
 
 

 
 
 

 
 

 

Artificial Intelligence – Software Development 
 
Estimated Learner Skill Level: Expert 
 
Tools 
As of 2024, the most common programming language for developing AI software is arguably 
Python, specifically its libraries Keras/TensorFlow and scikit-learn. Other languages used for 
AI software development include MATLAB (and its free counterpart, Octave) and C++. 
 
In addition, no-code tools exist. They can be used to create AI models without writing any 
code. An example is the Lobe software for making neural networks for image classification 
tasks (Microsoft 2021). 
 
Exercise: Identify two common tools for AI software development in 2024. 

 
COBOL Vision 
Keras/TensorFlow 
scikit-learn 
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Java 
GNU Octave 
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Basic Principles 
The examples are written in Python. Each example has two code snippets: the first is for 
neural networks created using Keras/TensorFlow, and the second is for scikit-learn models. 
These can be used as templates; however, the ellipses must be replaced with application-
specific code to make the snippets functional. The codes in this material are formatted using 
a free online tool (HighlightCode 2024). 
 
Data points and labels are key concepts of an AI model. Each data point is paired with its 
corresponding label. Labels can be continuous or categorical. 

- Data point refers to a data entity; for example, an image that is analysed. 
- Label is the category the data point belongs to; for example, an image of a llama can 

be labelled as “llama”. This is an instance of categorical labelling. 
Other examples of “data point and label” pairs are: 

- Grass quality (label) based on a spectroscopy measurement (data point) – 
continuous labelling. 



 
 

 
 
 

 
 

 

- Estimated lifetime of a device before maintenance is needed (label) based on sensor 
values (data point) – continuous labelling. 

- Time-of-day (label) when a photo was taken based on colour and brightness 
information (data point) – categorical labelling. 

- Tone (label) of a written message or article based on words, punctuation, style, and 
context (data point) – categorical labelling. 

 
Building a Model and Dataset 
Here is a template for building a model and dataset with Keras/TensorFlow: 

1. from keras.models import Sequential 
2. from keras.layers import ... 
3. from keras.layers import Activation, ..., Dense 
4. from keras.models import load_model 
5. from sklearn.model_selection import train_test_split 
6.  
7. # X and y contain data and labels, respectively. 
8. X_train, X_test, y_train, y_test = train_test_split(X, 
9.                                                     y, 
10.                                                     test_size=..., 
11.                                                     random_state=.

.., 
12.                                                     shuffle=...) 
13.  
14. # input_shape and output_shape depend on case 
15. model = Sequential() 
16. model.add(..., input_shape=input_shape) 
17. model.add(Activation(...)) 
18. ... 
19. model.add(Dense(output_shape)) 
20. model.add(Activation(...)) 
21.  
22. model.compile(...) 

In the code above, X has the data points, and y has the corresponding labels. 
 
Here is a template for building a model and dataset with scikit-learn: 

1. from sklearn import [MODELMODULE] 
2. from sklearn.model_selection import train_test_split 
3. from sklearn.metrics import accuracy_score, classification_report 
4. import joblib 
5.  
6. # X and y contain data and labels, respectively. 
7. X_train, X_test, y_train, y_test = train_test_split(X, 
8.                                                     y, 



 
 

 
 
 

 
 

 

9.                                                     test_size=..., 
10.                                                     random_state=.

.., 
11.                                                     shuffle=...) 
12.  
13. model = [MODELMODULE].[MODEL] 

 
In the code above, [MODEL] is a Python class implementing AI technology, and 
[MODELMODULE] is the module containing the class. For example, a decision tree can be set 
up using the following snippet as a base. 

1. from sklearn import tree 
2. # import other modules here if needed 
3.  
4. # Generating the training and testing sets goes here (see code 

above for reference) 
5. # ... 
6.  
7. model = tree.DecisionTreeClassifier() 

 
 
Training and Testing 
Here is an example of how to train and test a neural network with Keras/TensorFlow and 
store training history into a variable: 

1. history = model.fit(X_train, ..., validation_data=X_test) 
It is important to note that the parameters represented by the ellipsis should include y_train 
(the training data labels). If the “verbose” parameter of the fit() function is 1 or 2, the 
training/testing progress and some metrics, including model accuracy, can be seen during 
training and testing. The higher the accuracy, the more truthful the answers the model is 
expected to give. 
 
Here is an example of how to train a scikit-learn model without storing the history: 

1. model.fit(X_train, y_train) 
 
Validating 
A model can be validated by using it to predict the value (typically a category) of a data 
point it has not been trained on. 
To validate a Keras/TensorFlow model, one can use the following code as a basis: 

1. value = model.predict(...) 
The value of “value” is then compared to the label corresponding to the data represented 
by the ellipsis. 
 
Similarly, a scikit-learn model can be validated with 



 
 

 
 
 

 
 

 

1. y_pred = model.predict(X_test) 
Then, y_pred is compared to y_test for discrepancies. 
The scikit-learn module has tools for validation. For example, models predicting continuous 
values can be evaluated with mean square error (MSE): 

1. from sklearn.metrics import mean_squared_error 
2. mse = mean_squared_error(y_test, y_pred) 

Models predicting categorical values can be evaluated with an accuracy score, classification 
report, or confusion matrix: 

1. from sklearn.metrics import accuracy_score, classification_report,
 confusion_matrix 

2.  
3. accuracy = accuracy_score(y_test, y_pred) 
4. report = classification_report(y_test, y_pred) 
5. cm = confusion_matrix(y_test, y_pred) 

 
The accuracy score ranges from 0 (completely inaccurate) to 1 (fully accurate). The 
classification report contains precision, recall, F1, and support scores. Precision indicates 
how many of the predicted positives are correctly predicted, recall expresses how many of 
the actual positives are correctly predicted, F1 is a balanced metric estimating overall 
performance of the model (it is the harmonic mean of precision and recall), and support is 
the number of actual occurrences of each class in the dataset (Taha & Hanbury 2015). 
Precision, recall, and F1 range from 0 to 1, like the accuracy score (Taha & Hanbury 2015). 
The support score represents the number of samples in a category. The confusion matrix is a 
table where rows are the actual values and columns represent the predicted values. The 
sum of the confusion matrix is the number of samples used in the prediction. You can learn 
more about confusion matrices and scoring them with an interactive tool here. 
 
Integrating the AI into Your App 
Saving/loading a Model 
A Keras/TensorFlow model can be saved to a file for later use with 

1. model.save(...) 
where the parameters represented by ellipsis include the model filename. 
 
A scikit-learn model can be saved to a file with a function from the joblib module: 

1. joblib.dump(model, filename) 
In the above code, “filename” is the destination filename as a string. For example, 

1. joblib.dump(model, "my_classifier") 
will save the model as a file named “my_classifier”. 
 
A Keras/TensorFlow model can be loaded from a file with 

1. model = load_model(...) 
where the parameters represented by ellipsis include the model filename. 



 
 

 
 
 

 
 

 

 
A scikit-learn model can be loaded from a file with a function from the joblib module: 

1. model = joblib.load(filename) 
In the above code, “filename” is the source filename as a string. For example, 

1. model = joblib.load("my_classifier") 
loads the same “my_classifier” model we saved in the previous code. 
 
Calling a loaded Model 
A loaded model is used by calling its predict function with the data to be analysed among 
parameters. 
 
A loaded Keras/TensorFlow model can be called with 

1. y_pred = model.predict(X_test) 
and similarly, a loaded scikit-learn model can be called with 

1. y_pred = model.predict(X_test) 
In both cases, X_test is the data on which the model will make predictions, and y_pred will 
contain the prediction results (labels or values). 
(The two code snippets look identical!) 
 
Software Outline 
Exercise: Create an outline of an AI program. 

  
Use the model in your application. Step 1 
Train the model. Step 2 
Generate train/test data. Step 3 
Create the model. Step 4 
Save the model. Step 5 
Test the model. Step 6 
 3,4,2,6,5,1 

 
Next Step 
Move on to Ethics and AI 
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