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B—F 1stOpt FAl

1.1 1stOpt &4t

1stOpt &7 IR EH Y “First Optimization” , JEEW HETATH0 & 268 HEBELA T
HAFRERME 6, 2 RGRE ) 7T 5 4 A R E B BT U AR W Lingo.
GAMS ZEAHLL, 22z Afad#, HERRINENR: M-, EHE—%, YR
AR, 2 SR UE B, AN TE — /NIt ] AR B8 A FH 5 v B LR S )

A S A KA R Be ) s 5 IR R Sl w3 R B g0E 5 SR,
A TZ T ARG ERNE, thEefh G, ARG B SR SRR AR, ek /ARGt KI5
FF RV A A 1) R 11 5 N 2 P I S IARA A S n A s AT K s R
LSS i HR G 7 4 Ak 5532 (Universal Global Optimization - UGO),
TELR B 28 LR B AR = K R I, A JRARZe e S RE ) SE 245 31 7 AR O T, R4k
PEOLAG IR R, HARIEANBEORIIE 100 % (14 R DSR2, (FAHLL H vy BmAT st &
BUEE A T BN, B T ARISHIE R, AT AR FRARAE I T TR (BN, 3B K
B & TR . ARG ), H RS A e A 44 i R e
Matlab, OriginPro, SAS, SPSS, DataFit, GraphPad %%, ¥JiiH k& Y S Ewia(E
DU RS W SO R B AR o 4 SRV E S ETAA A T H S DAl 8, Hegh 52k
ERAFIEBIE R o MAESERR N 2, 6 K2 HH PR3, 4 OF 1) 1 4 G 2 1FAH
YRR, el ESEERZ T, iR TR . 1 1stOpt FBf L@ I
T, AR ), ERZBEUEHT CKTF 90%), MAERBENIGRETTIG, #RESRTS IE R4S
R

5 E AR S HEARBE TR (NIST) #2475 27 ARSI, 2 2 A AL
AR, 5 EJLT T & 2 B AT AL, a0 SAS. SPSS AF#F LA g iE i i A
A B UERRAE, T LstOpt A& H Ayt St EME— AR NIST 32 4L M01aa e, Age M &
Bl LA UGB R T SR AG A 3B B AR AR & Cln Al Y NTST $R 4L R UG (E, T sE n 42 55k
AR MNIE XS, 1stOpt fSzH GE Skl A4 4L K.

AN, 1stOpt B T H3%E 3 HF Basic fl Pascal @il &4k, ] LSRR @BiE S
W1 C++. Fortran SFHEG T, A BRI IR 103 52 2% () TRRD0AK v i o oF 2o FH
7)) Fa BREAR L, AR ) S S R W, R ) B AR 3. 2R k5L
SERRIE R, R OCHL T8 T, AN TR s m s S A A e, Rk

IstOpt HEHNTRAK, S EZEA K Lingo St A a4 @Ay, (AAEME IR RIA, &
A TR BE, B S0 44 00 B A=K 5% . 36 BT AR K27 . 36 1 fg 55 P s I AR
PH% E 5 5256 % (0ak Ridge National Laboratory) « FRAEREUE 5L 4 % (National Renewable
Energy Laboratory) %%, &N/ WJLFA4E 1R TRARRHIT e T A AN 44 A, e [
Blegbi. B R SR B T E TR SR OB TR dERURAE,
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EIRHR S WK RIAEK S FIRURAAE, F A SANEE ] il A
F TR AR S B EENBAT R AR KRR, EJeT/RARSFHKM T 1stOopt 115
WG MU S TR R KA BE THELE R ERL
e, R TRE MEERERTTI, ATFRRINRIC L TR, FENA B

1.1.2 1stOpt %F1E

—AMRALIRAT U IR R VR b 2 EEEFE AN 5T
1 S (Effective) : PUATHE SR EMIEM (RALEEEIEREID , —FhExL
WR A, B 5 7 o T A e s
2)  WE (Efficiency) : WHACREMAIESZ, BARTHNBEIIRES T2
HERE, ARG AR ) T S, VAR A (R4 A T R R
3) HH (Easy for Use) : @5 THIH, WAEGRIFKESG AL, 26
Gy T B AN P K 5 7 S A R A A RN A
IRFRVEFT 7 TN %A R, &k 33%, 1stOpt R4 6 B 1% 1 e AR A = 1l
EER

< 1stOpt WHRAIMEALHIEEIE:
1) A4 RS (Universal Global Optimization - UGO);
2) fafiEe i EE (Robust Global Optimization);
3) Nl EARYE (Simplex Method — SM) + i 4 R4k 557 (Universal Global
Optimization — UGO) ;
4)  Z4ridtkyk (Differential Evolution — DE);
5) WwifEHEVE (Genetic Algorithms — GA);
6) LRk (Simulated Annealing — SA);
7 BTBEE (Particle Swarm Optimization — PSO);
8)  HK4kA&yE (Max Inherit Optimization — MIO);
9) BHALEFEE (Self-Organizing Migrating Algorithms — SOMA) ;
10) #2242y (Tabu Search — TS);
11) HaizePh ity (Simplex Linear Programming) .

< 1stOpt NG :
1) B A
2)  ZEULHE;
3) ATEMER ALt eSS, HE;
4) AR ST T FR AL SR AR
5) WO REKITREAL, WIME RN AR
6) W TG
7)) RECRRRE RO RE AR AR
8) ALRYERREL, Kok B R A
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9)  BREREARSKAE, 1EE, SRARAH;

10) £&E, ARZeih R BoN ks

11) 45 mAkin) s,

12) =gt ds.

1stOpt Bk

1) BAECRH ARMIRTE S, WRsE, Ak

2)
3)

4)

5)

6)
7)
8)
9)
10)
11)
12)
13)
14)
15)

etk ARZebE. WAL . itedl s

DiRewR 2, J& H nyME— e LT 46 {80 k45 56 [ = AR i 5 BRI 5B
(NIST: National Institute of Standards and Technology) AE£E M B U7
TR R AR ) KA

ATz TR SOK B8 K 3 s TR T 5. ik VB K& Pascal 57,
CIE3EGa Y GBI =/ it

AR HAETIE S (C++, Fortran, Basic, Pascal--) Zwifify ety ahEs H bz
PR K0 ) A B P Bl A AT T AT S
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Nk 1-2 A1 1-3 7o ZHUA AT OCH], I T sl R EE A S8 “Ctrl +B” AT EET

o

TR R | KRBT
) Examples

LixE
hjfﬂix Progr

l,:IDDE Equati
hj[lptimizatinn

= other
h:I Others

il
P

ﬂRegessinn and Curwe Fi

@Bala:u:e. mff
@Calculatl:-r. miEf

& EOQCap. mff

@ External Demo. mff

<

¥

b

it | LR | cEF
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T | AR | XKRT
FiET L EFRE

El AddMat

El M zorithm

El Autolata

El BatchFileModel
El BinParameter

b ExFascal

El ChartType

[El CodeBonlk By Name
El CompiledMadel
El Compl ex

[El Compl exFPar

| ey [ - S

W

1 - Reg 200 - 1 [13] K
[Elz - Reg 200 - 2: L...

[E]3 - Rez 200 - 3: F...
[Eld - Bez 201 - 1 [B]
[E]5 - Rez 201 - 2: F...
[El6 - Bez 207 - 1 [44]
[E]T - Bez 203 - 1 [28]
[El& - Rez 204 - 1 [35]
[E]9 - Bez 205 - 1 [38]

[E] 10 - Reg 208 - 1
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1.2.4 1stOpt /LB A

ARIGAIE L 1stOpt M EE TAEXIE, W8S, ol S 7E sk . EF-— A
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&% 1st0pt — [G:\NyAppiApp7__5. 0\ istOpt 5.0\EzamplesiOthersigood reg 1.mff] EIE|&|

I I BF I8 fEF
O & F-H 2R @B = -ARESE » £ =B
Ei| g
o e - ood re .m i ES
i | ol | xm= 4 152‘&4 -[g d z1 ff]" HitwEg ES x
1 NewDiwvision Req 100-1"; -
E1 - Rez 100-1 [B] 2 Compiledtodel ;
gg - Eeg igg‘g ]Ea] 3 Function y=(pl*p2*p3#+x)/((1-p3*x)* (1-p3*x+p2+x ) ) +pda*K+ps5;
~ Reg —an Lo 4 Rowvbata;
[E4 - Reg 101-1 [6] 5 x=[0.09 0.23 0.34 0.43 0.63 0.73 0.82];
[ES - Rez 1012  [6] & y=[4.0609 6.0330 7.2336 §.7858 12.5223 15.2819 17.0193];
El& - Beg 101-3: L... 7
ET - Reg 102-1 [5] 8 NewDiwision "Reg 100-27:
Els - Rez 102-2  [8] 9 ConstStr f£=(pl*p2Z*p3*x)/((l-p3*x)* (l-p3*x+p2*x) | +pd w*p5;
9 - Reg 102-3: L... 10 DataSet ;
gw _ ng —_— 11 x=[0.09 0.23 0.34 0.43 0.63 0.73 0.82]:
E11 - Reg 1032 (5] 1z v=[4.0609 6.0330 7.2336 8.7858 12.5223 15.2819 17.0193];
E12 - Reg 103-3: .. 13 EndDataSet ;
[E]13 - Rez 104-1 [4] 14 P%Ot I f U
E)14 - Reg 1042 [5] i: MinFunction Sum(x,¥) ((E-¥]*2);
= . v
?11_ %3’_’24_;( 17 NewDiwvision "Reg 100-3: Lingo™; ¥
== 3 >
enaltvfactor ~| [ | @ =01 a: 10 Size: 145KB Modified: 2011-C
1-4 1stOpt fSHiSA
AR A 32 SR A A b
> =2 > 66 ”»
> RBFREMATOAGE: EREA K “Ctrl+K
Key Words
Addhd at
Algarithm
EUEDEFE!FM o RS, SN A O B,
atcnrieMods \ NS ==
BinParameter LR SEScEs R NG PR e
ByPazcal
ChartType
CodeBook_By Mame j
Mobe 222, 2 S | =1 ok {3 »
> BEFERBIREMAT DA S8 EREA R “CtrlM
Math Functionsz
Function Absx: Reall: Real;
Fun-:til:nn ArcCosf+: Real]: Real;
Functon ArcCoshi. Feal; e B, R N B R
unction ArcSinl=: Reall: Real; . . N e .
Function Arc5inhfx: Real): Real; BE, A PR A I N A R A

Function AreT anfx: Real]: Real;
Function ArcTanh(+: Reall: Real;
Function AT anf: Real): Real: j

> REEFRE. RERRERAET A8 EREATHE “Ctrl+]”

Objectives

ﬂ GRS, TR I A A

CodeShests i il N
Hisﬁueﬁ[%;ﬁmmzﬁ] A . ARRY 24 51 3R 2 AN ) T R 4% 44

Codefol (83 1 L 45 RIS, S
CodeBook2 2 e

o e 3 R R A 4

CodeBookd [{LHEE 4) j

< R L —RPATHARES: AR A I “Ctri+Shift+T”
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A BV A A, sVF T IREARIRE,  Mse AR i v i i), 1stOpt
AT H B, A0SR BA BT ORAT, WK R WA N ARSI 2 FHTE 8h 1st0pt,
TR — B A A, AR A P ey wnognseing F&
“Ctrl+Shift+T” BFn/ k& I — kAT

it o

N A wp 2 2 s (T i
R e — oz ETE
H ﬁﬁﬁxiﬂ%ﬂéiﬁ)\o ﬁ%%m Chrltlf W —Fl‘i

fOA AR, T %
SRR T iat, LB <R
~ U KB

fEEFE ST F2
v EE 8 - [Man test. mff]

1.2.5 RIS A B TR

ACRBA L RS DI RESRALL T 1. 3 7L, FLAG ] LA AR AR, DR SO
(P €A R e R TR =

&% 1zt0pt — [G:\Nyipp\AppT__5.0%1=tOpt 5 0\Examples\Othersigood reg 1.mff] E|@|E|
It fmiE 2R TE fEE #E
DY -0 tBRo-HNE - FREE » 7 5 B0 @

E|

= | RBE | xm= L f&ﬁljzﬁ 4 -. [zood reg 1. mff] HitzmE g B X
1 NewDiwvision "Reg 100-17: -

El1 - Reg 100-1 [B] 2 Compiledtodel ;

@2 - Reg 1002 [5] 3 Function y=(pl*p2*p3®x)/((1-p3*x)* (l-p3*x+p2*x) | +p 4K *p5;

[E]3 - Reg 100-3: L... 4 Rowbata;

[El4 - Rez 101-1  [6] 5 %=[0.09 0.23 0.34 0.43 0.63 0.73 0.82];

[El5 - Reg 101-2 [6] & y=[4.0809 £.0330 7.2336 5.7858 12.5223 15.2819 17.0193]; v

[El6 - Reg 101-3: L... < b3

E)7T - Rez 102-1 [S] & F301 9: 10 Size: 145KB Modified: 2011-F

Ela - Reg 102-2  [B] DMy 2@l e @ X

El9 - Reg 102-3: L...
[E10 - Reg 103 - 1...

CodeSheet] A B © o] E
CodeSheet2

[E11 - Reg 1032 [5] CodeSheet? — Reg-105 ~
[E12 - Reg 103-3: ... 2 1.4 7448 57
[E13 - Reg 104-1 [4] 3 25 7448 53
[El14 - Reg 104-2 [5] 40 6.1 7969 19
[E115 - Res 104-3- ¥ s 11 8176 16
[ M4 q784 ;060
>

<
~ | [ | =48 %1&.‘2& Fiit4

Kl 1-5 1stOpt PN RROCHK HL 1R A%

1.2.6 AL R EBE

> PAEERE
& 1stOpt o, L 11 BB AL e £ A i) @iz AT AP AR 2 — M 5
o ARZME[RE, IhEANG R TR R OTRRAKAR . JCA R R A
1) BHASFEAEZ: (Universal Global Optimization — UGO)
2)  Fafd4 Rk (Robust Global Optimization)
3) FNiliEAAE: (Simplex Method — SM) + B /L LV (Universal Global
Optimization — UGO)
4) Sy iikIE
5) I KNkKIE
13



o HAWRRBAAL )
1) Fih#iAE: (Simplex Method — SM) + 4 At b7 (Universal Global
Optimization — UGO)
2)  Eoithik
3) WAL RMALEE (Universal Global Optimization — UGO)
4) Rk
o LMK IR
1)  BaiZe i %): (Simplex Linear Program — SLP)
2) Nl #i4ki%k  (Standard Simplex Method — SM) + i@ F 4% J& 4 1k 5 ik
(Universal Global Optimization — UGO)
3)  EritbiE

o SV A ]
fEpesl e i I HAEE: |1 EREREEEE: Universal Global Algorithn (G x| [ BHahif

1> ﬁ%j{?[ﬁﬁ(/{ ﬁ’;ﬁ’_ HiZSENEE U0
2) MBHRE o i
- EWZ BRI 4T : 1.00E-10
) e
Tt 1.
SRR TR 20 -
?f ‘fi%)”uﬂ IEJ EﬂﬁﬂQZ: ERBELEE
WA e Lk v A R A st | o
BRIk, HARMELR B ST ;:ii -2 Eﬂmi
P - 3 (Ua03
b, AR R *Wwﬁﬁﬁ_gﬁrﬁﬁqmm
TR O #ER - 5 UG0s)
PeAE AL B L, {1 SRS =
TESEBRRI Y, Bl
) B s

“HET) TG A i)

% . e R S 30k R 176 fLfeSHitoe
HHIRIEEITBH, MR ZHL R, GRIRAS AT AR, A BRI A AR 42
W 152 AL A7 3 A

<> EIMRE—
IE e s IR
% TRt ERERE : (100 .] ¢ FRIFIRETEMIRE
i TR R . 1. 00E-10
@g— B O —— RASITRE:
1B o 1000 -
BT SR [1E-10 = e
s BTty oo v
i a
| CRAEEAT [
T REBAEAL
SRBREE r sEEE
ER [ B2 EEm [ | ExsmmEE 0
WA
HiE: [Bis-retE- SR B R =1
v H4CE: (500 - s |5 v
 HFE:
AL R

B 1-7 GEIE
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o SRR RS R o R B

o TINREARE: BHTERIL AR B R L, ST “PenaltyFactor” ;

o PHEPLG: KMBLEIEALA IR, OCHE T “QuickReg” ;

o IMEATIRIRRR: EATHE A& IR AW

o UL XS ECE 10 SR sk 2 R AE A, BT EnhancedBound 7

o ZHIEH.WEHINZRIEH, IR G LRI 45, 8 7“Mul tiRun”;

o T TRRIEDL: WM TSR ISE, EREVERADD KA, R
IR T (IVP) BasRailifi (BVP) 184 J7FE, ARHE A v n) i ik e b
“ODEOptions” KH#EHE .

> EMRE
FEERE
@ v BEI  HehiRF
E—
« o R IrifEn  js00 -| O EAFE:
A= 3 MHEs B

#B{RFF (R, DC, 55E and EMSE)

(=R
Rkl [0 <
SHERT
(=Y

R ERg: 100 -
o) B RE

el 1-8 i
o HEIMFASIRAE: 1stOpt M—UISATRTHERIE—MRIA S “Log Files”
Hatdr, SUHRSE “. log”  ZOAMIPGE A IRAE . (A7 BELE:
o GERURAT: SIS R
o BHRAE: TRIHSHIRA.

1.2.7 HHSRRRMIKE

TS RTINS B, VRS, 45 RT LAORAF SO, th m] Jd el A B 5 SR R “ £
W s TR s B g Dh TSR a A S TR R
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* 1st0pt — [G:\EyAppiAppT__5. O%1=stOpt 5. 0iExamplesiOthers\igood reg 1.aff]

It dmiIE R IR fBE &
0O & =-E G » F W Y
= [rme e A age g 4 - [good rag 1n] | BEBE | & 2
E1 - Reg 100-1 [6] 20
Elz - Reg 1002 [3]
B3 - Reg 100-3: L.. — =151
@41 - Reg 1011 [8] 104
[Els - Reg 101-2 [B]
[E6 - Reg 101-3: L... BN < - : r r r r r r r r r
7 - Reg 1021 [5] 025 03 035 04 045 05 055 06 065 07 075 08 085 08
(5 - Reg 1022 [6] *
(9 - Reg 102-3: L FEF R (1) 099994 ~
[E10 - Reg 103 - 1... EQ@?%Z%&‘ ®"2) W
_ - BE (0C): 0. 9998 \
SRR 1 L e
Fifiit (F-Statistie):
[E13 - Rez 104-1 [4] i sestel i e
His-Rez 1042 [5]1 |8 REgy ST b
15 - Reg 104-3: ... _ [T -
Bie - meemin o L 2 sesomesse
" 2 0. 1469425320
T2 O=EX 3 -0, 033536845 v
I penal tyfactor| (7 | Z
) .
Kl 1-9 THES R R i

1stOpt T34 — [Untitled]

I ME &iE X IR
DE-H f 2R k A-S-[4- il A A= L = S 4
[l =R A B c D E
(50 BaseFolder 1 p=(ptiingp2i) ) (op3)pd Fi-2 E6505405905671 )(In(0.1 4594 253 20465466:)7)x ~
&) sheatt 2 |Bimy ey =T SE
B Shest2 3 428 4 2626775349851 -2 BE506495305571
[ Sheet 4 BE3 6.557417267515p2 0.146942532046548
5 7H1 7 728759539304p3 -0.0335368484554319
6 1455 14486201581 34p4 711004 318457527
7 R277 22 79065542807
8 A ERMSE 0.0691031971734169
8 HETFHATESE 0.0235762592979407
10 FEIFEIR) 0.999947401569102
" FRFFRE FARS)  0.9998946065047658
12
13 BREEE 0.11875953930472
14 BMEEE 0.00267753498556275
15 B EE 0.0156057 213275213
16 B ATHEREE 0.00062559226634651 2
17 ¢ 1 > -
Sheetl: Cells[0, O : 1, 0] - [Al : Bi]

Tiny Word —

Kl 1-10 TH5 25 RA RS BoR

[Untitled]

i dmE fEs A
Le-B& & BB ~ || B 7T U
Efe t
ffStartRange = [-50,50];
Function w= (plf (Qn(p2/=x)))" Gfp3lepd;
RowData;
x=[0.25,0.5,0.6,0.80 9];
v=[4.25 6.63,T.61, 14.55, 22. 77];
#£1E
20
15
-
10
5_
7 T T T T T T T T T T T
02 03 03 04 045 05 055 06 0B5 0OF 075 08 08 035
" v
Madified

B 1-11 o Eg R SO g
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1.2.8 " 4k- =4k K TRl

= R AR S Sh g, R AT S U SR UE . T AL
MM AR ook B AR - —4ERDE e, JLRARN AT 2% 510 1stOpt MRS 5.

& _HE—HHEE 54/ TAM -~ [good rez 1. mff]

EitemEes E-dBRBRBE > X
23 ER ST L&A [v=(pL/ (1n(p2/x) ) 17 (x/p3) *pa;
- T A TE y ity iy Yiel(x) L ES
1 425 4 28267753495546 34 3924164772034 DC: 0.999394693410553 -
2HE £iE —
1 Py —— 2 [:7=] BA57HT2E7S1337  TE2060830661011 R: 0.999347401369102
p2 -0148942532048545 3 TE1 7. 72579953930451  16.577E252746582 RMSE: 0.0691031971734196
p3 Py TeR—— 4 1455 14 4562013613471 56837590623 S5E: 0.0236762392579426
E = B 3 2277 22.7908584260788  113.09814453125
P4 71100431 5457527
& v
7 e »
[}5 20
— BEE
15 — 8
=
~ BEE = FEE ey
¢ EEE = BEE 5
e e 025 03 035 04 045 05 055 06 0B 07 075 08 085 09
x

112 ihZedol & gk A

& “HE=HEAEE 4T/ TAM - [zood reg mff (reg 1-1)1

Rt RS F-EbEESE 8> X
hal 23 EREHT HERT |7 = plmx/ (p2e)+p3Texp (pa™ D5) 5
i)
v HE C ER
i
Bzt | EEniE
ol 0.50226473
53 0. 43054792
5 -0, 92879504
! \ ' [
v BLA  EET
ERSE
& | TR [ ERE (& |
2 130.5 5219 40 . :
w =2270B=> 40 L2267 45, pd=-1120.5, RMSE=0.0015122 e
i AT LG A H %Yadfd Rl

1. 13 ZH =R

1.3 1stOpt BFRE

IstOpt P77 384% , BN Excel MRORI, HARFEAS R L H iy 5 A0 3 8o,
ERSE, HHC @M.
o N HIAEE Excel. CSV HI Txt #& =304
o SCKF Windows REMSHR T RE, WA e ARPE TC AR E L AT s
o HIZ Ui,
o SCFRRME N AT
o JWATE T SCEE, AR A SR S A R AE A N
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o HAURBACA ik L TR AR JE SR AN E
o ISR
o LUK EHE AL BT fE

&% 15t0pt SpreadSheet — [G:\EyAppAAppT_ 5.0%1st0pt 5.0\Cacjia l6. cswl [.._|E|§|
i WME &KE B IR
DE-H $BRkE A->-0E- Bl - &8lEl 2~ |3% 34 X
D Bdi 4 a A B C ] E F
=-(_] Base Folder ! E —
&) Sheett z2 L 0
I3 Shest2 3 d
2 sheet3 | 23
5 75 118
E 1 476
T ols 02
& 05 300
9 05 269
10 D& 2m
11 0 183
12 0 129
13 0 13
14 ns 134 2
" >
Sheetl: Cell[d, 0] - [A1 = 1]

B 1. 14 PR S

= gk I

It BEEETHR

B ez E =4 TSERIIEF = Has. .

1 HErEETE HEz==1E

[ 75ussm SHIEE

B TREIEER—T BITEESE

B s R —A T

B TR—T3EEE EREESE

B Ta—F3EEE e

B EEHMHE Pl —> DA
o ok PEEIERE TR - ERES A
Z| FoEt ZHEERE - T

K 1,15 Hd Ab B ek 1A
< TSP B =4 2%
FEATRI M) (TSP Hd =2k s, I REALA BT R 2 H 1) TSP £, AL FEHRERI AL

BRI

R 10 -
FFR{E: 100 Huif
N A 2 b
Hrig AR
(v HEFER O OE-TREED
= =y

K] 1.16 TSP #¥ =4 S Hok

18



E%_ A B C o E F G H | J

150 4251 2135 545 53857 S1681 444 B934 2205 2433

2 4251 0 4269 B149 7343 9543 2384 1532 2963 9052

3 235 4289 O Q012 38973 373 YB19 046 4734 1351

4 545 EB149 9012 O 4959 1184 3317 3690 5974 3912

5 5387 7543 3973 4959 0 .41 7330 9763 83863 7985

G 5161 9543 373 11B4 B4 0 4621 367 3463 1005

T 444 2384 TEA9 3317 TFIE0 462 0 2243 5655 85490

4 B934 1532 046 3590 9763 367 2243 0 4040 4611

9 2205 2963 4734 5874 5363 34685 5655 4040 0 3784

10 2433 9052 1351 3912 7985 1005 &590 4511 3784 0

B 1. 17 TSP #fla = A= 45 2R
> BTHIESE
R PR LR AT 5 AT 0
o A B

1 w1 ) 1 1 1
2 SIS N E 2 2 2
3 3 x3 3
4 SEFS 4 i 4
S B E> 5 x5 5
B E%xa &
7 [____EE____] Cancel 7T 7
g g x3 ]
9 9 9 9
LA 10=10 10 =10 10

oo F
e K ARIH AL 27 52 20 KAy BB A AR R 81

e

i — S (A B

4 2

5

B (1] | Cancel

T

& gs

g 2 B C D
1 =00 270 Fan 419
2 H320 520 1080 480
3 Moo B16 1560 557
4 300 71 1860 593
5 5400 .?Ej}g 2520 B4
E 7200 807 3000 BE2
T 4200 T36
g 4800  T56
9 BOOO a3
10 [=1=10] NI
11 11040 8343

> BERBESE
TR SCI ST 5 4 S S R v 00



o @t et R

—_
—= O

% A, B
1 3F R
20 =31
E| 3 Ne 33
4 47 =25
[> 5 83 28
G 45 -15
¥ ar 29
Cancel B8 7 o8
9 49 -39
10 g3 2
11 14 14
12 50 0

PPN PR AT SR T

¥ 1=t0ptHF&4 — [Untitled]

It ME &wE ol I8
DE-H +BR g A-D-[A-OB0EE glile - 2% 21 | X
OB+ + & a B € D E F
=1-[C1 Base Folder Tk 2 #3 b’
@ Sheett 2 (5 =6
B3 Gheet? g
B Sheet2 4
[ Sheetd s
= Shests 6
7 1
‘ 12 x|
a
10 HFESEE |: Sheetl — Al:C2 =
11
12 WEPEESEE [ Sheetl - A4:EG =
13
14
15 .
0K
6 HoiE
17
18 v
19 |¢ s
Sheetl: Cells[d, 3 : 1, 5] - [At : B8]

K 118 EFEHANHERE

stOptHLT&4F — [Untitled]
ik ME wmiE ol TE
DE-H 2Rk A-O-[4-

OBEe ¢ & il H & f
W T ettt 428 3enStyS ol Sy e yd+a3tyE L
B Sheerl 2 el +nStIHrEYS gty 24nStyd+xBiyE
B3 Sheet? g
I Sheet? < —1
B Sheetd 5
3 Sheets i
© Sheets 7
g
9
10
11
12
13
14
15
16
17
18 3z
19 |¢ >

Sheetf: Celll2, 3] - [C4]

Kl 1. 19 SEFERE T 45 5
20



> WS REFERE A
R BRI s, T R AT AT AT A, R S s
11T

SECAN I E

Tr
d

34
38
63
34
91
9

62
65
26

OO UTWhAWNBE

K120 5 A% IE

FEZAS FPIE R, P AARERL AR B, BT TR

1
2 iERLA TS
: ~
: ITI Cancel
7
: i
g
4+ | &/ B C| D E F |3 H
k3 o 1 2 3 4 5 B
20 o 34 3| A4 A4 A4 4
34 34 0 4 B3 34 4 A
4 2 3\ 1 0 9 A4 9 A
5 5 1 B3 @ 0 1 1 B2
B 4 1 3 4 A4 0 4 E5
7 s 1 1 3 1 4 0 26
g & 1 1 4 B2 BS 2 O
> XY BB BOERE AR
B x—y AR e o FE TR
&, B A B C b E
1 1 1 2 3 4
2 2 1 0 921 5619 072
3 3z 921 0 B4.70 9.0
4 4 3 5619 B470 0 5663
5 5 4 072 908 5663 0

> YRR S

21



1 1 14 E.70
2 2 1.1 1.02
i a 1.1 283
4 4 14 E.33
201 22 753
1 G 2 22 7.55
5 A 22 923
5 g 4 22 733
4 9 1 33 7.09
5 1 2 33 1.09
11 3 33 4 54
12 4 33 459
13 1 4.4 543
14 2 4.4 0ss
13 3 4.4 966
16 4 4.4 2.40
1.4 1stOpt K§g=F
FEKHA
P ACIEA =S SEN
#l:  EXahbcdlUNSH: Parametera,b,c,d;
. 5E X al, a2, a3, a4, ab, a6, a7, a8, a9, al0 + 4.
Parameter al, a2, a3, a4, ab, a6, a7, a8, a9, al0;
WA 5 . Parameter a(1:10);
Parameter oi: Parameter a(10);
#il: & XSHa, HEMEWGHTE-1, 1], #IAEHR 05
Parameter a = 0.5[-1,1];
Bl € XS a NEE, JIRMEIEFIE[-100, 100]
Parameter a=[-100,100,0];
. &XZ%ra. by ¢, BUETEREIALE[-L, 1]
Parameter -1<=[a,b,c]<=1;
ki XS HEE
P . #il: & XSHa RN -1, 1], HE¥klo, 10];
arameterDomain
Parameter a = [-1,1],b,c,d, e, f, g;
ParameterDomain = [0, 10];
X 0-1 24
BinParameter fBil: & X a Ak 0 Bl 1 S5
BinParameter a;
T X IEHEH SR
IntParameter Bl & XBHa KT 0 WIEIEEL
IntParameter a;
5 XS HA U EHE Yo [
StartRange Bl 5 XBHa ¥R EEUETE F 4 [-100, 100]
StartRange a = [-100, 100];
Variable e XAk
Bl EXx, y, z=/AH: Variable x, y, z;
QuickReg BEE UG D g
7E X R
Function ). WAEMZALEG: Function y = a + bkexp(c - x);
. WAEREDA: Function (x+((2-x)*(2+y)) "2)*sin(x*y) ;

22



R SCH

Constant ffi]: Constant a=1, b=2;
f5i]: Constant p(3)=[1, 2, 3];
SESUH TR R
o), WA E LIS :  Function y = a* (c—x) 2 + bxexp((c - x)4);
ConstStr EIREYSE
ConstStr B = (c—=x) "2
Function y = a*B + b¥exp(B"2);
VarConstant T SR
VarParameter T XA S
ComplexPar ENXEHMNSH
ComplexStr BB S, hEhi
ComplexType ?i’iﬁﬁ*ﬁﬁﬁ%ﬁ, 0: SCHERRII N 05 L AUSETEN 05 2: [UREREN 0. BN
realPart BRI AR =Ry
imagPart STERNE I 5 SO B 4y
ODEFunction XTIy iR sy R
f5]: ODEFunction y =1/(1-y) "2;
. T A TR STk, R PEYs— /K R (RKFA5) . el P 1 %8
gorithm
5 (RK1. RK2. RK3. RK4. RK5)
T 53 7 R SR A R 1t
ODEOptions f]: ODEOptions = [SN=10, A=0, P=5];
SN: SRARSHEG A: B0, 0 305 RKP45 vy P FUREEC, O6FIZE ) 84 25k
InitialODEValue oY 5 TR I T8 TG TE
Data & SR TG
RowData Bm UATIE R I
DataFile T SCEE S
NewDivision T SUBT AR B
SubDivision RS G R AN
StartProgram Y e T 4h
EndProgram Erp Y R WA
Maximum BT PN: |
Minimum SR /ME
MinMax B INUNTE A
PlotFunction 16} oy 25 P
Algorithms & AR T
Exclusive T8 SR A HE S R, G TSP ja) @
Mut1iRun R E 2/ NEEIRINCE )
HotRun & X H BT AL
SharedModel & M FEE S A
& SUHH
DataSet EndDataSet | ‘= =07
T TR | g X s
MinFunction I ME SRR
MaxFunction T RAARAR
PlotParaFunction ] S 4077 FE eR B
Title & XA Y44
RegType BB BN T LU A

23



e T I, S TRt
ConstrainedResult R 24 o R AR

ObjectiveResult i PSR H AR R B

BatchFileModel AL B SRR

LoopConstant 7 XA H#L

FullLoopModel DR, %R LoopConstant
EnhancedBound SR T BN BEAT Ak AR BT

SharedModel 2 BB I A

WeightedReg RS

StepReg BAAU LR

ExeParameterFile T AN A AT PAT SO, S ST
ExeObjectiveFile T AN A AT PAT SO, SCE ek e i S
MaxIteration T RIEAREL

LstOpt AT = AMRFIRE A -

< RFE X Sum
an Z(x, -sin(x; +l)), 7F 1stOpt &IiE K : Sum(i=1:n) (x[iJ*sin(x[i]+1))
i=1

WRTESE N 1, @B ESA: Sum(i=1:n, x) (x*sin(x+1))
W AR 1 RIEN 1, EARS 4 Sum(i=n, x) (x*sin(x+1))
A2 EE S, W

anzn;(xi sin(x, +xj))

£ 1stOpt A5 4 Sum(i=1:n) (Sum(j=i:n) (x[il*sin(x[i]J+x[j])));
< RAENX Prod

an H(Xi -sin(x +1)), 7E 1stOpt HRIAN: Prod(i=1:n) (x[il*sin(x[i]+1))
i=1

WRTERSHE N 1, @B E 5S4 Prod(i=1:n, x) (x*sin(x+1))
R ThrS 1 BIGMEN 1, B[54 Prod(i=n, x) (x*sin (x+1))
<$  EIRF For

X, Sin(x) —1+x, =0 LstOpt fC5:
X, sin(X,)—2+x,=0 Function x1*sin(x1)-1+x1 = 0;
. . X2*sin(x2)-2+x2 = 0;
WHTREAL: S X Sin(X;) =3+ %, =0 XB*Sin(x3)-3+3 = 0;
X,sin(x,)—4+x,=0 x4*sin(x4)-4+x4 = 0;
. x5*sin(x5)-5+x5 = 0;
XsSIN(Xs) =5+ %, =0

H For &%), W5 R:
Function For(i=1:5) (x[iJ]*sin(x[i])-i+x[i]=0) ;
8¢ Function For(i=1:5, x) (x*sin(x)—-i+x=0) :
24



¢ Function For (i=5, x) (x*sin(x)—-i+x=0) ;

1.5 1stOpt ZFRIBFHE

SEET B i
=
1 | Abs(X: Real): Real; FURORIENESR Abs(-0.25) = 0.25
2 | Arccos(X: Real): Real; RARTE R Arccos(-0.25) =1.823476582
3 | Arccosh(X: Real): Real; RARBEXUM k% | Arccosh(-0.25) = 0
4 | Arcsin(X: Real): Real; SAEZ RS Arcsin(-0.25) =-0.2526802551
5 | Arcsinh(X: Real): Real; SOESZXU A% | Arcsinh(-0.25) =-0.247466461
6 | Arctan(X: Real): Real; FOEY) k3L Avrctan(-0.25) =-0.2449786631
7 | Arctanh(X: Real): Real; SOEVIXUI 6% | Arctanh(-0.25) =-0.255412811
8 | ATan(X: Real): Real; FOEY) k3L ATan(-0.25) =-0.2449786631
9 | ATand(X: Real): Real; ATand(-0.25) =-0.0043632954
10 |BessI(N: Integer, X: Real): Real; LR | 7 Bk 5 Bessl(2, 0.25) =0.0078532695
11 | BesslO(X: Real): Real; DUZE/R 10 BIpR % | Bessl0(0.25) =1.015686133
12 | Bessl1(X: Real): Real; DIZEJR 11 BIpR % | Bessl1(0.25) =0.1259791086
13 | BessJ(N: Integer, X: Real): Real; DIgEIR J BRI B BessJ(2, 0.25) =0.0077718892
14 | BessJO(X: Real): Real; DIZEJR J0 R pk ¥ | BessJO(0.25) =0.9844359314
15 | BessJ1(X: Real): Real; DUZE/R J1 R4 | BessJ1(0.25) =0.1240259773
16 |BesskK(N: Integer, X: Real): Real, DZER K BpR % | BessK(2, 0.25) =31.51771458
17 | BesskO(X: Real): Real; DIZE/R KO 0 pR %0 | BessK0(0.25) =1.541506736
18 | BessK1(X: Real): Real; 368 K1 RUpk 3 | BessK1(0.25) =3.747025981
19 |BessY(N: Integer, X: Real): Real; MZER Y BUp% | BessY(2, 0.25) =-20.70126879
20 |BessYO(X: Real): Real; IZE/R YO #Upki 3 | BessY0(0.25) =-0.9315730315
21 |BessY1(X: Real): Real; DIZE/R Y1 BUpE 3 | BessY1(0.25) =-2.704105228
22 | Beta(X1: Real; X2: Real): Real; DU RRI 3 Beta(0.3, 0.4) =5.112091244
’3 BetaCDF( X: Real; A[>0]: Real; B[>0]:| J13&% & B B4 #i | Betacdf(0.6, 0.3, 0.7) =

Real): Real; BRI 2L 0.7773849481

BetaPDF( X: Real; A[>0]: Real; B[>0]: s BetaPdf (0.2, 0.6, 0.2) =
24 | Real): Re(al; - COF | st 0.387535(4323 )
25 | Bin2Real(X1: String; X2: Integer): Real,; Bin2Real(23, 3) =9

BinomialCDF(n1:  Integer;  n2[<ni]:| —IX MM EME | .
26 || toaor: X[0 1](: Real) Rea‘i; [<n1] 5 BinomialCdf (0.3, 2, 0.5)= 0.25
27 ﬁ]'tz(;?r';af[gigi‘lﬁeal):'gﬁgfr’ n2[<n ;&Hﬁ A AELER | i mialPdf(0.4,6,0.3)= 0117649
28 | ChiSquareCDF(X: Real; n: Integer): Real; | <5 4>#i 2%l | ChisquareCdf(0.3,2) = 0.13929
29 | ChiSquarePDF(X: Real; n: Integer): Real; | £/ 4i % ek 3L | ChisquarePdf(0.4,3) = 0.20657
30 |Cos(X: Real): Real; RILERE Cos(2.3) = -0.6662760213
31 |Cosd(X: Real): Real; Cosd(3.5) =0.9981347984
32 | Cosh(X: Real): Real; iR Cosh(0.6) = 1.185465218
33 | Cot(X: Real): Real; RYIRE Cot(5.4) = -0.8213276958
34 | Coth(X: Real): Real; AR V)R Coth(1.2) = 1.199537544
35 |Erf(X: Real): Real; R Erf(0.6) = 0.6038561848
36 | Erfc(X: Real): Real; AR ZE R Erfc(3.2) = 6.031483983¢-6
37 | Exp(X: Real): Real; Fa Bk Exp(1.8) = 6.049647464

. o L. | $REUE B B R4 | Exponential CDF(0.5,0.9) =

38 | Exponential CDF(X: Real; A: Real): Real; o 0.4262465793
g9 |EXponentialCDFINV(P[0,1]:  Real; ~ A: i 0% 2 52 A3 i | Exponential CDFInv(0.3,0.4)=

Real): Real; R EL 0.1426699776
40 | ExponentialPDF(X: Real; A: Real): Real; | #5450 5 4 A #hi £ | ExponentialPDF(0.12,0.54)=

25



1.482847042
. . . . . . PR RF 2 y
a1 FCDF(X: Real; ni: Integer; n2: Integer): F % B4 A0 R FCDF(06, 3, 1) = 02871897411
Real; #
42 ;I:Z!:(X: Real; nl: Integer; n2: Integer): E s A 1 B FPDF(0.3, 3, 2) = 0.5061681487
43 | Gamma(X: Real): Real, A3 ok Gamma(0.6) = 1.489192249
44 | LnGamma(X: Real): Real B ek % LnGamma(0.6) = 0.398233858069235
45 |lgamma(X: Real; a: Real): Real A ms | 1Gamma(2,0.6) = 0.121901382249558
16 GammaCDF(X: Real; A[>0]: Real; B[>0]: | il % & 2 #1434 | GammaCdf(0.3, 0.1, 0.2) =
Real): Real; BRI £ 0.988655
47 | GammaCDFInv(P[0,1]: Real; A[>0]: Real; fin ¥ %5 i 224743 41 | GammaCDFInv(0.1,2,3) =
B[>0]: Real): Real; R EL 1.595434825
GammaPDF(X: Real; A[>0]: Real; B[>0]: . .. |GammaPDF(0.3,0.4,0.2) =
Ja SR ~ )
48 Real): Real; 2y oA e 2 0.3943490019
49 |Ln(X: Real): Real; EEISE R Ln(3.2) = 1.16315081
50 |Log(X: Real): Real; 10 AR B Log(3.2) = 0.5051499783
51 | Logn(Base: Real; X: Real): Real; Base MK |Logn(10, 3.2) = 0.5051499783
52 | Max(X1: Real; X2: Real): Real; [LEiEEIN Max(2.3,3.2) = 3.2
53 | Min(X1: Real; X2: Real): Real; PI U /) Min(2.3,3.2) = 2.3
54 | NormalCDF(X: Real): Real, IEA A A% | NormalCDF(0.3) = 0.6179114222
55 | NormalPDF(X: Real): Real, 1 AR5 A7 PR AL NormalPDF(0.9) = 0.2660852499
Nap AS 24 = VAN ul
56 | PoissonCDF(n: integer; X: Real): Real; gg‘z L) A R PoissonCDF(2,0.5) = 0.985612322
. e .. | PoissonPDF(2,0.5) =
. . . . . 3 A2 5= AN 5
57 | PoissonPDF(n: Integer; X: Real): Real; TERR %5 B AT eR B 0.07581633246
> e R
58 |Power(Base: Real; Exponent: Real): Real; ;;se AR H A Power(2.2, 3.1) = 11.52153413
59 |Psi(X: Real): Real AT Psi(2.5) = 0.703156640645243
60 |Real2Bin(X: Real; n: Integer): String; Real2Bin(0.5, 2) = 0.101
61 |Round(X: Real): Real; PO N Round(0.364) = 0
62 | Sign(X: Real): Real; 5 R A Sign(2.3) =1
63 | Sin(X: Real): Real; AT Sin(3.2) = -0.05837414343
64 | Sind(X: Real): Real; Sind(0.6) = 0.01047178412
65 | Sinh(X: Real): Real; WE5Z X Bk 2 Sinh(5.6) = 135.2113548
66 | Sqr(X: Real): Real; V-7 Rk Sqr(4.2) = 17.64
67 |Sqrt(X: Real): Real; VTR R A Sqrt(3.5) = 1.870828693
ot R 1R B 43 A B | StudentCDF(0.5, 2) =
68 | StudentCDF(X: Real; n: Integer): Real, K 0.6666666667
e . | StudentPDF(0.5, 2) =
. . . . 2L BRAE LN 5
69 | StudentPDF(X: Real; n: Integer): Real; BB R AN AT R A 0.2062962963
70 | Tan(X: Real): Real; IEVI 3L Tan(3.2) = 0.05847385446
71 | Tand(X: Real): Real; Tand(6.5) = 0.1139356083
72 | Tanh(X: Real): Real; IEDIRU ek £ Tanh(0.9) = 0.7162978702
73 | Trunc(X: Real): Real; PO Trunc(3.2) =3
74 | Wrap(X: Integer, n: Integer): Integer Wrap(6,5)=1, Wrap(7,5)=2
75 | WrapO(X: Integer, n: Integer): Integer Wrap(6,5)=0, Wrap0(7,5)=1
SR

abs(), In(), log(), exp(), power(), sqr(), sqrt(), sin(), cos(), tan(), sec(), csc(), cot(), cosh(), sinh(), tanh(), sech(),

csch(), coth(), bessiO(), bessjo(), gamma(), arcsin(), arccos(), arctan(), arccot(), arcsec(), atan()
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1.6 EAXEE

<+ PBEHFR

FBABE A d, R AT, W R 2~ —1T, ARMEFRERELRT,

WA TSR
& AT RAE

R AU 7 SARERAT. W

Parameter a, b, ¢, d;

Constant pl =1, p2 = 4, p3 = 5;

<> ARk

B—RIBA TG Z /ML R Z AN m) 8, H BT “NewDivision” BT

& ZERZBHAZNRG

XA, R T dE, SRR AR x, BIARREA N v N e YR, B AR E
2 x1, x2, x3ee, AN yo W1 P BACHRCRAER], AL AR oo 5 14 SRR AN

24, H51 1stOpt HEIHUI

AR 1 205 2

Variable x, y; Function y=a-b*exp(-c*x"d);
Parameters a, b, ¢, d; Data;

Function y=a-b*exp(-c*x"d); 0.05 0.13

Data; 0.15 0.13

0.05 0.13 0.25 0.19

0.15 0.13 0.35 0.34

0.25 0.19

0.35 0.34

XA, IS HORA TR, BT LBHOE X, T P B BORAE [ .

R 1

ARG 2

Parameter x, y;

Minimum = True;

Function exp(sin(50*x)) +sin(60*exp(y)) +
sin(70*sin(x))+sin(sin(80*y))-
Sin(10*(x+y)) +(x"2+y"2)/4;

MinFunction exp(sin(50*x)) +sin(60*exp(y))
sin(70*sin(x))+sin(sin(80*y))-
Sin(10*(x+y)) +(x"2+y"2)/4;

< RETMEERE

N IE G A, AR A S B 7 AN ol 5N R S T N, T A RE PR 1 (“Crl
K7 L “Ctrl +M” ) BONSHUE DA, IE6 IO 7 B0 ey B inse 2o .
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% "3 1stOpt ThAk

2.1 EREMLL

PREC AL A B DL S AN f LA ) 8. 1stOpt A SRAT B AT R 4EEL
LY ARL W BB ), 29 e B R ] AR Ll ) 2 AR

F AP H DG

e  Paramter: & XZE I

e  MinFunction: & HAreREIFKH 5/ MA:

e MaxFunction: & X HA5eREIFKH I K E

o MinMax: BRI R EK AR

2.1.1 —4ERE L

SRR F 4 o B /M -

min f = x-sin(x) +sin(x) (2-1)

Hrh, xe[-37,37]

WE 2-1 78, 7R85 E X A A R i i U — 2 Rt i, 1stOpt wf DURZE 5 k1G4
SRt L o

1stOpt fXA5

10
Parameter x = [-3*pi,3*pi];
Minimum; 5 1
Function x*sin(x)+sin(x);

O p
By Ay iy B 2

-5 .
Parameter x = [-3*pi,3*pi];
MinFunction x*sin(x)+sin(x); -10

9.4 -7.4 54 -34 -14 06 2.6 46 6.6 86

i, f = -5.7976, x = 4.8808 4 2-1 — 4R A

2.1.2 ZHRBLL

> YRR R AL R AL
ZBREUR SR AR W R P, AE (50, 50) AER A4 JRy e KA 1. 1512, B8 —HRE
Hh 112837, B A ZIEHRE, RIMEGIATTE LA R B4 R B i
1stOpt 7] %2 5 SR K e

nax £(r) =30 g (2-2)
r
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o, r=\/(x—50)2 +(y-50)* +e

1stOpt fCH5

Parameter x[0,100], y[0,100];
ConstStr r = sgrt((x-50)"2+(y-50)"2)+exp(1);
MaxFunction Sin(r)/r + 1;

& ZYER AU ME:

min f =nz_ll(S-(cos(Z-xi)+sin(2-xi+1))+w/xi2 +xi2+1) (2-3)

i=1

#eh, X e[-3030], n = 20
1stOpt fCH5

Constant n = 20;
Parameter x(1:n) = [-30,30];
MinFunction Sum(i = 1:n-1)(3*(Cos(2*x[i]) + Sin(2*x[i+1])) + Sqrt(x[i+1]"2 + x[i]*2));

ghifl: £ = -51.7695

<20 -20

K 2-2 FHIRE SR = 4 Kl 2-3 Z4E it — 4K

2.1.3 Rl

AN TSR 4, B BE AP S A, HREES W o, — e
LR
min Y="F(X,Y) (2-4)

1stOpt KGR Zp Al 1 5 A e E AL I KK X I3 o
Bl 1, SRS PIBSRR AL 2 (55 /ML
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z=sin Z-X—0.52+2'X- 2——2 .
(2_5>

min

exp(—((x—O.S—exp(—y+ 7)) +y? —é+3D

Hr, xe [-1,7], ye[-2,2]
1stOpt fLH5

Parameter x[-1,7], y[-2,2];
Minimum = z;
Function z = sin((z*x-0.5)"2 + x*2*y"2-7/10)*exp(-((x-0.5-exp(-y+2))"2 + y"2-z/5+3));

ZER: 7z = 0.02335 (x = 2.898329, y = -0.8573138)

Bl 2-4 Bk B =4k
B2, K EVIBSRREL y 15/ Mi

y = cos(x, )-cos(x, )—2- exp(— 50- ((x1 ~1)° +(x, —1)2)+ y)+

2 2

 25.expl-51-((x, +0.5) +(x, +0.5) }+ y) o6

Hr, x,, x, €0, 27]
1stOpt fLAY g
Parameter x(2)=[0,2*pi]; H A e B (B /N -1
Minimum=y; x1: 3.52484268344853E-9
Function x2: 3.14159265653279
y=c0s(x1)*cos(x2)-2*exp(-50*((x1-1)"2+(x2-1)"2)+ 7
2*y)-2.5%exp(-51*((x1+0.5)"2+(x2+0.5)"2)+2.5*y); H ¥ o8 BUE (B /N): -1

x1: 6.28318530022232
X2: 3.14159264453642

2.1.4 SRR

IstOpt BVEREH LTINS L — PaitERE, vk I . AR T
Lingo SEMRALATAL, 7E 1stOpt Y, KA RS EE W EVGH & IE LT . 55 TT
A, W “x1+3%x2+x3 <= 15:” 582%ET “3#%x2+x3+ x1-15 <= 0:” ,

SR S 22—
1stOpt 05

Parameter x(1:3)[0,];
MaxFunction 2*x1+3*x2+x3;

max 2% +3:X, +X (2-7)
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X1+3*x2+x3 <= 15;
2*x1+3*x2-x3 <= 18;
2 X, + 3. X, — X3 < 18 X1-x2+x3 <= 3;

X, +3-X, + X5 <15

s. t.
X, — X, + X3 <3

X1 Xy, X3 20

git: x=5, x=3, %=1, EAHEA 20
> HME RS 2
min 0.44x1+0. 94x2+0. 88x3+0. 48x4+4x5+3. 4x6+2. 3x7+0. 12x8+1. 6x9+19x10+25x11
3230x1+2640x2+2500x3+1730x4+2900x5+2230x6+2500x7>2750
. 27x1+43x2+40x3+15. 4x4+62x5+50x6+45x7>15
. 27x1+43x2+40x3+15. 4x4+62x5+50x6+45x7<16
. 038x1+0. 32x2+0. 32x3+0. 14x4+3. 91x5+4. 6x6+33. 4x8+21x9>2. 85
. 038x1+0. 32x2+0. 32x3+0. 14x4+3. 91x5+4. 6x6+33. 4x8+21x9<3
. 058x1+0. 15x2+0. 14x3+0. 32x4+2. 9xb+2. 15x6+0. 14x8+18. 5x9>0. 5
. 058x1+0. 15x2+0. 14x3+0. 32x4+2. 9x5+2. 15x6+0. 14x8+18. 5x9<0. 55
. 26x1+2. 45x2+2. 41x3+0. 54x4+4. 35x5+3. 28x6+2. 6x7+99x11>0. 8
. 125x1+0. 48x2+0. 51x3+0. 18x4+1. 65x5+1. 31x6+0. 65x7+99x10>0. 31
. 298x1+1. 08x2+1. 4x3+0. 58x4+2. 21x5+1. 74x6+0. 83x7+99x10>0. 58
. 298x1+1. 08x2+1. 4x3+0. 58x4+2. 21xb+1. 74x6+0. 83x7+99x10<0. 63
. 077x140. 6x2+0. 6x3+0. 27x4+0. 8x5+0. 64x6>0. 19
x1>0. 5, x1<0. 66
x2+x3>0. 1, x2+x3<0. 22
x4>0. 04, x4<0. 2
xb+x6>0. 03, x5+x6<0. 07
0<x7<0. 035
x1+x2+x3+x4+x5+x6+x7+x8+x9+x10+x11=1

1stOpt ALY

O O O O O O O O O o @

Parameter x1[0.5,0.66], x4[0.04,0.2],x7[0,0.035];

MinFunction  0.44*x1+0.94*x2+0.88*x3+0.48*x4+4*Xx5+3.4*x6+2.3*X7+0.12*X8+1.6*x9+19*x10+25*x11;
3230*x1+2640*x2+2500*x3+1730*x4+2900*x5+2230*x6+2500*x7>2750
8.27*x1+43*x2+40*x3+15.4*x4+62*Xx5+50*X6+45*x7>15;
8.27*x1+43*x2+40*x3+15.4*x4+62*X5+50*X6+45*X7<16;
0.038*x1+0.32*x2+0.32*x3+0.14*x4+3.91*x5+4.6*X6+33.4*x8+21*x9>2.85;
0.038*x1+0.32*x2+0.32*x3+0.14*x4+3.91*x5+4.6*X6+33.4*Xx8+21*x9<3;
0.058*x1+0.15*x2+0.14*x3+0.32*x4+2.9*x5+2.15*x6+0.14*Xx8+18.5*x9>0.5;
0.058*x1+0.15*x2+0.14*x3+0.32*x4+2.9*x5+2.15*Xx6+0.14*x8+18.5*x9<0.55;
0.26*x1+2.45*x2+2.41*x3+0.54*x4+4.35*x5+3.28*X6+2.6*x7+99*x11>0.8;
0.125*x1+0.48*x2+0.51*x3+0.18*x4+1.65*x5+1.31*x6+0.65*x7+99*x10>0.31;
0.298*x1+1.08*x2+1.4*x3+0.58*x4+2.21*x5+1.74*x6+0.83*x7+99*x10>0.58;
0.298*x1+1.08*x2+1.4*x3+0.58*x4+2.21*x5+1.74*x6+0.83*x7+99*x10<0.63;
0.077*x1+0.6*x2+0.6*x3+0.27*x4+0.8*x5+0.64*x6>0.19;

X2+x3>0.1;

X2+x3<0.22;

Xx5+x6>0.03;

Xx5+x6<0.07;
X1+X2+X3+X4+X5+X6+X7+X8+X9+x10+x11=1

gk

EARH: 13 x2: -0.028913011
VISR B (2 4 F0 == #0): 00:00:00:15 x3: 0.212176502
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Sk el Rk X5: 0.041774768

LR PRI B /M (Min) A 0.651708124 X6: -0.011774768

SHAEA - x8: 0.068574559
x1: 0.66 X9: 0.017195715
x4: 0.04 x10: 0.000731968
X7: 0 x11: 0.000234268

2.1.5 AR M AR [n) 7

< ARZRAME R [

sin(2-7-x,)° -sin(2- 7 - x,)

max 3
Xy '(Xl + Xz)

X} —X, +1<0
st 1=x +(x, -4/ <0
0<x,x,<10

1stOpt ALY

(2-8)

Parameter x1[0,10], x2[0,10];

MaxFunction (sin(2*pi*x1))*3*sin(2*pi*x2)/(x1"3*(x1+x2));
X172-x2+1 <= 0;
1-x1+(x2-4)"2 <= 0;

LZEHL. x1= 1.22797, x2= 4.24537, fHwAA{H A4 0. 095825
<> ARZPEIR S R )
A PRI E A4, 0 pl XA [-100, 100] (3EESH, woE LnF
Parameter pl=[-100, 100, 0]; 5% IntParameter pl=[-100, 100];
min 1.5-(X, —SIN(X —%,))" +0.5- X2 + X2 =X, - X, —2- %, + X, - X

-20<x, <20
s.t. 9—20<x, <20 X Xo s, X M
-10<x; <10

1stOpt A5

(2-9)

Parameters x1[-20,20],x2[-20,20],x3[-10,10,0];
MinFunction 1.5*(x1-sin(x1-x2))"2+0.5*x2"2+x3"2-X1*x2-2*X1+X2*X3;

i Yx= 4.49712, x= 9.147501, x»= -4 I, f3&/MER-10. 51832
< AR RO R i)
min —2:X% =X —4-%—3-X, =%
2:X, + X, +4-X, +2-X;, <54
3:-X +4-X, +5-X; — X, — X, <62
X;, X, €[0,100]; X, €[3,100]; x, €[0,100]; x, €[2,100];
Horr, x1 %2 x5 B84

s. t.

32
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1stOpt A5

Parameter x(1:2)[0,100,0], x3[3,100,0], x4[0,100,0], x5[2,100,0];

MinFunction -2*x1-x2-4*x3-3*x4-X5;
2*X2+x3+4*x4+2*x5<54;
3*X1+4*Xx2+5*x3-x4-x5<62;

ZEBBFWA: x1, x2, x3, x4, x5 = (15,0, 6, 11, 2) 5L x1, x2, x3, x4, x5 = (19, 0, 4, 10, 5),
e/ IME -89

2.1.6 HFH AL

1stOpt 8] F S gedl A5kl . o Kgkzkik (MI0) fEfRviZIsm s, e
gk, BGR K A R AR AR
< TSP i {
TSP [ fURE AT 2 A AL A ) 8 A NANSE T, R &, Al v i) —
K, Ja B AT, SRR R U I 2. I PARE L 1 5 ANk A
=t

IHH
2-5 - Hiil AT

*R2-1 T HIM B K

o ® || ([ BFT | EAT (9 (O W |7 b (ER|R O E | F
LIS - 1L 8 x| B |A |k | ¢ I z | E | W
i | o 261 | 134 | 364 |66 39 | 328 | 315 | 164 | 418 |38 | 143 | 453 | 349 | 129

e | 261 |0 395 | 625 255 251 | 591 | 587 | 425 | 679 244 | 420 715 | 615 | 389

JEN 134 395 |0 242 200 173 | 289 | 243 | 177 | 281 157 | 57 386 | 215 | 78
¥ F | 364 | 625 | 242 |0 356 360 | 72 404 | 165 | 107 402 | 285 116 | 77 320
&N | 66 255 | 200 | 356 0 25 304 | 381 | 191 | 463 104 | 168 429 | 390 | 201
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Fit | 39 251 | 173 | 360 25 0 308 | 365 | 195 | 467 7 166 432 | 394 | 168

P | 328 | 591 | 289 | 72 304 308 | 0 479 | 114 | 182 366 | 233 125 | 152 | 367

TR | 315 | 587 | 243 | 404 381 365 | 479 | O 420 | 410 330 | 300 520 | 327 | 182

Hik 164 | 425 | 177 | 165 191 195 | 114 | 420 | O 272 202 | 120 239 | 199 | 255

v b | 418 | 679 | 281 | 107 463 467 | 182 | 410 | 272 | O 438 | 338 165 | 83 359

AN | 38 244 | 157 | 402 104 7 366 | 330 | 202 | 438 0 214 491 | 387 | 148

B K | 143 | 420 | 57 285 168 166 | 233 | 300 | 120 | 338 214 | 0 357 | 272 | 131

W= | 453 | 715 | 386 | 116 429 432 | 125 | 520 | 239 | 165 491 | 357 0 193 | 464

#E | 349 | 615 | 215 | 77 390 394 | 152 | 327 | 199 | 83 387 | 272 193 | 0 293

BAH§ | 129 | 389 | 78 320 201 168 | 367 | 182 | 255 | 359 148 | 131 464 | 293 | 0

1stOpt fH5

Constant n = 15;

Constant Distance(0:n-1, 0:n-1) = [0,261,134,364,66,39,328,315,164,418,38,143,453,349,129,
261,0,395,625,255,251,591,587,425,679,244,420,715,615,389,
134,395,0,242,200,173,289,243,177,281,157,57,386,215,78,
364,625,242,0,356,360,72,404,165,107,402,285,116,77,320,
66,255,200,356,0,25,304,381,191,463,104,168,429,390,201,
39,251,173,360,25,0,308,365,195,467,77,166,432,394,168,
328,591,289,72,304,308,0,479,114,182,366,233,125,152,367,
315,587,243,404,381,365,479,0,420,410,330,300,520,327,182,
164,425,177,165,191,195,114,420,0,272,202,120,239,199,255,
418,679,281,107,463,467,182,410,272,0,438,338,165,83,359,
38,244,157,402,104,77,366,330,202,438,0,214,491,387,148,
143,420,57,285,168,166,233,300,120,338,214,0,357,272,131,
453,715,386,116,429,432,125,520,239,165,491,357,0,193,464,
349,615,215,77,390,394,152,327,199,83,387,272,193,0,293,
129,389,78,320,201,168,367,182,255,359,148,131,464,293,0];

Parameters Cities(0:n-1)[0,n-1];

Exclusive = True;

Minimum = True;

StartProgram;

Var TemSum : Double;
i : integer;

Begin
TemSum := 0;

fori:=0ton-2do
TemSum := TemSum + Distance[Cities][i], Cities[i+1]];
ObjectiveResult := TemSum + Distance[Cities[n-1], Cities[0]];
End;
EndProgram;

iR HAPEEAN 2 07 6 KM, Ui E1E8
LR = w)ll => ERE = WL = i = % o> 57 => 7 b2 o 4k =
M = Bl = M = Wil = 5K = T = iR
b SRAREACHS ] PR AR, AR B T “Wrap0” pRI%L.
1stOpt PRsiEr AL

Constant n = 15;

Constant Distance(0:n-1, 0:n-1) = [0,261,134,364,66,39,328,315,164,418,38,143,453,349,129,
261,0,395,625,255,251,591,587,425,679,244,420,715,615,389,
134,395,0,242,200,173,289,243,177,281,157,57,386,215,78,
364,625,242,0,356,360,72,404,165,107,402,285,116,77,320,
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66,255,200,356,0,25,304,381,191,463,104,168,429,390,201,
39,251,173,360,25,0,308,365,195,467,77,166,432,394,168,
328,591,289,72,304,308,0,479,114,182,366,233,125,152,367,
315,587,243,404,381,365,479,0,420,410,330,300,520,327,182,
164,425,177,165,191,195,114,420,0,272,202,120,239,199,255,
418,679,281,107,463,467,182,410,272,0,438,338,165,83,359,
38,244,157,402,104,77,366,330,202,438,0,214,491,387,148,
143,420,57,285,168,166,233,300,120,338,214,0,357,272,131,
453,715,386,116,429,432,125,520,239,165,491,357,0,193,464,
349,615,215,77,390,394,152,327,199,83,387,272,193,0,293,
129,389,78,320,201,168,367,182,255,359,148,131,464,293,0];

Parameters Cities(0:n-1)[0,n-1];

Exclusive = True;

MinFunction Sum(i=0:n-1)(Distance[Cities][i], Cities[WrapO0(i+1,n-1)]]);

Fal

K 2-7 B A s ]
K 2-7 LR W A A BIZR T E 2 1) & KB . 3K A B E R R A
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shiR) it )z g AL AU L. AR TAL U I Bh A MR T IR i, 1stOpt A
Ma Rk,
% 2-2 TR 2 CHGIBRA i 1] (14 8 YRR AULAEL 1000 #75%) «

F5 0 1 2 3 4 5 6 7 8
532 A Bl B2 B3 C1 C2 C3 D1 D2
0 A 0 2 5 1 1000 1000 1000 1000 1000
1 Bl 2 0 1000 1000 12 14 10 1000 1000
2 B2 5 1000 0 1000 6 10 4 1000 1000
3 B3 1 1000 1000 0 13 12 11 1000 1000
4 C1 1000 12 6 13 0 1000 1000 3 9
5 C2 1000 14 10 12 1000 0 1000 6 5
6 C3 1000 10 4 11 1000 1000 0 8 10
7 D1 1000 1000 1000 1000 3 6 8 0 1000
8 D2 1000 1000 1000 1000 9 5 10 1000 0
1stOpt A5

Constant n = 8;

Parameters Cities(1:n)[1,n,0];

Constant Dis(0:n+1,0:n+1) = [0,2,5,1,1000,1000,1000,1000,1000,1000,
2,0,1000,1000,12,14,10,1000,1000,1000,
5,1000,0,1000,6,10,4,1000,1000,1000,
1,1000,1000,0,13,12,11,1000,1000,1000,
1000,12,6,13,0,1000,1000,3,9,1000,
1000,14,10,12,1000,0,1000,6,5,1000,
1000,10,4,11,1000,1000,0,8,10,1000,
1000,1000,1000,1000,3,6,8,0,1000,5,
1000,1000,1000,1000,9,5,10,1000,0,2,
1000,1000,1000,1000,1000,1000,1000,5,2,0];

Minimum = True;

StartProgram;

var i : integer;

temD : Double;
begin
temD :=0;
fori:=1ton-1do
temD :=temD + Dis[Cities[i],Cities[i+1]];
FunctionResult := temD + Dis[0,Cities[1]] + Dis[Cities[n],n+1];
end;
EndProgram;

GEHL EEERARE N 19, BREEEI N 0> 2 > 4 > 7 > 9WEE: A > B2 > C1 —
D1 —>E. b infQRE o ny i PRaE i, R T OCHE T “MData” KAk PH 25 40 PR,
THEZ A
IstOpt PRAEAL AR

Constant n = 8;
Parameters Cities(1:n)[1,n,0];

MDataSet[1000];
i,j,Dis=
01 2
02 5
03 1
14 12
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14
10

10

13

12
11

O ~NOoO oUW WWNDNDDNREPRE
© © 0O N ~NoO~NO O~ Ol O Ol

N Ol =2 00 U1 OO ©

EndMDataSet;
MinFunction Dis[0,Cities[1]]+Sum(i=1:n-1)(Dis[Cities][i],Cities[i+1]])+ Dis[Cities[n],n+1];

2.1.7 Z BFr AL

2 H AR LRI A FEAS JEAROR AR A R 22 H b A A0 O o H b R, JEAT VA A BAR R
LNEIMBLE . I KI/NESE . 1stOpt FRA LTI Z Hirfitbn &, R gl ik Iy %t
AR KA -

# 1. min

1)
2)

3)

X, + X
f.(X)=05-x, +0.6-x, +0.7 -exp| 2——=
1) ! 2 p( 10 j (2-11)

f,()=(x~2-%) +(2-x, =3%, )" +(5-%, — x1)*

. X, €[10,80], x, €[20,90], X, €[1510Q

1stOpt ALY

Parameter 10<<x1<80,20<<x2<.90,15<x3<100;
ConstStr f1=0.5*x1+0.6*x2+0.7*exp((x1+x3)/10), f2=(x1-2*x2)"2 +(2*x2-3*x3)"2 +(5*x3-x1)"2;
MinFunction f1;

SR bRk £1 s ffl, £1=25.52774, x=[10, 20, 15];
SR B H bRk L £2 MO A(l, £2=300, x=[65,27.5, 15];

FaUBT It % F bReR 4 min J(f, — 25.52774 ) + (f, —300 )’
1stOpt fLH5

Parameter 10=<<x1<:80,20<x2<90,15<<x3<100;
ConstStr f1=0.5*x1+0.6*x2+0.7*exp((x1+x3)/10), f2=(x1-2*x2)"2 +(2*x2-3*x3)"2 +(5*x3-x1)"2;
MinFunction Sqrt((f1-27.5)"2+(f2-300)"2);

AR

PRI
sqrt((((0.5*x1+0.6*x2+0.7*exp((x1+x3)/10)))-27.5)"2+((((x1-2*x2)"2+(2*x2-3*x3)"2+(5*x3-x1)"2))
-300)"2)

Fl b e ZU{E (J5/): 578.27926596784

x1: 48.9910529644766
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x2: 23.4556259778595

x3:15

1532 $ (PassParameter):
((0.5*x1+0.6*x2+0.7*exp((x1+x3)/10))): 459.483666124556
(((x1-2*x2)"2+(2*x2-3*x3)"2+(5*x3-x1)"2)): 684.443782170933

RUEARS H bR E k. 578. 279
BEI, £1=459. 48366, £2=684. 4437, x=[48. 9910529644766, 23. 4556259778595, 15]

> SAEIBE
R HARREI 7 BE R, SAERBNET 1.
min a- f,(x)+(1-a)- f,(x)
s.t. % €[1080], x, €[2090], X, €[1510Q
a ) HFRBRE £ FIRCE, Ju[EITE 0 & 1 2 [a], WAR HARREL £2 MAE R (1-a)
HUEAF], 5 RABAA . NN 0 2 1 BaofHl, HEMH T RET
“LoopConstant” &
IstOpt ARSI T, i RuE 2-8 7r.
LoopConstant a=[0:0.05:1];
Parameter 10<<x1<:80,20<<x2<:90,15<x3<100;
ConstStr f1=0.5*x1+0.6*x2+0.7*exp((x1+x3)/10), f2=(x1-2*x2)"2 +(2*x2-3*x3)"2 +(5*x3-x1)"2;
PlotLoopData a[x], f1, f2[y2];
MinFunction a*f1+(1-a)*f2;
*2-3 b EE R
a |0 0.1 0.2 0.3 0.4 0.5 06 |07 |08 0.9 1
fl |2135.67 |1336.52 [988.43 |771.49(614.77 |491.27 |387.74|296.28(210.99 |126.91 |25.53
f2 |300.00 |334.62 |394.23 |465.75|549.77 |650.74 |777.61|948.64|/1208.72 |1705.84 |5150.00
N |22 573
1) SR HARSREL £1 A, £1=25. 52774, x=[10, 20, 15];
2) R 1 ECNAERAR, F1 AR N/ ME (B 26) JT RIS
3)  SRXFNT F1) £2 B/ ME
4) 33 f1 5 2 WAEFH Ak

IstOpt ARG R, iRl 2-9 7.

LoopConstant a=[26:50:1000];

Parameter 10<<x1<:80,20<<x2<:90,15<x3=<100;

ConstStr f1=0.5*x1+0.6*x2+0.7*exp((x1+x3)/10), f2=(x1-2*x2)"2 +(2*x2-3*x3)"2 +(5*x3-x1)"2;
PlotLoopData f1[x], f2;

MinFunction f2;

fl=a;

2,000
1,500
= 1,000

200 -

0 -

L5 000
* 11 L4 500
#f2 | | F4,000
13,500
L3000
L2 500
L2 000
L1500
L1,000
L500

T T T T T
1 200 400 500 o0 1,000
a 1

2-8 Z H AR ATfif [&] K 2-9 2 HArIES itk
*® 2-4 Z Hbr AR SR Es R
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fl f2 x1 X2 X3
26 5084.632 10.345 20.000 15
76 2411.745 27.715 20.000 15
126 1714.123 34.298 20.000 15
176 1369.823 38.298 20.625 15
226 1151.854 41.171 21.408 15
276 998.730 43.418 22.007 15
326 884.472 45.261 22.490 15
376 795.668 46.822 22.897 15
426 724.595 48.176 23.246 15
476 666.445 49.370 23553 15
526 618.051 50.439 23.826 15
576 577.228 51.405 24.073 15
626 542.412 52.288 24.298 15
676 512.453 53.099 24.504 15
726 486.483 53.850 24.694 15
776 463.832 54.549 24.871 15
826 443.977 55.203 25.037 15
876 426.498 55.817 25.192 15
926 411.058 56.395 25.338 15
976 397.381 56.943 25.476 15
1000 391.374 57.195 25.540 15
2.1.8 TR/ R AL
PR NI ) R A — FRRF IR K 22 H AR DA TR, € Sl b
min f(X)=maxf (x),i=1,2,..m (2-12)
1stOpt HXFNIFTRRECH “MinMax”
2 2
f,=104+2-X +2-X, = X; +X; =X, X,
2 2
Bl f,=24%X —X, +2:X —X; +3-X, - X, (2-13)
2 2
fo =X +X,
1stOpt A5 g
ConstStr f1=10+2*X1+2*X2-X1"2+X2"2-X1*X2, oAb SR brdE T A L3 + 30 4 R Ak ik
222X 1-X2+2*X112-X2/2+3*X1*X2, (SM1)
f3=x1"2+x2"2; MR A /ME (MinMax): 4.25
MinMax f(3); x1: -2
x2:0.5
ON AL S

12 ((10+2*X1+2%x2-X1/2+x272-x1*x2)) = 4.25
2: ((24X1-X2+2*x172-x2"2+3*x1*x2)) = 4.25

3: ((x1"2+x212)) = 4.25

4 2
f,=x"+X,

o, f,=(2-x)+(2-x,)

fy = 2-exp(x2 - Xl)

1stOpt A5

(2-14)
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ConstStr f1=x1/4+x2"2, Pife ik FruEfimAmR Lk + @ AR iE(SML)

f2=(2-x1)"2+(2-x2)"2, BOHME (MinMax): 2
f3=2*exp(x2-x1); x1:1
MinMax f1,f2,f3; x2:1
N GN L

1: (x1M+x212)) = 2
2: ((2-x1)"2+(2-x2)"2)) = 2
3: ((2*exp(x2-x1))) = 2

f,=-5X +X,
e T =4 X, + X+ X2
] 3. L9 R AR /N ] (2-15)
f,=5-%x +X,

g,(x)=-2x,-%, <0

1stOpt A5
ConstStr f1=-5*x1+x2, f2=4*x2+x1"2+x2"2, f3=5*x1+x2;
MinMax f(3);
-2*x1-x2<=0;
EPS
Pefe Sk 2R/t (UG0o1) SN AN
B KA/ IME (MinMax): 0 1: ((-5*x1+x2)) = 0
x1: 0 2: ((4*x2+x172+x2"2)) =0
x2: 0 3: ((5*x1+x2)) =0
ZI R R
1: -2*x1-x2-(0) =0

2.1.9 5 Lingo M LL#

Lingo st 5t b2 4 AAIE 2522 3, PRt A0 & HEAT B 1T 500 Al A4y =
932 A Lingo, HAWRERI WL —BE. 5 Lingo AHEL, 1stOpt fE%044 BT THIAHZE FEae,
ER L R RE 1T ez = 2E, SR EE—% . F i BULAS s E ) 12t
AT, H Lingo HHATHE I 4 )3 ISR it #8310 “Use Global Solver”

il 1 e dite, WASHx1. x2, X [-50,50].

min cos(x, )-cos(x,)— (( N |-2'exp(—500-((x1—i'2)2+(x2—i~2)2Dj 2-16)
i1

ZIME BRI WA S, ARSI R, Hbs s BUE A2 g4 84, W
Bl 2-10 755 1B 2-11 2 H R ORI, RTINS RARL s an [V T R ARAN P 1D e B b i v 1
—HES, BRI IR P EBIR A, RRILHAERT . 1stOpt ELAK T 90 %6 (R4 3R
FRaUf#-7. 97883233, 1 Lingo SAFIIEUF &5 R A -1, Lh—Jmilmil.
X 2-5 8 1 Lingo 5 1stOpt AU FI4E

L/Cs Fh5 RPN
Algorithm = SM2[100]; H b5 eR B fii= -7.97883233
1stOpt ParameterDomain = [-50,50]; x1: 7.9999820
MinFunction cos(x1)*cos(x2)-Sum(i=1:5)((-1)"i*i*2* X2:7.9999820
exp(-500*((x1-i*2)"2+(x2-i*2)"2)));
Lingo Sets: HAr R = -1
P/1..5/; x1: 0
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EndSets x2: -47.12389
Min=@cos(x1)*@cos(x2)-@Sum(P(j):
(-DN*j2*@exp(-500*((x1-j*2)"2+(x2-]*2)"2)));
@Bnd(-50,x1,50); @Bnd(-50,x2,50);

-40 -40
Kl 2-10. pREL=4EK], Xe[-50,50], % & 2-11. R —4kl, Xe[0,12], #J¥: 100
FE: 100X 100 X 100

W 2. NS L R B, n=6, p=10, X€ [-100, 100]

_ p ) (X, —i-7~ i)(2+2'(i_l))
min Z —(1+0.1-(i-1))-cos(x;)- cos(Xj+1)-exp[— L (5 o) 2200) (2-17)
B8 2 HANMERSEL WE 2-12 7%, R X LT BA R, 45T
DAL ZRAT R TARKIR A 10 SR IBOR I 2-13 B, XA A JREENE. 1stOpt et
fift A=5. 047, A Zf#, 1 Lingo WIA-2. 74239, & Jmikil.
7 2-6 ;@ 2 Lingo 5 1stOpt AR AL, L

BAF AR LS R
Algorithm = SM2[50]; H A5 ph i {H - -5.047127847
Constant M =100, n =6, p = 10; x1: 32.291404, x2: 5.1327345
1stOpt Parameter x(1:n)[-M,M]; x3: 8.8495559, x4: 8.3339692
P MinFunction Sum(j=1:n-1)(Sum(i=1:p)(-(1+(i-1)*0.1)* x5: 1.4987781, x6: 5.7079632

cos(x[i])*cos(x[j+1])*exp(-((x[j]-I*pi-i)*
(@2+(i-1)*2)+(x[j+1]- *pi)*(2+(i-1)*2)))));

Sets: H breR $i{E: -1.201742
P/1..5/; x1: 9.623649
K/1..10/; x2: 3.258190
Par/1..6/:x; x3: -1.665323
. EndSets x4: 3.774672
Lingo .
pi = 3.1415926; x5:3.472771
Min= @Sum(P(j): @Sum(K(i):-(1+(i-1)*0.1)*@cos(x(j))* x6: 3.141593

@CoS(X(+1))* @exp(-{(x()-1*Pii) (2+(i-1)2)+(x(+1)-*pi)>(2+
(-172));
@For(Par: @Bnd(-100,x,100));
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100

]

0
W5 50

a0

100 100 Fila]
K 2-12. pREL—=4ER, Xe [-100, 1007, K 2-13. pRE—=4:K, X€E€ [0, 30],
2R, 100X 100 BEREE. 100X 100

14 gn

2-14. RECYEE

il 3. i S AR R 8L, PIASZS 0 x1. x2, X €[50, 50]
exp(sin(50- x) ) +sin(60 - exp(y))+sin(70-sin(x) ) +

min 2 2 ") (2-18)
sin(sin(80 - y))—sin(10- (x + mﬂ%L

st X— ((cos(y))X - x)y =0

B 3 A — A AEEX LRI R, 12 n) R R i e I R R R B R R IR S,
IR T X6 K 22 B2 Al B AR B SR A 2 Sk U BB A AL A 3 o L = iR ] 2-14 rR; 1stOpt
F Lingo TSt /0 i -3, 46659 Fl-1. 034522,
X 2-THIE 3 Lingo 5 1stOpt AR FI45

At AR g R
Algorithm = DE1[100]; H 45 BR B {H - -3.4665958617
PenaltyFactor = 5; X: -49.921967437

1stOpt ParameterDomain = [-50,50]; y: 4.8499336803

MinFunction  exp(sin(50*x))  +sin(60*exp(y))  +sin(70*sin(x))
+sin(sin(80*y))-sin(10*(x+y))+(x"2+y"2)"sin(y)/4;
X-((cos(¥))"x-x)"y<=0;

Min=@exp(@sin(50*x)) +@sin(60*@exp(y)) + H b5 b8 $E: -1.034522
@sin(70*@sin(x)) +@sin(@sin(80*y))- X: -6.679913
@sin(10*(x+y))+(x"2+y"2) @sin(y)/4; y: -0.5638658

Lingo X-((@Cos(y)) X X)"y<=0;

@bnd(-50,x,50);
@bnd(-50,y,50);
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] 4. YRR B, xiv x.€ [-100, 100]
y:—cos(xl)-cos(xz)-exp(—((x — ) +(x, - 7) ))
1.1-cos(x, )- cos(x )-exp( (( -2 7r) (x2—2 7r)4)+1.1-y)—
min 1.2-cos(x,)-cos(x,)- exp(-«xl—-S-ﬂ) +(x,-3-7)° )+J"2-y)— (2-19)
1.3-¢0s(x, )-cos(x, )- exp(—((xl—3.5-7r) +(x, —3.5~7z)6)+1.3~y)—
1.4-cos(x, - 7)-cos(x, ~7z)~exp(— ((x1 —4-7) +(x, —4~7z)8)+1.4~ y)
Lingo SR Kz bR K 7 VR R 0 B iR B 4 i — A7 A5 N R Ak ). 1stOpt &5 Lingo
MRS ATR, 1stOpt MRS FFR R ARAE-0. 9998873, 1 Lingo ML {E AL A-0. 5807459
K 2-8 Bl 4 Lingo 5 1stOpt AU ANEE R

At AR = JYRAE S
parameter x(2)=[-100,100]; H A bR B
Minimum =y; -0.9998873
Function y=-cos(x1)*cos(x2)*exp(-((x1-pi)N(2*y)+(x2-pi)"2)) x1: 97.38937465

1stOpt -1.1*cos(x1)*cos(x2)*exp(-((x1-2*pi) 4+(x2-2*pi) 4)+1.1*y) x2: 3.141592655

-1.2*cos(x1)*cos(x2)*exp(-((x1-3*pi)"6+(x2-3*pi)"6)+1.2*y)
-1.3*cos(x1)*cos(x2)*exp(-((x1-3.5*pi)"6+(x2-3.5*pi)"6)+1.3*y)
-1.4*cos(x1*pi)*cos(x2*pi)*exp(-((x1-4*pi)"8+(x2-4*pi)"8)+1.4*y);

DATA: H b ek A
pi=3.1415926; -0.5807459
ENDDATA x1: 6.283192
Min=y; X2: 6.282755

y=-@cos(x1)*@cos(x2)*@exp(-((x1-pi)*(2*y)+(x2-pi)"2))
-1.1*@cos(x1)*@cos(x2)* @exp(-((x1-2*pi) 4+(x2-2*pi)"4)+1.1*y)
-1.2*@cos(x1)*@cos(x2)* @exp(-((x1-3*pi)6+(x2-3*pi)"6)+1.2*y)

-1.3*@cos(x1)*@cos(x2)* @exp(-((x1-3.5*pi)6+(x2-3.5*pi)"6)+1.3*y)

-1.4*@cos(x1*pi)*@cos(x2*pi)* @exp(-((X1-4*pi)"8+(x2-4*pi)"8)+1.4*y);

@bnd(-100,x1,100);

@bnd(-100,x2,100);

@free(y);

Lingo

2.1.10 5 Matlab 1%

Matlab CLHEA NN AR ST G AR AR, e BT DA AR P
a, WATLHEN— DI RE G BRI TRAARAE Kbkl ok, A2t iiit.
ARGt de /N o ARy RESR AR ) T H 8 % o BLAR Mat lab B4R P2 ML B4 AT,
(HAE Jm iUk 42 S AR e Mk de A 5, FLRBEAOBL T A 1stOpt S8 L IR IEAL B A EAH
b, 7T LR, AT

o BAFABPEEKR, XL RGEK G

o RIS, XTSRS, TR

o CRIIMIIUACFEAGESGHE, R 2% m 1) i) RBUAfE LASRAS See DL A

o ZHEAMIANS LRI, WL TR ES I 2

TR EA—EEfR HL() 451X Matlab AbFRARAL i) AN 1stOpt AT .

1l 1. ARl )

min f=3.-%x,-6-X, (2-20)
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X, <4
X, <3

s-t. 9x +2%, <10

X, 20
X, 20

Matlab ZePERURIHI G224 “linprog” , HSGREFUITE:

Matlab QA5

f=[3 -6];
A=[10;01;12;-10;0-1];
b=[4;3;10,0;0];
[x,fval]=linprog(f,A,b)
f=fval*(-1)

N

BATEE R

1stOpt A5

X =
0.0000
3.0000
fval =
-18.0000

Algorithm = LP;

Parameter 0<=x1<=4, 0<=x2<=3;

MinFunction 3*x1-6*x2;

x1+2*x2<=10;

isfrai R

1] 2. Brop B

AR (¥ 45 /M (Min) g <

SR ARIR A«

x1: 0

x2: 3
LI R E

1: x1+2*x2-10=-4
:x1-0=0
x1-4=-4
:x2-0=3
:x2-3=0

g wnN

-18

max f =0.13-x,+0.09-x, +0.06-x, +0.14 - X,

X; =X, =X =X, <0

s.t

X, + X, + X+ X, =1
X; >0,j=1.4

X, + X3 —X, 20

(2-21)

Matlab H RESK /ML, PRI SR A s AR 75K s R B0 iR dee /MEL RO BRI 2K

min f =-0.13-x, - 0.09-x, —0.06 - x, — 0.14 - X,

2SR b 2 T2 T 0 T,

X; =X, —=X3—X%X, <0

—X, = X3 +X%, <0

s. t
X, +X, + X, + X, =1
X; >0,j=1.4
Matlab /A5
f = [-0.13;-0.09;-0.06;-0.14];
A= [1-1-1-1
0-1-11];
b =10; 0J;
Aeg=[1111];

BATE R
X =
0.5000
0.2500
0.0000
0.2500
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beq=[1]; fval =

Ib = zeros(4,1); -0.1225
[x,fval,exitflag] = linprog(f,A,b,Aeq,beq,Ib) exitflag =
f=-fval
1
f=
0.1225
1stOpt 1LY BATER
Algorithm = LP; ZENMERRIM B K (Max) 2l . 0.1225
ParameterDomain = [0,]; SREIR N -
MaxFunction x1: 0.5
0.13*x1+0.09*x2+0.06*x3+0.14*x4; o
X1-x2-x3-x4<=0; x2:0.25
X2+X3-X4>=0; x3:0
X1+X2+X3+x4=1; x4:0.25
AP

1: x1-x2-x3-x4-0 = -5.551115123E-017

2: X2+x3-x4-0 = 5.551115123E-017
31 x1+x2+x3+x4-1=0
4:x1-0=05
5:x2-0=0.25
6:x3-0=0
7:x4-0=0.25

1] 3. 4 LI AR AE L ME R R i) 35

min 100 -(x, - x, ) + (1 -x, )’ (2-22)

s. t {Xl =2

X, <2
Matlab: T4 7 funl. m 34 A

function f=funl (x)
£=100% (x (2) —x(2) "2) "2+ (1-x(1)) "2;
SR G AE TAE A BN
x0=[1.1, 1. 1];
A=[1 0;0 1]; A
b=[2;2];
[x, fval]=fmincon (@funl, x0, A, b)

‘H"Wlln

o) :m!lllllﬂ/ ”

éli:l: H X = o R
1.0000  1.0000 Kl 2-15. JRZRMEL AR A — 4E K]
fval =
3.1936e-011
1stOpt A5 BATE R
ParameterDomain = [,2]; PREERIE 2 100%(x2-x1)"2+(1-x1)"2
MinFunction 100*(x2-x1)"2+(1-x1)"2; H A% o A (B /): 0
x2: 1
x1:1

FIXS T Matlab ALBEACAL )EE, 1stOpt ACRS I W 2 - BEME, (]I ANTSE HIE
IAVAEZ AT AR AL R B, Mat 1ab $RAG A0 AR AL HOR, W&l 2-15 7).
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min -(x-sin(9-7-y)+y-cos(25- 7 - x)+20) (2-23)

s.t x?+y?<8l

1stOpt A5 BT8R
Algorithm = MIO1; F bR B8 S0 (% /N): -32.7178878068835
ParameterDomain = [-10,10]; X' -6.44002582226023

minfunction -(x*sin(9*PI*y)+y*cos(25*pi*x)+20);

6.27797201413613
XADHYN2<=81: y

LR PR AL
1: xA2+y"2-(81) = -0.1131347983

2.2 RS

AL LA R T A i T 72— 1stOpt AIARZRPERLA ThRESR T H i (FA]
CUNR AL, 354 () SPSS, SAS, Matlab, Origin, Systat, DataFit 25, Hofp KR &2,
TEL R ZHUE DL, AT EAE AL CRE D) AT RTAGME, KR A S 14 R RRE T, N
R RN R, BEn KRG SRR - 55 B E Kbk S5 HARBEFURE (NIST: National Institute
of Standards and Technology) #2ft45—% 27 WARLMERIA MRS, A LJL-Fira %4
(RS 73 AT SR A 0 DA e e 1 M o e b v . 28X LEI, 1stOpt & H Ay ik —
AN NIST S FIRTAA R, 11 g LAMT S AL A AR (L l v] SRA5-4x 30 dne DR A P o, Clan S
{8 F NIST S IBIAa e, W SE nl 42 5 sRAT e ) o R TS B H 2 v, R e & 2L
VIR AR —FER RS, BHEASHE R Z IEN T MR XS, 1stOpt
(RS2 FH BE 738 b FAE AK
% 2-9 NIST M i 45 5

e | wwms | wm | o | we 110t FEFEEE s
1 Misrala 2 0
2 Chwirut2 3 0
3 Chwirutl 3 00
4 Lanczos3 6 00
5 Gaussl fi 8 00
6 Gauss2 8 o0
7 DanWood 2 o0
8 Misralb 2 00
9 | Kirbyz 5 LstOpt BIALE 00
10 Hahn1 7 s SEEYREAERFS m
11 Nelson 3 o0
12 | MoH17 5 "
13 Lanczos1 6 0
14 Lanczos2 i 6 0
15 Gauss3 3 o0
16 Misralc 2 00
17 Misrald 2 00
18 Roszmanl 4 o0
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19 ENSO 9 100
20 MGHO9 4 100
21 Thurber 7 100
22 BoxBod 2 100
23 Rat42 . 3 100
24 MGH10 " 3 100
25 Eckerle4 3 100
26 Rat43 4 100
27 Bennett5 3 >90

. NIST P¥dik: http://www. itl.nist. gov/div898/strd/nls/nls main. shtml

IstOpt [ HHZPLE TN A E XA, FERHTH:

e Function: & XHEAA;

e  Parameter: & XZH(;

e Variable: & X4,

e Data. DataFile: & X &,

“Function” . “Data” B “DataFile” JyhZi (oY, Hog ik cst 7. X 4
kil a, a HREL N x, WRELN y; =4 ey 7, —hHaZES N x1
Mx2, NEBEELAY, F_MAALEL N x My, NEERHN 2z, W24, R ALEYL
H x1, x2, x3ee, RIARR AR yo W F R BRI BUR S R, A AR JE 75 F“Variable”
F “Parameter” T NAEMBE, MK H 1stOpt HBHH .

AR —
R 1 R4 2

Variables x, y; Function y = a-b*exp(-c*x"d);
Parameters a, b, ¢, d; Data;

Function y = a-b*exp(-c*x"d); 0.05 0.13

Data; 0.15 0.13

0.05 0.13 0.25 0.19

0.15 0.13 0.35 0.34

0.25 0.19

0.35 0.34

MEHRES, T EAUE AR, S R S AT G B 4. 0 RO LA
REET “Rowbata” HUAX “Data” , [l Edle I IR R ezl SEATER L« 7 S &R

A A —

NG 1R 2

Function y = a-b*exp(-c*x"d); Function y = a-b*exp(-c*x"d);
Data; RowData;

0.05 0.13 0.05,0.15,0.25,0.35;

0.15 0.13 0.13,0.13,0.19,0.34;

0.25 0.19

0.35 0.34

FAEt b, BT “DataFile” M, SCUFR B FEbRAE SCAKE X FT
Excel A%, Wl Excel FIRINE 2-16 H4EN N “c:\testl. x1s” , WHERXRW T, &
14 “DataFile” B, J&fET “Variable” ANEEHNG.

Variable x,y;
Function y = b1*(x"2+x*b2)/(x"2+x*b3+b4);
DataFile "C:\test1.xIs[Sheet1[B4:C14]]";
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A
o THIN:
o T

WAMEREA

PSESER, 72 /BN e

T TR

K 2-16 M Excel FizEE

L DA
A A

fEE 534/ — [good reg 2.mffl

T 2 B E

TAE:

N B Rl = D Bookl - Microsoft Excel _ =
- Fis | BA TEHE 44X HE =8 WE FATS MmET  PDF Acrobat @ - T X
=18 K - - [ = =1 <l Ay || EmA E'%?Ea
=2 = T TRk - | (8]
et === e HF =5
I | ST LT e e
] D At | [ e e
A B el o | B | F G | ® I |
]' 4
2 4
3 |
| 4 0.1957
_8 | 2 0.1947
| 1 0.1735
1| 09 0. 16 =
B | 0.25  0.0844
| 0.167  0.0627
10 | 0.125  0.0496
11 | 0.1 0.0342
12 | 0.083 0.0323
13 | 0.071 0.0235
id | 0. 063 0.0246
15 |
16 |
M 4 » M| Sheetl “Sheet2 -~ Sheetd . fdl & T ™
@E | = Fi5(E: 0426827273 22 AL 9.3002 (B

v BF%E => AFE
C EFEE = %R

(o) i

[Eitiminag -4 BERE > X
23 HEFSF HEUT[v = pL7(L-exp(-p2™x"p3) 1 +paTx"pS;
=] pilltening x y ity ey )i) &
5 143 0.61424 0.60711443275914 0.01639129259274: A~
BHE EHE =
7 P —— B 134 0.61069 0.506059462724724  J0.011701 620695702 —
p2 PEPRPRPp———ry 7 o122 0.57119 0.581540593341167  0.01252770859991£
p3 9'5 973455167744 — & |11.7 0.56461 0.575179502055103 0.012920197134435
p4 o 3;01 . 9 122 0.60036 0.58154059334 1167 0.01252770559991£
pS 0.28281 904135322 10 15 0.653529 0.66564414767 7364 0.218114349263457
2 - M 163 0.730983 0.716530706665277 0.01011543229150€
12 162 0.718 0.715516566295554 0.010164439106574
13 A
194 4

K 2-17 LA TG IE T 5
o AL AR IRAR BAE LT I AR
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HE

RS T/ T

[good reg 2. mff]

[Elemin g F-dBRRE > X
23 ERAHT ATy = L7 (1-exp (-p2%e*pd)  +pdextps;
[ TR BT y il X BGEEE
1 070295 16.2 15.2241846896364 2.32166694787201E-27
B85 e
0 P p— 2 0BES6 1541 15.0134991 286346 5.36366394074369E-22
p2 1 330G1945595471E-113 3 061892 14 8 14 BETOBOSTE1 373 7 73394795368683E-24
pﬁ - L 4 059246 14.4 13.0948190992802 29594609897 432E-29
pq o 5;01 S ———. S 061424 14.3 14 5772694139095 T A274T233205549E-28
pS 02621 56041 26322 E 051089 134 14.4720934704323 7.7037T1977T54894E-30
L 7 057119 122 11.3941883399295 277333911991 762E-30
& 056461 .7 10.9027657017383 1.23259516440753E-30
9 0.60036 122 13.769899170118 9.98561874853309E-30
10 068829 15 15.1077525730049 4.27932646051943E-23
11 0.73083 16.3 177695038911 706 9.953402083170343E-31
12 0718 16.2 16.445686939554 5.9657TE05957 339E-30
13
14
15
16
C BEE - FER 1
18
~ EEE - 5%g 5
& oHuE o || 20
21

N

~ Ot B

SR SHCGEW Y- =R P

HEFE Bl -4/ T

Kl 2-18 HRAR R sk B &

[zood reg 2.=affl

BttFmne s-ERESgOEE> X
< 23 BT iﬂ‘é"b\iﬂly = pl*(l-exp [-p2Furp3) ) +pdixips:

el

(O - 4

foczd

i SHE tl"""""g’

R

pl 0.058973313 R T
R ey B

D2 1. 3308195E _:,::;:’:,:,t,‘,':‘t_’lg,?,%,,

TIEE

7
2

A
P
P A

L

LT

A,

TL Tt
i

N I [ S|
v ELaA &ET
o
£ | TR | 2
rd 0... 40
w5 0o 40 p=0.3202; p5=0.23961; RMSE=0.014428
AT G e n ggafE R

HEFE P 55417/ T

Eitmias
44 23 MBI SAT
YR
B + T8

*E | =N

Ext i TEE

|| e

v BLA 5T
ERER

T AIE

Kl 2-19 S5 m ot — 4k Kl
A Y - = YRR

[zood reg 2.=mff]

F-EREESHFHaR> X

HIAAT 2= (1+p1rxHp2ey ) Ap3/ (D4HD S T RHDETXAZH T XA SHDETY) *p9:

Pow O H

G s A H

K 2-20 =4GR K
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2.2.1 FLEMAKIUE

SRR A A IRA R UG A XA BOLMRII S, B2 IEE S8 KT

FS4E T “SharedModel” SKS2HR,
ApIh A —A~ A&, AR,

HEH 11N nl, 2, v, pl, p2, p3, p4, cl,

c2, ¢3, c4 =1 Hnl, n2, v IESHL A MK 2-10.

y, = VX, P, - X+C
Pk +x
V- X
Yo = + P, X+Cy
TN k, + X
IR (= g/NS W (2-24)
Y
Ys = + P3 X+GCy
Ky
y,=—X L p, x+c
4 K, + X 4 3
1 3 10 30
ek =m-@Q+—),k, =m -+—),k;=m, -1+—),k, =m, - (1+—)
mZ 2 mZ

& 2-10 A Hs
X yl y2 y3 y4
0. 0.0 0.0 0.0 0.0
50. 17.03 7.23 3.57 0.0
100. 22.16 13.34 8.14 0.1
150. 30.64 17.76 13.55 4.81
200. 33.57 25.09 10.83 5.23
400. 50.40 38.05 21.93 14.58
600. 58.36 45.01 25.50 13.46
800. 62.68 50.52 31.82 15.87
1000. 63.54 52.57 38.13 20.90
10000. 81.0 74.3 70.9 61.7
1stOpt fLHG

ConstStr k1=m1*(1+1/m2), k2=m1*(1+3/m2), k3=m1*(1+10/m2), kd=m1*(1+30/m2);

SharedModel;
Variable x,y(4); /ly1, y2, y3, y4;
Function y1 = v*x/(k1+x)+pl*x+cl;

y2 = v*x/(k2+X)+p2*x+C2;

y3 = v*x/(k3+X)+p3*x+C3;

y4 = v*x/(k4+X)+pd*x+c4;
Data;
11X, y1,y2,y3, y4
0. 00 00 0.0 0.0
50. 17.0261 7.227563 3.574113 0.0
100. 22.16059 13.34309 8.142564 0.1
150. 30.64281 17.76278 13.55202 4.805006
200. 33.57431 25.08648 10.82765 5.232621
400. 50.40222 38.048 21.93352 14.57796
600. 58.35754 45.00776 25.49771 13.45863
800. 62.68015 50.51803 31.82192 15.86972
1000.63.53971 52.56842 38.12983 20.90453
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10000. 81.0 743 709 61.7

BATEE R

4% 1st0pt - [Untitled22]

It iR IEF TR B &R
DA & & -JE E = E P AV =B | EBDE
"0 HEAE 13 - [Untitled?2]ls | ENEEE # B

I E FHRFREER
¥l 0. 998048 704
¥ 0 999146 a0
¥ 0. 09656
¥t 0993893 0
o 40
=4
30+
20
104
o T T T T T T T r
0 1 2 3 4 5 6 7 5
D=0.9931; DC=0.9982; IMBE=0.924Z; S2E=2._541

v T9. 2554879537954

ml 161, 9224001 TIBI3

mZ 1. B903590256T216

ol 0.000243188152227621
el 1. 33059469653624

p2 -0. 0001093296491 T38TT
o2 -0.534912A5647511

3 —9. GAATS0G2036TIBE-S
o3 0. 41551196735507

o4 B. 2650304T4368714E-5

K 2-21 LRI A 4R

2.2.2 $/ DA BAH IR R &

Bl 1 eSS EOTRE e x y BEanr,
x=r-(a—sin@+h))-cos@)+r - (1—cos(a-b))-sin()

. ) (2-25)
y=r-(a—cos(@a—b))-cos)—r-(a—sin(@-b))-sin()
& 2-11 WEEAE
X 35 41 46 52 58 63 70 75 80 85 90 95 35
y 32 33 335 33 32 30 28 25 21 175 13 9 32

BUETRE xo v Baxt B2 805 R tZ 5, S HOTR R R, o r
SEIRL IR AR, a &8, HAEWEM 0 B 277 , bR ke VIM A, Wik 2

Hr Fib?

A 2-25 PN A EH AR a, WORRTN T x Ay % 5010 a ©&0, 1)l PR A fif
Y, KB SharedModel RITTSRAE, (HASE A a (AR, I HiE —E a2 foth
TCVEMER a MRy =€ (o) 1B e 5 T2 1stOpt OGBS ParVariable %[ 1H]

T SOX IR A . AUE U

Variable x,y;

ParVariable a[0,2*pi];

SharedModel;

Function x=r*(a-sin(a+b))*cos(b)+r*(1-cos(a*b))*sin(b);
y=r*(1-cos(a-b))*cos(b)-r*(a-sin(a*b))*sin(b);

RowData;

35,41,46,52,58,63,70,75,80,85,90,95;

32,33,33.5,33,32,30,28,25,21,17.5,13,9;
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AR AT AL, ARZ RS BN JRE R R . 1stOpt AMUARIESAL ¢

b AH, mHE W TN x My 1) afE.

ik

AL

Jai i fme LA

175 7%(RMSE): 0.473947739744703

% Z23F J5 FI(SSE): 5.3910350402187
A% R H(R): 0.999958522301281

A R 2 FJ7 (RM2): 0.999917046322962
e ZH(DC): 0.999917046322961

F 4i it (F-Statistic): -712.581671464623

ZH A

r 14.9570078354002
b -6.36129367898334
a0  2.80018799250962
al 2.97946628688341
a2  3.18398254437925
a3  3.43219540311849
a4  3.60947190670764
aS  3.75895134334236
a6  4.0020662840376
a7 4.31207489147291
a8  4.5384582291118
a9 4.7531139284785
al0 5.28361370615172
all 6.06628119473038

)75 7 (RMSE): 0.512540059756795

B 25T 75 FI(SSE): 6.30473550853197
A1 R (R): 0.999951492276122

A R 2 F 77 (RM2): 0.999902986905244
g Z3(DC): 0.999902986905244

F %31 (F-Statistic): -190.095206680829

ZH A

r 14.8678109018936
b -0.0676584084342278
a0  2.77832408158674
al 2.9868819988592
a2  3.15581577602873
a3  3.35738415118238
a4 3.56254331491974
ab  3.74652240154359
a6  4.00578269856165
a7 4.22454273139407
a8  4.48622591894176
a9 4.77012549091088
al0 5.1522561082451
all 5.67387853331666

fil 2. CNSHOTFL R

x = r-(cos(t) + (t —b) -sin(t)) + x,

y = r-(sin(t) - (t —b) - cos(t) )+ y,
& 2-12 WAL

X | 155910 24.6601 33.3732 49.3445 62.7992 68.3962 73.1584 79.9955 83.0531

y | 86.2142 83.7114 80.2618 70.7216 58.0891 50.8058 42.9946 26.1718 8.4225

FRIAAS ¢ RH, FERZEx0. yO. r Al b,
SKAR 7] 1, 5% SharedModel F ParVariable PN 8l o 12008 MK i e 45k,
T 1stOpt ARHE AE LLRME 50 % MR SR A3 1A

1stOpt fXA5

+
&

(2-26)

Algorithm = UGO1[100];

Parameter r ,b,x0,y0;

ParVariable t;

Variable x, y;

SharedModel;

Function x = R*(cos(t)+(t-B)*sin(t))+x0;
y = R*(sin(t)-(t-b)*cos(t))+y0;

Data;

15.5910 86.2142
24.6601 83.7114
33.3732 80.2618
49.3445 70.7216

AR 21

T B (2 43 B 3Rb): 00:00:57:32
Pk @A 4 Rk (UGO1)

TR EHR A TR btk

1177 72(RMSE): 1.34537356121028E-5

B 257 J7 FI(RSS): 3.25805403456652E-9
H5= R H(R): 0.999999999999975

HH2% A2 B2 SF )7 (RA2): 0.999999999999951
g Z4(DC): 0.999999999999951

F 4ivl(F-Statistic): -2008250717607.4

28 A
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62.7992
68.3962
73.1584
79.9955
83.0531

58.0891
50.8058
42.9946
26.1718
8.4225

x0
y0
to
tl
t2
t3
t4
t5
t6
t7
t8

-3.19952275016598
-27.5800928107093
-0.000329656381182569
0.000374670776059415
-0.215438422244315
-0.32315759519847
-0.430878058302956
-0.646316755114794
-0.861756728212156
-0.969475917540198
-1.07719566112363
-1.29263476604028
-1.50807217873645

2.2.3 LA P A

Yo HEPEA Z A, o] H b Thag sl & B 5k .
Bl: 240 x. y BRI FE 2-13, WA B = 1, 2, 3, 4WH xy KR
% 2-13 L& E s

Fes X Y
B=1 B=2 B=3 B=4
1 -157 20 25 30 35
2 -142 26 34 375 45
3 -112 36 45 50 54
4 -97 30 35 40 475
5 -82 35 475 55 59
6 -52 49 60 71 81
7 -37 45 55 65 76
8 -22 54 70 85 94
9 8 59 83.5 95 1035
10 23 55 71 84.5 95.5
11 38 59 75 01 100
12 68 54 735 85 92.5
13 83 50 65 79 87.5
14 98 48 58 70 85
15 128 325 42 54 58
2
PEAN: y=y, + A ~exp(— (2()(—2><0))J +B (2-27)
T W
2
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1st0pt — [G:\EyAppi\App7__5.0%1=tOpt 5. 0\ExamplesiOthersiBatchFile. mff]

It dwE BF TR HBE #E
O & F-d BB E-FEESE > FY -B[ENEH
50 G0 13 - [BatchFile nffls | EIEEE # R X
1 BatchFileModel ; -~
2 YarConstant B = [1,Z,3,4];
3 Variable x="CodeSheetl[&41:415]", ¥="Code3heetl[B1:E15]":
4 Function v=y(+a4/ (w*aqet(pis2) ) *exp (- (2% (x-xc)*2/v2) )+b; =
3
< >
O E 4 (= x
el & B © D E F G H
Codesheers |4 opsBo 25 = = —
2 142 26 34 3va 43
3 112 36 45 50 54
4 97 30 35 40 475
5 a2 35 475 55 54
6 152 449 &0 71 81
7oar 45 55 BS 76
8 22 54 70 85 94
9 8 349 8§33 93 103.5
10 23 a3 71 945 935
11 38 549 75 91 100
12 B3 54 735 85 925
13 &3 a0 63 79 8735 v
14 |4 >
e EidE R
@ 123 2.1 Modified Size: SBEE Modified: 2011-3-T 1&:19:00

2-22 fbAbFRE S
1stOpt fL7H

BatchFileModel,

VarConstant B = [1,2,3,4];

Variable x = "CodeSheet1[A1:A15]", y = "CodeSheet1[B1:E15]";
Function y = yO+A/(w*sqrt(pi/2))*exp(-(2*(x-x0)"2/w"2))+B;

L R AR e i =

o KT “BatchFileModel”: FRK k% y 5 x XA
o JXHEF “VarConstant”: 5 XAN[FEHUA I 6T M ) B H

o “Variable” & M AZEI, H 4 AR FAS LU

1=t0pt — [G:\EyAppi\AppT__ 6. 0%1stOpt 5. 0AEzamples\Otherz\BatchFile.nff]
It e BF 1B {BF #Fh

DHF & W EEES|> 77 -%E0 @
W HRDA 13 - [BatelFile mifls | EIERE # F
Files EEEE0
File 1/4 0.977035. .. 55|
File 2/4 0. 953608, . .
File 3/4 0. 972032, .. 50+
File 4/4 0.977035. .. 45
= 40|
35
a0
25
20 T . T T T T T T T T T T T
i 1 2 3 4 s 6 T 3 a 10 1 12 13 14

Jprrrrnnnrrnt 31T SIIEAIE — 4 SkrbkEREE v
BRI ¥ = plba/ (evsgrt (pi/2) Deenp (0 (24 (o) "2/4" 2D 4B
¥ = 29.292086501853+13645. 2158749863/ 200, 2261 T3 T+exp (0- (2% (x-26. 4510725140172) "2/159. TST3T2E698TE " 2))+b

ICfEr 474

AR 26

ik B2 Rk wson

HEETEREE: TSR

AR @ B ) 00:00:01:78

5 E (BNSE): 4 B1959095378045

FRETHAN(SSE): 320. 150396372337

AR FRE(R): 0.97TT035157427593

EXFEST FH (R°2): 0. 95459TT5T471672 v
S >

B 2-23 HLALBERL AU & 45 R
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224 NEHE

R AILG H] HORHE T “WeightedReg” SRUDE, MK 2-14.

X 2-14 ERLEw X

!

y'e PR
n: FEHHE KL
StdDev: FrifEf %

WeirhtedReg 11 | HFxek%k

C (Yi B Yil)2
1 D R

i1 Yi

C (Yi B Yi’)2
2 ; StdDev

n —_v)?
3 (yl yl)

i1 Yi

. BCERE
R 2-15 B & Hdhs

X 10,20,30,40,60,90,120,180,210,240,300,360
Y 0.1,0.55,1.2,2,1.95,1.85,1.6,0.86,0.78,0.6,0.21,0.18
LA A 1stOpt A4

X
a,-|1+4-a>-~
22 2
a, a,

(2-28)

2.2.5 WARUE

Bl 1. AT LT AR
NS WA WSS EEE I

_a+b-x
1+c-x+d-x°

K 2-16 LR A —

Ky

Parameters a(1:5);
WeightedReg = 1; //1: w = y"2; 2: w = StdDev”2; 3
Variable x, y;

w=y;

Function Y =al*(1+4*a2/2*(x/a3)"2)/((1-(x/ad)"2)"2

+4*a5"2*(x/a2)"2);
Data;
10,20,30,40,60,90,120,180,210,240,300,360;
0.1,0.55,1.2,2,1.95,1.85,1.6,0.86,0.78,0.6,0.21,0.18;

(2-29)

X 1 2 8 12 17 21 24

y |1 2 3 6 6 4 4

5 U R AN [ 2 Ak S, BN 5 5 (1 M e 08 I 1A 3, R (x4, yD=(1,

D, (x2, y2)= (8, 3) ; MHARLHE:

55



a+b-x

a+b-x,

(2-30)

MY,

y =
Y olecox +d-x2

1stOpt /h5:

Constant x1=1,y1=1,x2=8,y2=3;

Function y=(a+b*x)/(1+c*x+d*x"2);
y1=(a+b*x1)/(1+c*x1+d*x1"2);
y2=(a+b*x2)/(1+c*x2+d*x2"2);

Data;

1

2

8

12

17

21

24

A bboOoOO WDNBRE

T 1+c-x,+d- X

-o Biry
- T Ey (FEEIE)
-m- 8y (FEIF)

2-24 LYRPLA XL

gif: a=0.86154, b =0.036450, ¢ =-0.105584, d = 0.0035789

R LA R, ABI%EEN: a = 1.011742, b = 0.056511,

0.003781868
2. 2Rt A

c = -0.103843, d: =

LR AT DL R AR GG RRT, B RS R ek S i e 5

Ly Pa
e y=tat P X
p5+ pl'x )
3
p,=3-p;+ Pi
20 T R ’ 21

203=p,+p, =220
R 217 2R Bl —

(2-3D)

0.010, 0.020, 0.040, 0.060, 0.080, 0.100, 0.120, 0.140, 0.160, 0.180, 0.200, 0.220, 0.240, 0.260, 0.280,

0.300, 0.320, 0.340, 0.360, 0.380, 0.400

3.936, 4.117, 4.775, 5.553, 6.268, 6.935, 7.480, 8.188, 8.361, 8.533, 8.771, 9.120, 9.024, 9.288, 9.462,

y 9.379, 9.685, 9.482, 9.545, 9.604, 9.546

1stOpt A5

Zei A A B T S B

Algorithm = UGO[100];

Variable x, y;

Function y = (p3+p2*p1*x"p4)/(p5+pl*x~p4);
p2=3*p3+sum(i=1:3)(p[i]);
20.3 >=pl+p2>=20;

Data;

0.0103.936

0.0204.117

0.0404.775

0.0605.553

0.0806.268

0.1006.935

Algorithm = UGO[100];
DataSet;

x =0.010, 0.020, 0.040, 0.060, 0.080, 0.100, 0.120,

0.140, 0.160, 0.180, 0.200, 0.220, 0.240, 0.260,
0.280, 0.300, 0.320, 0.340, 0.360, 0.380, 0.400;

y =3.936, 4.117, 4.775, 5.553, 6.268, 6.935, 7.480,

8.188, 8.361, 8.533, 8.771, 9.120, 9.024, 9.288,
9.462, 9.379, 9.685, 9.482, 9.545, 9.604, 9.546;

EndDataSet;
MinFunction
Sum(x,y)(((p3+p2*pl*x”pd)/(p5+p1l*x"p4)-y)'2);

p2=3*p3+sum(i=1:3)(p[i]);
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0.1207.480 20.3 >=p1+p2>=20;
0.1408.188
0.1608.361
0.1808.533
0.2008.771
0.2209.120
0.2409.024
0.2609.288
0.2809.462
0.3009.379
0.3209.685
0.3409.482
0.3609.545
0.3809.604
0.4009.546

AR AR A AR B, AR AR M AR ), — AN ) BN B R e U A A2 -

Min. = 2.32592892, pl = 7.65783913843992E-02, p2 = 20.0086306479937,

p3 = -1.91445978460306E-02, p4 = .423355212168873,

p5 = 4.99918501444038E-02

e A -

Min. = 2.235333, pl =-3.83814476105978E-17, p2 = 20.0000612864639,

p3 = -2.41557981892391E-17, p4 = .486170393747984,

p5 = -2.66116003491166E-17

HEAR T “Algorithm=UG01[100];” , Af)BeE Hd il AR E:, S—F R
FRFEA, FEATHCN 1005 QI SRAE B AT 5L 30, Ko SR B L«

2.2.6 TS HIHLE

IstOpt 3 3 GE LAY B A, T < IO 7 kAR, W [T (tex)dt W5

“Int ((t+x) "t,t=0.1,¢c)”
B 1. A AKX, 458 00K 2-25,

y::a-—b-exp(—cl-xd)-£1016-+x)dt (2-32)
® 218 Bl e Hidl—

X 0.05,0.15,0.25,0.35,0.45,0.55,0.65,0.75,0.85,0.95,1.05,1.15,1.25,1.35,1.45

y 0.13,0.13,0.19,0.34,0.53,0.71,1.06,1.6,1.64,1.83,2.09,2.05,2.13,2.12,2.09

1stOpt fH5

Parameter a,b,c,d;

Variable x,y;

Function y=a-b*exp(-c*x"d)*int((t+x),t=0.1,c);

Data;
0.05,0.15,0.25,0.35,0.45,0.55,0.65,0.75,0.85,0.95,1.05,1.15,1.25,1.35,1.45;
0.13,0.13,0.19,0.34,0.53,0.71,1.06,1.6,1.64,1.83,2.09,2.05,2.13,2.12,2.09;

Bl 2. WEAXMEIEWT, R IE 2-26,
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y= szo((pl (x-u) 4 ) e>)<(F:§— P _U)Z%p" )2 “ (2-33)

R 2-19 Bl Ml —

x 05115,2,25,335,4,4.55,55,6,6.5,7,7.5,8,8.59,9.5

0.063,0.102,0.086,0.075,0.062,0.056,0.051,0.045,0.041,0.040,0.038,0.034,0.030,0.028,0.028,0.028,0.028,0.02
7,0.024

1stOpt fLHG

Parameter p(5);

Variable x,y;

Function y=int(((p1*(x-u)+x"p2)*exp(-p3*(x-u)"2)+p4)*2,u=0,X)/x"p5;

Data;

0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9,9.5;
0.063,0.102,0.086,0.075,0.062,0.056,0.051,0.045,0.041,0.040,0.038,0.034,0.030,0.028,0.028,0.028,0.028,0.027,0.
024,

g
)75 % (RMSE): 0.0012265480246249 ZH I A5
KR 227 J5 FI(SSE): 2.85839810775136E-5
A% 2 HU(R): 0.998394035240528 pl -0.418582664997966
A= 2B F 77 (RM2): 0.996790649603864 p2  -0.142141026724806
PLiE Z2(DC): 0.996790632184511 p3  -1.43008621946461E-5
F 4511 (F-Statistic): 1090.55745592881 p4  -1.08555143919631
p5  3.49832672593817
24 o 014
0094
& 0,054
0074
=, = 0.06
0.054
0.044
0034
0 2 4 B & 10 12 14
2-25 US4 K 2-26 B LS

2.2.7 B/h—RRILEFHRUE
LR PERL OSBRI D = T, IS4 B 15 SE BB AR U2 V0 R,

min RSS=> (Y, -y, ) (2-34)
i=1
b, Yoy R TR S BRI A B, RSS (Residue of Sum of Square) AFJ7#i
BRZAE, n AIEEIRKE.
(LA B T SR L, 5 BRI T B/ — Tk RO ), e D —
IstOpt BRI Tk, W FER. 1stOpt FHICHET “RegType” #HTE o
% 2-20 AR Tk

RegType | Ak | AN
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fe/N 37k RSS (Residue of Sum ) . 2
0 RSS= > (Y. —v.
of Square — 4% )5 Hl) min. Iz_l“( : y')
B /N 3L SAE (Sum of :
i AE=D> Y. —vy.
! Absolute Error — 4} 2 2 fil) min. S |Z—1:| ' y'|
I KA I/ : MAE (Max. .
? Absolute Error) min. MAE = ManYl B y1|’|Y2 N y2|""|Yn B yn|)
min.
e KARG 206} ZE At /N : MRAE
Y, — Y, — Y —
3 (Max. Relative Absolute Error) MRAE = MaxU 1 yl|,| 2 y2|,... n Y J
Vo [Ty 7 v
(NCREVSENR WIS E/oE I
MEAR: y=a-(x=x,)" +b-(x=x%,)* +c¢ (2-35)

% 2-21 &8

x | -0.08, -0.065, -0.05, -0.03, -0.015, 0.015, 0.03, 0.05, 0.065, 0.08, 0

y | 20.26, 19.73, 19.50, 18.73, 18.59, 18.59, 18.88, 19.55, 19.89, 20.99, 18.12

1stOpt #e /N - IfUA AR

Parameter a,b,c,x0;

Variable x,y;

Function y=a*(x-x0)"4+b*(x-x0)"2+c;
Data;

-0.08,-0.065,-0.05,-0.03,-0.015,0.015,0.03,0.05,0.065,0.08,0;

20.26,19.73,19.50,18.73,18.59,18.59,18.88,19.55,19.89,20.99,18.12;

1“3l AR T LR 5 43 2100 4

204

194

008 006 -004 002 0

002 004 006 008

KK 36

P I (240 80 4ofP): 00:00:03:120
Pfb sk WA R PA%(UG02)
VGRS R ik B SO B b vk

Y377 #(RMSE): 0.154577732398945

5% 257 J7 FI(RSS): 0.262837028889598

A A5 (R): 0.981806182300711

A & ¥ 77 (RM2): 0.963943379603898
Vg ZH(DC): 0.963943379603897

5 Z%(Chi-Square): 0.00694913498803648
F %: it (F-Statistic): 64.7130348795956

SR AR

a 421.902418131742

b -170.887335709735
c 35.768453358506

X0 -0.448782169655507

RS RegType =

0, 7EARAS L n
ANFIAE “RegType” M{E RI AT #3 2 A R FL A5 HE
TR T4 3 A8 RegType (AT 0
s R4 30E AN S dpe /s FRVEI, MAT b
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FUE A, 1stOpt BOMERIHAEE RIS B4 U, XN AR 1stOpt FASAT A ¥4k
P/ —3feik; (RegType = 0) BEATHIGY, 7EAGRIRUE e fLfi)a, 7EAUAEH B0 RegType {H.

PR VT I RS, S “OK” J4Hll, AT RegType AT 0

I = RGOl BT R PEARGE R .
R 2-22 ARG RS E R T

b T EAE
NN R — — - —
egType =0 RegType =1 RegType =2 RegType =3
20.26 20.3313 20.2600 20.4821 20.4977
19.73 19.7514 19.7125 19.8319 19.8664
19.5 19.2625 19.2520 19.2779 19.2713
18.73 18.7752 18.7959 18.7173 18.6567
18.59 18.5513 18.5900 18.4528 18.3942
18.59 18.5311 18.5900 18.4040 18.4777
18.88 18.7655 18.8259 18.6579 18.8155
19.55 19.3674 19.4201 19.3302 19.5036
19.89 20.0577 20.0967 20.1121 20.1233
20.99 20.9718 20.9900 21.1562 20.7438
18.12 18.4649 18.5165 18.3421 18.3326
% 2-23 NRUAFA B R G RA
ZH
RegType RSS SAE MAE | MRAE
a b Cc Xo
0 421.90073 | 170.88733 | 35.76852 | 0.44878 | 0.26284 | 1.30094 | 0.34493 | 0.019035
1 417.40185 163.67643 34.56210 0.44254 0.28587 | 1.11867 | 0.39645 | 0.021879
2 580.24642 195.05023 34.73149 0.40759 0.38658 | 1.93441 | 0.22212 | 0.012258
3 -16517.0595 | 464.1539 18.3283 -0.0030 | 0.35030 | 1.78730 | 0.24622 | 0.011730
21.5 -
—o— Hixy
211 —m— i1 5y (RegType=0)
20.5 - i+5y (RegType=1)
20 - —s— 1"y (RegType=2)
195 —— 115y (RegType=3)
19 -~
185 -
18 . . . . . . . . . .
1 2 3 4 5 6 7 8 9 10 11
Kl 2-27 AS[FIE LG 5 S0t L
M2 0y
228 BERHE
TEALE LT, AR RIE PR A Bk 2, X
~ (= P4 SiNn(p;) + (y = Ps)-€oS(ps) + Ps = s

P, + P, -sin(p,) - In((x = p,) *cos(p,) + (Y = Ps) -sin(p;) + p, )

Hrb, x HAZRE, v AR, LM SARAER s . X ISR ),

DAL, PER S e
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[ ERE S= /A WAE iy N

y:a—b-exp(—c-x"+y) (2-37)
% 2-24 BARR KL A K dE—
X 0.05,0.15,0.25,0.35,0.45,0.55,0.65,0.75,0.85,0.95
y 0.13,0.13,0.19,0.34,0.53,0.71,1.06,1.6,1.64,1.83
1stOpt 14 gk
Parameters a, b, ¢, d; H b e $0E (55 /)M): 0.0185659981797815
Function y=a-b*exp(-c*x"d+y); ¥y75 22 (RMSE): 0.0198740405308961
Data; 5% 7% H1(SSE): 0.003949774870237
0.05,0.15,0.25,0.35,0.45,0.55,0.65,0.75,0.85,0.95; MR ZE(R): 0.999602497389836
0.13,0.13,0.19,0.34,0.53,0.71,1.06,1.6,1.64,1.83; e A %0(DC): 0.999020888521126
SR AR
a 0.16951239446793
b -0.28277738509661
c 0.00075789453416385
d -6.79556201175718

Bl 2. WRTT L e R B AR e (B
CLRNHTIT &S 205 R S s -

x = R-(cos(t) — (t — B)-sin(t))+ x, 58
y =R-(sin(t) - (t — B)-cos(t))+ Y,
Hrh, ¢ 2R, R, B, x0, yO WEEsRWiIFLk iS5,
% 2-25 Barh $il & 5 —
¥ 5 x y ks X y
1 15.5910 86.2142 6 68.3962 50.8058
2 24.6601 83.7114 7 73.1584 42.9946
3 33.3732 80.2618 8 79.9955 26.1718
4 49.3445 70.7216 9 83.0531 8.4225
5 62.7992 58.0891

CRUHE KU ANFNBIRS Y F x Koy AL E t i 12H] 1stOpt, Iy =Rhfkik:
S TNE L RREN t RREEAESEORK, W 94 t BESHM R, B, x0, y0 3t 13
NBH AL H bR R EOE /MG T 516 EL:

f=g(yi—y{)z+g(xa—xé)2

min = (y; —(R-(sin(t) - (t—B)-cos(t) )+ y, ) + (2-39)

Il
4N

(x; = (R-(cos(t) - (t— B)-sin(t))+ X, ))?

M-

Il
UN

1stOpt A5

Parameter R ,B,x0,y0;
Parameter t(1:9);
DataSet;

X, Y=
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15.5910 86.2142
24.6601 83.7114
33.3732 80.2618
49.3445 70.7216
62.7992 58.0891
68.3962 50.8058
73.1584 42.9946
79.9955 26.1718
83.0531 8.4225
EndDataSet;
MinFunction Sum(i=1:9)((-X[i]+R*(COS(t[i])+(t[i]-B)*SIN(t[i]))+X0)"2)+
Sum(i=1:9)((-Y[i]+R*(SIN(t[i])-(t[i]-B)*COS(t[i]))+ Y0)"2);

5. R = 3.1995227, B = —24.438500, x0 = —0.000329680, y0 = 0.000374680
tl = 2.926154, t2 = 2.8184350, t3 = 2.710714, t4 = 2.495275, t5 = 2.2798359
t6 = 2. 1721167, t7 = 2.064396, t8 = 1.848957, t9 = 1.633520
RIEE RS B R MR, (HYEIR R 2 1, W1 500 41504, B 500 A t (24 41 S
Hoksk, Wtk 2 SR SR II NSRRI AERE, DLH P AR ¢ {1 AR FRATAR IR TS
fE.
> Pk 2. FSREET “ParVariable” & XBRAANE t, FFHIILERIL “SharedModel” i
ITHEWS

1stOpt 1R I 45

Parameter R ,B,x0,y0; 1177 22(RMSE): 1.34537356112074E-5
ParVariable t; K 2257 )5 F(SSE): 3.25805403413287E-9
Variable x, y; AR Z B (R): 0.999999999999975
SharedModel; FHIE R B2 P77 (RM2): 0.999999999999951
Function x = R*(cos(t)+(t-B)*sin(t))+x0; Wi 2 H(DC): 0.999999999999951
Function y = R*(sin(t)-(t-b)*cos(t))+y0; F 2t (F-Statistic): -2008243491476.2
Data;

155910  86.2142 S8 AR
24.6601 83.7114

33.3732 80.2618 r -3.19952276416274

49.3445  70.7216 b -27.5800926938431

62.7992  58.0891 x0  -0.000329646830102739

68.3962  50.8058 y0  0.000374659541623336

73.1584  42.9946 t0  -0.215438422270183

79.9955 26.1718 t1  -0.323157595214207

83.0531 8.4225 t2  -0.430878058310167

t3  -0.646316755110223
t4  -0.861756728203396
t5  -0.969475917532324
t6  -1.07719566111866
t7 -1.29263476604708
t8  -1.50807217876265

S 7 3 R AT, WS t AR
SN
{x =R -(cos(t) + (t — B) -sin(t))+ X,

y =R-(sin(t) + (t - B)-cos(t)) + Y, (2-40)

A
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R? R? (2-41)
Hp

2 2
t:\/(x_)z(O) +(y_¥0) -1+B
R R (2-42)
H bz e Bt i 1

£ =3y, ~(R-(sin(t) - (t - B)-cos(t))+ y, )’ +

(2-43)

- 224

N

(x, = (R-(cos(t) - (t— B)-sin(t))+ X, ))’

b s ¢ AR HARBREUH TR to JERCHE ConstStro
1stOpt fLH5:

ConstStr t = B+Sqrt(1/R"2*((X[i]-X0)"2+(Y[i]-Y0)"2)-1);
Parameter R ,B,X0,Y0;
DataSet;
X, Y=

15.5910 86.2142

24.6601 83.7114

33.3732 80.2618

49.3445 70.7216

62.7992 58.0891

68.3962 50.8058

73.1584 42.9946

79.9955 26.1718

83.0531 8.4225
EndDataSet;
MinFunction Sum(i=1:9)((-X[i]+R*(COS(t)+(t-B)*SIN(t))+X0)"2)+

Sum(i=1:9)((-Y[i]+R*(SIN(t)-(t-B)*COS(t))+Y0)"2);

git: R=3.199541, B = 0.694399, x0 = -0.0003171, y0 = 0.00035955

2.2.9 ERIE

SEEAG EEARENANP R UG S50,

Bl 1. AFRH =AN AT (Gauss) FI=ANEAR2E (Lorentz) BREGHAT ZUERIE, HdEFI2
LUF:

# 2-26 srUERLA E

By | x y P | x y PS5 | x y

1 1 6.6 21 21 23.7 41 41 440
2 2 9 22 22 411 42 42 480
3 3 10.6 23 23 60 43 43 520
4 4 12.9 24 24 88 44 44 540
5 5 135 25 25 132 45 45 555
6 6 13.6 26 26 170 46 46 570
7 7 13.3 27 27 233 47 47 600
8 8 12.9 28 28 322 48 48 515
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9 9 12 29 29 375 49 49 400
10 10 11.3 30 30 400 50 50 330
11 11 10.6 31 31 416 51 51 285
12 12 9.9 32 32 425 52 52 260
13 13 9.4 33 33 420 53 53 245
14 14 8.9 34 34 412 54 54 250
15 15 8.3 35 35 408 55 55 260
16 16 7.9 36 36 405 56 56 290
17 17 1.7 37 37 400 57 57 377
18 18 8 38 38 405 58 58 492
19 19 105 39 39 409 59 59 523
20 20 16.6 40 40 420
x—b)’

AR y=a-exp —0.5-(TJ ,» as by c ARERSHL.
wlesmE: y=d+ . doe f.g MRS

4.-(x—f) +g

1stOpt fXA5

ParameterDomain = [0,];
Function y= Sum(i=1:3,a,b,c)(a*exp(-0.5*((x-b)/c)"2))+Sum(i=1:3,d,e,f,g)(d + e/(4*(x-)"2 + g"2));
Data;

1 6.6
2 9

& 10.6
4 12.9

EAEITN = ANRAC ZE R BT 21 MRS, HESREIRT 00 R8s n |,
T B U MK . P A4 R W b

)77 22(RMSE): 3.71031606427381 ZH AN el 433.393060771498
W% 755 J7 FI(SSE): 812.220272511688 fl  28.676300872629
#H 5% ZH(R): 0.999833423094657 al  256.531082379544 gl 2.71578884800157
A2 R B2 7 )7 (RM2): 0.99966687393718 | bl 30.8986787435299 d2  1.28294006664369
e 2 H(DC): 0.99966687393718 cl 3.81984441556511 e2  1600.30233847297
7 %% (Chi-Square): 12.048957519855 a2 102.079070689021 f2  47.2507551223418
F 45t (F-Statistic): 5703.54653104543 b2  44.3968039363008 g2  2.78837542950084
c2 1.86266622141373 d3  1.33531345829328
a3  399.069261197805 e3  10973.3932201694
b3  42.5167748035437 3 58.8304994945306
c3  7.66550989396933 g3 4.79876604799094
dl  4.89891084133404

B TSR R,

< ONTHBEPEE « i mm e, B
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[l & mff]

Eitimiagg - & Bk > ¥
2.3 $EET AT 39.‘3‘2\:‘;‘5‘}':({(al*exp(—o.sﬁ((x—bl);’cl]"z]]J+((az*exp[—0.5ﬁ((x—hz]fcz]'*z]J]+{(a3*exp(
i I 26T y ity oy e %=
6.5 ~
BHE BEE o =
al 256.531082379544 A 108
b 30.5986787435299 ’

124
135

ol 3.81984441556511
aZ 102.079070659021 126
b2 44 3968039363008

13.3
=} 1.86266622141373 = A
ad 399.069261197805
b3 42.5167748035437
[=x} 7 BES509389396933 .
di 4.839531034133404

- @m th B oW R
"

@ e Wk [

el 433.393060771498

1 26.676300672629

ol 2715765348001 57

A7 4 IRITANNRREA 2A0 A/

~ BEE => BFE
O FEE => 5%E

Ol i

Kl 2-28 LA HAETI
&k 2-3YEEIE T, Xk “AUE A ARSI A A UG HHHE

HE= P 4T/ TN — [S38EUS. aff]

EteiRiEag =-FRES > | X
42 23 MERSHT g={{(al®exp (-0, 5% (x-h1) /Ccl)~2) ) J+{ (a2%exp (-0. 5% (x-h2) /o2 ~2) ) 14( (a3Tes
28
e
&8 ~ T8
< 2
TE | 28
i T B
550
500
450
400-|
350
=300
[ | 250
v BLA &7 201
150
EREE ol
&t | TR [ kPR [ |
x 1 59 300 50+
0l T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 55
AT *

] 2-29 FLAT IR AETI —
MEITASAC 2R A, A, BTSRRIk

& AR G EAE BRI P A
ﬁ»
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HE=MEEE S/ T - [SHREHLS . nff]

[Ehis o] =-FRES = %K
42 23MEHAIT =1 | (IR TR R ARl )+ ( (mz™enn (=0, 5% ( (x-b2) /0Z) ~2) | 1+ (ad%es
R a-ce) Cirl+l
? sy - =R AR Sl Ctrlte
< B, #h Ctrl+y m
T8 | B -~ 3 Cirlta
A | =E® = AT
550+ = &Fre
500 - -
450
400
350
= 300
| [ 250
v EBLA &ET 1
150
wr=E o
& [ TFRR [ LPE [ # .. |
® 1 ] 300 34
0 T T T T T T T T T
5 0 15 25 30 3 40 45 &0 5
AT *
Kl 2-30 8L 50 UE Pt —
=
> RIS R
IR HHEEST /TR - [S5ERL S mEf]
BtRiEE F-BRES = X
4= 23HEEIR ST ¥={{{al®exp(-0.5% (x-b1)/cl)*2)))+( (a2 exp(-0.5% ((x-b2) /C2) *2) ) )+| {ad¥es A
el v = al*exp(-0.5%( (x-bl)/cl)*Z2);
e |¥ = BETEXD(-0,57 [ (x-b2) /o2)*2) ;
B ~ g SR _ asvewp(-0. 5% [x-b3) /c3] 2] ¢ 3
v = dl+el/ (4% (x-£1)42+gl 2] ; 3
=g | Bm 2 im) 3
Exfin) | =2iE
500
550-|
500-|
450
400 |
350
| | = 3004
250
v BEA ®ET 200
ERER 150
& TR [t (£ | 1001 \
x 1 59 300 50
04 T T T T T T T T T T T
3 0 15 20 25 30 35 40 45 50 55
T BT *

Kl 2-31 FULA 50 UE i Y
Sk CEEEIR” HANEE, IR
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€% 1st0pt SpreadSheet — [Untitled]
It HE @ s IR

DE-H B2l e A-5-[4- OiE-glile-2=%2% X
OB+ ¢ &0 A B C D E F <} H
=1-_] Base Faolder ! D71 -2 -3 ¥4 ¥-5 v-8 v A
e Chest] 37 2 1 G 6641529 1.275287E-011 1.38007VE-116  0.00017034973 5.0400221 14697573 21541832
B Sheet? 3 11933333 86732591 1.8927816E-0111.5409125E-1150.000193221:354 5.0420096 14713679 21996564
I Shests 4 1 3BEEEET 8 6824563 2.8020801E-0111 7020648E-1140.00022355242 5.0440393 1.4729584 21652351
5 136 G6317774 4.1375959E-0111 .6599252E-1130.00025590059 5.0461125 1.4743568 217054
8 17733333 7012251 6.0940059E-011 2.01 06455E-1120.00029270401 5.0452304 14762003 21763018
7 1 9BEEEET 87108025 8.9525257E-011 2.1502953E-111 0.00033458757 5.0503942 1.4778524 2482213
i 216 G.7205128 1.311624E-010 2.2749995E-1100.00035222111 5.0526053 1.4795258 21679993

9 23533333 87303592 1T217T33E-010 2.56811448E-1090.00043635834 5.0548654 14612209 21938366
10 2 S466EE7 87403453 2795104E-010 2.4B55372E-1050.00049784671 50571755 1.4529379 2198734

M 274 §.7504747 4.0643434E-0102.5255653E-107 0.000:567 63635 5.0995373 1.4846774 2.2056924
12 29333333 §.7E07512 5.5945165E-0102.5593336E-1060.00054680232 5.0619523 1.4564396 2211725
13 31266667 877179 8.527T313BE-0102 5657627E-1050.0007 3653798 5.0644221 14882251 22177953
14 332 87817622 1.2305311E-0092 5446457E-1040.0003331 8933 50669434 1.4900341 2223946
15 35133333 §.7925056 1.7710665E-0092 4966603E-1030.00095326473 5.069333 1.4918671 2.2301522
16 3 70BEEET 88034138 25425225E-0092 42333 6E-1020.0010834488 5072775 14937246 22364282
17 39 88144919 3 E4067E0E-0092.3269525E-101 0.0012306282  5.074534 1.4956089 2.2427704
18 40933333 55257455 5.1995057E-0092.21 04641 E-1000.0013969123  5.0776543 1.49751435 2.2491797
19 4 2BEEEET 88371803 T A0TE294E-0092 O77307E-099 0.0015846567 50804905 1.499445 22556572
20 448 88488025 1.0525895E-0081 .931253E-098 0.0017964908 5.0833047 15014076 22622037
21 46733333 55606156 1.4918538E-0051 .FF62259E-097 0.002035347  5.086369 1.503394 22665202
22 4 BEEEEET 88726358 21090217E-0081 6161437E-0960.0023044947 50894158 1 5054076 22755078
23 506 88848614 29738750E-0051 4547296E-0950.0026075743  5.0925373 15074489 22822675 v
2 13 >

Sheetl: Cell[0, 0] - [A1]

Pl 2-32 oL & Bk i Y

2.2.10 StepReg [¥1f#

StepReg & H TG I MEHK AT 2, FEEH T RN ERIE, TEHELEREIT
A% M E: StepReglbl, b2], bl Al b2 4 IEHHEL, bl MEVIES HRA
AT, b2 AREFXRIGIMEARITE, PIE KN NN TGS SATE. Finls
Sl ko, AEISATACHS A AN “StepReg[20, 107 ;7 —47, SRR IMERASELL 10%,
M B2 )5, WfELL 100%8E 5 KA A -

2 2
i, paak, y=| X TP X Py g Pt X H R XE R N gy,

P, P4

% 2-27 StepReg &% #E

By | x y Py | x y TS | x y

1 0 0.00e+00 | 14 0.039 5.23e-03 | 27 0.078 1.21e-03
2 0.003 9.00e-05 | 15 0.042 7.67e-03 | 28 0.081 6.04e-03
3 0.006 3.60e-04 | 16 0.045 2.91e-04 | 29 0.084 1.06e-03
4 0.009 8.10e-04 | 17 0.048 3.09e-03 | 30 0.087 6.26e-03
5 0.012 1.44e-03 | 18 0.051 6.08e-03 | 31 0.09 1.66e-03
6 0.015 2.25e-03 | 19 0.054 9.25¢-03 | 32 0.093 7.24e-03
7 0.018 3.24e-03 | 20 0.057 2.60e-03 | 33 0.096 3.01e-03
8 0.021 4.41e-03 | 21 0.06 6.13¢-03 | 34 0.099 8.97e-03
9 0.024 5.76e-03 | 22 0.063 9.85¢-03 | 35 0.102 5.12e-03
10 0.027 7.30e-03 | 23 0.066 3.75¢-03 | 36 0.105 1.47e-03
11 0.03 9.01e-03 | 24 0.069 7.84¢-03 | 37 0.108 8.00e-03
12 0.033 9.02¢-04 | 25 0.072 2.11e-03 | 38 0.111 4.73e-03
13 0.036 2.98¢-03 | 26 0.075 6.57e-03

1stOpt 155

StepReg[20,10];

Function y=(((p1*x"2+p2*x+p3)/p4)-trunc(((p1*x"2+p2*x+p3)/p4)))*p4;

67



data;

0 0.00e+00
0.0039.00e-05
0.0063.60e-04

gk

177 2(RMSE): 6.02539567057278E-5

Wk 25575 F1(SSE): 1.37960493350437E-7

FHK Z$L(R): 0.999790850070571

A R E P 7 (RM2): 0.999581743884835

e sE Z%(DC): 0.999581743884835

<77 &% (Chi-Square): 0.000173518141499186
F %: 1t (F-Statistic): 27096.6351056757

SR A

pl
p2
p3
p4

10.2795526425588
-0.0132630651577513
0.0705392697694426
0.010060405100386

2.2.11 QuickReg 5@l &

QuickReg W2 TG — ARGk AT 2, 5 StepReg A, FEHTRAEA HAA
FEAR R B, TR PR S TS, B EEROFARE & TR A s DL
FAME AN “QuickReg = 207, QuickReg HIMAE KL Z HHU & H =1 1/8 £ 1/5.

T 141

% 2-28 QuickReg L& %kt

s X y i X y F5 X y

1 1428 0.0159 48 134286 76.3657 95 268571 101.5635
2 2857 0.0294 49 137143 76.8343 96 271429 125.4770
3 5714 0.0540 50 140000 76.4166 97 274286 123.0295
4 8571 0.0832 51 142857 73.9337 98 277143 116.8548
5 11429 0.1769 52 145714 83.6326 99 280000 132.5786
6 14286 0.3010 53 148571 79.5735 100 282857 146.0718
7 17143 0.4822 54 151429 77.3333 101 285714 152.3447
8 20000 0.8909 55 154286 82.7579 102 288571 149.5277
9 22857 1.4673 56 157143 74.8436 103 291429 149.2917
10 25714 2.6091 57 160000 70.2986 104 294286 167.8167
11 28571 3.9487 58 162857 69.1072 105 297143 140.3957
12 31429 6.1861 59 165714 62.9654 106 300000 146.2560
13 34286 10.2854 60 168571 63.9911 107 302857 140.2877
14 37143 14.1971 61 171429 63.3608 108 305714 150.3306
15 40000 20.8154 62 174286 54.3341 109 308571 151.0844
16 42857 27.9622 63 177143 54,7983 110 311429 135.0494
17 45714 34.1893 64 180000 54.1602 111 314286 124.1520
18 48571 50.9944 65 182857 50.5028 112 317143 128.2794
19 51429 52.8896 66 185714 46.6765 113 320000 121.8187
20 54286 74.7148 67 188571 37.3148 114 322857 127.7168
21 57143 78.2739 68 191429 35.4733 115 325714 109.3237
22 60000 94.8341 69 194286 31.4011 116 328571 98.8645
23 62857 97.1913 70 197143 31.6141 117 331429 101.0413
24 65714 106.9074 | 71 200000 29.3181 118 334286 95.4619
25 68571 110.5764 | 72 202857 29.2092 119 337143 82.9761
26 71429 99.7094 73 205714 25.6456 120 340000 108.2798
27 74286 95.2368 74 208571 23.5434 121 342857 173.0225
28 77143 100.9800 | 75 211429 21.6426 122 345714 125.9043
29 80000 95.3051 76 214286 20.5469 123 348571 55.3894
30 82857 84.7236 77 217143 21.0379 124 351429 48.4749
31 85714 72.5028 78 220000 23.0230 125 354286 40.5538
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32 88571 63.7613 79 222857 23.3786 126 357143 32,5134
33 91429 53.8688 80 225714 22.6132 127 360000 30.7203
34 94286 45.3433 81 228571 28.5862 128 362857 26.0722
35 97143 47.6868 82 231429 29.2285 129 365714 21.6562
36 100000 39.2611 83 234286 34.6253 130 368571 19.8353
37 102857 41.2603 84 237143 40.5241 131 371429 16.4291
38 105714 38.4826 85 240000 43,5328 132 374286 14.3602
39 108571 41.0614 86 242857 44.4078 133 377143 11.6957
40 111429 42.8718 87 245714 55.3422 134 380000 8.8610
41 114286 52.4247 88 248571 63.8790 135 382857 7.2047
42 117143 54.6309 89 251429 70.3837 136 385714 6.0873
43 120000 58.5655 90 254286 64.7925 137 388571 5.1435
44 122857 57.6910 91 257143 84.1060 138 391429 41757
45 125714 62.2335 92 260000 85.2346 139 394286 3.0479
46 128571 63.6598 93 262857 96.3957 140 397143 2.7644
47 131429 74.5593 94 265714 101.5065 | 141 400000 2.1079
1stOpt fXi4:

QuickReg = 20;

Function y = p1*exp(-2.77*((x-p2)/p3)"2)+pl*exp(-2.77*((X-5*p2)/p4)"2)+
a0*exp(-0.5*((x-al)/a2)"2)+2*a0*exp(-0.5*((x-2*al)/a2)"2);

Data;

1428 0.0159

2857 0.0294

5714 0.0540

8571 0.0832

g

)77 2(RMSE): 4.15952506651653 SR AR

Kk 2= 5 FI(SSE): 2439.53247783609

A% £ H(R): 0.995615366256638 pl 103.322600494197

A% R 2 F U7 (RM2): 0.99124995752634 p2  68678.0879083805

e Z%(DC): 0.991249536510768 p3  36696.0095727035

|7 &% (Chi-Square): 13.388457439654 p4  5496.22604752625

F 4i it (F-Statistic): 2552.24575941785 a0  76.4782210308997
al  148671.24116907
a2  -35012.6480980637

WAL LK 2-33, KH “QuickReg” FEASK IS T 4 3 1%,

2.2.12 HEARXIE

i HEA X LR AR AN E BARA R, mHSRARE A SAK, Wil 2 —Fi
ARSI, FEATE AT

Yi = f(Xi ; yi—l) (2-45)
#l 1. 2l E ANy, =a+b-x"+d-y,, (2-46)
AR 2-29 e S Bl
X 0.829,0.816,0.643,0.570,0.472,0.365,0.245,0.118,0.372,0.558
y 0.125,0.146,0.243,0.247,0.268,0.284,0.307,0.271,0.300,0.324
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1stOpt 4R iR
Parameter a,b,c,d; )75 22 (RMSE): 0.0148704873348888
Variable X, y; 5% 227 )5 MI(SSE): 0.00221131393577087

StartProgram [Pascal];
Procedure MainModel;
var i: integer;
y0: double;
Begin
y0:=0.1;
for i := 0 to DataLength - 1 do begin
y[i] := a+b*x[i]*c+d*y0;
y0 :=y[il;
end;
End;
EndProgram;
Data;
0.829,0.816,0.643,0.570,0.472,0.365,0.245,0.118,0.372,0.558;
0.125,0.146,0.243,0.247,0.268,0.284,0.307,0.271,0.300,0.324;

5% ZH(R): 0.971697391812805
R R H 2 F 7 (R2): 0.944195821255808
RE Z5(DC): 0.944190448967862

F %511 (F-Statistic): 35.8361599943407

ZH A
a  0.135164154284012

b -3.42087548246511

C  20.9530572489513

d  0.552692143388021

T T T
100,000 200,000 300,000
x

2-33 Pl A SR K 2-34 B HEAN I BT 4

2.2.13 BREBIE

B RBIN G — TR 2 U PLA B, AR SO X T a3 AN H S 50w 4, X
HH “VarParameter” #in, XHG#EH “VarConstant” o 7F 4w Fetsi zCACFE & 2% T 1% o) R IR}

ENOE S E N TR
WEAL: y= pl—pl-exp(— pz-x"3)+ p, X" +p, (2-47)

P5 —H A, A p5 FHJLALIEIT .
R 2-30 ARG Bl

X y

P5=-1 P5=-0.5 P5=0 P5=0.5
0.25 46.298 11.685 -7.287 -15.662
0.5 18.621 6.637 -2.140 -7.421
1 3.244 2.918 3.001 3.109
15 -0.529 2.263 6.091 10.275
2 -1.950 2.181 7.929 16.731
2.5 -2.331 2.252 8.741 18.366
3 -2.509 2.429 10.954 26.494
35 -2.264 2.310 11.590 30.990
4 -2.333 2.475 13.236 32.158
45 -2.333 2.592 11.895 31.943
5 -2.392 2.303 14.169 40.370
55 -2.213 2.654 13.692 36.195
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6 -2.101 2516 15.614 40.402
6.5 -1.759 2.748 14.483 48.785
7 -1.561 3.149 15.110 44.280
75 -1.530 2.887 15.129 50.702
8 -1.294 3.038 15.130 45.932
85 -1.164 3.104 16.964 58.362
9 -1.117 3.044 14.957 55.357
1stOpt fXi4:

VarConstant p5=[-1,-0.5,0,0.5];

Function y= p1l-pl*exp(-p2*x"p3))+p4*x"p5+p2;

Data;

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
46.3,18.6,3.2,-0.5,-2.0,-2.3,-2.5,-2.3,-2.3,-2.3,-2.4,-2.2,-2.1,-1.8,-1.6,-1.5,-1.3,-1.2,-1.1;
Data;

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
11.7,6.6,2.9,2.3,2.2,2.3,2.4,2.3,2.5,2.6,2.3,2.7,2.5,2.7,3.1,2.9,3.0,3.1,3.0;

Data;

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
-7.3,-2.1,3.1,6.1,7.9,8.7,11.0,11.6,13.2,11.9,14.2,13.7,15.6,14.5,15.1,15.1,15.1,17.0,15.0;
Data;

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
-15.7,-7.4,3.1,10.3,16.7,18.4,26.5,31.0,32.2,31.9,40.4,36.2,40.4,48.8,44.3,50.7,45.9,58.4,55 .4;

iR

)75 % (RMSE): 1.46844242313118 ZH WA
%255 77 FI(SSE): 163.880559403904

A% ZHU(R): 0.996016782544658 pl -51.3319085911549

A% 2B F 77 (RM2): 0.992049431110612 p2  0.616524036910651

PeiE Z2(DC): 0.992049411263255 p3  -0.436464991756911

F 4511 (F-Statistic): 286.286358082532 p4  19.2688951414747

QTSR A HR AN ) SCRF PR Y () p5 BRI, R REZRK pb WU R ANk, HEH S
PG B SCE SR — 3L SEEH RN 8 AN HIOCHET: “VarParameter” HEAT/E X, Bt
(EE eI
1stOpt A5

VarParameter pb5;

Function y= p1-p1*exp(-p2*x~p3))+p4*x"p5+p2;

Data;

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
46.3,18.6,3.2,-0.5,-2.0,-2.3,-2.5,-2.3,-2.3,-2.3,-2.4,-2.2,-2.1,-1.8,-1.6,-1.5,-1.3,-1.2,-1.1;
Data;

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
11.7,6.6,2.9,2.3,2.2,2.3,2.4,2.3,2.5,2.6,2.3,2.7,2.5,2.7,3.1,2.9,3.0,3.1,3.0;

Data;

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
-7.3,-2.1,3.1,6.1,7.9,8.7,11.0,11.6,13.2,11.9,14.2,13.7,15.6,14.5,15.1,15.1,15.1,17.0,15.0;
Data

0.25,0.5,1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5,8,8.5,9;
-15.7,-7.4,3.1,10.3,16.7,18.4,26.5,31.0,32.2,31.9,40.4,36.2,40.4,48.8,44.3,50.7,45.9,58.4,55.4;

PN

Y375 2 (RMSE): 1.39242564092599 24 B E
k723K J5 FI(SSE): 147.35253657862

HSE R H(R): 0.996419220636458 pl -45.3794451220797
A R FJ7 (RM2): 0.992851263253767 p2 0.742955165657522
YesE Z(DC): 0.992851260564925 p3 -0.42685291955804
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F 4¢ 1t (F-Statistic): 93.1203182769692 p4 19.3722687734958
pS(HHE S - 1) -0.953248362800597
pS(HHE LA - 2) -0.479474719326709
pS(HHE S - 3) 0.0150096101253355
pS(HHE SLAE - 4) 0.506538874630483

2214 AR EHE RS

AR ZAG UL, A A A8 o F0 R AR S P A, o JOBE AL A sREI R A, S I 4] ff
BRI AW ? 1stOpt $AE PG A A SR R I EEL 1 TH TR et ) .

AN AR FEH TR A AR, 83 5EARICI ST ARK, JHied LR
Hemegs th A XA 0T 4 =45, R EUF 73 A T 3700 FT 1000 RFPAS IS AL
A M FET g rls, AEMDBAHE P H AR I. ANge g, —disimdE, H
FAATE NS 2T A A 2R A s IR

o i x FRAARRE, vy RRFALRE, pl. p2. p3. - RRSHL

o i x. yRARALE, z ZRBAEE, pl. p2. p3. . KRSHL

o T4k x1. x2. x3, RN ALE, v RXRELHE, pl. p2. p3. . KNS

”

o  BWUTHEp FoRn, A LIPS, S2ES:, WE =A%, HAEE Ul pl.

p2. p3, MAREE LA pl. p3. p4

IR AR Pt o Rafasia” , BT H RO 2, S5
R, RORBUF AR EE TR AR, HRIGH A XIBABEIRIE 100% b iLiE,
DAL e e 32 5 2 XU PP ARL & D VAT IR AIE o i AR R S R0 AT — & B = SCRR A,
VIR ST A T AH N R 4 R AL 2

AT PO RIS, AT OGRS “Data” BPWl, Hdanl Wt o R, Bl <7 5
gE
AKX B RHI
% 2-31 X H I RUA S

X 15,30,45,60,75,90,105,120,135,495

y 0.489,0.427,0.373,0.327,0.285,0.250,0.218,0.191,0.167,0.005

1stOpt 1XA5

e Herg X R X

Data; Data;

15 0.489 300,780,1080,1320,1560,1860,2100,2520,3000,3600,4200,4800,5400,6000,6600,7200,11040;
30 0.427 .270,.419,.480,.520,.557,.593,.616,.654,.682,.713,.736,.756,.768,.783,.797,.807,.843;

45 0.373
60 0.327
75 0.285
90 0.250
105 0.218
120 0.191
135 0.167
495 0.005
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bk — A 3]
ST 1B
BRL G REER
O fameiER :
]
B EEHE: iR
A |aE |
FrAmRfa | BERELT
ly = pl*x A
Zy = plix
3y = pl*xt2
4y = plixta
5y = pl¥xt3
6y = pl¥xtd
T ¥ = pl+pad¥x
§ v = pl+pZ/=x
9y = pl*xtpZ
10 ¥ = pl¥pd~x
11 ¥ = 1-1/x"pl
12 ¥ = Lnix-pl)
13 ¥ = pltpad¥u~i =
< i >
JEE:  [All Functions v | bkt 3l [37ea

K] 2-35 2~2( H B0 % i

— [UntitledZ0]

* 1=t0pt

I xR BF TR HEE #h
0D&E&E =-H3 & & E r AR =2 B @
o EHEE 20 - [Untitled20] | HEHRE | # R
EREFAT SR
10 g = pl+p@4Ln (x)+p3# (Ln Ge)) " 2Hpd# (Lo Ge)) 0. 99398 0.5
2: y = pl+pP4Ln (e)+p3/Ln () +pt# (Ln (x) ) 2+p5. 0. 99997 075
3 ¥ = pl4p2#in (H4p3/In G+pte (n (<)) 245, .. D 99997 07
4§ = plép2hctpIcln ) bpdhx 2. Shpie 3 0. 99997 oes
S 3 = plipPee'D StpBhctphbx’| SipSkx PépBk D 99997
B ¥ = pl4pPHLn (o)4p3/In () 4pt (Lo ()1 24pS. . 0. 99947 16
To ¥ = plipPbwtpitec | Shpbks Z4pStn 2Hlnlx) 0 99997 ~ 055
B ¥ = plép2hcpTeckln ) tplin 24ln G)4pShe'3 D 99997 54
9 3 = plipPhetpha’ ] Sipbkx P4pSH2 5 0. 99397 0454
10"y = plépelnx)4p3/Ln Gobple n ()" 24p. . D, 99935 04
110 ¥ = plip2exbpin| Sipbis 2aln () 4pSac-e 5 0 99996 056 ]
127 y = pltp@utpitwkln ) pdss” 24Ln ) +p5s 0.199908
13: ¥ = pl4pZhutpaaln Ge) futpdfx’1 S4pS/n"2 0. 93996 03
(rE n ' : : — . : . . : :
A ﬁggiﬂl’;’;jxipgxq’ﬂgiﬁg P 1000 2,000 3000 4000 5000 6000 7000 5,000 9,000 10,000 11,000
1B¢ ¥ = plip2ewbpitorln ) bpbin 2405’2 § D 99996 < *
WEE= # = plep2#ln Ge)+p3# (Ln Ge) ) “Z+p# (Ln (x) ) " 3+pSk (Lo (x)) " 44pBik (Lo (x) ) S+pT# (Lo (x) ) B4pS (Lo ()17 ~

it BR2 RS e

977 (RMSE) . 0. 001024485952208012
THEF AT (SSE): 1. T542849T242TTSE-S
HHSCFET (R): 0. 99997T42480572
FEE R P RT2): 0. 99995485012108
FUE RS (OC): 0.999954850121027

HHE FHE

1 121.511321175389

P2 -210. 092260348098

3 123. 056405714335

i -35. 9152710772637

5 5. 89531641165733

P — EEEEZN3I744520N= M

2-36 AXHBER

2.2.15 & E LA WIREUE JE

—IEOLN, A S HHMERCGEREYURAE R, ERLEREO0 R 2 H U s DL, a9

—d-(b+c-x)-x
a+ X

UEAX: y=1-exp (2-48)

R 2-32 WOE IR A UL 5 Hodla

X | 7.50e+21,1.10e+22,1.70e+22,3.40e+22,1.70e+23,3.40e+23,6.70e+23,8.40e+23,1.10e+24,1.70e+24,2.10e+24,

3.40e+24,4.20e+24,6.70e+24,8.40e+24
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y | 0.01,0.018,0.029,0.053,0.09,0.11,0.12,0.14,0.15,0.17,0.24,0.31,0.32,0.49,0.5

R

o xEIRMEAEEK, 5y BN EER:

o MHMAEARFE, v by d EABEATATHEAZME ), WIS HHAHE it

o 1stOpt MISEEARLGXIAE [0, 5, BAR, LEAFIh I e 2k, Witd
ZHa Fl ¢ R TR 4> 5% K [0, 1E+30) F1 [-1E-35, 1E-10] ;

o HSRXIRIG S, FZE A eIl SO B, (R 22 S (DE) H g
AR

o 1stOpt ACHEWIF:

Parameters a[0,1e+30,,], b, c[-1e-35,1e-10,,], d;

Algorithm = DE1[100];

Variable x, y;

Function y=1-EXP(-d*(b+c*x)*x/(a+x));

Data;// X, y
7.50e+21,1.10e+22,1.70e+22,3.40e+22,1.70e+23,3.40e+23,6.70e+23,8.40e+23,1.10e+24,1.70e+24,2.10e+24,3.40
e+24,4.20e+24,6.70e+24,8.40e+24;

0.01,0.018,0.029,0.053,0.09,0.11,0.12,0.14,0.15,0.17,0.24,0.31,0.32,0.49,0.5;

€% 1=t0pt — [Untitled20]

It @B BF I8 i8S B

0O = - [ r A =% EI} M
oon {RRDE 20 - [Untitled20]* | HiREE & R

0.5
0.4
0354
B

024

014

T T T T T T T T
1E24 2E24 3E24 4E24 SE24 BE24 TE24 8E24
4

EME 351 ~
THE AR @SR Rk 00:00:02:719

HAEE fEE SRR D

WHEERREE: AR

H9E (RMSE): 0. D155T5464746477 |
FRETFHMGESE): 0.0036369265310312

FRFRER): 0. 994520050431055

AR RRT FH (R°2): 0. 989865T23416548
HERE(C): 0. 959653536080516

FH R (Chi-Square): 0.00917615572075553

Fifit (F-Statistic): 354. 393456199502

s BECE
< >

2-37 $LA&h 3 [

2.2.16 By AEME

W TG 4.0 EAARII6E, BT JUA R AFSS, 5EEs L.
JUANH I G BE 7:
e ODEFunction: HF & S5 772
e InitialODEValue: & X ¥JMH;
e ODEAlgorithm: 52 H 1 4r Jr FEsik
e ODERegStep: & X bK:;
e ODEi: HIT 8 KEHKIFRR
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(D EE N/ I

oody e dyr it .
*Wﬂlé}d—iﬂ'ﬁﬁk v %Mﬁﬁﬁ\d%ﬁ‘%ﬁky”, R, RN e
W1 W iR
X , . d . X(p4_x)
Mﬁﬁﬁﬁﬁ:axzmem@fn—ﬁ%——T (2-49)
X (x ‘4 ps)

R 2-33 W T A s —
X .01,.05,.1,.15,.2,.25,.28,.3,.35,.4,.45,.5
y .167,.721,1.33,1.676,1.854,1.921,1.932,1.937,1.934,1.935,1.935,1.935
1stOpt AXAS U~ gk
Variable x,y; WOy T BB e R - R BE - b R IR
ODEFunction y'=p1*exp(p2*x)- (Runge-Kutta-Fehlberg Method)

p3*x"(p4-X)/(X"p4+p5)"2; A% A 4R EE(UGOL)
Data; TR SRR 1K BICSH]E FRife
01 167 TR R I (140 F 40RD): 00:00:29:94
05 .721 Y375 #:(RMSE): 0.005020709979258
1 133 % 25315 A (SSE): 0.00027728281565403
15 1.676 H12% ZAU(R): 0.999906547397225
2 1.854 A R H 2 V75 (RM2): 0.999813103527838
25 1.921 P sE Z%(DC): 0.999813103402988
28 1.932 F 4iit(F-Statistic): 8025.828313515
3 1.937
35 1.934 ZH ARG
4 1935
45 1935 pl  73.4912009714643
5 1935 p2  -15.6279333083522

p3  1409949.54338989
p4 -2.43859004084862
p5 9128.6867360705

HER ARG PG A “InitialODEValue” 45 HIWIME, B S —17E 0k A3 44
{E, ARSI NANEE . WRZAMER A — AR S

W RS VSRR, S IR RS -2 K A (RKF45) SKAFRGE s G HI T
J7 AEARDRE S e - R R LU RCREIN , S B N ] I AR s FLARS B0 T Se Y 4 B Jes - e Bkl 5
P 2B i = 0 45 R P RKF45 3E—25 715
Bl 2. g iR

t-cos %—X
dx; dx, dt °
gz~ P e X p
LA 5 R s 2 (2-50)
sin[dx2+x
dx? dx, d
¢ — (X, —X __.t_—
dtz p3 ( 1 2) dt p4

R 2-34 oy i REAU A il —
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t 0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,09,1,1.1

x1 -1,-0.447,0.149,0.767,1.387,1.984,2.539,3.030,3.441,3.761,3.981,4.092

. dx

-2.9,-3.474,-3.916,-4.216,-4.357,-4.324,-4.110,-3.723,-3.184,-2.500,-1.658,-0.6 36

1stOpt AR U

Variable t,x1,x2";

ODEFunction x1"=p1*(x2-x1)+x2"*t*cos((x1'-x2))/p2;
x2"=p3*(x1-x2)-x1"*t-sin((x2'+x1))/p4;

Data;

0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,1.1;
-1,-0.447,0.149,0.767,1.387,1.984,2.539,3.030,3.441,3.761,3.981,4.092;
-2.9,-3.474,-3.916,-4.216,-4.357,-4.324,-4.110,-3.723,-3.184,-2.500,-1.658,-0.636;

LES

WA TR Tk - RS- 3 K 7% (Runge-Kutta-Fehlberg Method)
PetbSik: @A AR EUGOL)

TR EHRIRE: ik
VI I (43 R0 243 FP): 00:00:37:594
177 2 (RMSE): 0.0013286214119067

Hk 223K 5 FI(SSE): 3.88351668358927E-5
A Z H(R): 0.999999911222671

A2 A2 7 J7 (RM2): 0.999999822445351
e ZH(DC): 0.999999818551957

S8 A

pl  2.00211675003467
p2  3.83231003442367
p3  2.00354746973598
p4  2.87775739034647
x1'¥I{H  5.25341831094185
x2 ¥  2.00552563414669

2 P LS X, R x2 BIEA

& 1st0pt — [Untitledl2]
Wi B BEF I8 fEE #b

oz

ODfS &-63 B EE r A =B | EDE
=20 A 13 - [Untitledlzl® | HiXWE % R
Hith .. | HBXEER
x1 1
%2’ 0.993999 !
2o
-5
-4
0 1 2 3 1 E & 7 3 a 10

B=1; DC=1; BRM3E=0_001846A; Z8E=3_75E-005

BEEE

FREFAFIEIE]: 3. 53351665359044E-5
FEFR RSN (R): 0.999939911222671
FEARE FH (R'2): 0.99999952244535
FIEFRSN (IC): 0. 999999518551857
FHiit (F-Statistic): 19034182, TE19653

Pl
P2

73

Pt

=1" 1HE
=PANE

<

2. 00211675006135
3. B3231003554066
2. 00354746973293
2. BTT75739019342
5. 25341831002542
2. 00552563414223

Bl 3. oy iRRAUG

Kl 2-38 o T REU G TR EE R
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dy
1_
o |(1 Y1
dx
dy,
dx =k1'y1_k2’y2
TN T R4 d (2-51)
Y3
—_— = k . y — k . y
dx 2 Y2 3" Y3
dy,
:kl'Y1+k2'y2+k3'y3
dx
& 2-35 T T REA LA A
X 0,3,28,53,78,103,183,303,463,603
yl 0.9922,0.9602,0.8352,0.5316,0.2798,0.1241,0.0175,0.0000,0.0000,0.0000
\Z 0.0000,0.0169,0.0746,0.2409,0.4348,0.6058,0.7922,0.8666,0.8777,0.8799
ok y2 Fy3, AHIX A v
1stOpt A% 4N~
Parameter k1,k2,k3 ;
Variable x,y1,y4;
ODEFunction y1'=k1*y1;
y2'=k1*y1-k2*y2;
y3'=k2*y2-k3*y3;
y4'=k1*y1+k2*y2+k3*y3;
data;
0,3,28,53,78,103,183,303,463,603;
0.9922,0.9602,0.8352,0.5316,0.2798,0.1241,0.0175,0.0000,0.0000,0.0000;
0.0000,0.0169,0.0746,0.2409,0.4348,0.6058,0.7922,0.8666,0.8777,0.8799;
ghi i
T T FEE s - IS -3 JR % 22 (Runge-Kutta-Fehlberg Method) | &%k A

AL A4 R IEUGOoL)

P HRR A I8P E bRtk
TSR I (223 F2 40b): 00:05:09:515
)77 #2(RMSE): 0.0534684363911388
527 J5 FI(SSE): 0.0514597264220387
A% £ %(R): 0.995530888011698

A% R 2 F U7 (RM2): 0.99108174898536
PLsE 2 %(DC): 0.990709937258519

F 4t 11 (F-Statistic): 23.4120649778941

k1 -0.0141381652040465
k2  0.03629115032839

k3  0.0109004605968108
y2 ¥J{H  -2.22151838445331
y3 ¥J{H  8.29247046878423
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% 15t0pt — [Untitledl1?]
T e fEF I1H fME Hh

O &

%97 4B 13 - [Untitledi2]*

=-E
gEwE | # 8

¥
¥4

ez

il | tARFER vol

0. 95341
0. 999068 0.8+

T T
1} 1 2

R=0.9834; DC=0.9573; RMSE=0.0741;

T T T
3 4 Bl
; BEE=0.04341

[FREF A (S5E): 0. 0514597264220386
FHEREL (R): 0. 995530555001356
FECRELS FA R 2): 0.991081748964829
FHERSDC): 0. 990T0993T2EE519

P (F-Statistic): 23. 412084379367

REDE

Kl
2
13
¥2iTHE
¥3HINE

-0 01413&1651TOG269
0.03820911499433138
0. 0109004605643159
—E EEIS1641149424
8. 29247052336997

e e, W 2
dx

a1 A2 B, A T AR R, ARSI EE SRS H pl & pd. XSHL

HUFZR:

Bl 2-39 o T R G TR AE R
Bl 4. ZHAZAAR B TR

2

7=

{p1+p222
s. t.
p,+Pp; <3

1% 2-36 2 BRI A o) 7 REAU A B

p, -cos(x)-x™ —p,-x-sin(x—a+ p;)

(2-52)

a=1 a=3
,_dy ,_dy
X y y i X y y dx
0 1 -2 0 -1 2
0.2 0.58 -1.55 0.2 -0.59 1.96
0.4 0.33 -1.21 0.4 -0.19 2.11
0.6 0.16 -0.73 0.6 0.21 2.39
0.8 0.06 -0.42 0.8 0.71 2.59
1 0.00 -0.15 1 1.19 2.84
1.2 -0.02 0.00 1.2 1.82 3.52
1.4 -0.01 0.03 1.4 2.39 3.87
1.6 -0.01 -0.09 1.6 3.63 4.38
1.8 -0.05 -0.35 1.8 4.44 3.91
2 -0.15 -0.81 2 477 3.89
2.2 -0.40 -1.40 2.2 5.23 3.60
2.4 -0.65 -1.96 2.4 6.53 2.60
2.6 -1.24 -3.06 2.6 6.47 0.64
2.8 -1.79 -3.67 2.8 6.16 -1.92
3 -2.99 -4.34 3 5.45 -5.21
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3.2 -4.01 -5.41
3.4 -4.95 -6.97
3.6 -6.74 -7.90
3.8 -8.44 -8.09
4 -9.16 -8.96
1stOpt AR5+

VarConstant a=[1,3];

Variable x, y, y';

Parameter p(4);
ODEFunction y"=p1*cos(x)*x"\p4 - p2*x*sin(x-a+p3);

pl+p2>=2;

p2+p3<=3;
Data;
0,0.2,0.4,0.6,0.8,1,1.2,1.4,1.6,1.8,2,2.2,2.4,2.6,2.8,3,3.2,3.4,3.6,3.8,4;
1,0.58,0.33,0.16,0.06,0.00,-0.02,-0.01,-0.01,-0.05,-0.15,-0.40,-0.65,-1.24,-1.79,-2.99,-4.01,-4.95,-6.74,-8.44,-9.16;
-2,-1.55,-1.21,-0.73,-0.42,-0.15,0.00,0.03,-0.09,-0.35,-0.81,-1.40,-1.96,-3.06,-3.67,-4.34,-5.41,-6.97,-7.90,-8.09,-8.
96;
Data;
0,0.2,0.4,0.6,0.8,1,1.2,1.4,1.6,1.8,2,2.2,2.4,2.6,2.8,3;
-1,-0.59,-0.19,0.21,0.71,1.19,1.82,2.39,3.63,4.44,4.77,5.23,6.53,6.47,6.16,5.45;
2,1.96,2.11,2.39,2.59,2.84,3.52,3.87,4.38,3.91,3.89,3.60,2.60,0.64,-1.92,-5.21;

EP R

WY T REAE: Ju -1 B - 2 R K92 (Runge-Kutta-Fehlberg Method) | 2% ZZES
Pefb Sk A4 Rk UG0o1)

TR ARR: KBS E bRtk pl  3.593077906536

TR RIS (15432 7 4Rb): 00:00:22:875 p2  0.661506050558973

Y75 Z2(RMSE): 0.532524478121196 p3  -3.85810134176421

% 7= 5 F1(SSE): 19.8507623858777 p4  0.637602095698861

A% £ 3(R): 0.990318220968059

A1 R FJ7 (RM2): 0.980730178781342
e Z3(DC): 0.980109235297229

F %3l (F-Statistic): 89.2407741159852

91 5. ZHAEmM TRl

d
% =Py,
dy,
ax Ys
CLA A AL %: 0¥, (2-53)
dy,
ax Ys
dys _ ps'ys'y4'YS_p4'yz
dx ys

PR LA [ (RTINS N PR AN [l R 568, B “InitialODEValue” k5 XPHAIHIE .
X 2-37 ZEERM T RERIEEE — (WA x=0, y1=0. 1, y2=1, y3=0. 5, y4=2. 5, y5=0. 6)

X vl y2 y3 v4 )
0.136 0.242 1.087 0.715 -0.268 -34.688
0.273 0.396 1.171 0.462 -2.465 3.788
0.409 0.559 1.214 0.198 -1.329 8.184
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0.545 0.726 1.232 0.078 -0.539 3.701
0.682 0.895 1.238 0.030 -0.210 1.460
0.818 1.064 1.241 0.012 -0.081 0.565
0.955 1.233 1.242 0.004 -0.031 0.218
1.091 1.403 1.242 0.002 -0.012 0.084
1.227 1572 1.243 0.001 -0.005 0.032
1.364 1.741 1.243 0.000 -0.002 0.013
1.500 1.911 1.243 0.000 -0.001 0.005
% 2-38 ZHIR A TR A S~ (I x=0, y1=0. 1, y2=1, y3=0. 5, y4=2. 5, y50. 6)
X vl y2 v3 v4 vb
0.136 2.097 0.923 3.205 1.501 -0.089
0.273 2.253 1.374 3.408 1.474 -0.316
0.409 2.473 1.852 3.605 1414 -0.574
0.545 2.759 2.357 3.792 1.316 -0.856
0.682 3.117 2.886 3.963 1.180 -1.147
0.818 3.547 3.437 4.112 1.004 -1.429
0.955 4.055 4.006 4.235 0.792 -1.680
1.091 4.641 4.590 4.326 0.548 -1.880
1.227 5.307 5.184 4.383 0.282 -2.009
1.364 6.055 5.784 4.403 0.004 -2.055
1.500 6.884 6.383 4.384 -0.274 -2.012
1stOpt X% 4N~
Parameter p(4);

Initial ODEValue x=[0,0], y1=[0.1,2], y2=[1,0.5], y3=[0.5,3], y4=[2.5,1.5], y5=[0.6,0.1];

Variable x, y1,y2, y3, y4, y5;

ODEFunction y1'=pl*y2;
y2'=y3;
y3'=p2*y4;
yA'=ys;

y5'=(p3*y3*y4*y5-pd*y4n3)/y312;

Data;

0.1360.2421.0870.715-0.268
0.2730.3961.1710.462-2.465
0.4090.5591.2140.198-1.329
0.5450.7261.2320.078-0.539
0.6820.8951.2380.030-0.210
0.8181.0641.2410.012-0.081
0.9551.2331.2420.004-0.031
1.0911.4031.2420.002-0.012
1.2271.5721.2430.001-0.005
1.3641.7411.2430.000-0.002
1.5001.9111.2430.000-0.001
Data;

-34.688
3.788
8.184
3.701
1.460
0.565
0.218
0.084
0.032
0.013
0.005

0.1362.0970.9233.2051.501-0.089
0.2732.2531.3743.4081.474-0.316
0.4092.4731.8523.6051.414-0.574
0.5452.7592.3573.7921.316-0.856
0.6823.1172.8863.9631.180-1.147
0.8183.5473.4374.1121.004-1.429
0.9554.0554.0064.2350.792-1.680
1.0914.6414.5904.3260.548-1.880
1.2275.3075.1844.3830.282-2.009
1.3646.0555.7844.4030.004-2.055

1.5006.8846.3834.384-0.274

-2.012

LES

80



177 2(RMSE): 0.00257571999820954

bk 22~FJ5 F1(SSE): 0.000729776686009421
FHK 2 $L(R): 0.999999878835271

A2 B2 ¥ 2 7 J7 (RM2): 0.999999757670557
e sE Z4(DC): 0.999999821341232

F 4511 (F-Statistic): 7035419.25334065

pl
p2
p3
p4

1.00008656860854
0.998024737425075
4.9919369240034
3.99541080935836

11 6. IR bR 7R A A5

S B AN, N EdlR 2-39,
BT R AU T RELEA T A W ? X AT RIOCHE T “ODEL” , iR T LTI TR

Otk ” RORZIPRER S, X PHFILT

Hgm, 1 AEATR MRS, 07 FoRTO . EDRTREELE (s LR 2-40, B
KB e T MEEA REAGE, BBl “0” o,

dx

Loy,

dt

dx,
. da
o i REA dx (2-54)

s :
E_(l—kl)-sm(k2 K =2 Ky X+ 2Ky - X, — X + X,
dx, ki -sin(k, -t+k,)+2-ky-X; —2-K, - (1+Kg) - X, —(L+Kg)- X,
dt K,
* 2-39 SRR A H
t x1 x2 X3 x4
0 0.005 -3 0 0
1 -1.445 -2.045 -1.914 1.782
2 -2.994 — -0.346 1.273
3 *kkkk 0550 1784 *hkkk
4 0.974 0576 — -0.291
5 3.164 i 0.789 0.531
6 *kkkk 1347 _0862 *hkkk
7 1.346 1.951 e 0.676
8 0.393 i -0.011 -0.903
9 *kkkk 0808 0043 *hkkk
10 0.687 -0.570 0.065 -1.363
R 2740 GR B HE LR
t x1 X2 x3 x4 x1(ODEi) | x2(ODEi) | x3(ODEi) | x4 (ODEi)

0 0.005 -3 0 0 1 1 1 1
1 -1.445 -2.045 -1.914 1.782 1 1 1 1
2 -2.994 0 -0.346 1.273 1 0 1 1
3 0 0.550 1.784 0 0 1 1 0
4 0.974 0576 0 -0.291 1 1 0 1
5 3.164 0 0.789 0.531 1 0 1 1
6 0 1.347 -0.862 0 0 1 1 0
7 1.346 1.951 0 0.676 1 1 0 1
8 0.393 0 -0.011 -0.903 1 0 1 1
9 0 0.808 0.043 0 0 1 1 0
10 0.687 -0.570 0.065 -1.363 1 1 1 1

JE4) “Variable t, x(4), x(4) [ODEi]:” Z&[@ET

“Variable t, x1, x2, x3, x4, x1[ODEi], x2[ODEi], x3[ODEi], x4[ODEi];”

IstOpt A4~
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Variable t,x(4), x(4)[ODEi;

ODEFunction x1'=x3;
X2'=x4;
x3'=(1-k1)*sin(k2*t+k4)-2*k3*x3+2*k3*x4-x1+x2;
x4'=(k1*sin(k2*t+k4)+2*k3*x3-2*k3* (1+k5)*x4+x1-(1+k6)*x2)/K7;

Data;

0 0.005-3.000  0.000.0001 1 1 1

1 -1445 2045 1914 17821 1 1 1

2 -2994 0.000-0346 12731 0 1 1

3 0.0000.5501.7840.0000 1 1 0

4 097405760.000-0291 1 1 0 1

5  3.1640.0000.78905311 0 1 1

6 0.0001.347-0.862 0.0000 1 1 0

7  1.3461.9510.00006761 1 0 1

8  0.3930.000-0.011 0903 1 0 1 1

9  0.0000.8080.0430.0000 1 1 O

10 0.687-0570  0.065-1.363 1 1 1 1

gi R

LTI (1043 B 430FP): 00:00:41:359 ZH S e A

Y375 #:(RMSE): 0.0413730788707377

%2777 F(SSE): 0.198560872008337 k1 1.96525670623102

12 £ %1(R): 0.998086118654787 k2  2.9930200395685

Hizk £ 302 77 (RM2): 0.996175900251378 k4  1.15908907630355

5E R %(DC): 0.99614428909135 k3  0.0500003543637648

F 4: it (F-Statistic): 0.799404156425403 k5  1.26394944649003
k6  0.99814132412302
k7  2.98481139101963

Bl 7. AL RKE

i Bi b KA —SBCH I R ECKI . AT HICHE 7 “ODERegStep” MV HAZ4Y E MK
AT, RS R AR B . FERLERE UL T, Wl Ty RESRAE A — DB “ ks
—PERET W, B IO A RS FEAT IR DS

dx
P y—k, -cos(t+k,)—Kk;-y

LA 7 R4 (2-55)
d—¥:k4'x+y+k5-t

*2-41 FHKMAHHE (WIME =0, x=1, y=1)

t X y

0.3 0.675 2.065

21 -0.623 9.552

3 8.539 29.316

1stOpt ARG a1~

ODERegStep = 0.3;

ODEAlgorithm = RK4;

InitialODEValue t=0,x=1,y=1;

Variable t, x, y;

ODEFunction x'=y-k1*cos(t+k2)-y*k3;
y'=kad*x+y+k5*t;

Data;

0.3 0.6752.065
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21 -0.623 9552
3 8.53929.316

ghi i

{§if] “ODERegStep” AT “ODERegStep”

WA T RS VL VO e M - PR E5 9 (Fourth Order | 5 3073 J7 R G 1E: IO By S #% - 2 15 7 (Fourth  Order
Runge-Kutta Method) Runge-Kutta Method)

Ak Sd: A4 R (UGOL) PRAS: T84 Rk (UG0o1)

TR AR ik TR RRE: F ik

TSRS (232 80 580Rp): 00:00:15:703 THEL (43 A0 34 8P): 00:00:15:922

177 2(RMSE): 0.0214386989947079 177 2(RMSE): 0.0111158581235333

% #5177 MI(SSE): 0.00551541377502829 B% 2577 FI(SSE): 0.000741373810935133

A R H(R): 0.999998984095299 FHK R $L(R): 0.999999639704033

A R H 2 P 7 (RM2): 0.999997968191629 FR R HZ P J7 (RM2): 0.999999279408196
e ZH(DC): 0.999998061673587 YesE 24 (DC): 0.999999279303729

F 453t (F-Statistic): 5.12122320427093 F i3t (F-Statistic): -36447.5765681835

S e UK S b B Uk

k1 5.50432128217711 k1 5.58686555773678

k2  -1.3552990742272 k2  -1.33060029053298

k3  0.267620859873006 k3  0.263465825271026

k4  2.22570187589488 k4 2.31887169889776

k5 -0.131203327608557 k5 -0.0580247710613677

i/ “ODERegStep” Frf34i#i

H#r x T x Hixy iHHy

0.675 0.74389490394211 2.065 2.04247917833449
0 0.299319814670909 0 3.16098820012847
0 -0.236383467347927 0 4.27029976470085
0 -0.749275891831205 0 5.3371702668181
0 -1.10487986330609 0 6.41258526353131
0 -1.1372311640575 0 7.6806330650717
-0.623 -0.624838564462221 9.552 9.53732771035425
0 0.756585991279738 0 12.7234492788511
0 3.52186044747193 0 18.5541407434378
8.539 8.53423863014645 29.316 29.3205156983214
AMEH] “ODERegStep” Frf34itdf

H ¥ x T x H¥ry IHHy

0.675 0.700897895060419 2.065 2.05867690390189
-0.623 -0.624184110329092 9.552 9.54702059567901
8.539 8.53750088955258 29.316 29.3174991282418

% 8. LA &
W T R B
Variable t, x1+x2, x2;

dx, _

K, - X, +K, - X, + K

%:k3-xl+k4-x2+k5

A PR HIORHE 7 “Variable” W2 XE G RHME, Al

(2-56)

% 2-42 HEWEEHE (WIMH t=0, x1=0.01, x2=-1)
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dx,
t x1+exp (x2) X, =—*=

dt

0.1 -0.401 0.747

0.2 -1.036 0.129

0.3 -1.641 -0.340

0.4 -2.094 -0.784

0.5 -2.658 -1.075

0.6 -3.224 -1.541

0.7 -3.817 -1.962

0.8 -4.536 -2.226

0.9 -6.048 -2.994

1 -7.070 -3.325

1stOpt ARG~ PN

Initial ODEValue t=0,x1=0.01,x2=-1;
Variable t,x1+exp(x2),x2’;
ODEFunction x1'=k1*x1+k2*x2+k5;

Data;

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

-0.401
-1.036
-1.641
-2.094
-2.658
-3.224
-3.817
-4.536
-6.048
-7.070

0.747

0.129

-0.340
-0.784
-1.075
-1.541
-1.962
-2.226
-2.994
-3.325

x2'=k3*x1+k4*x2+k5;

175 7(RMSE): 0.124311451756304
5257 J5 FI(SSE): 0.309066740755197
A2 H(R): 0.999147470801841

A R FJ7 (RM2): 0.998295668409715
e ZH(DC): 0.998293753008998

F %i 3} (F-Statistic): 212.012531077907

ZH A

k1 -0.977487871515061
k2  9.15933001093156
k5 0.417624873683557
k3  0.908685664659853
k4  -1.22762153799123

2217 BEHERE

ST/

HE A BRI E 2GS REOE N, AP BL 7k, — R A o il e A
T R SRR S 2 X, P2 R R S B AT, LA m TR S SR BT 07 R 8

I RAT IS BRI S L AN Rl R, BUAEAE B — S8 PTRO R R s R B

BN RBATINE, To R S 4y, AR R SCRF 00T 5 180 BRI AN T S 4
% . 1stOptd. 0 R CFRFR B AR HEN S . JLAKHF

e ComplexStr: & X EHF S
e ComplexPar: & EHAISH
o realPart: 77 E 2 i AR
o imagPart: F5EA% BRE HEGE

Bl 1 A AR y =

a a+cC

1+(b-xF 1+(b-x)

(2-57)

Hoy HEHNAEE, x LHALE, | BT, a. by ¢ LHSH.
X 2-43 GHI A H s —

X

0,0.01,0.02,0.03,0.04,0.05,0.06,0.07,0.08,0.09,0.1,0.11
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y SEFR 3,2.885,2.586,2.206,1.829,1.5,1.230,1.014,0.843,0.708,0.6,0.5137

y RE T -0.789,-0.660,-0.648,-0.511,-0.440,-0.418,-0.338,-0.279,-0.237,-0.218,-0.177,-0.136

< RS
BN ORTARE B 73 180 O SIE K 9 -

a

SR = (2-58)
I Xy
a+cC
My, =——— (2-59)
2= T by
> HEWA

“realPart” “ImagPart” FUAFRESLEEMEEASHE, “ComplexStr” & X B AT 5,
“ComplexPar” & XEEINSH, KL EN AL, el b A Z 8T

1stOpt 73 fift 40l & A5 1stOpt E #4555
Variable x,y1,y2; Complexstr = i;
SharedModel; Variable x,y[realPart],y[imagPart];

Function y1 = a/(1+(b*x)"2); Function y= A/(1+(x*B)"2) - i*(A*C)/(1+(x*B)"2);

y2 = -(a*c)/(1+(n*x)"2); Data;
Data; 0 3 -0.789
0 3 -0.789 0.01 2.88462 -0.660
0.01 2.88462 -0.660 0.02 258621 -0.648
0.02 258621 -0.648 0.03 2.20588 -0.511
0.03 2.20588 -0.511 0.04 1.82927 -0.440
0.04 1.82927 -0.440 0.05 15 -0.418
0.05 15 -0.418 0.06 1.22951 -0.338
0.06 1.22951 -0.338 0.07 1.01351 -0.279
0.07 1.01351 -0.279 0.08 0.8427  -0.237
0.08 0.8427  -0.237 0.09 0.70755 -0.218
0.09 0.70755 -0.218 01 06 -0.177
01 06 -0.177 0.11 05137  -0.136
0.11 05137  -0.136
T B AR Ay SRAS—FE A IR
175 2 (RMSE): 0.0238158527186631 ZH B
Wik 2575 F1(SSE): 0.0136126761772093
ISR H(R): 0.999835177171414 a  2.99420404711415
ISR B2 P57 (RM2): 0.999670381509393 b 19.9055986193202
s Z%(DC): 0.999670381509393 ¢ 0.250607997082915
F 45t} (F-Statistic): 229580.784019992

_a-i-tan(b-x—e-i)
c+d-i-tan(b-x—e-i)
v WEBHAH S, ay by ¢ WEBSHL, d e ABHSH, i WRESTS; £
B -1, 1]

Bl 2. MaE Ay (2-60)

% 2-44 FHAUA EdE —

75 X y SR | RS X y SR | RS X y SR
1 50 0.159 11 100 0.517 21 150 0.597

2 55 0.322 12 105 0.173 22 155 0.382
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3 60 0.525 13 110 0.361 23 160 0.08
4 65 0.65 14 115 0.562 24 165 0.335
5 70 0.627 15 120 0.671 25 170 0.497
6 75 0.483 16 125 0.596 26 175 0.502
7 80 0.039 17 130 0.261 27 180 0.433
8 85 0.452 18 135 0.238 28 185 0.262
9 90 0.629 19 140 0.491 29 190 0.332
10 95 0.606 20 145 0.604 30 195 0.515
1stOpt 115

Variable x, y[realPart];

Parameter a,b,c;

ComplexPar d,e;

ParameterDomain = [-1,1];

ComplexStr = i;

Function y=(a*i*tan(b*x-e*i))/(c+d*i*tan(b*x-e*i));

Data;
50,55,60,65,70,75,80,85,90,95,100,105,110,115,120,125,130,135,140,145,150,155,160,165,170,175,180,185,190,
195;
0.159,0.322,0.525,0.65,0.627,0.483,0.039,0.452,0.629,0.606,0.517,0.173,0.361,0.562,0.671,0.596,0.261,0.238,0.4
91,0.604,0.597,0.382,0.08,0.335,0.497,0.502,0.433,0.262,0.332,0.515;

ik, Hrb—dlai R it

Y375 #:(RMSE): 0.0530444337955333 S AL E
W% 72 J5 FI(SSE): 0.0844113587006615
S R HU(R): 0.952244453354437 d.realpart -0.0429872483458212
A2 R FJ7 (RM2): 0.90676949894429 d.imagpart 0.00278970209813672
P sE ZH(DC): 0.90676949894429 erealpart -0.0773380514610092
F 4: 3t (F-Statistic): 41.1167299320072 e.imagpart -0.22364338475115

a  -0.0266398114223544

b -0.11647416267366

¢ 0.0174007240861673

B 3. Ma AR y=p, - xPPD pop . x P (2-61)

Horpe y HRBOEE, x NSEE S, SEI SR, 1O RETS
R 2-45 WA Bl =

X 41.976,303.16,328.6,349.8,367.82,418.7,473.82,508.8,543.78,573.46,642.36,700.66,745.18,801.36,833
.16,855.42,874.5,907.36

y Sz 222.93,138.84,224.46,297.57,285.91,334.81,409.65,470.78,525.78,573.44,602.50,621.38,677.63,752.3
8,833.78,898.98,932.05,970.90

y 14.553,-48.33,-13.831,24.595,17.977,46.885,96.638,141.8,185.64,225.93,251.51,268.52,321,394.75,47
9.99,551.79,589.37,634.47

1stOpt 115

Variable x,y[realPart],y[imagPart];

ComplexStr = i;

Function y=p1*x"(p2+p5*x*i)+p3*x"(p4*i);

Data;
41.976,303.16,328.6,349.8,367.82,418.7,473.82,508.8,543.78,573.46,642.36,700.66,745.18,801.36,833.16,855.42,
874.5,907.36;
222.93,138.84,224.46,297.57,285.91,334.81,409.65,470.78,525.78,573.44,602.50,621.38,677.63,752.38,833.78,89
8.98,932.05,970.90;
-14.553,-48.33,-13.831,24.595,17.977,46.885,96.638,141.8,185.64,225.93,251.51,268.52,321,394.75,479.99,551.7
9,589.37,634.47;

gy
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Y377 #(RMSE): 38.1516946285731 S A
Wk 2 J5 FI(SSE): 52399.8649091482

MK R H(R): 0.996832798253507 pl  0.408299964413126
A2 R B2 7 77 (RM2): 0.993675627673917 p2  1.17127614375748
e 2 3(DC): 0.993675627673917 p5  7.58087930817352E-5
F 4¢ it (F-Statistic): 122.97550081656 p3  -143.587067352712

p4 -0.986604476741416

% 1stopt — [Ontitledls]

It e #F TR fBE #E
DRSS 5 HE » F¥ =B (B E
=20 tREEE 12 - [Untitled13]x | EIEES

s
H8

HHME LR 6

y.reslpart 0.986902 W
. imagpart  0.985419 ann
700
t
5 500
w
Z =00
=

400
300+
200

3 T T T T T T T T T T T T T T T
o 1 2 3 4 5 B 7 g 9 10 11 12 13 14 15 16 17
R=0.355%; DC=0.3736; BMEE=41l.6; 3ZE=3.115E004

E2:1 BERE ~

ol 0. 403299964413126
2 1. 17127614375748

5 7.58087930817352E-5
3 -143. 5BT0BT3I52T12
i -0. 98RB044TET41415

i BRI - 1

Ho BiFy realpart T8y redlpart BiFy. imagpart (THy imagpart
1 222.93 155, 2556852151837 -14.553 -T4. 1082131526872

2 135,64 211 547057751241 48,33 -43. 2457241476609 s
4

K 2-40 BHA S SR —

pl'xp2

x P4

Ps

Hrpe xo y BOhEEREYE, SE00 MR E
& 2-46 FHI A E s U

Bl 4 Wa AR y=

(2-62)

X 558 | 200,400,1600,3200,6400,12800,25600,51200,102400

X ME# | 279,270,255,230,202,170,150,125,100

y SR 105.60,65.13,76.18,100.76,114.51,117.56,114.84,108.54,90.43

y JE# | 519.43,458.25,254.00,149.45,110.53,80.29,40.82,8.46,-15.41

1stOpt AR T -

Variable x[realPart],x[imagPart],y[realPart],y[imagPart];
ComplexPar p(4);

Function y = p1*x"p2/p3°(x"p4);
Data;

11X SR x RE R,y S,y K2
200 279 105.60 519.43

400 270 65.13 458.25

1600 255 76.18 254.00

3200 230 100.76 149.45

6400 202 114.51 110.53

12800 170 117.56 80.29

25600 150 114.84 40.82

51200 125 108.54 8.46

102400 100 90.43 -15.41

Y R 3 AG SR B & AR A B A A SRAS AR € B DA o
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g

)77 22(RMSE): 6.29415476974529
Wk 2 FJ5 FI(SSE): 713.094916779133
AR R H(R): 0.99947453817744

A2 R ¥ 2 7 J7 (RM2): 0.998949352465007

e 5E 2 40(DC): 0.998949352465007

28 I A

pl.realpart -1345.23722291759
pl.imagpart -532.874722012776
p2.realpart -0.243007055415745

F 451 (F-Statistic): 4.04786461338704

p2.imagpart -0.314215108612732
p3.realpart 6.08007872575963E-7
p3.imagpart -1.86509528329051E-7
p4.realpart -0.612407492032328

p4.imagpart 1.06627199949592

€ 1st0pt — [Untitleds]
it miE BF IR KEF FE
0O = - = P AR =B @
F HEFE 5 - [Untitleds] | HiZHE #® R
SHAE | fHSRAR 201
y realpart 0. 988779
. imagpart 0995976 110

% 100

H

"

& a0

=

a0
0
0 1 2 3 4 H 5 7 B

R=0.3888; DC=0.%647; DM3E=3 262; NB3=9E5_73
BT (BMSE) : 6. 2941547697453 =
FREFAFI(RSS): T13. 094916779134
FERFEH(R): 0.0904T453617T44
FREFEHT FH E2): 0.999949352465007
BFEREC): 0. 995945352465007
FHit (F-Statistic): 4 D4786470864819
il BELH
ploreslpart  -1345. 23721454486
pl.imsgpart 532 BT4TZ1604TE9
pZ.realpart 0. 243007054648081
P2 imagpart -0 314215103892472
p3 realpart B. 080073440066 TBE-T
3. imagpart -1 BBS099Z20504133E-T
p4 realpart =0 B1Z4074954 14663
pé. inagpart 1. 0BG2T199073925 3
< >

K 2-41 BHAS SR —

2.2.18 LM n] R 2 AL P&

RS, R S BIWME RS IS MERE R, DRI AE R REITS 00 1R A2tk 24 2k
A7 B A AR AT L o Gtk 2 SUE FREAT 6, B — B Rl A7 38 i 2 (594
A R et ) UG T AR T BB S IR A R o AR T 1 A 4 SRR L T g 2 2k
PEAC S DT A4 R KB e e, (B DO e AR 5 (R AL, s el S AR etk Oy R, L RAEAE
HA RN, ARHRZERARK . 1 LA 3 .

il 1. A AR y=a-x

(2-63)

Hrba, b AR RS
R 2-47 VAL LA E s —

X 0.091,0.2543,0.3121,0.3792,0.4754,0.4410,0.4517,0.5595,0.8080
y 0.7171,0.8964,1.0202,1.1962,1.4928,1.6909,1.8548,2.1618,2.6638
yl=In(y) | -2.3969,-1.3692,-1.1644,-0.9697,-0.7436,-0.8187,-0.7947,-0.5807,-0.2132
x1=In(x) | -0.3325,-0.1094,0.0200,0.1791,0.4007,0.5253,0.6178,0.7709,0.9798
< EEARLES
& A& In(y)=In(a)+b-In(x), % y1=In(y), al=In(a), x1=In(x), 17

yl=al+b'x1
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IstOpt AR T

BEAEL A L E A
Variable x,y; PassParameter a=exp(al);
Function y=a*x"b; Variable x1,y1;
Data; Function yl=al+b*x1;
0.0910.7171 Data;
0.2543 0.8964 -2.3969  -0.3325
0.3121 1.0202 -1.3692  -0.1094
0.3792 1.1962 -1.1644  0.0200
0.4754 1.4928 -0.9697  0.1791
0.4410 1.6909 -0.7436  0.4007
0.4517 1.8548 -0.8187  0.5253
0.5595 2.1618 -0.7947  0.6178
0.8080 2.6638 -0.5807  0.7709
-0.2132  0.9798
SR (E 2-42)
ARG S GetEAL I A

177 2 (RMSE): 0.188131839723942

Wk 2575 F1(SSE): 0.318542302061233

A R H(R): 0.951138940848744
FHK R H 2 P77 (R2): 0.90466528479887
P 5E Z%(DC): 0.901998244902145

|7 & %0(Chi-Square): 0.157952574904411
F %i 1t (F-Statistic): 71.4272922256392

SR IS

a  3.23204821806461
b 0.859500527740241

177 2 (RMSE): 0.168304727114165

Bk 225177 FI(SSE): 0.254938330520761

FIK Z$(R): 0.910610280469846

R R HZ FJ7 (RA2): 0.829211082897371
YesE 24 (DC): 0.829211082897371

+ 7 &% (Chi-Square): -24.9410197450973
F 4t (F-Statistic): 40.9862660806826

SR AT

al 0.979643636674007
b 0.636949401737495

%342 ¥ (PassParameter):
a: 2.66350689660705

ERIELHEANS A T “PassParameter” , FH LAZS H 264k )5 15 2 R AL PE A

X%
R 2-48 LeMEALIU A 4 R M —
b . \ "2 (%)
P FEARZ RS AN L ey - @
- (1) 2) ___TTT___'loo
a 3.232048 2.663512 17.5906
b 0.859500 0.6369517 25.8928
RMSE 0.1881318 0.23698751 25.9689
SSE 0.3185423 0.50546773 58.6815
R? 0.904665 0.87728300 3.0268

Bl 2. s Aty =explp, - X" - p)
Hrppl, p2. p3 MfFRFREL.

NALNEACAE B

D s, )= Pex® R

X
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2) g In(In(y))=1In(p,) + p, - In(X) + x-In(p,)
3) 4 z=In(in(y)), y=In(x), b, =In(p,), b, = p,, b, = In(p,) , WLk HE A5 2 L

z=Db +b,-y+b,-x

R 2-49 LA Bt —

X y z=In(In(y)) y=In(x)
41.670 66.980 1.4361 3.7298
83.330 45.380 1.3390 4.4228
125.000 31.460 1.2380 4.8283
166.700 22510 1.1359 5.1162
208.300 16.720 1.0355 5.3390
250.000 13.100 0.9449 5.5215
291.700 11.180 0.8813 5.6757
333.300 10.150 0.8405 5.8090
375.000 9.739 0.8225 5.9269
416.700 10.050 0.8362 6.0324
458.300 10.160 0.8409 6.1275
500.000 10.570 0.8578 6.2146
541.700 11.170 0.8810 6.2947
583.300 11.800 0.9034 6.3687
1stOpt 1XA5
HEEL NS A AT ety
Variable x, y; PassParameter pl=exp(bl), p2=b2, p3=exp(b3);
Function Y = exp(pl*x"p2*p3”x); Function z=b1+h2*y+b3*x;
Data; Data;
41.670  66.980 X 'y z
83.330  45.380 41.670  3.7298  1.4361
125.000 31.460 83.330  4.4228  1.3390
166.700  22.510 125.000 4.8283  1.2380
208.300  16.720 166.700 51162  1.1359
250.000 13.100 208.300 5.3390  1.0355
291.700  11.180 250.000 55215  0.9449
333.300 10.150 291.700 5.6757  0.8813
375.000 9.739 333.300 5.8090  0.8405
416.700  10.050 375.000 5.9269  0.8225
458.300 10.160 416.700 6.0324  0.8362
500.000 10.570 458300 6.1275  0.8409
541.700 11.170 500.000 6.2146  0.8578
583.300 11.800 541.700 6.2947  0.8810
583.300 6.3687  0.9034
g (B 2-43)
HE SIS St e S
Y177 72(RMSE): 2.74396207457536 ¥375 #:(RMSE): 0.0535938055907557
Bk 75177 FI(SSE): 105.410590133911 % 723F 5 F1(SSE): 0.040212143967796
K H(R): 0.986028946841199 M1k R H(R): 0.962846296535731
HHIE R E 2 7 )7 (RM2): 0.972253084008765 MK R H 2 V77 (RA2): 0.927072990752572
e 2 3(DC): 0.971944844669758 g B2 E(DC): 0.927072990752572
K7 Z%(Chi-Square): 3.96978151310412 K7 Z%(Chi-Square): 0.0193574675440479
F 4¢ it (F-Statistic): 196.04240059478 F 411 (F-Statistic): 75.4178740737813
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SR AR

7.38339690571875
-0.141282517616353
0.999247320538982

pl
p2
p3

SR AR

bl
b2
b3

2.86897153064041
-0.369142972963057
0.000548956707081793

%142 %) (PassParameter):
pl: 17.6188883915984
p2: -0.369142972963057
p3: 1.00054910741139

R 2-50 LML S S AR —

. . . X ZE (%)
PN HEARLMERL S S P E ey 1o L(Z)I
- 1) ) —~— ' .100
(1)
pl 7.38340 17.61889 138.6284
p2 -0.14128 -0.36914 161.2825
p3 0.99925 1.00055 0.13009
RMSE 2.743962 8.126508 196.1596
SSE 105.41059 924.5618 777.1052
R? 0.904665 0.87728300 3.0268
3 100
—o— H¥5
2.5 —m— ARt 80 - —o— Hix
, | Gl o —m ARG
1.5 e
40 -
1 -
0.5 20 A e
0 — 0 e 8

1I2I3I4I5I6I7 8I9I10 11I12I13I14
el 2-42 LML A 0] H 2 el 2-43 LR HEALIL A RS Ho 43—
(NG T, SRR K. 47T 1stOpt ORI JEHER R AL R OB, BT
B A SRS DRI CLIAA B 5 WR AN, MK L B ) B e b8 T,

2.2.18 5 Origin f L3

Origin &34 AMRAL A, ARG EAGS B H T | DU 5 32 22
WHEZ— B 1stOpt AL, ANEIRAE S PR R UG e S5 RCR 5 T, HATAH 4 1R 22
g LA ST LG BB

#l 1A E SRS

Ps - X
Ps

P,

j+ (2-65)
1+ p, - ps-X

BARANX: y=p,+p, -exp{—

% 2-51 X Eb LS Eds —

x | 0,0.098,0.195,0.293,0.391,0.488,0.586,0.684,0.781,0.879,0.977,1.074,1.172,1.27,1.367,1.465,1.562,1.66,1.758;

y | 0.928,1.02,1.12,1.25,1.42,1.7,2.01,2.26,2.46,2.63,2.82,3.01,3.2,3.41,3.59,3.72,3.85,3.98,4.08
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A 2 XA Origin e B X AR, Origin BARAE HENRHMEDIRE, Hl THEX
IARAC T2 0 SR i de U S, DT ARAEAS 2R 1T 1stOpt AT ERFASRIG 4528

1stOpt AAG I F

Function y=p1+p2*Exp(-p3*x/p5)+p4/(1+p4*p5*X);
Data;

0,0.098,0.195,0.293,0.391,0.488,0.586,0.684,0.781,0.879,0.977,1.074,1.172,1.27,1.367,1.465,1.562,1.66,1.758;
0.928,1.02,1.12,1.25,1.42,1.7,2.01,2.26,2.46,2.63,2.82,3.01,3.2,3.41,3.59,3.72,3.85,3.98,4.08;

1stOpt vHH45 5.

¥175 72(RMSE): 0.0333771635317068

5% 257 J5 FI(SSE): 0.0211666658630237

A2 B H(R): 0.999497560321499

A R FJ7 (RM2): 0.998995373088629
e Z3(DC): 0.998995373088629

75 % #(Chi-Square): 0.00540325819887849
F %i 1t (F-Statistic): 3483.88039418846

SR B AR

pl 6.85548568165676
p2  4.81345041356596
p3  -0.542980694450919
p5S -0.151650295309416
p4 -10.7289846802742

1l 2. mifr R S

5 FIAE, mreRE (Gauss) J& Origin N B REL, & X1

i)l 2 ()
0 W-A/2-7T W
% 2-52 XL A B —

(2-66)

x | 325,350,375,400,425,450,475,500,525,550

y | 0.111,0.189,0.253,0.276,0.245,0.189,0.120,0.068,0.034,0.015

1stOpt AAG I F

Function y=y0 + (A/(w*sqrt(P1/2)))*exp(-2*((x-xc)/w)"2);
Data;

325,350,375,400,425,450,475,500,525,550;
0.111,0.189,0.253,0.276,0.245,0.189,0.120,0.068,0.034,0.015;

1stOpt TIH45 5.

¥175 7(RMSE): 0.00334020818797656
5257 J5 F1(SSE): 0.000111569907390256
A2 R H(R): 0.999296976874618

A2k R 2 77 (RM2): 0.99859444799075
e ZH(DC): 0.99859444799075

75 % #(Chi-Square): 0.000580957937930361
F %1t (F-Statistic): 1422.92849132422

SR B AR

y0
a
w
XC

0.00976258766817963
37.2410336365238
112.063492168364
400.407929317179

Origin BISGE_ LT b i) 5 i 4804 a) 8 4
ME DU (AR AL P
EARLERL A 71, 5 1stOpt AHEL, Origin

0.25

0.2

A LLF A2

o BRAEEBL NANTWHNERZ;
o SR SR M BB 8 4 )R S
RESIWSS, SRAFIEAR B,
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2.2.19 5 Lingo i He#

RN S BRI S/ 3R, A R AtE — ML )l 2 AR A
) 2 A RIS 2 Sk, SR AR SE — oK 8 Ut LR 1 R i de 5
%, BRIV AR U S EAME AT . Lingo RATEAMA R RS, et
JUA LTI AR AR AR A T I I BOR, IR 5 1stOpt JEAT FLAR

PEACHERIAG IS, SRE AR L ML 3 e e SO T 5, B B DR A B B i o [ A )
W AR/

Min RSS = i(Yi -y, ) (2-67)
i=1

Bl LA AR y= Py +p, X (2-68)
P, + Ps -exp(— Ps - X+ pl)

% 2-53 X Eb LS EdE =

x| 1,2,3,45,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26

33815,33981,34004,34165,34212,34327,34344,34458,34498,34476,34483,34488,34513,34497,34511,34520,3

4507,34509,34521,34513,34515,34517,34519,34519,34521,34521

2

N e . - pl P

PAAE : min + P, X -, (2-69)
iZ:1: (pz+p3'exp(_p3'xi+p1) P yj

1stOpt A% 4N~

Algorithm = UGO1[50];
DataSet;
x=1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26;
y=33815,33981,34004,34165,34212,34327,34344,34458,34498,34476,34483,34488,34513,34497,34511,
34520,34507,34509,34521,34513,34515,34517,34519,34519,34521,34521;
EndDataSet;
MinFunction Sum(x,y)((p1/(p2+p3*exp(-p3*x+pl))+pd*x"p5-y)"2);

Lingo A%~

Sets:
Dat/1..26/:x,y;
Par/1..5/:p;
EndSets
Data:
x=1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26;
y=33815,33981,34004,34165,34212,34327,34344,34458,34498,34476,34483,34488,34513,34497,34511,
34520,34507,34509,34521,34513,34515,34517,34519,34519,34521,34521;
EndData
Min=@Sum(dat:((p(1)/(p(2)+p(3)*@exp(-p(3)*x +p(1)))+p(4)*x"p(5)-y)"2));
@For(Par: @Free(p));

ABIBERIFAR I, KFS B R 5 A, (H A R R AR AELLRAT . FIR AR,
IstOpt RELLZT 20% 1 MER1G 2 i fe L, 110 Lingo Z1HAEA 2R f LAk o
gk
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1stOpt Lingo

H Fr B B (B /) ): 9589.39821870966 H A B B (B /1N): 86610.67
pl: -8.98527141247 P(1) 13.47931

p2: -0.000260147025317434 P(2) -50.50229

p3: 1.49792015327337 P(3) 1.069133

p4: -7364.33144471589 P(4) 33866.44

p5: -1.99617448648483 P(5) 0.6590676E-02

Bl 2. =il &
wrast: z=a-expl-x)+c-expd-y)+p,-(p, X+ p;-y)™
& 2-54 X LLAl Ak Y

(2-70)

X 1000,600,1200,500,300,400,1300,1100,1300,300

y 5,7,6,6,8,7,5,4,2,9

z 100,75,80,70,50,65,90,100,110,60

1stOpt ARG a1~

DataSet;
x=1000,600,1200,500,300,400,1300,1100,1300,300;
y=5,7,6,6,8,7,5,4,2,9;
z=100,75,80,70,50,65,90,100,110,60;

EndDataSet;

MinFunction Sum(x,y,z)((a*exp(b*x)+c*exp(d*y)+pl*(p2*x+p3*y) pi-z)"2);

Lingo A% 4~

Sets:
Dat/1..10/:x,y,z;

EndSets
Data:

x=1000,600,1200,500,300,400,1300,1100,1300,300;

y=5,7,6,6,8,7,5,4,2,9;

z=100,75,80,70,50,65,90,100,110,60;
EndData
Min= @Sum(Dat: (a*@exp(b*x)+c*@exp(d*y)+pl*(p2*x+p3*y)"p4-2)"2);
@Free(a); @Free(b); @Free(c); @Free(d); @Free(pl); @Free(p2); @Free(p3); @Free(p4);

1stOpt % I 1) 1 sk 15 e AR AR I MR BT 100%, 17 Lingo MIERUF4E T, S

PR

ghi i

1stOpt Lingo

H bR B BUH (/D) 47.9086168767324 H b ek BB (4R /y): 323.3838
a: -282.436803450259 A 1559318

b: -0.00145706447117894 B -0.8412757E-01
c: 147.361098525535 C  68.10107

d: 0.175764449240005 D -0.1562307

pl: -85.7004829842418 Pl 65.56637

p2: 0.000304789664983706 P2  0.6539922E-03
p3: 0.222966231588406 P3  -0.1036598E-01
p4: 2.31132682754351 P4  0.2515391
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FEARLAERNG T, Lingo WL AN LstOpt PREERIHER] .

2.2.20 5HEH R MR

AELRPERLA N AR T 2, B A I BE A%, 41 Matlab.Mathematica.Maple.
SAS. SPSS #{A L 1 i & BRI RE I T ARG MU, [RIINX EE LRGP 1Y 5 AT A2 Rl
W T AAAECRAERS: BANEA — L T AR LA & B A1 41 NLReg. DataFit 4%, {HHAN
b, FETREP LGN, ARG P 2 SRR 2511, 1stOpt JoSBEHR &AL T4
S A o

2.3 FRERARREEXRE

IstOpt AISRABMFERIE. AWRBRARENE, ALt el e, mTRHMES
JAACE R, AN TR 2RI . OO T 2
e Function: &N JjfE
e Parameter: & XKRFESEL

2.3.1 — R KM

JIREALKRAE B 1.

cos(x-1) 1

(x=0.3)" +———x-y-sin(@2) +(x+y—-2)
y-z

(y_O.Z)ZX +Z_yX_ y-Z ‘Sin(X)+(y+ - X)Cos(y_z) =2 (9-71)

(2-0.0)" +—2——z-x-sin(y) +(z+x—y)™¢? =3
X-y

1stOpt f05:

Parameter x, v, z;

Function = (x-0.3)*y"z+x/y/z-x*y*sin(z)+(x+y-z)"cos(x-1) = 1,
(y-0.2)"z"x+y/lzIx-y*z*sin(x)+(y+z-x)"cos(y-2) = 2;
(z-0.2)My+z/xly-z*x*sin(y)+(z+x-y)cos(z-3) = 3;

ZEHL. x =0.79390634413219, y = 0.902585377949916, z = 1. 21622367662841

DT REAL KA 191 2.
exp(0.1-x,) —exp(0.1-X,) — X, - (exp(~0.1) —exp(~1)) = 0
exp(0.2- x,) —exp(0.2- X,) — X, - (exp(-0.2) —exp(-2)) =0 (2-72)
exp(0.3-x,) —exp(0.3-X,) — X, - (exp(~0.3) —exp(-3)) =0

Hr, xie[-100, 100], x.e [-100, 100], xse [0. 1, 100]

1stOpt /CH:

Parameter x1[-100,100], x2[-100,100], x3[0.1,100];
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Function exp(-0.1*x1)-exp(0.1*x2)-x3*(exp(-0.1)-exp(-1))=0;
exp(-0.2*x1)-exp(0.2*x2)-x3*(exp(-0.2)-exp(-2))=0;
exp(-0.3*x1)-exp(0.3*x2)-x3*(exp(-0.3)-exp(-3))=0;

i, x1 =1, x2 =-10, x3 =1

2.3.2 R HTRRAE

WRFTREA, k AR, JEEA0, 1], K 0.05, IRRXT N E5ANE k EH x
oy fH.

3
0.23+0.32 1+1.5(L—1jk —0.5(L—1J _y=0
0.18 0.18 (2-73)
X — k . y0.5 — 0
IstOpt 1, AJHISCHEET: “LoopConstant” SRAMIBE A KA ], ARG R, &558 0
K 2-45,

LoopConstant k=[0:0.05:1];

PlotLoopData x[x], y;

Function 0.23+0.32*(1+1.5*(x/0.18-1)*k-0.5*(x/0.18-1)"3)-y;
X-k*y"0.5;

2.3.3 T3 IR A 5 FE K A#

R T RRAH, ©%0 n = 50, x, = 200, y, = 0.3, 3K xu, xe1, X2 xi K
Yn, Vo1, Vo2 “‘Y1

L (—45-(sin(y;,,) +sin(y;))+
(Xi+l - Xi) Yia = E 05 2 05 2
0.02- ((1+ 2x,..)%° -cos(y,,,)? + (@1+2-x)% -cos(y;) )
L (—4-5 (cos(y,..) +cos(y,))+ j (2
(Yia = Yi) X = ) 05 2 05 2
X + X0 (2((042%,0)°° -sin(y,,)? + L+ 2%)°° -sin(y,)?)

ABELECEN xi0 S yin IERE ESRAE xi Sy, SR xi Jyvi G, TEHIEAE A SRAR xio
Sy, DAERHER SR xi K yi, 1stOpt ARRSIR, 2559 0Kl 2-46.

Constant n=50, L=100/n;

LoopConstant x2(n)=[200, x1(n-1)], y2(n)=[0.3, y1(n-1)];

PlotLoopData y2;

function (x2-x1)*y2=1/2*(-4.5*(sin(y2)+sin(y1))+0.02*(sqrt(1+2*x2)*cos(y2)"2+sqrt(1+2*x1)*cos(y1)"2));
(y2-y1)*x2=1/(x2+x1)*(-4.5*(cos(y2)+cos(y1))+2*(sqrt(1+2*x2)*sin(y2) 2+sqrt(1+2*x1)*sin(y1)"2));
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2-45 HIAHLA &5 R

3 2-55 BT RV 45

1} 10

2-46 JBVAK MRS

a0

40

No. X y No. X y No. X y

1 200 0.3 18 304.2577846 | 0.3002398 | 35 400.0669914 | 0.3001506
2 206.4100362 | 0.3000380 | 19 310.1073709 | 0.3002390 | 36 405.4784742 | 0.3001424
3 212.7821026 | 0.3000712 | 20 315.9284698 | 0.3002373 | 37 410.8668003 | 0.3001339
4 219.1169717 | 0.3001001 | 21 321.7214731 | 0.3002349 | 38 416.2322152 | 0.3001253
5 225.4153787 | 0.3001251 | 22 327.4867600 | 0.3002318 | 39 421.5749587 | 0.3001166
6 231.6780239 | 0.3001467 | 23 333.2246983 | 0.3002281 | 40 426.8952653 | 0.3001077
7 237.9055759 | 0.3001653 | 24 338.9356446 | 0.3002238 | 41 432.1933640 | 0.3000986
8 244.0986735 | 0.3001812 | 25 344.6199452 | 0.3002190 | 42 437.4694789 | 0.3000895
9 250.2579283 | 0.3001947 | 26 350.2779362 | 0.3002137 | 43 442.7238291 | 0.3000803
10 256.3839261 | 0.3002060 | 27 355.9099442 | 0.3002080 | 44 447.9566290 | 0.3000710
11 262.4772291 | 0.3002154 | 28 361.5162867 | 0.3002019 | 45 453.1680884 | 0.3000615
12 268.5383772 | 0.3002230 | 29 367.0972725 | 0.3001955 | 46 458.3584127 | 0.3000521
13 274.5678896 | 0.3002290 | 30 372.6532023 | 0.3001887 | 47 463.5278031 | 0.3000425
14 280.5662659 | 0.3002335 | 31 378.1843685 | 0.3001816 | 48 468.6764567 | 0.3000329
15 286.5339874 | 0.3002368 | 32 383.6910563 | 0.3001742 | 49 473.8045665 | 0.3000232
16 292.4715183 | 0.3002388 | 33 389.1735433 | 0.3001666 | 50 478.9123218 | 0.3000135
17 298.3793065 | 0.3002398 | 34 394.6321003 | 0.3001587
2.3.4 BHOTRKAR
PR R 1) R

A4 1% 16 DRGSR 4 4T 4 SUREREINZR. 12, RSO UT0, ITHESUEILAHT,

B S P 4 Bz Fn3s) 4y i) 46T 342 PSR X1 & X16 [H1E.

1stOpt A5

Constant S = 34;

Parameters x(1:16)[1,16,0];

Exclusive = true;

Function x1 + x2 + X3 + x4
X5 + X6 + X7 + x8

# 2-56 BEVEFRE R
X; Xz X3 Xy 34
X5 Xs X7 Xs 34
Xo X0 | xu | xiz | 34
X3 | xu | x5 | x| 34
34 34 (34 |34 |34 |34
% 2-57 BRVEME R
2 14 15 3 34
7 11 10 6 34
9 5 8 12 34
16 4 1 13 34
34 34 34 34 34 34

X9 + x10 + x11 + x12

=S;
=S;
=S;

Xx13 + x14 + x15 + x16 = S;

X1 + x5+ x9 + x13
X2 + x6 + x10 + x14
X3 + X7 + x11 + x15
X4 + x8 + x12 + x16
X1 + x6 + x11 + x16

=S;
=S;
=S;
=S;
=S;

x4 + x7 + x10 + x13 = S;
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% )R] 5 O RO R SR AR . 1stOpt ARRS R g5 R an T, ARl T OGRS
“Exclusive” , REIEENEHSHUELHALR), AREME .

WK 2-57, WHERWTF: x =2, xx= 14, xs =15, =3, xs =7, x5 = 11, x1 =
10, xs = 6, X¢ =9, Xio =5, xu =28, xi2 =12, x5 =16, xu = 4, x5 = 1, x16 = 13

2.3.4 RETTRERIR

ST R SRR 7 RO R, KA I EIPIAS K B F ¢ ComplexStr”
“ComplexPar” , HiI# M T & XREAT S, Ja#HEXBHEMNSH, WHEXKZSHCK B30
DS A i

X-y-i+i-4-7=3

B 1. i FE4L: ) (2-75)
x) —(2-x-y)i=0

Horbe xo y WEBSH, 1 NEEETS .

IstOpt ARSI T £

ComplexStr = i; H A BR H0 18 (i /N): 4.09337433674202E-29

ComplexPar x,y; x.realpart: 0.297311264077123

Function x*y*i+i*4*pi=3; x.imagpart: -2.52439153859475
XNy-(2*x-y)*i=0; y.realpart: 0.593883730135222

y.imagpart: -5.04792491262037

“realPart” Fll “imagPart” 43 B3~ S EE A0 R HE o

Z122 :Zl'(zz+i'zl)

Bl 2. JRE: (2-76)

1.
Z,+1, :0.5-(1+(3-i+a)3"j

Hodr: 21, 22 WEBHEHSH, 1 MBS S, a WBZRE, JuHlo,3], &3k 0.2,
IstOpt ARG U~

M

LoopConstant a=[0:0.2:3]; 06 ] '

ComplexPar z1, z2; ' L4z
ComplexStr = i; - o ro4z
PlotLoopData z1[realPart],z1[imagPart][y2]; % 04 o4 =
Function z17z2=21*(z2+i*z1); L0 329 H
21+22=(1+(3*i+a) (L/3)*i)/2; M6 P

-0.61 4 FO.37

g2 FO.36

0 5 10 15

2-4T SR H RO HE
A AR OGHE - “PlotLoopData” , fETHE AR 73 S H 1 21 SRR S Y
ALK, REMUAATL ) v 3l (v2) o
7 CBHEIRR T, AR R R .
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&% 1:t0pt B T*45 — [Ontitled]

It ME g 8 IB
DeE-H & B2R & A-D (8- LG - %2> X
ol ¢4 A B c D
m 1 EEW = a IE fFEREHE 71 realpart z1 imagpart 2. M
3 Sheetl 20 5.13296019972154E-24 -0 620953573790683  0.356275636596525 or
E Sheet? 3 pz2 9.75154333525566E-24 -0.614553055055949  0.3606407 363595442 oy
E Shestd 4 04 5.5457 3450342357 5E-24 -0 BOB0ET200335109  0.365385662455674 oy
@ S hestd S 0B T.32057007902393E-24 -0 BO203664233139 0.3704740152:33424 nr
6 08 1.7EE999302432136-23 -0.5063225093136126  0.373864576458057 nr
L 1.63795043226672E-23 -0 5009456703661 75 0.351913398522533 nr
g 12 1.3824219387228E-23  -0.585913003695213  0.387375614645303 0.
9 14 9.742277E83160159E-24 -0.551 2469535860749 0.393407613563366 0.3
10 16 1.18175554525815E-23 -0 576928578355169  0.399565052728415 0.3
11 18 4.897019374336817E-24 -0.572956452401743 0405581905857 333 0.3
12 2 1.07954607559245E-23 -0.56931916350651 0.4121 2678596361 0.3
13 22 728915580951 055E-24 -0 566002134356549 0.4158461671413091 0.3
14 24 2.23394446558534E-23 -0 5629585693391 251 0.4247353415461994 0.3 3
15 - g Sy e Sy NP
1S *
Sheetd: Celll[d, 0] - [Al = {EIFEE a]
71 o NENPN "
Kl 2-48 S HHUG 45 R A
Y1 1 — 1
5-x% +(x—y)i=3-x+2-i
A
1) 3. J5FEA . (271D

Y-y, i-Xx=3-i-y,-x=1+3-i-cos(y, -i+y—x)
Hoxoy WEBOUSHE, 1 W BEAET S, y1  y LR ILHEEUH“ Conjugate () 7
TR

1stOpt A% 4N~ PR

Complexstr = i;

ComplexPar x,y;

ConstStr y1=Conjugate(y);

Function 5*x"y1+(x-y)*i=3*x+2-2*i;
y*y1*i*x-3*i*y1*x=1+3*i*Cos(y1*i+y-X);

FI b R 2 {E (J5/): 1.295385093459E-22
x.realpart: -0.970529493525754
x.imagpart: 0.672924123012695
y.realpart: 0.518780437588187
y.imagpart: -0.500921769272053

2.4 BRSO TEEBEKRE
WY TR RIS 5 T T B, £ AR T T 32 1

93 7 RE ST AT AP R ASCARL A P 2RSSR A T3 02 TTAEAR 22 1 DL 1 5 ST At AR A IR SR
XIS BB VR 2Rk . 1stOpt HUSCRFAUE A -

2.4.1 1stOpt K H T4 77 F2 B <5 F

% 2-58 WMy 7 iR Bk

Variable SE AR 4 LX), Wi

ODEFunction &SRR O R,

Plot, PlotLoopData ER 4, DI

ChartType BeoE NS, 1. -2k, 2. 22k, 3. -, I
Initial ODEValue BEYIUGAE, UHFRAE R 5 R & a5

iValue e[ T InitialODEValue
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ODEStep WEH LK, [T “ODEOptions” H#) “SN” i

WY T RESRARIE I, JEATE R
ODEOptions = [SN=10,A=0,P=5]
Hrp
*  SN: RMEMDDKEL, IFEE, AN SS, RaRDK KN
e A: WEMA T REKRME L, 0: Je-FE - RS
(Runge-Kutta-Fehlberg Method), 1: Wk¥zik, 2: BB fets-FEE%, 3:
. = ek, 4 DURYRAS-FERS L, 5. TLBY Jeks- R 12
ODEOptions o P RRBENG, (U TILM RSO RAR, BOTROR, TSI A
=P (R AR R
f]: ODEOptions = [SN=10,A=0,P=5]
KB 10, B e -FERE- R Wik, RIS 5

f: ODEOptions = [SS=0.1,A=4,P=20]
KA N 0.1, FPh UM s FERSE, FFECh 20

H Ay Dy RESR AR TRt W] L B B AR e . AUE R BOELE T IR B

€ 15t0pt — [G:\NyApp\App7__5.0\1stOpt 5.0\Examples\ODE Equations\ODE te... [= |[B/[X]
It wWIE R IR fIEE R

DA - ERE=|r F > EBO @
oot R0 13 - [ODE test 4.mff] | EiERE #® B

1T} S e
Mo ik i1
o A ]| RREARR
T pames  [LOE10

o TICREIRE  |IE+S -
= HAHEEE 1510 =
[ e

[reiell e o 300 v
BRI RS | 20000 -
O BAFEENT oo

[ Rt

SRIB R [ EHi=H

- [ IEHE BTHIEREE:
flteapak Al

|

B [ PUBRAS BRI (o)

Kl 2-49 wAr T REER R E
2.4.2 A T REMME R (Initial Value Problem - 1VB)
PIE o) B A T FE R WRIERY . 1stOpt 1] [ B A FIAT 2 = B B ko 7 FR B T FE
H, ANTFNR AT, 355 k% 2 WA 20K S5 v o I B il 55 o 25 5 AR 1T

1. y'= y*" Y _In(yt) (2-78)

¥ME: t=0.2H1y'=15, t X[[0.2, 4]
1stOpt {5

Variable t=[0.2 :0.1 :4], y=1.5;

Plot t[x], y, y'ly2];
ODEFunction y'=y~(sin(t-y))-In(y*t);
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AR, “Plot tlx], v, v’ [v2]” BRIt A x—#ll, v NARH, v A RH, #
FRX )t ALK 0. 1.

B2, y'+2-t-y'+y = f(t) (2-79)
() DR T t KBk

t t<1l
£(t) = 2-t 1<t<?2

4 2<t<5

0 t>5

¥IME y(0)=0, y'(0)=0, BHXEL0,6], HK 0.1, R\ y. v’y BH t
AL 4k

53 7 RESRARARRG G 55 I8, 75K 5z v o 50 00 Bt 2 18 5 A 7 R A5 U 2
1stOpt fXA5

Variable t=[0.0:0.1:6], y=0,y'=0;
ConstStr f=if(t<=1,t,if(t<=2,2*t,if(t<=5,4,0)));

Plot t[x].y.y"y";
ODEFunction y"=f-2*t*y'-y*t;

185
1.4
1,854
15 P
1.754

= 174 =

1 .65

115§: K -1

15 . . i i . i . i IQ i

1 2 3 4 u] 1 2 3 4 5 E
t t
] 2-50 H MY TR 1 4R 2-51 HMAY IR 2 4R
1 3. WAy R
y'—(@-y*)-y+x-y=0 (2-80)

¥ifE: x=0ry'=-0.1, y=0, x;iuflo, 14]

1stOpt fRfi5 EE S

Variable x = [0,14], y =0, y' =-0.1; X y(X) y'(x) y"(X)
ODEOptions = [SS=0.01,A=0,P=5];

Plot y[x], y'; 0 0 -0.1 -0.1
ChartType = 3;

ODEFunction y" = (1-y"2)*y"-y*x; 14 0.2274063516 |7.5406670511 | 3.967022721

LiiEA Y, “Plot y[x]” mBIY 14 x dhs
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-8 b 30 P
] i, R IT
_ A .."002‘0 W @t et Peoagtentie, .
S *e
i 12" ¢
. . M
- = 0
&El s
] -10 &
Ll e 10 eae " ....é..,..o
*HEE4 - ot 4 o .
[ 34 -0 P ) *eeed
6 .oi"%..:.::.. 3%3' 20 o..o.,..:..”.’::.o
T 13 T T =304 . : ; . hd LA K OI i
-2 -1 0 1 2 -G -4 -2 0 2 4 5
¥ y
R — N ST LA A AL T LA
2-52 B H Oy 7 REH A R K] 2-53 WA T R AR L R

iR 1stOpt AR, @R “Plot y[x], Y ;7 BCh “Plot y'[x], y"':' ", W{HEIE
el 5-23

243 RAEWM FRELEFEH

B st 73 R 6 5 I 0 R Hh S = B Bl 20 TAS R RE 23 B 0T A S48 A~ NI Acid . e
FAoRAEHE, 1stOpt JDUKRMAE— B BaaUH Rl Jr R s Red .
Bl 1. oy rRA W, x [0, 2.5], BB 0.05, WMESKM: y,(0)=1

y,(0)=0.25.
v = cos(y1 —-sin(x+Y,) +%]—sin(ﬂ+ yzj
dx dx A
(2-81)
d : d
%:—2-» Y, +Y, +sm(x—%j- A

1stOpt 115

Variable y1=1,y2=0.25, x=[0:0.05:2.5];

Plot y1[x], y2;

ODEFunction

y1'=cos(y1-sin(x+y2)+y2")-sin(2*x/y1+y2);
y2'=-2*x*y2+yl+sin(x-y1)*y1;

1

ywi
K 2-54 Bl kv 5 45
2. Kaior iR

2
df—2 = sin(x) d_g
SX dx (2-82)
4 _ cos(x) - f
dx

x JBH[0, 2], A 0.1, WMASKAM: f(0)=10, f'(0)=10,g=0
1stOpt 115
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Variable x=[0 :0.1 :2*pi],f=10,f'=1,9=0;
Plot f[x],9,f[y2];
ODEFunction f"=sin(x)*g";

g'=cos(X)*f;
13, B Tl
2 2
W 015 0022 Y 016.y-002.7x2
dt dt dt
e (2-83)

2
X g 0003 7Y (0.025+0008 7)-x—0.12.
dt dt dt

x Julfl[0, 2x), WL K 0.1, ¥MESLM: f(0)=10, f'(0)=10, g=0.

B U 73 7 RE IR SR AR B BEARDUATH B, B IRAS R 3l 0 T R Tt v 1) “ Mo 25 Ay
5, S NIREE nT B2 =R RS B2 (R BRARSR A 2D, e /e ARGl id i “ODEOptions™
KVE, WA RIEEGCY 30, HIEA AN :  “ODEOptions = [p=30];” ; Ut4AF “Plot”
KB PR A REME, W “Plot sin(xty)*y’ "2;”7 .
1stOpt A5

Variable t[0:0.5:15], x=0,x'=0, y=1, y'=0.0;

ODEOptions = [p=30];

Plot x,y",y'*2;

ODEFunction y"=-0.15*x"-0.02*pi*y'-0.16*y-0.02*pi*x"2;
x"=8%(-0.003*pi*y'-(0.025+0.003*pi)*x-0.12*y");

T T T T T T T T
10 12 14 16 18 20 22 24 DI

K] 2-55 [ oy TR A S K 2-56 Faalisy 7 FRd 45
2.4.4 B RABUE WS TR

AR BB T RRFR T TT R A AN AR B HRR SRS Nl T R . IX L
B3| T T “LoopConstant” &
1] 1 A8 BB AT JT R R
%: y—Ccos(x+Yy—a)+ y-(sin(x2 : y+a))
dy

sz—xs—0.1-y+0.5-cos(0.2.toy+x—a)'t

Hr: a W2, JEHIL0, 3], A20E0.02, tJEHI[0,2], #IMH x=0, y=0.

(2-84)
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1stOpt A5

LoopConstant a=[1:0.02:3];

Variable x=0, y=0, t=[0,2];

Plot x[x],y,y',X;

ODEFunction X'=y-cos(x+y-a)+y*(sin(x*2*y+a));
y'=x-x"3-0.1*y+0.5*cos(0.2*t*y+x-a)*t;

Bl 2. ARAFYHEMIY TR

y = % =(l—y?+a) y-sin(t-y')-y+cos(t-y') (2-85)

WAL t=08y=a, y =2-a, a W Tsh&%, WHIO0, 1], E 0.01.
1stOpt fLHG

LoopConstant a=[0:0.01:1];

Plot y,y'[x],y";
Variable t=[0,1], y=a, y'=1*a*2;
ODEFunction y"=(1-y"2+a)*y'-sin(t*y')*y+cos(t*y");

Kl 2-57 AR RBUF o TRV LA R 2-58 AU SR T RV R
sy “BERR” FH B B S AL SR

1stOptHL T3R5 — [Untitled]

It ME dREE e IA
DE-H & 2R A-d-[&- glil e - 3=F Y ¥
OEe T8 - B o e
=[] Base Folder 1 @ A
e HE 2t it it ] w'(t
= 5 2 a0 o 0 0 1
= 20 4 nog 0.000310774036435141  0.04081075276439  0.04081075276433  1.04080806939216
g4 5 08 0.00326705619293907  0.033206349462695  0.083206349462695  1.08324135126114
EsiEs 6 012 0.00749673951934843  0.127491139923677  0.127491139923677  1.12725226086027
e 7 o016 0.0135102160405982 0738566077579 0.17348566077573  1.17269381031866
= BiE7 8 nz 0.0214001 55206734 0.221322165092466  0.221322165692466  1.219294341 05363
P Bge 8 024 0.031 241 (70404446 027I039075865422  D.271030075585422 1 2E6E26TIE34708
B #iE 10 028 0.04310SE0E6500797  0.322654218503254  0.322654218803254  1.31408717044519
= 810 11 032 00570785301693746  OSTRISETT415952  0.3715677415952  1.36084154236485
3 2811 12 036 0.0732256644462776  0431497909425633  0.431497903425633  1.40561416654351
3 TEEFRIR SR | 3 g 0.091 6215652332326 0488580224372063  0.48G580224372663 1 44765082725985
14 D44 0.112333251136259 0547246304560004  0.547246304568004  1.4847030861045
15 048 0.13541945722855 0BO7IFI35240646  0.607266935240646  1.51503133075501
16 052 01603265441 31523 0BEEIZIEI06H1STE  0.BGGIZIGIOGIOTE  1.5364290050657
17 056 01660543557 32606 07I0030053555759  0.7I0030063553759 1 .54640354097247
18 05 021933277 266616 D7UISEIETITONIZ  DTIISEIETITONIZ 1 S4267583485524
19 054 0.252237250053179 0B5322608723233  0.853226067232334 1522521656256
20 ncoo N ASTETEATOOAN D240 N A4244CTAS4 TA4N N A4244CNTAEATA4N 4 ADITACTATACOED b
< e b
Sheetl: Cell[0, 0] - [Al = {EIEEL «=0]

K Lt “EIpEm. .. 7 .
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&8 5
-~ ~Eltw
s . - v i 2R IEircle vI
e R |4 -]

idl - e
VoEL st ]
g W -
YO z@ | ma |

K B2 e 10, W1 EG W T

B R s o = m oW
1 1 h L T I

=1 T
i 1 2 a

2-59 ARGy iR R
3. A RERRH o R
ooy 5 R Dy B AR A8 R B 20 T RE SRR B2 T R R SR i B2 B Ok B
“LoopConstant” , WEW K BIPLAIEAT 5L
Koy Jr R -

d . d . [2-X
%:cos(y1 —sin(x+ y2)+§-aJ—sm(—+ Y, —aj

. ; ' (2-86)
%z—z-x-yzerljtsin(x—%jta)y1
Hdr: a WS, R0, 1], A%lE 0.1, x yull[o0, 2. 5-a].

1stOpt fLH5

LoopConstant a=[0:0.1:1];

Variable y1=1,y2=0.25, x=[0,2.5-a];

Plot y1[x], y2;

ODEFunction
yl'=cos(y1-sin(x+y2)+y2*a)-sin(2*x/y1+y2-a);
y2'=-2*x*y2+yl+sin(x-y1l'+a)*y1;

T T T T
0o A1 11 12 13 14 15 16 1.7
vl

2-60 AZ AR BB R o Iy REH 4G R

Bl 4. AR R o O i
{ﬁ_ dy’

3

__Bx_a.sin(x_a).y_di (2-87)

dx*  dx dx?®
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. a AZZH, EHI[L, 5], 20

_dy dy’ dy
:_:O’ I':_: ’ II':_
y dx y dx? y dx®
1stOpt A5

0.05; x julE[0,5], 6K 0.1;

¥MEHy=0,

LoopConstant a=[1:0.05:5];

Variable x=[0:0.1:5],y=0,y'=0,y"=1,y"=2;
Ploty,y'[XLy".y".y™;

ODEFunction y"

=-y"*x-a*sin(x-a)*y-y";

40

a0®®

5o a0nanud
oo 000000, b
o o ROTNg oF

35

304

254

o

&g end 0“( &
g S ggond L

& @
Soonnellle

Fogge®
: .
20 2

T
15

T
-5 1} 5 10
¥

Kl 2-61 A2 R E Gk TR RS K

AR R E R
dt?
dt?

Hrp:

f 5.

—0.1.x, - X, +a

X —0.1-%,-a

1stOpt A5

a NEZH, JWHI-1,6], A2 0.1; t w0, 10x],

(2-88)

A KH 2005 FIME x1=1,

LoopConstant a=[-1:0.1:6];
ODEOptions = [SN=200];
Variable t=[0,10*pi],x1=1,x2=1,;
Plot x1[x],x2,x1'[y2];
ODEFunction x1'=-0.1*x1-x2+3a;
X2'=x1-0.1*x2*a;
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T T T T T T T
-2 -1 o 1 2 3 4 B

Kl 2-62 i A2 R EUR Y T R AL ]

Bl 6: YA T TEA

dx _ 2-(cos(t) - x+Y)

dt(sint)- y—x—0.2)* +(cos(t) - x— y)?

dy _ 2-(sin(t) - y + x) (2-89)
dt[(sin(t)- y—x—0.2)* +(cos(t) - x— y)?

Horp:a WAZH, Yl [-3.5, 3. 5], AR 0. 1; t Ju [0, 10], 26K 0. 2; ¥ X =2-a,
y=a’.

1stOpt fLHG

LoopConstant a=[-3.5:0.1:3.5];

Variable t=[0:0.2:10],x=2*a,y=a"\2;

Plot x[x],y, y+x/2;

ODEFunction x'=2*(Cos(t)-x+y)/Sqrt((Sin(t)*y-x-0.1)"2+(Cos(t)*x-y)"2);
y'=2*(Sin(t)-y+x)/Sqrt((Sin(t)*y-x-0.1)"2+(Cos(t)*x-y)"2);

12 T,
11 gy
10

oo s wwe oo
PRI W M S A (S M S

Kl 2-63 AW T 5 RE AL R ]

B 7. JAAEAR R B TR
Y _03.-y) Y yb 200
dx
Hrp:boe BHASH, b JERIL1, 1. 5], 88 0. 1, ¢ YUHEI[3, 4], 2808 0. 2; x JuH [1, 2]
W&ty =c, y(2)= %-Sin(x) b o BRBIRILE ST LR IR, RSB

1stOpt A5
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LoopConstant b=[1:0.1:1.5], ¢=[3:0.2:4];
Variable x=[1,2], y=[c,y"*sin(x)*b];
Ploty,y'[x].y"[y2l;

ODEFunction y"=0.3*(1-y"2)*y'-y*b;

4 &

&l 2-64 WA EAR R EM I TR
1 8. AR T FE A

c- —16000-t—160-—(200000-x-—800-dy-—80000-y—%2000-dxj
dx? dt dt
S =
dt 185 (2-91)
, C- 1600-t+16—(—8000~x+80-dy—80-dX+8OOO-y]
dy? dt  dt
dt? 16

Hrp. ¢ A, JHEI,3], 20 0.1; t JuHEI1,3], K 0.01; WI{HE&A:

x =-0.0021512, X'= % =-0.012185, y=-0.0021512, y'= % =-0.2.

1stOpt A5

LoopConstant c=[1:0.1:3];

Variable t=[0:0.01:3],x'=-0.012185,x=-0.0021512,y=-0.0021512,y'=-0.2;

Plot x[x],x",y'[y2];

ODEFunction x"=c*(-16000*t-160-(200000*x-800*y'-80000*y+2000*x"))/185;
y"=c*(1600*t+16-(-8000*x+80*y'-80*x'+8000*y))/16;

0.4
0.3 1%
0.2
ESRE

<01
-0.2

T T T T
-0m -0.003 1} 0.005

Fl 2-65 78 FELEI 5 I FRALR
2.4.5 Hihsy T FEL/E M (Boundary Value Problem — BVB)

AR ) 3 oy Jr R ) S B R o, SRR v 2% RIFT 4R, Rl i, 75
o s e, HXRI2RM ARG T RE,  STHEVE A LU A2 25K . 1stOpt AN
A S RMAME S R, JE T IOk ) 4 R U Sk, R 7 R B I, AR
LML R AL AR REREAT BROR M . 1stOpt SRAFILME I I, 25 —FlB a0t K
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P 0oy 7 R ) A — B, (RIS Sy, (RO 52 2% 1 1 (10 M LASK A s 58 — R o 5 4K
PEA S AL, R S R 2 E R i ke ) LF- Bl Ay S 2 (R A 1)

dy® d
il 1. 4-%+y-—y:2-x3+16 (2-92)
dx dx
\ \ . ‘ 2 8
X X[H][2, 3); AfEZA: y(2) =8, y(3) =35/3. ZBIMMENTIHEA: Yy =X +;
1stOpt A4 44 4
5_
Variable x=[2:0.1:3], y=[8,35/3];
Plot x[x].y"y"[y2]; ]
ODEFunction y"=(2*x"3+16-y*y")/4; w .
ey 3
2 T T
2 3
x
2-66 T TSR
i 4
ARG 7 FE (I2E 0] )
L.y =dyldx =y
2:y" = dy'/dx = (2*x"3+16-y*y")/4
Hbr ek % 0
AR
y'(x=2): 1.99999993866552
Sk Jeks-E B -3 /R 1425 (Runge-Kutta-Fehlberg Method)
AKAA: 0.1
AR 10
R 5
g
X y(x) y'(X) y'(x) y"'(x)
2 8 1.99999993866552 1.99999993866552 4.00000012266896
3 11.6666666666673 5.11111104586436  5.11111104586436 2.59259278289476
# 2-59 4R LA
X T A K it W
2 8 8 0
2.1 8.21952380370944 8.21952381 -6.290560961E-9
2.2 8.47636361925439 8.476363636 -1.674561112E-8
2.3 8.76826084598844 8.76826087 -2.401156074E-8
2.4 9.09333330705989 9.093333333 -2.59401105E-8
25 9.44999997396447 9.45 -2.603552929E-8
2.6 9.83692305339298 9.836923077 -2.360702034E-8
2.7 10.2529629436722 10.25296296 -1.632779956E-8
2.8 10.6971428433994 10.69714286 -1.660060001E-8
2.9 11.1686206824299 11.16862069 -7.570099214E-9
3 11.6666666666673 11.66666667 -3.33269945E-9
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dy, _
ax Y,
d
§=20'(y3 _yl)
B 2. T TR
@,
dx °*
dy
d_)?=10+8'(y3_y1)

oy X H) x=[0,3]; AfE%&M: x=00Yy,=0. y, =20, x=3iy, =0, y,=0
1stOpt A5

(2-93)

Variable y1=[,0], y2=[0,], y3=[20,], x=[0,3],y4=[,0];
ODEOptions = [SN=50,A=0,P=2];
Ploty1,y2,y3, y4;
ODEFunction y1' = y2;
y2' = 20*(y3-y1);
y3'=vy4,
y4' = 10+8*(y3-y1);

GURANN R K 2-67.

W TR (A ) ).
1:yl' =dyl/dx = y2
2:y2' = dy2/dx = 20*(y3-y1)
3:y3' =dy3/dx =y4
4: y4' = dy4/dx = 10+8*(y3-y1)
H Fr R4 1.39840021860598E-28
A
y1(x=0): 13.4694429556798
y4(x=0): -19.1527204392172
Sk Jeks-EEE -3 /R M 25 (Runge-Kutta-Fehlberg Method)
A K AH: 0.06
A KA 50
R 2
ghiak
X y1(x) y2(x) y3(x) y4(x) yI'(x) y2(x) y3(x) y4(x)

0.0000 13.4694  0.0000 20.0000  -19.1527 0.0000 130.6111 -19.1527  62.2445
3.0000 0.0000 -27.1182  2.1541 0.0000 -27.1182  43.0812  0.0000 27.2325

2
1 3. dy__ y+y?
dx

7=

Wy XAl x=[0,5]; A FH4&AF: x =0 y':%=1&x=5ﬁﬁy'=—1o

1stOpt A5

(2-94)
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StartRange = [-5,5];

ODEOptions = [SN=50,A=0,P=10];
Variable x = [0,5], y' = [1,-1];

Plot x[x], y[y2], ¥, y";
ODEFunction y" = y+y~3;

HEEAH, “Plot x[X], y[y2], Y, "7 =B x 15 R x fil, y AL A Yy B R A
121 A

01
Loz
o3
L-0.4
__0.5‘{
W |05
al-07
Flns

K] 2-67 k) 5 FE AL ILAE ) A 4 R K] 2-60 A AR A T RV 4
i aE s A&l 2-60.

W T R (AR 1] )
1:y" =dy'/dx = y+y"3
2:y' =dyldx =y’
HAre& % 1.7241048121671E-27
AEAG
y(x=0): -0.86112059752689
Sk Jeks-E -3 /R 425 (Runge-Kutta-Fehlberg Method)
KA 0.1

A KA 50
T4 10
gL
X y'(x) y(x) y"'(x) y'(X)
0 1 -0.86112059752689  -1.49966622053288 1
5 -0.999999144142996  -0.861120162291034  -1.4996648170779
dy’ 2
i 4. Y (X+1D)-y+exp(=x)- (X" —=x+2) (2-95)

oYX 18] x=[2,4]; I 40 x =2 Hﬁﬂ =y —sin(x : (d—y)zj Fx=4my = Y -0.1.
dx dx dx
R A B AE X = 2 Iy AN BT A L, 1stOpt H ]

BT E X “Variable x = [2,4], y' = [y-sin(x*y**2),-0.1];”
1stOpt fXA5:
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Variable x = [2,4], y' = [y-sin(x*y*2),-0.1]; 002
Ploty[x], y', y"; o
ChartType = 3;
ODEFunction y" = (x+1)*y+

exp(-X)*(x"2-x+2); »0.047

T T T T T T
-011s 041 -0405 -0 -008s 003 0085

K 2-69 H 7>y R 2 AL e ALV B A R

gk

Y 7 AR (A ) ).
1:y" = dy'/dx = (x+1)*y+exp(-X)* (x"2-x+2)
2:y' =dy/dx =y

H A% g6 %5 5.09932323235297E-29
AEAN S
y'(x=2): -0.102184972000791
y(x=2): -0.0813029529237538

Sk Jek%- T -9 R T 4% 1 (Runge-Kutta-Fehlberg Method)
KA 0.02
KA 100

S 30

gh g
X y'(x) y(x) y'(¥)
2 -0.102184972000791 -0.0813029529237538 0.297432274175189
4 -0.100000000000008 -0.115680210959961 -0.321982110357528

RUEL( 4t x =21,y = y—sin(x-(y)?)
Jb: x=2. y =-0.10218492000803, y =-0.081302%29237473

y—sin(x-(y')? )= -0.0813029529237473-sin(2 - (-0.102184972000803)? )
~-0.102184972

= yI
LT EAER I, TR g R e e R I A
du
— =V
dx
%1 5. (2-96)
dv X
—=X+[1-—|-Uu-v
dx ( 5]

X x=[1,3]; iAF4A: x=1u=2+v-u, x=3Ku=-1.
1stOpt 115

Variable u=[2+v*u,-1], x=[1,3], v;
Plot u, v;
ODEOptions = [SN=10,A=0,P=10];
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ODEFunction u' = v;
V'=x+(1-x/5)*u*v;

BT LA R A3 TSR
i

T T T T T T T T T T T
a 1 2 3 4 5 =1 T =1 q 10

TR 7 RE LA ) ) ARG 7R (I T )
1:u' =du/dx=v 1:u' =du/dx=v

2: V' = dv/dx = x+(1-x/5)*u*v

H bR 8% 1.15493705914422E-23
AR
u(x=1): 0.525411907053075
v(x=1): -2.80653725800423
g
X ux) v(x)
1 0.525411907053075 -2.80653725800423
3 -1.00000000005658 1.56242790381221

2: V' = dv/dx = x+(1-x/5)*u*v

H br e % 2.75908468069419E-23
AN
u(x=1): -3.46016007271143
v(x=1): 1.57800794124894
g
X ux) v(x)
1 -3.46016007271143
3 -1.0000000001061

1.57800794124894
2.20438043932999

SUNIEE AR AT

x=1 i} u=0.52541
2+v*u=2+0.525411*(-2.806537)=0.52541=u

L S

DA A BT

x=1 It} u=-3.46016
2+v*U=2-3.46016*1.57800=-3.46016=u

L A

11 6.
dy, _
ax Y,
d
%Z 20'(y3 - yl)
(2-97)
@,
dx ¢
d
£:8.4+2+8-(y3 )

BN X ] x=[0.3]: T geft: X =0pgYa =20 x=33 ¥ =0 v, =

y4:00

EIRID I A, y3 AL TR, 1Tyl y2. yA4 L TR, FR AL AHERD y3

7E x=3 I FRIME
1stOpt fXA5

2-70 B AH W) v 5 1]

=—28.483675

Variable y1=[,0], y2=[,-28.483675], y3=[20,], x=[0,3],y4=[,0];
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ODEOptions = [SN=20,A=0,P=2];

Ploty1, y2,y3, y4;

ODEFunction y1'=y?2;
y2'=20*(y3-y1);
y3=y4,
y4'=8.4+2+8*(y3-y1);

gij

WY 7R (AR ) ).
1:yl'=dyl/dx = y2

2:y2' = dy2/dx = 20*(y3-y1)
3:y3' =dy3/dx =y4

4: y4' = dy4/dx = 8.4+2+8*(y3-y1)

Hirpk%: 0

E R
y3(x=3): 2.14535283841153
g5
X ylx) y2(x) y3(x) y4(x)
3 0 -28.483675 2.14535283841154 0
0  13.0876429039712  0.00165835986955809 20 -19.8058666560522

2.4.6 FrERIAAE Ia] iR

Bl 1. A RIS, XA t=[0,2]; A FR&M: t=0my=1, t=1/
x=0.43235, t=2nm, z=-2.28072.

dt 20

d—y:2-x+y—2-z (2-98)

dt
d—i:3-x+2~y+z

I PR A A T 1 FHE AT T ANE] A, B SR A AAE K T R Te kSR AR, e R AL
AW, SRS TRE 0, AT “NANY AR AESAEAE T 5, ¢
PEEEPE LN N 2-60,

e RS SKAR S B EAR A TR, R RS ECA A, B x Fl z I9IME.

& 2-60 5 H £ ds

t X y Z

0 FkzH |1 k24

1 0.4323539 | NAN NAN

2 NAN NAN -2.2807201

1stOpt f&fi% PN

InitialODEValue t=0,y=1; )77 2 (RMSE): 1.60246890531964E-16
Variable t,x,y,z; Bk 2215 RI(SSE): 7.70371977754894E-32
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ODEFunction x' = 0.25*Y*(1-Y/20);

Y'=2%x+y-2%7; ZH S ZER N
7'=3*X+2*y+z;
Data; XHME  -2.45504133646076E-6
1 043235 NANNAN Z¥ME  -0.999994541382211
2 NANNAN-2.28072
AT ER I RE P

Parameter p1,p2;

InitialODEValue t=0,x=p1,y=1,z=p2;

Variable t,x,y,z;

ODEFunction x' = 0.25*Y*(1-Y/20);
Y'=2%X+y-2*%7;
2'=3*x+2*y+z;

Data;

1,0.43235,NAN,NAN

2,NAN,NAN,-2.28072

it & R -

VB 43 8054 F5): 00:00:00:656
177 #(RMSE): 9.61481343191782E-17
Wik 2575 FI(SSE): 2.77333911991762E-32

SR IREERSE

pl -2.4550413362965E-6
p2  -0.999994541382213

5 2. T TR R, BRI 1=[0,2]: R4 x(0) =1, y(0)+ y(2) =0,

ey
dt

dy .
— = —sin(x
ot (x)

(2-99)

ARG EE AN T GRAT R Ry IR IRE S A& S 2 A 0, 7k H 2 8
“SubjectTo”, RS UIT:

ODEStep = 0.2;

Parameter p;

Initial ODEValue t=0,x=1,y=p;

SubjectTo y[2]=-p;

Variable t,x,y;

ODEFunction x'=y;
y'=-sin(x);

Data;

2,NAN,NAN

gig

ZH RAEMSE

p 0.959887101392875
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53 75 FE UL A 41 3K (SubjectTo):
y[2]-(-p): 0

1 3. CANTR s T R R

at (2-100>

o DX ] 4=[0,1]: # 5 4AF: X, (0) = 0.6, X;(0) = 2-%,(0) » %, (1) = x, (1) + x,(0) |

X;(0.33) = x,(0.43)

IR AR T O R, stOpt SRAACES N, VER “iValue” 5 “InitialODEValue” ThfE
**i

iValue t=0,x1=p1,x2=0.6,x3=2*p1,x4=p2;

SubjectTo x1[1]=x4[1]+p1,x3[0.33]=x4[0.43];

Variable t,x1,x4;

ODEFunction x1'=x3*x2;
X2'=x3*(-x1+sin(x2));

x3'=1;
X4'=-2*x1;
Data;
1,NAN,NAN
g
25 WA

pl -0.134397444549774
p2 -0.0680489509345457

5 7 FEPL G 2 R (SubjectTo):
X1[1]-(x4[1]+p1): -1.38777878078145E-17
x3[0.33]-(x4[0.43]): 0

SCfF RS -1

No t Hirxl it®x1 Hirx4 8 x4 HFEx3 & x3

1 0.33 NAN-0.1545386716152 NAN 0.030844257333876 NAN 0.0612051109004517
2 0.43 NAN-0.14808947146895 NAN0.0612051109004517 NAN 0.161205110900452
3 1 NAN 0.0228380203984985 NAN 0.157235464948273 NAN 0.731205110900452
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25 HEEMNA

IR Z 1) AR AT A R AR I8, 1stOpt PRI il ) F A w22 2L e i) 7t

2.5.1 REREBIER

A O

PlotFunction: & XAEERETFE, WAHS A “PlotFunc” ;
Parameter: & XS IHIEH .

> YRR R EUE R

San R m MRt x 5y R E

(X + y) (0.1*x)

o

In@B.5-x¥)+x—y* —(sin(y —x))* +0.6— =0 (2-101)
Hr, xe[1.510]-
“StepX” T B E TP KEL
IstOpt AXh5 (—4)
Parameter x[1.5,10], v;
StepX = 100;
PlotFunction In(3.5*x"y)+Xx-y"x-(sin(y-x))"2+0.6-(x+y)(0.1*x)/x = 0;
S YRR
CAEIT R iR 2z 5 x By R RE
In(z) +sin(x+y —z)* = (x—=10—2)*® + cos(z) * (y —100)> (2-102)

Hrph, xe[913],y €[97,103] -
“Mesh” HF e X [V 5%
1stOpt ALY

Parameters x[9,13], y[97,103], z;
Mesh=[30,30];
PlotFunction In(z)+sin(x+y-z)"2 = (x-10-z)"3 +cos(z)*(y-100)"2;

2.2+
211
2_
19 "
18
1.7
15
1.5
1.4
1.5 i i . . i i i ‘ _'_|
2 3 4 5 g 7 g g 10 .
* 120
K] 2-71 4 K ek B X K 2-72 = 4ERRR
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> YRR
caEa FAE S 2z 5 x oy FICRE

1 2 0.5-sin(5-r)
+ +

T2 2 (2-103)
X“+1 z+y +1 r

=

Hrph, xe[-55],y €[-55] -

1stOpt A5

ConstStr r = sqrt(x*2+y"2+z);

Parameters x[-5,5], y[-5,5].Z;

Mesh = [50,50];

PlotFunction z=-1/(x*x+1) + 2/(z+y*y+1) +
0.5*sin(5*r)/r;

2-73 =4

R 2-61 =4k pR B L.

COS(Z - yz) —(z-1)=0 , xe[-11],ye[-1515]

Tl
i
]

T 1
e ? 2 2
expl WX —y) +x*+y* -z
Parameters x[-1,1], y[-1.5,1.5], z;
Mesh = [50,50]; Vi \
Bt
N ST .
S 1 PlotFunc cos(z-y~2)/exp((sqrt(abs(x))-y)"2+ ’%ﬁ;ﬁ%&‘\?
> ND+yND-7)-(z-1)=0 Gl
XA2+y"2-7)-(z-1)=0; %ﬁigiﬁ%?%#gﬁ?ﬁ"tﬂ
o i
I%'.&,'z:"
‘ R ]

.-
e
=
2
=

s
<

(AR W3

o
<

2
2

2%
patet
ST
o
e

hyley Iy
LA
Sy
% bythd
U

AT 1
H
%

7
o

i

e
I’ZEI ] ﬁ ';;j’,f!f‘
s 7 'f.‘ ‘

g
i ;'&""‘0’:

0”
s
<

o
ey
P

A
e
e
sl

2

(e
\\\ L :;:’ i
0

e

S
20

Eoie

St 2 | DR cos(z)-x* +sin(z)-y* -z=0, xe[-11],y e [-1]]
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Parameters x[-1,1],y[-1,1],z;
Mesh = [20,20];
Plotfunction cos(z)*x"2+sin(z)*y"2-z;

&
RO

s
2
. . X i y .
X 4cos|x-y+sin?(x?))+sinh(x—y+z)+=+25-2-x"® + L _4sin(z) =0
- (x:y+sin’ o simh(x -y + 2)+ 7 —+sin(2)
x € [0.5,5],y €[0.5,5]
Parameters x[0.5,5], y[0.5,5], z;
Mesh = [40,40];
Plotfunction 4*cos(x*y+sin(x"z)"2)+
S 3 Sinh(X-y+2)+x/y+2.5-2*x"sin(x)+y2/x+sin(z); A
1 N
W e
')‘0‘&3&? o, \:\t:::i?
l,,::::iii‘ etigl i\‘ b
COos(z
VL (2) —(z-1)=0, xe[-11],ye[-1]1]
exp((w/abs(x) —~ y) +X2 4y z)
Parameters x[-1,1], y[-1,1], z;
PlotFunc cos(z)/exp((sqrt(abs(x))-y)2+x"2+
y"2-2)-(z-1)=0;
k) S,
S 4 v ,I/ SN
71 O
g II‘ 0
BARRROO
S5 | TrEE z=sin(z—-x)cos(z-y)—-cos(x+Yy) . xe[-6,2],y €[-6,2]
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Parameters x[-6,2],y[-6,2],z;
Mesh = [40,40];
PlotFunc z=sin(z-x)*cos(z-y)-cos(x+y);
i i e
gﬂlllnn','.:
(sin(\/x2 +z7+y°? ) -05-z -cosh(x+ y+ 23)
L 0.5+ I —-z-In(z)=0
(1+0.001-(x +y 41z ))
Xe [_3!3]1 y € [_313]
Parameters x[-3,3], y[-3,3], z;
Mesh = [30,30];
PlotFunc 0.5+(sgr(sin(sqrt(x"2+z+y”"2)))-
245 6 0.5*z*cosh(x+y+z/3))/sqr(1+0.001*(x"2+y"2+z
A2))-z*In(z)=0;
AR/
K

2.5.2 ZHERBIER

B ED ST
PlotParaFunction: & XS R TTE
% 1. 5007 FE:

x = cos(t) - | exp(cos(t))—2-cos(4-t) —sin é
(2-104)

y =sin(t) -| exp(cos(t))—2-cos(4 - t) —sin %

Het=i-(u+20-i), uiul=[0,3*pil, i=1..5,
A5 ASHOE (i=1..5) , NHEAMEFEH] “For” Ha)skacBL.
1stOpt /G
ConstStr t = i*(u+20%*i);
Parameters u[0,3*pi],x,y;
StepX = 1200;
PlotParaFunction For(i=1:5)(x=cos(t)*(exp(cos(t))-2*cos(4*t)-sin(t/12)"5),
y=sin(t)*(exp(cos(t))-2*cos(4*t)-sin(t/12)"5));
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1 2: B0 RE:
X = sin(t - xz)
(2-105)
y=cos(2-t+0.03+y)-y-x?

Hrp ¢ ya =[0, 2*%pil.
A S5 FE P i3 & A BRI x F oy, MR T B SHO R .
1stOpt ALY

Parameters t[0,2*pi],x,y;
StepX = 100;
PlotParaFunction x=sin(t-x"2), y=cos(t*2+0.03+y)-y*x"2;

N T

D_
0
w x
Kl 2-74 ZHeR B E K 45 2R K 2-75 B XS HOT R I 4R
R 2-62 SRR AU S
— ain3
e | 407" © _ _ ., te[0,27], i=1..10
y=cos(t—y-x-i-0.1)-sin(t+y-x-0.1-i)
Parameters t[0,2*pi],x,y;

55 StepX = 100;
il PlotParaFunction for(i=1:10)(x=sin(t)"3,
1 AR | y=cos(t-y*x*i*0.1)*sin(t+y*x*0.1%i));

K K

A

_ 2
g | 7% © _ . te[0,27],i=1..10
y =cos(t—0.2-i-x-y)-sin(x)
Parameter t[0,2*pi],X,y;

5K PlotParaFunction  for(i=1:10)(x=cos(t)"2,
il y=cos(t-0.2%i*x*y)*sin(x));
2 | AR -

K E
% X = r-cos(t+x?-0.01) :
W i _ , r=a’-cos(n-t+i-0.1), te[-z,7],i=1..5
3 y =r-sin(t)
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Constant a=3,n=6;
ConstStr r = a”2*cos(n*t+i*0.1);
Parameters t[-pi,pi],x,y;
A B | StepX = 440;
M & | PlotParaFunction -
A for(i=1:5)(x=r*cos(t+x"2*0.01),y=r*sin(t));
x =sin®(t)- cos®(t)
Jike ,te[0,27],i=1..10
y=cos(t—y-x-i-0.3)-sin’(t+y-x-0.1-i)
Parameters t[0,2*pi],x,y;
5z StepX = 100;
il PlotParaFunction
4 A B | for(i=1:10)(x=sin(t)*3*cos(t)"3,
B | y=cos(t-y*x*i*0.3)*sin(t+y*x*0.1*i)"2); -
Z
x =sin’(t)
Jiks ,te[0,27],i=1..10
y=cos(t—y-x-i-0.1)-sin?(t+y-x-0.1-i)
Parameters t[0,2*pi],x,y;
5z StepX = 100;
il PlotParaFunction for(i=1:10)(x=sin(t)"3,
5 AR 15 | y=cos(t-y*x*i*0.1)*sin(t+y*x*0.1*i)"2);
K K )
iz

2.5.3 BIE/EHE

F B O
e PlotData: ] 4 525K ;
e PlotPoint2D: i — 4 i Kdi s
e PlotPoint3D: =4t i, Hkg Ll x—y—z;
e PlotMeshData: I —=4EHIZHaEl, HiFEEHE
# 1. “PlotData” ML/, HHfEh v aikidls, x Bkdls 530y
1stOpt {15
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PlotData;
0.22 0.0511
0.55 0.0872
0.5420.1685
1.0210.1951
1.6330.2341
1.7720.3616
1.9730.4249
2.15 0.4597 o 1 z 3 4 5 G 7 3 3

2.21 0.4902 K| 2-76 “PlotData” %l &7~
2.5420.5764

1 2:  “PlotPoint2D” WM, ZB—5UEds A E1EN x B, SLRIEN v gl .
1stOpt A5

PlotPoint2D;

0.22 0.0511
0.5

0.55 0.0872 nae oy

0.5420.1685 0.4
0.35

1.0210.1951 o

1.6330.2341 095 |

1.7720.3616 0.2 » *

1.9730.4249 o

2.15 0.4597 5 *

2.21 0.4902 1 N

2:5420.5764 977 “PlotPoint2D” Xyt &1 bl

0.55

%1 3: “PlotPoint3D” AL, K —FIEEEI B x Ay B, SH=310 2 Sk

P
1stOpt fLHG gh IR

PlotPoint3D;

X y z

0.0628 0.0002 0.0039
0.1257 0.0020 0.0156
0.2513 0.0154 0.0599
0.3142 0.0295 0.0910
0.4398 0.0772 0.1650
0.5027 0.1118 0.2053
0.6283 0.2031 0.2852
0.6912 0.2590 0.3216
0.8168 0.3874 0.3796
0.8796 0.4574 0.3983
1.0053 0.6019 0.4089
1.0681 0.6729 0.3991
1.1938 0.8038 0.3479
1.2566 0.8602 0.3071
1.3823 0.9478 0.2001
1.4451 0.9765 0.1368
1.5708 1.0000 0.0000
Lo oo 00 41275 *Plotpoinad” K
1.8221 0.9087 -0.2574

1.9478 0.8038 -0.3479

2.0106 0.7408 -0.3788

2.1363 0.6019 -0.4089

2.1991 0.5295 -0.4084

2.3248 0.3874 -0.3796

2.3876 0.3208 -0.3536
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2.5133 0.2031 -0.2852
2.5761 0.1538 -0.2459
2.7018 0.0772 -0.1650
2.7646 0.0499 -0.1264
2.8903 0.0154 -0.0599
2.9531 0.0066 -0.0345
3.0788 0.0002 -0.0039
3.1416 0.0000 0.0000
3.2673 -0.0020 -0.0156
3.3301 -0.0066 -0.0345
3.4558 -0.0295 -0.0910
3.5186 -0.0499 -0.1264
3.6442 -0.1118 -0.2053
3.7071 -0.1538 -0.2459
3.8327 -0.2590 -0.3216
3.8956 -0.3208 -0.3536
4.0212 -0.4574 -0.3983
4.0841 -0.5295 -0.4084
4.2097 -0.6729 -0.3991
a0 08607 03071 2-79 “PlotMeshData” ¥4l 541
4.4611 -0.9087 -0.2574

4.5867 -0.9765 -0.1368

4.6496 -0.9941 -0.0695

4.7752 -0.9941 0.0695

4.8381 -0.9765 0.1368

4.9637 -0.9087 0.2574

5.0265 -0.8602 0.3071

5.1522 -0.7408 0.3788

5.2150 -0.6729 0.3991

5.3407 -0.5295 0.4084

5.4035 -0.4574 0.3983

5.5292 -0.3208 0.3536

5.5920 -0.2590 0.3216

5.7177 -0.1538 0.2459

5.7805 -0.1118 0.2053

5.9062 -0.0499 0.1264

5.9690 -0.0295 0.0910

6.0947 -0.0066 0.0345

6.1575 -0.0020 0.0156

6.2832 0.0000 0.0000

% 3: “PlotMeshData” WIMEH, MHREEC 22 — 4k 1 ]
1stOpt fLHs:

PlotMeshData;

0.36,0.33,0.31,0.30,0.29,0.28,0.27,0.27,0.26,0.26,0.26,0.26,0.27,0.27,0.28,0.28
0.29,0.26,0.24,0.23,0.22,0.21,0.20,0.20,0.20,0.20,0.20,0.21,0.21,0.22,0.23,0.24
0.23,0.20,0.18,0.16,0.15,0.15,0.14,0.14,0.14,0.15,0.16,0.16,0.17,0.18,0.19,0.21
0.19,0.16,0.13,0.11,0.10,0.09,0.09,0.09,0.10,0.11,0.12,0.13,0.15,0.16,0.17,0.19
0.17,0.13,0.10,0.07,0.05,0.05,0.05,0.06,0.07,0.09,0.10,0.12,0.13,0.15,0.16,0.18
0.15,0.11,0.08,0.05,0.03,0.01,0.03,0.05,0.06,0.08,0.10,0.12,0.13,0.15,0.16,0.18
0.15,0.12,0.09,0.06,0.05,0.04,0.05,0.06,0.08,0.10,0.11,0.13,0.14,0.16,0.17,0.19
0.16,0.13,0.10,0.09,0.08,0.08,0.08,0.09,0.10,0.12,0.13,0.15,0.16,0.17,0.19,0.20
0.18,0.15,0.13,0.11,0.11,0.11,0.11,0.12,0.13,0.14,0.15,0.17,0.18,0.19,0.20,0.22
0.20,0.17,0.15,0.14,0.14,0.14,0.14,0.15,0.16,0.17,0.18,0.19,0.20,0.21,0.22,0.23
0.21,0.19,0.17,0.17,0.16,0.16,0.17,0.17,0.18,0.19,0.20,0.21,0.22,0.23,0.24,0.25
0.23,0.21,0.20,0.19,0.19,0.19,0.19,0.20,0.20,0.21,0.22,0.23,0.24,0.25,0.26,0.27
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0.25,0.23,0.22,0.21,0.21,0.21,0.21,0.22,0.22,0.23,0.24,0.25,0.26,0.27,0.28,0.29
0.27,0.25,0.24,0.23,0.23,0.23,0.23,0.24,0.24,0.25,0.26,0.26,0.27,0.28,0.29,0.30
0.28,0.27,0.26,0.25,0.25,0.25,0.25,0.26,0.26,0.27,0.27,0.28,0.29,0.30,0.31,0.32
0.30,0.28,0.27,0.27,0.27,0.27,0.27,0.27,0.28,0.28,0.29,0.30,0.30,0.31,0.32,0.33

254 fE R HARE

A EM TSR RIAR 2 AE . SRR RS S sk A (), SRER (D, #14),
[) Ff -t S R — SRRk R B AN 32 K 2 (Gamma Function), D1 ZE /R #8225 (Bessel Function),
> Rues

1 | S W ]

1:  f, =5-sin(z-6) +exp(6.45+ In(2.14))

. g=%wmmumwmwmmiﬁmrm«wﬂ

j=L

3 i 4 m 10 i+j+m+n+p
T

1stOpt ALY

f1 = 5*sin(pi*6)"2+exp(6.45+In(2.14));

f2 = int(x~(sin(Gamma(x)))+(abs(sin(x)))"x, x=0:pi)+sum(i=1:10)(prod(j=1:i)(0.1*In(i*j)"2));

f3 = sgrt(max(f10.1, f2));

f4 = Sum(i=1:3)(Sum(j=1:i)(Sum(m=1:4)(Prod(n=1:m)(Prod(p=1:3)(f3"((i+j+m+n+p)/1000))))));

gk

1 =1353.98290661822 3 = 6.97723694350016
f2 = 48.6818353657435 f4 = 28.297511489

< HBEGHE. SEGFEN BT “Complex()” ,  “i” AEE M BELST S,
LSRR (P E
1: f, =5-sin(z-6)%i + exp(6.45 + In(2.14)i)

2. f,=f,+sin(5.6+i)

1stOpt fLAY iR

f1 = Complex(5*sin(pi*6)"2*i+exp(6.45+In(2.14)*1)): f1 = 458.254010532336+436.251593877789*i
£2 = Complex(f1+cos(5.6+i)); £2 = 450.450771220489+436.993459184124*
> SRR

CAERE: Y = x° +exp(x+2)-sin(x), sk
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o —PirTHy'= % INESEN W

x = 0.5 MKy 18
y M= SRk A
x = 0.5 Wy {4

1stOpt fH5

Conststr y=x"2+exp(x+2)*sin(x);
Diff(y,x);

Diff(y,x=0.5);

Diff(y,x,3);

Diff(y,x=0.5,3);

gk

diff(y,x) = 2*x+(exp(x+2))*sin(x)+exp(x+2)*(cos(x))

diff(y,x=0.5) = 2*x+(exp(x+2))*sin(x)+exp(x+2)*(cos(x)) = 17.53174299

diff(y,x,3) =
(exp(x+2))*sin(x)+exp(x+2)*(cos(x))+(exp(x+2))*cos(x)+exp(x+2)*((-sin(x))) +(exp(x+2))*

cos(x)+exp(x+2)*((-sin(x)))+(exp(x+2))*((-sin(x)))+exp(x+2)*((-(cos(x))))

diff(y,x=0.5,3) =

(exp(x+2))*sin(x)+exp(x+2)*(cos(x))+(exp(x+2))*cos(x)+exp(x+2)*((-sin(x)))+(exp(x+

2))*cos(x)+exp(x+2)*((-sin(x)))+(exp(x+2))*((-sin(x)))+exp(x+2)*((-(cos(x)))) = 9.701091063

255 I HAES

1stOpt ¥ Basic fl Pascal PAFIIATE 5 o JIATE 5 ol A GRS A . RIS A L
A% S 1stOpt HLT-3R A%
< EEHIHE TR WA, Ak = BN D 4

&% 1=t0pt SpreadSheet — [F:\EyAppiAppilstoptid-4. csv]

It ME wiE B I8
D -H $EBRE A-d-[4 - Cli - 8lEl - 3% 2 | X
O|E e 2 B C D E F B
10 0.000 0,000 A
B 0.000 0,000
=[] Base Folder 3 p 0.000 0.000
@ Sheetl Th T — Y
5 03 1,890 3437
6 06 3075 6513
7 ha 14111 17 367
8 44 14858 a1 539
a7s 22161 49743
10 535 15 963 37 01
1 32 9645 23158
12 235 7S 17 005
13 15 4432 10.854
14 043 2876 6513
15 03 103 2471
16 e
17 |2 ¥
Sheetl: Cell[l, 3] - [B4 = 0.000]

Kl 2-80 HEL T AR i diE
1stOpt A5

StartScript [Pascal];
var i: integer;
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Begin
With Sheetl do
fori:=0to 14 do
Doubles[3,i] := doubles[0,i]+doubles[1,i]+doubles[2,i];

End;
EndScript;
—
AT R
zt0pt SpreadSheet — [F:i\EyAppi\Appilstoptidi—4. csv]
I ME &E R I8
O -H B2k A-d-[4- X
[ = S & B c F G
10 0.000 0.000 0 ~
L 20 0000 0.000 0
=1 Base Foldar 3 0.000 0,000 0
Osheetl g foo oo 0
5 03 1.990 3.437 5727
6 0B 3075 6513 10188
T8 14111 17 367 33.278
G 44 14,858 31.839 51.097
9 75 22161 49749 79.41
10 535 15,969 37.101 58.42
1 g2 9648 23156 36.004
12 235 705 17.005 26.37
13 13 4.432 10854 16.785
14 na 2876 6513 10.289
15 03 1031 2171 3502
16 w
17 | < >
Sheetl: Cellll, 3] - [B4 = 0.000]
Bl 2-81 JHIANTE: 35 42 il v 1 e p 45
>3 2 . e . - — M .
> PR A HL A 5 BT L R B A 3, AN FRANR], IX LAY Basic
=t
1stOpt — [Untitledl5] M=1E3
It dmiE R 1A fEE R
DOV & H sBB-cBANE EREE » 7 ®
20 0 T - [UntitledlSlx | HiEHE #F 7B x
1 StartScript [Basic]: ~
2 S5ub MainModel
3 with CodeSheetl
4 for i = 0 to 14
5 Doubles[3,1] = Doubles[0,i] + Doubles[l,1i] + Doubles[2,1]
5] next
7 end with
5 End Sub
9 EndScript; s
£ >
OD=EE & B k= *
C A B i b] E F G
: poog_____|
CodeSheets 4D p.000 &
20 0.000 0.000
3in 0.000 0.000
4 0 0.000 0.000
S 03 1.990 3457
6 06 3075 6513
T 18 14111 17367 v
g (£ ¥
e E|iEE B
[ERR] T: 4 Modified
&l 2-82 & A7 i 1 T
1stOpt fCAHY

StartScript [Basic];
Sub MainModel
with CodeSheetl
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fori=0to 14
Doubles[3,i] = Doubles[0,i] + Doubles[1,i] + Doubles[2,i]

next
end with
End Sub
' 1stOpt — [Untitledl5] M(=E3
It g BF THR fiEE #Ehh
DY E W s BRBoeANE FRES  ~ @
e HEE T - [UntitlediS]* | HIFRE & R X
1 StartScript [Basic]: ~
2 Sub MainModel
3 with Codelheetl
4 for i = 0 to 14
5 Doubles[3,1] = Doubles[0,i] + Doubles[l,i] + Doubles[2,1]
& next
7 end with B
5 End Sub
9 EndScrimt: s
< ' >
W=oy = B x
| | CodeShest] A B [ D E F G
Coahea
CodeSheets ~+ ° 000 : . -
20 0.000 0.000 1] m
30 0.000 0.000 o
4 0 0.000 0.000 o
s 03 1.990 3437 2T
6 0F 3073 5.513 10.185
T s 14111 17.367 33.278 b
5 |<i|m) >
G (EigE P
B 9 3029 Modified

K] 2-83 iz 47 Jim i f]
> BHRAEA: ARE A i ) 7%

1=t0pt — [Ontitledl]

It e OEF TH MRS R
O & F-HiBcc-HNEFREE|r F¥ =2 1
10 HEREE 1 - [Untitledt] | HiZdE # R
1 StartScript [Pascal]:
Z war i: integer:
3 Begin
4 With CodeBookl.Lines do
3 for i := 0 to 14 do
& Add('Line - '+ inttostri(i)):
7 End;
& EndScript:
9
< ' >
B9 4: 25 Modified
] 2-84 i AT HiHI I
1stOpt A5
StartScript [Pascal];
var i: integer;
Begin

With CodeBook5.Lines do
fori:=0to 14 do
Add('Line - '+ inttostr(i));
End;
EndScript;

128



4% 15t0pt — [Ontitledi]
Tt HwiE OBER IR fEE
O 4 - iR~ HUEFEESE | » 2% =2 |

e HERE 1 - [Untitledl] | HEBRE # &

1 StartScript [Pascall: A

2 war i: integer;

3 Begin

4 With CodeBookl.Lines do

5 for i := 0 to 14 do

& Add('Line - '+ inttostrii}):

7 End;

g EndScript:

9 Line - 0O

10 Line -
1l Line -
12 Line
13 Line
14 Line
15 Line
16 Line
17 Line
18 Line
19 Line
20 Line
?1 Tine

£ ¥
E 23 4: 18 Modi £ied

B 2-85 1247 i i Tl
2.5.6 =4S “PassParameter” ¥

“PassParameter” W Pfi Ny “MEHSH” , AIAL IR A5 SR AR S B RINAUE
il 2R R BRI . PassParameter 7EOLALI AT, Kegh i X -y HIME

1stOpt A5 ¢t
Parameter x[0,100],y[0,100]; EAREL: 167
PassParameter x*y; T (24 =2 #5): 00:00:00:78
MinFunction 9-x-y; THE PRI TR FCSIOH] 5 b v
(x-3)"2+(y-2)"2<=16; PeAbSrd: FRdERT A ILYE + A AR
X*y<=14; BRI FIE K 9-x-y
H b B EUE (5 )): 0
X7
y:2

1£3% % % (PassParameter):

x*y: 14

AT
1: (x-3)"2+(y-2)"2-(16) =0
2: x*y-(14)=0

] AL LR A
% 2-63 A Fidi

X -0.08,-0.065,-0.05,-0.03,-0.015,0.015,0.03,0.05,0.065,0.08,0

y | 20.26008,19.72613,19.501619,18.72662,18.58769,18.592199,18.88372,19.5453,19.88743,20.9914,18.12336

paats y=a-(x—d) +b-(x—d)?+c (2-106)
/H\:':P: X~ Y E%%%nﬁi, a. b. c. d: ?%*?i&o
LY St

1) Z#awii/hTo;
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2) Hy 5 Y MR K EE R LHEA KT 0.25, Bl

Max(abs(y; - y;))<0.25, i=111

1stOpt fLH5

(2-107)

RowDataSet;

x=-0.08,-0.065,-0.05,-0.03,-0.015,0.015,0.03,0.05,0.065,0.08,0;

y=20.26008,19.72613,19.501619,18.72662,18.58769,18.592199,18.88372,19.5453,19.88743,20.9914,18.12336;

EndRowDataSet;
PassParameter CalY (11), PA;
Parameter a=[,0],b,c,d;
Ploty, CalY;
StartProgram [Pascal];
Procedure MainModel;
var i: integer;
temd, temy, Maxy: double;
Begin
temd :=0;
fori:=1to 11 do begin
temy :=a*(x[i]-d)*4+b*(x[i]-d)"2+c;
temd := temd + sqr(temy - y[i]);
if i = 1 then MaxY := abs(y[i]-temy)
else MaxY := Max(abs(y[i]-temy), MaxY);
CalYT[i] := temy;
end;
PA := MaxY;
ObjectiveResult := temd;
ConstrainedResult := PA <= 0.25;

End;

EndProgram;

iR

AINZIH (ZBk ConstrainedResult := PA <= 0.25;) HYHR
5K 283 %ACE: 814

THEL T IR (40 b 22 F0): 00:00:00:516
PE A IEIRE: AR E bRtk

PASd: FRER AR ILYE + WA SRRk
H b B 508 (5 /M) 0.309952381552963

a: -6877.78414257241

b: 385.898376776761

c: 18.4260680489247

d: -0.00393418836172759

118 2 # (PassParameter):
calyl: 20.4286253611321
caly2: 19.7694556336994
caly3: 19.2139955867598
caly4: 18.6850827208528
caly5: 18.4732190200065
caly6: 18.5635299978685
caly7: 18.8613211998476
caly8: 19.4904089461543
caly9: 20.104521527912
caly10: 20.8033487243363
caly11: 18.4320392738443
pa: 0.308679273844348

THEL T IR (40 b =2 A0): 00:00:01:219
PE A IERE: AR E bRt

b PR L + JA ARk
H A B B4l (B 7)N): 0.325354789681984

a: -13521.8798280647

b: 436.931945824039

c: 18.3681739539736

d: -0.00344580812519686

118 2 # (PassParameter):
calyl: 20.4644107695081
caly2: 19.8295546986496
caly3: 19.251619

caly4: 18.6695425408538
caly5: 18.4262630967072
caly6: 18.5152736946542
caly7: 18.8400155406003
caly8: 19.5059206320813
caly9: 20.118352178724
caly10: 20.7549952476031
caly11: 18.37336

pa: 0.25
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€% 1st0pt — [Untitledl5]
I &iE OEF IR fEE b
O & =-E Gd » ¥ = E | #
228 HEE T - [UntitlediSl* | HiZRE & R

21

i3 LiE + EHZREEE ez ~
BAmEEIE (B~ 0. 325354 759714556

a: -13521. 7220148578

b: 438, 931386904788

c: 18. 3681739970353

4: -0. 003445T960028T032

{EIRER (FassParameter):
calyl: 20, 4644134740448
caly2: 19, 5295553557065
caly3: 19, 2516190000002 b

< *

Kl 2-86 LA R FUA X L K

2.5.7 R4 “SubDivision” ¥ H

“SubDivision” Kf BEAEA W) EACAGH B AL M EREER I S A, 58O H bn e JUfESS
DAL A 1

min 9-x, -y, (2-108)
)2 _9P <
or 10a=3+(y-2)" <16 X,, Y, €[0100]
X -y, <14
Al il 2

1 &, 13
min - Xl exp[_ yl ’ EIZ:; pi ]_ exp(g ;COS(6 ’ pi )j + (2_109)

X, + exp(ObjFunctio n)
s.t. p, €[-32.768,32.768],1 =1..5

ek a8t 2 H B BP0 1) @ 1 H SR A x 1 ATy LB A A H A5 B& ZUE (Ob jFunction).
—FAE L TR A R 1, A EE RS PR 2 2Pk iR, TE 1stOpt Hhn] LA R)
“SubDivision” —35E M.

1stOpt fLH5

Parameter x1[0,100],y1[0,100];

MinFunction 9-x1-y1;
(x1-3)"2+(y1-2)"2<=16;
x1*yl<=14;
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SubDivision;
Parameters p(1:5)[-32.768, 32.768];
MinFunction

-x1*exp(-y1*sqrt(1/5*sum(i=5,p)(p"2)))-exp(1/5*sum(i=5,p)(cos(6*(p))))+x1+exp(ObjFunction);

gk

AL 37

THEL T I (40 b =2 F0): 00:00:00:375
PRSI R R TE BNCSIOH) 2 b v
PAST L bR ZE o B STV

FRAER I 9-x1-yl

H b B EUE (B )): 0

x1: 7

yl: 2

LI PR AL
1: (x1-3)"2+(y1-2)"2-(16) = 0
2:x1*y1-(14)=0

AL 361

LT IR (40 b 22 F0): 00:00:01:781
PE T IERA: SRRSO bRt
LR RO R R (5= i A RPN

-7*exp(-2*sqrt(1/5*((p1"2)+(p2"2)+(p3"2)+(p4"2)+(p5"2))))-e

Xp(1/5*((cos(6*(p1)))+(cos(6*(p2)))+(cos(6
*(p3)))+(cos(6*(p4)))+(cos(6*(p5))))) +7+exp(0)

H 4 B& B (e /)N): -1.71828182845904

pl: -1.23257171502356E-16

p2: 7.40257379257929E-17

p3: -4.29348910045455E-17

p4: -3.95583172994915E-17

p5: -7.79891019495037E-17

2.5.8 RS “PenaltyFactor” )i F

“Penal tyFactor” ;& pRELREL, H BRI R, S 1E+8, (HA I
ZEE AN AR PR, IRl “PenaltyFactor” SRiHATIREE,

B 1:
min cos(x) —exp((x—0.5)-y)

s.t. XP+y* <1

H, x,ye[-10,10] -
1stOpt fhs—

(2-110)

1stOpt fhs —

ParameterDomain = [-10,10];

Algorithm = UGO1[100];

MinFunction cos(x)-exp((x-0.5)*y);
XN2+y"N(2*X)<=1;

ParameterDomain = [-10,10];

PenaltyFactor = 1E+30;

Algorithm = UGO1[100];

MinFunction cos(x)-exp((x-0.5)*y);
XN2+y"N(2*X)<=1,

B4 FIRACHS —, IRMESRAG MR, BRI ST AR BN B 1 1E+8, K% R
ok 1E+30, ARALanAy, A2 5 15 3 A

H b B B0 (B /) -147.413159102577
x:0
y:-10

LYW R
1: x"2+y™(2*x)-(1) = 0

2.6 1stOpt R 4mIZHE

IstOpt FUPREERGUEA. fif. W17, ST 548, TR E el (Hx) T
—LERIRIN IR L, H b e e 2 A eR BOIGE T B A RR ORI TS, T 2 I

132



AeIZ I PRI IS ARSI, RAERCTE R L, I AT 1stOpt M) gm A Uk i
.
1stOpt EH S HF Basic Al Pascal PR . MPRIS FoRH, i nT DLAL PEAG ph 4>
FPRAE R T 1) )
G FEAR ) 32 OG-
StartProgram : & M 4mFEt SIS aR1T
“StartProgram [Basic]” 7~ Basic &5
“StartProgram [Pascall” #¥ “StartProgram” F/~H Pascal &5
e EndProgram: & XZmP )£ AT
e ff “StartProgram” Fl “EndProgram” [A]#Hn#Ef] Delphi/Pascal &Y Basic &5
H.
e ObjectiveResult: & X HFsEE, NnlH—IK.
e ConstrainedResult: & NZWHKEL, "HZA, ARZEFH “and” ik,
T P A SIS S e A AR AR 2

2.6.1 ZIR R B AL 1)

SR ML, A PG Ty AN G R A0 5 SE L

min 10-X +9-X, +8- X, + 7 X, -Sin(X + X, + X;) (2-111)

(3-X, +2-X,-COS(X, + X, +X; +X,))> <90
X, +X, =30
Xs +X, =30
3-X +2-X, <120
ZHGE I LE [-100, 10012 14
1stOpt PRI

s. t.

Parameter x(4)=[-100,100];

MinFunction 10*x1+9*x2+8*x3+7*x4*sin(X1+x2+x3);
(3*x2+2*x4*c0os(Xx1+x2+x3+x4))"2<=90;
x1+x2>=-30;
x3+x4>=30;
3*x1+2*x3<=120;

1stOpt ZFEA 2\ Basic Ui

Parameter x(4)=[-100,100];

Minimum;

StartProgram [Basic];

Sub MainModel
ObjectiveResult = 10*x1+9*x2+8*x3+7*x4*sin(x1+x2+x3)
ConstrainedResult = (3*x2+2*x4*cos(X1+x2+x3+x4))"2<=90
ConstrainedResult = (x1+x2>=-30)and(x3+x4>=30)and(3*x1+2*x3<=120)

End Sub

EndProgram;

1stOpt i FiA5 2\ Pascal 4G4
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Parameter x(4)=[-100,100];

Minimum;

StartProgram [Pascal];

Procedure MainModel;

Begin
ObjectiveResult := 10*x1+9*x2+8*x3+7*x4*sin(x1+x2+x3);
ConstrainedResult := sqr(3*x2+2*x4*cos(x1+x2+x3+x4))<=90;
ConstrainedResult := (x1+x2>=-30)and(x3+x4>=30)and(3*x1+2*x3<=120);

End;

EndProgram;

T = B AR E R SR AR [ () 45 5 Min. = -1589.02777245744, X = [-98.78263, 68.78263,
-65.84115, 99.09896] -

2.6.2 RIS H IR E

MBI RS KA (2) 5= (x0) A (v) BIFCR. £ 3.1 & = RSEE
B, S0 9 SR . RO RIAT AN S B & A A o0, 12 HAIIGE ), R
MR AT 20, Hb, pl 2 p7 AR E S t RoRm .
_ P+ Py X +Ps- Y+ Py Zi

1+ ps- X+ Ps- Yy + P72y

% 2-64 i I HL Bl

Zy

(2-112)

PRy x 3,45,55,05,05,1,05,1.5,25,0,0,0

7Ty 1.23,2.17, 3.88,5.90, 4.81, 3.07, 1.99, 1.36, 1.46, 2.11, 1.89, 1.35

K W ¥F | 43453.54, 28745.68, 16267.61, 9466.555, 8041.477, 6047.688, 4509.077, 3817.827, 2888.571,
Z 2008.761, 2293.048, 2710.212

RS, A —HE SO S AT R ARV AR E, Al OCEEE” VarConstant” H
DL IR 25 Ut RE IR 4R K FF B
1stOpt fLH% (Pascal)

Parameter p(1:7);
Variable x, y, z;
VarConstant z0 = [27177.83, 25288.04, 7751.078, 11028.05, 10725.02, 34615.46,
22479.53, 18309.19, 44856.28];
StartProgram [Pascal];
Procedure MainModel;
vari :integer;
Temz : Double;
begin
Temz := z0;
for i := 0 to Datalength - 1 do begin
z[i] := (p1+p2*x[i]+p3*y[i]+p4*Temz)/(1+p5*X[i]+p6*y[i]+p7*Temz);

Temz := z[i];
end;
end;
EndProgram;
IIx y z

Data “2000-03-29"; /ffile 1
//1 1.0100 27177.83
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1 1.2500 22469.71
1 1.5000 18596.52
0.5 1.6000 15013.49
1.5 1.4400 13300.36

1stOpt fLH% (Basic)

Parameter p(1:7);
Variable X, y, z;
VarConstant z0 = [27177.83, 25288.04, 7751.078, 11028.05, 10725.02, 34615.46,
22479.53, 18309.19, 44856.28];

StartProgram[Basic];
Sub mainmodel
Dim i as integer
Dim Temz as Double

Temz = z0

for i = 0 to Datalength - 1

z[i] = (p1+p2*x[i]+p3*y[il+ps*Temz)/(1+p5*x[i]+p6*y[i]+p7*Temz)
Temz = z[i]

next
End Sub
EndProgram;
1Ix y z
Data "2000-03-29"; //file 1
/1 1.0100 27177.83
1 1.2500 22469.71
1 1.5000 18596.52
0.5 1.6000 15013.49
1.5 1.4400 13300.36

TE G AR S A1 £ 48 ] = % 1stOpt B 47 SE 9] “ Examples\Auto Calibration\Time

Series.mff” .

€ 15t0pt — [G:\NyApp\AppT__5.DAlstOpt 5.0\Ezamples\Auto—calibration\Iime Series.mffl (=13
It wiE B#F IR HBE #H
DR &|E-d EEES| > A% -3 B0 @
A e - [Time Series.m i &%
= e % HFE 16 - [Time S ] | HERE | % R

fErE | FECRER 24,000

huto-calibrati
O dmtomeddibration | 5 0 ) ganesa, 22,000
e, - 2000-03-24  0.989683. .. 20,000

2l 1999-10-27 0. T1660T. .. 18,0004

1999-05-04 0. 963207, .. !

B - 1999-04-10  0.532010. .. 18,2001

= 1999-8-20 0. 938088, .. 1 14,000
& Mk nEE 1999-07-13 0. 994752153 12,000
@ Discharge mff 1999-11-15 0 93056276 10,000
@ Muskingun. mEf 1999-11-1  0.996358. .. & pin-
@ Tank_YanGui. mEf 5,000 ]
@ Time Series.nff 4,000
@ AT CaoTia nE

001 2 345 6 7 8 9101012131415 1617 18 19 20
R=0_9835; DC=0.8573; RM3E=1354; 33E=7.Z1%E007

oz EEGE

179, B5B3165607TS

-B72. 228999159865

T.21786409097915

0. 8AET15949340714

0. 03032134T4018653

0. 10381 2238704745 "

—E NTE1NERETARA 1 AR-R

Sri2eR] | TRRC IS -

D enal ty £

Kl 2-87 I RAIBAAEAL S5 A K
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2.7 1stOpt AN ERIZF

IstOpt C&H TIRFEFGFE PRI, 1T LAAR L K 25000l i il AR — L84k
WA TR B, B At e A2 Bk, BlOX e puAb ) @ L8 h S e R P il
HE, BAMESS R LstOpt AR B SCRF M FIE 5 Basic M Pascal, XNl 4E 1stOpt
BARGWFENRE ), BRI IstOpt $RALPL AL T AR W2 i H A s AR 29 ek 50 v
Ho H 3.0 Ak, 1stOpt CHA R EwmIERE ), M)Al s 20 5 40 C++. Fortran,
Delphi/Pascal . Basic B ¢ AT 32 35 Window FadEsh & FEC d1 DB Ay 4T HAT CAEC. exe)
I FETE 5 ST R R 22 8, SR )5 H 1stOpt YA .

IstOpt F i By dp oy AN e Ry, — Rl g dll) Soff, =&
W AT AT PAT SN Coexed o FEREE Bl D7 08 i 128 =R 720, DkAe Ty
AR IO T, A B R 7 .

H AT AN PEE S AR 2, H P Al B O s R KR B A DY () s 4 5
NHVE A4 Un{a ] Visual C++. Borland C++. Visual Fortran. Gun Fortran. Delphi.
PowerBasic fll Free Basic #HTAMEFR P9 E IF A 1stOpt A HKA#E. Visual Basic (VB)
BARRAAT, H il TR E S M AE I IE MR EE S, AR TR EIE R v il
T IARAFAEA S, RIHEATEHESE 2 51

AR IR AR 32 B KA A2 v LA 7R 23 K i R A 5 R RE T, A BRATAAT S AR iAot
I

2.7.1 AR A KRS

ANt DT R UIEE Bxe 1%, FREA S EL AT T AMBRE e 3265 H AR R BOMZT A b8
R ThRE, 1 1stOpt WL P X LEH S A R T S HAL . B 4. 1 2 4.2 JoR T 1stOpt
EAM R AN AR

Wik H
v

1stOpt: 1 H#1 DI

y

SR AN DIl V15 H b 2R

\ 4

it 4 2R
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P 2-88 1stOpt 1 H 2l A4 HL FE UL

IR 24

y

1stOpt: it oA
W H Exe 30

A 4

AR Exe:

M FR SCAHE o NSHOFh IS5

W s IF AT 2= o THEIHARAT H b5 M 20 A RR £
Hif o {RATZE HbRSCIF

A

iy

TRREAE S

] 2-89 1stOpt i F i AT AT ST A K]

< 4.1 1ASMEE D11 30

DI SCAEHR “ci\test\dl1_test.d11” , WK

MinFunction ” c:\test\dll test.dll[dllfunction, N1, N2]” :

For “dl1function” A HAE I H R4, AT HE, N1 N2 A ASEXFISE L 5 H .
AGEAXREOE X IE /N T55T 0 .

B A i 65545 . Parameter, PassParameter I MinFunction/MaxFunction

— B -

1)

2)

3)

4)

5)

Wt ek A a1 “diifunction “, AR (<0 Ay 24, RN 0
A, I A AT
MinFunction ” c:\test\dll test.dl1[2]” ;
Wi RS A “myfunction ¢, ANEEL (<0) ZAHCh 04, ZERZ4Hh 2 4,
DU P R
MinFunction ” c:\test\dll test.dll[myfunction, 0, 2]” ;:
W e A ) “dIlfunction “, ANGERL (<0) REEAXLRIH 0 A,
A% T
MinFunction ” c:\test\dll test.dll” ;
W R B4 A R TR “dIfunction “, AR (0D LW 04, SFRL R 4
A, WP RS X
MinFunction ” c:\test\dll test.dl1[0, 4]” ;:
W R B N EE X, T “myfunction ¢, AR (<0) AWCA 14, SRY
Woh A4, WA
MinFunction ” c:\test\dll test.dll[myfunction, 1, 4]”
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VAN RS IstOpt Mgn B — N EZEX I 1stOpt A SMTRE P IIAR
g “Constant” « “ConstStr” . “DataSet” 258 MR BB N 247 BB 25 % AM R P
RV AT WECAS T ), AR RITGYE H B A% 386 B AR s 1 8 S A A2 SE 4 nT LA
I o

< 4.1 2 WASMEE Exe X

AR Exe STIF LA fin 4T Exe #4320, M 1stOpt é i i ZEOCF#6  & Exe o
HH PR H A B O A UL SCAAR s FESHCCAE D, B ATl — NS EUE, 1
HARR B, 56— ATk HReREUE, RE R IE A AR S8 N e .

W Exe AN “c:\test\exe test.exe” , ZE it A “c: \test\exe par. txt”,
H bR S0l “c:\test\exe obj. txt” , AR LR %K 3 F 2, WiEH

J7 R r
ExeParameterFile = 7 c:\test\exe par.txt ”
ExeObjectiveFile = 7 c:\test\exe obj. txt ”;

MinFunction ” c:\test\exe test.exel3, 2] ;:
— L)
1) AREERLAACH 34, EXLH K 04 : MinFunction " c:\test\exe_test.exe[3]" ;
2)  REERLHCH 04y, LWk 24 : MinFunction " c:\test\exe_test.exe[0, 2]" ;
3) AR KGRI 04 MinFunction " c:\test\exe_test.exe” ;

2.7.2 C++4m¥ H¥r DIl 304

it e B S

extern "C" void __declspec(dllexport) __stdcall

dllfunction(double *para, double *objfun, double *confunl, double *confun2, double *passpara)
{
DINER VS ESE L G AN L
}

o
« dllfunction: iR, W H WA
o Para: M 1stOpt fE NS, TR 0 FFih
e ConFunl, ConFun2: A2 LZERAWEL, Fhr 0 JF4h
e ObjFun: HFres%ifl
e PassPara: IR[IfFIESEEAL, AR 0 TG
il 1. R ALK 1) 5
min 9-x-y (2-113)

o {(x-s)2 +(y-2)2 <16
x-y<l14
Hp x, y JuHB7EL0, 100] 218 .
IR
1) gw'E CHHEASIT
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#include <windows.h>
#include <math.h>

extern "C" void __declspec(dllexport) __stdcall
dllfunction(double *para, double *objfun, double *confunl, double *confun2, double *passpara)
{
*objfun = 9-para[0]-para[1];
confunl1[0] = pow((para[0]-3),2)+pow((para[1]-2),2)-16;
confuni[1] = para[0]*para[1]-14;
}

2)  ARAFICAF, dn “c:\projects\cplus_test1.cpp”
3) HIBorland C++5.5 i Pk a% 4 14 s A 2 SO, i CH++4 P4 47 T d:\Borland C\bin”,
IETIEST R I
“d:\Borland C\bin\bcc32” -tWM —tWD “c:\projects\cplus_testl.cpp”
4) PAT Liddr4, fE “d:\Borland C\bin\” H 3% F v £ i sh & 2 S0 F “cplus_test1.dIl”
5) 1stOpt i HACHS
Parameter x[0,100],y[0,100];
MinFunction " d:\Borland C\bin\ cplus_test1.dll[2]";
6) 1stOpt HRIEALHD

Parameter x[0,100],y[0,100];

minFunction 9-x-y;
(x-3)"2+(y-2)"2<=16;
x*y<=14,

PAT LA 5, 620, BAREIMIFELIAR: Min.=0,x=7,y=2

2.7.3 Visual Fortran (VF) %% H#¥x DIl 3044

Visual Fortran ZfFHAEW ) V21 Fortran %iifgs. VF 2 AT9m ik as AT CEA N
“DF. exe “, MWIEH; VF JEAF “c:\projects\VF testl. f90” Ziiemish &, Hapsd
LI
DF. exe /d11 “c:\projects\VF testl.f90”
e o e A e SR

subroutine dllfunction(para, objfun, confunl, confun2, passpara)
Idec$attributes dllexport , stdcall :: dllifunction

Idec$attributes reference :: para, objfun, confunl, confun2
integer, parameter :: fp = selected_real_kind(15,300)

real(fp) :: para(0:1), confun1(0:0), confun2(0:0), passpara(0:0)
real(fp) :: objfun

end subroutine

o
» dlifunction: S HIH KEA, ATH A4
o para: M 1stOpt L NS HEAL, FhrM\ 0 JFih
o objfun: HARREUE
» confunl, confun2: A% LEEXLREA, THM 0 G
o passpara: R[HMEEESEEA, THRM 0 4R
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- f1)“real(fp) :: para(0:1), confun1(0:0), confun2(0:0), passpara(0:0) " Z i 4fs S 155 L AX )
WMZHHECN 3, AERLAF N 4, FRAHN 2, 1£iESHC 20, W EIREA)EEO:
real(fp) :: para(0:2), confun1(0:3), confun2(0:1), passpara(0:19)
1 2. ZIRARA ]

min=-X; - X, =X, + X5 = X5+ X, (2-114)

0.5(x, —=3)* + X + x5 —1<0

X
st ——5+2%, -4<0
0.5+ X5
X, +X, +X; =3
G

1) 4%%'5 Fortran YA

subroutine dllfunction(para, objfun, confunl, confun2, passpara)

Idec$attributes dllexport , stdcall :: dllfunction

Idec$attributes reference :: para, objfun, confunl, confun2

integer, parameter :: fp = selected_real_kind(15,300)

real(fp) :: para(0:2), confun1(0:1), confun2(0:0), passpara(0:0)

real(fp) :: objfun

real temd

integer i
objfun = -para(0)*para(1)- para(1)*para(2)- para(2)*para(0)
confun1(0) = 0.5*(para(0)-3)**2+para(1)**2+para(2)**3-1
confunl(1) = para(0)/(0.5+para(1)**2)+2*para(2)-4
confun2(0) = para(0)+para(1)+para(2)-3

end subroutine

2)  ARAEICHE, W “c:\projects\VFortran_test1.f90”

3) YA A&E AR, W VF dmidas T “ C:\Program Files\Microsoft Visual
Studio\DF98\BIN”, Ij & iy 21 T -
C:\Program Files\Microsoft Visual Studio\DF98\BIN\DF. exe /dl1

“c:\projects\VFortran testl.f90”
4)  PAT Bk L, oA EESCH “Vortran_testl.dll”
5)  1stOpt HHif i 4

Parameter x(3);
MinFunction "c:\Projects\VFortran_Test.dll[2,1]";

6) PREERA AU
MinFunction -x1*x2-x2*x3-x3*x1;

0.5*(x1-3)"2+x2"2+x3"3-1<=0;
x1/(0.5+x2"2)+2*x3-4<=0;
X1+x2+x3=3;

PR PR 380 T 5 A () P 5 AR«

H A B BUE (B /)N): -2.34512297572644

x1: 1.93394964369396

x2: 0.506937411738282
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x3: 0.559112944567762

2.7.4 Gun Fortran Zwi¥ H ¥ DIl 3044

Gun Fortran (GFortran) & 78 . %.%% . 545 ¥ Fortran 48 4%, Y £F Fortran95/2003
brdfE, JLE RS AE http://gece. gnu. org/.

GFortran fXfeftar AT LA, TEA S SH AR RS %15, Gfortran
I ERR AT A4 “Gfortran. exe, TIEH) Fortran Y5 S04 c: \projects\GF testl. f90”
RN AESCA, AR

Gfortran. exe -0 “c:\projects\GF testl.dll” -s - shared -mrtd

- fno—underscoring “c:\projects\GF testl.f90”
b e o e X

subroutine dllfunction(para, objfun, confuni, confun2, passpara)
integer, parameter :: fp = selected_real_kind(15,300)

real(fp) :: para(0:1), confun1(0:0), confun2(0:0), passpara(0:0)
real(fp) :: objfun

end subRoutine

o
« dllfunction: 4R, W H WA
o para: M 1stOpt L ANIZHEAL, Thr\ 0 JFiG
o objfun: HARREUE
» confunl, confun2: AZE AL REA, ThRA 0 FHah
o passpara: R[HMEEESEEA, THRA 0 4R
) “real(fp) :: para(0:1), confun1(0:0), confun2(0:0), passpara(0:0) " E A 44 5 b i 1 A2 5l
MZHHCH 3, ANEXNAA 4, FEALNUH 2, LBSHO 20, W LIRTE LSO,
real(fp) :: para(0:2), confun1(0:3), confun2(0:1), passpara(0:19)
1 3. TCATRARA )

n-1
min Z(lOO-(xi2 — %) +(x, +sin(x;,,) —1)2) (2-115)
i=1

o, n=10, 10 AR HAE[-5, 10]2 17 .
IR
1) %45 Fortran JACHS T

subroutine dllfunction(para, objfun, confunl, confun2, passpara)
integer, parameter :: fp = selected_real_kind(15,300)
real(fp) :: para(0:1), confun1(0:0), confun2(0:0), passpara(0:0)
real(fp) :: objfun
real temd
integer i
temd = 0.0
Doi=0,8
temd = temd + 100.0*(para(i)**2.0-para(i+1))**2.0+(para(i)+sin(para(i+1))-1.0)**2.0
EndDo
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objfun = temd
end subroutine

2)  ARAFICAF, i “c:\projects\Gfortran_test1.f90”

3)  GIRIBNAIESCAE, 4 GFortran g kAR Az T “d:\gfortran\bin”, W4 1T A U0 -
d:\gfortran\bin\gfortran.exe -0  “c:\projects\gfortran_testl.dll” -s —shared -—mrtd
—fno-underscoring “c:\projects\gfortran_test1.f90”

D:>gfortransbin>gfortran.exe —o “c:“projectsgfortran_testl.dll" —s —shared —mprt
d —fno—underscoring "c:ivprojects gfortran_testl _f7?8"

K] 2-90 Gfortran 25 i

4)  PUT LRy 4, AIFE “ci\projects” H 3 T =A—8ha&FE X F “gfortran_test1.dll”
5) 1stOpt i H i 4
Constant n=10;

Parameter x(1:n)[-5,10];
MinFunction "c:\Projects\GFortran_Test.dll";

6) REERIAALH

Constant n=10;

Parameter x(1:n)[-5,10];

Minimum;

Function Sum(i=1:n-1)(100*(x[i]"2-x[i+1])"2+(x[i]+sin(x[i+1])-1)"2);

P b 24 mT 15 AR [R] 1) 45 5. Min. = 3.70328593254089
B 4. $L45 1) i

NS y=p+ (pz - pl)'(l_exp(_ Ps - X)) (2-116)
% 2-65 A M

X 15,30,45,60,75,90,105,120,135,495

y 0.489,0.427,0.373,0.327,0.285,0.250,0.218,0.191,0.167,0.005

G

1)  Fortran J5{H5

subroutine dllfunction(para, objfun, confunl, confun2, passpara)
integer, parameter :: fp = selected_real_kind(15,300)
real(fp) :: para(0:2), confun1(0:0), confun2(0:0), passpara(0:0)
real(fp) :: objfun
real :: x(0:9)=(/15.000,30.000,45.000,60.000,75.000,90.000,105.000,120.000,135.000,495.000/)
real :: y(0:9)=(/0.489,0.427,0.373,0.327,0.285,0.250,0.218,0.191,0.167,0.005/)
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integer i

real temd, temy

temd = 0.0

doi=0,9
temy = para(0)+(para(1)-para(0))*(1-exp(-para(2)*x(i)))
temd = temd + (temy-y(i))**2.0
passpara(i) = y(i)
passpara(i + 10) = temy

enddo

objfun = temd

end subroutine

2)  ARAFICAF, i “c:\projects\Gfortran_reg.f90”
3)  GIRIBNAIESCAE, i GFortran ZiEAsAz T “d:\gfortran\bin”, W4 1T A U0 -
d:\gfortran\bin\gfortran.exe -0  “c:\projects\gfortran_reg.dll” —-s —shared -mrtd
—fno-underscoring “c:\projects\gfortran_reg.f90”
4) PUT Likm4, WITE “c\projects” Hik Fr=fE—ahASE S “gfortran_reg.dil”
5) 1stOpt Hiff 4

Parameter p(3);

PassParameter ObsY (10), CalY (10);

Plot ObsY, CalY;
MinFunction " c:\projects\gfortran_reg.dll";

&% 1stOpt — [F:\EyApp\Book\total.nff]

T R EF IR fAEFE

D& = FEE S AV -B @
25 fIBE 1 - [total. mff] | HiZRE Z R

ERE: 54

HE AR B B =R 00:00:00:908

E I EEE: ANk ETE

HikEE BRRELE e

B ARCREE ) 1. 4513672113025TE-6

pl: 0.558579223050329

p2: -0.001T11463190T4122

p3: 0.0033053435861158 "

< ¥

K] 2-91 iz 4745 5 m

|
N

5
Py

6) PRAEBIAACHY
RowDataSet;
x=15,30,45,60,75,90,105,120,135,495;
y=0.489,0.427,0.373,0.327,0.285,0.250,0.218,0.191,0.167,0.005;

EndRowDataSet;
MinFunction Sum(x,y)((p2+(p3-p2)*(1-exp(-p1*x))-y)"2);

P R X 34 T A5 B A R R 45 5. Min. = 1.45142373499332E-6
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2.7.5 Delphi 4% H #x DIl 3T

Delphi 2751 Windows V& NI RINEE, Mm%, 5 TN, Bk, ol
O E SRR E, M 3.0 JRE] 2011 e, HATH TS 1stOpt WAL, R
Delphi2007 K LA,
B L1 o B X R

library DIIProject;

uses SysUtils, Classes, Math, Consts;

type
TVector = array[0..1] of Double;
PVector = AT Vector;

procedure dllfunction(para: pvector; var objfun: double; confunl, confun2, passpara: pvector); stdcall;
begin

I LB B 43R B AR
end;

exports dllfunction;

begin
end.

o
e DllIProject: DIl FE3C b4, W H M4
» dllfunction: & RE4, W H AT
o Para: M 1stOpt fE NS, TR 0 FFh
*  ConFunl, ConFun2: A% KEEALIHREA, THs 0 FHah
s ObjFun: HArkEUHE
*  PassPara: IR[IfLIESEEAL, THEA 0 FFiH
e “TVector = array[0..1] of Double;”: 5 S [ %41 I BR{E N HY Para.ConFunl,ConFun2
J PassPara 341 b R Sk B R 0k2s 1, W8l BRR B Rl ol 10, JUI5E ARy -
TVector = arrayl[0..9] of Double;
11 5. LA )
T A2 R R AR 1) A S48, YR ] ] Delphi 2007 QSNSRI K
Uil AN 1stOpt A
PEA I8 SCan s, Br— A HbR R Eoh, 16— A S XA RN AERL R, S50
ENSREE

min. X7 + X, (2-117)
X\ +%x;-9=0

s.t. 4% + X2 —1<0
X, +X,-1<0

11 Delphi 2007 @5 R0 A ] i1 3 2 B 0 SR 0 T
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(1) )45 Delphi2007, #$# “DLL Wizard”, % “OK”

#: New Items

Itermn Cateqories:

=1-{77] Delphi Projects
7] Activel

1 Delphi Files Consale Control Panel ' MDL

[ ¥CL for the web #pplication  Applicakion Application

771 webBroker

771 webServices @ g

7] WebSnap E‘

7] wmL Package Resource DLL 01 Service
[ Design Projects “Wizard Application Application
77 Other Files

7 Unit Test . I [
- il il

77 Web Documents b =
YCLForms  Win2000 Logo  Win95/93
Application Application Logo Ap...

[ [o]'4 H Cancel H Help

& 2-92 Delphi T F£1E 37

(2)  Delphi 2007 A3l 0 RS

B/ Project?. dproj

ﬂ ‘Welcome Page @ Project2 Loalk)
Ilihrary Projectz; -

{ Important note about DLL memory mandgement: ShareMem must be the
Ffirst upit in your library's USES clause AND your project's (select
Iroject-View Source) USES clause if vour DLL exports any procedures or
Functions that pass strings as parameters or Ffunction results. This
2pplies to 211 strings passed to and from your DLL--even those that
are nested in records and clesses. ShareMem is the interface unit to
the BORLNDMM.DLL shared memory menager, which must be deploved along
with yvour DLL. To avoid using BORLNDMM.DLL, pass string information
using PChar or ShortString parameters. |

uses
SysUtils,
Classes;

{§R *.res}

hegin
end.

|~
rv

@ 11 Insert Modified Code /| Histary

&l 2-93 Delphi )% E )4 1k

(3) W~ ALY

library DIIProject;

uses SysUtils, Classes, Math, Consts;

type
TVector = array[0..1] of Double;
PVector = ~TVector;

procedure dllfunction(para: pvector; var objfun: double; confunl, confun2, passpara: pvector); stdcall;

begin
objfun := sqr(para[0]) + para(l);
confun2[0] := sqr(para[0])+sqr(para[1]);
confunl[0] := para[0]+sqr(para[1])-1;
confunl[1] := para[0]+para[1]-1;

end;

exports dllfunction;
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begin
end.

B’ Project2. dproj

mWelcnme Fage @Prnject? P ER
I library Projecti: A
uses
SyslUtils, Classes, Math, Consts;
type
TWector = array[0..1] of Double:;
P¥ector = “TWVector:
procedure dllfunction(para: pvector; var objfun: double; confunl, confun,
passpara: pvector); stdecall:
@ begin -
@ objfun := sqgripsral0])+parall];
L] confun [0] 1= =sgr(para[0])4+sgr (para[l])-9:
@ confunl[0] := para[0]+sgr (para[1])-1:
L] confuni[l] := para[0]+paralll-1:
@ end;
exports dllfunction;
@ begin
@ end. v
] 3
@ 20003 Insert Madified Cade | Histary
K| 2-94 Delphi 5h7 EACHD
(4)  gmirENsh AP, an"C:\Projects\Project2.dll™;
(5) M 1stopt HFif A, HARL W
Parameter x1, x2;
MinFunction "C:\Projects\Project2.dll[2,1]";
PATA L 13 FN45 K Min = 3.7913455, x1=-2.3722817, X2 =-1.836375

(6)  HPERBBEAT L P A R 58 A I .

=t0pt — [Ontitled6]

It iRig EF TA HEE FER
0O ) E-H {tBERe@YEHEERE S
mR fBRE T - [ntitledd] | BIEWRE #® 2

1 Parameter =1, xZ:
2 MinFunction x1-2+x2;

3 H1rE+R2ta-9=0;
4 H1+x242-1<=0;
5 ®1+x2-1<=0;

&

7 WNewDiwvision:

& Parameter =1, =2;

9 MinFunction "C:%Projects,\Projecta.dll[2,1]";
10

<
10 9: 43 Modified

|

Kl 2-95 PRGERL 5 A1 B A
1 6. 2T AR A 1)

b (X2 +Db,X)

MEANX: y=
Ate Y x* +b,x+b,
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290 b +b, +b,+b, =1
% 2-66 U5 HU

X 4.0000, 2.0000, 1.0000, 0.5000, 0.2500, 0.1670, 0.1250, 0.1000, 0.0833, 0.0714, 0.0625

y  0.1957,0.1947, 0.1735, 0.1600, 0.0844, 0.0627, 0.0456, 0.0342, 0.0323, 0.0235, 0.0246

Delphi fLRBAIT, AU ATAE Delphi 3.0 % Delphi 2011 AFRRA H 4 i IH L
el 05 b sl A IR

library Pascal_Demo2_Reg;

uses SysUtils, Classes, Math, Consts;

type
TVector = array[0..3] of Double;
PVector = AT Vector;

const x : array[0..10] of double =
(4.0000,2.0000,1.0000,0.5000,0.2500,0.1670,0.1250,0.1000,0.0833,0.0714,0.0625);

y : array[0..10] of double =
(0.1957,0.1947,0.1735,0.1600,0.0844,0.0627,0.0456,0.0342,0.0323,0.0235,0.0246);

procedure dllfunction(para: pvector; var objfun: double; confunl, confun2, passpara: pvector); stdcall;
var i, p: integer;
temD, CalY: double;
begin
temD :=0;
for i := 0 to 10 do begin
CalY := para[0]*(sqr(x[i])+x[i]*para[1])/(sqr(x[i])+x[i]*para[2]+para[3]);
temD := temD + sqr(CalY - y[i]);
passparal[i] := x[i];
passpara[i + 11] := y[i];
passpara[i + 22] := CalY;
end;
confun2[0] := para[0]+para[1]+para[2]+para[3]-1;
objfun := temD;
end;

exports dllfunction;

begin
end.

Wngm v 5e I B A BEHLE A “Ci\Projects\ Pascal_Demo2_Reg”, I 1stOpt i/ FH #I4 AL an
o
1stOpt W BN PEANS

Parameter bl,b2,b3,b4;

PassParameter X(0:10), ObsY(0:10), CalY(0:10);

Plot X[x], ObsY, CalY;

MinFunction "F:\MyApp\App\1stopt\Examples\Mix Program\Pascal_Demo2_Reg.dll";

RIS, “PassParameter” 5E X T = AN—4E#A], W HAE x, KA5E (HAR) ObsY
MR (VD CalY, B KESHEGEIKE 3 FE LREN b a5 95 [H]
XA “PassParameter” ANig e LAN—4E0ZH, 7F Delphi YR85 48 204 —>—4E
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Bl “passpara”, MBI, Fhr 0 E 10 ) “passpara”  x, 11 5= 21 24 ObsY, 22 £ 32 %
CalY. Ef) “Plot X[x], ObsY, CalY;” F/<LL X MM kR, ObsY Al CalY A AAbr{ER . 2
17 B AR o] B Bon T A RAEE AR L, W h

¥ 1st0pt — [F:\EyAppABook\total. mff]
I g IEF TH fEE ¥

0O & = - = r AV =Bl
P fMEE 9 - [totalmff] | HERE | & F
02 =
£ 015
E% 01
" oos
1 2 3 H
x
= 8% — v
AR 291

VHERR @A R =R 00:00:00:703
IR AR MEEERE

WEE: mEREEeLiE + BA2RELE
BiFEREE (B 0.000346779143230944

bl: 0. 18T319601931839

b2: 0.392T90RT3E2T313

b3: 0. 200293328507724

bd: 0.219596395733124

< *

Kl 2-96 1 I B UGS SRR

2.7.6 PowerBasic w1 H#x DIl 3044

PowerBasic #&44> Basic ZKIEARZ ™ i — K DI REIEH 5OK ) Windows JFAR TR, 3
B MEGAE http://www. powerbasic. com/.

PowerBasic 4w #s L VF AR AT LU 2R H) BASIC 155 9n 'S 2L T Dos B¢ Windows T VAR
HERIBHASIERE (DLL) A $ATRE Y (EXE) o HLAR PowerBASIC (PB) SiiAT TR Visual
Basic (VB) #lJ& Basic 5K, (A MAMIAFZAbE VB J& FMEREPETE 5 M0 PB O g PR
T, HgE YR W PB mie RS LE AR L LE VB dmi i ARAS e 3 5 LA L, [RIR PB AR
APAT SCPFEE VB AR IR AT AT SO /MR 2 H A AN SO SO 138 AT SR

AFTLLPB 8.0 A, /G dErT & 1stOpt £ LIS A TR
i e e B X SR

#Compile DI
#Dim All
#Include "Win32api.inc"

sub dllfunction stdcall alias "dllfunction™ (byval para as double ptr, byref objfun as double, byval confunl as
double ptr, byval confun2 as double ptr, byval passpara as double ptr) export
IRV ESP L G AN T

end sub

o
*  Compile DIl: PB x4, Jifiah&EC1F
» dlifunction: St ¥ KA, TTHOHA
e para: M 1stOpt L NS HEAL, Thr\ 0 JFiG
» confunl, confun2: A& LEERLAWEA, Thri 0 IF4h
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o objfun: HARREUE
o passpara: R[HEEESEEA, THRM 0 4R
1l 7. AL ARARAL I

min. X)' 4+ X, + Xy + X, + Xg + Xg + X, (2-119)

X, + X, + X + Xg + X; =250
X, + X, + Xg + Xg2 + X, >50
X, + X9+ Xg + X + X, =50
s.to 9X + X, + X3+ X, +X, 250
X, + X, + X5 + X, + X >80
X, + Xy + X, + X + Xg =90

X; + X, + Xg + X + X% >100

U KT 1 IIEREL, i x L JEEh (5, 10]. zfUtbi) @iy — A Hbsek i, b
IAGEXLI AR EL

pd

1) )33 PB ¥4 PBEdit.Exe, FHFHAARELWI T
#Compile DI
#Dim All

#Include "Win32api.inc"

Sub dllfunction StdCall Alias "dllfunction” (ByVal para As Double Ptr, ByRef objfun As Double, _

ByVal confunl As Double Ptr, ByVal confun2 As Double Ptr, ByVal passpara As Double Ptr) Export
objfun = @para[0]"0.1 + @para[1] + @para[2] + @para[3] + @para[4] + @para[5] + @para[6]
@confunl[0] = 50 - (@para[0] + @para[3] + @para[4] + @para[5] + @para[6])
@confunl[1] = 50 - (@para[0] + @para[1] + @para[4] + @para[5]"0.2 + @para[6])
@confunl[2] = 50 - (@para[0] + @para[1]*0.4 + @para[2] + @para[5] + @para[6])
@confunl[3] = 50 - (@para[0] + @para[1] + @para[2] + @para[3] + @para[6])
@confunl[4] = 80 - (@para[0] + @para[1] + @para[2] + @para[3] + @para[4])
@confunl[5] = 90 - (@para[1] + @para[2] + @para[3] + @para[4] + @para[5])
@confunl[6] =100 - (@para[2] + @para[3] + @para[4] + @para[5] + @para[6]*(-0.12))

End Sub

AR BRI AE LA R “ =7 JBAL R/ T “<0” Mkl
2) {RA7 N “PowerBasic_Demol.bas”, H-4i¥ il s) 72 7 X “PowerBasic_Demol.dIl”
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ii PB/¥in IDE — [F:\EyAppiApp\lstoptiExamplesiNiz Program\PowerBasic_Demol. bas] g@g|

Hxe @8 =0 IR &0 &L #B
D-&-WH| & Qo %#F@ ¥ | @

— || & x

Compile D11
Dim 411
Include "Win3Zapi.ine”

objfun = @paral0] 0.1 + @parall] + @paral?] + @paral3] + @paral4] + @paral5] + @paralf]

@confunl [0] = 50 - (@paral0] + @paral[3] + @paral4] + @paralf] + @paral6])
@confunl[1] = 50 - (@para[0] + @para[l] + @paral4] + @para[5]°0.2 + @paral[6])
@confunl [2] = 50 - (@para[0] + @para[l]°0.4 + @paral2] + @paral[B] + @paralg])
@confund [3] = 50 - (@paral0] + @paral[l] + @paral?] + @paral3] + @paral6])
@confuni[4] = 80 - (@paral0] + @parall] + @paral2] + @paral3] + @paral4])
@oonfunl [5] = 890 - (@parall] + @paral2] + @paral3] + @paral4] + @paral5])
@confunl [6] = 100 - (@paral[?] + @para[3] + @parald] + @paralf] + @paralf]”(-0.12))
JEnd Sub

Sub dllfunction 3tdCall &lias “dllfunction” (ByWal para Az Double Ptr, ByRef objfun is Double, ByVal co

< ¥
I LL does not reguire stack allocation. A
isk image: 10240 bytes Memory image: 3876 bytes.
Component Files:
I D AMTAPPY APEY 1STOP TAEXAMPLE SAMIXPRO ™1V POWEREASTC_DEMOL. BAS
+\POWERE "1\ WINAP TV WING 24P T, INC
Compile succeeded at 14:38:19 on 20089-2-15
v

K] 2-97 PowerBasic 574 FEAC IS S i
3) 1stOpt Vi JACHY

Parameter x1[5,10,0], x(2:7) = [1,,0];
Algorithm = SM2[50];

MinFunction "F:\MyApp\App\1stopt\Examples\Mix Program\PowerBasic_DemoZl.dlI[7]";

4)  CAMETLEE, gy PRGN g A R A
PREEAL

Parameter x1[5,10,0];
ParameterDomain = [0,,0];
MINfunction x170.1 + X2 + X3 + x4 + X5 + X6 + X7;
X1 + x4 + X5 + x6 + X7 >= 50;
X1 + x2 + x5 + x6"0.2 + X7 >= 50;
X1 + x270.4 + X3 + X6 + X7 >= 50;
X1 + X2 + X3 + x4 + X7 >=50;
X1 + x2 + x3 + x4 + x5 >= 80;
X2 + x3 + x4 + x5 + x6 >= 90;
x3 + x4 + x5 + x6 + x77(-0.12) >=1000;

G A o

Parameter x1[5,10,0], x(2:7) = [1,,0];

Algorithm = SM2[50];

Minimum;

StartProgram [Basic];

Sub MainModel
ObjectiveResult = x110.1 + x2 + x3 + x4 + X5 + X6 + X7
ConstrainedResult = 50 - (X1 + x4 + x5 + x6 + x7)<=0
ConstrainedResult = 50 - (x1 + x2 + x5 + x6"0.2 + x7)<=0
ConstrainedResult = 50 - (x1 + x2"0.4 + x3 + x6 + x7)<=0
ConstrainedResult = 50 - (x1 + x2 + X3 + x4 + x7)<=0
ConstrainedResult = 80 - (x1 + x2 + x3 + x4 + x5)<=0
ConstrainedResult = 90 - (x2 + x3 + x4 + x5 + x6)<=0
ConstrainedResult = 100 - (x3 + x4 + x5 + x6 + x7/(-0.12))<=0

End Sub

EndProgram;
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D UA G AT AT DA R F iR U4 R Min. = 102. 174618943088, {HZ44l
(HEIANEE 11

AR, PREERL T RE I fe ] SR S R, AR, T TSN Sl AR PR A
KU ELBRRAT, HAAT A TC AT LEAL A3 AN RO 78 70 A48 R 0k 5 I nEhe )y, gt
FEEAEE ) H AR R EOC

2.7.7 Free Basic 4% H #r DIl X4

FreeBasic (FB) & —@FJFRTu2e i) Basic dmifas, #FRZ A BASIC 5 AAHED, 58
M QuickBASIC, Hy*¢H M, ¥5F6, Bee ™A mnih UK IR A A HOA L a6, s AT P,
HYmi¥E, TiiAMBIa T e . HoE 7 Wk AE http://www. freebasic. net/

FB X4l ﬁﬁ’%ﬁﬁw%& T2 S 2% HAT IR MM S % 45 . FB G s AT 3C
44k “FBC. exe “, UNESBRR A “c:\projects\FB testl.bas” gmiEish &,
AR

fbe. exe —d11 7 c:\projects\FB testl.bas ”

i e e s A SR

dlifunction: k44 Bk %44

'Para; M 1stOpt f& A 1S5

'ConFunl, ConFun2: AN&Ea{ K 252040 R
'ObjFun: H bref £0E

'PassPara: {&i# iR [F]%

sub dllfunction stdcall alias "dllfunction™ (byval para as double ptr, byref objfun as double, byval confunl as
double ptr, byval confun2 as double ptr, byval passpara as double ptr) export

end sub

o
 dlifunction: B4 HmHIREA, ATH A4
o para: M 1stOpt L NS HEAL, FhrM\ 0 JFih
» confunl, confun2: A% SLEENXLREA, THEM 0 4
*  objfun: HAxeREE
o passpara: IR[EEEESEIM, THR 0 FF4H
BUA T8 2 AH R 20 AR ALK, ]
IR
1) Free Basic 184

sub dllfunction stdcall alias "dllIfunction” (byval para as double ptr, byref objfun as double, byval confunl
as double ptr, byval confun2 as double ptr, byval passpara as double ptr) export

objfun = -para[0]*para[1]- para[1]*para[2]- para[2]*para[0]

confunl1[0] = 0.5*(para[0]-3)"2+para[1]*2+para[2]"3-1

confunl[1] = para[0]/(0.5+para[1]"2)+2*para[2]-4

confun2[0]= para[0]+para[1]+para[2]-3
end sub

%5k “c:\FB_Testl.bas”
2)  TRIFMSAPESCAE, G FB ZmiFesAi T “C:\Free Basic\BIN”, N4wiFamSUiT:
C:\Free Basic\BIN\fbc.exe -dl1 “C:\FB Testl.bas”
3) PIT Lida4, FE—BASE S “FB_Testl.dll”
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4)  1stOpt HH i 4

Parameter x(3);
MinFunction "c:\FB_Test1.dll[2,1]";

5)  PREEHAACH

MinFunction -x1*x2-x2*x3-x3*x1;
0.5%(x1-3)"2+x2"2+x3"3-1<=0;
x1/(0.5+x2"2)+2*x3-4<=0;
X1+x2+x3=3;

PRI ) T 15 2 AH ) ) 25 5. -2.345129

2.7.8 1stOpt #MTFE T 444 (IDE)

IstOpt HAFA SN P9aiEds (IDE) , Al T4 . HiRINI mgefe s 75 LUAE K
w4t 1stOpt WIS S ESCH: (D11 30 , 1% IDE 5 A Delphi. FreeBasic. C++. Visual
Fortran. PowerBasic fl Gun Fortran ZhZ& M, w] 748 H 6@ sh A& .

1) JA3h IDE: MBS “TH” —> “HMNEFEPomids”, sBeRyEs “Fr7, s

m B,

&% Tiny IDE — [F:\NyApp\App\lstoptiLib\FitD11. dprl

I e R
O-&-H fB2R «~@iEES p X

h
il

EAFitIL. dpr
1 library FitDLL; ~
2
3 Uses
4 SysUUtils, Math, Classes, Dialogs, SpecialFunc, Integratelnit;
5 procedure run_ dll(pdata, looppdata: doublelarray; var ocbjectiveresult: double; var booleanm
&
7 comst ¥ : array[0..11] of double = (0,20.26008,19.72613,19.501619,158.72662,18. 58769, 18, 59219
§ 20.9914,15.123368) ;
9 comst % : array[0..11] of double = {0, {-0.08),{-0.065),(-0.05),(-0.03),({-0.015),0.015,0.03,0
10 var i: integer;
11 temd, tewmy, waxy: double;
12 begin
13 temd :=0;
14 for i :=1 to 11 do begin
15 tewy :=pdata[0]*(power((x[i]-pdata[3]), 4))+pdata[l]*(power|ix[i]-pdata[3]), Z))+pdatal[Z]: R

£ >
£ >
30 1: 1 Insert

K] 2-98 1stOpt AhElFE e gt 2
2)  INIUHTLRESCME: 4% 0T > B, iR RS RETE
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B 5]
IiHIER: FEES:
Delphi/Pazcal
{+ Free Basic
C++
e Yisual Fortran
Power B asic
v GFortran

ok | mm |

P 2-99 TEEIEDE
3)  YmIFESWE: PRI, WIS LR A
REBEE
o ol |

Free Basic SMIESoERic |
(FEC. exel &

¥isual Fortran ﬁ&%‘g%@l
(DF. exe) :

Borland Ctt ERiFasiaid |
(BCC3Z. exel &

FowerBasic SMiEoaEhic |
(PEWIN. axe] :

GFortran RiEosrais |

(GFartran. exel :

— e

0K \ iy

K 2-100 ZmiFasigicis e
TR : EREARNIE S, S A FI8h 73 FE SO
ikt Delphi, AN AECMY

//Delphi/Pascal source file
library DIlIProject2;

uses SysUtils, Classes, Math, Consts;
//Activex, Messages, Sysconst, Sysinit, Typinfo, Windows, Consts, Forms, Dialogs, Stdctrls

Constn_n=1; /in_n: 4. AEXKEXLREHZ KFR L

type
TVector = array[0..n_n] of Double;
PVector = AT \ector;

/ldlIfunction: H44 bR H 4

IIPara: M 1stOpt 1& A 125

/IConFunl, ConFun2: AN K 2652 ik
/IObjFun: H bk $

/IPassPara: f%ifiR [ %

procedure dllfunction(para: pvector; var objfun: double; confunl, confun2, passpara: pvector); stdcall;
begin
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end;
exports dllfunction;

begin
end.

€% Tiny IDE — [D11Project?]
It HiEOER
O-&-H| & BBE o oM

P

SAFIDLL. dpr | SR GAI1Projectd

1 //Delphi Pascal sowrce file
2

3 library D11ProjectZ;

4

L uses SysUtils, Classes, Math, Consts:

7
8 Const non = 1; /nn 8. FELFES0FH ST A
9

10 type

11 TWector = array[0..n_n] of Double;
12 Fector = ~TWector:

13

14 s/dllfunction: &€
15 s/Para: MistOpteEA grae iy

16 S/ ConFunl, ConFunf: Aot Bsbsos
17 AR SATEE #ieg

6 SAActivex, Messages, Syscomst, Sysinit, Typinfo, Windows, Consts, Forms, Dialogs, Stdctrls

b} 13 31 Insert

K 2-101 414 Cis Pascal 15 7= gk ALimi
PEPE C++, PEAEIN AR

/IC++ source file

/ldllfunction: H4& BE 4

IPara: M 1stOpt & A\ 125
/IConFunl, ConFun2: AN%:{ K &5 04 R
/IObjFun: H Fr R £E

/IPassPara: 1% iR [F] %

#include <windows.h>
#include <math.h>

extern "C" void __declspec(dllexport) __stdcall
dllfunction(double *para, double *objfun, double *confunl, double *confun2, double *passpara)

{
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#% Tiny IDE — [D11Project3]

T wE EE
D-z-H {B2RB~ALEES $ X

BAFIADlL. dpr | BADLlPreject2 | SA
1 A/C++ source file
z
3 S/dllfunction: #6EBHE
4 srPara: MistOptfEA S8
5 JS/ConFunl, ConFung: F&8s[F &Eabegs
6 SAObjFun: SRS
7 A/PassPara: (EIHE G
&

9 #include <windowsz.h>

10 #include <math.h>

11

12 extern "C” void _ declspecidllexport) _ stdcall

13 dllfunctiondouble *para, double *objfun, double *confunl, double *confunz, double *passpara

14 !

15

s}
< k4
< | >
16 13: 47 Inzert

Kl 2-102 GiFds Ui C++if 5 gl At i
4)  AERRENAS S S H AR R B R R B , ORAF SO, RS 148 BUE IR, 14 “ G
B, AR TstOpt T D11 SCAF,
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