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Recently, the government of South Korea has offered a variety of welfare programs that are customized to
diverse demands, such as diabetes management, alcohol addiction rehabilitation, living condition improvement,
etc. These welfare programs have become too diverse to be remembered and recommended by individuals, and
the government now has a list matching program recipients and programs for further studies. This research
investigates such welfare program recommendation with a conditional variational autoencoder merged with
collaborative filtering, a.k.a. CVAE-CF. We use a natural language description to provide the program
information, or item in the context, and we utilize the demographic information from potential recipients as the
user information. Our results show agreeable performance for future application to recommendation tasks
showing 63% recall and 13.1% precision on average.
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Figure 1. Welfare Program Recommendation Process
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Figure 2. Graphical Model and Neural Network Structure of VAE-CF and CVAE-CF
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Figure 3. Graphical Model (left) and Neural Network Structure (right) of Modified CVAE-CF
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Table 1. Variable Notation for Modified CVAE-CF

Input |Latent Variable
Individual - Welfare Program Info. r z
Individual Auxiliary Info. x h
Welfare Program Auxiliary Info. y i
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Table 2. Welfare Programs in the Health Center
Welfare Programs Count Welfare Programs Count
. Eye Examination & Eyesight Recovery
Visiting Treatment 2,606 . 371
Operation for the Elderly
Inpatient Treatment 3,800 Dementia Early Screening 23,691
Smoking Cessation Program 1,319 Dementia Treatment Management 135
Charge Support
Alcohol Moderation Program 59 etc. (the Elderly) 21,492
Exercise Program 2,923 Mother & Newborn Helper 68
Nutrition Program 1,592 Nutrition Plus Program 84
Obesity Program 103 National Mandatory Vaccinations 134
for Infants & Toddlers
High Blood Pressure Class 1,694 Health Checkup for Infants & Toddlers 43
Diabetes Class 963 Nutrition Plus Program 113
etc. (Chronic Disease Management) 11,334 Mefhcal Charge Support , 517
for Cancer Patients & Rare Intractable Disease
Inpatient Oral Care 485 Free Surgery Support 36
etc. (Oral Health) 9,469 Various Examination (Blood, Osteoporosis, etc.) 9,245
Dental Prosthetics for the Elderly 371 Palliative Therapy Service 604
Fluoride Spread Scaling for the Elderly 4,362 etc. (Others) 24,580
Table 3. Welfare Programs Outside the Health Center
Welfare Programs Count Welfare Programs Count
Medical Institution Treatment 12,836 Activity Support System for the Disabled 73
Health Medical Examination 8,927 Housekeeping & Nursing Services Support 1,394
Oral Care Center for the Disabled 10,672 Bath Service Support 39
Palliative Therapy Service 9 Living Environment Improvement 358
Dementia Counseling Center 135 Learning Guidance 30
Mental Health Center 6,017 Vehicle & Companion Support, 151
Outing Assistance
Alcohol Counseling Center 4,982 Other Voucher Program 404
Link to Other Services 51 etc. (Welfare) 21,743
Residential Welfare Facility for the Elderly 37 Medical Benefits Case Management 2,989
Long-term Care Insurance Transfer
Dream Start Program 46 406
for the Elderly
Care Services for the Elderly 612
3.3 dlo|¥] 324 FAol 719k g A2 < 852 22330 ol wet g gAd Z&she ARE
. e t2A HA AT <Figure 5(b)>9] FH A 13} 2] & 7)<
o 75};?12;; 0:;]@? jf—;ﬂ;}oimio, o A zeaguAgle sk S aa A
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gl o] Ei_ B3 WL <Figure 5(a)>2F 20| LI FFA o <Figure 5(b)>2] 537 29} o] T 7 o]A¢] Bx) g
j@; ;jl;fjj =z j—ii jx*"ﬂ _H:jzi ;‘ﬁi §ATLE FIAE FIA 22 AR AFRE 2o 2
e BT A% 29 Hzx AHE 2o st B¢ AFstdtt g 9
7] Mol A F AR S/ ol 2 o BE2E 23424 28 ARE ¢ O%EE bl
M2 BT AT, A4 raAvt ol 54 ZRAAS ATE 297 e 7 5 Y2 AEYL d] S R0 AF
ke o] FE3] st d ¢ fle AV AT sttt B7F DA A S DA} 2ol FFAE AT
upebA, HolE Al S <Figure 5(b)>% 2ol FHEAE 71L& Bx m2 Y 4o nel Bz AR F4S a2 5
Z5/%7HHOHE 82 HI &2 Urs, 4 FEAZATE g A4 doE BA X & <Table 4>} 2},
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Welfare Welfare Welfare Welfare Welfare Welfare Welfare Welfare Welfare Welfare
program 1 program 2 program 3 program M-1 | program M program 1 program 2 program 3 program M-1 | program M
Recipients 1 1 0 0 . 0 0 Recipients 1 1 0 0 L 0 0
Recipients 2 1 0 0 . 1 0 Recipients 2 1 0 0 . 1 0
Recipients 3 0 1 0 . 0 1 Recipients 3 4] 1 0 e 0 1
Recipients N-1 1 0 0 0 0 Recipients N-1 1 0 0 0 0
Recipients N 0 0 1 0 1 Recipients N ] 0 1 0 1
Welfare Welfare Welfare Welfare Welfare Welfare Welfare Welfare Welfare ‘Welfare
program 1 | program 2 program 3 program M-1 | program M program 1 | program 2 program 3 program M-1 | program M
Recipients 1 1 ? ? ? 0 Recipients 1 1 0 0 0 0
Recipients 2 1 0 ? . ? ? Recipients 2 1 ] 0 . 1 4]
Recipients 3 0 ? ? . 0 ? Recipients 3 0 1 0 . 0 1
Recipients N-1 1 ? 0 ? ? Recipients N-1 7 ? ? ? ?
Recipients N 0 0 ? 7 1 Recipients N
(a) General training/test split method (b) Our training/test split method
Figure 5. Dataset Split Method
Table 4. Statistics of Dataset O & o Z3 A Fol Al F A Hgolth ke Bdo] 3
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wio ete. | 99,869 44 105486 | 97.59% e “L e L
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Table 5. Summary of Average Results for Five Repeated Experiments

Case w/ etc. w/o etc.

Model R@!l | R@5 | P@! | P@5 | MRR | NDCG | R@! | R@5 | P@! | P@5 | MRR | NDCG
VAE-CF 0.050 0.273 0.057 0.061 0.192 0.361 0.029 0.127 0.035 0.029 0.122 0.290
CVAE-CF-1 0.122 0.540 0.127 0.114 0.318 0.470 0.237 0.597 0.242 0.123 0.406 0.538
CVAE-CF-2 | 0.170 0.551 0.180 0.116 0.362 0.503 0.241 0.630 0.247 0.131 0.420 0.551
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