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Optimization of nosiheptide fermentation process based on
theimproved differential evolution algorithm for
multi-obj ective optimization
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Abstract: Multi-objective optimization is an effective way to solve the problem of low yield and low efficiency in
the nosiheptide fermentation process. Based on the differential evolution algorithm, we propose an improved differential
evolution algorithm for multi-objective optimization(IDEMO), in which the selection operation is based on the Pareto rank
and the crowding distance of each individual in the population. The adaptive mutation operator and the chaotic migration
operator are developed to improve the performance of the algorithm. Based on the kinetic models of the nosiheptide batch
fer-mentation process, we develop a multi-objective optimization model (IDEMO) for its optimization. Application results
show its effectiveness.
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1 5|5 (Introduction)

W P8 Jik (nosi hepti de) f& — i BLAR (¥ R 1 3 4
TR N, BAE B AT ER &M, 88D, &
FERREK, 2 B A4 ] F SRRtk 2K im . 2 H
P i) B W AN HARER O 2 R s LRI A%, T
FEAE— N Paretof 4. % HARMUAKE Ty sk H —
i, Rn] BE A TH HbiE i Paretof @ 4 1.

LT, KA T 2 B 7
72 RVE, $LR {4 NSGA (nondominated sorting in ge-
netic algorithms)?, NSGA-11%1, SPEA (strength pareto
approach)%. 2= 4 3t 4k 5 J:(differential evolu-
tion, DE)PLE —FRENL M IFITEE S RERHE

WekE H #: 2008—05—14; W& thka H #: 2008—11-07.

% CREZNOERG T RN EFIR
YDEI e 5, T2 B AREALE. Robit 42 i
T DEMO(differentia evolution for multi-objective op-
timization), ¥ DENH T2 HFrtlitl, FikRARR
I SIOE BE, (R B i A8t

AICK BENEREFARBMTIBRHE TIIAL
HirZ= e kb, MIHAE R FEE R
AR, P 5 2 1R v i e 22 Ak DL GRE S ST P N =) T
AL, T Rt 2 B AR ZE 2 #EAL VA (improved
differential evolution algorithm for multi-objective op-
timization, IDEMO). 7E i Pt ik 7> it K B 3l ) 2 i Y
IR b ST T DL & 7= IR B e KA A e I TR d

HETH: BRBRREE SR BIIHE (60774068); #H # LI AR TIEEA AU E & SER = IF RO i 2 4 % Bh 151 H (PAL 200509).
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R0 BAR 2 HARRACEESY, 357 FIDEMOREAT T
2 % BEsHuAb il S R (Multi-objective opti-
mization problem description)
e NS Ty R A ISR

mind = [!]1,... 7Ji ’Jn]v

Jo= 02, 1) + [ 02 X 1)t

dz
st— = f(Z.X,1),2(0) = Zp,0 < t < ty, (D

dt
X = (‘Tb’” 7‘Tj7”’ 7‘Tm)7
L jmin < Z < xjmaxyj = 17 Uz

X: J € R”?b HAx &, Joh 81k B #x,
a(Z(te), ) [ T 6u(2, X, )t 55y S £ B T 2
TR TR TN, Z RS M &, 2 Ao ], X R
Yk &, o, AXK A&, BNk &,
T janin AN i 73 ) A e B /MBI B KAH.

3 WtE HiaES#HE L (DEMO)

31 DEMO#:4EH B (Steps of DEMO)

Step 1 Z ¥ v B AR BERI 44 4k 3% 5 0 BE L
BN, L REF, K HAREG a0 FIAE AR
EHETFCr € [0,1], 2HLARBG = 0, LTI
MBEPC = 0hIAMEXO (i = 1,2, - -+, Np).

Step2 AR HAR(QAERERAMAX]
X[ =X+ P(XG ~ X9, 2

A XERRAARAME, XEFXEH E5XE AN 24
HAAH R IAMAE.
Step 3 2 XEEAE. B Q)R MRAAXE 5 AR
BAMEKS 2 WMATA AR, PRI A X
25 rand( ) < Ck, 2
o {xG . ®
KA rand( )R [0, 12 RIS AIBENL, j = 1,2, -+,
m, m A28 = ) 4E 5L
Step 4 EFEEAE. BAB A REAMES L
RRAME— BB AP EEQC (P BB N2 Np), I
BQEH AN MERN I (1) H I 2R LR (FE 52 B
) A, A 2T R R B SRR 3T Sk iR, SR8 H
b ) 2 4. AR BEAN R B0 2 7K ST 6 Fh B AT HE 7,
BARSEIL 54 R AR T A 6% IR
AR L EL ML, R 5 BRI R AR e &
Pufg, R T HER A2, ER MR, PR
B ARE R T A5 I A 1k, A T gERR R
Z A, PRAUEAE B8 5] 73 A I Paretof AU AR, v H-
B R — M S R0 AH AR AN AR 18] 3 BF

PR, S EBR | T5% 2E B B I AN A AR P B
IHEFPRREE S, RSP BRI i £ 0T N MM
MR F AR BEPCT . FH L o (), &
L SCHERT3].

Step 5 ZKIL&MHHNL. 4G +1 — G, £HG <
G max, WIR 2 Step 2, 75 WK A g i) T AAhEE R S5
ERA LR PTA MR 2 B A4 10 8K HE S &
PefRAE, i g RisAT.
3.2 HiEMNZERH T (Adaptive mutation operator)

DEMOS i1, A2 5 & F H X 2247 1m) S HEAT I
KEGGE/NES]. TR AR FA G E Rk, ¥
SCHRI8IH ) B 3 N AR e 5 N T 2 B bR 22 43 ik
S, ZE T R EIR MR, B &N
T e AL e R, AT R AE AT AR R 28 7 e DA
TREFFIBEN 2 FEVE, S fE N R B, 72 )5 HE
F R RE, RENEER, REHEEEREE.
7EIDEMOH, FIH T A EZ R HF:

F=F, x p€7 G (4)
Kb B2 R EE, Gua B KRS, GAH
ARLRE(G = 0,1, -, Grax — 1).
3.3 BT H T (Chaotic migration operator)

Z AR I 2 H RRAL IR B, 5
PN Rk B tlt. A SCR R VRIS 5 H BE AL I A0 3t 7
MG RIERHE 7, 5| SEEBH R, &
—4EL ogisticl S VR AL O 5] XIDEMOH, Bf

Tkt1 = [er(l — rk). (5)

X r, € (0,1), phEHIZH, Hp € (3.56,4.0)
i, (G BEATRHARZ.

HATIRMOE R I, BRI — A méE | &4
ﬁf%%ﬁfb(o, 1)J:E|':J M Er, = (11,7215 5 Tma),s #
TRBEMErN 1 = (Fiic, T2t s Tmis1)

%'/l\ﬁ\irj,ﬁl ) ED

Tj,i+l = /.LT'JZ(l — 7‘]1) (6)

Kt 7 = 1,2, ,m i = 1,2,--- ,Np — 1,
Hu = 3.6.
KR S B X A (—1, 1), BY
Ly =2r; — 1. (7)

B R IR PR S T B AR, R B AT
WS R h L BT A, I8 HE 2 Bl i AMAEX T
(@6, 2C -+ 20 WOl F TR, P
W BRI PR LR T 1AM, BT

{ 141 (2 max —2j1), 0<l;; <1, g

Xji
Zj1 +lji(33j1 —Zj min)7 -1 <lji <0
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X j = 1,2, ,m, i = Nz, , No,
Nrano S 55 R 20 A R 16 FP 5, Np b il
FERURL.

W EZ YR, RAEFRNYIE TG <
G max /3 A BEACAT 99) B0 RE 2 BE R BRI A 2547
T AE. IDEMOTE S8 Sk R 1E 5, B e HIlT
BUFRRE A 50 R IR 451, 2 I 2 M BEAT R #
BAE, A5 AT 4 R4
4 i VG Ik & B % H x4k (Multi-objective

optimization of nosi heptide fermentation)
4.1 HRALFEEL (Optimization model)

W P R4 b R e B ) 2 A A B X (9)~(12) & .
ARAE RGBS @S P IR B R 2 H R
AR, HR FIIDEM OK .

%:Ag-exp[ —FEe ]- 5 .
at R273+T) KsX+8S
Aa eXp[R(z_f i T)] ' Kﬁdco’ ®)
(cii_f:_ms'X_Yi/s '%_Yj/s .(L_];’ (10
d% _0.320. 07 ”O"foéd‘ogﬁ QU
(C"=Co) —my- X — Yxl/o (11—);—
Ypl/o . ‘ii_];, (11)
% = X — KP. (12)

A X, S, CoMPRRREZ R, 705 RRH
R BT WA IIRIIREE, T, nMQ73 5 A K
B E . DU ORI < 8. S80S XILERL
N T TR 2 B8 e /N 2 77 e T R B KA e ™
BB S H AR, ASCHE T in(13)Fs
(K122 HARPALAR L.
min tg,
{max P(te) . (13
A b RS RIS Z, P(t) Jxd R =PIk B
ARAE 5 7Y RO I T2 K S B 0 T 0 IR
FE . BERERETE . TR RIS AN 1] DA K T R IR
JEE SR TR JEE A Alp 8 IR BE (AT AR B TR AR
BB =Rk I LG E h P(0) = 0 g/lL. WPak it
R T o R BT AU FBE R I JRE R 9 S AR JRE 4
IHME X (0), S(0)FIC, (0)F G T BR%:
0< X(0)<bglL, (14)

20 < S(0) < 100 g/L, (15)
0 < Co(0) < C*-100%. (16)
A1 BHEAXRBM

Tablel Meaningsand values of parameters

1555 X HfE

Ag  HAK Arrennius H 3 0.1224

By  HEKIEAE 60 kJ/mol

R TSR 8.314 J(mol - K1)
Kg BRI % 0.1828 g/L

Ko  WR4 Contois MIFIH ¥l  0.0352 g/L
Xmax BKNHEERE 0.8722 g/L

Aq  FETC Arrennius H AL 0.0019

Eq  ZETWEMGRE 340 kJmol

Ky  Monod ¥ % 0.0368

ms  YEFEET 0.0624 (g-g~)/h
Yx/s BAENERNARRLE 025429/

Yp,s FEUIREEBIARE AL 06809 9/g

Py FEEATHBADIE 1500 W

d BTS2 IR E 0.01m

vV R AR 0.05m?

D RIEEHEER 05m

c* EMRIRE 0.03712 g/L

mo  WPIRERAE 0.467 (g-g~Y)/h

Yx/o WRXEEERSERE 00284 9/g
Yp,o FUIRTERERBEAL 00914 9/g
B FEY)E R L 0.0512 g/(g-h)
K KR 0.0004 h—1

VPG AR T R NI BET, A5 R B i A R
EQVEHEA T 2K:

27° < T < 32°, a7
100 r/min < n < 400 r/min, (18)
24m*h < Q < 3.2m*/h. (19)

42 %3R5} (Result and discussion)

K HIDEMOK i iR £ H br iR BE AL, K A~
R FERI 53 5 T E KM A B, R8N
) B P L PR Al S E AR REAAR, )

ts

=5 (20)

KA AR B R, N R BSR4 )
F B 1) B

B T AR SCR A B HAk 7 kSR g 2 (13) B s AR
Ak 17 7R, G0 e A S R SR AR B4R A B R I BEBUL A
Kt FHBOL %, WK HIDEMORfE, #E4k M A
35 DR K B K, K3 AR Ak I XE B, M SIE AN B sk
BEAE, T HT TR SRR A R
A AR SRR, 254> Bt /b, MITEikik
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BRI, AL LA 78 IRt R B FE LR
2 UCRIE B T LN, = 10, BB d = ¢¢/10.

AICH, R AR v i (Rl BE AL B ARz —, X
FERIRA R, TR TN FEER. AE
FIHIDEMOKfE 2 H bt BU I, Xt (1) 4022 777 2,
Wt VB A 3E AN B J5 — AL BT, A4 R
AT AR S AAS XA, JEAT R BB AE 2 A SR EUA A
o I PR 3E A B, B g — A FE R R AE B R 35— AN
FrABLe, 5 BEA ST R BT e SR AR B A2
RN IR v, BIR] SKAF P 45 BRI Z0) 06 T (1)
PR, B 28 AN H AR 1A

IDEMOMZEE: FER M3 X N, +4 = 34,
BN, = 100, BREHF, = 0.6, 2 XHZH
FCr = 0.5, RHMAREG 0 = 300.

AR LA, A SCIEF FINSGA-1T 8, K g
(13T~ K22 H AR Ak 1) 8. NSGA-IT ) 744 FH A
A KA % 5 IDEMOA R, El1%E 7~ TIDEMO
FINSGA-II B k45 (1) 2 H b4k 1) &1 i) Paretof {1t
AW, B R AR AR Ok R B 4 R R, AR AR D R
T &5 SRR I 7= A ek . AT AL, A [ Ok T 4K g BT
BT % N [ 7= ) vk FEIDEM O FNSGA-1T, T H F)
FHIDEM Ot 3k 15 1 Paretofse £ B W 26 8 1) 35 &) L
FFTNSGA-II, 1X it B I DEM ORI AL R R 5 47

4.5
= 4
1
= 35

36 o IDEMO T

* NSGA-II
1 1 1
2%0 90 100 110 120
.',fh

B 1 % HArIu R B Paretos L HTVE
Fig. 1 Pareto-optimal front for the multi-objective problem

AU BOR, S B R R R
KB R R AR, AR VR 7 IR B SR IR 2 I X
YRR B HATEUE, T = 28°, n = 300 r/min,
Q = 3.0 m?h, t; = 96 h,X(0)=0.5 g/L,
S(0)= 80 g/L, Co(0) = C* - 100%. RN E
P 3)) ) A BT B ¥ R P B 24 PR FE 9 3.42 gL
AT, BEAT O AL 5 AEAH [R) A BN TR) P (2, =96 h), T 78
IR BB A PR B 3 v T 12.9%. XU T A
SRS A R
5 #5i8(Conclusions)

= AN T 2 ARt )&, M T

St 2% H AR 22 7 #EALSKIDEMO. SRl Pareto I
53 S AN R B A TR R A AL 5 R B AT
WHERAE, I TIN BIENA R H T AR H T
KRR R IR ERE. 7RV PE B 2 L A I 3l 77 A AL )
FeAth ST T AL H AR B 7 R B KA
I 15 B3 4 ) 22 H AR DALY, K IDEMOR] Ttttk
I L FY SR AR U PG A P 4 AR TR AR R BRI 1 DL TS,
AL S5 1 B ¢ 7= Wy vk B LEARAL BT 492 T 32 1, B9
TAE A KSR L B b A Rt

£ 2 3k (References):

[1] BREH, STRE, B, 5. 2 HAoh T RES i TAbR ik A4l
RN E75% BRG] 46 T 23R, 2007, 58(5): 1262 — 1270.
(HEYijun, YU Huanjun, CHENG Biao, et al. Multi-objective particle
swarm optimization approach to solution of fed-batch bioreactor dy-
namic multi-objective optimization[J]. Journal of Chemical Industry
and Engineering, 2007, 58(5): 1262 — 1270.)

[2] SRINIVAS N, DEB K. Multiobjective optimization using nondom-
inated sorting in genetic algorithms[J]. Evolutionary Computation,
1994, 2(3): 221 —248.

[3] DEB K, PRATAP A, AGARWAL S, et al. A fast and elitist multiob-
jective genetic algorithm: NSGA-I1[J]. |EEE Transactions on Evolu-
tionary Computation, 2002, 6(2): 182 —197.

[4] ZITZLERE, THIELE L. Multiobjective evolutionary algorithms: A
comparative case study and the strength Pareto approach[J]. |EEE
Transactions on Evolutionary Computation, 1999, 3(4): 257 —271.

[5] RAINER S, PRICE K. Differential evolution —asimple and efficient
heuristic for global optimization over continuous spaces{J]. Journal
of Global Optimization, 1997, 11(4): 341 — 359.

[6] MADAVAN N K. Multiobjective optimization using a pareto differ-
ential evolution approach[C] //Congress on Evolutionary Computa-
tion (CEC' 2002). Piscataway, New Jersey: |EEE Service Center,
2002(2): 1145 — 1150.

[71 ROBIC T, FILIPIC B. DEMO: Differential evolution for multiob-
jective optimization[C] //Lecture Notesin Computer Science. Berlin:
Springer, 2005: 520 —533.

[8] B V&, R48, B BIENRRZE S BUEEAS RN ES
(). FHIH 5 R, 2006, 23(5): 744 — 748,

(YAN Xuefeng, YU Juan, QIAN Feng. Adaptive mutation differential
evolution algorithm and its application to estimate soft sensor param-
eterg J]. Control Theory & Applications, 2006, 23(5): 744 — 748.)

[9] COELHO L S, MARIANI V C. Combining of chaotic differential
evolution and quadratic programming for economic dispatch opti-
mization with valve-point effect[J]. |EEE Transactions on Power Sys-
tems, 2006, 21(2): 989 — 996.

Y4 @A

KM (1980—), B, Bh#, WHwrsvE, NFiRBd EEs S
AT, E-mail: niudapeng@ise.neu.edu.cn;

FHEA (1957, B, %, HLAESIN, T¥E+, NERR
T PR g | #2515 AL IR ST, E-mail: wangfuli@ise.neu.edu.cn;

A kE  (1975—), 53, BIEd%, T¥E+E, NFEERT ISR
ML ) S5 AL EIRTSY, E-mail: hedakuo@ise.neu.edu.cn;

TN (1972—), B, BIEIE, T+ NFHER T RS H
L WA 5 s AT ST, E-mail: jiamingxing@ise.neu.edu.cn.



