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Abstract
Conventional parallel programming using explicit multithreading
overmodernmulticore processors imposes significant complexity in
organizing and balancing work across threads. Task-based models
simplify parallel programming using runtimes that handle task
scheduling and resource management, improving scalability and
reducing developer effort.

This paper presents the structure and experiences of teaching
the Parallel Runtimes for Modern Processors course (PRMP) at
IIIT Delhi. The course introduces a basic task-based parallel pro-
gramming model in the async–finish style. Students implement
this programming model together with a general-purpose dynamic
load-balancing runtime system. As the course advances, students
gradually improve both the parallel programming model and the
runtime to overcome limitations and challenges of modern proces-
sor architectures. We conclude with a qualitative and quantitative
evaluation of the three offerings of PRMP to date, showing that the
course has significantly improved student’s understanding of how
to write and execute parallel programs effectively.
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1 Introduction
Computing hardware is becoming increasingly complex. Modern
multicore processors used in the cloud, data centres, and supercom-
puters now scale to over a hundred cores, have wide vector units,
maintain a complex memory hierarchy and often share memory
with accelerators such as GPUs. For example, the top three entries
in the Top500 list [3] include nodes with up to four sockets, 104 CPU
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cores, and many GPU cores. However, achieving high performance
on such systems through explicit multithreading is difficult, primar-
ily because it is hard to identify and express enough parallelism
in software. OpenMP [13] is the de facto parallel programming
model for multicore parallelism and provides a high-level way of
expressing shared-memory parallelism. However, its performance
is often limited on modern processors [21]. Several asynchronous,
dynamic task-based parallel programming models have emerged
to address the growing demand for portability and scalability in
parallel applications on modern processors by treating tasks as
first-class citizens [8, 20, 22, 33, 42, 51]. These programming models
enable the creation of a large number of lightweight asynchronous
tasks (async), which are efficiently executed on multicore proces-
sors using an underlying work-stealing runtime system [16]. Some
of these frameworks focus mainly on node-level parallelism, such
as Cilk [8], Java fork/join [33], Intel TBB [42], Qthreads [51], and
the Habanero Java/C/C++ libraries [20, 22]. Others are designed
to support both intra-node and inter-node parallelism, such as
X10 [11], Chapel [10], Legion [46], Kokkos [9], Raja [6], HPX [24],
and Habanero-UPC++ [32].

Due to the ubiquity of multicore processors and the growing
adoption of task-based parallel programming models, maximizing
performance has become a critical skill for today’s software de-
velopers. Hence, several universities worldwide have integrated
task-based parallel programming into their parallel computing cur-
ricula [18, 19, 25, 29, 43]. One such course is Foundations of Paral-
lel Programming (FPP), which we have developed and offered at
IIIT Delhi for over seven years to undergraduate and postgraduate
students [29]. FPP adopted a task-based parallel programming ap-
proach to balance performance with programmer productivity. It
first introduces explicit multithreading and its limitations on multi-
core processors. Then it covers a variety of tasking APIs suitable for
such systems, along with a brief introduction to distributed parallel
programming. As an introductory course, FPP primarily focused
on enhancing student’s parallel programming skills, with limited
focus on teaching runtime engineering to optimize performance
and scalability on increasingly complex multicore processors.

HPC relies on skilled professionals to design and optimize par-
allel applications. As multicore processors grow more complex,
training students in both parallel programming and performance
engineering becomes essential [50].To meet this need, we devel-
oped the Parallel Runtimes for Modern Processors (PRMP) course
at IIIT Delhi [30], a 4-credit offering taught over the past three
years to undergraduate and postgraduate students. Building on
the foundation of the FPP course, PRMP focuses on tackling the
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challenges of parallel programming on modern processor architec-
tures. It combines theoretical foundations with hands-on experience
in task-based parallel programming and performance tuning via
runtime techniques. The course introduces async–finish style
parallelism, implemented by students alongside a work-stealing
runtime. It then explores advanced topics in processor-aware run-
time design and load balancing. A semester-long project reinforces
these concepts by having students iteratively enhance their task-
parallel APIs and the underlying load-balancing runtime systems.
This paper presents the design, structure, and outcomes of PRMP
in pursuing the twin goals of teaching task-based parallelism and
performance engineering.

The following sections cover different aspects of the PRMP
course. We begin with an overview of the async–finish style
parallel programming model in Section 2. Section 3 outlines the
teaching methodology and course content. Section 4 explains the
evaluation components. Section 5 summarizes student feedback. In
Section 6, we share our teaching experiences, and finally, Section 7
concludes the paper.

2 Task parallelism using async–finish
Task parallelism gained popularity with the introduction of the
Cilk language [8]. Cilk, an extension of the C programming lan-
guage, introduced the spawn and sync keywords for using task
parallelism. The spawn keyword indicated a function (task) that
could execute asynchronously relative to the subsequent statements,
while sync ensured that all previously spawned tasks completed
before continuing. Several other programming models and libraries
later adopted task parallelism, each introducing their nomenclature
and abstractions for tasking APIs [6, 9–11, 20, 22, 24, 33, 39, 42, 51].
The async–finish APIs were originally introduced by the X10
programming language [11], and have since been adopted by the
Habanero Java/C/C++ libraries [20, 22]. Figure 1 shows how to
use the C++11 lambda function-based async–finish APIs to paral-
lelize two simple operations on an unbalanced tree with an irregular
execution DAG [20]. Both constructs allow nesting. For example,
Figure 1(a) demonstrates a recursive use of finish, where each
async task creates new async calls within its own finish scope,
whereas Figure 1(b) demonstrates a flat finish structure, where
all async tasks are launched within a single global finish scope.
The benefit of a flat finish structure is the elimination of nested
synchronization.

Task-based parallel programming languages and libraries gener-
ally use a work-stealing runtime for the load balancing of dynami-
cally generated async tasks. The runtime employs a pool of worker
threads, each maintaining a double-ended queue (deque). Tasks
created by a worker (called the victim) are pushed to the LIFO end
of its deque. The victim continues executing tasks by popping from
the same end. When no more tasks are left at a worker’s deque, it be-
comes a thief and randomly selects another worker to steal a task
from the FIFO end of that worker’s deque. If the steal attempt fails,
the thief continues searching for a task at another worker until the
program terminates. Although this straightforward implementa-
tion of async–finish improves productivity and performance over
explicit multithreading, it encounters several challenges over mod-
ern multicore processors. These include sequential overheads from

1 int recurse(Node* node) {

2 std::vector <int > counts(node ->numChild );

3 finish([&]() {

4 for(int i=0; i<node ->numChild; i++) {

5 async([&, i]() {

6 counts[i] = recurse(node ->child[i]);

7 });

8 }

9 });

10 int sum=1;

11 for(int i=0; i<node ->numChild; i++) {

12 sum+= counts[i];

13 }

14 return sum;

15 }

16

17 int countNodes(Node* root) {

18 int total = recurse(root);

19 return total;

20 }

(a) Couting total nodes in an unbalanced tree

1 std::atomic <bool > found;

2 void DFS(Node* node , int goal) {

3 if(node ->value == goal) {

4 found = true;

5 return;

6 }

7 for(int i=0; i<node ->numChild; i++) {

8 if(found) return;

9 async([=]() {

10 DFS(node ->child[i], goal);

11 });

12 }

13 }

14

15 bool search(Node* root , int goal) {

16 found = false;

17 finish([=](){

18 DFS(root , goal);

19 });

20 return found;

21 }

(b) Searching a node in an unbalanced tree

Figure 1: Examples to demonstrate the task-based parallel
programming model by using the async–finish APIs

fine-granular async [4, 14, 23, 49], the lack of co-location of async
and its data on non-uniform memory access architectures [28, 41],
difficulties in tracing fine-grained nested async calls [35], false
sharing between tasks running on different workers [36], achieving
energy efficient execution [47], enabling fault-tolerance [40], and
extending task parallelism for hybrid computing across CPU and
GPU platforms [5]. PRMP course takes a deep dive into all these
issues and teaches students how to address them by extending
tasking APIs and enhancing the work-stealing runtime.

3 Teaching Methodology and Course Topics
The PRMP course is designed to be suitable for both undergraduate
and postgraduate students. The students must have completed an
operating systems course and at least one programming-intensive
course. We expect the students to have prior experience with C/C++
programming, and completing a computer architecture course is
recommended, though not mandatory. The PRMP course has four
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Lecture No. Lecture Topics Short Description COs Fulfilled
1 Introduction to the course Course structure, evaluation criteria and logistics –

2-3 Introduction to parallel programming Design of modern multicore processors,
refresher on Pthread programming [34], concurrency decomposition [17] CO1

4-5 Dynamic task parallelism [2]
async-finish programming model, serial elision, computation

graphs, mapping async tasks to library-based
thread pool runtime, work-stealing

CO1 and CO2

6-7 Sequential overheads of work-stealing Techniques for controlling task granularity and
reducing overheads arising from concurrent deque accesses CO2 and CO3

8-9 Task parallelism over NUMA machine
Page allocation policies on NUMA machines, libnuma library

hierarchical work-stealing, recursive task parallelism
using data-affinity hints in async

CO2 and CO3

10 Trace and replay Profiling of async-finish program, steal trees, trace/replay
of async tasks in iterative algorithms CO3

11-12 User level threads
Context switching inside the userspace using

Boost.Context library [26], programming with user-level threads
using Boost.Fiber library [1]

CO1 and CO3

13 Mid semester exam review Review of concepts taught in Lectures 02–12 CO1–CO3

14-15 Memory consistency and synchronization Sequential consistency, x86 TSO memory model, store buffers, C++11
memory model, atomic operations, lock-free work-stealing deques CO3

16-17 Cache coherency and false sharing Cache coherency protocols, writing cache friendly code,
runtime solutions for detecting/repairing false-sharing CO3

18 Achieving energy efficiency Dynamic concurrency throttling, processor’s core and
uncore frequency scaling CO4

19-21 Heterogeneous parallel programming
Programming SIMD vector units using Vector Class

Library [15], GPU programming using Boost.Compute library [38],
runtime solutions for hybrid CPU-GPU task parallelism

CO1, CO3
and CO4

22 Resiliency Runtime solutions for resilient task parallel programs CO2 and CO3

23-25 Research seminars Student led seminars on project work, and presentation of
recently published research papers related to task parallelism CO1–CO4

26 End semester exam review Review of concepts taught in Lectures 14–22 CO1–CO4
Table 1: Detailed description of lecture topics in PRMP along with focus area and CO mapping

Course Objectives (COs), defined using Bloom’s taxonomy [7].
These are:

CO1: Students will be able to explain parallel programming ab-
stractions and their underlying hardware and software im-
plementations.

CO2: Students will be able to design and implement a low-
overhead load balancing runtime for task-based parallel pro-
gramming for modern multicore processors.

CO3: Students will be able to implement and evaluate runtime
optimizations to improve the performance of parallel appli-
cations on modern processors.

CO4: Students will be able to implement and evaluate runtime
techniques for improving the energy efficiency of parallel
applications on modern processors.

Table 1 presents the details of the lecture topics covered in the
PRMP course, with each lecture lasting 90 minutes. The course
content can be broadly grouped into four modules, as described in
the following sections.

3.1 Foundations of Task Parallelism
Lectures 2–5 cover the fundamentals of parallel programming and
task-based parallelism, and are the only lecture topics adapted from
the Foundations of Parallel Programming (FPP) course offered at
IIIT Delhi [29]. Since students have already completed an Operat-
ing Systems course, they are familiar with explicit multithreading

in C/C++ using Pthreads. However, we start the course with a re-
fresher on Pthread programming, highlighting the productivity and
performance challenges it poses on modern multicore processors
(Lecture 2). Students are taught a variety of concurrency decomposi-
tion techniques along with practical use-cases (Lecture 3). Students
are then introduced to async–finish style task parallelism and dy-
namic load balancing of async tasks using a work-stealing runtime
(Lectures 4–5). Instead of using an existing dynamic tasking library,
we explain the design and implementation using pseudocode for
C++11-based async–finish APIs and a lightweight, library-based
work-stealing runtime. Students use this pseudocode in their project
milestone-1 as explained in Section 4.2.

3.2 Runtime Optimizations
Several prior research works have highlighted the scalability issues
of a straightforward implementation of the work-stealing runtime
over modern multicore processors [4, 14, 23, 28, 35, 41, 49]. Lectures
6–10 cover these scalability issues and discuss solutions to over-
come these limitations. We start this module with the sequential
overheads associated with a work-stealing runtime [31] (Lectures
6–7). These overheads arise from task creation overheads associated
with fine-granular async [14, 23] and expensive memory fences
incurred during concurrent deque accesses [4, 49]. Students mea-
sure these overheads by changing the task granularity of recursive
async–finish programs, and observing the effect on total execu-
tion time. We cover the design and implementation for automatic



SC Workshops ’25, November 16–21, 2025, St Louis, MO, USA Vivek Kumar

task granularity control using dynamic task aggregation [14], dy-
namically switching to an iterative version of recursive code upon
reaching a depth threshold in the recursion tree [23], and task mem-
oization. To address deque access overheads, we discuss techniques
such as using a mix of private and non-concurrent data structures
with regular work-stealing deques [4, 49].

Modern servers and HPC nodes increasingly employ multi-die
and multi-socket designs with multiple memory banks and cache
hierarchies to improve memory bandwidth. While this design en-
ables cache-coherent Non-Uniform Memory Access (NUMA), it
hampers the scalability of memory-bound task-parallel programs
due to increased cache misses and the latency of remote memory
accesses caused by a random work-stealing runtime. We discuss
these issues in Lectures 8–9, where we first cover the design of a
hierarchical work-stealing, but with manual task partitioning over
the NUMA domains [41]. Students learn that while this approach
works fine for a regular execution DAG, the productivity and per-
formance will suffer with an irregular execution DAG. If a DAG has
the same branching degree for all its non-leaf nodes, it is a regular
DAG and an irregular DAG if different branching degrees. Students
are then introduced to extending the async API with data-affinity
hints [28], where each async task explicitly specifies the arrays
and corresponding access ranges it will use. It lets the runtime
automatically schedule the task on a NUMA node that contains
the specified memory regions, thereby improving data locality and
overall performance. To further improve locality in iterative al-
gorithms, Lecture 10 covers the design and implementation of a
low-overhead trace/replay mechanism for async tasks [35], ensur-
ing that each worker consistently executes the same set of async
tasks across each successive iteration of the task-parallel compute
kernel.

3.3 System-level Concurrency Mechanisms
Lectures 11–12 and 14–17 cover low-level parallel programming
and runtime mechanisms that extend beyond task-based parallel
programming. For example, removing the finish call at Line 3 in
the recursive async–finish program (Figure 1(a)), and replacing
each async call (Line 5) with C++11 std::thread T and the end
of the finish scope (Line 9) with a corresponding T.join() for
each thread, results in nested thread creation instead of lightweight
tasks. Such a program can incur heavy overheads and, for larger
input sizes, may even fail to terminate because it creates millions
of threads. In Lectures 11–12, we demonstrate how to reduce the
abovementioned overheads in the modified program using user-
level threads from the Boost library [1, 26] instead of kernel-level
threads (Pthreads). Further, when writing lock-free code in C/C++,
it is essential to ensure correct memory ordering to prevent unex-
pected behaviours in parallel programs. These concepts are covered
in Lectures 14–15, beginning with an introduction to sequential
consistency and the x86 Total Store Order (TSO) memory model.
We then discuss the synchronization features introduced in C++11,
including mutex locks and atomic operations. Students are then
introduced to the C++11 memory model and learn how to imple-
ment a lock-free Chase-Lev deque for work-stealing runtime [12].
Finally, we teach how to achieve high performance and improve
scalability in parallel programs by automatically minimizing false

sharing through runtime-based techniques [36], thereby reducing
contention for shared resources.

3.4 Advanced Topics
The debut of the Frontier supercomputer in 2022 marked the be-
ginning of the exascale computing era. As of today, three exascale
supercomputers hold the top spot in the Top500 [3], having multi-
ple sockets and many CPU cores per node. These systems include
multiple GPUs per node, while each socket has wide SIMD vector
units. With hundreds of cores per node and multiple execution
units, exascale systems have introduced four key challenges for
HPC [44], such as: a) scalable runtimes to manage massive number
of threads, b) reducing memory access latency and ensuring local-
ity over deep memory hierarchies, c) achieving energy efficiency
within a 20–30 MW/exaflops power envelope [37], and d) fault
detection and recovery mechanisms to address increased failure
rates. Lectures grouped under the first two modules (Sections 3.1
and 3.2) addressed challenges related to scalable runtimes and local-
ity awareness, whereas this module of the PRMP course focuses on
topics targeting energy efficiency and resilience (Lectures 18–25).

Lecture 18 focuses on techniques for achieving energy efficiency
in runtime systems, including dynamic concurrency throttling [48],
as well as processor frequency control using Dynamic Voltage and
Frequency Scaling (DVFS) and Uncore Frequency Scaling (UFS) [27],
by making use of Linux hardware performance counters. Lecture
19 covers writing SIMD-parallel programs for the vector units avail-
able on multicore processors. We use the C++17 Vector Class Li-
brary [15], a header-only implementation that avoids compiler
intrinsics and assembly language to ease the programming. Stu-
dents also learn hybrid parallel programming using multicore and
vector units concurrently. Lectures 20–21 expand the scope of het-
erogeneous programming by introducing hybrid task parallelism
across CPUs and GPUs. Students learn how to extend work-stealing
runtime systems to support dynamic load balancing between mul-
ticore CPUs and GPUs. We use C++ Boost.Compute library [38]
for GPU programming to avoid focusing on any specific GPU. It is
also a header-only implementation that integrates seamlessly with
the C++11 lambda function-based APIs students use throughout
this course. Since access to discrete GPUs is limited at several ed-
ucational institutions, we encourage the students to experiment
using the integrated Graphics Card (iGPU), widely available on
desktop/laptop processors. Finally, before starting the student-led
seminar series, we briefly introduce resilience in Lecture 22, where
students learn how to extend the regular async–finish program-
ming for some widely used fault tolerance techniques [40]. The
student-led research seminars in Lectures 23–25 aim to improve
student’s presentation skills and inspire them to pursue research.
Students present the evaluation of their project implementation
and summarize a recently published conference or journal paper of
their choice, related to topics covered in the PRMP course.

4 Course Evaluation
The PRMP course includes the following evaluation components,
along with their respective weightage.

(1) Quizzes (10%)
(2) Midterm written exam (20%)
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Milestone Description Total Marks
(out of 100)

Deadline
(Weeks)

1 C++11 lambda based async–finish implementation with a light-weight work-stealing runtime 10 2
2 Minimizing the sequential overheads in work-stealing runtime developed in Milestone-1 10 1.5
3 NUMA-aware hierarchical work-stealing for regular DAG 8 1
4 Improving locality of async tasks in iterative computation using trace and replay 10 1.5
5 Achieving energy efficiency by dynamic controlling worker count 6 1
6 Summarizing a research paper and experimental evaluation of Milestones 1–5 on a NUMA server 6 4

Table 2: Short summary of project milestones in PRMP course

(3) Endterm written exam (20%)
(4) Group project (50%)

4.1 Proctored Exams
Quizzes, the midterm, and the end-term exams are the three proc-
tored evaluation components in the PRMP course. Quizzes are
conducted during lecture hours, towards the end of a class session
(roughly 20 minutes). They are scheduled approximately every two
weeks, covering topics from the previous two weeks. We inform
the students in advance about the quiz schedule. Each quiz includes
multiple-choice questions (MCQs), fill-in-the-blank questions, and
partially written code that students are required to complete. The
midterm and endterm exams are one and two hours long, respec-
tively, and include theoretical and programming-related questions.

4.2 Group Project
The course project in PRMP has six milestones and runs through-
out the semester, with deadlines closely aligning with the lecture
topics. Each milestone focuses on runtime optimization and perfor-
mance evaluation. Due to the programming-intensive nature of the
project, which focuses on enhancing async–finish programming
implementations for modern processors, we follow a pair program-
ming approach where up to two students are allowed to form a
group and submit the project jointly. Table 2 summarizes the PRMP
project milestones. We use a deadline chaining approach, where
each milestone builds on the previous one. It reinforces learning
and helps students improve their resumes by demonstrating ex-
perience with a large-scale project. Students use their laptops or
desktops to develop and test Milestones 1–5.

4.2.1 Milestone-1. The first milestone is adapted from the FPP
course and aims to deepen the student’s understanding of the de-
sign and implementation of the async–finish style programming
model.We provide skeleton code for awork-stealing runtime, which
they are required to implement and test by the deadline. To re-
duce concurrency-related bugs, we ask them to support only a flat
finish construct and to use mutex locks for implementing the
pop and steal APIs in the work-stealing runtime. We also provide
recursive task-parallel programs, such as the N-Queens problem,
to help them test their implementation. This project milestone is
released immediately after the completion of Lecture 5.

4.2.2 Milestone-2. In this milestone, students are given the option
to either implement dynamic task aggregation to reduce the task
creation overheads associated with fine-grained async, or imple-
ment private-deque-based work-stealing to minimize the overheads

arising from concurrent deque accesses (see Lectures 6–7 in Sec-
tion 3.2). Students build upon their Milestone-1 implementation and
evaluate the resulting performance improvements. Additionally, a
bonus of 2 marks is awarded to those who implement both opti-
mizations for minimizing the sequential overheads. This milestone
is released three weeks after the first milestone is announced.

1 template <typename T>

2 void prmp:: numa_parallel_for(int low , int high , T&& lambda_loopBody );

Figure 2: A NUMA-aware API in Milestone-3 that internally
uses divide-and-conquer style recursive task parallelism

4.2.3 Milestone-3. This milestone builds upon the concepts taught
in Lectures 8–9 and is released immediately after the midterm
exams. Students extend their Milestone-2 implementation by in-
troducing support for NUMA architectures. They implement a
numa_parallel_for API (Figure 2) that performs block-cyclic divi-
sion of loop iterations, where each block is executed on a separate
NUMA node. Each block then uses a divide-and-conquer style of
recursive task parallelism. To exploit locality, students implement a
basic hierarchical work-stealing runtime in which worker threads
first attempt to steal tasks from other workers within the same
NUMA domain, and carry out limited remote steals only upon
failing locally. Students use the Linux libnuma library to perform
block-cyclic memory allocation across NUMA nodes.

1 bool replay=false;

2 for(int i=0; i<NUM_ITERS; i++) {

3 if(! replay) prmp:: trace_asyncs ();

4 else prmp:: replay_asyncs ();

5 /*

6 * The compute_kernel is an iterative style

7 * computation such as iterative averaging.

8 * It contains async -finish parallelism.

9 */

10 compute_kernel ();

11 if(! replay) {

12 prmp:: stop_tracing ();

13 replay = true;

14 } else prmp:: stop_replay ();

15 }

Figure 3: Improving locality inMilestone-4 using trace/replay

4.2.4 Milestone-4. This milestone focuses on further improving
the data locality for iterative algorithms on NUMA architectures
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using a trace/replay enabled work-stealing runtime (see Lecture
10 description in Section 3.2). Students implement the trace/replay
feature on top of their Milestone-1 deliverable. A task-parallel im-
plementation of an iterative algorithm using the async–finish
model is provided as a testcase that uses the trace/replay feature as
shown in Figure 3. In this milestone, students use the trace/replay
mechanism to improve task placement and execution locality. Ad-
ditionally, students receive a bonus of 1 mark if they successfully
integrate the implementations of Milestones 3 and 4. This milestone
is released one week after the deadline of Milestone-3.

4.2.5 Milestone-5. This milestone focuses on achieving energy ef-
ficiency in the work-stealing runtime by dynamically controlling
the number of active worker threads. Students use hardware perfor-
mance counters to measure energy consumption and instructions
executed to decide the number of active threads at any instant dur-
ing program execution. Since this milestone is announced toward
the end of the semester, we provide pseudocode for implementing
dynamic thread throttling to ease the student’s workload. It also
gives them sufficient time to revisit previous milestones and pre-
pare for Milestone-6. Milestone-5 is released one week after the
deadline for Milestone-4.

4.2.6 Milestone-6. For evaluatingMilestones 1–5, we mainly check
whether each student’s implementation is correct and runs success-
fully on the provided test cases using their laptop or desktop. We
evaluate each milestone immediately after its deadline is over. How-
ever, since student laptops/desktops have a limited number of cores
and lack NUMA support, they cannot evaluate the actual perfor-
mance of their implementation locally. Hence, we provide students
access to a dedicated multi-socket, multicore NUMA server for
the performance evaluation of Milestones 1–5. This server is not
time-shared, and students must reserve access in advance through
a reservation system. Milestone-6 includes two deliverables: a) stu-
dents have to submit performance results obtained by running their
Milestones 1–5 implementations on the NUMA server using a set of
benchmarks we provide, and b) they also need to submit a summary
slide deck of a recently published conference or journal paper (of
their choice) relevant to the topics covered in the PRMP course.
Students present their experimental evaluation and research paper
summary during the student seminar sessions (Lectures 23–25).
As students need sufficient time to prepare for this milestone, we
release Milestone-6 immediately after the midterm examinations,
along with Milestone-3. Its submission deadline is immediately
after the Lecture 22 delivery date.

4.3 Grading Summary
Figure 4 presents the geometric mean of marks obtained in each
evaluation component across the three offerings of PRMP. Over-
all, students performed best in the project component, followed
by the quizzes, the midterm and the endterm exams. The pair
programming-based project structure enables students to clarify
doubts and debug code more effectively, resulting in better scores.
Quizzes are intentionally kept easy, as their primary objective is to
encourage students to attend lectures.

Figure 4: PRMP batch-wise mark distribution (Geomean)

Year Undergrad Postgrad Total Students
2023 13 3 16
2024 17 1 18
2025 21 2 23

Table 3: Distribution of PRMP students across three offerings

5 Student Feedback

Figure 5: Student feedback on a scale of 1–5 (higher the better)

Table 3 presents the student demographics, and Figure 5 summa-
rizes the student feedback across the three offerings of the PRMP
course. Students receive an anonymous feedback form from the IIIT
Delhi towards the end of each course, where they have to provide a
rating on a scale of 1–5 for various questions related to the course.
Higher scores indicate a more positive response and stronger agree-
ment from the student. The course feedback summary for the past
three offerings of PRMP is shown in Figure 5. The percentage of
students who submitted the feedback form across the three offer-
ings was 50%, 94%, and 91%, respectively. We can observe that most
students agreed that they regularly attended the lectures. They had
to put more effort due to the programming-heavy nature of the
course project, which also has significant weightage (50%). The
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effort reported in 2023 was highest, as students of this batch imple-
mented their project milestones using Argobots runtime instead of
the 2024 and 2025 batch, who used their own custom work-stealing
runtime (discussed in Section 6.2). A high rating for course out-
comes, course organization, and course administration indicates
that students could easily follow the course by regularly attending
the lectures. There is no textbook in the PRMP course, but we pro-
vide relevant online materials (e.g., research papers and tutorials)
in each lecture, which the students read for deeper understanding.

6 Challenges and Lessons Learned
6.1 Lecture Layout
The PRMP course project has a significant weightage, and Mile-
stones 1–5 are based on concepts covered in the lectures. Hence,
completing the relevant lectures before releasing the correspond-
ing project milestones is essential. Due to this reason, except for
Lecture 18 (for Milestone-5), all other relevant lectures are covered
before the start of the midterm examination.

6.2 Use of Argobots Runtime
In the first offering of the PRMP course, we taught Argobots [45], a
lightweight, low-level threading and tasking framework, along with
Boost.Fibre in Lecture 12.We covered this lecture content in the first
two weeks of that offering and provided an option for students to
implement Milestone-1 using the Argobots backend. We floated an
anonymous form for students to share their feedback in the middle
of the course (separate from the course feedback form shared by
IIIT-Delhi). Students reported that they enjoyed working with the
Argobots option as it exposed them to an existing low-level runtime.
However, it required more effort than implementing a custom work-
stealing runtime from scratch. Hence, we provided bonus marks
to the groups who successfully implemented their Milestone-1
using Argobots. Later, we realized that grading the Argobots-based
solutions was challenging for the Teaching Assistant. Hence, we
removed this option from the 2024 offering onwards.

6.3 Inclusion of Labs
While the project milestones require students to apply the concepts
learned from several lectures covered before the midterm exami-
nation, Lectures 11 and onwards do not contribute to any project
deadlines (except Lecture 18). We have observed that, for this rea-
son, student performance tends to drop in the end-term exam and
quizzes conducted during the second half of the course. This trend
is also evident from the marks distribution for the end-term exam
compared to the midterm exam in Figure 4. In future offerings of
PRMP, we plan to include mandatory lab components in the sec-
ond half of the course with 10% weightage and reduce the course
project’s weightage by the same amount. These labs will cover
concepts such as user-level threads using the Boost.Fiber library,
achieving synchronization using atomic variables, applications of
C++11 memory models, SIMD programming using Vector Class
Library, and GPU programming using the Boost.Compute library.

Figure 6: Student-reported AI tool usage (course project)

6.4 Use of AI Tools for PRMP Milestones
We request that students avoid open-sourcing their project imple-
mentation after completing the PRMP course. However, with the
advent of LLMs such as ChatGPT, students increasingly rely on AI-
generated code for programming-related evaluation components.
We asked students from the last two offerings of the PRMP course
(41 students) to anonymously share with us the amount of help
they took from ChatGPT (and related AI tools) for solving PRMP
project milestones. We received responses from 24 students. Their
responses are summarised in Figure 6. We can observe that only
8% of the students reported taking help in more than 25% of their
submitted code. However, as LLMs continue to advance, we plan to
allow students to seek help from LLMs with mandatory disclosure
of the AI-assisted code in the future. To conduct a fair evaluation
in such cases, apart from including an exhaustive evaluation rubric
for each milestone, we also plan to interview students after each
deadline to assess their understanding of the code they submitted.

7 Conclusions
This paper outlines the structure and methodology of the Parallel
Runtimes for Modern Processors (PRMP) course being offered at
IIIT Delhi. We discussed the project-oriented course design that
introduces task-based parallel programming, providing students
with a deeper understanding of the underlying parallel runtime
systems. We anticipate that this course will positively influence the
teaching of parallel programming and runtime systems at other
universities.
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