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° Fx* € R", BHREMEXHIO(0 > 0)4BI, Ns(x*) = {x|||x — x*|| < &},
7 f(x) > f(x*), Vx € N5(x™),
MFRc Zf (x) EE R MR (FERHR);

* Hf(x) > f(x*),Vx € Ns(x*),
FR* Zf (x) I BB R RE (TR ERBAR) o

o EXfEBx R, Bf(x)>f(x*),
MFx*Zf (x) 2 ERMNE (2R ;

* Hf(x) > f(x*),
MFx* Zf (x) RS ERAE (TR2EE).
KREBBRESR, TARRMRKTGEBERKEIEF.
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o &S (x)—MESEAIN, BxBRARCENEEBE, MWVF(x*) =0

o JEBA: IMEERI #£0,d € R", MWEBRTERH (o) =f(x* +ad),
EAx2AREBAFHEE, Fila = 02— & (o) B FEERR
NS, H—TERERNSHNEEZYE, B:
0=y (0) =< Vf(x*),d >=d"Vf(x*),vd # 0,d € R"
EARdBEEM, V(") =0, BIECHIE ERERAELER
SHIA0. A< VF(x*),d >KTHFH.
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—Mr B F A

—MEFHTRRSEM, Ha0:
min{f(x) = x} + 3},x € R*

Vi) = [2)“]

2
3x;
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o i8S (x) “MELAIR, BxEXLLREEEERE, WVf(x*) =0,
V2 (x*) AHIERE -

® JFBA: IHMEERI £ 0,d € R", HTxRARCIBMASIEE, FrLd
FEe >0, FHB0<a< A, B
fx*+ad) = f(x*), Z—FHE, ZMTaylor@RFAX f(x* + ad) =
f(x*) + ad"Vf(x*) + La2d" V3 (x*)d + o(a?)
BTV (x*) =0, Bilia2d V3 f(x*)d + o(a?) > 0,
Sa — 0", BBV (x)d+ %% > 0,vd € R",
BV (x*) R IERE.
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R AES

o min{f(x) =12+ x;x +2x2 —dx; —4xy — X3 7xER2
2% 2 2

X1 +x—4
Vi@)y=1| "7
x| +4x, —4 —3x;
e HessesEfEH

o
Vi) = [1 4_ 6x2]

* LVf(x) =0/ {Sx =

4] o Ex = [3] .
0 1

° BER %y = m B, V(x) = [1 _12]

R E ek, Ry — m ATEEN R,
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* HEVf(x*) = MR AR IER, 2 ATRERRAR,
WNMERTBEARAR PRI R ERD .
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o Rf(x) MIELAR, BVFx*) =0, V¥H)ERE, N2
R 10) R A P AR B ER A

° JERA: SdAEERME, HAP|d| = 1, BSx = x* + M,
fx) xR RENR I A
f(x) = fx* + M) = f(x*) + M Vf(x*) + INd V2 (x*)d + o(N\?),
Hfr>0

ERVf(x*) =0, AL
Fx) = f) = STV (x")d + 0(32)
BTV () EE, L) — 10"V () + G2 > 0
B B (x) ZEx AT BN B BB 8 MEY (1)«
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ST T B min{f (x) = %x% +x1x0 + 203 —4dx; —4x — 3}, x € R?
4
fEx = M B, HessefBf&EHA

Vi (x) = ! 1IE;TE

1 4
TR RN
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(A
o Bf(x)R—MELEARAOERY, WVF(x*) = 0@x* AL /HBHF
DBEEM.
WERR:  f(x) > f(x*) + VF(E*) (x —x*) = f(x*)
(B lecture note 289"k # A F Bl EIE2"ETY)
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min f(x)

XER"
o BESFREMERFTI{x), EEHE:
lim f(x®) = f(x*) = min f(x), limx® = x* F RIEVEHIRE,
(xOYRARNME AT, ML SRS B RBUE S
%, BDER 20D = x® 4 0, d® k=1,2,-

o Heh, dYAxWMBRTE, aRifdVBEASK. RATE
By 75 A ) N oy Xt BL A B B SE
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MY R 0]

o BRSO BRE, WEREdD BRGNS KoL
B — 2O 4 0, d® & — 1,2, BBREED) < £x0)H
EIBERR S M

o HMIEREME D HEWMEMEER, IFBEHLEEERE.
o U—HRBABNB_0E. REDENE. ERMPEKINE, 4

Wik, Bl AFBMmEMBRAEURAmIoE. Goldsteinfy
5. Wolfe-Powell 5 A FIEB A& IS R A%
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° SX—TTBREERSS : R — R, Klao, bo] BRI =

o BIR: fTE[ao, bl LRBIUEK), FHEREEAME, —MSHAf
o B (SxrRARIME)
B0 = atbe - rec®) SRR S HUAS (),

f/(x(k)) >0=x*c¢c [ak,x(k)] = [ag+1,brr1] = [ak,x(k)]
f(x®) <0=x* e x® b = [argr, bigt] = [x®, by

f/ (x(k)) — O =4 x* — x(k)
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The Solution Diagram of f(x) = a* — sin by Binary Method

(o), 5t7) = (0.4207,~0.2320)

(2,5 = (0.4219,-0.2315)

(212,42 = (0.4062, ~0.2301)

(2, y) = (0.3750, ~0.2256)

01
0.2
(@l 57 = (0.2500, —0.1849)
03
1 1 | | .
0 01 02 03 04 05 06 07 08 0s ]
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HBEDENE

SX—ITBEERHS R - R, Klao, bo] LIRS
AItR: fTE[ao, bo] LR BIERY.

f(x)

o
N
S
S
S
=
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1

1
0 A Ak Mk b X
N = an| = |bx — ] = plbx — ax|BEH0 < p < 3o

o HTRHMESLBPATE, FBRBLH, FRLAARIO) < f(uw), MkNME
TE[ax, p) FTERE]; BN, BMEEE[ N, b TR, k=0,1,2,---
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AR RIET

=i (\e) < f () B

A Ak /J“k by
() > f () B

* Hf(M) < ()BT, [ar, birt] = [ax, puds

* (M) > f()B, [akst, bivr] = [, beo

o IERITIEH, RIMNFERERELHR LT FBHATE, L
FEEHRITEL + LRI EIR, XN EDLER L.

* Hlari1, ber1] = [aw, B, BITRR e = M

® a1, bir1] = i, i) BT, FMFBEN = o

o Sa, by = 1, BORDEIR, N = 1 —2p; Bk + LRSEIRT,
o fix = p(1 = p)o MB18p =355, RESLLBISNE.
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LRABEERFE
FIAEEDEGEHITXEEGENERED, pRmREFAZT. WRARE R
BAT, FTFBNEREHE—NSH oo

B (M) <f()BE, 1 —pp

s N b
() > ()R, 1 py

N — ax| = |bx — | = piclbe — a| EEHO < pi < 5o

o FEERITIEF, BRNAFEERER LM TFrEHWITE,
EFITEL+ DRDER, BoRSESmEDRER L.
Blars1, bir1] = [ar, ) B, FATRR g = Mo
o Ylapi1,bip1] = [N bi]BF, FBRATFENG = o
Da, b = 1, BORGEIE, N, =1 —2p; Bk + LRI EIRE,

FRAFREE

Nes e = prp1 (1= pr) o

RifrsE
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Pk+1=1—1
— Pk

o BESIFIIEHRIZESE, Bl = =505, Bt = 1 -
i | gohp, SEHIRKTI, NEBEARE.

Fy—i42
O %/&ﬂ]ﬁ"z?ﬂlﬂ Fi+1 = Fi+Fi,17l. > Oo
F{=0F,=1F =1F, =2F; =3F, =5Fs =8F; =
13,F; =21,Fg =34,
o JERAERABREINH B IR F -
Fy_ Fn_
prpn =1 g =1 (1 Bmeeny (1 Dronny

Fy—k+2

& Fy_k42 = Fn—k + Fy—ip1, HFF;>0,i=1,2,3,---
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A
o EH BRIV TIEN X EFH B IELEEL A
(1= p1)(1 = p2)(1 = p3) -+ (1 — py) = 2 B! o H =

Fy+1 Fy Fnt1

« BRETF = 1, BIPESES, TEES, FUESH -
Lo, HeRBNOESHE. W1-py = 5, BEMRLHLE,
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0
o RBEMEHIEN, 2| EMRN R, ERBNSEXERKEESE
20.3UA
flx) = x* — 14x° + 60x* — 70x
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HmEDEEZA

ZFNRIEFERTAFE(0, 2] EBUBHRNE (SN <03/2=> N > 4

® a; =ap+ p(byp — ap) = 0.7639;
by =ap+ (1 — p)(bp — ap) = 1.236
= fla)) = —24.36 < f(b)) = —18.96

o Ak, XIE#HELEAao,bi] = [0,1.236]
PARIEK :

® a, =ay+ P(bl = a()) = 0.4721
:>f(a2) = —21.10 >f(b2) Zf(a]) = —24.36

o Hit, XEWESEH @, bi] = [0.4721,1.236]
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HmEDEEZA

. b3 =a2+( — p)(b1 — az) = 0.9443;
= flaz) = f(bs) = —24.36 < f(b3) = —23.59

o Rk, XEHELEA(ar,bs] = [0.4721,0.9443]

BARIEK
® a4 =ay + p(b3 = az) = 0.6525
= flas) = —23.84 > f(by) = f(a3) = —24.36
o Ftk, XIE#HELEAas,bs] = [0.6525,0.9443)
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5N RIEGERTATE]O, 2]J:Eﬂf%$&d\,¢i% <03/2=N3>4

F1REK -
® pp=1-— % = %
ar = ap + p(bo — ao) = §
by =ap+ (1 —p)(bo —ap) = 3
= fla)) = —24.34 < f(b;) = —18.65

o Eit, REWELEAa0,b1] = [0, 3]

BURIEN :

F:
° pzzl—ﬁzﬁ
ay = ap + pa(br — ap) = 5
bzzalzg

= flaz) = =21.69 > f(b2) = f(ar) = —24.34
o i, REEESEAa,b1] = [1, 3]
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by=ay+ (1 —p3)(by —az) =1
= f(az) = f(by) = —24.34 < f(b3) = —23

o Eit, REWERER|a,b] = [1,1]

PATIEK :

F 1

,04:1—5—5
ay = ay + (ps —€)(b3 — ap) = 0.725

3

b4:a3:Z

= flag) = —24.27 > f(bs) = f(a3) = —24.34
o Eitk, XIEMWEFEA a4, b3] = [0.725,1]
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A
(O
* HX—RERYS : R — R, xmﬂmrmwmﬁ

o BIIZ: fTE[ay, bo) LR BIEH, A SEZE-MAMN, —MHSHK
A, ZHEHAr.

o ST MIERE (W, (W) KK

ax) = FG0) +f (GO = x®) + 2 (60 x = 20

IR Bg(x®) = f(x®),q4 (xW) = £ (x®),q" W) = f"(xP)q
q(0) TN A 2 () RO, BT BASKY (x) B 4R /N B 25 7T 3 1L F ok
8 (x) BORRME
o KIRNERGHERE—MMLELRE, B0 =g (x) =f @®)+f" (x®)(x—
x®), BB XD = 30 _ ¢ ) (W), GEE: AR
8, EEEMESME)
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F 55245

KEFRRES () BIRNS, FIIRERO =05, BREEHe =107
flx) = %xz — sinx

RGH—MSBM_MSHA

f(x) =x—cosx;f (x) =1+ sinx

0.5 — cos0.5
=05 —""—~
* 1 + 5in0.5
—0.3775
=05 779
=0.7552
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F 55245

1 _ M
x(z) _ x(l) _ X COSX

e = 07391
@) _ cosx®

KB @ X T OS5 4390
1 + sinx(®)
B) _ cosx®

X = (& T TN T (7390
1 + sinx(®

x® —x®] < e BB, ™) 20 (x®) =1.673 >0
L, x® = 0.73902 4R/ 5o
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F A
AR B E Qo) = f (1), TUEE—1

F2g(x) =0 )
k
X)) — x(®) _ g((x;(k)))
g(x®)

g+ )

ERAK, kfEs

./

\—42 (k+1) (k)

X
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=R

BHER=53%, BENEE, FEARBER() = o — 140 +
60 — 0:7E(0, 1] QR /M, TRAENTFON, At
B

LV R s Optimization Methods 38/53



AR RIET

China Agricultural University

=R

#* — 42® + 602" — 702 by Golden Cut Method

. The Solution Diagram of f(z
o gram of J(z) .

The Solution Diagram of f(x) = a* —4z* + 60x — 10z by Binary Method

(=, 4") = (03820, ~18.7426)
|

% y) = (0.6180, ~23.

(. 4Y) = (05000, ~21.6875) 5035)

%
1 e ‘w,ww (0.7082, ~242021) 1
(29, y9) = (0.8125, ~24.3391)
“o0f 1 o} / {
. ) = (07500, ~24.3308)/ - () = 07981, -20.3602)
|
15 -15 |
|
{
y 10.8750, —24.1052) ' ¥'") 10,8541, —242084)
20 20
15 0 05 1 15

12® 4 60z — T0x by Newton Method

-10
15
(@ 780, -24:370)
2 @, fz)) = (0.
(0, 79 = 0500, ~21.6587
25
0 02 04 1
x

39/53
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o BHMFHIEER (D = x® — £ (x®)/f7 (x®), MBZHSHA
#1E, MAURARERE—SFBHIESE.

e
£ () = £ @)

O =D
KANFTARA, FRFHERQK:

, 20y (k=1)
) =0 = (O m e

o HIRRAA: /
lert) = LD o (O D)
£ )~ (=)

o ZHEREAMERSD, 2O,
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o) =f (), ATNBEI—MERAR, RBFRg(x) =0
k1) = x(0) _ g0y 2D —x®D
X =X g(x ) Y — —
(k+1) g<x“’>x““>fg(zxtlll>§i)§2§ R
Bt = e

g Fmmm e

g(x(kJrl)) --------------

0 \/ZH) LD )X
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EEREERERGE

(0
o FARMAMERAEREBM() = fx® + od)2HEH (i
o MR, ERIEPREFATRERS, EHEEENR

Ko

o TR KIS (x) R MHERS, TF+0EH, FHHIEEER
WHRMME. SHERBHRESERENGENEERE.
e, FAMATUESHENo,MNER, RFERRETREKEE
7 TRERNF], XHERMAIR S BRERAIETE], EEEGRELF.

o EIIHAEBIEArmijo/53A. Goldsteinsik. Wolfe-Powell/53%.
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Armijof5 .

o MEIRE—NEHL, BRO< B <1, TEHFTE
0 < ¢(a) < 3(0) + ¢ (0)Brvs
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GoldsteinF/ 3%

o FEIEEFNEHATG, BRO< b < /<1, CEEHR
$(0) + ¢ (0)Brer < p(a) < $(0) + ¢ (0)Brv;
o FABRES FGIEHI AT AN AT )
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Wolfe-Powell 5 3%

B(0) + ¢ (0)B1a B (0)82 < 6 (a)s
o FANERES G AT AN R/,
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TREBEER £ B 1t ST SR %

TREE AR —RRIX AT

O “EMESD, k=1;

O HERBTHEAEIY, FBVF(x®)d® <0
O MWES Ko > 0B (x® + i d®) < fx®)
o /‘v\x(k+l) — x(k) + Oékd(k)

6 HExTUFRLIEN, WiE; BN, k=k+1, HBESEQ)
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O NAHERE =L RSE?

O WAHIT—HERUBELK?

O WNIATHE LRI SRR EN ?

o () MNERE, SRITEL;

o WEER)MNEAE, AHZRCITIE;

o R ILEN—REHEZHERX, BEAVI(x®) =0
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o WVF)EKFELR) = {xfx) < fO}EHFEER—
BEESE, THE %:. 5(%)5’? )ﬁ % 75 mdPV5-vix®)z 8 ik
HO = arccos(%), B
BHEu >0, €180 <5 —u,Vk

* SKo LU TR3MTGE:
()FEFRZ MR, (2)Goldsteinzix, (3)Wolfe-Powell7 ik —H
E, M
HEANk, BVFE®) =0, HEG(xW) - —co(k —» ), HH
ﬁVf(x(k)) — 0(k — )
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o WEHI{x® s B, HIRR

p ||x(k+1)7x*H
oo [x® — x|

=B

7, M0 < g < 18, WFR{OVHEMSE; 246 = off, N
FR{x(O) B MUE; S8 = 18T, MIFR{x® ) Ak i,
ORGSR SR E K18, — R A TFILEE.

s EGEHERANP =1, B

[lx®+D — x|

lim

k—oo |lx(®) — x*||P =B < oo

MFR{x O} Fp s, Hp > 189, pMussas AL Hls, Rz
A—TEMIL.

Optimization Methods



Thank you for your

attention!

BIDR BI#R

zhaiweixin@cau.edu.cn

PERIAXFEESBSTREF

B

Optimization Methods



	目录
	无约束最优化问题
	一阶必要条件
	二阶必要条件
	二阶充分条件
	凸充分性定理
	线性搜索问题
	非精确线性搜索方法
	下降算法的全局收敛性与收敛速率
	

