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Application of improved support vector machine in the optimization of

artificial diet for the cotton bollworm, Helicoverpa armigera ( Lepidoptera .

Noctuidae )
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Abstract: The development of new experimental design and analysis methods that can provide satisfactory
formula through conducting as few experiments as possible is extremely important for complex multi-factor
and multi-level optimization problem, such as animal and plant nutrition, and fermentation engineering.
Based on uniform design and support vector regression, a novel experimental design and analysis method
named as UD-SVR for the prescription optimization was proposed. It was applied to optimize the
complicated artificial diet including six factors for the cotton bollworm, Helicoverpa armigera ( Hiibner).
The optimization results showed that the mean pupal weight increased from 0.2436 g in the initial
benchmark formulation to 0. 3044 g in the optimal prescription after carrying out only 22 schemes. UD-SVR
is more efficient than the reference models and has the potential to be widely used for experimental design
and analysis of the prescription optimization.
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regression, SLR) . £ G4k ¥4 8] 9 ( multiple linear
regression, MLR ). — ¥k £ T & [7] |13 ( quadratic
polynomial regression, QPR ). 1 & /)N — 3 [#] 19
(partial least-squares regression, PLR). fR&/N_—
Fe —k Z Wi K [ )5 (PLS-QPR ) F1 A T #f 2 1 4%
(artificial neural networks, ANN)ZEJ5y:, HIHSHE
RiRARECER, RALNGHEARHGIE TS K
BF, AR REBLGEITT IR MRS AR AL /N
AR, BT 25 XU R/ NAE G I e/ INEEAS S
TR AR, AR A A, [,
Bhh&RF. RERZREEFEIEREXR,
1M SLR, QPR # PLR J24k HEal ikt my, JELktE
fENTEE 1 A /& (Rosipal and Trejo, 2001), LA [
TH 7T A EC T I, EE A BB B — OS]
L, S E SR R IR IR AL P R i T R
J14BR ( Gupta and Manohar, 2004 ), ANN & fEfi#
AL, EAFAERRIZEMXELITE . R
2. T HISENGMNGRR .. ZTBAR
WM /N 5 4k Bk Mk 25 [8) B ( Chakraborty et al.,
1992) , S #F[m EHL(support vector machine, SVM)
ETEMRR RN, BaFmfpk 7/AMER, dEL
P WA GEBUCERRTRIBN R, A
JT8E J1 4 5 (Vapnik, 1995; XBJ5 4% Fl H 3L 7K,
2004) , (HFFFETfRREME 25 . B R B Kl &
B WMRINGHEATTREERERFRK. SVM 4
$& X M & 432 (support vector classification, SVC)
137 5 1) & [B] )3 ( support vector regression, SVR)

#3428 1 Helicoverpa armigera (Hiibner) 3245
EHRERSHFEER, FHEEE. itk
M. briige R IRE B R St s
Priaf R EMAMELELRE R, HEHE AN
AR SR, R REERKEE, RFEEFTHK
B, AR RN TRHEE AL AR (AR
&, 1981; R3pF, 1985) , ARAFFAESHE SVR B
FaRy RS I, 458158t 5 SVR 2 T —Fhh
MISERRIT 540077 B UD-SVR, K HN F TAR 8
BNTARHEE I Ak, G5RRIFITE AR B
. R AR .

1 #R575E
L1 mESEAKREE

Mg BRI B DB A ARG H FRA A,
I A SR = AR TR T N TR B4R AUR SR 3 AR

Vit P14 dUR B F 24 £1L Corning 4% Rk
F(FLIRFLE 2 15.6 mm, AEKHEF 1.9 em?), 3
MR G R E 6 L Corning 40 g 1% 35 AR 20t 4A 3
(FLRE#34.8 mm, AKHEM.5 ecm®), EME
Bkl WEHERE R, EEYRAE, ERRET
JELBE 27 £1°C, Y¢fEH L:D =14:10, RH 60% ~80%
HIERREESRAE
1.2 EgEATEMER

MRS BB N TARRHEC 5 AR = RIS
WEH, ERNAREFREEMA, FHLTHBEER, &
WATIES LT 3 44 [ A 0B EH 100 g,
F#100 g, BEAHEF 100 g, FEME4 g, 3Kkl 4
T WL AT 12 g5 MU RNGEAER C H (4R
J#)50 R, 21 &4kt 0.5 %, IIALER 1.6 g, K
R 1 mL(4AER C F 21 &4 7 RS 4) o
Belat, K I 40 A 500 mL EKFHERES 5, 1
PR T 500 mL K E Bk, BRA THMI4A,
R 2R VR KT 30 min, R§RBERE 2 S0°C 2245 B
AMARST, PREBIRSE R o
1.3 XHMEEEIEFS LIBSVM 2.8 HR4a

SVM &2 4] 2 F F R P 2k 7] 4315 00 F P 284
A REE(SVC) , Hizo BAERRD] — &l
ST, PR KM FR K, SVR
5 SVC AH{L, {H SVR firsR il V- 2 BT A HEAR A5,
B AR RN X TFREEFNE, A
BEALE (x,,y,) , HFi=1,-,n;x e Ry eR,
AR R FR— MR, FRERERE
(e=0) XTI IRZMBE v, BIFFAREAR
MBS FHWEBSHRAKRT e; ZRIIAIFIR
ZWEDL, AT AMASARE: £ F1 €7 =0 DA RIETI S
¥ C>0, HIFA B ALk AH R B 4 R4 41
TRFRRIA R 5 % Ak ) R A ke85 [ R B
ARSI AR A R EL . (U DT FEA Y Lagrange
Tt a ARE, FdoE iz TR LR
XU FEmE, X FIEL M EIE RS, W@ R
B HRE AR A B B — A 1R AT 2 18] Hh R T
ARy, HE, FEs BB EETLITEL,
Fofdi 2= 18] AR e J5 T35 1 5 1 T T K 4 250 o 45 i)
B, SIS SVM H AR X {8 m) i R A & — AR
BErE= RNBLZE R, XA s B AR R4S (/)
A RECR LI, F % SVM Fl SVR M4 N2
21, Vapnik (1995) , 3k % T (2000 ) F1 7 & 4 45
(2000) ,

LIBSVM 2. 8 #f443¥) SVR TheEETe 2l 4 1~



422 B 23R Acta Entomologica Sinica 53 %

FA#2 JF: Svmscale F T X J& 4 %5 48 # 4% 1k,
Svmtrain F§ F Il &, Svmpredict F F ¥ U,
Gridrogression. py T B S0 % B M ECR LS8 o,
g, p(ce([-1,6], ge([ -8,0], pe([ -8,
-1], 2K¥H 1), £BRFHELRHSHRES
I, 3CH#R (Chang and Lin, 2001)

2 UD-SVR it IR 5o

Jefs it UD-SVR FCO7 IRALTRARHER (& 1),
SELEABED B IERN A

FAERLTT AR T
TR

|

¥t

}

Y

S, WEMRLEY

W5 % B Tk
LT RAETSME

HHRTBMAFUHE

BLr R AR
DAL REHR

BRIMAJEREE T, TR & —
M T R TR AT B, Bk TR
) PR, FSET —ﬁf
UD-SVR-2 l UD-SVR-1
S TR AR KR SVREALIF AL | ummBETHLAA
BT BT (O B —3%) > R

B 1 UD-SVR B HE LT

Fig. 1 Flow chart of prescription optimization methods based on UD-SVR

2.1 EEBRARERFZELTR
%8 6 R, FHEREME, L TR
1, HAHIFE 1.2 HefE N TAREE T
F1 EEFRREERNLETR
Table 1 Lower limit and upper limit of components
in benchmark formulation

AT A R TRR
Factor Benchmark  Upper limit Lower limit
HEW
100 128 40
Soybean powder, x; (g/L)
B3
100 110 10
Wheat bran, x,(g/L)
FERRR
100 150 50
Yeast extract, x5 (g/L)
TREH
4 20 2
Sucrose, x4 (g/L)
SN (/L)
4 20 2
Rapeseed oil, x5 (drop/L)
HEHER COR/L)
50 98 10

Vitamin C, x4 (tablet/L)

2.2 F1®8HEET

R 1 3% 6 IR 12 /KFLL DPS #1750t
(A X FE M e, 2002), 3k 12 4403 (N, ~
Ny,), S-S0 48 3, HduiE g (Rl4gab 2
48 HH, TR, SEEFKFHE KL
IEE LR 2, AT, 51 S BOTIRER K 4
MEE N, Ny, N;, Ny 5EAEANTHEE CK, 5%
BEER, FTiH—L.
2.3 EBREBIEESEEETERE

SVR # I RECA 4 Fh: MR EE(1=0),
ZHAERE (1 =1), RIFEZRE(1=2) UK
sigmoid 1% BREL (1 =3) . £ %t SVR #% R &L 4K
ek, RZARBEICRKRFRRE, STHE
(2007) . FRKAHESFE(2007) &R T LA 4 i Rl R
BRI B — kAT 238 SR, B8 7 12 22 (mean
squared error, MSE) &/IN& h L% bR B0 % s 8
H F B SBRT . AR TEELMEEHEFLH
HZAS & 0 06 05 ¥, R WIS (2007), i HSE
(2008 ) ;£ BT SVR 251 T —Fh IRkt A8 B 16
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®2 F18HHBUHTAFRRENIEE
Table 2 The 1st-round uniform design and mean pupal weight

WHE y (M = inER) (g)

Kl Soheme 2 K x“ s "o Pupal weight (mean + SE)
N, 120 40 140 5 10 74 0.2563 0. 0052 aA
N, 7 50 150 1 2 34 0.2445 0. 0063 abAB
N, 104 9 120 8 6 10 0.2291 £0. 0061 beBCDE
N, 48 70 80 2 9 26 0.2039 £0. 0050 dF
N, 88 120 100 3.5 4 82 0.2048 0. 0063 dF
N, 128 110 50 12.5 8 02 0.2330 £0. 0054 beABCDE
N, 12 60 70 18.5 3 66 0.2464 £0. 0043 abAB
N, 9% 20 90 15.5 12 18 0.2439 £0. 0061 abABC
N, 40 30 110 14 7 9 0.2100 £0. 0072 dEF
Nio 80 80 60 9.5 13 98 0.2354 £0. 0055 beABCD
Ny, 64 10 40 6.5 5 50 0.2198 0. 0052 cdCDEF
Ny, 56 100 130 17 1 58 0.2294 0. 0055 beBCDE
CK, 100 100 100 4 4 50 0.2436 +0. 0070 abABC

N, ~ Ny, #5538t ab 3, CK, AEAEA TR R, WEHREEAARFERFERBYE, NEMREFEHHIRERBE KT H P <0.05
F1 P <0.01(Duncan [GHEMEERLK); TR N; — Ny, are schemes based on uniform design; NK is the benchmark formulation for the control.

Different small and capital letters mean significant difference by Duncan’ s new multiple range test at the 5% level and 1% level, respectively. The same

for the following tables.

Tk UZSRRBEKENG S 2TEALEK
SVR LR LB — A 4K MSE # /)N IR U 3F 2k 32
S50 £ 85 TG BER I B AR B, 9 0 i ) A ek D
NRE R T FERLEAR 96 SVR H 2 5 4 i 1
ek, SRR T ZHARERGIEKIENRE R
FHEATIRBITLE, ZITEA] 45 & AR X
JERE, ff AR B & — R EE D (R WA,
2007; FRAKASE, 2007; ENHFAE, 2007; DM
5, 2008) o FRHUA% PR K £ R 3 £ 1 AR A 0 0 B
Rl HEAT

FELIEN TS REY, R RECHE
E(e=2), REFT R %, %, %, MHEy M

PR BN A BN 2, >, >; TER 1 G
ER) ETRRYEEIN, HF %, 25, x5 XTEHERIE
MNFR3),
2.4 BT

BGRB8 — & 3 AN AR F i SVR A,
PRI B — VA R B B AT R (R
W%, 2007), Mt=2 RHE3IMEERFHE, K
B AR EREL | AMMERMSL IS, H
A 12 DNREARFIR LA S —3% Gridregression. py % 5
Hm SVR 281, URihSH c, g, p Mix 124
FEA Svmtrain f5 F ( Svmpredict ) 2 <7 I 54 4,
XU B — LTS5 5 MSE 2 0. 0018, R B firg st

£33 FRUEFRHESKRERTFESFERE MSE B(ZEE#)

Table 3 Screening variables and compulsorily screening retained variables and their MSE ( x10*)

iprany s B O BERT ¥ MSE {5 . . . . . iprz iAol Sy
Stage Round MSE before screening ! g ’ ¢ s Variables screened
A i i 1 2.20 2.85 1.90 1.81 1.89 2.14 1.77 X
Screening 2 1.77 2.85 1.73 1.69 1.72 1.72 - %3
variables 3 1.69 2.85 1.93 - 1.76 1.42 - x5
R il i 4 1.42 2.85 1.88 - 1.54 - - N
Compulsorily
5 1.54 2.85 1.76 - - - - %

screening
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BRI A 88 )15 SCIMER KK 4 A 3
HEMMER, N, M2 (BIERER) . kb
7 AL TE 22 R T i R I s (B v R B, Sl o
O E R B L PR iR P AL B, WL, ¢ =2 HAR
BAT R %, x,, x; B SVR BLRIAT UEH
2.5 SF2®IEWIT

MFE2 1 BHBOTER LK, ATETHK
Geit SO0 T IR RO o M P R 7 SR AT AR 2
LB S5M1L; A B/s UD-SVR AR, [
WA T2 R B HEAT UL
2.5.1 FETFHKG I s E J5 4k (UD-SVR-
1): Lhe=2 HHRMEEE, L, x, x HRE
BT, XR2 0 13 MEAYIGERE, X (12K
F)\ x, (12 KFE) | 2, (12 KF) Fe 1 728 N4 A
FRREAFEAT B, B P uE & y (0.25 /1
213 AL BRGE 25 R TR N R 4

£4 FATFHEEXT 0.25 19213
MERHR ST FHER

Table 4 Factor’s frequency statistics for 213 samples

with the predicted mean pupal weight >0.25 g

. LSRN xz SR/ . LSRN
Frequency Frequency Frequency
40 0 10 42 2 8
48 0 20 40 3.5 11
56 0 30 39 5 12
64 0 40 35 6.5 15
72 0 50 27 8 16
80 0 60 20 9.5 19
88 0 70 10 11 21
96 0 80 0 12.5 21
104 19 90 0 14 24
112 53 100 0 15.5 24
120 67 110 0 17 22
128 74 120 0 18.5 20

W& tAE e R x, =128, «x, =10, x, =15.5,
X PR KTE 7 =0.2594, 454 Bl B4 &
R4, » (HTR) BN 128, LRRSMEE 180,
TERVAEE 1205 FEAERCTT o «, (Z£5K) &2 W 2 AW
w, PERAMEZO, BIRJAEH 2165 HAER I+
x, (FERE) & U BRK, FREFREERWERE
A RERE & BT CE R UR, RE R, T
RyE# N 16, EFRAMEZR 22, LI 3 B 4 KF#
ﬁ:% 2 ?ﬁﬁiﬂﬁ‘, it 8 Lﬁ(le Nzo) o % 38
R, 7ER 1 AEM ETRIEEN x6, 25, x5 XU

HEYME/N, S ERATBRTRE, 22
B ek HE(E; BARE x; =100, x5 =8, x4 =
48, 52 #I SR RA BT R IR E T . 52
M RERS, EabrEitiy)h 48 3%,

M2 MRS /1A, 51 8H5RTH 12 4
b PRSI B = WH R 0. 2563 g; 42 SVR $8 A5 2
BB, 8 MEHEE(Ny; ~ Ny ) A 4 N IFEE
it 0.2563 g, FEH|ZE N ALFEF-HUE E A 0. 2889 g,
BT HAM 7 A RN IR CK,, RAET
RGeS UL UD-SVR BARMRAL M RBER AT o
2.5.2  FETRREFRON 5B R 7 Ak (UD-SVR-
2): uxu Xy, X ﬂ‘:’ﬁ%lﬁ?, Xd.i%2 # 13 /l\ﬁé
AYNZREEST SVR FBLRL, R34 «; 195 R F3L
N, FIHEBR «; AhE & R B HIE, £ 7
FEXE NG —ELKBUE, PERIRALE, R
A SVR W AVEHE y, , FIANHAER 5, B %
HARAC AR, BRI AR & iR KB «, BB D% EF
B, HKIRERTS 3 MR E EF R RIKE

EETHR G IHRWE T, FERERE
FHBER—EMENE; A7 RETHRE TR
Pr, XHERBRERFRIES HEIKT: ETFR2 B
13 AR, 3 MRBREF, B A—"1 R E R
F x YIGER; 3 MEAEEFBOLNE, &5 S
EX N —E S KBUE, PAFEARLE, A
RS TAE y, , KRS 3 AN ERBE TR
PR

FT R FRON 43 Hr AL (UD-SVR-2 ) #E i fy
6 A F&IMAKFHE x, ~x 7351 H 172, 14.4, 68,
21.2, 2, 40, SEPSEIERE L 0.3044 g, EFTA
AR (R S5), BT 5 EF R0 1
UD-SVR fRALRCR 5 i o
2.5.3 ZHEEA: SHAERXER/MIE G, H
# 2 #£15 SLR ## % y =0. 18074 +0.00046x, —
0. 000162z, +0. 00016x, +0. 0007 1x, ( JEEAH & R 5K
R, =0.7420) ; PLS-QPR 2% & B {F 35 F1-F J5 i 45
B, PLS-QPR X% & B AET AL, PLS-QPR {{%
BRI A S TU, HARER 2 HdlE B DPS
WAPREERS (FF B UGB, 2002), #R5)
o 4 DI XU e/ MERIHEI 1) B AL 4 & R TS
WESS IR S5, AL, 2 HOBASE % 55 1 4 PLS-
QPR-2, {H {1 K 0.2647 g, 5 H: i A T4k
(CK,) ZRARE; S BRSO A B
B30 FEWAE, JGUL PLS-QPR-2 fREf & K; R
WS BRSO 2, SR, ETHR%
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x5 F2RIWFITRENFEE
Table 5 The 2nd-round experimental design and mean pupal weight

W y(FHME « irdER) (8)
SCH62H Scheme % %y %3 %y %5 % Pupal weight (mean + SE)
FRM{E Predicted value SC{E Observed value
N3 180 14.4 100 18 8 48 0.2844 0.2492 +0. 0057 bC
Ny, 120 7.2 100 20 8 48 0. 2644 0. 2650 +0. 0059 bBC
Nis 160 7.2 100 16 8 48 0.2782 0.2889 +0. 0073 aAB
Nig 140 14.4 100 22 8 48 0.2716 0.2644 +0. 0096 bBC
Ny, 120 21.6 100 16 8 48 0. 2605 0.2448 +0. 0081 bC
Nig 160 21.6 100 20 8 48 0.2771 0.2641 +0. 0068 bBC
Nyo 180 0 100 22 8 48 0.2876 0.2499 +0. 0077 bC
Ny 140 0 100 18 8 48 0.2727 0.2481 +0. 006 bC
UD-SVR-2 172 14. 4 68 21.2 2 40 0. 2796 0.3044 0. 0077 aA
SLR 128 10 150 20 8 48 0. 2756 0.2574 +0. 006 bC
PLS-QPR-1 124 39.6 148 6.4 13 68 0.2737 0.2613 +0. 006 bC
PLS-QPR-2 128 10 150 2 2 98 0. 3292 0. 2647 +0. 0042 bBC
PLS-QPR-3 120 49.2 99.6 12 13 66 0.2793 0.2515 +0. 007 bC
CK, 100 100 100 4 4 50 0. 2265 0.2428 +0. 0053 bC

Nj3 ~Ny: UD-SVR-1 435035083t 4bB; PLS-QPR-1: PLS-QPR B E/ET AV 7 Bk &l; PLS-QPR-2: PLS-QPR U & H fE WAL ;
PLS-QPR-3: PLS-QPR AU V- UtEAL; CK,: FAEA TR, Ni3 — Ny were schemes based on UD-SVR-1; PLS-QPR-1, PLS-QPR-2 and
PLS-QPR-3 are the optimal schemes predicted by the model of PLS-QPR with reciprocation and square, PLS-QPR with reciprocation only and PLS-QPR

with square only, respectively; CK, is the benchmark formulation for the control.

THSE4LH UD-SVR-1 Frfg R i Ab B N, FI % F 8 [
FRL 43 A1 9 UD-SVR-2 52 ] i 8 431 >4 0. 2889
F10.3044 g, BB EXMKBER TS HBRREHAE
TR, R RUIFE/NHEARIR T UD-SVR i1k

iRt
3 itig

ETHE 1RSSR ), EELERF
TRERE x,, %, s ARRERET. EFHRRGEITHF
t# UD-SVR-1 ANy x, (B k) L BR N i 128;
HAERC T x, (FER) R 100, BHEIRE, RiEER
10 3 10 LR 5 ZEAERCH o «, (HERE) H 4, U] B0k
fi%, DIVEEEA 15.5 £ T HEFRUN A HT B
UD-SVR-2 A K x,, x,, x, NAr 50K 172, 14.4,
21.2, UD-SVR-1 F1 UD-SVR-2 X% 2 #5860 % 1t
MR E LB —3, £S5 LREBIELFE, UD-
SVR-1 #5148 NS AL BRI B AR R Ns
Hax,, x,, x, 235k 160, 7.2, 16, UD-SVR2 5
N, s A2 P T 4% 0 3 05 F R ME T 7 . X ARA UD-
SVR EEF R R 548 2,

FREMAE (1999 ) B i 3H — PR 8¢ BN AR
BLT7, HAPHIHE L 0.33037 g, & TASCHRER
0.3044 g, SR, WTRBIECIT A2 R . R4S
HAREA— ERANEFRREA—F, WEHA
HAltetk, #3, AOFEH B KE 2R EM—F
ZRRZHKFETT A SFE BB T

Xt—4~ 6 [T B TR R 2B 7 LA
[E, UD-SVR {2 % 22 1~52%, B3RS —
BT : WER 172 /L, %5k 14.4 /L, B
FHRE 68 g/L, HEME21.2 g/L, SEKM2 /L, 4
AR C i 40 Bi/L, 21 4. i, ILELER.
KRR FIEAERC D7, SEISF34H 0. 3044 ¢
UD-SVR SUASRE /. 48 SHESR . Al REELr . 1
R, N2 R R L KRBT A RS Bt
ottt TR A RoER, BHEERTES
WIS SHF
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