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1984 Karmarkar (

Lipschitz

> B

-1 -1l ( ) 2 -,
R"={x|x>0,xeR"},e={LL-1}"eR",

i

315211
:1001-5132 2013 02-0103-05
AeR™, beR", xeR", f(X):R">R
@ f(x) . V(X
(i) f(x) Lipschitz ,
M>0,0<f<],
vxeR!,AxeR", |X'Ax|<p ,

| X (VF (X + AX) = VE (X) = V2 f (X)AX) |[<
M (AX)"V* f (X)AX, (1)
. VE(x), VP E(X) f(x)
Hesse

, f()=>" xInx,

(P) Lagrange :
max d(x,y)=b"y+ f (x) = (Vf(x))"x,
(D) s.t.ATy+s—Vf(x)=0,

) s=0.
) X:(prza""xn)TERn ) X:diag(xl’ . yERm,SERn.
Xp00e0s %), E n X, (X,Y,S) (P) (D) ,
min  (x), F0-d(xy)=f(x)~[by+ f(x)-
(P) s.t. AX=b, (VE(X) x]=X"s,
x=0.
1 2012-12-14. : http://nbdxlg.paperopen.com/
: ZHYF201102 Y201119382 XKI1060 .
1960
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W ={(X,Y,8)| Ax=b, ATy +s—Vf(x)=

0,x>0,5>0}.
1
1 A , R(A=m;
(2) W .
» % (X,Y,8) (P) (D)
Ax=Dh,
Ay +s-Vf(x)=0, @)
Xs=0,
X,5=0.
ueRy, ul ; (PD(u)):
Ax=Dh,
Ay +s-Vf(x)=0,
PD 3
@D (3)
X,5>0,
) . Jluf—>0 -, 3)
x(u)  (x(u), y(u),s(u)) P) (D)

w=(X,y,5)eW,

Ax-b
Fw)=| ATy +s-Vf(x) |,
s—Xu
Newton , Newton AW = (AX,AY,AS)

: F'(w)Aw = —F(w),

AAX =0, (4a)
~V* f (X)AX+ ATAY + As = 0, (4b)
XPUAX+As=X""u—s, (4c)

P=Vf(x)+ XU,

Ay =(AP'ATY AP (s— X u),
Ax=P'ATAy - P'(s— X 'u), 5)
As=X""u-XUAx-s.

W' =(x",y",s),

X" =X+ AX,

y =y+ay, (6)

S"=S+AS+5S,

: 8'=VE(Xx") = VI (x)-V*f (X)AX. ,
w=(x",y",s") 3) ,

Ax" =b, Ay" +s" —Vf(x")=0.

;. UeRLw=(Xy,s)eW,

6 =min{u,}, r=u—Xs,

I<i<n

pX,s,u)=|[u—Xs|[/@=|r|/0, d=X"Ax.
1
A=diag(a,a,,-,a,) e R™,
a>0(=12--n), BeR™,
, C=A+B,

ICVII<|IvIl/n, YveR",
- n=mintal
IVIF /7=V"Av =(C V)" (CA'C)(C 'v) =

(C™'v)"(A+2B+BA'B)(C'v) >

(C™V)TACV)=p|ICV P,

2 ueR,w=(xy,5)eW, Ax (5)
[d =]l X""Ax|| < p(x,8,u). (7
(4a) (4b)
(AX)TAs = (AX)" V* f (X)AX =
(XA T(X V2T (X)X )(X AX) =
dT(XV2E (x)X)d . (8)
(4¢)
d'r=d" (X 'UAX+ X As) =
d"XUAX+d"XAs =

dTU + XV F(x)X)d , (9)
G=XVf(x)X+U, G .9
d"r=d"Gd =||G"d | . (10)

dTr :(Gl/Zd )T(Gfl/Zr) < HGI/Zd || ||Gfl/2r ||<

1 ]
E(||G”2d P +1G™r ), )]
(10) ~ (11)
d'Gd =[G"d P<||G"r|f=r"G 'r <
Irll-I1G™r .
1

. 1
olld[F<d'Gd <|r|[-|G IFH<5HFH2, (12)

[d[<1/8]lr = p(x,s,u).
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1
ueR", w=(x,y,s)eW,

0<A<mi B0 p(XS,U)< A,
e

w=(x",y",s)eW,
p(x", s ,u)<(1+2M)A%.
(4¢)

U—X"s"=u—(X +AX)(s+As+5") =
U—(E+D)X (X 'u-UX 2Ax+5") =
u—(E+D)[(E—-D)u+ Xs']=
D’u—(E +D)Xs".

2 :

Id||= | X 'AX]|< p(X,s,u) < A< B <].
() (12) (13)

||D2u—(E+D)Xs’||<

(13)

xt,s",u) =

P ) )
1 /
g[ll Dul[+(|E[[+[ID D] Xs' 1<
1

g[dTUd + (4 d ) || X (VE(X+AX) —
VE(X) = V2 (0)AX) [[] <

é[d 'Gd +(1+ AMAX'V? f (X)AX] =
%[dTGd A+ AHMA (X V2 ()X)d]<

é[l+(1+/1)M]dTGd <

(142M)p>(X,5,u) < (1+2M)A>%.
(X", ¥y, ) ew.

[dI<p(x,s,u)<l,  x'=x+Ax= X(e+

d)>0, 17 p(xh,st,)<(1+2M)-
AP<i<l, s" >0, , W eWw.
2 1 R a
2
o+ 2M2 4|l _ g
O+ ul|
p(x", 2N au) < A <.
1 «a
p(x*,s*,au):Mg

ab

|| X +s+
at

—uf, d-a)full _
at

2 p—
1+2M)2 (-allull_ , |

a ab

1
Step 0
w® = (X(O), y(O)’S(O)) ew, u® e RE’

0<ﬂ<min{;,ﬂ},
1+2M
,O(X(O) @ U(O))</1

£>0, @:=min{u”},

I<i<n
. f0+2m YA+ U
‘ O+ u” |
step 1 (6)
wk :(X(k+1) y(k+1) S(k+1))'

(X(k+]))TS(k+l) <,
x (kD) :

k:=0.

step 2

(P)
ki=k+1, stepl.

3 S=lu”, 1

oA+ (|u@ |
OA[L—(1+2M)A]

]y

In(25/ 5)1 ,

k,
p(X(k) S(k) u(k))<1 u(k) =aku(0)
220, (x*)'s® <205
20)Ina .
11'1(1—7/) < —}/,V}/E (Oal)
02 —(1+2M)6A* -
O+ u® |
_OA[I-(1+2M)4]
OA+|[u® |

2

lnazln[l—

In(e/(29))/ Ina <
A0+ U™ ||
OA[1-(1+2M)A]
1
A0+]u® |
lrt%[l —(1+2M)A4]

In(26/¢).

In(25 / g)l .

u ™ =aqu®,

2
X gk o

k=In(g/
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min f (X) Z%XTQX+ c'x,

1 1 w’ =
(X9, y® 5@y W ’ st. Ax=Db,x=0.
u® = X 0g©
(x5, u®)=0. 21111111
2 w® i 1 21 1 1 1 11
u® = e 1 23] 112111 11
, u=0(n), o(/nln(n/e)). o
1 , I 11 1 2 1 11
| 1 11 1 1 2 11
u® =X, O</1<min{1+2M ,ﬂ}, 1 11111 2 1
1 11 11 11 2
R a 1, -8 X
s 1 a 1, -8 X,
, a ’ -8 X,
W, a .o -8 x= X, ’
W . -8 Xs
2 -8 X,
step 0 -8 %
WO = (X, y© sy W, u® = X Og®, -8 X
O<ﬂ<min{;,ﬂ}, 33725712 30
1+2M 351136 13 23
A 4 36 53122 b 26 '
>0, 91:{22{Ui(0)}a 6 2 58 22 7 4/ 36
a2 U | 52 4382 406 34
o= o [0 | , ki=0,j=2. 522956 23 34
_ _ 2 Matlab 6.5 R
step 1 a>0.5, a:=05, a=a. =05 M=1,1-025. £=10°,
S\:ve(ﬁfz (X(Ei))’ g gy [8] : X =s"=e=(,LLLLLLY, y* =(0,0,
step 3 w*h ew step 4; 0’0’0’_0) > 24 :
step 5. X =(1.158358,0.941372,0.998811,0.955113,
step 4 (XD Tl < o , 0.961895,1.007498,0.943895,0.996524)",
(P) x U = qu®), —28.018267,
kKi=k+1, ji=2 step2. Matlab 6.5 quadprog
step 5 pi=1-1/20, u®=qu®?,  ji=j+1 , [8] b=(30,27,26,36,
step 2. 38,34)" X =1, 1,1,1,1,1,1,D7
AX? =h), 109
3 X" =(1.2334,0.7485,1.0546,0.9608,
(8] , 1.0151,0.9954,0.9416,0.8829)",

AX'=b( AXx =b),
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AX" =(30.002,22.0661,26.0004,
36.0006,33.9402,34.0002)" .

[8] ;

AX? =b, b
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A Primal-dual Interior Point Algorithm for a Class of Convex
Programming Problems with Linear Constraints

ZHANG Yi

( Faculty of Science, Ningbo University, Ningbo 315211, China )

Abstract: In this paper, a primal-dual interior point algorithm is presented for a class of convex programming
problems with linear constrains. It can be implemented at any primal-dual interior feasible point and reaches the

global convergence. If the initial point is close to the central path, it becomes a central path-following algorithm.

The results of numerical tests show the effectiveness of the algorithm.

Key words. convex programming; interior point algorithm; primal-dual; path-following



