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Te application of bipartite and regular graphs plays a vital role in the area of engineering, mathematical sciences, design of
experiments, and medical felds. Tis study proposes an optimization method for constriction of randomized block design and
Latin square design using bipartite and regular graphs with applications of warping copper plates in specimens and comparing
them to burners and engines on diferent days.Te constructionmethods and analysis are performed as follows: the frst method is
a construction of randomized block design using bipartite and complete bipartite graphs with applications for the amount of
warping copper plates and diferent laboratories are taken to test any signifcant diference that exists between the mean number of
responses for the labs and copper specimens.Te second method is the construction of a Latin square design using regular graphs
to test whether there is any signifcant diference between the burners, engines, and some days in statistical analysis of interaction
plots, contour plots, and 3D surface plots.

1. Introduction

In this modern scientifc electronic world, mathematical
sciences and engineering for a method of construction in
complete block designs are randomized block design (RBD)
and latin square design (LSD) which have been developed by
graph theory. To meet the current trend of warping copper
plates and specimens, compared to burners, engines with the
statistical analysis problem have become a critical issue,
which occurs from the residual stress accumulated from
various methods of construction. In this situation inevitable
for a method of construction using graph theory incomplete
block designs. Te frst study in graph theory was written by
Euler in 1936 when he settled the famous unsolved problem
of his day, known as the Konigsberg bridge problem. Te

graphs over a framework answer issues with several prep-
arations, networking, optimization, matching, and opera-
tional problems. For illustration, Google maps use graphs for
structure alteration systems, where the connexion of two or
more roads is measured to be a vertex, and the road joining
two vertices is deemed to be an edge, thus their steering
system is based on the procedure to calculate the shortest
path between two vertices. In graph theory, as described by
Bondy and Murty [1], a component that allows exhibiting a
series of data on a chart is known as a bar graph. Any binary
vertices combined by more than one edge are known as a
multigraph. A graph without loops and with at most one
edge between two vertices is called a simple graph. Each
vertex is associated by an edge to each other vertex is called a
complete graph. Direction may be allocated to each edge to
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produce is known as a directed graph. A tree suggests
splitting out from a root and never implementing a cycle.
Te applications of trees in data storage, searching, complete
block designs, etc. A graph with no cycle is acyclic, a forest is
an acyclic graph. A tree is connected acyclic graph. A leaf or
pendant vertex is a vertex of degree. A spanning subgraph G

is a subgraph with vertex set V (G). A spanning tree is a
spanning subgraph that is a tree. For example, a tree is a
connected forest, and every component of a forest is a tree. A
graph with no cycles has no odd cycles; hence trees and
forests are bipartite. Te path is a tree, and a tree is a path if
and only if its maximum degree is 2. A star is a tree con-
sisting of one vertex adjacent to all the others. Te n-vertex
star is a biclique K1,n−1. A graph that is a tree that has exactly
one spanning tree; the full graph itself. In an experimental
design, by Das and Giri, [2], the designs containing the basic
principle of blocking are called block designs and may be
categorized into two types, complete and incomplete block
designs. In a complete block design, all the treatments are
allocated to every block. Tat is k � v and hence b � r

otherwise incomplete block designs. Te experimental
material is to be homogeneous, then the design is known as a
completely randomized design (CRD). In a CRD, there is no
local control measure adopted, and the total variation is
divided into two components, treatment and error. An
improvement of CRD is obtained by providing local control
measures through a blocking design called RBD. Blocking
basic principles can be extended more to advance RBD by
eliminating more sources of variation. LSD is an improved
design with binary sources of variation in two directions,
namely, blocks and treatments. Some methods for con-
struction and analysis developed by various researchers
concerning such designs are discussed; Bose [3], has dis-
cussed the construction of balanced incomplete block de-
signs with an example. Yamamoto et al.[4] has discussed the
claw decomposition of complete graphs and complete bi-
partite graphs. Zhang and Zhu [5] have discussed Hilton’s
theorem and proved that graph G is a 2-connected, k-reg-
ular, nonbipartite graph of order at most 3k− 3, and x, y is a
pair of distinct vertices. If G {x, y} is connected, then G
contains an (x, y)-Hamilton path. Zhang et al. [6] have
developed the efect of underflled epoxy on warpage in fip-
chip assemblies. Jacobs et al. [7] constructed protein fexi-
bility predictions using graph theory. Gavrilyuk and
Makhnev [8] have discussed the amply regular graphs and
block designs. Tseng et al. [9] have discussed the analysis of
the formability of aluminum and copper-clad metals with
diferent thicknesses by the fnite element method and ex-
periment. Rizzo and Mansano [10] have developed the
electrooptically sensitive diamond-like carbon thin flms
deposited by reactive magnetron sputtering for electronic
device applications. Miyajima et al. [11] have presented the
electrophoretic deposition onto an insulator for thin flm
preparation for electronic device fabrication. Yang et al. [12]
have developed the chip warpage model for reliable pre-
diction of delamination failures. Pachamuthu M and Jai-
sankar R [13] have discussed the construction methodology
of lattice designs usingMOLS using Galois feld. Gupta et al.
[14] have proved the reduction of out-of-plane warpage in

surface micromachined beams using corrugation. Federer
and Wright [15] have constructed the lattice square designs.
Hwang and Tzou [16] have studied an analytical approach to
asymmetrical cold- and hot-rolling of clad sheets using the
slab method. Lee et al. [17], analyzed the diferential speed
rolling to reduce warping in the bimetallic slab. Zhu et al.
[18] have discussed the experimental identifcation of
warpage origination during the wafer-level packaging pro-
cess. Kim et al. [19] have discussed the warpage analysis of
electroplated Cu flms on fbers-reinforced polymer pack-
aging substrates.Te analysis method is performed using the
following sequence: fabricate specimens for scanning 3D
contours, transform 3D data into curvatures, compute the
built-in stress of the flm using a stress-curvature analytic
model, and verify it through comparisons of the fnite el-
ement method (FEM) simulations with the measured data
also calculate residual stress, and predict curvatures using
FEM simulation throughout the refow process temperature
ranging between 25 and 180°C are proven to be accurate by
the comparison of the FEM simulations and experimental
measurements. Lee [20] have developed the decomposition
of the complete bipartite multigraph into cycles and stars.
Mandal and Dash [21] have discussed the balanced in-
complete Latin square designs with proposed three methods
of construction of balanced incomplete latin square designs.
Particular classes of Latin squares, namely, Knut Vik de-
signs, semi-Knut Vik designs, and crisscross Latin squares
play a key role in the construction. Sumaiya et al. [22] have
constructed a generation of complete bipartite graphs using
normalized Hadamard matrices. Ramya and Pachamuthu
[23] have constructed the balanced incomplete block designs
through factorization and coloring graphs using mutually
orthogonal Latin square designs with numerical examples.
Ilayaraja and Muthusamy [24] have discussed the essential
and adequate conditions for the existence of a decompo-
sition of complete bipartite graphs into cycles and stars with
four edges of the problems. Sivamaran et al. [25] have
studied the efect of chemical vapor deposition parameters
on the diameter of multiwalled carbon nanotubes. Siva-
maran et al. [26] have discussed optimizing chemical vapor
deposition parameters to attain minimum diameter carbon
nanotubes by response surface methodology. Nemitallah
et al. [27] have reviewed frontiers in combustion techniques
and burner designs for emissions control and CO2 capture.
Sivamaran et al. [28] have identifed of appropriate catalyst
system for the growth of multiwalled carbon nanotubes via a
catalytic chemical vapor deposition process in a single-step
batch technique. Reddy and Hemavathi [29] have described
several characterizations of k-distance bipartite graphs with
an example. Saurabh and Singh [30] have discussed a note
on the construction of Latin square-type designs. Ozkan [31]
has performed a comparative study on the investigation of
the electromagnetic shielding performance of copper plate
and copper composite fabrics. Electromagnetic shielding
performances of copper plate and metal composite in wo-
ven/knitted fabrics were compared. For this purpose, the
electromagnetic shielding efectiveness of single and double-
layer copper plates and metal composite fabrics were
measured in vertical and horizontal directions. As a result,
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the copper plate showed better performance than composite
fabric samples for bothmeasurement directions. In general, the
EMSE of the composite fabrics was lower than 10dB for
horizontal directions. Only the copper plates provided elec-
tromagnetic shielding at a signifcant level (up to 60dB) against
horizontally polarized waves. EMSE behavior of copper plate
was similar for both directions due to the isotropic structure
and this performance was maintained at a higher frequency
level. On the other hand, gaps in the structure of composite
fabrics caused a decrease in EMSE performance against in-
creasing frequency. Raza and Asif Masood [32] have discussed
the efciency of Lattice design in relation to randomized
complete block design in agricultural feld experiments.
Richthammer [33] has derived the bunkbed conjecture for
complete bipartite graphs and related classes of graphs. Braun
and Tyagi [34] have proved the minimax optimal clustering of
bipartite graphs with a generalized power method. Sivamaran
et al. [35] have developedmultiresponse optimization on tribo-
mechanical properties of CNTs/nSiC reinforced hybrid Al
MMC through response surface method approach and also
studied the optimum parameters were found load at 2.00 kg,
speed 200 rpm, 7.50% of SiC reinforcement results in wear rate
of 20.50μm/g with the hardness of 161.43 HV. Moreover, the
L32 orthogonal array and hierarchical clustering were estab-
lished to understand and validate the relationship between the
process parameters and responses of this investigation. In this
study, an optimization method for the construction of com-
plete block designs is RBD and LSD. Te method of con-
struction for RBD and LSD with numerical examples is to test
whether there is any signifcant diference between labs and
warping copper plates with specimens, compare three burners,
engines and three days is discussed, construing the graphs of
results is an interaction plot for response lines around parallel,
the R2 value is nearest to 1, the noise signal is greater than 4, the
variables are associated with changes in the response variable,
and the contour plot the association between the variables
excellence. Also, the graph of three-dimensional (3D) surface
plot is related to the response variable, so our hypothesis of the
study is valid and signifcant.

2. Preliminaries

2.1. A Bipartite Graph. A graph G � (V, E) is said to be a
bipartite graph if vertices set V can be separated into two
subsetsV1 andV2, such that each edge ofG connects a vertex
of V1 to V2. Tese graphs are meant by Km, n, wherem and n
are the numbers of vertices in V1 and V2, respectively.

2.2. A Complete Bipartite Graph. A graph G � (V, E) is a
complete bipartite graph if vertices set V can be separated
into two subsets V1 and V2, so each vertex of V1 is connected
to each vertex of V2. Te number of edges in a complete
bipartite graph is m × n as each of them vertices is connected
to each of the n vertices.

2.3. Randomized Block Design (RBD). Te RBD of each
treatment is repeated the same number of times. Suppose
that there are v treatments, and each v is to be repeated r

times and the total number of the experimental units is vr;
then, these are arranged into b groups, each of size k, and
these groups are made homogeneous using the error control
measure, and then the v treatments are allotted at random to
the k plots in each block. Tis type of homogeneous
grouping of the experimental units and the random allo-
cation are the features of RBD.

2.4. Latin SquareDesign (LSD). A Latin square is designed to
arrange (n × n) diferent treatments so that each treatment
occurs exactly once in each row and each column.

2.5. Regular Graph. Te degree of a vertex v in graph G
written as dg (v) is the number of edges incident to v, except

Labs L1

R2R1 R3 R4Treatments

260 350 229 375

Figure 1: First bipartite graph.

Labs

Treatments

260 350 229 375

R2R1 R3 R4

L1 L2

410 535 400 590

Figure 2: Second bipartite graph.

Labs

Treatments

260 350 229 375

L1 L2

410 535 400 590

A B C D

L3 L4 L5

330 235 330 430 590

350285 545

275 430

210 320

Figure 3: Tird bipartite graph.

Table 1: Labs and warping copper plates and specimens.

Labs
Warping copper plates and specimens

(treatments)
A B C D

L1 260 350 229 375
L2 410 535 400 590
L3 285 350 210 320
L4 275 330 235 330
L5 430 545 430 590
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that each loop at v is counted twice. Te maximum degree is
△(G), the minimum degree is δ(G), and G is regular if
△(G) � δ(G).

3. Main Results

3.1. AnOptimisation of Techniques forWarping Copper Plates
and Specimens Method of Construction for RBD Using Bi-
partite and Complete Bipartite Graphs

Step 1: Let us consider any RBD order layout (b × v)

and take rows considered blocks (b) and columns
considered treatments (v). Complete the vertices of the
graph set V and separate the vertices set into two
subsets V1 and V2.
Step 2: connect every vertex in V1toV2 by using the
edges for both the bipartite and complete bipartite
graphs
Step 3: if the number of v is equal to the number of
blocks (b � v), then the complete bipartite graph is
used instead of a portion of the bipartite graph
Step 4: all edges in a complete bipartite graph is (b × v)

Step 5: thus, the same procedure is used to draw a graph
for all the diferent orders (b × v) of RBD

3.2. Applications

3.2.1. Example 1. An experiment to determine the amount
of warping (mm) of copper plates was conducted in fve
diferent laboratories (L1, L2, L3, L4, and L5) using four
copper specimens (treatments) with diferent percentage of
copper compositions (A, B, C, and D).

Step 1: Construction of the above experiment is to form
an RBD layout of fve laboratories and four copper
specimens . Consider the frst lab (L1) to be given four
treatments (A�R1, B�R2, C�R3, and D�R4); the amount
of warping (mm) of copper plates value is R1�260,
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Figure 4: Interaction plot for response.

Table 2: Model summary.

S R2 (%) Adj. R2 (%) Predicted R2 (%)
27.0372 96.66 94.71 90.72

Table 3: Coefcients of response.

Term Coef SE. Coef T-value P value VIF
Constant 373.95 6.05 61.85 0.01

Labs
1 −70.5 12.1 −5.83 0.01 1.60
2 109.8 12.1 9.08 0.01 1.60
3 −82.7 12.1 −6.84 0.01 1.60
4 −81.4 12.1 −6.74 0.01 1.60

Treatments
1 −42.0 10.5 −4.01 0.02 1.50
2 48.0 10.5 4.59 0.01 1.50
3 −73.1 10.5 −6.99 0.01 1.50
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R2 � 350, R3 � 229, and R4 � 375, and resulting Figure 1
is known as frst bipartite graph as follows:
Step 2: Consider the second lab (L2) given for four
treatments (A, B, C, and D) the amount for warping
(mm) of copper plates in 410, 535, 400, and 590 re-
spectively. Using complete bipartite graphs and con-
struction of separate the vertices set V into four subsets
A � V1 � R1, B � V2 � R2,C � V3 � R3 andD � V4 �

R4, the labs and specimens (treatments) are given the
second bipartite graph in Figure 2 as follows;
Step 3: Similarly, using the above steps of the same
procedure for constructing the third, fourth, and ffth
labs (L3, L5, and L5) in four treatments. Observe the

data of the third lab value is 285, 350, 210, and 320; the
fourth lab value is 275, 330, 235, and 330; the ffth lab
value is 430, 545, 430, and 590. Using complete bipartite
graphs and constructing to separate the vertices set V

into four subsets A � V1 � R1, B � V2 � R2, C � V3 �

R3 andD � V4 � R4, the labs and specimens (treat-
ments) given the third bipartite graph in Figure 3 are as
follows;

Since there are fve labs and four specimens, the amount
of warping (mm) of copper plates is shown in Table 1.

Discuss if any signifcant diference exists between the
mean number of responses for the fve labs and four copper
specimens.
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Figure 5: Residuals versus response.
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Figure 6: Residuals versus treatments.
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Solution: constructing the graphs. Te below interaction
plot Figure 4 for response lines around parallel. So, our
hypothesis of the study is valid and continues with the
analysis.

Null hypothesis (H0): there is no signifcant diference
between labs and copper specimens.

In Table 2, the R2 value is nearest to 1 (0.9666) and the
model is ftted to our problem. Te R2 probability value is 0
to 1. Te diference is very close R2 to the adjusted R2 of
0.9072 and the noise signal is greater than 4 (27). A predicted
R2 value is 90.72% which is substantially less than the R2

value of 96.66% which may indicate the overall model is
ftted in the abovementioned example.

Te coefcient response in Table 3 for two factors labs
and copper specimens is signifcant at a 5% level of sig-
nifcance and concludes that the variables are associated with
changes in the response variable.

3.2.2. General Linear Model: Response versus Labs and
Treatments. In Figures 5 and 6 the normality and equal
variance (treatments, residual response) assumptions are
responsible. Tere is no concern, however, about the
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Figure 7: Contour plot of response vs. treatments vs. labs.
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590

L2

D

3D Scatterplot of Response vs Treatments vs Laps

Re
sp

on
se

600

400

200
1.0 2.5 4.0 5.5

1
2

3
4

Laps Trea
tm

en
ts

Figure 9: 3D scatterplot of response vs treatments vs labs.

Table 4: ANOVA for response.

SV df Adj. SS Adj. MS F-
value

P

value Remarks

Labs 4 184271 46067.7 63.02 0.01 Signifcant
Copper
specimens 3 69576 23192.0 31.73 0.01 Signifcant

Error 12 8772 731.0 — — —
Total 19 262619 — — — —

First Engine (E1)
D1

B1-16

Figure 10: First regular graph.

First Engine (E1)
D1

D2

B1-16

B2-16

Figure 11: Second regular graph.
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appropriateness of the no interaction assumption. Te data
appear to be randomly distributed at the center line zero.
Now, we perform an analysis for a randomized block design.

3.2.3. Contour Plot of Response vs. Treatments vs. Labs.
Te contour plot (Figure 7) indicates two predictor var-
iables and shows the association between the variables labs

(L2) and treatment (D) used for the amount of warping
(mm) of copper plates. Te dark areas of the plot specify
excellence. Figure 8 indicates three dimensional (3D) and
Figure 9 is a surface plot of illustration into two predictor
variables and related the response variable is normal as
follows.

3.2.4. Te 3D Surface Plot of Response vs. Treatments vs. Labs.
Te conclusion of the plots in Figures 8 and 9 shows that
the relationship between the two variables labs and
treatments for the amount of warping (mm) of copper
plates occurs at nearly the second lab� 590 and
treatments �D. All the sum of squares are presented in
Table 4 and an inference is drawn.

First Engine (E1)
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D2 D3

B1-16
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Figure 12: Tird regular graph.
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Figure 13: Fourth regular graph.

Table 5: Burners, engines, and days.

- Engine 1 Engine 2 Engine 3
Day 1 Burner 1-016 Burner 2-017 Burner 3-020
Day 2 Burner 2-016 Burner 3-021 Burner 1-015
Day 3 Burner 3-015 Burner 1-012 Burner 2-013

Data Means

Interaction Plot for Response

321321
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Engine

Engine

Burner

Figure 14: Interaction plot for response.

Table 6: Model summary.

S R2 (%) Adj. R2 (%) Predicted R2 (%)
0.881917 97.74 90.97 54.27

Table 7: Coefcients of response.

Term Coef Coef T-value P value VIF
Constant 16.111 0.294 54.80 0.001 1.33

Days
1 1.556 0.416 3.74 0.065 1.33
2 1.222 0.416 2.94 0.099 1.33

Engines
1 −0.444 0.416 −1.07 0.397 1.33
2 0.556 0.416 1.34 0.313 1.33

Burners
1 −1.778 0.416 −4.28 0.051 1.33
2 −0.778 0.416 −1.87 0.202 1.33
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Figure 15: Probability plot of day.
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Figure 16: Probability plot of engine.
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Probability Plot of Burner
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Figure 17: Residuals versus burner.
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(1) Inference. Since P is 0.0, the model F-value (63.02)
suggests that the model is signifcant. Tere is only a 0.01%
chance that an F-value this large could occur due to noise.

3.3. An OptimisationMethod of Construction for Burners and
Engines using LSD with Regular Graph

Step 1: Take any LSD of order (n × n), the rows and
treatments are considered as two sets of vertices, and
then diferentiate both by using vertex coloring.
Step 2: Te regular graph has the same degree of
vertices. Each vertex is connected to other vertices with
the same number of edges.
Step 3: If the treatment numbers are equal to the blocks
(b � v), then the complete bipartite graph is used in-
stead of a portion of the bipartite graph, and the edge
numbers in the regular graph are (n × n).
Step 4: Tus, the same procedure is used to draw the
graph for all the diferent orders n of LSD.

3.4. Applications

3.4.1. Example 2. A trial to compare three burners B1, B2,
and B3, three engines E1, E2, and E3,, and three days D1, D2,
and D3 is given as follows:

Step 1: let us consider the frst day (D1), frst burner
(B1), and frst engine (E1) and are taken two sets of
vertices and diferentiate both of them by using vertex
coloring of the regular graph to construct these three
directions of factors for the results is 16 hours are
shown in Figure 10 as follows;
Step 2: Consider the second day (D2), second burner
(B2), and second engine (E2) and are taken as two sets
of vertices and diferentiate both of them by using

vertex coloring of the regular graph to the construction
of these three directions of factors for the results is
16 hours are shown in Figure 11 as follows;
Step 3: Te third day (D3), third burner (B3), and third
engine (E3) are taken as two sets of vertices and dif-
ferentiated of them by using vertex coloring of the
regular graph to the construction of these three di-
rections of factors for the results is 15 hours are shown
in Figure 12 as follows;
Step 4: Similarly, the same procedure to constriction of
the regular graph using the remaining day, burner, and
two engines the resulting diagram is known as the
regular graph has the same degree of all vertices that is
every vertex connected to any other vertices with the
same number of edges are shown in Figure 13 as
follows;

Step 5: Te days are equal to the engines (b � v) and
number of burners; then, the complete bipartite graph
is used instead of the bipartite graph, and the number of
edges in the regular graph is (3 × 3). A LSD was formed
as the tests were made on three engines (E1, E2, and E3)
and were spared over three days (D1, D2, and D3).
Since there are three burners, three engines, and three
days values are shown below in Table 5.

To check whether the null hypothesis is that there is any
signifcant diference between the burners, engines, and
number of days.

(1) Solution: constructing the graphs. Te plot in Fig-
ure 14 is referred to as the interaction of the lines that are not
parallel and the interaction result specifes that the association
between burners and engines depends on the value of days.

Null hypothesis (H0): there is no signifcant diference
between burners, days, and engines.

Table 6 represents that the model is ftted because the R2

value is nearest to 1 (0.9774). Te probability R2 value is 0 to
1. Te diference is very close R2 to the adjusted R2 of 0.9072
and the noise signal is greater than 4 (88). A predicted R2

value is 54.27% which is substantially less than the R2 value
of 97.74% which may indicate that the overall model is ftted
in the abovementioned example.

Te coefcient response in Table 7 for three factors day
and burner is signifcant, but the engine is not signifcant at a
5% level of signifcance and concludes that the variables are
associated with changes in the response variable.

3.4.2. Probability Plot of Day. In the probability plot of the
day (Figure 15), the null hypothesis states that the data
follow a normal distribution. Te ftted distribution line is
the straight middle line on the plot. Te outer solid lines on
the plot are confdence intervals for the individual per-
centiles, not for the distribution as a whole, and should not
be used to assess distribution ft.

3.4.3. Probability Plot of Engine. In the probability plot of
the engine (Figure 16), the null hypothesis states that the
data follow a normal distribution.Te ftted distribution line

Table 8: ANOVA for the response.

sv df Adj. SS Adj. MS F-
value P value Remarks

Days 2 34.889 17.4444 22.43 0.043 Signifcant
Engines 2 1.556 0.7778 1.00 0.500 Not signifcant
Burners 2 30.889 15.4444 19.86 0.048 Signifcant
Error 2 1.556 0.7778 — — —
Total 8 68.889 — — — —
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3D Scatterplot of Day vs Engine vs Burner

Figure 20: 3-D day vs engine vs. burner.
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is the straight middle line on the plot.Te outer solid lines on
the plot are confdence intervals for the individual per-
centiles, not for the distribution as a whole, and should not
be used to assess distribution ft.

3.4.4. Probability Plot of Burner. In the probability plot of
the burner (Figure 17), the null hypothesis states that the
data follow a normal distribution.Te ftted distribution line
is the straight middle line on the plot.Te outer solid lines on
the plot are confdence intervals for the individual per-
centiles, not for the distribution as a whole, and should not
be used to assess distribution ft.

Te contour plot (Figure 18) indicates two predictor
variables and shows the association between the variables
which are days, burners, and engines that are used for the
treatments. Te dark areas of the plot specify excellence.

3.4.5. Te 3D Scatterplot Plot of Response vs. Day vs. Engine
Surface Plot of Day vs. Engine vs. Burner. Te graph of three
dimensional (3D) graph (Figure 19) and surface plot (Fig-
ure 20) of illustration into two predictor variables and re-
lated the response variable is represented above the
maximum quality scores and occur at about the second
engine of the third day of the second burner treatment is 12.

All the sum of squares is presented in the ANOVA
Table 8 and inference is given below.

(1) Inference. Since the p values are 0.043, 0.5, and 0.048,
there is a diference between the burners and the days, but
the diference between engines is not signifcant.

4. Conclusion

(i) Tis study proposed an optimization method of
construction for warping copper plates and en-
gines using complete block designs with bipartite
and complete bipartite graphs.

(ii) Te frst method of construction for RBD with the
numerical example is to test whether there is any
signifcant diference between labs and warping
copper plates with specimens discussed, constru-
ing the graphs of results is an interaction plot for
response lines around parallel, so our hypothesis of
the study is valid and signifcant.

(iii) Terefore, inference of P is 0.001 and the model F-
value (63.02) suggests that the model is signifcant
and only a 0.001% chance that an F-value this large
could occur due to noise.

(iv) Also, the calculated R2 value is nearest to 1
(0.9666) and the model is ftted to our problem,
and the R2 probability value is 0 to 1 and the
diference is very close, i.e, R2 to adjusted R2

(0.9072) and the noise signal is greater than four
(27) and also the predicted R2 value is 90.72%
which is substantially less than R2 value of
96.66% which may indicate overall warping
copper plates and engines are ftted.

(v) Finally, it was concluded that the relationship
between the variables of labs and treatments for the
amount of warping (mm) of copper plates occurs
at nearly the second lab� 590 and warping copper
plates and specimens D is efcient with the 3D
surface.

(vi) Te second optimization method of construction
for burners and engines using LSD with a regular
graph is to test whether there is any signifcant
diference between burners, days, and engines.

(vii) Te interaction graphs of the lines are not parallel,
and the inference is that the P values are 0.043, 0.5,
and 0.048 (less than 0.05, reject the hypothesis).
Hence, the conclusion is that the burners and the
days are diferent. Te diference between engines
is insignifcant, but the model fts because the R2
value is nearest to 1 (0.9774, and the probability R2
value is 0 to 1).

(viii) Te diference is very close R2 to the adjusted R2

(0.9072) and the noise signal is greater than 4 (88)
and also the predicted R2 value is 54.27% which is
substantially less than the R2 value of 97.74%which
may indicate that the overall model is ftted.

(ix) Te 3D scatterplot and the 3D surface plot show
the three predictor variables (days, burners, and
engines). In our study, the maximum quality score
at about the second engine on the third day of the
second burner treatment is 12.

(x) Tis methodology can also be applied in the case of
factorial experiments, confounding, fractional
replicated designs, balanced incomplete block
designs, lattice designs, and so on.

Data Availability

Te data that support the fndings of this study are available
from the corresponding author on request.
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