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A dual method for solving large-scale sparse
Min-CVaR portfolio selection model
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Abstract: Portfolio management requires selecting the right underlying asset in the asset pool and
determining the proportion of the portfolio. The timeliness of calculations of the portfolio models is
extremely important. The L; norm sparse Min-CVaR (Minimum-CVaR, Conditional Value at Risk)
model is able to simultaneously select the target assets and determine the capital allocation. Meanwhile,
the L, norm sparse Min-CVaR is harder to handle owing to the L; norm regularization. In order to solve
large-scale problems effectively, a Lagrangian dual model based on the structural features of constraints
in the original model was constructed and solved by the state-of-the-art commercial solver GUROBI
12.8. Numerical experiments were conducted on the simulated data (50000 rows and 200 columns) and
real-world data (the S&P 500: 28805 rows and 483 columns). The numerical results show that,
compared to the primal model, the dual method is several times faster than the primal method, and it is

even faster than the standard Min-CVaR portfolio selection model without regularization.
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Tab.1 Time consuming for solving a path of 1 with different

probability levels s
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J bt 227.1 2375 203.3 209.8
20

Xt 43.4 423 43.4 453
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50

X1 103.8 104.0 106.2 107.7

JRlR 556.0 517.3 484.2 461.5
100

oy 237.9 255.4 259.5 261.9

JilR 1143.3 1153.6 1063.1 977.4
200

oy 589.1 607.1 609.1 601.8
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Tab.2 Tuning parameters corresponding to optimal models

BIF BT |IN)
WEa
1000[50 1000100 500050 5000/100 10000/50 10000/100
0.99 0.0397 0.2506 0.0792 0.0079 0.0251 0.0158
095 0.2506 0.0315 0.0500 0.2506 0.0251 0.0251
0.90 0.1991 0.1581 0.0629  0.1991 0.0500 0.0629
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Tab.3 Portfolio performance on a variety of simulation data cases

POE— @ =0.99 =095 a=0.90
| RA(T|N b ekt ]/
ik BTl CVaR VaR CVaR VaR CVaR VaR
EWP 0.0016 1.5695 1.2649 1.0860 0.7155 0.8190 0.4504
Min-CVaR 1.6894 -0.1741 -0.1741 -0.2143 -0.286 1 -0.2713 -0.3702
1000]50 )
b 1.6842 -0.1679 -0.1679 -0.0830 -0.1963 -0.1732 -0.2813
X 0.3160 -0.1679 -0.1679 -0.0830 -0.1963 —-0.1732 -0.2813
EWP 0.0018 1.6200 1.2904 1.0642 0.7244 0.8102 03732
Min-CVaR 2.5847 -0.4172 -0.4172 -0.4235 -0.4337 -0.4358 ~0.4694
1000/100 A
b 2.8993 ~-0.2748 -0.2748 -0.4214 -0.4316 -0.3470 -0.4126
POy i 0.7022 -0.2748 -0.2748 -0.4214 -0.4316 -0.3470 -0.4126
EWP 0.0060 1.6784 1.3335 1.1044 0.7635 0.8484 0.4305
Min-CVaR 5.5256 -0.0817 -0.1241 -0.1802 -0.2570 -0.2414 -0.3384
5000|50 A
b 5.6884 ~0.0544 -0.0960 -0.1626 -0.2446 -0.2179 -0.3217
pag i 1.5066 ~0.0544 -0.0960 -0.1626 —0.2446 —-0.2179 -0.3217
EWP 0.0102 1.6312 1.3617 1.1389 0.7755 0.8689 0.4434
Min-CVaR 9.5052 -0.2848 -0.2973 -0.3394 -0.3907 -0.3777 -0.4409
5000/100 A
b 12.0257 ~0.0544 -0.2969 -0.1626 -0.2594 -0.2179 -0.3367
X 2.5852 ~0.0544 -0.2969 -0.1626 -0.2594 —-0.2179 -0.3367
EWP 0.0084 1.6082 1.2798 1.0836 0.7246 0.8274 0.4319
Min-CVaR 10.6046 -0.0853 -0.1425 -0.1980 -0.2840 -0.2620 -0.3621
10000|50 A
b 15.3666 —0.0811 -0.1356 -0.1925 -0.2783 -0.2476 -0.3481
POy i 3.0429 -0.0811 -0.1356 -0.1925 -0.2783 -0.2476 -0.3481
EWP 0.0187 1.6237 1.3427 1.1124 0.7628 0.8538 0.4525
Min-CVaR 20.4784 -0.2470 -0.2783 -0.3198 -0.3789 -0.3650 -0.4347
10000100 A
b 25.1511 —0.2445 -0.2782 -0.3126 -0.3742 ~0.3404 -0.4176
pOR 6.2962 ~0.2445 ~0.2782 -0.3126 -0.3742 ~0.3404 -0.4176

R4 EEIHE EHRI

Tab.4 Portfolio performance on real-world data cases

Fik @ FERT/s CVaR VaR TRGLEE %
0.99 0.1 0.9854 0.5736 0
EWP 0.95 0.1 0.5270 0.3234 0
0.90 0.1 0.3973 0.2232 0
0.99 233.6 0.2562 0.2555 0.4
Min-CVaR 0.95 268.0 0.1916 0.1363 0.4
0.90 246.3 0.1519 0.0934 0.4
0.99 3843 02731 0.2414 13.5
J AR 0.95 357.2 0.2076 0.1369 48.7
0.90 336.9 0.1807 0.1013 82.7
0.99 159.2 0.2731 0.2414 13.5
papliitieii] 0.95 101.7 0.2076 0.1369 48.7

0.90 96.2 0.1807 0.1013 82.7
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Tab.5 Tuning parameters corresponding to mini
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AR S

mum BIC and the ones with model simplicity

o A 2 &(VaR,) & (VaRy) CVaR, CVaR, TR 1/% FRBTEE2/ Y
0.99 16107 45x10° 0.2358 0.2414 0.2599 02731 11.6 13.5
0.95 12x10° 47x10° 0.1345 0.1369 0.1937 0.2076 19.2 48.7
0.90 7.0x10° 9.8x10° 0.0983 0.1013 0.1731 0.1807 67.1 82.7
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