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Fig. 1. The numbers of NIF shots in various designs and the numbers of annual total shots.
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Table 1.  Missing data classification and imputation needs.
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Fig. 2. Cross-validation results of 4 groups of variables: (a) Fusion yield; (b) implosion velocity; (c) hos-spot pressure; (d) spatial

scale factor.
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Fig. 3. NIF indirect drive implosion data are plotted in the space of the implosion velocity, the hot-spot pressure, and fusion yield.
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Fig. 4. Prediction of hot-spot pressure using machine learning methods: (a) Prediction based on data from 2010 to 2017; (b) predic-
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Table Al.  Restoring the original data(the data marked with * is the data obtained from the restoration).

38 a/esil a  Py/Gbar Ui/ (ks ) 5 Vir(10%)  4Efy BN
N110914 Velocity 1.6 116 355 1.002 0.58 2011 0
N111215 Shape 1.6 103 312 1.022 0.85 2011 0
N120205 LF 2.7 105 310 1.004 0.593 2011 0
N120321 LF 1.6 156 321 0.918 0.536 2012 0
N120405 LF 14 145 324 1.137 0.14 2012 0
N130927 DTHEF3 shock 2.7 140 334 1.060 5.1 2012 0
N131119 DTHF 2.2 123 352 1.053 5.98 2013 0
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Table Al (continued). Restoring the original data(the data marked with * is the data obtained from the restoration).
.2/ s/ sl a  Py/Gbar Uip/ (ks ) S Viera(10%)  AFfy BN

N140120 DTHF-CH 2.5 152 356 0.938 9.25 2013 0
N140520 DTHF-HGF-CH 24 152 367 0.948 8.98 2014 0
N141123 DTHFAS 1.6 153 320 0.926 1.37 2014 0
N150115 DTHFAS 2.3 168 335 0.931 3.77 2014 0
N150121 DTHF CH 2.2 219 377 0.948 6.26 2015 0
N161030 DTHDCSS8BF 4.0 161 390 0.844 1.87 2015 0
N170109 DTHDCS8BF 4.0 220 411 0.844 2.63 2016 0
N170601 HDC 2.4 320 381 0.910 17 2017 0
N170827 DTHDCS9 2.3 360 395 0.910 16.6 2017 0
N191117 672S9HF 2.7 280 370 0.841 4.99 2017 0
N201001 Hybrid-E 3.0 284 383 1.050 34.9 2020 0
N201122 I-raum 3.2 260 376 1.000 37.7 2020 0
N210207 Hybrid-E 3.0 314 389 1.050 60.7 2021 0
N210220 I-raum 3.1 281 369 1.000 57 2021 0
N130501 DTHF 2.0 69 297 1.002" 0.767 2019 1
N130710 DTHF 2.17 59 337 1.002 1.2 2013 1
N130812 DTHF 2.7 98 325 1.002" 2.785 2013 1
N140225 DTHF 2.2 141 334 0.938 2.8 2013 1
N140304 DTHF 2.7 116 364 1.103" 9.28 2013 1
N140707 DTHF 2.3" 165 350 0.938 5 2014 1
N140819 DTHF 2.7 295 390 0.805" 5.47 2014 1
N150416 DTHFAS 2.3 210 3257 0.930 8.46 2014 1
N171022 DTHDCSS8BF 2.2 280 373 0.867" 5.85 2014 1
N171210 DT672S59HF 2.2 230 369 0.886" 3.68 2015 1
N180128 DTHDCS9BF 3.9 311 432 0.839" 19 2017 1
N180204 DT672S59HF 2.2 250 385 0.880" 4.12 2017 1
N190415 DT672S9HF 2.2 2217 375 0.841 4.37 2018 1
N190422 DT672S59HF 2.7 169" 364 0.841 2.44 2018 1
N190527 DT672S9HF 2.5 224" 388 0.841 4.72 2019 1
N190602 DT672S59HF 2.5 217 378 0.841 4.25 2019 1
N190918 Hybrid-E 2.7 140 374 1.100 7.5 2019 1
N191007 Hybrid-E 2.8 206 374 1.100 18.8 2019 1
N191110 Hybrid(HDC)-E 2.3 273 366 1.028 20 2019 1
N131219 DTHF 2.5 120 348 1.117" 3.2 2021 2
N140311 DTHF 2.8" 140 372 1.128" 6.06 2014 2
N160418 DTHDCSS 2.6 176" 378 0.845 2.86 2013 2
N170328 DT672S9HF 2.6" 240 385 0.897" 5.83 2014 2
N170524 DTHDCS9BF 3.1 186" 413 0.950 6.2 2016 2
N170813 DT672S9HF 2.6" 255 385 0.875" 5.72 2017 2
N180429 Hybrid-B 2.5" 218" 365 0.999 9.5 2017 2
N180618 DTBe672S8HF 2.3" 220 365 0.776" 1.4 2017 2
N180708 Hybrid-B 2.3" 183" 346 1.000 5.2 2018 2
N181007 Hybrid-B 2.6" 194" 372 1.050 9.1 2021 2
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Table Al (continued). Restoring the original data(the data marked with * is the data obtained from the restoration).
V2047 2l esill a  Py/Gbar U/ (ks ™) s Virat(10) 4R SRR
N181203 Hybrid-B 2.8 186" 393 1.050 8.1 2018 2
N181209 Hybrid-B 2.6 158" 370 1.099 6.3 2018 2
N190203 Hybrid-B 22" 151" 359 1.050 4.4 2018 2
N190318 Hybrid-B 2.5 168" 367 1.099 7.8 2018 2
N110121 Commsissioning 1.0 55" 363" 0.021 0.02 2018 3
N110201 Commsissioning 2.47 145" 334 1.004 0.11 2019 3
N110212 Commsissioning 1.2 37 244" 1.004 0.13 2019 3
N110603 Shock timing 1.2° 50" 260" 1.004 0.065 2011 3
N110608 Shock timing 1.8" 84" 293" 1.004 0.19 2011 3
N110615 Shock timing 2.0 103" 308" 1.004 0.43 2011 3
N110620 Shock timing 24" 228" 372" 1.004 0.42 2011 3
N110804 Velocity 1.3" 56" 267" 1.002 0.0048 2011 3
N110826 Velocity 1.6 73" 284" 1.002 0.17 2011 3
N110904 Velocity 2.2 124" 3227 1.002 0.46 2011 3
N110908 Velocity 2.2 128" 324" 1.002 0.59 2011 3
N111029 Shape 1.5" 63" 274 1.002 0.009 2011 3
N111103 Shape 2.0 99" 305 1.002 0.23 2011 3
N111112 Shape 2.5 172" 348" 1.002 0.6 2011 3
N120311 LF 1.8" 100" 318 0.827 0.159 2011 3
N120316 LF 1.8 116" 316 0.838" 0.275 2011 3
N120417 LF 1.8" 140" 314 0.847" 0.532 2011 3
N120626 LF 1.8" 91" 314 0.829" 0.118 2011 3
N160207 DTHDCSSBF 1.3" 80" 296 0.844 0.18 2012 3
N160411 DTHDCSS 1.9 1417 307 0.845 0.62" 2012 3
N170702 SymcapHDCS9 2.6 55" 359 0.801" 0.2 2012 3
N171015 DTHDCS9BF 3.2 192" 419 0.953" 8.1 2012 3
N171029 DTHDCS9BF 3.4 201" 436 0.969" 10 2016 3
N171112 SymcapDTHDCSSBF 1.8" 112° 307 0.902" 0.7 2016 3
N171119 DTHDCS9BF 3.4 206" 433 0.977 11 2017 3
N171218 DTHDCS9 2.9 285" 408 0.987 17 2017 3
N180121 DTBe672S8HF 2.1 113" 328 0.818 0.8 2017 3
N180218 DTHDCS9 3.1 249" 422 0.990 11.79 2017 3
N180226 DTHDCS9BF 2.9 2417 404 0.979 10 2017 3
N180909 DT672S9HF 3.2 262" 427 1.002 14 2017 3
N180930 DT672S9HF 3.5 259" 451 1.004" 15 2018 3
N181104 Hybrid 2.6 207" 4127 1.050 10.1 2018 3
N190721 DTHDCSS8BF 2.9 249" 404 0.988" 11 2018 3
N121125 SymcapLF 1.4" 74" 250" 0.954" 0.25 2018 4
N130530 DTHF 2" 105" 298" 1.007" 0.65 2018 4
N130802 DTHF 1.8 91" 296" 0.984" 0.53 2018 4
N170821 DTHDCS9 2.8 210" 374 1.009 8.7 2019 4
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Abstract

Since completion of the National Ignition Facility (NIF) in 2010, more than 1030 experiments were carried
out to achieve ignition. Though the experiments were unsuccessful in the first 8 years, the NIF has improved
the experimental designs and achieved fusion yields from 55kJ, 170kJ to 1.35MJ since 2019, approaching to the
ignition milestone. The designs are based on the experimental database, which has been widely used for
optimization design, yield prediction, corrected simulation, etc. However, so far the published experimental data
is very limited. Also, it is difficult to obtain a completion data matrix for analyzing and understanding the
experimental designs of NIF experiments at each stage and to know how the NIF sets strategic priorities for
each phase.

In this paper, we proposed an optimization method, which combines the PMM algorithm and trust region
algorithm, to restore the missing NIF experimental data. Based on the completed data, the design principles of
experiments on the NIF were analyzed, and the hot spot pressure was predicted by machine learning

algorithms. The results may be helpful for the designs of laser fusion ignition experiments in China.

Keywords: inertial confinement fusion, indirect ignition, missing data imputation, trust region methods
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