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Intelligent Exam Paper Generation Model Based on Optuna
Optimized Genetic Algorithm
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(Military Human Resource Support Center, Political Work Department of Central Military Commission, Beijing 100034, China)

Abstract: In order to improve the performance of intelligent exam paper generation, and solve the prob-
lem that the parameters of the genetic algorithm based model are difficult to determine in practice, and the
performance is unstable in the face of question banks with different sizes and feature distributions, an intel-
ligent exam paper generation model based on Optuna optimized genetic algorithm was proposed. By
designing hierarchical gray coding, the Hamming cliff problem caused by traditional binary and decimal
encoding methods was overcome. The population size, number of iterations, and other parameters of the
genetic algorithm were determined by Optuna optimization self-feedback model, and the crossover and
mutation rate of the genetic algorithm were dynamically adjusted to achieve adaptive adjustment of the
exam paper generation search space. Experimental results show that the proposed algorithm can effectively
determine the parameters, and realize dynamic adjustment. Final exam paper generation quality is better
than other models based on random and heuristic algorithms.
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Fig.1 Flowchart of intelligent exam paper generation model based on Optuna optimaized genetic algorithm
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Tab.1 Simulation question bank information

FOUPE 4 K TR FAS A AL i HERE 4L 5 I 1] A4 A AR B
QBI1. QB2. QB3 400 4 3 10 10
QB4 QB5. QB6 1000 5 4 20 10

2 ANIR BN LAY 20 4 H bR
Tab.2 The target of the paper generation to the different simulation question banks

U 2 TR TR 2 MERE H AR R H AR Affa] HAR/min -+ B4R
QB1. QB2. QB3 10/10/10/4 30/40/30 FAE 105> 100 100
QB4 ., QB5., QB6 10/10/10/4/2 20/30/30/20 BRI A 5 47 100 100
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Tab.3 Results of comparative experiments

Hires Hipedke

MUFESAFR kAR B bR BATHSIE] /s S /s

DE-2019  0.195 0.020 8.480 8.480

SA-2015  0.141 0.018 27.580  580.534

QB1  RCGA-2018 0.150 0.028 4.410 80.479
PSO-2021  0.142 0.038 3.894 171.051

O-GA 0.069 0.025 75.809  75.809

DE-2019  0.219 0.019 8.530 8.530

SA-2015  0.127 0.015 22.187  495.181

QB2  RCGA-2018 0.172 0.022 4.612 81.105
PSO-2021  0.155 0.015 4.566 176.070

O-GA 0.071 0.011 73.178  73.178

DE-2019  0.195 0.020 8.480 8.480

SA-2015  0.125 0.024 17.173  519.336

QB3  RCGA-2018 0.161 0.037 4.125 72.539
PSO-2021  0.180 0.021 5.049 176.641

0O-GA 0.065 0.005 74.852  74.852

DE-2019  0.153 0.020 7.263 7.263

SA-2015  0.111 0.050 27.557  612.374

QB4  RCGA-2018 0.137 0.017 3.945 73.138
PSO-2021  0.086 0.035 15.847  880.565

O-GA 0.067 0.012 83.370  83.370

DE-2019  0.152 0.014 7.309 7.309

SA-2015  0.138 0.042 26.972  607.572

QB5 RCGA-2018 0.146 0.049 20.403  67.681
PSO-2021  0.113 0.045 17.548  974.971

O-GA 0.054 0.003 84.003  84.003

DE-2019  0.025 0.154 7.082 7.082

SA-2015  0.136 0.008 27.656  623.021

QB6  RCGA-2018 0.135 0.029 3.970 72.398
PSO-2021  0.082 0.015 17.615  976.696

O-GA 0.056 0.008 85.871  85.871
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Tab.4  Optimize paper generation results using genetic algorithm with the optimal parameters

B2 TR F R BEARIKEL AR SR EEINZEEAS NBEHERCEHSHS)

JBRI 1. 20/21/24/32/41/57/63/80/91/99

B 2. 111/114/116/121/123/151/157/167/196/197
Bl °0 %0 0.002 0.03 I 3. 202/208/248/268/272/276/280/282/292/299

MR 4. 314/319/375/377

M1, 17/20/23/35/51/52/66/77/83/99

iR 2. 101/111/112/116/133/141/157/196/197/199
Qb2 42 8 0002 0-076 B 3. 205/208/213/217/236/259/266/285/291/299

JRL 4. 309/319/372/379

JBRI 1. 1/46/55/63/77/78/85/86/95/96

i 2. 104/107/108/110/118/126/152/166/181/199
QBs 46 88 0006 0.032 B 3, 202/213/236/246/256/281/283/288/291/299

FBRI 4. 331/365/375/399

R 1. 38/39/66/92/125/129/138/140/141/183

R 2. 215/231/240/247/312/315/331/360/374/399
QB4 40 100 0.005 0.024 BB 3. 400/414/421/422/423/445/482/504/522/559

Hi 4. 649/668/678/771

RIS, 859/965

BRI 1. 28/43/65/67/91/112/119/153/194/199

JBRL 2. 200/218/225/226/336/370/371/372/381/394
QB5 48 80 0.003 0.018 BB 3, 413/428/437/445/469/473/509/529/537/566

JBR 4. 751/759/765/779

B 5. 805/999

BBRI1. 19/69/127/133/136/150/168/187/188/195

R 2. 231/261/288/296/302/309/310/369/376/399
QB6 48 84 0.002 0.012 B 3. 451/454/494/534/560/568/576/578/586/599

BRI 4. 617/689/759/772

R 5. 834/900
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Fig.6 Mean values of genetic algorithm parameters and objective function (taking QB1 as an example)
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Fig. 8 Run time of genetic algorithm parameters and objective function (Taking QB1 as an example)
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