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A Short Note on:
Portfolio Weighting with Analytic Hierarchy Process (AHP)
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Abstract. The AHP weighting of a specified portfolio is studied. Weights of AHP are
computed such that they correspond to Lagrange multiplier. Conclusions are proposed.

Keywords: AHP; Lagrange multiplier; Pair comparisons; Portfolio management

1 Introduction. Financial portfolios contain a collection of financial assets kept by an
investor. The weight of each asset is the percentage composition of it holding in portfolio.
There are different approaches to calculate the portfolio weights. For example, the dollar
value approach and weighting by using of number of units of a given security are two basic
types of weighting approaches. Also, the efficient frontier weights are derived using a
quadratic programming and applying the Lagrange multiplier method. Let r;,i = 1,2, ..., n be
the return of n independent financial asset with mean y; and variance ¢7. The mean and
variance of a portfolio with weight a; assigned to i-th asset are Y-, a; u; and Y, a? o7,
respectively. The following Lagrange function is minimized w.r.t a; for a pre-determined

threshold u*, where
n n
£= Z:aizai2 _V<zaiﬂi —li*).

i=1 i=1

which gives weights a; = k% with k=1 = ?:1%- The mean and variance of portfolio using

optimal weights are kY™, 67 and k? Y™, 67, respectively, where ; = % Another method
is to use the pair comparisons perspective of AHP (Saaty, 2001). Let b;; denote the relative
preference of i-th asset w.r.t j-th asset. Mehlawat (2013) developed a multi-criteria decision
making framework for portfolio selection. The AHP is used to model the behavioral construct
of suitability. Banihashemi and Sanei (2013) considered the asset allocation problems using a
combined DEA/AHP method. The next section the AHP weighting is studied.

2 AHP weighting. To correspond the results of AHP and Lagrange weighting methods, it is

necessary that b;; = % . However, this assumption may be violated. Indeed, in practice,
]
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determining the weights using AHP yields weights as
a; = k%si.

The mean and variance of portfolio using AHP weights are kY-, 6% ¢; and k2Y, 67 7.

The proportions of AHP mean and variance to these value of quadratic programming are
2

T =Y, wig andm, = YL, w; g2, where w; = ,[0—192. Suppose that the acceptable upper

i=1"i

bound for m; be m, then solving again the Lagrange multiplier to minimize m, gives the
g = m. However, this is a multi-criteria decision making problem assuming 0 < ¢; < L;,
i =1,2,...,n. As follows the solution of this problem is surveyed. The problem is
Min(X7, w; &, Xiey wi &)
s.it.0<g <L,i=12,..,n
The weighting approach solution of this problem is
o MinZ =YY" ,wig(A+¢)
Problem: {s. £ 0<e Slyi=12.m
The Kuhn-Tucker conditions (Bazaraa et al., 1993) using shadow price u; = 0,i = 1,2, ...,n
are

Problem: {

{ u(Li—&) =0
Wi(Zsi + A) - uiLi = 0.
Thus, ifu; = 0theng; =0andifu; # Otheng; = L;and A = 1 =

1 = {O if Uu; = 0,
P (2 - a:l-)Li if u; # 0,
where a; = % As w; gets small then «; gets large and A; is close to zero and therefore e, = 0

Z?=1 Ai

where

and for large w;'s the &; = L; is reasonable. As follows the AHP algorithm for portfolio
weighting is given
Algorithm: AHP portfolio weighting

% fori=12, .. n whered, =X
2‘;‘;19,:2 )ty nuny ) i O'i.

2. Order from small to large w;'s and for small w;'s let &; = 0 and for large w;'s let ¢; = L;.
3. Select ¢;'s such that the equation A = A is satisfied.

1. Compute w; =

Remark 1. Suppose that the consistency assumption is violated and b;; = %eij, where
J

a; = k% and k71 = ?:1%- Saaty (2001) showed that the inconsistency ratio based on the

largest eigenvalue (4,,4,) Of pair comparison matrix is given by

IR = Amax —-n _ Z?:l Z;'l=1(€ij - 1)
n—1 nn—1)
3 Conclusion. This short note studies the AHP portfolio weighting. The AHP portfolio
weighting algorithm is given.
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