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Abstract- Hybrid models have frequently been used for shale gas production decline prediction
by manipulating the unique strength of each of the known decline models. The use of a
combination of models provides a more precise predicting model for forecasting time series data
as compared to an individual model. In this study, the forecasting performance of decline curve
hybrid models and ANN-ARIMA hybrid models are evaluated and compared with Arps’, Duong’s,
the Power Law Exponential Decline, Autoregressive Integrated Moving Average (ARIMA) and
Artificial Neutral Network (ANN) models, respectively. The variable used to assess the models
was the respective flow rate, q(t) monitored over a period of time (T). The results have shown that
the single model approach can outperform hybrid models. The average deviation of the two best
models indicates a central tendency of the production data around the mean. Subsequently, the
spread in the data between the actual and predicted values is found to be less. It can thus be
concluded that the ARIMA and ANN models have the best forecasting accuracy for production
decline in shale gas compared to the other models.
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Production Decline Prediction of Shale Gas
using Hybrid Models

P. Manda® & D.B. Nkazi®

Abstract- Hybrid models have frequently been used for shale
gas production decline prediction by manipulating the unique
strength of each of the known decline models. The use of a
combination of models provides a more precise predicting
model for forecasting time series data as compared to an
individual model. In this study, the forecasting performance of
decline curve hybrid models and ANN-ARIMA hybrid models
are evaluated and compared with Arps’, Duong’s, the Power
Law Exponential Decline, Autoregressive Integrated Moving
Average (ARIMA) and Artificial Neutral Network (ANN) models,
respectively. The variable used to assess the models was the
respective flow rate, q(f) monitored over a period of time (T).
The results have shown that the single model approach can
outperform hybrid models. The average deviation of the two
best models indicates a central tendency of the production
data around the mean. Subsequently, the spread in the data
between the actual and predicted values is found to be less. It
can thus be concluded that the ARIMA and ANN models have
the best forecasting accuracy for production decline in shale
gas compared to the other models.

Keywords: shale gas decline forecasting, Arps’ decline
model, Duong’s decline model, PLE decline model;
ARIMA, ANN and hybrid models.

I. [NTRODUCTION

ate-time decline curve extrapolation is one of the
qmdest and most commonly used tools by a
petroleum engineer. Results obtained for a well
are subject to a wide range of alternate interpretations,
mostly as a function of the experience and objectives of
the evaluator. Recent efforts in the area of decline curve
analysis (DCA) have been directed towards a purely
computerised statistical approach, its basic objective
being to arrive at a unique “unbiased” interpretation [1].
In the past few decades, several DCA models have
been proposed and benchmarked with commercial
reservoir simulators or shale gas production data before
being applied to more shale gas reservoirs (SGRs) [2].
Numerous studies have highlighted the
importance of DCA models, however, there are
limitations with these models. Analysis conducted using
these techniques for the prediction and estimation of
reservoirs in shale well production have highlighted
shortcomings in the models [3]. These shortcomings
include underestimation, finite and overestimation of the
estimated ultimate recovery (EUR) of reserves. Taking
these facts into consideration, the scope exists for
developing improved models which address these
shortcomings.

Author o e-mail: 690765@students.wits.ac.za

a) Production Decline Models

The Arps decline model is inaccurate within the
transient flow regime (TFR) and the Duong model is
inaccurate within the boundary dominated flow (BDF).
Although the Power Law Exponential (PLE) model
incorporates both these flow regimes and was
specifically developed for SGRs, the model has its own
shortcomings. Hence, the scope to develop a new
decline model or a new method to predict more
accurately the recovery of SGRs. Accordingly, the
approach would be to combine the above-mentioned
methods i.e. to evaluate the hybrid decline curve
models. As the PLE and Duong’'s models model the
transient flow well and because the Arps model is widely
used for BDF, the new approach combines the methods
to achieve the objectives and eliminate the
shortcomings of the stand-alone models. In this paper,
the combination of different models, or hybrid models as
they are commonly known, will be investigated.

Hybrid models have frequently been used for
prediction by manipulating the unique strength of each
of the models [4]. The use of a combination of models
provides a more precise predicting model for
forecasting time series data as compared to an
individual model [5]. The results from studies have
indicated that hybrid models have higher prediction
accuracy for one-step and multi-step forward forecasts
and various hybrid models have been used for obtaining
accurate prediction [5; 6].

The evaluation of the forecasting performance
of decline curve hybrid models and ARIMA-ANN hybrid
models is essential, and these models should be
compared with Arps’, Duong’'s, the Power Law
Exponential Decline, Autoregressive Integrated Moving
Average (ARIMA) and Artificial Neutral Network (ANN)
models for accurate prediction of production decline in
shale gas.

b) Hybrid Models and ANN-ARIMA Hybrid Models

In the literature, hybrid methods are considered
to yield better results [7].The accuracy of time series
forecasting is challenging for scientists [7]. Time series
data often comprise linear as well as non-linear
components [8]. In some cases, linear-based
approaches might be more suitable than non-linear
approaches due to the data characteristics. The use of
hybrid models, which combine DCA models, is a new
approach and there is minimal literature covering this

© 2020 Global Journals

Global Journal of Researches in Engineering (]J) Volume XX Issue V Version I E Year 2020



(J) Volume XX Issue V Version I H Year 2020

gineering
8

S

Global Journal of Researches in En

PRODUCTION DECLINE PREDICTION OF SHALE GAS USING HYBRID MODELS

aspect. However, as mentioned, the known approach to
the hybrid method is a combination of the ARIMA and
ANN method.

According to Faruk [8], hybrid methods have a
higher degree of accuracy than neural networks. ARIMA
is able to recognise time-series patterns well except
non-linear data patterns. On the other hand, neural
networks only handle non-linear data. Therefore, hybrid
models combine the advantages of ARIMA with respect
to linear modelling and neural networks in terms of non-
linear edge modelling [9]. Ayub and Jafri (2020) [10] in
their paper highlighted that the combined model has
improved forecasting accuracy as compared to when
the models are used individually. Notwithstanding this,
in some circumstances the single model approach can
outperform hybrid models [8]. Babu et al. (2014) [5]
explored ARIMA and ANN as a new hybrid model for
better prediction of time series. Their results preferred
the use of the hybrid model compared to the individual
ARIMA and ANN models.

The ARIMA processes follow a stochastic
behaviour used to analyse time series [11] and is mostly
used to predict demand. The application of the ARIMA
methodology for the study of time series analysis was
developed by Box and Jenkins [11]. The Box-Jenkins
methodology includes three iterative steps of model
identification, parameter estimation and diagnostic
checking [12]. This three-step model building process is
typically repeated several times until a satisfactory
model is finally selected and can then be used for
prediction purposes [12]. In an ARIMA model, the future

value of a variable is assumed to be a linear function of
several past observations and random errors [11].
During the past decades, researchers have been
focusing more on linear models due to their simplicity in
comprehension and application [13]. A disadvantage of
the classical ARIMA methodology is that it requires a
large number of observations to determine the best fit
model for a data series [13].

The ANN model, on the other hand, has found
increasing consideration in forecasting theory, leading
to successful applications in various forecasting
domains including economics, business, financial and
many more [14]. One advantage of neural networks
compared to other non-linear models is their universal
model, which is capable of predicting fairly extensive
functions with a high degree of accuracy. No
assumptions are required for neural networks, thus
neural networks conform to the characteristics of the
data [15]. However, there are disadvantages associated
with this model such as constructing the forecasting
model, the selection of the network architecture and the
data pre-processing techniques which apply to the time
series data [16; 17].

This investigation uses different hybrid models
in forecasting production decline and evaluating the
hybrid models for improved forecasting accuracy of time
series by using the unique strengths of the models. The
experimental results used are based on the study of
shale gas production data obtained from a previous
study done by Paryani et al. [3].

I[I. METHODOLOGY

Decline
Models
Assumptions

Collection of
Data

and
Production
variables

© 2020 Global Journals
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a) Collection of Data

The variable used in this investigation is
flowrate, q(t) in STB/day, monitored over a period of
time (T) in days. The estimated data was extracted from
the research conducted by Paryani et al. (2018), who
obtained the data from the Cannon Well located in
Karnes County evaluated over a two-year period. Kappa
Citrine and JMP software are used for simulation of the
DCA, hybrid DCA, ARIMA, ANN and ANN-ARIMA hybrid
models respectively.

b) Production Behaviour

i. Arps’ Decline Curve Model

Arps’ decline curve analysis is the most
commonly used method of estimating ultimate
recoverable reserves and future performance [18].
Paryani et al. [3] attribute this to reliable history match
(even with b > 1) and its simplicity. The model process
is based on the following vital assumptions: that past
operating conditions will remain unaffected; that a well is
produced at or near capacity; and that the well's
drainage remains constant and is produced at a

constant bottom-hole pressure [19]. Notably, the Arps
model is only applicable in pseudo-steady flows when
the flow regime transfers from linear flows to boundary-
dominated flows (BDF) [20]. This indicates that the Arps
equations are not applicable to the production
forecasting of the entire decline process of horizontal
wells in low-permeability reservoirs [21]. The most
commonly employed hyperbolic form of Arps’ decline
equation [1] is used for shale reservoirs. The hyperbolic
decline equation is suitable to use due to the “best fit”
that it provides for the long transient linear-flow regime
observed in shale gas wells with b values greater than
unity [22].
qi

q=—"— (1)

1
(1+bD;t)b

Where g is the flow rate in STB/day or Mscf/day, q; is the
initial flow rate in STB/day or Mscf/day, D; is the initial
decline constant, which is measured in days-1, and b is
the decline exponent.

Table 1: Summary of the Arps model behaviour, assumptions, condition and parameters

Production Behaviour Assumptions Condition Parameters
. Decline parameter, b
Boundary Dominated . T b=110
Flow (BDF) defines thg decline 0<b<1 D, = 0.12
behaviour

i. Duong’s Decline Curve Model
Doung [23] presented an unconventional rate
decline method to evaluate the performance of shale
gas wells that does not depend on the fracture types.
The model assumes linear or near-linear flow, as
indicated by a log-log plot of rate over cumulative
production versus time, which yielded a straight-line

tendency [24]. The rate is calculated in the model using
the following equation [2]:

q(t) = Qit(a' m) + qo @)

Where ¢ (a,m) is the time constant in 1/s, and G is the
production rate at infinite time in m%/s.

Table 2: Summary of the Duongs model behaviour, assumptions, condition and parameters

Production Behaviour Assumptions Condition Parameters
Transient Flow Regime | Very low permeability and long a :7861 24
. . b>1 a=1.07
(TFR) periods of transient flow m=110

ii. Power Law Exponential Decline Model (PLE)

Ik et al. [25] presented the PLE, which is an
extension of the exponential Arps formula for the decline
degree in shale reservoirs. This model was developed
precisely for SGR and approximates the rate of decline
with a power law decline. The PLE model matches
production data in both the transient and boundary-
dominated regions without being hypersensitive to
remaining reserve estimates [26]. Seshadri and
Mattar[27] presented that the PLE model can model
transient radial and linear flows, while Kanfar and
Wattenbarger[28] proved that the model is reliable for

linear flow, bilinear flow followed by linear flow, and
linear flow followed by BDF, or bilinear flow followed by
linear flow and finished with BDF flow. Vanorsdale[29]
deduced that when the flow regime changes throughout
the initial 10 years of the well, the PLE model will yield a
very optimistic recovery. The model characterizes the
decline rate by infinite time, D which is defined as a
“loss ratio” (which is assumed to be constant from Arp)
[30]. The production rate is derived as follows:

q —_— —
dq/dt b @)
b =D, , D;it~1=™ (4)
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Where dq/dt is the slope, D, is the decline rate over a
long-term period, and 7 is the time exponent. By
substituting the above equations, the production rate is
obtained:

q(t) = gielP=t-Dit"] ©)

Table 3: Summary of the PLE model behaviour, assumptions, condition and parameters

Production Behaviour Assumptions Condition Parameters
. . n=0.182
BDF and TFR Approximates the rate of decline | o oeq with time D, = 0.268
with a power law decline
iv. The Arps’-Duong’s-Power Law Models Hybrid * =t (-D, — D;A) — 2t 6)
qi b

Model

The first proposed method incorporates the
three DCA models, namely Arps’, Duong’s and PLE
models. The Arps model only considers BDF while
Duong’s and PLE models consider TFR. The PLE model
also considers BDF and has been specifically
developed for SGRs. Hence, by combining the three
models the limitations from each is presumed to be
minimised or eliminated.The equation is given as:

where q;is the flow rate in STB/day or Mscf/day, qi is the
initial flow rate in STB/day or Mscf/day, t is the time in
days, Deo the decline rate over along-term period, while
D; is the initial decline constant, which are both
measured in days ~ ', 7 is the time exponent and b is the
decline exponent.

Table 4: Summary of the Arps-Duong-Power Law hybrid model behaviour, assumptions, condition and parameters

Production Behaviour Assumptions Condition Parameters
Approximates the rate of n=0.182
BDF and TFR decline with anexponential 0>b>1 D, =0.194
decline b=1.10
. t _1
v. The Arps-Duong Hybrid Mode! qt = [qT] [1+ bD,] b 7)

The second proposed model incorporates the
two developed DCA models. Arps’ model only considers
BDF while Duong’s considers TFR, hence both these
flow regimes will be taken into account when combining
these two models. The equation is given as:

Where gt is the flow rate in STB/day or Mscf/day, t is the
time in days, D; is the initial decline constant, which is
measured in days ~'and b is the decline exponent.

Table 5: Summary of the Arps-Duong hybrid model behaviour, assumptions, condition and parameters

decline

Production Behaviour Assumptions Condition Parameters
Approximates the rate of decline Dt’) :_ ?'11%4
BDF and TFR with a mechanistic growth 0>b>1 T

vi. The Arps-Power Law Exponential Hybrid Model
The third proposed model incorporates the Arps
and PLE models. These models consider BDF and TFR
flows. Since the PLE model was developed specifically
for SGRs, it would be advantageous to evaluate these
two models combined due to both being simple
equations to use. The equation is given as:

1
t[-D,, — D;fi] = q—fln(l + bD;) (8)

Where gt is the flow rate in STB/day or Mscf/day, t is the
time in days, Dw the decline rate over a long-term
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period and D;the initial decline constant, which are both
measured in days™', 7 is the time exponent and b is the
decline exponent.



Table 6: Summary of the Arps-Power Law Exponential hybrid model behaviour, assumptions, condition and

parameters
Production Behaviour Assumptions Condition Parameters
. . n=0.182
BDF and TFR Approximates the rate of decline 0>b>1 D, = 0.194
with a logistic decline 6 — 110

vii. The Duong-Power Law Exponential Hybrid Models

The fourth proposed model incorporates the

Duong and PLE models. These models both consider
TFR. The equation is given as:

In qt

= t[=De — Dit] ©)

qm

Where gt is the flow rate in STB/day or Mscf/day, t is the
time in days, D« the decline rate over along-term period
and D; the initial decline constant, which are both
measured in days™ and #is the time exponent. g, is the
flow rate at slope m in m%/s.

Table 7: Summary of the Duong-Power Law Exponential hybrid model behaviour, assumptions, condition and

parameters
Production Behaviour Assumptions Condition Parameters
Approximates the rate of decline n=0.182
BDF and TFR with a mechanistic growth 0>b>1 D, =0.194
decline qp=7.12

viii. Autoregressive

(ARIMA) Model

As mentioned earlier in the paper, the ARIMA

processes follow a stochastic behaviour used to analyse

time series [11] and are mostly used to predict

production demand. The model is labelled as an ARIMA
model (p, d, q), where: -

1. pis the number of autoregressive terms;

2. disthe number of differences; and
3. qgis the number of moving averages.

According to Ayub and Jafri (2020) [10], the
best ARIMA model is determined according to criteria as
follows:

e Relatively small BIC
e  Maximum adjusted R?

integrated  Moving  Average

a. The Autoregressive Process
This process assumes that VY, is a linear function
of the preceding values and is given by equation (5).

Vi =1 Vg + & (10)

Generally, each observation consists of a
random component i.e. a random shock, € and a linear
combination of the previous observations. «; in the
equation is the self-regression coefficient.

b.The Integrated Process
The integrated process is the archetype of non-
stationary series. A differentiation of order 1 assumes
that the difference between two successive values of Y
is constant. An integrated process is defined by
equation (6).

VV=Y.ate (11)

where the random perturbation ¢, is a white noise.
c. The Moving Average Process

The moving average process is a linear
combination of the current disturbance with one or more
previous perturbations. The moving average order
indicates the number of previous periods embedded in
the current value. Thus, a moving average is defined by
equation (7).

Yo =6 — 0164

(12)

In order to evaluate the best fit for the ARIMA
model, a number of scenarios were evaluated and the
ARIMA scenario (2,1,2) was selected to give the best
forecast values, due to having the lowest MSE of 4.82, a
low BIC of 8,23 and highest adjusted R? of 0,979. Table
2 indicates the best results for the ARIMA model, which
are highlighted in bold.

Table 8. Statistical results for the different p,d,q for the ARIMA model

ARIMA BIC MSE Adjusted R?
(0,0,0) 8,63 46.91 0.000
1,1,1) 6,19 5.86 0.974
(1,2,1) 9.42 5.84 0.958
(1,3,1) 6,69 6.35 0.899
2,1,1) 8,25 5.08 0.974
2,1,2) 8,23 4.82 0.979
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ix. Artificial Neutral Network (ANN) Model

The model consists of three interconnected
layers: the input layer, the hidden layer, and the output
layer. The basic unit of any ANN is the neuron or node
(processor). Each node is able to sum many inputs x1,
x2,..., X3 whether these inputs are from a database or
from other nodes, with each input modified by an
adjustable connection weight [14]. The relationship that
occurs in the output and input layers follows equation

(8).
Y, =g+ X1 o g (Boj + X0, BiYe — i) + & (19)

where o (j = 1,23, ..., ) and B;j (= 1,23, ..., p; J =
1,2,3, ..., q) are the parameters of the model (often

called the weights), p is the number of input points
(input nodes), and q is the number of hidden nodes. The
activation function used in the hidden layer is the logistic
sigmoid function and the linear function is the output
layer.

To choose the best algorithm for the model, the
number of hidden nodes and layers are changed. The
accuracy can also be increased by increasing the
number of nodes and layers [31]. In the case of this
study, a univariate input layer and four nodes as shown
in Figure 1 gave the best model.

Time (d)

Figure 1: Univariate Artificial Neutral Network obtained from JMP

x.  ANN-ARIMAHybrid Mode!

Zhang investigated the concept of the hybrid
ANN-ARIMA  model to obtain precise results as
compared to using both models separately [12].
Numerous techniques, which explored the hybrid
approach have been used for many years to take
advantage of the unique strengths of each of the various
types of models. The objective of merging the models is
due to the notion that a single model is able to define all
the specifics of time series [32]. Mathematically, time-
series data can be expressed as a combination of linear

and non-linear components [15]:
Yo =L + N (14)

Where Y, shows the time-series data, L, indicates the
linear components, and the non-linear components are
represented by N,.

© 2020 Global Journals

Mathematically, the neural network model for
residual of n input nodes can be expressed as follows:

e =f(er-1+e 2., €p) (19)

Where f is a non-linear function that is specified by the

neural network. With regard to the results of the

prediction error of N,, the combination forecast using the

hybrid method can be expressed as:

j}t=zt +Nt- (16)

N,is obtained from the predicted values of the

ANN model while L, is the forecasted value from ARIMA
based on the residual values.

[1I.  RESULTS AND DISCUSSION

Kappa Citrine and JMP software were used for
the simulation of the models. The experimental results
obtained are explained below.



a) Results for the Arps Model

Kappa Citrine software was initially used for
determining the parameters for the Arps model. The b
and D; values were found to be 1.10 and 0.12
respectively. Subsequently, JMP software was used to
construct the prediction model. The second step was to
graph a semi-log plot (log g vs. t) to determine the

300
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q (t) MSCF /day

50

s
S Domg

model forecasting equation and parameters. The

forecasting equation is given as follows:
c
y =

1+e(-ax2-b)

where ¢ is the asymptote, a the growth rate while b is
the inflection point. The actual and forecasted flow rate
values are shown graphically in Figure 2.

(17)

0 100 200 300

400 500 600 700 800

Time (days)

¢— Actual Values 0 Predicted Values

Figure 2. Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using
the Arps model

The results for the model appear in some
instances to over- and in other instances to
underestimate the data. The results concur with
literature, which suggests that the weakness of the Arps
model is overestimation of results. Tan et al. (2018) [32]
in their study highlighted that although the Arps model is
simple and fast, it often fails to accurately fit the decline
curve of unconventional reservoirs. They further
explained that the model often tends to overestimate the
EUR for shale gas wells because it assumes that a BDF
regime is evident. Paryani et al. (2018) [3] concurred
with these findings, explaining that the drainage area is
not constant because the pressure pulse continues to
spread from the fracture to other areasof the reservoir
volume. Under these conditions, the bvaluepredicted by
the Arps model for the actual production data will be
greater than 1 as in this case b =1.10. This in turn leads
to inaccurate estimates of reserves.

b) Results for the Duong Model
The parameters for the Duong model were g; =
3612, a = 1.07 and m = 1.10 respectively. In this

instance a log-log linear plot (log g vs. log t) was used.
The forecasting equation is given as:

y=bx+c (18)

where b is the slope and c is the intercept. The actual
and forecasted flow rate values can be seen in Figure 3.
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Figure 3. Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using
Duong’s model

The results for the Duong model indicate an
overall underestimate of the data. Meyet et al. (2013)
[33] mentioned in their work that the Duong model tends
to provide the most conservative results. This could also
be attributed to the fact that the Duong model tends to
be more accurate for linear flows and bilinear-linear
flows[28]. Paryani et al. (2018) [3] in their work found
that the well fitted with 51% of the historical production
data, and that the Duong model fits better with longer
and less noisy historical production data.
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c) Results for the Power Law Exponential (PLE) Mode!

The parameters used in the model for n and D;
are 0.182 and 0.268 respectively. A log-log plot (log g
vs. log t) was used in the model forecasting. The
forecasting equation is given as:

y= a+ be” (19)

where a is the asymptote, b is the scale and ¢ is the
growth rate.The actual and forecasted values can be
seen in Figure 4.

0 100 200 300

400 500 600 700 800

Time (days)
¢ Actual Values

O Predicted Values

Figure 4. Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using
the PLE model
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The results for the PLE model appear to
underestimate the data although the PLE considers BDF
and TFR, which is an advantage of the model.
Furthermore, the model was specifically developed for
SGRs, hence it was assumed that the results would be
better. This is comparative to the findings by Paryani et
al. (2018) [3], as based on their results the PLE
consistently gave the lowest forecasts for all the models.
It is therefore the most conservative method for
production forecasting and reserves estimation.
Seshadri and Mattar (2010) [27] concluded that for tight
gas wells, the PLE model is complex and non-intuitive.
The power law model can result in a non-unique solution
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50
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due to four degrees of freedom resulting from the four
unknown parameters[34].
d) Result for the Arps-Duong-PLE Hybrid Model

A plot of Z—ivs. t was used in the model
forecasting. The parameter g, used was 361.2 which

was noted earlier in Duong’'s model. The forecasting
equation is given as:
y= a+be”* (20)

where a is the asymptote, b is the scale and c is the
growth rate. The actual and forecasted values are
graphically represented in Figure 5.

—0o-0-00Qg 0

0 100 200 300

400 500 600 700 800

Time (days)

< Actual Values

[0 Predicted Values

Figure 5: Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using
the Arps-Duong-PLE hybrid model

Based on the results, the model appears to
over- and underestimate the data. However, the gap
between the actual and predicted results is minimised.
This could be attributed to both BDF and TFR being
considered. In addition, the conservative approach of
Duong’s and the PLE models along with the inaccurate
fitting of the Arps decline curve of unconventional
reservoirs could be a contributing factor.

e) Result for the Arps-Duong Hybrid Model

A plot of % vs.t was used in the model

forecasting. The forecasting equation is given as:

y= a(l—e ) 1)

where a is the asymptote, b is the scale and c is
the growth rate. The actual and forecasted values can
be seen in Figure 6.
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Figure 6: Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using
the Arps-Duong hybrid model

The predicted results for the model appear to
be severely overestimated from the actual results in the
latter stage of production. This would be the result of
combining the drawbacks of the two models, which
causes the elevated results observed. In line with this,
firstly, most shale gas wells rarely reach the boundary-
dominated flow regime, hence the Arps model cannot
be applied directly to SGRs without significant
modifications [32].Secondly, in the findings of Paryani et
al. (2018) [3], extremely high reserves estimates were
occasionally observed with the Duong model. The
results of Hu et al. (2018) [35] concurred with these
results, for the Austin Chalk wells, whereby the Duong

300
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200 | ¢
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100 g‘%ﬁ

50

q (t) MSCF /day
2 0

model gave the highest weighted residual of production
rate.

) Result for the Arps-Power Law Exponential Hybrid
Model

1
A plot of ;—t vs.t was used in the model

forecasting. The forecasting equation is given as:

c

y= 1+e(~9 —b) (22)
where ¢ is the asymptote, b is the inflection point and a
is the growth rate.The actual and forecasted values can
be seen in Figure 7.
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Figure 7: Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using the
Arps-PLE hybrid model
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The results from the model initially appear to
over- and underestimate the data prediction; however,
the results tend to move closer to the actual values over
time. This would be attributed to the reliability in the Arps
model and the fact that the PLE model was developed
precisely for SGR. Moreover, both flow regimes are
considered and since most shale gas wells rarely reach
the boundary-dominated flow regime, the results appear
to move closer to the actuals when reaching the TFR.
Hence, by combining the models the overestimation of
the predicted results is minimised over time.

300

on

o o

250

200 a

) The Duong-PLE Hybrid Model
A plot of ™% vs. t was used in the model

qm

forecasting. The forecasting equation is given as:

y = a(l —be ) (23)

where a is the asymptote, b is the scale and c is the
growth rate. The actual and forecasted values can be
seen in Figure 8.
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Figure 8: Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using the
Duong-PLE hybrid model

The trend of the results indicate an over- and
underestimation. As mentioned by Vanorsdale [36], the
PLE and Doung’s model will yield an optimistic recovery
when the flow regime changes. This trend is clearly
evident in the results when combining the models.

h) Result for the ARIMA Model

As mentioned earlier under the Research
Methodology section, the best fit for the ARIMA model
was a (2,1,2), which gave the best forecast values due
tohaving the lowest MSE of 4.82, a low BIC of 8.23 and
highest adjusted R? of 0,979. The best modelis reflected
as follows:

(24)

The actual and forecasted values can be seen in
Figure 9.

Y, =0,Y, 5 + @161+ 0260+ &
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Figure 9: Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using the
ARIMA model

The predicted results from the model appear to  j)  Results for the ANN Model
follow a close trend to the actual values. Raymond In the case of this study, a univariate input layer
(2007) [37] suggested that ARIMA models have proved  and four nodes gave the best model fit i.e. (1-4-1) for the
to be excellent short-term forecasting models for a wide  production flow rate over a period of time. The actual
variety of time series because short-term factors are  and forecasted values are graphically represented in
expected to change slowly. This can explain the reason  Figure 10.
as to why the ARIMA fared well compared to the other
models discussed so far.
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Figure 10: Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using the
ANN model
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The predicted results from the model appear to
follow a very close trend to the actual values. Zhang
(2003) [12] indicated that neural networks are useful for
modelling and predicting the properties of time series
data. Cybenko (1989) [38] described neural networks as
having a universal non-linear function and a relatively
good degree of forecasting accuracy. In addition,
according to Hill et al. (1996) [39], neural network
forecasting provides better results than traditional
forecasting methods over monthly as well as quarterly
periods.

j)  Results for the ANN-ARIMA Hybrid Model
The steps employed by Ayub and Jafri (2020)
[10] were used to construct the ARIMA-ANN hybrid

model. This entailed a two-step process, which involved
the following:

In the first step, the ANN is used to predict gt
and residual et is produced and provided to the ARIMA
to predict the error. In the second step, the predicted gt
by ANN is summed with the error produced by the
ARIMA model to give the final predicted values. The
equation is as follows:

e =Y, — N, (25)

Y, is time series while N, is the nonlinear
component. ARIMA is used to reproduce e, to generate
the forecast series of @,.The actual and forecasted
values can be seen in Figure 11.
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Figure 11: Graphical representation of actual flow rate vs. forecasted flow rate for shale gas production using
the hybrid model

The predicted results from the model appear to
be overestimated compared to the actual values. This
result appears to contradict what has been indicated
through the literature. According to Faruk (2010) [40],
hybrid methods have a higher degree of accuracy than
neural networks. Cybenko (1989) [38] indicated in his
work that hybrid models combine the advantages of
ARIMA with respect to linear modelling and neural
networks in terms of non-linear edge modelling.
However, Taskaya-Temizel and Ahmad (2005) [41]
made reference in their work that in some
circumstances, the single model approach can
outperform hybrid models. This has been observed
during this study.

k) Model Accuracy Evaluation

In order to assess the accuracy of the models,
three sets of different production data were used to
perform the evaluation. The estimated data was
extracted from the work of Adekoya et al. (2009),
Brantson et al. (2019) and Tan et al. (2018) [32;42;43].
Figure 12 illustrates the actual data vs. the predicted
data for the ARIMA, ANN and Arps-PLE hybrid models.
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accuracy of the different hybrid models (a), (b) and (c)

ARIMA vs. ANN vs. Arps-PLE hybrid model [32;42;43]

The results from graphs a, b and c indicate that
the ARIMA and ANN models appear to predict the
production data very close to the actual values in all
three production data; however, this is not the same
trend observed for the Arps-PLE hybrid model. The
model appears in one instance to underestimate the

© 2020 Global Journals

data and in the other two instances to overestimate the
data. Hence, the results prove that with the Arps-PLE
hybrid model there is no consistency or accuracy in the
prediction of results in the three different production
data when compared to the ARIMA and ANN models.



[V. CONCLUSIONS

The objective of this study was to evaluate the
forecasting performance of decline curve hybrid models
and ANN-ARIMA hybrid models with Arps’, Duong’s,
PLE decline models, ARIMA and ANN models
respectively. The experimental results were obtained
using the different prediction models i.e. Arps’, Duong’s,
PLE, Arps-Duong-PLE hybrid, Arps-Duong hybrid, Arps-
PLE hybrid, Duong-PLE hybrid, ARIMA, ANN and, lastly,
the hybrid ANN-ARIMA model. The following can be
concluded from the study:

e The current DCA models, Arps’, Duong’s and PLE
models appear to over- and underestimate the data.

e The DCA hybrid models also did not give the best
outcome, which it was assumed they would, in
comparison to the individual DCA models. However,
the Arps-PLE hybrid model gave the closest
predicted results compared to the other DCA hybrid
models and the individual models.

o Both the ARIMA and ANN models gave the best
predicted results compared to all the models
evaluated in this study. However, when both models
were combined into the ANN-ARIMA hybrid model
the strengths of both models referenced in literature
did not provide accurate predictive data. The result
was an overestimation in the production flow rate.

e Overall, the models which gave predicted values
closest to the actuals in order of rank were the
ARIMA, ANN and the Arps-PLE hybrid model.

e In the model accuracy evaluation, the Arps-PLE
hybrid model did not provide a consistent
prediction. The model under- and overestimated the
production data compared to the ARIMA and ANN
models.

In conclusion, this study contradicted the
findings from literature which indicated that hybrid
models have a higher degree of accuracy. However, the
study concurred with Taskaya-Temizel and Ahmad
(2005) [41], whereby in certain circumstances the single
model approach can outperform the hybrid models.
Future investigation should therefore validate the ARIMA
and ANN models for SGR decline forecasting using the
factors R?, MSE and MAPE.
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Implementation of Lead Time Reduction in
Merchandising Department using Lean
Techniques

Dhaarani U®* & Thenmozhi R°

Abstract- Lean is the most common tool used to solve the
problems faced in the industry, the main goal of implementing
lean technique is to help to achieve on-time work, avoid
delay,and increase productivity. It helps to make proper
communication between different departments. This research
focuses on incorporating lean techniques helps to manage the
lead time. In this research analysis, the overall merchandising
process has been studied the time delay process in the order
execution and implemented the time, and action plan was
compared with the existing process. It was observed from the
results, productivity has been improved by the process of
implementing lean techniques.

Keywords: lead time reduction, time and action plan,
better optimum results.

I. [NTRODUCTION

to solve the continuous problems occurs in the

manufacturing industry, the main goal is to provide
customers expectation and satisfy their need, and it also
helps to reduce the wastage. It promotes the flow of
value to the work flow by implementing continuous
improvement in the overall work in progress, some of
the most used lean techniques are 5s, kaizen, value
stream and just in time methods. It also helps to
maintain inventory, better motion and it eliminates
wastage, defects, over-processing, and over
production. Lead time is the amount of time required
from the start of a process until date of completion. The
organizers are reviewing their lead time in the form of
manufacturing, supply chain management, and project
management during pre-processing, processing and
post-processing stages. Reducing lead time can
streamline the operations, improve productivity,
increasing output and revenue Production processes,
and inventory management both are affecting lead time.
Transportation delay may lead to delay in the routing
process, slows down the production and reducing
output and return on investment (ROI). During high
demand product production, productivity may increases
that may lead to reducing production time automatically.
The quicker production process to increase sales,
customer satisfaction, and organizers’ reputation. To

‘ ean is a culture in which many people use as a tool

Author a: Department of Apparel & Fashion Design, PSG College of
Technology, Peelamedu, Coimbatore-641004, India.
e-mail: dhaaru1516@gmail.com

maintain the production schedules and consumer
demand, its necessary to manage the inventory. The
production process will get stopped if the organization
fails to have the required amount of stock. The inventory
management has been done through vendor-managed
inventory (VMI) program, which provides automated
stock replenishment. These can be done by the off-site
supplier, using just-in-time (JIT) inventory management
for ordering and delivering components based on
usage.

Some lead time delays cannot be predicted. A
shipping delay may happen due to raw material
shortages, natural disasters, human error, and other
uncontrollable issues that will affect lead time. For a
critical situations, the organization may employ a
backup supplier to maintain production. Working with a
supplier who keeps inventory on hand can prevent from
delay. This research is to focus on increase lead time,
productivity, and mange the inventory by applying lean
techniques.

1. LITERATURE REVIEW

The quick changes in garment styles, the
deviation of the requested amount, and the
improvement of the quality level with the most minimal
cutting rate require the garments producing industry to
concentrate on more powerful and effective assembling
procedures to get by in the profoundly serious market
[1]. These days, the degree of rivalry is extremely high,
and each industry is attempting to give great items at a
sensible expense, so lean creation is the most recent
device to accomplish this goal [2].To increase the
profitability of the clothing ventures we have to diminish
the wastage of the assembling and time to make the
product. Lean is the device to decrease the wastage in
all procedures of clothing manufacturing, diminishing
expense, and worth added to the item [1]. The idea of
lean assembling has been presented in Japan, and the
Toyota creation framework was the first to utilize lean
practices. Lean assembling helps in improving creation
forms and boosting up the worker's work fulfillment
(Singh, Garg, Sharma and Grewal, 2010c) [3].
Promoting capacities is to design clothing items to draw
in their objective customers, a value that they ready to
purchase, styles they need, and the ideal time they need
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to purchase. Earlier anticipating is one of the most
significant angles to achievement in the present clothing
industry [7]

Prior, India would send out low-esteem things,
like fiber, to create textures for garments. Anyway, net
revenues are most noteworthy in the texture. India has
developed as an overall major sourcing base of cotton
attire and the vast majority of the main US retailers, for
example, J.C.penney, Gap and Nordstrom ,etc[13]

Deals execution by item classification, traffic
stream structure, benefit commitments by item
classification, the ID of promoting issues, targets for the
coming exchanging period, marketing strategies, timing
of usage, material providers, preparing necessities,
contender response, spending plan and methods for
assessment are the important significant reports kept up
by the merchandiser[14]

With the active support and cooperation of the
purchasing department and product developers, the
development of samples was observed based on the
technical data of specific buyers. Researchers directly or
indirectly participated in the study of the sample
preparation and approval process of the knitted
composite material factory [6]

The sewing industry is a major part of the textile
industry, which requires many operations to be
performed by using sewing machines to assemble
fabric pieces and attaching various accessories (such
as elastic bands, buttons, and labels) [21].

Each department must mainly focus on lead
time management to meet their customer needs. Lead
time can be measured throughout the manufacturing
process, which indicates how quickly raw materials can
be transformed into finished products [8]. The exporter
is the most important link in the industry where the
manufacturer produces the goods ordered by the buyer.
The buyer determines the specifications, quality, price,
and time[11].

Most studies only focus on a single aspect of
lean elements, and only a few focus on more than one
aspect of lean elements, but to successfully implement
lean organizations, organizations must focus on all
aspects, such as value stream mapping (VSM), cellular
manufacturing (CM), U-line system, production line
balance, inventory control, single minute mold change
(SMED), pull system, kanban, production leveling, and
timely [4]

5S visual management is one of the lean tools
to improve the process, used to establish the workplace
organization to a more standardized level. Reduce
problems in the work process, improve product quality
and productivity [1] Kanban is a subsystem of the lean
manufacturing system, and its purpose is to control
inventory levels, component production, and supply [4].
This is an important tool to increase output from the
push-pull system. Improve flexibility to respond to
customer needs, simplify the procurement process and

© 2020 Global Journals

eliminate unnecessary paper work [1] From a
production point of view, it is controlled by the logistics
chain, which is an important way to realize JIT [21] Value
stream-the collection of all the specific operations
required to bring a specific product through the three
key management tasks of any enterprise. Problem-
solving, information management, and physical
transformation, it is the process of mapping materials,
and information flows to coordinate activities performed
by manufacturers, suppliers, and distributors to deliver
products to customers [4].

Just in time means to provide one part at a
time, exactly when needed. It helps reduce batch size,
buffer size,and order delivery time [3]. The JIT method is
called continuous improvement or kaizen method, Kkai
stands for change, and zen stands for better. Therefore,
it means that continuous change is better to involve
everyone in the company and gradually eliminate
problems by collecting data [3] Indian apparel
manufacturers try to eliminate waste and increase
productivity at a lower cost. At the same time lean
manufacturing tools help improve the process
environment by eliminating waste with a reasonable
investment. It helps manage garment manufacturing
waste [1]

By using lean tools to control production,
waiting, transportation, excessive inventory,
unnecessary movement and excessive production of
major defects, this is an efficient system that brings new
achievements to the industry and customers, and it is
also committed to the concept of zero waste and
provide better quality and benefits to customers [2].
Lean surveys have been carried out to reduce some
obstacles and make it possible to run counter to the
implementation work, psychological problems, lack of
responsibility, financial problems, lack of education,
training, and demand turbulence are some of the
drawbacks [3].

Utilizing the blended technique approach, the
examination found that most organizations, as a major
aspect of their methodologies, decided the point by
point and genuine article of clothing cost by thinking
about the benefit, texture, work, trim expense, and
overheads. Cost in addition to technique, advertise
investigation, markdown  procedure, client-based
evaluation, and market division were the most famous
ways to deal with fixing articles of clothing costs [5]. The
four distinct phases of an article of clothing costing are
starter costing, cost evaluating, point by point cost, and
real expense. New textures and conceivable change
made to the examples likewise considered in the piece
of clothing costing. Significant segments in the article of
clothing cost are materials, trims, and work. Trims
incorporate help materials, for example, interlining,
strings, terminations, elastics, and names. Texture type
and amount of the texture are regularly seen as a
significant expense all together execution and wastage



level of the texture during the cutting procedure is the
most troublesome procedure to evaluate [5].
Correspondence issues, for the most part,
happen in apparel advertising and estimating, item
advancement, speaking with purchasers and providers,
finishing arranging including time and activity plan,
sourcing of crude materials, haggling with all the
required separate, example improvement and
endorsement, valuing, booking, oversight, checking the
request just as creation, obligations, and responsibility,
request managing and controlling, revealing according
to require, observing the whole process like CAD,

cutting, sewing and washing and so forth, item
conclusion, assessment and arranging, last
shipment[6].

It identifies with all the divisions like from

request to shipment; it guarantees that all the movement
assists with enduring cash. Still, a large portion of the
enterprises don't know an accurate number of tests
required for the purchasers, so it results that consistently
the greater part of the ventures shut down their business
because of the absence of executing order[9]Industry
finds it extremely difficult to identify and arrive at exact
profit made from a particular order or style. To identify
the actual manufacturing cost and compare it with the
cost projected and identify the areas which exceeded
the cost projected for each order and style [15].

Each division has a particular objective of
diminishing the lead time with the planned impacts.
Embracing innovation to take out more harms and
decrease of wastage of pieces of clothing, it additionally
assists with cutting down the remaining task at hand
and serves to diminish the assembling cost. The
business needs to guarantee that there is a legitimate
progression of expected data to accomplish the shared
objective of decreasing the assembling lead time [8].

Costing of clothing is evaluated at the hour of
test advancement, including barely any attributes, for
example, crude material cost, producing cost and over
heads, regulatory overheads, and cost of transportation
and benefit margin[10]. Fabric issue, shading conceal
coordinating of texture, coloring, and imprinting in
examining, conceal coordinating of frill and sewing
string, crease puckering, sewing quality, shrinkage of
pieces of clothing, completing of tests and untalented
professional are the most widely recognized issues
looked in the request execution[16] The finished sample
garments undergo a thorough evaluation ,whether they
want to present the overall picture of the styles in a
particular collection. Then the sample garments are
accepted or rejected [17].

For creation and all different procedures are
isolated into two classifications: esteem included and
nonesteem included. For the most part, it tends to be
commonly characterized by other hardware, parts,
materials, space, and work time, which are fundamental
in increasing the value of the item or administration [21].

The total venture made on assembling an article of
clothing is called fabricating cost; cost of a piece of
clothing is anticipated at the hour of test advancement
with numbers showed up at dependent on broad
assembling boundaries, for example, crude materials,
over heads, and overall revenue [10].

Generally speaking, assembling cost of the
processing plant is estimated with Standard Average
Minute (SAM) esteem; distinguish the utilization and
different overheads. . An old-style model could be
created to distinguish the specific expense brought
about in thr assembling process, for instance: a specific
style by evaluating the specific expense of crude
material expense of creation per unit, overheads,
genuine dismissal, edge, and cost ready. Growing such
Add on arrangement could take as long as 60 days, i.e.
is again controlled by the degree, multifaceted nature
and different components [10].

Industry discovers it amazingly hard to
recognize the specific benefit produced using a specific
request, to distinguish the genuine assembling cost and
indentify the concerned zone which surpasses the cost
anticipated for each request and styles [12]Lead time in
clothing assumes an indispensable job, so every office
needs to concentrate on lead time decrease to fulfill
their client need, and it very well may be estimated on
the absolute assembling process it demonstrated about
the completed item quality and the vibe of the item ,and
it is the one of the most significant factors which will help
the association [8].

Style industry requires gifted chiefs with a sharp
feeling of the commercial center and finely sharpened
administration aptitudes that empower them to settle on
the basic choices expected to stay with a's product
offering  seriously attractive and profitable. A
merchandiser is a mindful individual to make the item as
per the purchasers boundaries and fulfillment.
Merchandisers need to care for each activity directly
from purchasing the crude material, segments, and
adornments, making the attire, completing the clothing,
documentation, and correspondence to and from all
colleagues to at last delivery and significantly more. The
merchandisers assume the job of a 'support' inside
clothing to send out associations, arrange and balance
the business needs of the provider toward one side and
purchaser on the other. Their exhibition influences the
business  aftereffects of clothing send out
organizations [16].

ltem advancement and its job in worldwide
sourcing appear to be significant for merchandisers.
The obligation could be as little as obtaining materials
for item improvement, reaching out to the dynamic work
relationship with item engineers. Merchandisers must
comprehend the Item improvement procedure and
worldwide sourcing and a period and activity schedule,
to impart the hugeness of ideal subsequent meet-ups in
crude sourcing materials [11].
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Quality affirmation information in clothing
assembles and conveyance proposing that quality
confirmation encourages them to deal with the
conveyance plans for a superior way. "Information on a
unique item costing" and retail recommending that retail
valuing figuring is to be overseen by merchandisers.
Association and relational abilities have a better
mentality, and it ought to contribute to improving the
work culture of the association [14].

The reason for the examination is to distinguish
the job and significance of marketing and the fulfillment
level of overall revenue, scarcely any inquiries were
engaged are does the client gets a similar item what he
prefers, does it offers fulfillment to the buyer. It does the
best possible promoting will build the productivity of
retailers [20].

The components of configuration were related
with useful, embellishing and tasteful highlights that are
identified with the presentation, hues and format of the
items [18] Due to the specialized impediment of
photograph imprinting in a test where clients were
requesting real view and shade coordinating of
photograph print however in genuine case it was
unrealistic due to some specialized constraint by the
industrial facility since it requires some investment of

[11.

test making and endorsement [16]. The merchandiser's
wages are paid by the maker and relies upon retailers,
his goal must be animate stock go into assembling and
advertising economies are accomplished by the workers
in the processing plant and this manner creating more
beneficial exchanging [14].

To find out the strategic advantages of lean
techniques in the apparel industry and helps to compare
production data in terms of SMV target, line efficiency,
bottlenecks, capacity utilization in both traditional and
lean production line and to compare the productivity
factors like transportation, inventory analysis, space
utilization, defect analysis in both traditional and lean
line production [19]. Technological problems were
found in garment sample department are control of
thread tension, the problem of thread puckers, irregular
movement of fabric during take-up, sewing dynamics
with change in fabric and thread mechanical properties,
problem of needle heating and damage and needle
penetration force [16].

Implementing lean techniques in the sampling
department helps to optimize the better result for the
sample development, and it also helps to compare the
previous and future data of the sampling process.

METHODOLOGY

Study the overall work flow process of the merchandising process

l

Analyze the time delay process for order execution

|

Implementing the time and action plan in the order processing

l

To examine the standardized work flow

l

To achieve better optimum result

Methodology 1:

a) Study the overall work flow process of
merchandising process
Merchandising is the department that

intermediates between the buyer and the production

team. A garment merchandiser has to interact with
various departments to complete work on time. It
involves understanding customer needs, planning and
scheduling the work in progress, deciding on the
pricing, and communicating with the people.

Make contact with a buyer

Get order
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Do costing with a particular style

l

Negotiate with buyer

l

Order fabrics and trims for the order

|

Receive fabrics and trims for bulk order

l

Sample development

l

Approval of samples from a buyer

l

Send samples to production

Supervising the order till shipment

Methodology 2:
b) Analyze the time delay process for order execution
Time delay for the various process has been
done. It was analyzed at various stages like pattern
making process for complicated design, raw material
delay, delay in the washing process, and lack of stock. It
was observed from the study CAD department has
played a major role in calculating fabric requirements for
a particular order. If there is a delay in that process
results in a delay in fabric manufacturing process. This
type of delay may be delay in the washing process.
Other than above process delay, the various list of
process delay has been discussed here such as lack of
fabric and trims, technical issues as improper and lack
of machinery, insufficient man power, lack of
communication between various departments, sample
approval delay and delay in lead time. To over come all
the above lean tools such as 5S and kaizen were
implemented.

Methodology 3:
c) Implementing the time and action plan in the order

processing
The time and action plan is an important tool for
a merchandiser to analyze the day-to-day activities
involved in the process of completing an order. TNA is
the most important activity for timely shipment. This
process involved various departments and the process

of manufacturing. T&A plan helps the merchandising
department to analyze every individual operation in
terms of start and end of production activities. Time and
action calendar define the ideal date and period within
which the major activities of an order should occur
against a scheduled delivery (i.e., defines the planned
date and actual date) from that the delay period can be
identified. The merchandising department is highly
responsible for developing a list of activities that need to
be performed for order in an excel sheet, in that need to
mention the expected date of completion. After
completion of the TNA calendar, the activities such as
the execution of process and its problem were analyzed.

i. Time and Action Plan: Order 2131U
T & A plan for an order 2131U (Formal shirt)
style had been analyzsed and listed the over all activities
with the proper schedule.

© 2020 Global Journals

Global Journal of Researches in Engineering (]J) Volume XX Issue V Version I E Year 2020



=)

Global Journal of Researches in Engineering ( J) Volume

Fig. 1: Formal shirt

Table 1: Time and action plan

Buyer: M&S-T53 Style no: 21311 order quantity: 2000
Fabric details: 100% cotton woven shirt Product details: Women's LS denim shirt Delivery date: April 21 2020
Activity
order details Delay date Days required planned date Actual date
order received date I 1
proto sample submission 0 2
proto sample approval 0 Z
arder confirmation 0 2 1 04.02.2020 04.02.2020
L[Creceived date I Z 3 0B.02.2020 06.02.2020
Lab dip status
Labdipsubdate 0 5 5 05.02.2020 08,02 2020
Lab dip approval date 1 B 1 13.02.2020 022020
Fabric and trims for sample
Requested fabric and trims for sample I B L 13.02.2020 A.022020
Requested fabric and trims inhouse for sample -1 3 & 2022020 24022020
zample making
Fit sampla approval 3 B & 28022020 02.03.2020
(5 sample approval b 7 kil 05.03.2020 T03.2020
Requested fabric and trims for bulk 0 3 4 0r.0z.2020 07022020
Bulk fabric inhouse 5 38 days(1) ] 12.03.2020 T1.03.2020
Bulktrim inhouse 3 34 days[5] M 0a.03.2020 032020
Test repart approval 5 2 A 13.03.2020 16.03.2020
wash{heavy wash) and shade band approval 5 2 A 13.03.2020 18.03.2020
production
planned cut date -1 1 i 15.03.2020 0032020
PP meeting I 1 41 15032020 1032020
futting i 30 dayll ¢ T6.03.2020 1032020
Bulk production starts 2 3 days(d) 43 17.03.2020 [.03.2020
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Finishing date i 17 it 11.04.2020
In-line audit datz 1 1 B3 12.04.2020
Qualitychecking 1 1 ik 12042020
packaging 1 1 Tl 13.04.2020
Final quality inspection a 30 day= m 14.04.2020
Exfactory Z 30 day= m 14.04. 2020
shipment date Tdays 8 2104.2020
7
=1
5
4
3
2
: ]
:l T T T T T T T T T .I T T T T . . D I dat
L BEEE s B E 2 EEPEES R E S EREELETE SEvEEE
= 5 =] - wm o = o O O 5 = O m . = ET
s EcEgto=cEsEsss52E555285¢Es
2 E e RE S R s s S et R cREE S E =X
UEEEEﬂE‘n";:EEEEEEEE_ﬂ_nwi Er'_
2w B2 PR T REOCSEEESESs s E = 2
CceESC" RO EECZEEZESE=EE OB s £
T m = a— [ = [t = =
L E w®m > S5 5= :HNEI:EHE = o =
Eh 2 S o c s 2 i I 2d Y = 32
= Sazk 2 =g 2%
= 5 8T = = =
= E =2 £ 2 i i
2 ! =
o
L
[= =

Fig. 2: Delay date

From the above flow chart, the time required for
order execution has been identified. Analysis results
showed that the sample making process takes more
time than the planned actual time and for execution of

Methodology 4:
d) To examine the standardized work flow

few operations takes only less duration. This helps to
identify the delay process, and fast making process by
doing this study will also helpful for future order

execution.

Tech pack (contains all details like BOM, style reference and indent details)

Development Sample-1

Fit Sample-2

Grading Sample

Contract Seal-4

!

Go for Production

approval), but usually one more extra sample had to be
done for a factory use (to avoid production delay).

Three contract seal samples (One sample for
merchandiser reference and two samples for buyer
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Methodology 5:
e) To achieve the better optimum result- comparing
actual and planned capacity

i. Actual capacity
Two lines and 34 operators were allocated for
development sample, fit sample and pre-production
ii. Planned capacity
Operator capacity (garments/day)
Total operators
Total garments produced/day

=2

=34
= Operator capacity X Total operators

sample making. Based on the buyer requires the
samples were made. The actual capacity per day is 50,
and the monthly capacity is 1200 samples were done.

= 2 X 34=68 garments/day

The actual capacity plan with a lean
implemented capacity plan was analyzed and
compared. It was observed from the results; the lean
implemented capacity plan showed better results of
productivity.

IV.  RESULTS AND DISCUSSION

By analyzing the overall process of the
merchandising department, helps to know about the
delay process like sample approval, wash delay, etc. To
reduce time delay process, arrow chart and
communication clarification to the buyer and Daily
correspondence with the buyer has been done; this
helps to built a proper communication with the buyer,
response to the buyer complaints, understanding the
requirements of the buyer and satisfy their needs by
submitting the required samples and documents, follow
up the comments from the buyer. By scheduling the
TNA plan, the delay process for overall order execution
has been identified and was implemented for the next
order. To examine the standardized work in progress,
the proper filing and better communication have been
done. By accommodating samples to each, labor gives
high capacity and also helps to submit the samples to
the buyer on time without any delay; this also was
executed the order without any time delay.

V. CONCLUSION

Studied the over all work flow process for order
execution, analyzed the time delay process,
implemented the time and action plan to avoid the delay
period, balancing the standardized work process and
increased the capacity by comparing with the existing
plan results have been achieved by implementing the
lean techniques.
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Obtaining an Empirical Equation for Correcting
the Melt Flow Index of Virgin and Recycled
Polypropylene Mixtures and Analysis of
Mechanical Properties of the Blends

Luiz Gustavo Barbosa ®, Cassiano Rodrigo Dalberto © & Edson Luiz Francesquetti

Absiract- Polypropylene is one of the most used materials in
the world because of its easy processability and good
mechanical properties under different applications. As a result,
a lot of polypropylene waste is being generated and recycling
is important.The problem with recycling polypropylene is the
changing in the properties when compared to virgin
polypropylene. Processability parameters and mechanical
properties of traction and impact can be changed after
recycling this material, affecting companies in the polymer
transformation sector. Thus, this work aims to obtain an
empirical equation for the correction of the melt flow index of
virgin and recycled polypropylene mixtures and also conducts
a study on the mechanical properties of the mixtures
comparing them with those of virgin polypropylene. The
empirical equation found shows a linear relationship between
the melt flow index of the mixture and the percentage amount
of virgin polypropylene. From the mechanical properties, it was
observed that the stiffness of the mixtures is similar to that of
virgin polypropylene, however the energy absorbed under
impact is considerably lower, compromising the use of
recycled polypropylene for such application.

Keywords. recycled polypropylene, melt flow index,
mechanical properties of polymers.

l. [NTRODUCTION

Dolymeric materials are an important group of the
materials  engineering because their easy
production and wide range of applications. This
group includes materials such as plastics and rubbers
ranging from low density liquids to rigid solids [1].

The growth in the consumption of plastics in the
world is evident. In 1964 around 15 megatons (Mt) were
generated, in 2014 this production reached 300 Mt. This
production is expected to double again within 20 years,
and by the year 2050 it has practically quadruple [2].

Is estimated that if plastics were replaced by
other packaging materials, there would be an increase
of approximately 60% in the volume of waste produced,
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57% electricity consumption over the entire product life
cycle and between 78 Mt to 170 Mt of complementary
greenhouse gas emissions [3].

Despite the use of plastics in general, more
specifically the polymers, to exhibit a decrease in the
generation of waste, their discard, as well of other
consumable materials, also contributes to the
production of urban waste and for the waste in the
oceans with the aggravation of not being
biodegradable, soon this residue remains for long
periods in the nature [4].

One way to mitigate such problem is the reuse
of polymeric materials, by secondary or mechanical
recycling which according to the Union of the Plastic
Material Industry of the State of Sao Paulo (Sindiplast)
and the Environmental Company of the State of Sao
Paulo (CETESB), “[...]is the converting of plastic waste
into granules that can be reused by the productive
sector to make other products [...]" [5].

One of the most used plastics in the world is the
polypropylene (PP) wich, due to the great increase in its
productive capacity caused its cost to decrease, so it
may be used in new much applications. PP has
characteristics that allow it to be subjected to many
processing techniques such as Injection, Extrusion,
Thermoforming, Rotational Molding and Blowing [6].
The main application of PP is in the food sector,
representing 32% in products such as: packaging, lids,
tupperwares, jars, bottles and gallons. In the consumer
goods sector PP represents 17% of the market and is
applied in packaging and boxes. In civil construction
represents 3% of the market and, among others, it
replaces asbestos in fibre cement tiles and water tanks,
and it serves as a partial substitute of concrete in slabs
with the use of BubbleDeck [7]. Also, it is a raw material
for the Pack Less, a plastic pallet. In the automotive
sector it represents 9% of the market, being used in
dashboards, door panels, bumpers, grilles, for example.
[8]. Therefore, all this material when discarded can be
recycled and originate new products. In Brazil, about
8.2% of the post-consumer polypropylene is recycled,
which is processed into pellets through mechanical
recycling and subsequently produces packaging,
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automobile and  other
products [9].

However, in its use, recycled PP has different
properties in relation to virgin. One of these properties is
the Melt Flow Index (MFI), defined by many authors as
the material's processability index. The value of MFI is
important for defining the polypropylene transformation
process and also in the processability and quality of the
parts produced with this material, being that PP's that
have a higher MFI are more suitable for injection
processes [10].

In practice, when a polypropylene is recycled
presents a higher melt flow index than when virgin. The
recycling causes changes in chemical structure, in the
melt viscosity, crystallization behaviour, and tensile and
fracture properties. The main effect of recycling is the
lowering of the melt viscosity, which is attributed to
molecular weight decrease and consequently increases
the melt flow index [11]. From experience, it is known
that changing the MIF can be responsible for problems
during the plastics process transforming such as
bubbles, fillers, poor filling of the mold, in injected parts
in which this material is used.

In this context, and considering the PP's used
for making parts in a plastics processing company in
the state of Rio Grande do Sul, Brazil, which uses both
recycled and virgin PP’s, the purpose of this work is to
obtain an equation to correct the melt flow index of virgin
and recycled polypropylene mixtures in order to keep it
within the processability values required by the company

components recycled

and standardize the material used. To verify if the parts
injected with the mixture between virgin and recycled
PP's attend the technical specifications, the mechanical
properties of traction and impact were tested.

Its important to note that recycled
polypropylene, in addition to having an interesting
ecological bias, is also more economically viable.
Therefore, virgin and recycled PP mixtures can attend
projects requirements and economic and environmental
demands.

II.  MATERIALS AND METHODS

a) Materials

Neat polypropylene (PPv), commercial grade
PP CP442XP, was provided by Braskem S.A. (Brazil)
with a melt flow index of 26g/10 min (230°C / 2.16 kg),
with yield stress of 32 Mpa.

Polypropylene from secondary recycling (PPr)
with a many different melt flow index: 5.91, 5.93, 7.70,
8.23, 8.36 and 12.29 g / 10 min (230°C / 2.16 kg) was
provided by Coplast - LTDA from Manaus city
(Amazonas, Brazil).

b) Methods

i. Mixture preparation
The materials used for the measure of the melt
flow index were blended in the proportions shown in
Table 1.

Table 1: Composition of the samples used in the tests of melt flow index

Sample Composition
Virgin (%) Recycled (%)

PPv100 100 -
PPr10 90 10
PPr20 80 20
PPr30 70 30
PPr4a0 60 40
PPr100 - 100

The specimens for the tensile and impact tests
were injected in the proporcional for 30% of virgin PP
and 70% of recycled PP, following the dimensional

requirements of ASTM D638-02a and ASTM D256-02,
respectively. Table 2 shows the parameters used during
their injection.

Table 2. Injection Parameters Used in the Preparations of Test Specimens

Injection Parameter Value
Maximum holding pressure (MPa) 35
Maximum injection pressure (MPa) 50

Maximum back pressure (MPa) 8
Decompression pressure (MPa) 55

Injection time (s) 5
Temperature of zones 1to 4 (°C) 200
Temperature of zone 5 (injection) (°C) 195

© 2020 Global Journals




ii. Obtaining an equation to melt flow index of virgin
and recycled polypropylene mixture

The obtaining of an equation relating the melt

flow index with the different proportions of PPv and PPr,

was carried out empirically, carrying out tests with the

different mixtures. After the rheological tests were

performed, MFI x %PPV graphics were generated, and

so the linear equations and the general equation was

obtained of the melt flow index as a function to percent
of virgin polypropylene in the mixtures.

c) Characterization

i. Melt Flow Index - MFI
The experiment was accomplished in IFRS —
Campus Farroupilha, in Farroupilha city (Rio Grande do
Sul, Brazil), using an INSTRON CEAST equipment, type
7023, at a temperature of 230°C , 2.16 kg and 420
seconds to stabilization in according to ASTM D1238.

ii. Differential Scanning Calorimetry (DSC)

The  crystallization  (Tc)  melting  (Tm)
temperatures, and percentual of Polypropylene and
polyethylene were measured by differential scanning
calorimetry on a DSC 6000 PerkinElmer. Samples of 8
mg were analyzed under nitrogen atmosphere under a
flow rate of 20 mL/min. In order to erase their thermal
history, samples were initially heated at 30°C to 200°C
with rates of 50°C/min and kept at 200°C for 2 min.
Then, they were cooled down to 30°C with rates of
20°C/min to determine the crystallization temperature. A
second heating to 200°C with rates of 20°C/min was
conducted to evaluate the melting temperature of the
composite.

The percentage of polyethylene (PE) and
polypropylene (PP) in the composite was calculated
using the melt enthalpy reference value obtained from
the curves of the samples analyzed. To obtain the
results, the method developed by Zamin [12] was used,
in which, by the ratio Y = (AHPE / AHPP), is possible to

Y = (AHPE / AHPP) ratio

X1 (+) = Percertage of PE in te material

X2 (-) = Disregard

iii. Fourier Transform Infrared Spectroscopy — FTIR

Fourier transform infrared (FTIR) spectroscopy

analysis was performed using a PerkinElmer Frontier

spectrophotometer with an attenuated total reflectance

(ATR) accessory. Each spectrum was obtained using

five scans ranging from 4000 to 600 cm™ at a resolution

of 4cm™.

iv. Mechanical properties

The tensile test were performed according to
ASTM D638-02a, operating at a speed of 5 mm/min and
at room temperature. Five specimens of each mixture
were tested and then the mean values of elastic
modulus, yield strength and vyield strain were obtained.
To perform the tensile tests a universal testing machine
model WDWV100E, made by Time Group was used,
located in the test laboratory of the IFRS —Campus
Erechim, controlled by WinWDW software, and has a
100kN load cell and a strain gauge.

Impact tests were performed according to
ASTM D256-02 in a controlled environment, with a room
temperature of 23 = 2°C and a relative humidity of 50 =
10%. The impact strength value was obtained by the
ratio of the average energy absorbed by 8 specimens
tested according to the dimensions specified in the
standard. The tests were performed with a Zwick Izod
impact testing machine, located at the IFRS -
Farroupilha Campus. The hammer used for the test
provides 4.0 J of energy and was released from a height
of 610 mm in relation to base.

I11. RESULTS AND DISCUSSION

a) Differential Scanning Calorimetry
The Table 3 show the results of melting enthalpy

(AH), melting temperature (Tm), crystallization

determine PE percentage in the material, by the temperature and percentage of polyethylene in the
equation 1: material. The table shows that the melting temperatures
of the materials have not changed since it is a blend,
Y =0.001X? - 0.0029X + 0.0804 (1) both were close to those found in the literature, HDPE
Where: 125°Cto 135 °C and PP 160 °C to 170 °C [12, 13].
Table 3: Results of Differential Scanning Calorimetry of PE/PP and percentage of PE in the mixtures
Y =
MFI Tm PP Tm PE AH PP AH PE Tc o
Sample | (/10min) C) C) Je | e ec) | AHPE/ | %PE
AHPP
PPr2 5912 162.83 128.88 42.08 22.09 118.09 0.525 22.19
PPr4 8.36 162.34 128.03 46.72 20.35 118.16 0.436 19.51
PPr5 7.70 163.12 128.86 43.38 19.48 118.14 0.449 20.19
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The values shown in Table 3, indicate that the
material supplied by the Coplast company is not only
composed of polypropylene, but has of 20%
polyethylene. Therefore, the MFI variation does not
depend on the percentage of polyethylene present in
the composition of the material.

b) Fourier Transform Infrared Spectroscopy — FTIR

The FTIR-ATR spectra of the recycled
polypropylenes (PPr) are presented in Figure 1. The
FTIR spectra PPr matrices show characteristic bands of
PP [14], with stretching of CH and CH, bonds between
2965 and 2820 cm™, and asymmetric and symmetrical
deformations of CH and CH, at 1447 and 1378 cm™,

respectively. Still in Figure 1, is possible to observe that
in PPr4 there are changes in the range from 3600 to
3000 cm-1, related to the O-H groups, showing a peak
that may be an indication of a lot of humidity in this
sample. lts difficult to distinguish between PP and PE
just by the FTIR test, as both have similar bands; which
proves the presence of both materials is the DSC test.

In the graph of Figure 1 it is also possible to
observe the presence of calcium carbonate in the
material, through the absorption bands at 873 and 719
cm™, which are characteristic of CaCo, [16]. The PP’s
bands are in accordance with the ones found in the
literature and can be seen in Table 4.

Transmittance (a.u)

{ —PPr2 —PPr5

PPr4

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

Wavenumbers ([Cm™)

Figure 1: FTIR-ATR spectra for the PPr2, PPr4 and PPr5

Table 4: FTIR absorption bands assigned to PP and PE present in the samples

Wavenumber (cm™) ‘ Peak Assignment ‘ Reference
PP Pe
2952, 2918 and 2838 C—-H stretching [14]
2720 CH bending and CH3 stretching [15]
1456 CH3 asymmetric deformation [15]
1376 CH3 symmetric deformation [15]
1165 Bending vibration of tertiary carbon [15]
974, 841 and 808 C-H deformation out-of-plane [15]
873 C-0O, calcite, CaCO3 [17]
719 CO83, stretching [18]

c) Melt Flow Index

To evaluate the melt flow index of the raw
material with which the company works, rheology tests
were carried out on them, the first tests being carried out
using 100% of the recycled material (PPr100) and 100%
of the virgin material (PPv100). The PPv100 presented a
MFI of 26 (g/10 min) according to the value provided by
Braskem.

© 2020 Global Journals

As the MFI considered ideal is between 9 and
13 (g/10 min) for injection processes in the company
requesting the research, to obtain the equation and
analyze the mechanical properties, recycled polymers
with MFI above 9 (g/10 min) were not used in mixtures
with PPv100. The Table 5 shows the measured values of
melt flow index and the nomenclature used for each raw
material studied.



Table 5: Measured values of MFI and the nomenclature used for each raw material studied

MFI measured (g/10 min) MFI PP
26.00 MFI PPv100

12.286 MFI PPr1

5912 MFI PPr2

5.93 MFI PPr3

8.36 MFI PPr4

7.70 MFI PPr5

8.23 MFI PPr6

The Table 6 shows the results of melt flow index of the recycled polymer samples with different percentages
of virgin.

Table 6: Results of MFI of the recycled polymer samples with different percentages of virgin

Percentage of MFI PPr2 MFI PPr3 MFI| PPr4 MFI PPr5 MFI PPr6
virgin PP (% PPv) (9/10 min) (9/10 min) (9/10 min) (g/10 min) (9/10 min)
0 5.912 5.93 8.36 7.70 8.23
10 7.45 7.2 9.33 8.64 9
20 8.83 8.15 9.47 10.06 9.28
30 9.5 9.64 10.4 11 10.68
40 10.4 11.13 12.81 12.45 12.71
50 12.1 13.3 14.446 13.9 13.67
60 14.1 13.3 14.88 14.92 14.91

d) Obtaining the melt flow index equation for blends of
virgin and recycled polypropylene

The Figure 2 shows the graph with the straight

lines of each blend relating the melt flow index to virgin

polypropylene percentage. MFla being the straight line

obtained by mixing with MFI PPR2, MFIb is the straight
line obtained by mixing with MFI PPR3, MFIc the straight
line obtained by mixing with MFI PPR4, MFId the straight
line obtained by mixing with MFI PPR5 and MFle is the
straight line obtained by mixing with MFI PPRG6.
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Figure 2: Graph with the straight lines of each blend relating the melt flow index to virgin polypropylene percentage
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From the graph in Figure 2 is possible to
observe an increase in the melt flow index of the
mixtures  proportional  to  virgin  polypropylene
percentage, thats can be approximated to a straight line
for all mixtures. Thus, the line equations for the mixtures
are as follow:

Line equation MFla:

MFla = 5.9637 + 0.12645x R=0.98952

Where:

MFla: Melt Flow Index of the mixture (g/10min)
x: Percentage of PPv in the mixture (%)

R: Correlation coefficient of the line (1)

Line equation MFlb:

MFIb = 5.8947 + 0.12489x

Where:

MFIb: Melt Flow Index of the mixture (g/10min)
x: Percentage of PPv in the mixture (%)

R: Correlation coefficient of the line (1)

Line equation MFlc:

MFlc = 7.4517 + 0.12286x

Where:

MFlc: Melt Flow Index of the mixture (g/10min)
x: Percentage of PPv in the mixture (%)

R: Correlation coefficient of the line (1)

Line equation MF/d:

MFId = 7.7825 + 0.11797x

Where:

MEFId: Melt Flow Index of the mixture (g/10min)
x: Percentage of PPv in the mixture (%)

R: Correlation coefficient of the line (1)

Line equation MFle:

MFle = 7.9047 + 0.11139x

(1.1)

R=0.99824

(1.2

R=0.98963

R=0.99382

R=0.97113  (1.5)

Where:

MFle: Melt Flow Index of the mixture (g/10min)
x: Percentage of PPv in the mixture (%)
R: Correlation coefficient of the line (1)

Through the results, the general equation
obtained to increase the Melt Flow Index between PPv
and PPr mixtures, which is show below:

MFIm = MFIr + 0.120712x R=0.988468

Where:

MFIm: Melt Flow Index of the mixture (g/10min)

MFIr: Melt Flow Index of the recycled polypropylene
(g/10min)

x: Percentage of PPv in the mixture (%)

R: Correlation coefficient of the line (1)

Where the MFIr is the linear coefficient of the
equation, the value of 0.120712 which is multiplied by
the percentage of PPy, it is an average of the slope
coefficients of the lines found, and the R (correlation
coefficient of the line) is an average of the R’s of the all
lines, which shows how close to an ideal equation it is.
This general equation can be used for any MFIr value as
long as mixture with PPv CP202XP.

(1.6)

e) Mechanical Properties

After the study of the mixture of virgin and
recycled material to correct the MFI value of some
recycled PP and obtained the general equation which
will solve the company's problem, tensile and impact
tests were carried out with the aim of analyzing the
mechanical properties of the different mixtures and
comparing them with properties of virgin raw material
used.

The data obtained by the tensile test are shown
in Table 7, where PPy, has an MFI of 9.50 g/10 min, and
PPu. has an MFI of 10.68 g/10 min.

Table 7. MFI values, Yield Strenght (o,), Yield Strain (g)), Elastic Modulus (E) and impact resistance for PP,
PP\, and PP, samples

- . Impact
Composition | MFI (g/10min) o,(Mpa) g E (Mpa) Resistance (J)

PPM1
30% PPv 9.50 2023 +049 | 5.67+0.18 17325%%? 3615??51
70% PPr2 . -

PPM2 0.135 +
30% PPv 10.691 21.11+0.13 5.67 £0.18 1684 + 176.38 O 0355
70% PPr5 '

100% PPv
e 26 32 7 2023.42 3.6195

Table 7 shows that with the increase in the melt
flow index of polypropylene, the yield strenght of the
polypropylene also rises. In a comparison between the
two mixtures made PPy, and PP, it is possible to

© 2020 Global Journals

visualize an increase of 4.35% in the yield strength.The
virgin material has a value of about 50% above that
presented by the mixture between PP, and PPj of IF =
10.691 (g /10 min).For the chosen mixtures the values of



elastic modulus (E) are very close, so both samples
have the same stiffness. It is also observed that both
mixtures have lower E values than virgin material and
therefore are less rigid.

As for the yield strain, was observed in table 7
that the values found for both PP, and PP,,, are equal.
As with the elastic modulus, the highest deformation
value is in the virgin material, about 23.5% in relation to
PPuo.

When observed the results of the energy
absorbed in the impact, also in the Table 7, is possible
to verify that both mixtures of virgin and recycled
polymer absorb little energy under impact when
compared to 100% virgin material.

IV.  CONCLUSIONS

In the present work, the mixtures of virgin and
recycled polypropylene were analyzed in order to obtain
an equation to basically correct the melt flow index
required by the company to correct the injection
process. The results showed that there is a proportional
relationship between the melt flow index and the amount
of virgin polymer in the mixture. Therefore, for correction
and elevation of the melt flow index of recycled polymer,
a certain amount of virgin polymer must be insert to
reach the desired index for processing. The evaluation
of the mechanical properties showed that the mixtures
of virgin and recycled polypropylene maintains rigidity
similar that samples with 100% virgin polypropylene, but
under impact the mixtures presents a drastic drop in the
absorbed energy. Therefore, for applications that require
impact, recycled polymers would have their use
compromised.
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Development of Gravity Drip Irrigation System in
Agricultural and Bio-Environmental Engineering
Demonstration Farm, Auchi Polytechnic, Auchi

Ahanmisi Edeki* & Ajayi Asishana Stanley °

Abstract- Agriculture is known to accounts for about 70 — 80%
use of available water in the world. However, dwindling water
availability has made it necessary to improve on the way water
is used in Agriculture. Rainfall is the single most important
factor affecting crop production. The objective of this study is
to develop a gravity drip irrigation system for selected
vegetable crops. This study was carried out in Auchi
Polytechnic, which is located between latitude 7° 10" and 7°
20’ north of the equator and longitude 6°16’ and 6°36’ east of
the Greenwich Meridian with an altitude of 207m. Field
preparation was done by clearing, ploughing and harrowing.
PVC pipes were laid, 2 mm holes was made at distance of 30
cm on the 6 m PVC pipes. Components of drip irrigation system
consist essentially of main line, sub mains, laterals and
emitters. The main line delivers water to the submains and the
submains to the laterals. The set up was tested to determine
the uniformity of water emission from the drip emitters into the
field, maize, pepper, tomatos was used as the test crops and
there was uniform growth observed across the entire field. The
low cost drip system developed in this study showed a high
level of efficiency and uniformity of water emission across the
entire study area.

[. BACKGROUND OF THE STUDY

griculture accounts for about 70 — 80% use of
Aavailable water in the world (Duhrkoopet al.,

2009). However, dwindling water availability has
made it necessary to improve on the way water is used
in Agriculture. In other to make water available to
farmers throughout the season to ensure food security
(Keller and Bliesner, 1990). The increased competition
for water among agricultural, industrial and domestic
consumers creates the need for continuous
improvements in techniques for judicious use of water in
crop production. Efficient water use is becoming
increasingly important and alternative water application
methods such as drip and sprinkler irrigation may
contribute substantially in making the best use of the
scarce available water for crop production (Keller and
Bliesner, 1990, Ewemojeet al., 2006).

Irrigation is the artificial application of water to
the soil or plant, in the required quantity and at the time
needed, is a risk management tool for agricultural
production. The risk of yield reduction due to drought is

Author o o: Department of Agricultural and Bio-Environmental
Engineering Technology, School of Engineering Technology. Auchi
Polytechnic Auchi, Edo State. e-mail: ajayistan@gmail.com

minimized with irrigation. Irrigation is widely carried out
through surface, sub-surface and pressurized systems,
characterized by the mode of transport of the water onto
the point of application (Keller and Bliesner, 1990).
When water is applied on the surface, a considerable
amount is lost through evaporation, run off and deep
percolation making it less efficient.

Field application efficiency in most traditional
irrigation methods is still very low, typically less than 50
% (sprinkler irrigation) and often as low as 30 % (surface
irrigation). Excessive application of water generally
entails losses 2 because of surface run-off from the field
and deep percolation below the root zone within the
field. Both run-off and deep percolation losses are
difficult to control under furrow irrigation system, where a
large volume of water is applied at a single instance. An
alternative water application method such as the drip
irrigation method allow for much more uniform
distribution as well as more precise control of the
amount of water applied and also decreases nutrient
leaching. Drip irrigation is defined as “the slow, frequent
application of small volumes of irrigation water to the
base or root zone of plants” (Smeal, 2007). More
widespread adoption of this technology in recent years
began in the late 1960s to early 1970s. Advantages of
drip irrigation system include: less water loss, reduction
in weed growth, less labour requirements, minimal
evaporation compared to other watering methods, less
usage of fertilizer, reduced soil erosion, equitable water
distribution and higher crop production (Coelho and Or,
1999; Assouline, 2002; Wang et al. 2006).

Rainfall is the single most important factor
affecting crop production (Rukuni and Carl 2004). The
smallholder farming sector have been experiencing
decreasing crop yield due to; the erratic rainfall patterns,
non-uniform water requirement in all the growth stages,
sensitivity of crops to water stress, competing use of
water among different sectors due to climate change
(Howell, 1980).

To address all these issues there is the need to
develop an irrigation (drip irrigation) system that meets
the water use and uniform water requirement of crops
especially vegetables, to improve yield and production.
Based on the problem above, this project is significant
in the following ways: it will bring about maximum use of
available water and no water being available to weeds,
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maximum crop vyield, high efficiency in the use of
fertilizers, less weed growth and restrictions of the
population of potential hosts, low labour and relatively
low operation cost, no soil erosion, improved infiltration
in soil of low intake, readily adjustable to sophisticated
automatic control, no runoff of fertilizers into ground
water, less evaporation losses of water as compared to
surface irrigation, improvement of seed germination and
decreased to tillage operations. The objective of this
study is to develop a low cost gravity drip irrigation
system for selected crops (Coelho and Or 1999;
Assouling, 2002; Wang et al. 2006).

Africa’s regions with extensive periods of
drought and inadequate rainfall contribute to the
continent*s food shortage problem. While nature cannot
be controlled, society does have the ability to develop
and practice more efficient water usage techniques in
order to improve water supply management. One type
of technology that may contribute to the improvement of
water supply management and the associated food
crisis is drip irrigation. Drip irrigation systems (DIS) have
discharge points or sufficiently small holes in sections of
hose such that filtration is a primary concern (Benami et
al., 1984). These systems commonly use low flow rates
and low pressures at the emitters and are typically
designed to only wet the root zone and maintain this
zone at or near an optimum moisture level. Hence, there
is a potential to conserve water losses by not irrigating
the whole field. Obvious advantages of drip irrigation
include a smaller wetted surface area, minimal
evaporation and weed growth, and potentially improved
water application uniformity within the crop root zone by
better control over the location and volume of water
application (Benamiet al., 1984). Drip systems are also
commonly designed to include fertigation and
automation capabilities. In recent years, low-pressure
drip irrigation (LPDI) systems have been developed for
smaller farming areas. For many subsistence farmers, a
standard pressurized system is too expensive and
complicated, as pressurized systems are intended for
large areas of land, and therefore do not match the
needs of small subsistence farming (Phocaides, 2007,
Ascough and Kiker, 2002).

Drip systems are commonly categorized
according to either their physical structure or their
placement in the field (e.g. surface, subsurface or
suspended). The physical structures may be either:
Flexible thin-walled drip (or trickle) tape made of
polyethylene where the emitter is formed in the join, or
the emitter is joined to the inside of the tape or drip (or
trickle) tube where the structure is a thicker walled
polyethylene pipe into which the separately formed
emitter is inserted, welded, glued within, or attached
externally to the hose. A major benefit of drip is the
ability to apply small amounts of water at high frequency
intervals. This provides the opportunity to maintain the
soil moisture at a specified moisture content and

© 2020 Global Journals

changes the focus of irrigation scheduling away from
"irrigating at a frequency which does not affect output
quantity/quality" to ‘irrigating on a schedule which
maximizes output quality/quantity". This change in
emphasis may produce benefits depending on the
specific crop response to moisture stress. However,
where the crop is relatively insensitive to moisture stress
and when the available moisture content is high the
benefits of more frequent irrigation are likely to be minor
if present at all. Hence, many researchers (Hanson and
Patterson, 1974; Wendt et al., 1977; Bucks et al., 1981)
have found that drip irrigation does not increase yield
compared to other application systems where both the
volume and timing of the water applied for
evapotranspiration is non-limiting. Drip systems provide
not only the potential to irrigate more frequently but also
the ability to more readily maintain specific moisture
deficits at a level below field capacity either for part or all
of the irrigation season. Irrigating to maintain a specified
root zone soil moisture deficit provides the opportunity
for increased soil moisture storage from rainfall during
the irrigation season (Bustan and Pasternak, 2008).

The potential water application efficiency of drip
irrigation systems is often quoted as greater than 90%
(Keller and Karmeli, 1975; Jensen, 1983). However, as
with all irrigation systems, the ability to achieve high
levels of efficiency is a function of the design, installation
and management practices. Losses of water in drip
irrigation systems principally occur through evaporation
from the soil surface, surface run-off and deep drainage.
Evaporation losses are generally small in subsurface
irrigated systems due to a limited wetted surface area.
Run-off losses are also normally small due to the low
application rates. However, excessive watering periods
and the use of shallow subsurface drip on low infiltration
soils (e.g. sodic soils) can result in appreciable
tunneling of flows to the surface creating surface
ponding and the potential for localized run-off (Oriola,
2009, Polaket al., 1997).

[I.  MATERIALS AND METHODS

a) Design Concept

The concept underlining the design is to
develop a drip irrigation system that is cheap to rural
farmers using low cost, readily available materials and
adopting low technology which will require no special
skills and will be adaptable to local environmental
conditions in rural areas. The system should also be
able to perform the following:

*  Apply water to meet peak crop water requirement

* Maintain application and uniformity efficiencies at
optimum levels

» Provide an energy and water efficient system to
keep initial capital and operating cost as low as
possible
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b) Study Selection and Field Preparation

This study was carried out in Auchi Polytechnic,
which is located between latitude 7° 10" and 7° 20’ north
of the equator and longitude 6° 16" and 6°36’ east of the
Greenwich Meridian with an altitude of 207m.

Field preparation was done by clearing the
field and preparing seed beds as shown in plate 1-
3.Components of drip irrigation system consist
essentially of main line, submains, laterals and emitters.
The main line delivers water to the submains and the
submains to the laterals. The emitters which are
attached to the laterals distribute water for irrigation. The
mains, submains and laterals are usually made of black
polyvinyl Chloride (PVC) tubing. The emitters are also
usually made of PVC materials. PVC material is
preferred for drip system because it can withstand
saline irrigation water and is also not affected by
chemical fertilizers (Isrealson, et al., 2002).

In this design the following specifications was
used as adapted from Evans, (2011):

Length of ridge (lateral) = 1 m
Width of aridge = 50cm = 0.5m

"W

- 4

Area of aridge =10x 0.5 = 5m?

Depth of aridge = 0.5 m

Centre to centre of aridge =1 m

Operating pressure H =10 m

Slope of lateral line =1 %

No. of emitter = 10 = 17 spaced at 30 cm equally along
the lateral line 0.6.

The laterals were laid with caution to ensure that
there will be a uniform flow and distribution of water from
each drip hole. Levelling instruments was used to get a
good level of pipe placement on the field in the
trenches.

The field preparation was carried out as
explained in the headings below:

Site Clearing and Ploughing: Land clearing was carried
to rid the land of debris, grasses, shrubs, stumps,
stones etc. The land was previously cultivated with
cassava, care was taken to do a proper work of
uprooting left over stems after harvest. The land was
plough to a depth of 30 cm using a tractor mounted
mould board plough as shown in plate 1 and 2.

. » g s

Plate 1. Clearing and stumping operation at the research site
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Plate 3: Prepared field after harrowing (secondary tillage)

I1I.  INSTALLATION OF DRIP LINES AND
ERECTION OF WATER PLATFORM

The water storage tank was positioned on a
raised platform high enough to allow the water flow into
the field by gravity, this is shown in plate 4 — 7.

© 2020 Global Journals

Construction of Concrete Platform: The site work began
with the erection of a concrete platform (stand) for the 3,
000 litres water tank. Plates 4 — 6 shows the procedures
for creating form work, pouring of concrete and
installation of tank.
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Installation of drip lines: There was a need for a plumber  subsequently and this was done in close supervision of
to install the drip lines. The plumber was mobilized with  the researchers.
funds to secure the materials needed and to be installed

Plate 4: Form work prepared for the platform

Plate 5: 3, 000 litres tank placed on the concrete platform
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Plate 7: Buried % inch laterals

a) Design procedures
Capacity of drip system

Drip irrigation system is generally not
recommended to operate for more than 1.5 - 2.0 hours
at a stretch to avoid losses of water through leaching.
The equation to estimate Capacity of Drip System is:

T
Q=AXCUXW (1)

© 2020 Global Journals

where,

Q = Capacity of drip system, Iph

A = Total cultivated area, m?

T = Irrigation interval, days

1, =Water application efficiency (in fraction)

t = Duration of each irrigation, h

Discharge required per plant (Qp) can simply
be estimated by dividing the drip capacity (Q) by the
number of plants (n) in the area Qp = Q/n (Evans, 2011)



b) Length of main, submain and lateral lines

Length of main, submain and lateral lines can
be calculated with the help of length, width and total
number of equal sized blocks in a field, as follows:

Length of main line = width of block (if number of block
i.,e. NB = 1, in small fields)

Length of main, submain and lateral lines

e Total length of main line (Lm) = (NB-1) x width of
block (if NB>1)

Length of submain line (Ls) = width of block (Bw)
No submain if NB = 1

Total length of submain = Ls X NB

Length of lateral line (LL)= Length of block (BL)

e Total length of lateral = LL X NB X NR

Where, NR = Number of plant row per block
Number of drippers and laterals
In orchard and vegetables crops (Evans, 2011)

e Drippers are installed close to each plant
e Laterals are placed along each row of plant
e Number of laterals is taken equal to the number of

plant rows
Number of laterals and drippers
NLS = LS+ S (2)
Where,

NLS = Number of laterals per submain

LS = Length of sub main pipe, m

S = Spacing between two rows of laterals, m

In large fields total number of laterals is
estimated by multiplying the laterals per submain and
the number of submain used

NL =LM = SIfNB =1

NL = NLS x Ns if NB >1
Where,

NL= Total number of laterals

LM = Length of main pipe, m

Numbers of plants per lateral are estimated by
dividing the length of lateral pipe by the spacing
between two plants(Evans, 2011)

NPL = LL + PS 3)

Where,
NPL =Number of plants per lateral
LL =Length of lateral pipe, m
PS =Spacing between two plants, m

Number of drippers per plant is estimated as follow:
QP = Q + (NL x NPL) 4)
NDP = QP + q
Where,
QP =Discharge required per Plant, Iph
Q = Drip Capacity Iph
NL= Total Number of laterals
NPL = Number of Plants per lateral

NDP = Number of Drippers per plant

g = Dripper discharge, Iph
Total Number of Dripper required is estimated using the
equations

NDL = NDP x NPL
ND = NDL x NL
NP = NPL X NL

Where,

NDL = Number of drippers per lateral
ND = Total number of drippers

NP = Total number of Plants

NL= Total Number of laterals

NPL = Number of Plants per lateral
NDP = Number of Drippers per plant

In close growing field crops

In close growing field crops the whole area needs to be
wetted

Drippers are used to act as a line source of water rather
than a point source

In case of closely spaced field crops large number of
drippers are required

Installation and operation of such a large number of
drippers may pose problems

Therefore, emitting pipes or laterals within built
drippers placed at 30 to 40 cm along the lateral pipes
better suit such a situation(Evans, 2011).

In close growing field crops in close growing
crops, the spacing between two drippers, laterals and
number of drippers per lateral are estimated by taking
into consideration the movement of water front with time
in vertical and horizontal direction in the soil

In close growing field crops Spacing between
two drippers and laterals in a closely spaced field crop
were estimated by using the relationship, allowing 20 %
of overlapping of coverage’s of two adjacent drippers
(James, 1988, Evans, 2011).

r=109[3xqxtx1073) +2(6; — 91.)]% (5)

Where,

r = Wetted radius, m

0i = Initial moisture content of soil, per cent

0f = Final moisture content of soil, per cent
Emitter spacing is kept equal to twice the wetted radius

SE =2xr
Where,

r = Wetted radius, m

SE = Emitter spacing, m

Number of emitters per lateral may be
estimated by dividing the length of lateral by the emitter
spacing

Total number of emitters are then estimated by
multiplying the emitters per lateral with number of lateral
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NEL = L 6

=SF (6)

QL = NEL x q 7
_Q

Qs = NS €))
_0s

NLS = oL €)

NL = Q +QLif NB =1
NL = NLS X NSif NB > 1
Where,
NEL = Number of emitters per lateral
L = Length of Lateral, m
SE = Emitters spacing, m
g = Emitter discharge
Q = Drip Capacity or designed discharge
NLS = Number of Lateral per sub-main
NL = Total numbers of Laterals
QS = sub main discharge, Iph
QL = lateral discharge, Iph

Number of fittings and accessories

e Common PVC fittings are elbow, reducer, tee,
straight connector, end cap and gate valve

e Accessories for laterals includes gate valve, tee,
joiner, elbow, end caps and grommet takeoff etc

o All these components are available in 4, 10, 12, 16
and 20 mm sizes

e These takeouts/ starter and rubber grommet are
used for taking out laterals lines from submain/ main
line

c) Capacity of sub-main, lateral and main pipe

e The capacity of each lateral pipe can be estimated
by multiplying the dripper discharge to number of
drippers per lateral

e (Capacity of sub main pipe can be estimated by
multiplying the lateral capacity to number of laterals
per submain

e (Capacity of main line and control head can be
estimated by multiplying the submain discharge to
number of sub mains placed on it

e Qm=QsxNs

e Diameter of lateral pipe

o Lateral pipe is selected such that the head loss in
lateral pipe is limited within 10 per cent of the
operating pressure available at the head of the
lateral

o Expected head loss in different diameter pipes are
estimated and that smallest diameter pipe is
selected in which the head losses are within 10 per
cent of the operating pressure

e Lateral pipes having 10, 12, 16 and 20 mm internal
diameter with wall thickness varying from 1 to 3 mm
are used in drip irrigation system.

© 2020 Global Journals

First a smaller diameter lateral pipe should be
selected to reduce the total cost of system and the
friction losses are estimated by using Equation

[789000 x (N%)l'75

d4.75

XX Fy;

h= (10)
and then elevation head is added to this. If the variation
in total friction losses are found within 10 % of the
operating pressure then selected diameter is accepted.

Where,
Q = Capacity of drip system, Ips
h = Frictional loss in lateral pipe, m
Fd = Factor for multiple outlet (Based on
number of outlets)
d = Diameter of lateral pipe, mm

d) Laying of pipe in the field

The laterals were laid with caution to ensure that
there will be a uniform flow and distribution of water from
each drip hole. Levelling instruments were used to get a
good level of pipe placement on the field in the
trenches. As indicated in plate 8.
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Plate 8: Installation of the emitting points and the perforated 1 inch pipe

e) Calibration of flow in PVC pipes (tied and untied)

To obtain a uniform flow of water from the
laterals with a length of 6m, the pipes were calibrated to
determine their uniformity of emission. To calibrate the
pipe for uniformity of flow from 5 drip holes of 2mm
diameter each per lateral of 6m x 4 = 24m, end cap fixed
a tone end, elbow fixed at the other and join ted to a
pipe of height 0.6m. This was connected to the main
pipe through the elbows to supply water from the
storage tank to the main laterals through the dripholes.
Collector cans was used to collect water from the drip

holes. The collector cans were placed on a leveled
surface which was checked with a leveling device (spirit
level), to ensure even distribution of water in the drip
holes. The water collected from different drip lines at 5,
10, 20 and 30 minutes was measured using a
measuring cylinder to check uniformity of water flow
from each drip hole. The laterals are designated by
numbers while the emitters are designated by letters A —
| as shown in Table 1 — 4 and a plot of the uniformity
distribution is shown in figure 1.

Table 1: Millilitres of water emitted in 5 minutes

Lateral/Emitter A B C

D E F G H I

1 50 50 60 70 50 60 50 45 48
2 45 45 44 47 51 46 43 44 49
3 52 52 62 72 52 62 52 47 50
4 47 47 46 49 53 48 45 46 541
5 54 54 64 74 54 64 54 49 52
Average 50 50 55 63 52 56 49 46 50

Table 2: Millilitres of water emitted in 10 minutes

Lateral/Emitter A B C

D E F G H I

1 7.7 7.7 87 9.7 77 87 177 72 75
2 79 79 78 81 85 80 77 78 83
3 83 83 93 103 83 93 83 78 81
4 76 76 75 7.8 82 77 74 75 80
5 86 86 96 106 86 96 86 81 84
Average 80 80 86 983 83 87 80 77 81
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Table 3: Millilitres of water emitted in 20 minutes

Lateral/Emitter A B C D E F G H I
1 154 154 174 194 154 174 154 144 150
2 158 158 156 162 170 160 154 156 166
3 16.7 16.7 18.7 207 167 187 16.7 157 16.3
4 152 152 150 156 164 154 148 150 16.0
5 173 173 193 213 173 193 173 163 169
Average 161 161 172 186 166 174 159 154 162
Table 4: Millilitres of water emitted in 30 minutes
Lateral/Emitter A B C D E F G H |
1 250 250 300 350 250 300 250 225 240
2 225 225 220 235 255 230 215 220 245
3 262 262 312 362 262 312 262 237 252
4 236 236 231 246 266 241 226 231 256
5 272 272 322 372 272 322 272 247 262
Average 249 249 277 313 261 281 245 232 251
35.0 -
30.0 -
25.0 +
m
]
5 20.0 - _
£ H 5 Min
E
g 15.0 B 10 Min
= 20 Min
10.0
H 30 Min
5.0
0.0

Laterals

Figure 1. Average values of emitter uniformity

The results above shows a steady increase in
the litres of water emitted with time. Unless there is a
blockage in any of the emitters during long time
operation, they are quite efficient in the uniform
distribution of water over the land. Water quality and
filtration are probably the most serious concerns when
considering drip irrigation. In order to discharge very low
flow rates, the diameter of the emitter orifices must be
very small. This results in the emitters being blocked
very easily by even the smallest contaminants in the
water supply. Of particular concemn are suspended
solids, such as silt and sand, minerals that precipitate
out of solution, such as iron or calcium, and algae that
may grow in the water. Virtually every drip irrigation

© 2020 Global Journals

system must include a filtration system adequate to
prevent plugging of the emitters. A system with poor
quality water and poor filtration simply will not function
reliably enough to warrant the maintenance
requirements needed to keep it in operation. One will
think that the emitter close to the main line along the
lateral will yield more litres of water but as the water fills
the lateral it discharges it at almost equal rate.

The hours of operation needed to meet the
irrigation requirement will depend upon the flow rate of
the emitting device, the irrigation interval, and the rate of
consumptive water use by the crop. In no case should
the total system be designed to operate more than 18
hours per day. This allows time for system maintenance,



and excess capacity for catch-up in case of
breakdowns. Nor should any zone be irrigated for more
than 16 hours continuously, to allow some time for
aeration of the crop root zone.

This low cost drip irrigation system can be an
extremely versatile production tool in horticultural
enterprises. It can stretch a limited water supply to cover
up to 25 percent more acreage than a typical sprinkler
system. It can reduce the incidence of many fungal
diseases by reducing humidity in the crop canopy and
keeping foliage dry. It allows automation of the irrigation
system, reducing labor requirements. It delays the onset
of salinity problems when irrigation water of marginal
quality must be used.

This low cost system requires careful water
treatment to prevent emitter blockage problems.
Frequent inspection of the system is necessary to insure
it is functioning properly. Improper design and
component sizing can result in a system with poor
uniformity of application and a much lower than
expected application efficiency.

A properly designed and installed drip irrigation
system will normally be substantially more expensive
than a sprinkler irrigation system initially. However, the
lower operating cost and higher efficiency of the drip
system can justify the added expense very quickly in
many horticultural production systems.

IV.  PLANTING OF CROPS

The crops planted are Maize, Tomato, Pepper
and Melon. The following headings shows the
agronomic steps involved in the planting and the
planted crops shown in plate 9 and 10.

a) Amount of water to apply

Amount of water to apply was calculated based
on the various growth stages of the maize variety.
Rooting depth (Dr), depletion factor (Df), field capacity
(FC)and permanent wilting point (PWP) were considered,
resulting in the following equation;

Amount of water to irrigate = Df X (FC- PWP) x Dr
X Wetteddiameter

(1D

Df was considered to be 50% and Dr based on
the maize and the other crops planted, the rooting depth
at each growth stage of the plant. Wetted diameter of
the calibrated pipe was17cm.

b) Calculation of
oritical/ldeal Flow)

Depth of water applied (d)

Cylindrical volume of soill

Volume of water applied(V)=Wetted area (A) xDepth of

water(d)

Irrigation  Requirements  (The

V=Axd (12)

Wet ted area was given as
A= md?/4

A=3.1428x (34°/4)

A=908.038cm° = (9080.38mm-)

Volume of water applied considering the
capacity of the storage tank which is 25 liters. Taking the
number of drip holes on the lateral (16 drip holes); each
drip hole is expected to release an amount of 1.56 liters,
assuming a perfectly uniform application.

c) Depth of irgation water applying for 20.466 litres

(25 litre container was used for the calibration
but because the tap was fixed closed to the bottom of
the container some of the water was left at the bottom
by letting 20.466 litres be collected through the catching
cans and this applies to all liters used for the
calibrations throughout the calibration of the pipe for
30L, 35L, 451 and 50L respectively).

Volume of water applied (V)=20.466liters/16dripholes

V=1.28lters x1000cm°

V=12800m3 (per drip hole) Therefore depth(d) of water
applied=V/A
3 2
d=1280cm™~/908.038cm
d=1.4cm= (14mm)

Depth of irrigation water applyingfor24.614litres
Volume of water applied(V)=24.614liters/16dripholes

V=1.54liters x 1OOOCm3

V=1540cm° (
applied=V/A

per drip hole) Therefore depth (d) of water
_ 3 2
d=1540cm™~/908.038cm
d=1.7cm= (17mm)

Depth of irrigation water applyingfor28.650litres
Volume of water applied (V)=28.650liters/16dripholes

V=1.8liters x 1OOOCm3

V=18OOcm3(per drip hole) Therefore depth(d) of water
applied=V/A
3 2
d=1800cm™~/908.038cm
d=2.00cm= (20mm)

Depth of irrigation water applyingfor36.851litres
Volume of water applied (V) =36.851liters/16dripholes

V=23lters x1000cm°

V:23000m3 (per drip hole) Therefore depth (d) of water

applied=V/A
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d=23000m/908. 038 V=25600rm (per drip hole) Therefore depth(d) of water
d=2.3cm= (23mm) applied=V/A
Depth of irrigation water applyingfor40.982litres d=25600m3/908.038cm2
Volume of water applied(V)=40.982liters/16dripholes d=2.90m= (29}

Plate 10: Cross session of the entire field

© 2020 Global Journals



V. Di1sCuUsSION OF THE RESULTS

The results above shows a steady increase in
the litres of water emitted with time. Unless there is a
blockage in any of the emitters during long time
operation, they are quite efficient in the uniform
distribution of water over the land. Water quality and
filtration are probably the most serious concerns when
considering drip irrigation. In order to discharge very low
flow rates, the diameter of the emitter orifices must be
very small. This results in the emitters being blocked
very easily by even the smallest contaminants in the
water supply. Of particular concern are suspended
solids, such as silt and sand, minerals that precipitate
out of solution, such as iron or calcium, and algae that
may grow in the water. Virtually every drip irrigation
system must include a filtration system adequate to
prevent plugging of the emitters. A system with poor
quality water and poor filtration simply will not function
reliably enough to warrant the maintenance
requirements needed to keep it in operation.

One will think that the emitter close to the main
line along the lateral will yield more litres of water but as
the water fills the lateral it discharges it at almost equal
rate.

The hours of operation needed to meet the
irrigation requirement will depend upon the flow rate of
the emitting device, the irrigation interval, and the rate of
consumptive water use by the crop. In no case should
the total system be designed to operate more than 18
hours per day. This allows time for system maintenance,
and excess capacity for catch-up in case of
breakdowns. Nor should any zone be irrigated for more
than 16 hours continuously, to allow some time for
aeration of the crop root zone.

This low cost drip irrigation system can be an
extremely versatile production tool in horticultural
enterprises. It can stretch a limited water supply to cover
up to 25 percent more acreage than a typical sprinkler
system. It can reduce the incidence of many fungal
diseases by reducing humidity in the crop canopy and
keeping foliage dry. It allows automation of the irrigation
system, reducing labor requirements. It delays the onset
of salinity problems when irrigation water of marginal
quality must be used.

This low cost system requires careful water
treatment to prevent emitter blockage problems.
Frequent inspection of the system is necessary to insure
it is functioning properly. Improper design and
component sizing can result in a system with poor
uniformity of application and a much lower than
expected application efficiency.

A properly designed and installed drip irrigation
system will normally be substantially more expensive
than a sprinkler irrigation system initially. However, the
lower operating cost and higher efficiency of the drip

system can justify the added expense very quickly in
many horticultural production systems.
Conclusion

Drip or trickle irrigation refers to the frequent
application of small quantities of water at low flow rates
and pressures. Rather than irrigating the entire field
surface, as with sprinklers, drip irrigation is capable of
delivering water precisely at the plant where nearly all of
the water can be used for plant growth. Because very
little water spreads to the soil between the crop rows,
little water is wasted in supporting surface evaporation
or weed growth.

The low cost drip system developed in this
study showed a high level of uniformity of water
emission across the entire study area.

e The study should be repeated in the dry season

when soil moisture content can be effectively
monitored.
e Further studies should focus on the design

performance criteria.

e There is the need to determine the long-term effects
of the depth of pipe placement and depth of water
application on maize growth and yield.

e Economic analysis should be under taken to
determine cost and benefits of the effects of depth
of pipe placement and depth of water application on
maize performance.
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Designing Kids Wear: Summary of Research &
Recommendation for Kids Wear Designers

Archana

Absiract- The aim of this study was to present a satisfactory
clothing design for new born baby girl aged 0 to 1. This study
focuses attention on the need for comfort and easy wearable
design in the new born girls market, and provides a basis for
development of designs that are comfortable for children to
wear, and reflect preferences of both children and parents.
Research was executed to examine the history and changes of
children's wear. Internet and market research were carried out.
In-depth interview were done with their parents. A sample
was made for one of the designs, and an evaluation showed
very successful results. Summary of the research and the
result is briefly explained below with its methodology to be
done. This study will be also helpful for the kids wear
designers.

I. [NTRODUCTION

hen a designer is designing for a kid-centric
V\/brand, obviously it's important to focus on the

kids. But also he should remember it's not just
about the kids. It's about their parents, too. Kids are the
main focus of the Indian families, thus the parents wish
to dress up their kids like them. Parents consider few
things while buying a dress for their new born like
material, style, design, comfort and most importantly
whether it is easy to wear and remove without disturbing
their baby.

A kid’s wear designer should be aware of few
things before designing for new born babies. For first
few days’ right after birth, babies will be sporting
umbilical cord out for the first 10-20 days. This umbilical
cord can be short or long depending on where it was
clamped. so the designer should bear in mind and
design in such a way that the dress won't rub and irritate
the baby.

Designer should also consider that the mother
will feel little bit intimidate in the beginning to put or
remove the babies dress. so the design of the dress
should not be like pull something down over baby’s
head. And he should also keep in mind about the fabric
he going to use according to the demography. The
authors discussed about the lean role in the industries
that is discussed below:

"Children’s clothing serves as a screen on which are
projected all kinds of beliefs, anxieties and Aspirations
about children.” (Bodine, 2003, 60)

How and why should we think about children
and children’s clothing in the field of organization

Author: e-mail: atchuravi24@gmail.com

studies? How does children’s emotionally
‘uncontrollable’ and dressed bodies impact on the
everyday life of organizations? What could the clothing
of children as a seemingly mundane, earthy, and
material topic potentially offer to the field of organization
studies (OS), more broadly? As a multidimensional,
inherently personal and theoretically rich territory,
clothing and dress intimately connect material cloth to
our skin and bodies (Entwistle, 2009).

Clothes relate to our identities, embodied
experiences, and social contexts, more broadly. Acting
as something of an intermediate skin, protection or
aesthetic surface between 'inside’ and 'outside’ or 'us'
and 'the world', the type of clothes we wear on the
surfaces of our bodies make us act, move, perform and
feel differently in our bodies. "It aimost seems that to be
human is to understand the structure of cloth, its
interlacing’s, and its feltings”, Ripping (2012, 144)
suggests.

The marketing literature relating to children’s
consumption has been and continues to be dominated
by ‘consumer socialisation’ research (John, 1999) that is
heavily underpinned by cognitive, developmental
psychology and that aims principally to understand how
individual children accrue - across predictable ‘age-
stages’ (Piaget, 1960) - an increasing level of
sophistication in interpreting marketing messages and
operating competently and autonomously within the
market place (e.g. John, 1999; Oates et al.,, 2001;
Chaplin and John, 2007).

[I. METHODOLOGY

Method followed for achieving the desired result
was followed through conduction of research starts with
collecting secondary data through already available
research papers and articles which give a wide view of
kids wear market. The second step is collecting primary
data by surveying, fixed number of consumer were
interviewed, as well as by observation of present trend
of clothing among kids by visiting various public places
like parks and malls and local market was done. Finally
the collected data was analyzed and results were
developed.

a) Collecting secondary data

We have to keep in mind that the parents are
going to be changing a lot of diapers throughout the day
for newborns, so the designer should design clothing
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that makes this easier for the parents. Designer should
also remember that newborns grow fast, so you really
don’t need to go crazy with newborn outfits. Few already
existing designs for kids are.

Onesies are the staple of baby’s wardrobe
.People use onesies instead of regular shirts because
they snap at the crotch, thereby preventing them from
hiking up. Unless you live in a warm climate, long-
sleeved onesies are preferred to keep those pudgy little
arms warm.

b) Preparing a questionnaire
Questionnaire is prepared accordingly:

Pants, If it's not warm, babies need pants to
accompany the afore mentioned onesie and cotton
pants are much more comfortable. The footed onesie
is the most awesome, easy, useful piece of clothing you
can buy. Forget about an onesie, pants, socks, shoes,
and mitts. Jammies are also easier to find because
stores just call them pajamas, unlike the aforementioned
situation. Footed jammies are the best to ensure those
little feet stay nice and warm.

QUESTIONNAIRE

[DESIGNING KIDS WEAR: SUMMARY OF RESEARCH & RECOMMEMNDATION
FOR KIDS WEAR DESIGMERS)

Farent name:

Location:

Baby name:

EEnder:

Age:

1. How often do you purchase for your baby?

O very often O often

Orare

O veryrare

2. What are the things you consider before buying? [Can mark more than one answer)

0 fabric O design 0O style
3. what fabric do you prefer?
O cotton 0 linen 0 knit fabrics

4. Your design preference?
O zimple designs O plain

5. What kind of print do you prefer?
O colorful

0 zimple 0 plain

&. Difficulties in the already existing baby wear?

7.any suggestion for the new ::Isslgn?l

c) Analyzing the report

19 new born baby girls mother was asked to
answer this questionnaire. Their answers are collected
and analyzed to make a final report.

e 70 % people picked “very often” and remaining 30
% picked “often”. The other two options were picked
by none.

o 40 % people picked “style”,30 % people picked
“fabric”,20% people picked “design” and only 10%
people picked “price”

e 30%people picked “cotton”, 40% people picked
“knit fabric”, 20 % people picked “linen “and only
10% people picked “bamboo rayon”.

© 2020 Global Journals

O heavy embellichment

O price

0 bamboo rayon

O moderate embellishment

O dossn't matter

e 60 %people marked “simple” and “plain”, 20%
people marked “colorful”, and the rest selected
“‘doesn’t matter”.

e Most of the new born baby’s parents feel difficulty in
removing the dress over the head of their baby. And
they are concerned about the fasteners in the back
of the neck, since new born babies are lying in their
back most of the times; they need a simple solution
for this.


https://amzn.to/2jDkYGN�
https://amzn.to/2jDkYGN�
https://amzn.to/2jDkYGN�

d) Designing kids wear

L]
L]
[ ]
L]
Design no.1 Design no.2
i o
]
]
L
]
o
-
-~
Design no.3 Design no.4
L]
[ ] L]
L J
-
L
L]
L ]
L]
L J
L]
L J
-
.
L ]
Design no.5 Design no.6
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O
0
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Design no.7

e) Parents Feedback about design
19 new born baby girls mother was asked to e
give feedback about the designs made. Their answers

are collected and analyzed to make a final report.

e Design no 1: easy to wear without disturbing the e
baby but for frequent diaper change it's not that
helpful .

e Design no 2: easy to wear and remove, the closure
at the shoulder is innovative

e Design no 3:same like the design no 1,thus not

f)  Results

Design no.8

helpful for the diaper change

Design no 4:60% parents picked this dress for their
baby.but they preferred the same design with short
sleeves

Design no 5: suitable as a night wear or for winter
rainy season.

Design no 6,7&8 are the most liked design thus
sample of each one is made.

Design no 1:

© 2020 Global Journals



DESIGNING KIDS WEAR: SUMMARY OF RESEARCH & RECOMMENDATION FOR KIDS WEAR DESIGNERS

Design no 2:

Design no 3:

1.  CONCLUSION

Thus from above review a design for new born
baby girl is suggested and designed, This was to
present a satisfactory clothing design for new born baby
girl aged 0 to 1, the proposed focuses attention on the
need for comfort and easy wearable design in the new
born girls market, and provides a basis for development
of designs that are comfortable for children to wear, and
reflect preferences of both children and parents. A
sample was made for one of the designs, and an
evaluation showed very successful results. Summary of
the research and the result will be also helpful for the
kids wear designers.

2.

3.

BIBLIOGRAPHY

Beatto, G., (April 1997). Girl Games: Computer
Games for Girls is No Longer an Oxymoron. Wired
Magazine.

Benford S., & O'Malley, C., & Simsarian, K., &
Stanton, D., &Sundblad, Y., & Taxen, G.et al
(2000).

Designing storytelling technologies to encouraging
collaboration between young children. Proceedings
of ACM CHI 2000 Conference on Human Factors in
Computing Systems v. 1 (pp.556-563). Bernard,
M.L. (2001).

© 2020 Global Journals

Global Journal of Researches in Engineering ( J) Volume XX Issue V Version I E Year 2020



(J) Volume XX Issue V Version I E Year 2020

S

S

ournal of Researches in Engineering

Global ]

10.

Criteria for optimal web design: How can | make my
site more accessible to children? Software Usability
Research Lab. http://psychology.wichita.edu/optim
alweb/children.htm Bernard, M., & Mills, M. (2001).
vanQdijk J, Kull |, Borres MP, et al. Breastfeeding
and allergic disease: a multidisciplinary review of
the literature (1966-2001) on the mode of early
feeding in infancy and its impact on later atopic
manifestations. Allergy 2003; 58:833-960.

How We Design, What We Design and Why. San
Francisco, CA: Morgan Kaufmann Publishers. Druin,
A. & Solomon, C. (1996).

Astrid huopalainen - Studying the clothing of
children as a site of ‘silent embodiments’.

Children's Wear Design Considering Physical
Changes of Children and Fashion Preferences of
Children and Parents-Erica Robles-(2004).
Designing for Kids in the Digital Age: Summary of
research and recommendations for designers-
Jennifer Borse-

Barnes J, Stein A, Smith T, Pollock JI, ALSPAC
Study Team. Extreme attitudes to body shape,
social and psychological factors and a reluctance to
breast feed. J Roy Soc Med 1997;90:551-9.

© 2020 Global Journals



V2 GLOBAL JOURNAL OF RESEARCHES IN ENGINEERING: |
GENERAL ENGINEERING

"’Nﬁ Volume 20 Issue 5 Version 1.0 Year 2020

Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals

Online ISSN: 2249-4596 & Print ISSN: 0975-5861

Global Journals Inc.

Global Network Management under Spatial Grasp Paradigm
By Peter Simon Sapaty

Abstract- The paper describes basics of high-level management model and technology for
dealing with large distributed human or technical systems which can be represented as dynamic
physical-virtual networks covering any terrestrial or celestial environments. The main technology
component, Spatial Grasp Language (SGL), allows us to obtain powerful and compact spatial
solutions of different problems by directly expressing their top semantics while hiding traditional
system organization and management routines inside efficient networked implementation.
Different network creation, evolution, matching, and transformation approaches are investigated
and shown in SGL on general networks, which may be practically useful in a variety of areas
influencing the dangerously growing world dynamics and caused, for example, by climate
change, military, religious and ethnic conflicts, terrorism, refugee flows, weapons proliferation,
political and industrial restructuring, growing inequality, economic instability, global insecurity,
and very recently, due to the world-wide pandemic horror.

Keywords: world dynamics, high-level network management, spatial grasp technology, spatial
grasp language, network evolution, network dynamics, graph pattern matching, distributed
simulation, parallel and distributed programming.

GJRE-J Classification: FOR Code: 091599

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

© 2020. Peter Simon Sapaty. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



Global Network Management under Spatial
Grasp Paradigm

Peter Simon Sapaty

Absirac- The paper describes basics of high-level
management model and technology for dealing with large
distributed human or technical systems which can be
represented as dynamic physical-virtual networks covering any
terrestrial or celestial environments. The main technology
component, Spatial Grasp Language (SGL), allows us to
obtain powerful and compact spatial solutions of different
problems by directly expressing their top semantics while
hiding traditional system organization and management
routines inside efficient networked implementation. Different
network creation, evolution, matching, and transformation
approaches are investigated and shown in SGL on general
networks, which may be practically useful in a variety of areas
influencing the dangerously growing world dynamics and
caused, for example, by climate change, military, religious and
ethnic conflicts, terrorism, refugee flows, weapons
proliferation, political and industrial restructuring, growing
inequality, economic instability, global insecurity, and very
recently, due to the world-wide pandemic horror. The
demonstrated networking approach, with its unlimited parallel
and fully distributed capabilities to operate without vulnerable
central information and management resources, can also
cover much greater spheres, up to the creation and evolution
of the very universe, by offering real mechanisms for its
simulation on arbitrary large distributed computer networks
with milions to bilions of communication nodes. The
developed networking technology can be readily implemented
even in traditional university environments, as was done in the
past for its previous versions in different countries under the
author’s supetrvision.

Keywords: — world  dynamics,  high-level  network
management, spatial grasp technology, spatial grasp
language, network evolution, network dynamics, graph
pattern matching, distributed simulation, parallel and
distributed programming.

l. [NTRODUCTION

e are witnessing rapidly growing world
V\/dynamics caused by climate change, military,

religious and ethnic conflicts, terrorism, refugee
flows, weapons proliferation, political and industrial
restructuring, inequality, economic instability, global
insecurity, and very recently, due to the world-wide
pandemic horror [1-10]. Dealing with frequently
emerging crises may need rapid integration of scattered
heterogeneous resources into capable operational
forces pursuing goals which may not be known in

Author: Institute of Mathematical Machines and Systems National
Academy of Sciences, Glushkova Ave 42, 03187 Kiev Ukraine.
e-mail: peter.sapaty@gmail.com

advance. Proper understanding and managing of
unpredictable and crisis situations urgently need their
detailed simulation at runtime and even ahead of it
[11-30]. This may also require deep integration of
advanced simulation with live control and management
within united and enriching each other concepts of
virtual, physical, and executive worlds, which should be
effectively organized in both local and global scale
[31-42].

The developed Spatial Grasp formalism and
Technology (SGT), which was patented and revealed in
numerous previous publications (Wiley, Springer, and
Emerald books including) [43-48] provides basics for
deep integration, actually symbiosis, of different worlds
allowing us to unite advanced distributed simulation with
spatial parallel and fully distributed control. The
investigated applications included classical graph and
network theory problems, missile defense, massive
collective robotics, evolution of space systems, flexible
command and control, industrial, social and
international  security problems, also effectively
expressing main gestalt theory laws allowing them to
cover any distributed systems rather than just human
mind and brain. The developed formalism allows us to
directly exist, operate, and move in different worlds and
their combinations, while shifting traditional numerous
and boring system management and simulation routines
(DIS and HLA [19-27] including) completely to automatic
networked interpretation of the basic Spatial Grasp
Language (SGL), with resulting solutions often hundreds
of times shorter and simpler.

Many problems in the mentioned areas can be
formulated on distributed dynamic physical and virtual
networks, from their initial creation, growth and evolution
to possible decline and death. The current paper
analyzes and shows SGT capabilities for parallel and
often holistic expression of some basic operations on
general networks of arbitrary size and physical
distribution, which may be practically useful in all listed
above areas for solving various problems. The
demonstrated networking approach can also cover
much greater spheres, up to creation and evolution of
the very universe, by offering practical mechanisms for
its simulation on arbitrary large distributed computer
networks with millions to billions of communication
nodes.

The rest of the paper is organized as follows.
Section 2 provides basic details of the developed spatial
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paradigm that resulted in Spatial Grasp Technology
(SGT) with its basic Spatial Grasp Language (SGL)
suitable for creation and management of large dynamic
systems in distributed and parallel mode. Section 3
describes examples in SGL of simulation of hypothetical
business networks covering certain physical spaces,
highlighting top level network creation, its hierarchical
growth, appearance of new inter-node relations, and
further unlimited evolution. Section 4 gives an example
of how arbitrary large network can be created in SGL in
a randomized and parallel mode, in a single breath,
symbolically mimicking “Big Bang” hypothesis. Sections
5 and 6 are investigating different kinds of pattern
matching techniques on the created network example.
In Section 5, only constant patterns are used with known
names of all nodes and links, also ranging from simple
to arbitrary topologies. In Section 6, different patterns
with variables are considered, first with variables in
nodes only, then with variables in both nodes and links,
and additionally, with variable graph structures.
Examples of possible global network dynamics
are considered in Section 7, from their gradual shrinking
to unlimited expansion. Regarding the shrinking
process, it is shown how to substitute arbitrary sub-
network with a single node having same links to the
remaining nodes the removed nodes had. This shrinking
also continued in a repeated swallowing by such node
of new neighbors in a “Black Hole” mode, until the
whole net degenerates into a single node. Another

possible network self-destruction is shown where nodes
self-discovering fewer neighbors than a threshold given
are ceasing to exist, thus weakening in such a way their
direct neighbors, and so on. A technique is also shown
in SGL for the opposite process — unlimited network
growth by the number of nodes and links, and also
expansion in physical space up to the whole universe
(imitating “Dark Matter” hypothesis too). Section 8
concludes the paper showing possibility of SGT
implementation in traditional environments and the
ongoing researched of its applicability in other areas.

II.  SpATiAL GRASP TECHNOLOGY BASICS

a) General SGT Idea

Within Spatial Grasp Technology (SGT), a high-
level scenario for any task to be performed in a
distributed world is represented as an active self-
evolving pattern rather than traditional program,
sequential or parallel. This pattern, written in a high-level
Spatial Grasp Language (SGL) and expressing top
semantics of the problem to be solved, can start from
any world point. It then spatially propagates, replicates,
modifies, covers and matches the distributed world in
parallel wavelike mode, while echoing the reached
control states and data found or obtained for making
decisions at higher levels and further space navigation.
This inherently parallel and fully distributed spatial
process is very symbolically shown in Fig. 1.

~——~ N\

start Q

Grasp 1 Grasp 2 === Graspn

22

Feedback Control
Fig. 1. Controlled navigation & matching & grasping of distributed spaces

Many spatial processes in SGL can start any
time and in any places, cooperating or competing with
each other, depending on applications. The self-
spreading & self-matching SGL patterns-scenarios can

Spatial patterns and
infrastructures in SGL

SGL interpreters

a

create knowledge infrastructures arbitrarily distributed
between system components which may cover any
regions, from terrestrial (Fig. 2,a) to even celestial in the
future (Fig. 2,b).

Fig. 2: Spreading spatial patterns and creation of distributed infrastructures
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These infrastructures, which may remain active
any time, can effectively support or express distributed
databases, advanced command and control, situation
awareness, autonomous and collective decisions, as
well as any existing or hypothetical computational and or
control models.

b) Spatial Grasp Language

General SGL organization is as follows, where
syntactic categories are shown in italics, vertical bar
separates alternatives, parts in braces indicate zero or
more repetitions with a delimiter at the right if multiple,
and constructs in brackets may be optional:

grasp > constant | variable | [ rule ] [({ grasp,})]

From this definition, an SGL scenario called
grasp, supposedly applied in some point of the
distributed space, can just be a constant directly
providing the result to be associated with this point. It
can be a variable whose content, assigned to it
previously when staying in this or (remotely) in other
space point (as variables may have non-local meaning
and coverage), provides the result in the application
point too. It can also be a rule (expressing certain
action, control, description or context) optionally
accompanied with operands separated by comma (if
multiple) and embraced in parentheses. These
operands can be of any nature and complexity
(including arbitrary scenarios themselves) and defined

recursively as grasp too, i.e. can be constants, variables
or any rules with operands (i.e. as grasps again), and so
on.

Rules, starting in some world point, can
organize navigation of the world sequentially, in parallel
or any combinations thereof. They can result in staying
in the same application point or can cause movement to
other world points with obtained results to be left there,
as in the rule’s final points. Such results can also be
collected, processed, and returned to the rule’s starting
point, the latter serving as the final one on this rule. The
final world points reached after the rule invocation can
themselves become starting ones for other rules. The
rules, due to recursive language organization, can form
arbitrary  operational and control infrastructures
expressing any sequential, parallel, hierarchical,
centralized, localized, mixed and up to fully
decentralized and distributed algorithms. These
algorithms, called spatial, can effectively operate in, with,
under, in between, over, and instead of (as for
simulation) large, dynamic, and heterogeneous spaces,
which can be physical, virtual, management, command
and control, or combined.

SGL full syntax description, as of its latest
version, is as follows, with the words in Courier New font
being direct language symbols (boldfaced braces
including).

thru|done|fail |fatal |infinite|nil |any |all |other |all other |

current |passed |exi sting|nei ghbors |direct [forward|backward |

synchronous |asynchronous |vi rtual |physi cal |executive |

grasp - constant |variable |[ rule] [({ grasp, }) ]
constant - information | matter | custom | special | grasp
infformation >  string | scenario | number
string > ' {character}’
scenario 2>  {{character} }
number > [sign]{digit}[. {digit}[e[sign]{digit}]]
matter 2>  “{character}”
special >
engaged |vacant |firstconme |uni que |usual |real |simul ate
variable - global | heritable | frontal | nodal | environmental
global 2>  Galphameric}
heritable - Halphameric}
frontal -  Falphameric}
nodal 2> MNalphameric}
environmental >

TYPE | | DENTI TY | NAVE | CONTENT | ADDRESS | POl NT |

QUALI TI ES | WHERE | BACK | PREVI OUS | PREDECESSOR | DOER | RESOURCES |
LI NK | DI RECTI ON|WHEN | TI ME | STATE | VALUE | | DENTI TY |1 N| OUT | STATUS

- type | usage | movement | creation | echoing | verification | assignment | advancement |

branching | transference | exchange | timing | qualifying | grasp

- gl obal |heritabl e|frontal |nodal |environnental |[matter |nunber |

| MODE | COLOR
rule
type

string|scenari o|constant |custom
usage

- address |coordi nate |content |i ndex |ti me |speed |nane |pl ace |

center |range |doer |node |l ink |unit
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hop |hopfirst |hopforth|nove |shift | pass|return|follow

state|rake |order |unit |uni que |sum|count |first |l ast |m n|nmax |
random| aver age |sortup |sortdown |reverse |el ement |position |
fronto|add |subtract |nultiply]| divide|degree|separate|unite|
attach |append |[common |wi t hdraw|i ncr enent |decr enent |access |

equal |nonequal |l ess |l essorequal |nore |noreor equal |bigger |
smal | er |[heavi er |Iighter |l onger |shorter |enpty |nonenpty |

branch |sequence |paral l el |if |or | and |choose |qui ckest |cycl e |

movement >
creation > create|form|linkup|del ete|unlink
echoing >

i nvert |apply |l ocation
verification >

bel ong |not bel ong |i nt ersect |noti ntersect |yes |no
assignment - assign|assignpeers |associate
advancement > advance |slide |repeat |[align|fringe
branching >

| oop|sling|whirl |split
transference > run | call
exchange - input |output |[send|receive|enmt |get
timing > sleep|allowed
qualification >

c) SGL Interpreter

contain|release|free|blind|quit |abort |stay |lift |seize

The SGL interpreter main components and its general organization are shown in Fig. 3.

w
Control Communication Incoming E|_'\—|/ o}
Parser |—1 S
A, | processor processor queue :
-
1

> . Qutgei =
Grasps Suspended Navigation :uuu::a < -
queus grasps processor E
]
Traok Activated -
rules ]
Srasps forest -
Operation identities a
processors Knowledge -
network ¥
-
. e

Nodal Frontal Heritable Environmental
variables J \ \ variables variables variabies -
o
g £
Global -
T\ variables I Werld acecess unit | o

g! Fa™

Fig. 3: SGL interpreter main components and their interactions

The interpreter consists of a number of
specialized functional processors (shown by rectangles)
working with and sharing specific data structures. These
include: Communication Processor, Control Processor,
Navigation Processor, Parser, different Operation
Processors, and special (external & internal) World
Access Unit directly manageable from SGL. Main data
structures (also referred to as stores) with which these
processors operate (shown by ovals) comprise: Grasps
Queue, Suspended Grasps, Track Forest, Activated
Rules, Knowledge Network, Grasps Identities, Heritable
Variables,  Fontal  Variables, Nodal Variables,
Environmental Variables, Global Variables, Incoming
Queue, and Outgoing Queue. SGL interpretation
network generally serves multiple scenarios or their
parallel branches simultaneously navigating the
distributed world, which can cooperate or compete with
each other.

© 2020 Global Journals

As both backbone and nerve system of the
distributed interpreter, its hierarchical spatial track
system dynamically spans the worlds in which SGL
scenarios evolve, providing autormatic control of multiple
distributed processes. lts part related to the current
interpreter is kept in the Track Forest store which is
interlinked with similar parts in other interpreters, forming
altogether global control coverage. Self-optimizing in
parallel echo processes, this (generally forest-like)
distributed track structure provides hierarchical
command and control as well as remote data and code
access. It also supports spatial variables and merges
distributed control states for making decisions at
different organizational levels. The track infrastructure
can be automatically distributed between different world
points during scenario spreading in distributed
environments.



Each interpreter can support and process
multiple SGL scenario code which happens to be in its
responsibility at different moments of time. More details
on SGT, SGL, its implementation and investigated and
tested applications can be found elsewhere, including in
[44-48]. Implanted into any distributed systems and
integrated with them, the interpretation network (having
potentially millions to billions of communicating
interpreter copies) allows us to form spatial world
computer with practically unlimited power for simulation
and management of the whole mankind.

I1I. CREATION AND GROWTH OF BUSINESS
NETWORKS

We will show here how the birth and growth of
hypothetical business centers with subordinate units
and evolution of different kinds of channels and relations
Fy

Ymax -r-

Ymin ---

between them can be expressed in the spatial grasp
mode provided by SGL. All network nodes will be
considered as having all three (i.e. physical, virtual, and
executive) dimensions discussed in [65], and the
randomized development of business network will be
taking place in a physical region with certain
boundaries.

a) Top Level Network Creation

Creation and activation of initial top level
business nodes (having names for simplicity in digits)
with their random physical distribution, as in Fig. 4, may
be done in SGL as follows (where these initial business
loci can be created in parallel, thus simulating possible
concurrent appearance of different businesses in a
distributed area).

R e e e

Amin

Fig. 4: Creation of initial business centers

parallel (1,2,3,4,5);

creat e_node(
| DENTI TY(Nanme), CONTENT(“top”),
coor di nat e(randonm( Xmin,

Name = VALUE;

Xmax) ,

Explicit mentioning of the combined type of
these nodes (i.e. by using TYPE = P_V E) is optional,
because such features as IDENTITY and linkage to
physical (i.e. X-Y defined) space are just speaking for
themselves. In a three- dimensional environment (like,

YIL

o—0 -

random( Ymin,

Ymax))); activate(current)

for example, in outer space) coordinate Z may be
needed too.

Linking the created top level nodes by a sort of
global channels, as shown in Fig. 5 by hard lines, may
be done as follows.

/Oz
40\

s

>

X

Fig. 5: Linking business centers by global channels
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parall el (
(hop_node(1);
(hop_node(4);

I'i nkup(“gl obal ”, node(3)),
paral l el _l'i nkup(*“gl obal ",

Introducing additional top level nodes randomly
distributed in space too, which could be done in parallel,

nodes(2, 5)));

channels to the already created nodes, as in Fig. 6, may
be achieved by the following SGL scenario.

&
0_____._-

04

N,/

® s

>

X

Fig. 6: Creating new centers and connecting with previous ones

with random and parallel linking them by global
Y F Y 1
()
fO——
T
paral l el _branch(6,7,8); Nanme = VALUE;

creat e_node(
| DENTI TY( Nane) ,
coor di nat e(randon{ Xmi n,

CONTENT(“t op”),
Xmax) ,

b) Hierarchical Network Evolution and Growth

Let us consider a possible further hierarchical
extension and growth of the created network, by
introducing additional subordinate nodes to the already
establishing  directed

created top nodes with

Y r

randon{ Ym n,
randon_nodes(1, 2, 3, 4, 5)),

Ymex))); stay_parallel
activate(current))

_linkup(“gl obal ",

management links from them, as in Fig. 7, with possible
SGL scenario following. Three subordinate nodes (with
digital sub-names from 1 to 3) for each top node are
planned, with a randomly defined distance to them
within certain threshold (expressed in italics).

Fig. 7: Hierarchical evolution and growth of business network

hop_nodes(al l);
Bel ow = VALUE;
create(link(+*“manage”),

node( | DENTI TY( NAME & * -’

parallel (1,2, 3);

& Bel ow), CONTENT("“subordinate”),
coor di nat e_r andon{ maxdistance))) ;

activate(current)
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c) Appearance of Additional Inter-Node Relations
Imagine now that these new subordinate nodes
(already having direct control, management and

establish additional direct local business or even joint
production relations with other subordinate nodes
existing in some vicinity, as shown by dashed lines in

business links with their top level nodes) want to

r

Y

Fig. 8 and by the SGL scenario following.

Fig. 8: Establishing new business and information relations between nodes

hop_r andom nodes( CONTENT( “ subor di nate”)) ;
i nkup(“busi ness”,

hop_random nodes(di st ance( maxdistance),

We may also suppose that any nodes of this
network already operating for some time, may establish
different kinds of information exchange or shared

hop_random nodes(al l);
random nodes( ot hers))

d) Further Network Growth

Using similar SGL scenarios as above, we can
continue growing the network of Fig. 8, both
hierarchically by adding more levels of nodal

i nkup(“i nformation”,

1r.r r

CONTENT( “subordi nate”)))

knowledge links regardless of distance between them,
as shown in Fig. 8 in dotted lines and by the following
scenario.

subordination (names of lower level nodes may be
extended from the names of the previous level, similar to
Fig. 4), and also introducing additional direct links
between different types of nodes, as shown in Fig. 9.

Fig. 9: Further growth of the business network
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In further developments, new top level nodes
may appear with new global links between themselves
and already existing top nodes, which, in their turn, may
create subordinate nodes within any levels of hierarchy.
Various new links with other nodes can be established
too, and so on, thus effectively imitating industrial
growth in both terrestrial and celestial environments,
including its inevitable extension to Moon, Cislunar
Space, even Mars and beyond, and all this can be
clearly and concisely described and simulated in SGL.

IV. PARALLEL CREATION OF ARBITRARY
NETWORK
In the previous section we have described an

example of creation and growth of industrial-like
networks in distributed environments which, despite

20—

generality, had certain specifics like general hierarchical
organization and particular semantics-oriented types of
relations and connections between nodes.

For investigation of various operations on
general networks in the subsequent sections we will
consider here the creation of arbitrarily large exemplary
virtual network in a single breath mode, symbolically
imitating the “Big Bang” hypothesis [49]. It will be using
node names expressed for simplicity by digits and links
randomly connecting such nodes with random number
of other nodes, with link names as lower case alphabetic
letters. This is shown in Fig. 10 and by the following
parallel SGL scenario (using for compactness of the
picture only a limited number of nodes named from 1 to
20, with the number of possible connections to other
nodes just between 2 and 6).

Fig. 10: Parallel creation of exemplary network in a single breath

create_parall el _nodes(fronto(1, 20));

I'i nkup_parallel(
randon{ | ower_case_letters),
nodes( nurmber _random fromnt o( 2

If to consider distribution of the created nodes
in physical space, the scenario may look like follows,
with nodes supposedly allowed to be randomly linked
with each other only within certain threshold distance

create_parall el _nodes(
fromo(1, 20), coordinates(random Xmin,
I'i nkup_parallel(
randon(| ower _case_l etters),
nodes( nhunmber _random fromo(2, 6),

As the network and its distribution in physical
space were performed randomly by this scenario, its
real visual planar picture may not be as nice as in Fig.
10, which we have drawn here only for conveniently
showing and explaining various solutions on general
networks, to be discussed in the subsequent sections. It
to consider a 3-D network creation, distribution and
growth, say, like both on Earth and in outer space, we
should engage the third dimension too, with Zmin and
Zmax as its expected limits.

© 2020 Global Journals

6),

Xmax) ,

nanes_random(al | _ot hers),

nanmes_random(al | _others)))

between them. And the nodes’ physical positions should
also be within certain boundaries defined by: Xmin,
Xmax, Ymin, and Ymax.

randon( Ymin, Ymax)));

di st ance( maxdistance)))

V. NETWORK PATTERN MATCHING WITH
CONSTANT PATTERNS

Describing and finding different structures in
distributed networks has numerous applications in
different areas of system management. We are starting
here with discovering various structures in arbitrary
networks that have known topology and names of all
their nodes and links, which can be found by applying
corresponding constant graph patterns to the whole
network.



a) Examples of Particular Patterns and Their Matches

Three simple traditional patterns are shown in Fig. 11, with Pattern 1 just reflecting two linked nodes, Pattern
2 as a star, and Pattern 3 as a tree.

O @ @
z . . el,’ m
@ © /L o @ %

Pattern 1 Pattern 2 Pattern 3
Fig. 11: Simple graph patterns with constant nodes and links

The following is there expression and network matching in SGL, with output of the matching success
possible in different locations.

Pattern 1
Starting in the first node and output in the second node:
hop_node(1); hop(link(w, node(2)); output(OK)
Starting in the first node and output in it too:
hop_node(1); if(hop(link(w), node(2)), output(CK))
Output in the outside location from which the scenario was issued and then started in the first node:
i f((hop_node(1l); hop(link(w), node(2))), output(OK))
Similar to all above will be if to start matching from the second node of the pattern. The only match of this
pattern is shown in Fig. 12.

Match 3

Match 1

Match 2
Fig. 12: Matching solutions for simple patterns

Pattern 2

The output in case of matching success can be issued in the central pattern’s node (i.e. 6) or in the scenario
starting location, with SGL code for the second case following and matching result in Fig. 12
i f((hop_node(6);
and_paral | el (
hop(link(j), node(20)),
hop(link(p), node(5)), [ |
hop(link(m, node(3)),
hop(link(z), node(14)),
hop(!ink(n), node(7)))),
out put (CK))
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.Pattern 3

The output for this tree-structured pattern can  code for the second option following and successful
be issued in the top tree node (i.e. 17) or in the scenario  match shown in Fig. 12.
starting location as for the previous pattern, with SGL

i f((hop_node(17);
and_paral | el (
(hop(link(d),

node(18));

and_paral l el (hop(link(m, node(4)),

(hop( i nk(v),

hop(link(e), node(11)))),
node(8));

and_paral l el (hop(link(f), node(9)),

out put (OK))

hop(link(e), node(15)))))),

b) Dealing with Arbitrary Patterns this, some nodes may be repeated more than once, as

Any constant graph pattern can be easily for the pattern in Fig. 13,a and one of its possible tree
represented as a tree too, as in the previous case, which  representation shown in Fig. 13,b. The repeated nodes
should cover all pattern’s nodes and all links, and for in this tree will be as: 6, 7, 10, and 14.

N

e a & ]c a
@f °\ | @/ 0\@

Lol Y NN
<c'> @3@?@-\@@@
@ b

Fig. 13: Representation of arbitrary graph pattern by a tree with repeating nodes

The SGL matching scenario will be as follows, with matching result to be issued in the outside position
issuing the scenario (the output can also be organized in the top tree node, here 4).

i f((hop_node(4);
and_parall el (
(hop(link(a),

node(19));

and_paral |l el ((hop(link(l), node(10)); hop(link(l), node(14))),

(hop(link(c),

hop(link(l), node(7))),
node(7));

and_paral | el (hop(link(w), node(10)),

(hop(link(e),

hop(link(x), node(14)),
(hop(l'ink(n), node(6)); hop(lik(z), node(14)))),
node(3));

and_paral l el (hop(link(k), node(7)),

out put (OK))

hop(link(i), node(6)))))),

Successful matching result for this tree-converted pattern is shown in Fig. 14.

© 2020 Global Journals

Fig. 14: Matching result for arbitrary graph pattern



VI. UsING GRAPH PATTERNS WITH well as total graph structures with not known in advance
VARIABLES numbers of nodes and links.

a) Patterns with Variables in Nodes Only

Such patterns will be having variables in all
nodes only with their meanings to be found after
successful matches with the network, by using different
constant graph structures, from simplest to most
general.

In the previous section we considered finding
parts of the network with exact structures, exact number
of nodes and links, and all link and node names as
known constants, with all this expressed in detail in the
search patterns. In the current section, we will be
considering matching patterns having variables
associated with their different elements: nodes, links, as

i. Particular patterns with nodal variables

We will be using simple patterns with variables in nodes as in Fig. 15, which are similar to the patterns with
all constants of Fig. 11.

@) n

» 19
O—w O-x0-O U/ @
t / N n a\ / b

Pattern 1 Pattern 2 Pattern 3
Fig. 15: Simple graph patterns with variables in nodes
Pattern 1

Collecting X and Y meanings and printing the successful match in the second (or Y) node, as follows.
frontal (X);

hop_nodes(all); X = NAVE; hop_link(w); Y = NAME, output (X && Y)

Printing the match in the second node without explicit using variables X, Y:

hop_nodes(all); hop_link(w); output(PREDECESSCR && NAME)

Similar, but printing the matching result in the first (or X) node:

hop_nodes(al I); output(hop_|ink(w); PREDECESSOR && NAME)

Similar, but printing all possible matches in the external location from which the scenario was issued (showing
particular results as parenthesized units to distinguish between different solutions):
out put (hop_nodes(all); hop_link(w); unit(PREDECESSOR && NAME))

Output of all solutions (see Fig. 16) will be: (2, 1), (1, 2) , (7, 10), (10, 7).
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Fig. 16: Matching results for simple patterns with variables
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Pattern 2
Printing the match found in the central, X- related node can be achieved by:
hop_nodes(al ) ;

out put (
and_paral | el (
“ X' & NAME,
(hop_link(b); “Y:' & NAME),
(hop_link(g); ‘Z:' & NAMVE),
(hop_link(p); ‘U’ &NAME),
(hop_link(d); ‘V:' & NAME),

(hop_link(t); “W' & NAME)))
Output (see Fig. 14) will be as: X:5, Y:12, Z:3, U:6, V.20, W:13.

Printing in the scenario starting location of all possible matches where different matches as separate units
should be enclosed in parentheses to be distinguishable from each other, if more than one (we only have a single
match for this pattern, as in Fig. 16).

out put ( hop_nodes(all);
unit (and_paral |l el (

"X & NAME,

(hop_link(b); “Y:' & NAVE),
(hop_link(g); ‘Z:’ & NAME),
(hop_link(p); ‘U’ &NAME),
(hop_link(d); ‘V:' & NAME),

(hop_link(t); ‘W' & NAME))))
The printed solution will be as: (X:5, Y:12, Z:3, U:6, V:20, W:13).
Pattern 3
A particular match for this pattern, if found, can be issued in the X-related node, and all matches can also
be printed in the scenario starting position (similar to the previous case). We are showing here the second option,
with only a single match available for the network of Fig. 16.
out put (
hop_nodes(al ) ;
uni t (and_parall el (
"X & NAME,
(hop_link(a);
and_parallel (‘Z:’ & NAME,
(hop_link(b); ‘W’
(hop_link(e); ‘V
(hop_link(m;
and_parallel (‘Y:’ & NAME,
(hop_link(a); ‘U’ & NAME),
(hop_link(n); ‘T:’ & NAME)))))
Output of the only match (see Fig. 14) will be: (X:18, Y:4, Z:15, U:19, V:8, W:17, T:11).

ii. Using arbitrary graph patterns of variables for a particular match at the end of the path
One of possible matching techniques for (see Fig. 17,a,b). Some nodes and links may have to be
arbitrary patterns with variables in nodes, actually the represented more than once in such a pass (not for the
simplest one, can be based on a path through all case of Fig. 17,a).
pattern’s nodes, simplifying collection of all found values

l sart e

L m K e
7 i b oo
(x6), 5 ' . : &%

@) _d | 5 n c Yo p
N @ s o @B (@ @ —> @ (—>
b ) e lc ey
Fogs b e T e -
) L e
@_@'\ il x) b
& G T e .
p n
)

Fig. 17: Universal linear representation of arbitrary pattern with variables in nodes
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With the resultant node matches represented in
the order reflecting indexing of variables Xi in the path,
and the remaining links always leading to the previous

hop_nodes(all); frontal (X) = NAME;
hop_link(n); X &= NAME;, hop_Ilink(c);
X &&= NAME; hop_link(n); X &= NAME;
hop_l i nk(p); X &= NAME, hop_link(b);

true_hop(link(z), node(X[1])); X
&&= NAME; hop_link(d);
true_hop(link(e), node(X 2]));
true_hop(link(k), node(X 3]));
true_hop(link(i), node(X 4]));
true_hop(link(g), node(X5]));

nodes of the path, the SGL solution for Fig. 17,b will be
as follows, with the output in final node of the path
corresponding to variable X7.

X &&= NAME; out put ( X)

Resultant match for variables X1 to X7, issued in the final node match 3, will be as: 11, 4, 7, 6, 5, 12, 3 (see

also Fig. 18)

Fig. 18: Matching result for the arbitrary pattern with variables

By introducing parallel branches and issuing all possible matches in the external position from which the
matching scenario was issued, the SGL solution will be as follows:

out put (
hop_nodes(all); frontal (X) = NAME
hop_link(n); X &&= NAVE; hop_link(c);
X &&= NAME; hop_link(n); X &&= NAME;
hop_l i nk(p); X &= NAME;, hop_link(b);

true(hop(link(z), node(X1]))); X
&&= NAME; hop_link(d);
true_and_parallel(
hop(link(e), node(X2])),
hop(link(k), node(X[3])),
hop(link(i), node(X[4])),
hop(link(g), node(X[5]))); unit(X & NAVE))
The only available match (same as before) will
be issued in the outside position as a parenthesized
unit: (11, 4, 7, 6, 5, 12, 3). We could also issue each
match after its full completion in the starting node of the
pattern (corresponding to variable X1, i.e. found node
11), as was shown for the previous patterns.

b) Arbitrary Graph Patterns with Variables in Both Nodes
and Links

An example of such pattern, similar to the

previous one of Fig. 17 but with variables on links too, is

shown in Fig 19,a,b, where the indexing of variables for

nodes and links is chosen to be arbitrary and possibly

more convenient, not necessarily following the path
though all nodes as before. (This is accomplished by
organizing sets of variables as indexed lists allowing for
their growth and access to elements in any order, by
explicit indices, during storing of different matches of
nodes and links).
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Fig. 19: Arbitrary graph pattern with variables in nodes and links and its linear matching template

Each matching solution can be issued in the
path final node related to X3, in its starting node related
to X1, and we can also collect all possible matches in

the scenario starting outside position, similarly to the
previous patterns, with the solution for the third option
just following.

out put (
hop_nodes(all); frontal (X, Y);
X[ 1] = NAME
hop_link(any); X[ 4] = NAME VY[3] = LINK
hop_noback_l i nk(any); X[ 7] = NAME;, Y[10] = LINK;
hop_noback_l i nk(any); X[ 6] = NAMVE; Y[12] = LINK;
hop_noback_l i nk(any); X[5] = NAME; Y[11l] = LINK;
hop_noback_l i nk(any); X[ 2] = NAVE; Y[6] = LINK
nonenmpty(Y[1] = (hop(link(any), node(X 1])); LINK));
hop_noback_l i nk(any); X[ 3] = NAME, Y[4] = LINK
true_and_parallel (
nonenpty(Y[ 5] = (hop(link(any), node(X 4])); LINK)),
nonenpty(Y[9] = (hop(link(any), node(X[7])); LINK)),
nonenpty(Y[ 8] = (hop(link(any), node(X 6])); LINK)),
nonenmpty(Y[7] = (hop(link(any), node(X[5])); LINK)));

unit(unit(“X ", X, unit('Y: ", Y)))

The output of all matches for the network of Fig.
10 (possibly, in a different order) will be as follows, with
the order of printed names of nodes and links in each

14 matches found for the graph of Fig. 18 shown in bold:
(X:11,12,3,4,5,6,7), (Y:z,b,n,d, e, b, g, i,

match corresponding to the indices of related X and Y
variables of the pattern in Fig. 19.

k,c,p,n), ...,

And also there are 14 matches for the graph of Fig. 14, in bold too:
((X:4,3,7,19,6,14,10), Y:e,c,a, k Li,n,x,w,z, 1), ...

Multiple matches for same graphs of Figs 14
and 18 appeared because each node of these graphs
can match the starting pattern’s node, i.e. X1, and also
the circular path from it via remaining nodes can
develop in two opposite directions (like clockwise and
counterclockwise), but all the mentioned above matches
are formally different and legitimate.

c) Patterns with Variable Structures

All previous cases with constants or variables in
nodes and links considered exact, fixed structures of the
patterns which should be matched with the network. But
the pattern’s structure can also be a sort of a variable
too, say, by fitting solutions with different number of
nodes and links, as well as their interconnections. We
will consider here a simple example of finding structures
representing a cyclic chain (ring) of interconnected
nodes which may not have known in advance number of

© 2020 Global Journals

nodes (say, with its maximum limited by some
threshold), with all nodes and links as variables too, as
in Fig. 20. Special constraints are also be added to this
pattern -- that all nodes of these rings do not have other
connections with each other than those forming the ring,
and also there is no at least a single outside node that
has links with all nodes of the ring (like “external
authority”, say, for special applications).
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Fig. 20: Example of a pattern with variable number of nodes and links

Finding such a match with output in its finally found (i.e. Xn related) node can be achieved by the following
scenario, with the threshold number of nodes (or count) in such matches taken as 5.
hop_nodes(all); frontal (X = NAME, Y);
repeat (
hop_noback_links(all); append(LINK, Y);
i f (NAME = X[ 1],
done(no( hop_nodes(X); hop(links(all), nodes(not(X));
and_paral | el _hop(links(any), nodes(X)));
output (unit(* X", X), unit ('Y, Y))); not bel ong( NAME,  X); no_hop_noback(!li nks(any),
nodes(X)); append(NAME, X); count(X) <= 5)
Output in the scenario starting position of all possible matches can be achieved by:
out put (
hop_nodes(all); frontal (X = NAME, Y);
r epeat (
hop_noback_links(all); append(LINK, Y);
i f(NAME = X[ 1],
done(no(hop_nodes(X); hop(links(all), nodes(not(X));
and_paral | el _hop(links(any), nodes(X)));
unit(unit( X', X), unit (Y, Y)))); not bel ong( NAME, X) ; no_hop_noback(Il i nks(any),
nodes(X)); append(NAME, X)); count(X) <= 5))
Output of only some matches in the scenario starting node will be:

((X: 1,11, 12), (Y:a, 2, ¢)), ((X: 3,7, 6), (Y: k, n, 1)), ... - all three nodes
((X: 16, 13, 5, 20), (Y: y, 1, d, b)), ((X: 4, 18, 15, 19), (Y: m, a, 1, &)) -- four nodes
((X: 19, 15, 8,9, 10), (Y: 1, &, f, u, )) -- five nodes

Some of the found matches are shown in Fig. the same solution, also develops in both ways in the ring
21 in bold or dashed lines if solutions intersect, where  (like clockwise and counterclockwise), which will be
full result includes all triangles. Each match will actually  reflected by indices of the resultant values of X and Y
have repetitions, as its search starts from all nodes of  variables.
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Fig. 21: Some matching solutions for the pattern with variable structure
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Multiple repeated solutions, which may start
from each node of the ring and develop in two
directions, can be easily reduced to only two. This is
achievable by allowing them to start only with the node
X[ 1] > NAME; not bel ong( NAME, X);

no( hop_noback(Il i nks(any),

having the strongest name (or address) among all
nodes of the ring. In this respect, we can extend the
string just before the last one in two previous scenarios
as follows:

nodes(X)));

If to take other than 5 threshold number of nodes in the previous scenario, we will have additional ring
solutions without “central authority”, as below for count(X) <= 6, see also Fig. 22.

((X:2,1,12, 5,20, 16), (Y: w, ¢, b, d, b, ¢))
((X: 13, 12, 3, 6, 20, 16), (Y: f, d, i, ], b, )
((X: 11,18, 15,19, 7,3), (Y: e, a, t, I, k, b))

x III \/qu
T4y

R

Fig. 22: Additional matches for the variable pattern with increased threshold on the number of nodes

EXAMPLES OF GLOBAL NETWORK
DYNAMICS

VII.

We will be considering here some massive
operations and transformations on distributed networks
in a global scale and their effective expression in SGL.

a) Shrinking Networks

We will show here how to express massive
gradual self-reduction of the network in its size, i.e. in a
number of its nodes and links, from its full body to the
ultimate naught, by using different kinds of parallel
techniques.

i. Substituting of a group of nodes with a single
node
By first considering the pattern of Fig. 17 with
variables in nodes, will be trying to substitute all nodes
of its match found in Fig. 18 by a single node, say, with
a symbolic name 100, which should have all links to the
remaining nodes the substituted pattern had, as in Fig.
23. Also assuming the CONTENT of this new node will
reflect the number of substituted nodes by it.

Fig. 23: Substituting a group of nodes by a single node with saving links to other nodes
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A possible SGL solution for such substitution is shown below together with the initial finding the match of the

pattern of Fig. 17.

frontal (Group) = ( hop_nodes(all);
frontal (X); hop_link(m: X =
NAME; hop_link(c); X &&= NAME;
hop_l i nk(n); X &&= NAME;
hop_l i nk(p); X &&= NAME;
hop_l i nk(b); X &&= NAME;
true_hop(link(z), node(X1]));
hop_l i nk(d); X &&= NAME;
true_and_paral | el (
hop(link(e), node(X[ 2]
hop(link(k), node(X[ 3]
hop(link(i), node(X[4]
hop(link(g), node(X5]
&& NAME) ;
sequence(
(create_node(100); CONTENT = count (G oup);
frontal (New) = ADDRESS;
hop_nodes( G oup) ;
hop(links(all), nodes(notbel ong(G oup));
I'i nkup(LI NK, node(New))),
renove_nodes( G oup))

)
)
)
))): X

~ — — —

If the group’s nodes to be substituted are known in advance, the SGL solution will be shorter, as follows.
Also, we may place the new node into the averaged topological center of the deleted group if physical positions of
its nodes are known, like for the case of virtual-physical world integration.

frontal (Group) = (11, 4, 7, 6, 5,
Center = average(hop_nodes(G oup);
sequence(
(create_node(100,
front al ( New)
hop_nodes( G oup) ;
hop(links(all), nodes(notbel ong(G oup));
i nkup(LI NK, node(New))),

12, 3);
WHERE) ;

coordi nate(Center));

= ADDRESS; CONTENT = count (G oup);

The CONTENT of node 100 will be 7, reflecting the number of nodes it substituted.

ii. Black hole mode of further network shrinking
Having substituted part of the network by the
new node named 100, as above, let us consider further
shrinking of this network in the “Black Hole” [50] mode,
where each time this new node absorbs all neighboring
nodes and establishes all links with the nodes these
neighbors had before their consumption. Let us also

“'I

Stage 1

increase the CONTENT of this Black Hole node by the
number of newly swallowed nodes by it. This spatial
iterative process, shown in three stages in Fig. 24 after
obtaining the network of Fig. 23, results in the only
renaming node 100 as the ultimate Black Hole, with SGL
solution of such gradual shrinking-consumption process
being as follows.

Stage 2

Fig. 24: Repeated “black hole” modes for further network shrinking
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frontal (Hole) =
repeat (
nonenpt y(Around = (hop_links(all);
CONTENT += count ( Ar ound)
st ay_sequence(
(hop_first_links(all); hop_first_links(al
I'i nkup(LI NK, node(Hole))),
renove(links(all), nodes(Around)); sleep(delay)

The final CONENT of the resulting Black Hole node will be:

ii. Gradual asynchronous self-destruction of the
whole network
The main idea here is that nodes having fewer
connections with other nodes than a certain threshold
are considered weak and cannot exist any more, thus
removing themselves from the network. The SGL
solution below is hopping to all nodes only once and
staying in them as long as possible until discovering the
hop_nodes(al ) ;
r epeat (
if(count(hop_links(all)) <= 3,

100; hop_first_node(Hol e);

NAME) ) ;

—--L_./'

Stage 1

rem)ve(current))'

))s

)
7+5+5+1=18

lower number of neighboring (i.e. directly connected)
nodes than the established threshold, with subsequent
self-destruction. In Fig. 25, the three stages are shown
of parallel self-shrinking of the network of Fig. 10 (the
fourth stage would just be the empty network), with the
nodes initially or subsequently (after the neighboring
nodes dying) having 3 or less neighbors ceasing to
exist.

sl eep(delay))

’”ilj\
b/@_/-\e - GED (\'3‘). _}___;-@
&g ot
Stage 3

Stage 2

Fig. 25: Gradual network self-destruction by the death of weakest nodes

Under topologies other than of Fig. 10, and also
with more links between different nodes, a part or parts
of the network can survive despite initially having nodes
below the given threshold number of neighbors, and this
threshold can also be made varying during the network
dynamics.

b) Expanding Networks

In the previous section we considered
mechanisms that can provide global shrinking of
networks, from their full body to ultimate naught. In the
current section, we will be showing how the network can
unlimitedly expand in size (i.e. the number of nodes and
links) and in physical space, also imitating a sort of its
symbolic explosion.

i. Growing by the numbers of nodes and links
We are providing here a very simple example of
a possible massive expansion of the network of Fig. 10
by introducing additional nodes instead of each link,
which the new nodes connected with the two nodes of
the substituted links by the same named links. The new
nodes may also randomly establish additional links with

© 2020 Global Journals

other nodes in certain vicinity by obeying allowed
distance (or radius) in the explored region, as shown in
Fig. 26 and expressed by the following parallel SGL
scenario.



Fig. 26: Massive network expansion with a symbolic “dark matter” effect

hop_nodes(al | );
hop_links(all);

frontal (Start =

Start > NAVE; frontal (Link) =

renove( LI NK); create(link(Link), node(x));
parall el (

I'i nkup(Li nk, node(Start)),

I'i nkup(y, random nodes(Radi us)))

In this elementary example of massive network
expansion, we assume that all new nodes and all new
links from them are same named, respectively as x and
y. In Fig. 26, links with previous names that directly
connected nodes of the network of Fig. 10 are shown in
bold. After adding more semantics to this simplified
network extension example the names and contents of
new nodes and links may be quite different.

Using same ideas as above of the network
extension, we may now substitute again all links

repeat _50(

stay(hop_nodes(all); frontal (Start =

NAVE; Radi us =

maxdistance) ;
LI NK;

between nodes by new nodes with establishing new
links with other nodes, and so on, thus providing
endless and unlimited extension, actually explosion, of
the network of Fig. 10. The following SGL scenario is
based on the previous one by just repeating it certain
number of times, here 50 (for prevention of unlimited
explosion), with all new nodes and links, for simplicity,
again named x and y. The scenario uses synchronized
global repetition controlled from outside.

NAME, Radi us = maxdistance);

hop_links(all); PREVIOUS > ADDRESS; frontal (Link) = LINK;
renove( LI NK); create(link(Link), node(x));
parall el (

I'i nkup(Link, node(Start)), linkup(y,

random nodes( Radi us)));
sl eep(delay))

Asynchronous internal unlimited self-growth,
only first time contacting all nodes from outside, while
further extending from the new nodes only, can be

frontal (Blow) =

{frontal (Start = NAME, Radius = maxdistance);
PREVI QUS > ADDRESS; frontal (Li nk) = LINK;
create(link(Link), node(x));
stay_parall el (

I'i nkup(Li nk, node(Start)), linkup(y,

random nodes( Radi us)));
sl eep(delay); run(Blow)}; hop_nodes(all);

ii. Network expansion in physical space
We can assume that the growing number of
network nodes and links can be naturally linked with
network’s expansion in physical space too. The gradual

achieved by the following recursive scenario procedure
named Blow.

hop_links(all);

remove( LI NK) ;

run( Blow)

expansion of the net in physical space can be organized
as follows. If randomly found possible new location of a
node (using the Radius-like threshold distance which
can also grow during network’s physical expansion)
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increases summary distance to other nodes directly

connected with it, or at least minimal distance to them,

the current node may change its physical coordinates in

space to the new location found. Placing such rules into
hop_nodes(al ) ;

all nodes of the growing net, which can operate
repeatedly all the time regardless of success or failure of
current attempts to change physical position, may be
done by the following scenario.

r epeat (
Radi us = max(hop_links(all); distance(BACK, WHERE));
Sum = add(hop_links(all); distance(BACK, WHERE));
Mn = min(hop_links(all); distance(BACK, WHERE));
New = (nove_r andom Radi us); WHERE);
Sunil = add(hop_links(all); distance(New, WHERE));
M nl = min(hop_links(all); distance(New, WHERE));
if(or_seq(Suml > Sum Mnl > Mn), WHERE = New);

sl eep(del ay))

Combining this physical extension with the
previously considered network growth by the number of
nodes and links, we can effectively simulate unlimited
expansion, even explosion, of the network in both virtual

frontal (Blow) =
{frontal (Start =
Radi us =
hop_links(all);

NAME,
aver age(hop_links(all);
PREVI QUS > ADDRESS;

renmove( LI NK); create(link(Link), node(x,
stay_parall el (
l'i nkup(Link, node(Start)), I|inkup(y,

random nodes( Radi us)));
sl eep(delay); parallel _run(Blow, Spread)};
frontal (Spread) =

and physical environments, actually covering the whole
universe. This can be clearly expressed by the following
SGL scenario using procedures Blow and Spread.

di st ance( BACK, WHERE)));
frontal (Li nk) =
r andom( Radi us)));

L1 NK;

{repeat (
Radi us = nmax(hop_links(all); distance(BACK, WHERE)); Sum
= add(hop_links(all); distance(BACK, WHERE)); Mn =
m n(hop_links(all); distance(BACK, WHERE)); New =
(rmove_r andom Radi us); WHERE);
Sunl = add(hop_links(all); distance(New, WHERE));
M nl = min(hop_links(all); distance(New, WHERE));

if(or(Sumt > Sum Mnl > Mn),

sl eep(del ay)) };
hop_nodes(all); parallel_run(Blow, Spread)

In establishing new links of a node with other
nodes, we are regularly updating the considered depth
of their vicinity by recalculating the value of Radius, as
the network itself is constantly expanding in physical
space.

In our simple example, the shadowed new x
nodes (as of Fig. 26) may symbolically look like imitating
a sort of “Dark Matter” [51] of the universe. This matter
by the above scenario will, however, quickly dominate
the whole network as the latter grows both virtually and
physically only due to the increase of the number of
shadowed nodes, with other, initial, nodes remaining in
the same quantity.

VIII.  CONCLUSIONS

In this paper we have shown how different
operations on general networks can be described and
implemented in fully distributed and highly parallel mode
using the developed Spatial Grasp model and

© 2020 Global Journals

WHERE = New) ;

Technology and its basic spatial Grasp Language, SGL.
The obtained experience of using SGT and SGL and
shown exemplary solutions on networks may be useful
for solving different problems in many important areas
reviewed at the beginning of the paper, most of which
can be conveniently formulated on distributed dynamic
networks. These solutions in SGL proved to be simple
and concise as the model and language allow us to
directly exist and operate in distributed spaces by
expressing top level problem semantics, with hiding
numerous traditional system routines inside effective
networked technology implementation.

At first sight, SGT and SGL may have some
philosophical and conceptual resemblance to physical
phenomenon like waves [52, 53] (the ancestor versions
of SGL were named as WAVE [43-45]), also to biological
and computer viruses [54, 55] and what is called
“mobile agents” [56-58]. Yes, SGL allows us to freely
move in distributed spaces in a highly parallel mode, but
it also readily provides, if needed, the return of any



remote results directly to any previous space points,
with their analysis and possible launching of new waves
there, or the return to already gained remote space
positions and further wavelike development from them,
and so on. With such forward-backward recursive mode
this is effectively covering and controlling any distributed
systems with any power, to any depth, and by any
hierarchy needed. Moreover, after and even during
space coverage in recursive SGL mode, arbitrary
complex and active infrastructure may be explicitly or
implicitly embedded into the distributed world fabric (like
openly, on agreements, or in a stealth mode for special
applications). With these infrastructures effectively
modeling any other concepts and models (like Petri nets
or neural networks) and also capable of launching
themselves new parallel waves, and so on, SGT may
provide the most powerful paradigm and technology for
conquering and ruling of the universe.

SGT continues its development in different
areas, including advanced mosaic-type operations in
distributed systems [59], in trying to understand and
simulate such extremely complex features as awareness
and consciousness [60], in providing philosophical and
technological support of space conquest and advanced
terrestrial and celestial missions [61], and many others.
Among the latest publications related to other SGT
applications, [62-65] can be named. The latest SGL
version can be implemented even within standard
university environments, similar to its previous versions
in different countries under the author’s supervision. The
technology can be installed in numerous copies
worldwide and deeply integrated with any other
systems, actually acquiring unlimited power for
simulation and management of the whole world.
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PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e  Writings

e Diagrams

e Graphs

e lllustrations

e |lectures
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e  Printed material

e  Graphic representations
e Computer programs

e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.

© Copyright by Global Journals | Guidelines Handbook .

XII



Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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