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¿Simulación?
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¿Por qué simular?

‣ Entrenamiento y Aprendizaje: Ej. hay 
miles de juegos de simulación que se utilizan 
por universidades para enseñar conceptos. 
(Juego de la Cerveza)

4
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¿Por qué simular?

‣ Venta y Persuasión: 

‣ B. J. Fogg, Stanford Persuasive Technology Lab dice que 
normalmente se usan técnicas verbales, gráficos,  
números, e incluso videos para persuadir.

‣ Todos estos pueden ser ignorados o criticados y, por 
lo tanto, su efectividad varía dependiendo del 
contexto y audiencia

‣ Sin embargo, una simulación permite que las personas 
logren establecer, mediante prueba y error, su propio 
conocimiento. Es por ello que son muy efectivas para 
persuadir o vender.
‣ Pues se pueden probar muchos escenarios en poco tiempo y sin el riesgo del mundo 

real.
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¿Por qué simular?

‣ Análisis:

‣ Entender diversas variables objetivo basados en 
variables explicativas.

‣ Entender el proceso no estático, si no, dinámico

‣ Ayuda a generar un juicio respecto de cual es la 
mejor solución para resolver un determinado 
problema, sin tener que hacerlo mal en el mundo 
real.
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Caso: Rápido & Sabroso

‣ Compramos la cadena de restaurantes Rápido 
y Sabroso

‣ Carnes a la parrilla es la especialidad

‣ Se le ha encomendado mejorar la calidad del 
servicio a los clientes

‣ La administración anterior consideraba como 
elemento fundamental y único la calidad de 
los platillos preparados.

‣ ¿Qué otros elementos importantes podríamos 
considerar? 

7
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Tiempo de Espera

‣ Usted sabe que si el tiempo de espera es muy 
e l e v a d o , o b v i a m e n t e , i n c i d i r á 
negativamente en la percepción de 
calidad del restaurante

8
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Tiempos de Espera

‣ Tiempo de espera es una de las variables más 
importantes en este caso.

9
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Tiempos de Espera

‣ Tiempo de espera es una de las variables más 
importantes en este caso.

‣ ¿Dónde espera el cliente?

‣ El cliente espera a que el mesero le atienda

‣ Espera por el agua, vino, pan, etc.

‣ Espera para que se preparen los platillos que ha 
ordenado

‣ Espera para que le traigan la cuenta y para poder 
pagar
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Problema de Persuasión

‣ Cada restaurante de la cadena Rápido & Sabroso 
tiene mucha libertad para establecer las 
políticas de su restaurante

‣ Para la Administración actual que la gente deba 
esperar, indica que están de moda, que tienen 
demasiados clientes, son exclusivos. O sea, es bueno 
que la gente espere.

‣ Por lo tanto, usted esta en una difícil situación si 
desea convencer a cada gerente de local que haga algo 
respecto de los tiempos de espera
‣ Decidimos realizar una simulación que muestre la relación entre los tiempos de 

espera y la satisfacción del cliente.
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Modelo Situación Actual

‣ Comenzamos realizando un modelo y 
simulación de la situación actual

‣ Se requiere modelar el proceso actual en BPMN

‣ Luego, medir los tiempos de espera en la realidad

‣ Tiempo esperando mesa

‣ Tiempo esperando para ordenar la cena

‣ Tiempo esperando tragos

‣ Tiempo esperando la comida

‣ Tiempo pagando la cuenta

11
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Tiempos Utilizados en el Mundo Real

12

times vary over the course of a single Friday evening. Here, instead of an average wait
time, the simulatedwaits are expressed as a percentage. Of all the customer parties in
the restaurant at 8:30 PM, what percentage are waiting for something: for a table, for
dinner, for their check? Similarly, at 8:40 PM, what percentage are waiting?

to be seated

to order drinks

for drinks
to order dinner

for appetizers

for dinner

for check

for receipt

FIGURE 11.1 Average customer wait times, by activity
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¿Cuales inciden más en el 
problema?
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¿Cuales inciden más en el 
problema?

¿Que tiempos son los más 
factibles de mejorar?
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Tiempos de Espera Diarios
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Si nosotros hemos decidido que esta bien que exista 
hasta un máximo de 30 min de espera, entonces...

SLA 
T. de espera <= 30 Min
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Problemas más graves

Si nosotros hemos decidido que esta bien que exista 
hasta un máximo de 30 min de espera, entonces...

SLA 
T. de espera <= 30 Min
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Service Level Agreements

‣ Son los estándares de calidad o desempeño de 
un proceso. También conocidos como nivel de 
servicio.

‣ SLA basado en Clientes: Es cuando uno 
acuerda el nivel de servicio con un grupo de 
clientes.

‣ SLA basado en Servicio: Es cuando uno tiene 
un nivel de servicio para todos los clientes

‣ SLA Multinivel: Es cuando uno establece varios 
niveles de servicio para diversos grupos de clientes 
que utilicen un mismo servicio

14
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Porcentaje de Clientes Esperando en un Día

15
The simulation results in Figures 11.1, 11.2, and 11.3 are not intended to cre-

ate any analytical insights—not yet. So far Rhonda has only replicated the current
as-is situation at Zona. The simulation results validate that the model is reasonably
accurate, that the model reflects the actual wait dynamics at the Zona restaurant.

Now Rhonda turns to analysis. She starts with a simple experiment. What hap-
pens if the staffing is doubled? What happens on Friday nights if there are two
hosts available to greet and seat customers instead of one, twice as many servers
waiting tables, twice as many chefs cooking meals, and twice as many bartenders
mixing drinks? This is clearly an unrealistic experiment—Zona is not going to
double their labor costs just to reduce customer wait times. But it is a revealing
experiment. Are the customer waits due to staffing resource or due to some other
cause?

Figure 11.4 shows one of the results of the experiment—the percentage wait-
ing through the course of a Friday evening. Figure 11.4 is directly comparable to
Figure 11.3. The only difference is the staffing of the simulated restaurant. As you
can see, there are some declines in wait times, but only modest reductions. At its
worst, the Friday night waits with twice the staff are almost 90 percent of the
current waits.

Why is the reduction in wait times so modest even when the staff is doubled?
Rhonda analyzes the difference by looking at a single simulated party of four in
both the as-is model and the (unrealistic) to-be. Figure 11.5 compares the break-
down of wait time for a single party arriving at the peak of Friday evening.
On the bottom is the breakdown of waits for the party of four in the as-is model.
On the top is the breakdown of waits for the party in the to-be model. The to-be

30%

40%

50%

60%

70%

80%

90%

100%

7:00 PM 8:00 PM 9:00 PM 10:00 PM

FIGURE 11.3 Percentage of customers waiting on an average Friday evening
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¿Problemas?

‣ Los días viernes y sábado existen tiempos 
promedio de espera de 70 minutos, lo cual 
constituye un serio problema de satisfacción de 
los clientes. El Jueves también se espera mucho.

‣ ¿Cómo podemos solucionar esto?

16
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¿Problemas?

‣ Los días viernes y sábado existen tiempos 
promedio de espera de 70 minutos, lo cual 
constituye un serio problema de satisfacción de 
los clientes. El Jueves también se espera mucho.

‣ ¿Cómo podemos solucionar esto?

‣ Aumentemos el personal que atiende al doble!!

‣ Solución cara!

‣ Pero no importa, pues podemos ver los resultados 
de la simulación...

16
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Tiempo de Espera en un Día

17
party waits almost as long as the as-is party, but they wait at different points in the
process. Instead of waiting for their bill to be prepared or for their server to take
their order, their wait is concentrated at two points: waiting for a table and wait-
ing for their dinner. By doubling the staff, we have succeeding only in shifting the
wait time.
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FIGURE 11.4 Percentage of customers waiting on a Friday, with twice the staff
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FIGURE 11.5 Friday night wait-time breakdown: as-is vs. to-be

Simulating a Business Process Model 297

No hay mejora alguna!

¿Porqué pasa esto?

¿Qué podemos hacer 
para entender el por 
que de esta situación?
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Comparando Resultados

‣ Si vemos el tiempo de espera un día particular 
de la semana. Es posible darnos cuenta que no 
hay mucha diferencia aunque haya el doble de 
personal.

‣ ¿Porqué?... 

‣ Estudiemos la composición de los 
tiempos de espera.

18
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Compocisión de los T. de Espera
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party waits almost as long as the as-is party, but they wait at different points in the
process. Instead of waiting for their bill to be prepared or for their server to take
their order, their wait is concentrated at two points: waiting for a table and wait-
ing for their dinner. By doubling the staff, we have succeeding only in shifting the
wait time.
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FIGURE 11.4 Percentage of customers waiting on a Friday, with twice the staff
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FIGURE 11.5 Friday night wait-time breakdown: as-is vs. to-be
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Analizando las Alternativas

‣ Nos podemos fijar que muchos tiempos de 
espera de la situación AS-IS (la realidad) se 
acortan en la solución TO-BE.

‣ El tiempo de espera a que sienten a los 
comensales se mantiene constante.

‣ Ahora el cliente debe esperar más por su cena
‣ Esto puede producirse debido a que ahora hay más meseros, por lo tanto 

llegan a la cocina más ordenes simultáneamente. 

‣ El cocinero debe elegir una y comenzar a cocinar, mientras la persona 
espera por la cena.

‣ Lo que ha ocurrido es que hemos transformado tiempo de espera 
para que nos tomen la orden en tiempo de espera por la cena.

‣ ¿Cómo podría reducir un tiempo como este?

20
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Analizando las Alternativas

‣ Experimentemos con lo siguiente:

‣ Doble personal: Meseros y Cocineros

‣ Doble Mesas y Sillas

‣ Doble de Cocinas

21
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Solución 2

22Of course, if every table is already occupied, a newly arriving party cannot be
seated. They must wait for someone to leave. And when a party orders dinner,
the food cannot be prepared if the kitchen capacity is fully taken by other dinners
cooking. So Rhonda tries another experiment to test whether the tables and the
kitchen capacity are creating the waits. In addition to doubling Zona staff, she dou-
bles the size of the restaurant: the number of tables and the capacity of the kitchen.
This is also unrealistic: Mykonos is planning no expansion in the size of Zona.

Figure 11.6 shows the Friday night waits for this double-size Zona. Most of the
waits have disappeared. Customers still wait—of course they must still wait for
their food to be prepared—but some of the waiting has been eliminated.

Rhonda draws the obvious conclusion from this latest experiment: Zona is just
not big enough for the demand on busy nights. Now it is time to try a realistic
experiment. Suppose Zona changed their policy and only seated people with
reservations on those busy nights. What if they eliminated waiting lists for tables?
Rhonda models that policy change experiment. She first returns the model to the
normal staffing and the normal size and then alters the process to turn people
away who do not have reservations on Fridays and Saturdays. The results are
shown in Figure 11.7. People are in fact waiting less. But that reduced wait comes
at a cost: Zona is serving fewer people and the bar is serving far fewer drinks to
people who are waiting.

Many other experiments are possible. What if Zona limited the size of the wait-
ing list to allow no more than three parties to wait at a time? What if Zona staffed
a single additional server on Fridays and Saturdays? What if Zona cross-trained the
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FIGURE 11.6 Percentage of customers waiting on Friday, with twice the staff, twice the tables,
and twice the kitchen
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Ahora si!
 

Esta vez, podemos ver 
que si hay una mejora 
enorme respecto de la 
situación original y 
respecto de la solución 
anterior
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Solución 3

‣ La solución 2 muestra claramente ser una buena 
solución. Sin embargo, sigue siendo cara! O Sea, 
es infactible.

‣ Existe alguna otra alternativa?

23
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‣ Si, hay varias, una de estas es Eliminar las Lineas 
de Espera... ¿Cómo lo hacemos?
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Solución 3

‣ La solución 2 muestra claramente ser una buena 
solución. Sin embargo, sigue siendo cara! O Sea, 
es infactible.

‣ Existe alguna otra alternativa?

‣ Si, hay varias, una de estas es Eliminar las Lineas 
de Espera... ¿Cómo lo hacemos?

‣ Política de sólo Reservas
‣ Nadie pueden entrar sin reserva.
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‣ Nadie pueden entrar sin reserva.

‣ Podemos atender a todas las personas con los recursos 
existentes
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Solución 3

‣ La solución 2 muestra claramente ser una buena 
solución. Sin embargo, sigue siendo cara! O Sea, 
es infactible.

‣ Existe alguna otra alternativa?

‣ Si, hay varias, una de estas es Eliminar las Lineas 
de Espera... ¿Cómo lo hacemos?

‣ Política de sólo Reservas
‣ Nadie pueden entrar sin reserva.

‣ Podemos atender a todas las personas con los recursos 
existentes

‣ Se minimizan los tiempos de espera de las personas (como 
muestra la Fig. 11.6)
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Tiempos Espera Solución 3

24servers, so they could perform as hosts if the host was busy seating people? What
if Zona only seated smaller parties—those of six people or fewer? All of these
simulations could be modeled and the results examined.

You are planning to use the simulation to analyze different policies and
improve your own understanding. But the wait times and changes in policy to
reduce those wait times are ultimately the responsibility of the general managers
of the individual restaurants. You intend to provide this simulation to those res-
taurant general managers so that they can experiment with various policies for
their own restaurants.

Activities, Resources, and Jobs

What does it take to create the kind of business process simulation described in
the last few pages? Of course you need a business process simulation engine, a
software application that simulates the model. Often such an engine is included
as part of a business process modeling tool.

You also need a good business process model, the kind of model described in
Chapter 5. And you need to prepare that model to be run in a simulation engine.
Preparing a model for simulation requires some additional work beyond what is
required to create a static, non-simulated model. But more significantly than the
extra work, preparing a process model to be simulated requires additional
knowledge.

To create a business process simulation you must understand activities,
resources, and jobs and the way these three interact with each other.
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FIGURE 11.7 Percentage of customers waiting on Friday, with a reservations-only policy
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¿Qué se Requiere para Simular?

‣ Un Motor de Simulaciones de Procesos de 
Negocio (Ej. Bonita)

‣ Un Modelo de Proceso de Negocio Validado

‣ Que represente la realidad

‣ Conocimiento adicional de como se inter-
relacionan las Actividades, Recursos y los 
Trabajos.

25
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Recursos, Actividades & Trabajos

‣ Actividades: Son tareas unitarias que 
componen un proceso de negocio.

‣ Recursos: Son personas que realizan una 
actividad. Están demarcados por los “lanes” 
dentro de un Pool.

‣ Trabajos: Es algo que fluye a través del 
proceso, y que debe ser realizado por un 
recurso.

‣ Sinónimo de trabajo, es token, viene de redes de 
petri

26
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Recursos, Actividades & Trabajos
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As described in Chapter 5, a business process activity is a single step in a larger
business process. In our model of customers dining at Zona (shown again in
Figure 11.81),Mix Drinks is one activity and Take Dinner Order is another.

A resource is a person who performs the activity. The resource is identified in
a business process by the swimlane where the activity is placed. For the activity
Take Dinner Order, the resource is a Server. Note that the resource is an actual
(simulated) person, whereas Server is a role the person plays. At any one time,
many people will be playing the role of servers; seven different servers will be
working on a typical Friday night. And over the course of an evening, one person
may play multiple roles.

A job2 is something that flows through the process, being worked on by
resources and flowing from activity to activity. Examples of jobs include a pur-
chase order and a help desk trouble ticket. In our model of restaurant dining,
each job is a customer party. Some jobs represent parties of two diners, some rep-
resent parties of four, some represent people dining alone.

The Job Cycle

A job is created at a start event and flows over sequence flows and message flows
from activity to activity until an end event is reached.When a job reaches an activity,
one of two things can happen. Either a resource is available to work the job or no
resource is available and the jobmustwait until a resource is available, perhapswait-
ing in a long line of other jobs. Consider the activityMixDrinks in Figure 11.8. The
job arrives at this activity after the activity Take Drink Order occurs; after the
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Order

Mix Drinks

FIGURE 11.8 A process to be simulated

1As with Figure 10.8, Figure 11.8 is the simpler customer dining process originally introduced in
Chapter 2, not the more complex process—with subprocesses—from Chapter 5.
2In much of the BPMN literature, jobs are called tokens. This reflects BPMN’s theoretical basis in Petri
nets. For modeling, we prefer the term job instead of token because it is a more natural description
of a party of restaurant customers, an insurance claim, or whatever is flowing through the process.
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Ciclo de Trabajo

‣ A medida que la simulación avanza, el engine 
recolecta datos respecto actividades, trabajos y 
recursos

28

party has ordered their drinks, the drinks can bemixed. At this point any bartender
can mix the drinks. If a bartender resource is available, the activity can be per-
formed. Otherwise the job must wait until some bartender is available.

Once a bartender is available, he performs this activity—mixing the drinks—
until the activity is finished. While he is performing this activity he is not available
to do anything else. He can neither mix other drinks nor perform other activities
in the model. When he is finished mixing the drinks, the job and the resource
separate. The resource is available to do something else—he can mix drinks for
someone else or wash glasses or calculate someone’s bar tab. Meanwhile the
job traverses the sequence flow to the next activity, Serve Drinks.

The job cycle is illustrated in Figure 11.9.

a. A job arrives at an activity from the incoming sequence flow.
b. It waits, perhaps behind a line of other jobs, for a resource to be available.
c. Once the appropriate resource is available, the resource works the job.
d. When finished with that activity, the job travels across the outgoing

sequence flows to the next activity.

A business process simulation engine performs the job cycle thousands of times,
every time a job leaves one activity and travels to another. The jobs—restaurant
parties in our example—progress across sequence flows from activity to activity,
progressing from Serve Drinks to Take Dinner Order to Cook Dinner. The
resources—servers, hosts, and chefs in our example—work jobs when they are
at activities.

Collecting Statistics

The simulation engine collects individual statistics as the simulation progresses—
statistics about activities, resources, and jobs. These statistics are aggregated into

job #12

job #12

job #12

(a)

(c)

(b)

(d)

job #37

job #92

job #12

FIGURE 11.9 The job cycle
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the simulation results. For example, the results shown in Figures 11.1 through
11.7 are aggregated from thousands of individual statistics.

The engine collects statistics on each activity, each resource, and each job. Activity
statistics include howmany times each activity was performed, the average duration
of each activity, the total cost of each activity, and the other activity statistics shown in
Table 11.1. Resource statistics include the utilization of each resource, the total
amount of work performed by each resource, and the other resource statistics shown
in Table 11.1. Job statistics include the total cycle time of each job, the total touch
time of each job, and the other job statistics in Table 11.1.

Statistics are collected for each activity, each resource, and each job, but these
individual statistics are rarely examined by themselves. Instead they are

Table 11.1 Statistics Collected by the Simulation

Statistic Example

A
ct
iv
it
y
st
at
is
ti
cs

How many times the activity was
performed

Serve Drinks was performed 1,291 times
over a seven day simulation

The average duration of the activity Serve Drinks averaged 3.1 minutes

The total cost incurred performing
the activity

Serve Drinks incurred a total cost of
$912.11

The total resource hours (i.e., man-
hours) of work performed at the
activity

Serve Drinks represented 73.4 resource
hours of work

The current backlog of jobs at this
activity

Serve Drinks has a current backlog of one
job: one table is waiting for a server to serve
them drinks

The average wait time for jobs
waiting at this activity

Serve Drinks has an average wait time of
4.2 minutes

R
es
ou

rc
e
st
at
is
ti
cs

The utilization for this resource The server Angela is 91% utilized; she has
spent 91% of her work time actually working
on jobs and 9% waiting, on break, or other
non-job activity

The total amount of work performed
by this resource

Angela has performed 6.3 hours of work

The total cost of the work performed Angela has performed work that costs
$69.21

The distribution of work across
different activities

Angela has spent 14% of her time at activity
Take Drink Order, 11% at activity Serve
Drinks, etc.

Continued
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aggregated in various ways, producing various averages and distributions. For
example, each job keeps track of its end-to-end cycle time as it progresses through
the process.When a job reaches an end event and finishes, the simulation combines
that newly finished cycle time with others that have already finished and produces
an average. It may also keep track of some other cycle time aggregates: how the aver-
age changes over the course of the simulation, the standard deviation of the cycle
times, and how the cycle time varies with the type of job.

Activity Durations

To be simulated, activities need additional attributes. Duration is one such attribute.
When a job arrives at an activity, how long does the resource work on it? Each activity
has a duration attribute that indicates how long jobs need to be worked. Often that
duration is a constant value, such as 10 minutes for every job that is worked by this
activity. But duration can also vary, and it can vary in three different ways.

First, the duration can vary depending on the details of the job. For example,
the Take Dinner Order activity takes much longer for a party of eight than it
does a party of two. In fact, the party of eight takes longer for many activities
in the customer dining process; not only does the activity Take Dinner Order
require a longer duration for the party of eight, but so does Serve Dinner.

The job that models the party of eight needs to be different from the job that
models a party of two. For this simulation, jobs need their own model-custom
attribute, partySize. A job representing a party of eight will have a party size
value of 8, and a job representing a party of two will have a value of 2.

Table 11.1 Statistics Collected by the Simulation—cont’d

Statistic Example
Jo
b
st
at
is
ti
cs

The total cycle time of the job, the
end-to-end time

Job-241 has a cycle time of 119 minutes,
from the time the party arrived at the
restaurant until they left

The total touch time for the job, how
much work was done

Job-241 has a touch time of 71 minutes

The total cost incurred by the job Job-241 has a total cost of $27.21

The total wait time for the job Job-241 has a total wait time of 53 minutes

The wait time of the job distributed
among the activities

Job-241 waited at Seat Party for 17
minutes, at Take Drink Order for 1 minute,
etc.

The touch time of the job distributed
among the activities

Job-241 incurred 2 minutes of work at Seat
Party, 3 minutes of work at Take Drink
Order, etc.
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Duración de Actividades

‣ Para poder realizar la simulación, el engine 
requiere información adicional respecto de la 
duración de las actividades.

‣ Cuando el trabajo llega a una Actividad, se debe 
medir el tiempo que un recurso trabaja en ella.
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Detalle del Trabajo

‣ El tiempo al realizar una actividad puede 
variar dependiendo del detalle de trabajo.

‣ Por ejemplo, tomar el pedido a una mesa de 2 
personas en general puede tomar menos tiempo 
que una mesa de 8 personas.

‣ Igualmente, traer los aperitivos para una mesa de 2 
personas es mucho más rápido que para una mesa 
de 8 personas.
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Habilidad del Recurso

‣ El tiempo al realizar una actividad, puede variar 
dependiendo de la habilidad ó experiencia que 
tiene un recurso.

‣ Es necesario modelar esta variable

‣ SkillLevel= 0.8 para un recurso experimentado y que trabaja rápdo

‣ SkillLevel = 1 para los recursos promedio

‣ SkillLevel = 1.2 para los recursos lentos
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Actividades Compuestas

‣ Hay actividades donde tanto el detalle del 
trabajo a realizar como la habilidad del 
recurso son factores primordiales.

‣ En el caso de la Actividad Tomar Orden:

35

Second, the duration of the activity can vary depending on the details of the
resource. A skilled server will serve drinks quicker than a novice because she
remembers who ordered which drink. The simulation needs to know that this
server is quick, that one is average, and this other one is slow.

For this model, resources need a model-custom attribute, skillLevel, to keep
track of skill. Values of skill level can then be 1 for an average skill, 0.8 for a quick
server, and 1.2 for a slow one.

Suppose we want the duration of Take Dinner Order to consider both the
skill of the server and the size of the party. How do we combine those elements?
We need to encode the duration as a formula, perhaps like the duration in
Figure 11.10. The standard duration depends on the party size: 5 minutes for
parties of one or two, 6 minutes for parties of three, and so on. That standard
duration is multiplied by the skill level of the server—multiplied by 1 for an
average server, by 0.8 for a quick server, and by 1.2 for a slow one. (There is
no standard technical language for encoding activity durations. In practice each
BPMN tool that supports simulation has its own language. In this book we use
precise English because our focus is not on the syntax of any language but on
what needs to be expressed.)

Third, the duration of the activity can vary randomly. Consider the activity
Cook Dinner. The duration of Cook Dinner might vary from 20 minutes to
45 minutes, depending on what is ordered.3 Sometimes it takes 22 minutes, some-
times 37 minutes, sometimes 41. As the simulation runs and Cook Dinner is exe-
cuted for different jobs, each job takes a different duration, a random time
between 20 and 45 minutes.

When durations vary randomly, modelers often employ a uniform distribu-
tion. Each duration in a uniform distribution within the range is equally likely;
20 minutes is just as likely as 33 minutes and just as likely as 40 or 45. Uniform
distributions are easy for subject matter experts (SMEs) to understand.

Take Dinner Order: activity
Description

Duration

Understand what the diners want to eat while you answer any
questions about the menu that arise.
The skill level of the resource multiplied by the standard duration. 
The standard duration is 5 minutes for a party size of one or two,
6 minutes for a party of three, 7 minutes for a party of four, 8
minutes for a party of five, 9 minutes for a party of six, 10 minutes
for a party of seven, and 11 minutes for a party of eight people.

FIGURE 11.10 An activity duration that depends on the job and resource

3For a large party, there is a greater chance that someone in the party will order a dinner that takes
a long time to prepare. In a higher-fidelity model, the duration of Cook Dinner could be made
dependent on the size of the party, albeit still random.
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Distribución Uniforme

‣ Algunas actividades pueden tardar tiempo 
aleatorio en poder realizarse.

‣ Ej. Actividad: Cocinar la Cena

‣ En es te caso podr íamos dec i r que l a s 
preparaciones pueden tomar desde 22 miutos a 45 
minutos dependiendo de lo que se ha pedido.
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Otras Distribuciones Posibles

37It is also possible to use other distributions: a triangular distribution that peaks
somewhere in the middle, a standard (bell curve) distribution, or something more
sophisticated. Figure 11.11 shows some of the distribution alternatives.

In practice, uniform and triangular distributions are commonly used, and the
more complex statistical distributions are much more rare. The statistical distribu-
tions (e.g., normal, log-normal, exponential, etc.) often lead to higher model fidel-
ity, but they are usually difficult for SMEs to understand. This is the modeling
tradeoff between fidelity and simplicity, a tradeoff we have seen many times in
this book.

Work Time and Delay Time

The duration of an activity specifies the work time—the time a person is actually
working on a job. But a job can also experience a delay while it is at an activity,
time when no one is actually working on the job. A resource delay occurs when
there is no resource available to work a job. Consider again the job cycle shown
in Figure 11.9. At step b, the newly arrived job waits for a resource to be avail-
able, perhaps in a queue of other jobs that are also waiting for resources. Step
b is not work time, not part of the duration of the activity. Instead step b is
resource delay time.

15 20 25 30 35 40 45 50 15 20 25 30 35 40 45 50

15 20 25 30 35 40 45 5015 20 25 30 35 40 45 50

uniform distribution normal distribution

triangular distribution

(a) (b)

(c) (d)

 log-normal distribution

FIGURE 11.11 Some possible distributions of activity duration
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