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- RUCIERE: ERFS5ITRIEZESETR, 2MFREE1T
e R RN,

« Ontnmunsauma/ Optimization/

JKCTpeMasibHble 3ajaum

- RIEEZEEEEEAIEEERNR, KA aAmE:
SRt 5 HE M.

- fEXFR=RIARE(Decision problem), INggl¥a)eR
(Function problem), mt{tIAIEIE: MIERERIZS /M
1, SKRHER{ERR.

- RIFHE BRTAIppt
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B SiTE

Er - - - HEMRETEX,
BEAWREBERNRA

&N - - - &HB—1Psx, iE:
f(x), of(x), ... ...
B Tx M py EAthy,
AN FNIE f(y)




IEFTELL vs LA 77

BE FFOTTE A HER?
fE F AT E Y ERS BE?

TSI E TR R



A TT 7R RFFALE

o BT/ ( minf(x) )
o ETFKKTEHE ( viwn-o )
- &R

LrLyi1 = IEIILI ........



KKT5&44%/Karush-Kuhn-Tucker Conditions

B Teopuun ontumumnsaymm ycnoema Kapywa — KyHa — TaKkepa:

Heobxoanmble ycnoBuA pelleHus 3a4aum HeJIMHEMHOTO

nporpammupoBaHusa. YtTobbl pewieHue 6bi1I0 ONTUMA/IbHBIM,

AO/KHbI 6bITb BbINO/JIHEHbI HEKOTOPbIE YCA0OBUA PErynapHoOCTU.

MeTop, aBnsaerca 0606weHnem mertoga mHoxuTeneu JlarpaHka.

B oTAiMume OT Hero, orpaHMYeHnA, HaknaabiBaemble Ha

nepemeHHble, NpeAacTaBAAOT CO60M He ypaBHEHUS,

d HepPaBEeHCTBa.



https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BB%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B8%D1%82%D0%B5%D0%BB%D0%B5%D0%B9_%D0%9B%D0%B0%D0%B3%D1%80%D0%B0%D0%BD%D0%B6%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%80%D0%B0%D0%B2%D0%B5%D0%BD%D1%81%D1%82%D0%B2%D0%BE

min  f(z)
Subject to:
9i(z) < 0,h;(x) =0

f(z)REZRMEES, gi(z) (1= 1,..., m)ERSHmE, hi(z) (G=1,..., ) 2=,
mANlS BIA RS I ISR,

BEF

EieEEnRY, DEEERIMERES : R" - R, #5&#g : R - REA; : R® - R, 5%, BeeiBsTo xsss
SEEE), MR S EEIME, BABSEE—EMERFAESA >0, > 06 =1,...,m)By; (j=1,...,0)53

l
A+im+2|:@| >0,
i=1 J=1

i i
AVF(E") + Y Vi) + Y v Vh(2') =0,
i=1 =1

pigi(z*) =0foralli=1,...,m,

82
?Eﬁzkﬁ: BEEmRES : R" - RELmSE#g; : R® — REn NS, fih; : R — RE—
R, BRE—TiThet, MEEEs >0 =1,...,m)Ry; (j=1,...,1)%3

m I
Vi) + Em?gg(m*} + Evj'ﬁhj{m*] =0
i=1 i=1
pigi(z*) =0foralli=1,...,m,
Loz ZmE—2RERNME,




e Y¥J{E: Duality / [ilBoAcTBEHHOCTb

o fi{kfBE: primal problem/ dual problem

npsamas 3agaun / ABONCTBEHHAA 3apausn

+ BSXI(E vs IEXIB: <" vs ‘="

* Min-Maxjg]Z® (Bilevel optimization) :

max min f(x,y) < minmax f(x,y)
X y y X

¢ “SEIESL AR : min=35; max=R.

LR MR/ KRR => 58XHE =>“ =" : FMRBLLBRE S HXHE R
SBIERXR & FHEKKTFA



(Lagrangian) duality 5, yn sz s gm(1) RORAR IS — N BRITEO T 52
min{ f(x) : gi(x) <0, 1 =1,2,..., m} (1)
© EBABRYE g (x<0,i=12...m 2 FTE WvEEFID)E—ITHR,
ARINAEAR)ERT L,(?EHjXﬂ:E BEMA= 0, TR H#
+Z}ﬁxﬁm

- REFETHE, TRAQEBHIESFHREFEN=0, ILTEE)ELE.
73-*35(3)%%%%%%14:% 111]]1 f }{} + Z )\ q; } v (4)

HABRMNBHRRGFOTR, FARIXABRAY v 71 A RZIZE

1 = max min ) + by
A=0 x f ; Egt

HIELSIA T dual problem. {EBRIZEZARFETU(S)EL v F A, W(4)BRz, MifnFH(3)
g, RIETTRFEQR)THE, Bt v ZE= (1) TS5,
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max f(x)
- [a, b] ERIZELERE f() BEIFR (RE—1=mKA(E
5) , KiE max f(x)

« {EBY a<c<d<b, W1 f(c) < f(d) , MWIAIIFE
[c. b] B3R maxf(x) =

Q0fn] 3EHY c,d ?




s {LEY ¢, d

1) max[b-c, d-a] XK F| 5/
- c=d=(at+b)/2!

2) Repeat the procedure ?

Once 2 c¢=1/3, d=2/3

Twice = c=2/5, d=3/57



—REEY ¢, d

F=1, F,=1,
Froi= F + Fiea

General case
C=Fk-1/Fk+1 d=|:k/l:k+1

. s : I
him = =~ (.61
.|!."—'_‘l£ FI.'-l—J E

Fibonacci(1170-1250)



AERARE RS Fi = a P S SEREREL TR AT mS A, SFRR R TED .
—Ms, RTEDEATRRE, S8%HEEH, —HRE8Hitd— &% IRraRET

W, Bo—FL RRLIEES AR T
FA T EREE R R ath—T
F—HIRraTgE6ae . mlide—3
M-BiE, £ T3 mafitamt

= THE, ERTRET 3, B RO 8E5EE, lbli—

HRSE LA T2
ZidAH o 1 2 3 4 5
ahiFRish 0 1 1 2 3
RRd o 1 1 2 3 5
SRt 1 (1 |2 (3 |5 |8

AT A% =R ARt E
SRt EI=H1 H el s i +a] A 21
BAFF= B+ AT a1

FILAEL T ARRATE. SRR EERRE 7 — 185

P12 %0, Faph [ ie—TW .

13

13

21

13

21

34

HE=3

21
34

55

HMurmber

49 =

o 1

8@““@3 2
3888 38 3
6860685 T

55 a9 144

a9 144 233

EAEIER TR, AhE: BIEHED

ETER R AR LR FFIERARE -E R e TPiRhm, -REmhamasl, k88

a(n+2)=an+a(n+1) FIEESS, FWALAMTBERAT, : an=(15)"[(1+5)2]"

n{(1-45)2]*n} {n=1.23.)
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« #X[8):
[0, 0.618] or
[0.382, 1]




Leonardo da Vince
1452-1519

L.

WIKIPEDIA

The Free Encyclopedia

navigation

Main page
Contents
Featured content
Current events
Fandom article

search

[ e ] [ [ o Y ]

article discussion view source history

Leonardo da Vinci

From Wikipedia, the free encyclopedia

"Da Vinci” redirects here. For other uses, see Da Vinci (disambiguation).

For the 17th century lfallan composer, see Leonardo Vinc

Leonardo di ser Piero da Vinci (W pronunciation (heig-infe), Apnl 15, 1452 — May 2, 1519)
was an ltalian polymath, scientist, mathematician, engineer, inventor, anatomist, painter,
sculptor, architect, botanist, musician and writer. Leonardo has often been described as the
archetype of the renaissance man, a man whose unquenchable curiosity was equaled only by
his powers of invention.["! He is widely considered to be one of the greatest painters of all time
and perhaps the most diversely talented person ever to have lived ™! Helen Gardner says "The
scope and depth of his interests were without precedent.. His mind and personality seem to us

superhuman, the man himself mysterious and remote” [']
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extreme and mean ratio



BRR NEIA

min f(x)

rehkn®
dj, = —Vf(il?;f_)

Tht1 = T T pedy,

oy fE f(x+ ad) L&/
(FBHIER)
A. Cauchy, Comptes Rendus de

L’Acadmia des Sciences
25(1847) 536-538

Cauchy (1789 —1859)



ok TROESE

BE f(x) 2 RN EE

f (_ L _} — QT:F —+ ;I?TH €T

W shik |
Fxpgr) — f(2%) [al(H) — 0,(H) ] ;
flax) — f2¥)

FA




U+ U = B e

Fi1E (B TBE)  (best dy)
d'V fxy) = dpV f(zx),  ¥d,||d|| = ||d|
T (FBHIEER) (best 4 )

flay +ady) = flo, +opdy), Vo

X1 = Xt 4 pd BEERF 2?7



100

95

90

85

80

75

70

65

Steepest descent with exact line search

-0.I8 -0.I6 -0.I4 -0.I2 (I) OI.2 OI.4 016 018 1
BROR NREAR AT f(x,y)=100x7+ y?



BRI AN B

KRR + RESK = RFHNAE
L

M FBRIFRI AP
P bR B A




Barzilai & Borwein Method

(BE TR - BIFHE) gl
5K

(E—XNFHREREDK)

B4769d + E—H BT A
> R

J.M. Borwein(1951-



Steepest descent with Barzilai-Borwein Step

100

90

80

70

60

> 50

40

30

20

10

| | | | a |

-60

-50

-40 -30 -20 -10 0 10

BB J77& R AT f(x,y)=100x+ y2

20
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#\ﬂﬁﬁrﬁfEConjugate gradient method/
MeTtopa conps>KEHHbIX rPajUEHTOB

o HEHELEENTHEENEESHWEZRN—NAE, BIXE
FA—MSEER, Bk T7T&EMEINSENGES, XER
7 A B EFEM T E HessenFB BEFE 3K 1% BUER = o

- L= FE=/, EEnd IS, BREMS, MAAHFETM
ShRSEL.

o)

Tht1 = T + pdy,

a fEf(x+ ad) BB &)
(FBHER)
gn{e] e EX d, ?



HAYT bR

M

d. = —V flxy) + Gpdp_;
RIEMREY IR d AHEIHEE

d, and d,._; are conjugate!

A"V f(z)dp_, =0

« WA : NRERKRESE, HPAINZEZENEE.

« {BRZ: # ill-posed problems 1 JlFF I H, EALA—EHF]



TR EIAEREBE

e f(x) = (1/2) x"Ax - b'x
:/H\:Z—F)Ej\illﬁ.l dl) d2a Y dn
T = Z i,
=

e l

f(z) = Z-.;,
i—=1

r.\fff!‘.r.'-lf.i’,- — H;fi'.rf'fé:

— n )@ FHALA n > —HEfo) A



S E VAR SLE

sy = —Oryp1 + OFredy

(1906-1991)

& B HIBIEEN:

gHS _ {ﬂk+_l_ — ﬂk-—l:]-f.ﬂk—l
o di (ges1 — o)

"iFH o H.‘Q’I:—lll% A
o lol3 !
_ 7 Sti f? :
— a0\ T o tiefe
;j':; RE {'gk"'] ||4;rq|k|]‘; Tie+1 (1909-1978)
k|2

Hestenes-Stiefel( 1952), Fletcher-Reeves(1964 ), Polak-Ribiére( 1969), Polyalk(1969)



Newton(1643-1727)

VIR EBEH%

iy R E(x)=0 KR



AU R T

ERAT:

Tjt] = T) — (V2f(2)) "1V ()

LR = :
1) o= BER (ZXKIe)
zper — 2| = O(||a, — 2*||*)

2) A TEHEKX (FEITE /S



?blﬁlﬁliﬁxi

Tpa1 = Tp — (sz(lg )1V ()
LA
Quasi-Newton: wj,41 =z, — (B,) "'V f(x)
gA1eTIEER B?



LI I e =

YT = B o
k+15k — Yk
Sk f"l'ltl.f!TI:L.
i Gi+1 — G-

Davidon(1959), Fletcher and Powell (1963):

T T
Bisith + Yksi B

T o a.al
si Brsy '. YU
T

r"."lgl, E-'r.f.'

1 "ol gy, ]
Sp e Sp U

BF-'-H BF.' — il



F(x)=0

PR tE R/ N 3R (AR
min |[F(z)

)
)
‘J.-,-:_:H].El'.i'f =

F(z)=(fi(x), ....fmlx)!



Bx/)\ —3f o) /R

B E FTEH KR

Ar=0b, A& R™" becR™ e R". m ==

LSUERIU, %S

iy, =~ flo;. D).t =1, ....m.

h(x.y) = //k — &y —mif(& n)dédn + e(x, y)
= (k«f)(x,y)+e(x.y).



=T - FHUA
X, =X +d , g0k d ?

min || F(z, +d)||2 = min | F(x) + A(z) ' d|?

A(x) 2 F(x) B JACOBI [&

{L’,@' ——i —h!;] _]_I_FH;)



J. C. F. Gauss
(1777-1855)

AY7831976K1

10

ZEHN DEUTSCHE MARK

. Newton




Levenberg-Marquardt 75 7%

5 AMRFKMAN S8 - 4D R

Levenberg (1944), Marquardt(1963) 12 :

dp = —(Alx)A(ze)t + M)V Y A(2p) F(as)



L-MP L

1% d, = Levenberg-Marquardt %:

[“JF — _|'a Al e v A f e WL N o— . .
o = —(Alze) A(ze)" + NeD) ™ Aar) F ()

Neh 240 T o] 2 A9 2

f}él'%%; | F(x.) + Az ;t.“fJTd\ \j:

st |ldll2 < |ldg |2



SR T E

ERETIAEREIE
1) EEBXE

2) @i iRy
3) AP IREFIX 35

7

PIME = Y15 R

RIVAH Bt HBA




L&KL RAAZE/ADMM
Alternating Direction Method of Multipliers

min f(x)

X=(Xq,.) X,,)

25 x, (i), X x, HTHAL

151-f:
Gauss-Seidel 777& k£ Ax=b

o {HERIR
http://maths.nju.edu.cn/~hebma (fRZFHFHl)



http://maths.nju.edu.cn/~hebma

REFETTE - LK

min | [x]],

st. Ax=Db

L oa S

min o||z||; + ||Az — b3



TEFEFE - LK

minc||z||, + ||Ay — b||3

5. L. y==x

XFF: min [|Ay-b] |2
o] U AR EDE T

X min | [x] [,

|X,1 | <= |x]|-06 (shrinkage operator)



frtE AR

fLicECH—4 |
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MATLAB L TR#EEMIER

T

#AMaRi

bR

m.in/ (x)

l<x<u

(x 2 R)

Ery SR M AL

m_ill/ (x)

Rt

min /' x
Aexsh

Acge x = beg
I€xSu

R

min-;:'lk + T x
Aex<h

Aoge x= beg
I€x<u

:

SRR ML

min / (x)
olx)<0
ceglx) =0
Asxsh
Acge x= beg
l<x<u

FEmaE

min f (x)
K(ixw)<0

(M FHHN w)
c(x)<0
cegix)=0
Aex<h

Aoge x=beg
l€xswu

0-1 &l

mbf'x
Aoxsh
Aoge x=beg

x A=iw




1L DUUMeDp 1 Find values of x that minimize f(x) = -x1*x2*x3, starting at the point

x =[10;10;10], subject to the constraints: 0 < x1 + 2x2 + 2x3 < 72.

Write a file that returns a scalar value f of the objective function evaluated at x:
function f = myfun(x)

f=-x(1) * x(2) * x(3);

Rewrite the constraints as both less than or equal to a constant,

—Xx1-2x2-2x3 <0

X1+ 2x2 + 2x3< 72

Since both constraints are linear, formulate them as the matrix inequality A-x < b, where

A=[-1-2-2;...
12 2];
b =[0;72];

Supply a starting point and invoke an optimization routine:
X0 =[10;10;10]; % Starting guess at the solution
[x,fval] = fmincon(@myfun,x0,A,b);



NMpumep 2

. L 12, 2 .
find values of x that minimize fix/ =35x7 -, —x.x, —Ix, —6x,. subject to

xX1+x2<2
In matrix notation thisis  fix ==x v+ v, #e L’l ﬂ: = H x = L’ . —x1+2x252
) - 2x1+x2<3
* Enter the coefficient matrices: 0=x1, 0= x2.

H=[1-1;-12];
f=1[-2;-6);
A=[11;-12;21];
b =[2; 2; 3];

Ib = zeros(2,1);

* [xfval] = quadprog(H,f,A,b,[1,[1,Ib,[1,[])



RSEAL

fEdl: AT kOt) 1 g(t), AR IRERAEIN T A MIRE:

@R f(x)+ [ k(xt) f(x) dx=g(1)

a2 [ k(xt)f(x)dx=g(t)



