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Research Advances on Pattern Searches in Constrained Optimization

HUANG Tian-Yun

(School of Computer Science and Technology, Southwest University for Nationalities, Chengdu 610041)

Abstract  Many complicated optimization models in engineering are mixed-variable constrained,
containing high-dimensional continuous, discrete or even categorical variables. The objectives
may be non-differentiable and contaminated by random noises, i. e. , the problem is non-smooth.
No information of the gradient is available or trustworthy. The constraints may be linear or non-
linear, discrete sets, or even black-box functions generated from stochastic simulations or codes.
Hence, direct searches that need no recourse to explicit derivatives are revived and become popu-
lar since the new century. A historical overview of the direct searches is given in this paper. Spe-
cially, the unified mathematical description and convergence analysis of pattern searches in recent
years are discussed. Pattern searches in constrained optimization are thoroughly analyzed, from
bound and linear constrained problems (Generalized Pattern Searches, GPS), to non-linear con-
strained (GPS Filter) and mixed variables constrained programming (GMVP). The new extension
on the poll directions to a dense space in Mesh Adaptive Direct Search (MADS) is also identified.
Some existing problems and future directions in this field are pointed out with thoughtful discus-

sions.

Keywords constrained optimization; direct search; pattern search; generalized pattern search;

GPS filter; generalized mixed variables programming; mesh adaptive direct search
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T I RGR 5t AT R AL | bR N 4 A R R
SR IX LE 5L AR HE & T 45 E W 37 55 R R
TR & L9 A A ), 1 e g8 — 1 7 e A7 oK g,
ZAR 2 [n) 0 H B 1 1 BE ALY FOk TR AL A

T 3 S B AR v A9 AR 22 00 Ak ) A8
TR AT I B AR R AT B R AR Ltk VAR i
2 AN ] sl B AL ek R (PR B S M S T 5 B0 H B e
B A P S BIVREE AR R A 20 o 55 48R Bk AR
2 (I (B T RE AN [ PR UL i R AT 2 AR AL
717 240 o 6 P B T DA 2 1k AR 1k ek o FT D) 2
YO B AR L O R A R B e AR A AR
BB G s 20 A8 o L AT R A 1 3 2L B R
Ir AR 578 B 3K B8 5T R A B0 o (A5 A AT AT
T/ B6 P AE B AT SRR (B Sy B B IR S Y )
340 R AR Ak T AT BE AN TE AR D o PRI I i A
FEA B AR AL AR HEAT K A%

PRIt i) R 1] 28] e 4] ) SR A JEL B« R B R
1 (direct searches)™ , {H A~ &2 B 4li 1 B AL 2. i
IR HHAR RIS — Rl B RS SR LT 10 4Rk
XF B A R VR O R R Y IR AR
FHET e K 7B i AR B B R S LR R
ZHRN— NN B REOE—F g &R
TR B BB AR L PRI 0] USRS A7 A S 1 E
(Rl REAS 2 A . L nT BEAS A 2 5 75 2 A9 ] REIE B4
AT BEAS IE A . K 138 i AR B AT 2 458
7 BRI A A S 4 B (GPSL GMVP il
MADS J& 3 Ffowf 458 X R vk i S HET )
XA Ay S B TR AR T B Bl

ERTNEINECPNEA Ol e TRt A bo g L i1biid
b P g N A Be 55 5 . SR, B RIETE
AR 22 KA TR o) 3 vh A 25 1 280 1 A5 s 22 FR AT
— B RAMEIE.

ARSON H A R R RS RIETEA R
AR N s i R g TP A = NP
RAFFE X H A% R A7 B 00 WA B OF
H A B H AR IS B 58 A0 52 B ob i i — 20 R .

AT 2 R A R 2 1960 4EACH] H R Y
R Py Sl AT A A o T2 A B R g S R Tk
Y B AR5 3 W I R L — AL
SRR RSN, 23 BT o W 24 5 25 4 A TJE 29 3 (— AL

AR B ANEA RO AR GPS) ALY
RGPS 3 3§ ) FHE & 29 0 (7 SCIR 5 728 & AL K1)
GMVP) BHfE)™ DL R AE i R ARG BRI R 07
lia) AT BRAEE 1) SRS 1 97 J& (I A B O N 1 R
MADS) #4721 73 4. e Jo A 12 AU 77 75 1Y [7) A
et — A W 5T 5 1) BEAT B4

2 KRR

1B e AR LA AL 43 A7 o 3 KA T X n 4E 25 (6]
HAR e/ 19 Taylor J& U@ ST, a4 ik . %
— WA Z B R AFAE . I Z B Taylor XX £ )5 &6
TUGE T e T RE R R — B A B
Taylor R XS £ ZPEE L. 0 By Jy vk W B4R R i
A 55 B S O SO H AR pR 2L/ B8 I

EX 1. FrfA SH kB (derivative free) 14
AR T Taylor 2. SR A 24 % 22 3% A AL
HR A E A R B A X /N SR 8 180T 1 325 st TG AS
RIE 78 43 F B 45 F ( Armijo-Goldstein-Wolfe ) !
WA A R A,

LT & B REA LTI A (D A AR
R E T 5L 5 (2) AT IR T ]S BCER A B Y
ABRZE S35 (3D AT LA oA 58 07 vk A BB SK ik 1Y)
KERARLAE R R B (4) AT LAAE N AL 585 3
0040 i 5 25 19 $GE 5 Chot start) , IR IEE 00 5
BB S

BHAERE AW (1) ARk (Sim-
plex) K HA Y5 (2) B 8 &K 1k (Pattern Search)
M2 48 % MDS™ T~ K 2 GPSI () SR
AAR R GMVP 5 (3) Mg [ 38 N B 248 &
MADSM™ 4,

R B R AR 22 TR ) o i AR 4
SR X B8 1% BB A DR TR a2k A e AR 1 4 SR W S v — LA
TESE 0], J5 SO A IIIE R 5| A — 25538,

PUTF % B R o3 X A48 25 10 & S ok B kAT
Wik, RO E AR 1960~1970 F£UAY ST KX H
2 A 1990 4EACE) H Y #IE 20 B FAH 5G9
Joe B (e B8 7 S B o T 0% B 98 Al O B30 1Y
WAL S 3 BT A K TR B 4.

2.1 BaBk

1957 4, Box 42 i 3 T H 5 o6 BUE L ALY 2 1k
¥aVE B 1k (evolutionary operation)t!.

1962 4£, Spendly ., Hext il Himsworth 2 H} #a
AR RED . SR H R RE SR ERTE
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A~ BRI B Al 3 80 W] B 5 R B (downhilD) J5 ). &t
SR om YEZS [ n 1 AN o5 AT B — A T, AL AT
FAE 41 A g 5t 0T RLE i A BR 22 45 Sk A T
Vo s AR 3] 41 A 5 5y B 4l 1L B g 5 4
RINIEA TS  ER LR R b el i, Jf
E 51T T E Y PR Al R A TS 4 R “AER AR
PR UE 51 28 T 08 170 300 4 A R 11 2 4 i

Bl B 3% AR g EE A AR 4 2 ST (Reflec-
tion). Z LI 1 i @” AR A 1 & et s S0
TR R 2 VR L LT PO £ 4 RS AR R A 5 A
M5 AP SRR IR A R BRI A 3, R LR AR
AR B IR SO LR IO A b 5 il B B, DA
EARAT H b R A T 2l CHERE 24 11 e o8 A5 ™
% B 1B AR

) Sl;rink

:: N
e SN
@ Contraction "~
o . N
(@) Expansion N

1 Bl R0 R e B3 11 3 AR R A

R AT FR AT B Y B A L A B 4 0R R
U6 B B R e A A s I X, 2 — A R R
VAR R B SRR S B A TG BRI PR, 5 5 4 e e
SRR U R SUR B T H B m b %k
PAI R Jag R Wi 84

ol B2 B 9y Nelder Fl Mead F 1965 4F 42
(B 1@ ~@)M . i A8 4 4 i ik (Expansion) LK
45 (Contraction 8%, Shrink) , 7] DL i 53 32 A Uk 8%, 3F
kS B AR S B A A5, Nelder-Mead P4l # ik 2
SR Y AR AR AR S PR R B Tz AT
5 A AT AR A A QBB A P A O 5 R I £
Xt iR 2 2 [ [ R, ¥ DAIE BH 4 Jey e S Bk
Touk S VE— AL ik . SE RIS 20 48, %1% 0]
R S A3 T — ELA RS B gk J -1,

1E Nelder-Mead . 4fi %1 # & FL it |, Torczon
F 1989 4R 2 3 R MDS'™ . 7 45 I 3% AR 58 A
JG » i 3 R R S E (Scale) RAHEBR B4t I Bk BT
T AL AR B2 B R AR B Bl L O SR R AR B B (WA
I ST R AR ) . MDS BB PR E AR Y 42 R e 8. %o
MDS U ST B HEAT T PR AN 43 B A B g

2.2 #wAHEERE

1959 4, Davidon 42 Hj A 5 48 257, B 4l 4
ith (axial relaxation) 8% & &R 3L 48 (local variation) &¢.
SR MY FEARH G A X TH IR T AR AR TS 1Y 20 A
IR AR, HER BN /i (f Qo) <<f(x0)) I
PL oo 8 0 s B AL RIS OL R 20 Nk
PR A R 58 56, i R 4R B B0 0 0 46 20 K
A (step size) , 7E HHTH O S x QLI R,

1961 4F, Hooke Fl Jeeves 5] A 248 &K, i
HP R T A B A AR AR B p B U R H Y S AR
I3k A B A5 KB (pattern) PCFE 3 54 v i 6.

BN 2. A R L IS X Y A R AR E
K AR R 8 (exploratory moves) , DA 5
SRATAT T B J7 1) CIE e B 7 1)) 19 46 18 R %
AR TR R B AR X T 25 A A0 L 2P K
B IE ML IR AT — K E G EN K

Z DU IEL 2 0 A DU U 3 AR D I 1) A
x'=x oo —x o D IFIR L H (o — xR
s LU BRI 5 1) Coe, — x1) RE R AR LU TE X0 B AF
M. REREA F(D<fo) MR REBLE X'
. 35 xR AR R BT (Success) B xp0 =x", HE M
X JFRR B B AR s A5 ), A R 48 R TE X, JEIT. 4 7E
x, AN (Unsuccess) s M AR PRI R TE x, BT, IF
HAP KW (0=1/2). FAE xR A B2 (Un-
success2) , A1 I H AL R .
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3. Unsuccess2 -~
.
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7N X

-7 0=1/2
B 2

Ll i, Rosenbrock 1Y H i i A A48 2% (1960 4F)
3 B B R AT o R 3% 2 T B B 3k AR B
[ (descent direction) 3 i#F 47 Ak b5 i 451 % &
W B oA SR BB AL A 48 AR 2 7 A 8 R 5 1) b AR A
R B — RS AR D I e AR — B B
IF, DL S 9 [ B A0 R 4 vh O 5 BT AE T 1) O A bR
J5 1) CRIAR B Ji@ 5 ), I Ik B 1) B B 48 2. A g Jie
] L i 8 B A9 Gram-Schmidt 1F 32 1k i3 2 52 #X.
PR BBl i 77 ) e FE AR RS R AR AT RERY T
Ra 5 1) R O B AT B8 R B A 2 MR S e 8T 3 45 i

Hooke Fil Jeeves # KL (R
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P AE Rosenbrock FAE KA LA H R KAEH
Fe MR B (— 1. 2, 1) 3 B ) b (B F 40 46 J 1) 32
B AT REAKCEHEAD R B IR S T IR B R, 8
EaZ S SO 571 2 1 7/ = O A D B G720 A7 ¢ St
(0. 9999, 1. 0000) B A S #F-Fat s £ AR 1k s T L fH
M 8.660966e-007—>0). 45 Ji B 3T 1) P A~ A A 175 7
HbRiC 1 AL bR e % 1) i R

Kl 3 F I8N AL AR i HE (Rosenbrock 7 45 bR 450

1964 4F Davies,Swann 1 Campey"2* 2 g i T
3 0 AR AR R AR AN T R ] — 4B LR R 5 Y
BN — A/ S TR R AT U A DA
DT B8 B D7 1], 4R BT AR /D 50 Powell
J7 I BT 5 1 Al e v L B T L R R 3
THREAYA Y U (E LA GE i bR ok . R ™ A% ok
Ut . Powell J5 A2 S 4L C 8 AR B R .

P A R W S3 Hr H  B PolakCéa 1 Ber-
man #F 17 T BF 587 ). Polak [ 55 2 W . 88 2
R EAE A K3 W Z AT AL AT B A AT 2
(A BEAS e ] . R S a2 AR A AR A 25 BH 2E AT o] —
A HR ] P A e ) B R SRR B 42 R R
fEC A VF(x) =0, Céa™ N4 H Hooke F
Jevees 08 R 1Y 42 Ry S IE . Berman'™
Whe T AT A {x, ) B9 A B A% (rational lattice)
4k

L,=L(x;,A)={x[x=x,+AAA€A}.

G R R R — A TAEIRES. B
F 1990 AR, X B R S s i A 51 R iZ
S, I ST T SRR M ES AR

ST A B A R St S B 5 T LA R
(D YFTE AR B kL E & 2 2l R
Ji 1) s PARIER x A2 f BF R Al Wb SR & /D A
TE— A7 N REJr ). 5t Polak Fi1 Ceéa i & »x, 1 =
xp Al s i€ (1,2, n), Hirt e J& B0 AR BR ) .
#t Berman MM 5 . M ER A€ R 274G BEMIAZ L H 0,

PRt A B R A% B i (basis) E B HE M TE€ R
T TR VP NAE B A& S AERE BE R,
X =X HABY (Y € DT YT R R T 1) R
EA K I Polak A1 Céa 970 B 22 HAR IR 15 00 5
(3) #ABAE D\ BT A X FR B B A e, 0 WA AR5
K A U DAGRE B P IS B A TR AN (D) 3R
PR A =t9A (> Hirp w SIS BE A R
LR, Hib, w<<O0 B, A B L C Ly s w=0
HTJ‘?AA’ %T%Z:/E’ I‘/s - L/g+1; w >0 Hj‘» Aki%ia
L, CL,.

FEXF B2l Ak gE AT e #E OR 4R ) 2 i R
MDSI gy 38 al |, Torczon F 1991 4E 57 T MDS
ISP 2 At (MDS At Jg& — R X3 R ). [
o R 2R 1 e o X K A Jmy W B A L T
1997 445 . 25 3] TR N P o AR A
TE o At B8 X B9 /AR 1Y 7% 22 b i 2% R Tk v
Audet(2000 ) 7 Torczon LA L, HE T YIRS
AR A1 S R B GMVPY, DU7E 0 B 10 = 3 A 4k
SAE T TR H A M. Audet (2003 4F) % Torczon [
BRI R — BT 4R T U U RGPS,
DA DRI 249 3R 2 1 249 A AT Ak ) BT L AR A Y
TR 7 15 F0 H bR ek B TR T RCT L TR AL
S0 T
2.3 HENEERE

R 48 & I GPS 5% GMVP, 7 D) 78 5 4
A RGE R 2 0 Ty m TR R R 2 AL
PEAC AL ] R, K T 5 X TR G 28 1 2 29 AR AR AL
TE I 3 24 9 S I A48 TE T R IE — 5 BE R B 5 38 1Y
BT L AR S N B 2 MADSYY X GPS
KELZATY R, UL air JR #84€ & (local explora-
tion) & J7 [ i 1% (poll). MADS &4 T GPS il i
(frame) Jy ik " Z Al ) — R H 5 R A,

GPS KB EALAV A R R J5 17 (ke T 5
MERIEERE) . MADS 11 Ja) # 8 2 ) 7o 17 0 Ak 722 8 78
PR 1l 29 R 25 8] Q" 1) — A~ E 8 4E (dense se) #E4T 07
PR R BL kG T GPS 857k Fa A i1 Bt R Ak /s
[ I) . 3 02 MADS Hil GPS 1) 5 KR R Z Ab.
MADS figte 7 2 AHE 23 A8 1 P R BEAS [B] 3L . (1) 2P
K0 1% (poll size) 5 (2) J5 i ik (poll direction).
I MADS B a] 5875 31 2y s L. 181 4 45 B 448
KL EBERED RS RERBEEOLE 5E5 001
FARMEE G 0T i S804 Lagrange 3 51 B 50
(penalization) Z A F1 L Ak B %48 R e 4
FHATHERS.
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[ P AE (Box,1957) J—b

[ B Y 35
(

Spendly,Hext,Himsworth,1962

J—'[ A0k B 4l 19 3 (Nelder, Mead, 1965 ) J
v

f

LR 2IRIEER

SRV LY TR
(Rosenbrock, 1960 )

(48548 % (Dividon, 1050 }—>

— BAERE —

LN SRR

(Hooke, Jeeves, 1961)

WSk 23 e

([ ZMMEMDS(Torczon, 1989) |

=

GPS, GPS Filter
(Audet, 2003, 2004 )

i

[ MDS (Torczon, 1991) |

v

EBEINVAERE LN
MADS(Audet, 2006)

[ Berman, 1969

J—{ Polak, Céa, 1971 }J Hﬁfﬂ%%morczon,wem

GMVP (Audet, 2000 )}

Bl o4 HHEARRIE R R R I s AR

3 EHiEam

X A8 R T ok R A A A (AR AT AT DA
FEE PRI REMUR. TR R
I SR R TR — R R RE
2 BRI R 2P K R R X 2% U # e Gk
B SR E e PEE R I B S 9] AJEA R XL 7R
LA E o ik (B4 GPS.GMVP . MADS)
HEAT 58— F R I 25 IS BIOCHE 0 r 1 FE B AR X4
AN TC A R BN L2y o) AL ML R DL SR G
LYAIHET s L RGH A A T Bk R O ) )L
AR ] BB MY R W 1 40 2 A I 38 2 A OC
S0 LA 8 B

IR e e B FE R B kAT, AR, M & o
I FE A K5 B 5050 R e A" 25 R 4550 7 B, Br
A B S 8 ] ROR
3.1 EXEX

EX 3 HEKEME a a0, a, R
YaeR", 3¢;>0, i=1,2,,r, da=ca, +c,a,+
cedcoa,  MFR{a as s, ERTHIE 4 (pos-
itive spanning set),

EX 4 RWIEXEEa ar, - a, ) LIEL
Pk 57 (positive linear independent)!** & Fi R”
Y 1F 3t (positive basis).

EE 1 Hla.ap, .0 BRBIELHELE,
MW{ay,=,a, ) R LM L.

EHE 2. FHla.a,.a),a,70 BRATLME
SCEEEE IR Ay AR A

(D {a) a0, ) ZRAYIESCHEE

(2) Vb#0.,3i,3b'a,>0;

3) Vi=1,2,+,r, —a,fE{a,,a,,
a1 ssa, b TR P (convex cone) Y.

el

RIERE DM E n+1 DICE E/DIER),
BT 2n DICHR (BRORIE ). & KIE 3 5 il
R 0 AL B A A

W1 Flai.ay..a b SRR IE S, W) XF
FEEAEDT RHBE BER", (Ba, ,Ba,, -, Ba, } I} &
R IEHE

WA 2. A BERTIEHFFJNAEKEIB —B]
AN RS S S NITEE- S
3.2 Z—HER ST S

B A A = L AR 3 AR A (D) BEUE
S () ERRF Y OB REHAE % B P T 7t
Xt X R UL AT G — ik O

P 2 S ARl BRI B RN AR U [ € M —
Wi Be R"HE A R A0 A R o R R A
AC, €2 (p=2n) i R I X HE

¢,=[M, —M, L,]=[I. L,],
Hp M, e MCZ"" (M 24 B AE & 588 M 4
L ez B MG B & 0 CGX R
2 Wi AT LA R[] 30 4 250 R
P,=BC,=[BM, —BM, BL,|=[BI', BL,].

AR PRI RR A IESE. B 0L, FEAT AR A £,
SE LA x50 1 3R 4R A5 (trial points) s xp = x, +
si=x,+ABe,. i MR LK A€ R GIR I
Be, (Co=[c; -+ ¢l D.

®E3. A B— (b - b JEASRL

1 < ,
mﬂz—gzp”e:UquD,

@  Audet KI5 1 55 D, CD %t GPS 83k JEATHii R ). AR il
G SRR PR AU D kA BRI
4 DR 3 R Y IE . W E RS M, A] 3 1 48 R 2B TR
TG 1k (local poll), DA 53K M #% oh 3% & (improved mesh
points) B &) # {5 (mesh local optimizers) . 3 L4 It 3k 1
T AR K S B T 4.
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A Dy=[nl —el W AR H/NEH, H Bl =
[by +++ b, b, I BRI /M R
ﬁfﬁ 4- % B:[bl bujzuzﬁjaf‘ 91‘*6

b =—> bs e=(1.1,--,1),
i=1

4 I‘k:[l *e],Dl'J LA R /NIE3, H BIr, =
[by +++ b, b, IR A B/ NE R,

MR R S N WA FEAS %

(s, €AP,=ABC,=A,[Bl'. BL,];

(2) 4 min{ f(x,+y), VyCABL: )<< f(x,) 0
B f(x+s0)<flx).

REEEZE.

1 B ERR A x0 € R HIE S K A >0;

2. k=0,1,",

2.1 W fe) o —E R E RS s

2. 2. HE po=f(x)— f(xi+s). % p>0,8 x, ) =

X s s I X =5

2.3, EH A CRME RS H A,

TREHEE.

BETEQ,t>1;{wsw s s
w0, i=1,2,.,L;

A EA={T ;7% ,oen,
WEHSH A

(1) 0, =<0 Apser =0, (R 5

(2) 0, >0 Ay = 2A, G,

Ph BB ARIE 1S 20 i 26 A 57 5 (x , HBE
IUAE L F 5 0 R B R A i (CSCHRL7 JE 3 3. 2)
P HE T Berman HYHF5E.

FHAE L L(y) ={x: f()<f(»} . ALTF
E HL

TEIE 3. & Lixy) ZF (compact), M

liminfA, =0CCRRLT T7E 3 3. 3).
fiﬁ%»%lig{}f |7 £ e |40, BAf EEAE 0, Bl
WIRAT LAAR AR R I HAEA BR A CCiRL7 1513 6. D
Ja R TR ) CCERL7 Jam st 3. 4).

s AL ET B (2) :min{ f(x, +y) ,yE ABI .} <
fx)=f(x,+s)<min{ f(x,+y), VyEABI,};
B f Cxe 00 2 P A7 48 28 05 ) d5e/IMEL A7 AT 5 B

B4 5 Lx) BEG fAE L () 1R 8%
LRI AR AR BE C A A B klair‘nwAk =0;Jf
HAH kETL | Vx| =0CCHk71EH 3. 7).

UL, 5 K i S 5 AR B/ NEE, BT RLIA
IR AW S (T BT A T I R BE R O,
Te FAR BT AT I T B D BIR A k.

wp brw, <0, 0=1",

L, L= A|<<—4co; T #

3.3 I EBRMEEAREMY

PR E = S ST ) R BB NS Y c2
A LA [ A0 4 ) A A TR ME 1. 2R U AE AR 29 3
B R b X A R D7, R K (HA IR
PSP R A5 S SN s G E 90 SRR B o AV
B ARAIE. SR R 3 29 o AR Ak g 2 77 A= G T -
fo] PRAIE X 2648 R T7 ) AT SR AL vl AT 30N 7

M, Lewis X GPS 535 753 FLRIZ M 20 5%
PFR e 04T T AF5E, Audet 45 H H 48—
HEZR . B 18— M Rk 2 o 2 1 A A A A

Ifle,i{l’zlf(x% f: R'—=>RU{o},
Horp w7 X3
O={xeR": ¢<Ax<u},
A=[a, a, *+ a,] €Q"",
Couc {(RU{£oo} )", ¢<u.
A= I By i1 2 0] L

T A X R A R A R R B RIENT R S
T FEAE 907 Y L N % O ) i AT 4 R B AT (GX A
SR ZOR T IE SCHEE R W B D . SR 29 o) 5%
AT BE 23 BH 1E 2 B AR T D os 2D H A eR RO {H 2
2 P PG R 2 R T AT AT Ak
(feasible iterates) B} , 8 H i1 F B9 A W 473648 & A
.

s AR M A R 2R (DX €
2; (D x,+s,€0; 3 VyEABI,, x, +ye. Hp
I, €T A% FE X (core pattern) (I' &4 FR 46 B4 £
. R FEAT AT X8 Q 30 8 2% A R AT AT
)« O AUOR UEAT A2 08 22 1 ) A7 J7 ) (48 R L 5 ) 530k
PP AR R AR /N I B B P ) 3 5 0 20
AT AT XA Q /Y30 S LA 29 . Sy AR R W . 22
%%E%/%B:Isﬁ'\'ﬁﬁitﬂ:[ﬂ Lk:l-

EXS.  #x 2R LRI AMEEL R %
PR AT AL Y2 € R (VF(x) . z—x) =0, [ x &
—A> KKT #i(Karush-Kuhn-Tucker).

DA B 5E5 1AM 4347 ) — S LA A

EX 6. MR x RO RN X R
MRS Vxen. Vi) (x—x)=>0.

EX 7. HE(cone) CREZIMAK. &
C={x|ax<0,j=1.2,+,r}, x.a,.a, .-+ .a, ER".

ENX 8. HE CAHIRAE (finitely generated) ,
S

C={x|x=2u_,a},u_,—ZO,jZl,Z,-",r}

=Cone({a, ,a,,**,a,}),
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a;(G=1,2,,r) R C 194 i A F (generators). A
E)Z 9. %y:O, EZEI{xk}CQ, Sxk"X:
(x,—x) Yo il e
T T 00 M V1. ¥R,
(ka*xH) ”y” LJ[Eme% 1E 5 x 1Y) R

x I Y12 i) £ & ) 4 (tangent cone) (& 5),iC
H
To(x)=cl{p(w—x): p=>0,wEQ}.

X, A
\ ]
To (x) )
x=(0,1)
X
K5 Xk o maIHE To(xo

EX 10, Ny(x)={veR":Vwe T,(x),
Vw="0} N 0 7E & x B3 HE (normal cone) 5 T, (x)
4 4% 4 (polar cone).

PLEE XL HAERE AL SCRTAT X3 Q /i AL
i FFAIE.

EX 11, XA IR Q B9 A 47 31 5 5 P 1
4 2 25 [8] (Half- Space) :

A, =l{xlalx=¢}. A, ={xlax=u).

EX 12, E XXk Q A B F T ER
e Y AR XK .

00, = (xEQ|dist(x. A, )=<e};
N, ={x€|dist(x,A, )=<e}.

EX 13, & XA TR Q WAL DR RG]
% L(x.o={ilx€an, }.I,(x.o)={i[xEM, }.

EX 14, E A7 X Q A A7 30 5 7 T 1Y
S 1] o

wl(x,e):*al,ié I,(x,e);
v, (x,8)=a;,i€l,(x,€).

EX 15, XK (x.e)&Hv, (x,)Fflo, (x,€)
A7 FRAE R A U K (x5 00 = N () 538 K (x e Y
Wl K (x,0) 1] K (x,0)=T,(x) (K 6).

HE K (xoe) A x5 R BR B g e 1Y 4% T 5 1]
AL BRI K (naodFFEZE BN >0
SR /NI FRATAISR P LN X 95 K (x v Y T A
Ji ] =R DA 0=e, HAURI TS % e H
A5 BE PR UETE AT A7 3 N GO A5 e B VD HE S ST
R VTHEAS BE S AN mTE 5 AT 30 S ) 3 BB AR
(D) . I T 0k BT I A S L A LT

B 6 i B LA R AE

HAERHA TN K (x,.6),0<e<e" ifF(e" >0 JyF
FEVOERMED. RS e N0 BALH] e I AUAFEA
RAEEANF B HE K(x,.e), B X 0 75 % S AL
£l A FRA T

Mo LB R, K(x, ,e)=%,K (x,,6) =R",
TR BAE B ESEAR AT LR A K (x5
x LT AT K (x, ) 76, 38 A 5 B0 18 B b 201 5
AU RRAE — S X5 b, ZOR B T & i A
Wedfe K™ (xp0e) (0O<e<"e™) (2B B R 7, (8 45 B x,
BT R (e—0) A K (xve) WA SR A TE T 47 /Y 18
K7 AR RS KWK ek 27 Jdr i 6. 5) ©.

PLTR 25 BR 4t Qe 75 4V 24 o8 25 R T 4 3 A A
X 0 Colik[27 68 8. 2).

SEEENR DL b e ER e, TR Y %
e e,

Lo UM K (xphe0)s

2. LK (x se) YA A oy, (s e o, () #3551
FEME V.V SRR L 3 BNkl e HE L (xeve) |+
|1, Cxpse) [ B/ 55245 15

3. MM I—VV'V) VO IR A ELE JE N

4. =[N vv'v ' —vyv'v)~']

EES. AERTFIFI (e —>x, f 1Ex ™
M AT Gl HAR I B BT & E o s S LAAr 29 52, J0) %of
Ywe To(x), Vf(x)w=0; — Vf(x) € Ny(x).
I x & —A> KKT g (k815 # 3. 14).
3.4 EIFKEARZKEHE

Z BN T I 2 AR £ 1 2 A Ak 1)

min f(x), s.t. C(x)<0,

xeX

/ﬁ\:EFI’fX4>E}{U {OO}’CX"(ERU {coj)™, C=
s, RESUH X 4y R B B ek

(cracy s

@ SCHKE347] BY5S 453 ~463 TUREAN AT T Lotk 29 ok 44 4 A
LI B T 2R LA J Y e J2 8 /NI L ) 55Kk 4
AR R L HR AT R 7 R R K

@ R E A Y A KR AT RE R B AT SE AR A S EOR S
WSS T B 18 SRS oL 7843 T B LA sl S 4 DA T el R
By DL R A 1 48 45 K (Armijo-Goldstein-Wolfe £540).
PRI Rk AN E R FH 040 T B S A B o Cf 2 o A LY
Rl A% (290 4R T P B ML A LA Sk G 3 S 15 O 1 S B
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YR ZIH AR T C(x) =<0 25 A3 R 1 JE £k PR 2 1 IX
B Q. BT By XNQ TEA R kB LR & R
BOE K 45 i i ClnBE AL R g8 05 5 8RR w ACRS 9 L T
B SRR MR R AR R A HD B E K T A YRR
B AR LR,

R A0 AR 2 2 AR BB EE W LV 5
AV HE A b 1153, B H bR eR B 2 SRR 0 R
FF AT LA 3 sk M 8 G 10 3 L DU 2 o BOHE AT AT 5 1)
Pl T LAAS 2N T, a0 SCmk[35-36 1/ TR, ix gk
DR I DNEDS EAE S QiR = W SRS RS B ¢
ST IA 2 AR S B AT 2 TR AR B BT AT .

He RS UL Lagrange 3777, i s 4
B Bk (Barrier) . 2804k Lagrange :38 13 5] A
i ot 722 i SRR A 2 M 2 o e 4 R A 2 O IR
i1l Lagrange 3f¢ 1. A & (inexact) &5 xf H A5
PR B HEA T B B, DA A5 5 O 2 o il SR SR T A AN
AAT s AR B K B bR oR MR s 1 5 (exact) B 4%
130 S X B SR R A R B AL B A S
KLY HFE B E 1Y ARG T A8 o6 AR 1% B AR 7 Bt
P ok v A 30 N 5 s B AT AT DX AR Y i A R R
HHAR R B & TS

— A Ab B AR 2 PE 20 o Y R AR OR R T
Fletcher Fll Leyffer™" ——3CHk[ 401 GPS i g ¥
(Filter). ANfa]F bk $8 ke 1) J7 ¥, GPS i 3 A 2
A4 29 A A H b ek B B R R BEAT A/ INME T2
SR N SRS TR V@I L% Rk o RS R N L
8 (bi-objective) HEAT R . GPS 3o U 1 1 [ [vl isf i
b B b R B R 2 R R AU R e IE b
PR by 73X B4R /INAS BT AT 5B 9 38 AN ASCRT RE Bk )R
N SRR WA e N R o N1 AT R

4 JRy B Ui
EX 16, & LHAWMTJEMER RE 2 (x) =0
EP SR

(D h(x)=0,%HALY C(x)<0;

(2)h(x)>0,4 HALY C(x)L 0;

(3 h(x)=co, B CCOBAH ¢, (x)—>co,

B0, 3w B b (x) = [CCo |5 Hod [ -]
MEEA 2 o (x) <0 B, (C(x)2), =05 7 N
(C(x))i=c(x).

Ffel GPS Barrier 3, A DL Z 1H & X X 3 5k
() b B oo T3 ox N Y HTE AR TR A AE AT IX
A FE R BR B CE 0] AT X RE gy = 05 ] ¢ =
+oo). AR BB A 2 R i KRB hy =h+¢x. TE
T B T AT 3 2 AR M B AR A T A AR Ak

EX 17. E X[\ w XAt (dominates) [1] &
WL B View <w), H ww 2 8 w<w'; RFEAH
w=<w 2 w<wiw=w'.

EX 18, L n] R A Kow 17, % V.
XER EXTMHZR x,<xE ((hy(x). f(x))'<
Chy Ce) s fCO) s ARE R 4T 5] x, <.

A FRR ERTA AT s Wt a4 OF Hoazad
RTINS AL LI KR, A Ao N
RAVF A ARES LR, 7 %8 Hai oy 1k 34k
F A S HE T AT H AR eR . WL AR AR A
WA F AL UE (D 5 X T FA A x T (2) 41
X B A H B A I FBR A (3) 5 X BT AT(HAR

SRR AT AR R SR e R AR

EX 19. ]?=XL6Jf{x’:x/2x} U{x":hy(x)H =
Mo ) U X s hx (X)) =0, f(x)H)=F7).

GPS i sk i 32 [ i B AR B bR o8 2/ R R
A A M, B SOR i AT A7 5 (best feasible
points) flF A 7] 17 45 (least infeasible points) ,
M 3% AR A P 2 495 () S 45 P A7 4 S A RN SR AR T AT
B CA BN b (BD . AH 98 BOZAR G FEAR 2 1Y
1B, PRI A 3 B8 AR T AT 1Y 0 38 A A AT R Bk R
We/iy ot FRVF I R e X DL R 4 R e A .

EX 20, A [T RHHEPEE WRERW 1T
i H (incumbent) , RV H Fif 4 1F 89 £ 7T 47 H A5 o5
BAA. WA FRBUEATAIAT 2 [T =400 %
hi=>0 N EBNE b KA fe /D 29 o id 5 X
N HAR R s 9 B R AR AR B h >
P B s 2 =P 5 f1 =+ 00, 2 S, R HE b KT
BAG TR A  E

5T R L M A R LA A [R]  R R 2 [ i 2%
T T 50 1) SR O L FE GPS 1 BB A Hhk A% 2
2 SR WS R oo g A Cunfiltered mesh points) ,
15 DA% J TR AR /S R A I A ST 3 9B R (mesh iso-
lated filter points). F Z W EHHE S, 2PN E &
— DA IR A B x BRAER A0 B RS
s T R AR AR B R DU R B A P A BT A
PO B B X Wl A3 R R AU I R AP 2
ST AR HE L 1

M(S,. A0 = U M((x,A,).

x€S,

O X R R B L A ] AL T 2k R IE 42 R Wi SIObE < B A
114 2 42 R dre U0 gk ot 3 LA TIE I R R e T R B R 1Y
F Y 5 R T3 8 D5k AU SRS T RE 4 1O e
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A B 8 rpO 4R Py e A0 1 S AR W] A7 M
FEARTAIAT B LA B 5 JL A 29 30 XA — S0 1E S #4558
P el A5 380 0 I A5 Tl 4 BRIV XY R 07 38 TP p i 2
(hx(p)s f(p)) =0, [ a (hyx (p)s f(p)) =
Chisf) BA Pi={p.t U{p.+Ad:d€D,}.

B 7 250 B os B T AT XN
Q={xER" :hx=0} I EIXHE R R 1. € M(x,,

t, € F P IR HED AT A P CFI N M IR
NG IR AT SR E R xe XNQNS,: f(x) =
Sih AT EEREN{xe XN Si:h(x)=h,
fQO=fi}.

>
-

R [ 11
B 7 GPS Filter iy — B b5t
55— GPS H k2L, GPS i 8 1 1 S e A
MR B EEA F/ xS BRI G AL CFE R R B BLAT

PASR 2 FR RS - s v ih B 6 46 S, Mo Al
IO7 1) o X2 i A% M (S, s A 18 26 0 0 35 25

ATREEL S LATR 3 R o0 . (1) B 1Y 3 o i L A0 Q0
s (2) R PR B RARFFAZL ;s (3) IRAL AL A
RN R AE WD 8 K A Z A b R VR e e i
8 ST X3R4 28, DA R AR /s » AT U %07 3K
PR OAAR 200 . Fu F 0BT A AN W] A R 5 08 4 5
Fior IR F o PRI R IR R HE
A A WO IR B E 1Y 3 AR

FIR WA GPS 2 38 85 R i n F fiy B 2%
PR [r] A0

—a—2b, s.t. 0<<a<<1,b=<<0.

min
x=(a,b)’
OB % x= (1,00 % 20 o S (-1
PR R I IR T i R AR M R AR R R Y.
BRI R S xo= (0,0 FF G Wt HK A =1,
AR IT I £ QLD F 4 (L, — 1D B T4 &
1E 3.
B 2% W GPS Barrier ¥ W F S IF LG 19 4 A7
] R AT AT R 0 32 A% s 22450 B A D ol
P 8 %t GPS Filter 53 e JLUR & AR R Al
i 18 1 7 = B BB LR (x5 £ (o) IFRac.
B 8 Ca) 1 490 B 10 AR AR B R A (1, — D]
F1- 881 (1, — D" xo L 5 po= (1. D L HE
PSR IR A o PR L A 3 D8 . BZE S X = po =
(LD IRt R4 0.2) R (2. 2) A H/NK f {EH . H
H B RTFE p WA EE LA p s B 26
OIRFEARAE. £ p. = p T 16 45 S K 5 3500 45 AR 45
S g AR B L po A2 A AR 7 5 D A

(a)
9

0 1/2 1 3/2 2 5/2 1
(¢c)

GPS Filter 573 25 3% A B2 b 29 B 5 (8 2 0 F AR s U /i 2 Al 3
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B8 MM ps=p.= (1. D UHEK A, =1/2
TFURSE 3 Wk AR, 48 3% 22 W 3% AR 4k B R 2 U A
pi=1/2,1/2)" MRS 33 345 ps = (1,0)". WA 8
(o) AHWGTE pr—>ps (=p) J 1] B R, HE
A0 CE B AT HE D B B v 3% AR A8 a3k 2]
WO, B9 mIEF 25 Bk R R o R (E R AR AL
fa .

3.5 MBEAREHWHET

TEAL 5 1 2 BB (B 20 SFIR BB = % R

LU

0= xa'cw xz",
i @ =[¢.u](Caue R Uz}, 0<u) ik sk
AR )RS A Q7 Oy B AR e 2 A ) GELROBE 4
JAE B WS B B O 4 AT B0 A

x, = (x5, xH) ER” x 7"

FEIR A AR AT 2 AR AR T AR Y i
JRy i Sme It s e BT AE A M S L AR IR R 48 2K L LA
TR B S AR GBI ETE T A e o U AR
& M, F5E 2 (poll set) LLFFATH B AR 14 2.

EX 21, BAER MR B Be
R ARG, € 27 (G=1,2, s jume <+ 00)
e PR PR A G B

P,=BG,cR" ",

M) =U{xi+APz: z€ 2" ).

=1
A SR HE
M, =M X 2" ) Na.
BN 22, x=(x,x)EQ R £ RN
©3Je>0, Vve U (([l.ulNBe,y)) Xy):

FO<f. i N(x)CQ J& x SR A RS,
B(e.y )& y i) e PAR4PIR.

RS M, B4 220 BT DGR UE 55 125 1Y 42 JRy WL 8
P 24 AR AR 2R R I T 225 18T Ok A% 14 U 0k A
R o A 0 08 B PP RS A L o i 5 R AR /IMEL
PRAUE S5 1 Jrg B e S5 CHR PR 0 7 6 4R 1) 7 300
e e LG 3 B4y (1) i LLAF B x, P AE 4B 35K
NG ) 19 5 LR 28 CHIL Y 07 16 %) 5 (2) 8 lUAS 208
B N AR R (B RUE R B4 5 (3) B MR ALHE e (y)
(4" J& i 3% Cextended poll) (444 B 2L 25 y (1Y
EWAGDE /STt - i 3in DI PS NI PP N b1 B e E N R
Ve SB AR (9 1 2R . R RE A7 75 B A 10 i 2 . DT 3 B
TR

TSR ORI HE R
B:{Ebl =+ b, bn+1 qu]}-
e KIEFEE o B A LU i R A4S ne X on [ 2
S % A R
FENX 23, ¥ UGB x, 1Y S SR
N (x)={x,+A:.(b,0) EQ:bEB,(x,) EB},
Horr, B, ) W2 5[] B HOHRT & F x4

AR N (x,) CTM,. [FE, fie K OE FE 19 328 B AR IE
R s T 2 o I AT SR A B 22 1 ] ik T R
J5 1) s AE R F- U 18] 31 ) 47 X

BEECE AR N AE QR BUE. I F A P
PEFE NGB H T N (x0) GE X 22), 3 HAE B R %
AT Lk s

AR N Cx) N, AN RE 4 3 25038 5 ) XF
NGRS HATY R 0 . 3 2ok XF A1 x 19 R BB 3 (=
B E>0) NSRS B U y P AE % 22 4B 37T fig
A AT HRR. SR, 2 NI I AT A8 4 B A y AR
S > + 6 R x, &2 R RN 7 IR 45
RIA% I AE xR BT IEAG B Y f() = F(» (VvE
N Cy») W,y ZREBHR AN HEMN y # AT —K
S AW

HEeBH T REA y B9 FI LT A
(¥ ooy =y P RIH B AUARIE £y < f(y ).
MLy (YvE N (Y DI,y B =2 R EAR /N,
G e 2 1k ARIC TR AR T RV R 25 5 7R O e i
B AEAE Q) <S(x) s WU E 4 NZ s i AR —
kAR,

PLE 2D BB 7 A B 3 Y BT R O i ) )
{y0syt sy =z) G AW G 0 y° TR 4G R 26
BN TRy ] AE AT £y <<fCy D) RIAT 5 BR e 4
Moz A AE T Y BT RS Ny CHARIE N (=)
FELY % B, AT RE TR B A = BT AP Bk
. Ay HTE ST Ay A BR AN R, AT L
PRIE B B e i e B T SR AT BRI

EN 24 S x WL

X;=N(x,)UN, U

YEN,
S )= (D= f(x,+8

B 10 25 b i e O o 17 91 7= A el . TR 11
JEAEIR AR R (2 s s EAF B A o OO 6 45
Yoyl Yo N BB A a~ 1 RS R E. xS
BOSAREE Ny =N(xo) ={x,.y0 .y} 3 H

N (x)={f.g:h}s Ny ={d.e.yl},

N(yD)={a,b,c}s N(y))={i.j.k,l}.

e(y).



m

1210 it

2y e 2008 4

2 L) = fy) << f )+ E £y i 1
G N (x ) F Ny TR
FOO<FOD . fF@=>fyD),
FO=>fy), flo=>flyD.

X

.
X

BOI1 xe 1O TR A0
HHAE X 24,75 55, x, B I 1L 4E .
Xi={fog:h}U{xesyl 90t Ue(y),
Hrpe(y)={yl} U{a.b.c}.

Z RTINS sk ) i
min f(x)=f(a,b,x")
=g(a,b) + A—z2)+h(a,b) » 27,
gla,0)=a"+b"; h(a,b)=a’b+a(l1—0b)
s.t. —2<a, b<2; x'=0,1.
T S x 1 R A% AP
N (x)=x+A,{(0,1,0),(0,—1,0),(5,0,0),
(—7,0,0) } O B e KD 5
Mox= (240, 1— A DB
N (x)=x+A,{0,—1,0),(5,1,0),(—7,1,0)}
OOf 1 e /M D
[ B S 1) I A AR A
Nx)={(asb,1—x2),(asbsx?)}.

WA 6=1;0,=(1,0,0),A, =1/4; =
WD =00 BN Ay =A4/2.

ZHE 1 NP S x, = (1,0,0)0 FFif.k=0.1
PR EAR I T, k=2 B} x, = (1/2,0,0) 8RB TC %
BN B AR AR A N (x,) ={(1/2,0, D).
FEC1/2,0, 1) BRI 0f 2E 15 20 F B F 5 (yh )]s 20 =
yo=(1/2,3/4,1) R BLAE 2. (4B I & i k. 4
07 36 0 235 AT A R 3 038 A, B TR [ R x s 38 U
B ITE o FFREAR. TR, £ 2.4 3 ER
0 5 R R O R 1) 45 R S A AT A0, JF HLR
AR RLC0,0, 08 [ =0.

k=2 [ FESRAL S5 N AT B N Cyy) o 1
IME y3 =(—5/4,0. D) (f(y;=—5/4)) . IARIE )
o B 1) i T B TR G L AN BE TR UROTHARL T B 4.

F1 NMBEAV0.0FBHEIELRTE

k A Xk x,+24,(0,1,0) XA (0, —1,0) X +2,(5,0,0) X, +2A,(—7,0,0)
0 (1,0,0) (1,1/4,0) (1,—1/4,0) (9/4,0,0) (—3/4,0,0)
1 17/16 17/16 81/16 9/16
’ 14 (—3/4,0,0) (—3/4,1/4,0) (—3/4.,—1/4,0) (1/2,0,0) (—10/4.0,0)
9/16 10/16 10/16 1/4 100/16
) (1/2,0,0) (1/2,1/4,0) (1/2,—1/4,0) (7/4,0,0) (—5/4,0,0)
1/4 5/16 5/16 49/16 25/16
=y i yie 2=y}
N (x;) — (1/2,0,1) (1/2,1/4,D (1/2,1/2.1D) (1/2,3/4.1D)
B [ (x))+E=1/44+1> 1/2 7/16 6/16 5/16
X +A:(0,—1,0) xe+2A:(5,1,0) X, +A,(—7,1,0)
Ne(zp) (1/2,1/2,1) (7/4,1,1) (—5/4,1,1)
6/16 49/16 25/16
s 1/8 (1/2,0,0)
! 1/4
3.6 EEHELMEER EX 25 & LHBZWT LRSS AL i

T GPS REEAFAE R IR B4R 38 N %
R MADS! il i 51 A RF S8 AL 4% 7]
PUAE S B (dense) J7 7] 48 BEAT Jay 4 2%

HERSFZE. (D) A=A (2) limAy =0 24 HALY
limAZ =0.
B 12 fE 13 434 & GPS f1 MADS 7ER” I
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A% M, S &R o3 48 R J7 10 4 Dy 1978 & L WA
ﬁtzgizg’Plz:{xk+A21d:d€Dk}:{P] vPZan}CMk.

IR HEE S B 12 (19 8 AR RS B3 AR VF GPS #
14 MR TT R I BAERREUh A 2.

) :
p T
14
r I3
p—’ X, Xy
f
3 pl
E
Ay =4i=1 A==, A= A=
12 GPSER LRy m R EE R RiFmE 14 MR mg)
) I
/ 1
! Xy X, i X 1P
p : P
p 5
9 p‘
5
A=1A=2 A=y, A =1 A =)oM=V
13 MADS #ER* |38 2 07 1) 48 7R B B A 3 A AL a4 238 104 A 1 48) 1

SECALB ST AR AT LLR AN [R5 1 (g
FEBEAL) LA A& 7 0] D) BB, BT =
A0 R (9 BE MLAG 35 2 LTMADSY ™, g DI 1 7=
AR BB ] 4R 5 R I 2 B R OE I HE (Hyper-
tangent Cone) , 7E f3 A F RSB/ BB EH £
1) P A% a5 1) AT R 3 5 DR O B T 3% AR Bk R
HRA /N S BT REE. VAR o LTMADS 8% .

LBBEB. AEREE G=1, %M D=2=
(I —1I]. t=4; wo=—1,w, = 1. ¥4 1k ¥ K F 55 6 )~
B AT =AL=1;

2. FTHLIN . (1) Apy = AL /403 xS JR) AR /ME 5
(2) Ay =447 ERBIBGE s H AY<<1/4; () Ay =AY,
HER;

3. IEHEA I (D SR £ 1/ Ay 3EICE X 5T
ZONTFIX ] (—1/ /A7 41/ VA BT = ot . i
T =M B; () M B AT BENLE R ik di =B, . j,) 5
) th B=[d" - &' Mf/NER: D= {d" - ,d".d""},

o d == d R ) AL =n AT AL R R
i—1

B3 D= (d'od e ™) b 7 = —d (G 2) AL =
VAL ZAY
B 6. W xeQ il LTMADS 535" 4 1

Jai AR /N A5 DU 6 T 1) A DARE R 1 AE x 18 E Y
HETH (o EECUk[10]EH# 4. 2) .

K13 e R A (LSRRI AD T R
- 3 R AT RE Y BN IE 3

D, ={(—1,00",0,— D", (1,1},
D,={(—2,—1)".(0,2)",(2.3)},
D;={(4,0)",(—1,—4)",(—3,4)"}.
HES Ar—0 [ HALY A —0. #2 Ay —>0
I MADS fo V5 78 ALl 8 1 R 4% 28 5ol % 4T = 5
T 5 I LK 22 9 1, B2 B BCE 13 1 A7 i B A% S
VFZ2 3k 104 A J7 148D

4 AR

A A8 2Rk AR G 3R AT 2 B 0 IR A L B ik ok P
A PEAGTE] L R PR G e A 2 A R xS B AR )
R 3 PR ST HEAT 4R RS 1 e de R A R
FHEN ARG BEHL AL A 5] & i 7] B 3k 3 1Y 1 B2 45 0%
HWRGHE AT R ] 515 S AR5 5 LU
T A8 = Ak A S
4.1 XHAEXBEBMAYIE RS

ity IR U L R R S 2R 1 0 o B O
B AR B ATL A Ak R) 0 Tz s R R S H
P bR BB A R R AT AR e 2 S RE R B B 0 i
PRI A 031 3 B TR i D AR 22 5K pR £ (badly
behaved) flifk. 7F X L4 [ B rp . H bR 28 800] BE A AT
f s I HL 32 30 5] 4 230 S 10 A5 35000 AN 1 B AL R
AR5 ] 50 AT Ao 3 50015 6L PR B et BR 22 4
T T AN MEAA L R 8 AR IR I SR TR A K
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T8GRV il I S ] RN 7 )R ) 4 R AN S B i B
iR Z AT — € 22 5. FAT i e B A R ik
T AT 125 3ok R 22 HAOHk T b B A A AR B AR T 1 1 ) 7
T8 9K e Ul BB A 8 12 D IR AR A28 AT 4 DL AT
TE SR fiff 3 6 [5) R RS BB 38 B A AR i 2R

2407 TS T 5 B0 O 125 R A TR AL I P i 5 3
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Background

The modern constrained optimization problems in engi- are simulation-driven stochastic models, the objectives may

neering are becoming more and more complex, most of them be non-smooth, thus no information of the derivatives are
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available or trustworthy. The constraints may be linear or
non-linear, discrete sets, or even black-box functions genera-
ted from stochastic simulations or codes. However, many
conventional optimization techniques are only applicable to
continuous and differentiable convex functions, and they have
no use in these cases. The purpose of this work is to reveal
another end of the spectrum in the optimization community:
Direct searches, especially pattern searches and their evolu-
tions.

The direct searches can be traced back to 1950s, from
the Evolutionary Operation (EVOP) of Box to the Simplex of
Nelder and Mead, from coordinate search of Davidon to the
direct search of Hooke and Jeeves. Direct searches, especial-
ly pattern searches are always used as the first resort to many
non-linear programming (NLP) problems in engineering. Ac-
tually, they work very well in practice, but lack of the theo-
retical fundamentals till 1990s, only as heuristics.

The direct searches seem to be revived since the new
century, some elaborate theories are constructed and provide
rigorous guarantees of convergence for a large number of di-
rect search methods, such as generalized pattern searches
(GPS), generalized mixed variables programming (GMVP)
and mesh adaptive direct search (MADS), etc. Always, the

direct searches remain effective choices, and sometimes the
only choice, for several difficult optimization problems.

The authors gives a unified mathematical description and
convergence analysis of pattern searches in this work, from
bound and linear constrained (GPS), to non-linear constrain-
ed problems (GPS Filter), from mixed-variable constrained
programming (GMVP), to the new extension on the poll di-
rections to a dense space in mesh adaptive direct search
(MADS).

In the past three years, the author and his students had
paid more attentions on optimal video transmission, quality
of streaming video and media adaptation over IP and wire-
less. In order to find the optimal scheduling and transmitting
strategies for streaming video such as MPEG-4 finer granu-
larity scalability (FGS), MPEG-4 video objects (VOs), they
had proposed some elaborate algorithms.

This paper is carried out in order to solve the media ad-
aptation model in the framework of MPEG-21 Digital Items
Adaptation (DIA), which was proposed and solved by the au-
thors in related paper. This work is partly supported by the
research fund for the State Ethnic Affairs Commission of

China (05XN09).



