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1 Software Requirements

1.1 Java Development Kit
e Required Version: JDK 21.0.7 (Oracle Corporation (2024))

e Purpose: Required to compile and run CloudSim simulation code.

e Verification: Run java -version in your terminal to ensure the installed version
matches.

1.2 CloudSim Toolkit
e Version: CloudSim 3.0.3 (CloudSim Project| (2023]))

e Source: https://github.com/Cloudslab/cloudsim

e Setup:

— Download and extract the source code.
— Ensure the following directories are present:

% sources/org/cloudbus/cloudsim/
« examples/org/cloudbus/cloudsim/examples/

2 Simulation Files and Folder Structure

Six customized Java simulation files are used to model different compute configurations
(CPU, GPU, PPU) under both zero-delay and with-delay conditions:

All files are placed inside:

examples/org/cloudbus/cloudsim/examples/custom/

Each file defines the datacenter, VM, workload configuration, and prints compute +
transfer time breakdowns (Data-in, Compute, Data-out, Total).

Device | Zero-Delay File With-Delay File

CPU CpuDatacenterZeroDelay.java | CpuDatacenterWithDelay.java
GPU GpuDatacenterZeroDelay.java | GpuDatacenterExample.java
PPU PpuDatacenterZeroDelay.java | PpuDatacenterWithDelay.java



https://github.com/Cloudslab/cloudsim

3 Implementation Summary
e VM and Host Configurations:

— CPU: 5,000,000 MIPS
— GPU: 15,000,000 MIPS (proxy for NVIDIA V100)
— PPU: 138,000,000 MIPS (based on (Chen and et al. (2023)) 9.2x speedup)

e Workloads Simulated:

— Matrix sizes: 2000x2000, 3000x 3000, 5000x5000

— Cloudlet length formula: 2 x N2 (for matrix x matrix multiplication)
e Delay Modeling:

— Zero Delay: Simulates ideal local environment
— With Delay: Uses custom DelayBroker to simulate:

* 10 ms one-way latency
x 1 Gbps bandwidth
* 1 MiB input and output transfer size

e Utilization Models: UtilizationModelFull used for CPU, RAM, and bandwidth

4 Compilation Instructions

This project was developed and tested using Java JDK version 21.0.7 and compiled using
Eclipse IDE. However, the project can also be compiled and executed via the terminal or
any standard Java-compatible IDE. The project uses CloudSim 3.0.3 and requires specific
JAR files to be included in the classpath.

Required JAR Files:

Ensure the following JAR files are available in your working directory (preferably in
a folder named jars/):

e cloudsim-3.0.3.jar

e cloudsim-3.0.3-sources.jar

e cloudsim-examples-3.0.3.jar

e cloudsim-examples-3.0.3-sources.jar

e commons-math3-3.6.1.jar (located in /Downloads or moved to the jars/ folder)



4.1 Terminal Compilation

Navigate to the directory containing your Java files and run the following command to
compile:

javac -cp "jars/cloudsim-3.0.3.jar:\
jars/cloudsim-3.0.3-sources. jar:\
jars/cloudsim-examples-3.0.3.jar:\
jars/cloudsim-examples-3.0.3-sources.jar:\
/Users/<your_user>/Downloads/commons-math3-3.6.1.jar" \
YourFile. java

Replace YourFile.java with the actual Java file you want to compile, such as:

javac -cp "jars/cloudsim-3.0.3.jar:\
jars/cloudsim-3.0.3-sources. jar:\
jars/cloudsim-examples-3.0.3.jar:\
jars/cloudsim-examples-3.0.3-sources.jar:\
/Users/<your_user>/Downloads/commons-math3-3.6.1.jar" \
GpuDatacenterExample. java

4.2 Running the Program
To run the compiled class, use:

java -cp "jars/cloudsim-3.0.3.jar:\
jars/cloudsim-3.0.3-sources. jar:\
jars/cloudsim-examples-3.0.3.jar:\
jars/cloudsim-examples-3.0.3-sources.jar:\
/Users/<your_user>/Downloads/commons-math3-3.6.1.jar:." \
org.cloudbus.cloudsim.examples.custom.GpuDatacenterExample

4.3 Eclipse Build Path
If working inside Eclipse (Eclipse Foundation| (2025):
e Use Java Build Path > Libraries to include all the JAR files mentioned above.

e Set the JRE System Library to JavaSE-21 [JDK 21.0.7].

e Ensure that all simulation files (GpuDatacenterExample.java, etc.) are placed un-
der the correct package (e.g., org.cloudbus.cloudsim.examples.custom).

5 Execution Guide

To execute the simulation experiments, ensure that the project is successfully compiled
with all required .jar dependencies. The simulation consists of six main Java classes,
each corresponding to a specific processor type (CPU, GPU, PPU) and network scenario
(zero-delay, with-delay). Each file contains an independent main() method that can be
executed directly from the Eclipse IDE.



5.1 Executable Classes and Purpose

Table 1: Simulation Class Descriptions

Class Name

Description

CpuDatacenterZeroDelay. java

Simulates CPU execution without network delay (pure com-
pute performance).

CpuDatacenterWithDelay. java

Simulates CPU execution with network delay (end-to-end eval-
uation).

GpuDatacenterZeroDelay. java

Simulates GPU execution without network delay.

GpuDatacenterExample. java

Simulates GPU execution with network delay (uses Delay-
Broker).

PpuDatacenterZeroDelay. java

Simulates PPU execution without network delay.

PpuDatacenterWithDelay. java

Simulates PPU execution with network delay (uses Delay-
Broker).

Each of these classes includes:

e Datacenter and host setup (including VM and PE MIPS).

e Definition of a matrix-based workload using Cloudlet.

e Optional delay modeling through DelayBroker where applicable.

e Print statements showing detailed timing metrics (data-in, compute, data-out, total

time).

5.2 How to Run the Simulations

1. Open the File

Open the desired class file (e.g., GpuDatacenterExample.java) in Eclipse.

2. Run the Main Method

Right-click on the file and select Run As — Java Application. The simulation
will begin execution in the Eclipse console.

3. Observe the Output

The output will print time breakdowns such as:

e Data-in time (network transmission)

e Compute time (based on MIPS and matrix size)

e Data-out time

e Total execution time

These values are used for evaluating device performance and calculating speedups.




5.3 Output Interpretation Example
For a 50005000 matrix workload with GPU (with delay), you might observe:
=== GPU NETWORK DELAY RUN ===

Data-in : 0.100 s
Compute : 3.333 s
Data-out : 0.028 s
Total time : 3.462 s

These logs allow quantitative comparison of performance across CPU, GPU, and PPU
devices.

5.4 Network delays

For simulations involving network delays:
e DelayBroker is used instead of the default DatacenterBroker.

e It calculates transmission time based on:

— Latency: 10 ms one-way
— Bandwidth: 1 Gbps
— Cloudlet file size: 1 MiB (input and output)

The delay is injected at submission and return stages to model real-world conditions
more accurately.

6 Results Visualization and Graph Generation

Once the simulations have been executed and output data has been collected, graphs can
be generated to visualize performance trends across CPU, GPU, and PPU configurations.
The recommended process is:

e Export Simulation Results

Copy the simulation output values (Data-in, Compute, Data-out, Total time) from
the console or log into a CSV file.

e Use Python for Plotting

Install Python (3.9 or higher) and the required libraries(Python Software Founda-
tion (2025),Hunter and et al. (2025)):

pip install pandas matplotlib

e Example Python Code — Total execution time by matrix size

7 Assumptions and Constraints

This section specifies the conditions and limitations under which the simulations were
conducted, ensuring reproducibility of the results.

bt



7.1

7.2

import matplotlib.pyplot as plt

# Matrix sizes
matrix_sizes = [2000, 3000, 5000]

# Total execution times in seconds (example values — replace with your actual results)
cpu_total [1.728, 3.728, 10.128]
gpu_total = [0.633, 1.328, 3.462]
ppu_total = [0.0, 0.259, 0.491] |

plt.figure(figsize=(8, 6))

# Plot lines for CPU, GPU, and PPU

plt.plot(matrix_sizes, cpu_total, marker='o', label='CPU', linewidth=2)
plt.plot(matrix_sizes, gpu_total, marker='o', label='GPU', linewidth=2)
plt.plot(matrix_sizes, ppu_total, marker='o', label='PPU', linewidth=2)

# Chart labels and title

plt.title("Total Execution Time by Matrix Size", fontsize=14)
plt.xlabel("Matrix Size (N x N)", fontsize=12)
plt.ylabel("Total Execution Time (s)", fontsize=12)
plt.xticks(matrix_sizes)

plt.grid(True, linestyle="--", alpha=0.6)

plt.legend()

# Save the plot
plt.savefig("total_execution_time.png", dpi=300)
plt.show()

Figure 1: Total execution time by matrix size code snippet

Assumptions

Software Environment: Simulations were executed using CloudSim 3.0.3 with Java
Runtime Environment (JRE) 21.0.7.

Datacentre Structure: A single datacentre was modeled with one physical host and
one virtual machine (VM) per run.

Workload Type: The workload consisted solely of matrix—matrix multiplication,
with the computational requirement calculated as 2 x N2 million instructions (MI).

Performance Ratings: MIPS values for CPU, GPU, and PPU were fixed across all

runs to represent consistent device capabilities.
Network Settings:

— Zero-delay runs assumed instantaneous data transfer.

— With-delay runs used a fixed one-way latency of 10ms and bandwidth of
1 Gbps for both input and output phases.

Cloudlet Sizes: Input and output sizes were fixed at 1 MiB to maintain uniformity
in network traffic.

Constraints

Discrete-Event Limitations: Ultra-fast compute times on high-MIPS PPUs for very
small workloads (e.g., 2000 x 2000) occasionally produced near-zero or negative
values due to event resolution limits. For analysis, these were excluded from com-
parative speedup calculations.

Workload Range: Results and interpretations focused on matrix sizes > 3000 x 3000
to ensure compute time outweighed network overhead.

Device Representation: MIPS values were proxies for real-world processors and do
not account for full hardware complexity such as cache hierarchy or thermal limits.



e Simplified Networking: The model excluded dynamic network effects such as jitter,
packet loss, or congestion.

e Scope Limitation: Energy consumption and cost modeling were beyond the scope
of this simulation.
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