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Abstract: In Japan’s rapidly aging society, there are high expectations for machine learning to support the
nursing care sector. This study aims to develop a “care planning support system” that recommends care plan
documents based on past care records using memory-based collaborative filtering. This method is expected to
recommend keeping the document structure. However, it is a issue that relationships between training data
and between words are not taken into consideration, and it is difficult to apply matrices with high sparsity.
In consideration of these problems, we perform query expansion based on nonnegative matrix factorization
for care plan documents as preprocessing to apply memory-based collaborative filtering. In the experiments,
we confirmed the performance improvement by the proposed method using the real care management data.
In addition, we examined complementary feature words and clarified their properties.

Keywords: collaborative filtering, query expansion, nonnegative matrix factorization, recommendation sys-
tem, care management
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Fig. 1 Workflow of a care management.
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Table 1 The terms in the care management.
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Fig. 2 The care planning support system.

FEEZERDSFIE D VWT WA XS, BRI o
CBERREIRIIZ DI A X gl bilh b,

F 72, EEFIAEEAOWERICES GGy 777~
EHPOEMTEIEEFRET L, KV AT ADHER
FTRETFT T OHEME, T 7T OFE TR
W ZIEEOMEE R 2R s RPWEEL Y - ¥ ADIHH
FCRITHIENEIENL., Kim LTI, 2 AR T &
ABRTT T VORI RT I N IA LV ERTIET, 7T
TRA=T v OVERERIET 5.

3. 7T NEDOHE

3.1 HIAT71E)LT

W7 a5 ) v ZIIRENLRIEEFEDO1DTH 5.
BROBEU L 72478 % & 2 IEAFI B O 7— % 7 5%
EDIEEFIAE OB LOF ML E L TRl L, T
ETATLARMET 5. FRICRIIZED & 5 1A A 12
BRI, AT N APFEETNAN- A2, 3] D
KEL 2O T 70 —FIZF T 6N 5,
AEYR=AGFHT 4 V&) v 7GR D Tk
ThHY, REOT—IHPHELEVEETH ARG
TTrT TS LSRN LA, T2, BAFO
rT TS NEOHERR SN AL b0, 7T TS
YOXEBEL R LB SN, Z0 k) R
B ARR ) 2 C T LA IFEEI NS,
ETNNR=ZGRHT AN ) ¥ ZIE— I AT N—
AT AN ) 7LD S ECEERESIEI NS,
—JTCNRTRA=IEDL L Fa—=r 7PHEETHY,
72, REOF—=IHPHELELZVEEICITBEZICHK)
ER%Y

DEXY, YATAICROONDIEMESFTIAT A Y
b= DN S, AR TIE X T ) N= 2R T 1V
YU IZERT A.

3.2 AEUXR=ZBRAT7s 22T
AEYNX=AFHT7 4 V) o7 e U TR REEIC X

© 2021 Information Processing Society of Japan

DHNERTE A I 7o T (4] DSRE SN TB Y, IGEFI A E
FEU L7478 2 L AFIHEBE V=T IE L TWwb L)
IRED T CTRHMEEFMZAT 9 . FEME I (1) 1259 .
> sim (q,d) - rq

" e (@ d) W
AFEICBENWTIE q L di3TEAXY MIT, rg & rg 3T
TTT XL, v \ZIEBFIHED T T 7T 2 3E
N7 M, DIIERFHEEEG, ¢ JHEHFIHEOT £ X
A M R7 MV BEER), d ZERFIFEDOT LA X ¥
kX7 bV OEEER), rq BEEAFIHED 7T 77 » 3
R PVEEL, sim () 3TN A YHEPESET Y
EFEMARESHV O NS,
AEYR=AWIMT7 4 V5 ) 27, Wisia ) 2 Fh ¢
CEDPHIRE SNV AT LOEM RG2S, — 5T, M
W (q,d) OEMEIKELZTHTH L7720, rqg lZB
B AFET — & R BB ORI ZE S e w2 & HiE
Thb. Tz, ZANX=AROEHMTINI BV TUIFHE 7
V=T ORISR EETH B Z L e SN 5,

4. Fa@ETIEFHE

JEEMEATHIIN T2 % (NMF: Nonnegative Matrix Fac-
torization [5]) (& 0 LA LM% FeOA75) & T § 5 FHET
b, FIETRAZEIZHCONLY, HEETEELT
DERED RSN TS [6], [7].

HEETLE LTSN A YA, KRIEMEE & 0750
2179 . BRI RKOEBYTHS.

2
1
IR — UVH2 D) Z {Tz‘j - Zuikvkj} (2)
k

i,jET

ZZT, Re R IICHETH, TIsc#E, J I3k,
kAXIEES, T = {(io,d0), (i1,71),.. .} ERBTHRVERD
M, UeRIXE LV e R ZZNZFNCE L ERGEDH
X7 P&, X (2) 2 i/ MurE L LTk
VW, BN U, VOREER LY, FlELT) 2L TR
FEEOHEEDSTTREE 4. flE LT, & 312 NMF 12460

371



BERAIEF=EmEE Vol.62 No.1 369-377 (Jan. 2021)

Purchasing matrix  items J
—_

b |c|d

users | 1

C>

ke s lo|e

mOlO|w|l>

1
5
4
1 5 4
- : missing values

Nonnegative
Matrix Factorization

Reconstructed Purchasing matrix

k ]
[ v ]
i )

Reconstruction
( Complementing missing values )

Case of 8
al|b|lc|d user A
Als ]34 1: [ 2:[ 7 -~
|:> B|l4]|2 |3 |1 |:> item c item d
C 1 1 6 5
Case of 8
D|1 1 5 4 user D
El2|1]5]4 N I A I
itemc itemb

Recommendation

3 NMF (ZED CIEIEREZ F\ 727 4 7 L JEE O H 6]

Fig. 3 Example of item recommendation using purchase history based on NMF.
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(a) Query expansion based on NMF. (b)

Document recommendation based on memory-based collaborative filtering.
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WX DEHEEB N IZBNT, #5770 12TH
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&2 MAP & GMAP X—2 74 ¥ LD
Table 2 MAP and GMAP (comparison with baseline method).

# of relevant plans:10

# of relevant plans:15

MAP

GMAP

MAP

GMAP

0.127 4+ 0.0460

0.0996 + 0.0392

0.166 4+ 0.0544

0.140 £ 0.0486

0.146 4+ 0.0660
0.155 + 0.0554
0.149 + 0.0527

0.110 % 0.0569
0.105 + 0.0384
0.113 £ 0.0387

0.190 £ 0.0803
0.194 + 0.0642
0.190 £ 0.0546

0.151 £ 0.0703
0.142 4 0.0487
0.154 4+ 0.0437

0.134 +0.0515
0.126 +0.0474
0.125 +0.0314

0.0988 +£ 0.0429
0.100 % 0.0394
0.0944 £ 0.0281

0.171 4+ 0.0559
0.165 £ 0.0533
0.159 4 0.0380

0.137 4+ 0.0482
0.140 £0.0472
0.130 4= 0.0349

method # of relevant plans:5
MAP GMAP

Conventional | 0.0849 4+ 0.0355  0.0576 4+ 0.0292
SVD 0.103 4+ 0.0505 0.0682 + 0.0387
NMF 0.108 4 0.0425 0.0650 + 0.0259
LDA 0.109 £+ 0.0464 0.0697 + 0.0311
PRF-TFIDF | 0.0972 4+0.0429  0.0623 4+ 0.0344
PRF-Emb 0.0883 +0.0426  0.0613 + 0.0330
PRF-RM 0.0874 £ 0.0257  0.0555 + 0.0194
Proposed 0.110 +0.0551  0.0730 + 0.0445

0.149 +0.0617

0.116 + 0.0553

0.188 +0.0711

0.157 £ 0.0641

Top N Accuracy (# of relevant plans n:5)

Top N Accuracy (# of relevant plans n:10)

Top N Accuracy (# of relevant plans n:15)
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—&— NMF
—< DA
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70 4 —%— SvD
—a— NMF
—e DA
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601
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Fig. 5 Top N Accuracy (comparison with baseline of dimensional reduction method).
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Top N Accuracy (# of relevant plans n:5)

Top N Accuracy (# of relevant plans n:10)

Top N Accuracy (# of relevant plans n:15)
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Fig. 6 Top N Accuracy (comparison with baseline of query expansion method).
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Fig. 7 The comparison of the improvement of AP (Proposed
vs. LDA).
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