Advances in Applied Mathematics N F %% 3Ef#, 2025, 14(10), 92-99 Hans X
Published Online October 2025 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2025.1410423

TARKXEIRE AP EBroydenFk—IE T 3%

%2 H
K TR S5 b, Wi Kb

Weks H . 20254F8 290 A ERA: 20254F9H23H; & A H: 202549300

H E

AR T —FRBIT LR FE KPP Broydent FR sk — R IE %, FHERA T HAe RS, HE
GRRY, WPHEMBRTREPTTEREEHARNBERR, RN HEERSTERAIMERR.

Xiid
TARMAL, MFRBHE—RIE, M55 SRS RPBIE

A Two-Step Broyden Symmetric Rank-One
Correction Method for Unconstrained
Optimization Problems

Shengyuan Chen

School of Mathematics and Statistics, Changsha University of Science and Technology, Changsha Hunan

Received: August 29, 2025; accepted: September 23, 2025; published: September 30, 2025

Abstract

This paper proposes a two-step Broyden symmetric rank-one correction method for solving uncon-
strained optimization problems and establishes its global convergence. Numerical results demon-
strate that the two-step method exhibits significant improvements over the single-step method in
terms of computational efficiency, confirming the acceleration effect of the proposed approach.
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1. 51§

AR 5 A0 W SR AR TC ) A AR 19 R ) T 2 28 il T vk [ 1] o A 5 I 2 ik DR L R 35— v A Bl T
HZ I, ARTREHE H AR Hessian FiFE R FO0E, 7R w4 o) b o RO B [2] . LA
Fi Hessian EFEIAL, BRI S8, MRS TR R3],

X BRME—(SR1, Symmetric Rank-1) 5837 & i i £k — 12 1E 5T Hessian AU R, B 77Aif 7 SRARANHL
SR FEPR LA [4]. Conn 25 N[SIUERH T SRL ST AL R IKI R I 7 91 78 — 52 26 A1 1 g % 42 R IS B s i)
Hessian %%, JUHE T AR LG 1] 8 . Khalfan 26 A\ [6]0 2R 5 SEIGHF 7L R B, SR1 BB 7EHli # Hessian
FERERFIE A T A =, 2R, SR JNEAFAIE L@ AR, rlRERmA SIE MR E M. X
— ], Leong A1 Hassan [7]#&H T —F H &M IEE 45U E S SR1 J5E, ARERTH T B et it
RE. 4k, Modarres 45 A [8] [Oi it 1& IEHIZ 7 RS0 T SR J7 ¥ Hessian AU BE, AR SCEE 1 BE
AR 1 SO HF .

Lt EE, W Broyden J7i2AE Ny —Mmis £ R 52 2|12 543 . Magrenan 1 Argyros [10]8 58 1 W22
Broyden J7iEMURSAT N, Fa tHATAR 1 AE IE A5 B8 AT DLE 3 2 = SR 3B U SRR . Zhou I Zhang [11]4 W5
& IE AR TRk, #2007 —FPGE ) Broyden-like 59, JFFAER] T 4 RSt At ek v ik 8t
Pho BEAh, Al SEAN[12]38H 17— M0 SR Bk, Wi i {E 2 Wit Hessian 3L, M 5%
5 SR1 M4s G iRt T HIR SRR

S SR1 FIH A Broyden L&A, (A HMLEEMRSEI RS IRER. £5 SRL JiEF EE
ARETTRES BRSO FEE, M5 Broyden J7ikIE I AAME IE nI 42 & R S U SGH FE . ST Ik, ASCHEH
T —FhghA SR1 B AP Broyden 77k, R SRL A s 2 Hessian I fBl, FEid I 99045 1F 5
JR IE 8 PEGR R, AT S Ak R AN AR E

5 MSSR1 J7¥A[12]4HEE, TSSR1-B fELL FI7HA P AR: #Jat MSSR K {E £ Wi :iiyit £ 5
FNLL T HE, i TSSR1-B @i W20 Broyden & IF 4418 B T & 1L TR, ke 1 iy UCHE BT SR IR 52 2
FR& TSSR1-B 51 H & R 46 3R 1 F 3 ML, 5 3 b R dp R B T e 1 AN A e

ATTERTE T . 7E SR1 BRHMELE b 5| NFABIEER, #2917 BEpUSIoR B s i i BR A2 7 B iE
B T BRI 4 RS s BUE SZIR IR IE T TSSR1-B 7E 15 A UM S 8] b e bk «

AN . 5 N AT L RAA o) 8 K E s B S B, 5 = PR RE R 2 IR R 2T
ki, SHIUTTIR I SS S SR B AP AAE IE K TSSR1-B 5032, 45 1L /M i 4 Uk ik, 45N
W AUE SR L TSSR1-B 56407 ik tERE, SB-L1T B4 A SO R BRI AT 1M .

2. TARMALCIBAOBIFIRE R EEIESR
AT — ML AR 7 S P25 Broyden #k—#E1E 7775 (TSSR1-B), 3R an T 2000 n) & -

min f () (1.1)
H fiR" > R 2 A s B FoREs, 3 2SR IR0, TSSRI-B J7ikEAHES

A ARSI T -
Y58 X, V(X ) BIHE R Z 0L, LK B, e R™ (V2 f (x, ) MBI, 1@ T XHhE
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TSSR1-B 7717 d,

B.d, +Vf (%) =0, 1.2)
i3 BT BLR A5 A AR RIT Ik BRI AR Xy
X =X+, 0, (1.3)
Hrp
d, =d, +d,,d, =-H,Vf(x), d, =—H,Vf (xk +&k), (1.4)

¥ B BT A By s Al By SR AL IR B R
Be.sS = Vi (1.5)
HoAr s, =Xy =X Ve = (X )= (%) -
2.1. Y, W9

¥ B ARER AL T A0 R il 2R A3 R A 9 B S B A T 12— R SR M S — M IE R AR (L5). N T
AR IE RIS, FRATAT LA TSSR1-B J7al(L.2)A iy d, , e B, ke
B, =B, +4,], (21)

Horp 2 AT ARRE, VAT Bl Hessian AEFEAG RS, SIBEHBEIEDIU, . U BOE 2907 SEFE (U 1
SEPRIEFARAE T —/ it ig). BT B A

Bt (X1 =% ) = VF (Xt )~ VE (%),
FERE B, W2 LU R KR
Beor (Xer =% ) = (Bewa + 1) (Xer =% ) = VI (%) =V (%),
B R
Bi.iSc & Vi + 45,
T AFRATT AT AT 24 0 TE 07 F2 5 R
BeatSi = YoV = Vi + 24y 22
RIS, wRkBELTIESKR, UiEhTE, BABIERIERD LT — RN IER .
RS H R e f R W Xy = X + S, MIE S, AR, 1A
(%) = F (%) ~SIVE (%) + 350V (%) + O ).
B
F(X) = F (%) = STVE (%) + 2SIV T (50) 50
[t
S VAT (Xe1) S = 2(f (% )-f (xk+1))+2(Vf (xk+l))T 5,

=2(f (%)= f (%1))+(VF (%s)+ VE (%, ))T S S Vi (2.3)
wid(2.2), FATE
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Sk BiatSe =S¢ Vi = S¢ Vi + 245 S (2.4)
JH A (2.3) 5 (2.4), BATATUALLA ) T g B U, A 2
HeSeSe =V (2.5)

Sy = 2( £ (%)= F (%)) +(VF (%er) £ VE (%)) s..
AR ARQSE), AT LRSIk £ U,

. |4
S = Wi Wy =~ Uy, (2.6)

T
k “k

Hu, e R" 215 s/u, #0.
Modarres Z AT FiRd R RIEH T LTFER

BeSc = Vi Vi = Vi + S’”k u,. 2.7)

k Yk
AR R S 1 | -3 ) AU S MO
R R T BRI R, 7T BA7E(S] (0] F s,
S 1 (8] BRI T RN, LU B RREQSE). s | R, WL i

a1
SI (Vz f (Xk+1)Sk — Y ) = gSI (Tk+lsk )Sk +O("Sk "4 ) (2.8)

sy (vZf (X1 ) Sk — Vi ) :—sk (TisaSi ) S +O(||sk || ) (2.9

Hor YE =Y TUS,. Tk+1% f 1t Xk+15¢94]§{f%; FFH

3 asf(xkﬁ)i IN
= 6Xi6xjax' Kok

FHREBE, b Y AR LT VA F (X )S, o
2.2. MEEIHRC.)H—E BN

BT s, Ve =S, Yy +Uo FLU FTREA S, kU, <O KT sy, FH s Yy <0.0 N7 fRHIx B, &
E— S EgmE Yy, WrFR

SI (Tk+lsk )Sk =

Vi = Yi +59n (v, )‘ﬁ/—kuk, (2.10)
Sy Uy

B RA S BN, RITEEH STy, >0, 44Ty, >0,
AR@I0)FFAY, =S, , A7 5

T = Yi 500 (i) s, (2.11)
k Yk

3. IEEF 2R SR1 &1

Ex—e, A1 B IE R EIZ 7 72(2.10)%) SRL #HTIEIE. Hhah, RATE A —Fh g A5+
EIER) SR1 A 20 H A IE 8 14

3.1. &% BY SR1 EH
AR FRATIR B = TSP IE 3 5 72 (2.10) & 2R SR1 5 -
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(yk B Bksk)(yk B Bksk )T

B, =B, + - (3.1)
‘ ‘ (yk - Bksk) Sy
o g, =y, +sgn () SZ’S U o WL Hy 5L Hessian (93, T of 2k 75 Rl 15 A
k Yk
S = Hea Yo (3-2)
Bz, FATEA Y SRL HH
Hk+l:Hk+(sk_Hkyk)(Sk_Hkyk) , (3.3)

(sk -H, ¥ )T i
AT (3. )R AU SR B HT, 1M0(3.3) /& Hidi A
3.2. &3 SR1 EFHHIIEEM

TEA/NTH, FATE X SRR — RN BB R 2l 72, DA S iE e e &2k . BT AR 7 iR
FH TR R 8 7 2 2 8] () B XA T, R B & JF B A SR ST b DAORIF IR € 1, i S8 T 4R J7 VA AE SR1
BB IE S I F B AR B A SR B P 4R SR S BATR BT EM F BRI 2, B EitH
B, (Hessian fI3EA). f1SRiZi%AR i SR AR S IEE R, TR /NE A 2 A1

AT IR ARG, AR Leong A1 Hassan [6]32 B AL H 7, I8 4| & L4
FATAERE, o

) 12
2 2
(sk-lsk-l) Si-aSka

( ylf—lsk—l )2 )75_1 Yir

2
7 — Sk1Ska _

ﬂ'k—l ~2
YiaaSka

(3.4)

AT TR G5 & B SFE T, M IRA 1R L T IEE M 122 SRL B SR 9 4 BH F 51 {H, |
RN BUE, EIEXMEE, AT T EATNH .

4. EiEid

HIE 4.1 BLARMAL S )P A5 Broyden Bk — 1 1E /7% (TSSR1-B).
Step 0: #55EIUA s X, e R, WHRIEEMEH, =1, $k=0.

Step 1: 4 |Vf (x, )| < &-max(1, ||Xi< [), W kiEA.

Step 2: a1 A FEACKK AR d,

d, =—H,Vf (x,), 4.1)
Hrp 4
7, =% + &k, (4.2)
@it TRk AR d,
d, =-H,Vf (z,), (4.3)
L
d, = ak +d,, (4.9)

BIT A A T AR R LR E R, A OGS RTTA .
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Step 3: A LA NAE— 45 ior:

1) 8% - FHJ <0 (2FI7idEFER), (4.5)
2) |yg (sc —H, %, )| <19 [lsc = Hi 9| (SRL B3 BHEHEZ), (4.6)
3) [Hil, >L GEBUEREEGER), @4.7)

mu@)ﬁ: Hk :ﬂ'k—l ,,\E'jlk_l EE:EQ(GB 4)1+§
Step 4: 341K oy =1, i i Wolfe 1
f (% +od )< F(x)+8,aVF (%) do, V(% +ad, ) d, =8,V (%) dy, (4.8)
B2 s 5 SE I [ (0 @ = o )R BT L &S K
Step 5: FFIEAC A

X1 =%+ iy,

Step 6: it IEHILE i,

¥ = yk+sgn(l/lk)(1/'/ U (4.9)
S, Uy
o
W, = 2( F (%)= f (%)) +(VF (%) + 9 (%)) 50, (4.10)

Step 7: Jdit(3.3) i F X FR R — BB Hessian bl
Step8: & k=k+1, IR\ Step 1.

5. £

N T AEM SRR A RS, FRATT T B R AR
1 f#EKTFED ={X€ R": f(x)< f(xo)} RIS N IESE T B, HA TR 5
(2) %65 VE 76D | Lipschitz 4%, HIfE/E# %L > 0, 183

[IVF (%) =V (%) < L%, =%, ¥, %, € D. (5.2)
e
vk d
cos(6,) = (5.2)
[ ool

R 4.1 B 4 R
SEEL L 4K R BRI A, B A {x, ) A3 Wolfe &1, 1U:

ém#WMWH&W<w (5.3)
UEBH: 5% Wolfe 2514
(VF (%e2)=VE (%)) d, 2 (o, -1)¥F (%) .
454y Lipschitz 26144

(VF (%)= VF (%)) d < L[|,
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S o,-1 \%i (Xk )T dk

o = (5.4)
S

EE%—‘/I\ Wolfe %’ﬁ:'
f (%) < (X )+ VE (%) dy,

AN o, 15:

o, -1 (VF (%) )

f(Xe1)< (X )+ 1 ||d "2
k

fi i cos(6 ), 75 -

(%)= f (%) +ceos? (6,)[VF (%) e = o 2=,

55 T R < O 1 Sl o v 1
3 cos? (8,)[Vf (x, ) <o
k=0

T Hy A S (BRI E e PEAS EARIE), fRER A >0, 1.

cos(&k)zi,

At

lim [V (x, )| =0,
B 4 R 8
6. B{ECH

AN RO UE A5, DL B T2 tH R o 29 sRALAL in) 1) 95 25 Broyden #k— 1% 1E 77 1% (TSSR1-B)
(A &0, 59191 MSRL J7¥k. AE41) SRL Jrikid ATt SHIETE MATLAB2016A 4nfescil, %4
{HSEHAE windows RGEHHEAT. 2 |V (x, )| <107 BUABIF RIS LEL 500 i, &1k, RN S5
BE F(RAMSERE RN RNERSH6,=107,6,=09, EHSHr=10"L=10"). F& 1 EFEAH
SRERAE DY Ak o B PRSP 50 BORT CPU I (] (B e D)

Table 1. Performance comparison of different algorithms on test functions
= 1 TEEEENR R LR MERERTEE

PR H 4 R idic TSSR1B (IEAR/EFA])  MSR1 (1) (%A TE]) SR1 (3%EAX/A [A])
30 12/0.007 26/0.032 35/0.012
50 8/0.006 26/0.041 53/0.022
TR IR S
s RS 80 10/0.008 27/0.055 89/0.042
100 18/0.010 29/0.073 106/0.075
30 46/0.024 72/0.020 98/0.270
. 50 83/0.033 112/0.198 77/0.016
i 14 Rastrigin p4 %
btk Rastrigin A1 80 104/0.062 500/0.230 104/0. 029
100 24/0.028 500/0.330 113/0.040
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30 4/0.002 8/0.005 10/0.012
e i i R 2L 50 4/0.002 10/0.002 11/0.008
80 6/0.003 9/0.003 10/0.005
30 10/0.010 40/0.047 178/0.088
50 16/0.011 42/0.110 213/0.021
B A
IS L 80 23/0.016 45/0.154 500/0.317
100 8/0.020 42/0.205 500/0.476

FHEHZEH T 5% TSSR1-B. MSR1 F1 SR1 7E VU R i bk 25 _E AN [RIWI 46 s BB 285 R . H 3% ]
B, BAR =R SR ECRE SR AN e, {HR 5% TSSR1-B IAE LT MSR1 F1 SR1. ZEMFIMI41ET,
515 TSSR1-B 78 K2 H il @itk — Bl /b 15%~40% 1A R EL . P25 77 [ 7R 25 1) # L Dk 56 R 2. 3%,
{RAERRARAE BT BRI R b, PRI, $OP 7k Be S =Rl

7. &

A LT RA I PI 20 Broyden #k—#IET7i%(TSSR1-B)ilid 45 & SR1 SE A A2 IE
s, Pt TR R R AR . B A AU SE AR IR 1 AR . RORWE T AT R R %5
IRAERENLOC AT K AR 7 A 237 b BB

SE W
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