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CHAPTER 1

Introduction

Software engineering research has produced a large body of work exploring how
code evolves and is maintained over time. However, this work largely focuses on coarse-
level analysis of code commits, revisions, and pull requests. Examining code at this scale
analyzes what code becomes but not how code is written. Software developers do not sit
down at their computers and instantly create a new commit. There is a complex problem-
solving process — with developers sitting at desks typing on keyboards while solving
programming problems — that is poorly understood. The moment-to-moment interactions
between developers and their development environments (i.e., key presses, mouse cursor
movements, and incremental edits) are absent from mental models of software
development behavior [Pennington 1987a; Pennington 1987b; Von Mayrhauser and Vans
1995; Soloway and Ehrlich 1984]. To better understand how software is actually written,
it is necessary to study developer behavior at a finer level of granularity.

Studying developer behavior while editing software requires the ability to capture
both observable actions and the underlying cognitive processes driving them. Traditional
data sources, such as version control systems and commits, provide indirect snapshots that
represent coarse-grained information about developer activity, making them insufficient

for eye-tracking purposes.



The main objective of this work is to explore, define categories for, and collect the
moment-to-moment edits made to source code for use in further software evolution and

program comprehension research.

1.1 Motivation

Eye-tracking has emerged as a powerful method for studying developer behavior
and understanding the mental models of software development [Bednarik and Tukiainen
2006; Uwano, Nakamura, Monden, and Matsumoto 2006; Yusuf, Kagdi, and Maletic 2007;
Sharif and Maletic 2010; Sharafi, Soh, and Guéhéneuc 2015; Obaidellah, Al Haek, and
Cheng 2018; Grabinger, Hauser, Wolff, and Mottok 2024; Grabinger et al. 2025]. By
capturing eye movements and visual focus, researchers can infer comprehension processes
and cognitive effort in real time.

Eye-tracking in software engineering has evolved from early studies using small,
static code snippets to more recent work supporting dynamic and interactive development
environments. Eye-tracking allows researchers to understand the most time-consuming
part of software development — reading and understanding code [Minelli, Mocci, and Lanza
2015; Xia, Bao, Lo, Xing, Hassan, and Li 2018].

Despite these advancements, there remains a large gap in current eye-tracking for
software engineering research — tracking a developer while they write and develop code.
Although reading and understanding code take up most of a developer’s time [Minelli,
Mocci, and Lanza 2015; Xia, Bao, Lo, Xing, Hassan, and Li 2018], editing is central to

software development tasks such as feature implementation, debugging, and refactoring.



Understanding how developers engage with code while editing is essential to forming a
complete model of programming behavior.

The primary issue in eye-tracking while editing code is mapping gaze data to a
continuously changing stimulus. As mentioned previously, eye-tracking in software
engineering is primarily performed on static images of simple software. The EMIP dataset
is a well-known example of eye-tracking data collected on a still image of source code
[Bednarik et al. 2020]. Still images of code are sufficient for certain objectives, but do not
match what real developers see every day in their jobs. The issue with using a more
dynamic stimulus is the difficulty of mapping gaze data to the correct region of interest
within the code. The smallest shift in the document throws off every region of interest,
meaning a whole new set of regions must be calculated, since there is no way to pre-
determine every region's position. Current methods, such as the iTrace Infrastructure
[Sharif and Maletic 2016; Guarnera, Bryant, Mishra, Maletic, and Sharif 2018], use
bounding-box computation to dynamically obtain bounding boxes for the moving code
stimulus. Instead of relying on a still image of code, the code can be loaded into an editing
software. Using that software’s API, the x and y pixel coordinates from the gaze data can
be mapped to line and column information in real time. Then that line and column
information can be mapped to a specific token after the eye-tracking session is completed.
This innovation enables eye-tracking for software engineering studies to be performed
within a full, traditional development environment with the ability to scroll through large

files, switch files on demand, use the mouse to highlight important text, and supports



almost all other features within the editor. More information on the iTrace Infrastructure is
detailed in CHAPTER 3.

However, iTrace has one key limitation with this approach. Because mapping the
line and column to the specific token in the source code cannot be done in real time, the
code must remain consistent throughout the entire development process — otherwise, the
resulting data will be skewed. Unlike current read-only scenarios, editing introduces
structural changes to the stimulus as tokens are inserted, modified, or deleted. This means
that editing the stimulus while using iTrace is currently not allowed, and a new
enhancement to eye-tracking infrastructure is necessary to support the study of developers
while they edit software.

A simple approach is to capture a snapshot of the code after every single change to
the text. However, even a short five-minute tracking session produces a huge volume of
data that does not preserve the contextual relationships between edits. Figure 1.1 showcases
a simple example of a developer editing the type in a variable declaration. In the example,
after the very first text change, the syntactic meaning of the line changes from declaring a
new integer variable x with an initial value of 0 to an already existing variable intx being
set to 0. Looking at all the text changes, it is clear that the developer wants to change the
type of variable x, but without the context of the total set of text changes, any assumption
made purely from the syntax change between any two consecutive text changes is flawed

compared to the final intention of the developer.



| int x = 0; |»| intx = 0; |»| inx = 0; |»| ix = 03 |»| X = 0; |»
»l Ix = 0; |»| lox = @; |»| lonx = 0; |»| longx = @; |»|longx=8;|

Figure 1.1. An example edit of source code that shows a developer changing the
variable x from an int to a 1ong. In this example, the developer placed the cursor to
the left of the x and started their editing

Identifying every textual change to source code does not provide sufficient
syntactic or semantic context for any meaningful analysis of developer intent. Conversely,
as discussed earlier, looking at changes at the commit level is too coarse and does not
preserve all developer intent during editing. Thus, researchers need a representation of code

edits that captures changes at the most atomic level while still preserving semantic intent.

1.2 Research Questions
This work addresses the following research questions:
RQ 1. How do developers write and edit source code?
RQ 1.1.  How do developers create changes to source code?
RQ 1.2.  How does writing source code compare to writing prose?
RQ 2. What constitutes an atomic edit of source code?
RQ2.1.  What do developers consider an atomic edit?
RQ2.2.  Can atomic edits be programmatically identified?
RQ 3. How can eye-tracking studies map gaze data to a dynamically edited

stimulus?

1.3 Research Contributions

The contributions of this work are as follows.



The formal definition of different levels of change in software development
— text events, code edits, code changes — for use in further software
evolution and program comprehension research

Custom software to conduct surveys with code and prose editing tasks for
use in this work and future studies on developer editing behavior

The creation of a large data set from 235 developers, containing over 120
hours of program editing information and over 3 hours of prose writing
information

Empirical analysis into the behavior of developers and how they interact
with their keyboard/mouse while editing, marking a first step towards
understanding the mental model of source code editing

Custom software to replay responses from the survey and manually segment
changes into distinct source code edits

A reference set of edits created by expert developers from sample survey
responses, used to explore the nature of source code edits

The creation and evaluation of several algorithms to automatically create
distinct source code edits from continuous editing data

Enhancements to the iTrace Infrastructure, allowing for conducting eye-
tracking studies involving an editing component, along with a pilot study

that tests these enhancements



1.4 Organization of the Dissertation

This dissertation is organized as follows: CHAPTER 2 presents related work that
explores how code changes and evolves. CHAPTER 3 details an overview of the iTrace
Infrastructure and how editing support will fit into it. CHAPTER 4 describes how this work
defines a source code edit and its constituents. CHAPTER 5 details the survey conducted
by this work to gather data on how developers edit source code. CHAPTER 6 identifies
developer editing behavior as collected and analyzed from survey responses. CHAPTER 7
explores how expert developers define source code edits and how edits can be
programmatically identified. CHAPTER 8 details efforts to add support to the iTrace
Infrastructure for conducting eye-tracking studies that allow participants to edit the
stimulus, alongside a pilot eye-tracking study to demonstrate the efficacy of these
additions. CHAPTER 10 presents planned future work on understanding developer

behavior and supporting editing during eye-tracking studies.



CHAPTER 2

Background and Related Work

This work is an extension of various software engineering research topics; all
centered on software evolution and program comprehension. The research discussed in this
chapter is organized around these themes, as they all play a role in evaluating how
developers edit software. First, prior work on code changes and semantic change detection
is presented, including studies that classify and characterize source code modifications.
Then, techniques for detecting differences between code versions are discussed. Prior eye-
tracking studies of program comprehension, which motivate the need to study developers
while they work on code, are then explored. Lastly, foundational work on mental models
in software engineering is examined. Together, these lines of work establish the foundation

and motivation for this dissertation.

2.1 Code Changes

The nature of code changes and software has been a heavily studied field. In his
foundational works, Lehman defined a set of “Laws of Software Evolution,” the first of
which concerns software change: “A program that is used...undergoes continual change or
becomes progressively less useful” [Lehman 1980; Lehman 1996]. Subsequent research

has sought to examine Lehman’s observations by investigating how best to identify and



categorize software changes. Later, Kagdi et al. developed techniques for analyzing
software systems using version control systems [Kagdi, Collard, and Maletic 2007]. This
led to a large body of work on mining software repositories, in which code evolution is
studied through commits and revisions. Studies that investigate commit-level observations
are discussed in the next subsection. However, repository-based representations of change
provide only a partial view of the development process and do not capture the continuous
sequence of edits that lead to the code as it currently stands. Robbes and Lanza attempt to
address this limitation by proposing a methodology to capture changes to the source code
as they are made [Robbes and Lanza 2007]. Their tool, SpyWare, captures snapshots of the
source code when specific change types are made, such as the addition or removal of a
method or variable. This approach is closely related to this work but still focuses on a too
coarse level of code change (i.e., statement-level vs. token-level). In later work, Chen et al.
explore what they call micro-changes [Chen, Lanza, and Hayashi 2024]. Micro-changes
are small code-change operations that can be extracted from larger code diffs and represent
a smaller unit of software change. In their work, they explore only a preliminary set of
micro-changes that describe how conditional statements evolve, but note that micro-
changes can be defined across all aspects of source code. Examples of the micro-changes
they define are Add Conditional Statement, Extend If with Else, and Reverse Condition.
Developers’ responses to code change have also been studied. Tao et al. evaluate
Microsoft employees’ ability to understand the content and purpose of code changes,

asking participants questions such as “What is the rationale behind this code change?” and



“Does this change introduce poor design, or break the current design?” [Tao, Dang, Xie,

Zhang, and Kim 2012].

2.2 Detecting Semantic Features in Changes

One of the most common types of research on changes to source code is detecting
semantic meaning or features within code changes. For example, refactorings made to
software systems are commonly identified through the commits or merges within source
code repositories. Many different tools exist to identify such refactorings. One of the first
tools developed to automatically detect refactorings is RefactoringCrawler, a plugin for the
Eclipse IDE that detects refactorings within a software component [Dig, Comertoglu,
Marinov, and Johnson 2006]. Other, more recent tools also exist. RefDiff is a tool that can
detect 13 “well-known” refactoring types, including extract method, extract superclass, and
rename method within Java systems [Silva and Valente 2017]. RefDiff works across
different revisions of a git repository by calculating a code-similarity threshold between
versions and applying it to specific heuristics for each potential refactoring. Another tool,
RefactoringMiner, is arguably the most prolific tool for identifying refactorings.
RefactoringMiner has been widely used for over a decade and is notable for detecting 40
distinct refactorings across all levels of code, without relying on code-similarity metrics
[Tsantalis, Guana, Stroulia, and Hindle 2013; Tsantalis, Mansouri, Eshkevari, Mazinanian,
and Dig 2018; Tsantalis, Ketkar, and Dig 2022].

Refactoring is not the only feature that is identified through code evolution. Levin
and Yehudai classify changes to software systems in relation to the testing suite, identifying

whether a bugfix within the source code has a corresponding update to the testing suite.
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They find that, more often than not, there is no corresponding change to the test suite [Levin
and Yehudai 2017]. Hindle et al. explore the dynamic between large and small code
commits and identify that larger commits appear to be perfective in nature, while smaller
commits appear to be corrective [Hindle, German, and Holt 2008]. Dig and Johnson
explore how APIs evolve by categorizing changes across various APIs, finding that most
breaking API updates are due to refactorings that affect the public-facing end of the API
[Dig and Johnson 2006]. While this work uses a manual analysis process rather than relying
on automated code analysis, the system implementation was analyzed alongside artifacts
such as documentation and release notes. Their results also indicate that the detection of
refactorings is a good indicator of potential breaking API changes, which future studies
investigated more closely [Brito, Xavier, Hora, and Valente 2018; Kula, Ouni, German,
and Inoue 2018]. Pan et al. define 27 bug-fix patterns that can be extracted from source
code by examining the syntactic and semantic meaning of code related to bug fixes [Pan,
Kim, and Whitehead 2009]. These patterns are organized by nine specific syntactic features

and how said features are added/changed over time within the source code.

2.3 Detecting Changes in Source Code

A common tool for analyzing different versions of source code is file differencing.
Developers have used differencing tools for years to highlight differences between files
and help understand what has changed between versions. A simple form of differencing is
textual differencing, in which the text between two versions of a file is compared at the
line or word level. Textual differencing, while fast and efficient [Myers 1986], often reports

entire lines being changed for finer-grained changes. Syntactic differencing, a
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programming syntax-aware differencing approach, provides more specific differencing
information for source code files. Syntactic differencing operates on an abstract syntax tree
(AST) representation of the source code rather than on the text itself. Syntactic differencing
is significant to software engineering research, as it can provide specific information about
what has changed between versions of source code.

Many different implementations of syntactic differencing exist, but most rely on
calculating the shortest possible edit script. An edit script is a set of edits to nodes within
an AST that transforms it into a new tree, meaning the shortest edit script is the smallest
set of edits that can be made on one tree to turn it into a target tree. ChangeDistiller, an
early tool for Java syntactic differencing, uses a simple AST in which statements are the
leaf nodes [Fluri, Wursch, Plnzger, and Gall 2007]. This approach, while specific to
software development, is limited to reporting differences at the statement level. A later
tool, GumTree, utilizes heuristics to achieve shorter edit scripts, provides human-readable
output formats, and supports many programming languages [Falleri, Morandat, Blanc,
Martinez, and Monperrus 2014; Martinez, Falleri, and Monperrus 2023; Falleri and
Martinez 2024]. srcDiff, the tool used in this work to analyze source code edits, uses a set
of differencing rules to identify the optimal difference [Decker, Collard, Volkert, and
Maletic 2020]. srcDiff is notable for its XML-based srcML output format [Collard et al.
2011; Collard et al. 2013]. The XML output from srcDiff contains not just the differencing
information, but also the original text of both versions of the source code embedded within
the XML, including all original whitespace and comments. This makes srcDiff ideal for

analyzing developer edits, as they often add and modify whitespace and comments.
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2.4 Prior Eye-Tracking Work

Due to eye-tracking’s emergence as an effective means of studying program
comprehension, there is a large body of work exploring how developers read and
understand source code. Some examples are listed below.

Binkley et al. utilize eye-tracking in multiple parts of a larger investigation into
which identifier styling convention is better for comprehension [Binkley, Davis, Lawrie,
Maletic, Morrell, and Sharif 2013]. Of particular interest is the “Eye Tracker Code Study,”
where participants were asked to read C++ code containing a mixed set of styled identifiers,
and then later recall what identifiers they could remember.

Turner et al. use eye-tracking to compare comprehension of C++ source code with
that of Python source code [Turner, Falcone, Sharif, and Lazar 2014]. They present
participants with simple code snippets and ask them to summarize and identify bugs in the
code. Their results show that participants had higher accuracy when solving C++ tasks but
needed more fixations overall to solve them compared to Python.

Segedinac et al. also examine Python code using eye-tracking, evaluating
comprehension of ten different statements within the language, along with other features
such as the average number of calls per snippet and the average length of comments
[Segedinac, Savi¢, Zeljkovi¢, Slivka, and Konjovi¢ 2024]. These features and the
corresponding comprehension results are then used to train a machine learning model to
predict a Python file’s comprehensibility based on its contents.

Aljehane et al. use eye-tracking to investigate if there is a difference in how novice

and expert developers read source code [Aljehane, Sharif, and Maletic 2021]. Analyzing a
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previously collected eye-tracking dataset, they identify how much focus the two groups
give to specific elements within the source code, finding a correlation between skill and
which elements of the source code developers spend time reading.

In all the above studies, the authors’ eye-tracking data is on read-only code.
However, most — if not all — of the above studies could benefit from a study that allows the
developer to edit/write source code.

Several tools help collect editing data for eye-tracking studies. gazel [Fakhoury,
Roy, Pines, Cleveland, Peterson, Arnaoudova, Sharif, and Maletic 2021] and CodeGRITS
[Tang, An, Chen, Bansal, Huang, McMillan, and Li 2024] are two IDE plugins that collect
edit information during an eye-tracking session. However, both plugins use a simple edit-
collection approach, capturing an entire code snapshot every time a change is made to the
text. Additionally, gazel is a plugin for the now-discontinued Atom text editor and is no
longer receiving support.

The abundance of potential for editing analysis in eye-tracking studies and the lack
of sophisticated, well-developed tools for collecting editing information highlight the need

for a well-defined, research-based approach to enable eye-tracking of source code editing.

2.5 Mental Models of Program Comprehension

In software engineering, mental models are internal representations that developers
create in their minds to understand code, programming tasks, and the design of systems.
Developers must form a mental model of a software system to use and/or modify it, with
the complexity of the model depending on the complexity of the scenario in which the

developer interacts with the system.
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Numerous mental models have been developed in previous work, each formulated
for a specific task or job a developer might undertake. Letovsky’s model is an opportunistic
model that focuses on how developers understand unfamiliar systems [Letovsky 1987]. It
posits that developers do not follow a linear strategy when reading code. Instead, their
attention moves around the software depending on what is most immediately useful to the
developer based on hypotheses and goals. Eye-tracking work by Busjahn et al. observes
reading patterns consistent with opportunistic models of how developers read code, with
expert developers reading less linearly than novices [Busjahn, Bednarik, Begel, Crosby,
Paterson, Schulte, Sharif, and Tamm 2015].

In his work, Brooks proposes a top-down view of software understanding, where
developers rely on broader, prior knowledge of a system and domain concepts, and then
work their way down to smaller, specific parts in the system [Brooks 1983]. Soloway and
Ehrlich apply this approach to code, empirically investigating how developers understand
parts of the code itself [Soloway and Ehrlich 1984]. Their work focuses on code constructs
such as loops, conditionals, and code structures, and how developers use them to
understand the code they are working with and utilizes an empirical study with human
subjects to corroborate their approach. A model by Pennington splits software
comprehension into two approaches: a bottom-up program model of the source code, where
lower-level code and execution details build to structural understanding, and a situation
model that focuses on the semantic purpose of the program [Pennington 1987a]. Von
Mayrhauser and Vans propose a three-model approach, consisting of an opportunistic top-

down model, an opportunistic bottom-up model, and a systematic bottom-up model, where
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expiring comprehension comes from the coordination of multiple cognitive processes and
does not rely on a single strategy [Von Mayrhauser and Vans 1995; von Mayrhauser and
Vans 1997].

Mental models apply differently to different tasks, and the mental strategies a
developer uses depend on what they are trying to accomplish. However, these models are
based on comprehension of relatively stable code snapshots. Current mental models rely
on the source code being a static element that does not change rapidly, and do not model
the dynamics of editing or rapid code evolution that are introduced during active
programming tasks. Artifacts such as run-time exceptions, unintended behavior, and
compilation errors introduce new cognitive efforts that have been unexplored in mental

model understandings of software development.
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CHAPTER 3

The iTrace Infrastructure

iTrace! is an eye-tracking infrastructure designed to conduct eye-tracking studies
for software engineering research. iTrace’s main contribution to eye-tracking research is
the ability to conduct studies on dynamic source code stimulus directly within an IDE
[Walters, Falcone, Shibble, and Sharif 2013; Shaffer, Wise, Walters, Miiller, Falcone, and
Sharif 2015; Sharif and Maletic 2016]. This chapter details the various tools and plugins
that make up the iTrace Infrastructure. Figure 3.1 provides a visual overview of the entire

1Trace Infrastructure.

! See https://www.i-trace.org/
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Figure 3.1. A diagram of the iTrace Infrastructure. All supported software and
hardware, tools, and data files are shown
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3.1 Data Collection
iTrace assists with collecting eye-tracking data during an eye-tracking session.
iTrace supports eye-trackers from Tobii, SmartEye, and GazePoint. Current work is also

being done to support webcam eye-tracking in iTrace [Kozak 2026].

3.1.1 iTrace-Core
iTrace-Core [Guarnera, Bryant, Mishra, Maletic, and Sharif 2018] is the central tool
within the iTrace Infrastructure. iTrace-Core’s main responsibility is to serve as the central
server for all tools during the eye-tracking session. Before eye-tracking, iTrace-Core allows
a researcher to set up the experiment information, including the participant’s ID, the ID of
the task about to be performed, and the name of the current researcher. The researcher can
also do an iTrace calibration test, which will collect accuracy information on the current
eye-tracker’s performance. This calibration is separate from any eye-tracker-specific
calibration and is not used to calibrate the eye-tracker’s output before a recording session.
During eye-tracking, iTrace-Core receives data from the eye-tracker and saves it to the core
data file in XML format. This file contains the following data:
¢ Information on the current session and task
e The eye-tracking screen’s width and height
e Information about the eye-tracker’s make, model, and specifications
e A list of eye movement snapshots (gazes)
o Timestamps of when the gaze occurred according to both the eye-
tracker and when iTrace-Core received the gaze data

o The x and y pixel coordinate on the screen of the gaze
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o The x,y, and z coordinates of the participant’s pupils in real space
o The diameter of the participant’s pupils
During eye-tracking, iTrace-Core also relays information to other data-collection

tools.

3.1.2 iTrace IDE Plugins

iTrace enables researchers to execute eye-tracking studies on code within real
development environments. A key issue with using such a dynamic stimulus is the inability
to map eye-gaze data to specific tokens in the source code. If the participant even scrolls
down a single line in the editor, the pixel bounding boxes of everything in the source code
change and become obsolete.

To conduct such studies, the gaze data needs to be mapped to the IDE stimulus in
real-time. To accomplish this, iTrace maintains several plugins for various popular code
editing environments. Currently, iTrace supports the following IDEs: Eclipse, Visual
Studio, the JetBrains family of editors, Visual Studio Code, Notepad++, Sublime, and
Atom (now deprecated). During an eye-tracking session, iTrace-Core sends every gaze
event it receives from the eye-tracker to the IDE plugin. The IDE plugin then maps the x
and y pixel coordinates from the gaze data to a specific line and column character position
within the currently open source code file. This data is then written into a plugin data file.
The plugin file contains the following data:

e The name of the coding environment that contained the code stimulus
e A timestamp of when the plugin received the gaze

e A list of IDE context data generated from a gaze event
20



o The x and y pixel coordinate (duplicated from the gaze event)
o The name, extension, and path of the file that was viewed
o The line and column in the file that was viewed
o The size of the font being used in the editor
The IDE plugins allow a participant to do many things that would normally not be
allowed during an eye-tracking study: scrolling, opening new files, and using built-in editor

tools like find.

3.1.3 iTrace-Chrome

In addition to supporting development environments, iTrace supports conducting
eye-tracking research within the Google Chrome web browser. iTrace-Chrome, a Google
Chrome plugin, connects to iTrace-Core in the same way that the IDE plugins do and maps
received gaze data to elements on the web page. This mapping works similarly to that of
the IDE plugins, meaning the participant can scroll around the webpage. iTrace-Chrome
supports tracking the following webpages: Google Search results, Stack Overflow
Questions, Stack Overflow search, GitHub Issues lists, GitHub profiles, GitHub Pull

Requests, and Bugzilla Bug reports.

3.1.4 iTrace-ScreenRecord and the OBS Plugin

When conducting eye-tracking studies on dynamic stimuli, researchers will often
want to record the stimuli during the session. This could be to map eye-tracking data back
to the stimulus, to create visualizations of the session, or to review a session to better

understand what a participant did. Additionally, many researchers want to record additional
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information, such as a live feed of the participant’s camera, for additional
research/evaluation. When recording such information, it is important to ensure that the
recording length matches the length of the eye-tracking session to ensure accurate mapping
between the data. Typically, recorded videos are manually adjusted to match the eye-
tracking data timeline-wise, but this is a very manual process and can require a lot of effort
— especially for studies with many participants.

To facilitate accurate recording matching, iTrace offers a plugin for the Open
Broadcaster Software (OBS). OBS is an opensource tool meant for recording/streaming
videos from a desktop computer. The plugin, named iTrace-ScreenRecord [Behler,
Chiudioni, Ely, Pangonis, Sharif, and Maletic 2023], receives session start and end signals
from iTrace-Core to trigger the starting and ending of a recording [Behler, Chiudioni, Ely,
Pangonis, Sharif, and Maletic 2023]. This ensures that the resulting video will be the same
length as the eye-tracking session. OBS also supports video overlaying, meaning artifacts
like a live camera feed, text, and other visual markers can be added to a video. Figure 3.2
showcases an example of a video recorded by OBS and iTrace-ScreenRecord during an

eye-tracking session.
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Figure 3.2. A frame from a video recorded by iTrace-ScreenRecord. The bottom
right of the video also has a live feed from a webcam overlayed, allowing for
additional processing of the participant’s face

3.1.5 DejaVu

A limitation with iTrace’s real-time mapping of gaze data to the IDE stimulus is
processing speed. Eye-trackers range in their collection rates. Typical research-grade eye-
trackers collect data at 120-300 Hz, whereas higher-end eye-trackers can reach 1000+ Hz.
Because the data mapping is managed by a plugin running as a subprocess of an editor, the
mapping cannot always handle higher data rates without data loss. To support these high-
rate eye-trackers, iTrace-Core supports a data-replay mechanism. This mechanism, called
Deja Vu, is implemented in two main parts [Zyrianov, Peterson, Guarnera, Behler, Weston,
Sharif, and Maletic 2022]. The first part, Deja Vu Record, is enabled during an eye-tracking
session. Deja Vu Record records all eye-tracking gaze information sent by the eye-tracker,

as well as all mouse and keyboard inputs. This data is output into a comma-separated values
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(.csv) file. The second part, Deja Vu Replay, uses the .csv file to replay all the eye data
while also virtually pressing the same keys and moving the mouse cursor exactly as they
were during the eye-tracking session. A scaling factor can slow this replay, so data that was

previously too fast for a plugin to capture can now be processed in time.

3.1.6 srcML

While not a part of the iTrace Infrastructure, srcML? [Collard, Decker, and Maletic
2011; Collard, Decker, and Maletic 2013] is a vital part of iTrace’s data collection pipeline.
stcML is an XML format for source code that enables exploration, analysis, and
manipulation. Because it is an XML format, any XML-aware tool can analyze the source
code. Critical for iTrace’s ability to map file positions to specific tokens, srcML also

supports the labeling of each token’s starting and ending line and column information.

3.2 Post-Collection Processing
iTrace additionally assists in the post-processing of collected eye-tracking data by

providing tools to aid researchers in carrying out various tasks and analysis.

3.2.1 iTrace-Toolkit

After collecting data from an eye-tracking session, the data needs to be processed
before analysis. The analysis required by a researcher will depend on what research they
are trying to do. To aid researchers in their work, iTrace offers a post-processing tool for

common analysis tasks. iTrace’s post-processing tool is known as iTrace-Toolkit [Behler,

2 See https://www.srcML.org/
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Weston, Guarnera, Sharif, and Maletic 2023]. iTrace-Toolkit provides three major features
for researchers: mapping eye-tracking data to syntactic tokens in source code, calculating
fixations and saccades, and querying the calculated fixations. Figure 3.3 shows the GUI of

the 1Trace-Toolkit.

iTrace Toolkit V0.2.2 N S

Database

Open Database Create Database

Current Database: C:/Users/jbehle...mmed_ltrace_data/test/example.db3
Import Data From Folder Import from Database
Loaded Participants - Tasks:

/| 0b69d78f-2c38-407b-90d7-9e692cafo:

Analysis
Map Tokens Fixation Settings
Generate Fixations Query Fixations
Outeut

Successfully created database
Plugin file imported. Took 0.004 seconds
Core file imported. Took 0 seconds

Figure 3.3. The GUI of iTrace-Toolkit with a single eye-tracking session loaded
25



Token mapping is the process of mapping eye-tracking data collected during an
eye-tracking session to the source code viewed. As mentioned previously, the iTrace IDE
Plugins will report the line and column in the source code file that were viewed. This is
already a form of mapping; however, the IDE plugin only reports the line and column that
was viewed — essentially just reporting the character that was viewed. The plugin does not
report any information about what that character means within the greater context of the
code. Researchers working with eye-tracking for software engineering do not just want to
know that a participant viewed a specific character in the file — they want to know if the
participant viewed a particular function, or a particular variable, etc. iTrace-Toolkit
calculates this data using the data from the collected plugin data files and a srcML file of
the stimulus source code. This process records the following data for each gaze collected:

e The full token that was viewed (not just the character)
e The syntactic context of the token

e A unique XPath that points to the token within the srcML file

if (is_valid) {
return - + 1; » if_stmt->block->return->expr->name
}

Figure 3.4. An example of a syntactic context of a token. The target token, value
(highlighted red), has the syntactic context of being a name in the expression of a
return statement within the block of an if statement

The syntactic context of a token is its syntactic meaning and its hierarchical position
within the source code. Specifically, the syntactic context is the token’s lineage within the

srcML markup (see Figure 3.4). This information allows researchers to identify not just

which specific characters/tokens have been viewed, but also how many times a collection
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of tokens within a single syntactic feature has been viewed, and to answer any other
questions related to specific language features. It is important to note that iTrace-Toolkit’s
token mapping is only available for eye-tracking studies done on languages that srcML
supports (at the time of writing, C, C++, C#, Java, and Python). The other features of
iTrace-Toolkit are not limited to a specific language, but any token mapping will require a
separate implementation from a researcher.

The next feature offered by iTrace-Toolkit is the ability to map gaze data to
fixations and saccades. The human eye moves in two distinct ways — small, jittery
movements while the eye focuses on a specific area, and quick, scanning jumps between
those foci. Those types of movements are known as fixations and saccades, respectively.
Fixations and saccades are vital for eye-tracking research, as they have been shown to
indicate participants’ visual effort during tasks [Sharafi, Shaffer, Sharif, and Guéhéneuc
2015]. Eye-trackers cannot directly capture these movements — they capture instantaneous
snapshots of where the eye is looking at a specific point in time. To best understand a
participant’s eye movements, the gazes need to be converted into fixations and saccades.
Many algorithms exist to convert gaze points into fixations and saccades [Andersson,
Larsson, Holmgqvist, Stridh, and Nystrom 2017]. iTrace-Toolkit implements the Olsson
BASIC, I-DT, and I-VT algorithms for calculating fixations and saccades [Olsson 2007;

Salvucci and Goldberg 2000].

27



i fixation
([ fixation_run_ic integer
[T fixation_start_event_tim«integer
([ fixation_order_numbe  integer

x integer
Dy integer
(] fixation_target text
[T source_file_line integer calibration_point. i
M source_file_co integer
[ token text W
([J syntactic_categor text . .
. M calibration_sample
[Dxpath text i calibration_point - T
0 left_pupil_diamete real ) . o (¢ calibration_point_iv  text
X o [TJ calibration_point_ii text 1 left cal
[ right_pupil_diamete real T efix rea
focation_id D duration integer [T5 calibration_ic  integer lefty real
> ([ fixation_ld ot [ calibrations real [ left_validatior real
‘ [T] calibration_) real O right x real
M fixation_gaze [ right_y real
calibration_id [ right_validati .
(Ts fixation_id text calibration_id right_validatior real
([} event_time integer [ calibration
L 0 ide_context
([¢ calibration_ic integer
event_time ([ event_time integer
[[s session_id integer
il gaze [ time_stamp text
[[J ide_type text
ion_id teger
@3 session.i ntege [[J gaze_targel text
(T¢ calibration_ic  integer ] gaze_target_type .
ici i text
(L5 participant_ic o [[J source_file_patt text
tracker_time teger
o -4 intege [ source_file_line integer
(0 system_time nteger [[J source_file_co integer
al event_time
DOx e [[J editor_line_height real
| : )
. e [I] editor_font_height real
Dlefx el [L] editor_line_base_» real
lef al
Dlefty e [[J editor_line_base_) real
left_pupil_diamete real
et p . * [[J source_token text
([ left_validatior  integer @ web_context [0 source_token_type tot
ight. |
[ rightx e -\ [I] source_token_xpatt text
T right_y real (I3 event_time integer
= . [[J source_token_syntactic_conte text
([ right_pupil_diamete real ([ browser_type text Ox onl
T right_validatior integer event_time [ site_name text
. g Dy real
[ user_left_x real Durl texd L
[ edit_id text
[ user_left_y real it files Dtag text
session_id
[ user_left_z real T3 session_id integer
(D user_right_x el [ file_full_path text
[T user_right_y real | | file_type toxt i session
(D user.right.2 2 afile_hash  text | (3 participantic text
2 event_time integer [[] screen_width integer
session_id b
(Tl screen_height integer
paricipant 18| | gecgion_ig ([ tracker_type text [ fixation_run
= ¥ ([ tracker_serial_numbe  text [3sessionlid  integer
([ session_date integer @————— [ date_time integer
i participant . ([ session_time integer session_id | 1 jjper text
. participant_i
[[J session_length integer 4————— [ screen_recording_star integer T3 fixation_run_icinteger
[T5 participant_ic text ([ task_name text
(¢ session_id integer

Figure 3.5. The Entity Relationship Diagram of the iTrace database file

iTrace-Toolkit saves all the data it receives as input and all the data it produces into

a SQLite database file, known as the iTrace database file. Figure 3.5 describes the schema
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of the iTrace database file using an entity-relationship diagram (ERD). The database is a
collection of data from all parts of the iTrace Infrastructure, including duplicate values
from the core and plugin files and all output from iTrace-Toolkit. iTrace-Toolkit supports
processing multiple eye-tracking sessions simultaneously and will even save multiple runs
of different fixation algorithms to allow for easy comparing and contrasting. Because the
data is stored in SQLite format, querying it is simple. iTrace-Toolkit also supports some
simple filtering options to make gathering desired data even simpler.

iTrace-Toolkit is currently under development, with many new features being
planned. Support for saccades is currently underway and nearly complete. Work by
Guarnera et al. that supports syntax-aware fixation correction is being implemented into
iTrace-Toolkit as a part of the fixation calculation process [Guarnera, Behler, Sharif, and

Maletic 2025].

3.2.2 iTrace-Visualize

Eye-tracking generates a lot of data. A single five-minute eye-tracking session with
a basic eye-tracker running at 120 Hz will result in over 30,000 gaze points and
approximately 1,000 fixations. Running that session on ten participants means a researcher
will have 300,000 gaze points and 10,000 fixations to analyze. Eye-tracking data is also
difficult to interpret after collection, as there are many data points to consider. The sheer
volume of data and its complexity make eye-tracking data difficult to understand at a
glance. Researchers want to understand what a participant was looking at during a session;
whether they are assessing their experimental design or examining an outlier, they need to

understand their data. Data visualization is a common method for understanding collected
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eye-tracking data. Many eye-tracking studies use visualization techniques such as
heatmaps and gaze plots to show where a participant was looking at a stimulus. Figure 3.6

showcases some examples of these visualizations.
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Figure 3.6. Examples of a heatmap (left, [Chandrika and Amudha 2025]) and gaze
plot (right, [Sharafi, Sharif, Guéhéneuc, Begel, Bednarik, and Crosby 2020]) on
static source code stimulus

However, traditional data visualization techniques do not work well for iTrace.
Overlaying information over the stimulus is ineffective when applied to the dynamic IDE
stimulus in iTrace. At any second, the stimulus could look completely different, and
different regions of the screen could be important. This makes heatmaps and gaze plots
confusing to use. To provide useful visualizations to its users, iTrace offers a tool for
generating them. The tool, named iTrace-Visualize, can produce three types of
visualizations that suit different comprehension needs for researchers [Behler, Chiudioni,
Ely, Pangonis, Sharif, and Maletic 2023; Behler, Villalobos, Pangonis, Sharif, and Maletic
2024].

The first visualization iTrace-Visualize offers is a marked-up video of the eye-
tracking session. Using a video recorded with iTrace-ScreenRecord and an iTrace database

containing the post-processed data from that session, the eye-gaze and fixation data can be
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overlaid on the video to play in real time. The marked-up eye data slowly fades away over
time, so the entire video does not become cluttered with it, and the data timeline is
preserved throughout the video. iTrace-Visualize’s video output is analogous to a standard

gaze-plot, as both show the gaze data timeline over the stimulus. Figure 3.7 shows an

example of the video output.

Figure 3.7. A frame from an example marked-up video from iTrace-Visualize. The
eye-tracking session depicted is the same session from Figure 3.2

The second visualization iTrace-Visualize offers is tokenized heatmaps.
Visualizing heatmaps over a video does not work well, as the heatmap can become outdated
as soon as the participant scrolls or opens a new file. The heatmap could fade away over
time, similarly to how the marked-up video is done, but that does not provide any new
information that the marked-up video does. Instead, iTrace-Visualize can create a

specialized heatmap that shows which tokens in the source code were viewed most. Using
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srcML as input, the tool creates an image representation of the source code, coloring all
tokens according to how many times a participant viewed them. Figure 3.8 shows an

example heatmap produced by iTrace-Visualize.
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Figure 3.8. An example of a tokenized heatmap made by iTrace-Visualize. The color
legend in the bottom right indicates the number of fixations on a given source code
token

The third visualization iTrace-Visualize makes is Region of Interest (ROI) Scarf
Plots. Sometimes, researchers are not interested in which specific tokens a participant
viewed, but rather which region of the code was viewed. For example, an if statement
within the code stimulus could have a logic error, and the researcher wants to know how
long the participant spent looking at that if statement and when they first viewed it. iTrace-

Visualize allows a researcher to define specific lines of code as ROIs and then generate a
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scarf plot that shows the timeline of which ROIs a participant was viewing across the whole

session. Figure 3.9 shows an example scarf plot made by iTrace-Visualize.

File: bubble_sort.py Session Timeline
- ROI1: 11

ROIZ: 4-44

— ROI3: 45-54

e ROIL4: 57-98

- ROI_S: 95106

- ROI_6: 109-132

W Offscreenin Other File
Non-RI Line

0 100000 200000 300000 400000 500000 600000
Time in milliseconds

700000

Figure 3.9. An example of a region-of-interest scarf plot generated by iTrace-
Visualize. This scarf plot shows four participants who all viewed the same file, but at
different times

33



CHAPTER 4

Source Code Edits

While programming, developers perform various actions that modify the text of
source code files. This work uses specific definitions for how source code is edited and
changed at different levels of granularity. Informally, a text event is a hardware event that
results in some addition or removal from the source code. It includes the hardware inputs
(keypress/mouse click) and the timestamp of the event.

Text events are collections of specific characters that are added/removed from the
code, the cursor position(s) the characters are affected at, the timestamp of the event, and
what hardware inputs are responsible for the text event occurring. A text event is the direct
consequence of some computer input or interaction and thus cannot be divided into a
smaller unit of change. One or more text events make up larger modifications to the source
code. Informally, a code edit (edit) 1s a single semantic change made by a developer while
they are actively working on the file.

Code edits are comprised of one or more text events, done by the developer, and
typically represent additions or removals from the source code text. Figure 4.1 showcases

an example of a function being renamed, which is an example of a code edit.
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Original Modified

1 import java.util.Arraylist; 1 import java.util.Arraylist;

2 import java.util.Arrays; 2 import java.util.Arrays;

3 dmport java.util.list; 3 import java.util.List;

4 4

5 public class Main { 5 public class Main {

6 static boolean 1 arch(list<Integer> list, int key) {| & static an AsNumberInlist(List<Integer> list, int key) {
7 for (int <H e(); i) { 7 ki i=m0; 1< list.size(); i++) {

8 if (list.get(i) == key) { 8 list.get(i) == key) {

9 return true; 9 return true;

1@ H @ }

11 11

12 return false; 2 return false;

13 } 13 3

14 14

15 public static void main(String[] args) { 15 public static void main{String[] args) {

16 List<Integer> data = Arrays.aslist(1, 4, 7, 11}); 16 List<Integer> data = Arrays.aslist(1, 4, 7, 11);
17 17

13 if (linearNumberSearch(data, &)) { 8 if (linearNumberSearch(data, &)) {

19 System.out.println( A 19 System.out.println( );
20 3 20 }

21 3} 21 3

22 } 22 }

Figure 4.1. the srcDiff representation of a single function being renamed

A code change (change) is the delta, as computed by a differencing algorithm (e.g.,
diff), between two revisions or commits of a file. A code change can be made up of many
edits, and different sequences of edits can lead to the same change (i.e., deleting a word
and adding a word vs. adding a word and deleting a word). Figure 4.2 showcases an

example of a code change — a code commit.
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¥ controller.cpp LD e
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Ted
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777
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773

B -749,7 +749,7 @@ Q5tring Controller::generateQuery(Qstring targets, Qstring token_types, Qstring

return query;

- wvoid comtroller::loadQueryFile(Qstring file_path, Qstring output_type) {

vold conmtroller::loadgueryFile(Qstring file_path, Qstring output_type, Qstring owtput url) {
changeFilerathos{file_path};
QFile file(file path);
if(!file.open(QIoDevice: :Readonly | QIODevice::Text)) {

@ -761,7 +761,7 @@ void Controller::loadQueryFile(Qstring file_path, Qstring output_type)} {

file.close();

generateQueriedData(data,output_type);
generateQueriedbata(data,cutput_type,output_url);

H

vold Controller::saveQueryFile(Qstring query, Q5tring file_path) {

B -771,1@ +771,12 @& void comtroller::saveQueryFile(Qstring query, Qstring file path) {
file.close();

H

- wvoid comtroller::generateQueriedbata(Qstring query, Qstring output type) {

vold controller::generateQueriedData(Qstring query, Qstring output type, @sString output wurl) {
Qvectoravector<gstring»» data = idb.runFilterquery{query);
Qstring safeQuery = query.replace("\"", "W\\"");
Qstring savemame = "fixation_guery "+Qstring::number{std::time{nullptr})+output_type;
Qstring sawvename = output_url+"/fixation_gquery "+Qstring::number{std: :time{nullptr})+output_type;
changeFilePathos(savename);
std: zcout << savename << std::endl;
ST DATABASE
if{output_type == ".db3") {
Q5qlDatabase output = QSqlpatabase::addDatabase{"QSQLITE","output™);

Figure 4.2. The diff representation of a commit to a git repository

4.1 Hardware Inputs and Timing

Using a mouse and keyboard, programmers edit source code files. Hardware inputs

are how programmers interact with the computer and ultimately cause changes to the text

of source code and are thus important to defining text events and code edits. Table 4.1 lists

common hardware inputs used to affect source code.
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Table 4.1. A list of common types of hardware inputs that are used to edit source
code. This list is not exhaustive, and some hardware inputs might not be available
depending on the development environment a developer uses

Hardware Input Name Change to Text Description

A single character key on the
Character key Insert Character Insertion keyboard is pressed, inserting a
single character

The backspace key is pressed,
Backspace key Backspace Deletion deleting the character before
the cursor position

The delete key is pressed,
Delete key Delete Deletion deleting the character at the
cursor position

Text previously copied into the
CTRL+V Paste Insertion computer’s clipboard is pasted
into the source code
Highlighted text is deleted and
CTRL+X Cut Deletion copied to the computer’s
clipboard

A selection of characters is

Highlight+Any insert Text replace Replacement highlighted and then heplacgd
action with new text on any insertion
action
Highlight+Any delete . A section of characters is
action Area delete Deletion highlighted and then deleted
A selection of characters is
Highlight+Mouse drag Move text Deletion/Insertion | highlighted and then dragged to
a new position using the mouse
A selection of characters is
Highlight+CTRL+Mouse Copy text Insertion highlight.ed, CTRL is helld? and
drag then copied to a new position
using the mouse
Built-in editor tool — replaces
CTRL+H Find and Replace Replacement all instances of one string with

another

Hardware inputs vary widely in their ability to affect the underlying text. Some
insert code, others delete code. Complex inputs can result in text moving, being duplicated,
or text being inserted in multiple places at once. Some modern development environments
support multi-cursor functionality, allowing hardware inputs to cause changes to the source

code text at multiple text positions simultaneously.
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Alongside the hardware inputs, timing is an important part of what makes an edit.
If a developer types 20 characters in a row, there is most likely a significant difference in
the semantic meaning of the inputs if there is no pause between them versus if there is a
long, 30-second pause between the tenth and 11th character. Timing between inputs also
varies between developers who have different typing skill levels and are working in

different environments.

4.2 Types of Edits

There are numerous ways to categorize source code edits. Table 4.2 details the edit
categories used in this work. These edits are chosen because they provide a semantic-free
representation of text changes in source code and enable future work on building new,
semantic-focused categories. These categories also help clarify changes by avoiding
complex issues when dealing with syntax changes in source code (for example,

encapsulating multiple lines of code in a comment).

Table 4.2. The categories of edits used in this work

Category Name Description

insertToken A new source code token is inserted into the code
insertTokens Multiple new source code tokens are inserted into the code
deleteToken An entire token within the source code is deleted
deleteTokens Multiple tokens within the source code are deleted
replaceToken A source code token has its text changed/replaced
replaceTokens Multiple source code tokens have their text changed/replaced
whitespaceFormatting | Only whitespace is inserted/deleted
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4.3 Formal Definitions

With the understanding of the makeup of text events and edits, formal definitions
can be introduced.

Let X denote a finite alphabet of characters. A source code artifact is modeled as a
string S € X", where X" represents the set of all finite sequences over X. In addition, let H
denote the set of all possible hardware interactions, including keyboard key presses, mouse
interactions, and editor-level actions. These interactions serve as the observable triggers
for modifications to the source code.

A text event is defined as the tuple e = (¢, h,p, §), where t is a timestamp drawn
from a totally ordered set of time values, h € H is the hardware interaction responsible for
the event, p represents the position or range of positions within the source string at which
the event occurs, and § is an operation describing how the string is modified.

The operation § captures the fundamental ways in which the source string can be
modified. In this work, § is defined as one of the following: an insertion operation
insert(s), where s € ¥ is a string to be inserted; a deletion operation delete(k) where
k € N is the number of characters to remove; or, implicitly, a replacement operation which
can be expressed as a composition of a deletion followed by an insertion — formally,
replace(s, k) = insert(s) o delete(k), where s € X* and k € N. These operations are
sufficient to model all text modifications observed in typical code editing environments.

To formally capture the effect of a text event on source code, each event is
associated with a transformation function [e]: * — Z*. Given an input string S, the

function [e] (S) produces a new string S’ reflecting the result of applying the text event’s
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operation at the specified location(s). For example, with an initial source code string
expressed as S = x - y and an edit e representing an inserting of string s at position i with
i = |x|, applying e to S results ina string S’ = x - s - y. Similarly, a deletion of k characters
at position i removes a substring of length k from S, yielding a new string formed by
concatenating the remaining prefix and suffix.

This formulation allows text events to be interpreted as atomic transformations over
source code strings. Therefore, code edits can be modeled as a sequence of such
transformations. Given an initial source code string S, and a sequence of text events
ei, €z, ..., en, the resulting sequence of program states can be defined as S; = [e;](S;_1),
for i € [1,n], where each text event induces a transformation on the source code state.

While text events represent the finest-grained units of modification, software
development activity is typically structured around higher-level units of change. In this
work, a code edit is defined as a contiguous subsequence of text events that collectively
correspond to a single logical and semantic modification performed by a developer during
active editing.

Formally, let E = (e, e,,...,e,) denote the ordered sequence of text events
associated with a source code file across a development session. A code edit d is defined
as a subsequence of text events d = (e, €x41, -, €x+m) Where 1 < k < k +m < n. The
effect of a code edit is defined as the composition of the transformation functions induced
by its constituent text events:[d] = [exyml © -+ © [ex].

In practice, the boundaries of a code edit are not directly observable and must be
inferred from the event stream. As a result, edit segmentation is inherently ambiguous and
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may vary depending on the grouping heuristic applied and the opinion of the person
defining the bounds of the edit.

Lastly, a code change is defined as the delta result from applying a differencing
algorithm over two distinct versions of a source code artifact. Let S, S, € £* denote two
snapshots of a program state. A code change is then defined as A(S,, Sp) = diff(S,, Sp),
where diff is a function that computes a finite set of transformations required to convert S,
into Sp,. Different differencing algorithms will produce a different set of transformations,
but they ultimately all describe the same code change, S, = S,. The set of these
transformations are referred to as an edit script in differencing work and are analogous to
code edits in this work. However, the code edits in this work examine human editing
behavior, while the transformations from differencing algorithms do not model human
behavior.

In contrast to text events and code edits, which are defined over fine-grained,
interaction-level modifications, a code change operates at a coarser granularity and is
typically derived from versioned representations of source code, such as commits in a
version control system. Conceptually, a code change can be interpreted as a sequence of
code edits that, when composed, transform an initial program state into a later one. That is,
there exists a sequence of edits dq,d,,...,d, such that S, = [d,,] oo [d{](Sy).
However, in traditional software engineering practice, a code change is primarily defined
syntactically as the output of a differencing operation between two versions of a file or

repository state, without explicit reference to the underlying sequence of developer actions
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that produced it. As such, code changes do not inherently encode semantic intent but rather
represent structural differences between snapshots of the program.

Higher-level artifacts can be further constructed by aggregating multiple code
changes over time, such as branches, pull requests, or release versions. These structures
represent development activities over long periods of time and across (potentially) multiple

developers; however, they are not further formalized in this work.
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CHAPTER 5

Collecting Data on Developer Code Editing

To answer questions on how source code is edited, real data of developers editing
source code is needed. Work by Brown et al. has previously collected code-editing
information from users of the BlueJ Java IDE application [Brown, Kélling, McCall, and
Utting 2014; Brown, Altadmri, Sentance, and Kolling 2018]. However, as of January 2026,
this dataset has been made unavailable to the public, meaning there is no accessible dataset
of editing data. To acquire this data, a survey is used to collect developer skill and
demographic information, along with real code-editing data. The survey is fully hosted in
a web browser on a GitHub Pages website. Survey data is sent directly to a machine within
the Kent State Computer Science Department. The survey is aimed at developers with
college freshman-level or higher programming experience. It is distributed among Kent
State Computer Science students, students at other Universities, and some industry

developers.

5.1 Survey Design
The survey is broken into three main parts: the pre-questionnaire, the typing tasks,
and the post-questionnaire. The questionnaires are simple demographic questions to collect

relevant information on programming skills, detailed below. Of the typing tasks, there is
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one prose task and ten programming tasks. The programming tasks are short, simple
problems designed in an open-ended way to capture real, authentic editing habits from
developers. The programming tasks are offered in three languages: C++, Java, and Python.
The prose task involves manually copying a sentence of text by typing. While the
participant completes the typing tasks, data is collected from their mouse and keyboard
inputs. Three data streams are concurrently collected:
1. Any keyboard and mouse inputs made within the browser tab that is hosting
the survey
2. The contents of the text entry box that contains the source code
3. The current position of the text cursor and any highlighting done to text
within the text entry box
Unfortunately, standard survey collection platforms lack the infrastructure to
collect this kind of information. To make conducting the survey possible, a custom, web-
based survey tool was created. The survey tool is comprised entirely of simple HTML,
JavaScript, and CSS, meaning it works on any standard operating system and web browser.
The tool is hosted publicly on a GitHub Pages webpage, making distributing the survey as
simple as distributing a URL. All data collection occurs entirely within the webpage when
a participant opens the webpage, meaning no information is collected outside the browser
or in other tabs. The entire tool is client-based — the only communication to a server is
when the collected data is sent at the end of each task. All collections are done

anonymously.

44



5.2 Survey Questions
The pre-questionnaire asks the following demographic questions:
e “What is your age group?”
e “What is your gender?”
e “Please list all programming languages you have worked with before / feel
comfortable working with”

The post-questionnaire asks the following demographic questions:

e “What is your highest education level?”

e “Are you currently in school or higher education? If so, what is your current
class rank?”

e “How many years experience do you have working professionally as a
programmer?”

e “What do you rate your level of experience and skill in programming?”

The post-questionnaire questions are asked after the programming tasks are
completed to avoid making participants feel judged for the accuracy of their responses,
which could affect how they complete the tasks.

For each programming task, participants are given a prompt and a text entry box
with starting code. The participant can freely modify the text in the entry box, and common
programming shortcuts (such as using the Tab key to indent code) have been implemented
to make editing easier. Table 5.1 lists the prompts for the typing tasks as well as the

reasoning for their inclusion in the survey. APPENDIX A details the code displayed at the
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start of each task. Before starting the survey, participants are told that they can submit no

wrong answers, and to complete the tasks to the best of their ability.
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Table 5.1. All typing tasks asked of survey participants, and the primary reason for

their inclusion in the survey

Typing Task Prompt

Duplicate the following text manually - do not use copy+paste:

Software engineering is a branch of both computer science and
engineering focused on designing, developing, testing, and maintaining
software applications.

Notes

Establishes a baseline for
typing speed and editing
behavior using a prose task

Change all the variables named 'x" to be 'width" and the variables named
'y’ to be “height’.

Evaluates text replacement
and cursor movement
through a simple name
change task

The function “calculateFinalScore’ calculates a student’s score in a course.
The course is removing the bonus assignment, and the function needs to
be updated. Remove all code that involves computing the bonus.

Evaluates strategies for text
deletion

The ‘calculateDailyRevenue® function calculates the per-day revenue
gained by a delivery company. The function is going to be expanded to
allow the optional calculation of potential revenue if no orders were
cancelled. Add a new boolean parameter to the function that allows for this
upgrade to be made.

Evaluates insertion behavior
by requiring addition of
tokens within dense code
regions

Rename the function “foo® to have a more appropriate name.

Evaluates naming behavior
by requiring participants to
interpret a function and
iteratively construct an
appropriate name

Write a comment above the ‘isStrongPassword™ function that explains
what it does along with the criteria for a strong password.

Compares prose writing
behavior within a code
context using a comment-
based task

Convert the for loop in the following code to be a while loop.

Evaluates code restructuring
through tasks requiring
multiple token additions and
modifications

Create a new class called 'Log’ and encapsulate the following 3 functions
into it as its methods. Make the ‘'log" parameter a data member of the class
and remove it from the parameter lists of the methods.

Evaluates code movement
and reorganization during
code restructuring

Convert the for loops in the following code to be while loops.

Evaluates complex
restructuring behavior
through a multi-step
modification task

The following code contains two functions that average students’ exam
and homework scores. Replace the two specific functions with one general
function that can work on both the exam and homework arrays. Move the
printing to be in the main function.

Evaluates code reuse
behavior through the
consolidation of
functionality from multiple
locations

Implement the ‘readAndSumNumbers® function. It should read two
numbers from the provided file, print the sum of the two, then return the
value.

Evaluates code creation by
requiring participants
implement a simple function
from scratch
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5.3 Survey Responses
The survey was conducted over a period of 34 days (April 6th - May 9th 2026).
The survey was distributed to two main groups: university students and industry
practitioners. For students, the survey was sent out to various computer science classes
across many universities, some offering bonus points for its completion, and to various
school clubs and forums. For practitioners, the survey was sent to the author’s industry
connections and distributed by those connections to other employees at their companies.
In total, 243 participants filled out all or part of the survey. For each task and questionnaire
completed by a participant, a data file is created, resulting in a total of 3,150 data files.
Out of the 243 participants:
e 219 completed all tasks and both questionnaires
e One completed all tasks and the pre-questionnaire, but not the post-
questionnaire
e 18 completed the pre-questionnaire and some of the tasks, but not all
e 5 completed only the pre-questionnaire
Additionally, of the 243 participants, 13 submitted multiple responses to some tasks
and questionnaires, and 11 submitted multiple responses to all tasks and questionnaires.
The exact reason why these participants submitted multiple responses is not completely
known, but some possible reasons why include multiple individuals using the same
computer within a short time period of each other, someone accidentally closing the survey
and restarting it, or a student participant forgetting to screenshot their participant ID and

submit it for bonus points in their class. When a task has two or more responses from the
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same participant, the response with the most text events is retained, and the others are
discarded. 159 task responses are discarded through this criterion.

Not all responses to the survey contained useful information. While responding,
some participants did not make any meaningful edits to the task's source code. Some
participants either made no changes to the source code for a task or made only one or two
simple edits before submission. In a few cases, some participants’ only change to the code
was replacing the entire text with the completed version in a single paste, implying they
either completed the task in an external editor and pasted the result or used an LLM to
complete the task for them. 204 task responses have three or fewer text events recorded
and are discarded for not containing enough information for any meaningful analysis.

After these two discards, there are four participants with only the prose task
remaining. Since there is no qualifying code-editing information to study from, their
remaining prose tasks are also discarded.

In total, 367 task responses are discarded from further analysis. With the removal
of these responses, the total number of participants is 235, and the number of data files
collected is 2,741.

The following is demographic data collected from the survey. Note that not all of
the 235 participants completed both the pre- and post-questionnaires, meaning that no set
of demographic data will total 235.

170 participants identified as male, 53 as female, six as nonbinary or another

gender, and five declined to disclose their gender.
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Most participants are bachelor’s students currently enrolled in college. Figure 5.1
and Figure 5.2 showcase the participants' education levels.
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Figure 5.1. The participants' class standing at the time of their response. The N/A
bar represents participants who are not currently enrolled in any education
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Figure 5.2. The highest achieved education level of the participants at the time of
their response
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It 1s important to note that 27 participants report having completed a bachelor’s
degree while also reporting being currently enrolled as undergraduates (freshman to senior
class standing). These responses are likely incorrect responses due to confusion caused by
a misunderstanding of the demographic questions or correct responses from students who
already have a degree and have returned to school for further education.

Figure 5.3 details the professional experience of participants. Most participants
have had little experience programming professionally, and only a small minority have had
more than 3 years of professional programming experience. Despite this, most participants
report being of an intermediate level of skill in programming, as shown in Figure 5.4. Most
participants who are not enrolled in college and have many years of industry experience

also self-reported an intermediate skill level.
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Figure 5.3. Reported number of years of experience working professionally as a
programmer by participants
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Figure 5.4. Self-reported evaluation of participants’ skill at programming
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CHAPTER 6

Analysis of Developer Editing Behavior

Having established the survey's design and implementation, this chapter focuses on
the analysis of the collected data, specifically to address RQ1. The following two sections
provide an overview of the collected dataset and what data is used for further analysis.
Then, the chapter explores many facets of developer behavior during code editing through

empirical analysis of participants' responses.

6.1 Collected Programming Task Data

In total, 120.4 hours of editing are collected from the 235 participants across 2,060
programming task responses. This means each participant spent an average of 3.5 minutes
per task. The longest amount of time spent completing a programming task by a participant
is 18.8 hours, and the shortest is 6.8 seconds. Of the 235 participants, 139 completed tasks
in C++, 86 completed them in Python, and seven completed them in Java.

During each programming task, three categories of information are collected:
hardware input events, text events, and selection events. Together, these events provide a
comprehensive representation of the programming task and enable analysis of developer

behavior while editing source code. In the following three subsections, RQ1.1 is explored
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by examining these events, revealing the interactions and inputs developers use to create

their changes to the source code.

6.1.1 Hardware Input Data

There are two types of hardware information collected during a programming task:
mouse interactions and keyboard key presses. Of these, the survey program captures six
specific events. In total, 646,736 hardware events (79,526 mouse events and 567,210 key
events) are collected from survey participants. All hardware events have an associated
timestamp. Table 6.1 details the six kinds of hardware input events captured by the survey

tool.

Table 6.1. All collected hardware input events from programming tasks, and what
each hardware event represents

Hardware Amount Hardware

Event Name Collected Device Notes

Baseline hardware input. Occurs when any mouse button is
pressed. The specific mouse button (left, middle, right) is
determined through the “button” value in the event (0, 1, 2,
respectively).

Baseline hardware input. Occurs when any mouse button is
released. The specific mouse button (left, middle, right) is
determined through the “button” value in the event (0, 1, 2,
respectively).

Software interpretation of baseline hardware inputs. Occurs
when there is a mouse down and mouse up event for mouse
button 0 (left click). Does not occur for the middle or right
mouse buttons.

Software interpretation of baseline hardware inputs. Occurs
when two mouse clicks (mouse down, mouse up, mouse
down, mouse up) occur within a short time frame. Does not
occur for the middle or right mouse buttons.

Baseline hardware input. Occurs when any key on the
keyboard is pressed. If the key is held down, there will be
Key Down 298,212 Keyboard | an initial event when the key is first pressed, and then
multiple events at regular intervals while the key is held
down.

Baseline hardware input. Occurs when any key on the
keyboard is released.

Mouse Down 26,568 Mouse

Mouse Up 26,466 Mouse

Click 24,332 Mouse

Double Click 2,160 Mouse

Key Up 268,998 Keyboard
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Figure 6.1 details how often individual keys were pressed by participants during
the survey. Predictably, letter keys are the most pressed keys, being ~48% of all keyboard

inputs.
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Figure 6.1. Collected keyboard keys pressed during programming tasks. The
LetterKey column is the combination of all alphabetical keys on the keyboard, and
the DigitKey column is the combination of all of the top-row digit keys on the
keyboard. Note that this graph does not count the characters participants inserted
into the text, only the physical keys pressed on the keyboard. For brevity, this chart
only displays keys with over 500 key presses

6.1.2 TextData

All changes to the source code made by participants during the survey are recorded.
There are three types of text data collected: before input events, input events, and initial

input events, as detailed in Table 6.2.
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Table 6.2. All collected text data events during programming tasks, and what each
event contains.

Text Data Amount

Event Name | Collected Notes
—————————————————————————————————————————————————

Event triggered when a change is made to the text. Records the HTML
Before Input 234,165 | input event type, the value inserted (if any), and the timestamp of the
change.

Event triggered when the text has been updated in response to a Before

Input 234,129 Input. Records the whole state of the text at the time of the event.

Event triggered when a task is loaded. Contains the text as initially shown
Initial Input 2,060 to the participant, as well as a timestamp indicating when the specific task
started. There is one initial input event per task.

Across all 2,060 programming task responses, 470,354 text data events are
collected, representing 234,129 distinct textual changes to the target source code. All
collected input types are identified through the W3C’s standards of InputEvent attributes
[W3C Editor’s Draft 2025]. The input type is determined by the hardware inputs that cause
the change and by what, if any, text is currently highlighted. For example, pressing the ‘A’
key triggers an insertText event, while inserting “A” via a clipboard paste triggers an
insertFromPaste event. Because the survey was conducted via a simple HTML text area,
not all HTML input events are available in the survey. Figure 6.2 details the total text event

types collected during the survey.
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Figure 6.2. Input event types collected during programming tasks

It is important to note that one type of text change the survey tool did not correctly
capture is tab-key indentation. In most development environments, pressing the tab key
often inserts specific indentation for selected lines of code rather than replacing all selected
code with a tab character. Most developers expect this interaction, but by default in a web
browser, the tab key switches focus between elements on the web page. To make sure the
editor felt closer to a real development environment, custom tab functionality was
implemented into the survey tool to allow developers to indent and dedent. However,
because this functionality is external to the text area, changes to indentation did not trigger
any text events. Any changes to the indentation of the text persist and appear in the captured

text event’s code snapshot.
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6.1.3 Selection Change Data

Lastly, all changes to the cursor/selection position are collected by the survey tool.
The cursor position updates every time a change is made to the text area, and can also be
adjusted manually with the mouse, arrow keys, or other hardware events. In total, 339,915

selection change events are collected from the 2,060 programming tasks.

6.2 Collected Prose Task Data

In total, 3.6 hours of editing are collected from the 235 participants across 230 prose
tasks. Each participant spent an average of 57.6 seconds completing their prose task. The
longest time a participant spent completing a prose task is 6.6 minutes, and the shortest is
17.9 seconds.

All information collected during the programming tasks is also collected during the
prose tasks, meaning hardware input, text, and selection information is available for these
tasks as well. In total, 80,960 hardware input events, 78,800 text data events, and 39,711
selection change events are collected from prose tasks. Table 6.3, Table 6.4, Figure 6.3,

and Figure 6.4 detail the specific counts of event types during the prose tasks.

Table 6.3. All collected hardware input events from responses to the proseBaseline

task
Hardware Event Name | Amount Collected
Mouse Down 529
Mouse Up 527
Click 295
Double Click 9
Key Down 39,805
Key Up 39,479
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Figure 6.3. Collected keyboard keys pressed during responses to the proseBaseline
task

Table 6.4. All collected text data events from responses to the proseBaseline task

Text Data Event Name | Amount Collected

Before Input 39,151
Input 39,106
Initial Input 230
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Figure 6.4. Input event types collected during responses to the proseBaseline task

6.3 Prose vs. Code Editing

Code and prose are not engaged with in the same way. Previous work finds that
developers — especially experienced developers — read code far less linearly than prose
[Busjahn, Bednarik, Begel, Crosby, Paterson, Schulte, Sharif, and Tamm 2015; Peitek,
Siegmund, and Apel 2020]. While English prose is read left-to-right, up-to-down, code is
read out of order, with many forward and backward jumps. This is, in part, due to the non-
linear nature of code. While most programming languages execute top-to-bottom, they can
rely on and call on things that are not necessarily in a predefined order or even available in
the same file. Experienced developers are aware of this and are less likely to read code

linearly, whereas novices are more likely to read it like prose.
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To address RQ 1.2, this work explores some differences in typing and editing

behavior of participants while answering the prose task and the programming tasks.

6.3.1 Cursor Positioning

When editing prose, developers are much less likely to adjust their cursor position
manually. Of the 39,711 selection change events, 39,106 are caused by changes to the text
from text events. This means that the remaining 605 changes are manual selection changes
caused by the participant through interactions such as the arrow keys on the keyboard or
mouse clicks. Conversely, out of the 339,915 selection events from the programming tasks,
105,786 are manual changes to the cursor position. Because there are ten programming
tasks and only one prose task, the programming changes are normalized by a factor of ten,
resulting in about 10,579 manual section changes per programming task. This is a
difference of about two orders of magnitude compared to the prose task’s manual selection

changes.

6.3.2 Typing Speeds

Traditional typing speed tests measure typing speeds in words per minute (WPM).
In this context, “word” does not refer to a space-separated series of characters, but instead
means a sequence of five characters, including punctuation and whitespace [Arif and
Stuerzlinger 2009]. Thus, WPM is actually a measure of the characters typed per minute
divided by five and not an actual measure of individual words typed per minute. Typing
speed tests also often record an accuracy score, as the goal of the typing test is to copy pre-

provided text as fast and as accurately as possible. These metrics do not apply well to
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source code, as it is rarely copied manually outside an academic or learning environment.
In a work comparing novice computer science students’ typing for source code and natural
language tasks, Edwards et al. measure the speed of typing using digraphs — pairs of keys
pressed one after the other [Edwards, Leinonen, Birthare, Zavgorodniaia, and Hellas 2020].
This speed, referred to as keystroke speed in this work, measures how fast individuals press
keys on their keyboard.

This approach has the benefit of directly measuring how effective one is at typing
without relying on the contents of the text of whatever they are editing. However, this does
not provide a clear picture of an individual’s skill in writing source code. A participant who
is a fast typist but does not know any common keyboard shortcuts will be unable to
complete certain tasks as fast as someone who is a slow typist but can make effective use
of common editing shortcuts. Thus, another metric is needed to compare a developer’s
efficiency in editing source code. This metric, developed for this work, is known as
character efficiency and measures how many characters have been added or inserted into
the source code over the course of editing.

Another challenge in measuring typing speeds outside of typing tests is how to
handle pauses in typing. When editing text, especially code, it is common for the editor to
pause, whether to stop and think about what to do next or because they were distracted by
an external stimulus. Edwards et al.’s work uses specific timing thresholds to determine
whether a pause should be kept for typing speed purposes [Edwards, Leinonen, Birthare,
Zavgorodniaia, and Hellas 2020]. For prose tasks, the pause threshold is 750ms, and for

programming tasks, it is 2000ms.
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Table 6.5 lists the calculated average character efficiencies and keystroke speeds

across all task responses from the survey.

Table 6.5. Character efficiencies and keystroke speeds across all editing task
responses. The “Programming Task Average” row is the average of all the above
values. The character efficiency values are measured in the number of
inserted/deleted characters per second, and the keystroke speed values are
measured in the number of keystrokes per second

Character Efficiency (chars/s) Keystroke Speed (keys/s)
Average Average

addParameter 5.26 3.69 25248 | 1.74 3.43 3.27 6.50 1.58
commentCode 4.66 4.36 33.97 0.55 4.21 4.15 6.88 1.45
forToWhile BubbleSort 4.44 3.32 110.51 | 1.03 2.68 2.57 4.82 1.46
forToWhile ListSearch 3.45 2.98 24.89 1.45 2.74 2.56 10.30 | 1.33
functionsIntoClass 6.06 343 160.50 | 1.50 2.87 2.84 4.71 1.68
generalizeAvgFunctions 8.04 4.49 223.23 | 1.30 3.15 3.07 5.61 1.19
implementFileSummation 4.56 3.32 96.71 1.73 3.23 3.05 6.08 1.62
nameChange 4.00 3.58 36.65 1.13 3.42 3.39 8.69 | 0.95
removeDeadCode 6.89 3.61 84.09 0.75 3.01 2.86 798 | 0.75
renameFunction 4.62 3.87 44.26 1.86 4.32 3.91 16.70 | 1.85
Programming Tasks

Average 5.20 3.67 106.73 | 1.30 3.31 3.17 7.83 1.39
proseBaseline 5.90 5.78 10.81 3.03 5.87 5.76 10.83 | 2.47

For the prose task, the keystroke speeds and the character efficiencies are roughly
the same. This aligns with the task, as it simply involves copying the pre-provided text
character by character. Participants are explicitly asked not to use the clipboard during this
task, meaning almost every change made was a single-character change. Of the 39,151
input event types collected during the prose task, only 11 change more than one character
at once.

The prose task invariably has faster keystroke speeds. This is consistent with the

findings of Edwards et al., who also report faster keystroke speeds when participants wrote
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natural language compared to source code. Interestingly, on average, the prose task also
has a higher character efficiency, but when comparing the most efficient responses, the
participants are more efficient when it comes to editing source code. For the majority of
participants, even when performing programming tasks with clearer use cases for specific
editing efficiencies like clipboard pasting, selection deletion, and more, participants are
nonetheless less efficient writing code than they are writing prose. But, for an experienced
programmer, they can reach far higher efficiencies editing code than they can writing prose,
likely due to their application of such editing shortcuts.

It is important to note that the proseBaseline task involves participants copying a
pre-existing sentence, while none of the programming tasks involve directly copying down
pre-written source code. This difference could impact the speeds and efficiencies, giving
prose editing a slight advantage. In future work, more kinds of prose tasks will be included
to bridge this gap. However, one of the programming tasks can provide insight into writing

prose that is novel, as opposed to copying pre-existing text.

6.3.3 Prose in Source Code

While source code as a medium is structured very differently than prose, prose can
and often does exist within source code. Comments, and to a lesser extent, strings, often
contain prose. Depending on their location and meaning, these comments and strings can
contain simple phrases, whole sentences, or even paragraphs. While strings can contain
prose, they are far less likely to due to the fact they have a semantic meaning within the
source code and are often used in logic and processing. Comments, on the other hand, are

used to document source code, and are typically sentence-like in structure. Because of this,
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editing comments within source code can be evaluated as though it was someone editing
prose. In the survey, the commentCode task involves participants reading a function and
documenting it using a comment. Compared to the proseBasline task, the participants are
allowed to use the clipboard if they desire and are writing new text, not copying pre-

existing text.

Table 6.6. All collected text data events from responses to the commentCode task

Text Data Event Name | Amount Collected

Before Input 49,377
Input 49,382
Initial Input 214

In total, there are 52,652 selection change events in responses to the commentCode
task. Because all text events in the source code will change the cursor’s position, the 49,283
text events in Table 6.6 correlate to 49,283 selection events which are automatic changes
to the cursor position. This leaves 3,369 selection events caused by manual cursor position
changes. For the selection events of all the programming tasks, the number of previously
calculated manual cursor changes needs to be recalculated without the commentCode task.
Without the comment task, there are 287,263 selection events, 102,516 of which are
manual. Normalizing this by a factor of nine for the nine non-comment programming tasks,

there are about 11,391 manual selection changes per programming task.
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Table 6.7. The number of manual selection events, both normalized and not, for the
nine collective programming tasks, the commentCode task, and the proseBaseline

task

Number of tasks

Number of manual

Number of manual selection events

Task(s) in category selection events normalized by number of tasks
I ———————————————
Programming 9 102,516 11,391
Tasks
commentCode 1 3,369 3,369
proseBaseline 1 605 605

Table 6.7 makes it clear that, while writing comments, developers manually change

the cursor more often than they do when writing prose, but not nearly as often as they do

when editing general source code.

For calculating average typing speeds, the commentCode task can also undergo the

same analysis as the proseBaseline task, using the pause threshold of 750ms instead of

5000ms. When calculating the character efficiency and keystroke speed in this way, the

results are similar to those for the prose task. Table 6.8 displays the speeds for both the

poseBaseline and commentCode tasks. The only notable difference between the two is the

best character efficiency speed, which is much higher for the commentCode task.

Table 6.8. Character efficiencies and keystroke speeds for the commentCode and
proseBaseline tasks. In this table, the commentCode task is processed with the
750ms delay for prose tasks

commentCode

Character Efficiency (chars/s)

Keystroke Speed (keys/s)

Average

5.72

Median

5.37

58.84

1.85

Average

5.28

Median

5.17

8.29

2.82

proseBaseline

5.90

5.78

10.81

3.03

5.87

5.76

10.83

2.47
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6.4 Use of Editing Shortcuts

A part of writing source code is making use of specific computer interactions to
edit text efficiently. As discussed previously, developers with knowledge of and skill using
keyboard shortcuts can edit source code far more efficiently than someone relying on just
typing one character at a time.

Two key shortcuts that allow for quick editing are utilizing the clipboard for
copying and pasting text, and using the text cursor to highlight multiple characters and
delete them simultaneously. Both of these shortcuts had clear use cases within the survey,
with the generalize AvgFunctions task being a clear application of copying and pasting, and
the removeDeadCode task being a clear application of selection deletion. There are
justifications for using these shortcuts throughout the entire survey as well.

Figure 6.5 and Figure 6.6 showcase the frequency of use of pasting and selection
deletion, respectively. While slightly different, both graphs show a similar distribution,
where many participants use the editing shortcut seldom or never, and a select few utilize
the shortcut often. This is especially apparent for pasting, which 19% of participants never
use.

There are many possible explanations for why a participant might not use a
common editing shortcut, ranging from them not knowing about the existence of the
shortcut to knowing about it, but believing that it goes against the study and that they should
not use it. Future work is necessary to explore this seeming lack of computer and editor
literacy, but this provides a partial explanation for why the average participant’s character

editing efficiency is lower for source code than prose.
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Figure 6.5. A scatterplot of how many participants pasted text during the
programming tasks, and how often they did across the whole survey
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Figure 6.6. A scatterplot of how many participants selected and deleted text during
the programming tasks, and how often they did across the whole survey
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CHAPTER 7

Identifying Source Code Edits

To answer RQ?2, this work investigates various methodologies for constructing
source code edits from sequences of text events. As previously defined, a source code edit
consists of a collection of related text events, each representing an atomic modification to
the source code. However, it is not explicitly clear how text events should be grouped
together and when they should be separated. Depending on the scenario or research needs,

the criteria for creating source code edits can vary.

7.1 Creating a Reference Set of Source Code Edits

To better understand the properties of typical source code edits and address RQ?2.1,
a set of manually constructed and evaluated edits is required. These manually annotated
edits, coded from participant judgement, serve as a reference dataset. This dataset provides
both a baseline for evaluating algorithmic approaches and a foundation for determining
heuristics to create such algorithmic approaches. It is important to note that this reference
set is not meant to be used as a ground truth for identifying source code edits, but it is

merely a first step towards defining useful approaches for identifying them.
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7.1.1 Selecting Participants and Tasks

To create this reference set, six software engineering researchers are recruited as
evaluators. Of the six, three are doctoral students (including the author) within the same
lab and the other three are Ph.D. holding researchers, each at a different university. These
six researchers are chosen for their expert experience in programming and their familiarity
with software evolution research.

Next, the data that is to be evaluated needs determined. The evaluators look over a
timeline of changes made to source code and grouping them into edits. Since the evaluators
need authentic data of people making changes to source code, responses from the survey
are ideal for this purpose. There are ten different programming tasks that are administered
over the survey, each with varying lengths and requirements. To eliminate some bias from
individual evaluators, each task response chosen will be examined by two of the evaluators
and only edits independently defined by both will be put into the reference set. Choosing
30 task responses, three of each, satisfies the following properties:

e All evaluators examine one response from each task (ten total)
e Each response is examined by two evaluators
e Each unique pairing of evaluators occurs exactly twice

Using 30 task responses ensures every evaluator compares edits with every other
evaluator, and every evaluator has roughly the same amount of work. To pick the 30 task
responses from the survey dataset, a set of ten, one from each task, is selected randomly.

Then, each response is either kept or rejected according to the following guidelines:
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e For each type of task, there are responses from at least two different
languages (C++, Python, Java)

e The response makes a reasonable attempt at completing the associated task
prompt. It does not need to be a correct response, but it is a reasonable
attempt

e The response is not overly long and is roughly around the average time for
responses for that task. This ensures long responses where the participant

paused for an extended period of time are not chosen.

7.1.2 Text Editing Replay Tool

To support the evaluators’ understanding of textual changes made to the source
code and make it simple to categorize them into edits, custom software is developed to
display the task response. The tool, named the Text Editing Replay Tool, loads any
response from the survey and replays it for the evaluators to review. Figure 7.1 shows the

tool mid-replay of a task.
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Text Replay Tool

| Choose JSON | 06734255-3558-4608-a957-15¢9... \E| |E\ |E\ | StartEdit | | End Edit | Speed:[1x

23/143 Since: 0.031s 38.279s / 43.508s

#include <iostream>

double calculateFinalScore(int homeworkGrade, int examGrade, bool didBonus
/ Exam is worth 68%, homework is 48%
double examScore = examGrade * 8.6

double homeworkScore = homeworkGrade * 6.4

// If the student did the bonus, boost their homework score by 10%
if (didBonus
homeworkScore = home|

double classScore - examScore + homeworkScore

return classScore

int main
std: :cout << "Mary's final score is: " << calculateFinalScore(8@,70,false) << std::endl

Pending start: 8

Edit 1: 1 - 7 (36.542s - 37.794s) ‘ Remove ‘

| Reset | | Validate | | Undo |

Figure 7.1. The Text Editing Replay Tool, mid replay of a response for the
removeDeadCode task

Using the Start Edit and End Edit buttons (or the E hotkey) the evaluators can select
the starting and ending text event for a specific edit. This is seen at the bottom of Figure
7.1 in the Edits section. The tool requires that every text event be grouped into an edit, a
text event not be within multiple edits, and allows an edit to be defined with only a single
text event. When all text events are grouped into edits, the edits can be saved into a data
file for future analysis.

The Replay Tool provides many features for the evaluators to make their edit

grouping easier. The tool can replay the entire session in real time, or it can be sped up or
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down as desired. The three different types of editing events recorded during the survey are
displayed in real time:
e Changes to the source code are updated as they happened, changing what
text can be seen
e The cursor position updates to where it was for the participant during the
survey. If any text was highlighted, the text also becomes highlighted during
the replay
e Whenever a keyboard key or mouse button is pressed, a small popup above
the text cursor appears, informing the evaluator of what the participant
typed. These popups can be toggled on or off
The tool also allows stepping through just the text events, meaning an evaluator can
skip through lengthy periods of downtime to examine just the text changes. If the evaluator
makes a mistake with an edit, they can either undo a change or remove the edit entirely to
correct the error. The Validate button allows an evaluator to check that they have processed
all text events, and the tool will also refuse to save the edits if there are any text events not

grouped into an edit.

7.1.3 Reference Set Results and Discussion

In total, the six participants defined 950 edits out of 3,625 text events. Since every
task response has two evaluators grouping edits from its text events, the resulting edits
from each evaluator can be compared. For the reference set, edits that are similar to each
other, meaning the two evaluators agreed that the set of text events do comprise a single

edit, are chosen. Edits that are exactly the same are called an exact match, and edits that
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are off by one on either side (include an additional text event the other did not) are called
a close match and are also counted. There are 426 edits that matched another (147 exact
matches and 66 close matches), meaning the evaluators agreed on 44.8% of their edits.
After the six evaluators complete their assigned tasks, they meet to discuss their
findings and opinions of what criteria are used to make an edit. All 213 agreed edits are
compiled into a single HTML document, displaying the text events chosen, whether the
match was exact or close, and how long the edit lasts. Additionally, a srcDiff [Decker,
Collard, Volkert, and Maletic 2020] representation of the change is shown to make clear
what the content of the edit is. Figure 7.2 showcases an example of what was shown during
the meeting. This meeting was recorded, and various quotes from the meeting are used

below to highlight the conclusions of the evaluators.
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Task: ad.d.E'a:l:ameter_3 Seguence: 21-27 (exact match) People: (John,Josh) Time: 0.83s
Original Modified

1 #include

2 #include

3

a order {

5 1 cancelled;

6 e price; = price;

7 quantity; quantity;

rLRERBow

calculateDailyRevenue(const std::vector<Order>& orders) {
le total = @.8;

for {const Order& order :
if (order.cancelled)
continue;

orders) {

total += order.price * order.quantity;

}

®

return totals

ST e
—

2
-

t main() {
std: :vector<Order> sales;

Order staples;
staples.cancelled
staples.quantity = 386;
staples.price = 5.65;
sales.push_back(staples);

LW R RN R R R R R R
& |

R

Order paperclips;

paperclips.cancelled =
paperclips.quantity = 158;
paperclips.price =
sales.push_back(paperclips);

3.26;

std::cout <<

<< calculateDailyRevenue(sales) << std::endl;

40

return @;

-
i

calculateDailyRevenue(const std::vector<Order>& ordersy Boal) {
1e total = @.0;

nst Order& order :
(order.cancelled)
continue;

orders) {

total += order.price * order.quantity;

¥

return total;

std: :vector<Order> sales;

Order staples;

staples.cancelled = false;
29 staples.quantity = 300;
38 staples.price = 5.65;
31 sales.push_back(staples);
32
33 Order paperclips;
34 paperclips.cancelled = tr
35 paperclips.quantity = 150;
3 paperclips.price = 3.26;

3o

sales.push_back(paperclips);

9 std::cout << <« calculateDailyRevenue(sales) << std::endl;

return 8;

Figure 7.2. An example of an edit agreed on by two of the evaluators and its
visualization as shown during the evaluators’ meeting to discuss the edits. In this
example, the evaluators agreed that the participant adding a comma, space, and

“bool” constituted a single edit
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Task: addParameter 3 Sequence: 28-45 (exact match) People: (John,Josh) Time: 5.45s
Original Modified
1 #include 1 #include
2 #include 2 #include
3 3
4 struct Order { t Order {
5 1 cancelled; 1 cancelled;
6 price; ble price;
7 int quantity; int quantity;
g}

le calculateDailyRevenue(c
ble total = 0.0;

4 for (const Order& order :
if (order.cancelled)

continue;

total += order.price *

return total;

t main() {
25 std::vector<Order> sales;

Order staples;
staples.cancelled =
staples.quantity
staples.price = 5.65;

sales.push_back(staples);

33 Order paperclips;
34 paperclips.cancelled = tru
5 paperclips.quantity = 158;
paperclips.price = 3.26;

sales.push_back(paperclips

std::cout <<

a1 return @;

onst std::vector<Order>& orders, bool

orders) {

order.quantity;

23

bH

)

<< calculateDailyRevenue(sales) << std::endl; |39

11 double calculateDailyRevenue(co
double total = @.8;

14 for (const Order& order : ol
15 if (order.cancelled)
16 continue;

17

18 total += order.price *
19 }

21 return total;

2}

4 int main() {

25 std: :vector<Order> sales;
7 Order staples;

5 staples.cancelled = false;

staples.quantity = 3

38 staples.price = 5.65;
31 sales.push_back(staples);

Order paperclips;

nst std::vector<Order>& orders, bo:

rders) {

order.quantity;

paperclips.cancelled = true;

paperclips.price = 2.26;

34
35 paperclips.quantity = 158;
7 sales.push_back(paperclips)

std: rcout <<

a1 return @;

2/ noOrderRevenue) {

<< calculateDailyRevenue(sales) << std::endl;

Figure 7.3. Another example of an agreed-on edit. This edit is the immediately
following edit to the one depicted in Figure 7.2

One of the first things discussed was how timing affects the creation of edits. In

Figure 7.2, the two evaluators agreed that the participant starting a new parameter by

introducing a comma to separate it and adding the type of the parameter (bool) constituted

a single edit. Figure 7.3 depicts the immediately following edit, which both evaluators also

agreed on. When these edits were shown to the other four evaluators, who until this point

had not seen this task, they expressed confusion as to why the two evaluators chose to

separate them into two edits instead of just making them one. In this instance, there is a 46

second gap between ““, bool” and ““ noorderRevenue” being inserted, which is why the two

evaluators decided to separate the two. One evaluator commented on this, saying “That

makes sense, there is a big gap in time. I consider that two separate edits.”
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The next topic discussed was how changes to whitespace are factored into edits.
Two evaluators noted that they had noticed a lot of instances where a participant inserts a
number of new lines, pauses, deletes them, and then pauses again before making any non-
whitespace changes. “If they do ‘enter enter enter’ and then ‘delete delete delete’ and pause,
I do not consider that a part of any other edit.” It was also unclear how whitespace is
associated with non-whitespace changes, if at all, with one evaluator saying, “I do not know
whether the whitespace is included at the start of an edit, at the end, or separated entirely.”
After some discussion, the consensus came to whitespace being grouped with whatever
text events are closer, relying on timing information for grouping.

However, there is no clear answer to how the time between text events plays a role
in edit making. One evaluator explicitly stated they initially struggled utilizing time in their
decision making, saying “It was sort of hard to understand the time gaps.” Each evaluator
had a different number in mind to use as an edit cutoff, ranging from 1.5 seconds to ten
seconds. The evaluators did agree that cutting an edit off on a basis of time cannot rely on
a static number, “Time is not a golden standard because what if someone is a slower typer?”’

One area there was a clear agreement on is that edits are, at a maximum, line based.
The largest agreed-on edit by the evaluators is a single 39 character-long assignment
statement written continuously, shown in Figure 7.4. This edit was discussed extensively
by the evaluators, who noted: “It was constant typing,” “They do some backspaces and
they clear stuff up, but it is one continuous edit,” and “The amount of text they have — the

syntactic structure did not factor into it.”
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Task: forToWhile_BubbleSDrt_2 Seqguence: 98-143 (exact match) People: (Collard,Maletic) Time: 40.80s

Original Modified
1 def bubbleSort(list): 1 def bubbleSort(list):
2 n = len{list) 2 n = len{list)
3 i=a 3 i=a
4 while i < n-1: 4 while 1 < n-1:
j=0 5 j=o
5 while j < n-i-1: 6 whils § < m-i-1:
7 if list[4] > list[f+1]: 7 if 1ist[§] > list[j+1]:
i list[j], list[j+1] = list[j+1], list[j]<*
for 1 in range(n-1): g for i in range(n-1):
swapped = False 1@ swapped = False
for j in range(n - i - 1): 11 for § in range(n - i - 1):
11 if list[3] > list[§ + 1]: 12 if list[§] > list[j + 1]:
12 list[§], list[§ + 1] = Llist[j + 1], list[j]|12 list[§], list[j + 1] = list[j + 1], list[]]
13 swapped = True 14 swapped = True
5 # If no two elements were swapped, then break 16 # If no two elements were swapped, then break
6 if not swapped: 17 if not swapped:
7 break 18 break

Figure 7.4. The longest agreed-on edit within the reference set. In this edit, the
participant hand-copied an assignment statement from a lower part of the code

Additionally, the evaluators noted that comments did not seem to fit any of the
criteria they mentally devised for edits in other parts of the source code. One evaluator said,
“You know, it is not [source] text, it is prose. So, I think we need to look at it in a different
way.” Five of the six evaluators agreed that edits on comments should be broken up by
words, while the other evaluator thought that dividing by sentences is a more appropriate
method.

Outside of the criteria for creating edits, the evaluators also made comments about
the behavior of some of the participants while typing. It was noticed that “They are worried
about deleting any code, and so they make a copy of the code they are going to change,
and then when they are done, they delete the original.” One clear example of this is in the
forToWhile ListSearch 1 task (see APPENDIX B), where the participant made a copy of
the function that needed updating instead of directly updating the given function. It was
also noted by all of the evaluators that many participants chose to make manual copies of

code instead of using a more efficient method such as utilizing the clipboard or highlighting
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the text and dragging the text with the mouse while holding CTRL. The
forToWhile ListSearch 1 task also demonstrates this, and the example shown in Figure
7.4 shows the participant copying, almost character for character, a whole line manually.
In response to this being pointed out for the example in Figure 7.4, one evaluator said,
“Really that is a copy paste, just manual and one [character] at a time.” These observations
by the evaluators corroborate empirical data collected in Section 6.4. While this work does
not explore the differences between novice and expert behavior due to a lack of expert
responses, it was theorized by the evaluators that this recurring behavior is a symptom of
the participants’ general lower skill and knowledge level.

One evaluator summed up the general consensus on edit detection criteria, saying
“There is a lot of agreement when we are changing formatting or whitespace. There is a lot
of agreement when an entire line is added or removed. There is some agreement with
regards to time delay, so if someone is typing in two or three tokens, and there is a long
delay between a couple of them, then that affects the edit.” All but one evaluator reported
finding the tasks easier to complete over time and found them interesting to do. The other
evaluator found the tasks challenging, saying “I found this to be difficult. I antagonized
over every edit,” and reported that it required a lot of thinking on their part to keep the

criteria for segmenting edits consistent.

7.2 Edit Detection Algorithms
Relying on develops to identify edits from participant editing data is impossible.
When creating the reference set, it took the six evaluators approximately nine man-hours

to process 7,190 text events into 950 edits, or about 13.31 text events per minute. Therefore,
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to process the entire survey data manually, it would take an estimated 17,584.10 man-
minutes, or 392.10 man-hours. Automated approaches are needed to enable large-scale
analysis.

There are many logical approaches for grouping text events into edits. The
following work addresses RQ2.2, with subsections detailing various algorithmic
approaches to this problem and a subsequent section comparing them and their
performance against the manually created reference set. All the following algorithms

operate on a single pass over the text events.

7.2.1 Simple Algorithm

The simple algorithm does not do any grouping of text events to form edits. Instead,
it simply treats each individual text event as its own edit. This means that each edit
represents an instantaneous change to the code instead of a change over time. This
algorithm is analogous to how gazel [Fakhoury, Roy, Pines, Cleveland, Peterson,
Arnaoudova, Sharif, and Maletic 2021] and CodeGRITS [Tang, An, Chen, Bansal, Huang,

McMillan, and Li 2024] handle collecting changes to the source code for eye-tracking.

7.2.2 Temporal Gap Algorithm

A simple approach to grouping text events into edits is to separate them by time.
Naturally, while working on source code, developers will work in bursts, typing quickly,
with the only pauses typically being the fraction-of-a-second gaps between key presses,
and then pause for longer when thinking or getting distracted. This starting and stopping is

often not a long period of time; the average time between all text events recorded during
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the survey is 1171.88ms. This average is also affected by outliers, when developers stop
interacting with the task for long periods of time — sometimes hours. Removing the longest
two gaps, both of which are over an hour long, brings the average gap to 884.03ms.
Removing gaps longer than a minute (196 gaps) reduces the average gap to 774.97ms.
The time duration to use for edit segmentation is not easily chosen. There are many
arguments for what a good cutoff point is. In Edwards et al.’s work, they use 750ms and
2000ms as a cutoff point for calculating keystroke speeds in prose and code contexts,
respectively [Edwards, Leinonen, Birthare, Zavgorodniaia, and Hellas 2020]. When
creating the reference set, the evaluators did not rely on a single, consistent time for
dividing the edits, but agreed that 5000ms is a reasonable cutoff point for a typical edit. To
test and compare the results of this algorithm when given different cutoff times, all three

cutoff times (750ms, 2000ms, and 5000ms) are evaluated.

7.2.3 Dynamic Temporal Gap Algorithm

One issue with relying on a single cutoff point to determine edits is the varying
level of typing ability participants. As seen in Table 6.5 and Table 6.8, the typing speeds
of participants can vary wildly. If the gap cutoff time is set too small, the algorithm will
create edits smaller edits from the text events of slower typists. Conversely, setting the
cutoff time to be too large will make larger edits from faster typists.

To combat this, the temporal gap cutoff can be dynamically calculated for each
participant. Instead of relying on a fixed time to cutoff edits, this algorithm uses the average
gap between all text events multiplied by two as the gap cutoff. This ensures that the gap

used to segment edits relates to how fast a typist the participant is. However, this algorithm
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is affected heavily by long pauses. If a participant gets distracted and stops typing for an
extended period of time, this pause can overinflate the average gap time, leading to a

disproportionately big cutoff for edits.

7.2.4 Token Algorithm

Like words in prose text, source code is segmented into discrete chunks of
characters: tokens. Each token is a series of alpha-numeric or symbol characters that make
up some fundamental syntactic purpose within the source code. Because each token
represents some syntactic purpose within the code, adding, deleting, or changing a token
has some semantic purpose. This algorithm takes advantage of this fact by segmenting edits
based on the token being changed within the text events.

Each text event is run through srcML to extract and separate the syntactic tokens
within the source code. These tokens are stored sequentially within an array. Then, for each
sequence of text events which contain a change to the same token, an edit is made. This
also applies for text events that create new tokens or delete tokens. Additionally, any text
event that affects more than one token at once, such as through pasting or highlighting and

deleting, is counted as its own, separate edit.

7.2.5 Heuristics Algorithm

The heuristics algorithm is an edit detection algorithm that utilizes criteria derived
from the evaluators who created the edits for the reference set. As discussed in Subsection
7.1.3, the evaluators came to a set of agreed conclusions about what criteria they believe

should be used for grouping text events into edits. The criteria for grouping edits are:
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e Some temporal cutoff is needed to segment edits
e Whitespace changes go with whatever edit grouping they are closest too,
unless the temporal cutoff segments them to be by themselves
e Changes to the same line, so long as they are continuous, should be a single
edit
The heuristic algorithm, as implemented for this work, is an extended version of
the temporal algorithm with additional conditions (the criteria mentioned above) that end
the currently collected edit and start a new one. Like the temporal algorithm, the heuristics

algorithm is evaluated with static cutoff gap times of 750ms, 2000ms, and 5000m:s.

7.2.6 Heuristics+tDynamic Temporal Algorithm

As the evaluators noted during their discussions, relying on a static maximum time
for segmenting edits will not work equally well across all participants, as each participant
will have a different level of skill when it comes to editing source code. The dynamic
temporal algorithm is a way to dynamically adjust the cutoff times for these different
editing efficiencies, and the heuristics+dynamic temporal algorithm is the same algorithm

but with the additional cutoff conditions of the evaluator-defined heuristics.

7.3 Algorithm Evaluation

The above defined algorithms provide different approaches to calculating edits
from sets of text events. It is important to note that this work does not claim that any of
these approaches are the objectively best algorithm to use for creating edits. As mentioned

previously, different approaches for creating edits will be better for different applications.
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The goal of this work is to find a method of creating edits which approaches the
idealized atomic edits — edits that maintain some semantic intent while still preserving the
developer’s direct changes to the source code. Atomic edits are important for software
engineering studies that use eye-tracking, as researchers want to identify what the
intentions of the developer are at any given moment while also maintaining an accurate
snapshot of the current stimulus at a given time. Lacking a formal definition for atomic
edits, the reference set serves as a baseline of what atomic edits are — semantically
meaningful but concise changes to the source code, defined by expert software engineering
evaluators.

In this section, the six algorithmic approaches are evaluated and compared against
the reference set and each other. Various evaluation metrics are used to provide a general
overview of what a given algorithm may excel at or fail at. The algorithms are then run on
two datasets — first, the same task responses the evaluators used to create the reference set,

and then the entire survey response dataset.

7.3.1 Evaluation Metrics

Edits are multidimensional data points, containing information related to both
developer behavior, syntactic changes, and semantic meaning. To evaluate the algorithms,
many metrics are needed so each aspect of an edit can be considered. Table 7.1 details

these metrics.
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Table 7.1. The various metrics used to evaluate the edit detection algorithms

Edit Algorithm

Evaluation Metric
S ——————————————————————————————

The total number of edits the algorithm creates from the
input dataset of text events

Metric Type Definition

Number of Calculated Edits | Edit Structure

Average/Medl.an Text Edit Structure The average and the median number of text events per
Events per Edit edit

The average and the median time duration of each edit

Average/Median Duration Edit Structure | . " ..
in milliseconds

Distribution of Edit Edit Structure The distribution of edit categories of edits as generated
Category by the algorithm (See Table 4.2)

The percentage of edits which result in syntactically
Source Code | correct code. The code may not be compliable or
correct.

Percentage of Syntactically
Correct Edits

The number of exact and close matches of edits within
Reference Set | the reference set when the algorithm is run on the same
task responses.

Exact and Close Matches
with Reference Set

To calculate each metric, the set of task responses is fed, one at a time, through the
algorithm, with each response being stored in a table within a SQLite database. The schema
of this table can be seen in Figure 8.2. After all responses are processed, SQL queries are
used to capture the above metrics, except for the syntactically correct metric.

For the syntactically correct metric, the Tree-sitter tool is used to evaluate the
syntax of the edit. Tree-sitter, among other things, is a parsing library for many different
programming languages [Brunsfeld et al. 2026]. Tree-sitter’s ability to report syntax errors
in provided source code is vital for this metric. To calculate this metric, the source code
from each edit is saved into a temporary file, and Tree-sitter is used to parse said temp file.
If Tree-sitter reports any error after parsing, the edit is labeled as being syntactically
invalid, while edits with no errors are reported as valid. sccML cannot be used for this
purpose because, while srcML is designed to only be used on syntactically correct code, it

will still parse incorrect code and create well-formed output without complaint. srcML
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does not guarantee that its output will be correct or usable, but it will not crash, raise an
error, or in any other way indicate that the provided code was syntactically incorrect.
There is an additional caveat to the syntactically correct metric. For all other
metrics, all task responses are factored into the result regardless of the task or participant.
However, in the case of the syntactically correct metric, any task response for the
implementFileSummation cpp task is ignored. This is because a semicolon was
erroneously left out of the task’s initial code state, meaning that unless a participant
explicitly fixed the issue, every single text event, and by extension edit, is syntactically
incorrect. This error can be seen in the C++ tasks in APPENDIX A. To avoid the bias this
task would introduce, it is left out of calculations for the syntactically incorrect metric.
For the edit category metric, each edit’s starting and ending text is processed
through srcDiff® [Decker, Collard, Volkert, and Maletic 2020]. For each srcDiff output, all
diff tags are extracted and tokenized. The tokens are then evaluated for whether they have
been inserted, deleted, or replaced, and the edit category is determined from these token

changes.

7.3.2 Algorithm Performance Compared to the Reference Set
To compare the algorithms against the reference set, the 30 task responses,
originally given to the six evaluators to evaluate, are run through each algorithm and stored

in a database.

3 See https://srcDiff.org/

86


https://srcdiff.org/

Table 7.2. The edit structure metric results for each algorithm and the reference set.
Numbers that are bolded and underlined are the closest to the reference set’s values.
Numbers that are italicized and underlined are the farthest to the reference set’s
values

Number of Average Text | Median Text Average Median

Algorithm Calculated Edits | Events/Edit Events/Edit Duration Duration
e ———————————

Simple 3,595 1.00 1 Oms Oms
Temporal 725 4.96 3 896.54ms | 557ms
750ms —

Temporal

2000ms 370 9.72 6 2,964.47ms 1,733ms
Temporal 159 22.61 14 10.938.06ms | 6.180ms
5000ms

Dynamic

Temporal 381 9.44 6 2,967.35ms 1,600ms
Token 1,221 2.94 1 873.67ms Oms
Heuristics 775 4.64 3 816.57ms | 460ms
750ms

Heuristics

2000ms 470 7.65 4.5 2.154.84ms 1,023ms
Heuristics

5000ms 339 10.60 6 4,124.07ms 1,988ms
Heuristics+

Dynamic 492 7.31 5 2,041.93ms 1,025ms
Temporal

?g‘ere”ce 213* 5.30 5 2,531.08ms | 1,370ms

Table 7.2 shows the results of each algorithm’s results on the edit structure metrics.
Besides the simple algorithm, which will always create the maximum possible number of
edits, the token algorithm created the most edits and the temporal algorithm with a delay

of 5000ms created the least. The number of edits created is not necessarily good or bad

* The reference set only contains edits that are agreed on by the evaluators, and therefore

does not cover all text events over the 30 sessions.
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either way, but the more edits an algorithm creates the less text events each edit will have,
and vice versa. This is seen in the average/median number of text events per edit metric,
with the 5000ms temporal algorithm having the most text events per edit in both, and the
token algorithm having the least (ignoring the simple algorithm).

Interestingly, the algorithms with the closest average and median number of text
events to the reference set are different. The 750ms temporal algorithm has the closest
average, while the heuristics+dynamic temporal algorithm has an identical median. This
implies that the heuristics+dynamic temporal algorithm groups edits together similarly to
how the evaluators did for typical scenarios. In Figure 7.5, a visual comparison of the text
events in edits is shown. The 750ms temporal algorithm has many smaller text event edits
than the heuristics+dynamic temporal algorithm, which balances out the outliers for a

closer average to the much more balanced reference set.
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Figure 7.5. A logarithmic box and whisker plot of the number of text events per edit
according to each algorithm and the reference set. The red bar in each represents
the median

The duration metrics show a similar pattern. The dynamic temporal algorithm has
the closest median to the reference set, while the 2000ms heuristics algorithm has a closer
average. Like with the text events metric, this means that the dynamic temporal algorithm
will create edits with durations similarly to the reference set for typical scenarios and the
2000ms heuristic algorithm has additional small duration edits to balance outliers, creating
a closer average. This can be seen in Figure 7.6, with the dynamic temporal algorithm being
the visually closest to the reference set, and the 2000ms heuristics algorithm containing

many 0 duration edits.
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Figure 7.6. A logarithmic box and whisker plot of the durations of edits generated
by each algorithm and the reference set. The red bar in each represents the median

Looking at both Figure 7.5 and Figure 7.6, it can be visually inferred that using a
dynamic temporal gap matches the closest with the reference set. Additionally, in both
figures, the 2000ms version of the heuristics algorithm and temporal algorithm,
respectively, are very similar to their dynamic version, and for both metrics are the second-
closest to the reference set’s medians. This pattern shows that the dynamic temporal gap is
calculated to be about 2000ms for the majority of participants, but that 2000ms is not
effective for outlier participants, which the dynamic temporal algorithm can adapt to and

match the reference set closely.
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Table 7.3 details the evaluated categories of all the edits produced by the algorithms
compared to the reference set. Note that, because edit categorization depends on srcML
and srcDiff, there are certain situations where the tools fail to parse the before and after
versions of the text from the edit. For example, certain syntactically invalid Python edits
caused ill-formed XML output, leading to parsing errors. These cases are labeled as being
not parsable.

There are clear differences in the kinds of edit categories each algorithm produces,
with the shorter-edit algorithms producing more single-token edits than the longer-edit
algorithms. This is intuitive, as the algorithms that produce shorted edits will have more
edits, and these edits are likely to be comprised of single or few text events. The reference
set leans has more multi-token edits than single-token edits, similar to the longer-edit

algorithms.

91



Table 7.3. The edit categories generated by each algorithm on the reference set task
responses and the reference set’s edits

s | § |2 | &8 |E | & | & |z
& 9; Iy @ ) 3 S -
. = as e, S & e = g

Algorithm| = ! = - & o 5 S
=] = =) = = =) 1 »
= g = g = = 2 &
e = g = 8 e = =
= @ = 7 = a = o

[ —

Simple 530 39 128 49 1,793 202 848 6

Temporal 115 | 126 24 45 131 78 158 5

750ms

Temporal

000ms 45 120 6 36 67 48 47 1

Temporal

5000ms 3 62 3 20 21 38 12 0

Dynamic 55 108 8 32 77 48 51 2

Temporal

Token 403 49 85 48 138 158 334 6

Heuristics | o5 | 19y 24 46 136 80 195 5

750ms

\Heuristics

000ms 56 123 6 40 85 53 105 2

\Heuristics

5000ms 16 106 4 33 64 44 71 1

\Heuristics+

\Dynamic 65 119 9 39 97 49 111 3

Temporal

1;:{ erence 1 g 41 5 30 67 18 32 1

These structural metrics provide a general overview of the characteristics of the
edits made by the algorithms, but it is important to note that they are operating on more
data than the reference set. Since the reference set only contains the 213 edits agreed on by
the participants, there are many text events, and even a whole task response, that are not
represented in the reference set. This is the likely explanation for the more abundant
outliers seen in the algorithms’ outputs.

Table 7.4 details how well the algorithms produce edits that result in syntactically

correct code. The reference set has the highest percentage, sitting at 73.21%. The best
92



performing algorithm is the temporal algorithm with a gap time of 5000ms. This is likely
because the longest pauses a developer will take will be after finishing a statement or fixing
something, which will result in syntactically correct code. This fact is supported by the fact
that, of the heuristics algorithms, the 5000ms gap one also has the highest syntactic
correctness. Conversely, the token algorithm generates the least amount of syntactically
correct edits. This is likely because, when a new token is introduced, the majority of the
time it will be for a new statement or construct, which will only be complete after a number
of tokens are added. For example, to create a syntactically correct if statement, six tokens
must be inserted:

o if

e An open parenthesis

e A close parenthesis

e Some condition, minimum one token

e An open curly brace

e A close curly brace

Additionally, in a language like Python, editing whitespace can cause the code to

become syntactically incorrect.
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Table 7.4. The syntactically correct metric results for the algorithms and the
reference set. Entries that are bolded and underlined are the closest to the reference
set’s values. Entries that are italicized and underlined are the farthest to the
reference set’s values

Algorithm Number of |[Number of Syntactically| Number of Syntactically
8 Edits Correct Edits Incorrect Edits
P h—$§@—§—S————t—i—_——
Simple 3,243 1,708 /3,243 (52.67%) | 1,535/3,243 (47.33%)
;;’0”5;”’“’ 660 366 / 660 (55.45%) 294 / 660 (44.55%)
ZTS%’”‘;’S’“’ 342 202 /342 (59.06%) 140 / 342 (40.94%)
?2?5;:01 151 106 /151 (70.20%) 45 /151 (29.80%)
lT)eyZZ’O”V’EI 351 214 /351 (60.97%) 137 /351 (39.03%)
Token 1,053 378 /1.053 (35.90%) 675 /1,053 (64.10%)
%ﬁ‘;jg”cs 707 396 /707 (56.01%) 311/707 (43.99%)
%ggzgcs 437 266 /437 (60.87%) 171 /437 (39.13%)
?gggzgcs 320 222 /320 (69.38%) 98 /320 (30.63%)
Heuristics+
Dynamic 456 287/ 456 (62.94%) 169 / 456 (37.06%)
Temporal
g:{ erence 209 153 /209 (73.21%) 56 /209 (26.79%)

The last metric to compare the algorithms is how many of the edits in the reference
set they also made. To evaluate this, each of the edits in the reference set are compared
against the entire list of edits generated by each algorithm. If there is an identical edit, it is
counted as an exact match. If there is an edit that is close but is off by a text event in either

direction, it is counted as a close match. Table 7.5 details the results of this process.
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Table 7.5. How well each algorithm matched the edits within the reference set.
Entries that are bolded and underlined are the largest values, and entries that are

italicized and underlined are the smallest values

Alsorithm Exact Matches Close Matches Total Matches

8 with Reference Set | with Reference Set | with Reference Set
|
Simple 23/213 (10.80%) | 60 /213 (28.17%) | 83 /213 (38.97%)
;;Z”r’;gm[ 110 /213 (51.64%) | 57 /213 (26.76%) |167 /213 (78.40%)
ggg”é’n‘;:“l 101 /213 (47.42%) | 31/213 (14.55%) | 132/213 (61.97%)
?gg”g’nj:“l 36 /213 (16.09%) | 12/213 (5.63%) | 48/213 (22.54%)
?Zr’;;’o"r’zl 95 /213 (44.60%) | 35/213 (16.43%) | 130 /213 (61.03%)
Token 61/213 (28.64%) | 89 /213 (41.78%) | 150 /213 (70.42%)
1;’;5";’5”” 104 /213 (48.83%) | 63 /213 (29.58%) |167 /213 (78.40%)
%5‘5”7‘22’” 117 /213 (54.93%) | 39/213 (18.31%) |156/213 (73.24%)
1;065‘5;‘:2’” 93 /213 (43.66%) | 35/213 (16.43%) | 128 /213 (60.09%)
Heuristics+
Dynamic | 119 /213 (55.87%) | 46/213 (21.60%) | 165 /213 (77.46%)
Temporal

Overall, three algorithms performed well and matched over 75% of the edits in the
reference set: the temporal algorithm at 750ms, the heuristics algorithm at 750ms, and the
heuristics+dynamic temporal algorithm. The temporal and heuristic algorithms had very
similar results — both achieving the highest percentage match at 78.40%, and the temporal
algorithm having six more exact matches than the heuristic algorithm. The
heuristictdynamic temporal algorithm had two less overall matches but had ten more exact
matches than the 750ms temporal algorithm. Conversely, the 5000ms temporal and simple

algorithms are the worst at matching, with the former having the lowest total matches and
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close matches, and the latter having the lowest exact matches. All other algorithmic

approaches have above a 60% matching rate, with various exact and close match ratios.
While no algorithm is the best at all metrics, the heuristics+dynamtic temporal

algorithm performs well across all metrics, being within the top four algorithms for all of

them.

7.3.3 Algorithm Performance on Full Survey Dataset

Table 7.6 shows the metrics applied to each algorithm when ran on the entire survey
dataset. In general, the results are consistent with the results from just the reference dataset.
This can be seen visually in Figure 7.7 and Figure 7.8, which show box and whisker plots
of the text event and duration metrics across both datasets. Across the two metrics, the
algorithms produce similar results despite the massive dataset size increase from the
reference data set to the entire survey data set. In Table 7.7, a similar distribution of multi-
token and single-token edits can be seen, with larger-edit algorithms producing less single-
token edits and vice versa.

These findings show that the task responses chosen for the reference set creation
are a sufficiently representative set of responses from the greater survey dataset.
Additionally, the algorithms have consistent output across many different participants with

different typing habits and skills.
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Table 7.6. The results of each metric across all algorithms when run on the entire
survey dataset

Aleorithm Number | Average Text | Median Text Average Median I;el;lcte;nttiilg:“o f
g0 of Edits | Events/Edit | Events/Edit Duration Duration yntactiea 'y
Correct Edits
e ————————————————————————
Simple 233,144 1.00 1 0.00ms Oms 46.57%
Temporal | 4 545 5.75 3 1,011.00ms | 537ms 48.63%
750ms
Temporal |4 151 13.38 6 3.414.64ms | 1,737ms 57.51%
2000ms
Temporal 8,756 26.63 13 11,376.14ms | 6,180ms 63.07%
5000ms
Dynamic 23,730 9.82 6 2,730.16ms | 1,396.5ms 56.83%
Temporal
Token 88,265 2.64 1 740.92ms 0.ms 30.63%
Heuristics 43.823 5.32 3 907.85ms 435ms 48.56%
750ms
Heuristics 24.159 9.65 5 2,313.22ms | 1,086ms 56.38%
2000ms
Heuristics 20,204 11.54 6 3,892.37ms | 1,588ms 60.07%
5000ms
Heuristics+
Dynamic 30,137 7.74 5 1,908.75ms 932ms 55.65%
Temporal
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Figure 7.7. A logarithmic box and whisker plot of the number of text events per edit
according to each algorithm across both the reference data set and the survey data
set
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Figure 7.8. A logarithmic box and whisker plot of the number of the durations of
edits generated according to each algorithm across both the reference data set and
the survey data set
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Table 7.7. The edit categories generated by each algorithm on the entire survey

dataset
s | ¥ |8 | &8 |E |8 | & |z
2 S 5 g 5 3 o =
. 2 | 3|5 | & | & | 8|3 |¢
Algorithm| = = = ~ = o g Z
= (=] =) =) = (=] =4 IS
= z = 5 = = = S
) = ] = o e 5 =
= 2 = @ = Z ) ®
P —
Simple 33,932 ] 2,558 | 8,988 | 2,469 [123,914] 15,222 [ 45,621 [ 440
Temporal | 5 591 | 7319 | 1279 | 2369 | 8,119 | 6.464 | 7243 | 161
750ms
Temporal |y 57 | 5430 | 382 | 1,808 | 3,575 | 3,947 | 2399 | 85
2000ms
Temporal I g33 | 5680 | 129 | 971 | 955 | 2,595 | 648 45
5000ms
Dymamic | 5906 | 6318 | 529 | 1,737 | 4,978 | 4215 | 2958 | 89
Temporal
Token 23,304] 3,278 | 6,248 | 2,373 | 9,626 | 12,025 [ 21,158 | 253
Heuristics | 7904 | 7,406 | 1316 | 2452 | 8235 | 6,619 | 9,821 | 170
750ms
Heuristics | 5 395 | 570 | 451 | 2,114 | 4,493 | 4346 | 5,762 | 106
2000ms
Heuristics 1,167 | 5,807 | 250 | 1,935 | 3,213 | 3,513 | 4,246 73
5000ms
\Heuristics+
Dynamic | 3,396 | 7,192 | 606 | 2,166 | 5,628 | 4,576 | 6,463 | 110
Temporal
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CHAPTER 8

Eye-Tracking with Editing Support

Traditional eye-tracking studies in software engineering typically rely on a static
code stimulus, where the layout and document position of characters and tokens remain the
same throughout the eye-tracking session. Editing introduces complications to this, as now
any change can cause the relative document position of tokens to change wildly. Applying
current token mapping techniques is thus insufficient for editing scenarios.

To address this gap and address RQ3, this chapter explores how eye-tracking
studies can support editing scenarios through the application of previous findings in typing

behavior and edit detection techniques.

8.1 Additions to the iTrace Infrastructure

To conduct eye-tracking studies that allow a participant to edit source code, new
infrastructure is needed. The iTrace Infrastructure already has many tools developed for all
stages of eye-tracking research on source code, meaning new functionality can be added to
its existing tools instead of creating new ones.

The data collection and post-processing steps of iTrace’s eye-tracking pipeline are
given new functionality to support conducting eye-tracking studies with a code-editing

component.
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8.1.1 iTrace IDE Plugins

Arguably the most necessary part of support studies on developer editing behavior
is to capture every minute change to the source code. As mentioned previously, gazel
[Fakhoury, Roy, Pines, Cleveland, Peterson, Arnaoudova, Sharif, and Maletic 2021] and
CodeGRITS [Tang, An, Chen, Bansal, Huang, McMillan, and Li 2024] are two previously
existing tools that collect the changes made to source code over time. These approaches
take a wholistic approach to capturing changes to code. Every time any change is made,
the tool saves a copy of the entire source code file. This approach can lead to massive
backlogs of data, especially if the eye-tracking participant is working on larger files.
Because eye-trackers already produce vast quantities of data, it is ideal to reduce data
collection where possible. To do this, instead of storing a snapshot of the file every time a
change is made, the change itself is saved. This recorded change consists of what characters
were inserted and/or deleted and the text position where this change occurred. While
recording changes in this manner can also result in large records when a large body of code
is pasted in or a large section of code is highlighted and deleted, for the majority of actual
changes made to source code by developers, this will result in much less data. The
downside to this approach is that the actual version of the text will need to be recreated at
a later point during post-processing.

As initial work in updating the iTrace Infrastructure to support editing, this change
collection is implemented into the iTrace-JetBrains plugin. iTrace-JetBrains is one of the
newest plugins in the iTrace Infrastructure, and is notable for its ability to work on all of

the different editors within the JetBrains family, such as IntelliJ, PyCharm and CLion.
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iTrace-JetBrains is chosen as the initial plugin to be updates due to its ability to support
studies in many different programming languages natively, and its relatively modern use
compared to other editors supported by iTrace.

When an eye-tracking session is started, and iTrace-JetBrains is listening to iTrace-
Core, it will immediately create event listeners for every single open document. These
event listeners watch for any textual change in the code and, whenever something does
change, it calls an asynchronous function that queues up a text event to be written into the
plugin file alongside the IDE context data. A benefit to this document listening system is
that it is independent of any hardware inputs, meaning that IDE tools such as Find/Replace,
refactoring, and auto-formatting are captured. Figure 8.1 displays an example of how text

events are saved within the iTrace plugin file.

<response event_id="134244655222989165" plugin_time="1779991922299" x="357"
y="437" gaze_target="forToWhile_BubbleSort.cpp"” gaze target type="cpp"
source_file_path="C:/Users/srcdev/Desktop/Josh_Dissertation_Study/Participa
nts/John/forToWhile_BubbleSort.cpp" source_file line="14"
source_file_col="6" editor_line_height="-1" editor_font_height="16.000000"
editor_line_base_x="" editor_line_base_y=""/>

<text_event timestamp="1779991922313"

source_file path="C:/Users/srcdev/Desktop/Josh_Dissertation_Study/Participa
nts/John/forToWhile_BubbleSort.cpp" source_file_line="13"

source_file col="5" inserted="i" deleted=""/>

<response event_id="134244655223073714" plugin_time="1779991922315" x="333"
y="427" gaze_target="forToWhile_BubbleSort.cpp"” gaze_ target_type="cpp"
source_file_path="C:/Users/srcdev/Desktop/Josh_Dissertation_Study/Participa
nts/John/forToWhile_BubbleSort.cpp" source_file line="13"
source_file_col="4" editor_line_height="-1" editor_font_height="16.000000"
editor_line_base_x="" editor_line_base_y=""/>

Figure 8.1. An example of a text event being recorded in an iTrace plugin file next to
IDE context responses. The text event is highlighted gray to make it stand out
between the IDE context responses
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8.1.2 iTrace-Toolkit

The next step to support editing studies with eye-tracking is to support the post-
processing of eye-tracking and editing information. iTrace-Toolkit, iTrace’s post-
processing tool, is the natural fit for this. One of iTrace-Toolkit’s main purposes is to map
the line and column information collected from the IDE plugin to a specific source code
token within the stimulus the participant was looking at. With editing involved, this process
becomes more complicated, because now not that token mapping also needs to identify
what version of the code existed at the point in time of the eye gaze and report the valid
token from that.

To be able to accomplish this edit mapping, iTrace-Toolkit first needs to be able to
load in the text event information from the plugin file. The iTrace Database needs updating
to support the new types of information that will be stored in it. Four new tables are created
for the database: text_event, edit, edit_text_event, and edit_run. Figure 8.2 shows these

new tables in context with the original tables of the database.
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Figure 8.2. The Entity Relationship Diagram of the iTrace database file with editing
information, updated from Figure 3.5

When loading eye-tracking sessions into iTrace-Toolkit, it will populate the

text_event table with the text events from imported plugin files. These text events are then

used later to calculated edits and map gaze data to specific tokens.
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All six edit detection algorithms are implemented into iTrace-Toolkit, with the
temporal and heuristic algorithms having separate options for the 750ms, 2000ms, and
5000ms time gaps. These edit algorithms are implemented into the token mapping menu,
where a user can choose which edit algorithm to use when mapping tokens, or even to
calculate edits at all. Figure 8.3 and Figure 8.4 show the GUI of iTrace-Toolkit where a
user can choose what edit detection algorithm to use.

A srcML archive of the source code stimulus is needed by the token mapping
process so that the line and column information can be mapped to a token within the source
code. When calculating edits, a srcML archive of the original starting state of the stimulus
is needed so the text events can be applied successively, and the edits can save the starting
and ending versions of the source code. Previously, only a srcML file was needed by
iTrace-Toolkit — however, with these changes iTrace-Toolkit now needs srcML to be
installed on the same machine, as the tool now calls on srcML progressively during token

mapping and when using the token algorithm.
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iTrace Toolkit V0.2.2 - =] X

Browse for srcML Archive
Path: C:/Users/jbehler1/Desktop/iT...sertation_Study/diss_eye_study.xml

‘ ’ Overwrite existing data?

’2‘ Calculate edits?

Edit Detection Algorithm: Simple

Identify Tokens

Figure 8.3. The token mapping menu in iTrace-Toolkit
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Bl iTrace Toolkit v0.2.2 — O P4

Simple
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Temporal Gap 2000ms

Temporal Gap 5000ms

Dynamic Temporal Gap

Token
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Heuristics 2000ms

Heuristics 5000ms

Heuristics+Dynamic T...

Figure 8.4. The edit detection algorithm drops down menu, listing the ten different
editing algorithms that can be chosen
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The ide context table in the iTrace database is updated to include a new column,
edit id. This column is populated with the id of the edit that occurred alongside the gaze
event, allowing for lookup of the text at that point. When edits are not calculated, a pseudo
initial edit is created based on the srcML of the source code stimulus, allowing the text to

still be gotten as needed during any post-processing.

8.2 Pilot Eye-Tracking Study Design

To test the efficacy of the functionality added to the iTrace Infrastructure, a pilot
eye-tracking with code editing study is performed. Three programming tasks taken from
the editing survey (forToWhile BubbleSort, functionsIntoClass, and
implementFileSummation) are given to participants. Importantly, the missing semicolon in
the implementFileSummation task is fixed for this pilot study. Three participants are
recruited for this task, all being graduate computer science students focusing on software
engineering research. None of the recruited participants have previously completed the
editing survey. Each task is loaded in the CLion development environment with iTrace-
Jetbrains installed, and the participants are asked to edit the software in completion of the
task. While editing, the participants’ eye-movements are tracked using a Tobii Pro X3-120
eye-tracker recording at 120Hz. The participants recruited for this pilot study had not
completed the editing survey, so had not seen the tasks before, and were given the option
to complete the tasks in C++, Python, or Java; all participants chose to complete the survey

in C++.
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8.3 Pilot Eye-Tracking Study Results

Each participant completes three tasks, resulting in a total of nine eye-tracking
sessions. In total, 17.72 minutes of eye-tracking and editing data is collected, made up of
127,631 gaze data points, 78,516 IDE context data points, and 902 text events. No problems
are encountered during the eye-tracking sessions, with each session progressing identically
to how a previous, non-editing eye-tracking session would. Table 8.1 contains the results
of calculating all the algorithm evaluation metrics for every algorithm running on the data

collected from the eye-tracking sessions.

Table 8.1. The results of each metric across all algorithms when run on collected
eye-tracking study session data

Algorithm Number | Average Text | Median Text Average Median I;el:gztt?cg:“o f
g of Edits | Events/Edit | Events/Edit Duration | Duration y Y
Correct Edits
e —————————————————————————————————————————————————————
Simple 902 1.00 1 Oms Oms 2577902 (28.49%)
Temporal 148 6.09 4 1,015.61ms | 452ms | 79/ 148 (53.38%)
750ms
Temporal o
2000ms 75 12.03 8 3,140.20ms | 2,046ms 46 /175 (61.33%)
Temporal o
5000ms 33 27.33 21 10,874.91ms | 7,071ms 23 /33 (69.70%)
Dynamic 195 9.49 5 2,184.93ms | 1,390ms | 56/ 195 (58.95%)
Temporal
Token 506 1.81 1 228.06ms Oms 177/ 506 (34.98%)
Heuristics 172 5.24 3 815.68ms | 38lms | 97/172 (56.40%)
750ms
Heuristics o
2000ms 121 7.45 4 1,648.84ms 909ms 81/ 121 (66.94%)
Heuristics N
5000ms 101 8.93 4 2,504.62ms | 1,073ms | 73 /101 (72.28%)
Heuristics+
Dynamic 134 6.73 4 1,352.96ms | 629.5ms | 85/134 (63.43%)
Temporal
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Because each individual gaze point matches with a specific edit, each edit detection
algorithm will produce a unique set of gaze point-source code pairs, which shows what
snapshot of the source code was used to map that particular gaze point to the code. Taking
every unique set for each algorithm and finding the collective intersection of each, there
are 30,512 common pairings out of the 69,890 non-initial gaze-point pairings. This means
that, regardless of the algorithm used, roughly 43% of the gaze points are mapped to the
same version of the source code for these nine eye-tracking sessions. This result is not
completely unexpected, as regardless of what edit algorithm is used, the same text events
are being used as inputs to all the algorithms, meaning that gaze points happening at
specific points in time will invariantly have the same target source code snapshot,
regardless of the specific text events that comprise it.

There are two types of gazes that are recorded during an eye-tracking study with
code editing — gazes that occur while the participant is editing the text, and those that occur
when the participant is not editing the text. Depending on the edit detection algorithm used
to create the edits, a gaze could change from happening during an edit to happening
between edits. Additionally, the screen location where a gaze could occur is also dependent
on the edit, as it could be either on the code being changed, on code not being changed, or
off the code entirely. Table 8.2 details how many gazes from the pilot study occur during

an edit, and of those, how many occur on the area of code being changed, per algorithm.
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Table 8.2. The number of gazes that occur during and not during an edit, and
whether those gazes happen on code being edited, other code, or not on the code

Algorithm

Simple

Gazes During
an Edit

9 (0.01%)

Gazes Not
During an Edit

69,881 (99.99%)

Gazes on
Changed Code

0 (0.00%)

Gazes on not
Changed Code

0 (0.00%)

Gazes not on
Code

9 (100.00%)

Temporal
750ms

14,780 (21.15%)

55,110 (78.85%)

3,256 (22.03%)

6,215 (42.05%)

5,309 (35.92%)

Temporal
2000ms

22,256 (31.84%)

47,634 (68.16%)

6,958 (31.26%)

7,772 (34.92%)

7,526 (33.82%)

Temporal
5000ms

35,668 (51.03%)

34,222 (48.97%)

17,512 (49.10%)

6,381 (17.89%)

11,775 (33.01%)

Dynamic
Temporal

19,646 (28.11%)

50,244 (71.89%)

5,244 (26.69%)

7,751 (39.45%)

6,651 (33.85%)

Token

11,679 (16.71%)

58,211 (83.29%)

810 (6.94%)

6,055 (51.85%)

4,814 (41.22%)

Heuristics
750ms

14,055 (20.11%)

55,835 (79.89%)

3,026 (21.53%)

5,981 (42.55%)

5,048 (35.92%)

Heuristics
2000ms

19,256 (27.55%)

50,634 (72.45%)

4,483 (23.28%)

7,808 (40.55%)

6,966 (36.18%)

Heuristics
5000ms

24,895 (35.62%)

44,995 (64.38%)

6,668 (26.78%)

9,274 (37.25%)

8,953 (35.96%)

Heuristics+
Dynamic
Temporal

17,618 (25.21%)

52,272 (74.79%)

4,258 (24.17%)

7,082 (40.20%)

6,278 (35.63%)

The algorithm that leads to the most gazes occurring during an edit is the 5000ms

temporal algorithm, having more than 50% of its gazes during an edit. This is because this

algorithm produces the longest edits, meaning more gazes that would otherwise fall

between edits for other algorithms instead occur during the edit. Conversely, the simple

algorithm produces the least, having only nine gazes occurring during an edit. This is due

to the fact all edits with the simple algorithm have only text event, meaning a gaze must

occur on the exact same millisecond as the edit for it to count as happening during the edit.

Using the heuristics+dynamic temporal algorithm as an example, there are 17,618

gazes that occurred during an edit. Of those gazes, roughly 25% occurred on tokens being

edited by the participant, 40% occurred on other parts of the code, and 35% occurred with
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the participant either looking away from any source code tokens or not looking at the
screen.

Taking this analysis further, Table 8.3 details where each participant was looking
while editing. Participant 2 spent very little time looking off-screen while typing.
Participant 3 spent a large amount of time looking off-screen while typing — almost 20%
of their time editing. This is consistent with observations made by the author during the
eye-tracking session, where participant 3 reported being unfamiliar with the keyboard
provided and was looking down at the keyboard often to make sure their hands were
positioned correctly. Participant 1 was not seen consistently looking away from the screen
while editing; however, participant 1 was wearing glasses, which can affect the eye-
trackers accuracy. This also explains the higher proportion of gazes that appear outside of

the code stimulus for participant 1.

Table 8.3. The number of gaze events and where they occurred per participant
while editing

Gaze Events Gaze Events Gaze Events

on Code Elsewhere on Screen | Off Screen
I ———————————————————————————————————————————

Participant

Participant 1 4,007 4,884 743
Participant 2 3,521 1,586 34
Participant 3 4,169 1,629 1,233

Intuitively, each participant spent some time looking over the provided code before
beginning to make any changes. Participants 2 and 3 spent a couple seconds at most reading
through the source code before making their first change, while participant 1 spent the most

time out of all participants reading the code before making their first change.
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Table 8.4. Times spent before a participant started editing during a task

Time before editing begins per task (ms)
forToWhile_BubbleSort|functionsIntoClass|implementFileSummation

Participant

Participant 1 35,797 5,571 15,420
Participant 2 4,027 4,229 4,321
Participant 3 4,748 5,186 7,194
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CHAPTER 9

Discussion

This dissertation investigates how developers interact with source code while
editing it and how modifications to source code can be represented a format that preserves
both semantic intent and developer actions. The findings presented throughout this work
provide initial efforts towards supporting program comprehension research beyond static
source code.

The implications of this work extend to multiple stakeholders. For researchers, the
results highlight the importance of modeling developer behavior as a continuous and
structured process of distinct semantic changes. For practitioners, particularly those
involved in the design of development environments and developer tools, the code edits
provide opportunities to align said tools with observed developer behaviors. For educators,
the preliminary findings from the conducted editing survey highlight a potential need to
reconsider how fundamental computer interaction skills are taught to prospective

programmers early in their education.

9.1 Editing Behavior
Preliminary investigations into developer behavior during source code editing

reveal key insights into how developers interact with their computing environment. From
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the results collected in this work, it is shown that developers interact with the computer
consistently and quickly while editing source code. Across all 2,060 collected editing task
responses from the editing survey, there is an average of ~114 text events per response and
~314 hardware events per response. This, coupled with the average response time of 3.5
minutes per response, shows that developers perform distinct interactions with their
computer in rapid succession while editing source code. These interactions vary, with the
vast majority being single-key presses to insert or delete a character, but many others being
more complex editing shortcuts that involve multiple hardware interactions to perform.

Despite the fact that participants are interacting with their computer often, collected
evidence shows that developers do not edit source code efficiently. Across all metrics, the
average participant is slower when editing source code compared to editing prose. This is
compounded by the fact that there are a few highly efficient outliers who skew the average,
meaning the average participant is much less efficient when the outliers are removed.
Additionally, evidence suggests that participants, particularly novice participants, do not
utilize editing shortcuts often, decreasing their potential efficiency while editing. This fact
implies that novice developers either do not know about or are unaware of when to use
editing shortcuts to increase how efficiently they can write source code. This has many
implications for educators in computer science and could result in changes in how
universities implement early computer science education, such as by introducing typing
and editing education into courses.
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9.2 Code Edits

Code edits model a level of software modification that has been almost non-existent
in software engineering research. They allow for evaluation of both the semantic intent of
the developer in terms of affecting the code base and the actions a developer takes to create
such changes. This gives software engineering researchers further insight into the behavior
of developers and allows for more effective models of software engineering and program
comprehension. As shown through the pilot eye-tracking study, utilizing code edits allows
empirical observations to be made on the behavior of developers while they are actively
editing, and how that behavior affects their editing directly. Eye-tracking, while an obvious
use, is not the only application of code edits in research and can also be used to explore
questions such as how code smells, security vulnerabilities, and other interesting artifacts
appear in source code, what differences a developer may have when editing pre-existing
code versus writing new code, and previously mentioned applications for computer science
education.

Additionally, code edits have use for industry practitioners as well. Through
understanding and evaluation of code edits, the IDEs and tools that developers use on a
daily basis can be improved to better suite typical workflow. Because many IDE features
directly cause text events (Find/Replace, “Replace symbol under cursor”, etc.),
understanding how these features are used in conjunction with overall development effort
can allow these tools to be streamlined for typical workflows, further improving efficiency.
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9.3 Threats to Validity

There are some threats to validity within this work that have been mitigated against
but should be reported regardless.

The editing survey introduces some threats to validity. Because the survey is
conducted over a tool ran in the web browser, it is not a standard environment for editing
code, meaning that a developer might not edit code the same way they would in a code
editor they are familiar with. Additionally, because of how the survey tool is implemented,
certain behaviors may not work as intended. Undoing (CTRL+Z) functioned differently
due to code indenting (Highlight+TAB) requiring custom implementation, meaning that if
a participant indented their code, they could not undo past that change. This is mentioned
to participants at the beginning of the survey, which could have altered how often
participants used the undo feature. Additionally, due to an error in the survey tool, the
action of indenting code was not properly collected as unique text event. The key press and
cursor highlighting is collected, but the insertion of tabs is not collected until the next text
event. Tab presses make up roughly 2.5% of all keypresses, meaning that these presses do
not have a corresponding text event. However, the insertion of the tabs is still collected,
just in addition to the actual next text event. This issue has been fixed in the survey tool,
and any future studies conducted with the tool will not be affected by this problem.

The participants introduce another threat to validity. While the editing survey is
open to any developer, the vast majority of participants are students currently in education.
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Thus, the data collected by the survey may not be representative of overall developer
behavior. Future work is needed to determine exactly how much editing behavior differs
between novice and expert software developers.

There are some threats with the code edits that need to be addressed. The six
evaluators for the code edit reference set are all software engineering researchers who have,
to varying degrees, been involved or knew of this work as it was being explored. Thus,
their opinions of what constitutes an edit may not be representative of what an average
software engineering researcher could. Additionally, the six developed algorithms are all
influenced by the heuristics defined by the six evaluators — especially the heuristics-based
ones. Thus, both the generation and evaluation of code edits are based upon the heuristics
and reference set defined by the evaluators. While this is mentioned previously, it is
important to again note that this work does not posit that any of the proposed methods or

approaches for calculating code edits are the best or the most optimal way to do so.
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CHAPTER 10

Conclusions and Future Work

In this dissertation, the first steps towards understanding how developers edit
source code are made. While prior work has largely focused on coarse-grained
representations of code change, such as commits, revisions, and snapshots, this work
instead investigates the finer-grained, moment-to-moment process through which source
code is created and modified. Examining developer behavior at this level of interaction
preserves the developer’s moment-to-moment intent when writing the source code,

contributing to a more complete and more realistic model of software development activity.

10.1 Results & Contributions
In total, eight research questions (three main questions, four sub-questions) are
proposed and answered:
RQ 1. How do developers write and edit source code?
RQ 1.1.  How do developers create changes to source code?
RQ 1.2.  How does writing source code compare to writing prose?
RQ 2. What constitutes an atomic edit of source code?
RQ2.1.  What do developers consider an atomic edit?

RQ2.2.  Can atomic edits be programmatically identified?
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RQ 3. How can eye-tracking studies map gaze data to a dynamically edited

stimulus?

Broadly, these questions seek to (RQ1) characterize how developers interact with
their computer to create and change source code, (RQ2) determine how sequences of these
interactions can be meaningfully grouped into distinct edits of source code, and (RQ3)
identify how eye-tracking infrastructure can be improved to support conducting eye-
tracking studies with editing.

To answer these questions, a large-scale empirical study of developer editing
behavior is done. A survey with ten different software editing tasks is undertaken by over
two hundred participants, resulting in thousands of responses, each containing real-time
editing information. These responses form a dataset that contains hardware input events,
individual changes to source code text, and text cursor position changes, which provide a
comprehensive representation of how the participants interacted with the code in
completion of each task.

The analysis of this dataset reveals several findings regarding developer behavior
and addresses RQ1. First, there are numerous ways developers can interact with source
code. Even in the limited form of a survey within a web browser, developers can solve
tasks in vastly different ways, and, depending on their skill level, can utilize different
hardware interactions to accomplish these edits.

Second, editing source code differs substantially from writing prose. Prose is

largely written sequentially, with little manual changes, while code is written non-linearly,
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with the text cursor moving frequently. Comments, a prose-like construct found within
source code, sits in-between normal prose and source code in terms of cursor movement.

Third, it is shown that survey respondents, despite the majority self-reporting as
being of intermediate programming skill, write source code inefficiently — even less
efficiently than writing prose. Respondents typically did not make use of various text
editing shortcuts, such as Copy/Cut + Paste or Highlight+Delete. Even when accounting
for natural gaps when working, participants are additionally slower at utilizing a keyboard
when writing source code than writing prose.

To address RQ?2, this dissertation explores how expert software engineers define
singular, atomic edits of source code, and how these edits can be algorithmically calculated.
Six software engineering researchers are tasked with manually labeling the starts and ends
of edits from a sample set of survey responses. Their edits form a reference set of edits
which are used to understand the criteria of a typical edit and form the basis for
automatically detecting them. Using the reference set as a baseline, ten algorithmic
approaches are evaluated and compared to each other. Various metrics related to the
purpose and use of edits are used to evaluate them, with best-performing and worst-
performing edits being noted.

Finally, to address RQ3, the iTrace Infrastructure is enhanced to support conducting
eye-tracking studies that allow for participant editing of the source code stimulus. These
changes, made within the iTrace-JetBrains IDE plugin and the iTrace-Toolkit post-
processing tool, support the collection of and automatic processing of editing data

alongside eye-tracking data. A small pilot study of three participants is conducted to
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demonstrate the efficacy of these enhancements, and various findings from their collected

data are noted to show that the approach has collected valid information.

10.2 Future Work

There are many opportunities for future work resulting from this dissertation.
Firstly, the collected data set is mostly limited to university students. The dataset can easily
be expanded to include more industry practitioners by distributing the study to public,
online programming forums and outreach to local industry. Additional research into
university level students to further understand their ability to efficiently edit source code
and explore what gaps in their education can be filled to support them.

Secondly, the categorization of edits can be expanded. This work limited the
categorization of edits to token-based categorization and did not assign semantic- or
syntactic-level categories. Future work exploring how these edits can be categorized based
on their semantic and/or syntactic effect on the source code, similar to the categories of
micro-changes in previous work [Chen, Lanza, and Hayashi 2024], is planned.

Thirdly, there are many planned improvements to the iTrace Infrastructure to
further support editing studies. iTrace has plugins for many IDEs and text editors, allowing
researchers to conduct studies in whatever environment they think is best for their work.
Until now, supporting many different editors was relatively simple, as all that is needed for
an editor to work with iTrace is the ability to somehow map an x, y pixel screen coordinate
to a specific line and column in the editor. That data is then written into an iTrace plugin
data file, along with some editor environment information. However, supporting the

collection of text changes introduces a new layer of complexity. Assuming an editor has
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some API for allowing changes to the source code to be captured, there is no guarantee that
its implementation will be the same, or even similar, to another editor’s. For example, if a
token is highlighted and then replaced with a single character, one editor may report that
as a single replace action, while another may report it as a delete and then insert action.
Additionally, one editor may report a copy+paste as a single insert action, while another
may report each character insertion as separate insert actions. This means that, for identical
actions in different editors, different text events might be recorded, which can affect how
certain edit detection algorithms work. Future work is necessary to ensure that more
plugins in the iTrace Infrastructure can capture editing information, and that all the plugins
produce similar information as the others.

For the post-processing of eye-tracking data with editing information, work in this
dissertation is limited to gaze point analysis. Future work will expand iTrace-Toolkit to
support correctly mapping editing information to calculated fixations and saccades.
Additionally, iTrace-Visualize currently does not support any visualizations with editing
information. Extending the existing visualizations to support editing data and identifying
new ways to visualize editing information is vital for researchers to be able to better

understand the data they have collected.
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APPENDIX A

Survey Editing Tasks

The following is a complete list of all the editing tasks asked to participants during

the editing survey.
Prose Task:

Task ID: proseBaseline

Duplicate the following text manually - do not use copy+paste:

Software engineering is a branch of both computer sci and

gi ing fi d on designing, developing, testing, and

NNNNNNN
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C++ Tasks:

Task ID: nameChange cpp

Change all the variables named "X’ to be "width" and the variables named y" to be "height'.

#include <lostresm

int caleulsteareatint x, int y) {
return x *

int main()
int %)
std:cout << "What is the width? "
e ccin 3 %
int yi

¥
Std:icout <o std:iendl << “What is the height? *;
stdisein 3 g3

stdiscout < stdsiendl << “Your rectangle has an ares of: " << calculstedrea(x,y) << std:iendl;
¥

et Task

Task ID: removeDeadCode cpp

The function “calculateFinalScore’ calculates a student’s score in a course. The course is removing the bonus assignment, and the function needs to be updated.
Remove all code that involves computing the bonus.

#include <lostreams
double calculateFinalscare(int hoseworkGrade, int exasgrade, bool didsanus) |

double homeunrkScare = hemeworkirade * 8.4;

£21f the student id the banus, boast their homevork score by 108
i (d1dsarus) |

homeworkScore = homeworkScore * 1.1
b
double classScore = exsmScore + homeworkScore;
return classScors;
1
int main) {

std:ieout t “Mary's final score dx: * < caleulaterinalscare (80,70, fslse) t¢ std:iendl;
1

Naxt Task
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Task ID: addParameter cpp

The “calculateD: e’ i lcul the per-day revenue gained by a delivery company. The function is going to be expanded to allow the optional
calculation of potemlal revenue if no orders were cancelled. Add a new boolean parameter to the function that allows for this upgrade to be made.

#include <iostresmr
sinclude cvectors

struct Order |
boal cancelled;

int quantity;

i

doule <atculateonilyfesernue (const std: vector<ordersh orders) |
uble total =

for (const Orderd order @ orders) {
f order.cancelled)
continue;

total += order.price * order.quantity;
return total;

int matn() {
std: ivector<Orders sales;

oer

eaples-cancetled = falze;
u.pm suantisy - 60
stople:
Tales-purh back{stagles);

order paperclips;
Lips.concelled = true;
paperclips. quantity
peparclips price = 2.
zales. push_bock(paper:

”
stdrreout < “Revenue: * < caleulateOnilyRevenue(sales) ¢ sed:zendl;

return 8;

Mext Task

Task ID: renameFunction_cpp

Rename the function "foo” to have a more appropriate name.

#include <lostreans
winclude <vector>

bool foafconst std:iwectorcinth 1ist, int key) |
for(int 1 - 8 1< List.slze(); +4i) {
i Ust(i] = key) {
Feturn tr

}
b
Feturn false;
int main() {
st0: tvector<ints data = { 1,4, 7, 11 )5
iA(foo(data, §1)
stdiicout << "6 ix in the List.” << stdiiendl;

}
1

Next Task
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Task ID: commentCode cpp

Write a comment above the ‘isStrongPassword’ function that explains what it does along with the criteria for a strong password.
vinclude cstrings
bool 1s5trongPassword(const std:istringh password) {
1F (paszward. length() < 8) {
Feturn false;

H

bool hastpper = false;
bool hasDigit = false;

for {char ch @ passuord) (
IF (std:isupper(ch)) {
haslpper = true;

IF (sed:risdigic(eh)) {
hasDigit = true;

return hasipper &8 hasDigit;

Mt Task

Task ID: forToWhile ListSearch cpp

Convert the for loop in the following code to be a while loop.

winclude "1ist_toals.hpp”
#include cvectars

int searchiist(const std:vectorcinesd 1ist, int key) {
for(int L= 8 & < Mst.size(); ++8) {
iF (List[i] == key) {

return -1;

et Task
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Task ID: functionsIntoClass_cpp

Create a new class called ‘Log’ and encapsulate the following 3 functions into it as its methods. Make the ‘log” parameter a data member of the class and remove it
from the [ ter lists of the method

#include <lostream
include <string

aifndef LOG_HPP
adefine LOG_HPP

wodd writeLogEvent (std: iostreond log, const std::seringd msg) {

log <« "[Info] = «x msg <« std: rendl;

woid writeLoghrror(std: ostreond log, const std

tatringd nag) {
log <¢ "[Errar] * << mog cc std:iendl;

woid closelog(std::ostresnd log) {
1og <« "Log completed!® ¢« std: tendl;

sandif

et Task

Task ID: forToWhile BubbleSort cpp

Convert the for loops in the following code to be while loops.

winclude ~1ist_tools hpg"
sinelude cvectors
#include <algorithm

vold bubblesor

ectoreintsd 1ist) {
int n = 10

bool cwapp
for (dnt 4 -y 4 on - ) {
suapped = false;
For (int § = & 3 <m - i- 3w} {
£ (Xise(3]) > List[§ + 1)} {
swsp(list(3], Listlj + 111
suapped = trie;
]
14 TF o to elements were suspped, then bresk
i (1swapped)

¥
}

Bendif

Naxt Task
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Task ID: generalizeAvgFunctions cpp

The following code contains two functions that average students’ exam and homework scores. Replace the two specific functions with one general function that can
work on both the exam and homework arrays. Move the printing to be in the main function.

Binclude <lostreans
#include <vector>

/1 Compute and print the average of exam scores

vald printExamAverage {canst std: svectorcintd scores) {
int sum = 85
For (dnt : @ seares) |

by
double awg = static_castedoubles(sum) / scores.size();
std:icout t “Exam Buerage: © ¢ ovg << std:iendl;

]

11 Campute and prist the average of by scores

vedd printiomeworkaversge(const std: ivectoreintsh scores) |
int sum = 9,
for (int s 1 scares) {

by
double sug - static_castedoubles(sum) / scores. sire();
std reout «¢ “Homewark average: ¢ owg << std:iendl;

e msing)
std: iwectarcints exams = {85, 99, 78};
std: iwectar<ints homework - {108, 95, 58, 92};

printexsniverage(exans);
printHomeworkAver age (homesork);

return @;

Next Task

Task ID: implementFileSummation cpp

Implement the ‘readAndSumNumbers’ function. It should read two numbers from the provided file, print the sum of the two, then return the value.

sinclude <iostresm
sinclude cfstreams

int readandSustunbers (std::ifstresnd File) {

int main() {
$: :P5trean numbers_file(*data. txt"};
4 (inusbers_file.is spen()) {

while(Inusbers_file.eof())

{
readAndsusiusbers (nusbers_file);

rumbers_file.close()
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Java Tasks:

Task ID: nameChange java

Change all the variables named “x" to be "width™ and the variables named "y’ to be “height".

import javs.util.Scanners

public class Main {
Static dnt caleulatearsa(int x, dnt y) {
return x

}

public static vold main(stringl] args) {
Scammer scanner = new Scanner(System.in);

System.out.print{"What is the width? *);
int anner.nextint();
System.aut.printin("What is the helght? ");
int y « scanner.nextInt();

System.out.println("Vour rectangle haz an area of: *

+ calculaterea(x, y))i
scanner.close();

Naxt Task

Task ID: removeDeadCode java

The function "calculateFinalScore’ calculates a student's score in a course. The course is removing the bonus assignment, and the function needs to be updated.
Remove all code that involves computing the bonus.

public class Fain {

static float calculstefinalscore(int homeworkrade, int exsnorade, boolean didBanus) {
1 cmewcrk 13 ok

Tloat exanscore = exanGrade * 8,61

Float homeworkScore = homsworkdrade * 8.47;

J£ 1F the student did the bonus, boost their homework score by 10%
I (dldBonus) {

homewarkScore = homeworkScare * 1.1F;
float classScane = examScore + homewarkScore;

return clazsseore;

b

public static void main
System.out .printla(”

ing(] args) {

ary's final score is: * + calculstefinalicore(ss, 7, false));

et Task
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Task ID: addParameter java

The “calculateDailyRevenue® culates the per-day revenue gained by a delivery company. The function is going to be expanded to allow the optional
calculation of potential revenue if no orders were lled. Add a new bool parameter to the function that allows for this upgrade to be made.

import java.util.Arraylist;
import Javeutil List;

peblic class Maln |
static cless Order {
1164
double price;
int quantity;

order (baolean cancelled, double price, dnt quantity) |
this.concelled = cancelled;
this.price = price;
this.quantity = quantity;

¥

stetic dovble calculsteDailyRevenue(List<orders orders) |
dovble total - 0.0;
far (Order ander : orders) {

£f (order.cancelled) {
cant:

¥
total += order.price * order.quantity;

return totsl;
¥

public static vaid main(String[] args) {
List<order> sales = new ArrayList<a();

Grder staples = new Order(false, 5.65, 384);
sales.add(staples);

Order paperclips = new Order(true, 3.2, 150);
sales. odd(paperclips )

System.out . printdn(“Revene; © + calculateDsilyRevenve(sales));

Next Task

Task ID: renameFunction java

Rename the function ‘foo’ to have a more appropriate name.

import jave.util.List;

public class Main
static boolean foo(ListcIntegers list, int key) {
for (int § = 8; i< list.size(); iet) {
§F (Liseger(d) = key) {
return true;

}
+
return false;
public static void mein(Stringl] args) {
UstcIntegers data = Arrays.astist(l, &, 7, 11);

i (Footdata, ) {
System.cut.println("6 is in the list.");

et Task
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Task ID: commentCode java

Write a comment above the “isStrongPassword’ function that explains what it does along with the criteria for a strong password.

public static boalean lsStrongPassward(String password) {
(password. Length() < B) {

return false;

boolesn hasUpper = false;
baolean hazDigit - false,

far (char ch © passward. toChararray()) {
if (Character. isUpperCase(ch;
hazupper «

£F (Character.isDigit(ch)) {
hasDigit = true;

Feturn hasupper &8 hasoigit;

Mot Task

Task ID: forToWhile ListSearch java

Convert the for loop in the following code to be a while loop.

public class ListTools

public static int searchiist(int[] List, int key) {
for (int 4 - 8; 1 < List.length; i++)
if (List[i] == key)
return 43
]

b
ratuen -1

Next Task
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Task ID: functionsIntoClass_java

Create a new class called "Log’ and encapsulate the following 3 functions into it as its methods. Make the ‘log’ parameter a data member of the class and remove it
from the parameter lists of the methods.

import Java. io.PrintStrean;
public class Logreols |
static vaid writelogEvent(PrintStrean log, String msg) {
)

Log. println("[Infa] = + msy

static vaid writelogError(PrintStrean log, String msg) {
Log.printin(*[Error] * + mig);

static void closelog(PrintStream log) {
Logprintin(“Log conpletsd!®);

Next Task

Task ID: forToWhile BubbleSort java

Convert the for loops in the following code to be while loops.

public clasz arrayTacls {
public static vold bubbleSort(int[] list) {
int n = list.leagth;
boolesn swapped;

PER PR

o)

15 disep3 + 10 ¢
int tap - 1ist(3]

7431 1o twa elements were swapped, then break
iF (lowapped) {

1

et Task

145



Task ID: generalizeAvgFunctions java

The following code contains two functions that average students’ exam and h

work on both the exam and homework arrays. Move the printing to be in the main function.

ixport java_util.arrays;
import Java.util.List;

public class Main {
4 Compute and print the sverage of exsm score:
id printExawiverage(List<Integers scores) |
8

s ¢ scores) (

double avg = (double) sun / scores.s
System,out.printin(“Exam average: -

4 Compute and print the average af homewark score:
StAtic vold printHomeworkAversge(Listaintegers scones) {

int sum s 93
for (Int 5 ¢ scores)
P —

doukle avg = (double) sun / scores.size();
System.out.println(Homewark average: b avg);

}

public ststic void mein(String[] args) {
ListcIntegers exams = Arrays.aslist(E5, 98,
ListcIntegers howework = Arrays.ssList(108,

printExamiver sge (exsn) ;
printhomeuorkaver age (honewnrk)
1
}

Task ID: implementFileSummation_java

the “readAndSL " fi i

mport java.do.rile;
impart Java.io.FilehotFoundExceptian;
inpart javs.util.Scanner;
public cless Hsin {
Static int readindSusbumbers(Scanner File) {

public static vold main(String[] args) {
o

Seanner numbersFile « new Sconner(new Fle(“data.txt"));
uhile (nunbersFile.hasiextInt()) {
readandsustiunbers (mumbersFile)

}
rumbersrile. clase(

} catch (FileatFoundException e) {
System.exit(1);
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1. It should read two numbers from the provided file, print the sum of the two, then return the value.



Python Tasks:

Task ID: nameChange py

Change all the variables named "x" to be "width" and the variables named 'y’ to be "height'.

sef caleulateareats, y):
return x * y

= Snt(input{"Whet is the width? =)}
¥ = dnt(input("what 1z the height? °},
print(“Your rectangle has an area of:®,caleulatedrea(x,y))

Task ID: removeDeadCode py

The function “calculateFinalScore’ calculates a student's score in a course. The course is removing the bonus assignment, and the function needs to be updated.
Remove all code that involves computing the bonus.

def calculateFinalScare homeworkirad
s E homework 1s
exmScore = examicade * .6
hameunckscare - homsworkGrade ¢ 8.4

e, examicade, didBanus):
an

# 3f the student did the bonus, baost thelr howswork score by 16X
iF didBonus:

homescrkscore - homtwarkscore * 1.1
classScore = exanScore + honeworkScare

return clazsscore

print("Mary's final score isi”, calculatefinalScore(89,79,False))

Mot Task
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Task ID: addParameter py

The “calculateDailyRevenue’ function calculates the per-day revenue gained by a delivery company. The function is going to be expanded to allow the optional
calculation of potential revenue if no orders were cancelled. Add a new boolean parameter to the function that allows for this upgrade to be made.

class Order:

def _init_(self, cancelled, price, quantity):
B ncelled - cancelled

self.price = grice

self.quantity = quantity

def calculateDailyRevenve(orders)
al = 0.8

for order in orders:
IF order. cancelled:
continwe
total 4= order.price * order.quantity

return total

sales = []

staples =
2al:

Order (False, 5.65, 300)
pend(staples)

paperclips = Order(Trus, 3.26, 158)
Salas. append(paperclips)

print("Revenue: ", calculateDailyReverue(sales))

Mt Task

Task ID: renameFunction_py

Rename the function "foo™ to have a more appropriate name.

et foo(list, keyl:
or 4 in range(len(List)):
i 1isK[i] == key
return Trus
return False

dsta = [ 1, 4, 7, 11 ]

if foo(dats, 6):
Print("6 iz 4n the Mse.")

Next Task
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Task ID: commentCode py

Write a comment above the “isStrongPassword’ function that explains what it does along with the criteria for a strong password.

def is_strong password(pazsuord)
£ len(passuard) <
return False

haz_upper = False
has_digit = False

foc char in passward:

return has_upper and has_digit

et Task

Task ID: forToWhile ListSearch py

Convert the for loop in the following code to be a while loop.

def searchList{List, key):
£ in ranga(len(145t)):
iF Lise[d] == key:
return 1
return -1

Next Task
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Task ID: functionsIntoClass_py

Create a new class called "Log" and psulate the g 3 fi

from the p lists of the methods.

def writeLogEvent(log, msg):
log.urite("[Infa] * + msg)

def writeLogErrar(log, msg)
log.write("[Error] = + msg)

def closeLog(log)
Log.write("Log completed!”)

Next Task

Task ID: forToWhile BubbleSort py

Convert the for loops in the following code to be while loops.

aef bubblesore(14st):
n = len(list)

T
List[] +1]:
Listl] + 3] - el + 11, distd)

# 1f o tuo clements were swapped, then bresk
iF not swapped:
break

Next Task

into it as its methods. Make the “log” parameter a data member of the class and remove it
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Task ID: generalizeAvgFunctions py

The following code contains two functions that average students' exam and homework scores. Replace the two specific functions with one general function that can
work on both the exam and homework arrays. Move the printing to be in the main function.

# Compute and print the average of exam scores
aef printexssAversge(scores)

sum s 0

for s in scores

8 - sim / Len(scones)

print("Exom sverage:”, avg)
4 Compute and print the aversge of howework scores
daf printHomeorkAversge(Fcores):

e

for s in scores:

avg - sim / len(scones)
print(“Homework aversge:”, avg)

exams = [ 85, 90, 78 ]
hoework - [ 108, 95, 88, 92 ]

printExamAverage {exams)
printHomenarkiverage( hamework)

Task ID: implementFileSummation py

Implement the “readAndSumNumbers’ function. It should read two numbers from the provided file, print the sum of the two, then return the value. There are only 2
numbers per line in the file, separated by a space.

det resdandsuaumbars(1ine)

nusbers_file = open{“data.txt”,"r")

For Line in numbers_file:
readindS unkusbers (1ine)

nusbers_file.close()

et Task

151



APPENDIX B

Source Code Edit Reference Set

The following is a complete list of all edits within the edit reference set. All edits
are visualized using a line-based textual diffing tool.

Task: addParameter_1

Text events: 153-153

H ifclzss Grder: H ifclass order:
2] def _ init_ (self, cancelled, price, quantity): 2] def _ init_ (self, cancelled, price, guantity):
3| self.cancelled = cancelled 3 self.cancelled = cancelled
4 self.price = price 4 self.price = price
5| self.quantity = guantity 5] self.quantity = quantity
9 |
7 7]
8def calculateDailyRevenue (orders, includeCancel=False): 8def calculateDailyRevenue (orders, includeCancel=False):
e total = 0.0 9 total = 0.0
ILof 10|
11 for order in orders: 11] for order in orders:
[12] if order.cancelled and not includeCancsl: 12] if order.cancelled and not includeCancel:
13| continue 13] continue
14 total += order.price * order.quantity 14] total += order.price * order.quantity
15| 15]
16| return total 16 return total
IL7] 17]
18] 18]
L8sales = [1] 1%sales = [
20| 20|
Rllstaples = Order(False, 5.65, 300) 2llstaples = Order(False, 3.65, 300)
P2lsales.append (staples) 22jsales.append (staples)
23| 23]
P4paperclips = Order (True, 3.2&, 150) 24paperclips = Order(True, 3.26, 150)
25fsales.append (paperclips) 25fsales.append (paperclips)
12 6| 2 6|
27lorint ("Revenue:”, calculateDailyRevenue (sales)) 27print ("Revenue:", calculateDailyRevenue (sales))
tl28lprint ("potential revenue: ", calcDailyRev(sales, includeCancel=True)|t|28print ("potential revenue: ", calcDailyRev(sales, includeCancel=True))
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Task: addParameter 3

Text events: 1-5

T

Finclude <iostream>
#include <vector>

1]
2
3
gstruct order {
E
¢
7
g

bool cancelled;
double price;
int quantity;
i
E
1|

[l1ljdouble calculateDailyRevenus (const std::vector<Order>s orders) {
double total = 0

It

for (const Orders order
if (order.cancelled)

continue;

orders) {

total += order.price * order.quantity;
19| 1

return total;
l22];

P4lint main () {

tendl;|

25| std: :vector<crder> sales;

24

27 order staples:

25) staples.cancelled = false;
29| staples.quan

130 staples.price

31] sales.push_back(staples) ;

32)

33 order paperclips;

34 paperclips.cancelled = true;
135 paperclips.quantity = 150;
34 paperclips.price = 3.26;

37 sales.push_back (paperclips);
35

54| std::cout << "Revenue: " << calculateDailyRevenue(sales) << std:
l20]

l21] return 0;

j22]s

T

lude <iostream>
ude <vector>

struct Order
bool cancelled;
double price;
int guantity:
Ti

double calculateDailyRevenue(const std
double total = 0.07

sctor<Order>s orders)

for (const Orders order
if (order.cancelled)

continue;

orders)

total += order.price * order.quantitys;

i

return total;

}

int main() {
std: :vector<order> sales;

Order staples;
staples.cancelled = false;
staples.guantity = 3007
staples.price = 5.65;
sales.push_back(staples);

order papsrclips:
paperclips.cancelled = true;
paperclips.quantity = 150;
paperclips.pri 3.26;
sales.push_back(paperclips);

std::cout << "Revenue:

return 0;

" << calculateDailyRevenue (sales) << std:

tendl;
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Text events: 6-10

Il I#include <iostream> [f 1#include <iostream>
2#include <vector> 2#include <vector>
3 3
gstruct order { 4struct Order
E bool cancelled; 5 bool cancelled;
g double price; § double price;
7] int quantity; 7 int guantity:
8y 81
E E
1| 10|
Lildouble calculateDailyRevenus (const std::vector<oOrder>s orders) { 1ldouble calculateDailyRevenue (const std::vector<Crder>s orders)
12 double total = 0 12| double total = ;
[ef13| el 3| bool
14 14
15| for (const Orders order : orders) { 15| for (const Orders order : orders)
[1é| if (order.cancelled) 1¢| if (order.cancelled)
L] continue; 17| continue;
[1g] 18|
19| total += order.price * order.guantity; 19| total += order.price * order.quantity;
20| 1 20| }
21l 21|
22 return total; 122| return total;
23 23]
24 [24]
RS[int main() { 25/int main() ¢
26| std::vector<Order> sales; 12¢ std ector<Order> sales;
27 [27]
28 Order staples; 28| Order staples;
29| staples.cancelle: 29| staples.cancelled = false;
20| staples.guan v 130| sta s.guantity 300;
31| staples.price = 5.65; 131] staples.price = 5.65;
32 sales.push_back(staples); 132 sales.push_back(staples);
53] [33]
B4 Crder paperclips; (34 Order paperclips;
13| paperclips.cancelled = true; 35| paperclips.cancelled = true;
36| paperclips.quantity = 150; 136 paperclips.quantity = 150;
137 paperclips.price = 3.26; 137 paperclips.price = 3.26;
39 sales.push_back (paperclips) ; 38| sales.push_back(paperclips);
K I35
20| std::cout << "Revenue: " << calculateDailyRevenue(sales) << std::endl;| |40 std::icout << "Revenue: " << calculateDailyRevenue(sales) << std::endl;
21| 41
l2 return 0; 42| return 0;
) 43
Text events: 21-27
[ 1ffinclude <iostream> [f] #include <iostream>
2¢#include <vector> 2/#include <vector>
E 3
slstruct order { 4struct Order {
E| bool cancelled; 5 bool cancelled;
q double price; 4 double price;
7 int quantity; 7 int quantity;
g 81
E E
10| 10|
[gl1double calculateDailyRevenue (const std::vector<Order>& orders) { [elilldouble calculateDailyRevenue (const std::vector<Order>s orders, bool ) {
[12) double total = 0 12| double total = 0.0;
13| 13
14 for (const Orders order : orders) { 14 for (const Orders order : orders)
15| if (order.cancelled) 15| if (order.cancelled)
Lef continue; 1| continue;
17 17|
[1g] total += order.price * order.guantity; 18| total += order.price * order.quantity;
19| 1 19| }
20| 20|
21 return total; 121 return total;
22} 22}
23| 23|
Ralint main() { 24lint main()
25| std: :vector<order> sales; 25| std: :vector<Order> sales;
o [2¢]
27 Crder staples; 27 Order staples;
28 staples.cancelled = false; 28] s.cancelled = false;
E staples.quantity = 300; 25| staples.quantity = 300;
30| staples.price = 5.65; 130 staples.price = 5.65;
31 sales.push_back (staples); 31 sales.push_back(staples);
32 132
23] order paperclips; 133 Order paperclips;
34 paperclips.cancelled = true; 34 paperclips.cancelled = true;
33| paperclips.quantity = 150; 35| paperclips.quantity = 150;
3¢ paperclips.price = 3.26; 34| paperclips.price = 3.26;
137 sales.push_back (paperclips); 137 sales.push_back(paperclips);
39 38|
K std::cout << "Revenue: " << calculateDailyRevenue (sales) << std::endl;| |39 std::icout << "Revenue: " << calculateDailyRevenus(sales) << std::endl;
40| 40|
la 1 return 0; 41| return 0;
2]y 42]
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Text events: 28-45

[f 1f#inciude <iostream> g 1 <iostream>
2#include <vector> 2J#include <vector>
3 3
4istruct Order { 4lstruct Order {
E bool cancelled; K bool cancelled;
Ei double price; 4 double price;
7 int quantity; 7 int quantity;
81; k= e
9 9
lLo| 19
[Elldouble calculateDailyRevenue (const std::vector<Order>& orders, bool ) { [Elljdouble calculateDailyRevenue(const std::vector<Order>& orders, bool noOrderRevenue) ({|
112 double total = 0 12| double total = 0.0;
&l 13
L4 for (const Order& order orders) { 14} for (const Ordera order orders)
15| if (order.cancelled) 15| if (order.cancelled)
L6 continue; 14 continue;
IL7| 17|
g total += order.price * order.quantity; 13| total += order.price * crder.quantity;
g 3 19 }
20| [20]
121 return total; 121 return total;
aly 22|}
23| 23]
24int main() { |24[int main()
25| std: :vector<Order> sales; 125] std::vector<Order> sales;
g 26|
l27] order staples: 27 order staples;
28| staples.cancel = false; 128 staples.cancelled = false;
22| staples.quanf 3007 129 staples.quantity = ;i
30| staples.price = 5.65; 139 staples.price = 5.65;
31| sales.push_back(staples); 3] sales.push_back(staples);
32 132]
33 order paperclips; 33 order paperclips;
34 paperclips.cancelled = true; 34 paperclips.cancelled = true:
3|  paperclips.quantity = 150; 35  paperclips.quantity = 150;
36 paperclips.price = 3.26; 34 paperclips.price = 3.26;
37 sales.push_back (paperclips) ; 137 sales.push_back(paperclips);
38 39|
129 std::cout << "Revenue: " << calculateDailyRevenue(sales) << std::endl;| |39 std::cout << "Revenue: " << calculateDailyRevenue (sales) << std::endl;
40| 40|
41l return 0; 41 return 0;
142 421
.
Task: commentCode_1
|f| 1lj#include <string> || 1|#include <string>
2 b
1=l IE| 31/ /
3bocl isStrongPassword(const std::strings password) | 4bool isStrongPassword(const std::strings password) |
4 if (password.length() < 8) { 5 if (password.length() < 8) {
E return false; 9 return false;
= 3 7 }
7 3
g bool hasUpper = false; 9 bool hasUpper = false;
El bool hasDigit = false; 10 bool hasDigit = false;
10| 11
11 for (char ch : password) | 12 for (char ch : password) {
12 if ({(std::isupperich)) { 13| if (std::isupper(ch)) {
13] hasUpper = true; 14 hasUpper = trus;
14 1 15| }
15] if (std::isdigiti(ch)) { 16| if (std::isdigit(ch)) {
16| hasDigit = true; 17 hasDigit = true;
17, } 18 i
18] 3 19| 1
19 20|
20| return hasUpper && hasDigit; 21| return hasUpper && hasDigit;
21)} [22]}
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Text events: 5-10

lf| 1j#include <string> l£| 1#include <string>
2 2
[l 3|/ / lE| 3)/* */
4bool isStrongPassword(const std::strings password) | 4bool isStrongPassword(const std::strings password) |
5 if (password.length() < 8) { 5 if (password.length()} < 8) {
s return false; 9 return false;
7 3 7 1
g 8
G bool hasUpper = false; 9 bool hasUpper = false;
10| bool hasDigit = false; 10| bool hasDigit = false;
11 11
12| for (char ch password) | 12 for (char ch password) {
13| if (std::isupper(ch)) { 13| if (std::isupper(ch)) {
14 hasUpper = true; 14 hasUpper = true;
13| } 15 }
16| if (std::isdigit(ch)) { 16| if (std::isdigit(ch))
17 hasDigit = trus; 17 hasDigit = true;
18 } 18 I3
19| } 19 }
20| 20|
21 return hasUpper && hasDigit: 21| return hasUpper && hasDigit;
22{} 22}
Text events: 80-81
£ 1f include <string> g ¥include <string>
2 2
3//* Determins if a password is streong if the length is */|| 3|/* Determins if a password is strong if the length is */
4bool isStrongPassword(const std::strings password) { 4bool issStrongPassword(const std::strings password)
5 if (password.length() < B) { 5 if (password.length() < 8) {
g return false; return false;
7 1 9 ¥
8 g
9| bool hasUpper = false; 4 bool hasUpper = false;
10 bool hasDigit = false; 10f bool hasDigit = false;
114 11]
12 for {(char ch password) { 12 for (char ch : password) {
13 i1f (std::isupper(ch)) { 13 1f (std::isupper(ch)) {
14 hasUpper = trus; 14 hasUpper = true;
1 5] } 195 }
16} if (std::isdigit(ch)) { 1 if (std::isdigit(ch)) {
17 hasDigit = trus: 17| hasDigit = trus;
18 } 1g] }
19| } 19 }
20} 20|
21 return hasUpper && hasDigit; 21) return hasUpper && hasDigit;
22} 22/}
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Text events: 109-112

lf| 1j#include <string> If 1ffinclude <string>
2 2
IE| 3|/* Determins if a password is strong if length > 8 */|f 3//* Determins if a password is strong if length > 8 and */
4bocl isStrongPassword(const std::strings password) { 4bool isStrongPassword(const std::string& password) {
5 if (password.length() < 8) { 5 if (password.length() < 8) {
8| return false; 6| return false;
7 )] 7| 1
8 g
9 bool hasUpper = false; El bool hasUpper = false;
10| boel hasDigit = false; 10 bool hasDigit = false;
11 11
12 for (char ch password) { 12 for (char ch password)
13| if (std::isupper(ch)) { 13 if (std::isupperich)) {
14 hasUpper = true; L] hasUpper = true;
15 } 5| 3
18| if (std::isdigit(ch)) { 16| 1f (std::isdigit(ch)) {
17 hasDigit = true; 17| hasDigit = true;
18 } g }
19 1 19 i
20| 20|
21 return hasUpper && hasDigit: 21 return hasUpper && hasDigit;
22]} 22[
Text events: 112-116
lf| 1#include <string> lf 1#include <string>
2 b
[t 3|//* Determins if a password is strong if length > 8 and*/|g| 3/*% Determins if a password is strong if length > 8§ and has */
4bool isStrongPassword{const std::strings password) { 4bool isStrongPassword(const std::string& password)
g if (password.length{() < 8) { g if (password.length() < 8)
§ return false; return false;
7 1 7 b
a g
E bool hasUpper = false; 9 bool hasUpper = false;
10| bool hasDigit = false; 10 bool hasDigit = false;
11y 11]
12 for (char ch password) { 12 for (char ch : password) {
13| if (std::isupperi(ch)) { 13 if (std::isupper(ch)) {
14 hasUpper = truse; 14| hasUpper = true;
15| } 15 }
1g if (std::isdigit(ch)) { 1 if (std::isdigiti(ch)) {
17 hasDigit = true; 17 hasDigit = true;
18 } 18 }
19 } 19 '
20| 20|
21| return hasUpper && hasDigit; 21 return hasUpper && hasDigit;
22[} 22[}
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Text events: 117-120

If| 1#include <string> [f| 1#include <string>
2 2

[t 3|//* Determins if a passwocrd is strong if length > 8 and has */|g 3//% Determins if a password is strong if length > & and */
4bool isStrongPassword(const std::strings password) { 4bcol isStrongPassword(const std::strings password)
5| if (password.length() < 8) { 5 if (password.length() < 8)
6| return false; return false;
7 } 7l 1
8 g
g bool haslUpper = 9 bocl hasUpper = false;
10| bocl hasDigit = 10| bocl hasDigit = false;
11| 11]
12 for (char ch password) { 12| for (char ch password) {
13| if (std::isupper(ch)) { 13| if (std::isupper{ch)) {
14 hasUpper = true; 14 hasUpper = true;
15| } 15
16| if (std sdigit(ch)) { il isdigit{ch)) {
17 hasDigit = true; 17| igit = true;
18 } 15 }
19| 1 19 }
20| 20
21] return hasUpper && hasDigit; 21 return hasUpper && hasDigit;
22]} 22}

Text events: 141-145

[ fincIude <string> I[finclude <string>

2| 2|
[t] 3|/* Determins if a password is strong if length > 8 and it has an uppercase */|t| 3|/* Determins if a password is strong if length > 8 and it has an uppercase char */|

4pocl isstrongPassword(const std::strings password) { 4bool isstrongPassword(const std::strings password) {

5| if (password.length() < 8) { 5| if (password.length() < 8) {

€| return false; €| return false;

7| 3 7 }

gl gl

E bool hasUpper = false; E bool hasUpper = false;

Lol bool hasDigit = false; 10 bool hasDigit = false;

11| il

12 for (char ch : password) | 12 for (char ch : password) [

13 if (std::isupper(ch)) { 13 if (std::isupper(ch))

14 hasUpper = true; 14 hasUpper = true;

15| 15| ]

ILé| € 16| if (std::isdigit(ch))

17 hasDigit = true; 17 hasDigit = true;

K 1 ik ]

LS| } 19| }

20| 20|

21l return hasUpper && hasDigit; 21| return hasUpper && hasDigit;

22y 22
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Task: commentCode 2

Text events: 7-19

lf| 1j#include <string> l£| 1#include <string>
2 2
[l 3)// It| 3|/// calculates
4bool isStrongPassword(const std::strings password) | 4bool isStrongPassword(const std::strings password) |
5 if (password.length() < 8) { 5 if (password.length()} < 8) {
s return false; 9 return false;
7 3 7 1
3 8
e bool hasUpper = false; 9 bool hasUpper = false;
10| bool hasDigit = false; 10| bool hasDigit = false;
11 11]
12| for (char ch password) { 12 for (char ch password) {
13 if (std::isupper(ch)) { 13| if (std::isupperich))
14 hasUpper = true; 14 hasUpper = true;
15| } 15 i
16 if (std::isdigit(ch)) { 16| if (std::isdigit(ch))
17 hasDigit = trus; 17 hasDigit = true;
18] 1 18 I
19 3 19| 1
20| 20|
21 return hasUpper && hasDigit; 21| return hasUpper && hasDigit;
221 22[}
Task: commentCode_3
Text events: 1-18
[£] It 1|// isStrongPass
lpublic static boolean isStrongPassword(String password) {|| 2public static boolean isStrongPassword(String password)
2 if (password.length() < B) { 3 if (password.length() < 8) {
E return false; 4 return false;
4 } 5 }
5| 6|
(= boolean hasUpper = false; 7 boolean hasUpper = false;
7 boolean hasDigit = false; 8 boolean hasDigit = false;
8| 9
9l for (char ch password. toCharRrray()) { 10| for (char ch : password.toCharArray()) {
10| if (Character.isUpperCass(ch)) { 11| if (Character.isUpperCase(ch)) {
111 hasUpper = true; 12 hasUpper = true;
L2 1 13| 1
3| if (Character.isDigit({ch)) { 14 1f (Character.isDigit(ch))
i hasDigit = trus; 15| hasDigit = true;
15| } 16| 1
[1 6| 1 17 }
7 18
8 return hasUpper && hasDigit; 19| return hasUpper && hasDigit;
L8[ 20(1
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Task: forToWhile BubbleSort 1

Text events: 31-34

|f| 1#include "list tools.hpp"
2l#include <vector>
3#include <algeorithm>
4
S5void bubbleSort (std::vector<int>»& list)
& int n = list.size():
7 bool swapped;
al/*
9| for (int 1 = 0; 1 < n - 1; ++1i) {
10| swapped = false;
11 for (int § =0; j < n - 1 - 1: ++3)
2 if (list[j] > list[j + 11)
3| swap(list([j], list[j + 11):
L4 swapped = true;
15| }
116 1
ni
1La // If no two elements were swapped,
9| if (!swapped)
20| break;
21 3
22/
2 3|
24 int 1 =1
2 5| while (i < n)
26}
27
28l#endif

|fl 1#include "list tools.hpp”
2l#include <vector>
3#include <algorithm>
4
Slvoid bubbleSort (std::vector<int>& list) {
&l int n = list.size():
7 bool swapped;
al/*
9 for (int 1 = 0; 1 < n - 1; ++1i) {
10| swapped = false;

{ 11 for (int § =0; j < n - i - 1; ++3)
12 if (list[3] > list[j + 11) {
13| swap (list[J], list[] + 11):
14 swapped = true;

15 1
16 i
17

then breal (18 // If no two elements were swapped,
19| if (!swapped)
20 break;
21] 1
22% /

2 3]
24 int i =1
||z 5] while (i < n){
2 6]
27 H
23]}
25|
30jfendif

then breal
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Te

xt events: 91-92

|f| 1#include "list tools.hpp" |fl 1#include "list tools.hpp”
2l#include <vector> 2l#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
S5wvoid bubbleSort (std::vector<int>& list) Svoid bubbleSort (std::vector<int>& list) |
& int n = list.size(): &l int n = list.size():
7 bool swapped; 7 bool swapped;
8/ * al/*
9| for (int 1 = 0; i < n - 1; ++i) { 9 for (int 1 = 0; i < n - 1; ++i) {
10| swapped = false; 10 swapped = false;
11 for J<n -1 -1; +43) { 11 for (int § =0; j < n - 1i - 1; ++3) {
n2 > list[j + 1]1) { 12| if (list[j] > 1list[j + 11) {
13| swap(list([j], list[j + 1]1): 13| swap (list [J], list[] + 1]1):
L4 swapped = true; 14 swapped = true;
15| } 15| }
16 } 16 1
ni 17|
e // If no two elements were swapped, then breal |18 // If no two elements were swapped, then break]
19| if (!swappesd) 19| if (!swapped)
[20| break; 2 0) break;
21 1 21 1
22/ 22/
23| 23]
ez 4 int 1 = 1 [£]2 4 int i = 1;
[2 5| int j =1 25 int j = 1:
12 6| while (i < n){ 2 6 while (i < n){
27 swapped = false; 27) swapped = false;
28 while (J < n 1 - 1) 28] while (j < n i - 1)
29 3 25| 1
30} 30}
31| 31
B2#endif 32jfendif
Text events: 92-93
[£] 1#include "list_tocls.hpp” |f 1j#include "list_tools.hpp"
2#include <vector> 2i#include <vector>
3#include <algorithm> 3#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s list) Svoid bubbleSort (std::vector<int>s list) |
& int n = list.size(); &l int n = list.size();
7 bool swapped; 7 bool swapped;
8/ * al/*
9| for (int 1 = 0; 1 < n - 1; ++i) { 9| for (int 1 = 0; 1 < n - 1; ++i) {
10| swapped = false; 10 swapped = false;
L1 for (int j = 0; j < n - 1 - 1; ++43) { 11 for (int § =0; j <n - 1i - 1; ++3) {
2 if (list[{] > list[{ + 11) | 12] if (list[j] > list[j + 11) |
13| swap(list([j], list[j + 11): 13 swap (list[j], list[j + 11):
L4 swapped = true; 14 swapped = true;
15| } 15 1
16| } 16| }
n7 17|
g // If no two elements were swapped, then break |18 // If no two elemsnts were swappsd, then break
9| 1f (!swapped) 19| 1f (!swapped)
20| break; 20} break;
21 3 21] 1
22/ 22% /
[£f2 3| |El2 3]/
24 int 1 =1 24 int i = 1:
25 int j = 1; 2 5] int j = 1;
2 6| while (i < n){ 2 ] while (i < n){
27 swapped = false; 27) swapped = false;
28 while (j < n i - 1) 2 8] while (j < n i - 1)
29 3 25| }
30} 30}
[31 31
[32/#endif 32jfendif




Text events: 180-184

T

Finclude "1ist_tools.hpp"
#include <vector>
#include <algorithm>

1]
2
3|
4
Sivoid bubbleSort (std::vector<int>& list)
6|
7
8
E

T

1
2
3
4
Svoid bubl
)
]
g

#include
#include
#include

"1ist_tools.hpp"
<vector>
<algerithm>

blesSort (std: :vector<int>& list) {

int n = list.size(); int n = list.size():
bool swapped; bool swapped;
1> [/ *
for (int i = 0; i < n - 1; ++i) { E for (int i = i<mn - 17 ++i) {
10| swapped = false: 10 swapped = false;
11| for (int j = j<n - - 1; ++3) | 11) for t 3 =0; j<n-4i-1; ++3) {
12 if (list[j] » list[] + 11) { 12) if (list[3] > list[j + 11) |
13| swap(list[j], list([j + 11); 13| swap (1ist[i], list[j + 11);
14 swapped = true; 14 swapped = true;
15| ¥ 19| 1
16| } 1¢] 1
17 17]
13| // If no two elements were swapped, then break 18| // If no two elements were swapped, then break
19| if (!swapped) 19| if (!swapped)
20| break; 20| break;
21| 1 21 ]
22/ 22/
23// just remembered semicolons are a thing. Python has been too nice to me.| [23/// just remembered semicolons are a thing. Python has been too nice to me.
g 24
25| int i = 1; 29| int i = 1;
26| int j = 1; 26| int j ;
27 while (i < n){ 27| while (i < n){
g swapped = false; 24| swapped = false;
ftf29 while (j < n i - 1) [£[29] while (j <n i - 1) {
ElY
31| 1
20| 1 32| )
31} 1333
32 34
B3j#endif 35l¢endif
Text events: 244-247
[ fincIude "1ist_tools.npp" [f 1[finclude "1ist_tools.hpp"
2#include <vector> 2l#include <vector>
3j¢include <algorithm> 3f#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>& list) Sfvoid bubbleSort (std::vector<int»& list) {
6| int n = list.size(); 9l int n = list.size();
7 bool swapped; 7l bool swapped;
8/ g/ *
9| for (int i = 0; i < n - 1; ++i) { 9 for (int i = 0; i <n - 1; ++i) {
10| swapped = 10| swapped = false;
11| for (int j Pij<n - i -1 ) 1 11) for (int § = 0; j < n - i - 1; ++3) {
12 if (list[j) > list[j + 11) { 12| if (list(d) > list[3 + 11y
13| swap(list[j], list([j + 11); 13| swap (1ist[i], list[j + 11);
14 swapped = true; 14 swapped = true;
15| ¥ 19| 1
16| } 1¢] 1
17 17]
12| // If no two elements were swapped, then break 13| // If no two elements were swapped, then break
15| if (!swapped) 19| if (!swapped)
20| break; 20| break;
21| 1 21 ]
2/ 22/
23// just remembered semicolons are a thing. Python has been too nice to me.| [23/// just remembered semicolons are a thing. Python has been too nice to me.
24 24
25| int i = 1; 29| int
26| int j = 1; 26| int j
27 while (i < n){ 27| while (i < n){
28 swapped = false; 28| swapped = false;
28| while (3 <n i - 1) { 29| while (j <n i 1) ¢
30| swap(list[j], > list [] + 11)/ 30| swap (list[j], > list [j + 11);
31| swapped = true 31| swapped = true
32 J++ 32| JH++
33| } 33 1
= [E134] it+
[34 1 35| 3
5] EL 1
36| 37|
Bi#endif 3gltendif
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Text events: 258-260

[f] 1finclude "1ist_tools.hpp" [ J¥include "1list_tools.nhpp”
2#include <vector> 2l#include <vector>
3f#include <algorithm> 3#include <algorithm>
4 4
Slvoid bubbleSort (std::vector<int>& list) Svoid bubbleSort (std::vector<int>& list) {
6| int n = list.size(); E int n = list.size();
7 bool swapped; 7 bool swapped;
8/ g/ *
9| for (int i = 0; i < n - 1; ++#i) { E for (int i = i<n - 1; ++i) o
10| swapped = false; 10 swapped = false;
11| for (int j = J<n-i-1; ++3) { 11) for (int j = 0; j < n - i - 1; ++3) {
2 if (list[j) > list[j + 11) { 12 if (listl§] > list[3 + 11} {
13| swap(list[j], list([j + 11); 13| swap (1ist[i], list[j + 11);
14 swapped = true; 14 swapped = true;
15| ¥ 15 3
16| } 14 1
7 17
12| // If no two elements were swapped, then break 18] // If no two elements were swapped, then break
19| if (!swapped) 19 if (lswapped)
20| break; 20| break;
21| 1 21 )
2/ 22/
23// just remembered semicolons are a thing. Python has been too nice to me.| [23/// just remembered semicolons are a thing. Python has been too nice to me.
24 24
25| int i = 1; 29| int i = 1;
26| int j = 1; 2¢| int j = 1;
27 while (i < n){ 27 while (i < n){
28 swapped = false; 28 swapped = false;
29| while (§ <n i - 1) { 29| while (j <n i - 1) {
30| swap (list[3j], > list [§ + 1])s 30| swap (list[j], > list [ + 1]);
mf31 swapped = true 31| swapped = true;
B2 J++ 32 J++i
33| } 33| 1
£}z 4] i++ 1£]3 4} ++;
35| if (!swapped) 39| if (lswapped)
36| break; 3¢ break;
37 1 37 )
B8 38[3
39| 39|
|4 0j#endif 40j#endif
.
Task: forToWhile_BubbleSort_2
|| 1ldef bubbleSort(list): |f]| ldef bubbleSort({list):
2 n = len(list) 2 = len(list)
£ 3| Izl 3| 3 =0
4 for i in range(n-1): 4 for i in range (n-1):
5| swapped = False 5 swapped = False
(5 for j in range(n - 1 - 1): al for j in range(n - i - 1):
7 if list[3] > list[d + 1]: 7 if list[§] > list[q + 1]:
g list[j], list[j + 1] = list[j + 1], list[3][] 8 list[3], list[j + 1] = list[j + 11, list[j]
g swapped = True 9 swapped = Trus
10| 10]
11y # If no two elements were swapped, then break 11 # If no two elements were swapped, then brea
12 if not swapped: 12 if not swapped:
13| break 13] break
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Text events: 2-37

lf| 1ldef bubbleSort(list): [f| 1lldef bubbleSort({list):
2 n = len(list) 2 n = len(list)
| 3 j=0 [n| 3| i=0
4 while i < n-1: 4 while i < n-1:
|| I 5
5| for 1 in range(n-1): & for i in range (n-1):
§ swapped = False 7 swapped = False
7 for j in range(n - i - 1): 8 for j in range(n - i - 1):
g if list[§] > list[3 + 1]: 9 if list[4] > list([q + 1]:
g list[4], list[§ + 1] = list[§ + 1], list[5]|[10] 1list[§], list[i + 1] = list[j + 1], list[]]
10| swapped = True 11 swapped = True
11 12
12 # If no two elements were swapped, then break 13] # If no two elements were swapped, then break
13| if not swapped: 14 if not swapped:
14 break 15 break
Text events: 40-44
lf| 1ldef bubbleSort(list): [f| 1lldef bubbleSort({list):
2 n = len(list) 2 n = len(list)
3 i=20 3 i=0
4 while i < n-1: 4 while i < n-1:
It 5| el 5 i=0
(5 for i in range(n-1): al for i in range (n-1):
7 swapped = False T swapped = False
8| for j in range(n - 1 - 1): 8 for j in range(n - i - 1):
g if list[§] > list[3 + 1]: 9 if list[4] > list([q + 1]:
10 list[§], list[§ + 1) = list[j + 11, list[3]|[10 list[§]1, list[j + 11 = list[j + 11, list[]]
11y swapped = True 11] swapped = Trus
12 12
13| # If no two elements were swapped, then break 13 # If no two elements were swapped, then break
14 if not swapped: 14 if not swapped:
15| brea 15 break
Text events: 98-143
|f| 1ldef bubbleSort(list): || ldef bubblesort(list):
2 n = len(list) 2 n = len(list)
3] i=0 3 i=0
4 while i < n-1: 4 while i < n-1:
5 j=0 5 i=0
6| while j < n-i-1: = while j < n-i-1:
7 if list[§] > list[j+11: 7 if list[§] > list[j+1]:
It| lel = list[§], list[j+1] = list[j+11, list[]]
8| for i in range(n-1): 9 for i in range (n-1):
3| swapped = False 10| swapped = False
10| for j in range(n - 1 - 1): 11] for j in range(n - i - 1):
11] if list[§] > list[3 + 1]: 12 if list[4] > list([q + 1]:
12] list[4], list[§ + 1] = list[§ + 1], list[5]|[13] 1list[§], list[i + 1] = list[j + 1], list[]]
13] swapped = True 14 swapped = True
14 15
15| # If no two elements were swapped, then break 16 # If no two elements were swapped, then break
16 if not swapped: 17 if not swapped:
17 brea 18] break
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Text events: 159-170

lf| 1ldef bubbleSort(list): [f| 1lldef bubbleSort({list):
2 n = len(list) 2 n = len(list)
3] i=0 3 i=0
4 while i < n-1: 4 while i < n-1:
5| =0 5 =0
6| while j < n-i-1: = while j < n-i-1:
7 if list[§] > list[i+1]: 7 if list[j] > list[j+1]:
g list[j], list[j+1] = list[j+1], list[3] 3 list[3], list[j+1] = list[j+1]1, list[j]
[t & swapped trus (€] 9 swapped = Trus
10| for 1 in range(n-1): 10| for i in range (n-1):
11y swapped = False 11] swapped = False
12 for j in range(n - 1 - 1): 12| for j in range(n - i - 1):
13 if list[3] > list[d + 1]: 13| if list[§] > list[q + 1]:
14 list[j], list[§ + 1] = list[j + 1], list[]]]| |14 list[j], list[j + 1] = list[j + 1], list[j]
15| swapped = True 15| swapped = True
16| 16|
17 # If no two elements were swapped, then break 17 # If no two elements were swapped, then break
18 if not swapped: 18 if not swapped:
13 break 19 break
Task: forToWhile_BubbleSort_3
Text events: 23-27
[£] 1#include "list_tocls.hpp” |f 1j#include "list_tools.hpp"
2#include <vector> Z#include <vector>
3j#include <algorithm> 3#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s list) Svoid bubbleSort (std::vector<int>s list) |
6| int n = list.size(); &l int n = list.size();
7 bool swapped; 7 bool swapped;
8 g
El int i; E int i;
10 int j: 10 int 3:
L1 11
el2 for (int i = 0; 1 € n - 1; ++i) { €12 for (1 < n — 1; ++i) {
13| swapped = false; 13 swapped = false;
14 for (int j = J<n-1i-1; ++3) { 14 for (int § =0; j <n - 1i - 1; ++3) {
ik if (list[j] > list[j + 11) { 15| if (list[j] > list[j + 11) {
6| swap(list([j], list[j + 1]1): 16 swap (list[j], list[j + 11):
ni swapped = true; 17 swapped = true;
s } 13 1
L9 } 19 }
[2 0| 20
21| // If no two elements were swapped, then break |21 // If no two elemsnts were swappsd, then break
22 1f (!swapped) 22 1f (!swapped)
[ 3] brealk; 2 3] break;
24 1 24 1
25/} 25}
[ 6| 26
27|#endif 27|fendif
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Text events: 28-30

lf| 1#include "list tools.hpp" |f| 1#include "list tools.hpp”
2f#include <vector> 2i#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s list) Svoid bubbleSort (std::vector<int>s list) |
& int n = list.size(); &l int n = list.size();
7 bool swapped; 7 bool swapped;
8 8|
9| int 1; El int i;
[L0| int j: 10) int 3J:
11 11
ez for (1 < n - 1; ++1) { l£j12 for (1 < n - 1) {
13| swapped = false; 13 swapped = false;
14 for (int 7 = 0; §J < mn - i - 1; ++j) { 14 for (int § = 0; j < n - 1i - 1; ++3) {
15 if (list[j] > list[j + 11) { 15 if (list[j] > list[j + 11) {
I 6| swap(list([j], list[j + 1]1); 16 swap (list[j], list[j + 11);
[L7 swapped = true; 17| swapped = true;
1} } 18 }
119 } 19 1
20| 20
21| // If no two elements were swapped, then breal |21 // If no two elements were swapped, then break]
22 if (!swapped) 22| if (!swapped)
[2 3] break; 23] break;
24 3 24 1
[25(} 25}
2 6| 2 )
27|#endif 27|#endif
Text events: 31-35
[f| 1#include "list_tocls.hpp” |§ 1j#include "list_tools.hpp"
2#include <vector> 2#include <vector>
3/finclude <algorithm> 3#include <algorithm>
4 4
Swvoid bubbleSort (std::vector<int>& list) Svoid bubbleSort (std::vector<int>s list) |
6 int n = list.size(); g int n = list.size();
7 bool swapped; 7 bool swapped:
8 |
9 int i: E int i;
o int 3; 10 int 3;
11 11
lEp2 for (1 <n-1) { l£f12 while{i < n - 1) {
13| swapped = false; 13 swapped = false;
14 for J<n -1 -1 +4+3) { 14 for (int § = 0; j < n - 1i - 1; ++3) {
15| > list[] + 1]1) { 15 if (list[j] » list[j + 11) {
1 & swap(list([j], list[j + 11): 16| swap (list[j], list[j + 11):
ni swapped = true; 17 swapped = true;
e } 13 3
19| } 19 H
20| 20
21 // If no two elements were swapped, then breal |21 // If no two elements were swapped, then break
22 if (!swapped) 22 if (!swapped)
% break; 23 break;
24 1 24 }
25|+ 25(}
2 6| 2 )
27|#endif 27|tendif
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Text events: 36-49

lt| 1#include "list tools.hpp" lt] 1#include "list tools.hpp”
2f#include <vector> 2i#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s list) Svoid bubbleSort (std::vector<int>s list) |
& int n = list.size(); &l int n = list.size();
7 bool swapped; 7 bool swapped;
8 8|
9| int 1; | int i;
[L0| int j: 10) int 3J:
11 11
2 while(i < n - 1) { 12| while{i < n - 1) {
13| swapped = false; 13 swapped = false;
14 for (int 7 = 0; §J < mn - i - 1; ++j) { 14 for (int § = 0; j < n - 1i - 1; ++3) {
15 if (list[j] > list[j + 11) { 15 if (list[j] > list[j + 11) {
I 6| swap(list([j], list[j + 1]1); 16 swap (list[j], list[j + 11);
[L7 swapped = true; 17| swapped = true;
1} } 18 }
119 } 19 1
20| 20
21| // If no two elements were swapped, then breal |21 // If no two elements were swapped, then break]
22 if (!swapped) 22| if (!swapped)
[2 3] break; 23] break;
24 3 24 1
[25(} 25}
2 6| 2 )
27|#endif 27|#endif
Text events: 50-50
[f| 1#include "list_tocls.hpp” |§ 1j#include "list_tools.hpp"
2#include <vector> 2#include <vector>
3/finclude <algorithm> 3j#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s list) Svoid bubbleSort (std::vector<int>s list) |
6 int n = list.size(); g int n = list.size();
7 bool swapped; 7 bool swappeds
8 8|
El int i; El int i;
[L0| int j: 10| int 3:
L1 11
2z while(i < n - 1) { 12| while{i < n - 1) {
= {1 3]
13| swapped = false; 14 swapped = false;
14 for (int j = 0; j < n - 1 - 1; +43) { 15| for (int § =0; j <n - 1i - 1; ++3) {
5 if (list[j] > list[j + 11) 16| if (list[d] > list[d + 11)
16| swap(list([J], list[j + 11): 17) swap (list[J], list[] + 11):
ni swapped = true; 18 swapped = true;
e } 19 1
19 1 20) i
[2 0| 21
21| // If no two elements were swapped, then break |22 // If no two elemsnts were swappsd, then break
22 1f (!swapped) 23] 1f (!swapped)
[23] break; 24 break;
24 3 2 5| 1
[25(} 26|}
26 27]
27|#endif 28jfendif
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Text events: 51-54

|f| 1#include "list tools.hpp" |fl 1#include "list tools.hpp”
2l#include <vector> 2l#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
S5void bubbleSort (std::vector<int>»& list) Slvoid bubbleSort (std::vector<int>& list) {
& int n = list.size(): &l int n = list.size():
7 bool swapped; 7 bool swapped;
8 g
9| int ij E int i;
10 int j; 10 int J;
11 11
nz while(i < n - 1) { 12| while{(i < n - 1) {
[Ef1 3| lEl13 htats
L4 swapped = false; 14 swapped = false;
15| for (int 7 = 0; §J < mn - i - 1; ++j) { 15 for (int § = 0; j < n - 1i - 1; ++3) {
116 if (list[j] > list[j + 11) { 16 if (list[j] » list[j + 11) {
n7 swap(list[j], list[j + 11); 17] swap (list[j], list[j + 11);
1La swapped = true; 19 swapped = trus;
19| } 19| 3}
20| 1 20 1
21 21]
22 // If no two elements were swapped, then break |22 // If no two elements were swapped, then breal
2 3| if (!swapped) 2 3] if (!swapped)
24 break; 24 break;
2 5| 1 25 1
26} 26[}
27 27
28|#endif 28/fendif
Text events: 55-59
|f| 1#include "list_tocls.hpp" |fl 1#include "list_toocls.hpp"
2#include <vector> 2i#include <vector>
3#include <algorithm> 3j#include <algorithm>
4 4
5lvoid bubbleSort (std::vector<int>»& list) Slvoid bubbleSort (std::vector<int>& list) |
& int n = list.size(): &l int n = list.size():
7 bool swapped; 7 bool swapped;
8 kel
9| int 1i; 9 int i;
10 int j; 10 int J;
11 11
nz while(i < n - 1) { 12] while{(i < n - 1) {
13| ++is 13] ++iz
L4 swapped = false; 14 swapped = false;
15| for (int § = 0; §J < mn - i - 1; ++j) { 15 for (int § = 0; j < n - 1i - 1; ++3) {
o= |1 &)
ks if (list[{] > list[§ + 11) | 17 if (list[4] > list[§ + 110 |
L7 swap(list([j], list[j + 11): 18 swap (list[j], list[j + 11):
1k} swapped = true; 19 swapped = true;
13 } 2 0] }
20| } 21 1
21 22]
22 // If no two elements were swapped, then breal |23 // If no two elements were swapped, then break
[2 3] if (!swapped) 2 4] if (!swapped)
24 break; 25 break;
[2 5] } 2 ) 1
26|} 27|}
27 28]
28|#endif 29/tendif
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Text events: 60-63

lf| 1#include "list tools.hpp" |f| 1#include "list tools.hpp”
2l#include <vector> 2l#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s& list) Svoid bubbleSort (std::vector<int>s list) |
& int n = list.size(); &l int n = list.size();
7 bool swapped; 7 bool swapped;
8 k!
9| int i; El int i;
[L0| int j: 10) int 3;
11 11
2 while(i < n - 1) { 12| while{i < n - 1) {
3 ++if 13 ++1iz
L4 swapped = false; 14 swapped = false;
[L5| for (int § =07 j < n - 1 - 1; ++3) 15] for (int j =07 J < n - 1 - 1; ++3) {
It 6] |tl 6] +4+3;
L7 if (list[j] > list[j + 11) { 17 if (list[j] » list[j + 11) {
ns swap(list([j], list[j + 11); 18 swap (list [j], list[j + 11);
19| swapped = true; 19 swapped = trus;
20| } 20 3}
21| 1 21 1
22 22|
23| // If no two elements were swapped, then break |23 // If no two elements were swapped, then breal
24 if (!swapped) 2 4 if (!swapped)
[25] break; 2 5) break;
25 1 26 1
27 27|}
28 23]
2Sj#endif 28#endif
Text events: 64-68
If| 1#include "list tools.hpp" || 1#include "list tools.hpp"
2l#include <vector> 2l#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
S5woid bubbleSort (std::vector<int>s& list) Svoid bubbleSort (std::vector<int>s list) |
8| int n = list.size(): = int n = list.size();
7 bool swapped; 7 bool swapped;
8 g
9| int i; El int i;
10| int 37 10 int 37
11 11
na while(i < n - 1) { 12 while{i < n - 1) {
13| ++i; 13] ++iz
L4 swapped = false; 14 swapped = false;
[E[1 5] for (int j = 0; j < n - i - 1; ++43) [Ef15] while(int j = 0; j < n - 1 - 1; ++3j) {
16 437 16 ++i7
L7 if (list[j] > list[j + 11) { 17 if (list[j] » list[j + 11) {
ns swap(list([j], list[j + 11); 18 swap (list [j], list[j + 11);
19| swapped = true; 19| swapped = true;
20 } 20) 3
21| } 21 1
22 22]
23| // If no two elements were swapped, then break |23 // If no two elements were swapped, then breal
24 if (!swapped) 2 4 if (!swapped)
[25] break; 2 5) break;
25 1 26 1
27 27}
28 23]
2Sj#endif 28#endif
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Text events: 69-69

lf| 1#include "list tools.hpp" |f| 1#include "list tools.hpp”
2l#include <vector> 2l#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s& list) Svoid bubbleSort (std::vector<int>s list) |
& int n = list.size(); &l int n = list.size();
7 bool swapped; 7 bool swapped;
8 k!
9| int i; El int i;
[L0| int j: 10) int 3;
11 11
2 while(i < n - 1) { 12| while{i < n - 1) {
03| ++1i; 13| ++1i;
L4 swapped = false; 14 swapped = false;
[E[1 5| while{int § = 0; j < n - 1 - 1; +4+3) [Ef15] while (int j = 0; J < n - 1 - 1; ++3) {
16 455 16 ++iF
L7 if (list[j] > list[j + 11) { 17 if (list[j] » list[j + 11) {
ns swap(list([j], list[j + 11); 18 swap (list [j], list[j + 11);
19| swapped = true; 19 swapped = trus;
20| } 20 3}
21| 1 21 1
22 22|
23| // If no two elements were swapped, then break |23 // If no two elements were swapped, then breal
24 if (!swapped) 2 4 if (!swapped)
[25] break; 2 5) break;
25 1 26 1
27 27|}
28 23]
2Sj#endif 28#endif
Text events: 70-74
If| 1#include "list tools.hpp" || 1#include "list tools.hpp"
2l#include <vector> 2l#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
S5woid bubbleSort (std::vector<int>s& list) Svoid bubbleSort (std::vector<int>s list) |
8| int n = list.size(): = int n = list.size();
7 bool swapped; 7 bool swapped;
8 g
9| int i; El int i;
10| int 37 10 int 37
11 11
na while(i < n - 1) { 12 while{i < n - 1) {
13| ++i; 13] ++iz
L4 swapped = false; 14 swapped = false;
[E[1 5| while (int j = 0; j < n - i - 1; ++3) { [Ef15] while (j < n - 1 - 1; ++3j) {
16 437 16 ++i7
L7 if (list[j] > list[j + 11) { 17 if (list[j] » list[j + 11) {
ns swap(list([j], list[j + 11); 18 swap (list [j], list[j + 11);
19| swapped = true; 19| swapped = true;
20 } 20) 3
21| } 21 1
22 22]
23| // If no two elements were swapped, then break |23 // If no two elements were swapped, then breal
24 if (!swapped) 2 4 if (!swapped)
[25] break; 2 5) break;
25 1 26 1
27 27}
28 23]
2Sj#endif 28#endif
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Text events: 75-79

lf| 1#include "list tools.hpp" |f| 1#include "list tools.hpp”
2l#include <vector> 2l#include <vector>
3#include <algeorithm> 3#include <algorithm>
4 4
Swoid bubbleSort (std::vector<int>s& list) Svoid bubbleSort (std::vector<int>s list) |
& int n = list.size(); &l int n = list.size();
7 bool swapped; 7 bool swapped;
g g
9| int 1; El int i;
[L0| int j: 10) int 3;
11 11
2 while(i < n - 1) { 12 while{i < n - 1) {
3 ++if 13 ++1iz
L4 swapped = false; 14 swapped = false;
[E[1 5] while (j < n - 1 - 1; +43) [Ef15] while (j < n -1 - 1) {
16 ++3; 14 +4+35
7 if (list[j] > list[j + 11) { 17 if (list[9] > list[§ + 11} {
ns swap(list([j], list[j + 11); 18 swap (list [j], list[j + 11);
19| swapped = true; 19 swapped = trus;
12 0| } 20 }
21] } 21 H
22 22
23| // If no two elements were swapped, then break |23 // If no two elements were swapped, then breal
24 if (!swapped) 2 4 if (!swapped)
2 5| break; 2 5) break;
26 1 26 1
27| 27(}
28 23]
2Sj#endif 28#endif
Task: forToWhile_ListSearch_1
Text events: 9-15
flldef searchlList(list, key): ifllldef searchList(list, kevy):
2 for i in range{len(list)):| 2 for i in range(len{list)}:
] if list[i] == key: 3 if list[i] == key:
4 return i 4 return i
5 return -1 5 return -1
& g
I 7
Bldef searchList(list, key): Bldef searchList(list, kev):
i = while ()
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Text events: 59-66

if| 1def searchList(list, key): If]| 1jdef searchList{list, key):
2 for 1 in range(len(list)): 2 for i in range(len{list)}:
3 if 1list[i] == key: 3 if list[i] == key:
4 return 1 4 return i
5 return -1 5 return -1
& =
7 )
8def searchList(list, kevy): Bldef searchList(list, kev):
g9 i=0 9 i=20
£ 0 while(list[i] < len(list)):[E[10 while (i < len{list)):
11
Text events: 75-78
If| ldef searchlList{list, key): if| ldef searchlList(list, kevy):
2 for i in range(len{list)): 2 for i in range{len{list)):
3 if list[i] == key: 3 if list[i] == key:
4 return 1 4 return i
5 return -1 5 return -1
6 e
7 7
fdef searchlListi{list, key): Bdef searchList(list, key):
S i=20 9 i=20
10 while{i < len(list)): 10 while (i < len(list)):
ni i i+=1 11 i+=
nf12 sl
13 12
L] E13
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Text events: 123-124

if| lldef searchlList(list, key): if ldef searchList(list, key):
2 for i in range(len(list)): 2 for i in range{len(list)):
3 if list[1] == key: 3 if list[1] == key:
4 return 1 4 return i
5 return -1 5 return -1
6 o
7 7
8def searchlListi{list, key): Bidef searchList(list, key):
S i=20 9 i=20
£l 0 while{i < len(list)): E10 while (i < len(list)-1):
1 if list[i] == key: 11 if list[i] == key:
12 return 1 12 return i
13 i+=1 13 i+=1
14 return -1 14 return -1
15 15
16 le
Text events: 125-125
| lldef searchlList({list, key): ]
2 for i in range({len(list)):
3 if list[i] == key:
4 return i
5 return -1
(3
7
g8def searchListi{list, key): lldef searchList (list, kevy):
g 1 =10 2 1=10
10 while(i < len(list)-1): 3 while{i < len(list)-1):
il if list[i] == key: 4 if list[i] == key:
12 return 1 5 return 1
13 i+=1 (3 i+=1
14 return -1 7 return -1
15 S
1g g
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Task: forToWhile ListSearch 2

Text events: 1-2

If 1includs "list tocls.hpp" IEl#include "list tocls.hpp"

2#include <vector> 2l#include <vector>

3 El

4lint searchlList (const std::vector<int>& list, int key) {| [4|int searchList(const std::vector<int>& list, int key) {
IE| 5 for(int i = 0; i < list.size(); ++i) { IEl5)

& if (list[i] == key) {

i return 1i;

8 i

E 1

10| return -1;

11
Text events: 16-22
[E[l[#include "list_tools.hpp" I§1#include "list_tools.hpp"

Zl¥include <vector> 2#include <vector>

13| 3]

4lint searchList {const std::vector<int>& list, int kev) (| [4int searchList (const std::vector<int>s list, int key)
|5 int |£{5| int i =0;
Text events: 23-28
IEll#include "list tools.hpp" |El#include "list tools.hpp"

P#include <vector> 2l#include <vector>

I3 3

4lint searchlist (const std::vector<int>»& list, int key) {| [4jint searchList (const std::vector<int>s list, int key)
I |5

5] int i =0; ) int i =0;
Text events: 162-164
[f| 1#include "list_tools.hpp" lf 1#include "list_tools.hpp"

2/#include <vector> 2l#include <vector>

3| 3

4int searchlist (const std::vector<int>s list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {

5 5

8| int i =0; 6| int 1 =0;

7 7

il while (i < list.size()){ g while (i < list.size()){

g if (list[i] == key){ 9 if (list[i] == key){

10| return i; 10| return i;

11 } 11 }

12 i++; 12] i++;

13 } 13 }
I [E[1 4
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Task: forToWhile ListSearch 3

Text events: 1-3

[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> 2#include <vector>
3 3
4int searchlist (const std::vector<int>& list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {
I e 5
€|
7
5i for(int i ;1< list.size(): ++1i) { Blfor(int 1 = 0; i < list.size(); ++1i)
& if (list[i] == key) 9 if (list[i] == key) {
7 return i; 10| return i;
g } 11 }
S } 12] }
10 return -1; 13 return -1;
11 14t
Text events: 4-12
[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> 2finclude <vector>
3 3
4int searchlist (const std::vector<int>& list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {
5 5
It & o=
7 6|
Sfor(int 1 = 0; i € list.size(); ++i) Jlfor(int 1 = 0; i < list.size(); ++1i)
g if (list[i] == key) { g if (list[i] == key) {
10| return i; 9| return i;
11 } 10 }
12 } 11 }
13 return -1; 12 return -1;
14 13[
Text events: 13-20
[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> 2finclude <vector>
3 3
4lint searchList(const std::vector<int»& list, int key) { 4lint searchlist (const std::vector<int>& list, int key) {
lt| 5| Iz 5 while ()
6| €|
Jfor(int 1 = 0; i < list.size(); ++i) Jlfor(int 1 = 0; i < list.size(); ++i)
g if (list[i] == key) { g 1f (list[i] key) {
El return 1; 9 return i;
10| } 10 }
11 } 11 }
12 return -1; 12 return -1;
13} 13|}
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Text events: 21-21

[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> 2#include <vector>
3 3
4int searchlist (const std::vector<int>& list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {
I lE| 5
5 while () Ewhile ()
6| 7
Jfor(int 1 = 0; i < list.size(); ++1) Blfor(int 1 = 0; i < list.size(); ++1)
3 if (list[i] == key) { 9 if (list[i] == key) {
El return i; 10| return i;
10| } 11 }
11| } 12] }
12 return -1; 13 return -1;
13} 14|}
Text events: 22-34
[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> 2finclude <vector>
3 3
4int searchlist (const std::vector<int>& list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {
l£| 5 £ 5 int index = 0
fwhile () Ewhile ()
7 7
Sfor(int 1 = 0; i € list.size(); ++i) Blfor(int 1 = 0; i < list.size(); ++1)
g if (list[i] == key) { 9 if (list[i] == key) {
10| return i; 10| return i;
11| } 11 }
12 1 12 }
13 return -1; 13 return -1;
14} 14|}
Text events: 58-62
[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> 2finclude <vector>
3 3
4int searchlist (const std::vector<int>& list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {
El int index = 0 5 int index = 0
£ & while (index < list.size()) £ & while (index < list.size()) {
oh
7 9
for{int i = 0; i « list.size(); ++i) 10/for{int i = 0; i < list.size(); ++i)
) if (list[i] == key) { 11 1f (list[i] == key) {
10 return 1: 12| return 1i;
11| } 13] }
12 } 14 }
13 return -1; 15 return -1;
14} 1463
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Text events: 63-67

[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"

2#include <vector> 2finclude <vector>

3 3

4int searchlist (const std::vector<int>& list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {

El int index = 0 5 int index = 0

| while (index < list.size()) &l while (index < list.size())
I 7 =y if ()

3} 8 1

g 9

10for{int i = 0; i < list.size(); ++i) 10/for{int i = 0; i < list.size(); ++i)
11| if (list[i] == key) { 11 1f (list[i] == key) {

12 return i; 12 return 1i;

13 ' 13 }

14 } 14 }

15 return -1; 15| return -1;

16} 16}
Text events: 78-82
lf| 1#include "list tools.hpp" |f 1j#include "list_tools.hpp"”

2#include <vector> 2finclude <vector>

3| 3|

4lint searchList(const std::vector<int>s list, int key) {|| 4/int searchlist (const std::vector<int>s list, int key) {

5 int index = 0 5 int index = 0

& while (index < list.size()) & while (indsx < list.size())
£l 7 if (list[1) gl 7| if (list[index])

g } g }

9 9

10lfor{int i = 0; i < list.size(); ++1) 10[for(int 1 = 0; 1 < list.size(); ++1)
11 if (list[i] == key) { 11 if (list[i] == key) {

12 return i; 12| return i;

13 } 13 }

14 } 14 }

15 return -1; 15 return -1;

16 Lefr
Text events: 83-89
[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"

2#include <vector> 2finclude <vector>

3 3

4int searchlist (const std::vector<int>& list, int key) {|| 4fint searchlist (const std::vector<int>s list, int key) {

El int index = 0 5 int index = 0

| while (index < list.size()) & while (index < list.size())
£ 7 if (list[index]) g 7 if (list[index] == key)

g } 8 1

S| 9

10for{int i = 0; i < list.size(); ++i) 10/for{int i = 0; i < list.size(); ++i)
11| if (list[i] == key) { 11 1f (list[i] == key) {

12 return 1: 12| return 1i;

13 ' 13 }

14 } 14 }

15 return -1; 15 return -1;

16} 16}
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Text events: 90-94

lf| 1#include "list_tocls.hpp™ lf| 1#include "list_tools.hpp"
2#include <vector> 2#include <vector>
3 3
4int searchList(const std::vector<int»& list, int key) {|| 4/int searchlist (const std::vector<int>s list, int kevy) {
5 int index = 0 5 int index = 0
& while {(index <« list.size()) &l while (index < list.size()) {
le| 7| if (list[index] == key) le| 7| 1f (list[index] == key) {
2
=l
8 } 10 }
9 11
10ifor{int i = 0; i < list.size(); ++1) 12[for(int 1 = 0; 1 < list.size(); ++1)
11| if (list[i] == key) { 13] if (list[i] key) {
12 return i: 14 return 1i;
13| i 15 }
14 } 16 1
15 return -1; 17 return -1;
16} g}
Text events: 95-106
lf| 1#include "list tools.hpp" |f 1j#finclude "list_tools.hpp"”
2#include <vector> 2finclude <vector>
3 3
4int searchlist (const std::vector<int>s list, int key) {|| 4/int searchlist (const std::vector<int>s list, int key) {
5 int index = 0 5 int index = 0
| while (index < list.size()) & while (index < list.size())
7 if (list[index] == kev) 7 if (list[index] == kev)
IE| 8 IE| 8 return index
=R g 1
10 } 10| 1
11| 11
12ifor{int i = 0; i < list.size(); ++i) 12/for{int i = 0; i < list.size(); ++i)
13| if (list[i] == key) { 13 if (list[i] == key) {
14 return i; 14 return 1i;
15| } 15 }
16 } 16 }
17 return -1; 17 return -1;
18} 8l
Text events: 107-107
[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> 2#include <vector>
3 3
4int searchList(const std::vector<int»& list, int key) { 4lint searchlist (const std::vector<int>& list, int key) {
5 int index = 0 5 int index = 0
| while (index < list.size()) & while (index < list.size())
7 if (list[index] == key) 7 1f (list[index] == key)
le| 8 return index le| 8 return index;
9 } 9 }
10 } 10 }
11| 11
l2|for{int i = 0; i < list.size(); ++1) 12[for(int 1 = 0; 1 < list.size(); ++1)
13| if (list[i] == key) { 13] if (list[i] == key) {
14 return i: 14 return i;
15 ' 15 }
14 } 14 1
17 return -1; 17 return -1;
18]} I




Text events: 108-111

lf| 1#include "list_tocls.hpp™ lf| 1#include "list_tools.hpp"
2#include <vector> 2#include <vector>
3 3
4int searchList(const std::vector<int»& list, int key) {|| 4/int searchlist (const std::vector<int>s list, int kevy) {
It 5| int index = 0 It 5 int indsx = 0
& while {index < list.size()) &l while (index < list.size())
7 if (list[index] == key) 7 1f (list[index] == key)
3 return index; g return index;
S } 9 }
10| } 10 }
11| 11
12/for(int i = 0; i < list.size(); ++1i) { 12[for(int 1 = 0; 1 < list.size(); ++1)
13| if (list[i] == key) { 13] if (list[i] key) {
14 return i: 14 return 1i;
15| i 15 }
14 } 16 1
17 return -1; 17 return -1;
13} g}
Text events: 112-112
lf| 1#include "list tools.hpp" |f 1j#finclude "list_tools.hpp"”
2#include <vector> 2finclude <vector>
3 3
4int searchlist (const std::vector<int>s list, int key) {|| 4/int searchlist (const std::vector<int>s list, int key) {
lE| 5| int index = 0 lE| 5 int index = 0;
| while (index < list.size()) & while (index < list.size())
7 if (list[index] == kev) 7 if (list[index] == kev)
g return index; 5 return index;
g ' g }
10| } 10| 1
11| 11
12[for{int i = 0; i < list.size(); ++i) { 12/for{int i = 0; i < list.size(); ++i)
13| if (list[i] == key) { 13 if (list[i] == key) {
14 return i; 14 return 1i;
15| } 15 }
16 } 16 i
17 return -1; 17 return -1;
18} 8l
Text events: 113-114
[f| 1#include "list_tocls.hpp" |f| 1#include "list_tools.hpp"
2#include <vector> #include <vector>
3
4lint searchList (const std::vector<int>»s& list, lint searchlist (const std::vector<int>s list, int key
5 int index = 0; int index = 0;
| while (index < list.size()) while (index < list.size())
7 if (list[index] == 1f (list[index] == key)
3 return index; return index;
E } ¥
10| } }
1L 1 |

13| if (list[i] == key)
14 return i:

15 1

18 }

17 return -1;

l2|for{int i = 0; i < list.size():

return -1;




Task: functionsIntoClass 1

Text events: 1-2

#include <iostream>
#include <string>

T

#define LOG_HPP

1]
2
3
4/41ifndef LOG_HPP
E
g
=
8

void writeLogEvent (std::ostream& log, const std::strings msg)

T

#include <lostream>
#include <string>
#define LOG_HPP

1
2
3
4/#ifndef LOG_HFPP
5]
&
Twoid writeLogEvent(std::ostreams log, const std::strings msg)
g

{

log << "[Info]l " << msg << std::endl; log << "[Infol " << msg << std::end
S 9
10| 10
llvoid writeLogError(std::ostream& log, const std::strings msg) 1lvoid writeLogError(std::ostream& log, const std::string& msg) |
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3 13}
14 14|
MSwoid closeLog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
1Lg| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::en
17} 17}
L8 8
i [E19|
20)
L9#endif 21ffendif
Text events: 36-40
If| ljfinclude <iostream> lff 1#include <iostream>

#include <string>

#define LOG_HPP

1]
2
3
4/41ifndef LOG_HPP
E
g
7
8

log << "[Info]l " << msg << std::endl;
e

12| log << "[Error] " << msg << std::endl;
L3
N5void closeLog(std::ostreams log) {

16| log << "Log completed!™ << std::endl;
17

lSclass Log{

2lpublic:

153

23private:
25} 7

R27#endif

void writeLogEvent (std::ostream& log, const std::strings msg)

llvoid writeLogError(std::ostreams log, const std::strings msg)

#include <string>

#define LOG_HPP

woid writelLogEvent (std::ostream& log, const std::string& msg)

1
2
3
4l#ifndef LOG_HPP
5]
&
7|
8| log << "[Infol " << msg << std::endl;

EN
1lvoid writeLogError(std::ostreams log, const std::strings msg)
12 log << "[Error] " << msg << std::endl;

13}
15Wvoid closeLog (std::ostreams log) {

16| log << "Log completed!™ << std::endl;
17}
1%class Log{

21public:

24private:

{

{
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Text events: 59-60

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3 3
4#ifndef LOG_HEP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Twoid writsLogEvent (std::ostreams log, const std::strings msg) Twvoid writeLogEvent (std::ostream& log, const std::strings msg) |
8| log << "[Info] " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writeLogError(std::ostreams log, const std::strings msg) |
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3} 13}
14 14|
[LSvoid closeLog{std::ostream& log) { 15wvoid closeLog(std::ostreama log) {
18| log << "Log completed!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k< 8|
lSclass Log{ 1%class Log{
20 20)
2lpublic: 21public:
[t 2] void writeLogEvent ltl22) void writeLogEvent ()
23| 23
Z4private: 24private:
25| 25
26} 26|} 7
27 27
28#endif 8ffendif
Text events: 83-84
[f l#include <iostream> [{ 1f#include <iostream>
2#include <string> 2Finclude <string>
3 3
4l#ifndef LOG_HPP 4/#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
=l &
Iwoid writsLogEvent (std::ostreams log, const std::strings msg) Twoid writeLogEvent (std::ostreams log, const std::strings msg) {
8 log << "[Info] " << msg << std::endl; 8 log << "[Infol] " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostream& log, const std::string& msg) 1lvoid writeLogError(std::ostream& log, const std::strings msg) |
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3 13}
14 14|
MSwoid closeLog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
1Lg| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17} 17}
L8 8
lSlclass Log{ 1%class Log{
20| 20)
2lpublic: 21public:
£z 2] void writeLogEvent (const std::strings msg) [£]22 void writeLogEvent (const std::strings msg) {}
23| 23
Z4private: 24private:
25 25
26|} 26|} 7
27 27
28#endif 8ffendif
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Text events: 85-89

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3 3
4#ifndef LOG_HEP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
8| &
Jwvoid writsLogEvent (std::ostreams log, const std::strings msg) Twoid writeLogEvent(std::ostreams log, const std::strings msg) |
8 log << "[Info]l " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writeLogError(std::ostreams log, const std::strings msg) |
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
13/} 13}
14 14|
N5void closeLog(std::ostreams log) { 15Wvoid closelog (std::ostreams log) {
[1g| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k<) 8|
lSlclass Log{ 1%class Log{
20| 20)
2lpublic: 21public:
122 void writeLogEvent (const std::stringse msg) {} 22 void writeLogEvent (const std::strings msg) {}
23| 23
Z4private: 24private:
=] 525
25| 26|
26 ; 27117
27 8|
R8#endif 29#endif
Text events: 114-128
[f l#include <iostream> lfl 1#include <iostream>
2l#include <string> Z#include <string>
3 3
4#ifndef LOG_HEP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Twoid writsLogEvent (std::ostreams log, const std::strings msg) Twvoid writeLogEvent (std::ostream& log, const std::strings msg) |
8 log << "[Info] " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writeLogError (st ostreams log, const std::strings msg) {
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3} 13}
14 14|
N5void closeLog(std::ostreams log) { 15Wvoid closelog (std::ostreams log) {
[1g| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k<) 8|
lSlclass Log{ 1%class Log{
20 20)
2lpublic: 21public:
£[2 2) vold writeLogEvent (const std::strings msg) {} [£]22 void writeLogEvent (const std::strings msg) {
23
24 }
23 25
Zdprivate: 26private:
25 const std::string msg; 27| const std::string msg;
2 €| 8|
2717 28017
28 30)
2o#endif 31j#endif
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Text events: 129-135

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3 3
4#ifndef LOG_HEP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Jwvoid writsLogEvent (std::ostreams log, const std::strings msg) Twoid writeLogEvent(std::ostreams log, const std::strings msg)
8 log << "[Info]l " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writeLogError(std::ostreams log, const std::strings msg)
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
13/} 13}
14 14|
N5void closeLog(std::ostreams log) { 15Wvoid closelog (std::ostreams log) {
[1g| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k<) 8|
lSlclass Log{ 1%class Log{
20| 20)
2lpublic: 21public:
22 void writeLogEvent (const std::strings msg) 22| void writeLogEvent (const std::strings msg) {
[E}2 3] [£]23 log <<
24 } 24 }
25 25
Péprivate: 26private:
27 const std::string msg; 27| const std::string msg;
28 8|
2o ; 29017
30 30)
Bl#endif 31fendif
Text events: 135-142
[f l#include <iostream> lfl 1#include <lostream>
2#include <string> 2i#include <string>
3 3
4#ifndef LOG_HDP 4f#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
=l &
Iwoid writsLogEvent (std::ostreams log, const std::strings msg) Twoid writeLogEvent(std::ostream& log, const std::strings msg)
8 log << "[Info] " << msg << std::endl; 8 log << "[Infol] " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostream& log, const std::string& msg) llvoid writeLogError (st ostreams log, const std::strings msg)
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3 13}
14 14|
MSwoid closeLog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
1Lg| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
L7 17}
L8 8
lSlclass Log{ 1%class Log{
20| 20)
2lpublic: 21lpublic:
122 void writeLogEvent (const std::strings msg) 22 void writeLogEvent (const std::strings msg) {
23 log << [£23
24 } 24 }
25| 25
Péprivate: 2éprivate:
127 const std::string msg; 277 const std::string msg;
28 8
2|} 29} 7
30| 30)
Bl#endif 31lfendif
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Text events: 143-144

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3| 3
4#1ifndef LOG_HPP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Jwoid writeLogEvent (std::ostreams log, const std::strings msg) Jwoid writeLogEvent (std::ostream& log, const std::strings msg) |
g log << "[Info] " << msg << std::endl; 8| log << "[Infc] " << msg << std::endl;
S|t 9
L0 10)
Nlwvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writelogError (std::ostreams log, const std::strings msg) ||
2] log << "[Error] " << msg << std::endl; 12 log << "[Error] " << msg << std::endl;
13 13}
14 14|
lSwoid closelog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
16 log << "Log completed!" << std::endl; 16| log << "Log completed!" << std::endl;
L7\ 17}
ne ;]
HSlclass Logi 15class Log{
20| 20)
Plpublic: 21lpublic:
22 vold writeLogEvent (const std::stringé& msg) 22| vold writeLogEvent (const std::strings msg) {
nj2 3| 23 log << "[Info] " << msg << std::endl;
24 } 24 }
i [E25
25| 26|
Péprivate: 27private:
27 const std::string msg; 8| const std::string msg;
28 29|
2o ; 30017
30 31
Bl#endif 32fendif
Text events: 144-149
lf| 1j#include <iostream> lff 1#include <iostream>
2#include <string> 2finclude <string>
3| 3
4#ifndef LOG_HPP 4#ifndef LOG_EPP
Sl#define LOG_HPP Si#define LOG_HPP
6| 8|
Jvoid writeLogEvent (std::ostreams log, const std::stringé msg) Tvoid writeLogEvent (std::ostreams log, const std::strings msg) {
g log << "[Info] " << msg << std::endl; 8| log << "[Infc] " << msg << std::endl;
S|t =
10| 10)
Nlwvoid writeLogError (std::ostream& log, const std::strings msg) 1lwoid writeLogError(std::ostream& log, const std::string& msg) ({
2 log << "[Error] " << msg << std::endl; 12| log << "[Error] " << msg << std::endl;
13} 13}
14 14|
lSwoid closelog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
16 log << "Log completed!" << std::endl; 16| log << "Log completed!" << std::endl;
L7\ 17}
ne ;]
HSlclass Logi 15class Log{
20| 20)
2lpublic: 21public:
22 void writeLogEvent (const std::stri 22| void writeLogEvent (const std::strings msg) {
12 3| log << "[Infe] " << msg << std:: 23] log << "[Info] " << msg << std::endl;
24 } 24 }
25| 25
i [£f2 6|
27
Zeprivate: Bprivate:
27 const std::string msg; 28] const std::string msg;
28 30
(29} ; 31117
30| =]
Blj#endif 33fendif
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Text events: 166-166

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3 3
4#ifndef LOG_HEP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Jwvoid writsLogEvent (std::ostreams log, const std::strings msg) Twoid writeLogEvent(std::ostreams log, const std::strings msg)
8 log << "[Info]l " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writeLogError(std::ostreams log, const std::strings msg)
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
13/} 13}
14 14|
N5void closeLog(std::ostreams log) { 15Wvoid closelog (std::ostreams log) {
[1g| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k<) 8|
lSlclass Log{ 1%class Log{
20| 20)
2lpublic: 21public:
£z 2] void writeLogEvent (const std::strings msg) [£]22 void writeLogEvent (const std::strings msg) {}
23| 23
24 24
25 25
Péprivate: 26private:
27 const std::string msg; 27| const std::string msg;
28 8|
2o ; 29017
30 30)
Bl#endif 31fendif
Text events: 167-170
[f l#include <iostream> lfl 1#include <lostream>
2#include <string> 2i#include <string>
3 3
4#ifndef LOG_HDP 4f#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
=l &
Iwoid writsLogEvent (std::ostreams log, const std::strings msg) Twoid writeLogEvent(std::ostream& log, const std::strings msg)
8 log << "[Info] " << msg << std::endl; 8 log << "[Infol] " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostream& log, const std::string& msg) llvoid writeLogError (st ostreams log, const std::strings msg)
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3 13}
14 14|
MSwoid closeLog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
1Lg| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
L7 17}
L8 8
lSlclass Log{ 1%class Log{
20| 20)
2lpublic: 21lpublic:
122 void writeLogEvent (const std::strings msg) {} 22 void writeLogEvent (const std::strings msg) {}
[t 3| [£23
24 24
25| 25
Péprivate: 2éprivate:
127 const std::string msg; 277 const std::string msg;
28 8
2|} 29} 7
30| 30)
Bl#endif 31lfendif
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Text events: 170-171

E 1finclude <iostream> [ 1finclude <iostream>
2ffinclude <string> 2fFinclude <string>
3 3
4l#ifndef LOG_HPP 4l#ifndef LOG_HPP
Sl#define LOG_HEP Sl¢define LOG_HPP
& €|
Jvoid writeLogEvent (std::ostreams log, const std::strings msg) Jvoid writeLogEwvent (std::ostreams log, const std::strings msg) {
8 log << "[Info] " << msg << std::endl; 8| log << "[Info] " << mesg << std::endl;
£l N
IL0| 10
llvoid writeLogError (std::ostreams log, const std::strings msg) 1ivoid writeLogError (std::ostreams log, const std::strings meg) {
112 log << "[Error] " << msg << std::endl; 12| log << "[Errocr] " << msg << std::endl;
L3+ 13}
114 14
15void closelog(std::ostreams log) { 15woid closelog(std::ostreams log) {
16| log << "Log completed!"™ << std::endl; 16| log << "Log completed!" << std::endl;
1l 17}
18 8|
l%class Log{ 1%8|class Logi{
2of 20
Ploublic: 21public:
22] void writeLogEvent (const std::strings msg) {1} 22 void writeLogEvent (const std::strings msg) {}
g2 3 1E23 void writeLogError (st ostreams log, const std::strings msg)
24 24
25| 25
Péprivate: Z6private:
27 const std::string msg; 27 const std::string msg;
28 8|
2901 7 290} 7
30| 30
Bljfendif 31jfendif
Text events: 172-173
If| 1#include <iostream> If| 1#include <iostrsam>
2j#include <string> 2#include <string>
3| 3
4f#ifndef LOG_HEP 4#ifndef LOG_HPP
Sffdefine LOG_HEP Sitdefine LOG_HPP
8| 2
Ilvoid writeLogEvent (std::ostreams log, const std::strings msg) Tvoid writeLogEvent (std::ostream& log, const std::strings msg)
8 log << "[Infol " << msg << std::endl; 8 log << "[Info] " << msg << std::endl;
Ell EN
10| 10|
l1lvoid writeLogError (std::ostreams log, const std::strings msg) 11void writeLogError (std::ostreams log, const std::strings msg)
12 log << "[Error] " << msg << std::endl; 12 log << "[Error] " << msg << std::endl;
L3 13}
114 14
[l5void closelog (std::ostream& log) { 15wvoid closelog(std::ostream& log) {
L& log << "Log completed!™ << std::endl; 1| log << "Log completed!" << std::endl;
170} 17}
118 18]
1%class Log{ 18%class Log{
20| 20
2loublic: 21lpublic:
22| void writeLogEvent (const std::strings msg) {} 22| void writeLogEvent (const std::strings msg) {}
1£)2 3 void writeLogError (std::ostreams log, const std::strings msg)[E23] void writeLogError(const std::strings msg)
24 24
2 5| 2 5]
Rélprivate: 2eprivate:
27 const std::string msg; 277 const std::string msg;
28 28]
2 7 291 ;
30| 30|
Bljfendif 31fendif
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Text events: 174-176

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3| 3
4#ifndef LOG_HEP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Jwoid writeLogEvent (std::ostreams log, const std::strings msg) Tvoid writeLogEvent (std::ostream& log, const std::strings msg)
g log << "[Info] " << msg << std::endl; 8| log << "[Infc] " << msg << std::endl;
S|t 9
L0 10)
Nlwvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writelLogError (std::ostreams log, const std::strings msg)
2] log << "[Error] " << msg << std::endl; 12 log << "[Error] " << msg << std::endl;
13 13}
14 14|
lSwoid closelog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
16 log << "Log completed!" << std::endl; 16| log << "Log completed!" << std::endl;
L7\ 17}
ne ;]
HSlclass Logi 15class Log{
20| 20)
Plpublic: 21lpublic:
22 vold writeLogEvent (const st {1 22| vold writeLogEvent (const st strings msg) {}
[E}2 3] void writsLogError(const st [£]23 void writeLogError(const st« strings msg) {}
24
24 25
25| 26|
Péprivate: 27private:
27 const std::string msg; 8| const std::string msg;
28 29|
2o ; 30017
30 31
Bl#endif 32fendif
Text events: 176-180
lf| 1j#include <iostream> lff 1#include <iostream>
2#include <string> 2finclude <string>
3| 3
4#ifndef LOG_HPP 4#ifndef LOG_EPP
Sl#define LOG_HPP Si#define LOG_HPP
6| 8|
TJwoid writeLogEvent (std::ostream& log, const std::strings msg) Twvoid writeLogEvent (std::ostream& log, const std::string& msg)
8 log << "[Info] " << msg << std::endl; 8| log << "[Infc] " << msg << std::endl;
Sit N
10| 10
Nlwvoid writeLogError (std::ostream& log, const std::strings msg) 1iwoid writeLogError (std::ostreams log, const std::strings msqg)
n2 log << "[Error] " << msg << std::endl; 12 log << "[Error] " << msg << std::endl;
13 13}
L4 L
l5woid closelog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
16| log << "Log completed!"™ << std::endl; 16 log << "Log completed!"™ << std::endl;
L7} 17}
na 8|
l9class Log{ 19class Log{
20| 20)
2lpublic: 21lpublic:
22 vold writeLogEvent ( {} 22) void writeLogEvent (const ste strings msg) {}
23] void writeLogError( {1 23] void writeLogError(const std::strings msg) {}
24 24
e [E25
25| 26|
Zeprivate: 2Tprivate:
27 const std::string msg; 8 const std::string msg;
28 29|
(29} ; 30117
30| =1y
Blj#endif 32/¢endif
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Text events: 181-185

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3 3
4#1ifndef LOG_HPP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Twoid writsLogEvent (std::ostreams log, const std::strings msg) Twvoid writeLogEvent (std::ostream& log, const std::strings msg) |
8| log << "[Info] " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writeLogError(std::ostreams log, const std::strings msg) |
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3} 13}
14 14|
[LSvoid closeLog{std::ostream& log) { 15wvoid closeLog(std::ostreama log) {
18| log << "Log completed!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k< 8|
lSclass Log{ 1%class Log{
20 20)
2lpublic: 21public:
22 void writeLegEvent (const st {1 22) void writeLogEvent (const st string& msg) {}
23| vold writeLogError (const st {} 23 vold writeLogError (const ste strings meg) {}
24 24
25| 25
e [£}2 6|
26 27,
2lprivate: 8private:
28 const std::string msg; 28] const std::string msg;
29| 30)
2o ; 31117
31 32
B2j#endif 33ffendif
Text events: 232-239
lf| 1j#include <iostream> lff 1#include <iostream>
2#include <string> 2finclude <string>
3| 3
4#ifndef LOG_HPP 4#ifndef LOG_EPP
Sl#define LOG_HPP Si#define LOG_HPP
6| 8|
Jvoid writeLogEvent (std::ostreams log, const std::stringé msg) Tvoid writeLogEvent (std::ostreams log, const std::strings msg) {
g log << "[Info] " << msg << std::endl; 8| log << "[Infc] " << msg << std::endl;
S|t =
10| 10)
Nlwvoid writeLogError (std::ostream& log, const std::strings msg) 1lwoid writeLogError(std::ostream& log, const std::string& msg) ({
2 log << "[Error] " << msg << std::endl; 12| log << "[Error] " << msg << std::endl;
13} 13}
14 14|
lSwoid closelog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
16 log << "Log completed!" << std::endl; 16| log << "Log complested!" << std:
L7\ 17}
ne ;]
HSlclass Logi 15class Log{
20| 20)
2lpublic: 21public:
22 vold writeLogEvent (const st {1 22| vold writeLogEvent (const st string& msg) {}
23| void writeLogError (const st strings msg) {} 23 void writeLogError (const ste strings msg) {}
ez 4 void closeLog(std::ostreams log) {} |24 void clossLog (std::ostreams log) {}
25| 25
2 6| 26|
27 27
iZ8private: Bprivate:
29 const std::string msg; 28] const std::string msg;
30| 30
13137 3137
32 =]
B3j#endif 33j¢endif
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Text events: 239-243

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3 3
4#ifndef LOG_HEP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Twoid writsLogEvent (std::ostreams log, const std::strings msg) Twvoid writeLogEvent (std::ostream& log, const std::strings msg)
8| log << "[Info] " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llwvoid writeLogError(std::ostream& log, const std::strings msg) {|[llvoid writeLogError(std::ostreams log, const std::strings msg)
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3} 13}
14 14|
[LSvoid closeLog{std::ostream& log) { 15wvoid closeLog(std::ostreama log) {
18| log << "Log completed!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k< 8|
lSclass Log{ 1%class Log{
20 20)
2lpublic: 21public:
22 void writeLegEvent (const st ; {1 22) void writeLogEvent (const st string& msg) {}
23| vold writeLogError (const st {} 23 vold writeLogError (const ste strings meg) {}
2 4] void closeLog (std::ostreams [£]2 4 void closelog (std::ostream& log) {1
25| 25
26| 26|
27 27,
28private: 8private:
29 const std::string msg; 28] const std::string msg;
30| 30)
Bl 31117
32 32
B3j#endif 33ffendif
Text events: 143-244
lf| 1j#include <iostream> lff 1#include <iostream>
2#include <string> 2finclude <string>
3| 3
4#ifndef LOG_HPP 4#ifndef LOG_EPP
Sl#define LOG_HPP Si#define LOG_HPP
6| 8|
Jvoid writeLogEvent (std::ostreams log, const std::stringé msg) Twvoid writeLogEvent (std::ostreams log, const std::string& msg)
g log << "[Info] " << msg << std::endl; 8| log << "[Infc] " << msg << std::endl;
S|t =
10| 10)
Mlwvoid writeLogError (std::ostreams log, const std::strings msg) {||llwoid writelogError(std::ostreams log, const std::strings msg)
2 log << "[Error] " << msg << std::endl; 12| log << "[Error] " << msg << std::endl;
13} 13}
14 14|
lSwoid closelog(std::ostreams log) { 15wvoid closelog(std::ostreams log) {
16 log << "Log completed!" << std::endl; 16| log << "Log complested!" << std:
L7\ 17}
ne ;]
HSlclass Logi 15class Log{
20| 20)
tR1lpublic: (]
22 vold writeLogEvent (const st string& msg) {}
23] void writsLogError(const st strings msg) {}
24 void closelLog (std::ostreama log) 1
25|
2 6|
27
Z8private:
29 const std::string msg;
30| 21
13137 22} ;7
32 23
B3j#endif 24#endif
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Text events: 267-272

If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3| 3
4/41ifndef LOG_HPP 4f#ifndef LOG_HPP
Sj#define LOG_HPP Sifdefine LOG_EPP
8| &
Iwoid writeLogEvent (std::ostreams log, const std::strings msg) Twoid writeLogEvent (std::ostreams log, const std::strings msg) {
8 log << "[Info] " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostream& log, const std::string& msg) 1lvoid writeLogError(std::ostream& log, const std::strings msg) |
n2) log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std ndl;
L3 13}
14 14|
lSwoid closeLog{std::ostreams log) { 15woid closelog(std::ostreams log) {
1Lg| log << "Log ccmpleted!™ << std::endl; 16| log << "Log completed!™ << std::endl;
L7 17}
L8 8
[LSlclass Log{ 1S%class Logi{
POpublic: 20puklic:
=] 1=
22)
21| 23
22private: 24private:
23] 7 25(17
24 26|
ESl#endif 27¢endif
Text events: 382-388
If| 1j#include <iostream> lff 1#include <iostream>
2l#include <string> Z2#include <string>
3 3
4#1ifndef LOG_HPP 4#ifndef LOG_HPP
Sj#define LOG_HPP Sfdefine LOG_EPP
@ €
Twoid writsLogEvent (std::ostreams log, const std::strings msg) Twvoid writeLogEvent (std::ostream& log, const std::strings msg) |
8| log << "[Info] " << msg << std::endl; 8| log << "[Infol " << msg << std::endl;
S 9
10| 10
llvoid writeLogError(std::ostreams log, const std::strings msg) 1lvoid writeLogError(std::ostreams log, const std::strings msg) |
12| log << "[Error] " << msg << std::endl; Lz log << "[Error] " << msg << std::endl;
L3} 13}
14 14|
[LSvoid closeLog{std::ostream& log) { 15wvoid closeLog(std::ostreama log) {
18| log << "Log completed!™ << std::endl; 16| log << "Log completed!™ << std::endl;
17 17}
k< 8|
lSclass Log{ 1%class Log{
20public: 20public:
121 Log(std: :ostream& out) log(out) {1} 21 Log(std::ostreams ocut) log(out) {}
n| 22)
22 vold writeLogEvent (const std::strings msg) 23] vold writeLogEvent (const std::strings meg) {
12 3| log << "[Info] " << msg << std::endl; 24 log << "[Info] " << msg << std::endl;
24 ¥ 25 }
e [£}2 6|
27,
25| 8|
2 6| 25|
2lprivate: 30private:
287 311
29 32
BO#endif 33ffendif
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Text events: 388-389

If| 1jfinclude <iostream> [f| 1finclude <iostream>
2f#include <string> Zj#include <string>
3| 3
4lfifndef LOG_HPP 4|fifndef LOG_HPP
Sj#define LOG_HFP Sgdefine LOG_HPP
5 3
Tlvoid writeLogEvent (std::ostreams log, const std::strings msg) Jlvoid writeLogEvent (std::ostresams log, const std::string& msg) {
g log << "[Info] " << msg << std::endl; 8| log << "[Info] " << msg << std::endl;
EN el
10| 10]
1lvoid writeLogError (std::ostreams log, const std::strings msq) 1ilvoid writeLogError (std::ostreams log, const std::strings msg) {
12] log << "[Error] " << msg << std::endl; 12 log << "[Error] " << msg << std::endl;
13[; 13
1 4] 14
15[void cleoselog(std::ostreams log) { 15void closeLog(std::ostreams log) {
16| log << "Log completed!"™ << std::endl; 16 log << "Log completed!"™ << std::endl;
170} 17|}
18] 8|
19class Logi{ 19class Log{
20public: 20public:
21] Log(std::ostreams out) log(out) {} 21 Log(std::ostreams out) : leg{out) {}
2 2} 22
23] void writeLogEvent (const std::strings msg) 23 void writeLogEvent (const std::strings msg) {
2.4 log << "[Infel " << msg << std::endl; 24| log << "[Info] " << msg << std ndl;
2 5| } 25| 1
2 | 26|
[£f2 7} IE[27 void writeLogError (std::ostreams log, const std::strings msg) {
8 log << "[Error] " << msg << std::endl;
29|}
12 8] 30
29| =l
30private: 32private:
317 3317
32} 34
33f#endif 35/fendif
Text events: 405-406
H finclude <iostream> H 1finclude <iostream>
2#include <string> 2lfinclude <string>
3| 3
4l2ifndef LOG_HFP 4#ifndef LOG_HFP
Sf#define LOG_HPP Sj#define LOG_HPP
5 =
Jivoid writeLogEvent (std::ostream& log, const std::strings msg) Jwoid writeLogEvent (std::ostreame log, const std::strings msg) {
o log << "[Info] " << mesg << std::endl; E:l log << "[Info] " << msg << std::endl;
ER 9
[L0] 10|
llvoid writeLogError(std::ostream& log, const std::stringe msg) 1lvoid writeLogError(std::ostreame log, const std::strings msg) {
2] log << "[Error]l " << msg << std::endl; 12 log << "[Error] " << msg << std::endl;
L3{r 13}
L4 14
lSvoid closeLog(std::ostreams log) { 15void closeLogl(std::ostreame log) {
L6 log << "Log completed!™ << std::endl; 16| log << "Log completed!" << std::endl;
L[+ 17}
g 18
L8class Log{ 19class Log{
20public: [20public:
21 Logistd::ostreams out) log(out) {} 21| Log(std::ostreams out) : log(out) {}
122} 122
23| void writeLogEvent (const std::strings msg) 23| void writeLogEvent (const std::strings msg) {
o4l log << "[Info] " << msg << std::endl; o4 log << "[Info] " << msg << std::endl;
o5l } 25| }
12 & 26|
27 void writeLogError (std::ostreams log, const std::strings msg) {| [27 void writeLogErrer (std::ostreams log, const std::strings msg) {f
28| log << "[Error] " << msg << std::endl; 28 log << "[Errer] " << msg << std::endl;
o gf } 29| }
30| 30|
[Ef31] el31] void closeLog(std: :ostreams log) |
32 log << "Log completed!" << std::endl;
1333
132 134
133 35|
Baprivate: Béprivate:
B[ 7 B2
13 6| 138
BIf#endif Bolfendif




Text events: 438-439

TeF

l#include <iostream>

2[#include <string>

3|

4l2ifndef LOG_HFP

Sf#define LOG_HPP

|

Tlvoid writelLogEvent (std::ostreams log, const std::strings msg)
8| log << "[Info] " << msg << std::endl;

9t

nof

Nilvoid writeLogError(std::ostreams log, const std::strings msg)
2] log << "[Error] " << msg << std::end

I3[y

4]

N5void closeLog(std::ostreams log) {

16| log << "Log completed!" << std::endl;

[y

18|

l9class Log{

20jpubl 1,

21 Log(std::ostreams out) log(out) {}

22|

23] void writeLogEvent (const std::strings msg)
24 log << "[Info] " << msg << std::endl;
25| }

2 6|

27 void writeLogError (std::ostreams log, const std::strings msg) {
28] log << "[Error] " << msg << std::endl;
29 }

[20]

131 void closeLog(st ostreams log) {

32| log << "Log completed!" << std::endl;
3] }

[34]

[35]

Béprivate:

137) std::ostream& log,

138 7

139

[40jfendif

e[ 1#include <iostream>

2irinclude <string>

3

4#ifndef LOG_HFP

Sj#define LOG_HPP

6

Jlwoid writeLogEvent (std::ostreams log, const std::strings msg) {

8 log << "[Info] " << msg << std::endl;

9t

10|

11jvoid writeLogError (std::ostreams log, const std::strings msg) {
12 log << "[Error] " << msg << std::endl;

131

14]

15void closeLog(std::ostreams log) {

14 log << "Log completed!" << std::endl;

171

18]

19/class Logi{

lPOlpublic:

21| Log (std: :ostreams out) log (out) {}

122

23| void writeLogEvent (const std::strings msg) {
24 log << "[Info] " << msg << std::endl;

25| }

26|

27 void writeLogError (std::ostreams log, const std::strings msg)
log log << "[Errer] " << msg << std::endl;
23] }

30|

131 vold closeLog(std streams log) {

132 log << "Log completed!™ << std::endl;

ostreams log;
[40jfendif

{
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Text events: 440-442

[f| lf#include <iostream> lf] 1#include <iostream>
2[#include <string> 2irinclude <string>
3| 3
4l2ifndef LOG_HFP 4#ifndef LOG_HFP
Sf#define LOG_HPP Sj#define LOG_HPP
£ € i=)
Tvoid writelogEvent (std::ostreams log, const std::strings msg) {
g log << "[Info] " << msg << std::endl;
9
nof
11jvoid writeLogError (std::ostreams log, const std::strings msg) {
2] log << "[Error] " << msg << std::endl;
3y
4]
l5void closeLog(std::ostreams log) {
16| log << "Log completed!™ << std::endl;
7y
18| ol
l9class Log{ Jlclass Logi
Opublic: Sjpublic:
21 Log(std::ostreams out) log(out) {} 9| Log (std: :ostreams out) log (out) {}
22| 10|
23] void writeLogEvent (const std::strings msg) 11 void writeLogEvent (const std::strings msg) {
24 log << "[Info] " << msg << std::endl; 12] log << "[Info] " << msg << std::endl;
25| } 13 }
2 6| 14]
27 void writeLogError (std::ostream& log, const std::string& msg) {| [15] void writeLogError (std::ostreams log, const std::strings msg) {
28] log << "[Error] " << msg << std::endl; 14 log << "[Errer] " << msg << std::endl;
29 } 17 }
[20] 18
131 void closeLog(st ostreamé log) { 19 vold closeLog(std streams log) {
[32] log << "Log completed!" << std::endl; 20| log << "Log completed!™ << std::endl;
3] }
[34]
[35]
Béprivate:
37 std::ostream& log, ostreams log;
138 7
139
[40jfendif 28/#fendif
.
Task: functionsIntoClass_2
Text events: 28-36
[f| lf#include <iostream> lf] 1#include <iostream>
2[#include <string> 2irinclude <string>
3| 3
4l2ifndef LOG_HFP 4#ifndef LOG_HFP
sl¢define TOG_HPP Si#define LOG_HPP
| 6|
Tlelass log { Jlclass log
jpublic: Spublic:
gl void writeLogEvent (std::ostreams log, const std::strings msg) || 9 void writeLogEvent (std::ostreams log, const std::strings msg) {f
nof log << "[Info] " << msg << std::endl; 10| log << "[Info] " << msg << std::endl;
1 } 11 }
2| 12]
3] void writeLogError (std::ostreams log, const std::strings msg) | [13] void writeLogErrer (std::ostreams log, const std::strings msg) {f
4] log << "[Error] " << msg << std::endl; 14] log << "[Errer] " << msg << std::endl;
15| 3 15| }
16| 16|
7] void closeLog(std::ostreams log) { 17 void closelog(std::ostreams log) |
1] log << "Log completed!" << std::endl; 18 log << "Log completed!” << std::endl;
9| } 19 }
g leleojprivate:
20| 121
21 22}
22| 23|
23ffendif 24fendif
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Text events: 58-58

[f| lf#include <iostream> lf] 1#include <iostream>

2[#include <string> 2irinclude <string>
3| 3
4l2ifndef LOG_HFP 4#ifndef LOG_HFP
Sf#define LOG_HPP Sj#define LOG_HPP
& 6|
Tlelass log { Jlclass log
jpublic: Spublic:
gl void writeLogEvent (std::ostreams log, const std::strings msg) || 9 void writeLogEvent (std::ostreams log, const std::strings msg) {f
nof log << "[Info] " << msg << std::endl; 10| log << "[Info] " << msg << std::endl;
1 } 11 }
2| 12]

3] void writeLogError (std::ostreams log, const std::strings msg) | [13] void writeLogErrer (std::ostreams log, const std::strings msg) {f
4] log << "[Error] " << msg << std::endl; 14] log << "[Errer] " << msg << std::endl;
15| } 15| }
1 ¢ 16|
e 7] void closeLog(std::ostreams log) { el 7] void closeLog() {
1] log << "Log completed!"” << std::endl; 18 log << "Log completed!™ << std::endl;
9| } 19 }
POprivate: eOprivate:
21] std: :ostream log: 21| std: :ostream log;
2} 22}
23| 23|
Raffendif 24fendif
Text events: 59-59
H finclude <iostream> H 1finclude <iostream>

2#include <string> 2lfinclude <string>

3| 3|

4l#ifndef LOG_HPP 4/#ifndef LOG_HPP

sl#define LOG_HPP S#define LOG_HPP

8| ol

Tlclass log { Jlclass log

Spublic: Spublic:

E void writeLogEvent (std::ostreams log, const std::strings msg) {|| 9 vold writeLogEvent (std::ostreams log, const std::strings msg) {f
[L0] log << "[Info]l " << msg << std::endl; 10| log << "[Info]l " << msg << std::endl;
L] } 11 }

2] 12

L3 void writeLogError(std::ostreams log, const std::strings msg) {| [13] vold writeLogError (std::ostreams log, const std::strings msg) {f
L4 log << "[Error] " << msg << std::endl; 14 log << "[Error] " << msg << std::endl;
[L5] } 15 }

L6 16|

17| vold closeLogl() { 17, void closelLog() |

g log << "Log completed!" << std::endl; 12 log << "Log completed!" << std::endl;
9| } 19 }

Poprivate: POprivate:
[Ef21] std::ostream log; el std::ostreams log;

2y paly

12 3| 123

24j#endif 24fendif
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Text events: 60-61

If£| 1#include <iostream> lf| 1#include <icstream>
2#include <string> 2#include <string>
3| 3
4#ifndef LOG_HPP 4#ifndef LOG_HPP
Sffdefine LOG_HPP Sftdefine LOG_HPP
6| |
Tclass log { Tlclass log {
Spublic: 8public:
| S| vold writeLogEvent (std::ostream& log, const std::strings msg) {|n| 9 vold writeLogEvent (const std::strings msg) {
10| log << "[Info] " << msg << std::endl; 10| log << "[Info] " << msg << std::endl;
11| 1 11] 1
12 12
[£[13] void writeLogError (std::ostreame log, const std::strings msg) {|gf13 void writeLogError (const std::strings msg) {
14 log << "[Error] " << msg << std::endl; 14 log << "[Error] " << msg << std::endl;
15| } 15 ¥
16| 16|
17 void closeLog() { 17 void closeLog() {
18 log << "Log completed!"™ << std::endl; 18 log << "Log completed!" << std::endl;
19 } 19| }
20private: Z0privatse:
21 std::ostream& log; 21 std::ostream& log;
22} 22]}
23] 23|
24#endif 24|fendif

Task: functionsIntoClass 3

Text events: 1-7

Elldef writeLogEvent {log, msg): if| 1def writeLogEvent (log, msg):

Z log.write (" [Info] " + msqg) 2 log.write (" [Info] " + msg)

3 3

dldef writelLogError{log, msg): dldef writeLogError (log, msg):

S log.write (" [Errox] " + msg) 5 log.write (" [Error] " + msg)

& [

Ildef closelog(log): Tdef closelog(lcog):

3 log.write ("Log completed!™) 8 log.write ("Log completed!™)
i e <

1l0iclass
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Text events: 7-12

| ldef writeLogEvent (log, msg): ] lldef writeLogEvent (log, msg):
2 log.write (" [Info] " + msqg) Z log.write (" [Info] "™ + msqg)
3 3
ddef writeLogError (log, msg): dldef writeLogError(log, msg):
5 log.write (" [Error] " + msg) 5 log.write (" [Exror] " + msg)
(3] g
Jdef closelLog(log): Jdef cleoselog{log):
8 log.write ("Log completed!™) 8 log.write ("Log completed!™)
g g

[l dlclass E10lclas=s Log:

Text events: 13-16

If] 1def writeLogEvent (log, msg): if] ljdef writeLogEvent (log, msg):
2 log.write (" [Info] " + msg) Z log.write (" [Info] "™ + msqg)
3 3
ddef writeLogError (log, msg): 4def writelogError (log, msg):
5 log.write (" [Error] " + msqg) 5 log.write (" [Error] " + msg)
& =
Jdef closelog(log): Jldef closelog(log):
g8 log.write ("Log completed!™) 8 log.write ("Log completed!™)
S 9

10lclass Log: 10lclas=s Log:
i =il def
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Text events: 34-35

| ldef writeLogEvent (log, msg): ] lldef writeLogEvent (log, msg):
2 log.write (" [Info] " + msqg) Z log.write (" [Info] "™ + msqg)
3 3
ddef writeLogError(log, msg): dldef writelLogError(log, msg):
5 log.write (" [Error] " + msg) 5 log.write (" [Exror] " + msg)
(3] g
Jdef closeLog(log): Jdef closelog(log):
8 log.write ("Log completed!™) 8 log.write ("Log completed!™)
g 5
10lclass Log: 10lclas=s Log:
=il def init (self): E11 def init (self,):
12
Text events: 36-39
If| ldef writeLogEvent (log, msg): If] ldef writelogEvent (log, msg):
2 log.write (" [Info] " + msg) 2 log.write (" [Info] "™ + msg)
3 3
ddef writeLogError (log, msg): 4def writelogError (log, msg):
5 log.write (" [Error] " + msqg) 5 log.write (" [Error] " + msg)
3] g
Jdef closelLog(log): Jldef closelog({log):
8 log.write ("Log completed!™) 8 log.write ("Log completed!™)
S 9
10lclass Log: 10class Log:
11 def init (self,): E11 def init (self, log):
12 12
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Text events: 40-48

| ldef writeLogEvent (log, msg): ] lldef writeLogEvent (log, msg):
2 log.write (" [Info] " + msg) Z log.write (" [Info] "™ + msqg)
3 3
ddef writeLogError (log, msg): 4def writelogError (log, msg):
5 log.write ("[Error] " + msg) 5 log.write (" [Exror] " + msg)
3] g
Jdef closelLog(log): Jldef closelog({log):
g8 log.write ("Log completed!™) 8 log.write ("Log completed!™)
S 9
10lclass Log: 10class Log:
11 def init (self, log): 11 def init (=elf, log):
Il 2 12 self_log
Text events: 49-55
| ldef writeLogEvent (log, msg): ] lldef writeLogEvent (log, msg):
2 log.write (" [Info] " + msg) Z log.write (" [Info] "™ + msqg)
3 3
ddef writeLogError (log, msg): 4def writelogError (log, msg):
5 log.write ("[Error] " + msg) 5 log.write (" [Exror] " + msg)
3] g
Jdef closelLog(log): Jldef closelog({log):
g8 log.write ("Log completed!™) 8 log.write ("Log completed!™)
S 9
10lclass Log: 10class Log:
11 def init (self, log): 11 def init (=elf, log):
c)L2 self.log 12 self.log = log
13
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Text events: 55-56

n| ldef writeLogEvent (log, msg): |l
2 log.write (" [Info] " + msqg)
3 1
n| 4def writeLogError (log, msg): I
5 log.write ("[Error] " + msg)
(3]
Tdef closeLog(leog):
8 log.write ("Log completed!™)
9 2
10|class Log: 3lclass Log:
il def init (self, log): 4 def init (self, log):
12 self.log = log 5 gself.log = log
| Iz|E
7
Text events: 57-59
nl1 il
2
Jclass Log: llclass Log:
4 def init (self, log):| |2 def init (self, log):
5 self.log = log 3 self.log = log
[ 4
] [ElS
i &
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Text events: 59-60

iflllclass Log: if| llclass Log:
2 def init (self, log): 2 def init (self, log):
3 self.log = log 3 self.log = log
4 4
i i = def writeLogEvent (log, msg):
(3 log.write ("[Info]l " + msqg)
.
8ldef writeLogError (log, msg):
g log.write (" [Exrror] " + msg)
10
1lldef closeLog(log):
12 log.write ("Log completed!™)
5 13
Text events: 61-61
If| liclass Log: £ ljclass Log:
2 def init (self, log): 2 def init (self, log):
3 self.log = log 3 self.log = leog
4 4
| S def writeLogEvent (log, msg) :jm 5 def writeLogEvent(, msg):
[ log.write (" [Info] " + msg) (3] log.write (" [Infeo] " + msqg)
7 7
n| 8def writeLogError(log, msg): | 3 def writeLogError{log, msg):
g log.write (" [Error] " + msg) g log.write (" [Error] " + msg)
10
lldef closeLog(log):
= log.write ("Log completed!™)
13 10
It i£l11] def closelog(log):
12 log.write ("Log completed!™)
13
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Text events: 62-63

I£| llclaz=ss Log: IH llclass Log:
2 def _ init_ (self, log): 2 def _ init__ (self, log):
3 self.log = log 3 gelf.locg = log
4 4
£ = def writelogEvent(, msg): g = def writeLogEvent (msg) :
[ log.write (" [Info] " + m=g) & log.write("[Info] " + msg)
7 7
8 def writelogError(log, msg): 8 def writeLogError(log, msqg):
9 log.write (" [Error] " + msg) S log.write ("[Error] " + msg)
10 10
11 def closelog(log): 11 def closeLog(log):
12 log.write ("Log completed!"™)| |12 log.write ("Log completed!™)
13 13
Text events: 75-77
If| llclass Log: If| llclass Log:
2 def init (self, log): 2| def init (self, log):
3 self.log = log 3 self.log = log
4 4
5 def writeLogEvent (msg): 5 def writelLogEvent (msg):
6 self.log.write (" [Info] " + m=sg) (5 self.log.write (" [Info] " + msg)
7 7
i def writelogError (log, msg): l£| 8 def writelogError (msg) :
g log.write (" [Erreor] " + msg) g log.write (" [Exrror] " + msg)
10 10
11 def closelog(log): 11 def closelog(log):
12 log.write ("Log completed!™) 12 log.write ("Log completed!™)
13 13
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Text events: 78-82

If| ljclass Log: If| ljclass Log:
2 def __init__ (self, log): 2 def __init__ (self, log):
3 self.log = log 3 self.log = log
4 4
= def writeLogEvent (msg) : 5 def writeLogEwvent (msg) :
Q| self.log.write (" [Info] " + m=sqg) (3 self.log.write (" [Info] " + msg)
7 7
g def writeLogError (msg) : 8 def writeLogError (msg):
el S log.write (" [Error] " + msg) gl 5 self.log.write (" [Error] " + msg)
10| 10
11] def closelog(log): L3 def closeLog(log):
12 log.write ("Log completed!") 12 log.write ("Log completed!"™)
13| 13
Text events: 83-83
If| llzlass Log: If| llzlzss Log:
2 def init (self, log): 2 def  init  (sslf, log):
3 self.log = log 3 self.log = log
4 4
5 def writeLogEvent (msg) : 5 def writeLogEvent (msg) :
& self.log.write (" [Info] " + msg) [ self.log.write (" [Info] " + msg)
7 7
g def writeLogError (msg): =] def writeLogError (msg) :
=l self.log.write (" [Erroxr] " + msg) 9 self.log.write (" [Exroxr] " + msg)
10| 10
11 def closelog(log): 11 def closeLog():
12 log.write ("Log completed!™) 1z log.write ("Log completed!™)
13| 13
Text events: 84-88
If| llzlass Log: If| llzlzss Log:
2 def init (self, log): 2 def  init  (sslf, log):
3 self.log = log 3 self.log = log
4 4
5 def writeLogEvent (msg) : 5 def writeLogEvent (msg) :
& self.log.write (" [Info] " + msg) [ self.log.write (" [Info] " + msg)
7 7
g def writeLogError (msg): =] def writeLogError (msg) :
=l self.log.write (" [Erroxr] " + msg) 9 self.log.write (" [Exroxr] " + msg)
10| 10
11 def closelog(): 11 def closeLog():
t1z2 log.write ("Log completed!™) L1z self.log.write ("Log completed!™)
13| 13
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Task:generalizeAvgFunctions 1

Text events: 1-6

Ict Tk

# Compute and print the average of exam scores
def printExamAverage (scores):
sum 0
for s in scores:
sum += &
sum / len(scores)
"Exam average:",

avy
print( avyg)
# Compute and print the average of homework scores
def printHomeworkAverage (scores):

sum 0

for s in scores:

sum += s
avg sum / len(scores)
print ("Homework average:",

avg)

7a
18

95,

exXams
homework

[

85, 90,
[ 100,

1

aq
= 53+

g2 ]

’

lcrintExamAverage (exams)
lprintHomeworkAverage (homework)

It Tk

# Compute and print the average of exam scores
def printExamAverage (examScores):
sum = 0
for s in scores:
sum += s
avg = sum / len(scores)
print ("Exam average:", avyg)
# Compute and print the average of homework scores
def printHomeworkZverage (scores):
sum = 0
for s in scores:
sum += s
avg = sum / len(scores)
print ("Homework average:", avg)
exams = [ 85, S0, 78 ]
homework = [ 100, 95, 88, %2 ]
printExamAverage (exams)

printHomeworkAverage (homework)

Text events: 7-11

TFh

Tt

# Compute and print the average of exam scores
def printExamaverage (examScores):
sum 0
for s in scores:
sum += s
avg = sum / len(scores)
print ("Exam average:",

avg)

# Compute and print the average of homework scores
def printHomeworkAverage (scores):
sum 0
for s in scores:
sum += &
avyg sum / len(scores)
print ("Homework average:",

avy)

exams
homework

[ 85, 30,
[ 100,

78 ]
= 95, &8

92

1

’

[printExamiverage (exams)

lprintHomeworkAverage (homework)

TFh

Tt

# Compute and print the average of exam scores
def printExamAverage (examScores):
sum 0
for s in examScores:
sum += s
avg = sum / len(scores)
print ("Exam average:",

avy)

# Compute and print the average of homework scores
def printHomeworkZverage (scores):

sum = 0

for s in scores:

sum += s

avg = sum / len(scores)

print ("Homework average:", avg)
exams = [ 85, S0, 78 ]
homework = [ 100, 95, 88, %2 ]

printExamAverage (exams)
printHomeworkAverage (homework)
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Text events: 41-42

T

5

# Compute and print the average of exam and homework scores|f|
def printExamAverage (examScores):
sum = 0
for = in examScores:
sum += s
avg = sum / len(scores)
print( am average:", avg)
# Compute and print the average of homework scores £}
def printHomeworkAverage (scores):
sum = 0
for s in scores:
sum += s
avg = sum / len(scores)
print ("Homework average:", avg)
exams = [ 85, 90, 78 ]
homework = [ 100, 95, 88, 92 ]
printExamAverage (exams)
printHomeworkAverage (homework)

1l# Compute and print the average of exam and homework scores|
2ldef printExamAverage (examScores):
3 sum = 0

4 for s in examScores:

5| sum += s

= avg = sum / len(scores)

T print("Exam average:", avg)

8|

9def printHomsworkRverage (scores):
10f sum = 0

11 for s in scores:

12| sum += s

13 avg = sum / len(scores)

14 print ("Homework average:", avg)
15

l6lexams = [ 85, 80, 78 ]

17homework = [ 100, 95, 88, 82 ]

18]

19printExamAverage (exams)
[20jprintHomeworkaverage (homework)

Text events: 43-47

Tt Trn

# Compute and print the average of exam and homework scores|f]
def printExamAverage (examScores) : il
sum = 0
for s in examScores:
sum += s
avg = sum / len(scores)
print ("Exam average:", avg)
def printHomeworkAverage (scores):
sum = 0
for & in scores:
sum += s
avg = sum / len(scores)
print ("Homework average:", avg)
exams = [ 85, %0, 78 ]
homework = [ 100, 95, 88, %2 ]
printExamAverage (exams)
printHomeworkAverage (homework)

# Compute and print the average of exam and homework scores
def printAverages (examScores):
sum 0
for s in examScores:
sum += s
avg = sum / len(scores)

print ("Exam average:",

avyg)
def printHomeworkAverage (scores):
sum 0
for s in scores:

sum += s

avg = sum / len(scores)

print ("Homewocrk average:", avg)
lexams = [ 85, S0, 78 ]
homework = [ 100, 88, 92 ]

’ ’

printExamBRverage (exams)
printHomeworkAverags (homework)
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Text events: 48-65

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
|t| 2/def printAverages (examScores): |t| 2|def printRverages (examScores, homeworkScores):

3| sum = 0 3 sum = 0

4 for = in examScores: 4 for s in examScores:

5| sum += s 5| sum += s

[ avg = sum / len(scores) = avg = sum / len(scores)

7 print( am average:", avg) T print("Exam average:", avg)

8 8|

Gdef printHomeworkAverage (scores): 9def printHomsworkRverage (scores):
10| sum = 0 10| sum = 0

11 for s in scores: 11 for s in scores:

12 sum += s 12| sum += s

13] avg = sum / len(scores) 13 avg = sum / len(scores)

14 print ("Homework average:", avg) 14 print ("Homework average:", avg)
15| 15

léexams = [ 85, 90, 78 ] l6lexams = [ 85, 80, 78 ]

17homework = [ 100, 85, 88, 92 ] 17homework = [ 100, 95, 88, 82 ]

18 18]

1SprintExamAverage (exams) 19printExamAverage (exams)
20printHomeworkAverage (homework) |20printHomeworkAverage (homework)
Text events: 66-76
|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores

2def printAverages (sxamScores, homewcrkScores): 2ldef printAverages (examScorss, homeworkScores):

3| sum = 0 3 sum = 0

4 for s in examScores: 4 for s in examScores:

El sum += s E sum += s

@ avg = sum / len(scores) o avg = sum / len(scores)

7 print ("Exam average:", avg) il print ("Exam average:", avg)

8 g

9def printHomeworkAverage (scores): 9ldef printHomeworkAverage (scores):
10 sum = 0 10f sum = 0
[£]11] for s in scores: (£]11] for s in homeworkScores:

12 sum += s 12| sum += s

13| avg = sum / len(scores) 13| avg = sum / len(scores)

14 print ("Homework average:", avg) 14 print ("Homewocrk average:", avg)
15| 15]

léexams = [ 85, 90, 78 ] 1élexams = [ 85, 80, 78 ]

17homework = [ 100, 985, 88, 92 ] 17homework = [ 100, , 88, 82 ]

18 18]

1%printExamAverags (exams) 19printExamAverage (exams)
20printHomeworkaverags (homework) [20jprintHomeworkAverage (homework)
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Text events: 77-78

|f 1# Compute and print the average of exam and homework scoresf|

2def printAverages (examScores, homewcrkScores):

3| sum = 0

4 for = in examScores:

5| sum += s

[ avg = sum / len(scores)

7 print( am average:", avg)

8
It| ¢def printHomeworkAverage (scores): i
10| sum = 0

11 for s in homeworksScores:

12 sum += s

13] avg = sum / len(scores)

14 print ("Homework average:", avg)

15|

léexams = [ 85, 90, 78 ]

17homework = [ 100, 85, 88, 92 ]

18

1SprintExamAverage (exams)

20printHomeworkAverage (homework)

1l# Compute and print the average of exam and homework scores|
2ldef printAverages (examScores, homeworkScores):
3 sum = 0

4 for s in examScores:

5| sum += s

= avg = sum / len(scores)

T print("Exam average:", avg)

8|

9 sum = 0

10] for s in homeworkScores:

11 sum += s

12| avg = sum / len(scores)

13| print ("Homework average:", avg)

14

15lexams = [ 85, S0, 78 ]

1ghomework = [ 100, 95, 88, %2 ]

17

18printExamAverage (exams)

19printHomeworkAverage (homework)

Text events: 79-83

|f 1# Compute and print the average of exam and homework scoresf|
2def printAverages (examScores, homewcrkScores):
3| sum = 0
4 for s in examScores:
El sum += s
@ avg = sum / len(scores)
7 print ("Exam average:", avg)
8
9 sum = 0
10 for s in homeworkScores:
11] sum += s
12| avg = sum / len(scores)
13| print ("Homework average:", avg)
14
15exams = [ 85, 90, 78 ]
1éhomework = [ 100, 85, 88, 92 ]
tExamAverage (exams) i
1%printHomeworkAverage (homework)

1l# Compute and print the average of exam and homework scores|
2ldef printAverages (examScores, homeworkScores):
3 sum = 0

4 for s in examScores:

E sum += s

o avg = sum / len(scores)

il print ("Exam average:", avg)

g

9 sum = 0

10f for s in homeworkScores:

11 sum += s

12| avg = sum / len(scores)

13| print ("Homework average:", avg)

14

15lexams = [ 85, 80, 78 ]

1éhomework = [ 100, 95, 88, 92 ]

17

18[printAverages (exams)

19printHomsworkAverage (homework)

Text events: 84-93

|f| 1# Compute and print the average of exam and homework scores(f|
2def printAverages (examScores, homeworkScores):
3| sum = 0
4 for s in examScores:
El sum += s
@ avg = sum / len(scores)
7 print ("Exam average:", avg)
8
g sum = 0
10| for s in homeworkScores:
11y sum += s
12 avg = sum / len(scores)
13| print ("Homework average:", avg)
14
15exams = [ 85, 90, 78 ]
1éhomework = [ 100, 85, 88, 92 ]
17
[El8printAverages (exams) i
1SprintHomeworkAverage (homework)

1l# Compute and print the average of exam and homework scores|
2|def printAverages (examScores, homeworkScores):
3 sum = 0

4 for s in examScores:

E sum += s

o avg = sum / len(scores)

il print ("Exam average:", avg)

8|

9 sum = 0

10] for s in homewcrkScores:

11] sum += s

12| avg = sum / len(scores)

13] print ("Homewocrk average:", avg)

14|

15lexams = [ 85, 80, 78 ]

1éhomework = [ 100, 95, 88, 92 ]

17]

18printRAverages (exams, homework)
19printHomeworkAverage (homework)
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Text events: 94-95

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3| sum = 0 3 sum = 0
4 for = in examScores: 4 for s in examScores:
5| sum += s 5| sum += s
[ avg = sum / len(scores) = avg = sum / len(scores)

7 print( am average:", avg) T print("Exam average:", avg)
8 8|

9 sum = 0 9 sum = 0

10| for = in homeworkScores: 10| for s in homeworkScores:
11] sum += s 11 sum += s

12| avg = sum / len(scores) 12| avg = sum / len(scores)

13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14

15exams = [ 85, 90, 78 ] 15lexams = [ 85, S0, 78 ]
1lehomework = [ 100, 85, 88, 92 ] 1ghomework = [ 100, 95, 88, %2 ]
17 17

18printAverages (exams, homework) 18printAverages (exams, homework)

Itll SprintHomeworkAverage (homework) il

Text events: 108-109

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3| sum = 0 3 sum = 0
4 for = in examScores: 4 for s in examScores:
5| sum += s 5| sum += s
[ avg = sum / len(scores) = avg = sum / len(scores)

7 print ("Exam average:", avg) il print ("Exam average:", avg)

8 g

9 sum = 0 9 sum = 0

10 for s in homeworkScores: 10f for s in homeworkScores:

11] sum += s 11 sum += s

12| avg = sum / len(scores) 12| avg = sum / len(scores)

13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14

15def main(): 15jdef main():

[léeexams = [ 85, 90, 78 ] (16| exams = [ 85, %0, 78 ]
17homework = [ 100, 985, 88, 92 ] 17| homework = [ 100, %5, 88, 92
18 18]

[ElSprintAverages (exams, homework) [£]15 printAverages (exams, homework)

20]
21|
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Text events: 152-159

|f 1# Compute and print the average of exam and homework scores{f| 1
2def printAverages (examScores, homewcrkScores): 2]
3| sum = 0 3
4 for = in examScores: 4
5| sum += s 5|
8| avg = sum / len(scores) [z
7 print( am average:", avg) T
8 8|
9 sum = 0 9

10| for = in homeworkScores: 10|
11] sum += s 11
12 avg = sum / len(scores) 12]
13| print ("Homework average:", avg) 13|
14 14
15def main(): 15]
16| exams = [ 85, 80, 78 ] 16|
17 homework = [ 100, 85, 88, 92 ] 17
18 18]
13| printAverages (exams, homework) 19
20| 120]
21if _name == "_ main_ ": 211
=] |Ef= 2]
23]

# Compute and print the average of exam and homework scores

ldef printAveragses (examScores, homeworkScores):
sum = 0
for s in examScores:
sum += s
avg = sum / len(scores)
print("Exam average:", avg)
sum = 0
for s in homeworkScores:
sum += s
avg = sum / len(scores)
print ("Homework average:", avg)

def main():
exams = [ 85, 90, 78 ]
homework = [ 100, $5, 88, 92

printAverages (exams, homework)

__main :

“main ()

Text events: 160-161

[t 1# Compute and print the average of exam and homework scoresft 1
2def printAverages (examScores, homeworkScores): 2]
3| sum = 0 3
4 for s in examScores: 4
El sum += s E
@ avg = sum / len(scores) (2
7 print ("Exam average:", avg) il
8| 8|
9 sum = 0 9

10 for s in homeworkScores: 10f
11] sum += s 11
12| avg = sum / len(scores) 12|
13| print ("Homework average:", avg) 13|
14 14|
15def main(): 15|
16| exams = [ 85, 80, 78 ] 16|
17 homework = [ 100, 95, 88, 92 ] 17]
18 13|
19| printAveragses (exams, homswork) 19
20| 120]
21if name == "_main ": 21)1
2 2] main () 12.2|
23| 23]

# Compute and print the average of exam and homework scores
def printAverages (examScores, homeworkScores):
sum = 0
for s in examScores:
sum += s
avg = sum / len(scores)
print ("Exam average:", avg)
sum = 0
for s in homeworkScores:
sum += s
avg = sum / len(scores)
print ("Homework average:", avg)
ldef main():
exams = [ 78 1
homework = %5, 88, 92
printAverages (exams, homework)
if name == "_ main "
main ()
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Text events: 162-167

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3] sum = 0 3 sum = 0
4 for s in examScores: 4 for s in examScores:
5 sum += s 5 sum += s
[t| 6 avg = sum / len(scores) [t] & examAvg = sum / len(scores)
7 print( am average:", avg) T print("Exam average:", avg)
8 8|
g sum = 0 9 sum = 0
10| for s in homeworkScores: 10] for s in homewcrkScores:
11y sum += s 11] sum += s
12 avg = sum / len(scores) 12] avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14
15def main(): 15jdef main():
16| exams = [ 85, 80, 78 ] 16| exams = [ 85, 90, 78 ]
17 homework = [ 100, 95, 88, 92 ] 17| homework = [ 100, $5, 88, 92
18 18]
13| printAverages (exams, homework) 19 printAverages (exams, homework)
20| 120]
21if _name == "_ main_ ": 21if _ name "__main_ ":
22 main() 122] main ()
23] 23]
Text events: 168-172
|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homeworkScores): 2|def printAverages (examScores, homeworkScores):
3| sum = 0 3 sum = 0
4 for s in examScores: 4 for s in examScores:
El sum += s E sum += s
@ examAvg = sum / len{scores) o examAvg = sum / len(scores)
(£ 7 print ("Exam average:", avg) (£ 7| print ("Exam average:", examAvg)
8 g
9 sum = 0 9 sum = 0
10 for s in homeworkScores: 10f for s in homeworkScores:
11] sum += s 11 sum += s
12| avg = sum / len(scores) 12| avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14
15def main(): 15/def main() :
16| exams = [ 85, 80, 78 ] 16| exams = [ 78 1
17 homework = [ 100, %5, 88, 92 ] 17| homework = %5, 88, 92
18 18]
19| printAveragses (exams, homswork) 19 printAverages (exams, homework)
20| 20]
21if name == "_main ": 21)if _name == "_ main "
2 2] main () 12.2| main ()
23] 23]
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Text events: 173-177

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3| sum = 0 3 sum = 0
4 for = in examScores: 4 for s in examScores:
5| sum += s 5| sum += s

[t| 6 eXamiv sum / len(scores) [t] & examAvg = sum / len(examScorss)
7 print( am average:", examAvg) T print("Exam average:", sxamAvg)
8 8|
9 sum = 0 9 sum = 0
10| for = in homeworkScores: 10| for s in homeworkScores:
11] sum += s 11 sum += s
12 avg = sum / len(scores) 12] avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14
15def main(): 15jdef main():
16| exams = [ 85, 80, 78 ] 16| exams = [ 85, 90, 78 ]
17 homework = [ 100, 95, 88, 92 ] 17| homework = [ 100, $5, 88, 92
18 18]
13| printAverages (exams, homework) 19 printAverages (exams, homework)
20| 120]
21if _name == "_ main_ ": 21if _ name "__main_ ":
22 main() 122] main ()
23] 23]

Text events: 178-182

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homeworkScores): 2|def printAverages (examScores, homeworkScores):
(£ 3| sum = 0 (£ 3 examSum = 0
4 for s in examScores: 4 for s in examScores:
El sum += s E sum += s
@ examAvg = sum / len{examScores) o examAvg = sum / len(examScores)
7 print ("Exam average:", cxamAvg) il print ("Exam average:", examhvg)
8| 8|
9 sum = 0 9 sum = 0
10 for s in homeworkScores: 10f for s in homeworkScores:
11] sum += s 11 sum += s
12| avg = sum / len(scores) 12| avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14|
15def main(): 15/def main() :
16| exams = [ 85, 80, 78 ] 16| exams = [ § 78 1
17 homework = [ 100, %5, 88, 92 ] 17| homework = %5, 88, 92
18 13|
19| printAveragses (exams, homswork) 19 printAverages (exams, homework)
20| 120]
21if name == "_main ": 21)if _name == "_ main "
2 2] main () 12.2| main ()
23| 23]
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Text events: 183-187

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3| examSum = 0 3 examSum = 0
4 for = in examScores: 4 for s in examScores:

[t| 5 sum += s (£ 5| examSum += s
8| eXamiv sum / len(examScores) & examAvg = sum / len(examScorss)
7 print( am average:", examAvg) T print("Exam average:", sxamAvg)
8 8|
9 sum = 0 9 sum = 0
10| for = in homeworkScores: 10| for s in homeworkScores:
11] sum += s 11 sum += s
12 avg = sum / len(scores) 12] avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14
15def main(): 15jdef main():
16| exams = [ 85, 80, 78 ] 16| exams = [ 85, 90, 78 ]
17 homework = [ 100, 95, 88, 92 ] 17| homework = [ 100, $5, 88, 92
18 18]
13| printAverages (exams, homework) 19 printAverages (exams, homework)
20| 120]
21if _name == "_ main_ ": 21if _ name "__main_ ":
22 main() 122] main ()
23] 23]

Text events: 188-197

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homeworkScores): 2|def printAverages (examScores, homeworkScores):
3| examSum = 0 3 examSum = 0
4 for s in examScores: 4 for s in examScores:
El examSum += s E examSum += s
[t @ examAvg = sum / len{examScores) [t] examAvg = examSum / len(examScores)
7 print ("Exam average:", cxamAvg) il print ("Exam average:", examhvg)
8| 8|
9 sum = 0 9 sum = 0
10 for s in homeworkScores: 10f for s in homeworkScores:
11] sum += s 11 sum += s
12| avg = sum / len(scores) 12| avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14|
15def main(): 15/def main() :
16| exams = [ 85, 80, 78 ] 16| exams = [ § 78 1
17 homework = [ 100, %5, 88, 92 ] 17| homework = %5, 88, 92
18 13|
19| printAveragses (exams, homswork) 19 printAverages (exams, homework)
20| 120]
21if name == "_main ": 21)if _name == "_ main "
2 2] main () 12.2| main ()
23| 23]
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Text events: 198-207

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3] examSum = 0 3 examSum = 0
4 for s in examScores: 4 for s in examScores:
5 examSum += s 5 examSum += s
8| examAvg = examSum / len(examScores) & examAvg = examSum / len(examScorss)
7 print( am average:", examAvg) T print("Exam average:", sxamAvg)
8 8|
[t 9 sum = 0 (£ 9 homeworkSum = 0
10| for = in homeworkScores: 10] for s in homewcrkScores:
11y sum += s 11] sum += s
12 avg = sum / len(scores) 12] avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14
15def main(): 15jdef main():
16| exams = [ 85, 80, 78 ] 16| exams = [ 85, 90, 78 ]
17 homework = [ 100, 95, 88, 92 ] 17| homework = [ 100, $5, 88, 92
18 18]
13| printAverages (exams, homework) 19 printAverages (exams, homework)
20| 120]
21if _name == "_ main_ ": 21if _ name "__main_ ":
22 main() 122] main ()
23] 23]
Text events: 208-216
|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homeworkScores): 2|def printAverages (examScores, homeworkScores):
3| examSum = 0 3 examSum = 0
4 for s in examScores: 4 for s in examScores:
El examSum += s E examSum += s
@ examAvg = examSum / len(examScores) o examAvg = examSum / len(examScores)
7 print ("Exam average:", cxamAvg) il print ("Exam average:", examhvg)
8 g
9 homeworkSum = 0 9 homeworkSum = 0
10 for s in homeworkScores: 10f for s in homeworkScores:
[£]11] sum += s (£]11] homeworkSum += s
12| avg = sum / len(scores) 12| avg = sum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14
15def main(): 15/def main() :
16| exams = [ 85, 80, 78 ] 16| exams = [ 78 1
17 homework = [ 100, %5, 88, 92 ] 17| homework = %5, 88, 92
18 18]
19| printAveragses (exams, homswork) 19 printAverages (exams, homework)
20| 20]
21if name == "_main ": 21)if _name == "_ main "
2 2] main () 12.2| main ()
23] 23]
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Text events: 232-240

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3| examSum = 0 3 examSum = 0
4 for = in examScores: 4 for s in examScores:
5| examSum += s 5| examSum += s
8| examAvg = examSum / len(examScores) & examAvg = examSum / len(examScorss)
7 print( am average:", examAvg) T print("Exam average:", sxamAvg)
8 8|
9 homeworkSum = 0 9 homeworkSum = 0
10| for = in homeworkScores: 10| for s in homeworkScores:
11] homeworkSum += s 11 homeworkSum += s
[E12 avg = homeworkSum / len(scores) [£f12| homeworkAvg = homeworkSum / len(scores)
13| print ("Homework average:", avg) 13| print ("Homework average:", avg)
14 14
15def main(): 15jdef main():
16| exams = [ 85, 80, 78 ] 16| exams = [ 85, 90, 78 ]
17 homework = [ 100, 95, 88, 92 ] 17| homework = [ 100, $5, 88, 92
18 18]
13| printAverages (exams, homework) 19 printAverages (exams, homework)
20| 120]
21if _name == "_ main_ ": 21if _ name "__main_ ":
22 main() 122] main ()
23] 23]

Text events: 241-249

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores

2def printAverages (examScores, homeworkScores): 2|def printAverages (examScores, homeworkScores):

3| examSum = 0 3 examSum = 0

4 for s in examScores: 4 for s in examScores:

El examSum += s E examSum += s

@ examAvg = examSum / len(examScores) o examAvg = examSum / len(examScores)

7 print ("Exam average:", cxamAvg) il print ("Exam average:", examhvg)

8| 8|

9 homeworkSum = 0 9 homeworkSum = 0

10 for s in homeworkScores: 10f for s in homeworkScores:

11] homeworkSum += s 11 homeworkSum += s

12| homeworkAvg = homeworkSum / len(scores) 12| homeworkAvg = homeworkSum / len(scores)
[£]1 3] print ("Homework average:", avg) [£]13] print ("Homework average:", homeworkAvg)

14 14|

15def main(): 15/def main() :

16| exams = [ 85, 80, 78 ] 16| exams = [ § 78 1

17 homework = [ 100, %5, 88, 92 ] 17| homework = %5, 88, 92

18 13|

19| printAveragses (exams, homswork) 19 printAverages (exams, homework)

20| 120]

21if name == "_main ": 21)if mname == "_main ":

2 2] main () 12.2| main ()

23| 23]
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Text events: 250-258

|f 1# Compute and print the average of exam and homework scores{f] 1# Compute and print the average of exam and homework scores
2def printAverages (examScores, homewcrkScores): 2ldef printAverages (examScores, homeworkScores):
3] examSum = 0 3 examSum = 0
4 for s in examScores: 4 for s in examScores:
5 examSum += s 5 examSum += s
8| examAvg = examSum / len(examScores) & examAvg = examSum / len(examScorss)
7 print( am average:", examAvg) T print("Exam average:", sxamAvg)
8 8|
g homeworkSum = 0 9 homeworkSum = 0
10| for s in homeworkScores: 10] for s in homewcrkScores:
11y homeworkSum += s 11] homeworkSum += s
[E12 homeworkAvg = homeworkSum / len(scores) [£f12| homeworkAvg = homeworkSum / len (homeworkScores)
13| print ("Homework average:", homeworkAvg) 13| print ("Homework average:", homeworkAvg)
14 14
15def main(): 15jdef main():
16| exams = [ 85, 80, 78 ] 16| exams = [ 85, 90, 78 ]
17 homework = [ 100, 95, 88, 92 ] 17| homework = [ 100, $5, 88, 92
18 19|
13| printAverages (exams, homework) 19 printAverages (exams, homework)
20| 120]
21if _name == "_ main_ ": 21if _ name "__main_ ":
22 main() 122] main ()
23| 23]
. .
Task: generalizeAvgFunctions_2
Text events: 1-2
lf| 1#include <iostream:> [f| 1|#include <iostream>
2#include <vector> 2[#include <vector>
3 3
4)// Compute and print the average of exam scores 4|// Compute and print the average of exam scores
Sivoid printExamAverage (const std::vector<int>& scores) { Svoid printExamAverage (const std::vector<int>s scores) |
€| int sum = 0; 2 int sum = 0;
7 for (int s scores) { 7 for (int s scores) |
8| sum += s; 8| sum += s;
E } 9 1
10| double avg = static_cast<double>(sum) / scores.size(): 10| double avg = static_cast<double>(sum) / scores.size();
11] std::cout << "Exam average: " << avg << std::endl; 11] std::cout << "Exam average: " << avg << std::endl;
12} 12}
13| 13]
14|/// Compute and print the average of homework scores 14)// Compute and print the average of homework scores
15void printHomeworkAverage (const std::vector<int>& scores) {| [15veid printHomsworkAvsrage (const std::vector<int>»& scores)
16 int sum = 14| int sum = 0;
17 for (int s scores) { 17| for (int s scores) {
18 sum += s; 18 sum += s;
13| } 19 }
20| double avg = static cast<dcuble> (sum) / scores.size(); 120| double avg = static_cast<double>(sum) / scores.sizse();
21 std::cout << "Homework average: " << avg << std::endl; | |2]] std::cout << "Homewcrk average: " << avg << std::endl;
22(}
23|
IE|
24lint main() { 0 1
2 5| std: :vector<int> exams ::vector<int> exams = {85, 90, 78};
2 6| std: :vector<int> homework = 28| std::vector<int> homework = {100, 95, 38, 92};
27 129
28] printExamAverage (exams) ; 130| printExamAverage (exams) ;
28 printHomeworkRAverage (homework) ; 131 printHomeworkAverage (homework) ;
30| 132]
31 return 0; 133 return 07
32]} 134[}
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Text events: 32-38

If| 1#include <iostream> [ 1#include <iostream>
2#include <vector> 2ffinclude <vactor>
3 3
4/// Computs and print the average of exam scores 4// Ccmpute and print the average of exam scores
Svoid printExamiverags (const std::vector<int>s scores) { Sweid printExamAverage (const std::vector<int>s scores)
6| int sum = 0; 6| int sum = 0;
7 for (int s scores) { 7] for (int s scores) {
8| sum += s5; 8| sum += s;
S| } 9 }
10| double avg = static cast<double>(sum) / scorss. 10 double avg = static cast<double>(sum) / scores.sizs();
11| std: :cout << "Exam average: " << avg << std::endl; L1l std::cout << "Exam average: " << avg << std::endl;
12} 12(}
13| i3]
14|// Compute and print the average of homework scores 14)// Compute and print the average of homework scores
15/double average (const std::vector<int>s scores) 15double average (const std::vector<int>s scores) {
14 int sum = 0; 16| int sum = 0;
17 for (int s scores) { 17 for (int s scores) |
18] sum += s; 8| sum += s;
18 ] }

[E[20| double avg = static_cast<double>(sum) / scores.siza(); return double avg = static cast<double>(sum) / scores.size();
21| std: :cout << "Homework average: " << avg << std::endl;| (21 std::cout << "Homework average: " << avg << std::endl;
22/} 22(}
23| 23
24 24
25| 25
26int main{) { 26[int main() {

27 std: :vector<int> exams 27| std::vector<int> exams = {85, 90, 78};
28| std: :vector<int> homework 8| std::vector<int> homework = {100, 95, 88, %2};
28 29|
30| printExamAverage (exams) ; 30 printExamAverage (exams) ;
31| printHomeworkAverage (homework) ; 31 printHomeworkAverage (homework) ;
32 32
33| return 0; 33 return 0;
34(} 34(}
Text events: 39-44
If| 1jfinclude <iostream> [f| 1#include <iostream>
2#include <vector> 2l#include <vector>
3| 3
4// compute and print the average of exam scores 4l// compute and print the average of exam scores
Sivoid printExamAverage (const std::vector<int>s scores) { Swoid printExamAverage (const std::vector<int>& scores) |
[ int sum = 0; 6| int sum =
i for (int s scores) { 7 for (int s scores) {
8 sum += s; 8| sum += =7
9 1 9 3
1.0] double avg = static_cast<double>(sum) / scores.size(); [L0) double avg = static_cast<double>(sum) / scores.size();
11 std::cout << "Exam average: " << avg << std::endl; 1] std::cout << "Exam average: " << avg << std::endl;
12(} a2
13] 13
14// Compute and print the average of hcomework scores [l4// Compute and print the average of hcmework scores
15/double average (const std::vector<int>s scores) 15double average (const std::vector<int>s scores)
1| int sum = 0; 16| int sum = 0;
17| for (int s scores) { IL7] for (int = scores) {
18| sum += s; 18| sum += s;
18] } 1 }
20| return double avg = static_cast<double>(sum) / scores.size();| [20] return double avg = static cast<double>(sum) / scores.size();
[el2 1f std: :cout << "Homework average: " << avg << std::endl; (]
220} 21}
23] 22
124 23
2 5] 24
26int main() { 25int main{) {
27| std::vector<int> exams [2 €| std::vector<int> exams
28] std: :vector<int> homework = 9217 27 std: :vector<int> homework = H
29 28
30f printExamAverage (exams) ; 29| printExamAverage (exams) ;
31 printHomeworkAverage (homework) ; 30 printHomeworkAverage (homework) ;
32] [31]
33 return 0; 32| return 0;
34} 33}
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Text events: 51-52

If| 1jfinclude <iostream> [f| 1#include <iostream>
2#include <vector> 2f#include <vector>
3| 3
4// compute and print the average of exam scores 4l// compute and print the average of exam scores
Svoid p tExamAverage (const std::vector<int>s scores) { Swvoid printExamAverage (const std::vector<int>s scores) {
g int sum = 05 [ int sum = 0;
i for (int s : scores) { 7 for (int s : scores) {
8 sum += s; 8| sum += =7
g } El 3
1.0 double avg = static_cast<double>(sum) / scores. i [10) double avg = static_cast<double>(sum) / scores.size();
11 sT out << "Exam averag " <€ avg << std: 11| std cut << "Exam average: " << avg << std
121 12}
13] 13
14// Compute the average scores [14// Compute the average scores
15double average(const std::vector<int>s scores) { [l5double average (const std::vector<int>s scores)
1 6| int sum = 0; 16| int sum = 0;
17| for (int s : scores) { 117] for (int = : scores) {
18| sum += s; 18| sum += s;
19| } 19| 3
2 0f return double avg = static_cast<double>(sum) / scores.size();| [20| return deuble avg = static_cast<dcuble>(sum) / scores.siza():
211 21}
22} 22]
23] 23
124 24
25fint main() 1 P5/int main() {
2 € std: :vector<int> exams 2| std::vector<int> exams
27) st ector<int> homework 9217 27 std::vector<int> homework i
12 8| 28]
29| printExamAverage (exams) ; 29| printExamAverags (exams) ;
s [E[30jlstd: :cout << "Homework average: " << avg << std::endl;
30| printHomeworkAverage (homework) ; 31| printHomeworkAverage (homework) ;
31 32
32| return 0; 33| return 0;
33[; 34[3
Text events:63-70
[f[ 1#include <iostream> [f| Y#include <iostream>
2i#include <vector> 2l#include <wvector>
3| 3|
4)// compute and print the average of exam scores 4// compute and print the average of exam scores
Sivoid printExamAverage (const std::vector<int»>s scores) | Slvocid printExamAverage (const std::vector<int>s scores) [
6| int sum = 0; 9 int sum = 0;
7 for (int s : scores) { 7 for (int s : scores) {
il sum += s; 8 sum += s;
9 1 9 3
10| double avg = static_cast<double> (sum) / scores.si 0| double avg = static_cast<double>(sum) / scores.size();
11| std::cout << "Exam average: " << avg << std::endl; 1 std::cout << "Exam average: " << avg << std::endl;
2l aly
13| 3
14/// Compute the average scores 14)// Compute the average scores
[L5double average (const std::vector<int>s scores) { [L5double average (const std::vector<int>»s& scores)
116 int sum = 0; 16| int sum = 0;
L7, for (int = scores) { L7 for (int s : scores) {
118 sum += s; s sum += s;
19| } 9| }
20| return double avg = static_cast<double>(sum) / scores.size():| [20| return double avg = static_cast<double>(sum) / scores.size();
o1y a1}
22 22
23| 23|
24 24
eSlint main() { RSliint main() {
26| std: :vector<int> exams 2 std::vector<int> exams = {85, 80, 78};
o7 std: :vector<int> homework 27 std::vector<int> homework = {100, 95, 88, $2};
28| 28|
25 printExamiverage (exams) ; 2o printExamiverage (exams) ;
30| 30|
[E}31] std::cout << "Homework average: " << avgerage << std::endl; [£31] std::cout << mework average: " << avgerage (exames) << std::endl;
32 printHomeworkiverage (homework) ; 32 printHomeworkaverage (homework) ;
33| 33|
34 return 0 34 return 0;
35)1 35(}
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Text events: 71-76

|f| l#include <iostream> [ 1 clude <iostream>
2#include <vector> 2| clude <vector>
3 3
4// Compute and print the average of exam scores 4// Compute and print the average of exam scores
Svoid printExamAverage (const std::vector<int>s scores) { Svoid printExamAverage (const std::vector<int>& scores) {
| int sum = 0; int sum = 07
7| for (int s scores) { 7 for (int s scores) {
8| sum += s; 5| sum += s;
e } 9 1
10| double avyg = static_cast<double>(sum) / scores.size(); 10 double avg = static_cast<double>(sum) / scores.size();
1] std::cout << "Exam average: " << avg << std::endl; 11| std::cout << "Exam average: " << avg << std::endl;
2 12}
L3 13
[L4/// Compute ths average scores 14// Compute the average scores
[L5/double average(const std ector<int>s scores) 15doubls averags (const std::vector<int>s scores) {
L&l int sum = 0; 1 int sum = 07
7 for (int s scores) { 17| for (int s scores) {
18] sum += s} 18 sum += s;
L9 13
20| return double avg = static cast<docuble> (sum) / scores.size(); 20| return double avg = static cast<double>(sum) / scores.size();
21y 21}
122 22
23] 23
24 24
2Slint main() { 25int main()
126 std: :vector<int> exams = 2 = {85, 90, 78}:
27 std: :vector<int> homework = 27 std::vector<int> homework = {100, 95, 88, 92};
28] 28
lef2 9| printExamAverage (exams) ; =]
30| 29
31] std::cout << "Homework average: " << avgerage (exames) << std::endl;| (30| std::cout << "Homework average: " << avgerage (exames) << std::endl;
32| printHomeworkAverage (homework) ; 31 printHomeworkAverage (homework) ;
133 32
34| return 07 33 return 07
Bs 34
Text events: 76-77
|f| 1j#include <iostream> If 1l#include <iostream>
2ftinclude <vector> 2#include <vector>
3| 3|
4)// Compute and print the average of exam scores 4// Compute and print the average of exam scores
Svoid printExamiverage (const std::vector<int>s scores) { Svoid printExamAverage (const std::vector<int>e scores) {
§ int sum = 0; int sum = 0;
7 for (int s scores) { 7] for (int s scores) |
il sum += s; 8| sum += s;
E } 9 1
ils double avg = static_cast<double>(sum) / scores.size(); 10| double avg = static_cast<double>(sum) / scores.size();
1] std::cout << "Exam average: " << avg << std::endl; 11 std::cout << "Exam average: " << avg << std:rendl;
2l 12}
13 13|
14l// compute the average scores 14)// compute the average scores

L5/double average (const std::vector<int>:& scores)

1S|double average{const std::vector<int>& scores) {

i int sum = 0; 1 int sum =

17| for (int s scores) { 17| for (int s scores) |

18] sum += s; 18| sum += s;

13 1 19 1

20| return double avg = static cast<double>(sum) / scores.size(); 20| return double avg = static_cast<double>(sum) / scores.size();
21

22

23

[24]

P5[int main() {

12 ¢ std::vector<int> exams = 7817 = {85, 90, 78}:

27 std::vector<int> homework = 88, 92}; = {100, 95, 88, 92};

28|

ni2 9| ol

130| 29|

=<kl std::cout << "Homework average: " << avgerage(exames) << std::endl;[30 cout << "Homework average: " << avgerage (exams) << std::endlj|
32 printHomeworkAverage (homework) ; 31| tHomeworkAverage (homework) ;

33 32|

34 return 0; 33 return 07

35l 323
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Text events: 78-79

[{ 1f#include <iostream> [f] 1#include <icstream>
2i#include <vector> 2l#include <vector>
3 3|
4/// Compute and print the average of sxam scores 4l// Compute and print the average of exam scores
Svoid printExamAverage(const std::vector<int>s scores) { Svoid printExamiverage(const std::vector<int>s scores) {
6| int sum = 07 8| int sum = 0;
7 for (int s scores) { ] for (int s scores) {
il sum += s; 8| sum += s;
9 1 9| 1
10| double avg = stat cast<double>(sum) / scores.size(); 10| double avg = static_cast<double>(sum) / scores.
11| std::cout << "Exam average: " << avg << std::endl; 1] std::cout << "Exam average: " << avg << std::em
12(} 2y
13| 13|
14|// Compute the average scores 4l// compute the average scores
15double average(const std::vector<int>s scores) [L5double average (const std::vector<int>s& scores)
16| int sum = 07 L&l int sum = 07
17| for {(int s scores) { IL7] for (int s scores) {
18] sum += s; 18| sum += s;
19| 1 119 1
20| return double avg = static cast<double>(sum) / scores.size(); 20| return double avg = static cast<double>(sum) / scores.size();
21} 21}
22| 22|
23| 23|
24| j24]
25lint main{() { RSlint main() {
24 vector<int> exams oz std::vector<int> exams
27 std::vector<int> homework 27 std::vector<int> homework
28| 28|
29| 29|
30| std::cout << "Homework average: " << avgerage (ezams) << std::endl;| [30| std::cout << "Homework average: " << avgerage(exams) << std::endl;
I£| ltf31jstd: :cout << "Exam average: " << avg << std::endl;
31| printHomeworkAverage (homework) ; 32 printHomeworkAverage (homework) ;
32| 33|
33| return 0; 34 return 0;
34[} 135}
Text events: 95-98
[{ 1finclude <iostream> [f] Finclude <icstream>
2i#include <vector> 2l#include <vector>
3| 3|
4)// Compute and print the average of exam scores 4/// Compute and print the average of exam scores
Svoid printExamAverage (const std::vector<int>s scores) { Svoid printExamAverage (const std::vector<int>& scores) {
6| int sum = 07 el int sum = 0;
7 for {(int s scores) { 7] for (int s scores) {
] sum += s; 8| sum += s;
9 } 9| )
10| double avg = static_cast<double>(sum) / scores.size(); IL0| double avg = static_cast<double>(sum) / scores.si
11| std::cout << "Exam average: " << avg << std::endl; 1] std::cout << "Exam average: " << avg << std::endl;
12(} L2y
13| 113
14/// Compute the average scores 14/// Compute the average scores
15|doukble average(const std::vector<int>& scores) [L5|double average (const std::vector<int>& scores)
16| int sum = 0; ILe| int sum = 07
17| for (int s scores) { IL7] for (int s scores) {
18] sum += s; L8| sum += s;
19| 1 19| }
20| return double avg = static_cast<double>(sum) / scores.size(); 20| return double avg = static_cast<double>({sum) / scores.size();
21} 21y
22) 22
23] 23]
24 24|
25lint main() { 2Slint main() {
26| std: :vector<int> exams 783 |2 6| std: :vector<int> exams { 80, 78%:
27 std: :vector<int> homework = . 95, 88, 92}: 27 std: :vector<int> homework = { , 95, 88, 92};
23 28|
[£29] std::cout << "Exam average: " << avg << std::endl; [tl2 of std::cout << "Exam average: " << average << std::endl;
30| cut << "Homework average: " << avgerage (exams) << std::endl;| [30| < mework average: " << avgerage (exams) << std::endl;
31| std::cout << "Exam average: " << avg << std::endl; 31] std::cout << "Exam average: " << avg << std::endl;
32) printHomesworkaverage (homswork) ; 32 printHomeworkaverage (homework) ;
33| 33|
34 return 0; 34 return 07
33 B3
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Text events: 99-107

[{ 1f#include <iostream> [f] 1#include <icstream>
2i#include <vector> 2l#include <vector>
3 3|
4/// Compute and print the average of sxam scores 4l// Compute and print the average of exam scores
Svoid printExamAverage(const std::vector<int>s scores) { Svoid printExamiverage(const std::vector<int>s scores) {
6| int sum = 07 8| int sum = 0;
7 for (int s scores) { ] for (int s scores) {
il sum += s; 8| sum += s;
9 1 9| 1
10| double avg = stat cast<double>(sum) / scores.size(); 10| double avg = static_cast<double>(sum) / scores.
11| std::cout << "Exam average: " << avg << std::endl; 1] std::cout << "Exam average: " << avg << std::em
12(} 2y
13| 13|
14|// Compute the average scores 4l// compute the average scores
15double average(const std::vector<int>s scores) [L5double average (const std::vector<int>s& scores)
16| int sum = 07 L&l int sum = 07
17| for {(int s scores) { IL7] for (int s scores) {
18] sum += s; 18| sum += s;
19| 1 119 1
20| return double avg = static cast<double>(sum) / scores.size(); 20| return double avg = static cast<double>(sum) / scores.size();
21} 21}
22| 22|
23| 23|
24| j24]
25lint main{() { RSlint main() {
24 std::vector<int> exams oz vector<int> exams
27 std::vector<int> homework 27 :vector<int> homework
28| 28|
[£29| std::cout << "Exam average: " << average << std::endl; Iefz 9| std::cout << am average: " << average (exams) << std::endl;
30| std::cout << "Homework average: " << avgerage (ezams) << std::endl;| [30| std::cout << mework average: " << avgerage (exams) << std::endl;
31| std::cout << "Exam average: " << avg << std::endl; 31] std::cout << am average: " << avg << std::endl;
32 printHomeworkAverage (homework) ; 32 printHomeworkAverage (homework) ;
33| 33|
34| return 0; 34 return 0;
35]} 135}
Text events: 108-117
[{ ¥include <iostream> [{ finclude <iostream>
2#include <vector> 2#include <vector>
3| 3
4l// Compute and print the average of sxam scores 4l// Ccompute and print the average of sxam scores
Svoid printExamAverage (const std::vector<int>& scores) { Svoid printExamAverage (const std::vector<int>& scores) {
€| int sum = 0; | int sum = 0;
7 for (int s : scores) { 7 for (int s : scores) {
8| sum += s; 8| sum += g7
9l 1 E 1
10| double avg = static_cast<double>(sum) / scores. 10| double avg = static_ cast<double>(sum) / scores.
1] std::icout << "Exam average: " << avg << std: 1] std::icout << "Exam average: " << avg << std:
2t 2}
L3 113
[L4// Cempute the average scores l4// Compute the average scores
[L5/double average (const std::vector<int>& scores) l5double average(const std::vector<int>& scores)
g int sum = 07 i int sum = 0;
L7 for (int s scores) { 17 for (int s scores) {
i sum 4= s; ik sum 4= s;
19 1 s i
20| return double avg = static_cast<double>(sum) / scores.size(); 20| return double avg = static_cast<double>(sum) / scores.size();
21 21y
22 2]
123 23
24 24
R5lint main() { PSlint main() {
12 8| iivector<int> exams = 12 €| std::vector<int> exams = {83, 80, 78},
127 ector<int> homework = 27| ector<int> homework = {100, 95, 88, 92};
28| 28]
29| "Exam average: " << average (exams) << std::endl; 29| out << "Exam average: " << average (exams) << std::endl;
£l 0| "Homework average: " << avgerage (exams) << std::endl;[£30| omework average: " << avgerage (homework) << std::endl;
31] "Exam average: " << avg << std::endl; 31] rrcout << "Exam average: " << avg << std::endl;
32 printHemeworkAverage (homework) ; 32 printHomeworkAverage (homework) ;
33| 33
34 return 07 134 return 0;
B3t B3}
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Text events: 118-119

nclude <iostream>
#include <vector>

T

1]
2
3
4l// Compute and print the average of exam scores

Svoid printExamiverage (const std::vector<int>: scores) |
| int sum = 0;

5

8|

for (int s : scores) {

sum += s;
e 1

Lol double avg = static_cast<double>(sum) / scorss.
| std::cout << "Exam average: " << avg << std::endl
12}

13|

4/ Compute the average scores
l5double average (const std::wector<int>: scores)
14| int sum = 0;

ffinclude <iostream>
#include <vector>

T

2
3
4// compute and print the average of exam scores
Sjvoid printExamiverage (const std::vector<int>& scores)
g int sum = 07
7 for (int s
g sum += s;

E

seores) {

i3

1.0 double avg = static_cast<double>(sum) / scores.sizs();
11} std ut << "Exam average: " << avg << std::endl;
12

13]

14|// Compute the average scores
15ldouble average (const std::vector<int>& scores) {

1¢f int sum = 07

7] for (int s : scores) { 17] for (int s : scores) {

L8| sum += s; g sum += s;

L8| } 13| i3

20| return double avg = static_cast<double>(sum) / scores.size(); 120] return deuble avg = static_cast<double>{sum) / scores.size();
e 21y

22| 22]

23| 23]

[24] 24]

pslint main() { 2slint main() {

2| vector<int> exams = 2¢| vector<int> exams = (85,

[27] :vector<int> homework = B 27] :vector<int> homework = {100, 95,

[28| 8

29| cout << "Exam average: " << average(exams) << std::endl; 29 am average: " << average (exams) << std::endl;
30| cout << "Homework average: " << avgerage (homework) << std::endl;|[30) mework average: " << avgerage (homework) << std::endl;
efz1) cout << "Exam average: " << avg << std::endl; [e3 1]

132 printHomeworkAverage (homework) 7

33 32|

4] return 0; 33| return 0;

B35l 34
Text events: 118-120
[ iffinclude <iostream> [ finclude <iostream>

2#include <vector> 2j#include <vector>

3 3

4// compute and print the average of exam scores 4l// compute and print the average of exam scores

Svoid printExamAverage (const std::vector<int>& scores) | Sjvoid printExamAverage (const std::vector<int>& scores)

4 int sum = 0; gl t sum =0

7 for (int s : scores) { 7 for (int s : scores) {

8| sum += s; &l sum += s;

£ } 9 ¥

10| double avg = static_cast<double>(sum) / scores.siz=s(); 110] doukble avg = static_cast<double>(sum) / scores.size();

| std:iicout << "Exam average: " << avg << std::endl; 11} std:icout << am average: " << avg << std::endl;

L2 12(3

13| 13}

[L4/// Compute ths average scores 14)// compute the average scores

[l5/double averags (const std::vector<int>s scores) 15double average (const std::vector<int>s scores) {

1| int sum = 0; 1¢f int sum = 07

[17] for (int s : scores) { 17] for (int s : scores) |

18| sum += s; el sum 4= s;

1| } 19| }

20| return double avg = static_cast<double>(sum) / scores.size(); 20) return double avg = static_cast<double>({sum) / scores.size();

21l 21f

22| 22]

23 23]

24 24|

R5int main() { 25int main() {

2 é| vector<int> sxams = (85, 90, 78}; 26| vector<int> exams = {85, 90, 78};

27| vector<int> homework = {100, 95, 88, 92}; 27 vector<int> homswork = {100, 95, 88, 92}

28| 8

29| std::cout << "Exam average: " << average (exams) << std::endl; 29| am average: " << average (exams) << std::endl;

30| std::cout << "Homework average: " << avgerage (homework) << std::endl;| |30} mework average: " << avgerage (homework) << std::endl;
efz1] std::cout << "Exam average: " << avg << std::endl; It

32| printHomeworkAverage (homework) 7

33| 31

[34] return 0; 32] return 0;

331 33[3
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Text events: 119-121

T

nclude <iostream>
#include <vector>

1]

2]

3|

4// compute and print the average of exam scores

Svoid printExamBverage (const std::vector<int>& scores) {
4
4
g

int sum = 07
for (int s : scores) {
sum += s;

E 3
10| double avg = static_cast<double>(sum) / scores.size();
11| std:i:cout << "Exam average: " << avg << std::end
L2
3]

[14[// Compute the average scores
[L5[double awverage(const std::vector<int>s& scores)

T

iffinclude <iostream>

3f#include <vector>

3

4l// Ccompute and print the average of exam scores

Syoid printExamAverage (const std::vector<int>& scores)
&| int sum = 0;

7 for (int s scores) {

8 sum 4= s7

9| F

10| double avg = static_cast<double>(sum) / scores.size();
11 std:icout << "Exam average: " << avg << std::endl;
12/}

13

14)// Compute the average scores
15/double average (const std::vector<int>s scores) {

16| int sum 16| int sum = 0;
7] for (int s : scores) { 17 for (int s : scores) {
1} sum 8| sum 4= =7
19| 1 19| }
20| return double avg = static_cast<double>(sum) / scores.size(); 20| return deouble avg = static_cast<double>(sum) / sceres.
el 21
22] 22
23| 23
24 24
R5lint main() { 25/int main() {
2| std::vector<int> exams = 26| vector<int> exams = {85, 90, 78};
27 std::vector<int> homework = ; 27 :vector<int> homework = {100, S5, 88, 92};
12 5| 8|
29| std::cout << "Exam average: " << average (exams) << std::endl; 25| cout << "Exam average: " << average (exams) << std::endl;
£30] std::cout << "Homework average: " << avferage (homework) << std::endl; out << "Homework average: " << average (homework) << std::endl;
31
32) printHomeworkAverage (homework) ;
133 31
34 return 0; 32 return 0;
B3l 33
Text events: 120-121
[f] #include <iostream> [ 1finclude <iostream>
2j#include <vector> 2f#¢include <vector>
3 3
4)// compute and print the average of exam scores 4/// Compute and print the average of exam scores
Svoid printExamAvesrags(const std::vector<int>& scores) { S5wvoid printExamAverage (const st vector<int>s scores)
4 int sum = 0; 6 int sum = 0;
7 for (int s : scores) { 7 for (int s : scores) {
) sum += s; g sum += s;
9 3 9| ]
10| double avg = static_cast<double>(sum) / scores.size(): 10| double avg = static_cast<double>(sum) / scores.size();
1| std::cout << "Exam average: " << avg << std:: 11 std::cout << "Exam average: " << avwg << std::endl;
L2y 12\1
13| 13

[14)// Compute the average scores
Ls{double average(const std::vector<int>& scores)

¢ int sum = 0;

17| for (int s scores) {

13} sum += s;

9| 1

20| return double avg = static_cast<double>(sum) / scores.size();
21y

22]

23|

24

2Slint main() {

2 el std::vector<int> exams 85, 90, 781

27] std::vector<int> homework 100, 95, 88, 92};

23]

29| cout << "Exam average: " << average(exams) << std::endl;
[ef30) :cout << "Homework average: " << av@erage (hcmewerk) << std
31

32]

33| return 0;

124

14/// Compute the average scores

15Houble average (const std::wector<int>& scores) {

16| int sum = 0;

17 for (int s scores) {

8 sum 4= s7

19| ¥

20| return double avg = static_cast<double>(sum) / scores.sizs();

25int main() {
vector<int> exams

= 90, T8};
vector<int> homework =

95, 88, 921;

out << "Exam average: " << average (exams) << std::endl;

cout << "Homework average: " << average (homework) << std:
31
32 return 0;
331

sendl;
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Text events: 122-124

[{ 1finclude <iostream> [ finclude <iostream>
2include <vector> 2f#include <vector>
£l 3| el
4/// Compute and print the average of exam scores
Swoid printExamAverage (const std::vector<int>& scores) {
6| int sum = 0;
7 for (int s scores) {
8 sum += s;
El )
10| double avg = static_cast<double>(sum) / scores.size();
1] std::cout << "Exam average: " << avg << std::endl;
L2}
13| 3|
[L4)// Compute the average scores 4|// Compute the average scores
[L5doukle average (const std::vector<int>s scores) Sdouble average(const std::vector<int>& scores) {
[Le| int sum = 0; 9 int sum = 0;
7] for (int s : scores) { 7 for (int s : scores)
g sum += s; g sum += s;
19| ¥ 9 )
20| return double avg = static cast<double>(sum) / scores.size(); 10| return double avg = static_cast<double>(sum) / scores.size();
21| 11
22) 12}
23| 13|
24 14
2Slint main() { 15lint main() {
26| std::vector<int> exams 16| std::vector<int> exams = {85, 380, 78};
127 std::vector<int> homework ; 17} std::vector<int> homework = {100, 95, 88, 32};
28| 15
29| std::cout << "Exam average: " << average (exams) << std::endl; 19| std::cout << "Exam average: " << average(exams) << std::endl;
30| std::cout << "Homework average: " << average (homework) << std::endl;|[20) std::cout << "Homework average: " << average (homework) << std::endl;
31| 21
32 return 0; [22] return 0;
B3 23]
. .
Task: generalizeAvgFunctions 3
Text events: 1-6
lf| 1#include <iostream:> [f| 1|#include <iostream>
2#include <vector> 2l#include <vector>
3] 3
4/// Compute and print the average of sxam scores 4|// Compute and print the average of exam scores
Svoid printExamAverage (const std::vector<int>& scores) { Swcid printExamBverage (const std::vector<int>s scores) {
6| int sum = 0; 6| int sum = 0;
7 for (int s scores) { 7 for (int s scores) {
8| sum += s; 8| sum += s;
E } 9 1
10| double avg = static_cast<double>(sum) / scores.size(): 10| double avg = static_cast<double>(sum) / scores.size();
11] std::cout << "Exam average: " << avg << std::endl; 11] std::cout << "Exam average: << avg << std::endl;
12} 12}
13| 13]
14/// Compute and print the average of homework scores 14|// Compute and print the average of homework scores
15void printHomeworkAwverage (const std::vector<int>s scores) {| [15void printHomeworkAverage (const std::vector<int>s scores)
16| int sum = 0; 16| int sum = 0;
17 for (int s scores) { 17| for (int s scores) |
18 sum += s; 18 sum += s;
13| } 19 }
20| double avg = static cast<dcuble> (sum) / scores.size(); 120| double avg = static_cast<double>(sum) / scores.sizse();
21 std::cout << "Homework average: << avg << std::endl; | |21 std::cout << "Homewcrk average: " << avg << std::endl;
22(} 122(}
23| 23]
(| [E]24lvoid
125]
24lint main() { [26lint main() {
2 5| std: :vector<int> exams 127] std: :vector<int> exams = {85, 80, 738};
2 8| std: :vector<int> homework B 23| std::vector<int> homework = {100, 95, 88, 92};
27 129
28 printExamAverage (exams) ; 130] printExamAverage (exams) ;
28 printHomeworkRAverage (homework) ; 131 printHomeworkAverage (homework) ;
30| 132]
31 133 return 07
32]} 134[}
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Text events: 58-58

T

20
21
22
23]
24
25

2§
27
28
23
30
31
32
33
34
35
3§

#include <iostream> (£ 1
#include <vector> 2|
3

// Compute and print the average of exam scores 4
void printExamAverage (const std::vector<int»& scores) { 5
int sum = 0; =

for (int s scores) { T

sum += s; 8|

} 9
double avg = static cast<dcuble> (sum) / scores.size(); 10|
std::cout << "Exam average: " << avg << std::endl; 11]

1 12]
13]

// Compute and print the average of homework scores 14
void printHomeworkAverage (const std::vector<int>s scores) {| |19
int sum = 0; 16|
for (int s scores) { 17|

sum += s; 18

} 19
double avg = static_cast<double>(sum) / scores.size(); | [20]
std::cout << "Homework average: " << avg << std::endl; 121

1 122]
23]

void printAverage (const std::vector<int>& scores){ 124
[}z 5

28]

127]

23]

129

1301

} 131
132]

int main() { 133|1
vector<int> exams 134
vector<int> homework = 35

136]

printExamAverage (exams) ; 137|
printHomeworkRAverage (homework) ; 138|

139

return 0; 4.0f

1 41]

<iostream>
#include <vector>
// Compute and print the average of exam scorss
void printExamAverags (ccnst std::vector<int>s scores) {
int sum = 0;
for (int s
sum +=

scores)
EH

{

1
double avg
std::cout << "Exam average:

= static cast<double>(sum) / scores.size();
" << avg << std::endl;
]

// Compute and print the average of homework scores
void printHomeworkAverage (const std::vector<int>s scores)
int sum = 0;
for (int s
sum +=

scores)
s;

1

1

double avg = static_cast<double>(sum) / scores.size();
std::cout << "Homework average: " << avg << std::endl;
]
void printAverage (const std::vector<int>s scores){
int sum = 0;
for (int s scores) {
sum += s;
1
double avg = static_cast<double>(sum) / scores.size();
std::cout << "Homework average: " << avg << std::endl;
1
{
ector<int> exams = {85, %0, 78};
ector<int> homework = {100, 95, 38, 92};

printExamAverage (exams) ;
printHomeworkAverage (homework) ;

return 07
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Text events: 59-59

lf| 1#include <iostream:> (£ 1
2#include <vector> 2|
3] 3
4)// Compute and print the average of exam scores 4
Svoid printExamAverage (const std::vector<int>& scores) { 5
6| int sum = 0; =
7 for (int s scores) { T
8| sum += s; 8|
g } 9

10| double avg = static cast<dcuble> (sum) / scores.size(); 10|
11y std::cout << "Exam average: " << avg << std::endl; 11]
12} 12]
13| 13]
14/// Compute and print the average of homework scores 14
15void printHomeworkAwverage (const std::vector<int>s scores) {f [15
1g int sum = 0; 16|
17 for (int s scores) { 17|
18 sum += s; 18
18| } 19
20| double avg = static_cast<double>(sum) / scores.size(); | [20]
21| std::cout << "Homework average: " << avg << std::endl; 121
22/} 122]
23| 23]
24void printAverage (const std::vector<int>s& scorss){ 124
25| int sum = 0; 25|
2 | for (int s scores) { 26|
27 sum += s; 27|
28 } 23]
2 9 double avg = static cast<dcuble> (sum) / scores.size(); 129
[£|3 0] std::cout << "Homework average: << avg << std::endl; [E30]
31} 131
32 132]
33/int main() { 133|1
34 vector<int> exams 134
35 vector<int> homework = 35
36| 136]
37 printExamAverage (exams) ; 137|
38 printHomeworkRAverage (homework) ; 138|
33| 139
40 return 0; 4.0f
41/} 41]

<iostream>
#include <vector>
// Compute and print the average of exam scorss
void printExamAverags (ccnst std::vector<int>s scores) {
int sum = 0;
for (int s
sum +=

scores)
EH

{

1
double avg
std::cout << "Exam average:

= static cast<double>(sum) / scores.size();
" << avg << std::endl;
]

// Compute and print the average of homework scores
void printHomeworkAverage (const std::vector<int>s scores)
int sum = 0;
for (int s
sum +=

scores)
s;

1

1

double avg = static_cast<double>(sum) / scores.size();
std::cout << "Homework average: " << avg << std::endl;
]
woid printAverage (const std::vector<int>s scores){
int sum = 0;
for (int s scores) {
sum += s;
1
double avg = static_cast<double>(sum) / scores.sizse();
std::cout << "Awverage: " << avg << std::endl;
1
{
ector<int> exams = {85, %0, 78};
ector<int> homework = {100, 95, 38, 92};

printExamAverage (exams) ;
printHomeworkAverage (homework) ;

return 07
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Text events: 60-60

lf| 1#include <iostream:> lf| 1#include <iostream>
2#include <vector> 2#include <vector>
3 3
I 4/// Compute and print the average of exam scores is]
Sivoid printExamAverage (const std::vector<int>& scores) {
6| int sum = 0;
7 for (int s : scores) {
8| sum += s;
g i
10| double avg = static cast<double>(sum) / scores.size();
11 std::cout << "Exam average: " << avg << std::endl;
12(}
13| 4
[t14|// Compute and print the average of homework scores i
15woid printHomeworkAwverage (const std::vector<int>s& scores) {
1g int sum = 0;
17 for (int s : scores) {
18 sum += s;
19 1
20| double avg = static_cast<double>(sum) / scores.size():
21 std: :cout << "Homework average: " << avg << std::endl;
22(}
23 5
24void printAverage (const std::vector<int>s scores) { fvoid printAverage (const std::vector<int>& scores) {
25 int sum = 0; 7 int sum = 0;
2 | for (int s scores) { 8 for (int s scores) {
27 sum += =57 E sum += s;
28 } 10| 1
25| double avg = static_cast<double>(sum) / scores.size(); | 11 double avg = static cast<double>(sum) / scores.size();
30| std::cout << "Awverage: " << avg << std::endl; 12] std::cout << "Average: " << avg << std::endl;
31); 13
32 14
33int main{) { 15int main() {
34 ::vector<int> exams 16| ::vector<int> exams = {85, 90, 78};
35| vector<int> homework = B 17| std: :vector<int> homework = {100, §5, 88, 32};
36| 18|
37 printExamAverage (exams) ; 19 printExamAverage (exams) ;
38 printHomeworkAverage (homework) ; 20| printHomeworkAverage (homework) ;
39| 21
40 return O; 22| return 0;
41/} 23[}
Text events: 61-62
lf| 1j#include <iostream> [f 1#include <iostream>
2finclude <vector> 2#include <vector>
3 3
[ 4 It| 4// Compute and print the average of homswork scores
5
fvoid printZverags (const std::vector<int>& scores){ = printAverage (const std::vector<int>& scores){
7 int sum = 07 €| int sum = 0;
8 for (int s scores) | 7 for (int = secoras) |
e sum += s; 8 sum += =;
10) } El H
11 double avg = static_cast<double>(sum) / scores.size();|[10 double avg = static cast<double>(sum) / scores.size();
12 std::cout << "Average: " << avg << std::endl; i1 std::cout << "Rwverage: " << avg << std::endl;
13} 121}
14 i3
15/int main() { 14|int main() {
16| std: :vector<int> exams 15 std::vector<int> exams = {85, %0, 78};
17 std: :vector<int> homework 16| std::vector<int> homework = {100, 95, 88, 92};
18 17|
19| printExamAverage (exams) ; g printExamAverage (exams) ;
20| printHomeworkAverage (homework) ; 13| printHomeworkAverage (homework) ;
21 20|
22 return ( 21 return 0;
23]} 22}
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Text events: 63-67

lf| 1#include <iostream> [f] 1¥include <iostream>
2[#include <vector> 2#include <vector>
3 3
It| 4)// Compute and print the average of homework scores [kl 4/// Compute and print the average of input scores
Svoid printZverags (const std::vector<int»& scores){ Svold printAverage (const std::vector<int>& scorss){
2 int sum = 07 g int sum = 0;
7 for (int s scores) | 7 for (int s scorss) {
g sum += s; 8 sum += s;
9 3 9| }
10| double avg = static_cast<double>(sum) / scores.size();[ (10 double avg = static cast<double>(sum) / scores.size();
1] std::cout << "Rverage: " << avg << std::iendl; i1 std::cout << "Rverage: " << avg << std::endl;
121}
i3
14|int main() {
= 15| std::vector<int> exams = {85, 90, 78}1;
16| std: :vector<int> homework = 921: 16| std::vector<int> homework = {100, 95, 88, S2};:
17 17|
18 printExamAverage (exams) ; g printExamAverage (exams) ;
19| printHomeworkAverage (homework) ; 13| printHomeworkAverage (homework) ;
20| 20|
21 21 return 0;
22[} 22}
Text events: 68-75
lf| 1#include <iostream> lf] 1#include <iostream>
2[#include <vector> 2#include <vector>
3 3
4|// Compute and print the average of input scores 4|/// Compute and print the average of input scores
Svoid printZverags (const std::vector<int»& scores){ 5vold printAverage (const std::vector<int>& scorss){
g int sum = 07 €| int sum = 0;
7 for (int s scores) | 7 for (int = secoras) |
g sum += s; 8 sum += =;
9 3 9| }
10| double avg = static_cast<double>(sum) / scores.size();|[10 double avg = static cast<double>(sum) / scores.size();
1] std::cout << "Average: " << avg << std::endl; i1 std::cout << "Rwverage: " << avg << std::endl;
121}
i3
main() { 14|int main() {
::vector<int> exams 15| std::vector<int> exams = {85, 90, 78}1;
vector<int> homework 921: 16| std::vector<int> homework = {100, 95, 88, S2};:
17|
[E[18 printExamAverage (exams) ; [E18 printAverage (
19| printHomeworkAverage (homework) ;
20| 19
21 20 return 0;
22[} 21[}
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Text events: 111-118

lf| 1#include <iostream> [f] 1¥include <iostream>
2[#include <vector> 2#include <vector>
3 3
4|/// Compute and print the average of input scores 4|/// Compute and print the average of input scores
Slvoid printZverags (const std::vector<int»& scores){ Svold printAverage (const std::vector<int>& scorss){
2 int sum = 07 g int sum = 0;
7 for (int s scores) | 7 for (int s scorss) {
g sum += s; 8 sum += s;
9 3 9| }
10| double avg = static_cast<double>(sum) / scores.size();[ (10 double avg = static cast<double>(sum) / scores.size();
1] std::cout << "Rverage: " << avg << std::iendl; i1 std::cout << "Rverage: " << avg << std::endl;
121}
i3
14|int main() {
= {85, S0, 78}; 15| std::vector<int> exams = {85, 90, 78}1;
16| std: :vector<int> homework = {100, 95, 88, 92}; 16| std::vector<int> homework = {100, 95, 88, S2};:
17 17|
[t]1 8] printAvave (exams [E[18 printAverage (exams
19 19
20| return 0; 20 return 0;
21} 21}
Text events: 119-121
[f| 1finclude <iostream> [fl 1#include <iostream>
2f#include <vector> 2#include <vector>
3| 3
4)// Compute and print the average of input scores 4|// Compute and print the average of input scores
Swoid printAverage (const std::vector<int>s scores){ Svoid printAverage (const std::vector<int»s& scores){
6| int sum = 0; 6| int sum = 0;
7 for (int s scores) | 7 for (int s scores) {
8 sum += s; 8 sum += s;
9l 3 9 b
10| double avg = static cast<double>(sum) / scores.size();| |10 doukle avg = static cast<double>(sum) / scores.size();
11 std::cout << "Average: " << avg << std::endl; 11 std::cout << "RAverage: " << avg << std::endl;
12(} 12}
13| i3
14lint main() { 14/int main() {
15| vector<int> exams 5 std::vector<int> exams = {85, 80, 78&}:
16| vector<int> homswork = 16| std::vector<int> homework = {100, 95, 828, S2};
17 17
[£]1 8] printAverage (exams [E]18 printAverage (sxams) ;
19|
19 20|
20] 21 return 0;
21|} 22(}
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Task: implementFileSSummation 1

Text events: 16-16

lf| 1#include <iostream> lf| 1#include <iostream>
2#include <fstream> Z2l#include <fstream>
3| 3
4lint readAndSumNumbers (std::ifstreams file) {|| 4int readfndSumNumbers (std::ifstreams file)
5 int numl, num2; 5 int numl, num2;
| 1=
o} 0+
7 8
8lint main(}) { Sint main() {
g std::ifstream numbers file("data.txt"); 10 std::ifstream numbers_ file ("data.txt");
10| if (!numbers file.is open()) { 11 if (!numbers file.is open())
11] exit (1) 12 exit(l);
12 1 13 }
13| 14
14 while (!numbers file.=scf()) { 15 while (!numbers file.sof()) {
15| readAndSumNumbers (numbers_file); 16 readAndSumNumbers (numbers_file);
15 } 17 }
17 18]
18 numbers file.close() 15 numbers file.close()
15[} 20(}
Text events: 101-105
lf| 1#include <iostream> lf| 1#include <iostream>
2#include <fstream> 2#include <fstream>
3| 3
4lint readAndSumNumbers (std::ifstreams file) {|| 4/int readAndSumNumbers (std::ifstreamsz fils)
It 5 int numl, numz; £ 5 int numl, num2, sum;
[ file >> numl; (3] file >»> numl;
7 file >> num2; 7] file >»> num2;
3 8
9 std::cout << "Sum: " 9 std::cout << "Sum: "
10| return numl + numZ; 10 return numl + numZ;
11} 11}
12 12
13int main() { 13[int main() {
14 std::ifstream numbers file("data.txt"); 14 std::ifstream numbers_ file ("data.txt");
15| if (!numbers_ file.is_open()) { 15 if (!numbers_file.is_open())
16| exit (1) ; 16 exit (1) ;
17 1 17 }
13 18]
15 while (!numbers file.=scf()) { 15 while (!numbers file.sof()) {
20| readAndSumNumbers (numbers_file) ; 20| readAndSumNumbers (numbers_file) ;
21 1 21 }
22 22]
2 3] numbers_file.close() 2 3] numbers_file.close()
24} 24(}

229




Task: implementFileSummation 2

Text events: 107-108

lE| 1#include <iostream> lt] 1#include <iostream>
2#include <fstream> 2/#include <fstream>
3 3|
4lint readAndSumNumbers (std::ifstreams file) { 4lint readAndSumNumbers (std::ifstreams file) {
5 int a,b; 5i int a,b;
s if(!(file >> a,b)) { o if({!(file >> a,b)) {
7 std::cerr << “cannot open file" << std::endl;|| 7 std::cerr << "cannot open file"™ << std::endl;
g 3} g i
g g3
10| 10|
11)int main () { 11jint main{) {
12 std::ifstream numbers file("data.txt"); 12 std::ifstream numbers file("data.t=zt");
13 if (!numbers_file.is_open()) { 13| if (!numbers_file.is_open()) {
14 exit(1); 14 exit (1);
13 3 15 ¥
1 &f 16|
17 while (Inumbers_file.sof()) { 17 while (!numbers_file.=scf()) {
13 readAndSumNumbers (numbers_file) 5 18 readindSumNumbers (numbers_file) ;
19 3 19 }
20| 120
21 numbers_file.closs () 21 numbers_file.close()
223 22y
Text events: 181-185
lf| 1#include <iostream> If| 1#include <iostream>
2f#include <fstream> 2|#include <fstream>
3 3
4lint readAndSumNumbers (std::ifstreams file) | 4lint readAndSumNumbers (std::ifstreams file) |
5 int a,b; 5 int a,b;
l if (1 (file »> a,b)) I el & if(I(file > a >> b)) {
7 std::icerr << "canncot cpen file" << std::endl;|| 7 std::icerr << "cannct open file"™ << std::endl;
3 } 3 }
e int sum = a+h; 9 int sum = a+tb;
10| std::cout << sum << std::endl; 10| std::cout << sum << std::endl;
11 return sum; 11 return sum;
123 12}
13] 13|
14lint main() { 14lint main() {
15 std::ifstream numbers_file ("data.txt"); 15| std: :ifstream numbers_file("data.t=xt");
14| if (Inumbers_file.is ocpen()) { 16| if (Inumbers_file.is_open()) {
17 exit(l); 17 exit(l);
18 3 18 ¥
15 19|
20| while (lnumbers file.escf(}) { 20| while (!numbers files.ecf()) {
21| readAndSumNumbers [numbers_file) ; 121 readandsSumNumbers (nLLmbers_file) H
22 3 22 }
23] 23
24 numbers_file.close () 24 numbers_file.close()
25|} 25}
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Task: implementFileSummation 3

Text events: 1-4

lEljdef readandSumNumbers (line) : lfllldef readindSumNumbers (line) :
(2 pass 1£|2
3 3
dnumbers file = open("data.txt", 'r')| [dpnumbers file = open("data.txt"™, 'r")
5 5
Gfor line in numbers file: gfor line in numbers file:
i readAndSumNumbers (1ine) 7 readandSumNumbers (1ine)
a g
Snumbers file.closs() Snumbers file.close()
Text events: 50-55
If| 1def readAndsSumNumbers(line): If] 1ldef readzndSumNumbers(line):
2 ¥, v = line.splitc(™ ") 2 ¥, v = line.split(" ™)
it 3 print (=, v) it 3 print(x + v)
4 4
5 5
gnumbers _file = open("data.txzt",'r') Enumbers _fils = open("data.txzt",'r'")
7 7
8for line in numbers_file: Blfcr line in numbers file:
g readAndSumNumbers (line) g readzndSumNumbers (1ine)
10 10
1lnumbers file.close () linumbers file.close()

Task: nameChange 1

Text events: 1-6
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Text events: 7-13

iffinclude <iostream> #include <iocstream>
2| 2
B 3lint calculateArea(int width, int y) { [ 3int calculateAreal(int width, int height) {
4 return x ¥ 4 return x * y
51 -1
& &
Tlint main() © Tint main(} ©
8| int x; 8 1]
El cout << "What is the width? "7 o9 cout << "what is the width? "7
s s
Hi i
pa ] 12
H3 cout << std::endl << "What is the height? "7 3 endl << "what is the height? "7
B i s i
Hs s
1] oo < secs s << -t seceanyie nes o ares ot © <€ caloviscenrentnsa) < secssemti| [ stasscove << sedsoamii <€ -Fou receangie nes an aves ofs © <€ caisisteRreatn ) <€ settsenii]
il il
Text events: 14-19
[ f#include <iostream> H 3¥#include <icstream>
2| 2
lint calculateArea(int widsh, int hsight) [ int calculateArea(int width, int height) {
I 4 rsturn x * y. o] 4 return width * yr
51 81
& &
Thint main() { Tint main()
8| int x7 o int x.
R I, B S5 o st wia o
po cin >> x7 ol stdiicin 3> X7
pi 11
H2 int y7 Pz int y7
B 5001 e et << st e e peignen B 5001 ¢ e << v e she et
4 std::icin 3> yr 14 std:icin 3> yr
ps 15
e std:icout << std:zendl << "Your rectangle has an area of: " << calculateArea(x,y) << std::endl:|[8 std:icout << std:rendl << "Your rectangle has an area of: " << calculateArsa(x,y) << std::endls]
) A
iffinclude <iostream> #include <iocstream>
2| 2
lint calculateArea(int width, int height) { int calculateArea(int width, int height) {
Iid 4 return width = return width * height:
51 -1
& &
Tlint main() Tint main() ¢
8| int x; 8 int x;
El Bt cout << "What is the ith? "1 o9 cout << "what is the width? "7
s ROl
Hi i
pa int yi 12 int yi
H3 std::icout << std::endl << "What is the height? "7 3 std:icout << std::endl << "What is the height? "7
B i s o
Hs s
1] oo < secs s << -t seceanyie nes o ares ot © <€ caloviscenrentnsa) < secssemti| [ stasscove << sedsoamii <€ -Fou receangie nes an aves ofs © <€ caisisteRreatn ) <€ settsenii]
il il
Text events: 27-32
[ f#include <iostream> H 3¥#include <icstream>
2
lint calculateArea(int widsh, int hsight) [ int calculateArea(int width, int height) {
4 return width * height: 4 return width * height:
51 81
& &
k| Tint main() {
8| - = int widths
e e
ol stdiicin 3> X7
11
Pz int y7
B 5001 ¢ e << v e she et
std::icin 3> yr 14 std:icin 3> yr
15
e std:icout << std:zendl << "Your rectangle has an area of: " << calculateArea(x,y) << std::endl:|[8 std:icout << std:rendl << "Your rectangle has an area of: " << calculateArsa(x,y) << std::endls]
)] il
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Text events: 33-38

TFinclude <lostream Fincluds <lostream>
2 E

lint calculateArsa(int width, int height) { int calculatearsa(int widch, int hedght) ¢

4| return width * heights 4 return width * hsight;

S 5

C 5

THint main(l | Fint main() ¢

8 int widths 8 int widths

8 stdiicout << "What is the 4 cut €< "What is the
[B10)  std:icin >> xs B1d  stdiicin >> widths

1 11

ha  int g hd  inc oy

3 stdiicous << stdizendl << "What is the height? "7 13  stdiicous << stdiiendl << "What is the height? "2

he  stdsicin >> ys hd  stdsicin >> s

hs j15

B8  std::icout << stdiiendl << "Your rectangle has an area of: " << calculateArea(x,y) << stdiiendli[Jl§  stdsicout << stdiiendl << "Your rectangle has an area of: " << calculateArealx,y) << std::endli|
1] Ll

Text events: 39-45

[ 1ftinclude <iostream> [ T#include <icstream>
2
lint calculateArea(int widsh, int hsight) [ lint calculateArsa(int widsh, int height) {
4 return width - height: 4 return width * height:
5(1 Ell
| E
Tint main() Hint main() (
8 inc widchs 8 inc widchs
El tdi icout << "What is the width? i d  oxdiicous << “What is the width? "7
ho|  std:icin >> widths o std:icin >> widths
f1 111
[Eh12] dne ya 12 int heights
ha|  stdsicout << ssdizendl << "What is the height? "; h  stdiscout << stdisendl << "Mhat is the height? "
4 scdiicin >> yr e  scdiicin o> oy
ps| 15
g  stdiscout << stdiiendl << "¥our rectangles has an area of: " << calculatearsa(x,y) << std::sndli|flf  stdiicout << stdizendl << "Your rectangle has an arsa of: " << calculatsArsalx,y) << std::endlil
Bl s

Text events: 46-52

TFinclude <lostream Fincluds <lostream>
2
lint calculateArsa(int width, int height) { int calculatearsa(int widch, int hedght) ¢
4| return width * heights 4 return width * hsight;
S 5
C 5
THint main(l | Fint main() ¢
8 int widths 8 int widths
8 stdiicout << "What is the 9 std:icout << "What is the
HO  std:icin >> widths il stdsicin >> widths
11 11
ha  int heignts hd  int neignts
3 stdiscout << stdizendl << "What is the height? "7 13  stdiicout << stdiiendl << "What is the height? "2
B4 stdiicin >> ys [B14  stdsicin >> heights
hsi j15
B8  std::icout << stdiiendl << "Your rectangle has an area of: " << calculateArea(x,y) << stdiiendli[Jl§  stdsicout << stdiiendl << "Your rectangle has an area of: " << calculateArealx,y) << std::endli|
hih )]

Text events: 53-58

[ iFinciude <icetreans [ JFinciuds <iostreans
E| E
Jint calculsterres(int width, int height) Jint calculatearsa(int width, int height) (
4 return width * height; 4 return width * height:
q El
E E
Tint main() | Fine maini) {
g int wideh: g int wide
d  stdiicout << "What is the width? " 9 stdi:cout << "What is the width? =y
i std:zcin >3 wideh; b  sed:icin >> wideh;
o b
hal  int heigne: hd  inc heignts
] std:icous << erd:rendl << "What is the hsight? ™ 13 scd::icour << stdiendl << "What is the heightz "2
h std::cin >» height; hd  sed:icin >> heighes
o L
lhd  sta::cous << std:rendl << “¥our rectangle has an area of: " << calculatehrea(x,y) << std::endl;J#1§  std::cout << stdi:end]l << “Your rectangle has an area of: * << caleulatedrea(width,y) << std::endl;
B il
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Text events: 59-67

TfinTods iossremms TFineTade iosteas
4 2
dint caleulavearsa(int widgth, int heignt) ( 3int caleulsterea(int width, int height) |
o return width * height: 4 return width * height
| El
L &
Tint main() Tint main{) {
d ine widen; o iden;
d  srdircour << "What is the g srdircout << "What i ths width? “r
ho  scdiicin »> widehs ho|  scd:icin 5> widehs
Il I
4 - 12 inc meigner
4 cout << sud: tendl << 13 scd:icout << std:iendl << "What is the height? *:
he cin >> height: gl scaiicin >> neigne:
hs 15
{1  stdiscout << std:iendl <¢ "Your rectangle has an area of: " << calculateAzea{width,y) << std stdiicout << stdiiendl << "Your rectangle has an area of: " << calc
b

Task: nameChange 2

Text events: 1-6

TFincluds <lostreams Finclude <icstreams
3 2
il 3int calculatearealint x, int y) ¢ |l dint calculatsarea(int width, int y) {
4| return x *+ 4 return x *
S 5
El 6
Tlint main() ¢ Fint main) ¢
g  inc g int x
8  std:icout << "What is the width? i 3 stdiicous << "What is the width? "
Ho|  stdiicin > xs po  stdiicin > xr
ha hal
hzl  inc 12 int oy
3 stdiicout << stdisendl << "What is the height? ™i h3d  stdiicout << stdiiendl << "What is the height? ";
4| stdiicin >> oy B4 scdiicin s> oy
his| hs
[l stdi:cout << std:iendl << "Your rectangle has an area of: " << calculatsAres(x,y) << std::endl;[1§  stdi:cous << std:iendl << "Your rectangle has an arsa of: " << calculateArsalx,y) << std::endl;
Bl b

Text events: 7-8

TFinclude <lostream Fincluds <lostream>
2
fint calculateArsa(int width, int y) { int calculatearsa(int widch, int y) 1
] 4 return x ¢ ys 4 return width * ys
S 5
C 5
FHint main(l ( Fint main()
8 int m g int m
8 std:icout << "What is the width? "7 9 std:icout << "What is the
Bo  stdsicin >> xs id  stdsicin >> x
11 11
hz v hd  inc oy
3 stdiicous << stdizendl << "What is the height? "7 13  stdiicous << stdiiendl << "What is the height? "2
he  stdsicin >> ys hd  stdsicin >> s
hs j15
e  std::cout << stdiiendl << "Your rectangle has an area of: " << calculateArea(x,y) << std:iendli[f1f  stdi:cout << stdiiendl << "Your rectangle has an area of: " << calculateArea(x,y) << std::endlj
1] Ll
[ ffinciuas <iostrean> [ Jfincluas <iostream>
2 2
fint calculateArea(int width, int y) { int calculatedrea(int width, int y) |
4 return width * 4 zeturn width * ys
s st
4 &
Tlint main() { Fint main() ¢
e inc 8 inc wideh:
8 stdiicout << "What is the width? "i 9 stdiicout << "What is the width? ";
Ho  stdiicin >> xs 1o > %
ha 11
H2  inc oy 12
B3 std:icout << stdiiendl << "What is the height? =i 13 icout << stdiendl << "What is ths height? i
B4 stdizcin >> yr hd  scdiicin >> v
hs j1s
B8  stdizcout << stdiisndl << "¥our rectangle has an area of: " << calculatearsa(x,y) << std:iendli|f1  stdiicout << stdiiendl << "¥our rectangls has an arsa of: " << calculatsArsa(x,¥) << std::iendly
i bl




Text events: 11-12

TFincluds <lostream> Finclude <lostream
2| 2
lint calculateareaiint width, int y) 4 int calculateArsaiint width, int y) {
4 return width 4 return width * ys
s Ed
L 4
Tint main() Fint maint)
8 int widths 8 int widths
8 stdiicout << "What is the width? "7 4 stdiicout << "What is the
ol stdiicin >> x7 = e std:icin >> widths
1 1
1z g nz int yi
3  std:icout << std:izendl << "What is the height? "1 H3  scdiicous << stdiiendl << "What is the height? s
hal  stdiicin >> ys hal  scdiicin >> oy
hs| 1
hel  stdsicout << ssdizendl << "Your rectangle has an area of: " << calculateArealx,y) << std::endliJ1l  std:icout << stdiiendl << "Your rectangle has an area of: " << calculateArealx,y) << std::endls|
ni il
[ include <iocstream> [ T#include <icstream>
E E
dint calculareareatint width, int yi ( dint calculatearsa(int wiceh, int y) {
o return width * y; 4 return width * y
o Ed
E E
Tint maini) { Tine main(} {
d  inc widen: 4 inc wido
4 out << "What is the width? " d  sidiicout << "What is the width? "y
h in >3 widen; o sediicin >> widehs
bl ha
3 g 12
g :cout << std:iendl << "What is the height ") 13 srd:icour << stdiiendl << "What is the heighte "2
b >y ha  staiicin >y
el it
[ rcout << std:iendl << “¥our rectangle has an area of: * << calculatearsaix,y) << std::endlJHle  std:icour << stdirendl << “Your rectangle has an area of: * << calculateArea(width,y) << std:iendl:
il haly
[ ifinctuse <cestreans F ifinciude <Goscreans
E !
el dine calculacearestine wideh, dint w1 [l dine calculaceares (inc wideh, int heigher
4 retur wiath - y: 4 retur wiath » y:
= e
g g
Tfint main() { Tint main{) |
E int width; E int wideh;
4 What is the width? 7 4 cout << "What iz the widthz "
b widts [ e
11 11
hal  ine g 2]
9 cout << std:iendl << "What is the height? " It ndl << "What is the height? *;
b4 cin 3> ¥ 14
o [
b sut << std:zendl << "Your rectangle has an area of: " << calculateArea(width,y) << std::endl;|[1g ndl <¢ "Your rectangle has an area of: " << calculateArea (width,y) << std::iendl;
L] 17
TFincings iostreams TFincings <iostreams
4 4
3hint calculatearea(int width, int haight) [ 3int calculatenrea(int width, int height) [
o return widen + s o return wideh * heighe:
= e
g g
Tfint main() { TFint main() {
q 8 int wiatn:
9 9 std::cout << "What is the width? *;
L i idel
i1 4
bl : 12|
9 cout << std:zendl << "What is the height? It ndl << "What is the height? *;
b4 in 3>y 14
It 1
a cut €< std:iend] << "Your rectangle has an area of: " << calculateArea(width,y) << sed:iendl;| [1g ndl <c "Your rectangle haz an arsa of: " << calculateAres (width,y) << std:iendl;
7l 7l
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Text events: 24-25

TFincings <lostreams TFincinds <Ioscreams
E E
Fint calculaterres (int width, int haight) [ int calculatenres (int width, int height) [
4 return wideh * heighe: 4 return wideh * height
C s
L C
Tins maini) ¢ Tint main() 1
g ot wideh: L
¢ © is the width? " E is the width? ™
[ ; [t
it 11
I3 I
1y sendl << "What is the height? [t ndl <¢ "What is the height? s
4 14
a j
a ndl << "Your rectangle has an area of: " << calculateArea(width,y) << std:zendl;|[1g ndl << "Your rectangle has an area of: " << calculateArea (width,y} << std:iendl;
ol ol
[ ffinctude <costraan> [ Finetsda <coscroan>
F E
ine calculatearsa(int widch, int haight) [ ine calculatsares (int widch, ¢
4 zetum width - heignt: 4 zeturn wideh * hedght:
E E
L C
Tint main() { Tint main() ¢
8 int wideh: 8 int widen:
4 cout << "What is the width? 7 4 cout << "What is the width? *
b in >> width; r cin >> width:
11 14
pal  int neign:: al  int neignt:
& cout << stdiiendl << "What is the height? ™ [ tdiicout << stdiiendl << "What is the height? *s
fe4 in 3> v, fe4 cin > height;
a it
a cut << stdizendl << "Your sectangle has an azea of: " << calculateAsea (width,y) << std::iendl:|[1g cout €< stdiiesdl << "Yousr ectangle has an ares of: " << calculatehrea lwidth,y) << stdiiendl;
[ 17

[ finciods <icw B JFinclude <ioacreams
4 E
Bine calculaterrsa(int width, int height) [ Bine calculatearss (int width, ¢
4 retumn width - neight: 4 retum width * neight
s s
q q
TJine main() © fine main() ¢
8 int widen; 8 int widen;
9  std:icout << "What is the widthr " 8 std:icout << "What is the width? "y
a stdiicin > widthi [ stdiicin »> widehi
1l 1]
hal  ine neighe; izl ine neigne;
] stdr:icour << srd:iendl << "What is the hsight? it std ndl << “What is the heightz *s
hal  scaiicin »> neights 24
I [t
n adl << "Your rectangle has an azea of: " << calculatehrea (width,y) << std::endl;|[id ndl << "Your rectangle has an area of: " << calculatehrea (width,y) << std:iendl;
1l 1l

Text events: 30-31

TfinTods iossremms TFineTade iosteas
4 2
dint caleulavearsa(int widgth, int heignt) ( 3int caleulsterea(int width, int height) |
4 return width * height: 4 zeturn width * height:
e El
q o
ot maing ¢ fint
o inc widen; o
g stdiscout << "What is the width? " o “What i the width? i
I »> widehr o chi
Il 1
4 i reigne
4 cout << std:iendl << “What is the h cout << std:iendl << “Whav is the height? *;
he cin >> height: cin >> neight:
i
[t  std::cour << srd:rendl << "Your ractangls has an arsa of: " << calculatsArsa(width,¥) << std stdizcont <c std:iendl << "Your rectangle has an arsa of: * << calc  height) << std: sandls
b7
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Task: nameChange 3

Text events: 1-6

[tflldef calculatehrea(x, v): ltljdef calculateRrea(width, y):
2 return x * y 2 return x * vy
15 3]
4= = int(input("What is the width? ")) 4x = int(input ("What is the width? "))
5y = int(input("What i1s the height? ")) Sly = int(input ("What is the height? "))
lBlprint ("Your rectangle has an area of:",calculatelRrea(x,v))| [fprint("Your rectangle has an area of:",calculatesirea(x,y))
Text events: 7-8
IEllldef calculateArea(width, vy): lElldef calculateRrea(width, y):
(L2 return x * y [£]2] return width * y
131 3
4= = int (input("What iz the width? ")) 4 = int(input ("What is the width? "))
5lv = int(input("What is the height? ")) Sy = int(input ("What is the height? "))
[Elprint ("Your rectangle has an area of:",calculateRrea(x,y))| [fprint("Your rectangle has an area of:",calculatefrea(x,y))
Text events: 9-10
[Elldef calculateirea (width, y): |Elldef calculateRhrea(width, y):
2 return width * y 2] return width * y
13| 3
[tz = int (input ("What is the width? ")) [tl4width = int (input("What is the width? "))
Bly = int (input("What is the height? ")) Sy = int (input ("What is the height? "))
lBlprint ("Your rectangle has an area of:",calculatefrea(x,v))| |fprint ("Your rectangle has an area of:",calculatelrea(x,vy))
Text events: 11-12
[Elldef calculateArea(width, y): [f[idef calculateArsa{width, y):
2] return width * y 12| return width * y
3 131
4width = int({input("What is the width? ")) [4width = int (input("What is the width? "))
Sy = int({input("What is the height? ")) 5y = int{input ("What is the hesight? "))
[El6lprint ("Your rectangle has an area of:",calculatefrea(x,y))|tfprint ("Your rectangle has an area of:",calculatefrea (width,y))

Text events: 13-25

tlldef calculatekrea (width, v):
2] return width * y
3|
4width = int (input("What is the width? "))
5lv = int(input ("What is the height? "))
Bprint ("Your rectangle has an area of:",calculatefrea(width,y))

def calculateRArea (width, height):
return width * y

¥ = int (input("What is the height? "))
print ("Your rectangle has an area of:",calculatefrea (width,v))

1
2
3|
4width = int(input ("What is the width? "))
5|
€|
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Text events: 26-27

fllldef calculateRrea(width, height): lEldef calculateArea(width, height):
E12] return width * y 1= return width * height
El 3|
4width = int (input("What is the width? ")) 4width = int (input ("What is the width? "))
Sy = int (input ("What is the height? ")) Sy int (input ("What is the height? "))
Bprint ("Your rectangle has an area of:",calculateRrea(width,y)])| |fprint ("Your rectangle has an area of:",calculateArea (width,y))
Text events: 28-29
fllldef calculateRrea(width, height): [Elldef calculateirea(width, height):
2] return width * height 2 return width * height
El 3|
4width = int (input("What is the width? ")) 4width = int (input ("What is the width? "))
£S5y = int (input ("What is the height? ")) [E[5lheight = int (input("What is the height? "))
Bprint ("Your rectangle has an area of:",calculateRrea(width,y))| |fprint ("Your rectangle has an area of:",calculateArea (width,v))
Text events: 30-31
[fi|def calculateArea(width, height): [f[lldef calculateArea (width, height):
2] return width * height 2| return width * height
13 3|
lAlwidth = t (input ("What is the width? ")) dwidth = int (input("What is the width? "})
I5lheight int(input ("What is the height? ")) Sheight = int (input("Wwhat is the height? "))
[tlfprint ("Your rectangle has an area of:",calculatefrea(width, y))[gfprint ("Your rectangle has an area of:",calculatefrea(width,height))

Task: removeDeadCode 1

Text events: 1-1

[

[finclude <icstreams

bool didSonus)

[

double class.

ulateFinalScore

|

examGrade) |

bonus, boost hemework scors by 10%

hemeworkScore * 1.1:

= examScore

+ homeworks
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Text events: 2-2

Yinclude <icstream> include <icstream>
2 2
Jdouble calculateFinalScors(int homeworkGrade, int examGrade) { 3double calculateFinalsScore(int homeworkGrade, int examGrads) {
4 Exam is worth 60%, homework is 40 4 Exam iz worth 60%, homework is 40°
E double examScore = examGrade * 0.&; £ double examScore = examGrade * 0.6;
| double homeworkScore = homeworkGrade * 0.4; g double homeworkScore = homeworkGrade * 0.4;
K 7
s // 1f the student did the bonus, boost their homework score by 10% fe
d it (didsonus) ¢
ol homeworkScore = hemeworkScore * 1.1:
1] ] E
12 E
L3 double classScors = examScors + homeworkScore; L double classScors = examScore + homeworksScore;
L4 Ly
sl  return classscore 12 return classscor
Lg 13|
L Ll
|18 L5
L8int main() { Lelint main() {
Bo|  std::cout << "Mary's final score is: " << calculateFinalScore (80,70, false) << std::endl:[J17l  std::cout << "Mary's final score is: " << calculateFinalScore(£0,70,false) << std: 3
1)y L8[
Text events: 3-6
Pinclude <icstream> ¥include <icstream>
2 2
3double calculateFinalScore(int homeworkGrade, int examGrade) | 3double calculateFinalScore(int homeworkGrade, int examGrade) |
4 Exam is worth 60%, homework is 40% 4 // Exam is worth 60%, homework is 40%
E double examScore = examGrade * 0.6; E double examScore = examGrade * 0.6;
q double homeworkScore = homeworkGrade * 0.4 g double homeworkScore = homeworkGrade * 0.4
1 |
K g I
9 B
L double classScore = examScore + homeworkScore; E | double classScore = examScore + homeworkScore;
Ly L
12| return classScore; Ly return classScore;
I3 12
L4l; 13
[Ls L4
[Leint main() { 18lint main() {
7| sta::cout << "Mary's final score is: " << calculateFinalScore (80,70, false) << std::endl:{fl  std::cout << "Mary's final score is: " << calculateFinalScore (80,70, false) << std::endl;
ey 17]
Text events: 7-7
1finclude <iostream> 1finclude <iostream>
2| 2
3double lculateFinal re {int homewor! de, int { 3double calculatef: 1 (int X int {
4 // Exam is worth 60%, homework is 40% 4 // Exam is worth 60%, homework is 40%
E double examsScore = examGrade * 0.6; E double examsScore = examGrade * 0.6;
€ double homeworkScore = homeworkGrade * 0.4; 4 deuble homeworkScore = homeworkGrade * 0.
7 K|
g E
9 double cl = + E | double cl = + ;
10| s |
L1 return classscore; L1 return classsScore;
2| 2]
= 13
4] 14
fSlint main() { LSint main() {
(S 6 std::cout << "Mary's final score is: " << calculateFinalScore(80,70j£8l88) << std 1 std out << "Mary's final score is: " << calculatefinalScore(80,70) << std::endl;
L7l L))
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Task: removeDeadCode_2

Text events: 1-3

[finclude <icstream>

B

2

Jdoubls calculaterinalScore (int homsworkGrade, int examGrads, beol didscnus) |
4 Exam iz worth €0%, homework is 40

El double examScors = examGrade * 0.6;
q
7
g
E

double hemeworkScore = homewsrkGrade * 0.4

I
// 1f the student did the bonus, boost their homework score by 10%
if (didBonus) {

homeworkscore = homeworkscore * 1.1:
151 R
12
3  double classscors = examscors + hemeworkscore:
14
15  return classscor
[Lgf
s
e

Lfint main()

o] srd::cout << "Mary's final score is: * << calculateFinalScore(£0,70,false) << std::endl:[[15|  std::cout << "Mary's final score is: " << calculateFinalscore(£0,70,false) << std::endl;
ki ey

finclude <icstream>

int examGrads, bool didmcnus) {

Exam iz worth €0%, homework is 40
double examScors = examGrade * 0.67

1
2
Jdoubls calculaterinalScors (int homeworkGrade,
4
£
g = hemewsrkGrade * 0.4;

double hemeworkSeore

7

gl double classScors = examscors + homeworkscore;
El

1of return classScore;

13)

12

Lafint main() {

Text events:

Tfinclude <iostream> [Finclude <iostream>
2
el 3double calculateFinal (int E int IBoslIdidscnus) ( fiouble calculateFinal (int homeworks; int )t
| 4 // Exam is worth 0%, homework is 40% // Exam is worth 60%, homework is 40%
5  double examscore = examGrade * 0.6; double examScore = examGrade * 0.6;
€  double homeworkscore = homeworkGrade * 0.4 double homeworkscore = homeworkGrade * 0.4
9|
8| double cla; B + double cl - +
El
hol  return classscore; 10 return classScore;
faf 13)
= 12f)
& 13
fL4lint main() { Lglint main() ¢
S|  std::cout << "Mary's final score is: " << calculateFinalScore(80,70,false) << std: 15| std::cout << "Mary's final score is: " << calculateFinalScore(80,70,false) << std.
e 1€}

Text events: 5-5

[Finclude <iostream>

flouble calculateFinalScore({int homeworkGrade, int examGrade) (
1/ ®

1
2|
3}
4 Exam is worth 60%, homework is 40
5|
€
7
Kl

finclude <iostream>

int examGrade) {

1

2

Jdouble calculateFinalScore (int homeworkGrade,
4 // Exam is worth 60%, homework is 40%

E double examScore = examGrade * 0.6

4
9
g

double examScore = examGrade * 0.6; .6
double homeworkscore = homeworkGrade * 0.4; double homeworkscore = homeworkGrade * 0.4:
double cl = + double cl = +
El E

ol  return classscore; o  recurn classscore;

1) il

12l 12

3| 13

lidlint main() 1 elint main() (

lhs|  std::cout << "Mary's final score is: " << calculateFinalScors(80,70jfalE8) << std::endl;fgh std:icout << "Mary's final score is: " << calculateFinalScore(80,70) << std::endly]

el ey
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Task: removeDeadCode 3

Text events: 11-16

T

Tt

def calculateFinalScore(homeworkGrade, examGrade):

# Exam is worth 60%, homework is 40%
examScore = examGrade * 0.6
homeworkScore = homeworkGrade * 0.4
# If the student did the bonus, boost their homework score by 109
if didBonus:
homeworkScore = homeworkScore * 1.1

classScore = examScore + homeworkScore

return classScore

rint ("Mary's final score is:", calculateFinalScore(80,70,False))

[f| Udef calculateFinalsScore (homeworkGrade, examGrade):
2 # Exam is worth 60%, homework is 40%
3 examScore = examGrade * 0.6
4] homeworkScore = homeworkGrade * 0.4
£
E
& classScore = sxamScore + homeworkScore
b
ts) return classScore
E
10|
11print ("Mary's final scors 1

, calculateFinalScore(80,70,False))

Text events: 17-17

If| 1jdef calculateFinalScore (homeworkGrade, examGrade): [f] 1def calculateFinalScore (homeworkGrads, examGrade):
2 # Exam 1s worth 60%, homework is 40% 2 # Exam 1s worth 60%, homework is 40%
3 examScore = examGrade * 0.6 3 examScore = examGrade * 0.6
4] homeworkScore = homeworkGrade * 0.4 4 homeworkScore = homeworkGrade * 0.4
5| 5|
[ classScore = examScore + homeworkScore ¢ classScore = sxamScore + homeworkScore
7 7
E return classScore 8| return classScore
E E
10| 10|
Ellprint("Mary's final scors is:", calculateFinalScore(80,70,False))|tlllprint ("Mary's final score is:", calculateFinalScore(80,70))
.
Task: renameFunction_1
Text events: 1-4
lf[ 1#include <iostream> Ifl ffinclude <iocstream>
2l#include <vector> 2i#include <vector>
3| 3
lt| 4pocl foo(const std::vector<int>s list, int key) { |t| 4bool find{const std::vector<int»& list, int key) {
5 for(int i = i < list.size(); ++i) { 5 for(int i = 0; 1 < list.size(); ++i) {
8| if (list[i] == key) { = if (list[i] == key)
7 return true; 7 return true;
8 } 8 }
9 } E 1
10| return false; 10 return false;
11 11}
ez 12
I3int main()} { 13|int main() {
4 std::vector<int>» data = { 1, 4, 7, 11 }; 14 std::vector<int> data = { 1, 4, 7, 11 };
15| 15]
6| if (foo(data, €)) { 16 if (foo(data, &)) {
17 std::cout << "& is in the list." << std::endl;| (17 std::icout << "6 is in the list." << std::endl;
18 } 18 1
19 18]t
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Text events: 5-14

lf| 1#include <iostream> Ifl 1[#include <icstream>

2l#include <vector> 2l#include <vector>

3] 3]
lt| 4fpoocl find(const std::vector<int>s list, int key) { |t| 4bool search(const std::vector<int>& list, int key) {

5 for(int 1 = 0; 1 < list.size(): ++i) { 5 for(int 1 = 0; i < list.size(); ++i) {

& if (list[i] == key) { & if (list[i] kev) {

7 return true; 7 return true;

8 ¥ g }

9 } 9| 1

[L0| return false; 10) return false;

L1 11}

2 12

I3int main() { 13lint main() {

4 std::vector<int> data = { 1, 4, 7, 11 }; 14 std::vector<int> data = 1, 4, 7, 11 1;

15 15

6| if (foo(data, €)) { 1 6) if (foo(data, €)) {

7 std::icout << "& is in the list." << std::endl;| (17 std::icout << "6 is in the list." << std::endl;
1K} } 18 1

1ol 19}
Text events: 15-24
lf[ 1#include <iostream> Ifl ffinclude <iocstream>

2l#include <vector> 2l#include <vector>

3| 3|
lt| 4boocl search(const std::vector<int>s& list, int key) { |[t| 4bool find{const std::vector<int>s list, int key) {

5| for(int 1 = 0; i < list.size(); ++i) { 5 for(int 1 = 0; i < list.size(); ++i) {

8| if (list[i] == key) { = if (list[i] == key)

7 return true; 7 return true;

8 1 g i

9 } 9 1

[L0| return false; 10] return false;

11 11}

2 12

I3int main() { 13lint main() {

4 std::vector<int>» data = { 1, 4, 7, 11 }; 14 std::vector<int> data = 1, 4, 7, 11 1;

15 15

6| if (foo(data, €)) { 16 if (foo(data, &)) {

7 std::icout << "& is in the list." << std::endl;| (17 std::icout << "6 is in the list." << std::endl;
i) 3 18 }

1ol 19}
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Text events: 25-30

lf| 1#include <iostream> Ifl 1[#include <icstream>

2l#include <vector> 2l#include <vector>

3] 3]
lt| 4fpoocl find(const std::vector<int>s list, int key) { |t| 4bool search(const std::vector<int>& list, int key) {

5 for(int 1 = 0; 1 < list.size(): ++i) { 5 for(int 1 = 0; i < list.size(); ++i) {

& if (list[i] == key) { & if (list[i] kev) {

7 return true; 7 return true;

8 ¥ g }

9 } 9| 1

[L0| return false; 10) return false;

L1 11}

2 12

I3int main() { 13lint main() {

4 std::vector<int> data = { 1, 4, 7, 11 }; 14 std::vector<int> data = 1, 4, 7, 11 1;

15 15

6| if (foo(data, €)) { 1 6) if (foo(data, €)) {

7 std::icout << "& is in the list." << std::endl;| (17 std::icout << "6 is in the list." << std::endl;
1K} } 18 1

1ol 19}
Text events: 31-36
lf[ 1#include <iostream> Ifl ffinclude <iocstream>

2l#include <vector> 2l#include <vector>

3| 3|

4bool search(const std::vector<int>s list, int key) { 4bool search(const std::vector<int>s list, int key) {

5| for(int 1 = 0; i < list.size(); ++i) { 5 for(int 1 = 0; i < list.size(); ++i) {

8| if (list[i] == key) { = if (list[i] == key)

7 return true; 7 return true;

8 1 g i

9 } 9 1

[L0| return false; 10] return false;

11 11}

2 12

I3int main() { 13lint main() {

4 std::vector<int>» data = { 1, 4, 7, 11 }; 14 std::vector<int> data = 1, 4, 7, 11 1;

15 15
[ & if (foo(data, €)) { [£]1 6 if (search(data, 6)) {

7 std::cout << "& is in the list." << std::endl;| (17 std::icout << "6 is in the list." << std::endl;
i) 3 18 }

1ol 19}
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Task: renameFunction_2

Text events: 1-26

|f| 1import java.util.ArrayList; [f| Yimport java.util.ArraylList:
2limport java.util.Arrays; 2import java.util.Arrays;
3import java.util.List; 3impert java.util.List;
4 4
Spublic class Main { Spublic class Main {
£ # static boolean foo(List<Integer> list, int key) gl static boolean findNumberOcurrences (List<Integer> list, int key) {
il for (int i = 0; i < list.size(); i++) { 7 for (int i = 0; i < list.size(); i++)
8 if (list.get(i) == key) { 8| if (list.get(i) == key)
9 return truse; 9 return trus;
10| } 10 1
L1 } 11 }
n2 return false; 12 return false;
L3 } 13| 1
14 14
L5 public static void main(String[] args) { 15| public static void main(String[] args) {
[1g| List<Integer> data = Arrays.asList(l, 4, 7, 11);|[1 List<Integer> data = Arrays.asList(l, 4, 7, 11):;
n7 17
8 if (foc(data, 6)) { 18| if (fool(data, €)) {
ng| System.out.println("€ is in the list."); 19 System.out.println("6 is in the list."):
20| 1 20| 3}
21 } 21 }
221 22}
Text events: 27-40
|f| limport java.util.ArrayList; [f limport java.util.ArrayList;
2limport java.util.Arrays; 2limport java.util.Arrays;
3import java.util.List; 3limport java.util.List;
4] 4
Sublic class Main { Spublic class Main {
lt| 4 static boolean findNumberOcurrences(List<Integer> list, int key) {[t| § static beclean isNumberInList (List<Integer> list, int key) {
7 for (int i = 0; i < list.size(); i++) { 7 for (int i i < list.size(); i++) {
g if (list.get(i) == key) { g if (list.get (i) == key) {
E return true; 3| return true;
0| } 10 1
1| 1 11 ]
2| return false; 12 return false;
13| ! 13 !
14 14
15| public static veoid main(stringll args) { 15| public static void main(stringl] args) {
[Lé| List<Integer> data = Arrays.asList(l, 4, 7, 11): 16| List<Integer> data = Arrays.asList(l, 4, 7, 11);:
L7 17|
[L6] if (foo(data, €)) { 18 if (foo(data, 6)) {
e system.cut.println("é is in the list."): 19| System.out.println("é is in the list."):
20| 1 20 ]
21| ! 21] !
ool 22}
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Text events: 41-58

[f| 1import java.util.ArrayList; [f| limport java.util.ArrayList;
2limport java.util.Arrays; 2limport java.util.Arrays;
Slimport java.util.List; 3limport java.util.List;
4 4
Spublic class Main { Slpublic class Main {
[t & statie boolean isNumberInlist (List<Integer> list, int key) {|t| § static boclean linearNumberSearch (List<Integer> list, int key) {
7 for (int i = 0; i < list.size(); itH) { 7 for (int i = 07 1 < list.size(); it++) {
8 if (list.get(i) == key) { 8 if (list.get(i) kay) {
9 return true; 9 return true;
10| } 10f }
11 } 11 }
12 return false; 12 return false;
13| } 13 3
14| 14
15| public static void main(String[] args) { 15 public static void main(String[] args)
18] List<Integer> data = Arrays.asList(1l, 4, 7, 11); 16| List<Integer> data = Arrays.asList(l, 4, 7, 11);
17 17|
18 if (foo(data, €)) { 15 if (foo(data, 6)) {
19| System.out.println("6 is in the list."); 19 System.out.println("6 is in the list.");
20| 1 120| b
21 } 121] 1
22(} 122]}
Text events: 59-59
|f[ 1import java.util.ArrayList; [f ilimport java.util
2limport java.util.Arrays; 2limport java.util
3jimport java.util.List; 3limport java.util.List;
4 4
Spublic class Main { Spublic class Main {
6| static boolean linearNumberSearch(List<Integer> list, int key) &l static boolean linearNumberSearch (List<Integer> list, int key) ({
7 for (int i = 0; i < list.size(); i++) { 7 for (int i = 0; i < list.size(); i++) {
8| if (list.get(i) key) { 8 if (list.get(i) == key) {
9 return true; 9 return true;
10| 1 10 ]
L] } 11 }
12 return false; 12 return false;
IL3| } 13 H
14 14
15| public static void main(String[] args) { 15 public static void main(String[] args) {
16| List<Integer> data = Arrays.asList(l, 4, 7, 11); 16| List<Integer> data = Arrays.asList(l, 4, 7, 11);
L7 17
tf1 9 if (foo(data, 6)) | lef1s if (linearNumberSearch(data, 6)) {
LS| System.out.println("é is in the list."); 15| System.cut.println("¢é is in the list.");
20| 1 20 }
21 } 21 H
2l 22}
Text events: 60-75
[f] import java.util.ArrayList; [{ 1import java.util.
Zimport java.util.Rrrays; 2limport java.util.
3import java.util.List; 3limport java.util.List;
4 4
Spublic class Main { Spublic class Main {
= static boclean linearNumberSearch(List<Integer> list, int kesy) {|t] § static boolean isNumberInList(List<Integer> list, int key) {
7 for (int i = 0; i < list.size(); i++) { 7 for (int i = 0; i < list.size(); i++) {
8 if (list.get (i) == key) { 8 if (list.get(i) == key) {
E return true; 9| return true;
10] } 10| }
11| } 11 3
12 return false; 12 return false;
13| } i3 }
14 14|
15| public static void main(String[] args) { 15 public static veid main(String[] args) {
16| List<Integer> data = Arrays.asLisc(l, 4, 7, 11): 16| st<Integer> data = Arrays.asList(l, 4, 7, 11):
17| 17
18 if (linearNumberSearch(data, 6)) | g if (linearNumberSearch(data, 6)) |
19 System.out.println("€é is in the list."): 19| System.cut.println("é is in the list.");
120f } 20| }
21| } 21 }
22(} 22}
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Text events: 76-89

[f import java.util.ArrayList; [f 1fimport java.util.ArrayList;
ofimport java.util Arraye: Slimport java.util.Arrays:
sfimport java. util List: Simport java.util.List:
4 4
Spublic class Main { Spublic class Main {
3 static boolean isNumberInList(List<Integer> list, int key) {|| § static boolean isNumberInList(List<Integer> list, int key)
7 for (int i 0; i < list.size(); i++) { 7| for (int 1 = 0; 1 < list.size(); i++) {
8| if (list.get(i) == key) { 8| if (list.get(i) == key) {
E return true; 9 return true;
IL0Of } 10| }
L1 } 11 }
12 return false; 12 return false;
L3 } 13| 1
14 14|
15| public static void main(String[] args) { 15| public static void main(String[] args)
16| List<Integer> data = Arrays.asList (1, 4, 7, 11): 16| List<Integer> data = Arrays.asList (1, 4, 7, 11);
117 17|
[Ef1 8] if (IinearNumberSearch (data, 6)) { [El18| if (isNumberInList(data, 6)) {
19| System.out.println("é is in the list."): 19 System.out.println("é is in the list."):
20| } 120 }
21 } 21 }
22} 22}
.
Task: renameFunction_3
Text events: 1-3
lf| 1#include <iostream> Ifl ff#include <icstream>
2#include <vector> 2i#include <vector>
3 3
l£| 4pocl foo (const std::vector<int>s list, int key) { It| 4bool (const std::vector<int>s list, int key) {
5 for(int i = i< list.size(); ++i) { 5 for(int i = 0; i < list.size(); ++i) {
6| if (list[i] == key) { d if (list[i] == ksey)
7 return true; 7 return true;
8 } 3 i
9| } E }
10| return false; 10 return false;
L1} 11}
n2 12|
L3lint main()} { 13lint main() {
L4 std: :vector<int> data = ( 1, 4, 7, 11 }: 14 std::vector<int> data = 1, 4, 7, 11 1:
15| 15|
&l if (foo(data, €)) { 16} if (foo(data, €)) {
7 std::cout << "€ 1is in the list." << std::endl;| 17 std::cout << "6 is in the list." << std::endl;
18 } 14| }
Lo 1e)
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Text events: 4-11

lf| 1#include <iostream> £ 1
2l#include <vector> 2

3] 3]

lt| 4poocl (const std::wector<int®>s list, int key) £ 4
5 for(int i = 1 < list.size(): ++1i) { 5

& if (list[i] == key) { &

7 return true; 7

8 1 g

9 } 9|
[L0| return false; 10)
L1 11
2 12
I3int main() { 13|
4 std::vector<int> data = { 1, 4, 7, 11 }; 14
15 15
16| if (foo(data, ©€)) { 16|
7 std::icout << "& is in the list." << std::endl;| (17
1K} } 18
1ol 19|

#include <lostream>
#include <vector>
lbool contains(const std::vector<int>»& list, int key)
for(int 1 = 0; i < list.size(); ++i) {
if (list[i] kev) {
return true;
}
}
return false;
H
int main() {
std::vector<int» data = { 1, 4, 7, 11 };
if (foo(data, &)) {
std::icout << "6 is in the list." << std::endl;
}
1]
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APPENDIX C

Edit Detection Algorithm Pseudo Code Implementations

Simple Algorithm

PROCEDURE SimpleAlgorithm:
INPUT: TEXT_EVENT[] text_events
OUTPUT: EDIT[]

EDIT[] edits

FOR text_event IN text_events:
EDIT edit = create_edit({text_event})
edits.append(edit)

ENDFOR

RETURN edits
END PROCEDURE
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Temporal Algorithm

PROCEDURE TemporalAlgorithm:
INPUT: TEXT_EVENT[] text_events
NUM gap_in_ms
OUTPUT: EDIT[]

EDIT[] edits
TEXT_EVENT[] event_vec

FOR text_event IN text_events:
IF event_vec.len != 0 AND
text_event.timestamp - event_vec.last.timestamp > gap_in_ms

EDIT edit = create_edit(event_vec)
edits.append(edit)
event_vec.clear()
ENDIF
event_vec.append(text_event)
ENDFOR

RETURN edits
END PROCEDURE
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Dynamic Temporal Algorithm

PROCEDURE DynamicTemporalAlgorithm:
INPUT: TEXT_EVENT[] text_events
NUM scalar
OUTPUT: EDIT[]

EDIT[] edits
TEXT_EVENT[] event_vec

NUM length = text_events.last.timestamp - text_events.first.timestamp
NUM gap_in_ms = length / text_events.len * scalar

FOR text_event IN text_events:
IF event_vec.len != 0 AND
text_event.timestamp - event_vec.last.timestamp > gap_in_ms

EDIT edit = create_edit(event_vec)
edits.append(edit)
event_vec.clear()
ENDIF
event_vec.append(text_event)
ENDFOR

RETURN edits
END PROCEDURE
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Token Algorithm

PROCEDURE TokenAlgorithm:
INPUT: TEXT_EVENT[] text_events
OUTPUT: EDIT[]

EDIT[] edits
TEXT_EVENT[] event_vec
TOKEN last_edited_token

FOR text_event IN text_events:
TOKEN[] prev_tokens = tokenize(event_vec)
TOKEN[] crnt_tokens = tokenize(event_vec+{text_event})

TOKEN changed_token

WHILE prev_tokens[i] != crnt_tokens[i]:
changed_token = crnt_token[i]
++1

ENDWHILE

IF changed_token != last_edited_token
EDIT edit = create_edit(event_vec)
edits.append(edit)
event_vec.clear()

ENDIF

event_vec.append(text_event)
last_edited_token = changed_token
ENDFOR

RETURN edits
END PROCEDURE
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Heuristics Algorithm

PROCEDURE HeuristicsAlgorithm:
INPUT: TEXT_EVENT[] text_events
NUM gap_in_ms
OUTPUT: EDIT[]

EDIT[] edits
TEXT_EVENT[] event_vec
TEXT_EVENT prev

FOR text_event IN text_events:
IF text_event.timestamp - event_vec.last.timestamp > gap_in_ms OR
(event.inserted.contains("\n") AND isNotAllWs(event_vec)) OR
(isNotAllWs({text_event,prev}) AND event.line != prev.line)

EDIT edit = create_edit(event_vec)
edits.append(edit)
event_vec.clear()
ENDIF
event_vec.append(text_event)
last = text_event
ENDFOR

RETURN edits
END PROCEDURE
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Heuristics+tDynamic Temporal Algorithm

PROCEDURE HeuristicsDynamicTemporalAlgorithm:
INPUT: TEXT_EVENT[] text_events
NUM scalar
OUTPUT: EDIT[]

EDIT[] edits
TEXT_EVENT[] event_vec
TEXT_EVENT prev

NUM length = text_events.last.timestamp - text_events.first.timestamp
NUM gap_in_ms = length / text_events.len * scalar

FOR text_event IN text_events:
IF text_event.timestamp - event_vec.last.timestamp > gap_in_ms OR
(event.inserted.contains("\n") AND isNotAllWs(event_vec)) OR
(isNotAllWs({text_event,prev}) AND event.line != prev.line)

EDIT edit = create_edit(event_vec)
edits.append(edit)
event_vec.clear()
ENDIF
event_vec.append(text_event)
last = text_event
ENDFOR

RETURN edits
END PROCEDURE

253




    S  b =  ⟦   d  m ⟧ ∘ ⋯ ∘  ⟦   d 1 ⟧ (   S  a )


    d 1 ,   d 2 , … ,   d  m


    S  a ⟹   S  b


    S  b


    S  a


  diff


  Δ  (   S  a ,   S  b ) = diff (   S  a ,   S  b )


    S  a ,   S  b ∈  Σ ∗


   ⟦ d ⟧ =  ⟦   e  k + m ⟧ ∘ ⋯ ∘  ⟦   e  k ⟧


  1 ≤ k ≤ k + m ≤ n


  d =  〈   e  k ,   e  k + 1 , … ,   e  k + m 〉


  d


  E =  〈   e 1 ,   e 2 , … ,   e  n 〉


  i ∈  [ 1 , n ]


    S  i =  ⟦   e  i ⟧  (   S  i − 1 )


    e 1 ,   e 2 , … ,     e  n


    S 0


  S


  k


  i


  k


    S ′ = x ⋅ s ⋅ y


  S


  e


  i =  | x |


  i


  s


  e


  S = x ⋅ y


    S ′


   ⟦ e ⟧ ( S )


  S


   ⟦ e ⟧ :    Σ ∗ →  Σ ∗


  k ∈ ℕ


  s ∈  Σ ∗


  replace  ( s , k ) ≡   insert  ( s ) ∘ delete  ( k )


  k ∈ ℕ


  delete ( k )


  s ∈  Σ ∗


  insert ( s )


  𝛿


  𝛿


  𝛿


  p


  h ∈ H


  t


  e = ( t ,   h ,   p ,   𝛿 )


  H


  Σ


   Σ ∗


  S   ∈    Σ ∗


  Σ



