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41 FEXI1
AT [ SN oA [ Lo 34405 B 45 S 4
23 AN,

®3 AREZEWKLESRILE

% HEARE ML ME MAP CML CME QMAP CMAP
40 15.52+3.50 3.90+0.04  3.36£0.18  3.60£0.57  1.82+0.07  0.82+0.14  1.50+0.04
80 14.35+3.64 3.73+£0.06  2.62+£0.44  2.76£0.34  1.52+0.02  0.60+0.06  1.16+0.07
Asia 120 10.172.93 2.81£0.24  1.98+0.11  3.67+0.35  1.15+0.13  0.45+0.04  0.95+0.09
160 4.86+2.94 2.50£0.28  1.56+0.45  3.56x0.18  1.04+0.07  0.4220.06  0.84x0.04
200 2.56+1.58 2.28+0.41  1.05:0.54  1.79+0.18  0.84+0.09  0.38+0.06  0.71+0.04
40 273.04+22.29  139.84+2.81 118.75+7.37 95.88+6.54 60.46+1.72 33.78+1.17 58.14+1.87
80 275.49+25.36  124.45+1.75 99.27+3.90 102.91£6.29 52.45+1.48 29.78+0.75 49.39+1.59
Alarm 120 262.14£22.68  111.18+5.14 89.46+5.95 96.93+5.50 47.84%2.90 27.55+1.19 45.77+3.07
160 243.75£19.58  106.12+5.25 85.46+3.50 97.37+4.52 45.97£2.84 27.00£1.20 43.86+2.10
200 229.07+23.50  101.64£3.93 80.39£5.20 94.01+6.24 43.96+2.09 25.67+1.16 42.07+1.80
40 269.71£22.86  152.27+1.38 134.34%2.66 126.24+6.01 96.66£0.74 57.98+1.51 89.70+1.64
80 283.48+41.42  142.88+1.39 124.96+5.51 127.38+8.50 89.38x1.11 55.06+0.66 82.96+1.03
Win95PTs 120 308.45£42.10  136.33+1.45 121.07+6.28 118.95£7.32 85.32+0.88 53.44£0.36 79.86+0.27
160 305.57+15.75  131.81x1.66 114.93x1.34 98.69+6.61 82.41+0.71 51.36+0.19  76.86+0.57
200 304.90+30.19  127.80+1.49 114.46+2.38 98.19+2.66 80.01+0.12  50.53+0.60  74.90+0.60
40 1252.65+37.19  271.30£1.96 228.02+6.60 744.61+30.50 119.50+1.62 43.24+1.97 121.32+3.84
80 1 046.26+44.69 215.98+1.05 187.57+6.53 636.29+33.50 93.18+1.02 36.40+0.33  92.15+2.75
Andes 120 892.49+33.50  185.69+1.70 160.63+5.56 566.77+15.83 78.12+1.53 31.11+2.28 75.45+4.80
160 868.22+48.74  165.74+2.35 150.41£5.35 542.73+2.77 68.62+1.30 28.80+2.38 67.45+3.73
200 780.04£52.41  150.57+1.53 135.50+7.81 515.63+7.81 61.99+1.07 26.44+0.36 60.88+1.17
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PTEMY  FEA%KE  ML/107° ME/107* MAP/107°  CML/10°  CME/107°  QMAP/10”° CMAP/10

40 0.1+0.0 82.0+0.4 0.2+0.0 231.8+4.3 218.5+4.3 178.4+0.3 30.3+0.1
80 0.2+0.0 91.2+0.2 0.3x0.0 236.4+7.4 218.2+7.4 197.8+0.3 49.4+0.1
Asia 120 0.2+0.0 84.9+0.3 0.4+0.0 242.1+4.3 219.7+1.3 217.5+0.3 68.6+0.3
160 0.3+0.0 82.6+0.2 0.5+0.0 247.5£5.9 223.0+£5.9 236.4+0.3 87.4+0.5
200 0.3x0.0 83.5+0.5 0.6+0.0 247.6+£2.4 223.5+2.4 255.9+0.7 106.8+0.4
40 0.1+0.0 85.8+1.0 0.1+0.0 89.2+0.9 123.9+0.9 412.0+£0.4 81.1+1.8
80 0.2+0.0 89.8+0.9 0.2+0.0 96.9+1.9 125.8+0.6 432.1+0.7 106.3+2.8
Alarm 120 0.3x0.0 92.1+0.8 0.3+0.0 99.7+1.1 126.2+1.4 452.8+0.5 132.6+3.1
160 0.4+0.0 91.1+£0.9 0.4+0.0 103.5+0.2 128.1+1.1 471.6+0.7 154.7+5.1
200 0.5+0.0 92.0+£0.7 0.5+0.0 105.3+1.3 129.6+1.0 492.0+£0.7 176.0+8.8
40 0.1+0.0 90.9+0.6 0.1+0.0 84.9+0.6 117.0«1.1 312.4+£33.9 152.6+0.2
80 0.2+0.0 93.2+0.6 0.2+0.0 89.3+0.3 117.9+0.2 343.9+£38.2 172.3£0.3
Win95PTs 120 0.3+x0.0 93.7+0.3 0.3+0.0 92.2+0.4 118.3+0.7 381.5+18.0 191.2+0.6
160 0.4+0.0 95.0+£0.8 0.4+0.0 94.4+0.3 118.7+0.5 410.2+18.0 211.3+0.4
200 0.5+0.0 95.0+£0.9 0.5+0.0 95.4+0.4 119.7+0.2 433.6x17.4 230.3+0.2
40 0.2+0.0 111.7+0.1 0.2+0.0 135.9+0.8 144.8+0.5 179.8+0.3 55.5+0.5
80 0.3x0.0 109.9+0.3 0.3x0.0 143.2+0.1 144.8+0.4 203.3+0.1 75.7+0.2
Andes 120 0.4+0.0 109.6+0.1 0.4+0.0 147.1+£0.6 144.8+0.1 226.9+0.2 96.5+0.2
160 0.5+0.0 110.0+£0.2 0.5+0.0 149.3+0.8 144.0+0.1 250.2+0.2 117.1+£0.2
200 0.6+0.0 110.1+0.5 0.6+0.0 151.7+£0.2 144.7+0.5 271.9+0.2 137.7+0.1
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42 {REZLE2 1) FIrABE R IR EHETY A QMAP>CMAP

A AL ESEH AR H, W THE S A >others,
(16) Xl (15) A TREYE i ad XF % 5~6 F1E 6~ B A B0 138 17 I a1 K B HEE S QMAP >
7 WS 25 R T 0T, AT ISR DA 458 . CME>CMAP>others

R5 AREEEMKLESER

PEM % HEASE ML ME MAP CML CME QMAP CMAP
40 7.58+1.50 3.85+0.28 2.28+0.90 5.77£1.57 1.91+0.35 0.83+0.16 1.49+0.13
80 8.60+2.52 3.11+0.11 2.16+0.87 6.99+1.34 1.63+0.41 0.73+£0.06 1.31+£0.27
Asia 120 9.02+2.26 2.82+0.37 1.63+0.27 7.62+1.35 1.36+0.13 0.70+0.08 1.07+0.10
160 7.39+2.62 2.46+0.14 1.50+0.30 6.54+1.18 1.26+0.07 0.62+0.12 1.02+0.09
200 6.40+2.58 2.35+0.10 1.47+0.29 6.50+1.18 1.22+0.06 0.58+0.06 1.01+0.14
40 291.17+33.07 139.75+£3.69 118.26+11.76 119.34+10.73 85.48+3.71 41.09x2.41 79.87+5.17
80 250.65+25.93 124.12+5.21 97.88+7.70 119.27+10.87 74.33+3.12 37.46x1.81 69.73+3.45
Alarm 120 231.28+26.27 113.62+3.91 89.23+6.45 114.79+7.04 68.68+2.65 34.71+1.33  63.94+2.95
160 243.75+£19.58 106.85+3.09 82.50+4.61 105.81+4.52 64.76+1.97 32.64+1.06 59.84+2.50
200 204.81+15.27 99.78+1.97  78.55£4.62 99.48+4.24 60.95+1.75 30.32+1.10 56.96+2.24
40 243.21+34.33 153.13+1.20 133.16+£6.02 128.15+6.01 106.36+2.50 64.34+1.07 99.38+2.38
80 314.25+51.42 143.58+1.57 127.32+3.70 152.78+8.50 97.97+1.26 60.56+1.44 91.02+2.30
Win95PTs 120 342.26+£52.10 136.31+0.87 126.46+3.90 156.71+11.32 92.79+1.16 57.56x1.79  86.22+2.24
160 360.02+37.02 130.75+1.24 123.28+2.56 161.05£16.61 86.15+£0.57 55.49+1.15 76.86+0.57
200 355.96+50.76 127.14x0.74 119.28+4.84 145.57+22.66 132.26+1.70 53.56+0.94 79.12+1.11
40 1 365.36+70.07 272.13+£2.01 242.97+7.91 785.21+27.65 132.26+1.70 48.97+1.37 130.08+1.98
80 1 145.18+63.38215.28+1.93 201.50+6.03 681.91+30.42 101.50+1.47 40.71+1.07 99.21+1.03
Andes 120 960.89+56.62 185.86+2.79 170.67+7.11 604.48+28.40 85.44+1.13 34.64+0.95 82.79+2.08
160 900.49+74.10 165.42+2.85 155.44+8.54 566.47+31.05 74.51£1.17 30.61£0.30 72.73+1.20
200 852.74+67.54 148.97+2.67 143.92+9.74 530.65+29.11 66.20+1.11 28.33+1.04 65.17+0.93
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®6 AREEMIBITHBEILLE

PTEMY  FEA%KE  ML/107° ME/107* MAP/107°  CML/10°  CME/107°  QMAP/10”° CMAP/10

40 0.2+0.0 192.0£5.2 0.2+0.0 211.5+£9.0 209.9+3.4 182.3+0.6 32.0+0.2

80 0.3+0.0 188.5+5.7 0.3+0.0 214.6+9.1 208.6+4.0 201.4+0.4 51.9+0.2

Asia 120 0.4+0.0 192.8+4.4 0.4+0.0 223.1+4.5 209.5+3.5 223.6+0.6 72.6+0.2
160 0.5+0.0 191.0£5.2 0.5+0.0 230.1£5.9 209.4+2.8 242.2+0.7 92.6+0.6

200 0.6+0.0 192.7£2.5 0.6+0.0 235.7+£6.8 210.7+£2.9 262.4+1.4 113.0+£0.9

40 0.1+0.0 85.1+0.8 0.1+0.0 75.7+1.3 114.4£1.1 416.6+0.6 81.1+1.8

80 0.2+0.0 87.4+1.2 0.2+0.0 81.9+1.8 115.2+1.1 436.9+0.5 116.7+11.7

Alarm 120 0.3+0.0 90.6+2.2 0.3+0.0 84.5+1.4 116.7+0.9 457.0+£0.8  137.5+13.7
160 0.4+0.0 91.0+1.5 0.4+0.0 86.0+1.2 116.9+0.5 477.1+0.6  155.6+10.6
200 0.5+0.0 92.4+1.8 0.5+0.0 88.5+1.4 117.0+0.5 497.0+0.4  177.8+13.2

40 0.1+0.0 93.5+0.5 0.1+0.0 75.9+0.9 111.7+£0.6 138.9+0.2  215.2+29.4

80 0.2+0.0 95.1+0.4 0.2+0.0 80.9+1.4 112.0+0.7 158.6£0.2  272.2+36.4

Win95PTs 120 0.3+0.0 95.9+0.8 0.3+0.0 83.6+1.4 111.8+0.3 178.7+0.1  307.2+25.6
160 0.4+0.0 96.8+0.8 0.4+0.0 86.0+1.3 112.2+0.4 198.8+0.4  329.1+20.4

200 0.5+0.0 97.7+1.0 0.5+0.0 87.3+x1.2 119.7£0.4  218.8+218.8 353.4+23.7

40 0.2+0.0 112.7+£0.8 0.2+0.0 122.4+0.7 134.4+0.5 171.9+0.2 78.3+7.4

80 0.3+0.0 111.1+0.5 0.3+0.0 129.2+0.6 133.6+0.3 192.1+0.2 98.7+8.6

Andes 120 0.4+0.0 111.4+0.6 0.4+0.0 133.0+0.4 133.7+0.4 212.4+0.1 120.8+10.5
160 0.5+0.0 111.2+0.3 0.5+0.0 136.9+0.5 133.4+0.3 232.5+£0.3 140.4+8.9

200 0.6+0.0 111.2+0.2 0.6+0.0 139.0+0.5 133.3+0.3 252.7+£0.3 160.6£8.1

BHCE KRR LT QMAP J5 3k, (HH SRR 1
5 & i QMAP B RS th— MRS, BUtUE CMAP B AT
BRI R AR 54 51 (A 4 BT T
BT HE OMAP B ki 2 S RCRFAN X R FHRIIEHE, T — D0 TR S A E SR
WIS SRS AR T — A ey I TORMS RO o0 3, 3 — A m AR
JoNi] TRk vt S A RN e s s 2 B L Lk G S P RE L i
B PFESEEUE A SCHE T A CMAP 551
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Bayesian network parameter learning
algorithm based on improved QMAP

.1 1 . 2 . 1 1
DI Ruohai', LI Ye' , WAN Kaifang”, LYU Zhigang , WANG Peng
1.School of Electronic and Information Engineering, Xi’'an Technological University, Xi'an 710021, China;
2.School of Electronic and Information, Northwestern Polytechnical University, Xi'an 710072, China

Abstract; Small data sets make the statistical information in Bayesian network parameter learning inaccurate,
which makes it difficult to get accurate Bayesian network parameters based on data. Qualitative maximum a posterio-
ri estimation (QMAP) is the most accurate algorithm for Bayesian network parameter learning under the condition
of small data sets. However, when the number of parameter constraints is large or the parameter feasible region is
small, the rejection-acceptance sampling process in QMAP algorithm will become extremely time-consuming. In
order to improve the learning efficiency of QMAP algorithm and not affect its learning accuracy as much as possible,
a new analytical calculation method of the center point of constrained region is designed to replace the original re-
jection-acceptance sampling calculation method. Firstly, a new objective function is designed, and a constrained
objective optimization problem for solving the boundary points of the constrained region is constructed. Secondly, a
new optimization engine is used to solve the objective optimization problem, and the boundary points and center
points of the constrained region are obtained. Finally, the existing QMAP algorithm is improved by the obtained
center points. The simulation results show that the CMAP algorithm proposed in this paper has a slightly worse
parameter learning accuracy than the QMAP algorithm, but its computational efficiency is 2-5 times higher than

that of the QMAP algorithm.

Keywords: Bayesian network; parameter learning; qualitative maximum a posteriori estimation; parameter con-

straints; objective optimization
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