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Further examination of the 1/N portfolio rule: a comparison
against Sharpe-optimal portfolios under varying constraints

Abstract. Practical trading constraints (such as asset bounds and transaction costs) are known to affect the efficient frontier
of an investment portfolio. In this study, we investigate out-of-sample trading performances of tangency portfolios against the
naive 1/N policy under varying constraints. Our aim is to deliberate if such constraints are influential to the relative (individual)
performances between (of) the two competing strategies. Using FTSE Bursa Malaysia KLCI constituent stocks of 30 companies
listed, we form several portfolios with different Ns and constraint specifications. Sample period spans 2006 through 2015, in
order to alleviate possible confounding affects on risk/return dynamics caused by the 1MDB financial scandal and the U.S.
Federal Reserve increasing its key interest rate starting from December 2015. Performance metrics exhibit sensitivity of portfolios
to the degree (variability) of constraints, specifically floor, ceiling and the consideration of trading cost.

Among other valuable findings, it has been found out that in all the cases researched the simple 1/N portfolio selection rule offers
superior outcome as compared to the tangency portfolios. Generally stated, the naive policy outperforms the more sophisticated
portfolio optimization model in terms of the Sharpe criterion, information ratio and maximum drawdown during the period under
investigation. Relative performances remain consistent regardless of the number of stocks included in the portfolio.
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IHCTUTYT CcTpaTeriyHNX eKOHOMIYHMX JocnigxeHb BikTopii, YHiBepcutet BikTopii, MenbbypH, ABCTpanis

Mopanbwiunia posrnag npasuna 1/N nopTdonio: NopiBHAHHA 3 onTUManbHUMK 3a LLlapnom nopTtdensimu 3a pisHMX o6MeXXeHb
AHoTaujs. Bigomo, Wo NpakTnyHi TOproei 06MeXeHHs BNInBatoTb Ha eheKTUBHY MEXY iHBECTMLIAHOrO nopTdens. Y uiin po6oTi My
OOCNiIKYEMO No3abip>KOBi TOProBeNbHi MOKa3HNKM [OTUYHUX NopTdenis NpoTun HaiBHOI nonitvkn 1/N 3a pisHux obmexeHb. Hawwa
MeTa - BUSIBUTY, Y/ BMIMBaOTb Taki OOMEXEHHS Ha il MK KOHKYpytounMmn cTpaTterismu. BukopuctoByroun akuii 30 KomnaHin Ha
doHposil 6ipxi FTSE Bursa Malaysia KLCI, mu dhopmyemo Kinbka noptdenis i3 pisHumn cnieumndikauismm N Ta 0OMeXXeHHAMI.
Bu6ipka oxornntoe nepiog 3 2006 no 2015 pik, Konu B KiHLj POKY YCYBaETbCA MOXJIMBE 3MilLlyBaHHS BNAMBY Ha AMHAMIKY pyU3nKy/
NpUbyTKOBOCTI, BUKNUKaHe (hiHaHcoBUM ckaHpanoM 1 MBP, Ta nodaTkom nigBuLEHHS KNIOYOBOI NPOLIEHTHOI cTaBky OefeparnbHo
pesepsHoto cuctemoto CLUA noynHatoum 3 rpyaHsa 2015 poky. MNMokasdHrky epeKTUBHOCTI 4EMOHCTPYIOTh Yy TNMBICTL NopTdenis [o
CTyneHsi (MiHMMBOCTI) 06MeXXeHb, 30KPEMA, HVKHBOT MEXi, BEPXHBOT MEXi 1 ypaxyBaHHS BapTOCTi TOPriBi.

KniouoBi cnoBa: ontumisauis noptdens; koediuieHT Llapna; koediuieHT iHopmauji; MakcumanbHa npocapka; HaiBHa
avsepcudikauis; NpakTNyYHi O6MeEXXEHHS.
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KaHaMOaT SKOHOMUYECKNX HayK, (hOHAOBbIN MeHemkep, Manaauinckuin yHnBepcuTeT TepeHrrany, TepeHrrany, Manaiaus,
nccnepgosarenb, VIHCTUTYT cTpaTernyeckmnx 3KOHOMUYECKIX nccnegoBaHnin Buktopun, YHnsepcuteT Buktopun, Mens6ypH, ABCTpanus
WUcnam C. M. H.

KaHanaaT 3KOHOMUYECKMX HayK, npodeccop,

WHCTUTYT cTpaTernyecknx akKOHOMUYECKNX nccnegosannin Buktopun, YHnsepcuteT Buktopun, Mens6bypH, ABCTpanus
AanbHenwee paccmoTpeHue npasuna noptdens 1/N: cpaBHeHne ¢ onTumanbHbiMu no LLapny noptdensamu

nNpu pas3nn4HbIX orpaHNyYeHNsaX

AHHOTaums. VI3BECTHO, YTO MPaKTUYECKUE TOProBble OrPaHUYEHUS BAMSIOT Ha 3(MEKTUBHYIO MPaHnLy WHBECTULMOHHOIO
noptdens. B atoii paboTte Mbl nccrnegyem BHEOMPIXKEBbIE TOProBble Mokas3aTenu KacatefbHbiX nopTdenein NpoTus HanBHON
nonutukn 1/N npw pasnnyHbIX orpaHuyeHusix. Hawa uenb - BbiiBUTb, BAUSAIOT M Takne OrpaHW4eHuss Ha AeNCTBUS Mexay
KOHKypupylowmMmmn ctpatermamun. Micnonbsys akumm 30 Komnawwin Ha doHgoBoli 6upxxe FTSE Bursa Malaysia KLCI, mbl
hopmMUpyeM HECKONbKO nopTtdenein ¢ pasnuyHeiMm cneuudukaumamm N n orpaHnydeHnsamn. Bolbopka oxsaTbiBaeT nepuop c
2006 no 2015 rog, 4TO6bI YyCTPaHUTb BOSMOXXHOE CMELLIEHNE BIMSHUS Ha AVHAMUKY PUCKa/0OXOAHOCTH, BbI3BaHHOE (DPUHAHCOBBIM
ckanganom 1 MBP, n Hayanom yBenuyeHus Knto4eBoin NpoLeHTHo cTaBkn PepepansHoin pesepBHoi cuctemon CLLUA HadnHas
c fekabps 2015 roga. MokasaTteny aheKTBHOCTU [EMOHCTPUPYIOT YYBCTBUTENBHOCTL NOPTMENEN K CTENEHN (MBMEHUYNBOCTN)
OrPaHNYeHN, B HaCTHOCTU, HXKHEN rPaHunLbl, BEPXHEN rPaHULbl 1 y4eTa CTOUMOCTY TOPTrOB/N.

KnioueBble cnosa: ontumnsaumnsa noptdens; koadpguumneHT LLapna; kKoadhuumeHT nHhopmaummn; MakcumanbHas NpocanKa;
HanBHas amBepcudUKaLns; NPaKTUYECKNE OrPaHNYEHS.
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1. Introduction

Portfolio diversification is a key topic in finance and eco-
nomics, and has serious implications to both theory and prac-
tice. Its principle is applied predominantly by mutual funds,
with the global assets under management amounting to near-
ly USD 45 trillion as of June 2017 (ICl, 2017) [1]. Rudimenta-
ry idea for diversifying investment can be traced back to the
Talmudic advice of uniform distribution in the 4™ century, al-
though mathematical formulation and the resulting efficient
frontier emerged relatively recently in Markowitz (1952) [2]. Its
main idea is to provide investors with portfolios that give the
highest return for a given level of risk along the Pareto opti-
mal front.

The mean variance (MV) portfolio optimization considers
both risk and return to compute the optimal weight for each
component stock and thus it is supposedly superior to the
naive 1/N portfolio allocation policy. This uniform distribution
policy simply divides available funds equally to each stock in
the portfolio. However, results from the existing literature remain
mixed (see for instance DeMiguel et al., 2009; Kritzman et al.,
2010; Levy and Duchin 2010; Nor and Islam, 2016) [3-6]. The
conflicting observations from prior research have vital theoreti-
cal and practical implications, particularly as the economic be-
nefit of optimal diversification is debatable. Further, many inves-
tors and mutual and/or pension funds simply divide their capital
evenly among N assets (Benartzi and Thaler, 2001; Huberman
and Jiang, 2006) [7-8].

2. Brief Literature Review

The works of Markowitz (1952) [2] and Sharpe (1963) [9],
among others, and later their Nobel Prizes in Economics (offi-
cially Sveriges Riksbank Prize in Economic Sciences in Memory
of Alfred Nobel) reflect the significance of research in the area
of investment portfolios. In demonstrating the benefits (or lack
thereof) of investment portfolio optimization, recent literature to
name a few DeMiguel et al., (2009) [3], Kritzman et al., (2010) [4]
and Nor and Islam (2016) [6] extensively explores optimal against
uniform portfolios. However, the main limitation of traditional MV
is that it ignores practical constraints e.g. floor (lower bound),
ceiling (upper bound) and trading costs. Yoshimoto (1996) [10]
shows that neglecting costs in the optimization process can re-
sult in an inefficient portfolio. As well, disproportionate portfo-
lio weights can lead to excessive management fees, monitoring
costs and/or higher exposure of a particular stock. The weight
(proportion) bound can also mitigate estimation error (Levy and
Duchin, 2010) [5]. Although advancements have been made in
this area, including the use of complex constraints (e.g. Mei et
al., 2016; Ruiz-Torrubiano and Suérez, 2015; Xue et al., 2006)
[11-13], such constraints are often embedded in the MV model
and/or its extensions.

3. The purpose of this paper is to construct mathematical
portfolios that attempt to maximize risk/return tradeoff of dif-
ferent sized portfolios and compare their out-of-sample per-
formances against the naive 1/N rule. The portfolios are con-
structed with different Ns and explored with (and variations of)
as well as without several practical constraints. Since emer-
ging markets can provide good portfolio diversification benefit,
we employ the data of 30 companies listed in the FTSE Bur-
sa Malaysia KLCI for a 10-year period (from 1 January 2006 to
31 December 2015). Our data ends with 2015 to mitigate sig-
nificant events such as economic and political factors (which
occur during that period) from affecting our findings. Among
others, these include the infamous 1MDB financial scandal in
Malaysia and also the U.S. Federal Reserve started raising in-
terest rates in December 2015 which would likely channel in-
ternational investments from emerging markets to them.

The portfolio comprises of firms from diverse industries,
including construction, consumer products, finance, proper-
ties, trading and services which should allow for proper diver-
sification, in line with Markowitz (1952) [2]. Briefly stated, the
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4. Results

Figure 1 shows the in-sample correlation matrix between
30 FTSE Bursa Malaysia KLCI stocks in graphical form. With
an average correlation of only 0.226, it appears that there are
opportunities to obtain (out-of-sample) diversification benefit
by constructing investment portfolios in the Malaysian stock
market.

Levy and Duchin (2010) [5] and Nor and Islam (2016) [6] for in-
stance, show that portfolio size is influential to the relative perfor-
mance between optimal and naive portfolio. To see any effects of
portfolio size and varying constraints on portfolio performances,
we build a total of 16 investment portfolios for analysis. More
specifically, a total of four different Ns (N = 30, 25, 20, and 15),
and each with four rules, namely Naive (1/N), Unconstrained
(UC), Constrained 1 (C1) and Constrained 2 (C2).

We divide sample period into two non-overlapping sub-
periods: (1) In-sample period spans 1 January 2006 to 31 De-
cember 2013, (2) the remaining (1 January 2014 to 31 Decem-
ber 2015) is reserved for out-of-sample evaluation. The 80/20
splitting ratio is consonant with Nisbet et al. (2009) and allows
for alarger in-sample training data (i.e. parameter optimization).
Weekly stock prices are extracted from Yahoo Finance data-
base (http://finance.yahoo.com). We use 3-month Malaysian
Treasury bill rate as proxy for the risk-free-rate, sourced from
Central Bank of Malaysia website (http://www.bnm.gov.my).
Finally, trading costs in the FTSE Bursa Malaysia include bro-
kerage fees, stamp duty and clearing fees, and are computed
to be around 1% one-way (i.e. buy or sell).

The classical Markowitz’s MV model can be formulated as:

(1)

@
subject to

()
0<w <1, (4)

where i=1, 2, ..., N and N is the number of stocks (or as-
sets) in the portfolio, Equations (1) and (2) represent minimi-
sing portfolio risk (variance) and maximising expected returns,
respectively subject to constraints that all funds are fully in-
vested and short sell restriction as represented in Equations
(@) and (4), accordingly. Equations (1) and (2) represent the
MVO as a multi-objective problem. It is also common to pre-
sent it within a single objective framework as the following
quadratic programming problem

©)

main idea of diversification is for the assets to have negative
or low positive correlations with other assets in the portfolio in
order to reduce risk. With respect to Sharpe-optimal portfolio,
the goal is to obtain the best combination of assets (or stocks)
that generate the greatest return-per-risk ratio, tangential to
the Pareto optimal front.

Note: Blue (peach) cells represent positive (negative) correlations.
Darker (lighter) cells indicate higher (lower) correlation. Each diagonal
darkest blue cell denotes the value of +1

Fig. 1: In-sample portfolio correlation matrix between 30 FTSE
Bursa Malaysia KLCI stocks
Source: Computed and elaborated by the authors
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subject to the same constraints as (3) and (4), where A shows
the risk aversion parameter, and 0 <A < 1. With A = 1, an inves-
tor is only concerned with minimising risk (variance) without any
consideration for return. Conversely, A = 0 shows that the inves-
tor attempts to maximise (expected) returns with no concern for
risk. Each point on the efficient frontier represents an optimal
portfolio that matches the A level. By default, the single-objec-
tive MVO described earlier in Equation (5) ignores trading costs
that will incur in order to buy and sell stocks, and rebalance the
portfolio. Incorporating trading costs into the equation, the re-
vised optimization objective can be defined as:

©)

subject to

4

where [ and u, are the lower bound and upper bound re-
spectively, while the total cost is the sum of the differences
between the new weight w, (the optimal weight for stock i) and
the original weight w/ (i.e. the weight before rebalancing, which
is effectively zero for the initial portfolio), times the cost rate k..
This total cost, ¢,, can be detailed as follows:

®)

Taking into account the preceding equations, our portfo-
lio selection problem is solved by maximizing its risk/return
trade-off, i.e. Sharpe criterion. This can be presented as:

The same constraint as in Equation (3) applies where in-
vestment is based on the available budget. We place lower
(floor) and upper (ceiling) bound constraints to reduce esti-
mation error and produce realistic investment outcomes. For
N =25, wesetC1: [ =1%, u,=20% and C2: [.=2%, u,= 10%,
whereas for N < 20, C1: 1 = 1%, u, = 25% and C2: [, = 2%,
u, = 15%. These figures are used arbitrarily but are sensible
for practical applications, and the idea is similar to Levy and
Duchin (2010) [5]. The reason for this is rather intuitive; the
ceiling for smaller Ns is set higher because of the lower num-
ber of stocks making up these portfolios. Effectively, due to
the limitations imposed by the bourse (i.e. Regulated Short
Selling), we establish long-only constraint for the portfolios.

As stated earlier, the trading cost per transaction in Ma-
laysia is computed as % = 1%. Note that due to online trading
facilities and cash up front, brokerage fees can be negotiated
and this might lead to a lower overall cost. Nonetheless, the
use of 1% is considered reasonable and the results are at best
understated. For UC portfolios, no trading cost is considered
during the optimization process while lower (upper) bound is
restricted to only 0% (100%) to ensure long-only trades (bud-
get to be fully exhausted).

Since optimal portfolio will, by definition, outperform 1/N
during the in-sample phase, only out-of-sample analysis is
relevant for analysis. Nonetheless, some descriptions of in-
sample performance are provided for information purposes.
By definition, rational investors are mainly concerned with the
risk/return tradeoff of an investment. Hence, out-of-sample
Sharpe ratio will be used as the primary measure of portfo-
lio performance. Additionally, we explore two different mea-
sures, namely maximum drawdown and information ratio. Al-
though our portfolios are not specifically optimized for these
two variables, they provide additional information about port-
folio performance with respect to the risk of decline and
tracking errors.
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Maximum drawdown can be defined as the decline (in
percent) of the largest peak to valley of the portfolio during the
period. Mathematically, it can be presented as:

(10)

where MD % is the maximum drawdown of the largest
peak (P) to valley (V) decline. On the other hand, the infor-
mation ratio (IR) measures the portfolio returns against that
of the benchmark FTSE Bursa Malaysia KLCI return over the
volatility of those differences in returns (tracking error), and is
shown as:

(11

where R indicates the portfolio return, R, is the benchmark
return, and o, denotes the tracking error.

We describe some market and portfolio performances du-
ring the in-sample period starting from the beginning of 2006
until the end of 2013. Recall that these are provided for infor-
mation purposes only. Figure 2 exhibits portfolio drawdowns
during the first subperiod. Higher percentage indicates grea-
ter drawdowns. The chart says that the FTSE Bursa Malaysia
KLCI component stocks suffer the greatest peak to valley de-
cline of 32% during the Global Financial Crisis period in 2008.
It is not surprising. The rapid drop in the market barometer du-
ring this period and its recovery phase in 2009/2010 appear to
suggest (to a certain extent) selling pressure among Malaysian
investors due to crisis sentiments. This also implies the exis-
tence of herding behaviour which leads to overreaction.

Table 1 exhibits the out-of-sample trading performance for
each portfolio strategy during the period 1 January 2014 to 31
December 2015. The results tell us several stories.

Firstly, ex ante Sharpe-based portfolios (optimized during
the in-sample period) and the 1/N rule perform very poorly
with negative returns to variabilities during the period (with
the exception of 1/N, where N = 30). This suggests that there
was a major shift in the returns of the portfolio compositions
where in-sample optimal and naive allocations were no longer
profitable during the holdout period. Indeed, Figure 3 shows
that with the exception of only three stocks, risks (volatility)
are greater than excess returns for the individual stocks in
the portfolio.

Secondly, tighter floor-ceiling constraints (smaller gap
between the lower and upper bounds) that attempts to miti-
gate sampling error also seem to result in smaller maximum
drawdowns as well as the least negative Sharpe values and
information ratios in all sample sizes among the tangency
portfolios, with the exception of N = 25. The results imply that
varying these constraints have some impact on investment
performance. We postulate that this is caused by the lower
exposure of the portfolio from any particular stock and there-
fore, to a certain extent, reduces portfolio risk.

Thirdly, excess returns for the UC portfolios are the lowest
across all Ns. These findings appear to corroborate the idea
that ignoring transaction costs would be detrimental to port-
folio outcome, as documented by Yoshimoto (1996) [10] and
Mei et al. (2016) [11]. Accordingly, reward to variability is af-
fected for all Ns, further supporting the importance of integra-
ting trading costs in formulating the portfolio selection prob-
lem during the training phase.

Finally, in all the cases, the simple 1/N portfolio selec-
tion rule offers superior outcome as compared to the tangen-
cy portfolios. Briefly stated, the naive policy outperforms the
more sophisticated portfolio optimization model in terms of
the Sharpe criterion, information ratio and maximum draw-
down during the period under investigation. Relative perfor-
mances remain consistent regardless of the number of stocks
included in the portfolio. With regard to Ns, our finding is un-
like those of Nor and Islam’s (2016) [6] and Levy and Duchin’s
(2010) [5], among others. This is possibly due to the differen-
ces in our objective functions, portfolio constraints as well as
the time periods explored.



5. Conclusion

In this paper, we investigate out-of-sample performance
of the naive 1/N rule versus the tangency portfolios that ma-
ximize the Sharpe ratio. We form our portfolios of different Ns
using FTSE Bursa Malaysia KLCI component stocks, as well
as include (and vary) several practical constraints. Overall,
we find that Sharpe-based portfolio selection problem per-
forms poorly in itself, and in comparison against the simple
equal-weighted scheme.

Our results have important theoretical and practical impli-
cations. We find that investment outcomes appear to be sen-
sitive to the degree (variability) of the constraints. Nonethe-
less, investors who seek to maximize their investment Shar-
pe ratio by constructing portfolio diversification policies may
have to utilize different optimization models, consider other
constraints, or even other forms of trading strategies. Nega-
tive Sharpe values across all portfolios (apart from 1/N policy
where N = 30) suggest that simple portfolio diversification po-
licy is a challenge for an emerging market like Malaysia.

Indeed, the very idea of modern portfolio theory is gene-
rally contingent upon the market being information efficient.
If active trading strategies cannot offer abnormal returns con-
sistently, investors should properly diversify to obtain the best
risk/return tradeoff. Yet recent studies such as by Guidi and
Gupta (2013) [14] and Soon et al. (2015) [15]
have shown that Bursa Malaysia might not
be efficient even at the weak form. In fact,
weak form inefficiency has similarly been ob-
served in the developed markets. For exam-
ple, Nor and Wickremasinghe (2014) [16]
show that some forms of technical analysis
still have potentials to reap positive returns
in Australia, while recently, Shahzad et al.

(2017a) [17] find that even in the U.S. market,
some sectors have greater degree of ineffi-
ciency over the others. The fact that a num-
ber of real-world portfolio offered by mutual
funds in Malaysia seem to generate poor re-
turns and/or low Sharpe ratios further sup-
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Tab. 1: Out-of-sample investment performance

Note: The table shows out-of-sample (1 January 2014 to 31 December
2015) performance for the naive 1/N policy and the Sharpe-optimal
portfolios based on the Unconstrained (UC), Constrained 1 (C1) and
Constrained 2 (C2) rules, across four different Ns: 15, 20, 25 and 30.
* indicates the best performance (or least poor) measure among the
different-sized portfolio policies.

Source: Computed and elaborated by the authors

port our argument (for the list and perfor- Note: The chart exhibits out-of-sample (1 January 2014 to 31 December 2015) return-
mances of some mutual funds in the country, volatility pairs (as measured by excess x and O respectively) for each individual stocks in

refer to http://www.fundsupermart.com.my). the portfolio (N = 30).

Our empirical findings coupled with these
mutual fund performances therefore cast

Fig. 3: Out-of-sample return-volatility pairs
Source: Computed and elaborated by the authors

Fig. 2: In-sample portfolio drawdowns in 2006-2013 of the FTSE Bursa Malaysia KLC| component stocks
Source: Computed and elaborated by the authors
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serious doubts on the value of portfolio optimization within an
emerging market context.

Nonetheless, while our Sharpe-based portfolios underper-
form the simple policy of dividing capital evenly, the results are
based on a single out-of-sample period. Since varying con-
straints seem to affect trading outcomes in some way, future
studies can explore these two distinct portfolio rules under the
same experimental design using continuous time and walk-for-
ward optimization. As well, this paper lacks any statistical test
as this is deemed extraneous, given the underperformance of
the portfolios. Such absence is also consistent with existing
studies, among others Levy and Duchin (2010) [5] and Nor and
Islam (2016) [6]. Relevant tests for the mean returns including
Jobson and Korkie’s (1981) [18] and Memmel’s (2003) [19] test
of equality for the Sharpe ratio can thus be utilized.

Portfolio diversification will remain an interesting and im-
portant research topic. For instance, dissecting the cause
for constraints-and-performance relationship is an appealing
avenue. Likewise, other noteworthy issues relating to portfo-
lio diversification within and/or across several asset classes
such as asymmetry, causality, contagion and interdependen-
ce (see Baur and Loffler, 2016; Cai et al., 2017; Han et al.,
2016; Low et al., 2016; Shahzad et al., 2017b, 2017c, 2017d,
among others) [20-26] as well as portfolio size, different objec-
tive functions and risk measures, international diversification
and complex constraints (see Bodnar and Zabolotskyy, 2013;

Cesarone et al., 2016; Moosa and Al-Deehani, 2009; Zhang,
2015, 2016) [27-31] can be considered for further analysis.

As noted earlier, our sample ends in December 2015 to
alleviate potential problems associated with 1MDB financial
scandal and interest rate increment in the U.S., which may re-
sult in unprofitable outcomes and/or inefficient portfolios du-
ring the extended holdout sample phase. Although the Malay-
sian market appears more efficient over time (Nor and Wickre-
masinghe, 2017) [32] and might reinforce the idea of its diversi-
fication benefits for the period of 2016 and onwards, structural
change in risk/return dynamics imposes misallocation vulne-
rability within a single optimization procedure. From a practical
viewpoint, international investors might reallocate their monies
in view of the above scandal and/or opportunity elsewhere.
Since the current article focuses on the performances of opti-
mal portfolios against naive diversification policy under varying
constraints, future studies can thus explore walk-forward opti-
mization to reflect continuous change in market prices (at spe-
cific intervals) which might incorporate emerging issues such
as above, as long as the market is information efficient.

Taking everything into account, the performance of in-
vestment portfolios is indisputably influenced by many fac-
tors. Given the theoretical and practical implications of port-
folio diversification, further investigations are needed to as-
sess its relevance and true potential for emanating adequate
risk-adjusted returns.
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