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Abstract

The allocation of limited capital to a variety of assets available is one of the important
problems in financial management. This problem is called portfolio selection problem. The
mean-variance (MV) portfolio model originally proposed by Markowitz (1952) has been
playing a critical role in the portfolio selection theory. Most studies had been made to solve
this single-stage problem with single-objective optimization techniques by aggregating
conflicting and incommensurate objectives into a single one. In this paper, we discuss the MV
portfolio model with some practical considerations, such as cardinality constraints and short
sales cases, are incorporated into this portfolio optimization models. Finally, Multi-Attribute
Decision Making (MADM) methods named Simple Additive Weighting (SAW) Method and
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method are
employed to outrank the efficient portfolio that decision makers satisfy most in the second
stage. We try to propose alternative choices to the decision makers when they want to

optimize their asset allocations.
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50 1.1935% |0.13961% | 0 0 0 0.1849581 [0.8150419
100 1.1931% |0.13960% | 0 0 0 0.1867599 [0.8132401
1000 1.0687% |0.13934% | 0 [0.2314335 0 0 0.7685665
% 4 LINGO Rfza53 34 E 2 52 &HA)
> K{f e kel *"’FA £¢ IBM | MSFT AAPL DGX BAC
itk P | 2 k&
0.01 4.0850% [1.26778% | 0 [0.0000001 {0.9999998 |0.0000001 0
2 3.0519% [0.59853% | 0 0 0.6373741 [0.0000001 |0.3626259
3 2.4445% 0.34615% | 0 0 0.4279807 | 4.70E-02 |0.5250446
4 2.1346% |0.25578% | O 0 0.3220586 | 8.22E-02 [0.5957744
5 1.9487% |0.21394% | 0O 0 0.2585051 |0.1032825 [0.6382124
10 1.5769% |0.15817% | 0O 0 0.1313985 [0.1455133 [0.7231882
50 1.0150% |0.12049% | 0 ]0.2405269 0 0.2047209 |0.5547521
100 1.0081% |0.12082% | 0 |0.2493386 0 0.2072468 [0.5434146
1000 1.0018% |0.12118% | 0 |0.2572691 0 0.20952 {0.5332109
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%5 LINGO 25w B3 FesuaN)

' ;é;ﬁﬁ i; f;f ]ﬁj o ;;; = IBM MSFT | AAPL DGX BAC
0.01 497.5485% |25059.3249% | -66.68949 |-59.89318 | 137.668 | -21.9181 |11.83282
0.012 414.7991% | 17401.5962% | -55.61659 | -49.8359 |[114.7237 [-18.21055 [9.939346
0.014 355.6926% | 12784.3422% | -47.70738 | -42.6522 |98.33498 [-15.56228 [8.586878
0.016 311.3626% 9787.6241% | -41.77547 | -37.2644 |86.04341 |-13.57606 |7.572521
0.018 276.8837% | 7733.1273% | -37.16176 | -33.0739 | 76.4833 [-12.03124 |6.783572
0.02 249.3107% | 6263.5909% | -33.47078 |-29.72147 [68.83522 | -10.7954 |6.152426
0.05 100.3520% 1001.6380% | -13.53958 |-11.61843 [27.53556 | -4.12173 |2.744182

1 6.0179% 2.5744% -0.916472 | -0.15318 |1.379104 | 0.104916 |0.585632
10 1.5494% 0.1409% -0.318538 [ 0.389913 |0.140114 | 0.315127 10.483384
50 1.1522% 0.1211% -0.265387 | 0.438188 10.029981 | 0.322923 10.474296
100 1.1025% 0.1209% -0.258744 10.444222 10.016215 | 0.325147 | 0.47316
1000 1.0579% 0.1211% -0.252764 10.449653 10.003825 | 0.327149 |0.472137
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> ;ﬁéiﬁ i:‘;ﬁﬁ: * ?‘ﬁ; | IBM | MSFT | AAPL | DGX | BAC

0.01 471.9971% |23527.7764% | -126.9775 0 127.9775 0 0
0.012 393.5766% |[16339.2498% | -105.6965 0 106.6965 0 0
0.014 337.5502% |12003.9091% | -90.4926 0 91.4926 0 0
0.016 295.5494% | 9191.3616% | -79.09483 0 80.09483 0 0
0018 | 262.8734% | 7262.5251% | 7022753 | 0  |71.22753| 0 0
002 | 236.7191% | 5882.1500% | -63.13 0 6413 | 0 0
005 | 95.5634% | 941.7194% | 2482452| 0  |25.82452| 0 0

! 47719% | 1.8817% 0 0 |1241085| 0  |-0.2410852
10 1.1965% 0.1398% 0 0 0 0.171745 | 0.8282554
50 1.0807% 0.1395% 0 0.2147543 0 0 0.7852457
100 1.0744% 0.1394% 0 0.2234708 0 0 0.7765292
1000 1.2339% 0.3310% 0 0.7981829 10.201817 0 0
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0.01 481.7489% |24028.9432% | -105.2024 0 137.79 0 -31.58759
0.012 401.6554% |16687.0010% | -87.66088 0 114.8245 0 -26.16366
0.014 | 344.4376% |12259.4247%| 7512271 | 0 [98.42016| 0  |-22.29745
0.016 | 301.5398% | 9386.7845% | 65.71722 | 0 [86.12292| 0 | -19.4057
0.018 | 268.1575% | 7416.2847% | -58.40483 | 0 [76.55145| 0 | -17.14662
0.02 | 241.4551% | 6007.0132% | -52.55868 | 0  [68.89437| 0 | -153357
0.05 97.2946% | 961.4060% | -20.95657 0 27.5672 0 -5.610627

1 1.8186% 0.5132% |-0.4193012]-0.3209214 0 0 1.740223
10 1.1014% 0.1228% 0 0.1344554 0 0.1626938| 0.7028508
50 1.1916% 0.1401% 0 0.209625 |3.76E-02 0 0.7527527
100 1.1478% | 0.1394% 0 [02203024|2.49E-02| 0  |0.7547544
1000 | 1.1078% | 0.1392% 0 [02295677|1.33E02| 0  |0.7571735
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1 497.5485% 25059.3249%

2 249.3007% 6263.5909%

3 166.5514% 2783.2924%

4 125.1768% 1565.3231%

5 100.3520% 1001.6380%

6 83.8021% 695.4707%

7 71.9808% 510.8816%

8 63.1148% 391.0891%

9 56.2191% 308.9684%

10 50.7024% 250.2339%

11 25.8777% 62.5165%

12 17.6028% 27.7933%

13 13.4653% 15.6535%

14 10.9828% 10.0406%

15 9.3278% 6.9949%

16 8.1457% 5.1604%

17 7.2591% 3.9710%

18 6.5695% 3.1564%

19 6.0179% 2.5744%

20 5.5665% 2.1443%
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9 AKEHPEEKEALKEL

&?.ﬁﬁ@lﬂ% %x?‘ FZWYER | FFEEZLG
1 1.0000 0.0001
2 0.5011 0.0003
3 0.3347 0.0008
4 0.2516 0.0014
5 0.2017 0.0021
6 0.1684 0.0031
7 0.1447 0.0042
8 0.1269 0.0055
9 0.1130 0.0069
10 0.1019 0.0086
11 0.0520 0.0343
12 0.0354 0.0772
13 0.0271 0.1370
14 0.0221 0.2136
15 0.0187 0.3065
16 0.0164 0.4155
17 0.0146 0.5400
18 0.0132 0.6793
19 0.0121 0.8329
20 0.0112 1.0000

210 HF EE Hrami RiTR
LR sz R b2 PFrerad it

HEEPREL bR E PHFEE IS
0.1 0.9 20
0.2 0.8 20
0.3 0.7 20
0.4 0.6 20
0.5 0.5 20
0.6 0.4 1
0.7 0.3 1
0.8 0.2 1
0.9 0.1 1
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AAPL ~ BAC &7 £ % & » 1t )4 %] 5 137.69 ~ 11.83 -

4.3.2 TOPSIS &jz4 ¥ 2 &

TOPSIS 2 #H - B> ZpF > 2 F{ & Brord 2 chn s By & %484
B EEA Y BEERR el B EIEA S BB EE A A & ¢ 5 BIEE L E SAW
,;;‘ ¥Apke > # TOPSIS 3+ & # Zd4e™

-

* (13) Faa, B M E B R e T A 1] A7

2 AU AR BT RV ESE

KR | KFeszPpyEp KFeEZ R %
1 0.8001 0.9614
2 0.4009 0.2403
3 0.2678 0.1068
4 0.2013 0.0601
5 0.1614 0.0384
6 0.1348 0.0267
7 0.1158 0.0196
8 0.1015 0.0150
9 0.0904 0.0119
10 0.0815 0.0096
11 0.0416 0.0024
12 0.0283 0.0011
13 0.0217 0.0006
14 0.0177 0.0004
15 0.0150 0.0003
16 0.0131 0.0002
17 0.0117 0.0002
18 0.0106 0.0001
19 0.0097 0.0001
20 0.0090 0.0001
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2FLRALBRELRE RIS
(A8 HHPEL S 01 R'GRES 09 e RIV 2 %)

RFEELAE | RFEL2PULEP | KFTLL2Zb%
1 0.0800 0.865225
2 0.0401 0.216263
3 0.0268 0.096099
4 0.0201 0.054046
5 0.0161 0.034584
6 0.0135 0.024013
7 0.0116 0.017639
8 0.0101 0.013503
9 0.0090 0.010668
10 0.0082 0.008640
11 0.0042 0.002159
12 0.0028 0.000960
13 0.0022 0.000540
14 0.0018 0.000347
15 0.0015 0.000242
16 0.0013 0.000178
17 0.0012 0.000137
18 0.0011 0.000109
19 0.0010 0.000089
20 0.0009 0.000074

3. I (A5~ (1) z iz A g IEiE A 2 4ok 13 977 ¢
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(A8 ML S 01L& E 5 0.9)

Tl FFEL LTI R IR
1 0.8652
2 0.2198
3 0.1098
4 0.0806
5 0.0726
6 0.0707
7 0.0707
8 0.0711
9 0.0718
10 0.0724
11 0.0759
12 0.0772
13 0.0778
14 0.0782
15 0.0785
16 0.0787
17 0.0788
18 0.0790
19 0.0790
20 0.0791
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PR LN HFe L BRRZ B IER
11 0.8631
12 0.8643
13 0.8647
14 0.8649
15 0.8650
16 0.8650
17 0.8651
18 0.8651
19 0.8651
20 0.8652
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PRl PRy p @Rz PR
1 0.083785163
2 0.747302043
3 0.875146149
4 0.909627094
5 0.919635799
6 0.922468616
7 0.923060877
8 0.922917709
9 0.922538772
10 0.922101846
11 0.919188592
12 0.91801494
13 0.917406836
14 0.917036337
15 0.916787175
16 0.916608194
17 0.916473412
18 0.916368262
19 0.916283957
20 0.916214837
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0.4 0.6 3 0.701747258
0.5 0.5 2 0.637883045
0.6 0.4 2 0.590500461
0.7 0.3 1 0.657579804
0.8 0.2 1 0.767013521
0.9 0.1 1 0.881054515
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