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Abstract: In response to the issue of biased comprehensive evaluation results caused by anomalous ratings in comprehen-
sive evaluation problems, an intelligent comprehensive scoring approach based on improved differential evolution algo-
rithm had been proposed, which enhanced the fairness of comprehensive evaluation results by eliminating anomalous
ratings. Firstly, considering the causes of abnormal scores, the fairness index and objective function were defined for the
comprehensive evaluation problem. The constraint and the criterion of abnormal scores were also analyzed. Secondly,

an intelligent comprehensive scoring approach had been proposed based on improved differential evolution algorithm,
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which introduced the following three improvements to the traditional differential evolution algorithm framework: a real

encoding and decoding method was developed based on the score weights. The weighting method was used to write the

constraints of the score weights into the objective function. As a result, the comprehensive evaluation problem was trans-

formed into an unconstrained optimization problem to improve efficiency. The problem-specific knowledge of score

weights was designed based on the fairness index. A heuristic population initialization method was employed to speed up

the algorithm convergence in the early stage and the solution quality of the score weights. Finally, the case study results

had demonstrated that the proposed intelligent comprehensive scoring approach could automatically identify ratings with

smaller weights as anomalous and eliminate them, ultimately providing a more fair comprehensive evaluation result

within 13 seconds, effectively improving the fairness, impartiality, and scientific rationality of the comprehensive evalua-

tion results.

Key words: comprehensive evaluation, comprehensive scoring approach, differential evolution, evolutionary algorithm,

expert review, abnormal score
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FTZs BRI 5 A 53T 25 U H Sse st . Bk 3 Ah
LIRS AE A3 745 1 DE 532243 7 27 4 DE-CC-
RPI. DE-ECT-RPI. DE-RA-RPI. %[tt Fik 3 fl DE
FER EARRBUE SRR R 4R, DL “HEE
P2 R4 RAE, LA RN K3. H
H, NA F R0t BN REAE 10 min N R 2 H AT 47
Ik 45 SR 3R H A R BB Bl BRI 56 45 R F LR
BKME. HTEMSANRT, RERMFESH
fity 2 b e AL SR I M RE AT L, WO I BRR
fEA10.

HHR 3 A BISE A %1: (1) DE-CC-RPI (F=
=200 EFX0TE PP EACE S R R LAY, Toik

7£ 10 min N 45 AT AT iR, H)E A2 DE-CC-RPI 3K
fife (1) - B I H VP 2B DA% 3 2 F0 0 11
%A%, (2) DE-ECT-RPI (F=5) X ECT #
AR AN ERA R J5, FxFar s Mg 5,
BIREE S0 s g it 45 R (3) M T DE-CC-
RPI (F=-10) #1 DE-ECT-RPI (F=5), DE-RA-
HPI (F=7) RHRABERLRLENHIrRE 2
Ja . EEXTAHEIR S Mg, #BRETE 20 s N 4A T
ERINE AR AN N SR R e ESE

Rlk, @ AN A 20 s Ak 2 75 5 3 Fdt ik
R R S 4 T A, RABEIHERATE SR
W LA TN A A E LA R W L, AT
AT EIENERE
3.3.2 HPIZ AT Akt aesdst

JNESAIE HPT 77 AR 4% 4t RPL 72 ) PRd 3k
iR AL %, %+ %f DE. SEGA. ES #J% F§ HPI J5 3%,
e AR 3 Mt dE AL 575 . DE-RA-HPL. SEGA-
RA-HPI. ES-RA-HPI, JftbE=#Ege. AR 1
()10 N5 ], 347 25 RIS, Bk 3 F
BEEA SRR BAR R S THER TR DL “ S5 {E bR ifE
Z7 W TRAE, SRR WK 4. Hp, I
SERFRH R BE FERUS R RME. BTE 104
Wy N RS T B S 2 b e R SR I P
BEATELER, O R BN 20

FHER 4 SR a5 A k. (1) 76K H HPI 5 ik
ZJ5, DE-RA-HPI{E¥ 50 1. 3. 4. S35
iM%, SEGA-RA-HPI. ES-RA-HPIZE i 10447
S PRI CR S i BAAMIAS 2R BT, (Eik
He N DE-RA-HPI, [Ath, DE-RA-HPIVERE &AL
(2) fEIFEIAJ7 16, HPIRES $3R T DE. SEGA
HMIES SRR 2%, DE-RA-HPI 2 3K i 2 % it
i E . R 1, 1%E4% DE-RA-HPI{E 4 ST
Htitk DE i

T RRE 2 FRP R A AL 7V R A R R

%3 DE-CC-RPI. DE-ECT-RPI. DE-RA-RPIKERTS MASHISSIGLER

1B DE-CC-RPI DE-ECT-RPI DE-RA-RPI
) Ey—— - - E—— - N — - -
SR ANERALIE] THELIN A /s SR ANESRAKIEN THELIN(A]/s SR ANERAKIER THELIR /s

1 NA NA 0.227+0.071 21.709+13.191 0.204+0 13.679+1.248
2 NA NA 0.175+0.031 40.591+24.236 0.173+0.018 14.827+0.228
3 NA NA 0.471+0.040 47.683+27.998 0.452+0 14.843+0.420
4 NA NA 1.376+0.368 26.986+19.536 0.269+0.001 15.371+0.522
5 NA NA 10.567+1.287 46.472+31.989 0.521+0.010 16.201+0.266
F =20 5 7




c72 - AR AR 7%
%4 DE-RA-HPI. SEGA-RA-HPIF1 ES-RA-HPIKfZ 10 MARAVSEINER
S DE-RA-HPI SEGA-RA-HPI ES-RA-HPI
B8 4 I )/ B8 A IR /s EREE Y IR /s
1 0.204+0 11.422+2.498 2.487+1.326 13.418+2.792 22.074+14.722 9.901+2.799
2 0.180+0 11.324+0.325 2.912+0.450 14.909+0.330 4.081+2.062 11.090+0.271
3 0.452+0 11.328+0.254 14.423+3.348 14.831+0.298 40.805+14.522 10.390+0.204
4 0.269+0 11.782+0.273 14.947+6.558 18.812+0.457 3.717+1.163 12.025+0.258
5 0.517+0 12.566+0.446 33.398+11.063 22.749+0.355 11.202+2.249 13.943+0.375
6 0.781+0.153 13.039+0.271 40.871+£13.044 26.834+0.435 11.091+0 15.527+0.322
7 1.233+0.312 14.208+0.338 33.848+6.857 35.197+0.595 12.849+0 19.022+0.388
8 1.937+0.110 16.868+0.286 29.879+1.125 50.142+0.660 29.591+0 25.917+0.479
9 6.566+2.392 21.794+0.646 48.251+0 76.369+0.953 48.251+0 38.231+1.059
10 17.332+2.969 26.179+1.422 55.575+0 94.089+1.978 55.575+0 44.408+0.891
F 20 -12 -8
PIf ek, EBER1F ISR, L6 Fhokdt it HPI B A f R rar Bl slod &, H R &k R il

EE T Hbr s EUE RIEEE A6, DFDEEIFIE R
BHATRIE, WE3 @ Fiw. HE3 (@ mrH,
BT H AR 5 Fhlodk 3 5%, DE-RA-HPI | 25 4>
H b bR E0E B 3N ME, H H AR R U E
B oNET, ZEIEMREERE. NG
TIE HPT 77 24 T 33 40 5592 T S U skt 58 1 A Rk
FIREE R 1 R 59, TR GE B iR $0T
Wi 73 H br R B, 2 dl Ll S £k,
K3 (b) Froc. HIE3 (b) ml%n, KA BENLAN#E
145 1E (1) SEGA-RA-RPI fil ES-RA-RPI 78 55 — U5
FIER P O RN R SR, PR = 2R
£ . DE-RA-RPI 1 DE-RA-HPI [¥]~F 34 H b5 ek £l
Bk BIRSEY, HE#EIEGEEZ R, |
e L, R, 7E 6 Ak i b Sk, DE-RA-
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333 HHesE4 9tk DE-RA-HPI

JAIE B 840t 4k 5 9% DE-RA-HPI 1E T A ek
AR R R RE, LA 3 BRI AL Bk
i) f% It o4 3t 45 /& DE-RA-HPI. SEGA-RA-HPI flI
ES-RA-HPI f] 5L PE RE o B4R B ¢ 48 br B 45 DL
T4,

fabr 1: HPL7VE NRIESRTHRERE (553327
RAMGER ST (2D .

Fabr2: IRECRAR T35 H bR R EE MM (R4
DI B EAE 20

fabr3: BARIRLA R F (R4,

fabr4: BERTIRSCERE (K13 () ).

DE-RA-HPI. SEGA-RA-HPI 5 ES-RA-HPI Hij

150y ---- DE-RA-RPI

---- DE-RA-HPI
=== SEGA-RA-RPI
SEGA-RA-HPI
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—-=- ES-RA-HPI
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3ANFEFRIXT L 45 R & 4 fr s . DE-RA-HPIE X
3ANE bR 7 TH EIA0 T SEGA-GA-HPI F1 ES-GA-HPI.
Febra AT LS R 3323 (b) 4Ry
HTRI %1, DE-RA-HPIEA R0 mT RSO3 S . 45
b, Mk DE 875 DE-RA-RPL A A I AL MERE, k4%
DE-RA-RPIE A LR e 4R & %

EDE-RA-HPI @ SEGA-RA-HPI ES-RA-HPI
25
20
20t
15
15f 13
10
10f 9
5 L
0 0
0
A fa72 f573
-10} r
st -12

4 DE-RA-HPI. SEGA-RA-HPIj ES-RA-HPI ffih5xt bh &5 51

®"S AT EKAERS MARH EARR KA,

THEATEF RPD
WEFS Jiik HbreR B TH5Em s RPD

DE-RA-HPI 0.204 11.422+2.498 -
AA 25.760 <0.01 125.28%
: AARMMV 10.560 <0.01 50.76%
PK 20.705 <0.01 100.50%

DE-RA-HPI 0.180 11.324+0.325 -
AA 20.680 <0.01 113.89%
? AARMMV 12.880 <0.01 70.56%
PK 14.241 <<0.01 78.12%

DE-RA-HPI 0.452 11.328+0.254 —
AA 49.360 <0.01 108.20%
’ AARMMV 21.160 <0.01 45.81%
PK 38.258 <0.01 83.64%

DE-RA-HPI 0.269 11.782+0.273 —
AA 42.020 <0.01 155.21%
N AARMMV 25.320 <0.01 93.13%
PK 21.671 <<0.01 79.56%

DE-RA-HPI 0.517 12.566+0.446 —
AA 71.100 <0.01 136.52%
: AARMMV 46.900 <0.01 89.72%
PK 41.123 <0.01 78.54%

3.3.4 DE-RA-HPIA #0HIE

16 4% DE-RA-HPL K fi# 3 1 P 10 M7 5, BA3R
13 B ARk B E B NP AU S IR, R SRR
)7k (arithmetic average, AA). ZFRENEH/MEM

HARPH1%  (arithmetic average method by removing
maximum and minimum values, AARMMYV) #1PK
TR TR N5 R H AR R B . TR TR A
el % (relative percentage deviation, RPD) if
TR, SFtegs R ML Ss. Hh, RPDH T EER
AEF A 7775 5 DE-RA-HPL Z [A] ) H b5 R $H 2 5
HARE XUTE

(f,wmﬁ ~/oE-Ra-tpl )

RPD= an

fDE—RA—HPI
s fropr M forrane 73R8 HeAth 3 Fh 712 A0
DE-RA-HPI /7215 (1) B A ek 2U0H

HESHE: (1D HAirREE 71, DE-RA-
HPI & Z 1T AA. AARMMV. PK, #H| DE-RA-
HPI e 5 IR FH LR B VE D R A F AR A
M, R E M £ REEE LN L, a0
Wiz BB W E 44, AARMMV £ 5 4 flig 50 5
W) 25T PK, 1R 32 56 30 BT $2 1 PK 2 B8 A DE-
RA-HPI WA PR AL AR AMA s (2) TR AT
1, FHEET AR 3P IEIIREAE 0.01 s PN 45 H R Al 4
%, DE-RA-HPIZETH S5t b #ETE 13 s N 2R
e GERD SRR EAEE R, ERIEERA
SRR EE, R R 25 A VRN 1] 8 Y SE R PR R R .

i B DE-RA-HPI W] 5 B 554 74, AR
WELR GRS R AF M, g2 mfl, KR
DE-RA-HPI £ 1% 3% 5t F WV 0 & HBUE s &,
WK 6.

R D fE S RME o FBUE 53§
LRWHEARR, M2 LFEERN10. BT
LRBENI0M 2. IE4 2510347525
TR, DAIWIE o MEUE. 48R EI: 2 0=0.025
B, FEIEPMMERNEERNGE, Aot 2aEd
o L, VEAMERESE RAKT RE 0'=0.025,
WAL VP E 2 B 5, NT DGR K b
WEAE, X6 R E IS T AR ISR CF
RIZAR D, TR AR 207 AR EE . IR DUAH [
RIPE B . Blan, s hRIEiE 3, &
F 2. 7 8 VB N 77 934 75 (TR
Ahrid), 5OUH 3WIFEIIME 83.5 I EMEEK,
H UL B2 AP B AN K T 8148 0.025, T
XA B3N “RETEST TUSIR. B, &6
LG, M TAE S AA FT AARMMYV ASRE fifi i H
A E S R4y, f# A DE-RA-HPI SR fi# UF 2 {E AL
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36 DE-RA-HPIKf#iA R 2 BIENER ENELE

BiH 5 ghR L1 THR2 THK3 T4 THS THK6 TR LK THI HF 10
| W E 81 90 93 86 83 78 90 83 80 76
e 0.087 0.044 0.029 0.131 0.262 0.044 0.044 0.262 0.065 0.033
5 T E 82 80 93 91 91 94 83 93 86 83
B 0.072 0.053 0.075 0.118 0.118 0.063 0.087 0.075 0.252 0.087
5 WA E 85 71 83 81 88 81 93 75 89 83
3 0.107 0.025 0.320 0.064 0.036 0.064 0.017 0.019 0.029 0.320
A VA 80 82 75 91 79 86 82 82 81 92
B 0.070 0.209 0.026 0.026 0.052 0.070 0.209 0.209 0.105 0.023
PoHE 89 89 77 81 88 86 88 84 87 89
B 0.037 0.037 0.013 0.024 0.053 0.584 0.053 0.065 0.097 0.037
B R /INFI S VT2 R 5 A, BEVRERf 30 Bk D o 4 GEEIE
LHRIAEVEEP R E R, RIS 4R ARIE
MR AL ARSCERS G A TP R R T A I R T
itk — 25 i W] DE-RA-HPI W] 2 A5 IE 47 & O EERNSFYER IR, B T BT 0l DE BVE

PO S RS BT H I HE PR DL, SRR S i
4RI, R 2 RTA BT E 2R S
4R, JREH L, WK,

RT AMGERBIAR 2 TERAMBNEGES

PR EREHFER
Jiid EEE WH1 WHE2 WH3 TWH4 HHES
LREVR o 84.00 87.60 84286 82.00 87.50
DE-RA-HPI
HE4 4 1 3 5 2
LEETE SR 8400 87.60  83.50 83.00 85.80
AA
He 3 1 4 5 2
LTSS R 83.875 8775 83.875 82.875 86.50
AARMMYV
HE4 3 1 3 5 2
ZEATELER 8348  87.60 83.18 8216 8627
PK
He 3 1 4 5 2

HE 7RI, LLAAXTIEA, ffH AARMMV
LRk, BNPEZ G, TH15TH 3 145
B RN 83875, “HHALYINE 3. R
1M, 4 DE-RA-HPI 5% B BHFIH (19 59 VF 5
ZJa, WH150H3HA B0 A4 53, B
W H B A HE A B AR R TR R IE. [FIF, 78
DE-RA-HPI £[IiH 52 M H a2 E, WHES
511 H 2 K256 V5 45 3 22 80 1.80 Jk /> 5 0.10.
X — g5 U DL B 2 AN T E S By 22 BE IR AN 2 AR
Ko HICATH, ARSCHTHEH LG VR E—
DE-RA-HPI f #% £} 5 44 1 50 25 1 #E AN X 5 1 25
GV R AT, MRA RGN
HEFE AP

BIRELF AP > DE-RA-HPI. 516445 5102
AA. AARMMV #tt, DE-RA-HPI fE4 %R TH1F
ARGV G RN A B SRS B .
ENE N RN RN, ARG A
R, EXREVFHE SR MEE, SERHHsEA
VR, IR AR E A I
Mo RKRFHETINIRE 2 2] Bl am b 22 21 5558 %
AR, T KV D LR, w2 S
WOl 22 55 AN [F) R AL 1) S 8 VP40 I ALK 43, SEILEE
DORSAER S VRar i, IR T R RE LR & VP4
ERE A TR
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