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BRE AL mE A T (2.5), vy =0 FF 8, BENEF] v, 02, -+, vgr FIILEE T 19 7
Bl dy, do,---, dgyr , HEHEHWERE

HiSip1 =Tiv1, 1=1,2,---,q, (2.6)
dit1 = =51+ Bidi, 1=1,2,---,q, (2.7)
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=T =T
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H (2.20), (2.14) f1 (2.7) B
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o i T -
1

=T ar—1m =T pAr—1m
_7"l+1Mk Tiy1 — T M, T

= ¥ "+ BT Hyd;, (2.24)
T i=1,2,---,0 -1 HHAEEEFTH (2.24) Hi %, X
Si Hidy

A Hidy = (=Si41 + Bid)) "Hydy = =57, [ Hydy + T df Hydy = 0. (2.25)

B (2.16) FHE.
BAA (2.7) f1(2.14), F

T - _ T T - T 1o
di 1 Tiv1r = (=841 + Bidi) " Tig1 = —5j 1 Tipr = =T My, Trya.

i (2.18) 7.
1 (2.7) F1 (2.14) 15
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t;(7) = min {/\i,max{O,T - Zx\j}} = min {)\i,r - Zx\j} =7 Z)\j,
XF 1<,
-1 -1
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j=1 j=1
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=D Nid;
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Jj=1 Jj=1 j=1

=1

2
Aj> df My.d;,
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X w(r) RF RS,
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4
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1 (219) 38, BLRr— A > 0 My 5, T 250 500 B 1), 4E RY LI
j=1
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=1 i=1
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dr
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i—1 1—1 T
= |:§k+ﬁk<z/\jdj+ (T—Z)\j>di>:| d;
j=1 j=1
1—1

=grd; + (T - Z Aj) d} Hyd;, (2.29)
j=1

B T1=gp 7 — f A< A, A f5E XA (2.14), (2.18) #1 (2.20), &
j=1
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< d}7T + Nd} Hyd;
=d'T +7, 5

T— | =Tpj—1=
Zdi T+ Mk T

=d; (F1 —7;)
1—1
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1) EFEEH AR g, AL H0RE B MR A R pi(7) ML RE R B(r)
TEpy(r) 76 7 € (0, +00) 12 M YA I A
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Rk X x| Hel S
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i—1 i—1
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j=1 j=1
EARKT r RS, FHA i — Mg, A (2.19) A7
dqifT(T) =gy di = —d{ Myd; <0, (2.32)

BrLh k(1) 72 7 € (0, +00) t%iiﬁﬁﬁﬁ@ N
2) Y 0<7 <N B, BH M =ZH2" ZIEEHEME, FFUFE X >0, x >0 f#HE
1M < X, M| < X, BT

@mzﬁmmzﬁhmz—@wq@s—@mw (2.33)
o>\ B, BT k() 7E 7 € (A1, +oo) LI AT, FTLA
?ng_lgk”?k”Q 1 2.

Bi(1) < (M) = MG < —s = — < ——————|7
g g;ka 1HkMk 19k XX H | g

i (2.33) F1 (2.34) B[ 15, 4 7€ (0,4+00) B, (2.30) /L.

(2.30) KW H AR R R RE 2986 BE 9), BB K pi(r) ZHIBIRREA “ 28" T,

(2.34)

3 B &

AT T R (1.1) Y BE 29 B 2% (e L B 86 B BR AR i Rk

MiEY BESHc(0,1),we(0,1),e>0. 4 m(0) =0, BR—PXFER Bo, I
WIERFIT R ©0o € R CR™, B k=0, 5% EH.

E27

1 W5 fi = flaw), g1 = V(x), By, My, A, Z.

2 R || Zgll <e, MAFILHE, o FEA BN GNET—5.

3 R ILHIRE B AR 17 (7), SRAFEE pi(r), WIERE pr(r) = ZTpi (7). BT =o00,w™ ",
w™ =D BB T Y A % R A

F@i) = £ +pe(r)) 2 €[ f (@) — o 0i(7)], € € (0,1), (3.1)
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i f(zw)) = 0<§Igi<(k){f($k—j)}7 wige 3.1) XWE—1 7 WEHR .
4 4
Try1 = T + pr(T). (3.2)

5 WH f(xrsr) M gepr. B m(k+1) = min{m(k) + 1,Q}. & 1E By 5% Byy1, &
k—k+1, B 2.

w1 EIEREEARAY A RS AR R, 4 Q > 18, ERE pu(n) REERIE
@i+ pe(me) /DT floyr). B, —BELT, fi FEREREY. 4 Q=08, 5%
T — M T R B IERE. BT LRI RIE T LU IR AR TE Q = 0 BT A RREE
HIE.

4 BiFlstes

EASH, f:R — R B RESTHEY, HETHR Q LRETHRY. HTIE
WOk B R B, B TR R

[ AL 5 20 € 2, KP4 Llzo) © {2 € QIf () < flzo)} REH, WP AEMER
FH| zp € L(xo).

B A2 | Byl AR, EMERE b B7E v > 0, B8 1Bl < xor

Bt A3 V2 f(2)l| LER, BIXERM = € L(xo), FLE xr > 0, R |V (@) < Xy

B A2, A3, L& Z RIESSHMES [HLl < xor |2V2f(22) 27| < x5

51 4.1 Bk BHMA, ABRE pi(r) = T (1) R BEE AT &0 SLH00 B s 1215
Bhy, W TR f(on) — onpi(r) W B 74 TR L, B

o) = o) = gmin { 2 Vil (a.)
W M 0<T <N\ B,

1

f(xx) — ox(pi (1)) = =7 (7da) 2(Td1)TFk(Td1)

a1 Ty —T= —
> 790 My "G, — 5>\195Hk9k

Z?ng_l?k

& kT Hd
2 dTHed,

=79, M} 'g), —

T _ -
= Egng 19k

17 9
> ——||g.1|°. 4.2
> 5=l (42)
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o> M B, BT oe(pi(7)) 7E 7 € (A1, +oo) B HLH I RR, AT

f(zr) — or(pi(7) > f(zr) — er(pi(M))

A2 I
= —égEHkgk + MG M gy

R e
= Ik L dTH dy
dT Hydy 2(d{ Hydy)?

__ (Mg
29 My, "H My gy,

1 5
———— |7, 1" 4.3
2XX°X> I, (43)

i (4.2) f1 (4.3) 773, (4.1) HL.
TR I EIER T HEE 3 SRR S NE L, e FRP M4/ 7, f§ (3.1) ML,
5138 4.2 FEREE 3L, & (gl #0, WEET >0, 15

of . 1-—
7> 7 % min {ml, B et } (4.4)
XoXX2 (Xr + Xb)XX

[N

it RBESIEAE AL, T

o< min{or Lo e ] o
AT A T R (3.1), B
Fi) = £ (o + e ()) < €[ @) on (22 (2))]- (4.6)
B o) = max {f (@)}, WA FRAM L
Fe) = £z o () < €@ - on (22 (2))]. (4.7)
LR A7
-0l (2)) - 1] (o)) -l (2)) >0
i (41) 1 (4.5) A7
-9 (2)) = 10)] < ~50 - min {2, =gl

1
= 5= Zlm* (4.9)
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X R PR (2917 = llpk (2112, AT

S(enel( ) - 0i ()
=508(2)) 29 s (ot o ()27 (2) - 5 (4 () Toni(3)
() Y

HAF0<o<1. B (45) 8, 7 <wi, Bl 0<Z <\, FMA pi(Z) = 2dy = —Z=M, gy,
Ni]

§Xf+Xb

2 2 252
i ()| = it < B (4.11)
1 (4.8)(4.11) 15
1 1 %
~5U = OZEII? + 300 + )y gl >0, (4.12)
B4 g, # 0, Wi A
S ek 91 (4.13)

(xr + xo)Xx%

XA (4.5) M JE. WMBREA ML, Frid (4.4) BOL.
TESIFE 4.1, 3170 4.2 RTIE T, EH 4.3 #E—B U0 T 0 B Sk S stk
I 4.3 R ALA3HOL. & {ze} R RBAIETFENFS], T

liminf || Zgy | = 0. (4.14)
i RBCEEM SR AWML, WELE e >0, /X THAR K,
174 ' 1 Zgell = <. (4.15)
M2 HEN (3.1) &
F @) = f(on+pu(r)) = €[ £ () — rwi(7)].
FFBA f(ars1) < Flay). EEE mk + 1) = min{m(k) + 1,Q} < m(k) + 1, A
f@yen) < Ogjg}%)ﬂ{f(ﬂckﬂ—j)}
= max{f(zyr)), f(zr+1)}
= f(@ur)),
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RS {f(wi)} RV E. XN f(an) B THFE, INTFI{f (20))} UK
fy. AT H (4.1) W15

f@iwy)) = f(@m—1 + piggy-1(Tiry-1))
< max {f(zm-1-5)} — f[f(xl(k)—l) - @l(k)—l(pf(k)—l('rl(k)—l))}

= o<i<m(k)
< g U @w-1-9)) = g min { Tl(;il ’ XbY12>?2 }62’ (4.16)
BT {f(zi)} sy, B XA
Jim 71 =0, (4.17)
RAAC [4] TTIELR
i f(zygy) = lim f(zk). (4.18)

M2 HEN (3.1) 7%

f(@rg1) = flagy) < =€ faw) — @k(pZ(T))} < —gmin{;—k, ﬁ}g-
lim 7, = 0. (4.19)

k—oo

X5 4.2 #F &, NMRBE (4.15) ANELAL, b B4 8 L.

5 BB sERE

FEH A3 JEW] T AR RS SR, AT LA AR A AR S, T ELAR
FROCR A LR R, HRRFa T RE.
i A4 IR (L1) B9 . BRI By U 26 0, BIFFTE (>0, 15

0TIV )2 2 I e R 5.1
B A5
o M= 291 2 )]
P [l " o
i A Rk
()21 27 = i) = ol () i) 53

EE 5.1 BB ALAS L, HEREE > 0, 8 pi(rn)ll < nlg.l, EF 5] =
[Zgill. % {ax} € R REFETEHFI], N

Tim (7, = 0. (5.4)
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TR &1 € (0,1) A (g} HH— AT (5,0, 1, EAMPFER mii = 1,2, ) #
#
G| = 1. (5.5)

EH A3 RIET MEER c2 € (0,01), BEA DT FH {7, ), 4 ¢ T KN, A TFHHRX
RS

Gxll > €2, mi <k <ny M7, < e

BT (4.1) #1 (4.4), A B @ BRAR % 4k 115

Floe) — on(TE (1) 2 sy min {2 Vil

~2p? X XbX X
= allpi(m)lI?
= allpk(m)II?, (5.6)
~_ 1 .7 1 7
ﬁt{ﬂ o = W mm{;, m} EE (4-16) ﬂ:ﬂ (5'6) ﬁ‘H%

f@iwy) < fl@am-n) — & f(@m-1) — @l(k)—l(?f(k)q(Tl(k)—l))}
< f@amw-1) — &allpiry—1 (my—1) 112 (5.7)

RT3 [4] FEIER A

Jim () = lim f(on) (53)
T
Flaesn) = o) < —€allpe(m)], (59)
(5.8) f1 (5.9) BHkE
Jim [lpi () =0. (5.10)

m R A5 A%
or(Pi (1)) — f(xr + pr(Tk))

_ 1 — 1 —
= [gEp* + 30" Hip* = glp + 5 (00) " Hepr + olllpi )|

= |30 " e~ 29 1) 27w + ol )|

= o(|lpll*). (5.11)
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T X F 7 KE 4, mi < k < n; A[1%

J(zr) = f(zr + pr) 14 or(pi) — f(or) + f(ar) — f(or + pr)
f(xr) — or(pi) fxxk) — vr(pi)

o (i) — f(@x + pr)

= f(xr) — wr(pf)

allpel?

WIAETE p € (0,1) {73

fxr) = f(or + pr)
f(xr) — vr(p})

XEWREMN T KE i, m <k <n; 5
f(xr) = flzk +pr) = p(f (k) — o (PF))

1
> gmin{T 7}6%

> p, (5.13)

X xR
=as3, (5.14)
R @ = fmin {2, L=} T n—m, > 178
n;—1
D [f@r) = flan +pe)] = (i — my)aes > a3, (5.15)
k=m;
EEWREN TR RE i, F
agy < f(zm,) = f(zn,) — 0. (5.16)

B (5.16) AT )E, BB (5.5) AWML, M E B 4518 L.

SIBE 5.2 B frr) — or(ph) > —win (DI Bt A (i) B T B9 MEFEE
B, % = ZFS {oe} B—MRIEA, W H, ZPIEZH.

it R H. RNERIEZW, NFEEe >0, #5

Amin(F*) =—e <0, (517)
W24 2y, FEIFHRIT v B, H

_/\min(Hk) Z (518)

N ™

IR T P AR i 2 A 1

Fax) = oxvR) = Slpil, (5.19)
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mEZHEN (3.1) F
F@y) < f@am-1)) — & f(@m-1) — @l(k)—l(?f(k)q(Tl(k)—l))}
< Fiao-n) — gl (5.20)

HHR o) ZWEH, WA

Jm i) =0. (5:21)
ST [ P ES
lim f(agy) = lim f(ay) (5.22)
M (3.1) A (5.19) 75
Flawn) ~ Faw) < ~€[ 7 — pd)] < il (5.23)
(5.22) fl (5.23) HWkE
Tim g = 0. (5:24)

BN My RIEZREE, 513 il A lIpplla, ZEME. X |Ipili, 7€ (0,400) L& ™4 #1E
B, i opp B E XATH
lim 7 = 0. (5.25)

k—oo

RMAFIEE 4.2 IERAFLET > 0, 13 7 > 7. XEWE (5.25) FHL, AT Ain(H) > 0, B
WOH. R IEER.

T 5.3 MR Hyp B, R ALAS R, B {on) HEEEWBENFS, o h
{on} BORRFRE, WFSN {n} BAERET 2., B

Iowss = 2ell (5.26)

lim
k—oo ||(Ek — LE*”

i T IR, B3IEE 2.2 Y i) TR pi(oc) = — T, g, FEREY k SRR,
R pi(00) = ~H, g, WRFHEFM (3.1).
B g5 pji(00) = —pj(00) THypi(00), |1 (5.1) #1 (5.3) 3

z

er(pi(00)) — flaw)
= gTpi(o0) + %pZ(OO)Tkai(OO)
= —pi(00) ki (00) + i (00) Hipi(o0)
= S (00) (29 (@) 2" ~ T (00) = 57 (00) " 292 f(01) 2 i (o0)

< ~Cllpk(20)I* + o(llpx (o) 1P (o) - (5.27)



6 # MV 2SO B9 B 29 T 2% (R L Hu i B2 B 4 14 835

HH flr) ZWGELERY, €€(0,1), H (5.3) fl (5.27) 7] 1%

Flar +pr(00)) = flax) + g pr(oo) + %pk(OO)TVQf(xk)pk(OO) + o(lpw(0) )

= f(zk) +Gxpi(00) + %pZ(OO)TZVQf(xk)ZTpi(OO) +o(llpi(0)1%)

= (ex) + TEpi(00) + 507 00) Fupi(00) + 597 (00) 2V (24) 2" (o0)

= Flan) + € [or(pi(00)) = flaw)] + (1= ) [r(pi(00)) — flaw)]
+5ph(00)T (292 ()27 — )i (00) + ol i (00)]1)
< faug) + €[prpi(o) = S (@n)] = (1= )P (O)II + olllpi (50)1I%)

< Fa) + €[ pri(00)) = fan)]- (5:28)

FFBAYS k FEAh K, pi(oc) = —T, 7y W (3.1).
KUY Ty, R, BETE R 2 A R A S S A . T (5.26) 3L

6 HELR

Xt R BE 2 T A (R S B i B B R Sk, AEALS O AR TV-1.6GHz My B i b, R $2E %k
ff Matlab #4740 %2, ST EAAMBELER. A TREFIENERE, ERSH =105,
£€=0.02,w=05FEHFSH Q=0.

BT 5 MR ERENNRE. BEFRSRER 140, HS RRWAES] B T3 [5).
NF 2R BAR R85 8, NG RS HHE R H RS, F et & RSN NG
M, TEHERESIH . JE A R R TIRE IR A KK EE, B AT S T4
Q=0 fTEH.

1 MABEES R

AR Q=0

NF NG
HS028 2 2
HS048 2 2
HS049 14 14
HS050 10 10

HS051 2 2
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A REDUCED PRECONDITIONAL CONJUGATE

GRADIENT PATH METHOD
FOR LINEAR EQUALITY CONSTRAINED OPTIMIZATION

Lin Tao
(Shanghai Institute of Technology, Shanghai 200235)
Zhu Detong
(Business College, Shanghai Normal University, Shanghai 200234)

Abstract A reduced preconditional conjugate gradient path method with nonmono-
tonic technique for linear equality constrained optimization problem is proposed. By using the
generalized elimination method, the subproblem is equivalent to an unconstrained optimiza-
tion problem in the null space of constrained matrix. We develop preconditioners based on
an extended system. By employing the reduced preconditional conjugate gradient path search
strategy, we obtain an iterative direction by solving the quadratic model as well as the iterative
step. Based on the good properties of the conjugate gradient path, the global convergence
results of the proposed algorithm are proved while fast local superlinear convergence rate is
established under some reasonable conditions. Furthermore, numerical results indicate that the
algorithm is feasible and effective.

Key words Conjugate gradient path, reduced preconditional, nonmonotonic technique.



