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Teaching 
workload 
modeling is 
important



Importance of workload modeling

● Incorrect assumptions about workload → Sub-par designs 
and evaluations

○ Garbage in → Garbage out

● Workloads cannot be an afterthought

● Understanding workloads can help us reason about results

● Not trivial to do:
○ Which features of the workload should be modeled?
○ How do we model the features? Independently? 
○ Should we use the full real workload (trace) instead?

Feitelson, Dror G. Workload modeling for computer systems performance evaluation. Cambridge University Press, 2015.



Is this importance 
reflected in 
curriculum 
guidelines?



What do curriculum guidelines say? (ACM, 2020)

2020 guidelines:

● Moved away from knowledge area, knowledge unit, learning outcome 
mindset of the 2013 and prior guidelines to competency-based learning

● Result: Guidelines removed (1) mention of workloads
○ And, queueing theory (and prob, stoch)

● Kept (a few) performance and simulation references
○ These mentions are at the same time too general and too specific to be useful for educators 

(Examples in next slide)



● NC-Networking and Communication
○ Design and implement a simple reliable protocol for an industry network by considering factors that affect the 

network’s performance.  

● PD-Parallel and Distributed Computing
○ Implement a parallel divide-and-conquer (and/or graph algorithm) for a client by mapping and reducing opera- 

tions for the real industry problem and empirically measure its performance relative to its sequential analog.

● SF-Systems Fundamentals
○ Design a simple parallel program for a corporation that manages shared resources through synchronization 

primitives and use tools to evaluate program performance.
○ Design and conduct a performance-oriented, pattern recognition experiment incorporating state machine 

descriptors and simple schedule algorithms for exploiting redundant information and data correction that is 
usable for a local engineering company and use appropriate tools to measure program performance.

○ Calculate average memory access time and describe the tradeoffs in memory hierarchy performance in terms 
of capacity, miss/hit rate, and access time for a local engineering company.

○ Measure the performance of two application instances running on separate virtual machines at a local 
engineering company and determine the effect of performance isolation. 

● CN-Computational Science
○ Create a simple, formal mathematical model of a real-world situation and use that model in a simulation for a 

local technology company.

From ACM 2020 (2021)
https://www.acm.org/binaries/content/assets/education/curricula-recommendations/cc2020.pdf 
C.2.2: Computer Science Draft Competencies

https://www.acm.org/binaries/content/assets/education/curricula-recommendations/cc2020.pdf


What do curriculum 
guidelines say? 
(ACM, 2023 Beta)

2023 appears to be bringing these 
concepts back, giving them a higher 
importance

● They brought back the same 
wording from 2013; made them 
core knowledge

● Even added explicit 
pre-requisites that mention 
queueing theory and stochastic 
processes / probability

Relevant changes from 2013:
● Added a new unit of system performance, which includes the 

topics from the deprecated unit of proximity and the 
deprecated unit of virtualization and isolation;

● Added a new unit of performance evaluation, which includes 
the topics from the deprecated unit of evaluation and the 
deprecated unit of quantitative evaluation;



Other curriculum initiatives?
NSF/IEEE-TCPP Curriculum Initiative on PDC

NSF/IEEE-TCPP Curriculum Initiative on Parallel and Distributed Computing - 
Core Topics for Undergraduates Version 2.0

● Architecture topics → Performance metrics



Back to the question: Is this importance (of WM) 
reflected in curriculum guidelines?

● No explicit mentions of workload modeling

● Few mentions workloads about using them in evaluations
○ BUT, in some cases, only within some topics/areas but not others

● Competency/skills-based guidelines approach makes it harder to explicitly 
include importance of workloads in performance



Where (in the CS 
curriculum) can we 
teach workload 
modeling?



Where (in the CS curriculum) can we teach 
workload modeling?

● Standalone courses (?) → Too specialized

● Applied statistics courses → Unlikely, as other applications are more   
     commonly taught

● Software eng. courses → Unlikely, unless course focuses on testing

● Simulation courses

● Performance courses → Briefly discussed in this talk

● Monitoring courses → Briefly discussed in this talk

● Systems courses ← This talk!
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Where (in the CS curriculum) can we teach 
workload modeling? Performance courses

● Performance evaluation (and benchmarking)
○ Workloads are essential; no other way of doing this

● Performance modeling
○ Depends on preferences of instructor
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Performance Evaluation Example: Topics in Performance Evaluation (Prof. Dror Feitelson)



Example 2: Performance Evaluation and QoS 
(Prof. Maria Carla Calzarossa)

1. Introduction
2. Measures
3. Workloads ………………………………..…→ 
4. Metrics and fundamental laws
5. Service centers; queue networks
6. Other performance topics
7. Simulation

Definitions. Load types, levels of detail, parameters. 
Quantitative and qualitative parameters, measured 
and derived. Methodological approach. Exploratory 
analysis: basic statistics, frequency distributions, 
percentiles, scatter plots and correlations. Web 
server log analysis. Static and dynamic properties of 
the workload. Parameter scaling. Statistical 
techniques: clustering. Hierarchical agglomerative 
algorithms: dendrogram. Hierarchical algorithms: 
k-means. Principal component analysis. 
Correspondence analysis. Linear and non-linear 
regression methods. Examples of studies requiring 
detailed knowledge of workload intensity.



Where (in the CS curriculum) can we teach 
workload modeling? Performance courses

● Performance evaluation (and benchmarking)
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● Performance modeling
○ Depends on preferences of instructor



Performance Modeling: Different course flavours

Groups of PM courses [Personè 2020]:

● General PM
● PM for Communications Systems
● PM for Software

Personè, Vittoria de Nitto. "Teaching Performance Modeling in the era of millennials." arXiv preprint arXiv:2001.08949 (2020).



PM Example 1: Analytical PM (Prof. Y.C. 
Tay)

● Use real systems papers to 
illustrate usefulness of different 
analytical models (incl. in relation 
to workloads)

○ E.g., “GPUs and disks, routers and 
crawling, databases and multimedia, 
worms and wireless, multicore and 
cloud, security and energy, etc.”

Y.C. Tay. 2019. Lessons from Teaching Analytical Performance Modeling. In Companion of the 2019 ACM/SPEC International Conference on 
Performance Engineering (ICPE '19). Association for Computing Machinery, New York, NY, USA, 79–84



PM Example 2: Perf. Engineering (Dr. Giuliano Casale)

● Course designed at the intersection between performance engineering 
and systems engineering, with a focus on cloud computing systems

○ “[...] focused on the intersections between PE with cloud computing, but taking primarily a 
systems engineering and measurement view”

● Sample topics: 
○ Markov chains to describe user workload patterns → workload modeling
○ Labs with where students instantiating and size VMs and conducting benchmarking and 

workload characterization experiments

Giuliano Casale. 2023. Performance evaluation teaching in the age of cloud computing. SIGMETRICS Perform. Eval. Rev. 51, 2 (2023), 45–49.



Where (in the CS curriculum) can we teach 
workload modeling?
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Where (in the CS curriculum) can we teach 
workload modeling? Monitoring courses

● “Monitoring is at the basis of workload characterization” [Calzarossa 2021]
○ When monitoring, the system must be under an artificial workload (active monitoring) or real 

workload (passive monitoring)

● PRO: DevOps is a hot topic/skill for students

● Arguably, monitoring courses can be considered systems courses
○ “[...] monitoring makes it possible to see in action concepts taught in classes (e.g., Internet 

protocol stack, software systems), thus bridging the gap between theory and practice.”
○ Or, software engineering
○ Or, performance evaluation
○ Different versions of these courses exist, depending on expertise of instructor

Maria Carla Calzarossa, Luisa Massari, and Daniele Tessera. 2021. Performance Monitoring Guidelines. In Companion of the ACM/SPEC International 
Conference on Performance Engineering (ICPE '21). Association for Computing Machinery, New York, NY, USA, 109–114.



Where (in the CS curriculum) can we teach 
workload modeling?

● Standalone courses (?) → Too specialized 

● Applied statistics courses → Unlikely, as other applications are more 
(or DS)      commonly taught 

● Software eng. courses → Unlikely, unless course focuses on testing

● Simulation courses

● Performance courses

● Monitoring courses

● Systems courses 

These are usually elective courses, chosen 
by few students :-( 



Where (in the CS curriculum) can we teach 
workload modeling? Systems courses

From the ACM CS Curriculum Guidelines (2023) → Systems Fundamentals KA

This is the only area in the guidelines where workloads are mentioned



Where (in the CS curriculum) can we teach 
workload modeling? Systems courses

● Only way to make sure students are exposed to the concept of workload 
modeling (other courses are elective)

● Enables departments to teach performance even if they have stopped teaching 
PM courses

● Fits well with existing curriculum guidelines

● Fits with how perf. practitioners (as a community) have evolved [Casale 2023]

● Can help motivate students to take courses focused on PM



Where (in the CS curriculum) can we teach 
workload modeling? Systems courses

“To facilitate the dissemination of performance evaluation concepts thus increasing 
the number of students interested in this discipline, another action can be taken at 
the organizational level. It consists of the integration of performance evaluation 
concepts, with simple examples, in some popular computer engineering courses. 
Very few lessons are needed and an application-oriented approach should be 
adopted.” [Serazzi 2022]

Serazzi also argues for a learning through applications approach .

Giuseppe Serazzi. 2022. Updating the Content of Performance Analysis Textbooks. SIGMETRICS Perform. Eval. Rev. 49, 4 (March 2022), 24–27.  @ TeaPACS 2021



How can we 
teach workload 
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How can we teach workload modeling in CS systems classes?

● Pen-and-paper exercises (e.g., classical caching eviction problems)
○ Hard to include modeling; clumsy; only for very simple WMs

● Make workloads a first-class citizen
○ Add a unit or subsection on workload modeling
○ Discuss thoroughly when applicable
○ Include code to test systems using different workloads

● Include experimentation with diverse workloads in one or more labs

● Homework where students simulate a networked system

● A requirement of the final project

● Research paper-based analysis (e.g., for advanced, seminar-style classes)

● Eval. of system for a client (competency-based curriculum guidelines)
○ What if their workloads are not interesting?



● Workload assumptions in first
subsection of some chapters!

● Workloads discussed in examples

● Questions about how workloads
affect results

● Additional code provided

○ Students can run simulations w/ 
different workloads

○ More advanced workload modeling left to suggested 
readings

Make workloads a 
first-class citizen

An Operating Systems example



Experimentation in 
guided labs

Can include workload characterization 
or modeling components

E.g., in a Distributed Systems or Cloud 
Computing class

Giuliano Casale. 2023. Performance evaluation teaching in the age of cloud computing. 
SIGMETRICS Perform. Eval. Rev. 51, 2 (2023), 45–49.



Simulation 
homework/project

Workload models are a natural way of 
injecting load

Useful for a Networking, or DS class

Ref: Computational Forensics and Investigative Intelligence, 
CMU, 



A requirement of a 
final project

Example, Distributed Systems class:

● Implement a key-value store
● Evaluate with configurable 

workloads and real traces
● Extra credit for most 

performant implementation!
● Other benefit: Students learn to 

integrate their solution with 
existing benchmarking tools

Similar experience at OS class, 
implementing different page eviction 
policies

E. F. Boza, C. San-Lucas, C. L. Abad and J. A. Viteri, "Benchmarking Key-Value Stores 
via Trace Replay," IEEE International Conference on Cloud Engineering (IC2E), 2017



Research paper- 
based analysis

Example from Advanced Operating Systems class (ESPOL)

● Weekly paper discussions

● Most sessions include explicit discussions about 
workloads used in assigned reading

○ Where they adequate and thorough?
○ Any interesting characterization presented?
○ Any models used?
○ Limitations of models used?

● Final project is research-based and evaluations 
should be done with adequate workloads (models or 
traces)

For advanced courses, seminars



Which systems 
class?

● At the very least, do for Distributed Systems

○ Performance tradeoffs are thoroughly discussed in class 

○ Students are more mature; have many prior knowledge 
that can be leveraged

● Cloud computing classes are also a natural fit

Ideally: All/most of them!

“To facilitate the dissemination of 
performance evaluation concepts 
thus increasing the number of 
students interested in this discipline, 
another action can be taken at the 
organizational level. It consists of 
the integration of performance 
evaluation concepts, with simple 
examples, in some popular 
computer engineering courses. Very 
few lessons are needed and an 
application-oriented approach 
should be adopted.” [Serazzi 2022] Cristina L. Abad, Alexandru Iosup, Edwin F. Boza, and Eduardo Ortiz Holguin. 2021. An Analysis of 

Distributed Systems Syllabi With a Focus on Performance-Related Topics. In Companion of the 
ACM/SPEC International Conference on Performance Engineering (ICPE '21).



For students

Garbage-in → Garbage-out

Understanding workload key for design and evaluation

Sometimes the best research contributions come from understanding how 
different workloads stress the system



For teachers

Workloads typically students’ last concern →Give explicit credit for WM

Show examples with unexpected results coming from diverse workloads

Competition can spark interest



How can we 
teach workload 
modeling in CS 
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