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Lecture — 04
Components of Discrete Event Simulation

Good morning guys and welcome to the yet another the lecture of Simulation of
Business System and today is lecture 4 actually I have wrongfully written it as lecture 3

it is lecture 4.
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And we are trying to understand the basic concepts of premises of how do we simulate
business systems? And if you look at the learning agenda we have already covered nature
of simulation, we have also looked into the brief history how the simulation has already

originated. So, these were covered as part of the lecture 1.

Then, systems, models and simulation we covered in the part of lecture 2 ok. Then, what
are the definitions associated with this, what are the major applications in real world
applications? That aspect of it we also covered and then why do we need to do
simulation? This question also be answered all these were part of lecture 2. Then, how do
we build simulation model? We covered in the previous lecture and what are the main
aspects of simulation especially on things like various aspects of discrete, versus

continuous simulation and similarly we also did with the static versus dynamic



simulation. And, we also studied deterministic versus stochastic simulation; deterministic
versus stochastic simulation. And, then we also discuss the from here, why we are going

to focus more towards next event simulation?

And, we also talked about what we call as the timing mechanism and we understood the
concept of what we call it as simulation time? Ok. This much aspect we covered in the
previous lecture. And, now today what we will try to do it will take as. So, this was our
lecture 3. And, now we are going to get into a simple example. You want to see a simple
simulation system and see how the principles are we are study so far gets accumulated

into single concept and see how it actually works?

. So, today we will be focusing more towards developing the simulation using a pen and
paper model, pen and paper approach to understand basics of this approach ok. So, let us

see how we can do this today and then we will go to then we will see.
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Before, we do the simulation I want to run again through the major components of
discrete event simulation model. As, I mentioned earlier this is discrete means in a
simple sense, discrete implies countable events at instantaneous points of time,
remember we talked about the people coming into a banking system or a simple queuing

system. And, today we will actually look into similar example like that ok.



So, we were talking about in discrete system. And the trick simulation every simulation
model or each simulation model have to be customized to the target system. So, the most
important thing that you need to realize is there is no single model that fits all. So, it is all

dependent on the target system ok. So, it is dependent on target system.

So, whatever be the system that you want to model depending upon that you build
customize the simulation model ok. So, this customization is the place where it actually
this is why it is called as time consuming process consumer. So, that is why people say
simulation is the time consuming purely because you have to customize into the target
system. And, there are several components that do exist. So, and these components are

common, but they have to be customized to a particularly.

So, the first one is what we are going to call it as the systems state ok. System state is
one of the aspect we already talked about what is state of the system. And, this is in a
very simple way it is a variables or another way a collection of variables collection of
variables that describe state of what state of the system ok. So, the collection of
variables, the variables a collection of them together that describes the state of the system

is what we called as a system state.

Then we talked about simulation clock or simulation time. So, the simulation clock
means specifically what it does is gives you the current value of the simulator time. So, if
you remember I have yesterday draw the graph in which I tried to explain to you guys is
that if you think about this is a time. And, this is number of people in the system in a
queuing system and we draw a graph like this for some point of time that you people

than one nobody then it goes up like this.

So, you are more in the discrete simulation you are more worried about these
instantaneous points ok. You are not worried about what is happening in between. So,
this area the time in between where nothing happens in the system is ignored. So, your
simulation time jump from this time to this time to this time, then it jumps to this time

then it is from there it jumps to there and like that.

So, it is not the real time it is actually the time. So, the main thing is in between times are
ignored, you are not worried about this one these are ignore you do not care about what

is happening there, because the state of the system only changes at this discrete time



points which are at which are demonstrated at one point. So, this kind of a time is called

as a simulated time. And, the simulation clock keep track of the simulator time.

Then, the third one is the event list you already seen what are the event list just we know
what is an event also the event list is the times of future events as needed by the model
needed by the model. So, event list is mostly I can think about in the form of a calendar
of events, some people call it as calendar of events. So, what are the events that are going
to happen in future and when are they going to happen, the event and it is time that the
future events and it is types put together in a tabular form release form for a calendar
format is what we typically call as a event list. And, ask the simulation clock jumps from
one event to another the event gets pulled out of the event list and the new event gets

updated ok. So, that is the event list.

Then, we talked about is these statistical counters because we know that simulation as I
said earlier is a numerical analysis. So, when you have a numerical analysis you need
statistical counter. So, what do they do? They to accumulate various quantities for output.
So, if you think about the number in the system. So, let us say X denotes the number in
system. Then what we do is we keep on doing a time progresses X gets on X equal to
you get the submission of X all XS. And when the simulation is over you divided by the
time and then you can I get a value of how many people per whatever time (Refer Time:
09:40) ok. So, that is an that is one way of looking into this ok. So, this accumulation on

this 1s basically what we called as a statistical counter.

Then the next one is also called as a initialization routine. Initialization t routine means
to initialize the simulation model, model to time equal to 0 or how do you start the
simulation at the beginning of the time? This is not the actual time; this is the simulated
time, not the real time. Now, how do you initialize the simulation model to time t equal

to 0 and the simulation time is what we look do in the initialization routine.

Then comes the timing routine, the timing routine is it is to determine next event time
and type. What is the next event time and type? Whether it is an arrival, whether is a
service completion, whether is a machine breakdown you determine they and then
advance simulation clock ok. So, you determine the next the time and the type of the

next event and then you advanced simulation clock. So, that the next even actually



happens. So, the timing routine ensures that the simulation model keeps on ticking ask

time progresses.

Then comes the next one what we call as event routine, when even routines the job is to
carry out the logic for each event. So, if we assume the event is on arrival ok. So, assume
event equal to arrival, then what happens is a person arriving into the queue will check
whether the server free, server is free or server is busy ok. If the server is free then it
immediately go to the server get served get served otherwise go to the queue. So, this
logic what happens when this particular thing happens is taken care of by the event
routine. So, how would the each event, when it happen, what it should do next

immediately is written by the event routine?

Then come something called as a library routines, this is quite common and very well
used these are utility routines. And what does these routines do? Utility routines that
generate random variates, pseudo-events, etcetera. So, I said that we use random number.
So, random variables or random variates to do the simulation, why because the random
variates are used for simulating uncertainty or what we call as the stochastic part of the
simulation model is done with the help of the random variates. So, the routine that
generates the random variates so, that you can model uncertainty is taken care of part of
this particular library routine. Similarly, the pseudo-events beginning of the simulation

end of the simulation all those aspects are also taken care of by this approach.

Then comes the report generator and report generate does his job is to summarize to
summarize and report results at the end of simulation ok. So, you summarize and report
the results of the simulation at the summarize this at the end of the simulation, that is the
a main job of the report generator and why do you need this, because again as I the
simulation is a numerical analysis, analysis using a model and this data is required to get
estimate of the system performance, that gives you the estimates. So, this report is

important for you to calculate these various estimates.

Then comes finally, the main program, what it does is it ties or routines subsystems
together and ensure their execution in the right order ok. That is what happens with the
main program all these routines all these kind of proteins are we talked about all of these
guys are tied together by the main program. And, then it ensures that their executers in

the correct order. So, this is how a complete simulation system work.



So, you knows know that the simulation software is not a simple software anymore. It is
actually complicated software with various subroutines and modules sub modules and
other aspects which all taken care and working together with the help of a main program
tie together. So, that the logic of execution is important. And, now because it is a
complex system it is also very important to ensure that the model that you are building is
a right model. And, there is no logical flow in this because if you have a logical flow

then you are simulation output will also be into be in trouble.

So, if you have a garbage model then you will end up getting a garbage output ok. So,
this is the guy go principal garbage in garbage out. So, we want to avoid that ok. So, we

our aim is to avoid this alright.

(Refer Slide Time: 17:00)

Simulation Entities E ity bove. attndes
¥
dedpi

Objects that compose a simulation model
—m,g.uu%—ma indude Customers, patrs pape weile (Messages) , ek
-}Mnjm 6 intude YUourws Uie Sevvers o machints, ee
> Thuy Bt Chavactunged By dadm valuss = Called attvibutes: e
> For tach tab mmpwwme&mif’:_"“f‘“» Hore @8 2
: . - prie)
.‘O‘)) o e Ut (mhha '/w]’}QAIt;d' b-of) Cﬂltu«ln.n.) . "

= tue alfrbute o
Caahomst 5 m
gt Aty

Modeling approaches g ; "
] A ‘ & (deternaine
» e = 05 cdasombed o fhe hme advaacne
(‘) E:L;J?LZMLU‘AJ +I1Pb aud thra oolvanie e J’,M;ﬁh Cﬂ:dr.)
pLLE L UERE SR gimd Pl it A ;
X l-)wua""a dad %o Geswnal punpae Proyramms) syl

0 oa ewhheo ound e ‘M[H_M'LWU-M% woually reyuicey
Simnfatron faf-ﬁ,‘)wA

A P e

So, now we will look into the next aspect of the simulation and what we talked about
does the simulation entities, you are already heard me using this word entities get. So,
remember there are events there are routines there are, libraries there are now entities.
And, entities are very important aspect of it. And, by definition entities are those objects
that compose the simulation model ok. The objects that together make the simulation
model is what we called as the entities. What are they usually they include they include
what customers, parts, paperwork, like messages or information etcetera may also

include resources like servers or machines etcetera.



So, what we are talking about this these are the objects. So, when we talk about the
single server model of a bank the one of the entity is the customers that come into the
system. Then also the paperwork is there might be coming to fill the long form of
something then that we is also part of that also you can think about does an entity. And,
also the server or the bank teller or the machines that are used in that process, also
includes as the object of simulation. They are characterized by characterized by data

values ok.

So, entities are characterized by data values called this data values are called attributes.
So, when we say entity have attributes. When they say that an entity have attributes
implies data values, that characterize that entity. So, that add data values are called as the

attributes.

. So, for each entity that is part of the simulation model for each entity that is part of the
simulation model, there is a record or a row for a row in the list ok. So, for each entities
that is part of the simulation model, whatever entities that is part of the simulation model
there is a record or there is a row one row in the list ok. In the list of whatever you can
call it as the entity list, entity list some people call it as the event list ok. Some people
call it as the calendar whatever you want to say whatever you want to call it etcetera. In
any one of those you actually have an row a particular record a row is maintained for
each entity that is part of the simulation model, the column of such a row are the

attributes of the entity attributes of the entity.

So, here like if you say that a customer 5 arrived, if this is a entity then the attribute. So,
this will be the row of the entity, you will have a row on this. And, one of them will be
the arrival time, then you will have another called service start time, service end time,
departure time. Let us say these are the attributes of this particular case, then you can say
that the customer 5 arrived the, what is arrival time? When did the service begin? When
the service end? When did the person left the system? So, these once these becomes the
attributes and this becomes the entities. Hopefully, now you understand the concept of

entities in the simulation model or when we talk about simulation entity what they are.

So, how do we model? Ok. Typically, what are the major modeling approaches in doing
this ok? There is the first approach the first and the most importantly used one is the

event scheduling. So, what happens is described as described, in the time advancement in



the time advancement ok. So, what it be described in the time advancement. The time
advancement we actually said that determine the next event events time and type and
then advance the clock, advance the simulation clock. This is what we mentioned in the

time advancement.

So, the event scheduling is pretty much this as described in the time advancement next
event time and type and then advance the simulation clock ok. And, this is usually coded
in a general purpose programming language. Many a times you have a general purpose
programming language that actually would implement this concept of event scheduling n

ok, c plus python people use different programming languages to do that.

The second approach the modeling approach is what we called as the process is where
the focus is on entities and their experience. So, what we try to do it is it is the one
approach is do the event scheduling which is quite popular the other one is one of the
process approach, where you focus on the entities and their experience ok. And, usually
requires special purpose simulation software. So, the software if you are focusing on
entity and their experience if you look the take the entity approach. Then, what you are
going to how we say you require a special purpose simulation software to really deal
with that like, Siman Sanskrit all those kind of things are taken are part of such kind of

an approach.
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Now, in the a simple example that we are promising about the single server queuing
model we discussed earlier that we will be working on this and we will do a hand
simulation of this, so that we can understand how the system works. So, a single server
model as I drew earlier ok. It is like there is a server one individual serving here, there
entities waiting to get served and there are people in the queue they are all waiting to get
served. And, ask when a entities comes in, when a new arrival happens, if the server is

free it will go directly or it will join the queue depending upon the status of the server.

So, before doing this we have to make some assumptions. So let us start with the first
assumption assume inter arrival time ok. So, they are independent turntables are
independent and are identically distributed ok. Typically, we call it as IID, Identically
and Independent and Identically Distributed Random Variable. We will soon have a
lecture on what we call as probability which is specific to the simulation systems, but as

of now assume that all the inter arrival times the time between arrivals.

So, there is one entity that is arrived right now and here is another entity who just
arrived, second entity this time in between them what we call as inter arrival time or time
between arrivals this time are identical and independence. So, the time for this the t 1 if
you take this or ti and let us take another arrival ok. This is another arrival take this as tj
the ti is independent of tj, which means the value of ti does not influence the value of tj,
neither the value of tj does not influence the value of ti. They are independent to each
other. So, you might have studied in probability you about independent events where the

intersection is 0 on those kind of things we will study that later.

But, assume that their independent means the occurrence of t 1 has no influence of tj or
visa versa. So, all the times are independent, but they are identically distributed means
they all part of the same probability distribution ok, we will see an example for the time

b.

Then again service times service times are also IID ok, and also independent of the inter
arrival times. So, we know that these are the IIDs the service times are also IID services
time is the time spend by the server with the customer. So, this is what we call as the
service time ok. The time spend by the server with the customer, they are also IID,

Independent Identical and Independently Distributor, but they also independent to that of



the inter arrival. So, these does not have any influence on the as the ti tj do not influence

si, sj let us say si and sj are the service times ti and tj are the inter arrival times ok.

Queuing discipline so, this is the way in which the next person is called from the queue
where people waiting in the queue whom will you call the next person. The main node
we are assuming here is FIFO ok, the stands for first in first out ok. For first come first
serve it is also called as FCFS, First Come First Serve ok. What we called as FIFO, First
In First Out. So, for assuming that whoever comes in the first gets served first so, the
people who come later will join the back of the queue so, they will be kind of joining the

back of the queue like this alright.

There are other queue in disciplines the other disciplines are other discipline queue
discipline are one is called LIFO; it stars for last in first out ok, LIFO ok. Then there is
another service called SIRO, Service In Random Order ok. Then there is HVF LVF order
of queue disciplines, there are many other disciplined. So, I will just give 2 examples of
this, but this we are looking at the FIFO is the queue discipline queue discipline for this

example ok.

You start the system empty nobodies in the system and idle at the beginning of the
simulation, beginning of the simulation or we call as time equal to 0, time t is equal to 0
this is semi started empty and idle. So, there is nobody in this system and syste and the
server is idle. So, idle is the server empty means no customer so, but is the initial starting
condition of the system. Then when would the first customer arrive we have to make that

happen.

So, first customer arrives after an inter arrival time, not at t equal to 0. So, the simulation
clock starts if you think about it graphically this is the time, this is 0 and here is the
number of customer. So, the system will remain 0 for some time and after some point the
time the arrival will happen. So, this is where the C 1 the first customer will arrive and
this is the number of people be 1 2 3 like this, and this will continue for one until some
point of time and then maybe somebody else will also come then it will become 2, and
then the first person service got over then will come back to one and like this. So, this is

C 1 and this is where the C 2 will happen.

. So, this time this is the time is the inter arrival time after t equal to 0. So, the first

customer will arrive after the beginning of the simulation ok. So, first customer will



arrive some time later following inter arrival times and not at time t equal 0 ok. So, when
you go on open a bank people will come in little late that is what you are trying to
simulate? Stopping rule then when how do we stop the simulation we started the

simulation it is running. So, how do we stop? Ok.

Stopping role is when the nth customer half completed arrival into the system then we
stop. So, if you say n is equal to 5 which means after 5 arrivals, you can change this
condition, you can change set of this completed arrival, you can change this to change to
completed service. Then; that means, 5 people are finished service. So, as soon as 5

people join the system.

So, then here in this case we can see that you will have a this is a C 3 C 4 comes down
goes up again this is your C 5, this means 5 people are arrived into the system, but if you
say 5 people are complete service this will continue further ok. So, depending upon what
is the stopping condition that you are used the simulation will run for different durations
say. So, the duration the simulation duration sorry the simulation duration depends upon

the stopping condition ok. So, that is what we will be doing in this world.
Now, once you do the simulation. So, what?
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After that what you do? The, you have to do lot of estimate of quantities another aspects.

So, one of them that you will end up estimating is the expected average delay in the



queue, which means how long does the customer have to wait before getting served.
How long will you end up waiting in the queue, ok before you starting to get served
excluding the time? So, you just focus only on the waiting time of n customers how
many our customers completing their delays or completing there this delay means you

know waiting in queue delay implies waiting in the queue.

So, how long does an customer have to wait on an average ok, that is what you are trying
to find out here. Expected average number of customers in the queue, how long will be
the average queue length? Ok. So, we go to a so, it like if you reach the system, how
many will be waiting for you will be waiting ahead of you this is an important questions.

So, people decide when to go for service depending upon answering this question.

Then, the third one is expected utilization or what we called as proportion of time busy
of the server. So, it basically is the question is how much of the time the server is busy he
is busy serving the customer? So, if you say that the time simulation time is 400 minutes
and the server was busy for 72 minutes, then it is 0.72 or 72 percentage of the time the
server is busy. In the rest of the time the server is idle waiting, because there is nobody

there to get this service.

Then comes the other possible options you have many other possible options those
options include the maxima. So, this is the maximum of queue length can be maximum
waiting time that kind of thing then minimum. So, how quickly ok? Then time or number
in the system this is another example, what is the time in the system? Time in the system
means time in the system is equal to time in queue plus time to be served ok, that is the
time in the system, number in the system. The number system is equal to k number in the
queue in the queue plus number that is served ok. So, that is this the number in the

system. So, time in system and the number in the system can be taken care of that.

Then, proportions is the quantile what proportions of them a quarter quantiles and then
variances, variance is how what is the dispersion. So, these are all measures of measures
of dispersion, how much is a data vary in the system? That is also part of this analysis ok.
And, you should remember that we are talking about discrete time versus continuous
time statistics, discrete time is the like statistics of events that happens at specific time
instances. So, like arrival ok. That is happens in the discrete time. Whereas, continuous

times statistics for example, is the you know time for which the server is busy, that is a



continuous time statistic. Because, whenever it is busy the server you continuous the
remain busy is not an instantaneous thing it actually happens when the customer is being

served by the server.

So, now, with this much of basic preparation, what we will try to do is we will try to
create a simple simulation model of a system where single are server are we discussed
one server and people coming to get served and waiting in the queue. And, also
remember that in this model we are not talked about you know and one aspect we should

also remember here i1s, nobody who comes to the system lease without getting served.

So; that means, a person who coming in will come and join with queue. So, we think
about it, if this is the server s one and it is serving an individual and here is a queue
people are waiting in the queue ok. And, if a new person coming in he will join the queue
he will not leave if you leave this is called balking you see the queue is long and then
you leave. So, there is no balking, no renegading, not joking everybody who comes in

come to the queue sets and way it is properly as civilized individuals.

With this what we will now do is we will try to create a simulation model of the system
as required. And, then we will try to do a hand simulation for few number of entities let

us say 5 entities and see how it works ok.

Thank you.



