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Abstract:

The objective of this paper is to introduce two new algorithms for dealing with mixed integer linear programming
problems, where the first method will be applied to get the efficient cut in the standard cutting plane procedure to
obtain the same optimal solution. The second method will be applied with many special conditions to get the global
solution instead of the local solution by using cutting-plane and other famous algorithms. On the other hand, we
compare our results to the other obtained results by applying other algorithms.
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1. Introduction

The question of correct linear programming is a usual linear programming question on the condition that all or some
of the decision variables are constrained and have an integer value, the methods of solving models with integers are
based mainly on two principles:

The first principle: is that the correct models cope at the first stage using the simplified method in the solution.

The second principle: is to adopt the final results that represent the optimal solution as the basis for reaching the best
solution that makes the values of the basic variables integer values (non-fractional). New additional constraints are
then selected that share or provide valid values for the original variables in the model.

This research is focused: first: on our selection of new additional constraints and by adding these new constraints our
new model is formed. Secondly: test the optimal solution for linear integer programming on the basis of that positional
convergence or overall convergence of the solution.

Here it should be noted that the addition of new entries comes sequentially so that one entry is added to the model
and then the calculations are performed as in the (simplified) method. When the solution is incomplete (i.e., the best
solution is not found), another new constraint is added and so on until the correct values of the basic variables in the
model are reached [2].

2. Mathematical programming:

Mathematical programming (M.P) is one of the methods used in the formulation and resolution of administrative and
economic issues by creating a production plan for different actors to increase profits or reduce costs, the general
problem of mathematical programming (M.P) is to find the values of variables that maximize or minimize the value
of the objective function depending on constraints representing the amount of available resources [1].

2.1. The general formula of the mathematical programming problem is as follows:
Z=0C1X1 + ot +cpxp .. (1)
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This objective function is subject to a number of determinants or constraints (i.e. conditions), which take the
following form:

A1X1 T AQpXpteeiiniiiiiin +a;p,X%, <=2 by
Ap1X1 + AopXptoviiiiiiiinnn. +a,x, <== b, @)
Am1X1 T QpaXoteiiii i, +apnXy, <=2 by,
Itis noticeable that the variables x; are real variables, that is, (x, x,..... ,Xp, = 0) and that (a;;, bj, ¢;) are constant

quantities [3].

With this formula, the problem aims to find a set of positive numbers of variables covered by the system that
satisfies the above constraints, the objective function — the set of constraints or conditions-includes all variables with
non-negative values [8].

2.2. Integer linear programming problem:

The most scientific applications of linear programming problems (LP) require a solution represented by integers, for
example, in production problems It is not possible to complete the production of a car and a half car or a leather bag
and a quarter bag, and on this basis the correct linear programming appeared [1] (ILP) Which is a matter of linear
programming so that all decision variables (truth) or some of them are constrained to be integer-valued< More
precisely, it is a matter of (increasing or decreasing) a linear function (objective function) that is invariant to integer-
valued variables and fulfills Equation (2), In general the question of correct programming is more difficult to optimally
solve the question of linear programming because we can solve the integer programming problem by solving a
sequence of linear programming problems. In the question of integer programming, we will call any integer value of
the variables that satisfies (2) the positive solution(feasible solution) And we can call the positive solution Group the
positive region (feasible region) for the question of correct programming, so MIN (MAX) the question of correct
linear programming is a question of finding the positive solution where the objective function is greater (smaller) or
equal to the value of all other existing positive solutions, this solution is called the optimal solution, which is our main
goal.

The question of integer linear programming is solved first by ignoring the conditions of variables to take integer
values, the problem is then solved as a linear programming problem to find the optimal real solution, then we use the
correct linear programming problem algorithms to move from the real solution towards finding the correct positive
solutions that is, Solutions in which all variables are true, Correct linear programming algorithms try to find the correct
positive solution and then look for another, better solution [4].

2.3. Methods for solving the problem of correct linear programming (ILP)

There are several methods that have developed to solve the problem of integer linear programming (ILP) Most of
these methods are based on ignoring the integer constraint to solve the problem and then the fractional values of the
variables are processed if they exist the reason is due to the fact that the process of reaching the optimal solution to
the problem of correct linear programming (ILP) is carried out through the optimal solution to the problem of linear
programming (LP), the optimal values of the optimal solution of the two problems converge and sometimes equal
them and that this leads to the reduction of calculations to arrive at the optimal solution of the problem of correct
programming[4].

2.4. The most commonly used methods are:
A) The Cutting — Planes Method

It is a unique method for solving the problem of integer linear programming, which was published by the scientist [6]
RALPH E. GOMORY was named after him GOMORY, CUTTING PLANES METHOD The basic idea of the method
of cutting levels is simple for the question of correct linear programming, the question of linear programming is
exactly the question of correct programming but without conditions on which variables the solution is valid. If the
solution consists of only integer values, it will be the optimal solution for the correct programming problem and no
new constraint for the correct programming problem will increase. This new constraint is added so that all correct
solutions to the old constraint satisfy the new constraint and the incorrect optimal solution still does not satisfy this
constraint. And in the geometric solution, the new constraint added to the linear programming problem will cut off
only the incorrect solution and not the correct points that could be positive solutions to the correct programming
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problem, theoretically (cutting) the incorrect solution by adding one constraint at a time and repeating until the optimal
solution consisting of the correct values is reached [4].

The algorithm of cutting levels:
Step 1: (eliminal solution) start by solving the problem given in (1) as a linear programming problem by the odd
Simplex Method, ignoring the correct conditions (constraints) on the variables x;, j € I. If all variables have values,
stop, otherwise go to step 2.
Step 2: (constraint selection) choose the line from the last table of solving the linear programming problem in which
the base variable xg;is an incorrect value b; (use the line in which the value of that variable has the largest fractional
part, perhaps it will help to reduce the number of iterations and the time it takes to converge) and from it generate the
cut-levels constraint.
Step 3: (generate the cut-levels constraint) suppose the chosen line is line i and its equation is:

XBL+Z](1UX] =bj, ]EI (3)

o + Z([au] + fip)x = ]+ f;

Xpi +Z[au —[b]=fi— qux]

The new entry f Yifijxi+8=0 (@)

Where f;; = a;; — [a;;]is the fractional part of a;;, 0 < f;; < 1

fi = b; — [b;] is the fractional partof b;,0 < f; <1

& a new degenerate variable is possible and correct.

Step 4: (testing the most efficient cutter) we test the cutters that we get from Step (3) to get the most efficient cutter
in reaching the optimal solution in the fewest steps by compensating for the values of the Slack Variable that we get
from the constraints of the original problem in the constraints of cutting the levels that we obtained to obtain straight
lines that cut the area of possible solutions and then the cutter that cuts a larger part of that area is selected.

Step 5: (Add constraint) add constraint (4) to the last table of the solution of the odd method and solve it as a question
of linear programming, if all the variables x;, j € I are correct then the problem is over, otherwise go to step 2 [5] .
The correct programming algorithm:

The philosophy of the correct programming method (Zubaidi) is based on two Tests: the first test is to test the objective
function in terms of the fact that the value of the objective function of the correct programming problem (ILP) is less
or equal to the value of the objective function in the case of maximization or greater or equal to the value of the
objective function in the case of minimization of the linear programming problem (LP) and the second Test is to test
the verification of constraints [1].

The steps of this algorithm:

Step 1: finding the optimal solution to the problem without taking into account the integer constraint.

Step 2: we select constraints affecting the model for which the shadow price values are non-zero values.

Step 3: in the case that the optimal solution is represented by higher fractional values of the decision variables, the
variable with the lower fractional value is chosen, let it be (x).

Step 4: the first stage: consists in giving x a value represented by the smallest integer greater than its incorrect value,
while giving the rest of the variables with the incorrect value values represented by the largest integer less than its
incorrect values.

Step 5: calculate the Z;value for the first stage by substituting the values selected in Step 4 with the target function.

Step 6: calculate Z = Z — Z,s0 that the value of Z should be greater or equal to zero in the case of maximization and
less or equal to zero in the case of minimization and vice versa we stop and proceed to the second stage.

Step 7: after calculating Z, we test the verification of the constraints affecting the model by multiplying the
coefficients of the left side of the constraints by the increase or decrease of the values of the variables resulting from
Step 4.

Step 8: if the constraint signal is smaller or equal, the values calculated in Step 7 must be less or equal to zero and
greater or equal to zero if the constraint signal is larger or equal and vice versa, we proceed to the second stage.

Step 9: we choose the constraint with the higher non-zero value resulting from Step 7, if the constraint signal is smaller
or equal, but if the constraint signal is larger or equal, we choose the constraint with the lower non-zero value and
assume that the value is (K).

Step 10: calculate the value of Q for the constraint, which represents the coefficients of the left side of the constraint
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less than or equal to |k| in the case that the constraint signal is smaller or equal to and less than or equal to K in the
case that the constraint signal is larger or equal to and also the difference between the coefficients of the left-hand side
of the constraint that satisfies the condition, we will assume that the values of Q are:

Q = (asy, a4z — aqy) ) ) ) )

Step 11: in the absence of values for Q, the solution of the first stage represents the optimal solution.

Step 12: calculate the values of Q which represent the coefficients of the objective function so that:

The constraint signal is smaller or equal to 0 =(c,c;— 1)

The constraint signal is greater or equal to 0= (—cy,c —Cp)

Step 13: test the values of Q greater than zero, which are smaller or equal to Z in the case of maximization, and then
choose the higher value, but in the case of minimization, the values of @ smaller than zero, which are larger or equal
to Z, are chosen, and vice versa, the solution of the first stage represents the optimal solution.

Step 14: assuming that the value of Q chosen in Step 13 is (c, — c;), this means that we move to a later stage that
represents an increase in the value of the variable x, and a decrease in the value of the variable x; by one unit with
the values of the other variables constant.

Step 15: the previous steps are recalculated starting from Step 4.

Step 16: the second stage consists in giving X a value representing the largest integer smaller than the incorrect value
of X, while giving the rest of the variables values represented by the smallest integer larger than the incorrect values
for them, and the previous steps are recalculated.

Step 17: in the event that the first and second stages do not represent the optimal solution, values are given for x and
the variables are represented by the largest integer less than their incorrect values.

The previous steps are recalculated.

B) New Mixed Integer Linear Programming:

The method of mixed integer programming requires to formulate it to make some modification in the problem or
(algorithm), such as adding some indicative conditions or using some additional variables [6] we would like to point
out that the new mixed integer programming results from adding conditions to the level-cutting algorithm and the
Zubaidi integer programming algorithm.

The first method is new mixed integer programming:

It is a very successful technique in solving a wide range of correct programming issues and is to provide a guarantee
of reaching the optimal solution. We will explain how to perform this technique. A large number of correct linear
programming problems can be solved by the new method, the algorithm of which consists exactly of the combination
between the method of cutting levels and the Zubaidi correct programming method, and it works as its predecessor in
solving a series of (sequential) linear programming problems. The most efficient cutter in the method of cutting levels
is tested in two ways:

First: using the line in which the value of that variable has the largest fractional part (of the optimal solution) and
from it we generate the constraint of cutting levels.

Secondly, by means of a geometric solution, since the new constraint added to the linear programming problem will
(cut off) only the incorrect solution and not the correct points from which it is possible to have positive solutions to
the correct programming problem. Theoretically, the incorrect solution is to add one constraint at a time and repeat
until the optimal consisting of the correct values is obtained. The new method is equivalent to the first case and better
than the second case, because the process of drawing straight lines with two variables is easy, and if it is more than
the two variables, it is difficult to draw straight lines, and it may be inaccurate, and this leads to slow convergence and
may not lead to the optimal solution.

The first algorithm for new mixed integer programming:

Step (1): (eliminal solution) start by solving the problem given in (1) as a question of linear programming by the
individual method Simplex Method, ignoring the correct conditions (constraints) on variables. If all variables x;, j €
I have integer values, stop, otherwise go to Step2.
Step (2): (choosing a constraint) choose the line from the last table of solving the linear programming problem in
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which the base variable x; has an incorrect value b; (use the line in which the value of that variable has the largest
fractional part, perhaps it will help reduce the number of iterations and the time it takes to converge) and from it
generate the constraint of cutting levels.

Step (3): (generate the cut-off constraint of the levels) suppose the chosen line is line i and its equation is:

Xpi + Z al-jxj = bj, ] el
j
Xpi t+ Z( la;;] + fi)x; = [bj] + f;
xBL"'Z[aU b] _fl Zfl]x]

The new entry fi—2ifijxi+8=0 (5)

Where f;; = a;; — [a;;]is the fractional part of a;;,0 < f;; < 1

fi = b; — [b;] is the fractional part of b;,0 < f; < 1

& a new degenerate variable is possible and correct.

Step (4): after generating the cut-level constraints, test the verification of the constraints affecting the model by
multiplying the coefficients of the left side of the constraints in increments or decrements for the values of the variables
resulting from Step 2.

Step (5): if the constraint signal is smaller or equal, the values calculated in Step 4 must be less or equal to zero and
greater or equal to zero if the constraint signal is larger or equal.

Step (6): Select the constraint with the higher non-zero value resulting from Step 4, if the constraint signal is smaller
or equal, but if the constraint signal is larger or equal, select the constraint with the lower non-zero value.

Step (7): (add the constraint) add the constraint we got from Step 6 to the last table of solving the individual method
and solve it as a linear programming problem, if all the variables x;,j € I are correct, then the problem is over,
otherwise go to step 2.

From Steps (4) to (7), the new cutter is selected for the next iteration and does not depend on the two methods of
testing the most efficient cutter used in the planar cutting algorithm.

Second method of new mixed integer programming (NEW 2):

The following are the required iterative steps in the new proposed algorithm as follows:

The second algorithm of new mixed integer programming:

Step (1): Find the optimal solution to the problem without taking into account the integer constraint.

Step (2): we select constraints affecting the model for which the shadow price values are non-zero values.

Step (3): in the case that the optimal solution is represented by higher fractional values of the decision variables, the
variable with the lower fractional value is chosen, let it be (x).

Step (4): the first stage: consists in giving x a value represented by the smallest integer greater than its incorrect value,
while giving the rest of the variables with the incorrect value values represented by the largest integer less than its
incorrect values.

Step (5): calculate the Z,value for the first stage by substituting the values selected in Step 4 with the target function.
Step (6): calculate Z = Z — Z;s0 that the value of Z should be greater or equal to zero in the case of maximization
and less or equal to zero in the case of minimization and vice versa we stop and proceed to the second stage.

Step (7): after calculating Z, we test the verification of the constraints affecting the model by multiplying the
coefficients of the left side of the constraints by the increase or decrease of the values of the variables resulting from
Step 4.

Step (8): if the constraint signal is smaller or equal, the values calculated in Step 7 must be less or equal to zero and
greater or equal to zero if the constraint signal is larger or equal and vice versa, we proceed to the second stage.

Step (9): we choose the constraint with the higher non-zero value resulting from Step 7, if the constraint signal is
smaller or equal, but if the constraint signal is larger or equal, we choose the constraint with the lower non-zero value
and assume that the value is (K).

Step (10): calculate the value of Q for the constraint, which represents the coefficients of the left side of the constraint
less than or equal to |k| in the case that the constraint signal is smaller or equal to and less than or equal to K in the
case that the constraint signal is larger or equal to and also the difference between the coefficients of the left-hand side
of the constraint that satisfies the condition, we will assume that the values of Q are:
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Q = (asy, a4z — ayy) ) _ _ )
Step (11): in the absence of values for Q, the solution of the first stage represents the optimal solution.

Step (12): calculate the values of Q which represent the coefficients of the objective function so that:
The constraint signal is smallerorequalto  Q = (¢y,¢, — ¢;)

The constraint signal is greater than orequal to @ = (—c¢y, ¢4 — ¢3)

Step (13): test the values of Q greater than zero, which are smaller or equal to Z in the case of maximization, and
then choose the higher value, but in the case of minimization, the values of Q smaller than zero, which are larger or
equal to Z, are chosen, and vice versa, the solution of the first stage represents the optimal solution.

Step (14): assuming that the value of Q chosen in Step 13 is (c, — c;), this means that we move to a later stage that
represents an increase in the value of the variable x, and a decrease in the value of the variable x; by one unit with
the values of the other variables constant.

Step (15): the previous steps are recalculated starting from Step 4.

Step (16): the second stage consists in giving X a value that represents the largest integer smaller than the incorrect
value of X, while giving the rest of the variables values represented by the smallest integer larger than the incorrect
values for them, and the previous steps are recalculated.

Step (17): in the event that the first and second stages do not represent the optimal solution, values are given for x
and the variables are represented by the largest integer less than their incorrect values. The previous steps are
recalculated.

Step (18): the third stage is to give x;,i = 1,2,....,n zeros except i =1, and then give x; except i =2 and so on. And
other values of x are calculated by dividing the value of Z in the optimal solution of the problem by the coefficient x
that is in the objective function.

Step (19): calculate the Z; value of the third stage by substituting the values selected in step 18 with the target function.

Step (20): calculate Z = Z — Z; so that the value of Z should be greater or equal to zero in the case of maximization
and less or equal to zero in the case of minimization and vice versa the solution obtained in the last stage is the optimal
solution.
Step (21): After calculating Z, we test the verification of the constraints affecting the model by multiplying the
coefficients of the left side of the constraints by the increase or decrease of the values of the variables resulting from
step 18.
Step (22): if the constraint signal is smaller or equal, the values calculated in step 21 should be less or equal to zero
and greater or equal to zero if the constraint signal is larger or equal, if the constraints are met, we compare Z; with
the value of Z in the last step, if Z; < Z is maximized, the values of Z; is not the optimal solution, but in the case of
minimization, Z; < Z, the lowest value of Z; represents the optimal solution. In this algorithm of steps (22)-(18) a
comprehensive optimal solution is always obtained, while the Zubaidi algorithm can obtain a local or comprehensive
optimal solution.
Ilustrative examples:
The new proposed methods were applied to many examples in order to demonstrate their efficiency. In this paragraph
we will review some of these examples to clarify:
Example (1): solve the following correct linear programming problem:
Max Z = 5x, + 8x;,
s.t x1+x, <6
5x; +9x, <45
X1,%2 =0 and integers
Solution: Simplex Method
MinU = —5x; — 8x,
st x;+x,+8,=6
5x1+9x2+62 =45
X1,%X2,01,6, =0

Table 1
Basic b; Xy X, 61 S,
X 9/4 1 0 9/4 -1/4
X, 15/4 0 1 -5/4 1/4
-U 165/7 0 0 5/4 3/4
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The optimal solution to the problem of linear programming without taking into account the integer constraint is:
X, = 9/4, x, = 15/4, Z=41§

Using the first method for the new mixed integer programming:

From table 1 we get:

A 55 o) 411
41 47 4
+95 15 _9
Ty T2 Ty
55 +15 _15
X2 201739277
x]_; x2: 61, 62 2 0
The first cutter: —Z — 26, — 8, + 42 = z - 251 - %52
The second cutter: x1+261—62—2=i_§51_%52

The third cutter: x; — 26, —3 = %— %61 - iéz
Cutters first = third Z — 261 - i&z <0
Second = — 361 - 562 <0

4 4 4
Testing the most efficient cutter among the cutters extracted from the issue:
The first cutteris > — 28, =28, + 8, =0 , 63> 0

4 4 4

The second cutter is%—idl —252 +6,=0,086,=20
from the original problem we extract the values &, §,in the following form:
0 =6—x —x; (6)
62 = 4’5 - 5x1 - 9x2 (7)
We substitute equations (6) and (7) in the first and second cutouts to find the basic cutouts in the matter, which are

denoted by the variables in the matter After compensation we get:
2x1 + 3x2 <15 . Cq1

4x; +7x, <35 i Cy

We test the most efficient cutter by compensating the amount of increase or decrease in the values of x,, x, in the
cutters as follows:

L r (3= 23

2+ (-p3=-23

—14 37_ 61
(FA+(=p7=-64

Since the most efficient cutter is the first cutter, so we use the first cutter to solve the problem:

3 3 1
Z - Z 61 - Z 62 S 0
3 3 1
1_161_162+63_0' 6;3=0
3 1 3
—Zé‘l —152 + 63 = —Z
Table 2
Basic b; Xy X, o 5, 03
Xy 9/4 1 0 9/4 -1/4 0
X, 15/4 0 1 -5/4 1/4 0
-U 165/7 0 0 5/4 3/4 0
O3 -3/4 0 0 -3/4 -1/4 1
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Table 3
Basic b; X4 Xy 6, d, O3
X, 0 1 0 0 -1 3
Xg 5 0 1 0 2/3 -5/3
-U 40 0 1 0 -1/3 -5/3
8, 1 0 0 1 1/3 -4/3

Hencex; =0, x,=5 Z=40
Using the second method for new mixed integer programming:
Table 1 represents the optimal solution to the problem without taking into account the integer constraint, which is:
1 3 1
=2, =3-, Z=41-
nEsp 2Ty 4
The values of the shadow prices are §, = " 6, =1 o which means that the two constraints affect the model.
The first stage: We choose the variable x, because it has the highest fraction, that is, that:

x1=2, x2=4-, Zl=42
- 1
Z=Z—Zl=4lz—42=—

Since the value is negative, we proceed directly to the second stage.
The second stage:

3
4

x1=3, x2=3, ZZ=39
1

— 1
Z=72-127, =411_39=21
We test the verification of the first and second entries as follows:
3 3
1) (g)l - (g)l =0
2 O5-(29=-3
Since the values (0,-3) are smaller or equal to zero, this means that the constraints are checked and from the values
(0,-3)The second constraint is tested to calculate the values of Q,:
Qz L
The solution:
x1=3, x2=3, Z2=39
The third stage:
x1=0, x2:5, Z3:40
Z=7-12 —411 40—11
_ B ST 4 T4
We test check constraints:
9 5
1) -1+ 1(5) =-1
2) -50)+90) =0
Since the values are less than or equal to zero, this means that the constraints are checked:
9 = (aip A1z — Qq1,011 — Gy3)

The fourth stage:
x1:8, x2=0, Z4_=40
Z=7—Z,=41~—40=1~
_ - T T4
We test check constraints:
23 15
) 1) -1 =2
23 15 30
2) 5(D-9P =7
Since not all values are less than or equal to zero, this means that the constraints are not fulfilled so the point does
not represent a possible solution to the issue. So the optimal solutionis: x; =0, x, =5, Z =40
Example (2): Solve the following correct linear programming problem:
MinZ = 2x; — 3x, — 3x3
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s.t — X1 +x,+3x3 <8
3x, + 2x, —x3 <10
X1,X%2,%3 =0
The solution: Simplex Method

Table 4
Basic b; X X X3 6, 8,
X3 6/7 -5/7 0 1 217 -1/7
X, 38/7 8/7 1 0 1/7 3/7
Z 132/7 23/7 0 0 97 6/7

For an optimal solution to the problem of linear programming without taking into account the integer constraint is:

X3 =6/7, x,=38/7, Z=-132/7
Using the first method of new mixed integer programming:
We get from table 4

7195 65 23 132
RS Rl
+ 15 135 48, 238

NTZ0TZ0RTI0 =Y
L2, 1.5 6
Y T7077% 7707y

X1, X5,%3,01,0, =0

the first cutter Z+3x1+61—18=§—§x1—%61—562SO

the second cutter x2+x1—5=%—%x1—§61—%62 <0

the third cutter x3—x1—62=§—§x1—§61—§62§0

Cutters

The first = the third Sl —26,-26,<0

The second %—%xl—%&—%éz <0

Testing the most efficient cutter among the cutters extracted from the issue:

the first cutter s— %xl - %61 - 562 +6;=0 63=20

the second cutter %— %xl - %61 - %62 +6,=0, 6,20

hence:
6, =8+x; —x, —3x ...(8)
89 =10 — 3x; — 2x, + X3 ...(9)

We substitute equations (9),(8) in the first and second cutouts to find the basic cutouts in the matter, which are denoted

by the variables in the matter

We get:
To find the most efficient cutter, we compensate for the decrease in the values of x,, x,, x5, in cutters:

3 6
200) +2(-5) +0=—7
3 3
1(0) + 1(—7) +0 = —;

If the most efficient cutter is the second cutter, then we solve the question using the second cutter:
3 1 1 3
;—;Xl —751 —;62 <0

3 1 1 3
?—?xl_?61_?62+63=01 6320
1 1 3 3
_?xl_?é‘l—?é'z-}-é'g, = _7
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Table 5
Basic b; X4 Xy X3 o1 d, O3
X3 6/7 -5/7 0 1 2[7 -7 0
X, 38/7 8/7 1 0 1/7 3/7 0
Z 132/7 23/7 1 0 9/7 6/7 0
53 3/7 -7 0 0 -1/7 -3/7 1
Table
Basic b; X4 Xy X3 o1 d, O3
X3 1 -3/5 0 1 2/5 0 -5
X, 5 4/5 1 0 -1/5 0 3/5
Z 18 3 0 0 1 0 2
8, 1 1/3 0 0 1/3 1 -713
then x1=0, x0=5 x3=1, Z=-18

Using the second method of new mixed integer programming:

Table 4 represents the optimal solution to the problem without taking into account the integer constraint, which is:

_ 0o _ 38 6 -13
=t k= 7’ 7
The values of the shadow prices are

which means that the two constraints affect the model.

2

x3=— = —

The first stage: We choose the variable x5 because it has the highest fraction, that is:

xl = O,xz = S,X3 = 1,Z1 =—-18
_ 6
Z=72-172,= —18;—(—18) =-=
We test check constraints:
3 1
—(0)—-(=+3=)=0
- G)+36)

3 1
30)-2k)+E)=-1

Since the values (0,-1) are smaller or equal to zero, this means that the constraints are checked and from the values

(0,-1)The second constraint is tested to calculate the values of Q,:
Q£= (az1—az) =1
Q,=(1—¢)=5
solution: x; =0, x, =5,
The second stage:
X1 = 9,x2 = 0,x3 = O,ZZ =18
— 6 6
Z=Z—ZZ = —187— 18= —365
We test the verification of the first and second entries as follows:
—-38 -6 -119
) -+ +3E) =—
3 —-38 -6 119
2 3t -G =
The third stage:
xl = O,xz = 6,x3 = 0,Z3 =-18
— 6 6
Z=7-27,=-185—(-18) =
We test check constraints:
) -0+ +3(E) =2
2) 30 +20)-(D =2
The fourth stage:
X1 = O,xz = O,X3 = 6,Z4_ =—-18
— 6 6
Z=7Z-7,=-18-—(-18)=—=
: - (-18) =—7
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We test check constraints:
—38 36
) -0+ +3G)=10
—38 -112

2) 30 +2(D) - ==+

7
Ithe optimal solution is:x; = 0,x, = 5,x3 =1,Z; = —18

3. Results:
Based on the planar cutting algorithm and the Zubaidi algorithm, the two new algorithms NEW2, NEW1, we include
the results of a number of nonlinear functions that have been solved by the aforementioned algorithms, and these

algorithms all depend on the optimal solution.

Table 7: The results of a number of nonlinear functions

PROBLEM CUTTING ALIH. NEW 1 NEW 2
PLANES
1. MaxZ = 5x4 + 2x, 20 20 20 20
s.t 5xq +4x, <20
X1, X2 >0
2. MaxZ = 5x, + 8x, 40 39 40 40

s.t x1+x,56
5x1+9x2S4’5
X,%X2 20

3. MaxZ = 3x, + 4x, 12 10 12 12
St2x;+x,<6
2x; +3x, <9
X1, X2 >0

4, MaxZ = 5x4 + 4x, 23 23 23 23

s.t x;+x, <5

10x; + 6x, < 45
X,%2 20

5. MinZ = 2x; — 3x, — 3x3 -18 -18 -18 -18
s.t —x1+x,+3x3<8
X1+ 2x, —3x3 <18
X1,X2,X3 =20

6. MaxZ = 4x, + 5x, + 7x3 33 33 33 33
s.t 3xq+2x,+3x3 <20
3xy+5x,+7x3 <30
2x1+3x; +4x3 0
X1,X2,X3 =20
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