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Sample Space and Events

Hello friend, welcome to the course Essentials of Data Science with R Software-1 where we are
trying to learn the topics of probability theory and statistical inference. And now we have begin
with the topics of probability theory. So, can you recall that in the last lecture that was a very
story telling type lecture where I had tried my best to give you some idea about the probability
theory and I tried my best to convince you that probability is not a new thing for you that you are
going learn. You already know it the only thing is that I want to now define it in a mathematical

terminology.

The advantage will be once you are able to show someone that this is how you are trying to
compute the probability not you friend but this word will agree with you. That means you will be
able to develop a very good probability model. And that is the basic objective of our data
science. So, now from this lecture I will try to take up very small issue, very small ingredients
and I will try to move towards the construction of a probability model. I will try to take very
small topic elementary topics and I will try my best to give you or to explain you in a very

simple language.

But definitely when you are trying to learn it. You had to keep in mind there is a very strong
theory behind these concepts. My objective here is very different. I am trying to connect the
statistics with the data science. And data science is heavily depended on the computer. And for
that we also need a software. So, now at this stage I will be not that much interested in giving
you the theoretical construct, but I will be more interested in the application part of the tools.

And for that whatever are the basic ingredients, I will try to explain you. That is my objective.

In case if you want to know the hard code theory behind these topics, I will simply suggest you
pick up any book of statistics and try to learn it. Now in this lecture we are going to talk about
the first basic ingredients of probability theory which is sample space and events. So, let us begin

our lecture.
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Experiment:

Any activity for which the outcome is uncertain can be thought of

as an “experiment.”

The uncertainty concerns in the sense that the outcome of the

experiment is not known until the experiment is completed.

The outcome is not predictable with certainty in advance.

For example:

* drawing a card from a deck to observe which card is drawn ,

* tossing a coin to observe what turns up — Head or Tail.

So, now if you I ask you a very simple question you know the answer. What is an experiment?
How do you define an experiment? This is the first basic terminology which is needed for the
probability theory. So, I can say that any activity for which the outcome is uncertain can be
thought as an experiment. You always try to toss a coin or roll a dice. Do you note that before
tossing the coin, what you will get head or tail? Certainly not. That you come to know only after

the experiment is completed.

Do you know that if you start from your home at certain time at what time you will reach to your
college, exactly? You always tell only the approximate value. Means if it takes about 20 minutes,
then if you start from home at 10 0’clock in the morning. You may reach to your college at
10:18, or 10:19, 10:20, 10:21, 10:22 and so on. So, what is that? That is also an experiment that

before reaching over there, you do not know how much exactly the time you are going to take.

And the uncertainty in such events concern in the sense that the outcome of the experiment is not
known unless and until the experiment is completed. And the outcome is not predictable with
certainty in advance. That is why they are called as experiment. You are trying to conduct an
experiment then you understand the meaning of it. You will never say that you are going to

conduct an experiment to see whether the sun rises in the east or in the west; that you know.



In case if you try to combine two chemical known compounds in a given quantity, you know that
what is going to be the outcome unless and until you are trying to create an experiment. Because
in experiment you will not be knowing that what is going to be the outcome. Whatever the
experiments, chemical experiments we try to do in our class 10 and class 12, we know their
outcome and whenever you are trying to combine two chemicals and if you are not getting the
same outcome possibly you try to repeat the experiment. Because you know the outcome but that

is not really an experiment.

The experiment will be something like people are trying to experiment for the Covid vaccine on
different types of patients where they do not know before the conduct of the experiment that
whether the vaccination is going to work or not. So, similarly I can take here some more
example. For example, when you are trying to draw a card from a deck to observe which card is

drawn. You do not know unless and until the card is in your hand or the card is drawn.

Similarly, if you toss a coin you do not know what is going to turn up head or tail. That is an
experiment. But remember one thing probability theory is beyond the tossing of coin rolling a die

and drawing a card from a deck. Probability theory is now happening in you day to day life.

(Refer Slide Time: 6:00)
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Sample Space and Events:

The outcome of the experiment is not known in advance, but we

assume that all the possible outcomes of the experiment are known.

This set of all possible outcomes of an experiment is known as the

sample space of the experiment and is denoted by (2. 5

LY

Any subset l:“\.bf the sample space is known as an event.

An event is a set of possible outcomes of the experiment.

If the outcome of the experiment is contained in E, then we say that

E has occurred.

Now you should be convince about it. Well, we are trying to take very simple example to explain

you at least you know that how to toss a coin or how to roll a dice. That is the reason we always
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take the example of where tossing a coin or rolling a dice. But you should not laugh or you
should not feel that why probability theory is always happening with the tossing a coin. So, now
we try to introduce or try to understand two terminologies. One is sample space and another is

event.

Whenever you are trying to conduct an experiment, the outcome of the experiment is not known
to us in advanced. But in most of the cases you will see that we assume that all possible
outcomes of the experiment are known. For example, in case if you try to toss a coin, what will
happen? Either there will be a head or there will be a tail. Similarly, if you try to roll a dice, what
will happen? Either there will be 1, 2, 3, 4, 5 or 6.

Even if you want to go from your home to your college where you know that approximately it
takes 20 minutes under the general condition. Then what will happen? You know that it will take
time say 17 minutes, 18 minutes, 19 minutes, 20 minutes, 21, 22, 23, 24, 25 minutes. Unless and
until there is some major issue. So, we do not know at what time I am going to reach to my
college but I know with the very high possibility that in any case I will be reaching between 15

minutes to 25 minutes.

Similarly, when you try to go to your exams you do not know before the conduct of exam that
what type of grade you are going to get A, B, C, D or F. But definitely you know for sure that
what are the possible outcomes. A student can get a grade A, B, C, D or F. So, the set of all
possible outcome of an experiment is known as the sample space of the experiment and it is
indicated by the symbol Q. Q is Greek letter just like we have capital A, B, C, D so we have

capital W and the capital W in the Greek letter is Q.

And now when you try to take a subset from this sample space, this is called as an event. How?
Suppose if I say you are trying to toss a coin. The possible outcomes are head and tail. But now
can you say that there are two possible events; one can get a head or one can get a tail. Similarly,
if you take about 15 minutes to 25 minutes to reach your college from your home. Can I say that
I want to know that what are the chances that you will reach there between 18 minutes and 21

minutes?

So, what are these, these are the subsets of the all possible values. So, any subset of the sample

space is known as an event and this is denoted by say here capital E. That is the symbol what we
4



are going to use in our course. So, now if you try to think that whenever you try to reach such
definitions in the book, many time you get badly confused that what are they trying to see or
what are they trying to show you? But if you try to understand them just spend couple of minutes

and try to see. What are they trying to explain you the things becomes very simple.

So, an event is a set of possible outcome of the experiment. And if the outcome of the
experiment is contained in E that is the subset, then we say that E has occurred. For example, if a
coin is tossed and the sample space has two points head and tail. Now in case if I try toss the coin
and suppose it comes head. So head you can see that this is one of the point that was available
inside the sample space and then we can say that an event has occurred. And what is that event?
The event head has occurred, that can also be that a event scale has occurred. So, any outcome

that has to be contained in E, then we say that the event has occurred.

(Refer Slide Time: 11:11)
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Sample Space and Events:

For example:

2. If three students have to get three position_s in_a_gan_'le — First (1),
Second (2) and Third {3]._Then the exp:riment_consists of the
participating in the game with positions 1, 2, and 3, then

€) = {all orderings of (1, 2, 3)}

The outcome (2, 3, 1) means student one gets position 2, s;gd_ent

two gets position 3 and student one gets position 1 and so on.

If E = {3, 2, 1} then student one gets position 3, student two gets

position 2 and student one gets position 1.

For example, if there is a hospital where people are trying to record the gender of the newly born
baby, newly born child. So, there are only two possibility that whether the child is male or the
female. So, in case if you try to collect these two possible outcomes, then together they will try
to constitute the sample space Q. So, here for example M is indicating that the child is male and

F is indicating that the child is female.



So, now when somebody is going to the hospital, the person will say that the sample space
consist of only two points, male and female. Now whenever there is a baby born, then what so
ever be the gender of that baby that can be either male or female. So, in case if the baby is male,
then we say that E consist of M and then E is the event that the child is a male boy. And similarly
if E consist of only F that is the baby is female, then we say that the event E is that the child is a

female or a girl.

Similarly, if I take another example if there are three students who have got three positions in the
game. Means if there are three students and they are trying to participate in a game there are only
three possibilities that the student can get the first position, second position, or third position.
Now the experiment is conducted and those three students try to occupy the positions 1, 2, and 3.

Then what will be the sample space?

Sample space will consist of all ordering of the number 1, 2, and 3. Why? Because there are
three students and those 3 students can occupy the places in different orderings. For example, the
most simple one will be first student get first positions, second student gets second position, third
student get third position. But do you think is it the only possibility. No, first student can get the

third position, second student can get the first position and so on.

So, in case if you try to see there will be different combination possible 1, 2, 3; 3,2, 1; 2, 1, 3
and so on. And in case if you try to collect all such ordering they will try to create the sample
space. Now in case if you try to understand what is an event or how are you going to interpret it.
Suppose the outcome is here 2, 3, 1, this means student one has got the position number 2

student two has got the position number 3 and student one has got the position number 1.

So, now in case if you are getting an outcome like 3, 2, 1, then this is an event. This means what?
That student 1 gets position number 3, student 2 gets position number 2, and student 1 gets

position number 1. This is the meaning of this 3, 2, 1. So, this is an event.

(Refer Slide Time: 14:28)
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Sample Space and Events:
For example:

3. An experiment is conducted to know the dosage of a medicine. The

dosage is increased continuously until a patient reacts positively.

One possible sample space for this experiment is to let {2 consist of all

the positive numbers, so
Q= (0, oo)
where the outcome would be'x if the patient starts getting the dosage

and reacts when tl_m_ value of dosage _reﬂ'le_s ;o

No reaction to any smaller dosage than x.

Similarly, if I try to take one more example. Suppose an experiment is conducted and we want to
know the dose of a medicine. Suppose if somebody wants to conduct such an experiment, what
the person has to do? The person has to give a certain amount of dose to the patients and the
quantity of that medicine or the dose is increase continuously and it is continued until the

patients, patient reacts positively.

You have seen that somebody has got a body temperature, first the doctor says give half tablet
then if there is no effect, they try to increase it to 1 tablet. And if there is no effect, they try to
increase to 1.5 and 2 tablet and so on. Definitely they will try to do up to only that level up to
which the medicine is not harming the patient. So, in this case what will happen? One possible

sample space for this event is to assume that let omega consist of all the positive numbers.

We got dose can be any value. Between 0 and infinity. Well infinity is something like a
symbolic. But it is going to be positive. And what will be the outcome of such an event. The
outcome will be, can be denoted by some value here is small x which is the value of the doses
that is going to help us or that is going to have patients that if the patient start getting this dose

and react positively when the value of dose, doses reaches to x.

And as long as the dose was smaller than x, there was no reaction, there was no improvement,
the medicine was not working. This is what we mean. So, now you can see here that

understanding the concept of sample space an event is not difficult.
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Sample Space and Events: Symbols and Notations

Outcome of a random experiment is called a simple event (or

elementary event) and denoted by m.

Sample space : Q = {w,, w,, . .., w,} is the set of all possible outcomes

{wyes w,}_.

Subsets of ] are called events and are denoted by capital letters, in

general, such as A, B, C.

The only thing is this you have to think and decide yourself for a given experiment that you are
trying to conduct. That how are you going to define the sample space and objective. One thing I
would like to clarify here very clearly. That the definition of a sample space and events are
related to the objective of your study. It depends what you really want to do. For example, in
case if you are trying to roll two dice, then there can be different objective in which you might be

interested.

For example, you want to know the some of the numbers on the upper faces of the dice or you
want to know the difference or you want to know the some of their square, whatever it is. So, it
depends on your objective what you want to do but my advice is that try to understand the
experiment. Try to understand the need of the experiment that why the experiment has been

conducted. What you really want to know? Based on that you try to define the objective.

And based on that you try to take the definition and try to decide what is your sample space and
events. So, now we have understood this concept but we need to indicate it by some
mathematically terms so that anybody can understand it. So, now whenever we are trying to
conduct an experiment the outcome of a random experiment is called as an, as a simple event or

elementary event and it is denoted by small omega.



You can see here I have introduced here a word random experiment. You see whenever you are
trying to conduct an experiment as we discussed earlier, we do not know what is the outcome.
What is the possible outcome that you are going to get well that total possible outcomes are
known to us, but out of them which of the outcome is going to come. That we do not know that

is in that sense we call the experiment to be a random experiment.

So now whenever we are trying to conduct an experiment there can be more than one outcomes
and suppose there are k possible outcomes which are indicated by say i, 2, say ®x. So, now in
case if I try to collect the set of all possible outcomes of wi, m2, sw« then they are going to
constitute the sample space Q. So, now you see here whatever you have explained a concept of

Q in these 3 examples.

This medicine example, this students example and this male and female child example. That
omega is now well defined. For example, if you try to take here this example of say male and
female. This m; can capital M and 2 can be capital F. And similarly if you try to take here this
example of medicine means any value of the dose of the medicine that is reacting to help the

patient in curing him or her that is your omega value.

In this case the value of Q can be in some interval form also. So, now the subsets of (2 are called
event and they are denoted by capital letters in general capital A, capital B, capital C and so on.
But that is our convention. That is our understanding and at least in this course we are going to

follow the, this convention.

(Refer Slide Time: 20:09)
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Sample Space and Events: Complementary and Sure Events

0, : Set of all simple events that are contained in the event A

A

The event A | refers to the non-occurring of A and is called a

composite or complementary event.

Also Q is an event.

Since it contains all possible outcomes, we say that 0 will always

occur and is called a sure event or certain event.

Now I try to make the things more clear and we try to define it in a mathematical symbol.
Because once you try to define the things in a mathematical symbol the things become very easy
to understand. Now suppose if you want to compute the some square of the first 100 natural

numbers, then I can write down here 1, 2, 3,4 ... 100 then I try to square them then I try to sum

them and so on. All those things I can write down very easily here Z X,

x=1

So, you can see here mathematically you can express these thing very compactly which anybody
can understand very easily. With this point of view, I try to express whatever we have discuss,
whatever we have understood in a mathematical symbol. So, now I try to define here two things,
complementary event and sure events. So, let this Qa this is the set of all simple event that are

contained in the event A. So, that means anything can happen from this set.

Whatever cannot happen that is also another set and that event which cannot occur in this this is

called as complementary event or a composite event. And that is indicated by A . Sometime

you write down here A complement also whatever you want to write different books followed

different symbols and notation that is not a big deal but here we are going denote Qa it by A.

So this is also an event and this refers to as non-occurring of the event and it is called as
composite event or complementary event. So, you can see here that Q this is the entire sample

space. Sample space consist all possible outcomes. So, do not you think that omega is also an

10



event? Yes, Q is an event. And since it contains all possible outcome we can say that omega will

always occur and it is called as a sure event or certain event.

Suppose there is a coin, there are two possibilities head or tail. And if I say well what is the
probability of getting head and tail or head or a tail. Can you tell me? This is joint event means I
just want to know that if head comes or tail comes I will be very happy the probability is always
one because there are only two possibilities where that either head will occur or tail will occur.
So, when a event is comprising of both the events the probability of this event will always be

equal to one.

(Refer Slide Time: 23:06)

Sample Space and Events: Impossible Event )
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On the other hand, if we consider the null set @ = {} as an event, then

this event can never occur and is called an impossible event.

The sure event therefore is the set of all elementary events, and

the impossible event is the set with no elementary events.

For example, if [ roll a die and then there are six possible option 1, 2, 3, 4, 5, 6 and if I say what
is the probability of getting 1, 2, 3, 4, 5 or 6 that is always going to be one. Well definitely one of
the point is going occur. So, such points are called as sure event. Now when you have a sure
event then definitely there has to be an impossible event also. Because sure event is occurring

always. So, impossible event will never occur.

So, in case if we consider the set here ¢ as null set that mean there are no elements and this is
also is an event. So, then this event can never occur and it is called as an impossible event. So, if
you try to see the sure event is the set of all elementary events and the impossible event is the set
with no elementary events. And sure and impossible they are complement to each other.

11
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Sample Space and Events: Example - Rolling a die:

Rolling a die: If a die is rolled once, then the possible outcomes

Ui
e !

are the number of dots on the upper surface: 1, 2,...,6. L

Sample space is the set of simple events

u’l = l'.l'l”, mz = “2"' m, = M3”’ tl'4 = lldﬂ’ m’ = "5"' ms = "5”1
0 = {w,, w,, w;, w,, wy, wel

Event A: “An even number of dots on the upper surface of the die".

There are three possibilities that this event occurs: mz,- w,, ;"."

—

Complementary event of A: z’l_ JIf an odd number shows up.

There are three possibilities that this event occurs: w,, w,, ws.
—

So, now I try to take a very simple example and I try to explain you this concept. Suppose I try to
roll a die and suppose the die is roll only once. So, there are six possible outcome. For example,
you know that if there is die like this one there is a points like here 1, 4, 1, 3 and so on. So, if
they say dice is roll. Then what we try to do? We try to observe what is appearing on the upper
surface. You must have played very means different type of the board games from your

childhood.

So, now in case this if you want to define the sample space, then there are 6 possibilities. Getting
1,2,3,4,5 and 6. And I have denoted all this six values by event o1, ®2, ®3, ®4, ®s and we. So,
o1 is the event that one appears on the upper surface. m2 is the event that 2 appears. ®3 is the
event that 3 appears and so on. And this Q is going to be the collection of all possible events. So,

™1, ®1 up to we.

Now I can define the event according to our objective. Suppose if I define the event A as an even
number of dots on the upper surface of the die. Then there are three possibilities that the event
occurs with this event. Because the number are going to be even then either a 2 can occur, 4 can
occur, or 6 can occur. So, that means they are corresponding to w2, w4 and wes. And what will be
the complementary ev2,nt for this event A? If event A is asking that it is trying to consider all

even numbers, then obviously the complementary will be consideration of all the odd numbers.
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So, the complementary event of A will be denoted by A. And this will be if an odd number
shows up then we have a complementary event. And there are three possibilities. What are those
possibilities? Whether you observe 1, 3 or 5. And this are 3 events which are indicated by w1, ®3
and ws. (Refer Slide Time: 26:47)

Sample Space and Events: Example - Rolling a die:

Elementary event is an event defined to observe only one particular

number, say w, = “1”, then it is an elementary event.

Sure event is the event that “a number which is greater than or

equal to 1” because any number between 1 and 6 is greater than or

equal to 1.

Impossible event is the event that “the number is 7”.

So, this how you see that you can define these things. Now in case if you want to define here an
elementary event. Then this elementary event is an event defined to observe only one particular
number. Say for example, omega 1 equal to 1, then it is an elementary event. Means if you try to
take omega 3 equal to 3 then that is also an elementary event. And what is here the sure event

which is 100 percent guaranteed to occur?

Sure event is the event that a number which is greater than or equal to 1 occurs. Why? Because
any number between 1 and 6 is greater than or equal to 1. So, whatsoever number come the event
is always going to occur. So, that is a sure event. When we have our sure event, then we also
need to understand what will be the impossible event. So, in this case for example we can define
an impossible event like this is the event that the number 7 appears on the upper surface of the
die. Do you think that number 7 can occur? There are only 6 numbers at least we have assume
that we have die which has only six numbers 1, 2, 3, 4, 5 and 6. So, this event can never happen

and this is call as an impossible event.

(Refer Slide Time: 28:15)

13



T ——
Sample Space and Events: Example - Rolling two dice

Rolling two dice : Suppose we throw two dice simultaneously.

Event is defined as the “number of dots observed ori- the ubber

surface of both the dice”.

Then, there are 36 simple events defined as

(number of dots on first die, number of dots on séq‘:nq die]: 3

ie. w,=(1,1),w,=(1,2),..., Wy = (6, 6).

Now I try to change my objective and suppose I try to say that till I am going to roll two dice.
And we try to throw both the dice simultaneously like with this one. So, our outcomes are going
to be like this one. Suppose if there are two points here and here there are three points on the
second die. So, and if I try to write down the number of points on the upper surface. Suppose this
is my dice number 1 and this is my dice number 2. So, I can write down here the value here say

2, 3.

Suppose this is an event that whatever numbers we are going to observe on the upper surface of
both the dice. That is my event. So, this is what I have defined here. Now, how many
possibilities are there. If you try to create here a small table like as 1, 2, 3,4,5,6;1,2,3,4, 5, 6.
You can see here 1, 1 can come, 1, 2 can come, 1, 3 can come up to here say 6, 1 can come up to

here 6, 6 can come. So, there will be all together 36 possible outcomes.

So, there are 36 simple events which are defined as the number of dots on the first die, number of
dots on the second die. And they are indicated by m1, w2 up to ®3e. . So, Q (1, 1) means 1 and 1
occur on the upper surface of both the dice. 1, 2 means 1 occur on the dice one and 2 occurs in

the dice two and so on.

(Refer Slide Time: 29:58)
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Sample Space and Events: Example - Rolling two dice

Therefore Q is

Q= {(1,1),(1,2), (1,3),(1,4),(1,5), (1, 6)
(2,1), (2, 2), (2,3), (2, 4), (2,5), (2, 6)
(3,1),(3,2),(3,3),(3,4), (3,5), (3, 6)
(4, 1), (4, 2), (4, 3), (4, 4), (4, 5), (4, 6)
(5, 1), (5, 2), (5, 3), (5, 4), (5, 5), (5, 6)

(6, 1), (6, 2), (6, 3), (6, 4), (6, 5), (6, 6)}.

So, now if you try to see the sample space (2. will consist of these possible values. And these all
the collection of all events or the sample point that is creating our Q. So, now you obtain the

sample space also.

(Refer Slide Time: 30:15)
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Sample Space and Events: Example - Rolling two dice
One can define different events and their corresponding sample

spaces.
For example,

= if an event A is defined as “upper faces of both the dice contain the

same number of dots”, then the sample space is

Q,=1{(1,1),(2,2),(3,3), (4, 4), (5, 5), (6, 6)}.

* If another event B is defined as “the sum of numbers on the upper

faces is 6”, then the sample space is

0, ={(1,5), (2, 4), (3, 3), (4,2), (5, 1)}.
|

Now, from this experiment I can have different types of objective and I can define different types
of event also. For example, if an event A is defined as upper faces of both the dice contain the

same number of dots. Then what do you think, what will be your Q4 that means the sample
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space corresponding to this event A. They will have here 6 point that both the dice have either 1,

2, 3,4, 5, or 6 numbers on their upper faces.

On the other hand, in case if my objective is something else, then I can define another event here
B which is the sum of numbers on the upper faces is 6. In that case, the sample space is
corresponding to this event is defined as for example. Now this omega B can have six possible
points. 1, 5; 2, 4; 3, 3; 4,2; and 5, 1. And if you try to see if you try to sum any of these, this two
numbers their sum is always 6. And similarly if you wish you can define so many events and

from this Q.

(Refer Slide Time: 31:32)

Sample Space and Events: Example - Rolling two dice

A sure event is “get either an even number or an odd number”

An impossible event would be “the sum of the two dice is greater

than 13",

And in this case a sure event is get either an even number or an odd number. Definitely you are
going to get 1 out of them. So, this event is 100 percent guaranteed or this is a sure event that
will always occur. And an impossible event would be like the sum of the two dice is greater than
13. It is not possible because the maximum value which are a die can take as the number of
points on the upper face is 6. So, the maximum value be 6 and 6 and their sum is going to be 12,

13 can never occur , at least in this case. So, that is going to be an impossible events.

So, now we come to an end to this lecture. You see this was a very simple lecture, just trying to
introduce with the basic notation of a sample space events et cetera. But definitely they have

very important. Because whenever you are trying to work in the decision science. Whenever you
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want to compute the probability or something. These are the basic ingredients unless and until
you define your QQ, ma, A, B etc. How can you compute the probability? And this definition are
in your control. The person who wants to know the probability of certain event that person
knows but that person possibly does not know statistics or data science. That person will come to

know only to you. You have to listen and you have to translate what the person is trying to say.

For example, if | take the example of this medicine, you have to decide. What will be the range
of the dose of the medicine? Minus infinity to infinity, 0 to infinity, minus infinity to 0, some
integer or some real number. What so ever you want you have to decide and one thing is this
what so ever decide you have to match with the real thing what is happening in practice. If you

try to say the doses are going to be integer value. That means there are only some tablets.

But if there are no tablets but there are some liquid and that liquid can be given in any volume
then definitely the dose can be 2.3 or 2.4 ml also. But you have to take a call. And for that you
have to understand what is really happening. And I always say that our statistician will be that
fellow who is a very good social scientist. You cannot say that I do not know, how the doses of

medicines are given.

So, you try to understand this thing try to take very simple example. Try to think and try to
construct your own sample space and events and get confident. So, you try to do it and I will see

you in the next lecture till then good bye.
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