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Portfolio Optimization of Diversified Investments with
Minimum Risk Asset and Non-Positive Correlation Assets
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Abstract This paper deals with portfolio optimization problem that you could lower the total risk of an
investment portfolio by adding risky assets to the mix than the minimum risk of single asset. Popular
Markowitz's mean-variance(MV) model construct the portfolio with the point in the efficient frontier
using principle of domination where the variance is minimized for a given mean return. While this paper
suggest the portfolio with minimum risk asset with non-positive(negative and uncorrelated) correlation
assets to it. As a result of experiments, the proposed method shows lower risk(standard deviation) than
MV.
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Portfolio Optimization of Diversified Investments with Minimum
Risk Asset and Non-Positive Correlation Assets
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Month Prices Average Total Returns (%)
Year DUK AZO Equal weights von ANZ |BHP|CBA | RIO | ANZ | BHP | CBA | RIO [Equal weightd

12-Dec [25.0537.1062.1866.00 - | - | - | - -

2010 9.12 72.45 40.8 13-Jan_|26.6557.80164.79/66.80] 6.39 | 1.89 | 4.20 | 1.20 | 3.42
2009 20.92 13.34 17.1 13-Feb_|28.55]36.59/67.07/66.25] 7.13 [-3.20] 3.52 [-0.82]  1.66
13-Mar_[28.5332.7668.01[57.20{0.07 |-10.47 1.40 [-13.6d __-5.70

2008 2112 1631 24 13-Apr_|31.8432.45[73.02555.32] 11.60]-0.95 | 7.37 |-3.29] _ 3.68
2007 8.77 3.76 6.3 13-May_|27.50134.51]66.8954.85F-13.63] 6.35 [-8.39|-0.85]  -4.13
- ~ 13-Jun_|28.42)31.37/68.73[52.38] 3.35 [-9.10] 2.75 [-4.50]  -1.88

2006 25.57 25.95 258 13-Jul _|29.87]34.8674.36/57.85] 5.10 [11.13] 8.19 [10.44]  8.72
BFolg 2284 2. 16.551 13-Aug [29.8035.46[73.13[59.17]-0.23| 1.72 [-1.65] 2.28 0.53
l‘;{ = 7.228 3507 05513 13-Sep [30.7535.67171.31161.30{ 3.19 [ 0.59 |-2.49] 3.60 1.22
Sk 16.2685 | 24.1070 15.0532 et £oE 2.304]-0.436]1.534[-0.819  0.751%
EEA 6.68 | 6.45 | 4.90 | 6.18 | 4.12%

(@ P,
! ®) P,

Average Annual Total Returns
Year ARO ARW ASI GLW | GTIV | KLIC | MKSI | OME PL SNDK Equal %
2010 8.60% | 15.70% | 48.00% | 1.10% | -1.50% | 33.60% | 40.80% | 85.80% | 64.20% | 72.00% 36.83%
2009 111.50%| 57.20% | 9.40% |104.70%| -7.70% |217.10%| 17.60% | 8.70% | 18.70% |202.00%| 73.92%
2008 -39.30%|-52.00%|-32.80% |-59.40% | 53.70% |-75.20%|-22.70%|-56.80%|-63.00%[-71.10%| -41.86%
2007 28.80% | 24.50% | 5.90% | 28.80% | -0.10% |-18.30%|-15.20%| 20.20% |-11.80% |-22.90% 3.99%
2006 17.40% | -1.50% | 10.80% | -4.80% | 29.30% | -5.00% | 26.20% | 15.20% | 10.40% |-31.50% 6.65%
2005 -10.60%| 31.80% | 2.50% | 67.00% |-11.80%| 2.55% | -3.60% |-22.00%| 4.30% [151.60%| 21.18%
2004 59.10% | 5.00% |24.60% | 12.90% | 32.30% |-40.06%|-36.00%| 11.40% | 28.20% |-18.40% 7.90%
2003 158.10%| 80.90% | 86.50% |215.10%| 43.50% |151.40%| 76.50% | 95.40% | 25.30% |201.50%| 113.42%
BQlE | 29.15% | 13.12% | 14.92% | 25.41% | 14.83% | 2.93% | 5.13% | 9.40% | 2.05% | 22.00% 19.94%
HEZHEA | 61.11% | 37.32% | 33.00% | 78.72% | 23.74% | 93.51% | 34.81% | 47.30% | 34.30% |104.46%| 44.51%

© 7
a3 3. 4 diojg
Fig. 3. Experimental data
Correlation
Correlation ANZ BHP CBA RIO
DUK AZO ANZ .
DIV 1 BHP | -0.192409 1
AZO 0.07723 ! CBA 0.874576  -0.0462 1
RIO 0.106338  0.857122  0.130619 1
(@ P
® P,
Correlation
ARO ARW ASI GLW GTIV KLIC MKSI OME PL SNDK

ARO 1.0000

ARW 0.8357 1.0000

ASI 0.7284 0.7304 1.0000

GLW 0.8727 0.9371 0.7274 1.0000

GTIV 0.0598 -0.3921 0.0434 -0.0968 1.0000

KLIC 0.8155 0.8299 0.5234 0.7946 -0.2941 1.0000

MKSI 0.5725 0.6371 0.7796 0.6661 0.0184 0.6635 1.0000

OME 0.6137 0.6483 0.9421 0.5663 -0.0827 0.4882 0.7857 1.0000

PL 0.4409 0.5695 0.7488 0.3698 -0.4099 0.4400 0.5169 0.7937 1.0000
SNDK 0.6607 0.8702 0.5515 0.8533 -0.4202 0.8670 0.6226 0.4344 0.4690 1.0000
(© Bs

O3 4. HOIOE0f CHEt AEH
Fig. 4. Correlation for experimental data
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NPC: min0; = DUK, 5 = {¢}=(DUK, AZO} T8 = (AZO} 4% - a70)
) EFoml Ca]tBIRgAS]e\f }‘ {CBA, ANZ} » - - CBA
NPC: 1,0 = CBA, $H=(¢}=(ANZ, BHP, CBA, RIO} %4 = (BHP} Ei—n = {BHP}
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Fig. 5. Investing Assets for experimental data
Covariance Covariance
DUK AZO
ANZ BHP CBA RIO
DUK 0.026467 0.003029 ANZ [ 0.00446Z ] -0.000829 |_0.00286_] 0.000439
AZO 0.003029 0.058115 BHP_ | -0.000829 | 0.004155 | -0.000146 | 0.003417
CBA 0.00286 | -0.000146 | 0.002396 | 0.000395
= T 10 T +0 01 RIO 0.000439 | 0.003417 | 0.000395 | 0.003825
5 :
. 100% 50550 | 7030 | 70:30 |70229- Faal :
ear DUK AZ0 8 " iehted Slngle
2010 | 912 [7245] 408 | 281 | 28.0 | 280 Stock | weighted | 5 pio | NPC EF, DS
2000|2092 [ 1334 | 17.1 | 186 | 187 | 187 portfolio
2008 [-21.12[ 1631 -2.4 | -9.9 | -10.0 | -10.0 ANZ 25.00% | 0.00% 0.00% 10.00%
2007 3.77 3.76 6.3 73 73 73 BHP 25.00% 0.00% 37.21% 31.00%
2006|2557 [ 2595 | 258 | 257 | 257 | 257 CBA 25.00% | 100.00% | 62.79% 1 50.00%
Avg Return | 8.652 | 26.362] 17.507 | 13.965 | 13.930 | 13.930 RIO 25.00% | 0.00% 0.00% 2.00%
Std Dev [16.2685124.107015.0532[13.9539]13.9538[13.9538] [ Ave Return | _0.84% 1.65% 0.95% 0.95%
Average SD 20.1878 Std Dev 4.12% 4.90% 3.81% 3.87%
@ P b P
Covariance
ARO ARW AST GLW GIIV KLIC MKSI OME PL SNDK
ARO 03734 | 0.1906 | 0.1469 | 0.4198 | 0.0087 | 0.4660 | 0.1218 | 0.1774 | 0.0924 _ 0.4218
ARW 0.1906 | 0.1393 | 0.0900 | 0.2753 | -0.0347 | 0.2896 | 0.0828 | 0.1145 | 0.0729 _ 0.3392
ASI 0.1469 | 0.0900 | 0.1089 | 0.1890 | 0.0034 | 0.1615 | 0.0896 | 0.1471 | 0.0848  0.1901
GLW 0.4198 | 02753 | 0.1890 | 0.6197 | -0.0181 | 0.5850 | 0.1825 | 0.2109 | 0.0999 _ 0.7017
GTIV 0.0087 | -0.0347 | 0.0034 | -0.0181 | 0.0564 | -0.0653 | 0.0015 | -0.0093 | -0.0334  -0.1042
KLIC 0.4660 | 0.2896 | 0.1615 | 0.5850 | -0.0653 | 0.8745 | 0.2160 | 0.2160 | 0.1412 _ 0.8469
MKSI 0.1218 | 0.0828 | 0.0896 | 0.1825 | 00015 | 02160 | 0.1212 | 0.1294 | 0.0617 _ 0.2264
OME 0.1774 | 0.1145 | 0.1471 | 0.2109 | -0.0093 | 0.2160 | 0.1294 | 0.2238 | 0.1288 _ 0.2147
PL 0.0924 | 0.0729 | 0.0848 | 0.0999 | -0.0334 | 0.1412 | 0.0617 | 0.1288 | 0.1177 __ 0.1681
SNDK__ | 04218 | 03392 | 0.1901 | 0.7017 | -0.1042 | 0.8469 | 0.2264 | 02147 | 0.1681 __ 1.0912
Stock Equal—weig}hted Singlé NPC DS EF
portfolio Portfolio
ARO 10.00% 0.00% 0.00% 0.00% 0.00%
ARW 10.00% 0.00% 16.98% 34.00% 0.00%
ASI 10.00% 0.00% 0.00% 0.00% 0.00%
GLW 10.00% 0.00% 0.00% 0.00% 0.00%
GTIV 10.00% 100.00% 59.67% 66.00% 88.20%
KLIC 10.00% 0.00% 0.00% 0.00% 0.00%
MKSI 10.00% 0.00% 0.00% 0.00% 0.00%
OME 10.00% 0.00% 0.00% 0.00% 0.00%
PL 10.00% 0.00% 23.35% 0.00% 0.00%
SNDK 10.00% 0.00% 0.00% 0.00% 11.80%
Expected Return 27.75% 17.21% 15.93% 18.23% 22.31%
Std Dev 44.51% 23.74%% 14.12% 1583% | 19.32%
© B
J% 6. 43 AN
Fig. 6. Result of experiments
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Average Total Returns
Periods ATT GMC USX TBILL | Equal %
1 0.111 0.223 0.122 0.05 12.65%
2 0.114 0.46  |3.00E-03| 0.05 15.68%
3 0.323 -0.09 0.111 0.05 9.85%
4 1.00E-03| -0.107 | 0.054 0.05 -0.05%
5 -0.209 0.12 0.169 0.05 3.25%
6
7
8

0.223 0.309 | -0.035 0.05 13.68%
0.26 0.411 0.133 0.05 21.35%
0.21 0.05 0.732 0.05 26.05%

9 0.144 0.1 0.021 0.05 7.88%
10 0.412 0.445 0.131 0.05 25.95%
11 -0.013 | 0.123 |6.00E-03| 0.05 4.15%
12 0.553 0.55 0.908 0.05 51.53%

Avg Return| 17.74% | 21.62% | 19.63% | 5.00% | 16.00%
Std Dev | 19.44% | 20.96% | 28.77% | 0.00% | 13.45%

(@) P4

Average Total Returns

ﬁs&z Bonds| Realty | FoxEx|Hedge E%/L:al
0.2224]0.0964|0.1008 0.0620 |0.0475|0.1058[10.58%
0.1616]0.0706|0.0816|-0.0350[0.0563[0.0670f 6.70%
0.0527 |0.0768]0.0846|-0.0250|0.0835[0.0545 5.45%
0.1546]0.0826/0.0918| 0.3210 |0.09210.1484(14.84%
0.2062 ]0.0855[0.0926| 0.1530 |0.0610[0.1197[11.97%
-0.0042]0.0826|0.0906] 0.0478 10.0370]0.0508] 5.08%
Avg Ret|13.22%]8.24%|9.03% | 8.73% | 6.29%9.10%[9.10%
Std Dev| 8.16% [0.79%10.61%[12.16%| 1.93%3.62%|3.62%

b B
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Fig. 7. Additional experimental data
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Fig. 8. Result of additional experimental data
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Table 2. Compare with algorithm performance

Risk Minimized(Desired Return : 15%)
Equal- Single _ Excel
Assets weighted | Portfolio NPC EF=DS Solver
ATT 25.00% | 78.50% | 14.42% | 41.00% | 13.60%
GMC 25.00% 0.00% 38.58% 29.00% 39.20%
Usx 25.00% 0.00% 11.98% 0.00% 12.00%
TBILL 25.00% | 21.50% | 35.02% | 30.00% | 35.20%
Pg:tiorl;o 15.9958% | 15.0022% | 15.0001% | 15.0429% | 15.0016%
Std Dev_|13.4530% | 15.2604% | 11.4289% | 12.2420% | 11.4296%
(@ P,
Portfolio Scenarios
Risk Minimized
Equal- | Single Excel
Assets weighted | Portfolio NPC EF Solver
Stocks 16.67% 0.00% | 16.40% | 3.55% | 0.00%
Money Market | 16.67% 0.00% | 0.00% | 0.00% | 0.00%
Bonds 16.67% | 100.00% | 58.46% | 96.45% | 85.34%
Realty 16.67% | 0.00% | 0.00% | 0.00% | 0.00%
FoxEx 16.67% | 0.00% | 25.14% | 0.00% | 14.66%
Hedge 16.67% | 0.00% | 0.00% | 0.00% | 0.00%
Portfolio Return| 9.10% 9.03% | 9.03% | 9.18% | 8.63%
Std Dev 3.0082% | 0.6138% |0.0195%]0.5396%{0.5245%
b 7y

HEEHDHE &

g/\g 7tll-/\,q71 2= gl.‘: ;qa]: 18 o

=

AP EEUAD
24 min7j L
4L FF ) pg g | Bxeel | pc
=2} Solver
P 16.27% | 13.95% [13.95%| - 13.95%
P, 4.90% | 3.87% | 3.87%| - 3.81%
P, 23.74% | 15.83% [19.32%| - 14.12%
Py 15.26% | 12.24% | 12.24% | 11.4296% [11.4289%
B 0.6138% |0.5396%|0.5396%0.5245% | 0.0195%
V.2 E
2 =2odAe ZEED L A3 ZA(POP) Hist
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