


M

V

S

1

2

1

3

(a)

M

V

S

1

2

3

(b)

Figure 5: MVS versus MV frontiers and effect of diversification
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Figure 6: MV and MVS frontiers without and with shorting
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Figure 7: MV and MVS frontiers without and with risk-free rate
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Table 2: MV vs. MVS Model: Percent Changes for American International Group

∆ Return (%) ∆ Variance (%) ∆ Skewness (%)
MV Efficiency 88.46 −72.58 −114.49
MVS Efficiency 70.77 −46.39 46.39

Table 3: Differences Between Projection Points of Shortage vs. Färe-Lovell Functions:
Descriptive Statistics

Return Variance Skewness
MAD 0.0485 1.9514 3.0771
Max 0.0718 15.3371 25.4645
Min -0.1508 1.1722 -1.6547

Range 0.2226 14.1649 27.1192
# of valid points : 70639.

Table 4: Shortage Function: Slacks and Surplus Variables

Slack in the direction of . . . Total with
Slack

Total No
Slack TotalM V S MV SM SV

# 7417 2346 21259 168 18736 4876 54802 16682 71484
% 10.38 3.28 29.74 0.24 26.21 6.82 76.66 23.34 100.00

Table 5: Angles of Projection: Shortage vs. Färe-Lovell Functions

Angle in MV-plane Angle in SM-plane Angle in SV-plane
Shortage Färe-Lovell Shortage Färe-Lovell Shortage Färe-Lovell

# angles 71484 71761 71484 71797 71484 71776
Average angle (◦) 1.299 13.339 88.029 74.634 44.623 54.365
Standard deviation (◦) 3.620 30.325 6.179 33.596 24.258 31.641
# 90◦ angles 0 9381 878 8978 0 11051
# 0◦ angles 877 7369 60 11430 60 10703
% 90◦ angles 0.00 13.07 1.23 12.50 0.00 15.40
% 0◦ angles 1.23 10.27 0.08 15.92 0.08 14.91

Table 6: Time Required to Generate Efficient Frontiers

Type of frontier Type of grid Nr of points Time Seconds per point
MVS with shortage function 2d-grid 30000 6m23s 0.013
MVS with shortage function 3d-grid 125000 20m14s 0.010
MVS with Färe-Lovell function 3d-grid 125000 24m13s 0.012
MV with shortage function no grid 2900 10s 0.003
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