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Configuration Manual
Geethanjali Gudduri

Student ID: 23327626

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:

e 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 x = 50 x 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
Any 64-bit OS capable of SSH |Used only to launch Cloud9 and
Local laptop
and a modern browser browse the AWS console
Root billing configured, IAM
AWS account administrator user, Cost Create a Budget alarm at €20

Explorer enabled

Keep all resources in a single

Region eu-west-1 (Ireland) Region/AZ for latency
consistency

Cloud9 EC2 t3.medium (2 vCPU, 4 GiB . .

environment 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
npm i —g aws—cdk (Node
AWS CDK 2.139.0 218 auto—installed in
Cloud9)

Python 312 Already present; pyenv not
required

boto3 1.34 pip install --user boto3

JQ (JSON utils) 16 for inspecting CDK stack
outputs

Git pre-installed clone the project repo

4. Dataset Acquisition

e C(reate a Kaggle account and accept the licence for Air Quality in India.

e Download the five CSV files (station_hour.csv plus four dimension tables).

e From the workstation, upload them to the raw S3 bucket after the CDK stack is deployed
(path raw/).

S. Infrastructure Deployment (CDK)
5.1. Clone repo

git clone https://github.com/<your-fork>/serverless-iot-pipeline.git

cd serverless-iot-pipeline/cdk

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

cdk bootstrap aws://$(aws sts get-caller-identity --query Account --output text)/eu-west-1

5.3. Context variables

t IOT_USER_TAG=$(wh

5.4. Deploy

cdk deploy --require-approval never

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

Stacks (2)
Filter status
Q Filter by stack name Active . 4 @ View nested
Stack name | status | created time | Description

aws-cloud9-iot-driver-

0da3b6d27f4ba73294269522f4100ed © CREATE_COMPLETE 2025-07-16 01:00:32 UTC+0500 -

c166157a4277980110745601t1w55687
4762784

@ CREATE_COMPLETE 2025-07-16 00:29:25 UTC+0500 associate Learner Lab template (academy)

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




air-quality-stream i (_ pelete
Data stream summary
Status Capacity mode ARN Creation time
© Active Provisioned [0 amn:aws:kinesis:us-east-1:556874762784:stream/air- July 16, 2025 at 01:14 GMT+5
Data retention period quality-stream
1 day
Applications Monitoring Configuration Enhanced fan-out (0) Data viewer Data analytics - new Data stream sharing EventBridge Pipes
Stream metrics info
@ Alarm recommendations © @ nvestigate withAl-new 1 3h 120 1d  3d 1w Custom (4w) UTC timezone ¥ D @ Explore related :
GetRecords - sum (MB/s) @ : GetRecords iterator age - maximum (Milliseconds) @
2
86.4M
1
a2m
0 [
0712 07119 07126 08/02 o712 07119 07126 08102
@ Maximum GetRecords Limit @ GetRecords - sum (MB/s) @ GetRecords IteratorAgeMilliseconds
GetRecords latency - average (Milliseconds) @ : GetRecords - sum (Count) @ :
Miliseconds Count
105 MM e e NPT NG Pt AN AT A e m i N i s
523 28.0k
0 [
o712 07119 07126 08102 o712 07119 07126 08102
@ GetRecords Latency @ GetRecords Records
GetRecords success - average (Ratio) ® Incoming data - sum (MB/s) ® :
Count 1
1
05
05
0 [ -
o712 07119 07126 08/02 o712 0719 07126 08/02
@ GetRecords Success @ Incoming data Limit @ Incoming data - sum (MB/s)

Figure 2. Kinesis metrics at 50 x 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.




air-quality-transform Last modified
3weeksago
@ Layers 0
Function ARN

1:55687476: on:air-qual
- + Add destination T q
b1 Kinesis orm
Function URL  info
+ Add trigger i

Code Test Monitor Configuration Aliases Versions
Code source info ( Open in Visual Studio Code [2 ) ( Upload from v ) @
=
= % lambda_functionpy X m -
@ lambda_functionp
i8] def to_float(val):
10 try:
/O 12 except
13 return math.nan # keeps JSON numeric type but marks missing
& ¢

def lanbda_handler(event, context):
o 16 cleaned = [] L]

=5 7 for rec in event["Records”]:

18 # payload is a CSV line: station,timestamp,pn25,pu1e,no2
A 1w line = basesd.bbddecode(rec[ "kinesis"]["data"]).decode() . strip()

20 parts = line.split(",")
21 if len(parts) = 5:
log.warning(“Skipping malformed line: ¥s”, line[:80])
continue

station, ts, pn25, pm1@, no2 = parts
cleaned. append({
"stationId":  station,
“"timestamp”: ts,
“pm25™: to_float(pm25),
“pm1e” to_float(pm1e),
1 “no2": to_float(no2)
32 H

# write even if list is empty so Lambda succeeds and Kinesis checkpoints
key = f"cleaned/batch-{context.aus_request_id}.json"
$3.put_object(

Bucket=DEST_BUCKET,

{o} 3 Key=key,
9 Body=json.dumps (cleaned, default=str).encode(
ROA0 D AnxzenQ bolo Col73 aced UTE-3 IF Pahon  Dllambda lavoutl

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.



Log events

Q Filter events - press enter to search

You can use the filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [2

¥, Vv Vv VOV VW VWV VW VEVI VEW: VY VRV VW VW Vv Vvaw Vv

Timestamp
2025-07-30709:40:31.915Z

2025-07-30709:40:31.943Z
2025-07-30709:40:31.945Z
2025-07-30709:40:31.945Z
2025-07-30709:40:32.893Z
2025-07-30709:40:32.922Z
2025-07-30709:40:32.924Z
2025-07-30709:40:32.924Z
2025-07-30709:40:33.895Z
2025-07-30709:40:33.928Z
2025-07-30709:40:33.930Z
2025-07-30T709:40:33.930Z
2025-87-30709:40:34.897Z
2025-07-30T09:40:34.927Z
2025-07-30T709:40:34.929Z
2025-07-30709:40:34.929Z
2025-07-30709:40:35.901Z
2025-07-30709:40:35.936Z
2025-07-30709:40:35.937Z
2025-07-30709:40:35.937Z
2025-07-30709:40:36.898Z
2025-07-30709:40:36.932Z
2025-07-30709:40:36.934Z
2025-07-30709:40:36.934Z
2025-07-30709:40:37.902Z
2025-07-30T0@9:40:37.954Z
2025-07-30709:40:37.956Z
2025-07-30709:40:37.956Z
2025-07-30709:40:38.988Z
2025-07-30709:40:39.039Z

2025-07-30709:40:39.040Z

Message
START RequestId: bebf7887-55ef-4689-978F-b79Fc5d18592 Version: SLATEST

[INFO) 2025-87-30T09:40:31.943Z bebf7887-55ef-4689-978f-b79fc5d18592 Wrote 87 records to cleaned/batch-bebf7887-55ef-4689-978f-b79fc5d18592. json
END RequestId: bebf7887-55ef-4689-978f-b79fc5d18592

REPORT RequestId: bebf7887-55ef-4689-978f-b79fc5d18592 Duration: 29.84 ms Billed Duration: 3@ ms Memory Size: 512 MB Max Memory Used: 93 MB
START RequestId: 2f753989-c179-4b84-bdce-f6815d9f9e7 Version: SLATEST

[INFO] 2025-87-30T09:40:32.922Z 2f753989-c179-4b84-bdce-f6815d9f9e7f Wrote 79 records to cleaned/batch-2f753989-c179-4b84-bdce-f6815d9f%e7f. json
END RequestId: 2f753989-c179-4b84-bdce-f6815d9f9e7f

REPORT RequestId: 2f753989-c179-4b84-bdce-f6815d9f9e7f Duration: 30.31 ms Billed Duration: 31 ms Memory Size: 512 MB Max Memory Used: 93 M8
START RequestId: deffd9@b-@ed@-486f-a579-35387378c8@1 Version: SLATEST

[INFO] 2025-87-30T09:40:33.928Z deffd90b-@ede-486f-a579-35387378¢c8@1 Wrote 84 records to cleaned/batch-deffd9@b-8edd-486f-a579-35387378¢801.json
END RequestId: deffd9@b-0ed@-486f-a579-35387378c801

REPORT RequestId: deffd90b-@ed@-486f-a579-35387378c801 Duration: 34.02 ms Billed Duration: 35 ms Memory Size: 512 MB Max Memory Used: 93 M8
START RequestId: 7eed83ec-2003-4d2f-88c6-8b66220aab98 Version: SLATEST

[INFO] 2025-07-30T09:40:34.927Z 7eed83ec-2b0@3-4d2f-88c6-8b66220aab98 Wrote 86 records to cleaned/batch-7ee483ec-2b@3-4d2f-88c6-8b66220aab98. json
END RequestId: 7ee483ec-2b@3-4d2f-88c6-8b66220aab98

REPORT RequestId: 7ee483ec-2b@3-4d2f-88c6-8b66220aab98 Duration: 31.10 ms Billed Duration: 32 ms Memory Size: 512 MB Max Memory Used: 93 M8
START RequestId: 5f942191-896f-41a5-b@13-746e521c8840 Version: SLATEST

[INFO] 2025-87-30T09:40:35.935Z 5f942191-896f-41a5-b013-746€521c8840 Wrote 83 records to cleaned/batch-5f942191-896f-41a5-b@13-746e521c8840. json
END RequestId: 5f942191-896f-41a5-b013-746e521c8840

REPORT RequestId: 5f942191-896f-41a5-b@13-746e521c8840 Duration: 35.73 ms Billed Duration: 36 ms Memory Size: 512 MB Max Memory Used: 93 MB
START RequestId: 82f176e6-caa@-45b2-9ffc-a59dd4ddSa75 Version: $LATEST

[INFO] 2025-87-30T09:40:36.932Z 82f176e6-caad-45b2-9ffc-a59dd4dd5a75 Wrote 86 records to cleaned/batch-82f176e6-caad-45b2-9ffc-a59dd4dd5a75. json
END RequestId: 82f176e6-caa@-45p2-9ffc-a59dd4dd5a75

REPORT RequestId: 82f176e6-caa@-45b2-9ffc-a59dd4dd5a75 Duration: 35.52 ms Billed Duration: 36 ms Memory Size: 512 MB Max Memory Used: 93 MB
START RequestId: c891844c-3af9-4d80@-9d98-07db3add3153 Version: SLATEST

[INFO] 2025-87-30T09:40:37.954Z c891844c-3af9-4d80-9d98-07db3add3153 Wrote 84 records to cleaned/batch-c891844c-3af9-4d80-9d98-07db3add3153. json
END RequestId: c891844c-3af9-4d80-9d98-87db3add3153

REPORT RequestId: c891844c-3af9-4d80-9d98-87db3add3153 Duration: 52.82 ms Billed Duration: 53 ms Memory Size: 512 MB Max Memory Used: 93 M8
START RequestId: 73b294c7-f32a-4693-8349-f4e3fc1f974b Version: SLATEST

[INFO] 2025-87-30T@9:40:39.839Z 730294c7-f32a-4693-8349-f4e3fc1f974b Wrote 1@ records to cleaned/batch-73b294c7-f32a-4693-8349-f4e3fc1£974b.json

END RequestId: 73b294c7-f32a-4693-8349-f4e3fc1f974b

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.

Name

Crawler runs

cleaned_json_crawler

Crawler properties

cleaned_json_crawler

Description

Maximum table threshold

» Advanced settings

Schedule

Crawler runs (1)
The lis of crawler runs for this crawler.
Q Filter data

Start time (UTC)

July 29, 2025 at 04:50:57

Data sources

Classifiers

Last updated (UTC)
August 6, 2025 at 180133

1AM role Database State
LabRole [2 iot_mvp_db READY
Lake Formation configuration

Security configuration Table prefix

Tags

View C|

Fiter by a date and time range

4 | Endtime (UTC) 9 | Current/last duration ¥ | Status v | DPU hours v | Table changes

July 29, 2025 at 04:52:28 01min31s @ Completed 0068




nci_iot_cleaned_cloudshell_user

Aug
Table overview Data quality - new
Table details
Name Classification Deprecated
nci_iot_cleaned_cloudshell_user JSON -
Database Location Column statistics
iot_mvp_db $3://nci-iot-cleaned-cloudshell-user/ No statistics
Description Connection
Last updated

July 29, 2025 at 04:52:28

» Advanced properties

Schema | Partitions | Indexes | Column statistics - new
Schema (2)
View and manage the table schema.

Q Filter schemas
“ v | Column name v | Datatype v | Ppartition key v | Comment]
1 array array
2 partition_0 string Partition (0)

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.

Query2 : X | @ Query3 ! X | @ Queryd i X

| 1 EEE
2 FROM  iot_mvp_db.pm25_hourly
3 ORDER BY hour DESC
4 LIMIT 10;

SQL  Ln1,Col1

D o) (o

Query results Query stats
( @ Completed Time in)
Results (10)
Q Search rows
# v | station v | hour v | avg_pm2s
1 APOO1 2020-06-30 04:00:00.000 24.25
2 APOOT 2020-06-28 17:00:00.000 155
3 APOO1 2020-06-27 06:00:00.000 85
4 APOOT 2020-06-26 01:00:00.000 1575
5 APOOT 2020-06-24 07:00:00.000 125
6 APOO1 2020-06-23 08:00:00.000 10.25
7 APOO1 2020-06-21 06:00:00.000 1075
8 APOOT 2020-06-20 13:00:00.000 16.75
9 APOO1 2020-06-18 09:00:00.000 80
10 AP0O1 2020-06-17 22:00:00.000 1.0

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.



General purpose buckets Directory buckets

General purpose buckets (2) info @ 0] Copy ARN Empty Delete Create bucket
Buckets are containers for data stored in S3.

Q Find buckets by name 1 1]
Name A | AWws Region v | Ccreation date v
nci-iot-cleaned-cloudshell-user US East (N. Virginia) us-east-1 July 16, 2025, 00:45:11 (UTC+05:00)
nci-iot-raw-cloudshell-user US East (N. Virginia) us-east-1 July 16, 2025, 00:45:02 (UTC+05:00)

Figure 7. 83 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

cd ~/environment/serverless-iot-pipeline/driver

python3 -m venv .venv && source .venv/bin/activate

pip install boto3 tqdm

python driver.py --stream-name air-quality-stream --rate-series

6.2. [Enable/disable provisioned concurrency

aws lambda put-provisioned-concurrency-config \

--function-name air-quality-transform \

--qualifier 1 \

--provisioned-concurrent-executions 3

6.3. Dashboards
e CloudWatch — Dashboards — iot-latency.

e 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

keeps raw metrics alongside

. .
Telemetry export |logs/experiment *.json paper
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