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Abstract: In this paper, we present a second-order corrector infeasible interior-point
method for linear optimization in a large neighborhood of the central path. The in-
novation of our method is to calculate the predictor directions using a specific kernel
function instead of the logarithmic barrier function. We decompose the predictor direc-
tion induced by the kernel function to two orthogonal directions of the corresponding
to the negative and positive component of the right-hand side vector of the centering
equation. The method then considers the new point as a linear combination of these
directions along with a second-order corrector direction. The convergence analysis of
the proposed method is investigated and it is proved that the complexity bound is
(’)(n% loge™1).

Keywords: Linear optimization, predictor-corrector methods, wide neighborhoods,
polynomial complexity
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1. Introduction

Interior point methods (IPMs) which started by Karmakar’s paper in 1984 [7] have
attracted much attention because of their power for solving linear optimization (LO).
These methods were extensively used to obtain strong theoretical complexity results
for LO. Among them, the primal-dual IPMs gain much more attention and the central
pathway independently proposed by Megiddo [18] and Sonnevend [24] plays a crucial
role in these methods. Actually, the goal of primal-dual IPMs is to follow the central
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path and to compute an interior point as an e-approximate of the optimal solution.
For more details we refer the interested reader to the monographs of [23, 28, 29]. As
can be seen from the literature, one classification of the primal-dual path-following
IPMs can be based on step length; e.g., short update (small neighborhood) and large
update (wide neighborhood) methods. From the point of view of theory, the small
neighborhood methods give the complexity results better, while the large-step versions
perform better in practice. This suggests that there is a gap between theory and
practice. To reduce gap mentioned, Peng et al. [21] the first introduced the interior-
point algorithms based on the idea of the self-regular functions. Wang et al. [27]
presented a full-Newton step feasible IPM for P, (x)-LCP and obtained the currently
best known iteration bound for small-update methods. Wang et al. [26] proposed
an interior point algorithm and improved the complexity bound of IPMs for SDO
using the Nesterov and Todd (NT) direction. Another classification is related to
the feasibility of the iterates. In this case, we can talk about feasible and infeasible
interior-point algorithms [23, 28, 29]. We can also meet with predictor-corrector IPMs
which seems to be, in the theory and practice, the most powerful among these types of
algorithms [19, 20]. Darvay [4] published a predictor-corrector interior-point algorithm
for LO based on the algebraic equivalent transformation of the central path and used
the function 1 (t) = v/t,t > 0 in order to determine of the transformed central path.
Some variants and extensions of this algorithm can be found in [8-10, 25].

In 2004, Ai [1] proposed a new neighborhood of the central path for LO that was
wider from the existing neighborhoods. Based on this neighborhood, Ai and Zhang
[2] introduced a new path-following interior-point algorithm for LCP and proved that
their algorithm has the O(y/nL) iteration complexity bound. later on, this work
attracted the attention of a number of researchers; e.g., Li and Terlaky [15], Feng
and Fang [6] and Potra [22] generalized the Ai-Zhang idea to SDO and P, (x)-LCP,
respectively. Feng [5] extended the Ai-Zhang technique for solving LCP to second-
order cone optimization (SOCO). Liu and Liu [16] proposed the first wide neighbor-
hood second-order corrector IPM with the same complexity as small neighborhood
IPMs for SDO. Kheirfam and Chitsaz [12] proposed a second-order corrector interior-
point algorithm for solving P, (k)-LCP based on the Ai-Zhang’s idea [2] and proved
that the algorithm meets the best known theoretical complexity bound. Kheirfam
and Mohammadi-Sangachin [14] proposed a new predictor-corrector IPM for SDO in
which their algorithm computes two corrector directions in addition to the Ai-Zhang
directions.

All the algorithms mentioned so far require a strictly feasible starting point. For
most problems such a starting point is difficult to find. In this case, an infeasible IPM
(ITPM) is suggested. Liu et al. [17] devised a new infeasible-interior-point algorithm
based on a wide neighborhood for symmetric optimization (SO). Based on the wide
neighborhood and a commutative class of search directions, Kheirfam [11] investigated
a predictor-corrector infeasible interior-point algorithm for SDO and proved that the
complexity of the proposed algorithm is O(n°/*loge™1).

It is worth noting that all the aforementioned wide neighborhood interior point algo-
rithms use the classical logarithmic barrier function to obtain the search directions.
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Kheirfam and Haghighi [13] for the first time introduced a wide neighborhood interior-
point algorithm based on the kernel function for LO. In fact, the search direction is
based on the kernel function. Motivated by these observations, we propose a second-
order corrector wide neighborhood infeasible interior-point algorithm for LO. Our
algorithm decomposes the predictor directions induced by the kernel function to two
orthogonal directions corresponded to the negative and positive parts of the right-
hand side vector of the centering equation. Using the information of the negative
directions, the algorithm computes a second-order corrector direction. The correc-
tor is multiplied by the square of the twice the step size of the negative directions
in the expression of the new iterate. We establish polynomial-time convergence of
the proposed algorithm and derive the iteration complexity bound. Notably, this is
the first second-order corrector wide neighborhood infeasible interior-point algorithm
based on the kernel function for LO.

The outline of the paper is as follows. In Section 2, we introduce the LO, the concept
of its central path and the search directions based on the kernel function. In Section
3, we give the systems defining the negative and positive search directions and the
second-order corrector direction. Then, we present our new algorithm. Section 4
is devoted to the analysis of the proposed algorithm and we compute the iteration
complexity for the algorithm. Finally, some concluding remarks are given in Section
5.

Notations. The following notations are used throughout the paper. R™*™ denotes
the set of all m x n matrices, whereas R" is the n-dimensional Euclidean space. The
Euclidean norm of v € R™ is denoted by |[v|. Let e = [1,...,1]T denotes the n-
dimensional all-one vector and let R} = {x € R" : x > 0} and R}, = {r € R" :
x> 0}. If z,s € R™, then xs denotes Hadamard product of two vector x and s, i.e.
8 = [1151,,...,2Zns,|T. Moreover, diag(x) is a diagonal matrix, which contains on
his main diagonal the element of x in the original order. Let T = [:cf, oo xt]T

and 2= = [z7,...,z,]T, where 7 = max{z;,0} and z; = min{x;,0}, for each
i =1,...,n, respectively.

2. Preliminaries
Consider the problem pair (P) and (D) as follows:

min{c’z : Az =b, 2 > 0}, (P)
and

max{bTy : ATy +s=c, s>0}, (D)

where b € R™,c € R", A € R™ ™. Tt is assumed that rank(A) = m. By F(F°) we
denote the set of all feasible solutions (strictly feasible solutions) of the primal-dual
pair of problems (P) and (D). Without loss of generality, we may assume that F° # ().
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The optimal conditions for the problem pair (P) and (D) are

Ax=b, x>0,
ATyts=c, s>0, 1)
xzs = 0.

The key idea of primal-dual IPMs is to use the parameterized equation zs = pe
instead the complementarity condition xs = 0, where p > 0. Thus, the system (1)

becomes
Ax =b, = >0,
ATy+s=c¢, 5>0, (2)
xs = pe.

By assumption F° # (), it is proved that the system (2) has a unique solu-
tion (x(w),y(p),s(p)) for each g > 0. The set of all such solutions, denoted by
C = {(z(p),y(w), s(u)) : p > 0}, is called the central path (see [18, 24]). The central
path converges for p | 0 to the optimal solution of the initial problem.

Applying Newton’s method to system (2) gives the following system for search direc-
tion (Az, Ay, As):

AAzx = 1),
AT Ay + As = ry, (3)
xAs + sAx = Tue — xs,

where 7 € (0,1) is called centering parameter, 7, = b — Az and rg = ¢ — s — ATy are
the residual vectors at (z,y, s). One easy finds

xAs + sAx = — T/L.%‘S(\/Z \/7)

=— Tust\IJ( f'z (4)

ﬁ

where W(t) = Y0, 6(ti), ¥(t;) = “5F —log(t) with #; = /%5 and t € R™.
¥ is so-called a kernel function, ie., ¥(1) = o' (1) = 0,4" (t;) > 0,¥4 > 0 and

limg, o+ P(t;) = limy, 400 Y(t;) = +o00.
Here, we take the 9(t;) = (t; — f) kernel function [3]. In this way, by invoking (4),
the system (3) becomes

AAzx = 1),
AT Ay + As = ry, (5)
zAs + sAz = (zs) "' (T2p’e — (25)?).
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3. An infeasible-interior-point algorithm

We propose a second-order corrector infeasible-interior-point algorithm for solving the
problem pair (P) and (D). The algorithm solve the following two systems

AAz_ =),
ATAy_ 4+ As_ =1y, (6)
rAs_ + sAx_ = (xs)" (2 pule — (25)?)",
and
AASC+ = O7
ATAy+ + AS+ = 0, (7)

rAs; + sAzxy = (xvs) 1 (72u%e — (xs)?) ™.

to obtain the predictor directions (Az_, Ay_, As_) and (Azy, Ayy, As, ), while the
corrector direction (Az¢, Ay®, As®) is computed by the following system:

AAx° =0,
AT Aye + As¢ =0, (8)
2AsC + sAx® = —Ax_As_.

Finally, the new iterate is considered as follows

z(a) =z + Az(a) =x + %Ax, + ao Az, + a?Az®,

s(a) :=s+ As(a) = s+ %As, + apAsy + a?AsC.
Using the above two equations and invoking the systems (6), (7) and (8), we can write

2(@)s(a) = a5+ SH((ws) 7 (FPute — (w)?)")

3
+ao((zs) " (2 pe — (z8)?)T) + %(AS,ACEC + Az_As®)
+a12a2 (AzyAs_ 4+ Asy Az ) + apa?(Asy Az + AsCAx,)

+a3(AzyAsy) + af (Az©As©). 9)

Inspired by Ai and Zhang [2], we define the following wide neighborhood of the infea-
sible central path for LO:

N7,8) = {(w:0,5) € Ry x R™ x Ry | (e = 8) || < 5,
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where 8,7 € (0,1) are given constants. One has (zs); > (1 — B)7u for (z,y,s) €
N(7,B). Note that the algorithm will be restrict the iterates to the N(r, 3) wide
neighborhood.

Now, we outline our new second-order corrector infeasible-interior-point algorithm as
follows.

Algorithm 1 : second — order corecctor infeasible interior — point algorithm

Input: an accuracy parameter € > 0, neighborhood parameters 0 < g < %, 0<7< i
C e . . 0\T 0
and an initial point (z°,3°,s%) € N'(r, B) with po = %

For k=0,1,---,
Step 1: If py, < e, then stop.

Step 2: Compute the predictor directions (Azx_, Ay_,As_) and (Azy, Ay, Asy)
by solving (6) and (7), respectively.
Step 3: Compute the corrector directions (Az®, Ay®, As®) by solving (8).

Step 4: Find the largest step size 0 < o := (a¥, %), such that

ok
pla) < (1= T )u (10)

ok
z(a®)Ts(ak) > (1 - 71> (aF)T sk, (11)
(z(a*),y(a*), s(a")) € N(7,8). (12)

k+1)Tsk+1

Step 4: Let (%1, g1, s441) = (w(ak), y(a®), s(a*)) and sy = &

n

Step 5: Set k:=k + 1 and go to Step 1.

Let the iterate (%, y*, s¥) be generated by Algorithm 1, and when the residual vectors
rp and rq are evaluated at the point (z,y,s) = (xk, y*, sk)7 we denote them by r’; and
rfj. Moreover, we introduce the scalar quantity

k—1

k i
ag Qg
v = (1——)%_1:1—[( ——), Vo = 1.
2 b 2
In this way, one easily checks that 7} = 179 and r} = vjr§. From this discussion it
concludes that v, = ”:ﬁ” = H:g” This means that vy shows the relative infeasibility
r d

of (z*,y", s¥). Therefore, at each iteration, we maintain the following condition

kT ok 0N k1T ke 0\T' (0
(%) s >(1 )(:v ) ST > () s, (13)
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which guarantees that the infeasibility tends to zero while 2”s approaches to zero.
Suppose p, be a positive constant such that for some optimal solution (z*,y*, s*), we
have p. = [|2*||oc + ||5*||oc. The starting point (2%, 1%, s°) is chosen so that

1Y = 5" = p,e > 0. (14)

From the equality (14) and the definition of p., it follows that 20 — x, > 0 and

s" — s, > 0. In addition, by direct calculation we obtain

il L) | -
n - n ’

4. Analysis of the algorithm

For the sake of simplicity, we define the following notations

vAx_ vAs_ vAx
v=+xs, dr_= , ds_ = , dry = +,
T s T
vAs vAz© vAs®
dsy = t o dat = ,  ds®= .
s T s

Due to the above notations, we scale the systems (6), (7) and (8) as follows

Adx_ = Tp,

ATAy +ds_ = wvs™ry, (16)
dex_ +ds_ = wf}%”rz(ﬂue —v?)7,

AdiI}'+ = 0,

ATAy+ + d8+ = 0, (17)
2
doy +dsy = T (Tpe — v?) T,
and

Adz® =0,

AT Aye + ds® =0, (18)

ds® +dx® = —v  dr_ds_,

where A = AV !X with V = diag(v) and X = diag(x). From the first two equa-
tions of (17) and (18) one has (dz)T(ds;) = (dz¢)T(ds®) = (dry)Tds® = 0 and
(dz®)T(dsy) =0 . Using (9), together with (16) and (17), we can write

z(a)Ts(a aq Tue + v? a
pa) = 2la) sla) _ A %GT <MU;F(T/16 —?) >
Q2 Tpe + v? af
+oet (Mv—;(me - v2)+> + 5o ((ds )T (da) + (da-) T (ds°))
219 (4o )T(ds) + (dsy)T(do)). (19)

The following lemma is key to our analysis.
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Lemma 1. ([30]) Let u,v € R™ and p = (mfls)%, then

- 1 -
luolls < flpullllp™" ol < 5 (loul® + lIp~ o)1)
We now cite the following two lemmas from [13].

Lemma 2. Let (z,y,s) € N(7,8). Then
(1) eT(”‘zijvz(T,ue —v%)7) < =(1—7)np.

i Tpetv? —
(i) eT(%(T,ue — 1}2)+) < %\/ﬁﬁru.

Lemma 3. If (z,y,s) € N(r,B) and 8 < 1, then
(i) [| £S5 (rpe — v?) || < dnps,

(i) [| 252" (rpe — 0?) || < 22220y,

In order to get an upper bound for ||dz_||||ds—]|, we first prove the following lemma.

Lemma 4.  Let (dz_,dy—,ds_) be a solution of the system (16) and p = (;t_ls)%.
Moreover, let (z°,4°, s°) be defined as in (14). Then

(de-)T(ds-) > —&t —np,
where
E=v(lp7 (" =) + lp(z" —«)|]) and t = (||dz—|* + HdS—HZ)%-

Proof.  Considering the first two equations of the system (16) and using the fact that
(x*,y*, s*) is an optimal solution, we can write

0=Adr_ —r,=AXV 'dx_ — 1/7“2 = AXV~ldz_ —v(b— Az”)
= A(XV 'dx_ —v(2* —2)).

In a quite similar way, one has
AT(XV Ay —vs 'y —4°) +ds- —vs u(s* — s%) = 0.
From the above two equations, it follows that

(XVldr_ —v(z* —2°) T (ds_ —vs tu(s* —s°)) = 0.
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By rearranging, we have

XV~ tdalds_ = vas™(s* — s°) de_ +v(a* —a2°)Tds-

—v2us (2 — )T (% — 5%,

and then one finds

delds = vvs™'(s* — ") dw_ + v~ o(z” - xO)Tds_
V2 (x* — 29T (s* — 5%)
=v(s" = ") Az +w(a* —a") As_ =22 —2")"(s" — )
> —ylpaa||lp™ (6 — 57 - vllp~ As_ | p(a® - o)
,V2(z0 " T(S )

I \/

—v(llp™ (" = s + llp(2° — =)
<VlpAz_|? + [lp~  As_ |2 = *(a® — 2")T(s" — 5")
=&t — 1220 — )T (" — %) > —&t — np.

Here the first inequality follows from the Cauchy-Schwarz inequality and the second
inequality is due to the following inequality, for any a,b,c,d € R™

lalllloll + llelllidll < Bl + lldl][lal® + llelf*] =,
and the last inequality follows by

1/2(30* _ mO)T(S* _ SO) _ VQ((.TIO)T(SO) _ (xO)T<S*) _ (a’,‘*)T(SO))

()7 (") < v(a"s) < .

IN

Thus we have completed the proof. O
Lemma 5. If (z,y,s) € N(1,8), then

2 B2 p)

2
I s | < S

Proof. Taking the squared-norm on both sides of the third equation of (17), remem-
bering that daﬂds+ = 0, implies that
|| THE + v?

2 +||2

lde +dsy |2 = [[das | + ds||* = (rpie — v?)

52(2 —B)*
=Taoap

where the inequality is obtained from Lemma 3(ii). Thus the proof is completed. [
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Lemma 6. If (z,y,s) € N(,B), then
o2 + lds_|* < w*n’s,

where w =

3 9 B
Ja V@ T 26

Proof.  Using (16) and Lemma 3(i), it follows that
t2 = ||de_|* + ||ds_||* < —2(dz_)T(ds_) + dnp < 26t + 6np,

where the second inequality is due to Lemma 4. This implies

0<t<E+VE+bnp. (20)

From proof of lemma 4.6 in [11], we have

3nu

< —_—,
¢= (1-=8)u

Substitution of this bound into (20) yields

2

2 3np 9In?pu? 2.2
t <<\/m+\/(l—ﬁ)7u+6nu> <w n*pu,

where w = \/(13_5) + 4/ (1_9@7 + % > 6. The proof is completed. O

Based on the results in Lemmas 5 and 6 and the inequality of arithmetic and geometric
means, we can straightforwardly prove the following corollary.

Corollary 1. Suppose that (z,y,s) € N(1,3). Then

. 2(9_3)2
(i) ldas [lldss || < S22 7y,

" w2n2
(i) [ldz—|lf|ds—[| < ==5-*.

Lemma 7. Let (z,y,s) € N(1,8) and p = (:cils)%, then

4,4
[ldx||]|ds®|| < 8w nK where w > 6.

(1=p)r’
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Proof. If we take the squared-norm of the third equation of (18) and use the or-
thogonality property of the vectors dz¢ and ds¢, then we obtain

winiy

c||2 cl|2 — —1 _ds_ 2 < —12 _ds_ 2 <
a2 + s = o~ (d—ds)|* < o [ e—ds|* < A

(21)

where the last inequality follows from the fact that (z,y,s) € N(r,3) and Corollary
1(ii). Finally, using the inequality of arithmetic and geometric means and the above

inequality, we obtain the inequality in lemma.
O

The next result is a straightforward consequence of Lemmas 5, 6 and the inequality
(21).

Corollary 2. Let (z,y,s) € N(1,8) andp = (™! ) then

N — . c LL)3,',13

) N s | < 2251 /Fniop, (iv) o |dsc| < 5222k,
(i) s d+]| < 225 /Fneop, (v) lds+llldee] < 222 wPn®s,
(i) s |ldo | < 522, (v3) Ids"| o+ ]| < FEFhw?n®.

Given (z,y,s) € N(r, ), the following lemma ensures that the algorithm reduces the
duality gap for a specific choice of parameters.

Lemma 8.  Suppose (z,y,s) € N(7,8). If an = 1/%(12,(12 < 1 %,ﬂ < 7—18 and

< 100, then u(a) < ( - %)u.

Proof. By (19), Lemma 2 and the Cauchy-Schwartz inequality, we can find

f BT

@1042

1
wla) < — - (n,u - 7(1 —T)np+ ag

a (6] C
+5 - (Ids—[llldze]| + lld—[[|ds°[)) + (Ids ¢ lllldz— || + [|ds - ||||d56+H))
(1—7)ap N a1v/2B7(2 — B N a?w n%u N a1ao(2 — Blw/T

R 1-8 2(/(1=B)r (1-5)2
l—7 V2B7(2-B)  BYT B2 - B)VT
§<1_( 2 1-p _4\/1—5_(1_5)3\/7%%”)”

(1 49 155¢5T_ V3978 12090+/3978 N - (1_£)
- 200 77039 312077  4684680+/462 o= 250/ 1
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where the second inequality follows from Corollary 2, the third one from oy = 1 / gn Qs
and as < 3 and the fourth one is due tow > 6,n > 1,7 < 100 and 8 < =5. Thus

nw?2

the proof is completed. O

Jun

Lemma 9. Let a; = \/5Zas, ax <
Then

, B< & T =15 and (z,y,s) € N(7,8).

- 51
Vw3
@
2 1

z(a) s(a) (1 3 )sz.

Proof. First, by using the inequalities 1 < ”‘%”2

2
o;;(fwgv(m_v) >+a . (W(we_vz)+>

<2 and a7 < as, we have

> 71€T(2 Tue — v?) ) —|—ageT((Tue—1)2)+)
> %eT(Q Tpe — v?) ) +aleT((Tue—v2)+)
= are’ ((Tpe —v?)) = ar (1 — Dnp.

Substituting this into (19), also using the Cauchy-Schwartz inequality, we obtain

3
(&% ; S
s(a) 2 np+ an(r = Dnp = = (lds—|[[|dz|| + [|dz— [} ds°)

041@2

(@)

(ldsi [l dz— | + lldz|[[|ds]|)

Znu—al(l—T)nu—a§<M)—alag((ﬁf )gw\f”ﬂ)

w3n2 5( _ B)
(1 ) (1 ”“?(wm) +(12((1 —ﬁ)é“ﬁ)>a1> "
_(1- BVT B(2 - BT )
Z< (1 T+4m+(lfﬂ)%\/ﬂ>al nu
49 3978 12090v/3978
- (1 (T 312077 4684680m)a1> n
= (1 - 0.499901 )np > (1 _ %)sz
Thus we have completed the proof. -

The proof of next lemma is quite similar to the proof of Lemma 6 in [13], so the proof
is omitted here.
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Lemma 10. Suppose that p(a) > 0 and (z,y,s) € N(r, B3), then we have
[[(ri(@)e = T(a) ]| < (1 = 2a2) Brp(w),
where

THe + v?

(a) =v° + o2

(%(Tue — v2)7 + az(Tpe — U2)+)'

Lemma 11. [fa = (a1,a2),01 = \/2as, a2 < 1%,5§7—g,7:%and(oﬂ,y,s)e

N(r,8), then
(z(a),y(a), s(a)) € N (7, 5)

Proof.  From (9), Lemma 10 and Corollary 2 we deduce that

a1 (dryds— +dsydx_)

[(ru(a)e — z(a)s(@)*|| = [|[rp(a)e — T(a)

3
—%(ds_dxC +dx_ds®) — azad(ds, dz® + dsCdxy)
—a2(drydsy) — o/f(dxcdsc)ﬁH

a1
~5 (e[l ds || + [l s ||}

< |[lru(e)e = T()] || +

3
o (& (& c (&
+ 2L (s ] + ldz— [|1ds°]) + aza? (s |[dz?] + dz | |ds°])
(s ) + e (| ds°])

< (1 - 2az)Bru(a) + \/577 25( BE )\f T nwp

T 5 3n 3 _
) S ()RR

a33%(2 — B)°1 +(62 Q)awnu

+

2(1 _ B) 4n? 8(1 - /B)
< (1 —2a9)Brp() + azﬁT/l(nig : Z;\S/\B/ﬂ * 4 2\(/13 B)

B2 -5) L B(2-pB)* L B )
2vnw(l = B)?  2wini(1—6)3  32(1 - B)ywni
< (1= 200)fTp(e)

ragBr ( 155 1 155 (155)2 N 1 )
2T I5avast |+ ay/isd | TIIS (779 x 12v66 | 77 x 32v6
< (1 —209)B1p(ar) + 0.091a2 57 4.

+
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1

3
ntw

On the other hand, from lemma 9, oy = Br ag and ag <

5 it follows that

3
2

p(a) > (1 —~ %)u > (1 —~ m%)u

Therefore, we can write

| (rr(a)e — z(a)s(a)F]| — Bru(a) < —2a2B7u(er) + 0.091a287 4
VBT

0.091
ot T D0
(=24 0.002 + 0.091) o 371 < 0.

< 72(1257'(1 -

The proof is completed. O

Now, we state our main result concerning upper bound for the number of iterations
in which Algorithm 1 stops with an e-approximate solution.

Theorem 1. Suppose that T = % and B < 7%3 are fixed for all iterations. Then

Algorithm 1 will terminate in (’)(n% loge_l) iterations with a solution (x,y,s) for which
1 < epo, [Ib— Aal < ellb— Aa®]| and [le — s — ATy|| < elle — 5° — ATY.

Proof. By Lemma 8, at each iteration, we have

831 ap \* BT k
(Y= (1 Y ez (1Y,
/Lk_( 250 Hi—1 250 Ho = 250\/571%(,0% Ho

T

3 5
The above inequality implies that u < epg if k& > M# loge~!. Thus the proof
is completed. O

5. Conclusions

We have presented a predictor-corrector infeasible interior-point algorithm for LO
based on a wide neighborhood of the central path. The predictor search direction
induced by the kernel function is decomposed into two orthogonal different direc-
tions. The algorithm produces a linear combination of the composed predictor di-
rections along with a second-order corrector step in the desired neighborhood. By

using an elegant analysis, we proved that the iteration complexity of the algorithm is
O(niloge™).
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