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Multi-criteria three-way recommendation of heterogeneous information
based on rough set and GRA and its application in medical
recommendation

ZHANG Meng', SUN Bing-zhen'!, WANG Ting', CHU Xiao-1i*2, TONG Si-rong"

(1. School of Economics and Management, Xidian University, Xi’an 710126, China; 2. Traditional Chinese Medicine
Big Data Research Team, The Second Affiliated Hospital of Guangzhou University of Chinese Medicine,
Guangzhou 510260, China)

Abstract: Medical recommendation may have the problems of multi-source heterogeneous data and multi-criteria of
recommendation items in clinical practice. Considering the characteristics of medical recommendation, this paper defines
the distance measure of different types of data in heterogeneous information systems and the effective processing of multi-
source heterogeneous data is realized. Firstly, meanwhile the binary relationship in heterogeneous information systems
is obtained according to the hybrid distance between two objects and the heterogeneous information rough set model is
constructed subsequently. Then the multi-criteria recommendation is combined with the multi-criteria decision-making
method (MCDM). And the multi-criteria rating of each item is aggregated by grey relational analysis (GRA) to transform
multi-criteria recommendation into single-rating recommendation. Finally, three-way decision-making is presented on
the basis of the heterogeneous information rough set model, and three-way recommendation is achieved based on the
collaborative filtering method, which considers the cost of decision-making in the process of recommendation. Clinical
practice data in the part of medical application is used to verify that the proposed model can provide a knowledge support for
clinical diagnosis, which effectively reduces the cost of recommendation and improves the accuracy of recommendation.
Keywords: multi-criteria recommendation; medical recommendation; three-way recommendation; grey relational

analysis; rough set; heterogeneous information
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3 ETGRAFZHENIHEE

13T R T BT 2 I HE A4 58 2 e
HEFETE B 4540 77 THI ) 22 7, X ke o S5 S 3L ds A%
Gt 20 R W HEFE 1K 7 ik 2 — % 1= FR A%, MCDM 2
R E BB R —, HAEH B Y
)2 (s B3 B HY R 58 B VA, 2 HE N HEZE R0
MCDM 75 #2322 445 2on TIR1E ik, R,
A M MCDM 4 £ FE SR AE 72 22 1 )4 2%, 76 22 #E )
e AE AT I H AR A AR R o A 1 B AR )
. INMCDM (1) 1 B SR i, it & TR A E R A R
A A FE N PP, 15 2 FH P FAN 100 H i) — S
RV VR4 1 R FE. T4k, YL Sk 15 B AN 2
P S HMCDM KT 78 30 55 52 B 1 Ao e M ULk,
TR AR A 1 B I T2 . IR R G
RAGHE. REGEM. REAEHRER T &
G TR DTSR R, Fe bR A 38 2 R R VR P LB A 58
AR, DR X A A BT A BT AR BT HERE
RGN MWK RS

GRA Kt E B TR M B E
ETH] [7) 52 22 Foh PR 2R 52 00 1) S 470, 3ot o PR K € O B
B FE TR AR 7 5 () S BRAR BE , MR 85 H R 5 5
Wi AT G5 A VP A I8 F GRA J5 LT ANE
KFIUH i KOS E H- AR NI H i 1) Ak P
oy, Fot EOL R S IR T R R, 1S 2 Sk
Vo BN R A AL (BT e R R B U E i R

TEbRA SR P 41, st 2 F A 2 150 H T & 8 b
() 15 R 7 510, 0T AR GRA T 28 35 11 52 b 4
3 17 50 5 B A AR 4 f S TR P88 Sk 4 B L 15 e A A
JF B A HEAT AR JEE, DRI P R /1N, 138 B i 00 Y 7 {25 1
AR

T LATRUE iy (V53 6 B (2R 4 BT 4
H GRA F7VETHE I — M IR, Yug(q = 1,2,
n) A g MR PP U, = {u,(1),. .., uy(h),...,
g (ke ])} WS P g SRR HE M e, . ens ..
ey | TG A,

x4 RP-MB i BT RERR

SAREDE

el €h €k, |

wr wi(1) ... wi(h) ... wi(|k1]) P(Ur,Uo)

ug ug(l) ... wug(h) ... ug(|k1]) P(Uq, Uo)

Up Un(l) ... up(h) ... up(lk1]) P(Un,Uo)

1) B 58 53 41 7 41 AR 4R 350 4y B 9F 73 56 BE AT LA
B0, = (g (V)i g} g =12,
n) KR BT A, 1 Up = {xo1, - - ., Ton, - - -, Tojky } W
RoTEIr N e, ... en, ..., e FIZHFEHI.

2) P A e BN, BT AN R ) B A 2 e
FAUAST] A FEE, F 50T 2 b 7 23347 o 2 N A
PE. 5 W) 7 51 JC E N T A YIE AL A A

3) THRLRIK R 2

min min A 4+ £ max max A
h h

‘P(Uo(h)aUq(h)) - A+§maxm’fliXA - ©
q

Horfr: o(Ug(h), Ug(h)) AFF U, FIZ 7 75 Uy KT
SRS HEN A RIK R EG €6 € [0,1]) A HEREL €
— N T AT 0.5, EERN T A RAE R TR 5
;s A = d(Uo(h), Uy(h)), NP H U, F1Z % 751 U,
KT B R A AEN 1 R B, P BE B ik T 2 A
)~ (7).

4) THE ORI E. N 1 BT HL H AN R TR (1
KRR B A RNKEOKIKE (h=1,2,..., k), B

|k

P(ULU) = G 306U,y (10)

i3 GRA JSETHSEANFE P By 5 H S R
I AEL, PRI J T S M A S 1) 25 T DU 7 Pl e Ak g R
OISR, RVHERZ E 70 R 3R 3 A 3R 1, e m R
SR R T AT HERE TN, Jl L ) GRA 5 ik
Xt T AN R E U SR 45, ] LA SRR A% 5t 22 HE N HERE 7
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1518 e 22 5 2 wE N 1) R BR A%, R i B 5 4 Apn DA R VR HE 22 10 AR, S0 AR 8 R 42 1) il A

Hy T AR TR

4 =HFE

L8t — SR A REHER B A HERF IUH , SEfr
FEASTE SAT DA H Xpa) e 5. 0 H = AE AN BUR Y
P 7 HEFE R, 51 AN T LA A 1R T H HER 45 )
x5 Ly SR T 2 (1 B ()R 5 R B0AS ; T B A6 i Ay
KA I H AR HERE LS 58, 2 5 BUB 1E R0 AR A
T B 5 5 R, 2 B I RS WA R PV A S
U, “ARUR BRI 7 R S HERE G R ) 2 R
F10 ke SRRV 1) = S P SRUSTLE TR SR b 25 18 T TR SR R
AR, AV 51N IEIR PR S FEAC T S P SR MU, =5
PR SR EH T PR SR T R P A P E A AT AR 1 B AR
{147 56 VI AT FRUO-181, = S e 5 5 T g /s IRV DL A
PSR FRDRE AR H08, FoAZ O AR M BRI 43 R 3 A
HLAS A AZ P DX, o A [R] 6 X8k S AT A [ 1) o S AT
N ARSCAE R T M A5 B R RS S B2 ity - A
T SCHERE, RIAEHET rh AR A1 ToUIN PP 23 FH A e
TE AL S S IR HE TR

TEHEFE R B, P(R|(u,i)) T 7w S X000 H
iR RE . 7 ZSCHERE L 0 T A (u,4) W
K53 R A B AN HERE, ok & E I POS (R) 53 it
B NEG(R), Ul

POS¢(R) = {(u,i) | P(R | (u,i)) > ¢};
NEGe¢(R) = {(u,7) | P(R | (u,i)) < ¢}.

FE = SCHERE T T8 — A (u, 4) 7T RO R 43
NIE POS(R). £k NEG(R) 114 5 35 BND(R).
BND(R) &/~ 2 54 I H HEF 45 H P AE =3
HEFF RIS P g 85 A = {P, N, B}, LK R 3 H
WRHAT R, 0 2 (u, i) € POS(R), (u,i) € NEG(R)
Al (u,i) € BND(R). R5Hfiik | ANEHEF 1T AT BT
BRI, App, Ap, Anp 73RN w B
T [ 4 5 R EUT 3 P, N, B AT H A, Apn, As s
ANN 2P R R M P u AN I 6 R EUAT 3) P
N, B A AR, Jo i App, Ann AR TEHf 1)
B )\BP,)\BN%F?E’?L‘ R R A ) AR ANP;

®5 HEHERNERER

WFATH R R

¥ P App ApN
WEIRHEE B ABP ABN
THERE N ANP ANN

BER T HABAER A, — R WA pp < App < Anp,
ANN < Ay < Apn.
FE AR AN 5, 7T LAS 20~ AR R SRAT
AR A
C(P | (u,1)) =
AppP(R | (u,1))+ApnP(R | (u,1)),

(
C(B | (u,1)) =
)\BPP( | (U,Z))+>\BNP(R| (U,Z)),

C(N | (u,1)) =
AnpP(R | (u, 1) +AnnP(R | (u,1)).

AR DL dge AN BRI, W] RAAS 34 T R0

DWHRC(P| (u,i)) < C(B] (u,9)), C(P| (u,i))
< C(N | (u,)), M (u,i) € POS(R);

) WHRC(B| (u,i)) < C(P|(u,i)),
< C(N|(u,1)), 0 (u, i) € BND(R);

NWIERC(N | (u,i)) < C(B|(u,1)),
< C(P|(u,1)), M (u,i) € NEG(R).

B — RIS, v URIEA 26 215
HEARWTF:

C(B | (u,1))

C(N | (u,i))

BRI

>\PN - )\BN

= 11
“ (Apn —Asn) + (AP — App)’ (v
ABN — ANN
— . 12
b (AN — Ann) + (Anp — ABP) (12)

HRYE BH o, B 7T LS B 2R SR, Ko 0 <

B <o <1, BARMIHET A VE N SCHER[18).
POS(a,5)(R)lu = {i | P(R | (u,i)) 2 a};
BND(a5)(R)|w ={i | 8 < P(R| (u,i)) < a};
NEG(aﬁ)( )|u = {7’ | P(R | (U,Z)) < ﬂ}

AR A b 0 D0 AP 73 P, AT DA A S
WHRATN. P > o BHATHESR:; 2 P < BISANIHE
ITHERE A P T o5 B Z IR, X6 L AT ZE 38 P 3R,
A DA R PRAI TR SRR, B2 e T (1 HE A 12

5 BEHRBEESGRAKAMER

HE N

ALK S8 5 16 /N 75 225 00 S O i L R 3 £
HEEAT AT 280 A 2 20 M DU o PR HELRE S0 fl
s B DU P A8 22 1R DB 2 R4 L BE S, £
VA RO A A E SV TS F S AU £ A
., T GRA HE 5 15 A3 75 225 50 SR I 26 1R e £
R 5 46 B AN S 2R AT 3K ) 5 B O T 2 53

BT %
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Fafs B REEEFERE |51 N GRA VLR [ B T )7
HR RGO, RGBT L B Fabr 7 41 5 B
PAFRHR T B AR ARE BE VP A 2 10 H , BN & 297
SEBRUR S . R, I 2 SRR SE AT GRA T v T
DAfiA DR T HE 3 R P A7 A ) B0 22 U e A A 27
T 22 U i) B, B B 3 . R T R SR R AN E
RFLE.
5.1 [a)E@EA

FET AR SCHE 0 BT HEFE S S50, AT R A I R 2
P AT S U0 30 AIE A SC T A A M. AR SRR B )
H AL 5 2 041 7 2 (R K2 gt B RT3 B
KB T8 000 /7, 2 B H 56 2 KA PR, Ji XAE
SRR R TSI AN I K AR BT AN e 7 B
TG 5 hEs 2 Dk 2 4l B i 121230 X L 1o H X 48
538 % WLAR b, BRI B0 itk a2k 6 BT R, B4R
P () 1 5 Y0 L A] 228 SR [24]. Herbe iR g T8 X
B, 100 I8 T 455 48, oAb e bn J8 T S 8. k6
DA 95 X2 T B R A 00 H AL I Fe bs L
22 S 11 T A () B8 i o JEG A7 2 v DU R A 2 S . AR S
630 0L il A HURE SR A GRA SR8 R M {5 B R BT £ ik
W = SEHERE, N B A AL ) ARG 2 10 H DAA
BB A2

*6 HUEKHRE

TiH LN TiH Ly
ALB TC
GLB TG
o-a%Ea 1 fig
PA HDL-C
TP LDL-C
DBIL UA
FFIh-RHAa & TBIL 5 1) UREA
IBIL CR
Gender JER T FR RE
B AR & 1t
AGE k33 GLU
AST ALT
S 1-Fig
JF - 2 ADA GGT
ALP

B 5, WU AT 6 b B De Vi B A b PRAECAD R FRAE
(- L EAR S E R A 7 51 45 oK, 2 T GRA T3 %
XHEEAN T H T AN [A 18 b8 BEAT 5 G, IR K AR 1%
EH R PR R H SR PR SR T B E R AR T
B 5 B A0 H1 1) SR I P /0N, U WA 0 H i 2 I
RS HIRE R, PR, X T AR PP BN I H 2
PAHERE, X 5 1% G R7 M A AR E R 22— AE

EITHERE S, App, Ann AHERE S R IEM AR
s App, Apn 705l s 0f T B 7 BB AN R E W
T & T H IE IR HERE AR A p, Apn IR IRHERESS
RERIRN. AL B LR EE =M ERE L
RN, H B App = Ayy = 0,Ap = 3.6,
Ave = 9.0, pny = 9.0, gy = 3.6. I (11) A7
12)iFE R o = 0.6, 8 = 0.4, 285 A 73 [H
PR EE TR PR A B H AR PR TOME, FE
Shh FIRSK S I BIE A 4.
52 ZHR7h

7£38 FH GRA J7 31 S B AR P o i 12 v, AR Sl
MFEFR B FE T BN TUE N AR bR 8] 2K
G REE, 7 45 S0 1 2 Fir s, AN HR RT DLFZ 4R H I
H AR bR B G BC . B an 2 B 2R H F, w] LAAR 3
fabr ALT 5 AST 2 [8] B AT B 5 (1) SR BRE, 17 72 I PR
Sk ALT AT AST #5724 2, H.% FH AST/ALT [
EE A R B 7 4 B 453 493 175 4005 [RDF, 1 85 1 ALB
1 GLB 1, /5 B R BE, e R H t 5 B ALB/GLB [ ELAH
S Dy e ARG O, 2 — IR E 1% 7 VA A 2K
PE, I AN ECHE 42 908 1) £ B 9 I PR S R AR 1t 1 24 i
B

g

<

2 0 96

< .70

<

At 034 0.35

<

=

el 093 0.95 .

O

5 0.83

<
ALT AST ADA GGT ALP

(a) Mg

m

=

<

m

=By (.93

C)

=t 07 0.74
ALB GLB PA TP

(b) HEH

E 2 ARTEHREEIRERE XEKE

S 3% FHF ) 48 0% 22 (MAE) #ERfI 2 (ACC).
Y75 % Z (MSE). ¥4 (PRE) 1 4 [5] 3 (REC) K ¥
5 HE 2 G R, B 3 AN R 3 AR P B0 N BT e
FEPR VAL RO BT 2R I, T LUE B N 934 0, ACC



%78

K HF: BREHEREEGRAMFMELS AN L EFALAETEE T LA 1891

I PRE B 32 ¥ 48 K, 76 N ik £ 30 J5 % T e, SELbr
HeAF LR fE— B 25 1 N AEEOR, o R
P T H (T A 445 T RE o 1 BTEAS
[F 204 N BTt B2 ) ACC 1 PRE, 7] LA H 8 o A1 8

0.94}
o 0.93}
O
< 0.92}
0.91}
0 10 20 30 40 50
RS 4
(a) ACC
0.98}
o 0.97}
[
& 0.96f
0.95}
0.94 : : : :
0 10 20 30 40 50
AR AR 4
(b) PRE

3 REHESRA FEE X R AT BRI 4

1.00
0.95
0.90
0.85
0.80
075

ACC

L.11
1.01
0971
0.8

PRE

0. ~—0, B
(b) PRE
&4 A[EHELSITMATEEER

1E0.4 ~ 0.7 Z [8] 22 XEH A BTt B 1) ACC Fl PRE 55
. R, 7E 75 B U SR AR [ Al b, W] e 98 0 1) R
(ERSTII ki

S 127 R T 2 I HERE BT T R, Hrp R
FRA R kR EE LS L
5 S AEO-I T2 5] Z2 NS ARV 4 IR OC &R, DALk
AR H 2 P75 EIUE B SRV, 0 Kk
ZB[E1 5 (KNN). BP #1228 % 4% (BPNN) S KF [A] & L
(SVM). %5 [H] 5 (LR)~ 42 5% AHEL 1 (Cos) F1 57 /R b AH
K A B (Pearson), I 1X 48 J7 v I 4 7 45 - 5 GRA
J7 VR R 4 FEAT X b, R 7 proR. i g R 7
A LLUR B, K GRA J7 k1 5000 B a0 4158 21
()3 2 s A T HoAth 7 vk, @M 36 UE T K F GRA 7
VERLG I H 220 B AR

®T FRIZENEFS ANHEFE R

8% GRA KNN BPNN SVM LR Cos  Pearson

MAE 0.0630 0.0932 0.1053 0.1354 0.0941 0.0661 0.2639

MSE 0.0077 0.0185 0.0191 0.0211 0.0178 0.0365 0.2048

DRFE 22 ST ARG 3] T AR L KT 12 Ry
B 5, B A AR 9 AR 3 S, DR gl )32 B AE
ATUIERIO-20 A S IG 38 0 T 20 M 1R VR A ST U
(1 DeepFM Fl Wide&Deep %) 7 MAE. MSE. ACC.
PRE. REC 1 Time & 2 >4k & J7 11 1) EL S, U056 8 fir
7N

®8 TRIEFEAREFLSRIILL

Bk MAE MSE ACC PRE  REC  Time/s

RITTH

DeepFM

0.0630 0.0077 09742 09837 0.8770 35.7067
0.0846 0.1285 0.8745 09301 0.6978 39.8569

Wide&Deep 0.0929 0.1312  0.8923 0.9908 0.6926 31.6783

i I W 5L 2 8 W] LU H, AR SC R H IR U7 vk AE
MAE. MSE. ACC. PRE flIREC %5 i3 45 1) & B 45 3
LB, BA B A v R RS M, RE 8 i A2 15
I 12 WK 3 1 P ) v R AT BT ) B, AR
SR 5 R T DeepEM, g i 5 Wide&Deep 5
R E R 7 AN AR R R T MR R X
T ERI7 2 Wi ok Ul AR & 1R B B () T AR AR, (H 25 R B s
I7 V2 Wi AT I R R A, A HE A 32 e SR R B RN v T
RIS 25T T SR AR, TR =5 R 2 W S P v i
PE. A, BT 0 75 T v FE 1 T ARk, RO B2 i
RGP AL N — i FF G R B, X 7R B AR S DA K
TERA L AT SR, MR 2 IR B 24550, ik
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F %£37%

SRR BIR KR RTS8 #, A
AR M, X S EURE S S iE R T i2 W
AU T R MR A5, A SCR FH IR ik T K € DG IR AN
= S Wp IR A VAR T S R s SR A, L
A BT I AT R R HE AR 25 R

FRAE 13RS [F) 2 O A 445 SR ) 3R I, e B 4T
PN = 50, Mo = 0.6,3 = 0.4, Tl 25 B A ¥
Gy FFRAT T SCHER AN = SCHER, A3 BIHERRE S5 RNk 9
B, Hod 4545 RN B HEE B AR, AR 9
A DATH A5 31 S HEE AN = S HERE A R SR AR 4y
H2M 1107 F11065.6, “F I HELE BUAS 23 71 £ 29 0.23 F
0.22. i8It % 9 7] LU W, = S i 7 SE AR
T2, AR FF A BT HEAE TR B 78 40 I (0 1R S 3 55
RIANAE H B A R 32 AN, i AR S S 7
3 BT TR AT RH I 1R R 5, B TT DA v HE 2 ) A A 1
SR DL b S o S R B A, 2R BRI
TETE SRR BROA R v 1 0 B ph S, B
A HINE TR IT R I s AR OB DL R R A
JE BER R

£ —IHEM=IHELERIL

=R TR
RFAT A ) ] ] ]
i 536(0) 8(9.0) 784(0) 13(9.0)
ERHEE B 237(3.6) 4(3.6) — —
THEHE N 14(9.0) 3974(0)  11009.0)  3866(0)
6 4 i

BT Gt 5, BT HERE P O H B A
BRYESRAE T 27 HERE S R R L D, IR L e s
LR VA 1 R R 2 T (R ARABLRE ;[R5
T A7 AE 10 52 S %, R I s it kv R B0 A ) A
DRI R HE 77 7R ds AR BT i SR A BRI
REANL . A SCTE 45 G HEAF BOR . MCDM A =32 1k
SREETE, T T S HURE SR AT GRA 1 2 #E N =32
HEFF T3, Bt 1 e TR B R AN I H 2 v
YOI 55T 8 R . 2 RE 9 7 AR I R SRACAT, B
IR T RS AS. B 51205 38 H T By 7 42, ) i
HHER AR B T H AR B R 2R 1297, O F M
AR T IR T 2 IR RN T 12
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