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Context – Where Are We?

Question:
How should we do this??
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Research Questions

RQ1: How to generate workloads to evaluate the performance 
characteristics of resource sharing mechanisms?

RQ2: How to implement an infrastructure framework for automated 
comparison of resource sharing mechanisms?  

RQ3: What are the performance characteristics of three 
selected resource sharing mechanisms?

Main RQ: How to evaluate the performance characteristics of resource 
sharing mechanisms in distributed computing?
using SparkSQL on Kubernetes
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Research Questions

Answering these research questions helps to address:
• Responsibility, 
• Sustainability, and 
• Usability

of computer systems, as described in the CompSys NL Manifesto. 

􀴿

Main RQ: How to evaluate the performance characteristics of resource 
sharing mechanisms in distributed computing?
using SparkSQL on Kubernetes

No system exists!􀇿

https://www.compsys.science/manifesto/
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Workload Generator Design

Workload:
A (structured) Collection of Queries on Data.

RQ1: How to generate workloads to evaluate the performance of 
resource sharing mechanisms?



A (structured) Collection of Queries on Data.
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Workload Generator Design
Workload:

1. The TPC-DS Dataset
Synthetic dataset, modelling the sales and returns process for a 
multichannel (stores, catalogs, internet) commercial organization

2. Adapting the TPC-DS Queries
TPC-DS queries are good - but limited in number
Solution: 
Modify queries into numerous new ones of different scales



A (structured) Collection of Queries on Data.
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Workload Generator Design
Workload:

3. Getting Query Times
Run each query with various scales to get insights into its runtimes

13

Future Work: 
Can these relations be modelled? 
(→ interpolation & better scaling)

1. The TPC-DS Dataset 2. Adapting the TPC-DS Queries

Currently:
Only using measured queries.



A (structured) Collection of Queries on Data.
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Workload Generator Design
Workload:

4. Building Workloads
Combine the queries into workloads, using the recorded time information:

14

1. The TPC-DS Dataset 2. Adapting the TPC-DS Queries 3. Getting Query Times
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Workload Generator Design
Workload:

4. Building Workloads
Combine the queries into workloads, using the recorded time information:
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1. The TPC-DS Dataset 2. Adapting the TPC-DS Queries 3. Getting Query Times

How to generate workloads to evaluate the performance 
characteristics of resource sharing mechanisms?RQ1:
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Context – Resource Sharing Mechanisms

Static
Partitioning

Dynamic
Partitioning

Node-Level
Sharing

D  Spark Driver E  Spark Executor Kubernetes Node

NodeNode Node Node Node Node
App 1 App 2

NodeNode Node Node Node Node

E2D1 E1 E1 E2 D2



What are the performance characteristics of the 
selected resource sharing mechanisms?
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RQ3:

All experiments 
conducted on: Physical Machine 1

2x Intel Xeon Silver 4210R
256 GB RAM
4 TB SATA SSD

Physical Machine 2

2x Intel Xeon Silver 4210R
256 GB RAM
4 TB SATA SSD / 2 TB NVMe SSD

5x Virtual Machine

4 Cores
32 GB RAM

Minio Server

Hive Server

InfluxDB

1 Gbps 
Ethernet

5x Virtual Machine

4 Cores
32 GB RAM



18© 2024 Lennart K. M. Schulz

Results – Alternating Bursts (with Spacing) 

30s delay between activity!

Workload: Results*:

* after a 3-minute warm-up period

… but still 
slower!

(lower is better)

(2x executor timeout → ideal conditions…)
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Results – Dynamic Delays

> 7 seconds!

> 30 seconds!!
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Results – Alternating Bursts

* after a 3-minute warm-up period

Low Utilization! 􀍻

High Utilization 􀁣

Results*:

Executor CPU Usage (cluster):

(lower is better)
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Results – Overlapping Bursts
Results*:

* after a 3-minute warm-up period

􀇿 Saturation!

High Utilization 􀁣
Executor CPU Usage (cluster):

(lower is better)
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Key Takeaways

Resource sharing has become a ubiquitous requirement in clusters.→

No standard system exists to evaluate resource sharing mechanisms! 􀇿

1. Workload Generator Design, and
2. Experiment Infrastructure Framework,

We propose:􀴿

using which we evaluate the performance 
characteristics of three resource sharing mechanisms 
of Spark on Kubernetes.

GitHub*
available on

* https://github.com/lkm-schulz/FraPChaRSM

https://github.com/lkm-schulz/FraPChaRSM
https://github.com/lkm-schulz/FraPChaRSM
https://github.com/lkm-schulz/FraPChaRSM
https://github.com/lkm-schulz/FraPChaRSM
https://github.com/lkm-schulz/FraPChaRSM
https://github.com/lkm-schulz/FraPChaRSM
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Extra Material



A (structured) Collection of Queries on Data.
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Workload Generator Design
Workload:

2. Adapting the TPC-DS Queries
TPC-DS queries are good - but limited in number and inflexible.
Solution: modify given queries into numerous new ones of different scales 
by changing the range of included data:

1. The TPC-DS Dataset



A (structured) Collection of Queries on Data.
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Workload Generator Design
Workload:

1. The TPC-DS Dataset 2. Adapting the TPC-DS Queries

25

3. Getting Query Times 4. Building Workloads

Overlapping Bursts: Alternating Bursts:



A (structured) Collection of Queries on Data.
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Workload Generator Design
Workload:

1. The TPC-DS Dataset 2. Adapting the TPC-DS Queries
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3. Getting Query Times 4. Building Workloads

Constant Load: And many more…
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Infra-
structure

Results

Collection Script(s)

Analysis Script(s)

ü reproducible
ü automated
ü extensible
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Infra-
structure

Results

Collection Script(s)

Analysis Script(s)

ü reproducible
ü automated
ü extensible
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Results – Dynamic (Un)Fairness

1s Offset

No Offset

No Fairness!
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Results – Alternating Bursts

Results*:

* after a 3-minute warm-up period


