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ABSTRACT

Obtaining meaningful priority vectors from an Anadty Network Process (ANP) decision model requirks t
adherence to the principles and axioms of the ANIRe alternatives and criteria being consideredtesstrongly
connected in order to obtain a meaningful priongctor. A simple yet delectable example is preskrite
demonstrate the issues that can arise when a@ecrsiker forms a disjoint Supermatrix and thatftequency of
such decisions occurring in practice can be vergiroon. From the example it can be observed thahd¢itessary
information to complete additional linking compams already exists outside the Supermatrix; angdsforming
linking comparisons a decision maker can conveéisg@int Supermatrix into a strongly connected Soprix. The
linking process is summarized in five steps andegaized mathematically. This linking comparisontinoelology
can also be used to weight the criteria clustethimia network by making pairwise comparisons atldvel of a
criterion of a single alternative with respect tmther criterion of that same alternative. Perfaigrthe comparisons
at the level of the alternatives can reduce thésaecmaker’s cognitive burden and allow for moeglundancy in
cluster comparisons to increase a decision makeeyall consistency. The ability to strongly connae otherwise
disjoint Supermatrix and reduce the decision makedgnitive burden demonstrates the usefulnessnkiing

comparisons.

Keywords: Decision analysis, ANP, Disjoint matiibinking comparisons

1. Introduction

The use of the Analytic Hierarchy/Network Proce&BIIP/ANP) as a Multi-Criterion Decision Making
(MCDM) tool has continued to find additional applimn within the field of operations research (OR)

a literature review of OR decision making articfasblished in between 1970-2007, Wallenius, et al.
(2008) report how the use of MCDM tools has shifted the use of ANP has increased and surpassed
the use of other decision making methods in jogrfisied in the ISI Database. The theorems andvexio

of AHP/ANP were developed by Thomas Saaty (Sady,/11990, 2005; Saaty & Vargas, 2007) who
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combined principles from mathematics and psycholomgy a comprehensive decision making process
capable of measuring and combining tangible arahgible criteria

A theorem of the AHP defines a matrix of pairwisenparisons as strongly connected “if and only if
every arc belongs to at least one cydl®aaty, 1994, p. 234) . If the pairwise comparis@aitrix is not
strongly connected it will not converge to an eigsator of the form

3/2.a (1)

in the limit matrix, which provides the relativeigmity or contribution of an alternativ& with respect to
the system oh alternatives being considere®idestepping this theorem in the Supermatrix cad te
incorrect synthesized result&hile the model will still converge to an answére tresults can lead to the
unintended ranking of alternatives.

In order to obtain meaningful priority vectors fran Analytic Network Process (ANP) decision model
the Supermatrix must be strongly connected. Puthanoway, the alternatives and criteria being
considered in the decision must be strongly comkdivhile the theorem regarding strongly connected
matrices is mathematically necessary, it also edua number of meaningful decisions from being
evaluated under the ANP. A disjoint Supermatrixdg likely to occur in large networks in complex
models; however in BOCR (Benefits, Opportunitiessts, and Risks) models in particular, which can
contain multiple smaller subnetworks, the likelidomcreases of encountering networks that are not
strongly connectedy performing a few additional pairwise comparisandisjoint or weakly connected
Supermatrix can be converted into a strongly corkeSupermatrix and satisfy the theorems of the ANP
These additional comparisons are as simple to perfs regular pairwise comparisons and open the
possibility to apply the ANP in even more decisitimsn was previously possible.

A simple yet delectable real life example is préseério demonstrate the issues that can arise wiren a
disjoint Supermatrix and that the frequency of sdebisions occurring in practice can be commonmFro
the example it can be observed that the necesséoymation to complete the additional pairwise
comparisons already exists and can be used to thakadditional needed comparisons. By performing
the additional comparisons the disjoint Supermattan be converted into a strongly connected
Supermatrix. The necessary steps are summarizadt@p by step process. After reviewing the relevan
literature, an “Energy Model” with a disjoint Sup®atrix is presented. The proposed linking compasgso
solution is applied to the Energy Model examplenaly the results are summarized with some
concluding remarks.

2. Literaturereview

A detailed presentation of the theory, principlesl axioms of the ANP can be found in the following
books and articles (Saaty, 1980, 1990, 1994, 200Bg concept of linking pin comparisons was
developed by Schoner, et al. (1993) and is reviemiétdan emphasis on its particular applicationhmit
this paper; the application of linking pin comparis herein hinges on defining the unit in multienia
ratios (Wedley & Choo, 2011). Each of these coreeptliscussed in greater detail below.

Saaty (1980) suggests using a form of linking avdg comparisons among non-homogeneous items in
his classic watermelon and cherry tomato exampleraithe relationships between the object’'s sizes
exceed the use of the 1-9 scdlg clustering the objects within smaller clustensl @utting a copy of one
item from another cluster in the subsequent clustimk or pivot is created that can be used th thre
cherry tomato to the watermelon

Schoner, et al. (1993) propose a linking pin apgnda an effort to address and unify approachesHB
and specifically addressing the principal of indefence of irrelevant alternative§he linking pin



O. Cooper, G. Liu, L. Vargas/ Solutions for a DisjdSupermatrix

approach is a normalization process that can be insboth a hierarchy and networkhis approach is
particularly helpful when dealing with the additimf new alternatives and the impact on criterion
weights In this paper another important conclusion is tlsid used to justify the use of linking
comparisons to link the disjointed portions of 8wgpermatrixSchoner, et al. (1993) demonstrate that the
criteria and alternatives are structurally depebh@enone anothefFrom this dependency it can be seen
that everything is related; and therefore a decisiaker may “arbitrarily” select which entries witha
Supermatrix to use as the linking pin comparisansidrmalize the columns in the Supermatrix. The
concept that everything is related is necessarynveledecting which elements to compare to connect th
disjoint subnetworks in the Supermatrix. The teimkihg comparison will be used throughout this gape
to refer to the comparisons that will be used torgjly connect the disjoint subnetworks within a
decision model.

Criteria weights in general are misunderstood arsdised (Choo, Schoner, & Wedley, 1999000, et al.
demonstrate that there is no consensus on the ngeai manner of deriving criteria weights.
Furthermore the criteria weights should not be dated in a way that is independent of how they are
used in a decision model. While criteria weights ba used for the normalization process, nhormatizat

in and of itself does not remove the units from ¢hiteria being consideredccording to Saaty (2004),
relative scales do not need a unit of measurenmawever, Wedley & Choo (2011), explain that ratio
scales in the ANP have a unit of measure and titeofimeasure is important and useful. The unit of
measurement is derived from the topmost node indta network The scale that one can obtain from
such a unit is transient depending on the altereatbeing considered but so is the ratio scaldf.itse
Focusing on the ratios rather than the rank wipriove the efficacy of the ANRVedley & Choo (2011

p. 170), conclude “therein lie both the advantagd dilemma of AHP. We do not need explicit
knowledge of the underlying unit of measure towkea ratio scale, yet the derived scale has d' dihits
understanding that the unit of measurement is dérfvom the topmost node in the network provides a
unit to use as the basis for comparing criteri@sclusters.

In the next section an “Energy Model” is presentedneasure which alternative has the most energy
measured in calorie¥he design of the network emphasizes that theaimteasurement is the topmost
node in the networkThis unit of measurement allows for the use ofiligkcomparisons to connect the
disjoint matrices in the decision model and to gerf simpler pairwise comparisons.

3. Energy model

In order to provide a model that is straightforwardl easy to understand, the first example is alsim
yet delectable example of choosing which of fowpes (alternatives) from a menu contains the gskeate
amount of energy (calories). The analogy of a e@particularly useful because whether a decisi@n
policy decision or vendor selection problem, theisien maker can break the decision down into the
parts or ingredients (criteria) that determine tladue of each alternativelhe decision maker will
determine the contribution or influence of eachtla# criterion on the alternatives and also how the
criteria are distributed within the alternativéghese influences are captured through the pairwise
comparisons and synthesized within the Supermathich converges to the limit matriXhe resulting
eigenvector in the limit matrix provides the relatcontributions of the alternatives and of eadeigon.

To determine which alternative has the most enaggume there is a menu limited to four crepe
selections. Each crepe (alternative) comes withrelgiermined combination of Toppings (Nutella,
Nutella and Banana, Powdered Sugar, or BerriesPametlered Sugarfinally, each alternative comes
with a Drink (Milk, Cocoa, or Juice) see Table Th Reep the model simple and not distract from the
intended purposes, let us further assume: firat, tthe menu is limited to only four alternativescend,
the menu has a fixed price for any of the fourraltéives regardless of which one is ordefidus leads to
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the definition of the preferred crepe as the on&lwhas the most net worth as a function of therazd
in each alternative.

While in reality the relationship between the qtyatir “richness” of a food and the amount of caeri
contained therein may not hold, in this exampleritvides a tangible and quantifiable model thatasy
to interpret and demonstrates the issues that atie@ a decision matrix is disjoint and also unclemss
the benefits a decision maker will realize from mgkinking comparisonBelow is a table of the four
alternatives with their respective Toppings, Drirtkdal calories, and relative calories (relativeights)

Criteria Alt 1 Alt 2 Alt 3 Alt 4 Units
Nutella 2 2 0 0 2 tablespoons
Banana 0 1 0 0 half banana
Berries 0 0 0 2 1/2 cup
Powder Sugar 0 0 1 1 1/8 cup

Total 523.00 | 654.60 | 296.25 | 336.00 Calories

Relative Weights | 0.28897 | 0.36169 0.16369 | 0.18565
Table 1. Datafor Crepe Energy Example

Carbohydrates Protein Fat
Criteria Altl | Alt2 | Alt3 | Alt4 Criteria Altl | Alt2 | Alt3 | Alt4 Criteria Altl | Alt2 | Alt3 | Alt4
Nutella 44 44 0 0 Nutella 6 6 0 0 Nutella 22 22 0 0
Banana 0 31 0 0 Banana 0 1 0 0 Banana 0 0.4 0 0
Berries 0 0 0 17 Berries 0 0 0 1 Berries 0 0 0 0
Powder Sugar 0 0 15 15 Powder Sugar 0 0 0 0 Powder Sugar 0 0 0 0
Total 56 87 49 83 Total 14 15 11 1 Total 27.0027.40{ 6.25 | 0.00
Relative Weights | 0.204]|0.316| 0.178 | 0.302 Relative Weights | 0.341]0.366|0.268| 0.004 Relative Weights |0.445]0.452]0.103|0.000

Table 2. Data for Comparisons

Unlike with most decisions, a decision maker irs thituation has complete access to all the infaomat
provided in Table 1In general, if such were the case where the at¢tal calories are known with
certainty the decision would be simple and therendsneed to perform the pairwise comparisons
Nonetheless, this information is put into the decisnodel to see if the same results are produgdd w
the pairwise comparisons and to provide resultsdha be precisely interpretdd a subsequent section,
the generalization to intangibles will be showneTairwise comparisons in this model were maddysole
with respect to the data in Table 1 and the cadrnieeach item; hence there is no inconsistendpeén
comparisonsWhile it may be difficult for decision makers todwm the total amount of energy in each
item the decision can be further simplified by tirpadditional networkJnder the goal of determining
which alternative has the most energy, “energy” banfurther broken down into three subcriteria:
Carbohydrates, Fat, and Protein (see Figur&ddler each subnetwork the alternatives are contheate
the ingredients (criteria) they contain (see Fidglre

First, the influence of each ingredient (criteriomith respect to each alternative was compaFext
example; In Alt 2 which has more Carbohydrates, Nlgella or the Banana? How much more? These
guestions would be repeated for each relevantiitetiie Toppings cluster and the Drinks cluster.
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Goal: Most
Energy

e B

l Carbohydrates l Fat

Protein

| Toppings l Drinks

Figure 1 Crepe Energy Network with Subnetworks and Ener gy Subnetwor k

The second set of relationships to be evaluateaf the alternatives with respect to each ingredient
(criterion). For example one would ask which alédive contributes more Carbohydrates from the
Nutella, Alt 1 or Alt 2? How much more? The resultieigenvectors are entered into the unweighted
Supermatrix. Both sets of comparisons should bepteted within each subnetwork (Carbohydrates, Fat,
and Protein) before the entire model is synthesiZbd results from the Carbohydrates subnetwork wil

be presented below to highlight the issues thailtrdeom disjoint decision models. The unweighted

Supermatrix is displayed in Table 2. The weightagde8matrix is displayed in Table 3.

Unweighted Carbohydrates Supermatrix

Toppings Drinks Alts
Nutella Banana Berries PowderSugar |Milk  Cocoa Juice |Altl Alt2 Alt3 Alt4
Toppings |Nutella 0 0 0 0 1 0.587 0 0
Banana 0 0 0 0 0 0.413 0 0
Berries 0 0 0 0 0 0 0 0.531
Powder Sugar 0 0 0 0 0 0 1 0.469
Drinks Milk 0 0 0 0 1 1 0 0
Cocoa 0 0 0 0 0 0 1 0
Juice 0 0 0 0 0 0 0 1
Alts Alt 1 0.5 0 0 0 0.5 0 0 0 0 0 0
Alt 2 0.5 1 0 0 0.5 0 0 0 0 0 0
Alt 3 0 0 0 0.5 0 1 0 0 0 0 0
Alt 4 0 0 1 0.5 0 0 1 0 0 0 0
Table 3. Unweighted Supermatrix
Weighted Carbohydrates Supermatrix
Toppings Drinks Alts
Nutella Banana Berries Powder Sugar |Milk  Cocoa Juice |Altl Alt2 Alt3 Alt4
Toppings |Nutella 0 0 0 0 0.786 0.506 0 0
Banana 0 0 0 0 0 0.356 0 0
Berries 0 0 0 0 0 0 0 0.205
Powder Sugar 0 0 0 0 0 0 0.306 0.181
Drinks Milk 0 0 0 0 0.214 0.138 0 (1]
Cocoa 0 0 0 0 0 0 0.694 0
Juice 0 0 0 0 0 0 0 0.614
Alts Alt 1 0.5 0 0 0 b 0 0 0 0 0 0
Alt 2 0.5 1 0 (1] 0.5 0 0 0 0 0 0
Alt 3 0 0 0 0.5 0 1 0 0 0 0 0
Alt 4 0 0 1 0.5 0 0 1 0 0 0 0

Table 4. Weighted Supermatrix

The submatrices representing the Alternatives coedpto the Toppings and the Toppings compared to
the Alternatives are by definition disjoint matgcélhe submatrices representing the Alternatives




Proceedings of the International Symposium on thayiic Hierarchy Process 2013

compared to the Drinks and the Drinks compareti¢oiiternatives are also disjoint matrices. Dught®
fact that the Supermatrix is disjoint the strongbnnected matrix theorem is violated and in itsemnir
form this decision cannot be evaluated using thePANhis example was chosen in part to also
demonstrate the frequency at which decisions calatei this theorem. Furthermore, to make this dm@tis
strongly connected, in the strongest sense, edemative must possess every criteNw imagine
ordering a crepe that has every ingredient, witergvliopping, and all three Drink§Vhile each
alternative will have differing amounts of NutelBananas, Berries and Powdered Sugar the altegsativ
have now become very homogenous; and for thoseantlyowanted Nutella and Bananas they are out of
luck. This problem is underscored even more withBhminks cluster where every alternative should not
come with some volume of every drink.

When the disjoint Supermatrix is raised to poweremor occursWhile the model converges, the results
are incomplete. The error occurs because theretismough communication among the nodes within the
Toppings and Drinks clusters. However, there isirdaresting pattern in the results and the current
solution is quite usefuWith a few simple additional pairwise comparisonsamingful results can be

achieved as will be demonstrated in the next sectio
Carbohydrates Limit Matrix (Reducible)

Toppings Drinks Alts
Nutella Banana Berries Powder Sugar |Milk  Cocoa Juice |Altl Alt2 Alt3 Alt4
Toppings |Nutella 0 0 0 0 0.615 0.615 0 0
Banana 0 0 0 0 0.217 0.217 0 0
Berries 0 0 0 0 0 (1] 0.129 0.129
Powder Sugar 0 0 0 0 0 0 0.227 0.227
Drinks Milk 0 0 0 0 0.168 0.168 0 (1]
Cocoa 0 0 0 0 0 (1] 0.258 0.258
Juice 0 0 0 0 0 0 0.386 0.386
Alts Alt 1 0.392 0.392 0 (1] 0.392 0 0 0 0 0 0
Alt 2 0.608 0.608 0 0 0.608 0 0 0 0 0 0
Alt 3 (1] 0 0.371 0.371 0 0.371 0.371] O 0 0 0
Alt 4 0 0 0.629 0.629 0 0.629 0.629] O 0 0 0

Tableb. Limit Matrix

4. Solution

The solution is termed the “linking comparison” hese it allows the decision maker to impose
additional linking connections which will createsongly connected Supermatrikhe initial pairwise
comparisons are completed just as if the matrixewstrongly connected; in every instance where an
alternative does not possess the criterion the adsgn is equal to 0. The subsequent steps agdl list
below:

1. Raise the weighted Supermatrix to powers.

2. Identify subclusters which are strongly connected.

3. Use the information from the original pairwise caripons with respect to the influence on the

Alternatives from the unweighted Supermatrix tcateethe “Break out” matrix.

4. Choose a set of criteria to compare.

5. Perform the additional “linking” comparison(s).

6. Renormalize the entries in the “Break out” Superixat

Step 1Raise the weighted Supermatrix to pow@&tss step is performed just as it would be dortheéf
Supermatrix were strongly connected

Step 2. Identify subclusters which are stronglynsmted.In the resulting limit matrix from Step 1 the
weights from the weighted Supermatrix convergeotonf subclusters (se€kable 5. Limit Matrix). The
term subcluster is used here to refer to a smallester or subnetwork/subgroup of criteria and
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alternatives which are strongly connectéu Table 3 the Nutella and Banana criteria are ngfio
connected and hence form a subcluster; the santiesfpthe Berries and Powdered Sugar, the Milg, t
Cocoa and Juice, the Alt 1 and Alt 2, and the Alr2l Alt4 subclusters which result in a total of 4
subclusters.

Step 3. Use the information from the original pagsvcomparisons with respect to the influence en th
Alternatives from the unweighted Supermatrix tatgehe “Break out” matrix.The eigenvectors in the
limit matrix represent the weight, contribution,influence of the individual criterion with respdotthe
strongly connected subclusteFfrom the pairwise comparisons that were already pteted the
information needed to calculate the individual citmttion of each criterion from each alternative ¢se
calculatedThe first matrix contains the limiting prioritieshich were obtained from raising the original
weighted Supermatrix to power§he four columns on the right are the weights frima pairwise
comparisons which were performed to measure tHaein€e of the Alternatives on the Toppings and
Drinks clusters.

Carbohydrates Limiting Priorities Altl Alt2 Alt3  Alt4 Carbohydrates Limiting Priorities Altl  Alt2 Alt3  Alt4

Nutella
Banana
Berries
Powder Sugar
Milk

Cocoa

Juice

0.615

0.5

0.5

0

0

0.217

0

1

0

0

0.129

0

0

0

1

0.227

0

0

0.5

0.5

0.168

0.5

0.5

0

0

0.258

0

0

1

0.386

0

0

0

1

Nutella
Banana
Berries
Powder Sugar
Milk

Cocoa

Juice

0.615

0.308

0.308

0

0.217

0.000

0.217

0

0.129

0

0.129

0.227

0.114

0.114

0.168

0

0.258

0.258

0.386

0

0.386

Table 6. Break out Matrix

The 2 table in Table 5 is the distribution of the limigi priorities to the alternatives based on the
distribution defined from the original pairwise cpamisonsWhile there is a relationship between the
priorities within the subclusters there is curngnib relationship between the subclusters. Thithés
relationship that must be imposed by making thenxpsé comparisons in Steps 4 and 5.

Step 5. Perform the additional “linking” comparis(®). With the criteria selected the decision maker is
ready to make the linking comparison. In a netwwith n subclusters where>n2 the decision maker
will need to make at least n-1 linking comparisdt redundancy purposes the n criteria to be coedpar
can be put into a pairwise comparison matrix whbeestandard n(n-1)/2 comparisons can be made and
checked using the consistency index (Saaty, 1980).

The Banana in Alt 2 will be compared to the Beriied\lt 3. While one may be tempted to simply take
the ratio of the two ratios in Table 6 of .217 esg@Enting the Banana in Alt 2 and the .129 repraggtite
Berries in Alt 3 (.217/.129) = 1.68 this processuldobe incorrect because the units in each system a
not the same, and therefore the direct comparsaneaningless. By performing the linking comparison
the user provides the necessary information to exdnhe units of one subcluster to that of another
subcluster by means of the pairwise comparisongsc

This is done by asking the following two questiaviich are the typical pairwise comparison questions
Which has more Carbohydrates the Banana in Alt 2ther Berries in Alt 3? How much more
Carbohydrates are in the Banana in Alt 2 than tkeri@ in Alt 3? There are 1.82 times as many
Carbohydrates in the Banana than the Berries (abkeB). The number from this pairwise comparison i
then used to renormalize the limiting prioritieedslable 7).
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Carbohydrates Limiting Priorities Alt 1 Alt 2 Alt 3 Alt 4 Totals Ratio
Nutella 0.615 0.308 | 0.308 0 0

Banana 0.217 0.000 0 0 31 1.82
Berries 0.129 0 0 0 17

Powder Sugar 0.227 0 0 0.114 0.114

Milk 0.168 0.084 | 0.084 0 0

Cocoa 0.258 0 0 0.258 0

Juice 0.386 0 0 0 0.386

Table 7. Linking Comparison

Step 6. Renormalize the entries in the “Break daiipermatrixlt is worthwhile to note the relationships
within the subclusters are identical to the actakdtionships among the items within the entire dings
and Drinks clusteBy setting one of the criterion weights used for tairwise comparisons in Step 5
equal to 1 and the other to the number represettimgatio from the pairwise comparison, (1.82his t
example), each other priority is simply a ratiatleé new entry. In this step it is as though evenyyeis
standardizedt now becomes a ratio of how many of the standadliunit it represents. This is possible
because of the definition of the unit of measuren{@moo et al., 1999; Wedley & Choo, 2011). The
vectors obtained from Step 6 can be used to irgetpe distribution of the criteria among the syste

Cu/ Z Ci 2)
whereCy, represents the total contribution of a singleeciitn k with respect to the value of the whole
system, which is useful information particularly filve sensitivity analysis and the eigenvectorhef t
form

3/2.a 3)

which represents the relative contribution of ealthrnativea to the system of n alternatives. The two
normalized vectors obtained are equal to the piésrthat are obtained in the limit matrix (Tab)e 8

Carbohydrates Limiting Priorities Alt 1 Alt 2 Alt 3 Alt 4 Normalized Vector  Actual Results
Nutella 0.615 2.588 | 2.588 0 0 0.320 0.320
Banana 0.217 0.000 0 0 0.113 0.113
Berries 0.129 0 0 0 0.062 0.062
Powder Sugar 0.227 0 0 0.882 0.882 0.109 0.109
Milk 0.168 0.706 | 0.706 0 0 0.087 0.087
Cocoa 0.258 0 0 2 0 0.124 0.124
Juice 0.386 0 0 0 3 0.185 0.185
Normalized Vector 0.204 | 0.316 0.178 0.302

Actual Results 0.204 | 0.316 0.178 0.302

Table 8. Normalized Vector compared to Actual Results

This same process should be used in the Fat anifPreubnetworksThe results from the three
subnetworks are then combined and synthesized tiinothe final answein this model Alt 2 is the
preferred alternative with the most energy (TableBy performing linking comparisons this weakly
connected model was able to be strongly connecatddesaluated using the ANP. The final results are
equal to the actual results in this tangible modetpecial case where the weakly connected aligasat
do not share any criteria will be addressed next.
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Carbohydrates Limit Matrix
Toppings Drinks Alts

Nutella Banana Berries Powder Sugar |Milk  Cocoa Juice [Alt1 Alt2 Alt3 Alt4
Toppings |Nutella 0 0 0 0 0.320 0.320 0.320 0.320
Banana 0 0 0 0 0.113 0.113 0.113 0.113
Berries 0 0 0 0 0.062 0.062 0.062 0.062
Powder Sugar 0 0 0 0 0.109 0.109 0.109 0.109
Drinks Milk 0 0 0 0 0.087 0.087 0.087 0.087
Cocoa 0 0 0 0 0.124 0.124 0.124 0.124
Juice 0 0 0 0 0.185 0.185 0.185 0.185
Alts Alt 1 0.204 0.204 0.204 0.204 0.204 0.204 0.204 0 0 0 0
Alt 2 0.316 0.316 0.316 0.316 0.316 0.316 0.316 0 0 0 0
Alt 3 0.178 0.178 0.178 0.178 0.178 0.178 0 0 0 0
Alt 4 0.302 0.302 0.302 0.302 0.302 0.302 0 0 0 0

Table9. Limit Matrix

Alternative Original Data  Linking Comparison Results  Ideal Weight

Alt1 0.2890 0.2890 0.7990
Alt 3 0.1637 0.1637 0.4526
Alt 4 0.1857 0.1857 0.5133

Table 10. Final Results

As mentioned previously the Drinks cluster is acigdeform of a disjoint matrix where each alteruati
only possesses a single criterion. While the ¢oteMilk is shared by more than one alternativeisit
possible to have the case where none of the alieesashare any of the criteria within a cluster of
criteria In the Supermatrix such a cluster could be ordeveappear as an identity matrix. In theory this
exception is no different than the general castiteraeach criterion is its own subclustéhe criteria
from each alternative are then directly compareéatcth other in Step 4 and the rest of the proceteei
same. When the new vector is calculated it carubstiuted in the new weighted Supermatrix and then
used to calculate the limiting priorities.

5. Conclusion

A solution to incorporate the use of disjoint mzes in ANP models has not been addressed previously
This paper provides a relevant example and gematialh to demonstrate the advantages that linking
comparisons provide the decision malggérst, linking comparisons allow the decision mat@use the
current structure of the Supermatrix to analyzegilens with alternatives that are not strongly eetad

The second advantage of linking comparisons extenday ANP model to reduce the cognitive burdens
on the decision maker. Cluster weighting and cdrdriteria weighting comparisons can be made at a
simpler, more fundamental level within a networktla¢ level of a specific criterion from a single
alternative compared to another single criteriamfra single alternativd he specific steps are outlined
and demonstrated in the example. Five rules angogem to determine which criteria should be setkcte
to use for the linking comparisons. The resultsttf Energy Model are presented along with the
generalization of the process.
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