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ABSTRACT 

Asset allocation in portfolio construction must simultaneously consider market conditions and investors’ specific pref-
erences. Therefore, it is a multi-criteria decision that goes beyond the scope of the two-criteria, mean and variance of 
the portfolio returns, optimization method that traditionally prevails in the financial literature. This article suggests a pro-
cedure that makes integrated asset management possible, based on the Analytic Hierarchy Process combined with a 
mean variance and goal programming model. We illustrate this procedure with data from Canadian mutual funds over a 
total period of five years and three months, from September 2002 to November 2007. The results obtained are encour-
aging, as the portfolios constructed in this manner perform better than the S&P/TSX 60 index, which is the reference 
portfolio for the Canadian market. 
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1. Introduction 

We apply the Analytic Hierarchy Process (AHP), com-
bined with a mean variance optimization and goal progra- 
mming model to allocate assets within a portfolio, consid-
ering both market conditions and investors’ preferences.  

Asset allocation is one of the most deciding tasks that 
influence portfolio performance. Brinson, Hood and Bee- 
bower [1] and Brinson, Singer and Beebower [2] show that 
investment policy accounts for an average of 93.6% of ove- 
rall return variations, whereas selectivity and market tim- 
ing only contribute slightly. Ibboston and Kaplan [3] con- 
firms these results. They observe that asset allocation ex- 
plains 90% of the variability of mutual funds overtime, 40% 
of variations between funds, and an average of 100% of a 
fund’s returns. 

To aid managers in this exercise of decisive importance 
for portfolio performance, Sharpe [4] suggests an integrated 
approach to asset allocation that considers both market 
conditions, and the investor’s goals and wealth. Figure 1 
below illustrates the major steps of this asset allocation 
process. 

Quadrant C1 represents the current capital market con-
ditions. Certain techniques must be used (quadrant C2) to 
translate these market conditions into asset return predic-
tions (quadrant C3). 

 

Figure 1. Integrated asset allocation. Adapted from [4]. 
 

The investor’s wealth (quadrant I1) usually determines 
his degree of risk tolerance (quadrant I3) through a risk 
tolerance function (quadrant I2). 

Based on the degree of risk tolerance (quadrant I3) and 
asset return predictions (quadrant C3), an Optimizer (qua- 
drant M1) can be used to determine the most suitable asset 
mix (quadrant M2) for the investor. Quadrant M3 repre-
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sents the investor’s realized returns. 
The returns for a given period will influence the value 

of the investor’s assets and liabilities at the beginning of 
the next period. Furthermore, the returns for a period will 
frame part of the market conditions at the beginning of 
the next period. Certain elements in quadrants C1, C3, I1, 
I3, M2, and M3 can change from one period to the next, 
whereas quadrants C2, I2 and M1 generally remain fixed.   

Even though the overall integrated asset allocation ap-
proach can be considered relevant, there is no standard 
procedure for its implementation. For example, how can 
we account for the market conditions? Which model could 
we use to predict returns? How can we build a portfolio 
based on returns and the investor’s risk tolerance? All of 
these decisions remain specific to each manager or inves- 
tor. In this regard, a survey conducted by Worzala and 
Bajtelsmit [5] shows vast variation in the decision-mak- 
ing process for big American pension funds managers.  

In this article, we suggest a procedure based on the 
AHP put forward by Saaty [6] and goal programming mo- 
del that can incorporate all factors deemed relevant to the 
asset allocation exercise. To make an analogy with the 
integrated asset allocation approach; 1) the AHP method 
makes it possible to consider both market conditions and 
investor preferences; 2) goal programming serves as an 
optimizer when building a portfolio that fits the inves-
tor’s goals.  

The AHP is particularly appropriate when the decision 
to be made involves comparing elements that are subjec-
tive or difficult to quantify. In this case, it makes it pos-
sible to include all the factors that are judged relevant in 
the asset allocation process and that require choosing 
between: 1) different geographical area for international 
diversification purposes; 2) different asset classes (stocks, 
bonds, etc.); 3) different markets; 4) different securities. 
In addition, this method allows to develop a model that is 
easy to use and a fairly accurate representation of reality.  

Therefore, first we apply the AHP method to deter-
mine the percentage of the portfolio to invest in each asset 
class based on economic scenarios and the investor’s risk 
profile. The AHP model’s outputs correspond to the pro- 
portions to invest in each asset class under consideration: 
stocks, bonds and liquid assets, based on analysts’ econo- 
mic forecasts. 

Second, we use a two-steps optimization procedure: 1) 
mean variance optimization to determine maximum re- 
turn for the various levels of return variance; 2) The ra- 
tios obtained by running the AHP model are taken as goals 
for the goal optimization exercise, with constraints inclu- 
ding the optimal returns and variances obtained during 
the first step.  

We shall illustrate this two steps optimization proce- 
dure with data on returns and asset allocation for 77 mu- 
tual funds over a total period of five years and three mon- 

ths, from September 2002 to November 2007, a total of 
63 months. Our application concerns an initial period of 
36 months, namely from September 2005 to August 2007. 
Optimized portfolios determined in this manner are re-
adjusted at the beginning of each following quarter, and 
returns are evaluated for the next quarter, for the follow- 
ing two years, namely from September 2002 to August 
2004. For example, the first application deals with 36 
monthly returns, namely from month 1 (September 2002) 
to month 36 (August 2005). The investment ratios ob- 
tained (for the end of August 2005 or for the beginning 
of September 2005) are applied to return 37, 38 and 39. 
The second application covers months 4 to 39 and returns 
are evaluated for months 40, 41 and 42, and so on through 
to month 63 (November 2007). The purpose is to deter-
mine the ex ante performance, that is the performance 
one would have achieved by using the suggested optimi-
zation process in the beginning of each quarter of this 
period. 

The portfolios obtained show higher performance than 
the return for the SP/TSX60 index, the reference portfo-
lio for the Canadian market. 

We would like to point out that our suggested overall 
approach is likely to be useful to fund managers given its 
flexibility and ease of use. Furthermore, performance is-
sues aside, it makes it possible to build a portfolio that 
suits the investor’s goals. In this respect, it can deflect law-
suits from swindled investors, like those faced by some 
American and Canadian brokers who advised their cli-
ents to build portfolios that did not match their invest-
ment goals. 

The rest of this article is organized as follows: in Sec-
tion II, we present the AHP methodology and the process 
for building portfolios. We discuss the goal optimization 
model in Section III. We will also illustrate the optimiza-
tion process in that section, followed by a conclusion in 
Section IV. 

2. The AHP Method 

Developed by [6], the AHP is a technique used for deal-
ing with complex, unstructured problems that involve the 
consideration of multiple criteria simultaneously. It is 
based on three principles: hierarchization, priority-setting 
and logical consistency [6]. 
 Hierarchization: this involves breaking down the prob-

lem into a homogenous set of components, and orga-
nizing them according to a hierarchy in order to incor-
porate significant quantities of information and present a 
more comprehensive portrait of the problem.  

 Priority setting: this involves pairing elements at each 
level of the hierarchy by assigning a weight to each 
element as described in Table 1.     
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Table 1. The Analytic hierarchy process rating scales. 

Intensity of Importance Definition Explanation 

1 Equal importance Two activities equally contribute to achieve the goal. 

3 Moderately more important Experience and judgment moderately favor one activity over the other. 

5 Strongly more important Experience and judgment strongly favor one activity over the other. 

7 Extremely more important. Practice has shown that an activity is very highly favored over the other. 

9 Absolutely important One activity is definitely more probable than the other. 

2, 4, 6, 8 Intermediate values When a compromise is required. 

1/2, 1/3 1/9. Reciprocal values 
If the activity A has value x when in comparison to activity B, activity B 
must be given a reciprocal value (1/x) when in comparison to activity A. 

Source: adapted from [6]. 

 
the proper allocation of assets, into two elements to 
which we grant equal importance: the investor’s risk pro-
file (C1) and the state of the economy (C2). 

 Logical consistency: since the various elements are 
paired using subjective means, such as judgment or 
opinion, the comparisons are not necessarily consistent. 
To remedy this, the AHP method uses a Consistency 
Index that enables to test the consistency of judge-
ments systematically. For example: if A is considered 
five times preferable to B, and B is twice as prefer-
able as C, than A must be considered 10 times pref-
erable to C, otherwise the judgments are inconsistent.  

Each of these two elements is subsequently broken down 
further into a set of five criteria: five risk profiles and 
five economic scenarios. Each investor must correspond 
to a risk profile, from C1.1 to C1.5 that can be determined, 
as in most financial institutions, using a questionnaire 
filled out by investors. To simplify, we assume that our 
investor’s risk profile remains the same (moderate) dur-
ing the entire period of this study. The economic scenar-
ios are based on economic predictions performed by Ca-
nadian banks and the Organization for Economic Coop-
eration and Development (OECD Thereafter). They re-
flect investors’ and financial service professionals’ ex-
pectations for each of the eight quarters considered in 
this study. These first three tiers of the hierarchy make it 
possible to determine the relative weight of each of the 
factors and criteria used. These weights vary overtime, ex-
cept for the risk profile, which is assumed constant. 

2.1. Applying the Model 

Applying the AHP approach involves first setting up the 
hierarchy of our decision-making process as shown in 
Figure 2 below. This hierarchy contains the factors that we 
find most relevant in the asset allocation process. 

We begin by breaking down our main goal, namely,  
 

 

At the fourth and last level of the hierarchy, we find 
the various asset classes that make up the portfolio.  

Once the hierarchy is established, we proceed with pair- 
wise comparisons between elements at the various tiers of 
the hierarchy. The portfolio’s final composition will de-
pend on the weight assigned to each element. These weights 
will constitute the inputs for our model, and can vary from 
one decision-maker to another depending on the impor-
tance granted to each of the factors considered.  

Here are the comparison matrices that we explained in 
the next sections: 
 Tier II: Risk profile and economic scenarios, a 2 × 2 

matrix.  
 Tier III: Criteria, a 5 × 5 matrix for economic scenar-

ios. No analysis or matrix is needed for the investor 
profile, because we arbitrarily assume that it corre-
sponds 100% to a moderate profile (C1.3). 

 Tier IV: Asset classes, six 3 × 3 matrices. Figure 2. Hierarchy of the asset allocation decision process. 



K. SEDZRO  ET  AL. 99

2.2. Comparison of Tier II Elements  

The two deciding factors in asset allocation are the in-
vestor’s risk profile and expected economic scenarios. 
Table 2 shows the pairwise comparisons for these two 
elements respectively, and the method for calculating 
priorities or weights indicating the importance of particu-
lar criteria or alternative. 

The number 1 implies that the investor’s risk profile is 
as important as economic scenarios when making asset 
allocation decisions.  

The priority vector column in Table 2 shows the final 
ranking of factors based on their degree of importance. 
The 0.5 values assigned to C1 and C2 mean that these two 
elements are equally important. 

This exercise must be performed from the top-down for 
factors at each tier of the hierarchy. 

2.3. Comparison of Tier III Elements 

We have classified economic scenarios according to their 
potential occurrence, drawing on the predictions of sev-
eral Canadian banks and on the economic predictions of 
the OECD. Table 3 shows the pairwise comparisons of 
economic scenarios as at September 1, 2005.  

In the first column, the number 9 implies that a growth 
scenario is definitely more probable than a recession 
scenario. The number 7 implies that a peak scenario is 
very strongly more probable than a recession scenario. 
The resulted vector priorities may be interpreted as the 
predicted probability of the economy to be in a particular 
phase. For example, based on Table 3, one can say that 
there is 54.5% likelihood that the Canadian economy will 

be in the expansion phase in the quarter following Sep-
tember 2005 compare to 30.2% and 5.1%, 5.1% and 
5.1% respectively for the peak, trough, recession, and 
recovery phases. 

The comparison of economic scenarios is repeated for 
each of the following eight quarters. We summarize in 
Table 4, the priority vectors resulting from this exercise 
for all the nine quarters of this study, September 2005 to 
November 2007. Detailed period from period results, as 
that of the September 2005 in Table 3, are available from 
the authors. One should note that the vector priorities in 
Table 4 must be adjusted for the importance of the factor 
of market conditions in our hierarchy. That is the result 
must be multiplied by 0.5 which is the weight assigned to 
the factor of market condition compare to the factor rep-
resenting the investor risk profile. 

2.4. Comparison of Level IV Elements 

Here it is a matter of determining: 1) the behaviour of 
each asset class for each economic situation, as well as, 2) 
the asset classes in which it would be preferable to invest 
given the investor’s risk profile. In order to do this, we 
must ask the following question: “which asset class is it 
preferable to invest in given the two factors, economic 
situation and investor’s risk profile, in the third tier of the 
hierarchy?”  

The answer to the first part of this question is provided 
in part in Table 5, built based on the findings of the 
studies Siegel [7] and Brocato and Steed [8], which sug-
gest that each economic scenario favors investment in a 
specific asset class. 

 
Table 2. Matrix for primary factor importance in the decision process (Tier II). 

 C1 Risk profile \Market conditions Geometric mean Normalized scores or Vector priorities 

C1: Risk profile 1 1 2 1 1 2   2/4 = 0.5 

C2: Market conditions 1 1 2 1 1 2   2/4 = 0.5 

Sum 2 2 4 100% 

Consistency index: 0.00. 

 
Table 3. Matrix for pairwise comparisons of economic scenarios (September 2005). 

 C2.1 C2.2 C2.3 C2.4 C2.5 Geometric mean Vector priorities 

C2.1 Recession 1 1 1 1/9 1/7 0.437 0.051 

C2.2 Trough 1 1 1 1/9 1/7 0.437 0.051 

C2.3 Recovery 1 1 1 1/9 1/7 0.437 0.051 

C2.4 Expansion 9 9 9 1 3 4.656 0.545 

C2.5 Peak 7 7 7 1/3 1 2.580 0.302 

Sum      8.546 1 

Consistency index: 0.02. 
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Table 4. Priority vectors resulting for comparison of economic scenarios for all the nine quarters of this study (September 
2005 to September 2007). 

 Sept 05 Dec 05 Mar 06 Jun 06 Sep 06 Dec 06 Mar 07 Jun 07 Sep 07 

C2.1 0.051 0.051 0.051 0.050 0.054 0.352 0.594 0.636 0.692 

C2.2 0.051 0.051 0.051 0.050 0.054 0.063 0.073 0.064 0.077 

C2.3 0.051 0.051 0.051 0.050 0.054 0.063 0.073 0.173 0.077 

C2.4 0.545 0.545 0.545 0.265 0.205 0.134 0.073 0.064 0.077 

C2.5 0.302 0.302 0.302 0.586 0.634 0.389 0.188 0.064 0.077 

Sum 1 1 1 1 1 1 1 1 1 

C1.1: Recession; C1.2: Trough; C1.3: Recovery; C1.4: Expansion; C1.5: Peak. 
 

Table 5. Economic cycle and investment strategies. 

Economic Cycle 
Asset-Mix 

1st stage: Recession 2nd stage: Trough 3rd stage: Recovery 4th stage: Expansion 5th stage: Peak 

Liquid assets (5) (4) (2) (1) (2) 

Bonds (4) (4) (3) (2) (2) 

Equities (1) (2) (5) (5) (5) 

5: Over-weighting. i.e., increase the weight of these securities in the portfolio. 3: Neutral weighting. i.e., hold the weight of these securities in the portfolio. 1: 
Down-weighting. i.e., decrease the weight of these securities in the portfolio. 
 

Table 5 shows that during a recession, investment in 
short-term securities and bonds is highly preferred to in- 
vestment in equities, which in turn are highly advisable 
in recovery, expansion and peak stages. Based on these 
results, Table 6 presents the pairwise comparisons of 
asset classes for the different economic scenarios. 

For example, the number 9 (Panel A, first column) 
implies that, during a recession phase, investing in bonds 
is definitely preferable to investing in stocks. After per-
forming the pairwise comparisons, we get the propor-
tions to be invested in each asset class for each period by 
normalizing, as before, the geometric means of the score 
assigned to each alternative. We perform the same exer-
cise for each of the four other economic scenarios: trough, 
recovery, expansion and peak, and the results are shown, 
respectively, in Panels B, C, D and E of Table 6. The re- 
sults for all the five economic scenarios are summarised 
in the Panel F of the same Table. 

As for the second part of the question, we consider 
only investor with a moderate risk profile. Table 7 shows 
the resulting pairwise comparisons of asset classes where 
the number 2 implies that, for a person with a moderate 
risk profile, investing in bonds is slightly preferable to 
investing in stocks. Overall it is shown that a moderate 
risk profile investor will put 59,7% weight on bonds com-
pare to 34.6% and 5.7% respectively on stocks and liquid 
assets or short term securities. 

Finally, we have to weight the results of the asset 
classes allocation linked to economic scenarios (Table 6) 

and that related to investor risk profile (Table 7) against 
the priority assigned to the investor risk profile (Table 2) 
and the probability of occurrence of each economic sce-
nario (Table 3). We then obtain the overall composite 
weight or investment ratios for each asset class for in-
vestor with a moderate risk profile and the predicted 
phase in the economic cycle. The result for September 
2005 appears in Table 8. 

Table 9 synthesizes the investment ratios for each as-
set class for each of the nine periods of our study. These 
ratios change from one period to another due to change 
in the predicted economic scenarios. Indeed, as we have 
assumed that our particular investor will remain with a mo- 
derate risk profile, only the predicted economic scenario 
will affect the overall composite weight for each of the 
remaining periods in our study (Table 4). 

These ratios are included as goals in the optimization 
model presented below to determine the optimal portfolio 
with a maximum return and a minimum risk.  

3. Optimization Model 

The weights obtained using the AHP are integrated into a 
two-steps optimization model. The initial purpose here is 
to determine the combination of funds that will produce 
maximum returns for a given level of risk. 

1

max
n

i i
i

x r

                  (1) 
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Table 6. Matrices of pairwise comparisons of asset classes for different economic scenarios. 

Panel A: Pairwise Comparisons of Asset Classes for the Recession Scenario (C2.1) 

 A1 Stocks A2 Bonds A3 Liquid assets Geometric mean Vector priorities 

A1 Stocks 1 1/9 1/5 0.281 0.063 

A2 Bonds 9 1 3 3.000 0.672 

A3 Liquid assets 5 1/3 1 1.186 0.265 

Sum    4.467 1 

Panel B: Pairwise Comparisons of Asset Classes for the Trough Scenario (C2.2) 

 A1 Stocks A2 Bonds A3 Liquid assets Geometric mean Vector Priorities 

A1 Stocks 1 1/7 1/7 0.273 0.067 

A2 Bonds 7 1 1 1.913 0.467 

A3 Liquid assets 7 1 1 1.913 0.467 

Sum    4.099 1 

Consistency index: 0.00 

Panel C: Pairwise Comparisons of Asset Classes for the Recovery Scenario (C2.3) 

 A1 Stocks A2 Bonds A3 Liquid assets Geometric mean Vector Priorities 

A1 Stocks 1 5 7 3.271 0.731 

A2 Bonds 1/5 1 3 0.843 0.188 

A3 Liquid assets 1/7 1/3 1 0.362 0.081 

Sum    4.477 1 

Consistency index: 0.06 

Panel D: Pairwise Comparisons of Asset Classes for the Expansion Scenario (C2.4) 

 A1 Stocks A2 Bonds A3 Liquid assets Geometric mean Vector Priorities 

A1 Stocks 1 7 9 3.979 0.785 

A2 Bonds 1/7 1 3 0.754 0.149 

A3 Liquid assets 1/9 1/3 1 0.333 0.066 

Sum    5.066 1 

Consistency index: 0.08 

Panel E: Pairwise Comparisons of Asset Classes for the Peak Scenario (C2.5) 

 A1 Stocks A2 Bonds A3 Liquid assets Geometric mean Vector Priorities 

A1 Stocks 1 7 7 3.659 0.778 

A2 Bonds 1/7 1 1 0.523 0.111 

A3 Liquid assets 1/7 1 1 0.523 0.111 

Sum    4.705 1 

Panel F: Asset Classes Allocation and Economic Scenarios: A Synthesis 

 C2.1 Recession C2.2 Trough C2.3 Recovery C2.4 Expansion C2.5 Peak 

A1 Stocks 0.063 0.067 0.731 0.785 0.778 

A2 Bonds 0.672 0.467 0.188 0.149 0.111 

A3 Liquid assets 0.265 0.467 0.081 0.066 0.111 

Sum 1 1 1 1 1 

Consistency index: 0.08 
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Table 7. Matrix of pairwise comparisons of asset classes for the balanced risk profile (C1.3). 

 A1 Stocks A2 Bonds A3 Liquid assets Geometric mean Vector priorities 

A1 Stocks 1 1/2 7 1.518 0.346 

A2 Bonds 2 1 9 2.621 0.597 

A3 Liquid Assets 1/7 1/9 1 0.251 0.057 

Sum    4.390 1 

Consistency index: 0.02. 

 
Table 8. Overall composite weight of the asset classes for investor with a moderate risk profile and the predicted phase in the 
economic cycle on September 2005. C2.1 recession C2.2 trough C2.3 recovery C2.4 expansion C2.5 peak. 

 Risk profile Weight of Importance of Potential Occurrence of a Particular Economic Phase Composite Weights

 Factors C1.3 C2.1 C2.2 C2.3 C2.4 C2.5  

Alternatives Weights 0.5 0.026 0.026 0.026 0.272 0.151  

A1 Stocks 0.346 0.063 0.067 0.731 0.785 0.778 0.53 

A2 Bonds 0.597 0.672 0.467 0.188 0.149 0.111 0.39 

A3 Liquid Assets 0.057 0.265 0.467 0.081 0.066 0.111 0.08 

Sum 1 1 1 1 1 1 1 

 
Table 9. Percentage of investment to be allocated in each asset class by an investor with a Moderate Risk Profile. 

 Sept-05 Dec-05 Mar-06 June-06 Sep-06 Dec-06 Mar-07 June-07 Sept-07 

Stocks 0.53 0.52 0.52 0.53 0.52 0.41 0.32 0.31 0.29 

Bonds 0.39 0.39 0.39 0.38 0.38 0.47 0.54 0.55 0.56 

Liquid Assets 0.08 0.09 0.09 0.09 0.1 0.12 0.14 0.14 0.15 

 
Subject to: 

1 2

1 1

n n

i j ij
i j

x x  
 

 
 

 
              (2) 

1

1
n

i
i

x


                    (3) 

0ix   (Impossibility of selling short)    (4) 

where ri represents the return of security i; xi = percent-
age of security i in the portfolio; n = total number of se-
curities; sij = covariance of returns of security i in relation 
to security j. s = standard deviation of portfolio returns. 

This classic Markowitz [9] model makes it possible to 
determine the optimal portfolio with maximum returns 
(r*) for a given standard deviation (s*). We shall recall 
that the optimal solution to this optimization problem is 
usually not unique. Therefore, the composition of this port-
folio built according to optimal proportions, xi

*, cannot 
respect our investor’s ideal goal about the proportion of 
stocks, bonds and liquid assets as determined using the 

AHP. To achieve this, we must proceed, as a second step, 
with goal optimization. The purpose here is to minimize 
deviations below the goal, k , and above the goal, kd  d  , 
in relation to the ideal ratios of Stocks (S), Bonds (B) or 
Liquid Assets (L). Here is the formulation of the model: 


3

1

min k k
k

d d 



               (5) 

subject to: 

*

1

n

i i
i

x r r


                 (6) 

1 2

*

1 1

n n

i j ij
i j

x x  
 

 
 

 
             (7) 

1

1
n

i
i

x


                    (8) 

0ix                      (9) 
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1 1
1

S
n

i i
i

x s d d 



             (10) 

2 2
1

B
n

i i
i

x b d d 



             (11) 

3 3
1

L
n

i i
i

x l d d 



             (12) 

0; 0k kd d                (13) 

where ri, xi, n and sij are defined as above. k  and kdd    
respectively represent deviations below and above the 
goal. r* represents maximum returns for a given standard 
deviation (s*). si, bi and li characterize the percentage of 
stocks, bonds or liquid assets in the fund i, respectively. S, 
B and L symbolize the proportion of stocks, bonds and 
liquid assets obtained using the AHP model. 

The first two constraints make it possible to ensure 
that we maintain the level of return and standard devia-
tion obtained during the first optimization. Constraints 10, 
11 and 12 make it possible to ensure that the proportions 
of stocks, bonds and liquid assets are as close as possible 
to their ideal level (S, B and L). 

4. Additional Data and Results 

For illustration purposes, we have used monthly data on 
returns and asset distribution (stocks, bonds, liquid assets) 
for 77 mutual funds. This data comes from the Morning-
star Canada database for the period from September 2002 
to November 2007.  

Optimization covers an initial period of 36 months, 
namely from September 2002 to August 2005, using the 
data for 77 mutual funds. In order to verify the ex ante 
efficiency of the optimization models, the obtained weights 
are multiplied by the returns for the next three months for 
the corresponding funds. For example, the first applica-
tion covers 36 monthly returns, namely from month 1 (Sep-
tember 2002) to month 36 (August 2005). The investment 
ratios obtained (at the end of August 2005 or beginning 
of September 2005) are applied to returns for months 37, 
38 and 39. The second application covers months 4 to 39 

and returns are evaluated for months 40, 41 and 42. And 
so forth, up to month 63 (November 2007). Table 10 
below summarizes the results obtained for three typical 
portfolios with monthly (annual) standard deviations pre-
set at 1% (3.46%), 2% (6.93%) and 3% (10.39%). 

The portfolios obtained show better performance (re-
turns by unit of risk) than the SP/TSX 60 index, the ref-
erence portfolio for the Canadian market.  

In summary, we should mention that these illustrative 
tests show the flexibility and potential of the AHP ap-
proach combined with goal optimization models for port- 
folio allocation purpose. Here we have arbitrarily chosen 
three asset classes, but the method can accommodate 
several asset classes, for example, in the context of sector 
and geographic allocation. 

5. Conclusions 

In this study, we have illustrated the potential of the multi- 
criteria AHP approach combined with a mean variance op-
timization and goal programming models when it comes 
to asset allocation that takes the investor’s risk profile 
and future economic scenarios as relevant elements. Our 
objective is to suggest a flexible approach that is rela-
tively simple to use and that makes it possible to incor-
porate all factors, both objective and subjective, that are 
likely to influence the asset allocation decision. Our il- 
lustration draws on Sharpe’s integrated asset allocation 
model [4]. However, in the interest of simplicity, only 
three asset classes were considered (stocks, bonds and liq-
uid assets). The selected criteria can vary from one man-
ager to another, depending on his or her experience. In this 
respect, it is worth noting that the list of selected criteria is 
only presented as an example, and several other criteria can 
be added to or removed from the hierarchy, based on the 
manager’s judgment regarding their relevance.  

As for future researches, it would be interesting to take 
the analysis further by proceeding with an industrial sec-
tor and geographic asset allocation. It might furthermore, 
be interesting to replace historical returns with predicted 
returns in the analysis. 

 
Table 10. Average annual realized returns (r) and Standard Deviations (s) obtained using the suggested optimization proce-
dure from September 2005 to November 2007. 

Portfolios Return (r) Standard deviation () r/ 

Defensive (initial = 3.26%)* 4.122% 1.702% 2.421% 

Conservative (initial = 6.93%)* 14.986% 3.143% 3.315% 

Balanced (initial = 10.39%)* 25.30% 4.520% 5.597% 

SP/TSX 60 11.72% 10.95% 1.070% 

*
    
initial is the initial (beginning of period) standard deviation of the portfolio. 
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