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http://bicmr.pku.edu.cn/~wenzw/optbook.html
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AR A 7] A8 8 — A X,
RARAL B] R — A% 7T AR & A
min  f(x),
st. xeA,
® x= (x0T ERVEXEEF
0 f:R" - R ZBAAFEKEK

© X CR'RARKARTITH, TITREA ) KA TITRETAT
& . 125 st Zsubjectto’® %5 . FIMAHREM.

o X =R'N, FIH(1) A KL KA.

0 BAXAFTIAAY R E(x): R* - Ri=1,2,--- ,m+1%&
A 4 T BRI X
X={xeR" |¢x) <0, i=1,2-- m,
ci(x) =0, i=m+1m+2--- ,m+1}.
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AR AL 7] R 6 — A T X

o EATHMALRAMG AREEST, 128 Ar 2R ME YT
Bt ARARAFA(L) G REM, B Fr € X AA

flx) = f(x").

0 WwRRKMANHNRESGX LB ARKES(x)89 Rk K, MIFAA®N)
8 min” /& A8 & M A e 4 “max”

0 EFIAREX L, By R (RR) BFA—RABE, 24
AT (L) #Fnf f(sup f)” &xGA£Y. Bk, & BAzHEKHY
RA(RR) BARBANE, RIMEXSET (L) #HF, BHE
A (1) F 49 “min(max)” & A “inf(sup)”-

o A THREME, FIA) PxARER T mE. L, RIBL
R RAER, xBTUAREMR . $EFARKESF.
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AR AL 18] AR 6 K A

RRAF ARG BAHXEEEE, TAEEBA RS HRIBAR
RO ERE LY £
o % E]7}7]1\@J%ﬁ%ﬂgﬁﬁéiiigf]gill‘ill:’%iﬂj—, ]‘;Jf'@f'ﬁ:ﬁ?i‘fi%ﬂk'],

o FHMAIA Y RILFTEIH —AA AL RN, 4826 F
AR A AF 2R LR

@ o Bz H BT =R R £ RK B B R AR A = R
i’];

o &k & A8 PR AR A dE AR RAL
0 AL ¥ R T4 MR A L FFARAL
o T & AR L) PR AR A HEFIKR

0 f B R T MU KT F O 4B I 6 b 5 28 A A
Wal, LW XA BRE
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AR AL 18] AR 6 K A

o RILMAK J FIFE AL 8 FIAARA ML ;
@ AR MR R ARARSE I 64 5] R AR A AR AR JE TR AR AL

o SN A JUTHAL . ZRAEMK . KM . Sk 25K
. BEEAL . MERK] . AR . SHERR] . Ty HREY
RARAG B AT 4 RALAL « A RARALF

o HAKEMMET, FA(1) Tik L5447 . EfAL. RiLE
W EEAR . ARAE . MEST . BRED . EXR. 4
BRI, WA AREARM AR
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AR AY 9] &R &G 2

FFEBEIREHS SRR R R AR, ST At 2R AR A8 B 6
FAR, ERBEEREZGEELEENNRK. Eﬂfy’i éﬂ/\ffbﬂ’f?
Am%ﬁﬁ FREMRGZLFTASGATRRRAE . -G

0 R EARTEx; RABI AFKZF L TH, t’v‘)é‘x ceR" A%
REGI% T B

@ ARFHTRAL K& FAX /9K (&) THH. &
RS

o Hir (AT REMFRNLEE
@ W R M AMLILE G £, W ZF AL Z A 6 — R K.

o 4o BAR MU R A (value at risk) S 3, % 19 2 iR A 4
%1

o R ML KM RIS (conditional value at risk) &%k, %
SRR E AE SRR AL, AT A — AR R
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& B A

© i, MALRE &, M R0 EIRF|

@ x;, R T R R84 2 &4

@ WAk r=rix; +rxo + ...+ rpxy,

@ MBI R=E(r) = E(r)x = px
© a1V =Var(r) =3, oyxix; = xx

1
min— x Ex min risk measure,

N ST e
inzl, ZX,—I,

x; >0 x>0
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Frequency

Maximum
loss

Probability
1=

CVaR

VaR Deviation

CVaR Deviation ——

Maximum Loss Deviation —————#

Loss
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Q =41 Husti

10/48



h FARAL

min o, min [l min [l
(ZO) x (€2) x€ (Zl) x€R
st. Ax=b. st. Ax=b. st. Ax=b.

o b ||x|oR ey PABAEG K. & F|x|oR FELY I, B
B4 R T fe & B4 (o R AR 52 I B NP 6Y /}‘\fﬁ%iﬁ%#ﬁ“
5.

o HENMFME: x|y =2, x| MAFET F AR EEEA
PLEG R AR, ARY, S AAL R AR, k38 3R 9] AR

o Lt |x]r = (X0, )"

i=1"
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o BRARAL
FEMATLABIRH: B H A, u F2b

m= 128; n = 256;
A = randn(m, n);
u = sprandn(n, 1, 0.1);

b =A+* u;

M — 128 x 256%ET8A. C W HEANTEABM S (Gauss) FEHLa
. BRRBUAFIO%G A EEER, F—NMNEEAELBIASH A

(@) 5 (b) e1 ﬂ ﬁém (C) £, 191 40 6 7

Figure: # Bk 4L 69 4]

12/48



LASSO 7] 4

)& 01 36 2 W] 8 45 AL =] AR

: 1 5
min gl + 5]1Ax - b3, @)

HFp>0=~% T ENLEL.
o Fl&(3) XA ALASSO (least absolute shrinkage and selection
operator) » & FF1 7T AK A& AR (2) 8 =R B X
o M TEREARMMAAE, B LAALKLEA2) HE. RHEX
TR 8 KR AR R AR AT xR RE(2) KRR () B ik AR K
R sk o @ % CA 69 KAF 77 k& F R EARRKAK K6 — Mz
=+

S -
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© 54l EsEREIRE
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& Ak B Tk B

o XAIMMERMT 9487 A P 177+ % 3 & & 89 LA K 1F %%
¥, BN P QY IFRBATN, NdmXSE AP eBES R
G, AHENRP LA HMIBFES R

0 RAE—NMNAPATRALIAAGER, H—F WL TRIL
SR AR PO FR. L IFEBA AT EES5 2R T, 24
BAE1~5 69 % . KRANKE RHIFERAE —NEEMT . EHEME
HE—TEATITRARAP, B—FATFREY. dTHPANARL
G H kAT IR, EEMTRS LER KRG

wH1 WwH2 w3 w4 .. w¥n
Rp1 [ 4 ? ? 3 70
RAp2 ? 2 4 ? ?
RF3 3 ? ? ? ?
A P4 2 ? 5 ? ?
ApPm | 7 3 ? 4 ? ]
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TR FE % 1% B 9] AR 69 1

%I R F AL @%kﬁ%ﬁ@ﬁ%ﬁﬁ%ﬁmo

o W THP MUY RTFTRATYIE, BEFXRTOAH: FEA, ¢
FA, BFA, Ha® %ﬁﬁ%@%%ﬁ REFR BEA
THRF . MERFRIE S QRN 25 0GB E 2 4 WAk .
PPIETR 69T 5 5] S A “EAF 6945 M, SRR A 5
%4 “collaborative filtering” -

0 b, o TARARSEE ST \ﬁ%ﬁlﬁ/\f&ﬁké‘E%% AR, BT VAR
AR A T OETE A2 R A R i E R 6y, XEA TG LA 845
aRTAe = A

o HEMPHATHTHRRA AL AEHEL, SENERE Yoh, P
VAJR B I 7 7T e A = 5 69 .
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& Ak B Tk B

W b3 5T A 5] h % P A
© AN RIEEM FHA Lot RAKN TARGEE, W% AT A
MPRBAME—AERY, ERASTZENAETF T LRIPL
&S WHRX; =My, (i,j) € Q2

o A% Z (low rank matrix completion)

min  rank(X),
XeRIﬂ Xn (4)

st X;= M,'j, (l,]) € (.
rank (X) B 4F & 4B X PT A AF K41 #1569 4K
@ JEMEXE94% 84 (nuclear norm) A 4ETM:PT A 4 F1H 69 4=,
X = 3, 0i(X):

min || X[,
XeRmxn (5)
st X;= M,‘j, (l,]) € 1.
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AR SE TR R B

o TILEFA(5) £ —ALpAFA, HALE—FAHTEL M
A (4) 0

@ L7 AN R (5 )%éﬁi@*/\ﬂé»uu] AR, {22 BAF T R A
EPTREA AR PIRA AR B T XAR KRG LR A .

o FEHMMTHMIARE, S TFLEOEHu >0 B HTRNEY
Z R EETY R,

, 1
Jain - plX]+ 5 > (X — M) (6)
(i) €2
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AR SE TR R B

o #Hriff . X = LRT, X ¥L c R™ R € R™ # Br < min(m,n). M
THKFRE A

2

min ([LRT]U—MU) +a|L|7+ BIR[F
(iy)Ew

@ ALRAMEY, XA TL PO AL, FTARAELERWL
AR REMA . o, BAENMASE, XD E NG IE 2N Ik
FRL, RAE 246 % L T%X% T

o LI L, RIETE T 69 4 F A2 ) (m + n)r, 3% > Tnp, 7 i uit 2] 22 2
JEdhE,

0 REZXNZFAAELY, FAEFELLECRE—ANTLAEFRA
BgRPL m RAAX H — DR, %AﬁmkMTMLkﬁﬁ
FRHEA>MEKE, ARE FEOLATFRFQGERETFE
SLLA=R -
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5

4k
&

Jid

Q =4 .
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& T P A R A X

BBMEF]FHRATAEA

N

. LT 2 .
—~lla; x — b; L 2
min ; Slalx = bill3 + pep(x) - 44
N
min Zlog + exp(—bia; x)) + pp(x) F4HE )2

(S22%
* ll

min Nzﬁ(f ai, x),bi) + pp(x)  — R X
® (a;,b;) RBRHRIE, b & HABa; K094 5

@ /(1) BERMINE B it AL E (B RIS T R)
o(x): 8 Fit0E 89 E MR ||x]2 R ||« F F

° f(a,x). B BB RE bR BT e i AL
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ERIARTHTHEHER:

o B‘ﬁﬁf 5 L a2
i i 2

e
@x TNKE
N

Figure: #p NN TAeg AN R RA2 89 (L +2) B BFo Lt MB A, H1 MNE
B2 L EmD AN 2T
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%A% 4% 22 M %&-Convolutional neural network (CNN)
o % =t BRI ¢ RVl ERMEK € RMK, & L AR #%
WS —I+K. CHAER
Siy=U(ii+k—1j:j+k—1),K),
EFAmAEMRX, YO AR ZENMETE R e

o A M ERSTARIE BRZGLL . [NHRRTHR. SRE
e E s ey K FAm T,

12 2]ipada] Tt
oo TolLl2 o5 6{516]7]4]
2lo]1f2]o0l1f1 1[o]1 3l3l6l1]5
2(1[1[071L0 T+ |o]1 ="1713/4|6]4
tfof2]of1]2][% . 1{o]1 505417
tl2]1]o]1]o]2 7]4]6]4]4
o[22[1]1]o]0 o

I K S=1+K

Pl N S | - Y Y 23/48



%A% 4% 22 M %&-Convolutional neural network (CNN)

LeCunFAA I L T HF LG ENL . JLERITRA E R
BH X FEGFEHRF

C3:1 maps 16@10:10
WPUT C1: ature maps 4.1, maps 16@545

a2

SZ1 maps
B@14x14

|
‘ FuIIcmAec‘u’nn ‘ Gaussian connections
Canvaluions Subsamping  Comvaluions ~ Subsampling Full connection
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#% a5 22 W 2% Recurrent neural networks (RNN)

RNN#Z & Harsitar 2 M & A Fl 697t B £k . RNNT L5 & 847,
FHRAFZEBEIN . ZH—R, IR TAMA N3 504 5 }}\rﬁT
VARL TR 5 35 - 4o B BT, STOAMERNNAR IR F “R A" I f

T RNNZ: 4% 2 & AL AT 45t A% 22 W 2%

Lot
FA_—]-A—vé;

il

v

®
T
A
0
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(5 TR X T
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& Ry Am oy B s AR AR

f BB B EZ AT, A RAMLIAL(1) 6 R 4R S

7L (AR

st FT4T &% (Brx € X)» & Lo THA -

(1) %= Rf(F) < f(x), Vx € X» A8 24R% A FIA(1) 84 Big- Mm@
(2) > HHAHKY (28) RAMEIEAE LA,

(2) o R A% 6 —Ae MEN,(5) BABF) < f(x), Vx € No(¥) N X, 7B
2AR% A A1) 8 B3AR R (R 5 A AR B S RAL AR

(3) H—F ., wRALE) <f(x), Vx NG NX, Bx£% Az, M
fhx A RIA(1) 8 KB AR R (B .

Jo A AR B, AZTR A B AR R MIAR A A

FHE. BT, BMA—AFRGZEAH, HHTLELAS

L ON 3
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& Ry An oy B AR AR

JEAR SR AR

A AR /N

Figure: %89 & Bk > < 7 ¥ B 3 4% -1 Ao 4R = 4% ) 3R AR /) iR

ERE() GRMY . RINTAER

ey L2 mRMM 22 d T EF
lREE) B A, AR RSB LG E R

W
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AL B R BT

T LR EAAER A kI XRMY, BFERAEREE.

0 UREFNERETELT. W— 1M 20 EL, BRBREFLTY
AN ATHENR, FE—AFF ). e REREARY ALL,
%’ﬁf~k£mzﬁwﬁﬂﬁﬁ e RREREINZELS &6

LA B GF P ARIR E (RFERE) M A KA R 8 A

oﬁ#%uﬁ¢;ﬁ%%§ i ROP R PV € & IR R A PD
. R AR B0, IR AW AT (). R A
EAP | - (|89 F LT it Rlimy oo ||X¢ — x*|| = 0, B89 Bx* A
—ANEER (& R) WA, AR A RATARZ E DR BER (&
Fy) ABSAR. AR 69 IRAR A RAR B GBI AR (k) R
fig ey .
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AL B R BT

o do RMAEH A 0 K, B RREIDKAEN BT (2F)
PR, KAV R R SRR ATDRAE BH (2R) b
. et B 8RR AL ()} TR LERK (28) &
HHAAALEI B (2B M ME A

o AT LA, B A LAATRHRAMAH 2B R, ik
SR AR R A X T R B b R E el

@ T A fe RGNS, IR P HEANEFENEREG R
bk A (o B2 RAAL AL P 604 % 3K 29 RAAL LR P )
RARE KR REFF) 6L

o NFHARGERN, Sk dxl, FkZAGLFI K F—%
RTATE (Bpxk e X RobsttE &k L) - ZRBIYRFBRGE
o BAVEBRIE(A) ARSI MR, iR TR
8. BB RSN, HRe S R U R RIE AR
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Hk 69 B SR R

Tk} Ak R AR R A T
o ik (ARF) Q-HIIA: & AN KKA

[T — x|

x5 — x| s @Ol
o Ak (&7]) Q-BAMIS: ALY KM9kA
+1 _ x
lim M =0,

k—00 ka—x*”
0 Ak (B7]) Q-REMIL: s An Kt9kA

+1 4
lim M =1,
k—o00 HXk_X*H

o Ak (BT Q-Z KIS A KekH

ka—i—l _x*H
T =% 470
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Hk 6 B RSR

FAVEP R B ARWRE TR GQIKMRE, ALTH (BYpE
B EFIET SO TH) - RFI{27F) QAP

FI{272) RQ-Z kM8 (LRQ-AB A& &@{}Eam
BALMSH . — MRt A QA B SR A A Q- = K A AE R T 8
Bk AR A g e 8

log(2")
log(272")
1
csefsszs .

" “ k
(a) Q% sk (b) Q-= %l sk (€) Q-k Bk 2k

Figure: 1 FQ-1k 43¢ & Wik
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Hk 6 B RSR

o Jrik (A7) RIS L)) ik A 9 AR K ot
. B BAEQAPEKATO 893k T By A
I — x*|| < 1
SHEF GRS . £A, TR SUR- &M s R-= KA % Ik
SEif . MROMCSER A8 R SUT ik R 1 { |k — |} A —

FO F A {4 Lo e, RNWEREE (AF)
RIS EAO(1) -

@ KB &E. BkxAsRABRIE, E—HEZANERSF
F) {xkY i R
Vk>0,

Edbe>0AFH wRERTEEZHIRES(K) —f(x*) < ekl
2

fON) —f() < 75
FOERRE, RE &

% e MA3E k> ; A st Ak A K ik 5t
B (RRKIO L EEAN( )o(l).

g2
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A I % 8 S

ATRIEFRAARY AL, — &R —RSUE N R FRIEZE A
15 P AR — AR R @M L
o T RLARMAFIR, F M egIskEn A

f&R) —r*
max{[f*], 1} = " IV ()] < &2, (7)
Ede e ABRTGRNGER, ||| AFEHER (ZETAH

LEBALBL x|y = (D0, 2) 20 A s 8RR
BVf(K) &R SR A AL
o T RMAKM, EFEEXEARBRE. W EREEFE
6 B R
Ci(xk)§€37 121727 ,m,
‘ci(xk)‘ 3847 l:m+17m+27 7m+l7
HPey ey ARAGESR, FRH Bk 9T
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A I % 8 S

0 RTHRBREII, LWBEE B, ERAMIMGIER, 40(7) X

P b RIS AR E. BT —REATELFR
Fo il AR, 2 RALAEE—HH T —AUE R LA RE L RS
By B — AT, X ETHE L BXF IR F VRN B RE

0 MAYRNBA, T LA B 7RI GHE R A B RALE,
i%?%fﬂéﬁ%ﬂ%‘liﬁﬁ“ B AR &R RE
o MTEAKRESE, REBLZITHELLE, F—T RGN —4AZ%
BE@AM. ATHEALAOITEAS, 2 —SFMENRE
AH4eaE ke 4T, F R AUENA
= D —f )
max{ [, 1} = 7 max{[f(¥)], 1}

B & mARAR AR B A 2t 2 B AR ok # Ml 6948 xR £ AR DS

° Efa-ai-uﬂ'“l’ BAANFHEEA R RP EIS, 2
T A AR AL B R AL 1] AR 6 AR R

<6a
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Kizs 2o T A

RiETHEA

@ chatgpt: https://chat.openai.com
@ Claude: https://claude.ai

° ...
mALER B T B
@ vscode: Github copilot, copilot chat

@ Tabnine

@ Cursor
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REZHRAMBIE S ERSE

Consider the problem
min el + 14z - bl

where A € R™™ and b € R™ are given. Test data are as follows: n = 1024; m
=512; A = randn(m,n); u = sprandn(n,1,0.1); b = A*y; mu = le-2;
First we add a slack variable y = Az — b to the problem, and the problem
becomes
minglel+ [yl sty=de=b

and let 2 = (z,y). Then apply the augmented Lagrangian method to the
problem, and the augmented Lagrangian function is

Ly(z,N) =l + gl + X (A ~y =)+ gHAw L

where A is the Lagrangian multiplier and p is the penalty parameter. The
augmented Lagrangian method is

A = argmin, L, (2, )

N2 N4 p (AgHH - 41 )

k=k+1

where 2841 and y**1 are obtained by minimizing L, (2, A¥) with respect to
 and y respectively. Note that minimizing L, (z, A’C) with respect to z is
equivalent to computing a proximal mapping of 1-norm, Please compute it as
explicit formula.

Write down and implement the following algorithms in Matlab: Classical
Augmented Lagrangian method (or Bregman method), where each sugmented
Lagrangian function is minimized by using the proximal gradient method Ref-
erence: Wotao Yin, Stanley Osher, Donald Goldfarb, Jerome Darbon, Bregman
Iterative Algorithms for 11-Minimization with Applications to Compressed
Sensing

[x, y, lanbda] = AugnentedLagrangian(A, b, mu, rho, max_iter)

[n, n] = size(h);
x = zeros(n, 1);
y = zeros(n, 1);
lambda = zeros(m, 1);

k = 1:max_iter

grad_x = A'#(lanbda + rhox(A#x
grad_y = -lambda - rho*(Axx

= prox_W(x - (1frho)*grad_x, mu/rho);
y =y - (1/rho)*grad_y;

lanbda = lanbda + rhox(A%x - y - b);

w = prox_11(v, nv)
w = sign(v). nax(abs(v)-nu,0);
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M X4AL1ER . Lean

@ A formal proof in Lean is a machine-checkable representation
of a mathematical argument.

@ Utilizes a rigorous foundation based on type theory (#&#t % 2 1£).

@ Explicitly defines each step, ensuring all logical inferences are
justified.

@ Leverages Lean’s tactic language to facilitate proof construction.

@ Lean® 7 M 3 :
https://leanprover-community.github.io/

@ Mathlib is a user maintained library for the Lean theorem prover.

It contains both programming infrastructure and mathematics, as
well as tactics that use the former and allow to develop the latter.

@ Mathlib’® 7 M 3k .
https:
//github.com/leanprover—community/mathlib4
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https://github.com/leanprover-community/mathlib4
https://github.com/leanprover-community/mathlib4

Differences from Textbook Proofs

@ Verbosity: Lean proofs are more verbose and detail-oriented,
leaving no room for ambiguity.

@ Interactivity: Lean proofs are constructed interactively using
proof assistants.

@ Machine-Checkable: Every step in a Lean proof is verified by
the system, ensuring correctness.

@ Absence of Prose: While textbook proofs often include prose
explanations, Lean proofs are more symbolic and formal.

@ Modularity: Lean allows for the reuse of proven lemmas and
theorems, modularizing the proof process.
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iiﬁﬁﬁi‘i ;/K.t A

o (ZRER) HTH KIS (x)8 % Ldomf = R"> EAHEL-Al
LA RELE, MRS ()A =KRER:

F0) <70+ VAW =) + Sy I, Vv € domy.

o X1
e T ¥ : R" — EuclideanSpace R n
e Vf(x) — HasFDerivAt f (f' x) x
ES-SHOE %
(EuclideanSpace R n) — ((EuclideanSpace R n) —L[R] R)
o MEL-A A K ||f(x) — ()] < Llx—y]
o =RLER—f(y) <flx) +f () —x) + Llly — x[*/2
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Frechet$ # 4 mathlib & 3L

o kj@“?‘: EX;E
o THT . TARKLEMH
o EF . FRALERGEKMS

def HasFDer-ivAt source
(f : E— F) (f' : E —L[Kk] F) (x : E)
Prop
A function f has the continuous linear map f' as derivativeat x if f x' = f x + f'
(x'" — x) + o (x' - x) when x' tendsto x.

» Equations
» Instances For

Figure: Frechet§ # #mathlib € 3L
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~

I T & 87 XAk

Mathlib &+ % &+ % 5 &

~t Mathlib.Tactic
Mathlib.Analysis.Calculus.Deriv.Add

t Mathlib.Analysis.Calculus.Deriv.Comp

t Mathlib.Analysis.Calculus.MeanValue
Mathlib.Analysis.Calculus.Deriv.Basic
Mathlib.Analysis.InnerProductSpace.Pil2
Mathlib.Analysis.Calculus.FDeriv.Basic

{n : Ty _}Fintype n]{f : (Euclideanspace R n) » R

EuclideanSpace R n)) = ((EuclideanSpace R n) =L[R

theorem lipschitz_continuos_upper_bound

(hs : V x3 :EuclideanSpace R n, HasFDerivAt f (f' xi) xi)

(hz : ¥ x y : EuclideanSpace R n, ' x - f' y| £ 1 * [x - y[):

V (x y : EuclideanSpace R n), fy £ fx+ (f' x) (y - x) +1 /2 * |y - x| » 2

Figure: & ® [k i 697 X 1k
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T IR 5 R e XAk

0 A TEMEAE P E R4EOEZH R
o Iizmathlib/& 7 33X #5 3t % 3t 52 69 LA -
o WwRRAKE, BEZLRTEHRMBYE LHr KR . %A
7 o
o WwRRA . hikadey T L.
0 K ARETHM A LeanEF . EEMLERAL A KREZT PR
g

o AR .
o FEGREIE P RmAINGZ A,
o I HIRFERGHA T MR, REHWREE.
0 T3 NE . AABIEII AN—®EKRKGE, F R4 ALY
JE .
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1iE B 69 75 X 4k

R f(x+te(y-x))
B X+ te (y-x)
h_deriv : V t : R, HasDerivAt h (y - x) t :=
t
[hasDerivAt_iff_isLittleO_nhds_zero]
Bl h=>(t+h) s (y-x)-tes(y-x)-hs -x)) = ( h => @) :=
h

[add_smul, add_comm, « add_sub, sub_self, add_zero, sub_self]
[this]
deriv_comp: V to : , HasDerivAt (f o h) (f' (x + to = (y - x)) (y - X)) to :=
to
HasFDerivAt.comp_hasDerivAt
hy (x + to = (y - X))
h_deriv to

t: R

, HasDerivAt g (g' to) to := to = deriv_comp to

Figure: g(r) 8946 &
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Gpt4 49 A&

BAz: MG (1) = Vf(x+tly —x))T(y — x)
EANHKHEZNRRMAEICptd . ERWTF -

rt analysis.calculus.deriv
t analysis.calculus.fderiv
analysis.normed_space.inner_product
s {n : Type _} [fintype n]
{f : EuclideanSpace n = R}
a s {f' : EuclideanSpace R n -+ (EuclideanSpace R
a {1 : R} {x y : EuclideanSpace n}
hypothesis hi : V xi : EuclideanSpace R n, has_fderiv_at f (f' xi1) xa
def = At , Fx+t e (y-x))
has_deriv_at_g (to : R) : has_deriv_at g (f' (x + to * (¥ - X)) (y - x)) to :=
begin
have hf' : has_fderiv_at f (f' (x + to » (y - X))) (x + to * (y - X)),
{ exact hy (x + to = (y - x },
rw [g,
exact hf'.has_deriv_at_linear_map (has_deriv_at_id to).smul_const (y - x),

Figure: gpt4#9 £ &

46/48



Gpt4 49 A&

— A RAFE I XL A5
o k&
o AR By T4+ BX+ &y R .
o BMAREH. RETHXGLIETE.
o AN KB AR MR B iz -
o R
o 1BIAAAIFA . ¥ &R Eprompt engineering

o XHELARE R LA . AXTAH B Lean34 # %lLeans -

o AAMENIEN (T RIENGPtR LS HAIKKAD) .
o &

o TURTERMEMGTHE,

o TUARIMERMLEMN, AXLRAHAA.

47/48



~
4

(K
e

BRI XMEATE,
o WA HEMKYLE, aFLhfER.
o MR F N RIEBH TG AT X .
o RUEMENTE.
o W RALHTA 6 %4 .
o 1# M B REZTHRIEAER .

o WAFF £ F ] 5] L H M HEAER R 5 A TLAE S
o Zmathlib¥ 4% 2] 3& % 69 T 3L AH B KAV XALIERA «

48/48



	最优化问题概括
	实例：稀疏优化
	实例：低秩矩阵恢复
	实例：深度学习
	最优化基本概念
	人工指南背景如何学习优化？

