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An Unconstrained Optimization Technique
—Proper Conjugate Direction Method
Zhang Ganzong Su Tashan
{Department of Applied Mathematics and System Engineering)
Abstract

In this paper, a method for solving unconstrained optimization problems,
which is called “proper conjugate direction method” , is developed, Compared
with general conjugate direction method,such as the conjugate gradient method,
this method will save a great deal of one-dimensional search work and raise
the rate of convergence,

Key words,; convergence, unconstrained optimizatien problem, proper con-

jugate direction method, conjugate gradient method, one-dimensional search



36 B B AR & x ¥ % R - Bug

EH([2]), B(ROTUBEERBWHLRA BN XEREZR BB Z, A5 @K
REE, Bl BRALERE-BRANS,
HB(R") x B(R") L —AERRARMT
(@1, )~(32,4.) <>, +y, =2, +y,

LB(R")=%(B") x B(B")[~, XPTRIEE, 9, (z,y€B(B")), BE)PiEH
& LA s
Kz, 9ol =da(z,)
& SHRE LA
By, 910 &2, ¥20=C2, + 22,4, +¥2)
a(a y>={<ax’ ay), a0k}
' {-ay, -az), a<Oft
TEBQR) BA—-SGHREZT H. X E X7 B(B)>B(R) , n()=(z,0) ,
t€B(R). BERIE7R—NEELEKRA. VAcHB(R"), 7(4)LA4,
Tl EHmTKEHRARu:R">R, HEMTHYIES:

0
or'

ou
ox!

Du(x@(dx):élm:‘ (zo);(émf )u(zo) (4z€ R™)

D*u(z,) (Az),’;(éldx";‘)ﬁ) TER

B Dfu(zo)(Ax);(élmfa%)'um)

BR—AEWRQ:B">F(R"), B, CR" Jbn-7] % & $§: QL7(Q2):R">
B(R") &Rk, BIFE—NEEHEEBG D (2,): B> B(B") (£
Q=) - 2(zy) - DQ(zy) (z~ z,) =o(lz- z,}) (z>z,)
WD (20) (A2) H Rz Bt (R THEEMEA2) H—Bri.
EEIIARATES T

g (B 2{AcB@E) | 4= 1 [a,5,], a,b,€R' }
B,(R") 2{<4, BYE B(R")|4, BE %,(R")

2 FEZER

%THBQ:B">%, (R"), Q(2)= ﬁl[a"(z),b"(z)] , K—Brgks 1]tz

3.1, BH3.2EAMTER,
#Qfex € R™bn-71 i, MDQ(z)ktkdm, I Ai(z,), Bi(z,) € B(R™)(H1S

Do) (40) = T 4e'CA. (@), Bu(2)y  (A3€R™) M

HHE—FRRH
C4i(x0) s Bi(@))>€E B (R") (i=1,2,+,7) (2)



By Rk, - R BERHHER KD 37

Ma?, 8:R™>R' e AbRFTEERY, j=1,2,,n,
K2, #ae’, b'«R™>R'{Ez SbRvT Ay, MQEz, bR -4, B

DO (z,) (4z) = z Az < il [ ,(zo)+ (a:o) ﬂf(zo)+g_:_,f(zo)],

N lat@o), ﬂ{(zo)]> 3
Aol a0), Bl (o) RUR TATS R ERKE
{(zo)<ﬁ£(af-o) 1=1,2,+,m3 J=1,2,0,0 (40

j(zo)'l' (xo)<ﬂ1(20)+ (xo) i=1121'"vm5 jzlvza'"an (5)

%ﬁ(3)ﬁtﬂgﬁﬁﬁﬁfﬁ#ﬁ@%ﬁ, HEEERREQRESRLEM.

a’ Aoa

. ob?
id =57 ,( z,), bj;'&;;(xo)

Az', Az >0t 0 , 4z'>08t
Azt = Azt =
0 , Az*<<Om} - Az, Az'<ORt

g2 Fao fIlat+al, pi+5l), T1lal, 611

i=1

-

I
Ma

Az
i=1

1

T tai+al, pi+8i], flal, 611 >+
Jj=1 J
40t 1 Lat, 811, ]

1] S (4stai + azta?), z; (A B3 + Az4p3) ]
j=1Li=1

+
M
||:a s

i

11 E (Az'ai+4ata)), 3 (Ac'fi+ datb]) ]>
¢=1 i=1

1’;[ E.J Azial, ;:)IAz-ib{ ] 1‘[ [2 Aziai E Az$b} ]>

F=1Lli=} i=1

aj+ i Az‘a{, ﬂj'l' i Az'b'z ]’ jﬂ [ajvﬂj]>
=1 i=1 =1

|
I

l
/\/\/\ ay

[a? + Da’ (z,) (4z) , B7+ Db (2,) (42)], jli]l [a’, B7] >

ARha’, pIR iﬁﬁ?ﬁzié“fitﬂﬁﬁﬁ%&
al< B! (6)
a’+Da’ (2} (Az) K< B+ Db (=) (4%) 7
()RR A: t

DQ (x,) (4z) =<-1’1 [a’ 4+ Da’(z,) (42), B7 + Db’ (z,) (43)],
T, 51 > ®
31 1 B.(RVEBR) Y.
it B, () eI a0, Tat, B0 ) ERBRY



38 B B B & X ¥ % # Rrg

H1fy—4~Cauchy3l|, Mifi

(7, 5--00)
> du( 11 (a2 +a%, b3+B21, T1 (a3+at, b3+521)>0
i=1 i=1
37, la4+a2 -8} - af] >0 (r,500)

={a}- 31} LR thfly—ACauchy5l, R, (b}~ 54}l RR! daCauchy3l, MG a’,
b€ R (78
ai—ﬁi*aj, bi—g';_)bj (s8>o00, j=1,2,"°,13)
> a2, 020, 1 (st 521y~ 1 [ar+at, p 4091,
J1lat, p7 € BL(R")
Sohal, PRKRE FRTRSRMERIN .
al< p?
{a"+a"<ﬂ"+b’
B, (R){EB(R") Hilo CIEH)
% Oz, € R™bm—TTH, W) RML, A

|2 (z,+ 42) - & (z,) - DL (7,) (42) |
(EZ

Vi (<ism), &4z=A4z"-e;, F
||S§(xo+Aa:)—.Q(zo)

>0 ({4z|->0)

- {Ai(ay), Bi(xy))

Azt
="Q(f’fo'l'A-‘”)‘9(“70)“ DQ (x,) (4z) | >0  (4z'>0)
|4z]
= Q(xo'i'Asz)i— Q(z,) >{4i(z,), Bi(z,> (Azi>0)

MHESIE 1, {Ai(a), Bi(5) )€ B(B") (i=1,2,-,m) HEIFHFEH 2) BFH
iy, G
#ik FOQ:R">Z, (B b n—F 3%, W VAz€R™,
DR (z,) (4z) € B, (R")
T£, BEITRER.

ER 1 R E— MR QG>F (R, GCRF, Q@ =1 [@@), 4],
0
QZEIOEG%”'—'EI#&(‘:>“'7, b (j=172y'"ym) %BZE%M:E”“‘&Q
I B2 2 e Abm— T B A (8) KA
i F— Bk B 02 (20) FHA— R, HI—B DO (20) (42) € %, (R, # Eit
RER B, BRETEME,



®im REE ~ R BEVH G BN D 39

ER 2 GE—AWHF. 6B (B), aCRF, @)= [110'@), v/,
JL12/@, 5@ ), WP fiay € QUM <>a/ - 32,6/~ 5 (j=1,2,,8) # Tz,
T, HEHFAREHE

DF (a0) (42) = J1 [0/ +D(@'= @) (2) (42), B7+D(b'- B) 20) (40)]
T las, 1
Aeha!, fRUR FRRSRNERKL,
al g’ (9
a’+D(a? - a’) (z,) (Az2) < B + D (b7 - b7) (2,) (42) (10)
E D) Wz, € GIEATH, W3IE 1,

3T lof, 041, I1 [of, U1 D<A, Bula)y (i=1,2,,m)

e DF (z) (4%) = 3 AxAi(ay), Bia0))
|F(zy+ 4z) - F(x,) ~ DF () (42) |
= "<Jl’j; [a?(x,+ Ax), b7 (zy+ A2)], jl’i[l [a?(zy+ Az), 5’(z°+Az)]>

—<f1 [@7(z0), b (20)], TI [a(z0), 6f(zo>]>
Jj=1 i=1
- Far fiter an, fiiel, )]

’

= max {|(a/~ @) (@ + d2) - (@'~ &%) (&) = 3 Aw*(of- o]

1<j<n

I(bf ~ B9) (o + 42) - (7 - B7) (2,) - é}lAz‘(dif - «Z;‘)l }

i |F (2, + Az) - ﬁm ~DF@)AD)|  (4z]>0)

(a7 - &) (%o + 42) - (a* - 8%) (2,) - 3 Az*(c]~ 1)
Lo P (a0

2 | [z
> @ atao TR, BD (@'~ 8) (@) ()= T da(cf-ol), G=1,2,,m,

R, b/~ B oy STTB, B Db~ 5) (20) (42) = 3 4a* (@} - 3D, j=1,2,,m.
LB
) Bai-al, =B, j=1,2,,n8bfE2, € GRAM, 4 f(80)1 BB, (B")
RRHEBS B
f(zo)(d.v)=<jl1j[1 [af+ D(a’~ a’) (z,) (4z), B’ + D(d7-b7)(xy) (d2)],

1 tat, 87>



40 BH B # % Xx % % # 7 %1257

Kpa’, FPRHBR(9 . L0)RHEREKE.

| F (2o + A2) = F (2,) = f(%,) (42)]
l4z]

= s ™% (1= @) (2 + 42) = (4= @) (2) - D(@ = &) () (42)] ,

[(b7 = B%) (zy+ Az) = (b7 = B7) (x,) — D (&7 - bY)
- (zo) (42)[ }>0 (] 4z]}>0)
F(z)fex 2™, HEADF (2,)=Ff(z,) GES)

THEHBHBEL Q@ HERHS. (X, V)R FAHEERES R XA Y hkt:
ARET2HBEREFER—RIOENEERTEZR. QRAE 2 LEZHr—H
My Rds: DQ(-):R™>x (R™, B(R")) RFIHly, ANfF 76 & # 3% S me $1D 2Q(z,):
R">c/(R™, B(R"))E#R

DQ(z) - DR (z,) ~ D2Q(2y) (z~ zy) =0(|2~ 2, ) (11)
—ft i, QAL Lk rr—TT RN, D Q@) e, A THE.

S5B]he L7, RAXEHTHERGRSE, [3]HPRBRERQD XKLL,
BERDF (2) Re—AEr. SEELHEARMMa BN, EiTROHERMIH, ML
R QB EMBEATEREAEN, ERAET, RITRDQ(2,) (42)2 H Qfez i i
Mty o BrD*Q(x,) (A2)* h QfEz SbHs & By, WLLEIEAD*Q (20) (42), (11) 3K
M4 T

1D (z) - DQ(z,) ~ D*Q(z,) (a - 7,) |

» lz— @,

BARBA2)XTLAREY, VAzeR™
[DQ(2) (4) - DQ(zo)I(A:v) : D*Q (2,) (z— z,) (42) ||

lz -z,
MR T A5 2, BA3)RIFRATLAHEH(12) R,
I 2 BRYRLKHUMEER, XEEREZEREER, fo, e (X,Y), M
[fa= fol >0 (a>o0)e=>Va€ X, |fa(x) ~ fo(2)|>0 (n->o0)

Y (#%) o #WB5IE 2, (12)REMTAIR, MEH

ER 3 RQ:R">FZ (B2 BB P —Frr—7H, WQEzLZHra—7]
M <>Y dz€ B, —}risy DR (+) (42): R™>~B(R") 7.

Xtk Brigsy o5 A RS, TE K,

HE#L, 2, 3, RABRYE, EHATHENEEEHE,

ER 4 HE—MEBD: G2 (B, GCR'F, Q@) =1 [@@), b@),
il

-0 (Jla-2o]>0) (12)

>0 (fz~,]->0) (13)

Q@) €Lk in—a i e=>a’, b/(j=1,2,,n){E z, LER K BIaT i,
H Hbkr g

Dks‘g(xo)(ax)=<_1’_'1 [a’+ D*a’(z,) (dz), B'+D*bi(z,) (42)], n [a?, ﬁ]>



%19 Rk — R B E BH B R B NS 41
Hra?, PABRTRAERMHEERLS.

[a’<ﬁ’
a’ + D¥a? (2,) (Az) < B’ + Db/ (z,) (Ax)

#£ 5 X W

(1] Bamks H T and Jacobs M Q. A Differential Calculus for Multifunctions, J.
Math, Anal, Appl, 1970; 29. 246~272

[2] Radstrom H. An Embedding Theorem for SPaces of Convex Sets, Proc, Amer.
Math, Soc, 1952; 3: 165~189

{81 Schinas J and Boudourides M, Higher Order Differentiability of Multifutic-
tions, Nonlinear Anal¥sis, TheorY, Methods & Applicatiofts, 19813 5(50); 509~
516 ,

(41 De Blasi F S, On the Differentiability of Multifufietioits, Pacific. J. Math.
1976y 66(1): 67~81

On Higher Order

Differentials of One Class Multifunctions

Wu Mengda

(Department of Applied Mathematics and System Engineering)
Abstract

In the paper [1], H, T. Banks and M, Q. Jacobs have discussed the one
order differential of the multifuntions £, RB™>2%(R"), Their result has been
improved in this paper and the sufficient and necessary conditions for the dif-
ferentiability are given respectively, The limitation of (3. 2) in [1] is proved
to be unnecessary and the sufficient and necessary conditions for the differen-
tialbility of 2 are found, Furthermore, the sufficient and necessary conditions

- for the higher order differentialbility of 2 are gained and a calculus formula
is given,
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