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Online collaborative diagnosis three-side matching decision-making
method based on cloud model

PENG Juan-juan', LING Chu-yang, LONG Qing-qi
(School of Management, Zhejiang University of Finance and Economics, Hangzhou 310018, China)

Abstract: For the hierarchical diagnosis and treatment online collaborative diagnosis matching problem, a three-side
matching decision-making method based on a cloud model is proposed to meet the service needs of hierarchical
diagnosis and treatment online collaborative diagnosis matching. First, combined with domestic online medical
platforms, online reviews are crawled, and BERTopic, Stanza, and Textlob are used to obtain patients’ objective
matching attributes for grassroots doctors. A corresponding weight is determined by integrating attribute preference
information. Second, a multi-granular probabilistic linguistic cloud model is constructed to process multi-granular
probabilistic linguistic information, and a corresponding probabilistic linguistic asymmetric cloud Bonferroni Mean
(PLANCBM) aggregation operator is developed. Third, considering the synergy between grassroots doctors and
experts, the workload balance among doctors, and the stability of doctor-patient matching, a corresponding three-side
stable matching decision-making optimization model is constructed. Finally, a practical case, sensitivity analysis and
comparison analysis verify the feasibility and stability of the proposed method, providing a new theoretical idea for
three-side matching in hierarchical diagnosis and treatment online medical services.

Keywords: online collaborative diagnosis; hierarchical diagnosis and treatment; three-sided matching decision-
making; BERTopic; cloud model; multi-granular probabilistic linguistic sets
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1) pa = {a € Al(a,b,c) € u};
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a=1
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B, “ZRLRE” FpikiE I 2 2 UOE SCGRIS IS AT,
T T XA R G G M. R, A4 A i
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ZU




%54

N\

48 S A T 2R AN AR WML A AR Rk 1373

V(En,Ex, ) +
\/(Bn,Ex,)? + (Fn,Ex, )?),
V (FeBx)? + (e, Bx, )3
4) 23 = (VAHe,Ex; ™', VAED Ex) ™ Ex),
VEn,Ex*', v/ AHe, Ex ™).
X9 {82, = (He,,En,, Ex,, En,, He,)
z, = (He,,En,, Ex,, En,, He, )y AN E 8 10 % K
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EFIENRIESE, TR, g >0, w = (w,, w,,
oy wy) TNz, RE A &, T 2, B PLANCBM &
TREMERIIR N Z R EMRE S R IES =,
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mu) =z(u=1,2,...,n), N PLANCBM(z,, 2, Tl B EENERNIFTES A
CeyZn) = 2. Wi PP WA W WmEES
BR 2 HRE) 2+ =max{z, Rl 2~ = WA, SERZE -0.63 0.78 1 0.99
4T IRAE. HTED 0.73 0.84 5 121
i ) 2~ +
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3.1 ILRECEMEHE

18 S RO F2 h, 77 ZEXTER(E BT Pkt
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BB 4 AT R, HAF B B R A TLEC
J& P ALFE K S IR T BUR AR AR S T AR
4 N5 TH.
3.2 JRMENERE

A JE MR B 1 45 45 70 A 14550 PR 07 T 2
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0 & 1 28], SRPEIS PN 25 I 2 00 Bl 32 WA B2, #fl
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step 3: M B FZIFRIIE SR 7. R n & VF
W AR PR A AN = WAE 73 ) A Pol, Ml Sub,, 3 %%
FHIVES A PL,, MEE R L K EnF PR %S
g3 AT fR:

Ss, = cos gPoln + (1 —Sub,) xPf,.  (9)

step 4: M HENBHERIEES 2. KL TR
IFZE 3] 4 A @ v, 73 3 A R 1% 4543 73 9 Score!
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AT RN 1 Fos.

PR VEAF 2352 21 J 14 (0 AR AL 14 0 4] 45 7 T
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JE PR R FRAF AR B A AF 70 [z, H AEAS [F) 30 10T ] i
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AT 1 25 2 ] (P

step 2: 4 /S 7] Jg P 1] 4 B 29 4% HEE L 8 JEAT 2R
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step 3: ¢ AN [ Ja& 18 18] Fr) S 455 BE AR AR AT 2R 4,
CIESE R ERES ]

o

4 2 4
Z T Z Freq,
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T 1 Fre
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N |
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N

1 2
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E Score,
o=1

i B IR D PR A5 1 585 3 R A 1 R AL
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FHEE. [RIE, DUPC 344 75 A2 AL VT T & M i 15 .
41 RBHENE

MRYEEE 3.1 TAIZE 3.2 Timf Al B2 EA
(19 VG C J& 1 23 53 R B Mk K BAP . 5% ELB IR
MR ELE | RAESEELE, HEHENEw? = (0.21,
0.25,0.3,0.24)". [FIW}, 5 58 2 FR0E 838 — B m i1
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42 WHEREUH
Bk B3 a, 0 R R R AR b, 1 2R BE M RAE F 3F
WRIEAS =Nz, = Z(He,;, En,; ,Ex;;, En,;, He;;), 1
L HE A5 AR AL P A5 3006 2 B B
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1/(1 4 ((He;; — max{He})*+
(Ee;; — max{Ee})* + (Ex,; — max{Ex})*+
(Ee,; — max{FEe})? + (He,; — max{He})?)).
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4.3 FBRITAEEHEN R K =L L R
gt
BB L oK o Hefr B NN Awy, s 83
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7 5B X SR IR TR DA R B 3 SR R A X R

96 T P AT 9 R D Awy A R LI R P, B0y, = {w,
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2 wl€l le! ul¢!
il oy Ha2 oy PR

g 0 VBN HE I B Ry, =
2 el 1C]

1 1 1 2 2
{an Wjgy o ooy Ui S U Whgs ooy Wi S Ut 5 U - e
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L=uhe k= {1,2,...,]Cl}.
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s 7 GO0 3k 2 1% A TR0 R A R D Aw, A R DL

1 2 2
s Ui s Uiy Uiy - Ui

u]'k == {Ujl,uj'z, ey

B

FE, Mgy = {uny, oy, - wpey, } B R 1396 38 2
= 1 1 el 1C]
Up; = {ulj’ Ugjy e quk]’ u1jaugja ’U’AW,CJ? sy Upyo, Ugj oy,

R E RIS = BBk R Tk 1375
\C\ . _ _ _ —
cot b H Tl ===l L k= {1

. yC|}. AL O I 2 R A K U 1 B I R
NAw A EOMERIE, B0, ={0;,0,;, .. 9|cu}
BN E R E IR0, = {6,605, .., 0%, 0%
9;,...,93\7”,...,95‘,0'2?',...,9%‘]”. .

step 4: K EAAL. 25 B8 T 1F 3 M R B [ 1)
% H bR =30V HC g s Fa e tRAGARE Ty

|A] Bl |C|xAwy,

max Z,; = w, Z Z Z Ui ikt

=1 j=1 k=1

|A] B |C|xAwg,

w2 ) D Ttk

i=1 j=1 k=1

|A] B |C|xAwg,

W3ZZ Z Ui Ty555 (13)

=1 j=1 k=1

] ZSatk ,
Z (satu = * ic ) .
Cl ’

|A] Bl |C|xAwy,

max Z, —ZZ Z Uit

i=1 j=1 k=1

min Z, =

|A] Bl |C|xAwy,

‘91“]22 Z U Tijge- (15)

i=1 j=1 k=1
|B| |C|xAwy,
stoY Y wu <l i=12.. A  (16)
j=1 k=1
|A] |C|xAwg,
Z Z xijkglajzl')z?"'a’B‘ﬂ (17)
=1 k=1
4] |B| -
szi]’kgAwka k:1727"'7‘0’7 (18)
i=1 j=1

|[Al |B| |C|xSev

33T YT @ =min{|A, B, |C] x Aw,},

i=1 j=1 k=1
i=1,2,...,]A, j=1,2,...,|B|,
E=1,2,...,|C| x Aw,; (19)
|C| xAwy,
”k + E E .lelk/—F
=1 wu, />u
|B|
g g wij//k// —|— E E ‘rz’j’k—i_
G =1 ug e >ugk G145 K £k
Ujjr =Wij Uyt =Uik
|A| |A] |B|
E E xi/jk/// + E E xi//j///k 2 1,
V=1 upm >ujy i'=1j""=1
(20)
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k=1,2,...,|C|] x Aw,. (21) 76NV WAL s A A % 5 2 1 XL R K B

ForF: wy wo My N =10 EARPIRE REL, 2w, +
wy +wy = 15 3 (13) =10 EARMTFHEE BARR 3
3 (14) 7R PA& L oK AR BRI B2 1R s v 22 S A i
KA TAER 7 BB PP 48 4%, X (15) Fow
DA 2% 5 A2 R 5 3 B2 d KAE S B IR R v 4
by 2 (16) F1 (17) 539 s AR BRI E AR AT —
FEHREpTEZ G — UL, X (18) NCTTE
e 5 Ay BW 5 UL EC2H $ s /b T30 N B
EBR; 2 (19) Joxt VT ECEL | ] 1 29 3 S A 28 (20) M
POyINIY =Rl e PR S L
4.4 )RR

A SCAUL R F AR S gt A — ARV (NSGA-
ID) SRR 2E 4.3 59 1Y =3B UL RC s s AR AL A 28, 2D 3R
wr:

step 1: BENLA w146 F0 A, J00 H Ax i £ (13)
~ (15) BEAT VAl

step 2: J& T Pareto SCHC KRB FHEER] 2 AR
SRR, RS 4 R R

step 3: B A HTHT N AME I 2 A W6 B AR L, 1R N
2 PRI ORI IR AR T

step 4: 1B IS 2 XA 7 A w1 AR, S5 R E
FETE KT Rl

step 5: A AESCALHE T, FEot EARET R, FoE T
K LR B TR G2 D U S 2 Pareto BT, H 23 £ &

T, B 2 Bk A I A R RO, &
GG S T T, R R RO T = R B
(LR, (2, BEZ TSRS M 2 A T
S I R, AR T BT R g, BESEUR#E
RITONTE TR TR T, 2 G2 y7 il B IR 3
T B AR A i DR T LA A 1 B AT A 1 B
IR 55 FRAAR AR 3, 38 A0 AR B AR e 1 AR 1 H R
TN FE 244 B KT e A DA B 5T A 1
TRFE BRI + 27 g B ISR A Fa 1 Iz A WA 1Y
9%, AL SR EERE R R RZEAE S B S NEL D
SRS, v B R S N5 (E . R EE R BT A
5.

e 5 hitetmEEa, (i =1,2,...,5)fHE
EEREmki2, T I RR R AN B E 1, A 6 AL
HEEAD(f=1,2,...,6)FH B ERER L FAEL
P2 R B BREE, BeRS i AR S 1 B B
FH 3hic,(k=1,2,3), AN T RAe A EE
NE EBRSev = 2. A4 Tt B H w2 k5, 3 — b4
EE R AR, B3 HEEEA S FRER T
F AT AN ) 73 A2 T AE L e F G iR it 5 SR LT
15 5, IR EiZ LR 7 . M, 47 5 2
ek N REVC S — 7 BB Al — A & K. 84> =AUt id
TRiHE BNk 2 Fios.

R2 BEoNEEEENRFER
A B ElAB EQAB E3AB E;‘AB
a by {5,(0.5), 5,(0.5)} {52(0.3), 55(0.3), 55(0.4)} {5,(0.7), 55(0.3)} {55(0.2), 5,(0.8)}
51 [LEERSFTRE fa
VL e 48 o R 0.2331 0.2168 0.265 0.356 0.2597 0.2857

step 1: A & =1 VL O J& 1. ARG 2 4.1 5] A&
BB BEN TR BREERAEXN TR ULE
G I J2 1% A 1) B A A

step 2: #4JE =1 VLIEC VAN AR 5. AR 40 step 1 A4 E
=IAVCHEC T HE .

step 3: #E AEXT AR IEAS =, ARHE 28 1.4 795 A%
AR F ARIEEFAEXS AR LS = I ), mr 15 2
=T mIFE B

step 4: A AEXIRIERS = I € W = Bt =X
6) ~ (8, % f=19=1, "[H{AREENKIES
= gEK (13), IR ER

0.2169 0.2557 0.3808 0.2919 0.296 0.2676
0.2862 0.3257 0.223 0.2235 0.1912 0.244 7.
0.3751 0.226 0.2362 0.8068 0.3082 0.336 7
0.275 0.3009 0.2357 0.1919 0.2323 0.3188

step 5: SRAFUCHL &, B30 (13) ~ (21), FHREH
I IERERI A, 2w, = w, =ws = 1/3, MEZK
PR E A MERIE N

06 0.5 0.8 0.7 0.9 0.6
6,,=109 06 05 07 07 08 |.
0.7 0.5 09 08 05 0.7
454 NSGA-II 5%, W] 3845 7% J8 LA & 2541 F
0 [5)PE mAR B DL 7 R oM {(1,3,1),(2, 6, 2),
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(3,1,2),(4,2,1),(5,4,3)}, Bl ¥ a, 52 E A b,
ML 5 e, ILEL, BB a, 55 2 B A2 b F1 B 5K ¢, UL L,
HBEa 5EZEED ML K, ILE, H&a, 5HZ
PR E b, FI & FK e, VLR, B3 as 5 EEA AT K
c; VLAC.

52 REEST

521 =R REUE ST

BT FRGRRIESHf = g = LFILSF, T3k
151, B EA R EUE Y 2 e i A UL T %, T
T AN [F] ) LSF LA S48 f F g iEAT RABUE 347

DEESf > gy f=gMf < gt 3 Mg, S
ANFISHAEA R LSF R0 T B 24300 B FE AL 7 &
AN

O TELSF, F: #f=2,9=1K, HixE N Z,
=2.4063,7Z, = 0.2222, Z, = 5.009, VL )5 & N
(1,3,1),(2,2,3),(3,6,2), (4,4,3),(5,1,2); %4 f =
g=11, AN Z,=1.9682, Z,=0.2222, Z,=
4.726 8, ILAC T %M (1,3,1),(2,6,2), (3,1,2), (4,2,
1),(5,4,3); 4 f = g = 2, HAMENZ, = 2.2235,
Z,=10.2222, 7, = 3.684 5, ILEC %M (1, 3,1), (2,
2,3),(3,5,1),(4,4,2),(5,6,2); %4 f=1,9 = 2},
HArE N Z, =2.2247, Z, = 0.2222, Z, = 4.909 6,
VCAC 5 %R (1,4,1),(2,6,2),(3,3,1),(4,1,2), (5,
2,3).

@ fELSF, F: 4 f =29 =11, H¥sME N Z,
=2.1193,7, =0.2222, Z, = 3.886 3, ILEC T &N
(1,4,1),(2,3,2),(3,6,2),(4,1,3),(5,2,1); %4 f =
g=10, Bz N Z,=2.2062,7,=0.2222, Z, =
4.3511, UCRC A =M (1,4,1),(2,3,3),(3,2,3), (4,6,
2),(5,1,2); 1 f =g =20, HWENZ, = 2.0429,
Zy,=0.2222 7, = 4.396 7, ILAC T 2 (1,1, 2), (2,
6,2),(3,3,1),(4,4,3),(5,2,3); ¥ f=1,9 = 2it},
HFrMENZ, =2.1220, 2, = 0.2222, Z, = 3.9477,
VT 5 %R (1,4,1),(2,2,3),(3,6,2),(4,1,2), (5,
3,1).

ANFE BN LSF, 5 LSF, 15 2 1) Z, XM [F), &
W BTt 77 12 e AR B X B AR R A A E M
[FF, HbsREUE Z, M Z,7ELSF, 561 R A KT
LSF,, % B Uk 5 3 fi [a] T~ OR 5, F - XU B A k.
i, AR HAEAF LSF WSO T, B#F a, 5HEE
= A2 b, K BT TE, /0385315 0 5 25 J2 15 AE b, 14 i IT
e, Hofh B SRR A TR M ILE Y b S HCE
AR 32 B DR 2 BB 3 a R R 2 B A b, VAN
$5¢ 11, IO XA B = ) B P R ELE A R

PEAN B8 LAt & o, i 2 2 R A o, VR

MKz [, 16X 2 00 B2 TR 5 et = AL

R, AN LSF 277 AL 3 AN R 5 e 4 2R, ik
5 3] e 2% 1A R, AT 52 i UL 7 2%

D EEEf>gs f=95f < gt 3N, TRt
FEE ) R R AR ) R FE AR AL R T DA ay KR
BEAby, by, . .., b AP, ANFESEAEARLSE, 1)
BIEWER 3 Fin.

®3 TRSHBINHEEE

B

N
s

(0.2355,0.2215,0.269 5,0.368 3,0.267 1,0.304 5)

_ =

(0.2441,0.2351,0.2832,0.428 9,0.2877,0.401 7)
(0.2331,0.216 8,0.265, 0.356,0.259 7,0.285 7)
0.2355,0.2223,0.2691,0.3715,0.267 3,0.315 1
0.2426,0.236 5,0.2815,0.426 6,0.288 6,0.411 8

I« «

Il
SN

e T e N ]
I

— = e @ @ ot
Il

( )
( )
(0.2345,0.2202,0.266 9, 0.369 3,0.263 5,0.313 1)
(0.2423,0.2323,0.278 4,0.4296,0.281 5,0.4129)

@ <«

B 3 0] WL 39 = FE B A 2 80 f R0 g B A8 KB,
T B B R 2 B 2 38 K S TROR. T S R A
BHREF YA SHE R, BN R G athe
K.

5 L, kPR LSF, B, 3R 5 T R
OB, ik B LSF, I, 3R o 5 38 0 T AU AN UK.
[FII, MBS f R g BRI, RN EH BN R 24
SHFRN GBI, RN SR BB AR, 4
f> g, RONREHEFHA —FEM, Uf=g
W, RN E - PEE BN, 24 f < g, FoR
WRHEEE R MR 28 EATR, vk TR
H Ol DA P 5 () S B PR e B AN (Rl i 2 40E,
DA B8 ff Hb i o 3 250 BRATOA.

522 MEIMBRSwW N REE ST

it — A B M A 22w W UL E 45 SR 1) 5%
Wi, NN S H w0 AT REE . T Z, 8 TR &
P i H bR R £, Z, 2 R H AR B AL AW K
MMM A T w, A7 BT Roxt T HARME Z, M5
M. 4w =0,0.1,0.3,0.5,0.7,0.9, WA A £& % 4L
FEO T BAME Z, s B € 1 FR.

FH ] 1 AT, Set Al & i w A R BUE T H
VoE Z, A W E 2, e VLR R, R R R NS
wRRILHE =7 2 AR, U 5w kRAEBN
B, DGPC = 5 3 P () S R T B 2 . AR,
Mw, I KB, R BE M EERET, Jw, K
I, 2 35 = 2 AR 1 A B i B g B KN, 3R
INE RN R R EE —RIEOLT, NE MM
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(d) MEw,=0.5 (e) MEw,=0.7 (f) MEw,=0.9

Bl wxNEIERMEZ T

BRR WS D PLIT TSR R, B R B
W R () B b, [P SR 2 AR S R SR
PRGN SR, DLSZEIL 2 75 A 28 1 Bl 45 P-4l
53 BT
531 ETFZREETHHESMT

ik — B WA AT 3 Y PLANCBM 51 () & B
PEFIA M, A SCK e L REH T 5 MRS
B AT LU, BRI 4 TR

x4 EToRBRSE RIS
UNLGYSRFS UNIGEAES
R
oy
T vt
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(am b, 01), (a57 by, 03)}

4 BIORATIR A SRR UL C &5 B 5 SR
[14,22-23] BVLAECEE A —F JREA LT LA

1) STk [14] (777 B8+ 2 @Ry
5, ANRE BB = VU D o 56 ) AL Rk, AR
SCHR [14] 7€ XM= RE T B i h s i &
HET, ARE PR UCE S RA . RN, fri
i PLANCBM 5775 4b 2 A% i s 22 1) B8 ih B A
2. W 545 E L(p) = {5(0.3),55(0.7)}, WIF
Fi CHR [14] 73 2] 2 = (0.057 3,0.368 3, 5, 0.368 3,

0.0573), dEXIRIES = NIES = AHZ, FIH i
H AR R AR AR IES = 2 =(0.0572,0.736 6, 5,
0,0.057 3), IR L1k,

2) Tt O VE S R (22l HE TR EF ZR.
SCHR [22] FIVCECAE RS b HE 7 AR A B i, (B2, )7
{ELAS e A Sz Wi 07 2 82, T A SCAE FH 22 0 P M 26
B 5 RS (15 UT FC 45 3 o0 .

3) JT R 7R S SOk [23) FESA TR A R 2
S, OCHR [23] i Z-IRAHOR A EE AR R, (HAE,
ZOTE R BRI AR 1 S A B TR, AR
H LR EIRAIE SR, K, Frieh ik B o
038 Ik A0 S
5.3.2 FETULECHELRY R B A BT

N — A5 B AIE B $ = 3 VT T VR R R N
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FEEC o AT e 1) SCHR [23] SN M it 38 JiE o <2 46 v 1t
JNi 38 i 5 7 R R A =L DGR ) A 2) SCHR [24] M
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