Embedding In-Browser Linux Labs as Smart Content for
Intelligent Textbooks

Andrzej Wojtowicz!

TAdam Mickiewicz University, Faculty of Mathematics and Computer Science, Uniwersytetu Poznarniskiego 4, 61-614 Poznar,
Poland

Abstract

This paper presents a browser-based Linux laboratory component for intelligent HTML textbooks. The demon-
strator embeds a bootable Linux environment alongside the textbook content and runs it locally in the learner’s
browser using static web assets. The paper focuses on the textbook-facing experience: a short lesson excerpt,
several activity variants covering a single topic, a compact system architecture, and a walkthrough of formative
assessment within the virtual machine. The technical design separates a reusable base Linux image from small,
activity-specific laboratory disks containing files, datasets, setup scripts, and assessment checkers. Optional
language-model support is treated as an extension for generating supplementary practice activities. The demon-
strator shows that executable operating-system activities can be packaged as smart textbook content without
requiring a hosted laboratory service.
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1. Introduction

Competence with Linux and Unix-like command-line environments is part of contemporary computer
science and data science education [1, 2]. However, learners often reach later programming, systems,
or data-oriented courses without enough confidence in shell-based work, and limited early exposure
can become visible only when more advanced coursework assumes command-line fluency [3].

Introductory Linux learning requires practice in a live operating-system environment. Static online
tutorials remain useful [4], but they cannot by themselves support exploration, failure, recovery, and
automated checking. Local virtual machines (VMs) reduce hosting costs but can be difficult for beginners
to set up. Hosted environments and certification-oriented lab platforms reduce setup work for learners
but shift the computational and operational burden to providers [5]. Recent browser-accessible Linux
learning systems show the value of lightweight labs [6], yet the lab is still often treated as a site or
service separate from the textbook.

This paper reframes a Linux lab as smart content embedded in a textbook: an executable learning
object that extends static reading, in line with prior work on intelligent textbooks [7, 8, 9]. Related
systems such as Runestone, Jupyter notebooks with nbgrader, and CodeRunner integrate executable pro-
gramming activities and assessment [10, 11, 12]. Browser-based Linux systems and WebAssembly-based
execution environments are also established [13, 14, 15, 16, 17]. The contribution of this demonstrator
is the connection between these two lines of work: a bootable Linux environment packaged as modular,
inspectable textbook content.

2. Demo Scenario: Linux Activities in an Intelligent Textbook

The demonstrator targets a textbook used in an introductory Linux course for first-semester computer
science undergraduates. The following subsections present the lesson context and activities.
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2.1. Textbook Context

The example lesson is placed in a module on command-line data processing and introduces pipelines
over small log files. It frames pipelines as a way to combine simple commands such as grep, cut,
sort, and uniq -c into inspectable data transformations. The learning objective is for learners to filter
records, extract fields, count repeated values, and save the result in a checked output file. After reading
the short explanation, the learner launches an embedded Linux environment configured for the activity.

2.2. Example Activities

The demonstrator uses several activities for the same topic, showing how the material can be explored
in different ways and at different levels of depth. Table 1 shows the intended activities. The first task is
author-defined and can be used as a canonical activity. The remaining variants illustrate supplementary
practice that can be authored manually or generated by a language model with the author’s review.

Table 1
Example activity set for the pipelines lesson.

Activity Learner task Expected outcome

1. WARN by service Count how many WARN log entries belong to each service. ~ Sorted report file with counts.
2. Failed login users Extract unique users from failed authentication lines. One username per line, sorted.
3. Top endpoints Count requested endpoints with 5xx status codes. Frequency table of paths.

3. Architecture

The high-level architecture is presented in Figure 1. The demonstrator can be deployed as ordinary
static web content: HTML, JavaScript, WebAssembly, a kernel/initrd pair, and activity disk images.
The Linux environment boots inside the browser using v86 [18], with a small Buildroot-based Linux
image [19]. Xterm.js provides the visible terminal used by the learner [20]. This keeps the textbook
deployable on static hosting while moving execution to the learner’s device.

. . Learner terminal
Runtime controller v86 Linux VM
. . commands
loads VM browser-side execution

and feedback
7\ 7\

Textbook chapter
lesson excerpt,

activity launcher

kernel, initrd activity assets

Base image Lab disk

and checker

Figure 1: High-level architecture of the executable textbook component.

3.1. Base Image and Laboratory Disks

The executable content is separated into a module-level base image and activity-level lab disks. The
base image is the reusable Linux system shared by activities in a larger textbook unit, including the
kernel, core tools, accounts, and services. A lab disk is a small attachable disk image that adds the
exercise-specific files, setup steps, and checks for one task. This avoids rebuilding the full Linux image
for every activity while still allowing each textbook section to present a different filesystem state.



3.2. Feedback and Checking

The learner interacts with the main terminal. Setup and checking can be executed through a separate
control channel inside the virtual machine. In the demo, checkers inspect the current filesystem state
and return formative feedback to the textbook page. Because both execution and checking occur on
the learner-controlled client, these checks are intended for practice and self-regulation. Summative
grading would require a trusted validation channel, such as server-side verification or integration with
a learning management system (LMS).

4. Demonstration Walkthrough

In the scenario discussed here, the learner opens the pipelines lesson, starts the Linux VM for the first
practice activity, and receives a task-specific workspace. The learner reads the task description, inspects
the input log file, constructs a shell pipeline, saves the requested report, and presses a check button in
the textbook interface. The checker runs inside the VM and reports whether the expected file content
has been produced. The snapshot is shown in Figure 2.

INTRODUCTION TO LINUX

Chapter 4. Pipes and Log Processing

A central idea in Unix-like systems such as Linux is to combine several small, simple commands to produce a more complex result, rather than rely on
a single program with many options and modes of operation. Pipes make this possible by sending the standard output of one command to the
standard input of the next. Commands in a pipeline are connected with the vertical bar symbol | ; for example: commandl | command2 | command3.

The commands in a pipeline can process data as it becomes available, so later commands do not always need to wait for the entire preceding
command to finish. This makes pipelines especially useful for concise and efficient data processing.

In log-processing tasks, this lets you build small, inspectable transformations instead of writing a full program. A typical workflow is to filter relevant
lines with grep , select the field you need with cut, order the values with sort, and count repeated values with uniq -c.

Practice Activity 1: WARN by service

Count how many WARN log entries belong to each service. Save a sorted frequency reportin warn-by-service.txt .

‘ Reset VM ‘ WORKSPACE: /home/student/pipes-lab-1 INPUT: app.log OUTPUT: warn-by-service.txt

Terminal virtio-console®

[ @v86-buildroot:~/pipes-lab-1]
$ grep '|WARN|' app.log | cut -d'|' -f3 | sort | unig -c > warn-by-service.txt

[ @v86-buildroot:~/pipes-lab-1]

3 |

‘ Show hint ‘ ‘ Show solution STATUS passed

Feedback

OK: warn-by-service.txt has the expected WARN counts.

Practice Activity 2: Failed login users

Extract the unique usernames from failed authentication lines. Save one sorted username per line in failed-users.txt.

Load VM WORKSPACE: /home/student/pipes-lab-2 INPUT: auth.log outpuT: failed-users.txt

Practice Activity 3: Top endpoints

Count requested endpoints that returned a 5xx status code. Save the frequency table in top-5xx-endpoints.txt , highest count first.

Load VM WORKSPACE: /home/student/pipes-lab-3 INPUT: access.log OUTPUT: top-5xx-endpoints.txt

Figure 2: Snapshot of the executable pipelines lesson with the first practice activity loaded. The interface shows
the textbook excerpt, task-specific workspace metadata, the learner’s shell pipeline in the in-browser Linux
terminal, and the checker status with formative feedback.



4.1. Extending the Demo with Generated Practice

The same architecture can support generated practice. A practical deployment path is to let authors
generate additional activities in advance, inspect them, and distribute them as ordinary lab disks.
However, intelligent textbook support should also allow contextual practice to be customized at use
time, e.g., when a learner asks for another exercise related to the current section.

Because the demonstrator is designed to move computation from the server to the learner’s device,
local generation should be considered first. In this setting, a language model would generate only a
compact activity specification: a task title, a learner-facing description, a setup script, and a checker
script. Prior work has explored automatic exercise generation and scaffolding with large language
models (LLMs) [21, 22, 23]. Browser-side execution is possible in principle using WebGPU and WebLLM-
compatible models [24, 25].

Preliminary tests with an off-the-shelf small model, Qwen2.5-Coder-0.5B-Instruct [26], did not
produce results reliable enough for unsupervised deployment. For now, high-quality generated practice
requires either an external or institutionally hosted LLM API, which weakens the fully local model,
or further work on prompt design, validation, and adapting small language models to the textbook’s
activity format.

5. Feasibility and Limitations

Preliminary checks suggest that the demonstrator is practical as static textbook content. A Buildroot
base image used in testing is approximately 38 MB and boots in under 25 seconds on an AMD Ryzen
Al 7 350 CPU. A separate optimization experiment suggests that the base image can be reduced to
approximately 13 MB, with observed boot time decreasing to about 6 seconds on the same hardware.
Activity lab disks are much smaller, typically under 100 KB for text-based datasets and scripts. This
makes static hosting realistic; for example, GitHub Pages documents site and bandwidth limits that are
compatible with small classroom-scale deployments when browser caching is used [27].

The current work remains a demo, not a classroom evaluation. It does not yet measure learning
outcomes, learner persistence, or long-term use. Performance depends on the device and browser,
especially if local LLM activity generation is enabled. Client-side checking is suitable for formative
feedback but not secure summative assessment. Generated shell scripts also require stronger validation
before broad deployment.

6. Conclusion

This paper presents an executable Linux lab as modular smart content for intelligent textbooks. The
main idea is to keep the textbook statically deployable while embedding a real, browser-based operating
system environment alongside the lesson content. By separating a reusable base Linux image from
small laboratory disks and local checkers, the approach supports efficient, context-aware hands-on
practice without a hosted lab backend. Optional generated practice can extend the activity set, but
further work is needed on validation, local model reliability, and classroom evaluation before such
customization can be used broadly.
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