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KA BRFIERE , IR F5RE 2501005 4. 1078 R#EE0, ILZR B5RE 250100)

BE . —F 4 A % 58459 ## (variational mode decomposition, VMD) | %2 #84k.4L 5 % ( dung beetle optimization, DBO) 5
%1% 145 48 2R 2 5T ( bidirectional gated recurrent unit, BiGRU) #) ¥ £ & ( VMD-DBO-BIiGRU) , § £ # 74 7 & 41 4% th %R
M E, B, KA VMD 7 k54 A B B B4R P 5 BEATRE S o R B BOR R B ) R ey AR A ST bl & 30 20k,
51N DBO Sk kAt BiGRU B o A8 A4 | 8 A5 SR AL 77 ik 5 FA N By 3R S 4k 89 1AL ; 35 | Ak )5 9 BiGRU #£A A T
BEEE S F TN FARIETN 2 R L% F MR B RA G IR MAATANAE, FEFTAYN, AIEREL S A % F il F 3
BERSTEY BN TNM A, R A RER R IR B S TR a5, A0 R 4T 540 X 4 W /5 B B4R A R o)
RAFI R RS PR T BARLH A8 T HAT 2 R 3 3 e Rk,

KEIR T I NA; TS S M SR F & s s 1T 4830 T
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132,142.

Multi-factor iron ore futures price prediction based on VMD-DBO-BiGRU

LIU Fuguo'?, LIU Yuanmeng’, SHI Yufeng™** , TIAN Maozai'

(1. School of Statistics and Data Science, Xinjiang University of Finance and Economics, Urumgqi 830012, Xinjiang, China;

2. School of Mathematics and Data Science, Changji College, Changji 831100, Xinjiang, China; 3. Institute for Financial Studies,
Shandong University, Jinan 250100, Shandong, China; 4. School of Mathematics, Shandong University, Jinan 250100, Shandong,
China)

Abstract; By integrating variational mode decomposition (VMD) , the dung beetle optimization (DBO) and the bidirectional gated
recurrent unit ( BiGRU) , a price prediction model ( VMD-DBO-BiGRU) is proposed, aiming to enhance iron ore futures prediction
accuracy. First, VMD is employed to decompose the iron ore futures price series into different modal components, extracting multi-
scale price features while suppressing noise. Then, DBO is utilized to optimize the hyperparameters of the BIGRU model, mitigating
the risk of local optimum associated with traditional optimization methods. Finally, the optimized BiGRU model is applied to predict
each decomposed component, and the final futures price prediction is obtained by linear reconstruction of the predicted results.
Experimental findings demonstrate that the proposed model significantly improves prediction accuracy in both single-step and multi-
step forecasting, consistently outperforming benchmark models. Moreover, this model provides robust technical support for hedging
and investment decision-making in enterprises such as a steel plant in Shandong, contributing to risk mitigation and improved
decision efficiency.

Key words: iron ore futures price; variational mode decomposition; dung beetle optimization algorithm; bidirectional gated

recurrent unit
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el (At R 100 K [ PN T 0 2 55 22 R R 2R s ) R A B % A A U8 Sl R R AR X[ A AR I 100—130 25T
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FEFEB AT ORI R A, 8 2 AR SR B 2 o v [l E A R B R T A ks S SRR B I
RIS TR S PR Z N KR DG R, 4k 3@ i 1) iR 2248 1F (vector error correction, VEC)
BN 2 B 11 AT D 2 AR TR T R R B B SE T R R R A s ) DR Wi R 3% R 8 [l 4™ R A 1
1 [ [ ( vector autoregression, VAR )i % B4 Fl K 2 (ANJE TR  HpEFR ) S aH LT M AEEk
WA MR I S T EE A,

B A TTIARAR E BAL GE e 1 A RS IA T U R RRAED ST INARS 3o vk it
PRREAUE 25 B B 4 7 S s, 45 Bk 4 Tl 3 s B el (. 47 T 45" 38 i VAR-TARCH A58 7!
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FEAERTE 2 (0], X B T — il & ARIMA BRI Il B E AL 7 21 1Y 7 32, 4R BOROH i 2k
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TRABIR FI AR 53835 53 ( variational mode decomposition, VMD) ZBRMEF | If45 5 VR 2% > $2 T Fii
KR, TRV T —Fh VMD HEFIG R B0 4k B3 ( dung beetle optimization, DBO) Y BiLSTM #5
Y 5 X DR 0, BT B 1% 7 1k BE NS AT S A AR I 7 5 M, 30 2o I AR 4SS AR 2 A T 0
JE AR SR FE AL R R A A 0 i O T, IR 45 A 1 1 25 S BRI R R A] T 45 0 B 2R 9T ( bidirectional
gated recurrent unit, BiGRU ) HEA7REZA 4% T | 56-41F T BiGRU TER 7 B8 A g i3, X BpFos £ |
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FOERE S BT A | AT B THBCE B i 5 2) 51 A DBO S 4} BiGRU B S B A7 1AL, TEIRAE5E
Ak I 5 B AN Jmy i e A 4 ) L, 10— A5 R i A 78 () S0 BE 7 5 3) BiGRU RE 5[] IR AR isf [11] J 471 50 40 114 1
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1.1 THEEDHE

Dragomiretskiy 45 "' 4 H} () VMD & — #3038 F FAEFRaRst 181751, FH T 19 8 e V345 540 3L
Jrik . VMD 43 vl LIRAS Z2 AN AR ROBE A X R0 5 31, ELZ 5 vk s R 1 St A R0 FIAR 28 49
IRZEMRE, ASCEH VMD 50 5 2% H AR R I B s I3 9 2047 o0 i , LS P IR AT

1) BRI RS F 5 £ 1) iRl K AR S R %X (intrinsic mode function, IMF) | ifi i Hilbert 25 3
BB PRI B S TR 4% B 0 oo i | JEHC SR 5 B8 B BT I SR R e B T R A
RS PRER W A 58 , R Bl 8 e/ | BT A5 20 RS 3 [ 34N R

o 1§ 0 2) oo |
s.t. Z u,=f(1), N

Horbr o, Al is %, 8(1) ﬂv%fﬁﬂﬁrﬁlﬂzrﬁ%&,“ # 7 NERIT LTS u, 0, 20085 K A IMF FIAR L Y Ao
2) bt bR LA R TC L SR ALAG IR 51 R AEST R o AR I H e+ A, (1) 2R

az[(@( 1) +jj s u, (1) }e"‘”’
e

+f(t)—kz:uk(t) z+<A(t>,f<t>—éuk<t>>, (3)

L({uk} ’{wk} JA)= aZ,}

2

st [0 = w0 | AT —YAETIT, ) HNBUES

3) WAk g} ot A Hon=0, R T 3SR 0T F IR L ARSI 3 T 0>0, B )
lo b AR

Jw) = Y ia(0) +A(w)/2

i (w)= 1 +2a (0w -w,)’ ’ (4)
rwl () 1 2dw
wZH: Ow , (5)
[ 1) o
W (w) (@) 4 (@)~ X 57 (w) ). (6)
H, f(0) AMo) a,(0) 2" (o) 35 () A(0) (o) ul (o) BEE AR 0 %R0,
4) FFEFIAN T SR 1 5 2 1 7
Z lay =ag |3/ 1 a; | 3<e (£>0)., (7)

1.2 R EE
WEPOE AL B Xue 551" HEH 19— FP IR REOR AL S0, AR T SRR [ WEME 7E 1 SR v i1y 5 o it
il REk BEBE R MO N EAE, RSE A SR E B an P e SE 4 R de e B, A RIGEE B B AR
PR A, SHER D 38 R R DA AR TV 22 e pR AR B A AR AR I PR B, o 1 AT R B | BRI iR e
MIPEACTERESS o WEMP LA TE vh R MR T 32 28y WM VR 5y RS 7™ B /NGBS A B3 A S 2
1) FEULER I, 07 ST VR Sl A e 007 5 S 2 =X
x,(t+1)=x,(1) +axkxx,(t—1) +bxAx, (8)
Ax=lx,(1)-X"1, (9)



124 R R % M (B % R % 60 &

Horbre ¢ AT IEARREG o HUE N 1 805 -1, -1 FoR w5 m, 1 Fon o2, k€ (0,0.2] Aimit &
50 € (0,1) ABEHLEL Ax FITRDER A A0 (BB, S8R5 ) 50, (1) FREREE i ADWEMETESS ¢ RIEARHINL
BHLXY ERARy 22 H WEE E
2) WEHRTE i B B AT I, S ik — AR o < BB 04T D R R A T ) L TR AT
x,(t+1)=x,(t)+tan(0) Ix,(t)-x,(=1) |, (10)
Hor, 0e[0,w] %M, HAMAER 0 /2 m i RIFALE AL,
3) IR HULBE P 5 RS 456 DY e ) i B R SRmE  HoE SCAnE

B =max(X"x(1-R) ,b,), (11)
B, =min(X"x(1+R) ,b,), (12)
R=1--", (13)

max

Hrp, X" YR ARG E B, By 43 iR 0 X B T A5 T, R e R8s, by
by, Zr AR O X ) AR LA
4) RIR 7 B X IR B A AR A e IR R 36 456 7 B DX 3 ) B skt 2 Bl AR AR, E AR
B,(t+1)=X"+b,x(B,(1)-B, ) +b,x(B,(1)-B; ), (14)
Hrpr B, (1) 1R i BIIRAESS ¢ WEARIIALE b, b, 73R 2 AL (Y 1N BURERL ) N R Pt Ak [
IAEEL
5) 45T R/ NE M I o R P B 1 X R AT B B AT, S 0 DR X e A
b} =max(X°x(1-R), b, ), (15)
b)=min(X"x(1-R), b,), (16)
Hr XY RS, by by MACR R & X ™ A B R, /NE A7 R A 5K
.
x,(t+1)=x,(t)+C,x(x,(t) =b} ) +C,x(x,(t)-b}) , (17)
Hrfr, €, BARMIES /A BIREALIE i, C, Fom (0,1) JEF N B REAL I &
6) TEZEACH T F o7 WEMs Y 07 B A5 2., W LUIA S Ak ki R il st iR 2 e R e, A i
170 WA B B AR
x,(t+1)= X" +Sxgx(1x,(t) =X " 1+Ix,(1)-X"1), (18)
Hrp, g REMMIES /A E 1xG BIKEHLIR &, S R E 50, X I EY5e S i i &
1.3 BiGRU #% %!
BiGRU M4 (A%.0A5H H 2 1> GRU JZ2 4, 43 51l 67 5 Ak 38 1) 1) 1 1) 47 8 R R [l 45 B, 3X 2 > GRU
E R RONAUE I DIE AR A T8 e, X RS R ] U5 A5 FR RIS 2 N8 RO ME B, i
R ERE . BIGRU FHE AT .

h,=GRU(x,,h, ), (19)
h,=GRU(x,,h, ), (20)
h,=w,h,+v ht+b,, (21)

<«

Horr B, ok, 4350 ¢ 20 GRU BT 1R 1] Rl )2 0 A8, w, R IE A S 28, v, R 0 AR R AL, b, i
BZH, BiGRU M HARZERGNIE 1 iR,

2 Vi Yy Vi

Ja s

T4 4%

LN

El 1 BiGRU BifUZEHy
Fig.1 BiGRU model structure
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1.4 VMD-DBO-BiGRU #&&#j3#
2 J2A O i) VMD-DBO-BIGRU W B2 /14 13 41 SO AR A4 () i F2 1, HoA s FR
1) fHH VMD R 52 g 7 51 3l K RS s
2) NN EEE , R o U ZREE AT A
3) MEHEHATIRMELAL IR K A i 14 A B DBO H iR Bl 4L
4) KRS HE AR BiGRU B fi FI I 2188 B8 Sl iy
5) i F it DBO-BiGRU 5 7UX} i 42 54k 144 77U 5
6) 4 K 5 TN 25 SR A T LA A A B de 2 B T 45 2R

byt

WA AL AR A R
FIDBOZ: 4K

|

|
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|

|

|
—
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|

|
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|

AMAHR)IE IV JEE
!
SPTR BRI
7 B GE MR Y a7
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$O/MIERSFL | L_AWDBO-BIGRU| [DBO-BiGRU| [DBO-BiGRU| [DBO-BiGRU]
oot | | RBO-BIGRY DBO-BIGRY] [DBO-BIGRY DO BGRY)
!
SRR A
AR 3 B

! ! ! }
[IMF | [IMF, | - [ IMF [IMF |

K-1 |

K12 VMD-DBO-BiGRU 7
Fig.2 VMD-DBO-BiGRU model construction
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Commodity Exchange, DCE)‘E J5 ®uki (http: / www.dce.com.cn/) 3REL, k0 4 EFEBIE K B 11 & 40
J7L ST A5 AN Dk OB ERET A PEAE S, AN BRSO O B | 92 R B L BRSO 4 K R TS A
K AR . B WA  SE TR S SR SUN 4 X A% R FICH H &l , R R (B D, AR SR H
I )L FR R A TR AR AL B 5 TR A A7 5 TR SUHNTH 2 o 5508 oA SRRt | sl fe B 0 st K HLAR B2
FEAA R A SCAE P IS4 (B X 1 FE B A T 4 A M 20 5 H BdE . AR5 BB (RS R 2017 4R
1 H 4 H%E 2023 46 A 30 H(ALATHHBRSL) o
22 fERBIEESEAA
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K P7 SLEHR T AR 1 R, Z2 25 FI0 B X RSR 6 KA HA%#E4 T 7

1) BB A AR, 0 A ARV E AT IR R W E B8R, HAEE T 55 58 X AR A% 1k
PITIA SRR N  3F SR I T S AN FE 2 , AT RERG AN AS T AT R 05 Sz, R A7k 20 T AT et = A 4%
FEARERE A0S L AR, BB A i G S A TR0 i B S ke, H AR RA Tl b gl v B G e

2) WMMT R, WM TR S A WA B UIRE G, R R A R N A 77 () F 2 S5Ok, BT LU A 5 oK
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3) FKICHeEl, FITFRBUMT R SETTARXT T — T EE AT M ANERB S, T A W b L SE Tt
P S TCHR RO 3h & LS MR £ IS . SOCTHEE H & FELL T I8k £ A% T 2k, 1
FTTNz (E I AT REHE R A . LU, SEOTHR MO BN Bk A B R R R 2 —,

4) SRR HE R, R RS TS B L A T B ATRREH
SR TR RSB 3510675 3 R B T e
EEARR . SR O LB 3 2 i 8 B R — P
i, DT R AR A 2% 18 2 IR SUNAE A - AR TR
FR T B, 2% S S0 2 0 A Ay e A ST
BSOS O (g — A B L £ L TR, B A S ik Giiit
E%ﬂ%ﬁtﬂ}%*&*ﬂ?ﬁﬂ%l%%o 2 FE AR B A RN

N T SR A R 0 B THE R A I BT AR 5 45 IR Y Pearson AHSC R KL, WAk 2, SRR, B
Sy R D AT S5 B0 A W BT A L B IE AR G (AHSC R KN 0.384, P<0.01) RIAPEAF M IR T 1137
B ST EE , T A% ™ A R AT ) I — 8 R 5 2 T Be — 20, BVEAF KR B Wi 525
5B XA E S U] 5 BRECHIZE XS A 1 K505 R S G A0 st S B A 25 TE AT SG (AR S R B 0.453
P<0.01) , F AR i )L 35K 3 TR 5 R A3, I S ks £ i as Lk, i — At — 0k 1
BRA AR R A ) S BREORE , AN 5 TR 10 AN ks Z [ ) B R AR 5 SEOT R B Bk A 0 B A A2 5
TG (FHR RN -0.046, P<O.1) , FAIK BN 4% B Z MK B T5 0P 5 ST THE I ) LA SE T i Ry
A RS BB TIUY] — 85, i T 45 & AR R R Z8 G 0 s T 20 2 IR SUNTH 2 5 R A B B A% Y
MSEREACY 0.025, HEEE EA W3, nT A8 2 Bl i (SR Bl (o0 H 8l ) sl R A% S e g m , 2
W B — 38 Bt R b R N A B SRR BT A R T 2 5 7 L B 2 AR B TR AR e . BRI, RO B 2
ST T SO G AR BRI G B IR R T AR OC R I 2k, 09 VMD-DBO-BIGRU #4714 i 1
Z KRS AL R BT OIS BE AR AL T SRR

2R AR S A I RS M 4 R

Table 2 The correlation analysis results of iron ore futures prices and various factors

H# HHIEREL P pap LIk
R0 it H PEAT 0.384 <0.001 1EAHSG
SRECAN T B i 0.026 0.325 IEAHSE
EPIve 14 -0.046 0.065 UiVi:PS
PRSI A T I A FE AL 0.453 <0.001 1IEAHE

2.3 EfMriER

TEVPATASE AL A T BCR A SCREHT 4 DN PET R bR < 7 34 48 %158 2% (mean absolute error, MAE) F-¥H
XA 2E (mean absolute percentage error, MAPE) Y4 /7 #{ 1% 2 (root mean square error, RMSE) F1 1] 2k 22
B ( coefficient of determination, R*) ., MAE il MAPE #&4L 1 Fiili% 22 19 B W& 42 |, i RMSE N 3 — % &
TIRZEMTT R WNEIRILE OLRE /A BRI T 0P . 256 DA FE PR e 0% 4 1T b - ¢ A5 78 %) T 0 v e 1
FURTSEE i CRASEARVAE SEBR I A et . TR A5 .

1 &
EMAE:NZ 1%-x1, (22)
=1
1 X
EMAPE:NZ tx - 1x100%, (23)
=1 :

| &
Ernise = NZ ()er_xt)Z’ (24)
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N1/ lt-11+s
Horp, s,y BAR HBY ¢ AOAR(ELEE SRy, 08 @ R B AEL, ¢, D08 i DABEER I, Le— A B A 1 5
JEISCHE A o, BOWSIE] 28 (AR BAAL) & D-PI 240 TSR R R R 38 W IBOA Te-10, AUEE pRACS IR ]
P ) B KA L, B BT Y S S X A (L 8 SR MR R A7 (LY L A L 5Bl A B2 46 S B 45 3R H
W, R A AR A
2) FRAEMEEE, WRHIESR S h b £ SO A S AHSC A 748 | DU R AIE 25 18] B 4R B2 ik 0t B 0045
It m R )z T Ak
3) Bubrietl, o TR AR EAE A AR AL B AT Lo | 5 SR AT AR A A B R T B 40 A
(EVE FIR s, A SCR ] Z 3 bt or s, AR AT .

(25)

X=X
Z=—, (27)
s

Sob Z R R B, v = Xk RREARRN TR s =[S (om 07 BB b

ME2E,

4) N SMRER 77, A SCH IR 8 21 el s Ficta 4 , Pl 2545 2017 41 A 4 H %2022 43
H 29 H3E 1292 g RN 2022 4E 3 H 30 H E 2023 48 6 H 30 H3E: 323 MR,
25 BSEIEE

TE VMD SEGEFR I B, A SO R A 5T I AR B8 217 o0 TR FE B e FE 3 IR F o T, 382t LE AN
] K fH T B IME FROO SR e Bt AR 0, SR 36 3, B A SR I SR A A8 K KT 7 I, rhun B R
(AT , 2 B BLET 2L R4 R A% , TRl f T AR &, L K Wi 7, Hivb 36 3 s (AL R R Y
OYFRIEAEL K /NTF X IMF J75 B2 B o 8 R A B, 5008 o R B . il an, K =3 (A il IMF1—
IMF3, IMF4—IMF8 [K# H AR S0 [l 2

3 WO EURAE AR K E40F T irhoig

Table 3 Center frequencies of futures price data under different K-value conditions
K18 IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8
0.000 653 0.023 226 0.093 513
0.000 642 0.022 251 0.089 767 0.303 329
0.000 268 0.006 400 0.035 640 0.101 979 0.305 347
0.000 265 0.006 312 0.034 747 0.094 521 0.159 397 0.309 814
0.000 264 0.006 302 0.034 705 0.094 298 0.158 865 0.305 864 0.431 213
0.000 235 0.005 486 0.022 351 0.044 642 0.100 526 0.162 919 0.306 848 0.431 832

00 N N L AW
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i VMD B L GETE A A | Ay Eil:D
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£ RAFRY I ok A ’ ASCHE VMD RL Y Table 4 Results of VMD decomposition of futures price
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Fig.3 Results of VMD decomposition of iron ore futures price series



559 1] X HEE | 4  H T VMD-DBO-BIGRU (1422 K R B0 41 11 52 4 i 129

TEAS ST HE A — R 5 DL i IO B 750 v | 05K 39 77 1% 2% ( mean squared error, MSE ) /E i 2k R %K,
4] DBO B3k %t BiGRU # Hh i 24 ) FRpp oo fom Al , U TR S8 & AR S 50
W5,

x5 SR

Table 5 Parameter settings

R/ Bk WE
BP hidden_layer_sizes= (64,64) , max_iter= 100, random_state= 10, alpha=0.001
2 LSTM units = 64, activation = selu, loss =mean squared error, optimizer =adam, learning rate = 0.001,
LSTM .
batch_size =32, epochs =100
GRU units =64, activation=selu, loss=mean squared error, optimizer=adam, learning rate=0.001, batch_
GRU .
size=32, epochs=100
. BiGRU units = 64, activation = selu, loss = mean squared error, optimizer = adam, learning rate = 0.001,
BiGRU .
batch_size =32, epochs=100
CNN-BiGRU Conv1D filters= 32, kernel _size = 3, activation = selu, MaxPooling]lD pool _size = 2, BiIGRU units = 64,
optimizer =adam, learning rate=0.001, batch_size=32, epochs=100
DBO DBO pop=3, Maxlter=10, PballRolling=0.2, PbroodBall=0.4, PSmall=0.2, Pthief=0.2, dim=2, lb=

[0.001, 10], ub=1[0.01, 100]
VMD alpha=2 000, tau=0, K=7, DC=0, init=1, tol=1e-7
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Fig.4 Comparison of actual and predicted values in the single-step prediction model
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Table 6 Comparative evaluation table of single-step prediction models

el RMSE MAE MAPE R’
BP 28.159 1 22.646 5 2.867 4 0.876 8
LSTM 32.8292 24.1175 3.123 8 0.832 6
GRU 28.0129 20.807 2 2.6535 0.878 1
BiGRU 19.093 5 13.325 3 1.694 1 0.943 4
CNN-BiGRU 25.663 7 19.786 5 25181 0.8977
DBO-BiGRU 18.808 8 14.077 1 1.806 0 0.9450
VMD-BiGRU 9.9518 7.7929 0.9747 0.984 0
VMD-DBO-BiGRU 3.4582 2.800 0 0.360 2 0.998 1

M 4 Je3k 6 nIAL, 156, 76 5 R AL 255 MAE \RMSE \MAPE DL} R* #5845, BiGRU %l e 8l
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Fig.5 Comparison of actual and predicted values in the multi-step prediction model
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Table 7 Comparative evaluation table ofmulti-step prediction models
PEMIEER AU BP LSTM GRU  BiGRU CNN-BiGRU DBO-BiGRU VMD-BiGRU VMD-DBO-BiGRU

1 28.070 8 40.4679 32.0417 23.7756  27.8715 25.546 8 10.801 1 4.466 2

2 354718 40.1995 38.1743 28.9623 34.646 8 29.1774 13.132'1 5.4373

RMSE 3 46.8669 63.1431 41.6237 37.0655 37.663 4 35.0137 15.291 4 6.0855
4 41.9618 51.4698 51.7303 43.6224  43.7637 39.2939 15.4396 7.284 8

5 457197 64.6545 52.2514 422669  45.9435 41.3457 20.866 5 8.7272

6 50.7538 63.5129 47.6257 47.1154  48.7323 45.992 4 21.364 5 9.9922

1 22.6909 30.9242 23.5951 18.5223 20.201 4 19.307 5 7.998 9 3.2800

2 28.3973 28.9810 27.4736 22.4881 25.930 4 22.349 8 9.7859 4.062 0

MAE 3 36.7583 44.6722 31.2794 29.6174  28.3450 26.992 8 11.9409 4.4420
4 32.8730 39.7855 38.6228 34.7239  32.2007 30.179 3 12.175 2 5.6105

5 36.8324 47.2535 38.7933 32.8955 33.659 8 32.692 2 16.957 5 6.767 2

6 42.0449 479977 36.0630 37.5763 35.875 4 36.079 6 16.489 0 7.665 0

1 2.8538 3.8883 3.0402 2.3449 2.6000 2.4377 0.989 2 0.4117

2 35920 3.6872 3.5527 2.8804 3.346 9 2.8597 1.2049 0.5162

MAPE 3 4.6074 55143 4.0018 3.7839 3.659 5 3.4712 1.483 8 0.562 4
4 4.1925 5.0206 49069 4.4700 4.1719 3.896 6 1.5218 0.713 3

5 4.6693 58915 49323 42802 4.3388 4.2247 2.1204 0.8653

6 53110 59808 4.6223 4.8367 4.638 8 4.644 4 2.064 2 0.979 6

1 0.8788 0.7484 0.8423 09131 0.880 6 0.8997 0.981 4 0.996 8

2 0.8060 0.7517 0.7761 0.8711 0.8156 0.869 2 0.9724 0.9953

R 3 0.6604 0.3874 0.7338 0.7889 0.782 1 0.8116 0.962 5 0.994 1
4 0.7271 0.5930 0.5888 0.7076 0.7057 0.762 8 0.9617 0.9915

5 0.6745 03577 0.5805 0.7255 0.6757 0.7374 0.929 8 0.9877

6 0.5965 03802 0.6515 0.6589 0.6351 0.6750 0.926 1 0.983 8
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