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RESUMEN

El establecimiento de contratos persigue el cumplimiento eficiente de las
necesidades de los miembros de la cadena de suministro. Sin embargo, esto no
siempre es posible debido a las caracteristicas del mercado y, lo que es mas

interesante, las restricciones adicionales que imponen tales mecanismos.

Las relaciones de confianza, que definimos como la ausencia de contratos,
aparecen como un medio para tratar situaciones en las que los contratos bloquean
la toma de decisiones. Si bien la confianza mejora las actividades de produccién /
gestion, no esta claro como la ausencia de contratos afecta los tiempos de

entrega, que fue uno de los objetivos de nuestra investigacion.

Analizamos una cadena de suministro descentralizada donde un fabricante
necesita una entrada intermedia, pero los proveedores tipicos que tienen un
contrato con el fabricante que no lo proporcionan; asi, establece una relacién no

contractual con un proveedor "externo".

Modelamos esta interaccion como un juego de dos etapas y mostramos la
condicion necesaria y suficiente para garantizar la existencia y singularidad de los

equilibrios de Nash perfecto en subjuegos.

Ademas, mostramos la relacién entre los tiempos de entrega y la solicitud de
insumos, en equilibrio, con variables exdgenas como los costos de produccion y el
ingreso base. Encontramos que las relaciones intuitivas se mantienen cuando el

costo de solicitud es superior a un tercio de los ingresos del fabricante.

Palabras Clave: Subjuego de equilibrio perfecto de Nash, confianza, cadena de

suministro descentralizada.



ABSTRACT

The establishment of contracts pursues the efficient fulfilment of supply chain
members’ needs. However, this is not always possible due to market features and,

more interestingly, the additional constraints that such mechanisms impose.

Trust relationships that we define as the absence of contracts appear as a mean

to deal with situations where contracts block decision making. Although trust
enhances production/management activities, it is not clear how the absence of
contracts impact on delivery times, which we investigate in this paper.

We analyze a decentralized supply chain where a manufacturer needs an
intermediate input, but typical suppliers that have a contract with the manufacturer
do not provide it; so, he establishes a non-contractual relationship with an

“external” provider.

We model this interaction as a two-stage game and show necessary and sufficient
condition to guarantee the existence and uniqueness of the Sub-game Perfect

Nash equilibria.

Also, we show the relationship between delivery times and input’s requisition, at
equilibrium, with exogenous variables like production costs and base revenue. We
find that intuitive relationships hold when the requisition cost is higher than a third

of the manufacturer’s revenue.

Keywords: Sub-game perfect Nash equilibrium, Trust, Decentralized supply chain.
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CAPITULO I. INTRODUCCION

Hoy en dia, las interacciones de la cadena de suministro son complejas y
diversas, ya que los avances tecnoldgicos y el comercio internacional conectan a
las empresas en diferentes contextos institucionales (Macduffie, 2011). En lo que
respecta a este entorno globalizado, la variedad y cantidad de actividades
operativas dificultan que los proveedores cumplan con las solicitudes de los
compradores. Por lo tanto, los proveedores eligen estratégicamente las solicitudes
qgue les proporcionan el beneficio mas significativo, mientras que los compradores
buscan nuevos proveedores comprometidos con sus necesidades (Handfield y
Bechtel, 2002; Tejpal, Garg y Sachdeva, 2013); en otras palabras, es necesario
que la Gestidon de la Cadena de Suministro (GCS) mejore la coordinacion entre
todos los responsables de la toma de decisiones (Mentzer et al, 2001; Xiao y Qi,
2016). En este sentido, una rama de la literatura enfatiza la necesidad de crear
nuevas relaciones basadas en la confianza para facilitar las interacciones dentro
de cualquier cadena de suministro (CS) (Lambert, Stock y Ellram, 1998; Frohlich y
Westbrook, 2001; Cannon et al, 2010).

En la construccion de relaciones de confianza dentro de un CS, cumplir con
los tiempos de entrega juega un papel importante, ya que representa el
compromiso de satisfacer las necesidades de sus miembros (Cachon y Netessine,
2004). Por lo tanto, las entregas tardias tienen un impacto negativo en la
estabilidad y la sostenibilidad del CS, ya que generan desconfianza entre los
miembros del CS (Martino y Fritz, 2010). Para garantizar la entrega de insumos /
productos a tiempo, es comun que los miembros de CS establezcan contratos
donde se define un incentivo positivo (0 negativo) para evitar demoras (Hossain,
Ohaiba y Sarker, 2017).

Sin embargo, incluso si existen tales incentivos, las entregas tardias siguen
siendo un problema cuando los plazos de entrega son demasiado ajustados (Xiao
y Qi, 2016) o debido a riesgos exogenos (Hekimoglu, Park y Kazaz, 2016). Adn
mas, la evidencia empirica sugiere que los contratos pueden tener un impacto
negativo en la capacidad de respuesta de CS (la capacidad de los productores,

10



intermediarios y minoristas para hacer frente a los tiempos de entrega) ya que
aumentan los costos de transaccién (Pacheco y Newell, 2018) y establecen
restricciones que limitan la capacidad de los miembros de la CS para resolver
problemas (Deb y Mukherjee, 2016).

En la discusion anterior, la definicion de relaciones de confianza depende
de la estructura y las caracteristicas de la cadena de suministro. En esta
investigacién, entendemos las relaciones de confianza como una interaccion
caracterizada por la ausencia de contratos. Tal escenario caracteriza las
relaciones de CS en las que un fabricante no puede satisfacer sus necesidades
exigiendo un aporte de proveedores tipicos; Por lo tanto, el fabricante busca un
proveedor externo de entrada.

Esto significa que el fabricante confia en obtener la informacion lo antes
posible del proveedor, que puede cumplir con la solicitud pero elige el tiempo de
entrega (decimos que el proveedor actla como un "proveedor de ultimo
recurso") (Schipmann y Qaim, 2011; Handfiel y Bechtel, 2002 ; Ralston et al,
2015). En este contexto, no esta claro el impacto de la confianza en las decisiones
estratégicas de los miembros de CS, como la velocidad de las entregas
(Nayaranan, Narasimhan y Scoenherr, 2015).

En este documento, investigamos como la ausencia de contratos afecta los
tiempos de entrega cuando un fabricante solicita insumos intermedios de un
"proveedor de dultimo recurso". Consideramos una cadena de suministro
descentralizada con solo dos miembros: el fabricante y el proveedor. El fabricante
necesita una entrada intermedia proporcionada por el proveedor, pero su relaciéon
se basa en la confianza. Entonces, modelamos esta interaccion como un juego de
dos etapas. En la primera etapa, el fabricante exige una cantidad de la entrada
intermedia, mientras que el proveedor determina cuanto tiempo puede entregar la
entrada durante la segunda etapa. Basandonos en los hallazgos de Yu, Huang y
Liang (2009), y Lu, Meng y Goh (2014), asumimos que el tiempo es una entrada
"mala" para el fabricante, lo que significa que las entregas lentas tienen un

impacto negativo en los ingresos del fabricante.

11



El primer supuesto refleja el hecho de que las entregas lentas implican
menos tiempo para producir el producto final, lo que disminuye la produccion del
fabricante. El segundo supuesto resume el comportamiento de los clientes del
fabricante, es decir, el fabricante pierde clientes cuando demora en producir su
producto, como consecuencia de entregas "tardias" del proveedor. Ademas,
consideramos que el proveedor enfrenta costos de almacenamiento y produccién
gue aumentan a medida que el proveedor se demora en la entrega de la solicitud
del fabricante (Hekimoglu, Park y Kazaz, 2016).

Al analizar el conjunto de equilibrios de Nash perfecto de Subjuegos,
establecemos condiciones suficientes y necesarias para garantizar la existencia y
singularidad de la solucion del juego. Tales condiciones nos permiten realizar
estadisticas comparativas sobre las estrategias de equilibrio. Por el tiempo de
entrega en equilibrio; encontramos que el proveedor hace entregas rapidas a
medida que aumenta el costo de alquiler del almacén; y, observamos que el
tiempo de entrega aumenta a medida que el fabricante exige mas. Ademas,
encontramos una relacion positiva entre el tiempo de entrega y el costo de
produccion marginal; este resultado es opuesto a lo que se encuentra en la
literatura de equilibrio competitivo (Lederer y Li, 1997; Saha et al, 2018).

Nuestra investigacion se enfoca en las implicaciones de la confianza en
lugar de su construccion, especificamente cuando no se necesitan mecanismos de
incentivo para garantizar la interaccion entre los miembros del CS. Smets y Detken
(2004) observa que las empresas ubicadas en Europa y América se preocupan
por la confianza general, como estrategia de maxima prioridad, para mejorar las
actividades dentro de su cadena de suministro. La conclusion es que las empresas
necesitan colaborar con sus socios de la cadena de suministro para mejorar la
capacidad de respuesta de sus actividades. Vieira et al., (2012) investigan si las
diferencias entre plantas son capaces de influir en la relacion basada en la
confianza con los proveedores a través del andlisis de una base de datos de

empresas asiaticas.
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La interaccion compleja entre las plantas y los proveedores tiene un
impacto negativo en los procesos de produccion dentro de las plantas, como las
entregas tardias. Al considerar una relacion de confianza, nuestra investigacion
presenta la condicidbn necesaria y suficiente para garantizar la unicidad de la
estrategia de equilibrio para el proveedor y el fabricante. Por lo tanto, es posible
medir el impacto de la confianza en los tiempos de entrega y la cantidad de

producto.

JUSTIFICACION

En general los mercados de productos o0 servicios estan caracterizados por
presentar problemas relacionados con la asimetria de la informacion y la
incertidumbre. Los consumidores y en general los productores no poseen la misma
informacién sobre la calidad de los productos y los insumos, es decir, los
intermediarios y proveedores tienen ventaja en el momento de negociar los precios
de compra/venta. Asi, muchas veces, los productores saben lo que venden
mientras que los compradores a menudo desconocen los que estan comprando
(Anania y Nistico, 2004).

Esto significa que cuando dos individuos realizan un intercambio de algun tipo cuya
finalidad es obtener beneficios, ambos agentes no disponen de la misma cantidad
o calidad de informacion. Debido a la dificultad existente para examinar la calidad
de los productos y transferirla a lo largo de los diversos eslabones de la cadena de
suministro aparecen grandes niveles de asimetria de la informacion, riesgos,
desconfianza e incertidumbre para las empresas (Fritz, 2006). Esta situacion
desigual puede ocasionar problemas entre las partes que pueden provocar una
deébil confianza en la red y desembocar en conflictos mas graves. Es por ello la
importancia de considerar a la confianza como un amortiguador para facilitar el
acuerdo y ejecucion de operaciones en el contexto de la organizacion y el

escenario de la cadena de suministro (Kaplinsky, 2000).
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La confianza es clave para comunicar y compartir informacioén reduciendo asi el
oportunismo en condiciones cambiantes del mercado y para adaptarse a los
frecuentes cambios de escenario que se dan en la actividad diaria de la cadena de
suministro. A este problema de informacién asimétrica se une otro elemento
econdémico importante: asegurar el flujo financiero. El pago a tiempo y en los
términos convenidos sea también un factor clave de estudio segun la perspectiva
de la confianza (Hobbs y Cooney, 2000). La confianza en la cadena de suministro
se presenta como un factor clave y critico para establecer conexiones colaborativas
entre los diferentes agentes de los sectores y como requisito para el comienzo de
nuevas actividades. Se trata de un activo clave en el momento de creacion de una

cadena de suministro (Hobbs, 2004).

Es importante sefalar que la definicion de relaciones de confianza depende de la
estructura de la cadena de suministro. Por ejemplo, autores como Capaldo y
Giannoccaro (2015) definen las relaciones de confianza como la ausencia de
comportamiento oportunista, mientras que Hou et al., (2018) definen la confianza
como la reputacion que mantiene la estabilidad de una red de cadena de
suministro. En general, la literatura apoya la creacion y consolidacion de relaciones
de confianza dados sus beneficios (Dyer y Chu, 2011) y el hecho de que contribuye
a generar relaciones estables a largo plazo (Fu et al, 2016); en otras palabras,
aungue no hay un acuerdo general sobre lo que significa la interaccion de un CS
basada en la confianza, sus beneficios son claros. Tejpal et al., (2013) y Daudi,
Hauge y Thoben (2016) proporcionan una revision exhaustiva del significado de
confianza y metodologias que se utilizan para analizar su impacto en la toma de
decisiones dentro de las cadenas de suministro. Entre los beneficios de la
consolidacion de las relaciones de confianza, mitigan el efecto latigo (De Almeida
et al, 2015) e impulsan la inversion para mejorar los procesos de produccién
(Laeequddin et al, 2012). Ademas, la confianza minimiza los costos de transaccion
(Brinkhoff, Ozer y Sargut, 2015) y evita los costos de monitoreo (Handfield y
Bechtel, 2002) porque mejora la coordinacion y la comunicacion entre los

tomadores de decisiones.
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OBJETIVOS GENERAL Y ESPECIFICOS

Objetivo general

Establecer un modelo dinamico que analiza el impacto de la presencia de
confianza en los tiempos de entrega y los insumos requeridos en equilibrio, que se
establecen entre un proveedor y fabricante, a fin de entender las relaciones de

confianza como una interaccion caracterizada por la ausencia de contratos.

Objetivos especificos

Realizar una revision literaria sobre la confianza en la cadena de suministro.
Mostrar como la confianza, tiene interacciones caracterizadas por la ausencia de
contratos.

Establecer un modelo dinamico que permite la parametrizacion de la confianza en
la Cadena de suministro.

Objetivo de programacion

Objetivo de analisis de escenarios, (esto debido a que es muy complicado

conseguir datos de empresas para comprobar el modelo.)

PREGUNTAS DE INVESTIGACION.

De acuerdo a los objetivos mencionados se derivan las siguientes preguntas:
¢Por qué es conveniente analizar un modelo que paramétrico la confianza en la

cadena de suministro?
15



¢Se cuenta con algun programa o modelos que analicen las interrelaciones
caracterizadas por la ausencia de contratos?

¢ Qué variables se deberan de considerar para el estudio de relaciones de
confianza como una interaccion caracterizada por la ausencia de contratos entre
un proveedor y fabricante?

¢, Qué ventajas les ofrece un modelo dindmico de confianza para las empresas?

¢ Es posible innovar con la confianza para establecer alianzas entre empresas

dentro de la cadena de suministro?

ALCANCES Y LIMITACIONES

Alcance:

Tener un modelo matematico que permita entender que tan confiables son los
agentes de la cadena de suministro. La parametrizacion de la confianza ayuda al
disefio e interaccidn caracterizada por la ausencia de contratos entre un proveedor
y fabricante, y de esa manera considerar a la confianza como un amortiguador
para facilitar el acuerdo y ejecucidbn de operaciones en el contexto de la

organizacion y el escenario de la cadena de suministro.

Limitaciones:

La validacion empirica del modelo tedrico y su desarrollo es complicada, pues
carecemos de datos especificos por empresas.

El modelo sera dinamico; por lo que no podemos hacer un seguimiento temporal
de las empresas.

Debido al tiempo disponible para obtener el grado no se implementara la

propuesta desarrollada.
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ISSN 1940-2163 online
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Flores, Santiago Omar Caballero Morales y Constantino Moras Sanchez

TITULO

La confianza entre dos miembros y equilibrio de precios

en la cadena de suministro desde la teoria de juegos.

Abstract

A game between retailer and wholesaler is analyzed in which the retailer trusts that the
wholesaler delivers the order on time. Through a two-stage game, the game of trust
between both is analyzed, and how they affect the equilibrium prices in each of the markets
where they operate. In particular, it is observed that there is trust between both players,
that is, the retailer fixes the sale prices thinking that the wholesaler can fulfill the orders so
that their profit depends on the wholesale price.

Keywords: Trust; retailer-wholesaler; Nash equilibrium; supply chain

Resumen

Se analiza un juego entre minorista y mayorista, en el que el minorista confia en que el
mayorista entregue el pedido a tiempo. Mediante un juego de dos etapas se analizan el
juego de confianza entre ambos, y como afectan los precios de equilibrio en cada uno de
los mercados donde se desenvuelven. De manera particular, se observa que existe
confianza entre ambos jugadores, es decir, el minorista fija los precios de venta pensando
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gue el mayorista puede cumplir con los pedidos, por lo que su beneficio depende del precio
de mayoreo.

Palabras Clave: Confianza, minorista mayorista, equilibrio de Nash, cadena de suministro.

1. INTRODUCCION

Hoy en dia, la gestion de las cadenas de suministro representa una actividad estratégica
para las empresas dada la complejidad de la economia global. La correcta integracion de la
cadena de suministro tiene un impacto positivo en los beneficios de las empresas, ya que
permiten la colaboracion con proveedores de materias primas y agentes de distribucion
(Lambert, Cooper, and Pagh, 1998; Frohlich, and Westbrook, 2001). Ademas, la
incertidumbre de los mercados incentiva a las empresas a participar en la cadena de
suministro para reducirla. Este Gltimo punto hace necesario que los miembros de la cadena
de suministro confien en ellos para alcanzar el mejor resultado para todos (Anania, and
Nistico, 2006).

En general, la confianza es un factor que influye en cualquier entorno socioeconémico y
contribuye al desarrollo de cualquier actividad empresarial. Esto significa que no existe una
unica definicion del concepto de confianza dada su caracteristica interdisciplinaria. La
confianza promueve la adaptacién a los cambios que ocurren en las organizaciones,
fomenta la creacion de redes relacionales (Miles, and Snow, 1992), reduce los conflictos
(Rousseau, Sitkin, Burt and Camerer, 1998) y reduce los costos de transaccion al facilitar la
formacion de grupos de trabajo (Meyerson, Weick and Kramer, 1996). En otras palabras, la
confianza facilita la colaboracion entre agentes con objetivos diferentes (Gambetta, 1988;
Mayer, Davis and Schoorman, 1995), y promueve la adaptacion a nuevas formas de
organizacion (Miles and Snow, 1992).

Aunque la teoria concuerda con los efectos positivos de la confianza, la evidencia
empirica demuestra la existencia de tension entre las empresas, los proveedores, los
productores, y los minoristas a lo largo de la cadena de suministro (Fairchild, and

Alexander, 2014; Zhou, and Yun, 2015). Los miembros de la cadena de suministro confian
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en otros miembros porgque observan comportamientos previos en actividades que impactan
en sus beneficios. Por ejemplo, no cumplir con los plazos establecidos genera pérdidas
econdmicas, porque los consumidores pierden interés en el minorista y, posteriormente,
pierde la confianza en el mayorista (Cachon, and Netessine, 2003). Cuando los agentes no
confian en sus parejas puede surgir la imposicion de castigos: en situaciones extremas,
algunos agentes pueden romper las relaciones con otros miembros de la cadena de
suministro (Tambe and Hitt, 2012; Kasper-Fuehrer, and Ashkanasy, 2001).

Este documento analiza los efectos de la confianza, en la interaccion entre los miembros
de la cadena de suministro, a través de un enfoque teorico de juego, ya que la confianza
estd involucrada en cémo toman la decision (Gambetta, 1988). Especificamente,
estudiamos un juego en el que un mayorista y un minorista interacttan.

Consideramos que el minorista trabaja como intermediario del mayorista en mercados
donde el mayorista no tiene presencia. El conflicto surge entre ellos ya que el mayorista
puede priorizar las requisiciones de otros clientes en detrimento de los beneficios del
minorista. Dado que el minorista requiere entregas a tiempo para satisfacer a sus clientes, la
confianza es necesaria para mantener la relacion entre estos dos agentes.

Nuestro trabajo estd relacionado con la literatura que analiza la formacién y
consolidacién de la confianza dentro de la cadena de suministro, a través de modelos
tedricos de juegos. Dado el impacto en los pagos, tal enfoque indica que la expansion de las
firmas y las nuevas relaciones dependen del nivel de confianza entre los agentes con
objetivos diferentes (Hobbs and Cooney, 2000; Hobbs 2004).

En este sentido, Fairchild y Alexander (2014) presentan un juego de analisis tedrico de
confianza para una situacion en la que una empresa local requiere el compromiso de su
proveedor para alcanzar objetivos pro-sociales impuestos por los consumidores.
Demuestran que elegir procesos de produccion que satisfagan las requisiciones de los
clientes contribuye a aumentar la confianza entre la empresa focal y sus proveedores. En
otras palabras, este modelo ve la confianza como un resultado de la presion externa.

Dado que la estructura de una cadena de suministro incentiva a los agentes a hacer
trampas en temas especificos como la provision de calidad (Fritz, 2006), es usual que los

contratos entre los miembros de la oferta establezcan acciones de castigo en beneficios
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totales, cuando algunos de ellos no cumplen con una actividad. Esta situacion desigual
puede causar problemas entre las partes que pueden llevar al establecimiento de un castigo
para evitar dicho comportamiento. En un marco dindmico, Fu et al. (2015) investigan el
rendimiento de la cadena de suministro cuando la confianza no es constante, y su evolucion
depende de observaciones previas. Considerando la interaccion entre un minorista y un
agente, descubren que los castigos pueden surgir cuando algunos de los agentes siguen un
comportamiento egoista. Aun mas, las caracteristicas sociales del agente determinan el
tiempo perdido y recuperan la confianza.

Nuestro trabajo analiza el impacto de la presencia de confianza en los precios de venta
en equilibrio que establecen un minorista y mayorista en su mercado correspondiente.
Siguiendo el enfoque de modelado (Esmaeili, Aryanezhad, y Zeephongsekul, 2008),
consideramos que un juego de dos etapas bajo confianza significa el establecimiento de
incentivo en un contrato entre el minorista y el mayorista.

El documento esta organizado de la siguiente manera. Revision de Teoria de Juegos:
presenta los conceptos basicos de Teoria de Juegos como una introduccién al concepto de
confianza. Impacto de la Confianza entre mayorista y minorista: desarrollamos nuestro caso
de estudio, donde los beneficios del minorista dependen del cumplimiento de las entregas
del mayorista, situaciéon en la que prevalece la confianza, es decir, no existe un contrato
entre estos agentes que imponga castigos. Al igual mostramos el equilibrio de Nash y

presentamos un ejemplo numérico de un caso, discusion de resultados y conclusiones.

2. REVISION DE LA TEORIA DE JUEGOS

En esta seccion, desarrollamos una breve introduccion a los conceptos teéricos de
los juegos. La teoria de juegos es una herramienta poderosa para analizar la teoria de
decision interactiva, que es diferente del andlisis de decision individual (Cerda E.,
Pérez, J., and Jimeno, J.L. 2004). El juego de palabras se refiere a una actividad en la
que los participantes interactlan para ganar algo, pero sus decisiones determinan sus
pagos. Neumann y Morgenstern (1944) establecieron la base de la teoria de juegos

que proporciona un marco tedrico para analizar aquellas situaciones en las que un
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jugador gana es el otro jugador pierde, es decir, tenemos un conflicto absoluto o juego
de suma cero.

Dentro de las relaciones de la cadena de suministro, los juegos de suma cero no
son comunes. Aunque cada miembro persigue un objetivo especifico, no hay
ganadores o perdedores totales. En cambio, los miembros de la cadena de suministro
maximizan la restriccion de sus beneficios a las acciones de otros agentes, sin
considerar un objetivo comun. En tales escenarios, el equilibrio de Nash es una
solucién de concepto deseable para comprender cémo los agentes tomaron una
decision cuando siguen un comportamiento egoista (Cachon, G. and Netessine, S.
2003). En un caso de colaboracion, cuando los agentes persiguen un objetivo comun,
Lloyd Shapley indica que todos los jugadores deben analizar todas las posibilidades
si quieren llegar a un acuerdo. Introduce el valor de Shapley como medio para
calcular una distribucion equitativa de costos entre un grupo de agentes con un
objetivo comun (Cachon, G. and Netessine, S. 2003; Cerda E., Pérez, J., and Jimeno,
J.L. 2004). Por lo tanto, podemos distinguir entre juegos cooperativos y no
cooperativos. El primero supone un acuerdo previo entre jugadores, mientras que el
segundo considera que los agentes actuan en ausencia de él.

El analisis de confianza dentro de una cadena de suministro reconoce la presencia
de situaciones de conflicto. Ademas, los agentes tienen incentivos para actuar
egoistamente, y sus acciones dependen de las acciones elegidas por otros. Por lo tanto,
seguimos un enfoque no cooperativo para estudiar las implicaciones de la confianza

en el comportamiento de los miembros de la oferta.

Juegos No Cooperativos
A continuacion, presentamos los elementos esenciales de los juegos no cooperativos:
. Jugadores. Son los participantes en el juego que toman decisiones con el
fin de maximizar su utilidad.
Son dos 0 més.
. Acciones de cada jugador. Son las decisiones que puede tomar cada jugador

en cada momento en que le toque jugar. El conjunto de acciones de un jugador en cada
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momento del juego puede ser finito o infinito.

. Resultados del juego. Son los distintos modos en que puede concluir un
juego. Cada resultado lleva a la par unas consecuencias para cada jugador.

. Pagos de cada jugador. Recibe un pago al acabar el juego, que depende de
cual haya sido el resultado del juego. El significado de dicho pago es la utilidad que
cada jugador atribuye a dicho resultado, es decir, la valoracién que para el jugador
tienen las consecuencias de alcanzar un determinado resultado en el juego.

. Estrategias. Una estrategia de un jugador es un plan completo de acciones
con las que este podria proponerse participar en dicho juego. La estrategia de un
jugador puede ser considerada como la instruccion completa para que acciones
tomar (pasos a seguir) en un juego. Por ejemplo, un jugador puede dar su estrategia a
una persona que no tiene absolutamente ningun conocimiento de los pagos/ganancias
o preferencias del jugador y esa persona debe ser capaz de usar las instrucciones
contenidas en la estrategia para elegir las acciones que el jugador desea. Como
resultado, el conjunto de estrategias posibles de cada jugador debe ser independiente
de las estrategias elegidas por los otros jugadores.

. Resultados del juego. Refleja como puede terminar un juego, y cada
resultado conlleva consecuencias para los jugadores. Un resultado resume las
estrategias jugadas por cada jugador.

. Pagos de cada jugador. Cada jugador recibe un pago al final del juego, y
representa la forma en que el jugador valora el resultado de un juego. Recordamos
gue el desarrollo de juegos no cooperativos depende del tiempo y la informacién
(Angulo, A., Nachtmann, H., and Waller, M. A. 2004). Teniendo en cuenta el tiempo,
los jugadores pueden interactuar de una sola vez o en diferentes periodos. En el
primer caso, los jugadores eligen simultaneamente sus acciones, y el juego se detiene.
En el segundo caso, un jugador toma decisiones dindAmicamente porque su momento
decisivo depende del periodo en el que puede seleccionar una accion (Cerda E.,
Pérez, J., and Jimeno, J.L. 2004). Tenga en cuenta que los juegos estaticos se
caracterizan porque los jugadores deciden quée hacer sin conocer las decisiones de los

otros jugadores. En un juego dinamico, puede darse el caso de que un jugador ya
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conozca las decisiones tomadas por otros jugadores antes de decidir (Cachon G.P.,
and Netessine S. 2001).

Para facilitar el analisis de los juegos, es posible representarlos en una forma
estratégica o en una forma extensa.

La forma estratégica (o forma normal) presenta un juego como una matriz de
pago, que muestra los pagos de los jugadores como resultado de sus estrategias. Esta
matriz ilustra el juego como si todos los jugadores pudieran tomar todas sus
decisiones a la vez. Por otro lado, la forma extensa representa un juego como un
arbol, que destaca los momentos decisivos de cada jugador. Por lo tanto, un arbol
muestra la forma en que las acciones de los jugadores se desarrollan o podrian
desarrollarse para lograr los posibles resultados del juego. En esta representacion,
los pagos aparecen al final del arbol. Finalmente, la informacidén de los jugadores
sobre otros jugadores también modifica el desarrollo de un juego. Entonces, si hay
informacion completa, todos los jugadores conocen todas las estrategias posibles y las
consecuencias de las estrategias tomadas, para ellos y para otros. Por el contrario, en
juegos con informacién incompleta, algunos jugadores no conocen ninguna de esas
consecuencias. Dada esta incertidumbre, es necesario introducir conceptos como la
utilidad esperada para comprender las implicaciones de la informacién oculta en el
resultado del juego (Esmaeili, M., Aryanezhad, M.B., and Zeephongsekul, P. 2008).

Ejemplos de conceptos de solucion

La solucién de un juego es un perfil de estrategias que resultan en un resultado.
Entonces, su definicion requiere el establecimiento de lo que es razonable dentro de
un conjunto de estrategias para todos los jugadores (Cachon G.P., and Netessine S.
2001). A continuacion, presentamos dos soluciones conceptuales esenciales para
juegos no cooperativos:

Estrategias Dominantes. La solucién dominante busca la mejor estrategia, es
decir, eliminamos del analisis aquellas estrategias que creemos que otros jugadores

nunca elegiran. Bajo este marco, es razonable suponer que los jugadores elijan las
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estrategias que les proporcionen el mejor pago posible, a pesar de las estrategias de
otros jugadores.

Equilibrio de Nash (EN). Este es quizd el mas importante concepto de
solucién. Lo que se propone a continuacion es un enfoque completamente diferente
al de la dominacion de estrategias, una linea de analisis en la cual, la clave es: ;Queé
propiedades deberia tener un perfil de estrategias para constituirse una solucién de un
juego? Dicho andlisis nos proporciona el concepto: Es aquel perfil de estrategias en
donde cada agente no tiene incentivos a elegir otra estrategia, o también es aquel perfil
de estrategias que es la mejor respuesta a lo que hagan otros agentes.

A continuacién, se muestra un ejemplo de un juego no cooperativo entre dos
personas con suma no constante. Es la situacion més frecuente en los negocios. En la
practica es muy dificil que dos empresas estén en conflicto total entre si. Dilema del
prisionero: Un juez no tiene pruebas claras para condenar a dos personas por un robo
llevado a cabo conjuntamente. Les hace la siguiente propuesta: Si no confiesa ninguno
de los dos, les condenara a un afio de prisién por mal comportamiento. Si confiesa
solamente uno de los dos sera liberado y el otro pasara 20 afios en la céarcel. Si
confiesan los dos, serdn condenados a 5 afios de carcel. ;Qué decision tomara cada
uno? Suponiendo que ambos estan incomunicados podriamos representar las ganancias
de ambos prisioneros mediante el Cuadro 1 de pares donde el primer elemento
representa la ganancia del primer prisionero y el segundo la ganancia del prisionero

dos:

Tabla 1. Diagrama de Prisionero.

Prisionero 2
Confiesa  No Confiesa
Prisionero1 Confiesa -5,-5 0,-20
No Confiesa -20,0 -1,-1

Fuente: Elaboracion Propia.

Elementos basicos del juego del prisionero: Jugadores: Prisioneros 1y 2
Acciones: Cada prisionero decide confesar o no confesar. Donde confesar significa

decir quién cometio el crimen, mientras que no confesar significa lo contrario.
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Como tenemos un juego simultaneo, el conjunto de estrategias es el mismo que el
conjunto de acciones porgue la decision se toma de una vez.

Pagos. Resumiran los afios que pasan en prision segun las cuatro posibles
combinaciones de estrategias. Si ambos decidieran no confesar, el resultado seria
mucho mejor (1 afio) que si ambos deciden confesar (5 afios).

En este juego, la Unica preocupacion de los jugadores (presos) es maximizar su
beneficio, sin preocuparse por el beneficio del otro. Teniendo esto en cuenta, la
cooperacion con el socio esta dominada por la posibilidad de traicionarlo. Por lo
tanto, el Unico equilibrio posible para este juego es que ambos jugadores no

confiesen, el escenario de traicion.

2.1 Impacto de la confianza entre un mayorista y un minorista.

Se sabe que los beneficios de un minorista dependen en gran medida del mayorista que
entregue el producto a tiempo. Sin embargo, los mayoristas generalmente tienen mas de
un minorista como cliente, por lo que las demoras en la entrega del producto pueden
ocurrir. Dada esta circunstancia, el minorista puede imponer o no castigar al mayorista en
caso de incumplimiento. Estas sanciones se relacionan con la confianza del minorista en la
capacidad de entrega del mayorista. Aunque el beneficio del minorista depende del
mayorista, el contrato que establecen no considera los castigos, es decir, asumimos un

escenario de plena confianza.

En esta seccion, analizamos la interaccion entre un mayorista y un minorista, donde el
mayorista puede tener mas de un minorista como cliente, pero el minorista solo recurre a

este mayorista.
Modelo de Confianza

Consideramos solo dos jugadores, el minorista (p) y el mayorista (n). Es decir, el
conjunto de jugadores es | = {p,u}. Se sabe que, en este tipo de relacion, el mayorista
puede fijar el precio mayorista, mientras que el minorista establece el precio de venta a sus

consumidores. Entonces, A, = {w € R|w = 0} es el conjunto de todos los precios al por
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mayor, mientras que A, ={peR|p=0} es el conjunto de precios minoristas del
consumidor del minorista.

Para presentar los beneficios de cada mercado, asumiremos por simplicidad que los
consumidores del mayorista son minoristas, mientras que los consumidores del minorista
no estan interesados en comprar el producto mayorista. Ademas, por simplicidad,
asumiremos que ambas demandas son lineales. Por lo tanto, la demanda del minorista es
D,(p) =a—bp, donde a es la cantidad maxima que se puede vender en el mercado
minorista, mientras que b es la sensibilidad que enfrenta el minorista. Ademas, la demanda
del mercado mayorista se asume como D,(w) = m — nw, donde m es la cantidad maxima
que se vendera en el mercado mayorista y n es la sensibilidad que enfrenta dicho agente.

Por lo tanto, el beneficio del minorista es:

m,(p,w) = (p—w)(@a—bp) (D

Por otro lado, suponemos que el mayorista enfrenta un costo constante igual a c. Es

decir, el beneficio del mayorista es el siguiente:

m,(r,w) = (w—c)(m—nw) (2)

Finalmente, suponemos que r y m interactian en un juego de dos etapas. En la primera
etapa, el minorista determina el precio p de la venta al publico no mayorista. En este
primer escenario, hay confianza entre los dos jugadores, por lo que no hay castigo para el
mayorista. Es decir, el minorista fija los precios de venta pensando que el mayorista puede
cumplir los pedidos de modo que su beneficio dependa del precio mayorista. Por lo tanto,

el mayorista establece el precio mayorista en la segunda etapa del juego.

El equilibrio de Nash

El juego descrito en la seccion anterior es un juego de dos etapas, que recuerda la

interaccion entre comprador y vendedor (Balza-Franco et al, 2017). Por lo tanto, nuestra
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solucion conceptual es el Equilibrio del Nash Perfecto en Subjuegos (ENPS), que es un
perfil de estrategias tales que son el equilibrio de Nash en cada momento donde el jugador
toma decisiones. En nuestro caso, seamos un perfil de estrategias. Decimos que s es un
ENPS de G si la estrategia de mayorista es un equilibrio de Nash cuando el mayorista
establece su precio de venta en la segunda etapa, y el minorista establece un precio de
equilibrio en la primera etapa. Para calcular un SPNE, seguimos el Algoritmo de induccion
hacia atrés.

Dado un juego finito G en forma extensa con informacion completa y perfecta, el
algoritmo de induccion hacia atras procede de la siguiente manera:

Todos los sub-juegos que se producen en el Gltimo lugar estan identificados. En nuestro
caso, en el dltimo sub-juego, el mayorista establece su precio de venta. Calculamos el
precio de equilibrio de este juego.

Sustituimos el precio de venta de la etapa dos en la funcion de beneficios del minorista.

Por lo tanto, calcular el precio de equilibrio en el mercado minorista.

Para conocer los precios de equilibrio en cada etapa, calculamos la mejor respuesta de
cada jugador. Por induccion hacia atrds, asumimos que la demanda del minorista a un
precio w ha sido establecida. Entonces, el mayorista resuelve el siguiente problema de

maximizacion:
max(w —c) (m —nw) (3)
w

La primera condicion de orden es

M _o 4

Entonces, tenemos la siguiente ecuacion:

m—-2nw+cn=0 (5)
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Por lo tanto, la mejor respuesta del mayorista es:

,_ m+tcn p
wh=—08 (6)

Ahora, tenemos que maximizar el beneficio que p, obtiene cuando m establece el precio
w *. Primero, al sustituir w * en m,,, tenemos que:

m +cn
M= (p-——) @=bp) (7

Entonces, la mejor respuesta del minorista se obtiene maximizando la funcion anterior.

La condicidn de primer orden da la siguiente ecuacion:
m +cn m +cn

a—2bp—Ta+pr=0 (8)

Despejando p * de esta expresion, tenemos:

, (@at+c)yn +m
p= 4bn

€)

La siguiente proposicion resume la discusion previa.

Proposicion 1. En un juego de dos etapas donde el minorista y el mayorista establecen

los precios de venta en sus respectivos mercados, el resultado es la siguiente expresion:

(2a+c)n+m m +cn
4bn " 2n

(" w?) =( ) (10)

Ejemplo numérico y/o caso practico
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En la seccion anterior, demostramos la existencia de un equilibrio unico del sub-juego
Perfecto de Nash, cuando las variables exdgenas (a, c, m, n, b) satisfacen la condicion (10).
En esta seccion proporcionamos algunos ejemplos numéricos para mostrar el

comportamiento de los precios p * y w* con respecto a las variables exdgenas.

Ejemplo de determinacion de los precios p* y w*. Dentro de un mercado global
fluctuante existen dos miembros (minorista y mayorista) de la cadena de suministro donde
se desea calcular la cantidad demandada para un lote de 1,000 piezas catalogadas en 100 en
el mercado mayorista, y donde nosotros consideramos valores especificos para las
siguientes variables: costo permanente del articulo $15.00 pesos, cuando existe una
sensibilidad de 20 en el marcado del mayorista y una de 5 en el mercado del minorista. Sin
embargo, la cantidad méxima en existencia de venta es de 500 piezas en el mercado

minorista.

Paso 1: obtenemos los datos.
Datos

a=500 piezas

c=$15.00

n=20

b=5

Paso 2: Identificamos y Aplicamos las férmulas.

_(2at+co)n+m

4bn )
,_m+cn p
wh=—0r-o (6)

Paso 3: Resolvemos la formula y obtenemos resultados de p* en el Cuadro 2 y en el

Cuadro 3 los resultados de w*
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Tabla 2. Resultados de p* y comportamiento de la sensibilidad en el mercado.

bilida 3.1 2.8 2.7 2.7 2.7 2.7 2.6 2.6 2.6 2.6
d
p* 309 566.5 824 1081.5 | 1339 1596.5 1854 | 21115 | 2369 | 2626.5
maxi 100 200 300 400 500 600 700 800 900 1000
ma

Fuente: Elaboracién propia.

Tabla 3. Resultados de w* y comportamiento de la sensibilidad en el mercado.

sibil | 0.10 | 0.06 | 0.05 | 0.04 | 0.04 | 0.04 | 0.04 | 0.03 | 0.03 | 0.03
idad
w* 10 | 125 | 15 | 175 | 20 | 225 | 25 | 275 | 30 | 325
max | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
ima
Fuente: Elaboracion propia.
Paso 4: En las Figuras 1 y 2 se grafica del comportamiento del precio p*, w* y la

sensibilidad
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Discusion de Resultados

Es importante notar que existe una relacion positiva entre m, la cantidad maxima a
comprar en el mercado de mayoreo, y los precios p * y w *. Este resultado es interesante
pues indica que el tamarfio del mercado mayorista impacta de manera directa en el mercado
que atiende el minorista. Tambien se observa una relacion negativa entre b y p * , asi
como entre nyw = . ES decir, mientras mayor sea la sensibilidad, los precios deben

disminuir pues la cantidad demandada disminuye.

Figura 1. Grafico del comportamiento del precio p* y la sensibilidad.

Relacion precio p* y Sensibilidad
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Fuente: Elaboracion propia.

Figura 2. Grafico del comportamiento del precio w* y la sensibilidad.

Relacion precio w* y Sensibilidad
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Fuente: Elaboracion propia.

Con base a la seccion anterior determinamos los precios p * y w *, se realiza un analisis
entre los dos miembros (minorista y mayorista) de la cadena de suministro, donde los
resultados demuestran que la sensibilidad es méas palpable y mayor para el mercado del
minorista.

La sensibilidad en el mercado del mayorista en términos de perdida es minima con respecto
al mercado del minorista como se observa en los graficos de comportamiento de las Figuras
1y 2, asi como en los Cuadros 1y 2.

Ambos miembros de la cadena de suministro tienen una sensacién de pérdida inversamente

proporcional al precio p * y w = del articulo.

3. CONCLUSIONES

En este trabajo se analiz6 una cadena de suministros de dos niveles, un mayorista (m) y
un minorista (r), quienes estan involucrados en la produccion y distribucion de un solo tipo
de producto terminado. Se examinaron dos formas de interacciones en lo que respecta al
Equilibrio de Nash de los agentes interactuando en dos etapas, el Juego se resolvid en
induccidn hacia atras y con un escenario de Confianza y con un ejemplo numérico para
mayor comprension.

Finalmente, asumimos que r y m, interactian en la primera etapa, el minorista determina el
precio (p) de venta al publico no mayorista. En este primer escenario, existe confianza
entre ambos jugadores, es decir, el minorista fija los precios de venta pensando que el
mayorista puede cumplir con los pedidos, por lo que su beneficio depende del precio de
mayoreo. Es importante notar que existe una relacion positiva entre el mayorista, y la
cantidad méaxima a comprar en el mercado de mayoreo, y los precios de venta del minorista
(p *) y mayorista (w ). Este resultado es interesante pues indica que el tamafo del
mercado mayorista impacta de manera directa en el mercado que atiende el minorista.

También se observa que mientras mayor sea la sensibilidad, los precios deben disminuir
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pues la cantidad demandada disminuye, por lo que, como trabajos futuros, se debera incluir

un escenario sin confianza de esta cadena de suministro.
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Abstract:

The establishment of contracts pursues the efficient fulfilment of supply chain
members’ needs. However, this is not always possible due to market features and,
more interestingly, the additional constraints that such mechanisms impose. Trust
relationships, that we define as the absence of contracts, appear as a mean to deal
with situations where contracts block decision making. Although trust enhances
production/management activities, it is not clear how the absence of contracts
impact on delivery times, which we investigate in this paper. We analyze a
decentralized supply chain where a manufacturer needs an intermediate input, but
typical suppliers that have a contract with the manufacturer do not provide it; so, he
establishes a non-contractual relationship with an “external” provider. We model
this interaction as a two-stage game and show necessary and sufficient condition
to guarantee the existence and uniqueness of the Sub-game Perfect Nash
equilibria. Also, we show the relationship between delivery times and input’s
requisition, at equilibrium, with exogenous variables like production costs and base
revenue. We find that intuitive relationships hold when the requisition cost is higher

than a third of the manufacturer’s revenue.

Keyword: Sub-game perfect Nash equilibrium, Trust, Decentralized supply chain

Resumen:

El establecimiento de contratos persigue el cumplimiento eficiente de las
necesidades de los miembros de la cadena de suministro. Sin embargo, esto no
siempre es posible debido a las caracteristicas del mercado y, o que es mas
interesante, las restricciones adicionales que imponen tales mecanismos. Las
relaciones de confianza, que definimos como la ausencia de contratos, aparecen
como un medio para tratar situaciones en las que los contratos bloguean la toma
de decisiones. Aunque la confianza mejora las actividades de produccion / gestion,
no esta claro como la ausencia de contratos afecta los tiempos de entrega, lo que

investigamos en este documento. Analizamos una cadena de suministro
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descentralizada donde un fabricante necesita una entrada intermedia, pero los
proveedores tipicos que tienen un contrato con el fabricante no lo proporcionan;
asi, establece una relacidon no contractual con un proveedor "externo". Modelamos
esta interaccidon como un juego de dos etapas y mostramos la condicion necesaria
y suficiente para garantizar la existencia y singularidad de los equilibrios de Nash
perfecto en subjuegos. Ademas, mostramos la relacion entre los tiempos de
entrega y la solicitud de insumos, en equilibrio, con variables exégenas como los
costos de produccion y el ingreso base. Encontramos que las relaciones intuitivas
se mantienen cuando el costo de solicitud es superior a un tercio de los ingresos

del fabricante.

Palabras clave: Equilibrio perfecto de Nash en subjuegos, Confianza, Cadena de

suministro descentralizada.

1.-INTRODUCTION

Nowadays, supply chain interactions are complex and diverse since technological
advances and international trade connect businesses in different institutional
contexts (MacDuffie, 2011). Concerning this globalized environment, the variety
and quantity of operational activities make it difficult that suppliers fulfill with
buyers’ requests. So, suppliers strategically choose requisitions that provide them
with the most significant benefit, while buyers search for new suppliers
compromised with their needs (Handfield, Bechte, 2002; Tejpal, Garg and
Sachdeva, 2013); in other words, it is necessary that Supply Chain Management
(SCM) enhances coordination among all decision makers (Mentzer at al, 2001;
Xiao, Qui, 2016). In this sense, a branch of the literature emphasizes the necessity
of creating new relationships based on trust to facilitate interactions within any
supply chain (SC) (Lambert, Stock and Ellram, 1998; Frohlich and Westbrook,
2001; Mentzer et al, 2010).
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In the building of trust relationships within a SC, complying with delivery times
plays a significant role since it represents the commitment to fulfill its members’
needs (Cachon and Netessine, 2004). So, late deliveries have a negative impact
on the stability and sustainability of the SC since they generate mistrust among
SC’s members (Martino and Fritz, 2010). To guarantee on-time inputs/products
deliveries, it is common that SC’s members establish contracts where a positive (or
negative) incentive is defined to avoid delays (Hossain, Ohaiba and Sarker, 2017).
However, even if such incentives exist, late deliveries are still a problem when
delivery times are too tight (Xio and Qi; 2016) or due to exogenous risks
(Hekimoglu, Park and Kazaz; 2016). Even more, the empirical evidence suggests
that contracts can have a negative impact on SC’s responsiveness (the capacity of
producers, intermediaries, and retailers to cope with delivery times) since they
increase transaction costs (Pacheco and Newell; 2018) and establish restrictions
that limit the capacity of SC’s members to solve problems (Deb and Mukherjee;
2016).

By the previous discussion, the definition of trust relationships depends on the
supply chain structure and features. In this paper, we understand trust
relationships as an interaction characterized by the absence of contracts. Such a
scenario characterizes SC's relationships where a manufacturer cannot satisfy his
needs by demanding an input from typical providers; hence, the manufacturer
searches for an outside input’s supplier. This means that the manufacturer trust on
getting the input as soon as possible from the supplier, who can fulfill with the
requisition but chooses the delivery time (we say that the provider acts as a “last
resort provider”) (Schippmann and Qaim; 2011; Handfield and Bechtel, 2002;
Mentzer et al, 2015). In this context, it is not clear the impact of trust on the
strategic decisions of SC’s members, as the speed of deliveries (Narayanan,
Narasimhan and Schoenherr, 2014).

In this paper, we investigate how the absence of contracts impact delivery times

when a manufacturer requests intermediate inputs from a “last resort provider.” We
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consider a decentralized supply chain with only two members: the manufacturer
and the supplier. The manufacturer needs an intermediate input that is provided by
the supplier, but their relationship is based on trust. So, we model this interaction
as a two-stage game. In the first stage, the manufacturer demands a quantity of
the intermediate input, while the supplier determines how much time he can deliver
the input during the second stage. Based on the findings of Yu, Huang, and Liang
(2009), and Lu, Meng, and Goh (Lu, Meng and Goh; 2014), we assume that time is
a “bad” input for the manufacturer which means that slow deliveries have a
negative impact on the manufacturer’s revenue. The first assumption reflects the
fact that slow deliveries imply less time to produce the final good, diminishing the
manufacturer’'s output. The second assumption summarize the manufacturer’s
customers behavior, i.e., the manufacturer loses customers when he delays in
producing his good, as a consequence of “late” deliveries from the supplier. Also,
we consider that the supplier faces storing and production costs that increase as
the supplier delays in delivering the manufacturer’s requisition (Hekimoglu, Park
and Kazaz; 2016).

By analyzing the Sub-game Perfect Nash equilibria set, we establish sufficient
and necessary conditions to guarantee the existence and uniqueness of the
game’s solution. Such conditions allow us to perform comparative statics on the
equilibrium strategies. For the delivery time at equilibrium; we find that the supplier
makes fast deliveries as the warehouse’s rent cost increases; and, we observe that
delivery time increases as the manufacturer demands more. Moreover, we find a
positive relationship between delivery time and marginal production cost; this result
is opposite to what is found in the competitive equilibrium literature (Lederer and Li,
1997; Mentzer et al, 2018). In such a framework, the authors argue a negative
relationship between delivery times and marginal production costs since large
marginal costs imply a higher production capacity; thus, the supplier can deliver the
input in less time. Our result relates to empirical observations in which large costs
represent complex production processes that imply longer production times, and

consequently late deliveries (Fratocchi; 2016).
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Our paper is closely related to the literature that analyzes the absence of
contracts. This type of relationship refers to situations where SC’s prefer flexible
relationships such as face-to-face contact in the case of farmers (Schipmann and
Qaim; 2011). Also, SC’s members prefer no contract relationships in SCs where
responsiveness has top priority (Handfield and Bechtel, 2002; Ralston, 2015). Our
paper contributes to this literature by establishing a game-theoretical framework to
analyze the strategic decisions, on delivery times, in a supply chain where
contracts are not necessary/required, that we define as trust interactions. We
analyze equilibrium strategies by considering that the manufacturer has a Cobb-
Douglas production function that depends on time and the intermediate input; such
technology summarizes the fact that time is a bad input, i.e., the manufacturer
reduces his production as the provider delays on delivering the input (Yu, Huang
and Liang; 2009)and (Mentzer et al, 2018).

The use of game theory in the understanding of trust has a long tradition,
specifically in determining the mechanisms that build. It is important to remark that
the definition of trust relationships depends on the supply chain’s structure. For
example, authors like Capaldo, and Giannoccaro (Capaldo and Giannoccaro;
2015) define trust relationships as the absence of opportunistic behavior, while
Hou et al., (Mentzer et al; 2018) define trust as the reputation that maintains the
stability of a supply chain network. In general, the literature supports the creation
and consolidation of trust relationships given their benefits (Dyer and Chu; 2011)
and the fact that it contributes to generating stable relationships in the long-run
(Mentzer et al; 2016); in other words, although there is no general agreement on
what a SC’s interaction based on trust means, its benefits are clear. Tejpal et al.,
(Tejpal, Garg, Sachdeva; 2013) and Daudi, Hauge, and Thoben (Daudi, Hauge
and Thoben; 2016) provide an exhaustive review of the meaning of trust and
methodologies that are used to analyze its impact on the decision making within

supply chains.
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Among the benefits of consolidating trust relationships, they mitigate the
bullwhip effect (Almeida, Marins and Salgado; 2015) and drive investment to
improve production processes (Mentzer et al; 2012). Also, trust minimizes
transaction costs (Brinkhoff, Ozer and Sargut; 2015) and avoids monitoring costs
(Handfiel and Bechtel; 2002) because it enhances coordination and communication
among decision makers. Concerning to trust construction mechanisms, Reuter
Goebel and Foerstl (Reuter, Goebel, Foerstl, 2012) develop a series of
experiments to show that firms’ ethical responsiveness contributes to the
consolidation of confidence among clients and workers. Charvet, Cooper, and
Gardner (Charvet, Cooper and Gardner; 2008) consider that information is a driver
in the creation of causal links between supply chains members. Even more, agents
with less information tend to be fewer confident about the behavior of other actors.
Specifically, collaboration serves as a mechanism to generate confidence given the
sharing of information that such mechanisms induce (Raweewan and Ferrell;
2018). Dyer and Chu (Dyer and Chu; 2000) analyze the supply chain as a
Bayesian game where cooperation depends on the information that each agent
owns, and trust relationships are the result of how SC’s members are involved in

the decision-making process.

Our paper focuses on the implications of trust instead of its construction,
specifically when no incentive mechanisms are necessary to guarantee the
interaction between SC’s members. Smets (Smets and Detken; 2004) observes
that companies located in Europe and America care to general trust, as top priority
strategy, to enhance the activities within their supply chain. The bottom line is that
companies need to collaborate with their supply chain partners to improve the
responsiveness of their activities. Vieira et al., (Mentzer et al; 2012) investigate
whether differences between plants are capable of influencing the relationship
based on trust with suppliers through the analysis of an Asian firms database.
Complex interaction among plants and providers negatively impact production
processes within plants, such as late deliveries. By considering a trust relationship,

our paper presents necessary and sufficient condition to guarantee the uniqueness
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of the equilibrium’s strategy for the supplier and the manufacturer. So, it is possible

to measure the impact of trust on delivery times and product quantity.

The article is organized as follows. Section 2 describes the game theoretical
model that we consider to analyze the absence of contracts in the scenario of a
“last resort provider.” Section 3 discusses the problem that each SC's member
faces during this strategic interaction. Also, we provide necessary and sufficient
condition to guarantee the existence and uniqueness of the solution. So, in Section
4 we perform comparative statics to understand the impact of trust in time
deliveries and requisitions and equilibrium; we develop some numerical examples

to exemplified our results. Section 5 presents the conclusions.

2.-MODEL

We consider a decentralized supply chain where a manufacturer m requests an
intermediate input from a supplier s since usual providers cannot fulfill m’s
requisition. So, we say that s is a “last resort provider,” which means that i. he can
cope with any requisition from m, and ii. he chooses in how much time he delivers

the input.

2.1 Basics of the model

The manufacturer m requests a quantity g of the intermediate good provided by s.
Let 4,, = {q € R:q = 0} be the set of all possible requisitions that m can ask to s.
The supplier s chooses a time t to deliver the quantity q requested by m. Let
A; ={t € R:t = 0} be the set of all possible delivery times that s can choose to

fulfill with the manufacturer’s requisition.

Note that sets 4,, and A are the set of all actions of players in P. So, a profile
of actions is a vector (q,t) € 4,, X A;. Hence, P =A,, X A; is the set of all

possible actions profile. We use a to represent a generic actions profile.
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The manufacturer m has a production function F(-) that depends on (g,t), i.e.
F:P - R,. As it is common in the Producer Theory, the relationship between F
and q is positive (0F /dq > 0). Given that on-time deliveries contribute to increasing
SC’s and firms competitiveness (Narayanan, Narasimhan and Schoenher, 2015),
we assume that late delays negatively impact the manufacturer’s production, i.e.,
JdF /0t < 0. In other words, time represents a “bad” input for m in this interaction.
Following Yu, Huang, and Liang (Yeung A.C. |.;2008) and Saha, et al. (Mentzer et
al; 2018), we assume that the manufacturer's production function is the following

Cobb-Douglas function
F(q.t) = q“t™F,

where « is the manufacturer’s sensitiveness for changes in the input’s price, and g
is manufacturer’s sensitiveness to supplier's delays. Also, m has a budget function
B(t) that he uses to buy the input from s. We assume that B(t) negatively depends
on t since the manufacturer delays to produce his good due to slow deliveries from
the supplier, and consequently, m loses customers (Mentzer et al; 2018). We
consider B(t) =1 + R/t, where [ is the sure revenue that m can earn, and R is a
revenue that m looses by late deliveries. In other words, R is the variable revenue,

while [ is the fixed revenue.

The supplier s has a total cost function C(q,t) = c;1(q,t) + c,(t), where c;(q, t) is
the cost of producing a quantity g in a time t, and c,(t) is the cost of storing the
intermediate good for a period t. We assume that c;(q,t) = cq/t and c,(t) = rt,

where ¢ and r are positive constants. Note that total cost function
C(qt) =+t (1)

summarizes appealing features. The marginal cost of producing an extra unit of the
intermediate input decreases as the supplier has more time to deliver the product

(0cy/0q = c/t); for example for example, by avoiding extra fees for fast delivery
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and unanticipated risks costs (Hekimoglu, Park y Kazaz, 2016). Also, the supplier

faces increasing storing costs (dc,/dt = r > 0).

2.2 Sequence of the game and payoffs

Given that s is the “last resort provider” for an intermediate input that m needs,
their relationship is based on trust, which we model as the absence of penalization
by late deliveries from s. In other words, we consider that there is no contract
among m and s, which imply a strategic interaction among them. We model their

interaction as the following two-stage game:

First Stage. The manufacturer m requests a quantity g of the intermediate input
that s provides because m needs to produce his good. When this stage finishes,

the supplier observes q.

Second Stage. The supplier s chooses the time t to deliver the m'’s requisition of

the intermediate good.

The game finishes when the supplier delivers the input to m. At the end of the

game, m and s get a benefit of ,,, and =, respectively.

2.3 The solution concept

In the previous section, we described the interaction between m and s as a two-
stage game. To define the concept solution of this game, s follows a rational
behavior when it chooses t* that maximizes m,. On the other hand, m interacts with

s to fulfill with some customer’s requisitions. Then, m chooses g* that maximizes
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his production since he knows his maximum possible revenue and late deliveries
have a negative impact on production. Below, we define the Sub-game perfect
Nash equilibrium of the game.

Definition 1 A profile (¢, t*) € P is a Sub-game perfect Nash equilibrium if
1. F(q",t") = F(q,t") forall q € 4,,, and

2. ny(q,t*) = my,(q,t) forallqg € A, and t € A;.

3.-EXISTENCE AND UNIQUENESS OF THE GAME’S SOLUTION

We proceed by backward induction to find the subgame perfect Nash equilibria of
the game described in the previous section. Thus, we first compute the Nash
equilibrium of the second stage, later we substitute previous strategies in the

payoffs of stage one for finding the Nash equilibria of this stage.

3.1 The Supplier's Maximization Problem

During the second stage, we know that supplier s observes the manufacturer’s
requisition g and chooses the time to deliver it. Hence, a Nash equilibrium strategy
in this stage is a delivery time t that maximizes the supplier's benefit function. In
other words, given a requisition g, s solves the following optimization problem in

the second stage
,b).
rtréai(ns(q )

We know that the relationship between m and s is based on trust since s is the
“last resort provider” of an intermediate that m needs to fulfill with his customer’s
requisitions. In other words, s is not the unique supplier of the intermediate input;
thus, we assume that s does not have market power, and p, denotes the market

price of the good that s provides to m. Moreover, we assume a cost function
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C(g,t), see expression (1), that captures real-life features: i. The marginal cost of
producing an extra unit of the intermediate good diminishes as the supplier has
more time to improve production/distribution processes, and ii. The cost of rent a
warehouse depends on the time that the supplier uses it. Consequently, the benefit
of s is

cq
ms(q,t) = pyq — - Tt

To solve the supplier's optimization problem, we use the first order condition.

Thus, we solve the following equation

damg

ot
Consequently, we get that

ons  cq

ot t2

Thus, we have to solve the following equation

c
t—Z—rzO
2=

-

Therefore, the best response of s when m requests a quantity g of the

intermediate good is given by

t(q) = \/% (2)

Now, computing the second derivative of g, we have that

0°m,  2cq

otz 3
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Since g > 0, we conclude that

o°ms t <0
72 (g,t(q)) <O0.

Therefore, the supplier maximizes his benefit by delivering the intermediate good in
atime t(q) = +/cq/r, i.e., expression (2) is the equilibrium strategy that s follows for

any requisition q.

3.2 The Manufacturer’'s Maximization Problem

Given the backward induction process, we have to analyze the Nash equilibria of
the first stage. In this first stage, the manufacturer demands a quantity of the
provider's intermediate input that maximizes his production function. Since s
belongs to a perfect competence market, m faces a production cost equal to p,q,
and a maximum possible revenue B(t) =1+ R/t that we consider equal to his

budget. So, the manufacturer’s budget constraint is
R
pvq <1+ e

In other words, the cost of acquiring the intermediate good must be at most the

manufacturer’s revenues after discounts by a delay in the delivery time.

By the backward induction process, the manufacturer solves the following

optimization problem

-8
maxF(q,t(q)) = q* (ﬁ)
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s.a.py,q <1 +§.

In the manufacturer’s optimization problem (3), note that the objective function
and the restriction depend on variable g, and the production function can be

rewritten as follows

8
F(q,t(q)) = q*F/2 (\E) :

Thus, the monotonicity of F, with respect to q, depends on the sign of a + /2. As
usual, we consider that the manufacturer’s production increases as the quantity of
input increases. The following assumption guarantees that F increases as q

increases.
Assumption 1. a — /2 > 0.

Furthermore, if Assumption 1 holds, the manufacturer maximizes his production
when he uses all his budget on acquiring the intermediate good. Thus, the

manufacturer’'s maximization problem is equivalent to solve the following equation

R Vr
pq=l+—=1+R—.

The previous expression can be rewritten as follows

pvc1/2q3/2 _ IC1/2q1/2 = Ryrl/2,
Then, it is enough to solve the following equation

va1/2q3/2 _ 161/2q1/2 _Rrl/2 = . (4)
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Applying the change of variable q'/? = z into equation (4), we get the following

cubic equation
pyc?z3 — Ict/2z — Rr'/2 = 0.

Two immediate questions arise about equation (4). The first one, Does a real
root exist for this equation? Since all the coefficients in this equation are real
numbers, there exists at least one real root and at most three real roots. Although
real coefficients are necessary to guarantee the existence of at least one real root,
this is not enough to guarantee the existence of a unique positive solution for
equation (4). Thus, the second question concerns the uniqueness of the solution.
Does the manufacturer’s optimization problem have a unique solution? To answer
this question, we characterize the roots of equation (4) by analyzing the critical

points of the following polynomial function
f(2) = p,ct/?z3 — IcY/?z — Rr/2, (5)

We compute the critical points of f by using the first order condition. The first

derivative of f(z) is

f'(2) = 3p,c'/?z% — Ic'/?,

I
f'(z) =0 if and only if z=+ :
3py

To denote the critical points of function f(z), we use the following notation

then
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Now, we determine if the critical points of f(z) are a local minimum or a local

maximum. Note that the second derivative of f(z) is
f'(2) = 6p,c*/?z.

Then, f""(z;) >0 f"(z,) <0 because z; >0 and z, <0, respectively. By the
criterion of the second derivative, we conclude that f has a local minimum at z,

because f''(z;) > 0, and f has a local maximum at z, since f"'(z,) < 0.

The previous analysis implies that f(z,) > f(z1). So, analyzing f(z,) allows
us to identify the number of real positive roots of the equation f(z) = 0. If f(zy) >
0, equation f(z) = 0 has three real roots, as the example in Figure O illustrates.
Then, f(z,) > 0 may generate multiple optimal decisions (positive real roots of the
equation f(z) = 0) for the manufacturer, and consequently more than one Nash
equilibria for the manufacturer at Stage 1. However, if f(z,) < 0, then there is a

single optimal decision for m, as Figure 3 illustrates.

Figure 3. Polynomial function and its real roots.

AN

—

Source: Developed by the authors, based on the literature review

In other words, f(z,) < 0 is a sufficient condition to guarantee the existence of a
unique Nash equilibrium strategy for m at Stage 1. The following theorem

summarizes the previous discussion.

Theorem 3.1 Let z, be the negative root of equation f'(z) = 0. If f(z,) < 0, then

the equation f(z) = 0 has a unique real root z*, and this root is positive.
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Proof. We know that z; and z, are critical points of f(z), and z, < 0 < z;. Also, we
know that f has a local minimum in z; and a local maximum in z,. Then, the

function f behaves as follows
1. f increases in the interval (-, z,),
2. f decreases in the interval (z,,z,), and
3. f increases in the interval (z;, ).

Together with the fact that f(z,) < 0, we have that f(z) < 0 for all z € (—o0,z,] U

[Z2,21] = (=0, z]. In other words, no point in (=, z;] is a solution of the equation

f(z) =0.

On the other hand, we know that f(z) = 0 has at least one real root since all its
coefficients are real numbers. Given that f(z) # 0 for all z € (—o, z;], there exists

at least one z' € (z,,»] such that f(z") = 0.

Note that [z, o) c (z;, ), then f increases in the interval (z', ). Since f is a
polynomial function, f is a continuous function; therefore, z' is the unigue real root

of the equation f(z) = 0.

Theorem 3.1 establishes a sufficient condition to guarantee the uniqueness of
positive solution for the equation f(z) = 0. By developing expression f(z,) < 0, we
observe that this condition is in terms of the model's parameters (I, ¢, R, r), which
allows to establish a condition for the uniqueness of the manufacturer’'s optimal

decision.

Theorem 3.2 The manufacturer has a unique optimal decision if and only if

3 27 pyT
Proof. The optimal decision of m is a solution of equation f(z) = 0. By Theorem

3.1, this equation has a unique positive solution when f(z,) < 0, where
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3/2 1/2

I I
— _ 1/2 1/2 _ pa1/2
f(z5) DPyC (3Pv) +Ic <3'Pv> Rr/=,

Note that (3p,)3/? > 0. Then, inequality f(z,) < 0 does not change if we multiply it

by (3p,)3/%. Hence, the inequality can be rewritten as follows
_va1/213/2 + 3PVIC1/211/2 _ (3p,,)3/2RT1/2 <0
2p,,l3/2c1/2 _ (3p,,)3/2RT1/2 <0
va13/zc1/2 < (3Pv)3/2R7”1/2-
Since g(x) = x? is an increasing function in R,, we get that

4p2[3¢c < 27p,R%r

27
Bc< TPURZT'

We derive condition (6) from the previous expression.

Theorem 3.1 and Theorem 3.2 establish that m has a unique equilibrium strategy

q* when Condition 6 holds. Also, q* is implicitly defined by the equation

pvcl/Z(q*)3/2 _ ICl/Z(q*)l/Z _ er/Z =0.

4 THE SUB-GAME PERFECT NASH EQUILIBRIUM ANALYSIS

Theorem 3.2 guarantees the existence of a unique Nash equilibrium g* in the
first stage of the game described in Section 2.2. Hence, by expression (2), t(q*) is
the unique Nash equilibrium of the game’s second stage. When the condition (6)

holds, the strategies profile

(q°,t(qa")
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is the unique Sub-game Perfect Nash equilibrium of the interaction between m and
s. So, we can perform comparative statics to investigate the relationship between

equilibrium strategies and exogenous variables.

4.1 Comparative Statics

Note that the supplier's equilibrium strategy t(q) is a function that depends on q.
In the following proposition, we show how delivery time t changes as q, ¢, and r

change.

Proposition 4.1 Let t(q) be the equilibrium strategy of s at stage 2. We have that

at at t
24 5 0, 2D 5§ qua LD <,

dq dc T
Proof. By expression (2), we know that t(q) = +/cq/r.

First, we investigate the relationship between delivery time and input’'s quantity.

The partial derivative of t(g) with respect to q is

ot(q) _ e
dqa  2,[rq

Since c and r are positive constants, we get that dt(q)/dq > 0.

Now, we compute the partial derivative of t(q) with respect to ¢ to determine the

impact of changes in production costs and delivery time. We have that

ot(@) _ Ja
dc 2\re

where g and r are positive constants. Consequently, delivery time increases as

production costs are higher.

Finally, the partial derivative of t(q) with respect to r is
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o) _ yJq

or Ve

As before, g, and c are positive, i.e., there is a negative relationship between t(q)

and r.

The previous proposition shows a positive relationship between the delivery time
and the manufacturer’s requisition, which is intuitive since the supplier needs more
time to satisfy larger demands from the manufacturer. Also, we observe a negative
relationship between the delivery time and the storing cost which means that s
makes fast deliveries to avoid storing costs. In opposition to the competitive
equilibrium literature, we find that delivery time increases as production costs
increase (Lederer and Li, 1997; Saha et al, 2018).

Concerning the manufacturer’s equilibrium strategy, Condition 6 guarantees the
uniqueness of g¢*, the demand that m makes at equilibrium in the first stage; thus,
we can investigate how the manufacturer's requisition changes as exogenous
parameters p,, I and R change. The following proposition indicates that such
relationships depend on how large is the manufacturer’s cost p,q* with respect to
1/3.

Proposition 4.2  Consider that condition (6) holds, and let gq* be the
manufacturer’s equilibrium strategy at stage 1. If 3p,q* > 1/3, then
aq* aq* aq*

o, L a Lo
apy R ar =

Proof The relationship between g* and p,, the market price of the intermediate
good. To determine the relationship between g¢* and p,, we implicitly compute the

partial derivative of g* with respect to p, from the equation (7). So, we have that

IJc aq* 3
+>poVeq
2\/Fapy va \/q—

aq*
Ve(gh)3/2 — =0
(g .
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From the previous expression, we get that

aq" 2q*
opy  3pq* =T

So, the sign of dq*/dp, depends on the denominator’'s sign; that is to say, the
manufacturer’s requisition decreases if and only if 3p,q*—1>0. This last

expression is equivalent to
s L
Pvq” >3

The relationship between g* and R. By equation (7), the implicit partial derivative
of ¢g* with respect to R is given by

INc dg* 3

+= c
2Jq OR " 2"

Then, the relationship between g* and R is determined by the following expression

* =0
T 3R

aq" 2\/7\/?
OR  Vc(Bp,q*—1I)

Note that dg*/dR is positive if and only

pvq 3

The relationship between g* and I. Now, we investigate how the equilibrium
strategy of m changes as the base revenue I changes. Hence, we implicitly
compute the partial derivative of g* with respect to I through equation (7). So, we

have that

IJc aq*
2\/_ ol

VT -
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The previous expression is a linear equation in terms dq*/dl. By solving this

equation, we find that

Jdq"  2q°
al  3p,q*—1T

Consequently, the relationship between q* and I is positive if and only if

pvq 3'
In other words, the previous proposition indicates that we get intuitive
relationships between q* and p,, R and I when the cost of acquiring the

intermediate input overpasses a third of the base revenue.

4.2 Numerical Examples

The previous section analyzes the existence of a unique Sub-game Perfect
Nash equilibrium since the manufacturer’s equilibrium strategies are solutions of a
cubic equation (4). From this analysis, the manufacturer equilibrium strategy g* is
unique when exogenous variables I, ¢, p,,, R and r satisfy expression (6). Although
such condition does not allow to get a closed form of g*, given the cubic equation
involves five exogenous variables, the uniqueness of g* allows us the implicitly
perform comparative statics between the equilibrium strategies and the exogenous
variables. Even more, we observe that intuitive relationships are obtained when

I
Poq >3

In this section, we provide some numerical examples to show the behavior of g*
concerning the exogenous variables. Given t* has a positive relationship with g*,
we focus on providing some numerical examples to show the behavior of g* when

variables p,,, R and I change.
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When Proposition 4.2 holds, we know that q* decreases as p,, increases. Below,

we present an example to illustrate this behavior.

Example 4.1. Selling price. By condition (6), we need to provide values of p, that

satisfies the following inequality

4 [3c

—_——< .
277Rz > Pv

To analyze the relationship between g¢* and p,, we consider specific values for

exogenous variables I, ¢, r and R.
Considering the values in Table 4, p,, should be greater than

Table 4. Example 1.

Y

ariable alues

Source: Developed by the authors.
4 I3c
27TR2

So, we consider p,; = 3,p,2 = 9, py3 = 18 and p,,, = 30.

We can use the program Wolfram Mathematica to compute the solution of each

equation f(z) = 0 induced by the values of p,, I, ¢, R and r the we consider in the
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previous paragraph. Remembering that z = q%/? if z* is a solution of equation (4),
then q* = (z%) is the manufacturer’s equilibrium strategy. Table 5 presents g* for
each equation induced by p,,; for all i € {1, ...,4}. Also, Table 5 shows that p,q —1/3
is positive, a necessary condition established in Proposition 4.2 to get an intuitive
relationship. In other words, we observe that z*, a solution of the equation f(z) =
0, decreases as the selling price increases, i.e., the manufacturer requests less

input when p,, increases.

Table 5: Equilibrium strategies by considering the values in Table 4.

Py z q = (z")% p.,qa—-1/3

3 0 0 1
851383  .724853 84123

9 0 0 2

.557233 .310509 46125

18 0 0 2
429875 .184792 .99293

30 0 0 3
.356236 .126904 47379

Source: Developed by the authors.

Also, in Figure 4 we illustrate how the solution g* of equation (4) changes when

p, increases. So, we can observe the graph of each function

fi@) = puz® —2 -1
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foralli € {1,...,4}.

Figure 4. Changes in g* as the input’s price p,, changes.

(¥
T

Source: Developed by the authors.

It is important to remark that the manufacturer is not only aware of the input’s

price. The decision making of m also depends on the base revenue [ he can earn,

and the additional revenue R that he can lose by late production, which is a

consequence of slow deliveries from the supplier.

The next example illustrates the implications of changes in revenues I and R on

q* by assuming specific values for the exogenous variables.

Example 4.2 Base Revenue. The base revenue I is the fixed part of the

manufacturer’s budget B(t). By condition (6), the uniqueness of g* is guaranteed if

I satisfies the following inequality

3127 p,Rr
< |— .
,’ 4 ¢
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So, we analyze the impact of such a parameter on g* considering the values in
Table 6 for exogenous variables R, ¢, p, and r. Consequently, the uniqueness

condition (3.2) implies that
Table 6. Example 2.
P
arameter  alues

10

10

2%
10

10

Source: Developed by the authors.

1< 3/24—7 103 = 18.8988.

Hence, we consider I; =21, =4,1; =8and I, = 16.

We use the software Wolfram Mathematica to compute the solution of each
equation f(z) = 0 induced by the values of p,, I, c, R and r that we mention in the
previous paragraph. Table 7 presents q* for each equation induced by I; for all
j €{1,...,4}, and the difference between p,q* and I/3. Therefore, we observe that
each equation satisfies the assumption of Proposition 4.2, and consequently we

find that g* increases as the base revenue I increases.

Table 7. Equilibrium strategies by considering the values in Table 6
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I z’ q =(z)* p,q —1/3

2 i 1 9
.06657 .13758 .37581
4 i 1 8
.13265 .28289 .82888
8 i 1 7
.26192 .59244 .92443
16 i 2 6
.50483 .26453 .64525

Source: Developed by the authors.

Figure 5. illustrates the function f(z), as in expression (5), when we consider
I;,I,, I3 and I,. As in Table 7, we observe that z*, the solution of f(z) =0,
increases as the base revenue increases. The intuition behind Example 4.2 is
direct. Remember that the manufacturer has incentives to produce more when his
budget/revenues increases. Following the same reasoning that in the relationship

between g* and I, we can expect that the manufacturer’s requisition increases as

the variable revenue increases.

Figure 5. The relationship between the solution of equation (4) and I.

I . 60

[
| I2=4

—al
| | | —  H4=16




Source: Developed by the authors.

Example 4.3 Variable revenue. To show the behavior of q* for changes in R, we
provide values to the exogenous variables I, c, p, and r. Table 8 presents some
values for these exogenous variables. Also, Proposition 3.2 establishes that R must

be higher than

Table 8. Example 3.

Vv

ariable Values

Source: Developed by the authors.

4 I3c

Ty (8)

27 pyt
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to guarantee the uniqueness of g*. Given the values in Table 8, we have that

4 Pe = 0.3849
27 p,r '

Then, we consider R, = 3,R, =9, R; = 18 and R, = 30.

As before, we use Wolfram Mathematica to compute the solution of f(z) = 0, for
each R;, that implies an equilibrium requisition g* = (z*)%. Table 9 presents the
equilibrium strategy gq* as the variable revenue changes, and the difference
pyq* —1/3 as well. We observe that condition established in Proposition 4.2 is
satisfied by the chosen values, which implies that g* is unique and increases as R

increases.

Table 9. Equilibrium strategies by considering the values in Table 8.

R z’ q =(z)? p.qa—1/3

3 ] 2 2
6717 79458 46125

9 p 5 4
24004  .01778 68445

18 y 7 7
74784 55061 21727

30 y 1 9
21447  0.3328 .99947

Source: Developed by the authors.

Also, in Figure 6 we illustrate the graph of fi(z), that it is induced by each
R;, for all i € {1, ...,4}. As before, we observe that the manufacturer equilibrium
requisition is unigue since m best response function intersects the horizontal axis

in only one point; such intersection moves to the right when the variable revenue
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increases, which means that m requests a larger input’s quantity when his budget

increases.

Figure 6. The relationship between the solution of equation (4) and R.
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| R4=30

—al

Source: Developed by the authors.

5 CONCLUSIONS

We analyze the interaction between a manufacturer and an input’s provider in a
situation where trust prevails; i.e., the relationship between both agents is not
contractual. In this interaction, we say that the supplier acts as a “last resort
provider,” since he chooses the delivery time, while the manufacturer trusts on
getting the input, as soon as possible, to satisfy requisitions from his customers
that cannot be covered with typical providers. Given that the supplier is not unique,
we assume that the manufacturer’s revenue is composed by a base revenue and a
variable revenue that diminishes as time passes by; in other words, the
manufacturer loses customers’ requisitions as the supplier delays. Although there
iIs no general agreement of what trust relationships means, our modeling approach
considers them as the absence of a contract, which allows us to analyze the
setting of delivery times and input’'s requisition through a two-stage game where

the manufacturer demands an input’s quantity first, and the supplier sets the
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delivery time later. Under this game-theoretical framework, we provide necessary
and sufficient conditions to guarantee the existence and uniqueness of the Sub-
game Perfect Nash equilibrium; these conditions rely on exogenous variables like

marginal production cost, base revenue, additional revenue and input’s price.

As it is usual in the delivery times literature, we consider a Cobb-Douglas
production function. Together with the existence and uniqueness conditions, we
provide a closed-form solution for the delivery time and manufacturer’'s solution at
equilibrium, such closed form allows us to perform some comparative statics to
determine their relationship with the exogenous variables. The comparative statics
shows that relationships between endogenous and exogenous variables depend
on how large is the cost of acquiring the intermediate input with respect a third of
the base revenue, which indicates that the manufacturer is aware of losing the
variable revenue. In other words, the manufacturer does not request the
intermediate input by considering all his revenue, and he changes his behavior by

comparing his costs with a third of his base revenue.
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TITULO

Analysis of trust via the interrelations between intermediaries in a

decentralized supply chain

Andalisis de la confianza a través de las interrelaciones entre los

intermediarios en una cadena de suministro descentralizada

ABSTRAC

This paper analyses the role of relations between intermediaries in a decentralized
supply chain, considering a three-level structure consisting of an independent
supplier, a distributor and a producer. We study a model based on game theory
that allows coordination analysis, which considers qualitative criteria in the
definition of supply chain member's preferences. Our objective is to show the
impact of trust in the consolidation, or not, of the three-echelon supply chain via the
Nash equilibrium analysis, which allows summarizing satisfaction and loyalty

across the supply chain.

The Nash equilibria set reflects that the achievement of satisfaction in the
interrelations between them the primary strategy to be followed by companies that
seek to promote coordination within the supply chain. At the same time, we
observe that only one agent is enough to maintain the supply chain active, i.e., the

free rider problem arises in our setting.
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RESUMEN

Este documento analiza el papel de las relaciones entre los intermediarios en una
cadena de suministro descentralizada, considerando una estructura de tres niveles
que consiste en un proveedor independiente, un distribuidor y un productor.
Estudiamos un modelo basado en la teoria de juegos que permite el analisis de
coordinacién, que considera los criterios cualitativos en la definicion de las
preferencias de los miembros de la cadena de suministro. Nuestro objetivo es
mostrar el impacto de la confianza en la consolidacion, o no, de la cadena de
suministro de tres niveles a través del andlisis de equilibrio de Nash, que permite
resumir la satisfaccion y la lealtad en toda la cadena de suministro.

El conjunto de equilibrios de Nash refleja que el logro de la satisfaccion en las
interrelaciones entre ellos es la estrategia principal que deben seguir las empresas
gue buscan promover la coordinacién dentro de la cadena de suministro. Al mismo
tiempo, observamos que solo un agente es suficiente para mantener activa la
cadena de suministro, es decir, surge el problema del cliente libre en nuestro
entorno.

Palabras claves: Confianza, Intermediarios, Subjuego Equilibrio de Nash, Cadena

de suministro.

1. INTRODUCTION

The globalization of many industries has strengthened the competition that
companies live in their markets, making necessary the improvement of the supply
chain's management (Toktas-Palut and Ulengin, 2011). Nowadays, production

processes take place in different places which implies the involvement of different
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agents, even from different countries, within the supply chain; this makes
necessary to revisit the selection of partners. The literature recognizes the
importance of intermediaries to satisfy the requirements from suppliers and
producers costumers (Oh and Rhee, 2010). So, the benefit of a downstream
company relies on the capacity of suppliers and intermediaries to satisfy
requisitions. Hence, many companies invest in the development of better
relationships with their partners in the supply chain to boost their overall
performance and to increase the competitiveness level of the supply chain (Griffith,
and Myers, 2004).

Reaching an efficient performance of the supply chain is not an easy task given
the interaction of agents with specific objectives. That is to say, there are multiple
decision-makers that control the behavior of a supply chain, some of them may
have interests in opposition with the objectives of other agents (Giannoccaro and
Pontrandolfo, 2004). For example, producers would prefer to manufacture in large
batch sizes to reduce installation costs. This would increase the number of finished
products in the inventory, which eventually will increase costs, contradicting the

original motivation of such strategy (Bowersox, Closs, and Cooper, 2007).

It is important to remark that supply chain members interactions depend on the
supply chain's structure. Given the importance of intermediaries, this focuses in the
analysis of a decentralized supply chain, which is a structure where agents have to
make multiple decisions to improve their interrelationships (Anupindi and Bassok,
2001). On the other hand, in a centralised supply chain, there is a single decision-
maker that controls the activities within the supply chain. The first situation results
in local improvement of the interrelations between the members or agents
(supplier, distributor, producer), while the centralized system leads to a global
development (Simchi-Levi et al., 2000). Our analysis models the decentralized
interaction through a game theoretical approach where coordination in the activities
between the supplier, the intermediary and the producer contributes to a better

location of facilities to fulfil with on-time deliveries.
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We analyses a supply chain with three agents: a supplier, an intermediary, and
a producer. Considering a simple framework, we assume that producer and
supplier may choose between to stay, or not, in the supply chain. So, our
equilibrium analysis allows us to identify those scenarios of consolidation, or
breaking-up, of the supply chain. Also, we show that the set of equilibria serve to
determine the presence, or absence, of trust within the supply chain. Later, we

discuss the implications of such factor.

The study of how to generate trust within a supply chain is not new since it a
mechanism to improve the coordination between suppliers, distributors, and
producers. Nowadays, the globalization of production processes requires the
generation of trust for the efficient development of supply chain members’
activities. It is worth to mention that trust acts as a prerequisite to improving the
performance of the three most essential processes in the management of the
chain: a) flows of materials, b) financial flows and c) information flows. Hence, trust
is a precedent to achieve cost reduction via the management. However, it is
common that intermediaries do not adequately fulfil their activities generating
distrust, which motivates the establishment of positive/negative incentives to
induce the adoption of strategies or the fulfilment of specific objectives. We recall
that trust generation is crucial since new challenges that supply chains face in the

globalization of processes (Johnston, Mccutcheon, Stuart and Kerwood, 2004).

Our motivation comes from the manufacturing sector where inventory
management and on-time fulfilment of customers' requisition may decrease
companies' benefits. Dyer and Chu (2003) provide empirical evidence about the
impact of intermediaries’ actions on the benefits of their clients. Also, they observe
that trust is the consequence of the frequency and long-term interactions. So, there
IS an opportunity area to generate confidence within supply chains. In this sense,

game theoretical models provide useful insights into the designing of contracts that
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establish punishments to those that deviate from a desirable behavior (Cortina,
2008; Toktas-Palut, 2011).

This paper focuses on analyzing a three-echelon supply chain through a game
theoretical approach. We define the relationship between a supplier, an
intermediary and a producer based on the fulfilment of each agent obligations to
study the effect of trust in the consolidation or disaggregation of the supply chain,
l.e., we construct the agents' preferences considering the negative impact of non-
compliance over agents' benefits. Moreover, we present the Nash equilibrium
analysis in a case where agents only can win, lose or remain indifferent. The
equilibria set is not a singleton; non-surprisingly, the disaggregation of the supply
chain is an equilibrium, but there are equilibria where the supply chain stands when

a single member copes with his responsibilities.

The paper proceeds as follows. Section 2 presents a brief literature review on
the importance of confidence within the supply chain, and how the relationship
between supplier, intermediate and producer has been analyzed it. So, in section 3
we present a game theoretical that summarizes the possible scenarios that our
supply chain faces. Section4 presents the equilibrium analysis, and section 5

concludes the paper.

2. LITERATY REVIEW

Our paper is closely related to the literature that analyses the impact of
intermediaries in the success of the supply chain activities. Vieira et al. (2012)
investigate how the cultural differences between 338 processing plants, in Asia and
occidental countries, impact their relationships with intermediaries and the
influence of such impact on suppliers’ activities. They use structural models to
measure the presence or absence of trust. In general, processing plants
differences are crucial for the development of a supply chain because their

decisions contribute to modify the behavior of the previous links in the supply

69



chain. The empirical evidence shows that Asian companies tend to trust more on
each other than western companies, Laeequddin, Sahay, Sahay, and Waheed
(2012); Lee and Dawes (2005). In a similar work, MacDuffie (2011) observes that
processing plants are the first to punish since intermediaries often forget to
evaluate the quality of suppliers’ product. It is usual that that quality, from
provider's products, is taking for granted by the intermediary. However, such
negligence generates negative incentives for the supplier activities. That is to say;
suppliers have incentives to low the quality of their products since other members

of the supply do not implement a complete assessment of their activities.

In recent years, the presence of conflicting objectives within a supply chain, from
its participants, indicates that game theory is an appealing methodology to model
the generation and impact of trust Li, Zhao, and Qu (2012). In this type of analysis,
the structure of the supply chain plays a significant role. Charvet, Cooper, and
Gardner (2008) observe that the number of links in the supply chain has a different
impact on the development of the supply chain since each link has specific
objectives with different consequences for the other members of the supply chain.
So, the collaboration is necessary to reach a common purpose. However, a

collaborative behavior requires different incentives Dyer and Chu (2000).

The most straightforward supply chain, a producer, and a supplier is defined as
a centralized structure since the producer also acts as an intermediary to attend
final customers. Our paper develops a decentralized supply chain with the
presence of an intermediary, who is independent of the decisions that take the
producer and the supplier. Also, a decentralized supply chain is often called a
three-tier supply chain. Huang, Huang and Newman (2011) analyze the equilibrium
interaction of such kind of supply chain following a dynamic approach. They show
that inventory levels become a coordination problem since the capacity of some
agents to set prices. The coordination analysis motivates non-cooperative Zhao,
Meng, Wang and Cheng (2015) and cooperative approaches Huang and Li (2001).
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3. MODEL

We consider a decentralized supply chain with the following players: a supplier,
a distributor, and a producer. First, we consider a simultaneous game with
incomplete information among these three agents. In this interaction, the supplier
produces raw material that is used by the producer. The communication between
these two agents relies on the distributor intervention. The central aim of our model
is to analyses the consolidation or to break up, of the supply chain. Below, w

describe the action that each can take in this supply chain.

Note that suppliers take care of raw material‘'s quality, while the distributor is in
charge of doing the delivery of the raw material. So, we consider that supplier may
supply (D), or not (ND), the good. Also, it is important to recall that distributor’s
reputation depends on how the producer evaluates him. So, distributors actions are
the four possible combinations between Receive (R), Not Receive (NR), Give (G)
and Not Give (NG), i.e., distributor's actions are (R, G), (R, NG), (NR, G) AND (NR,
NG). Implicitly, the action (NR, G) assumes that distributor can satisfy producers’
requisition using his inventory. Also, the action (R, NG) represents a situation
where the distributor wants to increase his inventory levels by no fulfilling the
producer's requisition. This behavior is not unusual since distributor may desire to
increase the cost by generating scarcity. Finally, given the features of raw material
and distribution service, the produce chooses to continue (S), or not (O), with her
relationship with this intermediary. The payoff of each supply chain member
depends on the other actions. Table 1 summarizes all the possible scenarios that

result from the interaction between the producer, the distributor and the supplier.
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Table 10. Payments matrix of the supplier, producer, and distributor.

DISTRIBUTOR

Receive and Receive and Do not Receive Do Not Receive and
Give (R, D) Not Give (R, and Give (NR, D) Do not Give (NR,
P ND) ND) S
R Supplying | U
0 X A M H [ J C LL E P Q U (D) P
D | Continue (S) 3 Not P
U Y B N K L N F G V4 T W \% supplying L
C (ND) I
E X|A|m|w]|r|y|lc|wle|er Q U Supplying | E
R . (D) R
Choice of Not
another©) | v | g |y |k || R | P | & | 2| T wo| v supplying
(ND)

Source: Own elaboration

Below, we discuss the relationship between the payoffs, concerning player's

preferences.

Producer Payments

X > X'. Note that, in this case, choosing another supply chain is unnecessary since
the distributor and the supplier fulfil their obligations, (R, D) and D respectively.

Y > Y’. The producer prefers to stay in the supply chain since the distributor fulfils
with his requisitions.

X >Y. Although the first link of the supply chain does not fulfil with their obligations,
the supplier chooses ND, and the distributor satisfies the producer's requisition.

H > H’. In this case, it is not necessary to choose another supply chain that can
meet its obligations, D and even though the distributor is not complying with do not
give (R, ND), respectively.

K > K’. The producer prefers to remain in the supply chain and even though the
distributor is not supplying the product.
H > K. The second link in the supply chain does not fulfil its obligations, the

distributor decides not to give ND, does not satisfy the request of the producer.
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However, the producer decides to continue trusting because the supplier did
comply with the demand to give D.

C > C'. Keep in mind that, in this case, it is not necessary to choose another supply
chain since the distributor fulfils half of his obligations by not receiving (NR, D) and
giving, the supplier fulfils his obligations to give D.
F > F'. The producer prefers to remain in the supply chain since the distributor only
complies with giving (NR, D) and satisfying his requisitions.

C = F. Although the first link in the supply chain complies with its obligations, the
supplier chooses to give D, but the distributor is not receiving (NR) the goods. So,
the D is indifferent between the actions that P chooses.

P > P'. In this case, it is not necessary to choose another supply chain since the
supplier fulfils his obligations, even though the distributor does not comply with his
activities.

T = T'. The producer prefers to remain in the supply chain and even though the
distributor and supplier do not fulfil their obligations respectively.

P > T. Note that the second link in the supply chain does not meet its obligations,
the distributor decides not to receive and not give (NR, ND), and the supplier did

comply with the demand to give D.

Distributor Payments

A > A’. Because the distributor and the supplier fulfil obligations, (R, D) and D,
respectively, in this case, it is not necessary to choose another supply chain.

B > B’. The distributor is complying with the producer's requests, which is why he
prefers to remain in the supply chain
A > B. The distributor, satisfies the producer's request, although the first link in the
supply chain does not fulfil its obligations, because one of the two suppliers
chooses ND.

| > I'. The distributor decides to receive and not give (R, ND) falling into a breach of
obligations and the supplier fulfils the supplies giving D, in this particular case, the

producer chooses to continue the supply chain due to the trust he still has.
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L > L’. The distributor and supplier are not complying with the producer's
requisitions, which is why the last opportunity for both are presented. Also, in this
situation, he has no more supply options, so he remains in the supply chain.
| > L. The second link in the supply chain does not fulfil its obligations, the
distributor decides not to give ND, not satisfying the request of the producer.
However, the producer decides to continue trusting because the supplier did meet
the demand to give D.

D > D’. Keep in mind that, in this case, it is not necessary to choose another supply
chain since the distributor complies with half of his obligations by not receiving and
giving (NR, D), the supplier fulfils his obligations to give D.
G > G’. The distributor only complies with giving (NR, D) and satisfying the
producer's requests to remain in the supply chain.

D > G. Although the first link in the supply chain fulfils its obligations, the supplier
chooses to give D, and the distributor is not receiving (NR), and only satisfies the
request of the producer.

Q > Q'. In this case, the distributor does not fulfil its obligations, and because the
supplier fulfils his D obligations, it is not necessary to choose another supply chain.
W > W’. The distributor and supplier do not fulfil their obligations respectively. Due
to the complexity of replacing the two agents at the same time and the producer
prefers to remain in the supply chain.
Q >W. Note that the second link in the supply chain is not met, the distributor
decides not to receive and does not give (NR, ND), and the supplier did comply
with the request to give D. reason why the producer remains with them in the

supply chain.
Supplier Payments

M > M'. In this case, it is not necessary to choose another supply chain that can

fulfil its obligations D, and the distributor to receive and give (R, D), respectively
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.N > N’. Although the supplier is not supplying the product to the distributor, the
supplier, if it gives and receives the product, the producer prefers to remain in the
supply chain.

M > N. Keep in mind that this is the ideal case of a trust scenario because all the
intermediaries in the supply chain fulfil their obligations.

J > J'. Even though the supplier fulfilled his obligations, D and the distributor does
not do it because he only receives and does not give (R, ND), In this case, it is not
necessary to choose another supply chain, due to the effort and commitment of the
supplier.

O > O'. The supplier is not supplying the product to the distributor, but he gives
takes. Moreover, for that reason, the producer prefers to remain in the supply
chain.

J > O. The supplier did comply with the demand to give D to the distributor but
decides not to give ND, not fulfilling his obligations with the producer. However,
although the second link in the supply chain fails to satisfy its obligations, the

producer decides to remain within this supply chain.

4. RESULT

Example for Nash Equilibrium Analysis.

To illustrate the game that we described in the previous section, we present a
payoff matrix considering the values of -1, 1, and 0. If the agent wins, loses or

remain indifferent in the scenario described by the corresponding strategies profile.
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Table 11. Example of intermediary payments matrix.

DISTRIBUTOR

P S
R Receive and Receive and Do not Receive Do Not Receive and U
0] Give (R, D) Not Give. (R, and Give (NR, Do not Give (NR, P
D ND) D) ND) P
U | Continue (S) 1 1 1 1 1 1 1 0 -1 1 0 -1 Supplying L
C (D) I
E -1 1110 0 -1 0 0 1 0 -1 0 0 Not E
R supplying | R
(ND)
Choice of 0 0 1 -1 0 1 1 1 1 0 0 -1 Supplying
another(O) (D)
11110 0 -1 0 0 -1 0 0 0 0 Not
supplying
(ND)

Source: Own elaboration.

5. DISCUSSION

Nash Equilibrium

To know the equilibria of the payment matrix of the supplier, distributor, and
producer, we calculate the best response of each player. We find five Nash
equilibria in the previous game that we discuss below.

1.-(S, (R-D), D)

The producer follows (S) or continues in the supply chain because the distributor
receives (R) the product and gives it (D) and the supplier starts giving (D) the raw
material. This first equilibrium could be understood as the full trust between the
three players as they all give and receive and continue with the same structure.
This balance is considered natural because all intermediaries fulfil their activities
effectively and reciprocally.

2.- (0, (R-D), D)
The producer does not follow (O) or does not continue in the supply chain,

although the distributor receives (R) the product and gives it (D) and the supplier
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starts giving (D) the raw material. In this second equilibrium, it is observed that the
producer changes or do not continue in the structure of said chain, although he is
receiving the product, however, if confidence is generated between the supplier
and distributor considering continuing with the same structure between said
players. We do not omit that the result is surprising because the first two
intermediaries comply without any problems that the producer requests and he
decides to change the structure of the chain together with them. However, it is a
reflection of what happens in real life.

3.- (S, (R-ND), D)

The producer follows (S) or continues in the supply chain because the distributor
receives (R) the product, but does not give it (ND) and the supplier starts giving (D)
the product. In this third equilibrium, we observe a proper interrelation of
coordination between the supplier and the producer because the first decides to
give the goods and the last continues with supply chain structure even though the
distributor, receiving the product, does not deliver it generating an area of
opportunity to improve. In the same way, this balance surprises the result or
decision of the producer who decides to continue the relationship with the
distributor, due to the failure of the same, but this reflects that in reality, many
processes need particular or specific distributors. Therefore, they take the attitude
of imposing priorities and not coping, and for them arise for both intermediaries
areas of opportunity.

4. - (S, (NR-D), ND)

The producer follows (S) or continues in the supply chain because the distributor
does not receive (NR) the product, but if he manages to give (D) the product and
the supplier starts not giving (ND) the raw material. In this fourth equilibrium, it is
observed that confidence is generated between two players: distributor and
producer, even though the supplier starts poorly or with a breach, as happens in a
particular case of industrial life. Alternatively, the fantastic reflection of the total

commitment that the distributor has a policy not to fall into default and to wear
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down the relationship with his final client. In this case, the producer because the
relationship he has with the supplier is a complete loss.

5. - (O, (NR-ND), ND)

The producer does not follow (O) or does not continue in the supply chain, as
the distributor does not receive (NR) the product and consequently does not give
(ND), and the supplier starts not giving (ND) the product. In this last equilibrium
reflects that the behavior of intermediaries are natural because it is observed that
there is no penalty or punishment for any player because there are breach

relations between them.

6. CONCLUSIONS

Our game theoretical analysis contributes to establish a framework to analyze how
the actions chosen by each of the members within the supply chain impact on the
overall behavior of the supply chain. In this way, we observe factors that exert a
positive and motivating effect on trust and loyalty, as well as incentives to free ride.
In other words, while most studies focus on the motivating aspects, our analysis
identifies that members within the supply pursue the maximum benefit taking

advantage of the trust that others set on them.
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CAPITULO VI. CONCLUSIONES

En la primera etapa de la investigacion se analizé una cadena de suministros de
dos niveles, un mayorista (m) y un minorista (r), quienes estan involucrados en la
produccion y distribucion de un solo tipo de producto terminado. Se examinaron
dos formas de interacciones en lo que respecta al Equilibrio de Nash de los
agentes interactuando en dos etapas, el Juego se resolvié en induccion hacia
atrds y con un escenario de Confianza y con un ejemplo numeérico para mayor

comprension.

Finalmente, asumimos que r y m, interactian en la primera etapa, el minorista
determina el precio (p) de venta al publico no mayorista. En este primer
escenario, existe confianza entre ambos jugadores, es decir, el minorista fija los
precios de venta pensando que el mayorista puede cumplir con los pedidos, por lo
que su beneficio depende del precio de mayoreo. Es importante notar que existe
una relacion positiva entre el mayorista, y la cantidad maxima a comprar en el
mercado de mayoreo, y los precios de venta del minorista (p *) y mayorista (w *).
Este resultado es interesante pues indica que el tamafio del mercado mayorista
impacta de manera directa en el mercado que atiende el minorista.

También se observa que mientras mayor sea la sensibilidad, los precios deben

disminuir pues la cantidad demandada disminuye.

En la segunda etapa de la investigacion analizamos la interacciébn entre un
fabricante y un proveedor de insumos en una situacidon donde prevalece la
confianza; es decir, la relacion entre ambos agentes no es contractual. En esta
interaccion, decimos que el proveedor actia como un "proveedor de ultimo
recurso”, ya que elige el tiempo de entrega, mientras que el fabricante confia en
obtener los insumos, lo antes posible, para satisfacer las solicitudes de sus
clientes que no pueden ser cubiertas con proveedores tipicos.

Dado que el proveedor no es unico, asumimos que los ingresos del fabricante

estdn compuestos por un ingreso base y un ingreso variable que disminuye a
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medida que pasa el tiempo; en otras palabras, el fabricante pierde las solicitudes
de los clientes a medida que el proveedor se retrasa. Si bien no existe un acuerdo
general sobre el significado de las relaciones de confianza, nuestro enfoque de
modelado las considera como la ausencia de un contrato, lo que nos permite
analizar la configuracion de los tiempos de entrega y la solicitud de insumos a
través de un juego de dos etapas en el que el fabricante exige una cantidad de
insumos. Primero, y el proveedor establece el tiempo de entrega mas tarde.

Bajo este marco tedrico del juego, proporcionamos las condiciones necesarias y
suficientes para garantizar la existencia y singularidad del equilibrio de Nash
perfecto en el Subjuego; estas condiciones se basan en variables exdgenas como
el costo de produccion marginal, los ingresos base, los ingresos adicionales y el

precio de los insumos.

Como es habitual en la literatura sobre tiempos de entrega, consideramos una
funcién de produccion de Cobb-Douglas. Junto con las condiciones de existencia y
exclusividad, proporcionamos una solucion de forma cerrada para el tiempo de
entrega vy la solucién del fabricante en equilibrio, tal forma cerrada nos permite
realizar algunas estadisticas comparativas para determinar su relacion con las
variables exdgenas. La estadistica comparativa muestra que las relaciones entre
las variables enddgenas y exdgenas dependen de qué tan grande sea el costo de
adquirir el insumo intermedio con respecto a un tercio de los ingresos base, lo que

indica que el fabricante es consciente de perder el ingreso variable.
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TRABAJO FUTURO

En futuros trabajos relacionados con el tema se sugiere abordar las lineas de
investigacion que a continuacion se sefialan:

1. Se debera desarrollar un modelo dinamico para un escenario sin confianza
considerando una cadena de suministro descentralizada.

2. Trasladar, establecer y evaluar el modelo en otros sectores productivos y
regiones, para conocer su pertinencia.

3. Adicionar nuevas variables involucradas (exdgenas) para su evaluacion y
determinar las acciones que mejoren las relaciones de confianza a lo largo de la

cadena de suministro.
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ANEXOS
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