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Self-adaptive monarch butterfly optimization based on nonlinear cloud-
transfer

LI Xiao-ping", DU Bo'!, WANG Xian-wen?

(1. School of Humanities and Social Science, Chang’an University, Xi’an 710054, China; 2. Faculty of Humanities
and Social Science, Dalian University of Technology, Dalian 116024, China)

Abstract: In order to solve the problem of low precision of monarch butterfly optimization (MBO)causing by diversity
degradation and being easy to fall into local optimum, a self-adaptive monarch butterfly optimization based on nonlinear
cloud-transfer (NCSMBO) is proposed. The evolution mechanism of the MBO is deeply explored which indicates the
nature of the MBO is grid search. Nonlinear cloud-transfer operation to parent monarchs is executed utilizing a forward
normal-cloud generator in both migration operators and adjusting operators, which can increase candidate solutions and
improve the ability of local exploitation. Meanwhile, a greedy strategy is introduced in offspring from a cloud-transfer to
enhance the feasibility. A self-adaptive adjustment rate in the form of double-circle-tangent is given to control mutation
based on occurrence probability. Seven optimization algorithms including the NCSMBO are overall evaluated on the 12
benchmark functions with different features, and two types of mathematical planning problems are solved and verified.
All of the simulation results show that the proposed algorithm has better convergence accuracy and stability.

Keywords: monarch butterfly optimization algorithm; grid search; nonlinear cloud-transfer; greedy strategy; self-adaptive
adjustment rate; convergence accuracy
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Beh )2 B AT HAR AL L B — e 1) 5%
7. R RDOAS [F) S 75 2, M Tt AR KR T 2
HAxMBO!, B HMBO®!, —#tH| MBOY 10 J B &
MBOM!12 25 22 5 7 50, B IS 1 R AFRCR.

MBO (1) R BIE T A6 PN 77 TR 21T AT
N, BEAS PP 3 NS PP R, A L2 TR SR EX
PR AR, 1l S 5 50 A W A H S B 12
fEEEAN PR SN AS AL, BN F DR 5 RS S
Hdes ) 45 2% 7 I, R B R . 5 AR A R
4Bl MBO [FIFEAELENCSSORE BEAN 1 5 B N S i A
DA SR AR 25 )t O SCE AR A PR BE, BT A AT
M 2 75 T MBOBEAT T 23

E B P4 77 10, 1 21 503D DA AZ B B AR
SRAIG 1A FE R, T 2 o il AR R 2200 AR
XIS AT ook, SEI T R S S AR A 3
= IMREEN R 2200 A S ST E TR E, IRE
BT HE T BA MR R A ), I AR JOE AR
BB N ZE 7 FUEANAR DR 75 AL S 72, 2 Ak T Fh R
) 2 FE V. A2 [ 5177 1H, Hossam 258151 4 32 & 48 =k
£ AL, B Tevy AT SR, AR 2 DAIF OC & R4 4
By gk R R 5 1 il 0 B BT S S BB R e 2
TAEH AT — AR 2 R &RE . Sun R H T —
3T I v 2 ) AR LR B0 80 1 2 EREAL A %,
Gh6 I n) 5 ) RS R B PRI AR A 2 R, SR FH B
BUJR BB 5 3k 5 b N JR 5 AR Abdelmonem 551171y
7857 M F A L A5 B AT B A B o A
BT G TR 5 T4 B2 T 1) B 3T A E B AN,
fRE T BE RS R, B B A U B R A0, 7R Fh
A R T — PR R A N R B AR IME
25 A BT Uk BN JR 0 S L I E 6. Kaviarasan
SEUSL A ik th 2 B BE N AR AN 25 467 [ 85, 26 g 7 [
Z2FEA o MBO E SCT W R R (A 3, DA g ik
T NI RS ST T TRy AL A B, 4 TR W i R ik 5
VR BT ) 3E F M. Tyotirmayee 2519V 1E 42 5% 51k
AR B N MBO ™, 78 43 Bl 1E 4% 5% 59 (1) 5 4 JR 4R
RAe I AL RS B AR 1 43 ) S B AL 1 5%
BUAR T2 W% B, DUALEE J&) 5 S I, 3 7+ MBO 22 iy K
HEJ.

DA b D50 SR s ARSI AR T — e PR RR IR T, R
R MBEAA 5T b AT IR I, TovE B i -~ i Wi Slos
M ERER KR, FMAEA il — P10, 45
TR B, SR AE I8 T 4 R S A0 A R I R v, S BRI
Levy ®AT RS M “ FL27 | 5 B s L AL T
FEREAL O P s NTE B AN Levy K AT SR IE SR A% S5

FCAE 22 8] P9 PR 1, AN DSORE 23 i 1K, T EL Xk DLIE 3 2 1
AU ZIN R TG IR 2 ARG, H B
ZRETER D, R BUR E R AT, 5IIMEE S H
WA 5 ERR 5T R RE ST Z 18 AN B ) 1] i

£ IS ol 5 N Rl UlE - S | S S
= A B IE B M 5 (self-adaptive monarch
butterfly optimization based onNonlinear cloud-transfer,
NCSMBO). H 5, 7 & 3| 2= B8 1) AN iff 5 M 4% AL g
S TR AR IR A LA, X E AR SARAN A
BEAT A, M BRI, SR B E AN
BEAT 00 BEEARR, ORAE S A USSP FLOR, 2k DR A S,
fE A JE IR, i e, Wit B ad AR
TR RIS AT A S A R AR T AR AR, AE 1273
AEI X b B R0 P SR B, Ak SRR B T D
TITERE.

1 EHEMAFE (MBO)

v EMEANE N 2, € RE Hor: Ry d 4 fi
i = 1,2,..., N, N IMEEEL MBO 44> #7
FWRFPRERI 7> 9 24> T M SPy A SP,, HALE A
PRECR ) 939 Ny AN, RSPy 7 EE D p (B FRIERS
), WA

{N1 — ceil(Np), "

Ny =N — N;.

o pR B ceil () ARFR 7] HURE. MBO 1 Fh 28 4k 3
I T PR 57 3T BT (migration operator, MO)
FNH#E S F (adjusting operator, AO).

IR 09T ST RSPy A A S P
SP [A]ff) 5 [l {5 B A e, H A E A v iR

xle _ {xfﬂl,kv r < p; @)
’ !, 1, otherwise.

Hodp: g3 FRORA R 2 R + L k453
&, Ha; € SPisa,, « @y, 405 9 A SPy FISPo B AL
PRI FAME; 258 r = rand - peri, rand N[0, 1]
RIS o3 AT R BEATLER, peri i A% JH 401,

VR B R FH Ak 2 RN X R SPo JEAT AL B
T, (R gk R PR Wi 8, B =

t .
t+1 Thest, k1 rand < b;

Lik —{
x}. 4, otherwise.
Hrz, € SPa; Tpest JE AT K IR AAE; 21, T
K H SPo H HI B LA A
B D HAT R FRE. A rand > BAR, W#% LT
WIEW TR

3)
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aiilt =23 + a(dx, — 0.5). 4)

H:BAR N R o AWNER T,a = Snax/t2
Sinax N AT BN I B KR35 K, ¢ N 4RI IS H
dxy, Fon i FUEAMK )5 K, UL Levy B30T 575 H,
H

dx = Levy(x}). )
2 ETI & MRBERN T BRI E
% (NCSMBO)

2.1 MBOFLHLEI 5 #7

MEEALEE 5, MBO K 1 72 240l 25 Bl
2% (] ) SRS, PAT IEACHT B FHRE R BT 4 B = AR
—ANBEAL 2 4EBUE S, FCRE R TR 2 AR B
MEBETULBABEEFESZARPRESR T
MBO ¥ 3 BB 7, R 1% 53, B — QAR 1 BB K
FH PR AR 1 77 2, B S AN =28 S 2 T 24 11
Tl ) XA A Sy, Hof— 4 B S B 58 A 4k K B B AL
R SARANMA, AR T8 G4k R W% L 8. AR,
MBO 3% gk A L1 B 25 55 4 2 2008z, SR T &0 T vk
PAFHI A B, 5 AR B EAT 2 2ok B SLRA
P o B A5 L I B AL RS SCER 20, T T DA 4 B R
HAX,Y) = X2 + Y2 R s/ MENGIX IR HT
BEAT UL (LI D).

4

1 IBRETFHHK

K1, O Ron 88 e AR EIRAMA, o Rt +
LAH = AR RN = 6, BT MEMALE 7547
IR T —AEE MRS, TAEESP, = {af, 28,24} 5
SPy = {z}, at, xf} HIEAE R HI. LLAME 24 A,
RIS 57, HAFAE B By 4E 77 7] b [R)IF EA 0
5. AR, HJEAAMAIL AT ™4k N9 = 36 Fh 45 2R,
B 1 5 QAT ® A HACR YR 7 A 50 & 14, 3
B (ry =5lk=1,r > p)&(ry = 1|k = 2,r < p) %A

NN AEAMER,LE (1, = 5k = 1,r > p)&(r1 =
k= 2,r > p) %A FRENLAMME®. 7 LU, B
(S5 ARAMARAS AT 73 A, B AL T IR RS R (152 R
b, B YR S R T b — AR, X B VR R e
(17, JC VAR I DX A% PR A 38 8 B 1) A At AL,

FIAE DL IR B e — T BOA R 4. T X
@ H a(dxy — 0.5) AT FENLE, M2 L—E
S MEARAE X 4E BN AR 2R, B R U
[) KM 26 TG 52 45, TR A 5 2k AR I £ 1 g B
RUR. AEBG BRI, 42 = RASMEZR 1 261 R, &
Gy R 2 2 B, S A T 2 Lk R T A
PR SRTH, Pl B RIS I % 15 B A [ A 2 v AR
FEFEAHT AT CRAF R R 2 R 18, (R S5 2
E 5 M W SR FE

28 LR /Al %0: 1) MBO A FH Levy K47 5 B 1
TP A& 43 A 2 B, SR BT IR A% 2 BE AL, S — 28 40 A
T S AT AR B 30T, TR b 5 2 B 2 a2k A B oy ) R R
A Be S FEAE R, B B\ R R K e 70 M LA AR
HE. 2) R YJUE 7 RAZRIMEAR. T H O [E e e, 1T
/INEUAFL ERAR 2 A T 38 0 R AR W 22 ATEUE 2 A (1

KA £ B i) /7 90 99 A%, S0 2 & PR gt e 8, e
[EPNEEIS=Z) W
22 MHEENCSMBO

ot DA L il 8, A s RS A9 R B AR R
P ARZR M A VT SRS, T R R B BT X AL
RAMERIEAT 4k RIS, -1 4 R AR R AR BT R
BE 77, R E & R R #1177 20, BINAEZR M AR AL (¥ 1
He N T LA /N 1) A B A T R
221 FegtE=HkIT

R IR0 2 —Fh B S S A AT
FE WA M TR, B — N = oo (B,
En, He) &/~ AR, JAp A Ex. 5 En. 8 He
I3 A HEIR AR 3N BUCERFAE. H 45 58 U R E
A 2 T TR S Sk R RO OE 1) 2 R A AR P, AT s
P 2 M e 1) 5 ) 2 W) ) A i e i s 4

Bt X MBO #EAT 1 kg FE 48 Z ) 52 BT WA 2 A
B PRI s, T R T 2 A AR I o O 2 1A
Ak, BAAEER R R FiE B 5 7ok i 5T
TEJa ARAAR B, % B bR SR 04T =4k, DA B
J55E KA O e ) R 1, 384 032 P AN A 2 e, [ B DR AR
FAR B SR AARA A AL B A5 D, PR B 2 1 gk Ak
B BT IESOA N EEH, AR H ERIESE R
A B2 S DA b 2 AR AR, K AR R R P Y R B 1
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—FR BT, ST

[x1, 22, ...,2,] = G(Ex,En, He,n), 6)
Hrn RRERN = HEL ERESE KA
RT3k [22].

P IERE T, A LA RS = R A S RELIL
BRI 2, + 20, 20 IPAT ACERAE, BLAE AR
BHHUE S RE . A E L, Ex B E AR
1146 SR, 75 LARE LA 4 107 B Oy 1, AR ELOR 5
RE /7 En ARR IR R B, A [H 19 En 5 & 5 AR 5
Ty, By, Z 18] HRA2 R BE 25 14 88 He 7T R4S A [H
PRBS R, 1 K HUE 2 e A g Tk, 1/ S PR
PUVE; = En o€ 1 AR R ACHIHCE. 4R BE 45 BT
FER AT A

S G(xl 4 En,He,n), r <p; -
ik
G(xt, ;. En, He,n), otherwise.
En = 5(XmaX(k) B Xmin(k))
tan(ﬂt/(4Tmax) + 7'[/4) ’ (8)

He = En/10.
o 5 g dz il 2880 F TR 2 0 I AN B i o0 A
Xonax (k) 1 X i (k) 73530956 K HE 12 5 B R AE AN R
IME; Tonax R RIEAEL. 7T LUK I, En Al He SR HX
T ARG ek 1 3, A AR AR IR R R R AN
5E T, % En M1 He BUESCRAE; Ja 100 B 1E 2 1o 2
Hi, X5t En A1 He HE4T PR 1]

BT R B U ORI T4 T T S Bk Ak, T HE
PAAN R [ 5 10 T8 20, R s i 4 1 Ak Je 22 3k 15
nd AN JE AR, G bR A 2 R G, A Rk
et AR, T B RG89 53 % FE ATt ST
B, A RTAT I B R I e R, AN SC 51N T A S e, B
M AN 2, B, #7RFTE 2 A RIS,
P NG R8It = 7/ o LTI B B A A Y L = PR
I, e R AT AR
240, min(f(21)) < f(a,,),

i=12,...,n )
Ty, .k, Otherwise.

Mr > phf, N
iyt min(f (i) < flar,),

7=12....n; (10)

Ty, k, Otherwise.
Horh £ (2t SRR 5 58 5 AN 2 T AR R 1 B A s
oTNE R . W n A = I R S R/
T, MR Z A =, B AR 2y, SEUE B
s 15 ) 4 A R o 88 s, Ja AR A B B AT SR 4%

1
Lip =

t+1
LTik =

HEE () AT skt Be vt BE RE 6 2 Fh AR AN AR 1) %
B, SRl AR R A& T S 3R 2 ok, i@t 5l NTEAR
PR ZR AT R, 0 0% 12 gk 1 250, DR AIE A 7 ) gk — 25
I B DL AR AL
Hof T B, #rand < p, WX 27T 1 AR A
AT = ACIRAE, T R KR AT SRR, R BRI AE
T BAAEARR T AR RLECR, s )5
EE IR S G N 2 1R 1) 22 R B 2 5 7 A ) A A
AT g2 R A D S, HTH BT IS R 0 R, BRI SoH
JE. [ Firand > p, WIREUS TR 57 H 47 1) 2o
773 BARSZI T
L= {xf)est,k’ rand < p;

G(z!_ ,,En,He, n), otherwise.

r3,k’

(1D

o En AT He I BUE 77 305 0 ®) M A, B AR AE =4k
AR, W S5 A0 2 ¥ 1) 3G B AT SR B o B S s, AN KA.
Ty b, R AR S FRAG B (1 2 BEALAE, )L P AAAAE T8
fige 72 [B) o, A B 3 BB 3 IR R 22 R PR, WO T BE AT
=tk

222 BEMNEBRRT

A R BAR R L 1) 2 7 0 98 A 1) g

TEHEAL T A, 2 A R38R D BRI aT 75 58 ) Y
PR ZR, B PRt T 7 52 4 ) s A0 AR P O, 12 7 2 7 5t
LN R B BB AR, I I BAR N B /M, B3 45 98 A8 T
KRR 2R DX | HEA A4 /N8 R VG L, RE R A
T Je 38 X 3240, L B A 288 28, (R 5K 1 BARMH.

IS PCINAL kS
BAR =
| D1 = /Tuw) = eXP(=2(1 = t/ Ta)
exp(2(1 = t/Tnax)) + exp(—2(1 — t/Tinax))’
(12)
H 20 < BAR < 1. AT AE 2|, BAR fTHEKH] T
WU TE VI 2, #a #5284 30 H 08 5 PR A,
B 1A AT RE A8 SEINT BAR I [ 18 5 16 42
2.2.3 BUASFERRE
gh4r bR ek, 45 HE NCSMBO [ SZ L e, B4
I U A7
®A1 NCSMBO.
input: N, d, p, Tinax, Smax, Peri, n;

output: global optimal solution z*.

1) initialize the population and compute
corresponding individual fitness;
2) while t < Thhax do

3) sort the population by individual fitness;
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4) divide the whole population into two AN} (non-Separable), 73l fii A4 A U/M/S/N. ARIE

subpopulation (SP; and SP5) based on Eq.(1);
5) fori=1:N;do
6) fori=1:ddo
7) generate n offspring individuals for mﬁ &

based on forward normal cloud generator and Eq.(7) ~

(8);

8) randomly generate r;

9) update =% by selecting the better cloud
drop based on Eq.(9) ~ (10) by comparing r with p;

10) end for

11) end for

12) fori=1:N5do
13) fori=1:ddo

14) randomly generate r;
15) if » > p then
16) generate n offspring individuals for

:Ef .. based on the cloud generator, Eq.(8) and Eq.(11);

17) update :rf*l;l by selecting the better
cloud drop based on Eq.(9) ~ (10);

18) end if

19) end for

20) end for

21) update BAR based on Eq.(12) and further
perform the variation based on Eq.(4) ~ (5);

22) combine SP;
population and compute its fitness;

23) end while

3 PIESERSST
31 FEEMR RSN RE

AL, 3 HY 12 4> Benchmark B8 2U1E A 3E 1
WA BR F2B L2 1), e A5 T8 T 3K A B /M 7] R~
PR AR N 0. & R EC A DU AN FRRAE: g
(unimodal). % % (mutilmodal). 7] 4} (separable)

with SP, into a whole

NP, BT AT S 06 A ST HEAT 30 Uk, B KIE AR IR BN
1 000, Fh i $0AE g 30, 25 B 45 FF HY 10.

F1 FEEMNXRH
BRI PR A e v RHE
f1 Step [—100, 100] L/
fe Sphere [—5.12,5.12] u/S
I3 Quartic [—1.28, 1.28] u/sS
fa Schwefel 2.21 [—100, 100] uU/S
fs Schwefel 2.22 [—10, 10] U/N
fe Rosenbrock [—30, 30] U/N
fr Rastrigin [—5.12,5.12] M/S
fs Schwefel 2.26 [—500, 500] M/S
fo Ackley [—35, 35] M/N
fio Griewank [—100, 100] M/N
f11 Salomon [—100, 100] M/N
fi2 Zakharov [—5,5] M/N

A Sk B A R B TA) ) 1 e 22 e, SR B A
RAE ~FIIME. FrifEZE. SRAE D) (solve success
rate, SSR). ¥EF (eclipse time, ET) %5 5 Wi fe . K f# ik
IhEe 58 SR 2 D 2% A R A o 25045 ks T 3
(R EARL, 42T 20 B R SR A 2 75 B )

| foest = fol <107°. (13)
HorP: foese NEFIORESRAT I SR, fo 9B AR
1H.
32 XESUAMEEKIE R

NCSMBO H1 #4151 N T AN KBS H: =3
n AN R ES. A SCHMRYE 1F 28 9250 i AR, 8 i
AR 2 B AE AT I8 SR W SRR X T n, B N
1327 3 22 20, Fe S (7] 2R FE W H S, fEn > 55
PRI T JUAMRER YR 550G 6T 6, 0.1 FF 86, DL K
0.1IZ TG N 22 1.0, ZE 45 Fh S HUALA T 0k e Hiom
S 30 R, R JE SR BT BB AR R LR A USRS
FoE s BRUE R 1 A 2 503 BB 46 SCHR [6] 1 &
(p = 5/12,peri = 1.2, Spax = 1). PR TR0, T AL
HI R EL f7 SEIR 25 R (L3R 2).

%2 FESHASTURTH f- EHRMR

n
0
1 2 3 4 5 10 15 20

0.1 4.43e-17 3.72e-17 2.89%-17 1.90e-17 1.15e-17 3.88e-18 3.80e-18 2.56e-18
0.2 1.42e-16 9.77e-17 9.82e-17 9.77e-17 8.80e-17 5.22e-17 4.86e-17 4.50e-17
0.3 2.80e-16 1.23e-16 1.13e-16 9.30e-17 8.86e-17 5.82e-17 5.17e-17 5.02e-17
0.4 5.0le-16 1.65e-16 1.68e-16 1.54e-16 1.35e-16 1.69e-16 4.44e-16 4.14e-16
0.5 2.23e-14 9.93e-15 9.89%-15 8.23e-15 7.99-15 6.20e-15 5.13e-15 3.87e-15
0.6 7.46e-14 4.66e-14 4.24e-14 3.53e-14 3.06e-14 2.50e-14 1.31e-14 1.02e-14
0.7 7.80e-13 6.21e-13 6.00e-13 5.57e-13 4.3%-13 3.19-13 8.88e-14 6.62e-14
0.8 8.33e-13 7.52e-13 7.21e-13 6.84e-13 6.20e-13 4.40e-13 3.36e-13 3.11e-13
0.9 8.86e-13 7.60e-13 7.02e-13 6.99e-13 6.50e-13 4.84e-13 4.23e-13 3.80e-13
1.0 6.02e-12 3.55e-12 2.54e-12 2.13e-12 1.84e-12 6.6le-13 5.55e-13 5.23e-13
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XF LU 2 Hi0m 7 167 2 S A A mT s AN e S 4
HAE arArT 264, BRI~ 350 S AP 35005 A2 SR L I 1)
M, B AR RS BE AT IA 10718 B g, 24 n [ i€ ), Bl
P RO WG R, oR B SR e &5 R AR 2 A
B 0.1 B B 3R A5 B A (0 25 R SIOKS T2, 38 B LEE B 2= 7
(AN 58 VE 2 AT 45 LA 78 23 Ui, BE S S A AR Ui
. NI AR SOK S 1 BB 1 BN 0.1,

Ty AT R B, BEE n 0380, BR BT AR
R 2 AL M Ok /N A WO SSONE B 2 R T X2
HT Mg E 7 REENRREEAN S 2
TWRAEHE ) I BUE 2 7). fEFERS 7T, 4 n < 5
SRV S FE RN 5 gk 8 K ) 2 A SR AT AT 1) ST
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SRV SR A FEE 488 25 120 T B AR, 7E m B/ NI USSR P
PTHC o B, g e 5 R IR T+ A IR,
A S BLETH G R N R EE RN nH. IRAR
TR AEn = 2 SORS FE AR A rU B B, TR
Lk R I RIS SSORE P 5 RIS 22 TR ) R P18, SEER K 38
R AR S n B N2,
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NCSMBO 7£ MBO % |43 3 5] N T et =
A S AR [ 37 T R A SRS, SR B A ] SR X Bk
PEBE A FZ I, 43 75K NCSMBO 5 3K FH AR £k 1 =1k
W (1) 52 (NCMBO) R [ 3 I 18 5 6 5 Wi (1)
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BREL Eizxan NCSMBO  NCMBO SAMBO PRI fabr NCSMBO  NCMBO SAMBO
wARME 4.05e-22 4.77e-22 6.20e-22 BARE 4.59-19 1.30e-17 2.08e-01
SPYME 4.57e-22 5.75e-22 9.16e-22 A 3.72e-17 8.00e-17 8.84e-01
fi bRt 2 3.31e-22 333e-22  4.00e-22 fr i 1.85¢-16 2.32e-16 1.99¢+00
SSR /% 100 100 100 SSR /% 100 100 0
ET/s 2.37 2.30 2.13 ET/s 3.47 3.42 3.16
A 1.06e-24 5.30e-24 1.67e-21 A 1.01e-08 5.54e+00  3.26e+02
SFYE 1.26e-24 6.80e-22 1.86e-21 “FIME 2.50e+03 226e+03  2.44e+03
f bR 2 1.21e-23 2.99-19 7.10e-20 fs bRt 5.27e+02 1.26e+02  3.33e+02
SSR /% 100 100 100 SSR /% 7 0 0
ET/s 3.13 3.06 2.90 ET/s 427 426 3.94
RAUE 1.05e-08 1.14e-07 1.20e-06 wARAE 1.07e-09 3.64e-09 4.12e-07
FYME 5.51e-06 6.46e-06 6.02e-06 TIME 3.04e-09 4.44e-09 4.98e-07
f3 PR 22 8.76e-06 8.24e-06 8.80e-04 fo FrifEZE 8.16e-08 1.02¢-08 1.03e-07
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AR AE 4.22e-12 4.50e-12 4.67e-12 BARE 1.55e-02 2.10e-02 3.07e-02
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fa FrifE 2= 5.46e-11 5.80e-11 7.71e-11 f1o0 PR 1.20e-02 1.30e-01 7.21e-01
SSR /% 100 100 100 SSR /% 0 0 0
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ET/s 4.24 4.20 3.78 ET/s 3.71 3.68 3.15
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5 B&, T NCSMBO 52 M5 1 A5 4k AH 5/, G- K
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—x;—23+2=0,
Ty + 273 —3 =0,
x1,%2,x3 = 0. (15)
X B b 9 2RI ) R 43 1) & T Matlab a4
DA R e A Bk kA7 SR Mg, 45 R L3 4. Horb  H
Matlab iy 4 3R g I, X LP SR FH A% 45 HR 4 7% (simplex
algorithm), X} NLP 43 7] 5K F P & 7% (interior-point).
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