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Abstract These days, interior-point methods are one of the most valuable tools for solving
linear problems. A significantly improved primal-dual interior point algorithm for linear opti-
mization (LO) is presented based on a novel kernel function. We show a primal-dual interior-
point technique for linear optimization based on an eligible class of kernel functions. This
research suggests a new efficient kernel function for (LO) problems. The kernel function de-
scribed here extends the one proposed in [2]. Using a few new technical lemmas, we get the
iteration complexity bound that meets the best-known iteration bounds for large-update meth-

ods: O (\/ﬁlognlog Q). This iteration complexity bound is the same as the best-known itera-
€

tion bounds for large-update methods obtained, which coincides with the currently best iteration
complexity bounds for large-update methods. We test the effectiveness and validity of our al-
gorithm using calculation tests. Then we compare our numerical results with those obtained by
algorithms based on various kernel functions.

1 Introduction

We consider the linear optimization (LO) problem in its standard form.
(P)  min{c"z: Az =b, 2 >0},

with its dual problem
(D) mazx {bTy ATy +s=¢, s> 0},

where A € R™*" is a real m x n matrix with rank m, and ¢, z € R", b € R™. The dual problem
of (P) is given with y € R™ and s € R".

The majority of the interior-point methods (I PMs) for LO are based on the logarithmic
barrier function (EI Ghami et al. [11]. Roos et al. [17]. Peng et al. [16] introduced novel IPM
versions based on a non-logarithmic kernel function. This kind of function is strongly convex,
smooth, and coercive in its domain. They obtained the best-known complexity results for large-
and small-update methods. For further research on primal-dual IPMs based on kernel functions,
see [17], [1], [10], [3], [11], [9], [14]. Recently, Bai et al. [2] developed a generic primal-dual
interior-point method for LO. Instead of the classical primal-dual logarithmic barrier function,
they used the barrier function of an eligible kernel function. For some related study see [18],
[19], [20]

The majority of the kernel functions that are utilized in [PMs may be categorized as either
logarithmic, simple algebraic, exponential, or trigonometric, given the precedence that has been
established. The remaining kernel functions are a binary combination of these different kinds.
For more research on primal-dual IPMs that are based on a kernel function, various authors,
including, Boudjellal et al. [6], Z.Moaberfardi et al. [13], Bounibane and Djeffal [7], Benhadid
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and Merahi [4] and Sajad Fathi-Hafshejani et al. [12]. Inspired by their previous work, this study
defines a new kernel function that uses the kernel functions described in [2] as exceptional cases.
1

Using a variety of technical lemmas and taking a = 1 + 2 (% V)Z"T) * | we show that the

method has a good iteration complexity bound, namely O(y/nlogn)log 2, which is the most
well-known iteration complexity bound for large-update IPMs . Some preliminary numerical re-
sults also confirm the algorithm’s efficacy and consistency. Our paper is structured as follows:
Section 2 starts by reviewing the basics of IPMs for LO, like the central path. Section 3 presents
details concerning the parametric kernel function and barrier function. We show that the kernel
function meets the conditions for eligibility. In Section 4, we derive the algorithm’s inner itera-
tion bound and total iteration bound. The results of experimental tests are presented in Section
5. Section 6 is the concluding part of the paper. It offers some conclusions and remarks.

2 Preliminaries

2.1 Central path and classical Newton search direction for LO

We consider (P) and (D) to meet the interior point condition (IPC), i.e., there exists an (zo, So, ¥0)
such that

Azxg=10b, x9>0, ATyo+80:c, so > 0.

We suppose g = sy = 1, where 1 denotes the all-one vector, i.e., 1 =(1,1,....,1)7. We rec-
ommend the most up-to-date works, including those written by Peng et al. [17] and Roos et al.
[16] Finding the optimal solution for (P) and (D) corresponds to solving the nonlinear system
shown below.

Ax=b, >0,
ATy4+s=¢, >0, 2.1)
xzs = 0.

The key principle of primal-dual IPM is to replace the complementarity condition in (2.1) with
the parameterized equation s = u.1, (1 > 0). This provides the next system.

Ar =b, x>0,
ATy+s=¢, s5>0, 2.2)
zs = u.1.

If the IPC is satisfied, the parameterized system (2.2) has a unique solution (z(u),y(u), s(u))
for each y > 0, which is called a p-center of (P) and (D). The set of u-centers is said to be
the central path of (P) and (D). If u — 0, then the limit of the central path exists. Since the
limit point satisfies the complementarity condition, the limit point yields optimal solutions for
(P) and (D). For fixed > 0, by applying Newton’s method to the parameterized system (2.2),
we obtain the search direction (Az, Ay, As) from the following Newton system

AAz =0,
ATAy + As =0, (2.3)
sAx + xAs = pl — zs.

Since A has a full-row rank, the system (2.3) has a unique solution (Az, Ay, As) for any x > 0
and s > 0.

We can generate a new iteration (z+,y+, s4+) by taking a step along the search direction (Ax,
Ay, As) according to

Ty i=x 4+ alAx, yy =y + alAy, sy = s+ als,

where the step size « satisfies 0 < o < 1.
Now, to facilitate the analysis of the algorithm, we introduce the following notations: for any
feasible x > 0 and any feasible s > 0



Interior point algorithm for LP based on a new parameterized KF 263

s vAx vAs

vi= ) —, dyi=——, dg:i= 2.4)
x S
Then the Newton system (2.3) can be rewritten as
Ad, =0,

dy +ds =v71 =0,

where 1
A= LAY X, V= diag(v), X = diag(z).

Note that d, and d; are orthogonal vectors since d, belongs to the null space and d; to the row
space of the matrix A ;
Hence, we will have

dpy=d, =0<=v—0v"' =0, z=2(n), s=s(p).

Note that the right-hand side of the third equation in (2.5) equals the negative gradient of the
logarithmic barrier function ¥, (v), i.e.,

dy +ds = -V ¥ (v),
and system (2.5) can be rewritten as follows:

Ad, =0;
ATAy +d, = 0; (2.6)
dy +ds = -V ‘Pl(v)7

where the barrier function ¥;(v) : R — R is defined as follows:
W) = Wimsi) =S i),
i=1

2
wl(vi) = Y 3 — 10g ('UZ) .

For a given p > 0, we use W;(v) as the proximity function to calculate the distance between the
current iterate and the p-center.

We call () the kernel function of the logarithmic barrier function ¥;(v). As defined in
Sect. 3, we replace ¢ (¢) with a new kernel function ¢, (¢) and ¥;(v) with a new barrier function
¥ (v) in this paper. As aresult, the generic primal-dual interior-point algorithm works as follows.

Generic Primal-Dual Algorithm for LO

Input:
A proximity function ¥(v);
athreshold parameter 7, 7 > 0;
an accuracy parameter ¢, € > 0;
a fixed barrier update parameter 6, 0 < 0 < 1;
begin
ri=es:=epu:=1v:=e.
While np > e do
begin (outer iteration)
p=(1-0)u;
while ¥(v) > 7 do
begin (inner iteration)
solve the system (2.6) to obtain (Ax, Ay, As) ;
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choose a suitable step size «;

ri=x+ oAz, y:=y+ oAy, s:= s+ als,
s
N

v =

end
end
end

3 Kernel-function properties

First, we study the basic characteristics of the kernel function ().

3.1 Kernel function characteristics

In the analysis of the algorithm, we also use the norm-based proximity measure 6(v) : R | —
R, defined by

1 1
Since W(v) is strictly convex and attains its minimum value of zero at v = e, we have
Ye)=0siv)=0v=c.

Now, the new function 1), (t) is defined as follows:

2 t
Vo (t) =" 2_1 /la(%—‘)dx a>e, t>0. (3.2)

In the sequel, we derive the three first derivatives of 1), (t) with respect to ¢ as follows:

W) = t—ali™h), (3.3)
W) = 1+1°g“ (+-1), (3.4)

_loga (2t + loga)a(%_l)

v = - (35)

We can deduce from (3.4) that ¢//(t) > 1 for ¢t > 0, implying that ¢, () is strongly convex over
R, . There is also 1, (1) = ¢, (1) = 0. hus 1, (t) is indeed a kernel function.
Because of the conditions v, (1) = /(1) = 0, we can completely describe 1, (¢) by its

second derivative: t e
) — " dcde.
) /1 /1 Vg (€) dCdg

In [2], the authors introduced a class of eligible kernel functions by using the following
conditions:

Lemma 3.1. Let the function 1, (t) be defined as in (3.2). Then, we have

! () +l (1) > 0, t<l1, (3.6)

() = (t) > 0, t>1, (3.7

YUty < 0 t>0, (3.8)

2(g (1) =Ll (t) > 0, t<l, (3.9)
Vo (), (Bt) — BYL (g (Bt) > 0,t>1, B> 1. (3.10)

Proof. For (3.6) and all ¢ > 0, we get the following:

twuwwu>—%+c%“ 0410
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Using the following inequality
exp* > 14z, VzeR,

we obtain for ¢ € (0,1)

() + 1y, (t) > {Zt—i— (105“ - 1) <1 + <1t_t> 1oga)] :

tl () + ¢, (t) > 0 < loga—t >0

This last inequality is due to the fact that a > e, and ¢t € (0, 1), this shows that the condition
(3.6) is satisfied.
For (3.7), by substituting ¢/, (¢) and v/ (¢), we obtain,

loga +t
t

w0 vt (0 = () o) s 0,50
For (3.8). It is simple to observe ¢ (t) < 0 from (3.5).

For (3.9), we have

2
2(00] (1)) = wa ()07 (1) =:{Lﬂﬁaazﬂ

N [Wﬁa)k’“a““)} « [t=alt1)]

[2 . tloga (loga + 6t) ai=1) + loga (loga — 2t) a2(1_1)]
4 ’

If a > €2, the condition (3.9) is unquestionably satisfied for 0 < ¢ < 1. So it’s still clear that:

262 (6)) = ¥l (0w () > 0]
- [t loga (loga + 6t) al* ") + loga (loga — 2t) a?(i~") > 0} (3.11)

Let’s examine the case 0 < a < e* and t € (O, 10%“) .The relationship (3.11) is obviously

satisfied. It’s sufficient to prove that (3.9) holds for

{ te (loga,l)

a € [e,ez[.

Then

(loga + 6t)t
2t —loga

(1 ) tloga

+—1 2t—loga

- [a t S < + 6t% >‘| 7
2t—loga

a(%71)< logla
2_ 0%0,

and this is obviously true if

(3.12)

Let u = 1. The relation (3.12) can then be expressed as follows:

gl < loga e 1 2
2 —uloga’ loga’loga )’
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which to
2

loga

1> ( —u)a* . (3.13)

For (3.13),let h (u) = 1 — (2= — u)a*~", then

log a

B (u) = a*~ ! (=1 + uloga)
W' (u) = a"~". (loga)®u > 0 for t > 0.

If we set h'(u) = 0, we obtain u = 5. Since h(u) is strictly convex and has a global minimum,

h (loga) >0
We have the result O

As an observation, we give some results about the new kernel function.

Lemma 3.2. For 1, (t) with, a > e, we get:

%a—lf < mmwgéwuﬂ?t>o, (3.14)
Yo (t) < %w;’(l)(t—l)z,tzL (3.15)

IN

[[o]]

Vi /2 (v). (3.16)

Proof. For (3.14) , according to the definition of 1), (¢), we have:

Ya(t) > 5 (112,

which proves the first inequality. The second inequality is obtained as follows:

wm>=//w"dm<//w ¢) dcde
:(/¢m@wu®%

- /dJ )dv, () = 5 (0% (1))

For (3.15), since ¢, (1) =4, (1) = 0, ¥ (t) < 0,7 (1) = 1 +1loga, and by using Taylor’s
expansion we have for some &, such that 1 < ¢ <t.

Ya(t) = (1) (1) (6= 1) 26 (1) (= 17 + ot (€) (6~ 1)

_ 1 " 2 1 " 3 1 " 2
- 51/%1 (1) (t_ 1) +6wa (f) (5_ 1) < iwa (1) (t_ 1) :
Which completes the proof.

For (3.16), then by using the left hand side of (3.14) and the Cauchy-Schwarz inequality,
one can obtain,

2¥(v) = 22% (v;) 72 v — 1)

i=1
- [zvz—zszn
i=1 i=1
2 2 2
= ol = 2¢7v+ flell® = (1lolf” = 2Jo]l lle]l + )

= (vl —llell)*,
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that is to say

[oll < flell + /2 ¥ (v) = Vn+ /2 ¥ (v),

where e ={1, 1, ..., 1} denotes the all-one vector.
This completes the proof. O

Lemma 3.3. Let § > 1. Then

Proof. Defining

we have v (t) = a7 < 0iie, by (t) is thus a decreasing function when ¢ > 0. Thus
Uy (Bt) < oy (t) for B > 1. So
1 1
W (B1) — i (1) = & (8 = 1) 2 (B1) — i () < 3 (82— 1) .
That implies the lemma. O

4 Algorithm analysis for LO
In this section, we analyze the complexity of the LO interior-point algorithm for large updates.
The algorithm is analyzed using the norm-based proximity measure.

Lemma 4.1. Let ¢ : [0,+00) — [1,400) be the inverse function of 1, (t) for t > 1 and
p: [0,+00) — (0, 1] the inverse function of Sy}, (t) for t € (0, 1], we have:

V2s+1 < o(s)<V2s+1, s>0, 4.1
1
( ) 1+ logl(ongraZz)

Proof. For (4.1),let s = 1, (t) for ¢ > 1. Then o (s) = ¢, ¢t > 1, using (3.14) of lemma 3.2, we
have s = ¢, (t) > 5 (t — 1)%, 50t = o(s) < v/25 + 1. By the definition of v (£) we have
2—-1 _ -1
<
2 = 2

s = % (t) :wb (t)+
& 2s<t?P—1
& t=o0(s)>V1+2s.

Thus
t=p(u) >VI1+2s.

For (4.2).. To find the inverse function of the restriction of v/, (¢) in the interval (0, 1], we
need to solve the equation 5!, (t) = z for t € (0, 1]. To do so, we have

2z ==, (1) & — (t — a(%_l)) =2z.

This implies that

i) = ty2a<1422
- 1 <14 log (1 +22)
t loga
Hence we have |
t=p(2) > — i
1+ loglgg+;z)

This completes the proof. O
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Theorem 4.2 (Lemma 2.4 in [2].). Assume that o is defined as in Lemma 4.1. Then
¥
¥ (Bv) < nap (59( n(v))) ,veRT,, B> 1.

Lemma4.3.Let0 <60 < land vy = (v) < 7 then we have:

W (o)) < W (0) +% <£9) {n+2‘1’(v) +2\/M} , 43)

and Lemma 3.2 (3.16) , we obtain

Proof. For (4.3), using Lemma 3.3 with § = ﬁ,

n n 1
W) = )= <y [wa (0 +3 (5= 1) ]
i=1 i=1
1
- + E <B 1) Z’L 1 Yi
N 2\1-60
2
< )+ Ly f+ 21}‘
- 2\1-6
1 0
= )+ (1 9> (n 2 (0 \/7)
Since ¥ (v) < 7, we have
T(v+)§7+2(1_9) (n+27—|—2\/ )
This completes the proof. O
Denote
- 27 4+ nf + 20V 2nT1
Yy = 2(1-0) ) 4.4)

We’ll utilize P for the upper bounds of ¥ (v) for large-update methods throughout the algo-
rithm.

Remark 4.4. For the large-update method, by taking =0 (n),0 =0 (1), ¥y = O (n).

4.1 An Estimation of the Step Size
Lemma 4.5. Let 6 (v) be defined as in (3.1) .

5 (v) > Tz(“). (4.5)
Proof. Using (3.14)
W) = Zwa ORI
i=1 i=1
- = Hv ¥|* =26 (v)*.
So that 6 (v F This finishes the proof. O

Remark 4.6. We always assume that 7 > 1. During this work, we use Lemma 4.5 and the
assumption ¥ (v) > 7 > 1 we have

d(v) > 3
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In preparation for the next discussion, the difference in proximities between a new iterate and
a current iterate for fixed p is defined, for a > 0.

fle) =¥(vy) = ¥(v).

Now, we give many lemmas that will be used to determine an appropriate lower bound for the
step size «

Lemma 4.7 (Lemma 4.3 in [2]). Let 6 (v) be defined as in (3.1) , then the largest possible value
of the step size of « is given by

&= 52((0) ~ p (20) .

Lemma 4.8 (Lemma 4.4 in [2]). One has

_ 1
T PIeT3))
Define |
N—= ——— . 4.6
8= ) (*-0)

Then, & < & in the next step, we made this the default value for step size in Algorithm 1.
Lemma 4.9. Let p and & defined in Lemma 4.7 if ¥ (t) > 7 > 1, then we have
1
5
89loga |1+ B0

loga

a>

Proof. As a result, by substituting ¢ = p(24), which is equivalent to 46 = —¢)/,(¢), we get

1 <14 10g(1+4§).
t loga

Furthermore, using the, defintion of ¢/ (¢) for z = 2§ and (4.2), we conclude that

1
= )
1

* il

> ! .
log(46+1)
1 +loga (45 +1) [W + 1}
Using Remark 2, one has
1
a > .
V268 loga + (1 + %) (45 + \@5) loga
1
> :
- log(1445) \ >
20l0ga -+ (1+ 5050 )" (45 + 26) loga
This implies that
a > ! 3 .
86 (14 24054)) loga

This completes the proof. O
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Denoting
&= ! — @.7)
85 [1 + %} loga
Lemma 4.10. [f the step size & in as (4.6) Then we have
~ &
T@ <=5y o

Lemma 4.11. Let & be as defined in (4.7) and ¥ (v) > 1. Then we have the following upper
bound for f (&) :
- v ¥
fa) < - 5 4.9)
16loga [1 4 lee(1r2V7%) “’")]

loga
Proof. According to Lemma 10, with o = & and (4.7), we have
fl@ < —as?
§? V¥

7 = 2"
log(1+45
8dloga {1 + Ogli)gz q 16loga [1 + Log(lltzav ‘PO)]

This proves the theorem. O

Lemma 4.12 (Proposition 1.3.2 in [15]). Suppose that a sequence {t* >0, k =0,1,2,..., K}
is satisfying the following inequality:

tk+] Stkfntjlgi’ya k:()vlvza"'aK*la
t’Y
where 1 > 0 and ~y € (0,1]. Then K < [0—‘ :
m
(4.8) shows the diminution of every inner iteration. In [15] we may obtain the proper values

of nand v € (0, 1].

1 1
n= 29 ’725
16loga (1 + W)

Theorem 4.13. Let P be defined as in (4.4) and let L be the total number of inner iterations in
the outer iteration for large-update methods. We have

log (1 —0—2\/7)

loga

O (ST

L <32loga |1+

Proof. By Lemma 4.12 and Theorem 4.2, we have

W log (1 +2\/\To)

v -1
L<—0=32oga 1+ P2
Ual loga
This completes the proof. O
The number of outer iterations is bounded above by (see [17] Lemma I1.17, pagel16).

By multiplying the number of outer iterations by the number of inner iterations, we get an upper
bound for the total number of iterations, which is

loga + log (1 + 2\/?0)

loga

11
\Ilé 7 lo g n , for large -update methods.

32loga
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For large-update methods, set 7 = O(n) and § = ©(1)
By choosing

1
nl + 27 +2v2nt \°
=142
“ +( 2(1-0) )

The iteration bound reduces to O (y/n(logn)logn), which matches the currently best-known
iteration bound for large-update IPMs.

5 Numerical results

In this section, the principal objective is to compare the number of iterations and the time pro-
duced by the algorithm for certain kernel functions to validate the efficacy of our proposed kernel
function, where the experiments are conducted using Dev-Cpp 5.11 TDM-GCC 4.9.2. Install
and run on a computer. We take the accuracy parameter ¢ = 107, a threshold parameter 7 = \/n,
barrier update

0 € {0.1,0.5,0.7,0.9,0.95,0.99}, various values for the barrier parameter a and the practical
value for step size oy, = pmin(a,, o) with a € (0,1) and

. ot if Az; <0 . ot if As; <0
«; = min i , g = min i
1 else 1 else

We assume that It and T represent the number of iterations and the time produced by our
algorithm, respectively. Recall that a pair of primal-dual linear optimization (LO) problems is
defined as

(P)  min{c"z:Ax=0b, x>0},

with its dual problem
(D) max {b"y:ATy+s=c, s>0},

The results of our numerical comparisons between the v, (¢) function described in (3.2) and
other existing kernel functions in the literature are mentioned above with different sizes

-p _
Lyi(t) = £—1—log(t)+° . 1,p=1°§”—1[7]
S A |
2-p(t) = t*—t o p>1[6]
2572p+1 -1 t7p+l _
-y (t) = 2 —1-— — ., p>11[4
s (1) o1 oxi 0 P (4]
t2—1
4-1py (1) = 3 —logt [11]
()
—1 4 p| tan —
5-4a(t) = pt2 +=|e 2+12t —1], p>1[13]
™
1
6-ys(t) = (p-l—l)tz—t—p—(p—i—Z)t, p>4 [8]
2 -1 ¢ (1-1) ,
7-, (1) = 3 —/ a\=""Jdx a > e, New kernel function.
1

Where v, (t) is the classical logarithmic kernel function.
Now, we present some problems.
For m = 2 and n = 4, the matrix A and the two vectors b and ¢ are defined as follows

A_<i i (1) 13), b:(1 o.s)T, c:(l 2 3 4)T

T
and the initial feasible iterate is given by 2% = ( 05 1 1 1 ) ,
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W = ( 025 025 )T, 0 = ( 05 175 3 475 )T

For m = 3 and n = 5, the matrix A and the two vectors b and ¢ are defined as follows
21 1 00

A= 1201 0 ,b:(873)T,c:(45222)T
0100 1

T
and the initial feasible iterate is given by 20 = ( I 11 1 1 ) ,

T T
Y0 = ( 111 ) 80 = ( 1 211 2 ) The results are summarized in the
following table.

e [y (o oo o= [t [|o0 [ [en O [ < |00
PN I I N I I A S S S
g Slgle|s|els|c|ls|als|c|s|s |
I
D= || 0|00 |00 0o [©o|x|

= === === === [=]=

— |0 =|en|en ||| v |0 |n|o |
W [ [ [0 [0 |0 [ [0S |00 [© [~ |00 [ @ |0
g Slolols|s|s|S||S|als|S|s|c |
(1
Dl |00 ||| |—||la|D|o|o|o|a]|o

P | e [ = [ = [ = [N N[N|—= [N |~ [

oo lolvo|lalo||=|9|w|a ===
o =[S 0[S [0 [© (e = [|ay [ [ |S [ oy |y
S Slolc|lo|c|o|e||lo|lalo|—|c|e|e
Il

=lo;|sln|elo|lalt|dt| == [a|a|n
=Q |- == Qe[| e e a |

> O lalalt|ovl|lt | olv|=|2|0
=~ =[S ]|x[S][x|[x ||| || || |S |

SIEIE I EEE= S S
Il

== n|n|lo|=]lo|=|o|x|=|x|o
=<t || [ |en [ |nf[on|m Qv ||

=S N Y N R A S N = S
n == oo = o [x a0 || ="

—lole|=lelele||l~|lala|—=[3|— |~
Il

s | = | =0 v |vn[o|[a|N v O |a|— |

IR R AR AN AR A A G AL
=S A L R B A A R S S RS

== |® | |@ S| ||| v |—|—|=

- —lo|—= === === |—=|—|—|—

=]

Il

Sl o= o [o|e ||| W |+ < |

=zl |a|qs]0|[=]S]|w|S | o= |

Sl == = [ Q| [Q ] = e[

— —~

P | P B L e Py | By kel P P [ P s

N S R e Y R I ) A R R e B S

ot ZlEEEEIE ZlEEEE

.—EtlmU—\r_\(,-—dN:Ovrm

s I N e = = = e e el =S
T 2
EE
=~ 9
-

2
= — ~
= =
&) 5]
= =)
@ )
Qo Q
[ 4
=% =¥

Table 1. NUMERICAL RESULTS OF OUR TWO PROBLEMS.
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We consider the Bouafiad’s problem [5] with only minor changes. Thus, we have n = 2m
and the matrix A of the problem are given by

1 ifj=iorj=i+m

Aij:
0 else
At this stage, we distingue two cases
T
CASEl.b:(2 2) e =—lifi=1,....me=0ifi=m+1,...,ns =1
T
ifi =1, om sl =2ifi=m+ 1.y’ = (-2 . -2).al=1ifi=1...n
T
andtheoptimalsolutionisy*:(1 1) , 50 =0,27 =2ifi=1,..., mand s] = 1,
zir=0ifi=m+1,...,n
T
CASE 2. b = (z z) cei= —lifi=1,...om e = 0ifi = m=+1,...,n,
T T
L= o) = (2 2) e = s =1l =
T
05ifi = m + 1,...,n and the optimal solution is s* = <O 0o ... 0 0) , Yt =

T
(—1 —1) andz¥ = 14793 ifi=1,...,m,af =0.5207ifi=m+1,...,n
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Table 2. NUMERICAL RESULTS OF THE TWO CASES OF PROBLEM 3.

We consider the following problem with n = 2m and the matrix A of the problem is given
by
-2 ifj=idiorj=i+m
Aij =
0 else

T
b:(4 4) ,e; =3ifi=1,....,m,¢c; =2ifi = m+1,...,n, we choose the
strictly feasible initial point as s = 8 ifi = 1,...,m, s = 5ifi = m+1,...,n, 3 =

T
( 1 ... 1 ) , 2 = 1if i = 1,...,n we finish our algorithm with the following solution

T
Yy = ( 0 ... 0 ) ,si=0,2f =4ifi=1,...,mands! =0,zf =3ifi=m+1,...,n
Comments
The results of our numerical studies demonstrate the efficacy of our novel efficient kernel
function. We see that when the problem dimension grows more significant, the difference in
the number of inner iterations and computation time between our novel kernel function, that of
Bounibane and Djeffal [7], Boudjellal et al. [6], Benhadid and Merahi [4], E] Ghami et al.[11],
Z. Moaberfardithatand al. [13] Djeffal and Laouar[8] and that of Bouafia et al. [5] become
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significant. These numerical results support and reinforce our theoretical findings.

6 Concluding Remarks

Motivated by recent works of Bai et al.[2], we present a novel kernel function that generalizes
the kernel function in [2] and establishes a primal-dual IPM for LO problems, which reduces the
algorithm’s iteration complexity. We have shown that it yields the best possible iteration bounds
for large-update methods for a function with a double barrier term. The algorithm produces the
iteration bounds O (\/ﬁ log nlog %) , which is currently the best-known iteration bound for such
methods for large methods. In addition, we have provided some numerical results to demonstrate
the validity of our approach by comparing methods based on distinct kernel functions. Accord-
ing to our numerical results, the new kernel function performed better than the others. Future
research could concentrate on the examination of semidefinite optimization.
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