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1. Introduction 

This manual enumerates all hardware, software, AWS-account and data-access prerequisites 
required to reproduce the end-to-end serverless pipeline evaluated in the dissertation. Following 
the steps below will let a reader: 

● Deploy in one command a CDK stack containing the Kinesis → Lambda → S3/Step 
Functions pipeline. 

● Upload the Kaggle Air Quality in India dataset to S3. 

● Re-generate the bursty workload (1 × → 50 × baseline) from Cloud9. 
● Observe latency, throughput and cost metrics in CloudWatch, X-Ray and Cost Explorer. 
● Tear everything down so that no billable resources remain. 

Section 2 lists system requirements, Section 3 covers AWS and local setup, Section 4 explains 
dataset acquisition, Section 5 walks through stack deployment, Section 6 shows how to run the 
workload and capture metrics, Section 7 details clean-up and reproducibility notes. 

2. System Requirements 

Component Minimum Notes 

Local laptop 
Any 64-bit OS capable of SSH 
and a modern browser 

Used only to launch Cloud9 and 
browse the AWS console 

AWS account 
Root billing configured, IAM 
administrator user, Cost 
Explorer enabled 

Create a Budget alarm at €20 

Region eu-west-1 (Ireland) 
Keep all resources in a single 
Region/AZ for latency 
consistency 

Cloud9 EC2 
environment 

t3.medium (2 vCPU, 4 GiB 
RAM, 10 GB EBS) 

Hosts the workload-driver script 

 

3. Software Stack 

Layer Version tested Install / notes 



OS in Cloud9 Amazon Linux 2023 Pre-installed 

AWS CLI 2.16 or newer sudo yum -y install awscli 

AWS CDK 2.139.0 
npm i -g aws-cdk (Node 

≥18 auto-installed in 

Cloud9) 

Python 3.12 
Already present; pyenv not 

required 

boto3 1.34 pip install --user boto3 

JQ (JSON utils) 1.6 
for inspecting CDK stack 

outputs 

Git pre-installed clone the project repo 

 

4. Dataset Acquisition 

● Create a Kaggle account and accept the licence for Air Quality in India. 
● Download the five CSV files (station_hour.csv plus four dimension tables). 
● From the workstation, upload them to the raw S3 bucket after the CDK stack is deployed 

(path raw/). 

5. Infrastructure Deployment (CDK) 

5.1. Clone repo 

 

5.2. Bootstrap the target account/region (only once per account) 

 

5.3. Context variables 

 

5.4. Deploy 

 

Deployment completes in ~4 minutes and prints Stack Outputs: 

Key Example value 



RawBucketName nci-iot-raw-cloud9_user 

CleanBucketName nci-iot-cleaned-cloud9_user 

KinesisStreamName air-quality-stream 

LambdaName air-quality-transform 

 

After CDK finishes deploying, CloudFormation’s Resources tab provides a one-screen inventory 
of everything the stack created. The screenshot in Fig. 1 confirms that the two S3 buckets, Kinesis 
stream and pre-warmed Lambda alias were all provisioned successfully 

 

Figure 1. CDK-deployed serverless resources: buckets, stream, Lambda function and pre-
warmed alias. 



 

Figure 2. Kinesis metrics at 50 × burst steady incoming records and iterator age below 100 ms. 

With the driver now hammering the stream at 1 250 messages per second, the Kinesis console 
becomes our first real-time health check. Fig. 2 captures the key widgets that prove the shard is 
keeping up and iterator age is well within the 200 ms SLA. 



 

Figure 3. Lambda Insights showing cold-start collapse after enabling provisioned concurrency. 

Switching to the Lambda console, we can watch cold starts evaporate once provisioned 
concurrency is enabled. Fig. 3 overlays the on-demand spike and the warmed steady-state to 
visualise the 650 ms to <10 ms improvement. 



 

Figure 4. Custom CloudWatch dashboard consolidating latency and throughput KPIs for the 
pipeline. 

For an at-a-glance operational view, a custom CloudWatch dashboard aggregates the critical 
metrics from stream and function. Fig. 4 shows the dashboard during a burst, illustrating how 
latency, concurrency and backlog rise and fall in lock-step. 

 



 

Figure 5. Glue-discovered schema of the cleaned-bucket table with array column. 

Downstream, the Glue crawler inspects each cleaned JSON object and writes a table definition 
automatically. Fig. 5 displays the resulting schema, highlighting the single array<struct> column 
that holds batched sensor records. 

 

Figure 6. Athena query on Parquet table hourly PM2.5 averages returned in 1.2 s scanning 14 
MB. 

After flattening that array with an Athena CTAS, queries hit compressed Parquet rather than raw 
JSON. Fig. 6 demonstrates the payoff hour-level PM2.5 averages are returned in about a second 
while scanning only 14 MB. 



 

Figure 7. S3 buckets listed showing both raw and cleaned buckets available for air-quality-
transform. 

Finally, a simple S3 console view confirms that both the raw and cleaned buckets are receiving 
data as intended. Fig. 7 documents the folder structure you should see before proceeding to 
teardown. 

6. Running the Workload and Collecting Metrics 

6.1. Launch Cloud9 driver 

 

6.2. Enable/disable provisioned concurrency 

 

6.3. Dashboards 
● CloudWatch → Dashboards → iot-latency. 
● Cost Explorer – set date-range to the current day, granularity Hourly, group by Service. 

7. Reproducibility Checklist 

Item Setting Reason 

Region eu-west-1 low RTT from Ireland campus 

AZ-co-location all resources in same AZ removes cross-AZ latency noise 

Seed DRIVER_RANDOM_SEED=42 deterministic replay order 



Repeat runs 3 per load tier smooths transient AWS variance 

Telemetry export logs/experiment_*.json 
keeps raw metrics alongside 
paper 
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