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Abstract: The use of qualitative judgements in multicritediecision models is receiving increasing attention
and a variety of approaches have been developethwebiver a wide range of techniques. One methodhwhi
has received increasing attention in the literaisitte relatively recently developed analytic arehy process
(‘AHP). This method has been widely documented iradety of problem areas. With the exception déw
cases, this qualitative decision-making technicas ot been used extensively in selection of cgatiaterials

in the preparation of novel capsule. This studgflyireviews the AHP and suggests potential appdioa in
the selection of coating materials in the preparatif novel capsule.

Keywords: Analytical Hierarchy Process, novel capsulestingamaterials, Eudragit, Hydroxy propylmethyl
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I ntroduction

Selection of coating materials in the preparatibmavel capsule are usually complex; many factors
may be of importance: price policy, reliability, y#io chemical characteristics, risk perceptiomsyeortation,
storage facilities, working experiences, etc. Thesblems are faced on various levels: researcddeanics,
industry, etc. Decision makers who rely on traditib operations research models risk ignoring ingurt
gualitative factors in their decisions, whereasisien makers who attempt to take into account tlgesditative
factors must risk using unscientific or adhoc mdtho

Another factor which limits the use of prdangwating materials decision problems in the
preparation of novel capsule is the problem ofadatailability and data precision. Many novel caépsu
formulations lack the means of maintaining high lfyacoating material statistics collection. Congeqtly
official statistics suffer from a lack of precisiand reliability. One major contribution of the i hierarchy
process (AHP) is its focus on overcoming these Heaks. The AHP models presented in this study are
qualitative techniques which rely on the judgensemd experience of decision makers to prioritizenmation
for better decisions.

The AHP Process

The AHP developed by Thomas Saasya multicriteria decision-making technique whitdcomposes
a complex problem into a hierarchy, in which eaekel is composed of specific elements. Generally,
implementing AHP is based on the experience anavlgdge of the experts or users to determine theifac
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affecting the decision procéss According to Hajeeh and Al-Othma\HP is an intuitive method for
formulating and analyzing decisidnwhereas Cheng and Li describe the AHP approach ssibgective
methodology. The overall objective of the decision lies at the of the hierarchy, and the criteria, sub-ciater
and decision alternatives are on descending l@fetgs hierarchy. The hierarchy does not needetodimplete,
i.e. an element in a given level does not haveitatfon as a criterion for all the elements inlgheel below. A
hierarchy can thus be divided into sub-hierarchieging only a common top most element.

Once the hierarchical model has been structuredhi®rproblem, the participating decision makers
provide pairwise comparisons for each level of tixerarchy, in order to obtain the weight factor ezfch
element on that level with respect to one elemethié next higher level. This weight factor proddemeasure
of the relative importance of this element for tleeision maket?

To compute the weight factors of n elements, tipaiticonsists of comparing each pair of the elements
using the following scale set:

S={1/9, 1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 1/12, 1324, 5, 6, 7, 8, 9}

The pairwise comparison of element i with elemers placed in the position of; @f the pairwise
comparison matrix A as shown below:

ag diz . . s
dzy dx . . .Qwm
A=
| an] anz . - .an” n

The reciprocal value of this comparison is placedthe position paof A in order to preserve
consistency of judgement. Given n elements, theigy@ating decision maker thus compares the redativ
importance of one element with respect to a se@echent, using the 9-point scale shown in Tabl&dt.
example, if element one was strongly favoured @fement two, thenawould be given a score of 5. If the
converse was true, element two was strongly favbaker element one, thep aould be given the reciprocal
score of I/5. The pairwise comparison matrix idezhh reciprocal matrix for obvious reasons.

Table 1: The 9 point scale for pairwise comparisons

SNo  Definition Explanation
1 Equal importance Two elements contribute ideftyica the objective
3 Weak dominance Experience or judgement sliglatip@irs one element over another
5 Strong dominance Experience or judgement stroflaglyurs one element over another
7 Demonstrated An element’s dominance is demonstrated in practice
dominance
9 Absolute dominance  The evidence favouring ameht over another is affirmed to the

highest possible order
2,4,6,8 Intermediate values Further subdivisionamnpromise is needed

Advantages of using AHP
The advantages of using the AHP is as folfows

1. It formalizes and renders systematic what igdgra subjective decision process and as a riesiilitates
“accurate” judgements;

2. As a by-product of the method, decision makecgive information about the implicit weights thag
placed on the evaluation criteria; and



P. Kathiravan et a//Int.J. PharmTech Res.2014,6(4),pp 1362-1367. 1364

3. The use of computers makes it possible to carshugsitivity analysis on the results.

Another advantage of using AHP is that it resulisbetter communication, leading to a clearer
understanding and consensus among members of ateaisiking groups so that they are likely to become
more committed to the alternatives seletted

AHP also has the ability to identify and take irtonsideration the decision maker’'s personal
inconsistencies. Decision makers are rarely cardish their judgements with respect to qualita@spects.
The AHP method incorporates such inconsistencits tire model and pro-vides the decision maker &ith
measure of these inconsistencies.

A consistency ratio is taken as the ratio of thestsiency of the results being tested to the ctarsiy
of the same problem evaluated with random numfdris. ratio provides the user with a value that barused
to judge the relative quality of the results. Eansistency ratio of less than 0.10 is obtainegh the results are
sufficiently accurate, and further evaluation i$ needed. However, if the consistency ratio is grei@an 0.10,
the results may be arbitrary and the preferencesidlbe re-evaluated or discarded.

The great advantage of the AHP lies in its abtlithandle complex real life problems and with dse
of use. Compared with five different utility moddéts determining weights and priorities, AHP wasirid to
produce the most credible results of all the motkded!

The ability of the AHP to analyse different decrsi@actors without the need for a common numerate,
other than the decision makers’ assessments, nitates of the favourable multicriteria decision pag tools
when dealing with complex socioeconomic problemddmeloping countries. This is because it enaliemk
cultural, and other non-economic considerationtsetancorporated into the decision-making process.

We illustrate the procedure with the following rasdh study from selecting the best coating material
the preparation of novel capsule.

Materials and methods

The novel capsules are designed in a way to relgeselrug in the alkaline pH for which certain
appropriate polymers to be used. A wrong decisim result in the product to be formulated and dgoed
again. In the preparation of the novel capsulestettarise a bias in selecting the suitable coatiagerials
among (P1) Polyvinyl acetate phthalate, Hydroxylethethyl cellulose and Hydroxypropyl methyl cetige-
Acetate succinate as inner, middle and outer leggpectively (P2) Eudragit, Hydroxy propylmethyllgi®se
and Carboxy methylethyl cellulose as inner, midathel outer layer respectively, and (P3) Shellac, rbiyy
propyl cellulose, Cellulose acetate phthalate aserinmiddle and outer layer respectively. The ddte
considered are (A) Risk of polymer failure (Rellday), (B) physic-chemical nature, (C) Cost and (D)
Availability. The first step in AHP is to develop graphical representation of the problem in terrhshe
overall goal, criteria and decision alternativegguFe 1 shows the hierarchy for the best coatingeria
selection problem.

The top level of the hierarchy gives the overalhlgto determine the appropriate coating mateoal f
the preparation of the novel capsule. The secorel #hows the four criteria that contribute to #uhievement
of the overall goal. The three decision alternatiRé, P2 and P3 are shown at the third level.

To use the AHP, the decision maker must specifyjudgements of the relative importance of each
criteria’s contribution towards achieving the ovegaal'**?

The evaluation will be elicited using question sash‘Given the two criteria cost and reliabilityhiah
one is more important in determining the best ogatnaterial to be allocated to each alternativew Ho
important?” Similar pairwise comparisons for otlegiteria can be done to generate the pairwise casga
matrix*

The decision maker believes, for example, thahbdlty is twice as important as production coss. &\
result production cost is 1/2 as important as Iodltg, as indicated above. The rest of the maisifilled in a
similar fashion.
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Figure 1: Hierarchy of coating materials selection problem

Results

From this preference matrix a corresponding seteghts (the eigen-vector w) and a consistency rati
(CR) are determined by the AHP computer progranwknas “Expert Choice”. These are:

[0.274
0.564
0.102
| 0.060

CR = 0.006 S

The consistency ratio is the ratio of the decisinaker’s inconsistencies and the inconsistencies
obtained from randomly generated preferences.

The next step is to make pairwise comparisonsdoh €oating material alternative with respect whea
of the criteria. We illustrate this with respectdiability of the second attribute.
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Here, the decision maker believes, for exampld, Biais three times as risky as P2. Similar pagwis
comparisons must be made with respect to eachedhtiee attributes. The resulting set of weightsetich of
the alternatives with respect to each criteriagpaesented in following matrix.

Coating Materials
Pl P2 P3
cost 0.130  0.660 0.210
Attributes B 0.096  0.251 0.653
c 0.400  0.340 0.260
B 0.770  0.170 0.060

Finally the portions of the selection decision ® dllocated to each coating material are found by
determining the product of the criteria prioriteasd the coating material weights as shown below:

A B C D
P1 0.130 0.096 0.400 | 0.770 u.m'[
P2 =0.27H 0660 |+03064 | 0251 | +0. 1020340 00600170 = 0.458 |
P3 0.210 0.653 0.260 | 0.060 n.45aJ

The composite score indicates that according toghkties facing, it has been decided to alloedteut
17.7% of the selection decision to P1, 45.8% tam245.6% to P3.

Thereby as per the scores gained, the polymer Eedyagit, Hydroxy propylmethyl cellulose and
Carboxy methylethyl cellulose was chosen to bentbet appropriate coating material for the prepanatif a
novel capsule form which is followed by (P3) Shellalydroxy propyl cellulose, Cellulose acetate pldte
and finally (P1) Polyvinyl acetate phthalate, Hydroethyl methyl cellulose and Hydroxypropyl methyl
cellulose-Acetate succinate

The computations presented here are intended tanb&nswer” to the coating material selection
problem and as well as an illustration of the siapslved when using the AHP.

Conclusions

This study has presented the use of the AHP imdogsion area of selecting suitable coating mdgeria
in the preparation of novel capsule. Decision hghi@s have been suggested for: (a) determinafitimeomost
appropriate coating materials in the novel cappudparation. The hierarchy presented in this arilalstrates
the wide range of multi-factor coating materialestion decisions in the novel capsule preparatiowhich
AHP can be applied. AHP offers a unique and vakiabéthod for integrating judgements with the awdda
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coating materials. This integration will facilitatbe application of most appropriate coating materin the
preparation.

Several interesting questions remain to be explarefiiture research. First, the evaluation of these

hierarchical models using field studies is desgaldecond, the extent to which the suggested AH&elso
would offer a better procedure than ad hoc or oghésting approaches is an empirical questionrteats field
or laboratory testing. What we have attempted twvide here is an introductory framework to serveaas
foundation for further refinements and additions.
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