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Ordered quantile weighted aggregation operator and the simulative

solution of ideal incentive points
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Abstract: This paper proposes a new aggregation method for the incentive problems in management:
denominated-ordered quantile-weighted aggregation operator. The quantile variable is used to measure the
relative development degree of alternatives, and partitioned stimulation is used to fuse the incentive preference
of decision makers into the aggregation process. Therefore, it can make the alternatives understand more of
the decision maker’s incentive preference. After introducing this operator and the related parameters, the paper
discusses the principle of incentive point, and proposes a stochastic simulation method to find optimal incentive
points. A numerical example is given to illustrate the validity of this method. It is found that under the situ-
ation of double points and positive stimulation, this new operator can not only realize reward and punishment

simultaneously, but also widen the differences among alternatives.
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Fig. 1 Diagram of incentive preference based on quantile

22 AFSUMRELSE THAE
EX 2 XPIFI X R o 1€ m ANEME ERHUE (201, Tia, . - -, @i ), TEIHXT R 734 73 7 2R /S 2K
HINBS AT HE, 13 208 FP O (giy, 271) (@ @a) - - (@i T ) U q” < @ J < kAR

Yi = (@250 (Gos Tia) s+ -+ 5 (s Ti) Zw 2

NN XS B o; B Fr o0 REINALERESAEL, b w; NS PR (g5, ;) XERLEK 70 REACE, Ji 42 wy; € [0, 1]
H Z wy; € [0,m].

FULI IR, wi; HMEBEGE T 0, Fox 5 Z 0 MR YEE o), SRAF VRTINS 2, wy; KU
Tﬁﬁ?l TR x %ktf:fﬁ'b@ﬁjﬁ_ﬁ B2 A, X BRSO 0 A A E AT 5 — A AL BE AT A 45 Zw =1

&, BB R o, ££ m & fiLE’JPFEXﬂi%m?HHEF?%EUH}I KB o (i # k), B L 0; Fitt o,
ﬁﬁ‘%mfi)ﬁﬁﬁ’wﬁb PRELLE 73 R A EE b N A Z wy; > Y0 wiy, IR AL AN A T LA RER A2 L
j=1

R R. B, 2 Z wy; E‘JEMEEIEHEU(%[O m]AERBRT(0, 1], H i wy; BT T 0, R
j=1

PR B 0 RIFHITE Tﬁt% Z wy; BESL T m, Row o, FAFHIZ)ih .

23 SUNEME

AR — R, R E LT k(k > 1) NS a0, .0 Haop <ag <0 < ap, S5 E 1 718
B k+ 1B IX ], B (o, an), [, aa), ..o Jag, ], o ag = 0%, gy = 100 %. HIX 23 A AN X
RIS 2 2 1R] R 22 5, AT 25 Ul 1 DX TA) iy rﬁmﬁbﬁiﬁ%iﬁ SN hoy By Ry .oy By gy WRTEE

k
Pl R T U (BR800 IX TR R R R B 22 ANRER R, T4 by € 0,1),4=0,1,...,k+ 1, f h; = 1.

=0
EX 3 XFRYEAE 2y, BeHXE R 73 A o0 A B A T B0 T X (o, qq), t = 0,1, K, MR PE
18 @ ; KR BUE R BN

i —
wij = hy + (hepy — he) 12— (3)

Qi — Qg

Hort w;; FHBUENT hy 5 hyqr Z 08, Bl w;; € [0,1] B Z w;; € [0,m].

KO RIE T R R 2 A T [ — Ji%EJJ?E (6] PP J A Pl 3R 22 4 i P2 AR R, H AT 4K
W (qi; — )/ (egr — o) 3E— 2 P BEAS[A] s % B X B2 B0 70 A A B 2R B R K/, 4, i K@) L&
H, 230 AN TR DX 18] A JaR B P 2 (R ASC B F AR X T B AN AR ] BRI, 3 3 33) W 8 5 s b2 Y
IR AN [ e R FEE 1) Ja AL 10 22 S 2R A

H R S 3 T, A A PSR A 55 0 3R O D%, TR 2R B SRAR AT 4 Yager 3R HiF) orness 5



55 FHASE: AP AR SE ST SRR S AR SR AR 609
BRI 2 7525, X BUR I E SO B 25 Gie N Ip), A

1 k+1
Ip:1—7k+lz(k+2—(t+1))hta )

t=0

HeIp e 0,1].

N ORAE RN i 5 ) — BOVE, BUBI R o, b, By Z TN OR N BEAR Vi3 48 B3 93, R 24300 R %2
) RN R RAR UG IS, A hy > heot = 0,1, .0, K, RIS i if T A0 R e R P 2 v 1) JB VB, bt
A Ip € (0.5, 1], EEFRIFE T < LB AR, 2 by < by I, Ip € [0,0.5), R IR LT T AHXS
KRR B BARK @ PR, LA I TEAR I N S8R BRI Z A, 2 heyy = he = 1/(k 4+ 2) I, Ip = 0.5, IR
To Ve R PEAE FRE R A F AR P A e, e S35 4 L B0 0N O 27 A ), LR AR5 T PR Dy Ta 7 1) S 55l el ik
AT AT LA, 3(4) e 2 SR R e YU SR ORI IR 2R R B DS AN RV S AN [R) 7 1) )88 v
RN [) — 23k 3, AT (56 75 552 B I FH ke 558 2 0l i 2 FR) 2 04 5 L R 11

Fe BRI A, A I R N S U, PR DA BRI R SR R AR A, SRS R SR AR AT B A U R B
AFB) B AT 15 21 5X65 B () 4 A AL .

Iy

1 _
Mln\l mz (ht — ht)27 (5)

1
Ip=1——S"(k+2—(t+1)h
p kH;(Jr (t+1))h,

st{Ip > 0.5, hyr = he B Ip < 0.5, hept < e (6)
k+1

he € (0,1, > hy =1,
t=0

. 1 k+1
ﬁ\:':':' ht - m ; ht.

R 5 PRI T, H A R B BB AR BUR R BT ZE B, BRI T RN R EURD
¥ X T 2R 2 T PR 22 S, AT S B0 PR 350l ) S8R s 40 RS A1 e e 3 v e 28 5 R U R ORI 2R &R
HIBEE, AT T IE R USRI M A IS T, AT ERTT 1 iz FH AR B g e S o 1) R P 2 P 25 7).

3 Rk = B9fhE RN

XA PP LA R 45 551 FH T e o il v R Y B A I R AT i 46, BRI R
BB ARG R, A 2R )RS BAE S R B 1045 70 A3

SR 3 F T IACE B I (RO, B8 2(4)~3(6) R A Bl 22 5, Ke >RAF AT 21 (9 Bl = AN
NG)RIF SV XF G 1) 73 AL

FER A KONV S DB EE . XL A5 73 AR AL EAR N IR(2), TH 545 B A7 S R
ISR ZEME, HARIR R A RN PPN 0 AT AR BHE T

SRR INE A, B AR, B e L BOsUih i 7 Sk R PR S I B B R KT AT
X HLE B B 51 S AE AN, SURh iR 0 53— ME R AU N T RO R 2 18R 22 5, AT A PP
X GEE H 55 H APPSR T 22 B, DO R RS B )3 0 51 AE AL 3R A e o LA SR 4
S (¥ S Y25 R AT, A IX S R R S B A P AR PR SR 4 Kl s (S . P AR Rl ) N o A T



610 E R R = i 33 4%
FITA WA T B 43 A o0 S B0 AR X 18] P, AT SE BRGNS K FR IR B2 51 5 (B P SR, TR
N BB g K P b DX 7 A [F) 48 P 5 R S5 M8 2 1) (1) 22 7, SIS e D R SR ) 2 51 5 (B i
Jil?). J8 Tk, 44 H A e B AR 55 B R AR AR .

T 1 Pl RSk 4 Hh BB SR A0 AT T A A DA o 51 40 AT 536 ) EUAE e R Y

TR0 2 A1 H ok oh H IEURh s S BT A R DA X R A B S A 2 TR 2 S oK

XEIE 1, WHIFM AT R o KT m DNEWER 5 AL EBEEN {qi1, Gias - - - Qim }, WA B
Mool =1,2,... k MEMETEEN o € [min(g;;), max(gi;)],i =1,2,...,n;5 =1,2,...,m.

X 2, B AR Al AE 2 1] 22 S FH P AN B 5 M8 Ta) P s 22 16 &, R T AR B0 s PR 46 L e 4R 25 2 T1)
(1) 85 /M 22 fe KAk, RIBUN s oy 1945 H RS min(|y; — i), @ # k K.

4 FRIERED = AR TUK

B PR AR A0 PR 2R SR, I T4 SR AR R AR A B AT R

BT NI RETERE, SRAEXT SR 7341 737 B R

BB 2 PASE 4 R 4 258 Tp R s A H

LIR30 A LB i KBS foe/IME 2 18] BEALEICGE S0 A5, AR I B i 4 248 Ip 20(3)~ 3R (6) K f#
AL, KRR A A AL AN (Q2) TS BT X R R S5

P R P AR Bl AR SR R T R, PR AR B R SR AE AT A B B KA M 2 TR B AL
T B AR, PR REATUID A 75 92 PR 9 Sn LA BN B2 SO0 R b, AT SR T2 0 R AT 24
P, RS AT 249 SRR PR IR [ B AR T T 0ok AR Rl A P B B LASE U SR A 20 SRR AT I 44

FB XRFIERE [25;]0 m. VHE AT 73 CLE FFHF 73 A 70 A O B T (8 e RAE AN Bie/ME 3 790
N Gmax M Grin’

P2 WE N ERER AR count (WIIR1EN 0), W EAFMEZE og(WIIHIEN 0), s o, .., oy (R

FI 3 count < count + 1, 7E X 8] [gmin, Gmax| N 1238 21 53 A5 1 77 SNBE AL A B ke A BEALELCEUR) 50), i
N, Tay ey i

IR 4 LT PSR4 IR o R B Ip vH RS PRI R R AL, HEHA T AL A AR 45
T 77 2 RTE A AL B 5 ) $R 5 A5 BT R 45, 3 B PEIN X RICERZE A v, FF VT S ER 25 - 1) 7 95 s 22 (1)
H/ME, I8 A o3

BIES H o> 00, W 0g < 05 a1 & 1,00 < To,y .., Q<= Ths

I 6 #7 count = sum(sum AP FH L H 0T B S KB, quin s Gmasx]) X 8] 78 FELER K, sum (B
R), B NIRRT, B NP IR 3;

ST RAF 00 Fl o, o, ..., o FIEUE, B HEFEF.

I IR EAS BB A o, oy . g BN ER AR SN A5

5 MAEH
XHAF S 4 R TAER B DLz, HELS(w,), TAERIRE (23), 5% RETI(20), & 7l L (25) F

TAERIHE (o) IR BLEAT SR 5 44 03 T RIS W3R 1.
i 0 e 3R T R, © A5 A I Dy R Y S Ak, R A1) SR AT B3 AR % A e T L AR R AR P (7



55 FHASE: AP AR SE ST SRR S AR SR AR 611
AL B W 2 P, Heh & B %R VA 0 I ELAE B ROy 10 7, WHESZHRER N 1 70

Fx1 RIEREREMELNESEHES 2 RIGESEZEM LSS
Table 1 Performance score of employees Table 2 Distribution quantiles of employees
in each assessment attribute in each assessment attribute
RIS @1 a2 23 x4 x5 6 RLHS T x2 x3 x4 x5 z6
1 63 51 59 7.1 46 4.7 1 9% 45% 4% 68% 40% 4%
2 53 48 78 56 63 75 2 8% 2% 16% 51% 9% T3%
3 79 45 46 69 66 44 3 76% 39% 40% 65% 62% 38%
4 46 77 47 41 41 712 4 0% 5% 2% 34% 35% 69%
5 62 60 56 77 60 59 5 8% 56% 51% 14% 5% 55%
1) WU RUK A

e ARl L AR T 0 BR, Bh e (B BE LU X TR) DN [34 9,76 %), N 1123 il e S 4 i 1 A4
2 AN B SIS TEREAT A LR B0 AU 10 J3IR, SCHUR s 100 J5IR), 1 B4 R4y Ak 3
ML 4 Ps. FEUIIH, BT 0 TS %R LS XIEAH R CY1,10]), B DA 7 X 45 70 (E3EAT Fr
HEAL AL,

R3 BEHRMSBER TRRLER R4 WHR = IER THIEESR
Table 3 Simulation result under single incentive point Table 4 Simulation result under double incentive points
Ip Wi S E Ip s EG5H
0.1 56 % (8.44,7.47,8.18,8.07,7.11) 0.1 39%,44%  (5.42,1.45,2.50,4.55,3.37)
0.2 74 % (13.99, 14.20, 13.78, 13.27, 14.58) 02 39%,43%  (6.05,3.85,4.34 ,5.56, 4.83)
0.3 68 % (12.63, 12.81, 12.45, 11.86, 13.18) 03 45%,76%  (7.61, 8.87, 8.56, 8.10, 8.33)
0.4 2% (12.02, 12.82, 12.18, 11.47, 12.98) 04 69%,76%  (7.38,10.22,9.63, 8.18, 8.77)
0.5 AEEfE (11.12,12.31,11.52,10.69, 12.34) 0.5 AFEME (6.55,9.75,9.90, 7.28, 8.55)
0.6 62% (10.64, 12.39, 11.34, 10.39, 12.23) 06 64%,76%  (5.76,9.55,10.22, 6.43, 8.37)
0.7 54 % (11.11, 13.47, 12.13, 10.87, 13.23) 0.7 58%,75% (5.13,10.06, 10.91, 5.98, 8.40)
0.8 50 % (11.69, 14.65, 12.96, 11.41, 14.36) 08 50%,72%  (4.53,10.74, 11.85, 5.64, 8.46)
0.9 49% (9.12,12.89, 11.35, 9.82, 12.04) 09 50%,62% (3.75,12.36, 14.09, 5.57, 8.58)
2) 4RI

(a) AR o def 22 50T B D s A2 A 20 i
DAE T WL, 220 A [E) Bl i 4 28 50T Wb s A A 5 1, LIRS 2. 7 BB A RO, DRI, B 2
H Ip = 0.5 I 880l s BCH AR i 4 28 580 T Sl m BB

80%
A A A—
. . A
70% — m
* .
S ‘
*
[ ®.
50% :§“-J
| ]
A —
40% g i
30%

01 02 03 04 05 06 07 08 09
—e— R —m= R (OB —a— XA CR)

B2 RIS RmT R TR ELEs
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