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Abstract 

Due to the extreme uncertainty in the estimation of future expected returns on virtually all asset classes, 

portfolio managers are confronted with a virtually impossible task to construct optimal portfolios that will 

meet a return target; moreover, when the absolute value of this future return target is also uncertain, e.g. a 

CPI-linked benchmark. To highlight this difficult task, this paper investigates how optimal portfolios 

would have looked like over long periods of time, or over shorter-term rolling periods, all with the benefit 

of perfect hindsight. It is also shown that it is sometimes impossible to achieve those targeted returns, 

regardless of the selected asset allocation. The incorporation of hedge funds, and the potential benefit that 

they bring to portfolios, is also investigated. All is not lost; however, as it is shown that there is evidence 

from the literature that shows that optimal portfolios may be more stable over time, but it is beyond the 

scope of the current paper. 

 

1 Introduction 

Markowitz’s (1959) mean variance optimization (“MVO”) is the foundation of portfolio optimisation, a 

contribution for which he received the 1990 Nobel Memorial Prize in Economic Sciences. Although 

many other approaches and refinements have been proposed since Markowitz’s breakthrough 

contribution, it remains one of the fundamental building blocks of portfolio analysis. Popular portfolio 

management applications, like eVestment Analytics, Morningstar Direct and Matlab’s Financial Toolbox, 

have Markowitz’s MVO as a standard feature. 

It will hence be investigated in this paper on how optimal portfolios, using MVO, would have looked like 

with the benefit of perfect hindsight. To have as broad application as possible in the South African 

market, both the restrictions of the Association for Savings and Investment South Africa (“ASISA”) and 

Regulation 28 of the Pension Fund Act, are considered. ASISA represents most of the country's asset 

managers, collective investment scheme management companies, linked investment service providers, 

multi-managers and life insurance companies. 

According to ASISA (2017), multi asset portfolios are defined as portfolios that invest in a wide spread of 

investments in the equity, bond, money and property markets to maximise total returns (comprising 
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capital and income growth) over the long term. According to ASISA (2017) there are six sub categories 

under the multi asset portfolio category of which only three are presented here, i.e. Multi Asset – High 

Equity, Multi Asset – Medium Equity and Multi Asset – Low Equity. The allocation restrictions of these 

three multi asset portfolios are summarized in Table 1. 

Table 1: Allocation restriction for ASISA Multi Asset High, Medium and Low Equity Categories. 

ASISA Category Maximum Effective 

Equity Exposure 

(Local and International) 

Maximum Effective 

Property Exposure 

(Local and International) 

Multi Asset – High Equity 75% 25% 

Multi Asset – Medium Equity 60% 25% 

Multi Asset – Low Equity 40% 25% 

 

Table 2 gives the asset class limits as imposed by Regulation 28 of the Pension Funds Act (2011). The 

major asset classes, not mentioned in Table 2, like cash and local government bonds, have no limit; 

hence, they have a 100% limit. The 30% restriction in foreign assets is a restriction set by the South 

African Reserve Bank. It must be noted that Table 2 is an excerpt from a larger table. 

 

Table 2: Summary of Regulation 28 asset limits. 

Asset Class Limit 

Equities 75% 

Listed property 25% 

Foreign assets  30% 

Hedge funds 10% 

Commodities 10% 

Africa (outside SA) 10% 

 

It is evident from Tables 1 and 2 that Regulation 28 restrictions are equivalent to the ASISA Multi Asset 

– High Equity category, when it comes to total equity and listed property limits. Regulation 28 impose 

more restrictions on the other asset classes. 

 

2 Modelling approach 

In the analysis that follows, the different asset classes are proxied by major market indices. This is a 

widely used approach, as discussed by Chong et al. (2015). The proxy for local hedge funds is the 

exception that will be discussed in the next paragraph. The asset classes that are employed in the analysis, 

as well as their selected proxies, are presented in Table 3. The last column of Table 3 gives the naming 

convention for the asset classes, used in the figures in the rest of the paper. 
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Table 3: Asset classes and their corresponding proxies. 

Asset Class Proxy Description Proxy Index 

(Bloomberg 

Ticker) 

Name 

Local Cash 3-month STeFI Index STeFNI3 Index LCash 

Local Fixed Income All Bond Total Return Index ALBTR Index LBonds 

Local Equities JSE/FTSE All Share Total Return Index JALSHTR Index LEquity 

Local Properties JSE/FTSE SA Property Total Return 

Index 

JSAPYTR Index LProp 

Global Fixed Income Barclays Capital Global Aggregate Total 

Return Index 

LEGATRUU Index GBonds 

Global Equities MSCI All Country World Total Return 

Index 

M2WD Index GEquity 

Local Hedge Funds Ashburton Growth Hedge N/A LHedge 

 

The South African hedge fund asset class is not represented by an index, because there is not a public 

index that represents the performance of the industry. The Ashburton Growth Hedge fund of hedge fund 

portfolio is used as a suitable proxy. The inception date for Ashburton Growth Hedge is January 2006. 

The hedge fund industry was basically still in its infancy back then. The period before the inception date, 

used in the current analysis, is a bespoke portfolio of funds that, according to the author, is representative 

of the industry. 

 

3 Methodology 

The analysis that follows can’t be readily done with off-the-shelve portfolio management software 

applications. Hence, Matlab’s Financial Toolbox is used to obtain the results due to capability to 

manipulate the analysis by programming. 

The results for every scenario that follows are presented by two figures. The top figure shows the 

minimum and maximum optimal return points on the efficient frontier as indicated by points ‘X’ and ‘Y’ 

respectively in Figure 1. The corresponding minimum and maximum optimal risk points, as indicated 

respectively by points ‘V’ and ‘W’ in Figure 1, are not presented. It was decided to omit the optimal risk 

graph, as investors are generally more interested in the potential optimal return level of a portfolio and not 

necessarily the risk, at which the optimal return is achieved. The first figure for every scenario also shows 

the realized targeted return. Based on the specific selected return period, the first figure shows how the 

optimal points ‘K’ and ‘L’ presented in Figure 1 have developed over time. Refer to Section 4.1.1 where 

the interpretation of the top figure for every scenario is explained in more detail.  

The second figure for every scenario shows the composition of the portfolio, as determined by the MVO 

process. The weights of the portfolio are, for the point on the efficient frontier that is equal to the realized 

targeted return over the period under consideration, i.e. point ‘A’ in Figure 1. It will be evident in some 

instances that there is no point on the efficient frontier that equals the realized targeted return. It may 

either be below the minimum point (see point ‘C’ in Figure 1), or it may be above the efficient frontier 

(see point ‘B’ in Figure 1). Point ‘C’ will be in the achievable region (i.e. a portfolio, or rather many 

possible portfolios exist that give the return at point ‘C’), but it is impossible to achieve the required 

targeted return (Point ‘B’), as it is impossible to achieve. 
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Figure 1: Efficient frontier with the efficient return and risk ranges. 

 

4 Cumulative scenarios 

The first series of results are for the case where efficient frontiers are recalculated as new information 

becomes available, month after month. It starts off with 36 months of data, starting in June 2002. The 

next point on the graph is for the 37-month period, also starting in June 2002. The next point is for the 38-

month period and so forth. The last point on the figures is for the total period from June 2002 to May 

2019. The figures for the cumulative series show how the efficient frontier behaves as new data becomes 

available, using the same starting data.  

 

4.1 Results based on Regulation 28 restrictions with a targeted return of CPI + 5% 

The first scenario investigates the cumulative return using the Regulation 28 constraints as shown in 

Table 4. A further group constraint is imposed on the MVO process, i.e. the total foreign exposure can’t 

be more than 30%. The total global exposure is given by Equation (1). 

WGequity + WGbonds <= 30%         (1) 

where W is the weight of the asset and the subscript indicates the asset class. Only the seven asset classes 

presented in Table 4 are included in the MVO analysis in this paper. 

 

Table 4: Regulation 28 asset constraints used in the MVO process. 

LCash LBonds LEquity LProp GBonds GEquity LHedge 

0% 0% 0% 0% 0% 0% 0% 

100% 100% 75% 25% 30% 30% 10% 
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Figure 2: Cumulative development of the optimal return range with Regulation 28 limits and a targeted 

return of CPI + 5% from June 2002. 

 

 

Figure 3: Portfolio weights of the cumulative MVO from June 2002 to June 2019, with the area chart 

shown above, where the total weights sum to 100%; and the line chart shown below, based on Regulation 

28 constraints and a targeted return of CPI + 5%. 
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4.1.1 Interpretation of the results 

Figure 2 shows how the optimal return range, as defined in Figure 1, develops as more information 

becomes available month after month, after the first 36 months. The realized targeted return, of which the 

absolute value is not known in advance, is shown as the yellow line. The blue line in Figure 2 is the 

minimum optimal return. This line is therefore the development over time of point ‘K’ in Figure 1, from a 

fixed starting point as more data becomes available every month. The orange line in Figure 2 is similarly 

the development over time of the maximum optimal return point ‘L’ in Figure 1. Figure 2 therefore shows 

how the optimal return range in Figure 1 (i.e. the difference between point ‘Y’ and ‘X’) has changed over 

time, from a fixed starting point. 

It can be seen from Figure 2 that the targeted return, indicated by the yellow line, is initially below the 

minimum optimal return point. This scenario is shown by point ‘C’ in Figure 1. The scenario, where the 

targeted return is between the minimum and maximum points, is represented by point ‘A’ in Figure 1, i.e. 

a portfolio exists that is on the efficient frontier. 

Figure 3 shows the development of asset weights for a targeted return of CPI + 5%. 

 

4.1.2 Discussion of the results 

Cash 

A very interesting observation from Figure 3, is that local cash completely dominates the allocation. The 

reason for this is that the real cash return, i.e. cash returns in excess of inflation, was positive by an 

unprecedented extent around 2004. Figure 4 shows the rolling 12-month returns of local cash (proxied by 

the 3-month JIBAR), CPI as well as the difference between them, i.e. real 12-month rolling cash returns. 

At one point in 2004, cash outperformed CPI by 13%. It is therefore no surprise that cash got the bulk of 

the allocation during a period when cash delivered strong inflation beating performance. As time 

proceeded, cash received less of an allocation, as real cash rates normalized to longer term averages, even 

being negative from time-to-time. 

 

Figure 4: Rolling 12-month JIBAR (3m), CPI as well as the real JIBAR return, i.e. the difference between 

them. (Source: Bloomberg and eVestment) 
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Hedge Funds 

As can be seen from Table 2, Regulation 28 limits hedge fund exposure to 10%. It is interesting to note 

that in the cumulative analysis in Figure 3, the optimizer allocates the maximum percentage of 10% to 

hedge funds, proxied here by the Ashburton Growth Hedge fund of hedge fund portfolio, for most of the 

time. Hedge funds are therefore a valuable contributor in helping portfolios deliver superior risk-adjusted 

returns. 

 

Local Bonds 

Local bonds have a significant allocation, but it only entered the efficient frontier towards the end of 

2017. This allocation shows how difficult it is to predict asset class weightings. For the period from 2002 

to 2017, the optimal portfolio had almost no bonds on the efficient frontier. However, if data had been 

employed from 2002 to 2018, then bonds should have been in the portfolio from the start to have been the 

most efficient portfolio. According to Da Silva et al. (2009) MVO is notoriously unstable. It will be 

shown later that there are other methods that may help to circumvent this instability. 

 

Other Asset Classes 

It is insightful that global equities have no allocation when long term data is employed in the analysis. It 

will be shown later, that this observation changes significantly when shorter rolling periods are employed 

in the analysis. It is also surprising how low the allocations to local equities and local bonds are over most 

of the time. Except for hedge funds and cash, local property is the only other asset class with a significant 

allocation over the longer term.  

 

4.2 Cash constraint of 20% with a targeted return of CPI + 5% 

Apart from the period of unprecedented high real cash rates from the middle of 2003 until 2005, as 

depicted in Figure 4, real cash rates barely touched CPI + 5%, but it was generally well below that level. 

South African funds that target a benchmark of CPI + 5% have cash allocations that are generally 

relatively low. The cash allocation is therefore limited to 20% in this section to obtain more reasonable 

and practical results. A 20% limitation of cash may still be too high for portfolios with a CPI + 5% 

benchmark, in fact, cash allocations for these portfolios are generally less than 10%. 

Table 5 shows the allocation constraints where cash is limited 20%. The rest of the allocations are the 

same as in Table 4. The results that follow are therefore similar to the results in the previous section, with 

one exception, i.e. the cash allocation is limited to 20% 

Table 5: Asset weight constraints. 

LCash LBonds LEquity LProp GBonds GEquity LHedge 

0% 0% 0% 0% 0% 0% 0% 

20% 100% 75% 25% 30% 30% 10% 
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4.1.2 Discussion of the results 

If Figure 5 is compared to Figure 2, it can be seen that the maximum optimal returns are virtually 

equivalent, however, due to the smaller allocation to cash, the minimum optimal return in Figure 5 shifted 

up by approximately 2.5% over the entire period. 

As expected, cash is maxed out at the 20% constraint level over the entire period of consideration as can 

be seen in Figure 6. It is interesting to note that local bonds replaces most of the allocation if cash is 

limited to only 20%. Global bonds also appear on the efficient frontier for a longer period. The Hedge 

fund asset class is at the Regulation 28 maximum allocation of 10% over the entire period.  

Global bonds have a significant allocation, i.e. between 10% and 18% over the entire cumulative period, 

if the cash allocation is limited to 20%. Although global equities enter the efficient frontier at a few 

instances, its allocation is generally immaterial over the entire period. 
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Figure 5: Cumulative development of the optimal return range with Regulation 28 limits and a targeted 

return of CPI + 5% from June 2002. Cash is limited to 20%. 

 

 

Figure 6: Portfolio weights of the cumulative MVO from June 2002 to June 2019, with the area chart 

shown above, where the total weights sum to 100%; and the line chart shown below, based on Regulation 

28 constraints and a targeted return of CPI + 5%. Cash is limited to 20%. 
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4.3 Cash constraint of 20% with a targeted return of CPI + 7% 

The effect of the magnitude of the CPI-linked target on the results, is investigated next. In this analysis 

the CPI-linked benchmark is increased by 2% to CPI + 7%. The same asset allocation constraints, as 

applied in the previous section, are used. Refer to Table 5 for the constraints. The results are presented in 

Figures 7 and 8. Because the constraints are identical to those used in the previous section, the minimum 

and maximum optimal points are identical. Hence, the upper and lower return limits in Figures 5 and 7 are 

identical. The return target in Figure 7 shifted 2% upwards compared to Figure 5. 

The asset class weightings on the efficient frontier where the target return is CPI + 7% is shown in Figure 

8. Like the previous two sections, the results are for a fixed start date, and updated as more return 

information of the underlying asset classes become available month-after-month. 

Cash 

If data from Jun 2002 to approximately the end of 2017 is used, then the optimal portfolios always would 

have been allocated to the maximum of 20% cash. However, the optimal allocation to achieve CPI + 7%, 

if the MVO analysis was done to the middle of 2018 onwards, cash received no allocation on the efficient 

frontier. With the benefit of perfect hindsight, the optimal portfolio with the applicable constraints and 

target return, from 2002 to the last date considered, have no cash in the solution. However, if the same 

analysis was done a couple of years earlier, the optimal portfolio would’ve had a significant allocation to 

cash. 

Local Property, Local Equity and Local Bonds 

Local property, equity and bonds, all have allocations on the efficient frontier of between 25% and 30%. 

For the higher required return target, cash is therefore replaced by higher return assets, like equity and 

property. 

Hedge funds 

Even with the higher return target, the hedge fund asset class is still at the maximum Regulation 28 

allocation of 10% on the efficient frontier on a cumulative basis. No matter what the return target level 

(i.e. CPI + 5% or CPI + 7%) and cash restriction (i.e. 20% or 100%) are, hedge funds, as proxied by the 

Ashburton Growth Hedge portfolio, virtually always appear at the maximum Regulation 28 allocation of 

10%, on the efficient frontier (see Figures 3, 6 and 8). 

Global Assets 

The allocation to global equity in all the cumulative scenarios presented in Figures 3, 6 and 8 is virtually 

zero. Global bonds, however, are on the efficient frontier, especially when the cash allocation is limited to 

20%.  
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Figure 7: Cumulative development of the optimal return range with Regulation 28 limits and a targeted 

return of CPI + 7% from June 2002. Cash is limited to 20%. 

 

 

Figure 8: Portfolio weights of the cumulative MVO from June 2002 to June 2019, with the area chart 

shown above, where the total weights sum to 100%; and the line chart shown below, based on Regulation 

28 constraints and a targeted return of CPI + 7%. Cash is limited to 20%. 
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5 Rolling 36-month periods 

Results for cumulative scenarios were presented in section 4. It was shown how the efficient frontier 

develops using MVO, with a fixed starting point, as new monthly returns were included. In the next series 

of results, rolling 36-month periods are considered. The start date is therefore not fixed, i.e. every point on 

the graphs in the figures that follow is based on data of the preceding 36-months. A 36-month period was 

selected to see how MVO, on a relative short rolling period, influences the results.  

 

5.1 Results based on Regulation 28 restrictions with a targeted return of CPI + 5% 

Figure 9 shows how the minimum and maximum optimal return points, as depicted in Figure 1, vary if 

only 36-months of data is employed in the MVO analysis at a time. The yellow line in Figure 9 is the 

rolling 36-month growth of CPI + 5%. The return target is above the maximum optimal return point, 

roughly between 2009 and 2011 and then again from 2018 onwards. It will therefore be impossible for a 

portfolio, subjected to the Regulation 28 constraints presented in Table 4, to meet the targeted return over 

a rolling 36-month period over the mentioned periods. From Figure 10, this leads to very unstable 

portfolio results. The results over these periods should be interpreted with the necessary caution. 

Figure 9 also highlights the very difficult market environment that South African investors have been 

subjected to. It was virtually impossible to achieve the CPI-linked benchmark return of CPI+5% when 

exposed to the major asset classes as presented in Table 3. 

When Figure 10 is compared to Figure 3, the period under consideration has a significant effect on the 

optimal portfolio. 

Cash 

A very interesting observation from Figure 10, is that cash is still very dominant over most periods, where 

it is possible to achieve the targeted return of CPI + 5%. It can therefore be argued that cash holdings can 

be higher for investors that require higher returns at a superior risk-adjusted basis, especially for periods 

of positive real returns, as shown in Figure 4. 

Global Equity 

Global equity had virtually no allocation in efficient portfolios when data over a long period of time was 

considered. However, as evident from Figure 10, global equity appears at its maximum allowed allocation 

over shorter analysis periods. It therefore shows that the investment horizon of an investor plays a critical 

part in portfolio construction. 

Hedge Funds 

Apart, from the periods where the targeted return is above the maximum optimal return (where the results 

need to be interpreted with due caution), hedge funds are again at generally maximum limit imposed by 

Regulation 28. 
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Figure 9: Rolling 36-month optimal return range with Regulation 28 limits and a targeted return of CPI + 

5% from June 2002. 

 

 

Figure 10: Portfolio weights based on rolling 36-month MVO, with the area chart shown above, where 

the total weights sum to 100%; and the line chart shown below, based on Regulation 28 constraints and a 

targeted return of CPI + 5%. 
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5.2 Cash constraint of 20% with a targeted return of CPI + 5% 

Because cash is again dominant, the scenario of the previous section is repeated, with the exception that 

cash is limited to 20%. The allocation restrictions are represented by Table 5. The results for this scenario 

are shown in Figures 11 and 12. 

When Figure 11 is compared to Figure 9, it can be seen what effect the 20% limitation on cash has on the 

efficient frontier. The maximum optimal return is virtually unaffected by the 20% limitation, but the 

minimum optimal return increased because of it. There is a shift up of approximately between 2.5% and 

7% in the minimum optimal return from Figure 9 to Figure 11, when the 20% limitation is imposed. 

As was the case with the cumulative scenario in section 4.2, when the cash restriction was introduced, 

most of the cash allocation is taken up by local bonds. Global bonds are also taking up some of the cash 

allocation, while property is less in this case. 

Hedge funds 

Except for the periods where it is impossible to achieve the targeted return of CPI + 5%, hedge funds are 

generally on the efficient frontier at the Regulation 28 limit of 10%. 

Global assets 

A very interesting conclusion drawn from the Figure 12, is that the combined global equity and bond 

exposures are significant over most of the rolling three-year periods presented. From section 4, for the 

longer-term scenario, only global bonds feature on the efficient frontier, and only at much less than the 

maximum allowable limitation. In the shorter term, however, both global bonds and equities feature on 

the efficient frontier, and at a combined allocation restriction of close to the maximum, as presented by 

equation (1). 

 

5.3 Cash constraint of 20% with a targeted return of CPI + 7% 

Figures 13 and 14 show the results where the targeted return is increased by 2% to CPI + 7%. Figure 13 is 

identical to Figure 11, except that the targeted return is 2% higher. Apart from the period after the global 

financial crisis in 2008, the targeted return of CPI +7%, is higher than the maximum optimal return from 

2017 to the end of the considered period. 

When Figure 14 is compared to Figure 12, the only significant difference is that more local property and 

local equities appear on the efficient frontier at the expense of local bonds, approximately during 2012 to 

2014. Again, the results during the periods when the targeted return is above the maximum optimal 

returns, should be interpreted with caution. 
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Figure 11: Rolling 36-month optimal return range with Regulation 28 limits and a targeted return of CPI 

+ 5% from June 2002. Cash is limited to 20%. 

 

 

Figure 12: Portfolio weights based on rolling 36-month MVO, with the area chart shown above, where 

the total weights sum to 100%; and the line chart shown below, based on Regulation 28 constraints and a 

targeted return of CPI + 5%. Cash is limited to 20%. 
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Figure 13: Rolling 36-month optimal return range with Regulation 28 limits and a targeted return of CPI 

+ 7% from June 2002. Cash is limited to 20%. 

 

 

Figure 14: Portfolio weights based on rolling 36-month MVO, with the area chart shown above, where 

the total weights sum to 100%; and the line chart shown below, based on Regulation 28 constraints and a 

targeted return of CPI + 7%. Cash is limited to 20%. 
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6 Discussion on the accuracy and stability of the results 

Mean variance optimisation by its nature is not robust and may therefore be prone to some instability of 

the results. According to Da Silva et al. (2009), small changes in expected returns entered into an 

optimization solver, can lead to large swings in portfolio positions. 

Michaud (1989), attempted to solve the instability of MVO portfolios. It is not the purpose of the current 

paper to give a detailed account of Michaud’s work. However, the main result of Michaud’s work that is 

relevant, is that there is a confidence region around the efficient frontier, where different portfolios are 

statistically equivalent. Figure 15, adapted from Michaud (1989), shows this equivalence region. The 

confidence region increases as the expected return increases, reflecting the assumed lower accuracy of the 

estimates of expected return versus risk. The weightings of assets on the efficient frontier, as depicted in 

Figures 3 to 14, will therefore be more stable when using a different approach. However, it is still 

important to do a critical analysis of the results of traditional MVO, as it is still used in current portfolio 

analysis tools as was mentioned in the introduction. 

 

Figure 15: Statistical equivalence region of the efficient frontier [Adapted from Michaud (1989)]. 

 

Another approach that can be followed to obtain more stable results, is the Black-Litterman (1991) 

approach, where active views on absolute asset class performance, and relative asset class performance 

together with the conviction of that view can be incorporated into the model. This approach leads to more 

diversified portfolios and are more stable than traditional Markowitz portfolios. 

 

7 Conclusions  

It was shown in this paper how the asset allocation weights obtained by traditional MVO is highly 

dependent on the period under consideration and the level of the targeted return. It was shown that 

optimal portfolios are not necessarily practical portfolios and that constraints, over and above Regulation 

28 constraints, be imposed to obtain practical portfolios. Periods of unprecedented market peculiarity, like 

the relatively short period of excessively high real cash returns, influences MVO results long after 

normalization of the real cash return. 

Global assets play an insignificant role in the longer-term MVO analyses, especially global equity that 

virtually does not feature on the efficient frontier at all. However, on a shorter-term basis (36-months), 
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global assets have a large diversification benefit and appear meaningfully on the efficient frontier, even 

occasionally at the maximum limitation imposed by Regulation 28.  

It was shown that South African hedge funds, as proxied by the Ashburton Growth Hedge portfolio as 

there is no public South African hedge fund index, is an important asset class to include in optimal 

Regulation 28 compliant portfolios. Hedge funds appear, virtually always at the maximum 10% limit 

imposed by Regulation 28, on the efficient frontier, no matter what the level of the targeted return or the 

rolling period under consideration is. 

It was discussed that traditional Markowitz MVO is not necessarily the best tool to determine optimal 

asset allocations, but due to its popularity, it is important for investors to understand the pitfalls and then 

cautiously interpret MVO results, as different input parameters and rolling periods may significantly 

impact the results. 

Some periods exist where it is impossible to achieve targeted CPI-linked returns. According to the 

author’s knowledge, the manner in which the development of the efficient frontier minimum and 

maximum return limits are presented, has not been used before by other researchers and is a new insight 

to the field of portfolio management. 

 

References 

Association for Savings & Investment SA, ASISA Standard on Fund Classification for South African 

Regulated Collective Scheme Portfolios, Approved by Investments Board Committee, 7 March 2017. 

 

Black, F. and Litterman, R., Asset Allocation: Combining Investors’ Views with Market Equilibrium, 

Journal of Fixed Income, pp. 7–18, September 1991. 

 

Chong, J., Jennings, W.P. and Phillips, G.M., Issues with Asset Class-Based Portfolio Construction: 

An Analysis of Mutual Fund Characteristics, The Journal of Wealth Management, pp. 37-52, Winter 

2015. 

Government Notice, National Treasury, Pension Funds Act, 1956: Amendment of Regulation 28 of the 

Regulations made under Section 36, 2011. 

 

Markowitz, H., Portfolio Selection: Efficient Diversification of Investments, John Wiley, New York, 

1959. 

 

Michaud, R.O., The Markowitz Optimization Enigma: Is ‘Optimized’ Optimal?, Financial Analysts 

Journal, January-February, 1989. 

 

Da Silva, A.S., Lee, W. and Pornrojnangkool, B., The Black-Litterman Model for Active Portfolio 

Management, The Journal of Portfolio Management, pp. 61-70, Winter, 2009. 

 

 


