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Lecture — 03
Time Advance Mechanism, Components of a Simulation Model

Welcome to the lecture on time advance mechanism and components of a discrete event
simulation model. So, so far, we have discussed something about the introduction of
discrete event simulation model, and in this lecture, we are going to discuss about the
time advance mechanism. As we know in this case when we formulate the problem we
make the programs; in the programs because we have already discussed that it is a case
of dynamic system. So, the time varies and you are studying over time. So, there are 2
ways by which this time advancement is studied. So, in that as we see discrete event
simulation models are since they are dynamic in nature. So, you will have to keep track
of the current value which is getting simulated. So, during the process of simulation as
the event occurs and as the system state is updated the time changes. And this time are to

be updated are to be recorded.

(Refer Slide Time: 01:33)

Time advance mechanism

+ Discrete event simulation models are dynamic in nature,
hence rack of the current value of simulated time has to
be kept as the simulation proceeds.

+ Time advance mechanism advances simulated time
from one value to another.
simulation clock gives the current value of simulated
fime the.

+ There are two principal approaches: next-event time
advance and fixed-increment time advance

Now, this time advance mechanism advances the simulated time from one value to the
other. So, as the event occurs there will be certainly the it is happening at a different

time, and the simulation clock will go at that particular time. Simulation clock gives the



current value of simulated time. So, basically this simulation clock will give you the
current value of the simulation time. And in fact, there are 2 approaches to see the time
advance mechanism. One is next event time advance mechanism, another is fixed
increment time advance mechanism. So, we will discuss about these 2 mechanism by
which this simulation clocks are basically updated; one is next event time advance

mechanism.

(Refer Slide Time: 02:33)

Next event time advance mechanism

— Initialize simulation clock to 0

— Determine times of occurrence of future events from event
list

— Clock advances to next (most imminent) event, which is
executed

+ Bvent execution may involve updating event list

— Continue until stopping rule is satisfied

— Clock "jumps" from one event time to the next, periods of
inactivity are ignored

So, in the next event time advance mechanism, we are initialising the simulation clock to
0. As it is written that you initialize this simulation clock to 0. So, when you are starting
the simulation, certainly you are normally starting at a O time. So, initially it will be at 0

time.

Now, the determine times of occurrence of future events. So, basically you will have the
event list the event may be in terms of arrival or departure. So, you will have the event
list. From the event list basically, you are picking one of the event. So, once the event is
picked, at that time the clock has to move from 0 to that value. So, clock advances to
next most eminent event which is executed. So, the thing is that during the process of
simulation, this event may be either arrival or departure in case of a queuing model. So,
whichever is most eminent initially certainly it is the arrival as we the solution starts, or

simulation starts you will have first the arrival. But then in course of time it may be



either arrival, or it may be a departure depending upon the service, which goes in the

way. So, clock will advance to the next; that is most eminent event.

Event exhibition may involve updating event list. So, certainly as the event list you know
gets updated in the simulation process. Because once one event has occurred it will go to
the next event, and the next and that basically goes on. Now this continues until some
stopping rule is satisfied, for this stopping rule is basically a condition which is the
precondition, and that is to be defined when the simulation has to stop, and that maybe
depending upon a time frame, or depending upon how many customers are served. So,
all that or how many customers are delayed or so. There may be a condition or there will
be a condition after wise the simulation has to stop, because it is a program and it will go
on doing the it is work. And it will ask whether it should continue or it should stop. So,

that stopping condition will be there at one point of time and then simulation will stop.

Clock jumps from one event time to the next and periods of inactivity are ignored. So, in
this case what happens, you know the clock will move from one event to the next event.
The first event may be occurring at suppose 3 minutes, and second event if it occurs after
10 event, 10 minutes in those case the simulation clock will move from 3 minutes to the
10 minute, because the next event is occurring only at 10 minutes. And this detail has
been obtained from the event list. So, this is how this next event time advance
mechanism works. Now see; by example we can see how this works. So, suppose you

have the time horizon, and in that you are starting from 0 and if event is denoted by e.

(Refer Slide Time: 06:01)
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So, suppose you havee 1,e 2, e 3,e4,e 5, e 6 or e 7, and it will go on. So, these are the
event. Now the thing is the simulation clock will start from here the time is 0 here, and it
will go the next simulation clock will be at this time. Now this may be either an arrival or

a departure. Now the departure will depend upon the service time.

So, suppose this is the first arrival. So, if a is the arrival this will be a 1. So, this is the
first arrival. Now this arrival basically the next arrival will depend upon the inter arrival
time. So, suppose next arrival may be coming at here. Now this next arrival; when this
next arrival will be there that will be basically depending upon this time a 2 minus a 1, or
this difference of time. And this value we have to get and as a data and that may be in the
form of probability distribution function data or random variates. So now so, what we

see is the first arrival is here, and second arrival is here.

Now in this way we may have the third arrival here, we may have the 4th arrival here.
The thing is from the data it will take the first arrival at this point; once the simulation
clock from t equal to 0, goes to this time it will update all the variable values. So, it will
update the measures of performance with in which we are interested in and it will find

everything. So, at this point it will see that there is one arrival.

Now, when this one will depart, first departure will depend upon the service time. So,
suppose the sever takes this amount of service time, and if it is service time of the first
customer. In that case this point will be the departure of the first customer. So, what we

see that you have the time at which this first customer has come, then how much it has



been delayed. So, the time at which customer arrives, then the time the server takes to

serve. So, the time server takes to serve, that is known as service time.

This is also a time which will be basically probabilistic in most of the cases, and we will
get from certain distribution function. So, this service time as we see here now then
delay; delay time for the first customer suppose we are finding the time at which the
customer will depart. That time will be nothing but the time at which the customer
comes, the time of service for this customer. And then the time which it experiences

delay.

So, in the case of first customer as we see, there is no delay. Because once he has come
the server is idle. So, it this will be basically the time at which the time at which
customer departs after getting service. So, basically, we can have any suffix I for any
customer and that will be nothing but the time at which customer arrives plus a time of
service, and then plus the delay time. And that is how we see that this customer will

depart at this time that will be d 1.

Similarly, the second customer who which comes here, for them what will happen? If
suppose for the second customer the service time is s 2. So, the service will only start
when the first customer is going to leave. Now suppose the second service time is this.
So, we can see that in this case once the simulation clock reaches here. So, simulation
clock will first move from here to here, where one event has occurred. This event is
nothing but the arrival of the first customer. So, the clock is advanced to next time e 2
where the second event has occurred and second event is also an arrival. So, that will be

a?2.

Then the third event is a departure because this service has been completed and the
customer has to depart. So, here it is a third event. And at all these points wherever the
event occurs the there will be updation or they will be upgradation of the values; the
system state values. So, at this place you will have a departure once there is departure
then the next customer who is in queue he will join the queue for getting the services. So,
for this customer the second one; second event the arrival of the second customer he will
be joining the queue here. So, basically, he joining at this time. So, the time at which
customer arrives for second customer will be this time from here to here, then the delay

time delay time will be since he is starting in the queue at this time e 3. So, it will be the



delay time, and then from here he will start getting the service. So, this will be the

service time.

So, in this way here will be the departure of this second customer. In between what we
see is there are many points, there may be arrival or departure or so. So, and all those
points you will have arrival or departure or so, in that case this fixed event next event
time advance mechanism works. Now once we move to another kind of advance
mechanism. So, in this case what we see is that whenever there is any event occurring
the system state will be updated, you will find all the measures of performance whatever

is required to be calculated. Now next is the fixed increment time advance mechanism.

(Refer Slide Time: 14:30)

Fixed increment time advance mechanism

+  With this approach, the simulation clock is advanced in
increments of fixed time units.

« After ecch update of the clock, a check is made to
determine if any events should have occurred during the
previous interval.

+ If one or more events were scheduled to have occurred
during this interval, these events are considered to occur
at the end of the interval and the system state are
updated accordingly.

T DR

So, in the case of fixed increment time advance mechanism, the simulation clock will

move and it will jump for a fixed increment of time. So, what happened?

(Refer Slide Time: 14:45)
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You will have this timeline, and this clock will move in a fixed manner for a constant

increment of time.

So, you have this is fixed increment time advance mechanism. Now in this case what
happens? The simulation clock will only move to these places, but the event may occur
in be occurring at these points. So, what happened? The in this case once the simulation
clock will move to this point, it will try to ensure that which of the events have already
completed by this time. Because simulation clock is moving for a fixed time increment
and then what it does is; at this time, it records or it gives the value of completion of this
event. So, basically in this case the simulation clock moves, there are certainly certain
disadvantages. And certain inaccuracies in such type of advance mechanism, because we
are not representing the event time at it is actual time. We are representing the event time
based on the increment time. So, it will be if it is delta t, it will be 2 delta t, it will be 3

delta t, it will be 4 delta t, it will be 5 delta t and so on.

So, in this case for accuracy what you have to do is you can get the accuracy, but for that
you may have to have these delta t very small. In those case if the delta t is very small
and it captures this event with more accuracy then certainly accuracy will be more, but
then having delta t very small value, it will increase the simulation time to a very large
value. So, that is why, but then in many practical cases like in economic studies or so.
This fixed increment time advance mechanism is adopted, where we analyze the whole
years period and then we discuss about the events which have occurred and we feel that

at the end of the year every event has occurred.



So, that is also followed, but there in in most or the discrete event simulation model
softwares the next event type of advance mechanism is followed. Now what are the
components of a discrete event simulation model? So now discrete event simulation
models share a number of common components and there is a logical organisation for
these components towards making a computer program because you have many

components.

(Refer Slide Time: 18:09)

Components of a DES model

Discrete-event simulation models share a number of
common components. There is a logical organization for
these components towards making computer program.
+ The components that are found in most discrete-event
simulation models using the next-event fime-advance
approach are system state, simulation clock. event list,
statistical counters, initialization routine, timing routine,
evenf routine, library routine, report generator, main

program.

And then they are logically attached, they have some connections. And then they are
trying to you are successful in getting a good computer program. We should be able to
simulate it. The components that are found in most (Refer Time: 18:26) discrete event
simulation models. Using the next event time advance approaches are; one is system
state, then you have a simulation clock, then you have event list, a statistical counters,
initialisation routine, timing routine, event routine, library routine, report generator and
main program. So, we will discuss one by one what is the function of these subroutines.

So, the system state.

(Refer Slide Time: 18:58)



0O System stafe — variables to describe state

0 Simulation clock — current value of simulated time

QO Event list — times of future events

O Statistical counters — to accumulate quantities for output

O Inifialization routine — initialize model at time 0

0O Timing routine — determine next event time, type; advance
clock

QO Event routines — carry out logic for each event fype

Q Library routines — uftility routines to generate randoem
variates, etc.

Q0 Report generator — to summarize, report resulis at end

O Main program — ties routines together, executes them in
right order

O 11 ADCAKEE

The system state it is the variable to describe the state.

(Refer Slide Time: 19:05)

+ System state: The collection of state variables necessary
to describe the systerm at a particular time.

« Simulation clock: A variable giving the current value of
simulated time,

« Eventlist: A list containing the next time when each type
of event will occur.

« Statistical counters: Variables used for storing statistical
information about system performance.

So, let us see the system state it is; the collection of state variables necessary to describe
the system at a particular time. So, as the time proceeds the simulation clock proceeds
from one value to next, then the system state with that will be the state variables
collection. And it will be trying to describe the system at that particular simulation clock
time. Now what is a simulation clock for? So, simulation clock is defined as a variable
which is given as the current value of simulated times. So, as we discussed the

simulation clock value will move from one to another, and in the case of next event type



of mechanism. The simulation clock will move from one to other depending upon what

kind of event is coming, what type of event is the next eminent event.

So, simulation clock will move in this fashion. Event list; the event list it is a list
containing the next time when each type of event will occur. So, event list will tell you
that what is going to come next. As we discussed we have the events like arrival and
departure. And normally these arrivals and departures in case of queuing models. It will
be either inter arrival time or the time of arrival. So, inter arrival time is normally given
which is normally following certain type of probability distribution function, and then
you have a service time. So, what will be the service time for the server? So, this will be
in the event list. So, that list will be containing. So, this list will be containing the next
time when each type of event will be occurring. Statistical counters so, these are the
variables used for storing statistical information about system performance. So, as we
discussed that our main aim is to analyse the measures of performance, or find the
measures of performance. And this is statistical counters they are the variables for storing

these statistical information about the systems performance.

(Refer Slide Time: 21:26)

+ [Initiclizafion routine: A subprogram to initialize the
simulation model at time zero.
Timing routine: A subprogram that determines the next
event from the event list and then advances the
simulation clock to the time when that eventis to occur.

Eventroutine: A subprogram that updates the system
state when d partficular type of event occurs (there is
one event routine for each event type).

+ Library routines: A set of subprograms used to generate
random observations from probability distributions that
were determined as part of the simulation model.

Then the initialisation routine: So, once we start making a program, you will have to
initialise the values to 0, and then you have to combine with the main program and then
you have to move. So, every time you have the event occurring. So, this at that particular

event time it will update all the system state values. And then it will further go and ask



the condition whether the simulation is over. So, then if not then it will again go for
initialising. So, it because the system clock is advance to the next event time,
initialisation routine the sub program to initialize the simulation model at time 0. So,
basically since we start at time 0. So, that initialization routine will tell that now the
simulation has started. And basically, that goes every time because initialisation of this
time will be advanced every time the event occurs. Timing routine: The subprogram that
determines the next event from the event list and advances the simulation clock to the

time when that event is to occur.

So, it will tell about that next time at which the event is to occur. Similarly, you have
event routine the subprogram updates the system state when a particular type of event
occurs. So, in this case the it is updating about the event type which occurs. Then you
have library routine; this set of subprogram to generate the random variates or random
observations. So, basically what happens? In the event list whatever number you are
going to get they are basically the probabilistic outcomes, and they are generated from
certain set of you know pattern or certain set of distribution functions. So, that basically

is seen by or taken care of by these library routines.

So, that basically from probability distribution that were determined as part of the
simulation. Because in the simulation model you need to have this data and basically all
these data are required and I mean for a particular time and this data is used as the
probabilistic value, and it is used for finding the measures of performance. Then you
have the report generator. So, basically this report generator that stage will come when

the end condition is fulfilled, when you feel that there is end of the program.

So, once the termination condition is satisfied, in that case you are told that is now you
make the report. So, this report generator will be the subprogram which computes
estimates from the statistical counters of the desired measures of performance and
produces a report when the simulation ends. So, it will when the simulation will end it

will try to find all the you know statistical counters.

(Refer Slide Time: 24:56)



+ Reporf generator: A subprogram that computes
estimates (from the statistical counters) of the desired
measures of performance and produces a report when
the simulation ends.

Mdain pregram: A subprogram that invokes the timing
routfine to determine the next event and then fransfers
control to the corresponding event routine to update
the system state appropriately. The main program may
also check for termination and invoke the report
generator when the simulation is over.

0 1T ADORKEE

It will find all the measures of performance values, and then it will tell you that at this
event time or at this simulation time this was the situation at as we proceeded further this
was the situation and so. So, we will have a report generated; the main program a
subprogram that invokes the timing routine to determine the next event and then transfers

control to the corresponding event routine to update the system state appropriately.

So, basically the main program has to invoke or to call 4; 4th the data from this side to
the initialisation routine this side. So, the timing routine, then it has to go to connect with
the event routine invoke. So, it is main job is to have the invoke; function to invoke the
from these subroutines or subprograms and then get the data. So, then it will transfer
control to the corresponding event routine to update the system state appropriately. So, it
will come to the event routine, it will update everything that event routine will have the
you know connection with this library routines. So, from there it will get all these values
at which time what event has occurred. And in that case then main program me also
check the termination, main program will also see that when there will be termination.
So, when the termination condition is satisfied, at that point of time the main program
will say that now the program is terminated, and you have to stop working for; stop I
mean, simulation. And then it will tell the report generator that you make the report. And

once the report is ready then it will go and it will end the simulation.

So, this is how this main program works. So, what we see is; in this case you have a
logical flow. Logical flow of you know the information. So, what happens as we will see

in the next when we will discuss about the logic how this logical flow occurs, that we



have all these subroutines. All these subroutines are to be put and they are they are to
have communications with one another. So, initially you will have the initialisation at
simulation clock is set to time 0. And then it will have the from the event list it will have
the next eminent event type. Then it will ask and it will update all the counter statistical
counters system state values. And then it will ask for the termination condition. And then
in that case, you are once your condition is satisfied that time; the condition I mean the

simulation ends.

So, what we have study this in the earlier part, we had seen that these are the in a nutshell
you have a system state which is discussing about the variables to describe a state,
simulation clock is giving current value of simulated time. Similarly, all that is given as
we see the main program; this main program is time the routines together. And it is

helping in executing them in the right order.

It is job will be to see that proper routine is invoked at a proper time. So, that the system
state or the variables or whatever we are interested in that is measures of performance
calculation they are calculated appropriately. So, so as we see here the library routine
will find the random variates. So, it will have the routines to generate these random
variates, and basically that helps in predicting these arrivals or the departures. Time
routine as we see it will determine the next event time and next event type. And then it
will advance the clock to the next time. Initialization routine will be the initialising the

model at time 0 and event list.

So, this way you have different kinds of so, different components of this discrete event
simulation model. And as we discussed the most of the programs, we have the next event
type of advance mechanism being followed. So, as we discuss the different programs like
fortran or ¢ where we write or most of the softwares, like you have many computer
software which are working for these like arena or so. These all are based on this next
event type of time advance mechanism. Otherwise next we cannot say that this next the
our fixed increment time advance mechanism is not used. It might be used for different
purposes, but then mostly the next event type of advance mechanism is followed. In the
national lecture we will discuss about the logic of this program formulation, and also, we

will discuss about the steps in a sound simulation study.

Thank you.



