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1 Document Structure

This document provides an overview of the code and instructions to replicate/run the
code on a different system. The document is structured into:

1. Document Structure: Current section.

2. Environment Setup: Specifications of the recommended environment.

-

Defining the Simulation Model.
Collecting Data for training.

Training NN on raw simulation Data.
Create Graph and Vector Embedding.
Train GVENN on transformed data.

R

Evaluate NN and GVENN models.
10. Train and evaluate ML models.

11. Compare computation running speeds.

2 Environment Setup

All the code presented in this document has been implemented and run on a Google Colab
Free tier. The free-tier colab uses an Intel Xeon CPU with 2 vCPUs (virtual CPUs) and
13GB of RAM.

Python=3.10 was used for this project with the default versions of the required pack-
ages. These packages should be installed with the pip command ”pip install <pack-
age_name>". All the required packages have been mentioned in the beginning of the
notebook.

3 Defining the Simulation Model

Figure [1] shows the code snippet to run a single instance of the defined simulation and
then plot the relevant metrics. The parameters mean_interarrival_time, max_cars and
until could be changed and run multiple times to observe the behavior of simulation
runs.



f main():
env = simpy.Environment()
traffic_simulation = TrafficSimulation(env, mean_interarrival_time=1.2, max_cars=19)| #s

env.process (traffic_simulation.generate_cars())
env.run(until=3000) # Run the simulation until n units of time.

ic_simulation.data)
mulation_data ', index=Fa
_Time'] > 0 ]

.figure(figsize:

subplot(1, 2, 1)

hist(dfw[ 'Wait_Time i blue', alpha=0.7)
B

xlabel( iz

ylabel('Number of Car

.subplot(1, 2, 2)

.scatter(df[ 'Arrival _Time'], df['Wait_Time'], color='red', alpha=0.7)
title('Wait Time val Time')

xlabel (" al Tim

ylabel('Wait Time')

.tight_layout()
-show()

if _name_ == "_main_":
main ()

Figure 1: Code defining Simulation Model

4 Collecting Data for training

The code shown in Figure [2 runs multiple simulations in a loop while changing the values
of the parameters in each iteration to generate the data. Modify the 3 list variables to
control the range of input parameters.

import numpy as np
import time

def run_simulation(mean_interarrival time, max_cars, until):

env = simpy.Environment()
traffic_simulation = TrafficSimulation(env, mean_interarrival_time, max cars)
env.process (traffic_simulation.generate_cars())
env.run(until=until)
df = pd.DataFrame(traffic_simulation.data)
try

avg_wait_time = df['Wait_Time'].mean()

pt() :

print(len(traffic_simulation.data))

return avg_wait_time

mean_interarrival_times = np.arange(0.5,5,0.1) #[i for i in range(2, 20)
max_cars_values = [i for i in range(2, 6, 1)]
simulation_durations = [i for i in range(2000, 3500, 100)]

sim_start_time = time.time()
for miat in mean_interarrival_times:
for mc in max_cars_values:
for duration in simulation durations:
avg_wait_time = run_simulation(miat, mc, duration)
data.append([miat, mc, duration, avg_wait time])
sim_end time = time.time()

simulation_running time = sim_end_time - sim start_time

df = pd.DataFrame(data, columns=['Mean Interar o © ‘Duration’,
df .to_csv('enhanced simulation_d

Figure 2: Generate Training Data

5 Training NN on raw simulation Data

The code shown in Figure

carries out the training on the NN on raw simulation data.



Run cell (3/Ctrl+Enter)

cell has not been executed in this session *0_Simulation data.csv')

executed by Aryan Singh
7:22AM (7 hours ago) .
executed in 83.841s y_pred):
mae = mean_absolute_error(y_true, y_pred)
mse = mean_squared_error(y_true, y_pred)
r2 _score(y_true, y_pred)
return mae, mse, r2

w

Splitting th

Time', 'Max Cars', 'Duration']].values
].values
X_train, X_tes _test = train_test_split(X, y, test_size=0.2, random state=42)

Normalizing the data

scaler = StandardScaler().fit(X_train)
Xn_scaled = scaler.transform(X)
X_train_norm = scaler.transform(X_train)
X_test_norm = scaler.transform(X_test)

Model 1: S
nn_model = Sequen
nn_model.add(Dense (64, input_dim=3, activation='relu'))
nn_model.add(Dense(32, activati elu'))
nn_model.add(Dense(16, activation='relu
nn_model.add(Dense(1, activa
compile(loss='mean ptimizer="'adan')
.£it(X_train_norm, y. o 0, batch_size=8, verbose=0)
nn_pred = nn_model.predict (X_

nn_mod
nn_mods

nn_start_time = time.time()

nn_full pred = nn_model.predict(Xn_scaled)
nn_end_time = time.time()

nn_time = nn_end_time - nn_start_time

Figure 3: Train NN on raw simulation data.

6 Create Graph and Vector Embedding

Graph construction and Vector Embedding is carried out in Figure [dl The parameters in
this section define the structure and the embeddings in the graph.

rapt

ed_simulation_data.csv')

£ C pa dean dis
distances = euclidean_distances(data[['Mean_Interarrival Time 'Duration']].val

threshold = np.percentile(distances, 1.9) # Connect nodes if distance is in the bottom x pe]
G = nx.Graph()
for i in range(len(data)):

for j in range(len(data)):

if distances[i][j] < threshold:
G.add_edge(i, j)

4, walk_length=10, num walks=100, workers=4)
10, min_count=1)

y([model n2v.wv[str(i)] for i in range(len(data))])

Figure 4: Graph construction and Vector Embedding

7 Train GVENN on transformed data.

A NN, GVENN with the given parameters is trained on the transformed data, Figure [5
The model could take exceptionally longer times on the machine used in this research.
The time taken depends on the parameters provided in the previous section. A threshold
value of less than 5 should work in cases where the number of iterations is less than 5000.

8 Train and evaluate ML models.

Two ML models, RF and XGB are also trained on the raw simulation data for comparison,
shown in Figure[6] Plots showing the fit of both these models are visualized in this section.



embeddings

data[ 'Average_Wait_Time'].values
X _train, X_test, y_train, y_test = train_test split(X, y, test_size=0.2, random state=42)

scaler = StandardScaler().fit(X_train)
Xg_scaled = scaler.transform(X)
X_train = scaler.transform(X_train)
X_test = scaler.transform(X_test)

graph_nn_model = Sequential()

graph_nn_model.add(Dense (64, input_dim=64, activation='relu'))
graph_nn_model.add(Dense(32, activation='relu'))
graph_nn_model.add(Dense(1, activation='linear’
graph_nn_model.compile(loss='mean_squared error', optimize: )
graph_nn_model.fit(X_train, y_train, epochs=200, batch_size=8, verbose=0)
graph_nn_pred = graph_nn_model.predict(X_test)

gnn_start_time = time.time()

gnn_full _pred = graph_nn_model.predict(Xg_scaled)
gnn_end_time = time.time()

gnn_time = gnn_end time - gnn_start time

Figure 5: Train GVENN on transformed data

m F L
RandomForestRegressor(n_estimators=100, random stat
EE S R ([ gl 3 i)
y_pred rf = rf.predict(X_ test)

et to record prc

rf.predict(X)
time.time()
rf_end time - rf_start_ time

xgb_reg xgb.XGBRegressor (objective reg:squarederror')
xgb_reg.fit(X_train, y_train)
y_pred xgb = xgb_reg.predict(X_test)

#Pr ALk

xgb_start_time time.time()

xgb_full pred xgb_reg.predict(X)
xgb_end_time time.time()

xgb_time = xgb_end time - xgb_start_time

# E ti

rmse_rf np.sqgrt(mean_squared error(y_test, y_pred rf))
mae_rf = mean_ absolute_error(y_test, y pred rf)
r2_rf = r2_score(y_test, y_pred rf)

= np.sqgrt(mean_squared_error(y_test, y pred_xgb))
= mean_absolute_error(y_test, y_pred xgb)
r2_xgb = r2 score(y test, y pred xgb)

Figure 6: Training RF and XGB models



9 Compare computation running speeds.

The processing speeds of all the models are recorded and contrasted here for a clear
comparison in performances, Figure [7}

al m = pd.read csv('eva
ts

m = pd.DataFrame (colum: , "NN", "GNN", "RF", "XGB"])
[ 1 eval m = eval m.append(pd.Series({"Sim": simulation_running_time, "NN": nn_time, "GNN": gnn_
eval_m.to_csv ', inde

<ipython-input-151-108406228618>:1: FutureWarning: The frame.append method is deprecated and
eval m = eval m.append(pd.Series({"Sim": simulation_running_time, "NN": nn_time, "GNN": gnr

Figure 7: Record and display running times of all the models.
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