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Supply-demand matching study of the intelligent old-age care services
based on the multi-source data
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Abstract: A modular bilateral matching decision method based on multi-source data was proposed to
address the problems of uncertainty, fuzziness, and mismatch between the supply and demand in the
evaluation of intelligent old-age care services. This method does not require the uniformity of
information, which can reduce the loss of information processing. Considering the demand differences
among the elderly population, a two-step clustering method was used to classify them. For the
heterogeneous evaluation attributes of the intelligent old-age care services, the probability language
terms and intuitionistic fuzzy numbers were used to conduct the qualitative evaluation information,
while the precise numbers were used to conduct the quantitative evaluation information. The attribute
weights were calculated by improving the maximum deviation method. The compromise solution using
measurement alternatives and ranking was employed to achieve the bilateral utility satisfaction, and a

bilateral matching model was constructed. Finally, the feasibility and rationality of the method were
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verified through the simulation experiment on the supply and demand matching of intelligent old-age

care for the elderly population in Shanghai. The results showed that the proposed method could identify

five categories of elderly groups, and it could match different intelligent old-age care services for elderly

populations with different characteristics.
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Fig.2 Ranking of predictors in importance
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x1 BEBELTE
Tab.1 Population distribution of the cluster

E=S ikt Kt g s BRALT R RS K AR A BB AE{ il
1 21.3%(492) 0(100%) 0(100%) 1(100%) 1(55.7%) 68.63 2(63.8%)
2 24.0%(555) 1(100%) 0(73.9%) 0(62.7%) 0(54.4%) 75.35 2(52.6%)
3 18.4%(425) 0(100%) 1(100%) 0(61.4%) 0(56.9%) 7275 2(50.4%)
4 14.4%(332) 1(100%) 0(100%) 0(100%) 1(100% ) 72.52 2(63.6%)
5 22.0%(508) 0(100%) 0(100%) 0(100%) 0(100% ) 63.28 2(60.4%)

MR, AR IE N 72.52 % 5 S KA —
e, ApE, BREL TR REECE R RRIRE, TC
PR, IR R 63.28 %
22 ETF Mo-MARCOS BHEFEREWNAHE

EiEH

i g VT R A 7R A S5 T TR AL A AR
KA BT B L AT VC B 5% o AR 9% L S0
EOMIGRENN A,, Ay, Ay, Ay, AsX 58K55%
TR BRI, DL R 5 B R 2 IR 55 A SR e A5 21 1
BENMIRE B, . BEMXFEEB,, BEERXRE
¥ By 31X 3 PR B R SR A T DE L

MR TG REORMIR 55 . (B4 PRAR 55 . K PR
MR 55 e sy 4 &, SR8 REFIARTE G
EFR LS IR 55 ks Cf L 2B hE
Cy . RSOy . RRE R Cf . AR
JICAAE R o (R I 25 R A R PR ACE R w,
0.059, 0.367, 0.187, 0.187, 0.200. &R 5 fit
YT N T SR BRI B AR B CB | IR 55 ¥ i
CE . DHMERECE | KEEMILCE . AT CES R
P, JEPERCE R 5w, 470.640, 0.231, 0.050, 0.029,
0.050., AR WUy 45 H 14 f 4 B % BG4 T 4k
VL . X4 475 B RE ) Cf RN R A B RE ) ¢
XA EE R SR RS RiEES =
[$3,(B),5%,(MB),$5(MG),S3(VG),S3(EG)} s %l % 3
18 2 e 1) 4 RN 208 J1 CAX AN J MR H Lo
B AR 1 4R S19 ={S(EG),S 1(VVG),S2(VG),S3(G),
S4(MG),S 5(F),S 6(MB),S7(B),Ss(VB),S o(VVB)} it 17
PEMY . B R AR AR X BT SR R -
4 ( extremely good, EG) ; JE % 4 ( very very
good, VVG) ; — Mt 4 ( very good, VG); 4f

(good, G); — % (medium good, MG); N KU
( fair, F); AN ( medium bad, MB); 2= ( bad,
B); AEW 2 (very bad, VB); %552 (very very
bad, VVB). ELWCHOMI ARG XS N 1) AR EC N
510 = (5(1.00,0.00), S 1(0.85,0.10), S 2(0.80,0.15),
53¢0.70,0.20), S 4(0.60,0.30), S 5(0.50,0.40), S 6(0.40,
0.50),57¢0.25,0.60), S §(0.10,0.75), S 9(0.10,0.90)}
Bf o & PE A 5 B B 0~ 10 T 4> HE 47 3
#r, BT PEMAE BN 2 F15k 3 s,
PLAESR T Ay ML 7 B BIEAR 5 B o), AR
W 2, MIEME BJR MR BUE R, TR RN
yij» PREARTE B9 PR A BN 9ije A A B &
P e iy = (m —yig) /(e —ymim) s 7 O 24 R
e yij= (yij —yﬁ?in)/(y?;ax —y;‘}i“)ﬁ Mo koK
., MY =(0.667;0;1),
JBYE G e XA, R (4) 18 20 bR AL
JE HIRERIE SR, TR O BOMERIE L ME =
(L(pn2; L(p)aa; L(p)z),  Ho H L(p)iz ={51(0.25),5
(0.75)}, L(p)22 = {81(0.5),52(0.5)} , L(p)32 = {S0(0.375),
51(0.625)}
J&YE Gy B BRI K, AL R (8) 15 )
M. = {(0.7,0.2,0.1);(0.6,0.3,0.1);(0.5,0.4,0.1)} .
JBYE C)f e A, R (4) 715 3 bR
b J5 I HE R 5 X, TR ) B RE R IE N
M? = (L(p)14: L(p)24; L(p)3a) » HIP, L(p)14 = {5-1(0.6),
S1(0.4)} ,L(p)24={S 1(0.417),5(0.583)} ,L(p)34={S 1(1)} -
JBAE C5" g BB B, A L (8) 75
M. = {(0.4,0.5,0.1);(0.4,0.5,0.1);¢0.5,0.4,0.1)} .
3 ot XA )8 RN E B LR A B, 1S
BT RI 4, ST B BIPER 5 B A

0.667 {S1(0.25),52(0.75)}  (0.7,0.2,0.1) {S_1(0.6),5(0.4)} (0.4,0.5,0.1)
X=|0 {51(0.5),5,(0.5)} (0.6,0.3,0.1) {S1(0.417),5,(0.583)} (0.4,0.5,0.1)
1 {50(0.375),51(0.625)}  (0.5,0.4,0.1) {S(1),S1(0)} (0.5,0.4,0.1)

RPN B M, A1) ~ (12) 358

JEPERTEG2E, FerP AR SORE BB 25 5 A
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(5)~(7), ESEBMIRERMEZETTAAMRK(9)~ N V(4)=(2.066, 1.822,2.464); MLHEEZEN V(5)=

(10) . B MY BB 220 V(1)=(1,1.667,1.333);  (0.141,0.141,0.283) , Xf MBS =W Lo A, 153

M B 2208 V(2)=(1.038, 0.837, 1.085) 5 MY 4507 % AN [al Ja ke i) 0 2 0 W 60 I, IR A o

BB 2R V(3)=(0.424,0.283,0.424); MY B2 pOERERE. RIER(13)~ (14) B2 @,
F2 BEREZREERAMRATRBITMES

Tab.2 Original evaluation information of the demand side on the supplier of the intelligent old-age care services

iRy ML)y &gt TRFEYHEN SR ZRE R P AL BT
4 B, 8.5 {51(0.2),5,(0.6)} G {5.1(0.9),5,(0.6)} MB
B, 75 {51(0.5),5,(0.5)} MG {51(0.5),5,(0.7)} MB
By 9.0 {56(0.3),5,(0.5)} F {5,(0.4)} F
4, B, 8.5 {55(0.6)} B {5.5(0.4),5(0.4)} B
B, 8.0 {80(0.7),5,(0.4)} B {5,(0.4),5,(0.8)} B
By 8.0 {5.1(0.6),5(0.2)} MB {5.1(0.5),5(0.7)} F
A5 B, 7.0 {56(0.5),5,(0.3)} MG {52(0.7)} F
B, 8.0 {51(0.8),5,(0.1)} MG {51(0.6),5,(0.6)} F
By 7.0 {56(0.7)} G {56(0.5),5,(0.3)} MG
4, B, 75 {51(0.4),5,(0.3)} VG {55(0.3),5,(0.3)} F
B, 8.0 {50(0.6),55(0.2)} VG £5,(0.5),55(0.8)} B
By 8.0 {51(0.5),5,(0.4)} G {5,(0.5)} MG
As B, 8.5 {56(0.8),5,(0.4)} G {5.1(0.4),5,5(0.2)} MG
B, 9.0 {5.1(0.8)} VG {56(0.3)} G
B, 8.0 {56(0.2),5,(0.7)} MG {S.2(0.8)} F

®3 BEFERSULEFTHNERARBIENER

Tab.3 Original evaluation information of the supply side on the service providers of the intelligent old-age care

¥y TR Skt i 95 M B2 es: a9 FIENEHL AR
B, A, {51(0.2),5,(0.7)} F {5.1(0.9),5,(0.6)} F 8.5
4, {55(0.4),5,(0.5)} F {5,(0.5),5,(0.2)} VG 9.0
A {55(0.3),5,(0.6)} MG {5,(0.6)} G 8.0
A, {5.5(0.6),5,(0.6)} F {55(0.7),5,(0.4)} B 8.0
As {5.1(0.7),5,(0.2)} B {5,(0.8),5.,(0.6)} MB 9.0
B, A {5.1(0.6),5,(0.2)} G {5.1(0.8),5,(0.6)} F 8.0
4, {56(0.7),5,(0.4)} G {85,(0.7)} G 8.5
A5 {5,(0.8),5,(0.4)} F {5,(0.6),5,(0.5)} MG 8.5
Ay {55(0.3)} F {5(0.5),5,(0.4)} F 9.0
As {55(0.2),5,(0.2)} VG {5,5(0.3),5,(0.3)} VG 7.0
Bs A {50(0.4),5,(0.2)} VG {51(0.6),5,(0.6)} G 9.0
4, {51(0.5),5,(0.3)} G {5,(0.9)} MG 8.0
A {5.5(0.8),5,(0.7)} MG {5.1(0.4),5,(0.2)} VG 9.0
A, {5.,(0.6)} MB {8(0.5)} B 75

As 1850(0.7),5,(0.7)} F 15,(0.8)} G 7.5
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FIAR(15) ~ (19) 58 X IE AR )7 % (AL Fl i 34
HE(AAD), BEEMEMAACE, N3k 4 s,

x4 BRF A MHEES BRIEMREEMBNE
Tab.4 Weighted weight of the evaluation attributes of the
demand side A, to the supply side B

Meds LRFEP RHRE EEEH NE |, -
s HEJS fit )1 el feh
4, B, 0035 0351 0.187  0.157  0.100

Wk My

B, 0.059  0.283 0.125 0.138  0.100
Bs 0.047  0.367 0.187 0.187  0.200

SAAl 0059 0367 0.187 0.187  0.200 1.000

SAl 0035 0283 0.125 0.138  0.100 0.681

AR 4 A3 (22) ~ (27) IR T 4, Xt
%77 B WP RRIE, W3k 5 R .

£S5 FTRF A LT BRITNHBAE
Tab.5 Evaluation utility value of the demand side A; to the
supply side B

ok s s k7 Kk f(&) flk) f(k)
A, B, 0.829

1.218 0.829  0.595 0.405  0.650
B, 0.704 1.035 0.704  0.595 0.405  0.552

B; 0.988 1.450 0.988  0.595 0.405  0.774

et bR B, BT ERE R T Ay~ As Xt
Y507 B HMEZS O By~ By X SR 5 A W PEM R
R 6 FERAF AL BHITNHAE

Tab.6 Value of the evaluation utility of the demand side A to
the supply side B

TR B, B, B,
A, 0.650 0.552 0.774
A 0.658 0.490 0.709
As 0.553 0.606 0.667
Ay 0.531 0.688 0.619
As 0.535 0.757 0.757

®T BEH BHUERT AWIENRAE
Tab.7 Value of the evaluation utility of the supply side B to

the demand side A
37y A, A, Ay A, As
B, 0.632 0.480 0.601 0.593 0.759
B, 0.507 0.707 0.625 0.685 0.671
By 0.563 0.660 0.656 0.814 0.534

WG 6~7 7T LAAS 21 S A WU 1 15 75 3 O
p= [pi~i]5x3 ﬂ]Q = [qi-i]3x5 ©

0.650 0.552 0.774

0.658 0.490 0.709

Pz[pij]5>d= 0.553 0.606 0.667

> | 0531 0688 0.619

0.535 0.757 0.757
0.632 0.480 0.601 0.593 0.759
Q:[q,-,-]3x5: 0.507 0.707 0.625 0.685 0.671
0.563 0.660 0.656 0.814 0.534

38 22 H A5 AH DT LA A 1 2 (28) ~ (34)
I (35) 4 SR B 5 A g B0 H B AR RIASERY B
wi=w,=0.5, i3 LINGO 17.0 ik 17 # %I 5K fig n] 15
X1 1= =Xy =X =xs3=1, HAR x=0, W3R 8 Fim. 4
PAFMVCEC T R ST SRR 4, 55 BV
F B VLIL, FREF ORI 4, SR B XFRE
By VLD, Ff&/ KEHAK 4, 58 ZPMFRE B, It
B, ?%%%;/kﬁﬁg/h 5%’%}i@?§%32 PLHd, %
Eti KA As 5 EERIRE By L.

*8 BEFRERSUENLEERFTR

Tab.8 Bilateral matching scheme for the supply and demand
side of smart elderly care services

L2 B, B, B,
Ay 1 0 0
A, 0 1 0
A; 1 0 0
A, 0 1 0
A; 0 0 1

SLPR RGO . FRBTORMEE 4, SR 4
TRBESCE R BERAS, W 20T 5 % A4 Bk
%, BENMIEE B SHEER; FREFTRIEA
A AEHCIRBL R, R 2 A >, N E
BREEHIXIRE By FRETORIEM A3 HpiR ol —
e, ¥pommiEe N, HARRYEMRS, AEaE
SEEIRE, 3ME AT H5E SR
% By WILHC; FREM R A A5 0 R4 A
JE o BRAAE TR RERE R RE, (HI A8 MR
W, AR IR R, R A X R N IE A
TR T RAER A5 Kidh— e, AMhE, B REabk
REBE R REAIRAS , T 2l G IR, 7EA AR
R A i B T B A R R AR . il AR
Bl KB, SEPRAE OL T A R RHE AR AR I 57
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JE& VRPN A5 B o B AL BR R fE Bk H
W, %R PR AR R S5 AL N DT R
M, 2 H LT MARCOS 5 i A WG DE e A 7Y, F )
FH MARCOS J5 12 H (R R0HIE 11532 341 D e 280 FH
B hda, i R X ZE A TR E R SS L
Bl R AT B R R S5 VU BC B 15 ELSE G, BRE T
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