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Introduction transportation problems which are applied in the
Profit and cost is what virtually everyone deems business world and the primary aim of a transportation
interested in employing, using any efficient resources problem is to find a means of moving this transfer of
to optimize; hence various forms of transportation goods at a minimized total cost (Mostafa et al, 2022;
models are in existence. There are different kinds of Kaur & Kumar, 2011). In describing the transportation
[ ]
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problem in its conventional form, the assumption is
that an informed decision maker has an understanding
on the value of transportation cost, demand and
supply; hence, unpredictability is a common
occurrence in real life circumstances.

This study is channeled to tackle a transportation
problem in a concave cost function using a new
approach. However, there are some factors that are
responsible for the cost of goods, and some of them
are transport, raw materials’ costs and labour. This
implies that the cost of raw materials is directly
proportional to the cost of the goods, and the pricing
system is also affected when there is a significant
variation in the transportation cost (Rudi et al, 2016).
The cost of goods per unit shipped is assumed to be
constant irrespective of the quantity shipped from a
given source to a defined destination; but the cost
sometimes may not be constant in actuality.
Sometimes, quantity discounts are feasible for large
shipments in such a way that the marginal cost of
transporting a unit might approach a specific pattern
(Minken & Johansen, 2019).

Transportation problem involving a concave cost
function, simply means a nonlinear transportation
problem; indicating a scenario whereby volume
discounts are being available for bulk shipments. In
this case, the cost function of the transportation
problem is separable, and the marginal cost (cost per
unit of goods shipped) decreases as the shipment
volume increases, so it generally assumes a concave
structure. It will increase due to the increase in the
total cost per additional unit of goods shipped (Haruna
et al, 2012). Discounts may be directly related to the
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Nonlinear Transportation Tableau
The nonlinear transportation tableau is defined
as shown in Table 1.

unit of commodity or may have the same rate for a
particular amount. Thus, the discount may be either
directly associated to the unit commaodity or have the
equivalent rate for some quantity. However, if the
discount is directly associated to the unit commodity,
then the resulting cost function becomes continuous
and possesses continuous first partial derivatives.

Transportation Problem via Concave Cost
Functions

Volume discounts may be available for bulk
shipments. In this case, the cost function of the
transportation problem is separable, and the marginal
cost (cost per unit of goods shipped) decreases as the
shipment volume increases, so we generally assume a
concave structure. It will increase due to the increase
in the total cost per additional unit of goods shipped
(Haruna et al, 2012). However, If the discount is
directly associated to the unit commodity, then the
resulting cost function becomes continues and
possesses continues first partial derivatives.

Given a function that is differentiable

K: R"M—>R

The nonlinear transportation problem when the
discount is directly related to the unit commaodity is
defined mathematically as stated in Equation (1)

Minimize K(Z)

Subjectto: AZ =b @

Z2>0
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Table 1: Nonlinear Transportation Tableau
1 2 J n
1 K(Z) K (Z) oK (Z) oK (Z) S, R,
azll ale 521 i aZln
2 oK (Z) oK (Z) oK(2) oK (Z) S, R,
0Ly 0Ly, azzj 0Z,,
I K (Z) oK (2) oK(2) K (2) S, R,
0z, oz, azij oz,
m K (2) K (2) oK (2) K (Z) S, R,
aZml azmz aZmJ 8Zmn
D, D, Dj D,
1 2 Tj n
Where Z is the current basic solution of (2) L
Solution Steps to Transportation Problem in o j(kij —2p;z;;)dz; 3)
the Concave Case (Self Developed) Zi 0
2 1
Initialization =kyzi = pyZi|,
Obtain the initial basic solution via One Least ot (2)
Cost Row Column Difference Method (OLCRCDM). . = k_j - P (4)
82-- i i
Iteration !
z . i
Step 1: Obtain wfor the occupied cells Step 3._Obta|n
GZBU Determine the values of I, and t; from the
using the equation equation,
7 ow of(z of (z
2 _ ¢ [kijzij_pijzi?]atz @ _zﬁ_thrri:OjL:tj_ri(S)
oz B, 0z B, oz B, oz B, oz By
_of (2) ) Where Zg; are the basic variables
Step 2: Obtain 7. for the unoccupied cells Step 4: The reduced cost for the non-basic
. . ! variables is obtained using the formula;
using the equation
ow oL 1 e
— =I dzij - Idzij =I dzij -t +r; (6)
az; 3 0L i o 07
1 - Step 5: Compute
af 7 p p
|fJ. ( )dzij—tj+ri20 ow 181:(2)
> 0z, == | Pl RS A0
for all z; — non basic, stop, Zis KKT point. Zu o OZjj

Otherwise go to step 5.

z,, will enter the basic. Allocate Z,, = 6 where & is
found as in the linear transportation case.
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The constraints are satisfied when the allocations Numerical Problems
are adjusted. Example 1
The variable to be left say Z,, , is determined, Unilever Nigeria Plc located in Apapa lkeja,
produces and sells the products as indicated in Table

while the variable which is basic that turns to zero first
is Zg,, while making the adjustment. Obtain the new

2:

variables for the basic, and move to step 1.

Table 2: Market Segment Analysis

MARKETS SEGMENTS SUPPLY
P Q R
Omo washing powder 5 4 6 13,000
Blue Band margarine 7 6 5 13,000
Vaseline 9 11 8 15,000
DEMAND 11,000 18,000 12,000

The company’s percentage discount as a policy
is presented in the Table 3:

Table 3: Company’s Percentage Discount

P Q R
Omo washing powder 0.03 0.015 0.04
Blue Band margarine 0.02 0.03 0.05
Vaseline 0.035 0.05 0.03
Source: Okenwe (2018)
The basic feasible solution, which was obtained . 3 3

using One Least Cost Row Column Difference M'n-z Z kij Z;;

Method (OLCRCDM) is Z1z = 13, Zz2 = 5, Z23 = 8, Za1 ==

=11, Z33 = 4, which results in a transportation cost of St. z,+7,+7,=13

=(0,13,0,0,5, 8, 11, 0, 4), in Thousands.

L= (le’ ZBlZ’ 213’ 221’ ZB22’ 2823’ ZB3l’ Z32’ ZB33) _15

The total transportation cost is Iyt iy t+lp=

13000(4) + 5000(6) + 8000(5) + 11000(9) + 2+ 2, +2y =11
4000(8) =N 253000

Z, +2,+2,,=13

Z,+2,,+2, =18
Due to the discount given to each box as a result Zys+ 2y + 255 =12

of large volume of transporting from source | to

destination j, the formulation of the transportation

problem in nonlinear form is: Where

2 2 2 2
k11211 = 5211 — Puzn, k12212 = 4212 = Pi2Zyp, |(13213 = 6213 — Pi3Zy3s k21221 = 7221 —Puin
2 2 2 2
kzzzzz = 6222 — P2y, kzszzs = 5223 — Pa3Zss, k31231 = 9231 — Pa1Z3, k32232 =11232 — P3Z3;
_ 2
k33233 = 8233 — P33z

Due to the discount given to each box as a result destination j , then the cost function (K;;) is indicated

of large volume of transporting from source | to as:

k,,z,, =52,, —0.032}, k,,2,, = 42,, —0.0152,, k52,5 = 62,, —0.0427, K,,2,, =72, —0.0222,
K,,Z,, =62,, —0.032%,, K,,2,, =52,, —0.052%,, k4,2, = 92,, —0.03522, k,,2,, =11z,, —0.0527,
KypZyss =824, —0.0325,
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The first derivations of the cost function k;; are
given as:

k,z,, =5-0.06z,,, k;,z,, =4-0.03z,,, k;;2,, =6-0.082,5, k,,z,, =7—-0.04z,,,
Ky,2,, =6—0.062,,, K,32,; =5-0.12,,, k3,25 =9-0.072,,; K,, 25, =11-0.12,,, k4,25, =8-0.062,,

For the occupied cells, the first derivations at Z
are obtained using Equation (2) as:

M) 561 0D _57. 0@ _ 45 N2 _g530(@) _774
0z, 0z,, 07, 0Zy, 074,
For the unoccupied cells, the integration of the of (2)
first derivations of the non-basic variables D dZ } is obtained using Equation (3) as
0z;
foIIows.

— 1
_a; (2) _ | (5-0.062,,)dz, =52,,~0.03z3| =5-0.03=4.97

11

= 1
o) _ [ (6-0.082,,)dz,, = 62,0042 =6-0.04=596
aZl?: 0 °
M) _ 59802 _1095
0Z,, 0Z,,
Now using Equation (5), we find
o _ (@) -t;+r,=0=> a2 =t; -,
82 Ozg, 0z,
Thus,
t,-r,=36Lt,-r,=57t,—-r,=4.2;t, -1, =823, -r, =7.76

n= 1 (Number of basic cells in row one) and from the equations above; we have
r=2r,=-109r,=-465
t, =358, =4.61t, =3.11

The computation for the reduced costs of the
non-basic variables is obtained using Equation (6) as

follows;
ow  rof(z - of (zZ
— I ()d Idz __[ ()dz —t; + 1. Thatis
0z o OZ;
ow  of(z tof ¢ of
= = Lolz —t,+1,=2.39; —=j ~t o+ =385~ =j Z,, —t +1,=231;
ale 0 ale 0 0
ow  of(z
W _ 1@ 4,1, =169
az32 0 az32
Since all the non-basic variables of the reduced reached, with a minimum cost of transportation as
costs are positive, then the optimality point of Z is AN253000.
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Example 2
Bottling company in Imo State, Owerri plant,
Nigeria, a distributor of different categories of drinks

(Fanta, Coke, Sprite) in different market segments as
indicated in Table 4.

Table 4: Categories of Drinks (Fanta, Coke, Sprite) in Different Market Segments

MARKETS SEGMENTS S.
Mbaise Orlu Aba Umuahia Afikpo '
Fanta 14 8 11 12 8 11,000
Coke 12 10 7 15 11 17,000
Sprite 10 9 14 13 15 11,000
dj 6,000 7,000 9,000 10,000 7,000

The policy of the company allows percentage
discounts as shown in Table 5.

Table 5: Policy of the Company’s Allowable Percentage Discounts

Mbaise Orlu Aba Umuahia Afikpo
Fanta 0.01 0.04 0.02 0.04 0.02
Coke 0.03 0.01 0.02 0.013 0.03
Sprite 0.02 0.04 0.03 0.02 0.03

Source: Osuji et al (2014)

The basic feasible solution, which was obtained
using One Least Cost Row Column Difference
Method (OLCRCDM) is

2y =4 Zs=T1,2yp=12y53=92,,=024=625=5
which results in a transportation cost of
=(0,0,0,4,7,0,7,9,1,0,6,0,0,5,0), in Thousands.
Z=(213,2151 213, Zeya» Z1s: 2010 Zeoo 1 Zeos s Zooa» Zos» Zaars Za20 Zagr Zeas s Zas)
The total transportation cost is
4000(12) + 7000(8) + 7000(10) + 9000(7) + 1000(15) +6000(10) + 5000(13) = N 377,000

Due to the discount given to each box as a result
of large volume of transporting from source | to
destination |, the formulation of the transportation
problem in nonlinear form is:

5
Zkuzu

j=1

Min.

St 7z, +7,+25+2,+7,=11

3
=1

Zy 2y + 2y +2y+2, =17
Zy+ 2y +255+2, +2, =11
Z,+2,+2,,=6

Z, 42y, +25 =1
Zs+2,+25,=9
Z,,+2,,+2,, =10

g+ 2y +25=1
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where

K12y, =14z, - p1121211 Ki,2,, =825, = Py, 21221 K323 =112, - p1321231 K2y =122, - p142124’
K525 =825 — p152125,k21221 =12z, - p212221’ Ky22 =102, — pzzzgz’ KoaZps =725 — p232223’
KpaZpy =152, — p24Z§4,k25225 =11z, - p25Z§5'k31231 =10z, - p312§1; Kyp23, =923, — pazz§2'
KysZgy =14245 — p33Z§3, KsaZay =132, — p34Z§4,k35Z35 =152, - pssz§5

Due to the discount given to each box as a result destination J , then the cost function (k;;) is indicated

of large volume of transporting from source | to as:

k,z,, =14z,, -0.012}, k,,2,, = 82,, —0.042},, k;,2,, =11z,, —0.0227, k,,2,, =12z,, — 0.042,,
K525 =82, —0.0227,K,,2,, =122,, —0.0327, K,,2,, =102,, —0.0122,, K,52,, = 72,, —0.0222,,
KyuZy =152,, —0.01325,, K52, =112, —0.032%,, K4, 2,, =102, —0.022%; k,, 24, = 92, —0.0425,,
KysZsy =142,, —0.0325;, Ky, 24, =132, —0.0222, Koo 24 =152, —0.0322

The first derivations of the cost function kij are

given as:

k,,z,, =14-0.02z,,, k;,2,, =8-0.08z,,, k ;,; =11-0.04z,,, k,,z,, =12-0.08z,,,k;s2,; =8-0.04z,,

K, z,, =12-0.062,,, k,,2,, =10-0.02z,,, k,;2,, = 7—-0.042,,, k,,2,, =15-0.0262,,,k sZ,, =10-0.062,,
Ky1Z5 =10-0.022,;; k3,25, =9-0.082,,, Ky32,, =14-0.062,,, Ky, 2, =13-0.042,,, K2, =15-0.062,,

For the occupied cells, the first derivations at Z
are obtained using Equation (2) as:

M) 1168 0@ 775 8D _gg6 K@) 5400 149782 _g76 K@) 454
Z14 Z15 Z22 223 Z24 Z31 Z34
For the unoccupied cells, the integration of the of (2)
first derivations of the non-basic variables J' 5 dZ } is obtained using Equation (3) as
Z;
follows.
a;(z) j (14-0.022,,)dz,, =142, ~0.01z2|, =14-0.01=13.99
le
é’;z(z) I(8 0.08z,,)dz,, =8z,, - 0. 04212‘ =8-0.04=7.96
12
M) 1098 8D _1197.8@) _1097. 5@ _g96 T2 1397982 1497
07,4 0z,, OZ,s 0z, OZy, OZye
Now using Equation (5), we find
ﬂzéf(z) t + —O:af(z) tj  f
0z B, 0z B, 0z B,
Thus,

t,-r =1168t. - =772t,-r, =9.86;t, -1, =6.64;t, —r, =1497;t, -1, =9.76;t, — 1, =12.8
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n= 2 (Number of basic cells in row one) and
from the equations above; we have

n=2r,=-129r,=0.88
t, =10.64,t, =8.57,t, =5.35,t, =13.68,t, =9.72
The computation for the reduced costs of the

non-basic variables is obtained via the formula in
Equation (6) as;

1 =
ow Iﬁf (2) dz; _J‘dz__ :jﬁf (2) dz; —t; + 1. Thatis

0z o OZ A oS
1 = 1 = 1 =
Z Z Z
oW :Iaf (2) dz,, -t +r, =535 o _ J'mdz12 -t,+1,=1.39; o _ Imdzls -t,+1,=7.63,
0zy 4 01y L, o Olp 075 4 OLy
1
z z z
o _ jaf( 4z, -t +, —omﬂ:jaf( )42, 1, +, =—004ﬂzjaf( Vdz,, 1, +1, =127
a221 0 az21 aZZS 0 Z25 Z32 0 Z32
Z YA
w_ .[af()dzsg t,+1, _95ﬂ:'|-8f()d235 t.+r,=6.13
02y 5 Oly 023 ¢ Oly
Min| | =Y _ _g.04
0z;; Z,e
The existence of negative figure for the reduced Hence, 225 enters the baSiS, and after adjustment
cost implies non-optimality. Thus, the Table 6 is )
readjusted as indicated in step 5. of the values, Z,, was removed from the basic.

Table 6: Adjustment of Table to Obtain the Leaving Variable

Markets
Sourees | Mbaise | Orlu | Aba | Umuahia | Afikpo s, r
Fanta [ 14 [8] [11 . [[12 [8 ] 11000 2
(5.35) (1.39) | (7.63) | 4 7
Coke [ 12 [10] [7 ] L5 [1TT ] 17000 -1.29
(0.04) 7 9 1 (-0.04)
Sprite [ 10 [9] [14 [13 [15 ] 11000 0.88
6 (1.27) | (9.5) 5 (6.13)
d 6000 7000 | 9000 10000 7000
J
t 10.64 8.57 5.35 13.68 9.72
j
The leaving variable is the minimum figure that the corners with a plus sign would be increased
among the corners with a minus sign for the basic by 1, while the corners with a minus sign would be
variables in the loop. Therefore, the leaving variable reduced by 1. The Table is adjusted to produce the
is Z,, since it has a minimum figure of 1. This implies next Table as shown in Table 7:
1
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Table 7: Summary of Table after Obtaining the Leaving Variable

Markets
sources | Mbaise | Orlu | Aba | Umuahia | Afikpo 3
Fanta [14] [8] [ [12] [ ] 11000
(3) (6)
Coke [ 12 [1o] [7 15 ] [1L ] 17000
@) ) (1)
Sprite L] [o] [4] [13] (15 ] 11000
(6) (3)
d. 6000 7000 | 9000 10000 7000
J

The basic feasible solution at the conclusion of
this level of iteration becomes;

52
= (le’ Z12 ' 213’ ZB141 ZBl5’ 221’ ZBZZ’ ZB23’ 224’ ZBZS’ ZB31’ 232’ 2331 ZB34’ Z35)
The total transportation cost is

5000(12) + 6000(8) + 7000(10) + 9000(7) + 1000(11) +6000(10) + 5000(13) = N 377,000

The first derivations of the cost function kij are
given as:

k,z,, =14-0.02z,,, k,,z,, =8-0.082,,, k ,2,, =11-0.04z,,, k,,2,, =12-0.08z,, k. 2,, =8—-0.04z,,
k,z,, =12-0.062,,, k,,Z,, =10-0.022,,, K,32,; =7—-0.042,,, k,,2,, =15-0.0262,, ,K,s 2, =11-0.062,,
Ky, 25, =10-0.022,;; K;,2,, =9-0.082,,, K332, =14-0.067,,, K,,2,, =13-0.042,,, K52, =15-0.062,,

For the occupied cells, the first derivations at Z
are obtained using Equation (2):

M) 116, K@) _776 8@ g6 T 56402 1094 M@ _g76 K@) _15g
az14 aZ15 az22 Z23 Z25 Z31 Z34
For the unoccupied cells, the integration of the of (2)
first derivations of the non-basic variables {" 5 dz} is obtained using Equation (4) as
Z;
foIIows.
82;2(2) I(14 0.02z,,)dz,, =14z, -0. 01211‘ =14-0.01=13.99
11
8(;(2) j (8-0.082,,)dz,, =82,, ~0.04z3| =8-0.04=7.96
12
M=1o.98 M) 1197, 8D _1499 K@) g6 M@ _1397.9@) _1497
az13 az21 a224 Z32 Z33 Z35
Now using Equation (5), we find
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ISRA (India)  =6.317 SIS (USA) =0912 ICV (Poland)  =6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
8W 8f(z) -t +r1, =0= o (@) =t, -1,
az 0z, 0z,
Thus,
t,—-n=116;t, -, =7.76;t, —r, =9.86;t, —r, =6.64;t; —r, =10.94;t, -1, =9.76;
t,—r, =128
n= 2 (Number of basic cells in row one) and
from the equations above; we have
r=2r,=-118r,=0.8
t, =10.56,t, =8.68,t, =5.46,t, =13.6,t, =9.76
The computation for the reduced costs of the
non-basic variables is obtained via the formula in
Equation (6) as;
@ ot (2)
j dz, - [dz; = dz; —t; +1,. Thatis
le 0 I; le
1 = 1 = 1
w_ mdz -t +r, =543 ﬂ:jaf(z)dz +r, =1 28 — j (Z)dz —t,+1, =752
ale 0 8le az12 0 az12 Z13 0 13
1 1
o jaf(z)dz rz_o.23;ﬂ=jaf(z)dz i, _021ﬂ=j6f(z)dz —t,+1,=1.08;
6221 6221 8224 0 a224 2 0 32
1 = 1 =
ﬂ:jaf(z)dz% t+, =9.3J,-ﬂ=jaf(z)c|z35—t5 t1,=6.01
a233 0 a233 Z35 0 a235

Since all the non-basic variables of the reduced

costs are positive, then the optimality point of Z%is
reached.

Total cost for transportation = 5000(12) +
6000(8) + 7000(10) + 9000(7) + 1000(11) +6000(10)
+5000(13) = N 377,000

Example 3 extracted from Abdul-Salam (2014)
and Example 4 extracted from Opara et al. (2015) are
solved via the same method as illustrated in Examples
one and two, and their results are presented in Table
8, along with the results of others.

Table 8: Summary of Results for the Four Practical Examples Used

T a|dwex3

NWCM LCM VAM Proposed
IBFS 270,000 261,000 270,000 253,000
No. of Iteration to | Not determined 2 Not determined 1
Optimality

Optimal Solution

212=13, 22=5, 723

212=13, 720=5, 73 =8,

Optimal Solution

Did not produce | =8, z3;1=11, Did not produce | z3;=11,
Optimal Z33=4 Optimal Z33=4
Optimal Value Not determined 253,000 Not determined 253,000
Wolfram Mathematica z,,=13,2,,=512,,=8,2;,=112,,=4

Anaconda Python z,=132,,=5,2,,=8,2,,=112,,=4
Optimal Solution
Optimal Value 253,000
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ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland)  =6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1500 SJIF (Morocco) = 7.184  OAJI (USA)  =0.350
IBFS 454,000 384,000 381,000 377,000
No. of Iteration to 5 4 2 2
Optimality
Optimal Solution 214=4, 215=7, Zo1 | 214=5, 715=6, Z22 | 214=4, 215=7, Zp1 | Z14=5, 215=6, Z2» =7,
m =1, =7, =7, 723=9, =1, z»=7, 723=9, Zx5=1, 7x1=6,
% Z23=9, 73175, | Z25=1, 73176, | Z23=9, 23179, | Z34=5
S 234:6 234:5 Z34:6
°
@D
~ | Optimal Value 377,000 377,000 377,000 377,000
Wol_fram Mathematica 2,=5125=6,2,,=7,2,,=9,2,, =1, 2;,=6,2,, =5
Optimal Solution
Anaconda Python 2,=512:=6,2,,=7,2,=9,2,5 =1, 2,,=6,2,,=5
Optimal Solution
Optimal Value 377,000
IBFS 420,000 264,000 236,000 236,000
No. of Iteration to 5 2 1 1
Optimality
m Optimal Solution 212=7, 713=8, 721 | 712=7, 213=8, 721 | Z12=7, 713=8, Zo1 | Z12=7, 713=8, z21 =10,
5 =10, 222=3, =10, 22=3, =10, 22=3, 22273,
_g 224:12, 231:10 224:12, 231:10 224:12, 231210 224:12, 231:10
=)
w | Optimal Value 236,000 236,000 236,000 236,000
Wolfram Mathematica Z =7,Z =87z =10z =3z =127z =10
Optimal Solution 12 1z T T2 T k!
Anaconda  Python =7,z =8z =10,z =3,z =12,z =10
Optimal Solution 12 13 21 22 24 31
Optimal Value 236,000
IBFS 605,000 517,000 513,000 517,000
No. of Iteration to 6 2 2 2
Optimality
Optimal Solution 212=8, 215=5, Zp3 | 212=8, Z15=5, Z23 | Z12=4, 71579, Z21 | 212=8, 71575, 723 =12,
m =12, 7,5=4, =12, 7,5=4, =4, 73=12, Z25=4,
& 731=9, 73=2, | Z31=9, 73=2, | Z31=5, 7376, | Z31=9, Z3=2, Zn=1,
-3 Z41:1, Z44:14 Z41:1, Z44:14 Z41:1, Z44:14 Z44:14
@D
% | Optimal Value 509,000 509,000 509,000 509,000
Wolfram Mathematica Z =8,z =52 =12,z =4,z =9,z =22 =17 =14
Optimal Solution 12 15 23 25 31 32 41 44
Anaconda Python Z =8,z =512z =12,z =4,z =9,z =2,z =1z =14
Optlmal SOlUtion 12 15 23 25 31 32 41 44
Optimal Value 509,000
Conclusion software packages. Comparison of the results
The study developed an algorithm that can be obtained from the new approach with that of the
used to solve transportation problem in a concave existing algorithm showed that the new approach is
function. Four real life examples extracted from more effective than the existing algorithm as it was
different authors of published works were employed able to solve a problem that the existing algorithm
successfully to demonstrate the effectiveness of the could not solve as was revealed in example one of this
new approach as the results obtained are in agreement study, and also it is faster to optimal solution based on
with the results obtained from using programming the number of iterations to optimality.
[ ]
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ISRA (India) =6.317
ISI (Dubai, UAE) = 1.582
GIF (Australia) =0.564
JIF = 1.500

Impact Factor:

SIS (USA) =0.912 ICV (Poland) =6.630
PUHII (Russia) = 3.939 PIF (India) =1.940
ESJI (KZ) =8.771 1Bl (India) =4.260
SJIF (Morocco) =7.184  OAJI (USA) =0.350
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