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Configuration Manual

Sonal Srinath
Student [D:19207638

1 Introduction
The main purpose of a configuration manual is to provide a detailed outline of how the

research project was conducted in a succinct and organized manner such that the project
might be replicated if/when required.

Project Aim: The aim of this research was to perform a thorough forecasting analysis on the
hospital outpatient waiting lists in Ireland using three supervised machine learning algorithms
— Artificial Neural Network, Random Forest, Linear Regression, and Time Series analysis
using a seasonal ARIMA model for four time bands 0-3, 3-6, 6-9 and 9-12 months waiting
period. It is necessary to carefully mitigate the issue of managing the long outpatient waiting
lists by performing accurate modelling and forecasting (Harrou et al., 2020),

2 System Specifications

a) Hardware Requirements
e Operating System: Windows 10 Home
e Processor: 11th Gen Intel(R) Core(TM) i15-1135G7 @ 2.40GHz 1.38 GHz
e Installed RAM: 16GB

o System Type: 64-bit operating system, x64-based processor

b) Software Requirements

e Programming languages: Python 3.9.5 and R.

o Integrated Development Environment (IDE): Jupyter Notebook (v. 6.4.0) and
RStudio (version 1.4.1103)

e Additional Tools: Microsoft Excel, Overleaf, PowerPoint.

e Web Browser: Google Chrome



3 Pre-Requisites

1) The first main step is to Install Python, Jupyter Notebook, and RStudio. The links are
given below.

To install Python 3.9.5 or higher on Windows: https:/docs.python.org/3/using/windows.html

To install Jupyter Notebook: https:/test-jupyter.readthedocs.io/en/latest/install.html

To install RStudio: https:/www.rstudio.com/products/rstudio/download/

2) The second step is to import all the required packages in both Jupyter Notebook and
RStudio.

To install packages in Python:
https://packaging.python.org/en/latest/tutorials/installing-packages/

To install libraries in RStudio:
https://support.rstudio.com/hc/en-us/articles/201057987-Quick-list-of-useful-R-packages

In [1]: M import pandas as pd
import seaborn as sns
import matplotlib.pyplet as plt
from keras.models import Sequential
from keras.layers import Dense
from sklearn.metrics import accuracy score
from sklearn.metrics import mean_absolute_error
from sklearn.metrics import mean_squared_error
from sklearn.metrics import r2_score
from sklearn.metrics import explained_variance_score
import math
from sklearn.ensemble import RandemForestRegressor
from sklearn.linear model import LinearRegression

#Importing the required packages
Tibrary(haven)

Tibrary(fpp2)

Tibrary(tseries)
library(forecast)
Tibrary(ggplot2)

Tibrary(dplyr)
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4 Data Selection

The data was obtained from The National Treatment Purchase Fund (NTPF). The NTPF is an
independent statutory body established by the Minister for Health. There is data missing for a
few months in 2021 because of the cyber attack.

Dataset Link: https://www .ntpf.ie/home/outpatient group.htm




sy Files

OP Waiting List By Speciafry 2021

g List By Hospital
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OF Waiting List By Group Hospital 2020
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OF Walting List By Group Hospital 2014

The code below displays the first 5 rows of the dataset to have a glimpse of the data.

In [B1: MW #Printing the first 5 rows of the dataset
df. head()
out[5]
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The description of each column variable of the data is given below:

Data Description
Date The date of the data recorded
Group ‘The hospitals in Ireland are organized into seven hospital groups. This

displays in which group the hospital belongs to.
Hospital HIPE This is the Hospital Inpatient Enquiry number which denoted the
principal source of data information from the hospitals

Hospital This denotes which hospital in Ireland the appointment is faken for.

Specialty HIPE This number denoted the HIPE for a specific specialty.

Specialty ‘This is the defined specialty of the consultant.

Adult/Child This i5 a binary variable that indicates if the patient is an adult or a
child.

Age Profile ‘This categorizes the age of the patient.

Time Bands This column depicts the various time frames the patients have to wait
for the treatment plan, for example, 3-6 months,

Count This is the total number of patients on the waiting list.

The data is presented in 8 separate CSV files which have to be merged for each year from
2014 to 2021. The code below merges the data into one dataframe df.

Data Reading

In [2]: M #Loading the dataset and merging the files from 2814-2821

df = pd.read_csv{'OP Waiting List By Group Hospital 2814.csv')

for i in range(2015,2822):
temp = pd.read_csv(f'OP Waiting List By Group Hospital {i}.csv')
temp.columns = df.columns
df = pd.concat([df,temp])



5 Data Pre-processing

For the pre-processing of the data, various functions were performed. It is important to do so
to obtain optimal performance. df.describe() gives a few statistical details of the dataset. The
dataframe now consists of 582729 rows and 10 columns shown in the code below.

In [7]: M #Printing some statistical details of my datoset
df.describe()

out[7]:

Hospital HIPE  Specialty HIPE Count
count 582725000000 581507.000000 582725000000
mean 673254540 2451.188733 71.365340
stel 311.485671 2272810080 129.140546
min 0.000000 0.000000 1.000000
25% 403000000 800.000000 5.000000
50% 726.000000 1800.000000 25,000000
75% 913.000000 2600.000000 81.000000
max  1270.000000  S000.000000  4238.000000

In [8]: M #Printing the rows gnd columns in o tuple

df.shape

out[8]: (S82729, 19)

The dataset was then checked for missing values in each column. These values were dropped.

In [2]: M #Checking for missing values in each celumn of the dataframe
df.isna().sum()
Out[9]: Archive Date
Group
Hospital HIPE
Hospital
Specialty HIPE 122
Specialty
Adult/Child
Age Categorisation =t:]
Time Bands
Count
dtype: inte4

@ DD DO DD

In [18]: MW #Dropping all the rows with null values
df.dropna({inplace = True)

In [11]: M #Printing the taotal null value
df.isnull().sum().sum()

The following instructions were displayed to understand the data better on RStudio after
formatting and aggregating the data.

16 #Understanding the data
17 dim(data)

18 head(data)

19 tail(data)

20 Vview(data)

21 str(data)

22 summary(data)
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6 Data Analysis

a) Exploratory Data Analysis on Jupyter Notebook

A few plots of various kind like bar charts, box plots and pie charts were plotted in order to
give a better understanding of the data. To analyse how many patients each hospitals had, or

what age the group the patients were mainly of.
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b) Plots on RStudio
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Seasonal plot Seasonal subseries plot
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These plots were displayed on RStudio to study the data. Seasonal plots and Seasonal Subseries plots were
printed for each of the time series.

7 Implementation of Models

a) Implementation of Machine Learning

This section is implemented on Jupyter Notebook using python programming language.
Before model building, One Hot Encoding was done to four of the categorical columns
below as shown below. 6

In [24]: M | # One Mot Encoding the Gréup Column ond joinimg it with moin dotefrome
df.index = range(len(df})

Group = pd. get_dusmies(df['Group'])
df = df .jein(Group)

In [25]: M |# One Hot Encoding the Adult/Child Column and joining it with matn dotofraome

adult_child = pd.get_dummies(df[ adult/child"])
df = df Join(adult_child)

In [26]: M 20ne Mot Encoding the Age Cotegorisation Column end jeining it with the main datafrome

age_cat = pd.get_dummies[df['Age Categorisation'])
df = df . Join(age_cat)

In [27]: M | #0ne Mot Encoding the time bonds Column and joining it with the mein dotefrome

time_bands = pd.get_dummies{df[°Time Bands'])
df = df.join{time_bands)

The first model to be implemented is the Artificial Neural network, a sequential simple
model with four layers. The optimizer used was adam for 100 epochs.

daf get_ragression model{):
model = Sequential()
model  add(Dense(128, input_shape={X_train.shape{ll,}, activation="relu'l}
model. add(Densa{s4, activati 3]
model, sdd(Densel1s, activation='rels'})
model add(Densedl, activations'linesr')}

model. compile{lose="mean_squared_srror', optimizar='adam'; metrics=['mza’])
model , summary ()

raturn model

Ann_model = get_regression_model()
And_model . FIt(X_train, y_train, batch_size = 256, epochs=188, verbose=True, shuffle = False)

1815/1816 [
Epoch 92

- 35 Ims/step - lossi ©.9881 - mse: 8.0882

2
1B18/1816 (= - 35 Img/step - loss: €.1694 - mose: 9. 18594
Epoch #3188
1816/1816 [ ] - 33 Ima/step - loss: €.1118 - mse: 8.1316
Epoch 34,/188
1B16/1816 [ ] - 45 Ims/step - lossi @.8989 - mse: B.83999
Epoch 95/188
1815/1816 [ ] - 55 Ims/step - loss! 8.8664 - mse: £, 08563

- 43 Ims/step - loss: £.9920 - mse: 9.0308

- &

W

ns/step - loss: @.1592 - mse: 8.15@2
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To evaluate this model, the below code was implemented in order to obtain MSE, RMSE,MAE
and R2.

print("Mean Absolute Error: ",mean_absolute_error(y_test,y_pred))

print("Mean Square Errer: ",mean_squared_error(y_test,y_pred))

print(“Root Mean Square Error: ",math.sgrt(mean_squared_error(y_test,y pred)))
print(’'Explained Variance: ',explained variance_score(y_test, y _pred))
print("r2 Score: ",r2 score(y _test,y pred))

Mean Absolute Error: 5©.519817692874384
Mean Square Error: 9515.46288632329

Root Mean Square Error: 97.54722961898455
Explained Variance: @.425828193286368

r2 Score: ©.4207655395879336

The next model is a random forest model. The model was run for 100 trees.

regr = RandomForestRegrassor(random_state=8, verbese = 2)
regr.fit{X train, y_train)
EUIIAINE tree o5 or log
building tree &6 of 188
building tres 87 of 188
building tree 58 of 1le@e
building tree 85 of 18@
building tree 98 of 18@
building tree 91 of 128
building tree 92 of 188
building tree 93 of lee
building tree 94 of 1l@@
building tree 95 of l1e8
building tres 96 of lée
building tree &7 of 188
building tree 98 of l2@
building tree 92 of lee
building tres 188 of 1@e

[Parallel(n_jobs=1}]: Done 180 out of 128 | elapsed: 1.8min finished

Out[235]: RandomForestRegressor(random_state=8, verbose=2}
The evaluation for this model is shown below.

print("Meab Absolute Error: ",mean_absolute error(y test,y pred))

print(“Mean Sguare Error: “,mean_squared_error(y_test,y_pred})

print("Root Mean Sguare Error: ",math.sqrt(mean_squared_error(y_test,y prad)))
print('Explained_Variance: ',explained_variance_score(y_test, y_pred})
print("r2 Score: ",r2_score(y_test,y_pred))

[Parallel(n jobs=1}]: Using backend SequentialBackend with 1 cencurrent workers.
[Parallel{n_jobs=1)}]: Done 1 out of 1 | elapsed: 8.8s remaining: 8.0

Mgab Absolute Error: 22.798456743455845
Mean 5Sgquare Error: 3361.18438431419@3
Root Mean Square Error: 57.897572245816427
Explained_Variance: @.795396938423545%9

r2 Score: ©.7953962679756168

The final supervised machine learning algorithm implemented is Linear Regression. Thecode is
shown below along with the evaluation metrics.



In [38]: M #Building end Fitting Lineor Aegression Model
from sklearn.linear_model import LinearRegression
reg = LinearRegression()
reg. fit{¥_train, y_train)

Out[38]: LinearRegression{)

In [39]: #zettin redictions from troined Limear Regression model and using evaluotion matrix
[s91: M ing predictions fi t i g i ing { L
y_predsreg.predict(X_test)
print("Meab Absolute Error: ",mean_absolute error(y test,y pred))
print("Mean Sguare Error: ", mean_squared_error{y_test,y_pred)})
print("Root Mean Square Error: ",math.sqri(mean_squared_error{y_test,y_pred}})

print('Explained Variance: ',explained_variance_score(y_test, y_pred))
print("Scoras: ",r2 score(y test,y pred)})

Meab Absclute Error:  1.14723883644323%e-12
Mean Square Error:  2.7366B21122393875e-24
Root Mean Square Error: 1.6542928275158538e-12
Explained_Variance: 1.9

Score: 1l.@

b) Implementation of Time Series

This section was implemented on RStudio using R programming language. For the time
series implementation, first, the additive seasonal decomposition was plotted in order to
study the trends. Augmented Dickey-Fuller test was run to check the stationarity. The
simple moving average plots and the seasonal plots were displayed in order to further
confirm seasonality.

#seasonal decomposition using decompose() - additive
fit.decadd<-decompose(tsl, type = "additive")
fit.decadd

plot(fit.decadd)

plot(tsl)

#check order of differencing required

ndiffs(tsl)

#assess stationarity
adf.test(tsl)

Acf(tsl)

Pacf(tsl)

#moving average of order 1
ggtsdisplay(tsl)

Decomposition of additive time series
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After this, a seasonal ARIMA(p,d,q)(P,D,Q)m was fit to each of the time series. For
evaluation, Normal Q-Q plot was displayed along with the residuals plot which shows if the
data is normally distributed. After this, the forecasting values are displayed for the next two
years and then plotted. Auto.arima() function is meant to give the best model for ARIMA to
compare with the manual model.

fit.arimal <- arima(tsl, order=c(3,1,0), seasonal c(0,1,1)]
fit.arimal

#evaluating model

ggnorm{fit.arimaliresiduals)
ggline(fit.arimaliresiduals)
Box.test(fit.arimaliresiduals, type="Ljung-Box")
checkresiduals{fit.arimal)

accuracy(fit.arimal)

forecast(fit.arimal,24)
plot(forecast(fit.arimal,24), xlab = "vear", ylab="cCount")

fit.auto<-auto.arima(tsl)

fit.auto
tsl¥-Yauto, arima( )i Yaccuracy
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Shown below is the forecasting plot for the next two years for the time series.

Forecasts from ARIMA(1,1,0)(2,1.0)[12]
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8 Conclusion
All the necessary steps to reproduce the exact implementation are clearly outlined in this

document. The specific details from the installation of the software and IDE, data selection,
data analysis, and implementation of the models are described in a structured manner.
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