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Hi! Welcome to our 1st module of the 12th week on “Decision Support Systems”! Today we

are going to talk about ‘Decision Support Systems for Operations Management’.
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CONCEPTS COVERED

» Multi Criterion Decision Making (MCDM) in Operations Management
» Analytical Hierarchy Method as a Modeling Tool in DSS
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In particular in this particular session, we are going to deliberate upon multi criteria decision

making in operations management and within that domain, we will be discussing about

analytical hierarchy method as a modeling tool in decision support systems.
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Introduction

OMany decision problems in operations function involve multiple
objectives and goals

UAn operations manager may need to evaluate suppliers and develop
partnerships with the best ones considering multiple criteria

UOften there is a need for ranking or prioritizing jobs for the purpose
of scheduling them in front of machines based on several criteria.

USelecting a new Iocation‘ for a machine shop may require N
consideration of multiple criteria.

Many decision problems in operations function involve multiple objectives and goals, also
known as multiple criteria. An operations manager may need to evolve and evaluate say
suppliers, they have to select the best supplier among the many suppliers that have applied for
supplying materials in their organization and develop partnerships for strategic items with the

best ones considering different criteria.

Often there is a need for ranking or prioritizing various jobs for the purpose of scheduling
them in front of machines based on several criteria, which jobs should be processed first,
which one should be processed next. So, effective scheduling can be accomplished through
such techniques when multiple criteria is there. Another interesting area operations manager
always face is selection of a new location for a machine shop that might require consideration

of multiple criteria.
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Introduction

Qwhile there are several approaches for solving multi criteria decision
problems, we will illustrate the use of Analytical Hierarchy Method
(AHP) as a modeling tool in DSS.

U Developed by Saaty, AHP is a process for developing a numerical
score to rank each decision alternatives based on how well each
alternative meets the decision maker’s criteria

Now, while there are various approaches for solving multi criteria decision making problems,
in this session we will illustrate the use of Analytical Hierarchy Method which is also known
as AHP technique and its effectiveness as a modeling tool in decision support systems.
Developed by Saaty, AHP is a process for developing a numerical score to rank each decision

alternatives based on how well each alternative meets the decision maker’s criteria.
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SAMPLE PROBLEM

U ABC company wants to use AHP to decide in which location to build
its new plant

U The company has four criteria on which they will base their decisions
» Property Price,

» Distance from Suppliers,

» Quality of the Labor Pool, and

» Cost of labor

U They have three locations (A, B, and C) to decide for the expansion

For example, look at the sample problem; ABC is a company and this company wants to use

AHP technique to decide in which location they should build their new plant. The company



has four criteria on which they will base their decisions. What are those four criteria? One is
property price; next distance of the plant from the prospective suppliers, the third criteria is

the quality of the labor pool and the fourth criteria is the cost of labor.

Once again the four criteria on which they will base their decision to locate the new plant are
one: property price, distance from the suppliers, quality of the labor pool, and cost of labor.
And, they have three alternatives locations: A, B and C to decide whether they will locate

their new plant for the purpose of expanding their organization.

So, that is the overall goal. Multiple criteria and the number of alternatives; so, we have to
choose the best among the several alternatives considering all the different criteria, that we

have just talked about.
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Steps in AHP

vHierarchical problem structuring where the top element is the
goal of the decision

v Preferences of criteria < Set by the Decision Maker>
v Preferences of alternatives under each criteria

v Calculation of priorities based on pairwise comparison using a
Standard Preference Table

v Calculation of Global alternative priorities
*
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So, let us deliberate up on the steps in analytic hierarchy process. Here we have a hierarchical

problem structuring, hierarchy some hierarchy is there. The top element is the ultimate goal
of the decision. Next to the top level, we need to decide the preferences of the criteria which

is set by the decision maker.

That means if you look at the previous slide, among all these criteria: property price, distance
from suppliers, quality of the labor pool, and cost of labor, which one is most important? We
have to rank these criteria in their order of importance. And where from we will get the input
for ranking this criteria? We will choose say four, five decision makers; each of them we will

rank this criteria as per their experience, judgment and intuition.



And finally, considering the opinion of all the decision makers, we have to rank or find the
order of importance of the criteria; that is going to decide the priorities of the criteria through
a preference matrix. So, that is preferences of criteria. Now, once we know the importance or

the ranking of the criteria we have to take one criteria.

And, then within that criteria we have to rank the alternatives; that means, the relative
priorities of the alternatives within a criteria have to be decided. And, this entire process has
to be repeated for all the criteria; that means, we will take one by one the criteria and within

that criteria, we have to prioritize or find the relative importance of the alternatives.

That is what we mean by preferences of alternatives under each criteria. And, for ranking
either the alternatives within a criteria or even deciding the importance of the criteria

themselves, we have to do a pairwise comparison using a standard preference table.

And once we complete all this, then we will calculate the global alternative priorities; that
means, we will find out the best alternative satisfying all the criteria or considering all the

criteria together. This entire thing will be clear, when we take one example.
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Steps in AHP

¥ Priority is a score that ranks the importance of an alternative
or criterion in the decision.

v Criteria priorities: Importance of each criterion (with respect
to the top goal)

v'Local alternative priorities: Importance of an alternative with
respect to one specific criteri%n.

vGlobal alternative priorities: Ranking of alternatives with
respect to all criteria and consequently the overall goal.
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So, priority is a score that ranks the importance of an alternative or criteria in the decision.
So, here we have to get ourselves familiarized with some terms. The first term is criteria

priorities which means importance of each criteria with respect to the top goal.



Next we should know: what do we mean by local alternative priorities; that means
importance of an alternative with respect to one specific criterion. And what do we mean by
global alternative priorities? That is ranking of alternatives with respect to all criteria and

consequently the overall goal.
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Comparison Matrix

Criteria  Price Distance  Labor  Wages

Price b 1/5 3 4
Distance 5 1 9 7
Labor 13 1/9 1 -
Wages 1/4 1/7 1

For example, when | am going to rank the priorities as per their order of importance, | get a
comparison matrix. This comparison matrix is based on a pairwise comparison as per some
given scale. For example, if you look at this matrix, here price is 3 times more important
compared to labor cost; price is 4 times more important compared to the wages that needs to

be paid; distance is 5 times more important compared to price.

So, if this is 5 times more important than price; obviously, the relationship between price and
distance in terms of pairwise comparison will create an entry of 1 by 5 in this comparison
matrix. Distance is 9 times more important compared to the labor cost. As a result, what will
happen that when you are looking at this relationship between the labor and distance; since
thisis 9, thisis 1 by 9.
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PREFERENCE MATRICES
PRICE DISTANCE LABOR WAGES
A B C aa | fe A" 'Bgylc A B C
BE1 3 2 A 1% 1Bl R a3 1 A1 1312
B 13 1 15 B 16 1 19 B 3 1 7 B 3 1 4
5o 1 ¢ 3 Nl ez 2

And, these are called preference matrix, preference matrices under different criteria; that
means, within the criteria price; when | am ranking the alternatives we get these matrices. For
example, in this case with respect to price alternative A is 3 times more important compared
to B and 2 times more important compared to C. When you look at B, since A is 3 times more

important compared to B, B is one-third of A in terms of importance.

Like this, this matrix is getting formed and similar is the case here, but the criteria is
different. Within the criteria distance, we have ranked the alternatives; within the criteria of
labor, we have ranked the alternatives; within the wages, we have ranked this alternative. So,

we have got four different matrices which are known as preference matrices.
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Steps in AHP

v Pairwise comparisons in AHP uses a Ratio Scale (generally evaluated
on the fundamental 1 - 9 scale proposed by Saaty).

v'The number of necessary comparisons for each comparison matrix
is [ (n? - n)/2] where n is the number of alternatives / criteria

So, you see these pairwise comparisons in AHP uses a ratio scale generally evaluated on the
fundamental 1 to 9 scale proposed by Saaty. And, that you have just seen that these are the
measures obtained from a ratio scale. The number of necessary comparisons for each
comparison matrix is n into n minus 1 by 2 which is n square minus n by 2, where n is the

number of alternatives or criteria.

For example, in this case you see number of alternatives is 3. So, how many comparisons will
be required? n 3 into n minus 1, that is 2 by 3. So, you see how many, say actually see in this
how many comparisons you have made? n into n minus 1 by 2. In this case how many

comparisons? 4 into 3 by 2, 6 comparisons are required.

And, that comes from the either upper triangular matrix upper triangle or the lower triangle.
Here we have made one comparison; 1, 2, 3, 4, 5, 6 clear. It is a square matrix; so, the

number of pairwise comparisons required is n into n minus 1 by 2.
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Steps in AHP

vPriorities only make sense if they are derived from consistent or
near-consistent matrices, and hence consistency check must be
performed.

v'When several successive pairwise comparisons are presented, they
may contradict each other.

v'The reasons for these contradictions could be for example, vaguely
defined problems, a lack of sufficient information, and so on.

%

Now, priorities only make sense if they are derived from consistent or near consistent
matrices, and hence consistency check must be performed. Because, when several successive
pairwise comparisons are presented, they may contradict each other. And, the reasons for
these contradictions could be for example, the problem may be vaguely defined or there may

be lack of sufficient information, and so on.
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Steps in AHP

v'For example, given the following pairwise comparisons:

* Price is two times more important than Quality.

= Quality is three times more important than Delivery Performance
» Delivery Performance is four times more impo;’tant than Price.

= The third assertion is inconsistent as determined from the first two
assertions.

P |

For example, given the following pairwise comparisons based on interaction with the

decision makers, suppose we have got their version as price is two times more important than

quality. Then they are saying quality is three times more important than delivery and then



somebody is saying that delivery performance is four times more important than price. So,
this is case you see, the third assertion is inconsistent as determined from the first two
assertions.

Because, here you are saying price is two times more important than quality and quality is
three times more important than delivery performance and again in here you are saying that
delivery is four times more important than price. So, these are all inconsistent assertions and
if 1 go ahead with this, then we will be nowhere. And, hence a consistency check has to be

performed first for each comparison matrices that we form.
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Steps in AHP

v'For any comparison matrix, the consistency check is performed by
computing:

v Consistency Index = Cl = [(Aygy - 1) / (n-1)], where A, is the
maximal eigenvalue of the comparison matrix and n is the
dimension of the matrix.

L0
So, for any comparison matrix, the consistency check is performed by computing a
consistency index. Consistency index is defined by lambda max minus n divided by n minus

1, where lambda max is the maximum Eigen value of the comparison matrix and n is the
dimension of the matrix.
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Steps in AHP

v Consistency Ratio = CR = Cl / RI, where Rl is the random index (the
average Cl of 500 randomly filled matrices).

v If CR is less than 10% (the inconsistency is less than 10% of 500
randomly filled matrices), then the comparison matrix is of an
acceptable consistency. %

Then, after we compute the consistency index, we have to compute consistency ratio which is
consistency index CI divided by RI, where RI is the random index. What is this random

index? Random index is the average of consistency index of 500 randomly filled matrices.

And, if consistency ratio is less than 10 percent which means the inconsistency is less than 10
percent of 500 randomly filled matrices, then the comparison matrix is of an acceptable

consistency. And for where from we will get the value of this random index?

(Refer Slide Time: 23:02)

Random Indices from Saaty

Rl 058 050 112 124 132 141 145 149




There is a table, depending on the dimension of the matrices we will pick up the random
indices from here. And we have already computed the consistency index, we will divide the
consistency index for a comparison matrix by the RI value, depending on the order of the
matrix. And, then compute the consistency ratio CR and if that is less than 10 percent, then

we can say the comparison matrix is consistent and we can go ahead.
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SAMPLE PROBLEM

U ABC company wants to use AHP to decide in which location to build
its new plant

U The company has fourtcriteria on which they will base their decisions
» Property Price,

» Distance from Suppliers,

» Quality of the Labor Pool, and

» Cost of labor

U They have three locations (A, B, and C) to decide for the expansion

Now, let us look at that sample problem: how do we solve it through AHP. We have said that
company has four criteria: property price, distance from suppliers, quality of the labor pool,
and cost of labor. And we have three locations: A, B and C to decide for the expansion.

Problem solution is very simple, we first develop these preference matrices within each
criteria; price, distance and labor and wages. We take the opinion of the decision makers and
formulate the importance of each these alternatives, under each these criteria.
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STEP ONE

PRICE

A B E .
» First sum (add up) all the values in
S each column
+ + +
B 13 1 15
+ + +
cC 12 5 1
=11/6 9 16/5

Once the preference matrices are done, then we will take one by one; first we take this criteria
price, within price we have obtain the preference matrix. So, first we will sum or add up all

the values in each column; 1 plus 1 by 3 plus 1 by 2 is 11 by 6, 3 plus 1 plus 5 9, 2 plus 1 by
5 plus 1 16 by 5.
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STEP TWO
PRICE
A B ¢ » Next the values in each column are
Aem 39 58 divided by the corresponding column
+ § + + sum

Once we add up all the values in each column, then the values in each column are divided by
the corresponding column sum; that means, we get this matrix ok. This particular value 11 by

6 is taken and with this we divide all the elements in this matrix. So, we get this matrix.
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STEP THREE

PRICE
A B C Row Average
A 6/11~5455 + 3/9~3333 + 5/8*.6250  =1.5038/3=0.5012
B 2/11~1818 + 1/9~1111 + 1/16.0625  =0.3555/3=0.1185
C 3/11~2727 + 5/9~5556 + 5/16%.3803  =1.2086/3=0.3803
1.000

> Next convert fractions to decimals and find the average of each row

Once we get this matrix, then what we do? We convert this fractional elements to
decimals.5455,.1818,.2727 like this and then we compute the row average. So, row average
for this first row is first we add this plus this plus this and then divide by 3, we get this row
average. And, it is adjusted in such a way that the sum is 1.000. So, this is a these are the row

averages, find the average of each row.
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STEP FOUR

» Follow the same procedure for all other criteria

Location  Price Distance  Labor  Wages
A 5012 .2819 1790 .1561
B .1185 .0598 .6850 .6196

.3803 .6583 .1360 2243

We have to follow the same procedure for all the other criteria. So, within price the row

averages are like this, within distance the row averages are like this, within labor and within



wages. These average values will reflect the importance of an alternative within that criteria.
So; that means, within price alternative when we talk look at the property price only; with

respect to property price alternative A is the most important or the best location.

Next comes the location C and then the location B. When you look at the distance criteria,
distance from the supplier with respect to distance from the supplier alternative C is the best
location. With respect to cost of labor pool alternative B is the best location and with respect
to wages cost alternative B is also the best location.
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STEP FIVE

» Rank the criteria in order of importance
» Use the same method used in ranking each of the alternatives

Criteria  Price Distance  Labor  Wages

Price 1 1/5 3 4
Distance 5 1 9 7
labor  1/3 1/9 1 2

Wages 1/4 1/7 1/2 1

Now, we have to rank first the criteria in order of importance. So, we have seen this matrix
earlier. So, we apply the same procedure with respect to the comparison matrix, pairwise

comparison matrix that we have formed taking all the criteria’s.
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STEPS 6-9

»The preference vector for the criteria is as follows:

Criteria  Price  Distance Labor Wage Row Average

Price JA519 1375 2222 2857 .1933
Distance .7595  .6878 .6667  .5000 .6535
Llabor  .0506 .0764 0741 1429 .0860
Wage .0380  .0983 0370 0714 0612

So, if we do that, the preference vector for the criteria turns out to be like this; the same
procedure. If you look at these row average values with respect to the criteria you see, the

distance from the supplier is the most important criteria, then comes the property price and so
on.

Now, given the importance rank rating of the criteria and given the importance ranking of the
alternatives within each criteria, we have to decide which alternative is best when we
consider all the criteria together.
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STEPS 6-9
CRITERIA » Row Average = Preference Vector for the
Price 1993 Criteria
Distance 8535, Clearly, relative importance wise the
Labor 0860

distance to suppliers is #1, followed by
Wage J price of the land, labor pqol quality, and
last cost of wages
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FINAL CALCULATIONS

» Take the criteria matrix and multiply it by the preference vector

CRITERIA
Location  Price Distance  Labor  Wages Price 1993
A 5012 .2819 1790 1561 X Distance 6535
B 1185 .0598 .6850 .6196 Labor 0860
C .3803 .6583 .1360 2243 Wage 0612

Location A score =.1993(.0512) + .6535(.2819) + .0860(.1790) +.0621(.1561) = .3091
Location B score = .1993(.1185) + .6535(.0598) + .0860(.6850) + .0612(.6196) = .1595
Location C score = .1993(.3803) + .6535(.6583) + .0860(.1360) + .0612(.2243) = .5314

So, for this what we do that we take the criteria matrix and multiply it by the preference
vector. So; that means, this matrix is getting multiplied by the criteria matrix. So, location A

then gets a score 0f.3091, location B gets a score 0f.1595 and location C gets a score of.5314.
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FINAL RESULT
Location Score
A 3091
B 1595
c S ey Bst
1.0000

» Based on the scores, location C should be chosen for ABC company
to build a plant

So, given all the criteria and also with the knowledge of relative importance of the criteria,
we find that location C is the best location among all the other alternatives. So, based on the

scores, location C should be chosen for ABC Company to build a plant.



In the next session, we will illustrate another example of AHP, where AHP technique had
been used for selection of the best supplier and which is a very common problem that needs

to be solved in an industrial situation for the operations function.
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» Russell, R.S. and Taylor Ill, B.W., (2016), Operations Management

» Ishizaka, Alessio., and Nemery, Philippe., (2013), Multi-Criteria
Decision Analysis (Methods and Software), John Wiley & Sons, Ltd.

» Vrat, Prem., (2014), Materials Management, An Integrated Systems

Approach, Springer

These are the references that | have used for this particular session. Among this, this is the
book I will recommend that you should refer to when you are trying to solve some problems,

which requires multi criteria decision analysis, is written by these three authors.

Thank you all for your patience!



