazo hacia el movimiento en una direcciéon estratégica.

Para la evaluacion de la efectividad en el corto plazo se proponen y revisan algunos
indicadores cuantitativos de productividad especificos del area (tales como nivel de
desperdicio, tiempos muertos, demoras de suministro, demoras de envios, cantidad de
quejas, utilizacion del equipo, etc.), y se verifica su cambio; en este caso se utilizo el
indicador de ‘porcentaje de rechazos de calidad’.

Para medir el impacto metodolégico en el largo plazo se evalud el cambio organizacional
en su habilidad de “establecer conexiones de alta calidad entre los empleados, que sean
significativas y valiosas”. Para valorar la organizacién en su ausencia de factores de
inefectividad y en su movimiento en una direccion estratégica se utilizé el ‘modelo
Denison’ para la medicion de la cultura y efectividad organizacional (Denison
Organizational Culture Survey questionnaire — DOCS); este evalua a la organizaciéon en 12
dimensiones esenciales: Empowerment, Orientacion de trabajo en equipo, Capacidad de
desarrollo, Valores nucleo, Consensos y acuerdos, Integracion y coordinaciéon, Capacidad
de crear cambios, Enfoque en el cliente, Aprendizaje organizacional, Visién, Claridad en
objetivos y metas; y Manejo de direccién estrategia (Denison, 1990; Denison y Mishra,
1995; Juechter, Fisher y Alford, 1998; Fisher, 2000). El instrumento de medicion es un
cuestionario que consta de 60 preguntas y que ya ha sido validado en multiples estudios
(Fey y Denison, 2003; Davidson, 2003; Denison, et al, 2005). Una vez aplicado el
instrumento, se comparan los resultados con la “base de datos normativa” que contiene
las respuestas de mas de 1,500 organizaciones de todo el mundo; y se genera una
calificacion en forma de percentil (porcentaje) que indica la proporciéon de empresas que
se encuentran por debajo de una determinada puntuacion.

El cuestionario DOCS se aplic6 de manera inicial en los miembros del equipo de trabajo y
adicionalmente sobre otros cinco miembros de la organizacién inmersos en la
problematica del area; para aplicarlo nuevamente al final de los cinco meses de trabajo y
medir su diferencia.

4 Resultados

El objeto de este estudio es evaluar de manera objetiva el impacto organizacional logrado
luego de la intervencién metodolégica suave, y con ello poder identificar tanto aspectos
fuertes en la metodologia, como puntos débiles que conviene mejorar; con lo que se podra
disponer de una guia para el cambio e impulso de la espiral de indagacion, aprendizaje y
mejoria que toda metodologia suave pretende crear. Por lo que primeramente se
proporcionaran de manera general los resultados propios de la intervencion metodologica
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suave, para posteriormente detallar los resultados de la evaluacion del impacto
organizacional.

4.1 Resultados de la intervencion suave

Como resultados especificos de la intervencion suave se puede indicar que se recolectaron
los problemas expresados del area de produccién, para posteriormente interrelacionarlos
y expresar el problema raiz: “Falta de atencién por parte de Ingenieros y supervisores al
fomentar la buena actitud y compromiso de los operadores hacia la calidad y mejora del
proceso, a pesar de las urgencias de produccién, falta de sentido de pertenencia y
descuidos de los operadores”.

Posteriormente, este “problema raiz” se estudio y discuti6 a buscando los patrones y
ciclos de comportamiento que podrian estar causando problemas en la organizaciéon; para
con ello obtener una propuesta general, que resulto en: “Fomentar politicas y
lineamientos organizacionales que promuevan el compromiso hacia la calidad del
producto y del proceso por parte de los operadores, del supervisor y de los ingenieros de
soporte; a pesar de las urgencias del area, la falta de pertenencia y los descuidos de los
operadores”.

A partir de la “propuesta general” se definieron tres “propuestas especificas” de actuacion
orientadas a atacar y eliminar el “problema raiz enriquecido”. Todo esto fue hecho por el
equipo de trabajo a partir del entendimiento e indagacién tanto de los procedimientos,
procesos y formas actuales de trabajo; asi como de las politicas y lineamientos existentes
en la organizacion. Las propuestas especificas resultantes se proporcionan a
continuacion; y en la (FIGURA 1) se muestra el sistema de actividades que soporta y
explica las propuestas especificas de actuacion.

1) El soporte al area de produccién viene dado por tres areas: Calidad del producto
(QA), Ingenieria y Calidad de Materiales (SQE), quienes respectivamente se
encargan de la calidad del producto, la calidad del proceso y calidad de los
materiales. Se tiene un cierto descontrol y mala actitud de los operadores debi6 al
area de soporte, junto por problemas y errores por descuidos de los operadores.
Por lo que se plantea nombrar como lider de soporte a QA y ponerlo mas al
alcance del proceso y de los operadores. Y asi vincular mas eficientemente las
actividades de soporte con la produccion.

2) Las dos lineas de produccién existentes en el area tienen aprox. 50 operadores
cada una, lo cual dificulta la deteccion rapida de los errores en los operadores y el
mejorar la actitud y compromiso de estos. Para lo cual se plantea el segmentar la
linea y su celda en tres secciones, y asignarlas a las dos guias y al supervisor.

3) Realizacion de juntas semanales de no mas de % hora entre los supervisores de
produccién del area, y los tres responsables de soporte (QA, Ingenieria y SQE). En
la cual se revise el desempeno y la productividad semanal del area y se realicen
propuestas y acciones orientadas a la eliminacibn de problemas. Con
presentaciones bimestrales de resultados ante los gerentes.

Todo lo anterior se presenté ante gerencia, para iniciar una etapa de implementacién y
monitoreo, la cual duro dos meses, donde luego se inicia la etapa de medicién del impacto
organizacional logrado.
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4.2 Resultados de la evaluacion del impacto organizacional

Después de la implementacion de las propuestas, para la evaluacion de la efectividad en
el corto plazo sé monitoreo durante dos meses el indicador cuantitativo especifico de
‘porcentaje de rechazos de calidad’, el cual evolucion6 favorablemente, mostrando una
reduccién en su manejo, tal y como se ilustra en la (FIGURA 2).
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Para la evaluacion de la efectividad en el largo plazo se aplicé de manera inicial el
cuestionario Denison a los cuatro miembros del equipo de trabajo y a otras cinco
miembros inmersos en la problematica—, para nuevamente usar este instrumento después
de la intervencion metodologica, que duré cinco meses en esas mismas personas, su
comparativo nos proporciono los indicadores cualitativos que se muestran en la (FIGURA
3), para cada una de las doce dimensiones criticas que indica el modelo DOCS. En la
(FIGURA 4), se muestran los totales por rasgo estratégico, segin el modelo ‘Denison’

Involucramientoy | Eval. Final

participacion -
conmrncsy B = Eval ikl
Adaptabilidad y T m
respuesta

Misenyvisiena | . %

largo plazo 5%
L

Figura 4 Comparativo de rasgos estratégicos cualitativos segiin € modelo Denison

5 Discusion

La metodologia ‘Soft OR’ planteada es derivada de la metodologia de sistemas suaves de
Checkland a la que se le han agregado elementos para que la ‘definicion raiz’ de sistemas
relevantes tenga una vinculacién mas directa hacia la problematica existente; Ya que el
enfatizar la participaciéon de grupos de trabajo para resolver problemas e impulsar el
mejoramiento es una tipologia que orienta a las organizaciones al aprendizaje (Yeung;
2000). Asi mismo, apoya en la eliminacion de barreras del aprendizaje pues el esquema
generado para la obtencion del ‘problema raiz’ orienta esfuerzos y crea sinergias hacia el
entendimiento y eliminacion de la problematica existente en el area; pues “si las personas
empiezan a compartir ideas acerca de los asuntos que perciben como realmente
importantes, esto crea por si mismo una cultura de aprendizaje” (Dixon, 2001, p.16)

Para la evaluacién objetiva del impacto organizacional se utilizara de manera
complementaria el ‘modelo de metas’ que implica la utilizaciéon de indices cuantitativos
para medir la efectividad en el corto plazo al medir la distancia a una meta; en
complemento con el ‘modelo de inefectividades’ con la utilizacion de indicadores
cualitativos para evaluar el cambio en la ‘cultura organizacional’ que nos oriente en el
largo plazo hacia el movimiento en una direcciéon estratégica.

Para la evaluacion de la efectividad en el corto plazo se utilizo el ‘porcentaje
de rechazos de calidad’ como indicador representativo del area, este se monitoreo durante
dos meses indicando una evolucion favorable, lo cual se ilustra en la figura 2.
Desgraciadamente con la informacién de la figura 2, es dificil concluir algo adicional a que
“el problema aminoro o se resolvio”, mientras que la utilizacién de parametros cualitativos
a través del uso del ‘modelo de inefectividades’ proporciona mas informacién, tal y como
se observa en las figuras 3 y 4. Esto evidencia las limitantes del ‘modelo de metas’ al
simplemente utilizar indicadores cualitativos para medir la distancia a una meta como
indicador de la efectividad organizacional; por lo que la valoracién no solo ha de ser
cuantitativa, sino incluir aspectos cualitativos para poder responder a la pregunta “cQué
tan bien lo hago?” Kushner (2002) y con ello apoyar al proceso orientador y de analisis de
la intervencion metodologica suave. Al medir el impacto metodologico en el largo plazo en
el cambio organizacional en su habilidad de “establecer conexiones de alta calidad entre
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los empleados, que sean significativas y valiosas” (Davel y Tremblay, 2003); con lo que se
pretende orientar el largo plazo al medir el movimiento hacia una direcciéon estratégica
(Henri, 2004), y no solo indicar la distancia a una meta.

Este doble proceso de validacion (cualitativa y cuantitativa) mostrado en las figuras 2,3 y
4, elimina el componente subjetivo en la valoraciéon de la metodologia; al vincularla mas
directamente al nivel de impacto que debe presentarse en la organizacion y ser los mas
objetiva posible (Blackman; 2006), al emplear el ‘modelo de metas’ que esta mas
relacionado al desempennio a corto plazo, en complemento con el ‘modelo de
inefectividades’ que se relaciona mas con el desempenio y supervivencia a largo plazo
(Henri, 2004; Banker, Potter y Srinivasan, 2005). Esto independientemente de apoyar al
proceso orientador y evaluador de la metodologia, proporciona validez al uso de la
metodologia suave dentro de la organizacién.

En base a la informacién que se muestra en la figura 3, se puede afirmar que la
metodologia fortaleci6é la percepcion de que es mejor trabajar en equipo que de manera
individual, la sensibilidad hacia las necesidades del cliente de su proceso, y su capacidad
y destrezas para resolver los problemas de la organizaciéon; pues todas estas habilidades
crecieron mas de un 50%. Lo que indica la utilidad de la intervencién metodolégica hacia
la sensibilizacién de las necesidades del cliente, y sobre sus creencias sobre la
conveniencia y gusto por el trabajo en equipo.

En la figura 4, se muestra que las areas de ‘Adaptabilidad y respuesta’ y de ‘Misién y
vision a largo plazo’ ya eran altas antes de la intervencion metodologica, lo que significa
que su capacidad de crear cambios en el proceso y de aprendizaje organizacional, asi
como el sentido de direccién estratégico y la claridad en objetivos y metas de la empresa
era anteriormente a la intervencion bastante alto, por lo que este aspecto de la
organizacion pudo apoyar al nivel de éxito de la metodologia; por lo que seria interesante
evaluar el nivel de éxito en una organizacion que en la que no ocurriera esta
caracteristica; lo que podria resultar en la necesidad de reforzar estos rasgos en la
capacitacion a los ‘usuarios’ de la metodologia.

6 Conclusiones

El lograr inducir una espiral de indagacién, aprendizaje y mejoria dentro de la
organizacion representa la mejor y mas sostenible ventaja en un entorno de creciente
complejidad y competencia; para lo cual es necesario enfatizar la participacion de grupos
de trabajo para resolver problemas y focalizar mejorias, fomentando el aprendizaje
organizacional como fuente de ventaja competitiva.

Se concluye que si una intervenciéon suave resulta aislada y no forma una espiral de
indagacion, aprendizaje y mejoria, e incluso no conduce al éxito; es porque su eficacia
estuvo condicionada por aspectos propios de la organizacién y del equipo de trabajo e
incluso por problemas inherentes a la propia metodologia. Aspectos que es conveniente
evaluar y retroalimentar en la intervencién metodologica para con ello proporcionar una
guia para el cambio que podria orientar a la obtencion de mayores mejorias dentro de la
empresa. Al enfatizar deficiencias en el entrenamiento o guia del equipo involucrado, o
necesidad de estandarizaciéon y monitoreo de los procedimientos aplicados; para modificar
mas efectivamente los patrones de comportamiento de la organizacién.

El evaluar el impacto organizacional logrado por una intervencion metodologica permite
demostrar objetivamente la fortaleza de una metodologia suave, lo que promueve su
utilizacién rutinaria dentro de la organizaciéon, con lo que en lugar de efectuarse
intervenciones aisladas se podria formar una espiral de indagacion, aprendizaje y mejoria
dentro de la empresa. En la interseccién del “modelo de metas” y del “modelo de
inefectividades” para la medicién de la eficiencia organizacional se puede lograr una
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evaluaciéon mucho mas objetiva del impacto de una metodologia suave. Pues cualquier
proyecto de mejora estara soportado tanto en el corto plazo al indicar una mejoria en los
indicadores cuantitativos, como en el largo plazo por la utilizacion de indicadores
cualitativos para evaluar a la organizacion en su orientacion hacia una direccién
estratégica.

Una importante area de investigacion es sobre los mecanismos y modelos adecuados para
una adecuada evaluacién de una metodologia ‘Soft OR’ la cual debe enfatizar sus
fortalezas y debilidades en los tres elementos interactivos (Checkland, 2000) que
condicionan una intervenciéon ‘Soft OR™ ‘Usuario’, ‘procedimientos metodolégicos’ y
‘situacion percibida’. Lo que podria resultar la mejor seleccion o capacitacion a los
‘usuarios’, clarificar los principios metodologicos o hacer que el usuario se apropie mas
del método al considerarlo adecuado para su situacion y organizacion particular.
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Abstract

There is no official method to establish a final ranking for the Olympic games. The
usual ranking is based on the Lexicographic Multicriteria Method, the main drawback of
which is to overvalue gold medals. Furthermore it does not take in account that the
various sports may be of different importance. This work proposes a ranking model to
eliminate those drawbacks. First we use a modified cross evaluation DEA (Data
Envelopment Analysis) model with weighted restrictions for each sport. The outputs are
the number of gold, silver and bronze medals and the input is a unitary constant for all
countries. After obtaining a rank for each and every sport we build a general ranking
using a weighted sum. The weights are calculated taking in account the number of
countries that participated in each sport. We use our model with the results of the Athens
Olympic Games.

Keywords: DEA, Olympic, Ranking, weight restrictions, unitary input

1 Introduction

The first recorded Olympic Games occurred in Olympia, Greece in 776 ac (Fischer, 2003).
The modern Games, were born from an initiative of Baron de Coubertin in 1892 and
occurred in 1896 in Athens. The Games tried to maintain the initial spirit of individual
competition. As noted by Lins et al (2003) the purpose clearly failed and the Games have
become a national competition.

Despite their national character, the Olympic Committee has never issued an official
ranking to pick an overall Olympic winner country. However the IOC presents the medals
data in a table that suggests a ranking. As a matter of fact, the mass media do use this
table as a ranking. This quasi-official ranking is based on the Lexicographic Multicriteria
method, as explained in Lins et al (2003). This ranking does not deal properly with the
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possible existence of countries that have won a large number of silver and bronze medals
but no gold medal.

In the literature there are some studies for alternative rankings for the Olympic
Games. In almost all of them the rankings were obtained by comparing the number of
medals earned with explicative variables. In all of them there is no difference in the value
of medals earned in different competitions.

We have two main goals in this study. The first one is to provide a rank (different from
the quasi-official ranking) that takes into account only the number of medals won and not
the explicative variables. This ranking must not over evaluate the gold medal. We must
mention that there are already at least two rankings with this characteristic. We believe
that our ranking has some theoretical advances in the DEA field.

The second and most important goal is to take into account that medals won in
different competitions do not have the same value. As a matter of fact, the existing
rankings do not take into account that in some disciplines there are more events than in
others, and so there are more possibilities of winning a medal. For instance, in
gymnastics there are a lot of gold medals to be earned and in football there are only two
possibilities for a country to win a gold medal (one for men, the other for women). As far
as we know this the first study on that matter at least concerning Olympic rankings.

To take into account the difference in winning values for different sports, we aggregate
competitions into clusters, as done by the IOC (www.olympic.org): each discipline is a
cluster.

Our method is illustrated using data from the 2004 Athens Olympic Games.

In the next section we review the literature about Olympic rankings and the literature
of Data Envelopment Analysis rankings in sports. In section 3, we establish the
fundamentals of our ranking, the rankings for each sport and the two general rankings.
At last, section 4 presents some conclusions concerning the results we have obtained.

2 A Review on the Analysis of the Olympic Games results

The Lexicografic Method is not the sole method used to rank countries in the Olympic
Games. Some newspapers produce a ranking determining the total number of medals
earned by each country. They simply add up bronze, silver and gold medals. The obvious
drawback of this method is to under-evaluate gold medals.

An alternative approach is to make an arbitrary evaluation of each medal, for
instance, 1 point for bronze, 2 for silver and 3 for gold. This is a much unsophisticated
approach, as it assumes all medals to be equally desired, albeit in proportion to their
value.

The previous approaches follow contradictory assumptions. It is important to study
alternative ways to rank competitors in the Olympic Games. Morton (2002) used
statistical methods to determine “who wins the Olympics”. Other statistical approach
considering socio economical variables and the number of medal earned has been
performed by Bernard and Busse (2004).

There are already some approaches using DEA to establish Olympic rankings. The
very first one was proposed by Lozano et al (2002). They used population and GNP as
inputs and the medals as outputs. In a similar approach, Lins et al (2003) built a new
model taking in account one more constraint: the total amount of medals is a constant.
This resulted in the development of a new model, the so-called Zero Sum Gains DEA
model (ZSG-DEA). Churilov and Flitman (2006) used DEA to establish a ranking, the
inputs of which were some social economics variables. Instead of using as outputs the
number of gold, silver and bronze medal, they used four linear combinations of these
figures. This approach eliminates the problem of nil valued weights. For each country,
they determined which output has the greatest weight, in order to divide the countries
into clusters. They also made a classical cluster analysis using socio economical
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variables, and compared the two classifications. The authors emphasized the importance
of Olympic rankings and asked for new studies on this subject.

All the works mentioned hereabove take into account the results in the Olympics and
the socio economical conditions of each country.

Balmer et al (2001); Balmer et al (2003), Soares de Mello et al (2004) and Soares de
Mello et al (2008) use only the results themselves. The former study the existence of
“home advantage” and the latter want to establish a ranking for both Summer and Winter
Games. Another work comparing summer and winter Games is the one of Johnson and
Ali (2004). The uncertainty in Olympic Games was studied by Baimbridge (1998).

In all the above mentioned papers there is no difference in the value of a medal in
different sports, i.e., the one hundred meters gold medal has the same value of a baseball
gold medal. In this paper we will propose a method the takes into account that the medals
are obtained in different sports.

We shall also mention that there are DEA based rankings for some other sports.
Among them we can mention Espitia-Escuer and Garci-Cebrian (2006), Barros and Leach
(2006), Haas (2003), Soares de Mello and Gomes Junior (2006) and Caloba and Lins
(2006).

3 Building the new ranking

Our method is performed in two steps. The first one is to make a ranking for each sport
independently. This is done to avoid the possibility of a country that has a good
performance in a sport that has a great number of different competitions (athletics,
gymnastics, swimming and so on) to be placed in a higher position than a country with a
similar performance in a sport with a few number of different competitions (baseball,
football, volleyball, and so on). In the second step, we must aggregate the different
rankings obtained in step one. This is achieved using a weighted sum of the partial
performances. We mention different forms to determine these weights and we carry out
the calculation for two of them.

For the first step, we will use a DEA model for each sport. The DMUs (Decision Making
Units that are the units under evaluation in DEA) are all the countries that won a medal
in this sport. The three outputs are the number of gold, silver and bronze medal each
country earned. We do not use inputs. According to Lovell and Pastor (1999) this leads to
mathematical inconsistencies and so we adopt a unitary input for each DMU.

Owing to the existence of a single constant input, we use the Constant Returns to
Scale DEA model (DEA CCR) Charnes et al (1978). In the particular case of a constant
input the CCR model becomes (1) in which is the DMU O efficiency; is the j-th output
(G=1,...,s) of the k-th DMU (k=1,...,n); is the i-th input (i=1,...,r) of the k-th DMU; and
are the output and the input weights, respectively. As we have a unitary input it does not
appear in the formulation.

Maximise hy = Y 1.y,
j=1
subject to

s (1)
Z,ujyjkﬁl, k=1..n
j=1

u; 20, j=1..,s,

Although this is an input oriented DEA model, this model allows other interpretation
owing to the absence of the equality constraint. If this model was to be used with an input
oriented interpretation, this model will become meaningless owing to the presence of a
unitary input. The dual for this model is presented in (2)
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Minimize Z/Ik
k=1
subject to

Zyjk}“k 2 Y, J=1,...58
k=1
A 20, Vk

In this model there is no input reduction. The minimization of the share sum
interpretation makes the model a meaningful one even in the presence of a constant
input. This model has already been derived by Caporaletti et al (1999). The authors
interpreted this model as a multi-attribute one, in the spirit of DEA only with outputs.
This is the same as considering a unitary and constant input. Foroughia and Tamiz
(2005) use an analogous model but they missed the theoretical considerations. A model
with the same objective function and different constraints is used by Kao and Hung
(2007).

For the Olympic ranking, model (1) is transformed into model (3), where g, s and b
refer to the gold, silver and bronze medals in the Athens 2004 Olympic Games.

Maximise h, = 11,Y,0 + #Yso + HpYpo
subject to

HyYge + M Yg + pYpe <1, k=1,.,n
u; 20, j=g,s,b

Obviously the medals are not equally important. To take that fact into account we will use
weight restrictions in our DEA model. For sure, a gold medal is more important than a
silver one and this one is more important than a bronze one. However, the difference in
their relative importance is not the same. In opposition to Baron de Coubertin ideals,
victory is the main goal of the competitors. So the difference in importance between gold
and silver medals should be greater than the difference between silver and bronze medals.
Having these assumptions in mind, the unitary input DEA model based on Soares de
Mello and Gomes Junior (2006) model is shown in (4).

Maximise h, = HyYgo + HYso + HpYo

subject to

HgYge + HYge + MY < 1, k=1,..,n

Hy =l 2 0.001 )
M, —u, 20.001

My =24, + 1, 20.001

u; 20, j=g,s,b

This is a weight restrictions model with non-homogeneous restrictions; such models were
studied by Podinovsky (2004)

The non Archimedean constant 0.001 is required to avoid a critical distortion, i.e. in
special conditions the three medals may be equally valued. Such a situation leads to non-
suitable rankings. For instance, in table 1, medals for Baseball are shown.
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Table 1. Medals for Baseball

Country Gold Silver Bronze

Cuba 1 0 0
Australia 0 1 0
Japan 0 0 1

Source: International Olympic Commitee

As shown in that table each one of the three countries earned only one medal. If we
applied the model with homogenous weights restrictions, the three countries will be
equally efficient. This is not a desirable result. Common sense will attribute the first
position for Cuba, the second one for Australia and the third place to Japan.

Even with the constraints imposed in this model, there is a high degree of freedom for
the weights. To avoid this freedom, we use a secondary model inspired on the Sexton et al
(1986) Cross Evaluation model. As we have only one input, the cross evaluation model
becomes a fixed weight model Anderson et al (2002). So, we use average weights, which
are easier to calculate than using the aggressive and benevolent model of Doyle and Green
(1994). Average weights are used in a model similar to cross evaluation used by Lins et al
(2003). The use of both weight restrictions and cross evaluation combines two approaches
for improving discrimination in DEA: the first one with decision maker value judgements
and the second one is a fully objective one (Angulo-Meza and Lins, 2002)

On the other hand, it is common knowledge in DEA that for some DMUs the weights
are not uniquely determined (see for instance, Rosen et al, (1998); Soares de Mello et al,
(2002); Cooper et al, (2007)).We use an auxiliary linear programming model to determine
a unique set of weights for each DMU. The aim of this model is to maximize the difference
of the weights for gold and silver medals assuming that the efficiency previously
determined in model (4) remains the same. This model is shown in (5).

Maximise u, — pg
subject to

HeYgo + HsYso + HpYpo = hy,
HgYge + HYge + HpYpe <1,
Hy —pg 20.001

My — g 20.001

My =24+, 20.001

(5)

u; 20, j=g,s,b

The objective function guarantees the maximization of the difference between the
importance of the gold and silver medals. The invariance of the efficiency value is assured
by the first constraint. The remaining constraints are the same as used in model (4).

In each sport, to obtain the gold medal weight we calculate the average of all the
weights attributed to the gold medal by the complete set of DMUs. In a similar way we
obtain the weights for silver and bronze medals. The performance of a particular DMU in
a given sport is calculated using equation (6).

P, = 1Y, + 1Y, + 1Y, (6)
3.1 Some results for the first step

Using models (4) and (5) and equation (6), we obtain the results for every sport. In table 2
we show results for Sailing.
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Table 2. Sailing results
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DMU Yg Ys Yo Hg Hs b Po
United Kingdom 2 1 2 0,49995 0,0001 0 1
Brazil 2 0,49995 0,0001 0 0,710103
Spain 1 2 0,40002 0,19996 0 0,655042
Austria 1 1 0,40002 0,19996 0 0,505047
Greece 1 1 0,40002 0,19996 0 0,505047
USA 1 1 0,40002 0,19996 0 0,505047
France 1 1 0,49995 0,0001 0 0,425003
Israel 1 0,49995 0,0001 0 0,355052
Norway 1 0,49995 00,0001 0 0,355052
Ukraine 2 0,40002 0,19996 0 0,29999
Canada 1 0,40002 0,19996 0 0,149995
China 1 0,40002 0,19996 0 0,149995
Czech Republic 1 0,40002 0,19996 0 0,149995
Denmark 2 0,20016 0,19996 0,19986 0,139902
Argentina 1 0,20016 0,19996 0,19986 0,069951
Italy 1 0,20016 0,19996 0,19986 0,069951
Japan 1 0,20016 0,19996 0,19986 0,069951
Poland 1 0,20016 0,19996 0,19986 0,069951
Slovenia 1 0,20016 0,19996 0,19986 0,069951
Sweden 1 0,20016 0,19996 0,19986 0,069951
Average weights 0,355052 0,149995 0,069951
Table 3. The results for Archery
DMU Yy Ys Yo Hg MUs b Po
Korea 3 1 0,3333 0,0001 0 1
Italy 1 0,3333  0,0001 0 0,270863
Chinese Taipei 1 0,25005 0,24985 0,24975 0,374725
China 0,25005 0,24985 0,24975 0,187413
Japan 0,25005 0,24985 0,24975 0,187413
Australia 1 0,25005 0,24985 0,24975 0,187313
United Kingdom 1 0,25005 0,24985 0,24975 0,187313
Ukraine 1 0,25005 0,24985 0,24975 0,187313

Average weights

0,270863 0,187413 0,187313

As shown in table 2, in the case of sailing, the ranking obtained by our model and the

lexicographic method is the same. A case where the two methods lead to different

rankings is Archery, whose results are shown in table 3.
Table 4 shows the average weights for all disciplines as well as the differences between

average weights.
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Table 4. Medals Average Weights for every discipline.

Discipline Hy Mo My Mg — My M — My
Archery 0.270863 0.187413 0.187313 | 0.083450 0.000100
Athletics 0.078268 0.022021 0.021921 | 0.056248 0.000100

Badminton 0.222300 0.166600 0.166500 | 0.055700 0.000100
Baseball 1.000000 0.666567 0.666467 | 0.333433 0.000100
Basketball 0.900030 0.300010 0.099970 | 0.600020 0.200040
Beach volleyball 0.750000 0.250000 0.249900 | 0.500000 0.000100
Boxing 0.128831 0.118649 0.118549 | 0.010182  0.000100
Canoe/kayak flatwater 0.161822 0.117571 0.117471 | 0.044251 0.000100
Canoe/kayak slalom racing 0.388917 0.222167 0.222067 | 0.166750 0.000100
Cycling mountain bike 1.000000 0.666567 0.664667 | 0.333433 0.001900
Cycling road 0.703722 0.185211 0.111067 | 0.518511 0.074144
Cycling track 0.132667 0.086989 0.081343 | 0.045678 0.005646
Diving 0.127034 0.079306 0.079206 | 0.047728 0.000100

Equestrian 0.437398 0.125204 0.101746 | 0.312195 0.023458
Fencing 0.227012 0.082541 0.071343 | 0.144471 0.011198
Football 1.000000 0.666567 0.666467 | 0.333433 0.000100

Gymnastics Artistic 0.180873 0.049377 0.042793 | 0.131496 0.006584
Gymnastics Rythmic 0.375038 0.249925 0.249825| 0.125113 0.000100
Trampoline 0.900030 0.300010 0.099970 | 0.600020 0.200040

Handball 1.000000 0.666567 0.666467 | 0.333433 0.000100

Hockey 0.875038 0.250025 0.124963 | 0.625013 0.125063

Judo 0.103157 0.087373 0.087273 | 0.015784 0.000100
Modern Penthathlon 1.000000 0.666567 0.666467 | 0.333433 0.000100
Rowing 0.282669 0.173878 0.166541 | 0.108791 0.007338
Sailing 0.355052 0.149995 0.069951 | 0.205057 0.080044

Shooting 0.181849 0.063653 0.036339 | 0.118196 0.027314
Softball 1.000000 0.666567 0.666467 | 0.333433 0.000100

Swimming 0.047813 0.028005 0.024888 | 0.019808 0.003117

Sync swimming 0.500000 0.333233 0.333133| 0.166767 0.000100
Table tennis 0.200100 0.133300 0.133200 | 0.066800 0.000100
Taekwondo 0.365427 0.173088 0.134565 | 0.192338 0.038523

Tennis 0.383403 0.233293 0.233193 | 0.150110 0.000100

Triathlon 0.700020 0.299980 0.299880 | 0.400040 0.000100

Volleyball 1.000000 0.333387 0.266653 | 0.666613 0.066733

Water polo 1.000000 0.666567 0.666467 | 0.333433 0.000100

Weightlifting 0.140048 0.099920 0.099820 | 0.040128 0.000100

Wrestling 0.133407 0.071191 0.063528 | 0.062216 0.007663

The difference between the average weights for gold and silver is larger than the difference
between silver and bronze, ie., u,—ps> po— py,. Although this is an obvious
consequence of this constraint, it can be seen that for almost all the disciplines,
Mg — Hg>>> g — py. This means that for the majority of countries the gold medal is
much more important that the other medals.

On other hand, for a large number of disciplines, ;S—,ub is very small. For 21
disciplines, this difference is 0.0001. This is the value chosen for the non-Archimedean
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constant €. So we conclude that this constant is very important to distinguish the weight
values for silver and bronze medals. As a matter of fact, we may conclude that for a large
number of countries winning a silver medal or one of bronze has almost the same value.

3.2 Aggregation of the partial results

As mentioned in the introduction of this paper, the final ranking is obtained using a
weighted sum of the performance of each country in each sport as shown in equation (7).

I, = ZPOini (7)

In which Po; is the performance of the country O in sport i and n; are the weights for sport
i,i=1,..., 37.

Different methods can be used to estimate the weights for each sport. In a first model,
we can suppose that all sports are equally important and so the weights are all the same.

In a second model, we can measure the importance of each sport for their potential of
attracting spectators, mainly when TV broadcastings are concerned. A direct approach
would need the figures for TV audiences. This is a rather difficult task, so we may use as
a proxy the number of countries participating in each sport. Despite the several
drawbacks of this approach, we are justified to believe that the greater the number of
countries participating in a sport, the greater the number of potential spectators.

Another method would weigh each sport according to its competitiveness Mitchell and
Stewart (2007).

In this paper, we will use both the first and the second model taking into account the
number of participating countries rather than TV audiences.

The number of participant countries in each sport is shown in table 5.

After using equation (7) to obtain the indexes, these are normalized using equation (8).

Index, = I *100 (8)
I

max

The results for both models are shown in table 6 and 7.
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Table 5. Participant countries for each sport

Sport n; Sport n;

Archery 43 Handball 16
Athletics 196 Hockey 14
Badminton 32 Judo 94
Baseball 32 Modern Pentathlon 26
Basketball 18 Rowing 55

Beach volleyball 24 Sailing 61
Boxing 72 Shooting 106

Canoe/kayak flat-water 45 Softball 8
Canoe/kayak slalom racing 22 Swimming 154
Cycling mountain bike 34 Sync swimming 24
Cycling road 49 Table tennis S0
Cycling track 39 Tae-kwon-do 60
Diving 30 Tennis 53
Equestrian 68 Triathlon 33
Fencing 42 Volleyball 19
Football 22 Water polo 13
Gymnastics Artistic 42 Weightlifting 79
Gymnastics Rhythmic 21 Wrestling 99

Trampoline 19

Table 6. Final Ranking using identical weights for all sports

Ranking Country Index | Ranking Country Index

1 USA 100,00 39 Belgium 4,321921
2 Russia 90,95 40 Uzbekistan 4,272584
3 Germany 71,21 41 North Korea 3,533214
4 Australia 54,34 42 Azerbaijan 3,292518
5 Italia 46,80 43 Israel 3,286145
6 France 42,13 44 Ireland 3,24955
7 Korea 37,37 45 Mexico 3,095507
8 United Kingdom 37,01 46 Georgia 2,984847
9 Japan 34,29 47 Slovenia 2,622701
10 Ukraine 28,83 48 South Africa 2,312637
11 Netherlands 27,68 49 Estonia 2,103016
12 Hungary 27,64 50 Cuba 1,99198
13 Brazil 27,48 51 China 1,982228
14 Greece 18,43 52 Ethiopia 1,97946
15 Argentina 17,48 53 Venezuela 1,741313
16 Canada 16,57 54 Spain 1,733198
17 Romania 15,64 55 Portugal 1,702438
18 Norway 14,82 56 Jamaica 1,652263
19 New Zealand 11,39 57 Kenya 1,561582
20 Czech Republic 10,49 58 U Arab Emirates 1,351006
21 Bulgaria 10,42 59 Morocco 1,326551
22 Belarus 10,41 60 Finland 1,001795
23 Austria 10,29 61 Egypt 0,991114
24 China Taipei 9,50 62 Hong Kong 0,990322

85
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25 Slovakia 9,22 63 Denmark 0,989579
26 Turkey 7,67 64 Syria 0,880729
27 Chile 7,43 65 Zimbabwe 0,748165
28 Thailand 7,28 66 Bahrain 0,744332
29 Switzerland 7,24 67 Colombia 0,74159
30 Iran 6,28 68 Croatia 0,74159
31 Poland 6,28 69 Mongolia 0,648371
32 Latvia 6,22 70 Cameroon 0,581476
33 Lithuania 5,70 71 Dominican Republic 0,581476
34 SCG 5,43 72 India 0,472897
35 Kazakhstan 5,15 73 Nigeria 0,325711
36 Paraguay 4,95 74 Trinidad and Tobago 0,184898
37 Indonesia 4,87 75 Eritrea 0,162856
38 Sweden 475113

Table 7. Final Ranking using different weights for all sports

Ranking Country Index Ranking Country Index

1 USA 100,00 39 Egypt 5,77
2 Russia 88,08 40 Jamaica 5,37
3 China 65,79 41 Kenya 5,07
4 Germany 52,19 42 Slovakia 4,85

S Australia 41,67 43 Azerbaijan 4,68
6 Japan 35,75 44 Lithuania 4,55
7 France 35,12 45 Georgia 4,44
8 United Kingdom 34,67 46 North Korea 4,33
9 Italy 34,12 47 Morocco 4,31
10 South Korea 32,08 48 Switzerland 4,22
11 Cuba 30,53 49 Belgium 418
12 Ukraine 25,13 S0 South Africa 4,10
13 Netherlands 24,84 51 Latvia 3,89
14 Greece 18,26 52 Israel 3,68
15 Spain 18,08 53 Ireland 3,66
16 Hungary 17,98 54 Slovenia 3,24
17 Brazil 16,03 55 Mexico 3,22
18 Romania 14,93 56 Indonesia 3,16
19 Belarus 13,76 S7 Estonia 2,72
20 Norway 12,20 58 Bahamas 2,42
21 Bulgaria 11,39 39 U Arab Emirates 2,37
22 Canada 11,02 60 Portugal 2,18
23 Turkey 10,33 61 Venezuela 1,97
24 Austria 9,18 62 Zimbabwe 1,91
25 Thailand 8,91 63 Serbia/Montenegro 1,90
26 Poland 8,82 64 Cameroon 1,89
27 Sweden 8,81 65 Dominican Republic 1,89
28 Czech Republic 8,76 66 Paraguay 1,81
29 Chinese Taipei 8,66 67 Finland 1,70
30 Iran 7,57 68 Nigeria 1,06
31 Denmark 7,47 69 Syria 1,05
32 Argentina 7,44 70 Mongolia 1,01
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33 New Zealand 7,27 71 Colombia 0,97
34 Kazakhstan 7,26 72 India 0,83
35 Chile 6,53 73 Hong Kong 0,82
36 Ethiopia 6,43 74 Eritrea 0,53
37 Uzbekistan 6,22 75 Trinidad and Tobago 0,47
38 Croatia 6,17

There are very few ties in both rankings, mostly due to numerical precision. In the quasi-
official ranking all the countries are equally ranked that won only, for instance, one
bronze medal. The largest difference between the quasi-official ranking and the second
model of our proposed ranking concerned the Czech Republic that went up 14 rungs. The
results of those two models are very similar mainly for the first positions.

A comparison between the quasi-official (lexicographic) ranking and the ranking
obtained with model 1 shows some differences. The greatest one is Cuba, which was the
eleventh country in the lexicographic ranking and drops to the fiftieth position in model 1
ranking. Another country that has a considerable change of rank is China that drops from
the second position to the twenty seventh. On the other hand, Argentina that was ranked
thirty fourth goes up to fifteenth.

As the quasi-official ranking and the ranking obtained using model 2 are very similar,
we expect to obtain almost the same differences between model 1 and model 2. As a
matter of fact, when using model 2 China is ranked third and Cuba eleventh and they
drop to the previously mentioned positions when using model 1.

4 Final Comments

Two rankings were proposed: one of them takes into account that all sports are equally
important. The other one takes into account the “impact” of each sport measured by the
number of countries participating in each sport. This measure takes into account as well
that the chances to win a medal are not the same in the different sports.

The two indexes obtained have two common characteristics. The first is that they do not
overrate gold medals. The second is that they put on an equal footing sports that give
away a large number of medals - athletics or gymnastics, for instance - and team sports
(such as basket ball or volley ball) in which a single medal rewards a large number of
athletes.

The first positions on the ranking using model 2 and according to the quasi-official
ranking are almost the same. The major differences appear in the middle and bottom of
the table due to other factors including the absence of ties in our method. The similarities
of these two rankings can be explained by the approaches being used. In model 2 we used
a weighing scheme that takes into account the number of countries disputing medals.
The lexicographic method uses the number of medals to rank the countries. It is a fact
that in the Olympic Games, the greater the number of medals, the greater the number of
participant countries. So, in a way model 2 has a very similar approach than the
lexicographic method without over evaluating the gold medal, which might explain the
small differences that were found.

The major differences appear when comparing models 1 and 2, i.e., models considering
equal and different weights for each sport. As mentioned earlier, China and Cuba go up
several rungs as we move from model 1 to model 2. This happens because both countries
concentrate their efforts in sports with a large number of medals. This shows an
investment in higher “impact” sport. On the other hand, Argentina drops from fifteenth to
thirtieth between model 1 and model 2. This shows an opposite strategy, because
Argentina concentrates efforts in sports with few medals and few participants such as
team sports (football, basketball, and others).
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Further developments should include as well the tradition of a given sport in the Olympic
Games.
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Abstract

In this paper, a mathematical model is developed to formulate optimal pricing and ordering
policies when the units in inventory are subject to constant rate of deteriorating and the supplier
offers progressive credit periods to settle the account. The concept of progressive credit periods is as
follows:

If the retailer settles the outstanding amount by M, the supplier does not charge any
interest. If the retailer pays after M but before N (M < N), then the supplier charges the retailer on
the un-paid balance at the rate Ic:. If the retailer settles the account after N, then he will have to
pay an interest rate of Ic2 (Ic2 > Ic1) on the un-paid balance.

The objective is to maximize the net profit. The decision variables are selling price and
ordering quantity. An algorithm is given to find the flow of optimal selling price and ordering
policy. A numerical illustration is given to study the effect of offered two credit periods and
deterioration on decision variables and the net profit of the retailer.

Resumo

Neste trabalho, um modelo matematico desenvolvido esta optimizado para formular politicas de
precos e encomendas, quando as unidades do inventario estdo sujeitos a taxa constante de
deterioracdo progressiva eo fornecedor oferece crédito periodos de liquidar a conta. O conceito de
progressividade de crédito periodos é a seguinte:
Se o varejista apurado o montante pendente por M, o fornecedor nao cobra qualquer interesse. Se o
revendedor paga apdés M, mas antes de N (M <N), em seguida, o fornecedor cobra o varejista sobre
as un-pago a taxa equilibrio IC:. Se o varejista liquidar a conta depois de N, entdo ele tera que pagar
uma taxa de juro de ICa (IC2> ICi) sobre o saldo un-pagos.
O objetivo é maximizar o lucro liquido. A decisdo sédo variaveis preco de venda e ordenando
quantidade. Um algoritmo é determinado a encontrar o fluxo otimizado de preco de venda e
ordenacao politica. A ilustracdo é dado numérico para estudar o efeito do crédito oferecido dois
periodos ea deterioracdo variaveis e decisdo sobre o lucro liquido da varejista.

Keywords: EOQ, Progressive Credit Periods, deterioration, Selling Price, Ordering Policy.

Title: Optimal Precos e Encomenda Politicas Para deterioracdo progressiva itens sob regime de
comércio de crédito
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1 Introduction

The Wilson’s lot — size model is derived with the assumption that the retailer pays
for the goods as soon as it is received by the system. However, in practice, the supplier
offers credit period to the retailer to settle his account within the fixed allowable credit
period; which encourages retailer to buy more and also attracts more customers. Davis
and Gaither (1985) derived a lot — size model when the supplier offers one time
opportunity to delay the payments of order, in case, orders for additional units are placed.
Shah et al (1988) extended Goyal’s (1985) model by allowing shortages. Mandal and
Phaujdar (1989) derived a mathematical model by including interest earned from the sales
revenue on the stock remaining beyond the settlement period. Shah and Shah (1992)
studied inventory model when supplier offers credit period to settle the retailer’s account
by considering stochastic demand. Jamal et al. (1997) developed an inventory model to
allow for shortages under the permissible delay in payments. Shah (1997) derived a
probabilistic order-level system with lead-time when delay in payments is permissible.
Jamal et al. (2000) formulated a mathematical model when retailer can settle the payment
either at the end of the credit period or later incurring interest charges on the un-paid
balance for the over-due period. Hwang and Shinn (1997) developed the model for
determining the retailer’s lot-size and optimal selling price when the supplier permits
delay in payments for an order of a product whose demand rate is a function of constant
price elasticity.

Arcelus et al. (2001) compared retailer’s response to special sales in two strategies
viz. price discount and trade credit. Arcelus et al. (2003) derived mathematical model for
retailer's maximum profit when supplier offers credit period and/or price discount on the
purchase of regular order when units in inventory are subject to constant deterioration.
Related articles are by Hadley and Higgins (1973), Kingsman (1983), Chapman et al.
(1985), Daellenbach (1986, 1988), Ward and Chapman (1987), Chapman and Ward
(1988), Raafat (1991), Wee (1995), Shinn et al. (1996), Chung (1998), Chu et al. (1998),
Shah and Shah (2000), Goyal and Giri (2001), Teng (2002) etc.

In this article, an attempt is made to develop mathematical model when units in
inventory are subject to constant rate of deterioration and supplier offers two progressive
credit periods to the retailer to settle the account. The net profit is maximized with
respect to optimal selling and ordering quantity. The effect of deterioration rate of units in
inventory system and credit periods on objective function and decision variables are
studied using hypothetical numerical example. An algorithm is given to explore the
computational flow.

The paper is organized as follows: In section 2, assumptions and notations are
given. Section 3 deals with development of mathematical model. In section 4, flowchart is
given to search for optimal solution. Analytical results are stated in section 5. The
numerical example and observations are given in section 6. The paper concludes with
conclusion and bibliography at the end.

2 Assumptions and Notations

The following assumptions are used to develop aforesaid model:

1. The inventory system deals with the single item.

2. The demand is R (p) = a - bp, (a, b > 0, a >> b). p denotes selling price of
the item during the cycle time and a decision variable.
Shortages are not allowed and lead-time is zero.
Replenishment is instantaneous.
Replenishment rate is finite.
If the retailer pays by M, then supplier does not charge to the retailer. If the
retailer pays after M and before N (N > M), he can keep the difference in the
unit sale price and unit cost in an interest bearing account at the rate of

oukow
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Ie /unit/year. During [M, N], the supplier charges the retailer an interest
rate of Ic; /unit/year. If the retailer pays after N, then supplier charges the
retailer an interest rate of Ico /unit/year (Icz > Ici) on un-paid balance.

7. The units on - hand deteriorate at a constant rated (0<H<1). The

deteriorated units can neither be repaired nor replaced during the cycle

time.
The notations are as follows:

e h = The inventory holding cost/unit/year excluding
interest charges.

e D = The selling price/unit. (a decision variable).

e C = The unit purchase cost, with C < p.

e A The ordering cost/order.

e M = The first offered credit period in settling the account
without any extra charges.

e N = The second permissible delay period in settling the
account N > M.

o Icy = The interest charged per $ in stock per year by the
supplier when retailer pays during [M, N].

o Icy = The interest charged per $ in stock per year by the
supplier when retailer pays during [N, T].(Ic2 > Ic1)

o Ie = The interest earned/$/year. (Ic; > Ie)

e T = The replenishment cycle time (a decision variable).

e [HC = Inventory holding cost/cycle.

e PC = Purchase cost / cycle.

e OC = Ordering cost / cycle.

e IE = Interest earned / cycle.

e IC = Interest charged / cycle.

e QY = The on-hand inventory level at time t (0 <t < T).

¢ GR = Gross revenue.

e NP(p,T) = Net profit / cycle.

. 2 = Deterioration rate

3 Mathematical Formulation

The on-hand inventory depletes due to constant demand R(p) and deterioration of units.
The instantaneous state of inventory at any instant of time t is governed by the
differential equation

dQ(t)
dt
with initial condition Q(0) = Q and boundary condition Q(T) = 0. Consequently, the
solution of (3.1) is given by

+0Q(t) = -R(p), 0<t<T (3.1)

R(p)(e?(TD1)

Q(t) = ) ; 0<t<T (3.2)
and the order quantity is
a1
R e’ -1

Q - (p)(e ) (3.3)

The cost components per unit time are as follows:

e Ordering cost;
OoC = A (3.4)
T
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e Inventory holding cost;

T . ar .
HC = D o = @ bp)(ez 1-6T) (3.5)
T 0 o°T
e Cost due to deterioration;
ar
DC — C(a—bp)(e”" -1-6T) (3.6)
ar
e Gross revenue;
GR = (p—C)R(p) (3.7)

Regarding interest charged and earned, based on the length of the cycle time T, three

cases arise:

Case 1l: T<M

Case2: M<T<N

Case3: T=2N

We discuss each case in detail.

Casel: T<M

Inven‘tory level
A

[

T M Time

Figure 1: T<M

Here, the retailer sells Q-units during [0, T| and is paying for CQ - units during [0, T] and
is paying for CQ in full to the supplier at time M 2 T. So interest charges are zero. i.e.
It =0 (3.8)
The retailer sells products during [0, T] and deposits the revenue in an interest
bearing account at the rate of Io/$/year. In the period, [T, M] the retailer deposits revenue

into the account that earns Io/$/year. Therefore interest earned per year is

T - _
5 - 2 TR d{R(p)T(M_T)] _ plefabpeM-T) 3.9)
0

the net profit; NP; is given by

NP (p, T) =GR -0OC —IHC -DC - ICy + IEg (3.10)
p and T are continuous variables. Hence, the optimal values of p and T can be obtained
by setting

NP, (p,T T _q_ _
é(pp) = a—2pb+bC+”T7mw(D+Cj+W(a—2pb) = 0 (3.11)
and
oNP, (p.T) A h @1 (7Ta-67) . ple(a-bp)
1 - A _h _ _ _ _
T T 12 (9+C)(a bp){ T 72 } 3 =0 (3.12)
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The obtained T=T; and p = pl, maximizes the net profit; provided

XY-z2 <0 (3.13)
2
where X = M = -2b-le b(2M -T);
0 p2
2
O“NP(PT)  —2A (h 0T 2(e?T-1) 26T -1-67)
_ONR _ h _ .
Y- oT2 T3 k9+cj(a IS 2 g3 )
NPT (Tob(hic) b aaT) (h c) le(a—2bp)
aTop T B o72 o) T T 2
Case2: M<T<N
Inventory level
A
0 M T N ~ Time

Figure 2: M<T<N

The retailer’s sells units and deposits the revenue into an interest bearing account
at an interest rate Ie/unit/year during [0, M]. Therefore, interest earned during [0, M] is
given by

M 1 2
IEp =ple | R(p)tdt = 5pIe(a—bp)M (3.14)
0

Buyer has to pay for Q = R(p) T units purchased in the beginning of the cycle at the rate of
C $/unit to the supplier during [0, M]. The retailer sells R(p) M—units at sale price $
p/unit. So he has generated revenue of p M R(p) plus the interest earned, IE;, during
[0, M]. Two sub-cases may arise:

Sub-case 2.1: Let p R(p) M + [E; > CQ, i.e. the retailer has enough money to pay for all Q-
units procured. Then, interest charges;

|c2 1= 0 (3.15)
and interest earned; IE;; per time unit is
1Eo
IEpq1=-—% 3.16
21="4 (3.16)

Using equations (3.4) to (3.7), (3.15) and (3.16), the net profit; NP2 ; (p, T) is given by
NP1 (p, T) =GR -0OC —IHC —DC -ICp1 + IE21 (3.17)
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The optimum values of p= P,,and T = Tz are solutions of

ONP. T T 4 2(a
21(PT) _ a2pbrbes (€ L gT)b(h ), leM“(a-2pb) _ (3.18)
op ot \o ) 2T
and
oNP,, , (p.T) A h CAE AW o le(a—bp)M 2
T2t A fh _ _ _ ple(a-bp)M“ _
5T = 12 [0+C)(a bp){ T 72 } 72 =0 (3.19)
The obtained P= pP,, and T = T>1 maximizes the net profit provided
XY-22 <0 (3.20)
2
9°NP T 2
Where, X = ONP4(PT) - 2 1ebM ;
op
) 9°NP, 1 (p.T) _2A (h 07T 2T 27T 10m) | ple(a-bp)M?
Y = — =3 +C |(a—bp){ 5+ 3 + 3
oT T 0 T T a1 v
_ 9°NP, 1 (P.T) _(&7T-pp(hrc) b -1-6T) ( E+Cj _ le(a—2bp)M 2
oTop T o2 o o172

Sub case 2.2: Let p R(p) M + IE; < CQ
Here, retailer will have to pay interest on un-paid balance U; = C R(p) — [p R(p)M + IE;] at
rate of Ic; at time M to supplier. The interest to be paid; IC,2 per time unit is:
u2 1qu2(?TM) . mo-1-0T)

log [T, Q(t)dt = 3.21
oR(pyT 2 1M Q) 202pT 8:21)

ICo2 =

and interest earned;
IEpo = % (3.22)

Using equations (3.4) to (3.7), (3.21) and (3.22), the net profit; NP2 (p, T) is given by

NP, , (p, T) = GR — OC — IHC — DC -IC,, +IE,, (3.23)
The optimum values of p= P,,and T = Tz are solutions of
WRLOT) _ gy e, TAMIB o)
op - P ar 0
2
1U1(e?(T"M) 1 Mg-1-6T)(~CbT—(a—2bp)M —%;‘pr))
B 92 pT
Llclulz(eH(T_MhM 0-1-6T) jeM 2(a—2ph) 304
. 5 : o7 =0 (3.24)
20° p* T
and
NPo(pT) A _(h+cj(a_b ’ AR _(eHT—l—HT)} U@ T M) mo-1-gT)C(a-bp)
oT - 127 \e P o1 02pT

i |c1U12(e‘9(T_M)—l) . Iqu(eg(T_M)JFMH_l_HT) ~ ple(a—bp)l\/l2 -0 (3.25)
20pT 0 p T2 2r?

The obtained p=p,, and T = T2» maximizes the net profit provided

EF-G2 <0 (3.26)
Where
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2
- le M “(a—2b
B a2NF’2_2(|0,T) o 1ey(e?(T M)+M¢9—1—9T)(70bT7(a72bp)M7W)Z

T

o p2 6%pT
2
21601 (?T—M) £ M 9-1-6T)(~CbT—(a—2bp)M —M;‘pr))
+
0% p2 T
1T M imp-tgmy@om+ieb M) 1T Mimo-1-0T) tepm?2.
02 pT 02 p3 T
B 0°NP, , (p.T) _2A (h 0?7 2e?T-1) 2”7 -1-07)
F= 227 -7 [ e (a-bp) - e
oT T \0 T T gr
1eC?(a-bp)? (T M imoa-01)  21quy(?TM)pyc(a-bp)
0°pT opT

2001 @TM Mo 1gncabp 1w T eufeT M
0% pT2 2pT 0pT2
) U 2(e?TM) :mo-1-0T) . ple(a-bp)M 2

02 pT3 o13

o aZNPZ_Z(p,T) _(&7T-pp(h+c) b -1-6T) (h +Cj
oTop T gr2 \0

le M 2(a—2bp))

1oy (e?(T~M) M 9-1-6T)C(a-bp)(~CbT —(a—2bp)M )

02 pT
1cu1(e?T"M) mo-a-em)c(a—bp)  1gu1(e”(TM)imo-1-0T)Cb
02 p2 T 0%pT

2a
(e’ (T M)y (-coT-(a-2opm M EZR)) 2 oMy

opT 20p2 T

leM 2(a—2bp))

1cU1(e?(T"M) . Mg-1-6T)C(a-bp)(~CbT —(a—2bp)M — )

02 p 12
U2 T M) iMo-1-0T)  je(a2bp)m?2
202 p2 T2 212
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Case3: T>2N

Inventory level
A

0 M N T >  Time

Figure 3: T= N

Based on the total purchase cost, CQ, the total money in account at M is
P R(p) M + IE,; and total money in account at N is p R(p) N + p Ie R(p) N2/2, three sub-
cases may arise:
Sub-case 3.1: Let p R(p) M + [Ex = CQ
This sub-case is same as sub-case 2.1. (Note: Decision variables and
objective function are designated by 3.1)
Sub-case 3.2: Let p R(p) M + [E; < CQ and
pleR(p)(N-M )?
2

This sub-case coincides with sub-case 2.2. (Note: Decision variables and
objective function are designated by 3.2)

p R(p) (N-M) + 2CQ - (pR(p) M + IE2)

2
Sub-case 3.3: Let p R(p)N + M < CQ and
pleR(p)(N-M )?
2
Here, retailer does not have money in his account to pay off total purchase cost at

pleR(p)(N-M )?

pR(p) (N-M) + <CQ-(pR(p) M + IE)

time N. He will do payment of p R(p) M + IE; at M and p R(p) (N-M) + at N.

So, he has to pay interest charges on the un-paid balance U; = CQ - (p R(p) M + IE,) with
interest rate Icq during M, N] and un-paid balance,

Uy = Uy —(pR(p) (N -M) +@(N—M)2) with interest rate Icy during [N, T]. Therefore
total interest charges; IC3 3; per time unit is given by
2
Uqler(N-M U T
JualN-M) 95 T o
T PR(PT "N

_ Uglg(N-M ) 1cu2(”TN)Np-1-0T)

1C3.3

(3.27)
T 02 pT
and interest earned;
1]

Using equations (3.4) to (3.7), (3.27) and (3.28), the net profit; NP3 3 (p, T) is given by
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NP, 5 (p, T) = GR — OC - IHC - DC —IC55 + IEg4 (3.29)

The optimum values of P= P;;and T = Ts 3 are solutions of

2
Ie(N=M )(~CbT—(a—2bp)M — &M~ (83=20P)

ONP, o(p.T) " 1-4T)b(n
33 . h 2
a7@—&1 2pb+bC + o7 [9+C) T
21U TN ng-1-07) . U5 (e?T~N) No-1-4) . leM2(a-2pb) 0 (3.30)
0%pT 0% p2 T 21 '
and
NP, o (pT) g1 _ T _1_ _ _ _
3.3 A —(h+Cj(a—b ){(e ) (e7 -1-47) - lcp(a-bp)C(N-M) +ullcl(N M)
T 1270w P o72 T T2
20U TN ng-1-gm)c(abp) leu5(e” TNy . 1cu2(e?T~N) No-1-4)
0°pT opT 6% pT?
5 2
_w -0 (3.31)
2T
The obtained P = P,, and T = T3 3 maximizes the net profit provided
BK-J% <0 (3.32)
where
. 02NP, 5(p.T) __yp_ (20MlebM Ai(N-M)  21cp(e” TN Ng-1-6T) 9612
o p? T 2pT

a1cUo(e?TN) i Npg-1-0T)%1 21cUo(e?(TN) 1 Ng-1-0T)(20N+1e b M2+1e b (N-M)?)
02 p2 T 2pT

21027 T"N) i No-1-6T) 1 M2

)

92 p3T T

~ a2NF’3_3(|0,T) _—2A (h 07T 2eT-1) 27T —1-61)
K=—33 0 -7 e (a-bp) e 5
oT T 0 T T aT
|, 2C(a-bp)lcy(N-M) 2Ujqlg(N-M)
T2 3
21cpC% (a-bp)?(?(T"N)ing-1-0T) 41002 TN 1y (a-bp)
0%pT 0pT
216U TN i Ng-1-aT)C(abp)  leu5e?(T—N)
02 p T2 pT

}

. 21c03(?(T-N) ) i 1cu2(e?T-N) No-1-4)  plea-bp)M 2
opT? 0% pT3 213
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. *NPy(pT) _ (&7 -pp(hec) (e -1-0T) [
aTap T

h Chblci(N-M)
12 §+Cj+f

2
(~CbT—(a-2bp)M —w) I (N-M)

T2
_ 2lcp%2C(a-bp)%l  2IcU 2%2C(a-bp)
0%pT 02 p2 T

21cUp%2Ch  21cUp(e? TN 1)1 1cu3(?(T-N) )
02 pT opT

0p2T
lUo%2%l  1cU3%2  je(a—2bp)M 2

tT o 2 T2 2.2
0cpT 0 p=T

212
where

2 2
%1 = {~CbT — (a— 2bp)M _w_(a_%p)(,\, _ ) e (N-M)"(a-20p)

2
%2 = (eg(T_N) +NO-1-4T)

}

In the next section, computational flowchart is given to search for optimal solution.
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4 Flowchart

Start

Compute T=T, and p=p, from case - 1

Calculate NP, (p, T)

No

ISM<T<N

IspR(p) M +1E,<CQ and

IspR(p) M +1E,> CQ

PR(P)IN —M) +pleR(pP)(N —M)?/2>
RP) T-pRE)T-pleRPM 2/

&

Yes
Compute T=T,, & ' -
p=p,, from subcase - 2.1 Compute T=T,,&p= | | ComputeT =T,,&
' or p, , from subcase — 2.2 P =Py 5 from
_ _ ’ subcase - 3.3
T=T,,& p=p,, from or
subcase - 3.1 T=T,, & p=p,, from
subcase — 3.2
A A A
Compute NP (p, T) = max {NP, (p, T)};
i=1,21,22,31,32,33 <
5 Theoretical Results
Proposition 5.1: NP; (p;, Tj) is maximum fori =1, 2.1, 2.2, 3.1, 3.2, 3.3.

Proof: It follows from equations (3.13), (3.20), (3.26), (3.32).

Proposition 5.2: For T > N, NP3 3 (p, T) is increasing function of M and N.

Proof:

101
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NP33(PT) _ p(a-bp)(:+M)lcy(N-M) Uil
oM T T
—%[ ple(a—bp)(N-2M) |+
0°pT

ple(a—bp)M
T

>0
1cu2(?(T-N) )

NP33(PT) _ Uiglg | 2lcup%2

AN Tt g2y LPERAeN-M) ¢

opT

>0
%2 = (eH(T_N) +NO—-1-6T)

Proposition 5.3: NP; (p;, T)) is a decreasing function of 4.

(5 (

[ (a—bp)(e6 I, )
+
0T

Proof:
NPy (PT) (a—bp)(e’T 1)
Y 6

2h
0

(

(a—bp)(e’T -1-4T)
N
64T

0
o
(5]

+MO-1-T)
93p T

<0
NPy 1 (PT) _ (a-bp)(e”" -1)
06 0

2h
0

E+C

)
NP, (PT)  (abp)e” -1) (h
2.2 ~ P
00 0 [?C)

luZ(T-M)e”TMim-1) 1qu

<0
2h

, (a-bp)(e”T -1-0m)
7]

64T

12(69(T—M)

20%p T

<0
NP, A (P, e IT LT
33(PT) _ (a-bp)e” -1 (E+C)+(a bp)(e?T —1-4T) ( +Cj
o0 0 0 02T
1eu2((T-N)/TNin-T) 21002 TN)np-1-)
| e3pT

2h
o

0%p T

<0

6 Numerical Illustration

Using data [A, C, h, a, b]
of progressive trade credits and deterioration in following tables:

Table 1: Optimal decision variables when 6 = 0.01

[200, 20, 0.2, 1000, 10] in appropriate units, we study effect

iy 15/365 20/365 25/365
N l Ic: = 15% Ic; = 16% Ici = 17%
30/365 |Ics = 18% T = 0.3058 T = 0.3055 T = 0.3054
P = 60.59 P = 60.57 P = 60.54
Q = 120.70 Q = 120.65 Q = 120.69
R = 394.09 R = 394.34 R = 394.56
NP = 15250.85 NP = 15269.16 NP = 15287.32
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35/365 | Ica = 20% T =0.3332 T =0.3327 T =0.3325
P =60.56 P =60.53 P =60.51
Q=131.65 Q=131.54 Q=131.52
R =394.44 R = 394.69 R =394.93
NP = 15306.35 NP = 15327.64 NP = 15346.31
40/365 | Ica =22% T =0.3637 T =0.3630 T =0.3626
P =60.53 P =60.50 P =60.48
Q =143.80 Q = 143.65 Q =143.59
R =394.71 R = 394.96 R = 395.22
NP = 15353.73 NP = 15374.53 NP = 15394.32
Table 2: Optimal decision variables when 6 = 0.0
M —» 15/365 20/365 25/365
N l Ic: = 15% Ic: = 16% Ic: = 17%
30/365 | Ica = 18% T =0.3052 T =0.3049 T =0.3048
P = 60.60 P = 60.57 P = 60.55
Q =120.62 Q =120.57 Q =120.55
R =394.04 R =394.28 R = 394.50
NP = 15238.73 NP = 15257.04 NP =15275.19
35/365 | Ica = 20% T =0.3326 T =0.3321 T =0.3318
P =60.56 P =60.54 P =60.51
Q=131.59 Q=131.48 Q=131.46
R =394.38 R =394.63 R = 394.87
NP =15293.16 NP =15313.44 NP =15333.11
40/365 | Ica =22% T =0.3630 T =0.3624 T =0.3620
P =60.54 P =60.51 P =60.48
Q =143.78 Q =143.63 Q = 143.57
R = 394.64 R = 394.90 R =395.16
NP = 15338.30 NP = 15359.17 NP = 15380.91

It is observed that increase in deterioration of units in inventory decreases the net profit
and cycle time and increases selling price. The results exhibited in tables coincide with
analytical propositions.

7 Conclusion

In this article, an attempt is made to develop an EOQ model in which demand is assumed
to be decreasing function of selling price (a decision variable) and units in inventory
deteriorate at a constant rate when supplier offers two progressive credit periods, if
retailer could not settle his account. An easy-to use computational algorithm is given to
search for optimal policy. The observed managerial issues are as follows:

1. Increase in first allowable credit period decreasing the order quantity and
increases net profit whereas selling price is insensitive.

2. Increase in extended permissible credit period lowers cycle time and selling
price. Net profit decreases significantly.

3. Increase in deterioration rate reduces cycle time and net profit whereas selling

price leisurely goes up.
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The proposed model can be extended by taking demand as a function of time, product
quality, stock etc. It can also be generalized to allow for shortages, partial lost-sales.
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