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Abstract

For integer quadratic programming problems, a new branch and bound algorithm is proposed in this
paper through a series of improvements on the traditional branch and bound algorithm, which can be
used to solve integer quadratic programming problems effectively and efficiently. This algorithm employs
a new linear relaxation and bound method and a rectangular deep bisection method. At the same time, a
rectangular reduction strategy is used to improve the approximation degree and speed up the convergence
of the algorithm. Numerical results show that the proposed algorithm is feasible and effective and has
improved the existing relevant branch and bound algorithms. (©2016 All rights reserved.
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1. Introduction

Integer programming problems are optimization problems that minimize or maximize the objective
function in the limitation of equality or inequality constraints and integer variables. More widely application,
integer programming can be used to properly describe the decision problems on the management and effective
use of resources in engineering technology, social science, finance, business administration and many other
fields. With the development of science and technology and the urgent need for solving complex decision
problems in the actual, the algorithm research on nonlinear integer programming problems has become one
of the hot research topics in the field of operations research and optimization. Integer programming problems
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that we usually discuss are linear and it is known that the general linear integer programming problem is
NP- hard. From the mathematical programming section in appendix A6 of literature [I3], we know that the
problem is NP- hard if constraints are quadratic and the objective function is linear and it is undecidable
if add an integer requirement to the last problem then the nonlinear integer programming problem is even
more difficult. The deterministic methods for solving nonlinear integer programming problems are outer
approximation methods [T}, 2, 4, [6], cutting plane methods [5, 12} [16], decomposition algorithms [7], [15] and
branch and bound methods [3, 8, @, [10, 11l [14], in which branch and bound methods are more practical.
However, as the integer programming problem is NP-hard problem, existing algorithms can only solve a
particular form of integer programming problems and there are often many shortcomings, such as a slow
convergence rate, large calculation quantity and poor efficiency. In view of this, as a preparation for seeking
a common and effective algorithm of solving general nonlinear integer programming problems, this paper
investigates the following special nonlinear integer programming problems — integer quadratic programming
problems:

1
min  f(z) = 27 Qx + 'z
(1QP) ’
st. x€D={xeR"Ax <b,x >0},
xe ",

where Q € R™*" is a n-dimension symmetric matrix, ¢ € R", A € R™*" b € R™. Z™ is a set of integer
vectors in R", and D = {x € R"|Az < b,z > 0} is a non-empty and bounded set.

Since the optimal solution of the integer quadratic programming problem may not be able to meet K KT
conditions, it is often more difficult to solve than the continuous optimization problem. Through a series of
improvements on the traditional branch and bound method, this paper presents an algorithm which can be
used to solve integer quadratic programming problems quickly and effectively.

This algorithm adopts a new linear relaxation and bound method, a rectangular deep bisection method
and the rectangular reduction method in the literature [9]. The feasibility, effectiveness and superiority
of the proposed new algorithm are explained by a lot of numerical experiments and the comparison with
existing literatures. This paper is organized as follows. In section [2| the relaxation and bound method is
given. In section [3] The subdivision and reduction of the rectangle are provided. The new branch and bound
algorithm is described in detail in section [d and the convergence of the algorithm is analyzed. Finally, a
lot of numerical experiment results and the comparison with existing literatures turn out that the proposed
new algorithm is feasible, effective and superior.

2. Relaxation and bound method

In this section, we construct the integer rectangle R first, which contains the feasible region of the original
problem (IQP). For this purpose, calculating the following 2n linear programming problems first:

min  h(z;) = xj,
st. Az <Wb,
2> o0, 1=12,...n
L x € R".
min  l(x;) = zj,
s.t. Ax <b,
2> o0, =1,2,...n
r € R".

We obtain optimal solutions h},j =1,2,...,n from (1) and optimal solutions 5,7 =1,2,..,n from (2). Let
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7=, =1,2,.,n.

Then we get the integer rectangle which contains the feasible region F' = D N Z"

R=[z,7] = {alz <2 <TzTe "

where z = (21,29,...,2,), T = (T1,T2,...,Tn)] are integer vectors. So the original problem (IQP) is
equivalent to the following problem (IQP):

1
(IQP) min  f(x) = §Z‘TQ$ +clz
st. xe€DNRNZ™
Consider the following continuous relaxation programming problem (QP) of the problem (IQP) :

2

(QP){ min f(z) = 227Qu + T
st. xze€ DNR.

The optimal value of the problem (QP) is a lower bound of the problem (IQP)> obviously. Therefore, it is
an effective lower bound of the optimal value of the original problem (IQP).

Consider the lower bound estimation of the optimal value of the problem (QP) first. Introducing the
variable d = (dy,ds, ...,d,)" € Z", and it satisfies

dj = min{Q;‘-F:U\Aac <bx>0,z<zx<T,x€R"},j=12,..,n,
where @; represents the j-th row of the matrix ). Because x > 0, so there is

1 1
f@)= 52" Qu+cla>(c+ jd) 'z, Yo € DNR,

Then we get the following linear and relaxation programming problem of the problem (QP) on the rectangle
Ry :

) 1
(LP(Ry)) { min  f(z) = (c+ §d)Tx
st. x€DNR.

Solving the problem (LP(Ry)), we obtain the optimal value. It is a lower bound of the global optimal value
v(QP) of the problem (QP) on Ry, and it is also an effective lower bound of the global optimal value of the
original problem (IQP) on Ry, i.e.

v((IQP)Ry) < v((QP)Ry) < v((LP)Ry).

Determining the upper bound is completed by feasible points of the problem (/QP) in the process of
branching. Suppose z is the feasible point of the problem (IQP) and W represents the set of current feasible
points of problems (IQP), which are obtained in the process of branch and bound. Let x — W. ~ is the
upper bound of the current global optimal value of the problem (IQP). If W = (), let v = +o0; if W #£ (),
let v = min{f(xz) : « € W} and find a current optimal solution 7 € arg min W. During the process of
the branch and bound, all the feasible solutions x — W dynamically, and the upper bound is updated by
adding new feasible point constantly.

3. The subdivision and reduction of the rectangle

3.1. The subdivision of the rectangle
Suppose that Ry = [gk,fk] C R is the current sub-rectangle to be divided and (a:k,uk) denotes the
optimal solution of the problem (LP(Ry)). Obviously, z¥ € D N Ry.

Assuming X* € Ry, but 2F ¢ Z", do the following subdivision to Ry, = [zF,7"]:
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Stepl Compute w = max{(a:? —zM@h - 2% 5 =1,2,...,n},

) YRAS J
if w=0,
let f’g — xlg = ma:v{fl? - gf :7=1,2,..,n},
+ 2k
5 =€ .
then $§ = 5
else
find the first .f? € arg mazW and mark z¥ = :1:5c
end if;
ko k ko gk gk kY.
mark = (§17£27 . ,3',"7 1L EXE j+17 '"7&77,)7
Step2 Divide the rectangle Rj into two sub-rectangles Ry, = [z¥!,7%] and Ryo = [2¥2,7?] by the line
for 2> and 2. Dividing the edge [93 fi ] into two parts and rounding them, we get [z [ La:gj] and [[z 5} Ek]
So the left lower vertex and the right upper vertex of the sub-rectangle Ry = [z, kl] are:
k1 k1, k1 KINT =kl _ =kl =kl =kl —k1\T
" = (zy 25,2y, ), T = (T, Ty, Ti_15 L$§J +17"'7xn )"
the left lower vertex and the right upper vertex of the sub-rectangle Ryo = [z¥2, Z"?] are:
k2 k2 k2 K2\ k2 k2 —k2 kT
= (2,257, 2 1,(:1: )],z ]H,...,gn ), T = (T{*, Ty~ ..oy Ty )"

3.2. The reduction of the rectangle
All linear and inequality constraints of the problem (IQP) can be expanded into the form Z?zl a;jxj, (i =
1,2,...,m). Using the rectangular reduction technique of the literature [9], let I* := {1,2, ..., m}.

For ¢ =1,2,...,m, do begin
compute rU; 1= Z?Zl max{aijx aljx ,and rL; = Z?:l mz’n{aijxk awxéc,
if rL; > b;
then stop. Problem (IQP) does not have feasible solutions on Ry. (Ry is removed);
else if rU; < b;,
then I* := I* — {i}. The i — th linear and inequality constraint of problem (IQP) is removed;

else
for j=1,2,...,n, do
if aij > 0,

~ k . ok
bi — rL; + min{a;;x7, a;;T; }

h

—k o . —
then z¥ := mm{xj,

J aij
if T
if T J k i
Ly =5
else
=k ._ [=k
7y = [7j]
end if;

else if a;; <0
b; —rU; + max{aijgg‘?, aijfg?}

k._ : k
then 27 := maz{z}, a; } if 27 € Z,
k._ .k
else
k._ k
Zj = LQJJ
end if;
end if;
end do;
end if;

end do.



X. Ma, Y. Gao, X. Liu, J. Nonlinear Sci. Appl. 9 (2016), 1153-1164 1157

For convenience, the new integer rectangle generated by this new algorithm still denoted by Ry, which
is a subset of the original integer rectangle.

4. The new branch and bound algorithm

When the iteration proceed in step k, the feasible region of the problem (IQP) is denoted by F, Ry
represents the integer rectangle which will be divided soon, the set of all current feasible points is denoted
by W, T represents the set of remained rectangles after pruning, z*, v(Ry) are the optimal solution and
the optimal value of problem (LP(Ry)) on Ry respectively. v = min{v(Ry) : Ry € T and x¥ € arg minv
represent the current global optimal solution and global optimal value of the problem (LP(Ry)) respectively,
v is also a lower bound of the global optimal value of the problem (IQP), R, is the integer rectangle which
correspond to v, the upper bound of the global optimal value of the problem (/QP) is denoted by ~.
W =0, let v = 4o0; if W # 0, let v = min{f(x) : x € W} and find a current optimal solution
z7 € arg minW.

Step1 (initialization)

Construct a n-dimension rectangle R = [z, 7] which contains F' and let W = {z,Z} N F. Solving the
linear programming problem (LP(R)), we get the optimal value and the optimal solution, which is denoted
by v and x, respectively, where the rectangle to which z, belongs is denoted by R, v is a lower bound of the
global optimal value of the problem (IQP). If x, € Flet W = WU{x,}, v = min{f(z) :x € W}. T W =0,
let v = +oo; if W #£ 0, let v = min{f(z) : x € W} and find a current optimal solution z7 € arg minW.
Let T ={R}, k=1
Step2(termination criterion)

If v = ~, then stop the calculation and output the global optimal solution X, and the global optimal
value f(z~) of the problem (IQP), otherwise, go to the next step.

Step3(selection rule)

Select the rectangle Ry in T, which v corresponds to, i.e. v = v(Ry);
Step4(subdivision method)

If 2¥ € Z™, delete Ry, = [z*,7"] and keep the optimal solution z*, otherwise, divide the rectangle Ry, into
two sub-rectangles Ry, and Ry by the method in and int Ry NintRyo—f, W = WU{U?Zl ({zM, 7Z"}nF)};
Step5(reduction method)

Perform the following reduction to the sub-rectangles after dividing by the technique in For conve-
nience, the new rectangles after reducing still will be denoted by Ry;,7 C I', where IT" is the index set of the
reduced rectangle:

Step5.1  if zF! = z¥1
delete Ry, and reserve the optimal solution z*!;
else
reduce Ry by the reduction technique in
if Ry is deleted
T =T\ {Ry}, turn to Step5.2;
else
T =T\{Rp} U{Rp}
solving the linear relaxation programming problem (LP(Ry)) we can get the optimal
value v and the optimal solution z*!
if ¥ € Z7
W =W u{{z", 7" ¥} nF};
else
W =Wwu{{z", 7"} n F};
endif
endif
endif
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Step5.2  if zF? = 72
delete Ry and reserve the optimal solution 2
else
reduce Ryo by the reduction technique in [3.2]
if Ry is deleted, turn to Step6;
else T'=T U{Rka};
solving the linear relaxation programming problem (LP(Ry2)) we can get the optimal value

vk and the optimal solution z*2
if k2 € Zn
W =W u {{z", 7" ¥} N F};
else
W =W u {{z"?, 7} n F};
endif
endif

endif
Step6(determine the upper bound)
If W =0, then v = ;
If W £ 0, then v = min{f(z) : € W} and find a current optimal solution z7 € arg minW.
Step7(pruning rule)
Let T=T\{R:v(R) >~,ReT}.
Step8(determine the lower bound)

L 7, =19,
N min{v(R) : Re T}, T = 1.
Let k—k + 1. Turn to Step2

5. Numerical experiments

For the new algorithm in this paper and the method in literature [9], we apply MATLAB7.8.0 for
programming. When (@ is positive definite, negative definite and indefinite, we use symmetric matrices ) of
different conditions and sizes to test respectively. All tests run on the computer with Intel (R) Core (TM)
i5-3570K, CPU@3.40GHz, 4.00GB RAM, 32-bit operating system. Firstly, we explain the feasibility and
effectiveness of the new algorithm through a simple example.

Example 5.1.
1
min  f(x) = ixTQ:U +cl'x
IQP)§ st Az <b,
0<z<60,z e 2™,

o g [T
where Q = [4 4 10| ,c= [4|,A= ,b= .
6 10 6 9 0 -1 -l 1
—14 -2 -14 —4
0 60
The initial rectangle of the original problem is R; = [0 60|. Using the new proposed algorithm in this
0 60

paper to solve the linear relaxation programming problem (LP(R;)) of the original problem (IQP) first, we
obtain the optimal solution 2! = [0.5000; 1.0000; 0.0000] and the optimal value 9.2500 then the lower bound
and the upper bound of the original problem on the initial rectangle are 9.2500 and 94500 respectively,
and the corresponding optimal solution is z* = [60; 60; 60]. Updating the feasible solution set W constantly
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during the process of calculating the lower bound and subdividing and reducing the rectangle, so as to update

0 60
the upper bound. Select the rectangle Ry = [0 60| with the minimum lower bound to divide. Divide
0 60
0 60 0 60
the rectangle R; into two sub-rectangles R1; = |0 1| and Ri2 = |1 60| by the method in |3.1| and
0 60 0 60
0 60
reduce it by the technique in|3.2} then the new rectangle after reducing is Rs = R1o = |1 60|. Solving the
0 60

linear relaxation programming problem (LP(Rz)) on the rectangle Ry, we obtain the optimal value 9.2500
so the lower bound of the original problem is not updated, while the current upper bound is updated to

0 60
2736 and the corresponding optimal solution is z* = [0;30; 0]. Divide the rectangle Rs into Re; = |1 60
0 60
1 60 1 60
and Roo = |1 60| then reduce them, the new rectangle after reducing is R3 = Roo = |1 60|. Solve the
0 60 0 60

linear relaxation programming problem (LP(R3)) and get the optimal value 9.2500, while the current upper
bound is 13 and optimal solution is z* = [1; 1;0]. Subdividing and reducing R3 constantly, its sub-rectangles
are all deleted, so we can know that the global optimal value of the original problem (IQP) is 13 and the
global optimal solution is z* = [1;1;0].

The two main factors that affect the difficulty of solving integer quadratic programming problems are
the condition number of the matrix @ in the objective function and the form of the coefficient matrix A in
constraints. In order to make the test general and persuasive, we randomly generate matrices ) of specified
dimensions and different conditions and vectors of the first degree of the objective function in MATLAB.
The specific forms of constraints are selected from Table

To better illustrate the advantages of the new algorithm in this paper for solving general integer quadratic
programming problems, we compare the new algorithm with the branch and bound method in [9], the
specific results are listed in Table [I] to [4 respectively. In tables, the column of constraint No. represents the
corresponding number of constraints in the Table [5 The column of the condition number of the matrix )
indicates the norm condition number of the matrix ). Integer objective value represents the optimal value
of the objective function when algorithm terminates. Alg.1 and Alg.2 denote the new branch and bound
algorithm in this paper and the branch and bound method in literature [9] respectively. In order to investigate
the effect when @ is positive definite, negative definite and indefinite on the algorithm respectively, Tables
to [3| give the test results for matrices () with different constraints, sizes and conditions. From tables, we
know that the test time when the matrix @ is indefinite is relatively longer than that when @ is positive
definite and negative definite. In addition, in order to investigate the influence of the condition number of
the matrix @ on the algorithm, we give test results of 100-dimension problems with same constraints but
different condition numbers of matrices @ in Table [l From the table, we know that the time which the
algorithm needs to solve the problem increases with the condition number of the matrix @), which indicates
that the condition number of the matrix @ is indeed a major factor that affects the effectiveness of the
algorithm.

Results in tables show that the calculation time of the new algorithm in this paper are all much less than
that of the algorithm in [9] with the increase of the dimension and the calculation results are better, which
indicates that the proposed algorithm improves the computational efficiency, so the algorithm in this paper
is effective and feasible. From results of Table [I] to [d] although the iteration and the integer objective value
of our new algorithm may exceed that in the algorithm of [9], for large-scale integer quadratic programming
problems, running times of the new algorithm is far less than that in [9], so the algorithm in this paper is
superior to the algorithm in the literature [9], while the algorithm in [9] is superior than the normal branch
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and bound algorithm.

Generally speaking, with the increase of determine variables of the problem and the effective constraints,
the time of solving the problem also increases. With the increase of the condition number of the matrix @,
the complexity and the time of solving the problem all increase. Tests which we use in this paper are all
based on the literature [9], but from the calculation time of the proposed algorithm and the algorithm in
[9], the former algorithm is far less than the latter one.

Table 1: when @ is positive definite, results of solving integer quadratic programming problems with different sizes

test | . . Constraint | Condition number Time (s) Infeger objective Iteration
No. dimension No. of the matrix Q value
Alg.1 Alg.2 Alg.1 Alg.2 | Alg.1 | Alg.2

1 10 1 305 1.136 2.675 352.5 200 5 7
2 30 2 3823 10.133 | 21.756 | 76112.5 | 73336.5 13 15
3 50 3 244269 10.642 | 39.278 | 1535261 | 1845614 7 9
4 50 4 244269 10.161 | 26.103 4930 4959 7 9
5 70 5 13114 52.829 | 63.653 | 27737.5 | 24445 25 17
6 70 6 13114 13.279 | 41.628 6804 6923.5 5 9
7 100 7 225175 20.861 | 17.709 10589 14400 5 3
8 100 8 225175 212.380 | 222.497 | 42018.5 | 38655 57 35
9 100 9 225175 55.056 | 87.462 10515 9850.5 13 11

Table 2: when @ is negative definite, results of solving integer quadratic programming problems with different sizes

test | . . Constraint | Condition number Time (s) Integer objective Iteration
No. dimension No. of the matrix Q value
Alg.1 Alg.2 Alg.1 Alg.2 Alg.1 | Alg.2

1 10 1 132 1.127 1.883 212.5 233.5 5 5
2 30 2 4514 8.558 12.810 75210 64662 11 9
3 50 3 4979 6.916 20.003 | 1187750 | 4837869 5 7
4 50 4 4979 3.684 18.734 4950 4264 3 7
5 70 5 8099 57.491 | 69.244 28939 26874 27 17
6 70 6 8099 13.701 12.953 7665 10380 ) 3
7 100 7 577740 17.790 | 21.310 10602 15887.5 5 3
8 100 8 577740 205.962 | 238.168 | 42150.5 | 37818 59 35
9 100 9 577740 62.875 | 86.562 | 11152.5 | 9717.5 15 11
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Table 3: when @ is indefinite, results of solving integer quadratic programming problems with different sizes
. . . Integer objective .
test | .. . Constraint | Condition number Time (s) Iteration
No. dimension No. of the matrix Q value
Alg.1 Alg.2 Alg.1 Alg.2 | Alg.1 | Alg.2
1 10 1 204 1.908 3.275 255.5 274.5 9 9
2 30 2 8102 8.936 12.138 68010 57283 11 9
3 50 3 56641.8 7.843 22.749 | 16002009 | 2132540 5 7
4 50 4 56641.8 9.976 24.945 5221.5 5519 7 9
5 70 5 144119 49.891 | 64.527 28265.5 | 26016.5 23 17
6 70 6 144119 12.084 | 22.993 9441 7374 5 5
7 100 7 27341 19.982 | 21.463 9747 14430 5 3
8 100 8 27341 211.563 | 223.472 42277 38045.5 61 35
9 100 9 27341 50.597 | 88.102 9861.5 9225.5 13 11

Table 4: results of solving integer quadratic programming problems with same sizes and constraints but different conditions

test | .. . Constraint | Condition number Time (s) Integer objective Iteration
No. dimension No. of the matrix Q value
Alg.1 Alg.2 Alg.1 Alg.2 | Alg.1 | Alg.2
1 100 9 21645 52.133 | 84.947 | 10660 | 9489.5 13 11
2 100 9 63552 53.611 | 90.163 9990 | 9638.5 13 11
3 100 9 151295 65.511 | 73.871 | 10146.5 | 9709 15 9
4 100 9 397950 47.072 | 90.799 10049 | 9720.5 11 11
5 100 9 750783 45.727 | 109.414 | 10593 | 9468.5 11 13

Table 5: [9] constraints be used in different tests

Constraints No.

The specific form of constraints

T + T + 223 + 8xy4 + x5 < 100
To + 3x4 + 1526 + 9 < 200

1 z3 + x5 + 1326 + 1021 + 29 < 300
x4 + 20x5 + 8x7 + 19 < 300
S0 i > 15,0 < 2; < 60,25 € Z,i = 1,2, ..., 10
T1 + dxg + 17 + 8xg + 229 + T10 — 2211 + D13 + 3T22 — T2z < 500
o + 8211 + 4213 — 214 + 3219 + 2290 + To1 + 2292 + 23 + 224 < 500
9 3 + dx7 + x8 + 3x12 + 2214 + 18 + 3T22 + 825 + 3127 + 30 < 600

T4+ x9 + 2213 + D514 + 3215 + 2016 + 17 + 126 < 400
x5 + 2w6 + x11 + 4w17 + dx20 + 3T21 + 423 + Tog + w29 < 400
S0 @ >150,0 < x; < 60,25 € Z,i =1,2,...,30
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Table 6: example of table

1+ 9 + 210 + 415 — D19 + 393 + Xog — Xog + 2T99 + 231 < 1000
To9 — Tg + T11 + 4x13 + 22019 + 290 + To1 + 3799 + 93 + 1oy < 1000
2x3 + 110 — 2211 + 3712 + X14 + DT 17 + 3790 + 2795 + 397 + T390 < 1000
Ty + Tg + 2:613 + 5[1314 + 35615 + X16 + T31 + X33 + T35 + T3 < 1000

3 | 4x5 + 211 + w17 + dwop + To1 + 423 — Tog + OT29 + 2738 + w49 < 1000
T + 23310 + 2:1312 + 53713 + 8$16 + 718 + 3-%'26 + 255’28 + 4:1332 + Tyy < 1000
27 + 4xg + 119 + 2215 + 17 + 3218 + dx31 + 634 + 237 + 45 < 1000
rg + 2.1339 + 41 + Ty + 41,‘43 + Xy + Ta7 + Ty8 + Tg9 + Tp < 1000
S0 2 >500,0 < a; <800, 2 € Z,i = 1,2, ...,50

T1+ 2x9 — 219 + 4215 + 219 + To3 + Tog — Tag + 2T99 + x31 < 300

To + T — T13 + 25619 + 9o + T2 + 35(322 + Zo3 + Tog + Tog < 300
T3+ 19 + 14 + 3%17 — 2I21 + T9o + 2%25 + 3$27 + 30 + T31 S 300
T4+ T4 + 3$15 + 16 + 22319 + 31 + 2$33 + 235 + T36 + 55649 < 300

4| x5 4+ 2017 + X909 + 21 + 493 — Tog + Tog + 2238 + Tag + 41 < 300

Te + X109 + 851312 + T16 + T18 — Tog + 23728 + 41‘32 + 243 + Ty4 < 300

X7 — X5 + T17 + Too + 4:5‘32 + 651334 + 3$43 + T45 + Ta7 + Ty9 S 300

rg + 4:1;‘18 + 31 + T37 — 2:1339 + 241 + Tgo + 33346 + 248 + Tx0 < 300
S0 2 >30,0 < x; < 50,3 € Z,i=1,2,...,50

5150 2 =500,30, 2, > 60,0 < x; < 10,2; € Z,i=1,2,...,70

T+ 3:1;‘12 + 10 + 23319 + T30 — 5:(331 + T34 + T37 — T45 + Tes < 500

To + T19 + 25172() + 5:(?29 + T30 + T37 + Ty2 — Ty5 — Tye + 45(:64 < 500
T3+ 5%13 + 23716 + Tog + T39 + Ty3 — Ty1 — Ty + 2%59 + 3(1363 S 500
Ty + T11 + Tog + 33 + 2034 — T39 — 2240 + T57 + 3T61 + Dxgo < HOO
Ty + T18 + To7 + 2528 — To9 — T30 + T38 + T39 + 5I47 + Ze6 < 500

6 T+ T14 + 2%23 + 5.1}34 + T3 + T37 + XT38 — Ty5 — Tre + 4%67 < 500

T7 + 2.’1;’15 — T9o — T35 + 7.’1;’44 + Ty + Ta7 + Ty8 + Txp + Tsa S 500

Ty — T16 — 2X94 + 06208 + 2230 + T35 + T37 + 53 + Tss + 2260 < 500
T9 — X17 + Txo1 + T3g + D37 + 45 + Tyg + Tso + Ty — Txgs < D00

T10 + 63720 + Xo5 + To7 + X39 + Tg0 + Ts0 + Ts1 + Tsa + Tro < 500
S 2 >30,0< 2 <50,2; € Z,i=1,2,...,70
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Table 7: example of table

r1+x11 + 351]21 + X3¢ + T48 + Ts8 + T + 251]71 + g1 + 35!799 < 550
To + 4x12 + X92 + T38 + Taq — Ts7 + Ty + Ty + T79 + Tog < 5950
T3+ T19 + To3 + 5.%‘31 + Ty7 + 2%53 + X709 + T7o + 2%82 + Zog1 S 5950
Ty + T14 + Tog + 33 + 2:1343 — IT59 — 23764 + 73 + 3x76 + 5ZL‘100 < 550
T5 4+ X5 + Toy + 2239 + Tg0 — X50 + T3 + T8 + Ty + 397 < 550
Tg + T16 + T30 + T32 — T4 + Tg5 + 3x54 + Zgg + T74 + Too < 550
T7+ 2017 + Tog + X490 + Ta5 — 2T51 + Tgo + 77 + Ts3 + TTog < 550
Tg + X118 + Tos + T34 + Tag — Tss + OTe1 + T75 + T7g + L9z < HH0
X9 — T19 + Tog + 4x35 + Dx49 + Tgo + Ter + Ty — 384 + Tos < 550
T10 + Tog — To3 + 37 + 33350 + 56 + Tes + 4$76 + 78 + Toy S 5950
T11 + oz + 331 + T37 + 39 + Tg + Tes + 2767 + T79 + 99 < 550
T12 + T36 + 2T40 + T41 + Tx55 + T56 + Tes + T74 + 79 + T9o < 550
T13 + 18 + Tos + 5:642 + 51 — Ty7 + T8 + Ty + T2 + Ty < 5950
T14 + Tor + Xy5 — 347 + Ta9 + T59 + 60 + T75 + 3279 + 388 < HHO
T15 + 31 + a9 + Ts0 + T51 + Teo + Tez + g1 + Ty + Tgg < HH0
S >30,0<2; <60,z € Z,i=1,2,...,100

813 =300, 300 @ > 60,0 <a; <4ya;€ Z,i=1,2,...,100
T1 + 211 + 3T + T36 + Tag + Tpg — TTee + 2071 + 281 + w9 < 60
To + 4x19 + Too — 3x38 + Tay — Ts7 + Ty + 77 + T79 + Tog < 60
T3+ T19 + Tog + 5:631 + Ty7 + 2%53 + X709 + T7o + 2%82 + Zog1 S 60
T4+ T14 — 3T + T33 + 2243 + T + Tea + 4273 + 3276 + dT100 < 60
T5 4+ X15 + Toy + 2239 + X490 — X590 + X3 + T7g + Tgo + 397 < 60
Tg + T16 + T30 + T32 — T4l + Tg5 + 3:654 + Zgg + T74 + Too < 60

T7 4 17 + Tog + Ty + Tas — 2251 + Tgo + T77 + Tg3 + Tx9 < 60
rs + T18 + Tos + X34 + Ty — Ts5 + Oxg1 + XT7s + T79 + 293 < 60

X9 — X19 + Tog + 435 + D49 + g0 + Te7 + Tgo — 3Tss + 95 < 60
T10 + Tog — To3 + T37 + 31‘50 + 56 + Tes + 4%’76 + 78 + Toy < 60
11 + Toz — 2x31 + x37 + 39 + Ts4 + Tea + 2267 + 79 + 299 < 60
T12 + 36 + 2240 + T41 + (55 + 56 + Tes + T74 + T79 + x99 < 60
T13 + 18 + Tos + 55642 + 51 — Ty7 + T + Ty + T2 + Ty < 60
T14 + Toy + Xy5 — 3T47 + Ta9 + T59 + Tgo + T75 + 3x79 + 388 < 60
15 + 4x31 + a0 + T50 + T51 + Tgo + T3 + Tg1 + Tgs + 89 < 60
S 2 >30,0 <a; < 10,2 € Z,i = 1,2,...,100
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6. Conclusion

For the preparation to seek a common and effective algorithm for solving general nonlinear integer
programming problems, this paper comes up with an algorithm for solving integer quadratic programming
problems quickly and effectively by using a new linear relaxation and bound method, a rectangular deep
bisection method and a rectangular reduction technology to improve the traditional branch and bound
algorithm. Numerical results show that the proposed algorithm is feasible and effective. Although the
iteration and the integer objective value of the new algorithm in this paper may exceed those of the algorithm
in [9] sometimes, for large-scale integer quadratic programming problems, the running time of our new
algorithm is far less than that in [9] and our new algorithm have a better calculation results. The algorithm
in this paper is superior to the branch and bound algorithm in the literature [9], which indicates that the
proposed algorithm improves the calculation efficiency and is more obvious to large-scale integer quadratic
programming problems.
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