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Lecture - 14
Fault Tree Analysis (FTA) - Cut- Set Method

Welcome we will continue Fault Tree Analysis. Today we will discuss primarily Cut-Set

Method.
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So, the contents of today’s presentation one the conceptual issues related to cut set then
the algorithms MOCUS and MICUSP algorithm. We will be discussing primarily the
MOCUS algorithm, and there will be example on cut set methods. And the source is the
same book that is Kumamoto and Henley, probabilistic risk assessment and management

for engineer and scientist it is Wiley-IEEE.
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](Iut-Set Method

* Gate-by-gate method is applicable to small fault iree. For large fauli tree, we .
require 1o use compuler programme using an efficient algorithm. Cui-Set method is % -
used for this purpose. e = 0# J@

—

* Asel confaining (B B,,...B, }, the collection of all basic events of a fault tree, is
fermed as basic sel, . i

—

* For the top event to oceur it may not requite all the events in the basic set to oceur.

For example, in example shown, a hole in in the eylinder can cause leakage of gas Q

(the top event). S
@) @ @) @

*  Acubset is a subsset of the basic st such that if all the basic cvents in the cul-sel
oceur, the top event will oceur, So, the basic set is definitely a cut-sel.
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So, you have already seen the gate by gate method in gate by gate method, the top event
with different gates finally at the bottom events. The bottom event probabilities is
known, and every gates are quantified and finally, top event probability is quantified. So,
that method is good for small fault tree. For large fault tree, you required to use computer

programming and you require an efficient algorithm for that purpose.

Cut-set method is one such algorithm that will help in quantifying the top event
probability through computer programming. So, there are certain terms, and certain
issues related to this cut set method. For example, first one is the set. So, all of you know
the set is collection of items, collection of individuals or collection of entities. In fault

tree it is collection of basic events, all basic events.

So, a set continuing all the basic events in a fault tree is termed as basic set. It is set
because it talks about the event related to all the component level failures. So now, if as
you have already seen from the gate by gate method, if you know the probability of the
basic set, means the component probability, you will be able to find out the top
probability top event probability. So, and also you will see that for top event to occur, it
is not that all the bottom event should occur. May be a combination of bottom events will

ultimately lead to top event.

So, that is why for the top event to occur, it may not require all the events in the basic set

to occur. Now we are coming in terms of talking in terms of set. So, basic set means



what? All the basic events so, for top event to occur all the basic event like B 1 to B n,
that does not required to occur may be one or more in combination, ultimately lead to the

top event occurrence.

So, for example, a hole in the cylinder can cause leakage of gas that is the top event.
Means, only one basic event and whole in the cylinder particularly the kitchen, gas
cylinder a hole can cause leakage of gas. So, one basic event may be of such capacity
that it can lead to the top event occur or a combination of basic events finally, lead to the

top event occur.

So, that what is cut-set? A cut-set is a subset of the basic set such that if all the basic
event in the cut-set occur then the top event will occur. So that mean what we say? That
basic set is the ultimate that is a superset. So, there may be subset that can be derived
from the basic set, and what is the property that if all the events in that subset occur, then

top event will occur, then that subset is cut-set.
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] Cut-Set Method (contd.)

Let us now use the nomenclature for the fault tree of the example shown.
Basic events:
\/”'| Hole in eylinder ~ By~ Valve A open

B; — Rupture in valve tube B, - Valve B open
§

B, Valve C open 3, -~ Cook forgets to i

So, the basic set (set of all basic events) B is

B- {B), By By By, By, By}

s
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Now, let us consider the example. All of you have seen this example in earlier class, that
we have 6 basic events B 1, B2, B 3, B 4, B 5 and B 6. And then what will be the basic

set? Basic set content all the basic events.
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] Cut-Set Method (contd.)

' Consider arbitranly the following sets as subsets of B:

5B v — Gk Lof

Si:(ByBuByt o~ — Lk C
@ml,u,‘nﬁ) - NOT A enf L4

Si: (B, B, By By — 2

' The occurrence ul!h_ or {B) By, By} or {By, By, Bs, Bg} can cause the top event
‘leakage of gas” to oceur. But the events {B,, B, By | if occur will not result to
the top event.

' Therefore, the sets S S, and 8, are cut sets but not the set S; Further, S, contains

the events By B, By where Byalone or B, and By n combination can cause the
lop event 1o oceur.
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Now, let us arbitrarily create some of the subset,only B1B1,B2,B3,B4,B5,B6.B
6,B2,B4,B5,B 6. So, you have 6 basic events so, basic set content 6 elements. Now
arbitrarily we have created this many subsets now for the sake of understanding, we will
examine one at a time. And already the cuts the total fault tree utilising the 6 basic events
I have given to you, just follow that fault tree. And you will see that from that fault tree,
the occurrence of B 1 alone or B 1, B 2, B 3 in combination, or B2, B4, B 5, B 6 in

combination can cause the top event that is leakage of gas to occur, ok.

So, you have seen this one. But the S 3 which is basically B 4, B 5, B 6, if the event B 4,
B 5, B 6 occur the top event will not occur. So, as a result S 1 is cut set, S 2 is also
another cut-set. S 4 is also a cut-set, but this one S 3 is not a cut-set. I hope you

understand, ok.
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] Cut-Set Method (contd.)

*  But, the same is not true for S, and S, where all the events in each set require to oceur for
the top event to oceur. The sets $, : {B,} and S, 783 By, By, By} can be femed &
minimal cut sets. The word ‘minimal” is used to state that all the events in a minimal cut
set must occur for the top event (o oceur,

Other cut-sets like S, are known as non-minimal cut sets. However, when we say cut-
set, traditionally we mean it as a minimal cut set. Non-minimal cut-set are combination
of mimimal cut sets (minimal cut set and some other basic events).

S§: B, By, By} S
(1B, By, By} o

{5,514 53 X

Collection of minimal cut scts §, and S,
Su v
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So, now what we have found out? We found out that the from the arbitrary sub selection

of subset like S 1, S 2, S 3 and S 4 this is cut set, cut set, not cut set, this is cut set,. So,
what happen in S 1 and S 4? All the events in the set required to occur for the top event

to occur let me go back again.
For example, for example, let me go back again.
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] Cut-Set Method (contd.)

' Consider arbitranily the following sets as subsets of B:
-5
S By
»A_»l IH. B_\. “:}

Syt By BB %
§: By, By, By, B
\/ A ]

' The oceurrence of By, or {B; By, By} or {B,, By, Bs, B} can cause the top event
‘leakage of gas’ to oceur. But the events {Bj, By, B; | if occur will not result to
the top event.

1 Therefore, the sets S S, and S, are cut sets but not the set 8; Further, S, contains
the events By By, By where B alone or B, and By in combination can cause the

top event lo oceur,
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For example, S 1, so, B 1 must occur. S 3 B 4 B 5 B 6, if that occur this will this is not a
cut set, S 4 and S 2. So, you will find out that ultimately, I told you that here this must



occur and here in S 2 you have to see that whether all the 3 required to occur, or may be
a combination will another combination will help similarly S 4. So, that is what [ want to

discuss now.
What I want to tell you, that what we have written here.
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] Cut-Set Method (contd.)

*  But, the same is not true for S, and S, where all the events in each set require to oceur for
the top event to oceur. The sets 8, @ {B,} and S, : {B,, By, By, By} can be termed as
minimal cut sets. The word ‘minimal s used to STAIE Thal all e @Vents in a minimal cut

.
sel must oecur for the Lop event 1o oeeur,

* Other cut-sets like S5 are known as non-nuinimal cut sets. However, when we say cul-
set, traditionally we mean it as a minimal eut set. Non-minimal eut-set are combination
of minimal cut sets (minimal cut set and some other basic events)

V5. (B, B, Byt
4 {‘l_!’!pl:{
55
Colleetion of mipimal cut sets §;and S,

By, By} }
L
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That that the set S 1 which basically contain B 1, and your S4 B2, B4, B 5, B 6 can be
termed as minimal cut sets. Why? Because all the elements in minimal cut set must occur
that mean, then only the top event occur. But if you take the cut set S 2, that is non
minimal, because this S 2 that B 1, B 2, B, B 3 and here what happen? B 1 and B2 B 3
then, this S 1 and S 2 both are equally able to help occurring the top event.

So, as a result what happened? 2 minimal cut set S 1 and S 2 and ultimately that S 1 if
occur and S 2 occur, they independently can make the top event occur. Now if you create
a set like this B 1, B 2, B 3 this is not minimal, because all the events in this set does not

required to occur for the top event to occur.

So, then what happen basically? We have given you 3 things; one is basic set.
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] Cut-Set Method (contd.)

®* But, the same is not true for S, and S; where all the events in each set require to oceur for
the top event to oceur. The sets 8, @ {B;} and S, : {By, By, By, By} can be termed as
minimal cut sets. The word ‘minimal” is used to state that all the events in a minimal cut
set must occur for the top event 1o oceur,

Other cut-sets like S, are known as non-minimal cut sets. However, when we say cut-
set, traditionally we mean it as a minimal cut set. Non-minimal cut-set are combination

of minimal cut sets (minimal cut set and some other basic events)
3«:\%’?‘\‘;{ s {afre'la' - 76.‘.’
§: (B, By, By}

J
{{B,}.(By, By}} Gnd i f._ﬂ'_L"}g

(5, Sy} ¢, 1Y
Colleetion of minimal cut sets §;and 8, _/&’“1 i "lf %1
5, / (o Mir
A

NPTEL ONLINE L

IIT KHARAGPUR CERTIFICATION COURSES
T #8 ‘ L]

For example, B 1 B 2 to B 6, then we say cut set. For example, B 1, B 2, B 3 this is a cut
set. Why it is cut set? Because this 3 basic event if occur, the top event will occur. It is

not basic set because basic set contents all the bottom level events.

But this one can be written like this B 1 and B 2 B 3. Now B 1 alone is sufficient to
cause the top event to occur so, that is why this is a cut set. Again B 2 B 3 sufficient to
cause the top event to occur then this is a another cut set. The property of here that if B 1
for example, a 2 both B 2 and B 3 should occur then the top event occur, that is why this

is minimal cut set.

For example, S 1 is minimal although it has one only one element, but these cut set B 1,
B 2, B 3, it is not minimal. Because it is combination of 2 minimal cut set. So, we have
basic set, we have cut set, we have minimal cut set. So, we want to find out the minimal

cut set. Usually, when we say cut set method we try to find out the minimal cut sets.
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]Algorithms

How does one obtain cut-sets?

We deseribe two approaches:

\;{/\{()CIJS (method of obtaining cut-sets), developed by Fussel et al,, (1974), is a top-

down procedure,

+  MICSUP (Minimal cut sets, upward) is a bottom-up procedure.
—
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So, how do you generate cut set? We will use MOCUS algorithm developed by Fussel et
al 1974. It is a top down approach or mix up; that is minimal cut set upward it is a
bottom up approach. Both the approach are more or less similar. So, but one is from top

to bottom another from bottom to top so, we will discuss this approach.

(Refer Slide Time: 12:13)

]:IOCUS Algorithm )

+ MOCUS uses two principles:

—
+ The step-by-step procedure of MOCUS algorithm is given below. E

tep | Alphabetize wg_ILg._lln. and number cach basic events, -

= Step 2: Consider the upper most gate first, Identify all the mputs to this gate,

If the gate is an ‘R’ gate, increase the number of rows of the cut set matrig by 1hb O
number of inputs to this gate (Principle 2) as an replacement of the ‘OR’ gate. Each row

conlains an input to this gate.

If the gate is an *AND' gate, increase the number of eolumns of the cut set matrix by the

number of nputs to this gate (Principle 1) as an replacement of the *AND' gate.
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Please listen very carefully that how mix MOCUS algorithm works. So, it is very
important algorithm for fault tree analysis. There are 2 principles. Principal 1 and

principal 2, it is basically related to AND and OR gate. So, when you develop a fault



tree, you might be using other gates, not necessarily only AND and OR gate, you may be
using other gate like Exclusive OR gate and priority AND gate some other gates. So, it is
recommended that you convert other gates into equivalent AND or OR gate or
combination of AND and OR gate. And then make the make the fault tree having only
AND and OR gate that is the first thing.

And second is that you use 2 principal to find out the cut set one is principal 1. It relates
to AND gates, if there is any AND gate, it increases the number of basic event in a cut
set. So, let me write down like this suppose top event so, there are let there are many cut
set write S 1, S 2 suppose S k, so many cut sets you know. What is cut set? If the event in
this set occur, top event will occur, if event in this set occur top event will occur, if even

in this S k set over top event will occur.

Then we can say it is OR gate with all the cut sets, or you can write like this. So now
what we say? If there minimal cut set, then all the basic events here must occur then only
this will occur so that mean there is an AND gate with the basic event related to this cut

set similarly related to this cut set similarly related to this cut set, ok.

The principal is in the fault tree when you are coming down from the top to bottom,
whenever you encounter an AND gate, it simply indicates that that increases the number
of basic event it cut set it will not increase the number of cut sets. So, given a fault tree
like this suppose this is my AND gate, then here is one basic event, here is one OR gate,

here is another 2 basic events, and here is one basic event.

So, coming down you found out an AND gate, what does it mean? This gate will
basically we will increase the number of basic event in the sets. So, this start with the set
here, this one, this gate and this basic event will be the element and it will be only one
set. It will not increase the number of cut set. But when you get an OR gate, it increases
the number of cut sets. Because OR gates is more vulnerable. So, this principal you have

to apply and we will see how it will work.

Then how do you proceed? Step one alphabetized each gate and number each basic
event. So, that mean, if this is the fault tree gate will be A B. And number means like 1 2
3 4. That is why alphabetize each gate number of and number each basic events.
Consider the upper most gate first identify all the inputs to this. First you consider this,

see the inputs and accordingly use the applicable principal whether AND and OR, and



then either you increase the number of basic events in a cut set or number of cut sets.

So, if the gate is OR gate increase the number of rows, and a that is principal 2 and if the
gate is AND gate increase the number of columns. So, let me tell you what is this; I think

next slide we will see what is this.
(Refer Slide Time: 16:56)
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MOCUS Algorithm (contd...)

+  Step 3: Move down to the next gate, if available and execute the *AND" or “OR’

gate operations as mentioned in step 2.

+  Siep 4: Continue tll all gates are not exhausted 1.e., the mairx contams only the

basic events.

+  Siep 5 Remove non-minimal and duplicate cui-sets using Boolean algebra, The

femaining sets are minimal cut sets. &
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And then what happened? You move down to the next gate. And in this process go down
to the to the bottom, bottom level and then you will having lot of cut sets. And then all
non-minimal and duplicates cut sets will be will be removed using Boolean algebra, then

the remaining cut sets will be the minimal cut sets.
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]An Hypothetical FT

\/ TOP
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Suppose this is our hypothetical fault tree. Top event alphabetised gate A, gate B, gate C
gate D. This is my AND gate, this is another AND gate, then this is OR gate, this is OR
gate. Now number the basic events 1, 2, 3, again 2, 4; that means, this events coming in

the 2 places of the fault tree.

So, we want to use the MOCUS algorithm now. How we will do?

(Refer Slide Time: 18:11)

]MOCUS Algorithm for the Hypothetical Example
e b
[AlT] [elo] ] i AL
:‘5 l, 1 nae clay] R
TOP event AsanAND  BisanORga 1  CisanAND
gate is A, the gate; B4 D, its ET e inputs, 483,
nitial matrix nputs, replace it replace itvertically,  mputs, Teplace it
eniry horizontally. Each requires a new horizontally.
0w,
{';"- = These Boolean- T3 Ml Cot Sel
Indicated Cut Sets. . inimal Cut Se
203 i
~ fIDF ii\f rows are least
D (top row), is an et .Fedce to these | roups of
D (secénd f ] g ps :
%ﬁl{:f;mf o, sanoR ML) initiators which
vertcally, Each  ate. Replace will induce TOP.
Tequires a new as before,
ow.
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You see, first gate is what? You create a matrix so, in the matrix, the number of columns

and number of rows. So, number of rows number of columns so, rows transfer cuts



number of every row talks about a cut set. And every column talks about the element in

that corresponding cut set means corresponding row.

So, we have already seen that the diagram we have already seen diagram is top event
then A. So, start with this so, we are doing this, start with A. Now what is A? A this top
event gate is A the initial entry into the matrix. What is A? A is AND gate; if it is AND
gate what it will do? It will not increase the cut sets, increase the number of cut sets; that
means, there will be, it will be in the same row there will be no additional go for these.

And it increases the elements in the cut sets so, first cut set.

So, the input to A is what? Input to A is B and D, input A is B and D. So, that mean what
will do then? A is converted to B and D in the first row, number of elements is increased.
The reason is A is AND gate. Now see you have 2 gates here, B and D. Suppose, we
consider B first. What is B gate? B is OR gate. So, if it OR gate, it will increase the

number of cut set.

So, how many what will be the number increase; depends on the number of inputs to this
gates. If the gate has 2 inputs, then the first that there will be 2 cut sets. If it is 3 inputs, 3
cut sets like this. Now B has 2 inputs. What are those 2 inputs? 1 and C. So, that is why

B is replaced by 1 and C. D remain as it is because D is common to both 1 and C.

So, what happen? You see in the AND gate case the element in the row increases, in the
OR gate case number of rows increases. Number of rows is synonymous to number of
cut sets, number of column synonymous to number of elements in a cut set. Then there
are 2 things C and D gate, now you can choose C or D anyone, let us go by alphabets

order so, C is chosen.

What is C? C is an AND gate. If C is an AND gate, it will not increase the number of cut
set rather, it will increase the element in the cut set. So, the input to C is 2 and 3, and as a
result you see 1 D as it is, now C is replaced by 2 D take each place 3 is added here one
more, one more column is added. So, that is why 1 D, 2 D, 3 this is basically the cut set,

2 cut sets.

So, how long you will continue? You will continue so long the matrix will be with only
numbers, there will be no alphabets because alphabets, talks about the gates. Now see

how many alphabets are there? Only one that is D, but in 2 places so, we will write what



is the input to D input to D is a 2 and 4. So, and what is D? D is OR gate, if D is OR gate

it will increase the cut set.

So, what happened? 1 as it is, then D is replaced by 2, 2 ok. The second row we kept as it
is, but as D being the OR gate it increases the number of rows. So, 4 2 already we have
considered we have to consider 4. So, that is why 1 and 4; 1 is common, 2 and 4 are
input to this gate. This is first time we are doing. But there is that D is not completed
here. So, there another D is there. In the same manner, you have increase the number of
rows. So, as a result what happen? You got one cut set 1 and 2, another one 2 to 3,

another one 1 4 another one 2 4, 3.

Now, you use Boolean algebra to reduce this to minimal cut set. Like 1 2 it is minimal,
because both required to occur. 2, 2, 3 this is nothing but 2, 3 because the same basic
event coming 2 times, it is Boolean algebra concept is 1. So, the second one is reduce to
2 and 3. Then 1 4 as it is. Now what will happen to 2 and 4? 2, 4, 3 this is not a minimal
cut set. The reason we have already seen, that if 2 and 3 occurs top event will occur, now
here 2, 4 and 3 is there. So, 2 and 3 already there so, that mean that is already considered.

So, this is not minimal and it is not required so, we have removed this one.

So, as a result the number of minimal cut set is 3 reduced to these minimal cut set. This
is what is the algorithm MOCUS algorithm for minimal cut set ok I hope you have
understood. Let me repeat again we are using 2 principal’s principal one, AND gate will
increase the number of elements in a cut set. Principal 2 OR gate increases the number of

cut set.

What will be the increase? In both the cases increasing the number of inputs to that
particular gate; if it is AND gate, then the number of element in the cut set will be the
number of inputs to that AND gate. If it is OR gate, number of cut set will increase and
that increases number of input to the OR gate. And using this principal and then to make
it programmable, what we have done? We are basically saying that you alphabetize the
gates and number the basic events, when then the follow this algorithm. I hope you

understood.
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] Example

Obtain cut sets for lenkage of gas
as shown in the exanple
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See the situation here leakage of gas OR gate, how many inputs? 1, 2, 3 so, if you want
to create so, first you start with G 1, then it is OR gate, it will increase the number of

rows 1, G 2, G 3. So, these are all cut sets.

Now, you talk about G 2. So, G 2 is what AND gate so, input how many inputs 2. So,
what will be the next is then? 1, G 2 will be replaced by 2 and 3, and G 3 will be as it is.
But G 3 is again you see it is basically G 4 and 2. So, you write this one, and it is an

AND gate. So, G 4 and 2.

Now, what is G 4? G 4 is another AND gate, and which at G 5 and 6. So, that mean G 4
will be replaced by, then this will be there this is, then G 2, G 4 this portion is replaced
by G 5 and 6. G 5 is OR gate having 4 and 5. So, that mean resultant things will be 1, 2,
3 then 4 4 6 [FL] 2 is there [FL] ok. G 4, G 4 2 is there. So, then 2, 4, 6 and then 2, 5, 6
using MOCUS algorithm, you are getting this, it is there.



(Refer Slide Time: 27:00)

]:!xample (contd.)
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1 1
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v e el |

v :

N

"' NPTEL ONLINE

IIT KHARAGPUR CERTIFICATION COURSES
7 9 YWNH

You see it is there, G 1 is OR gate, 3 inputs, 3 cut sets. Then 1 as it is, it is basic event
nothing to do G 2 is AND gate with 2 basic events fine, 2 3 G 3 having basic event 2
AND gate 4 so, like this.

Now, 1 as it is these are G 9, G 4 is AND gate with G 5 and 6. So, 2 G 5 6 in this manner,
break and ultimately, how many cut sets you are getting 1, 2, 3 and 4. Now there is no

redundant basic events so, 1, 2, 3 there is there are unique 2, 4, 6 units 2, 5, 6 units.

Now, what you have to see? You have to see that whether they are basically minimal or
not. See one no (Refer Time: 28:00) 2, 3 is not sufficient to replace this 2, 4. 6. Not
sufficient to replace this also. So, this is a minimal cut set so, this is what is the concept

of cut set MOCUS algorithm.
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From the defimtion of minimal cut set, it can be said that the events in each of the cut sets are related with an AND
gate and the cut sets act as inputs to an "OR’ gate with the top event. Therefore, the equivalent expression for cut

sels using “AND' and “OR” gates are shown i Fi |gun. below.

C5: Cul set A éﬂ‘)

Gate representation of top event, cut-scts and basic events

2
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So, once you have the cut sets ready, then the logical linking is top event with OR gate.
And this is cut set 1, cut set 2, cut set 3. And cut set means minimal cut set. So, all the
basic events should occur, that is why AND gate, AND gate like this; where we once you
know the number of cut sets, and the element of the cut sets, you will be able to find the
probability of this cut set, this cut set, this cut set. And then find out the probability of the

top event using the OR, AND gate logic, ok so, this is what is our cut set method.

(Refer Slide Time: 28:59)

The probability of leakage of gas is 0.000] (see Figure ) which equals to that obtained using gate-by-gate method.

(example).

Leakage of gas

=0.0001

J: ‘ @@@@@o@

Cut set representation for the leakage of gas
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And for the example, we have already found out 1 is cut set, then 2 3,then24 6,256



this probability known, probability known, probability known. Because of AND gate 2
and 3 it is multiplied, because of here also AND gate these 3 multiplied, here also AND
gates these 3 multiplied. Where we are assuming that basically there independent,
independent that basic events are independent here, then it is and OR gate. So, what
happen input? 1, 2, 3 and 4 is the OR gate formula and you will be ultimately getting this
probability. So, leakage of gas, it is probability is 0.0001, ok ao, 1 in 10,000, 10 to the
power 4 of 4 times you use the oven the kitchen suppose 10,000 times, you have used

this and 1 time there will be a leakage.

(Refer Slide Time: 30:06)

] MICSUP Algorithm

MICSUP 15 the reverse of MOCUS.
For example, for the ‘leakage of gas’ top event (example ) we started from gate | (G,)
and proceeded through Gs. In MICSUP, we will start from G, and proceed upward to
derive G, in terms of basic events 1 to 6 (see Fault tree given in example). The
development for this example is given below.
Stepl:  (:= H as G is an OR gate

B 5 \,

Step2: G, =[G; 6] as G, is an AND gate
{44
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MISCUP algorithm just reverse. So, if for the leakage of gas top event we started from
gate one and proceed through gate 5 in the MOCUS case. In MISCUP will start from G 5
the lowest gate and proceed up or so. G 5 is OR gate and the though 2 principal; that
means, increase in element in a cut set or increase in number of cut set that principal will
be applied it. So, G 5 is OR gate then G 4, G 4 is an AND gate that is why number of
elements increases. Now G 4, 4 6 5 in this manner you proceed then finally, ultimately

you will get the same.



(Refer Slide Time: 30:51)

] MICSUP Algorithm (contd.)

Step3: (3= 2 [ |= E::

Step & G, =[23]

1
Step 5: G = lﬁ:[
Gy
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Same number of minimal cut set.

(Refer Slide Time: 30:59)
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So, I hope you got it. If you have any query regarding cut set method, please use the

forum.

Thank you very much.



