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Annotation. The thesis studies JavaScript variables as the foundation of

control flow and state, emphasizing var, let, and const, scope, hoisting, temporal
dead zone, and mutation control. Methods include comparative analysis,
specification-oriented interpretation, and classification of common defects.
Novelty is a coherent framework connecting execution contexts to practical
guidelines for reliable, maintainable code.
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Main body of the thesis. In modern software systems, variables are not
merely containers for values but formal instruments for representing and
transforming program state. In JavaScript, the variable model is particularly
significant because the language historically evolved from a loosely specified
scripting tool into a standardized, multi-paradigm platform used in browsers,
servers, embedded runtimes, and toolchains. As a result, variable behavior in
JavaScript reflects both legacy compatibility constraints and newer semantic
mechanisms introduced to improve safety and predictability. This thesis argues
that correct work with variables in JavaScript should be treated as a specification-
grounded discipline that unites declaration forms, scope boundaries, lifetime and
memory considerations, and mutation control into a single analytical framework,
enabling developers to prevent classes of defects that persist even in mature
codebases.

The research aim is to systematize the conceptual apparatus of JavaScript
variables and demonstrate how a precise understanding of scope, hoisting, and
binding mutability determines reliability of algorithms and maintainability of
code. The chosen methodology is a comparative and analytical study of
declaration constructs var, let, and const, interpreted through the notions of
execution context and lexical environment in the ECMAScript model, and

omplemented by an engineering taxonomy of typical errors observed in practice:
e novelty of the approach lies in linking abstract runtime structures to concre
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coding decisions, thereby transforming “best practices” into consequences of
well-defined semantics rather than stylistic preferences.

A variable in JavaScript is best understood as a binding between an identifier
and a value within a particular environment record. This formulation is crucial
because it separates the name-to-value mapping from the physical memory
location and from the value’s own internal representation. Such separation
explains why assignment can redirect a binding to a new value, why objects can
be mutated without rebinding, and why closures can preserve access to bindings
after their creating function has returned. Under this model, declaring a variable
is the act of creating a binding in a specific scope, initializing it under specific rules,
and restricting or permitting rebinding according to the declaration form.
Practical consequences include predictability of name resolution, robustness
under refactoring, and prevention of unintended global state.

Historically, var introduced function-scoped bindings with hoisting
semantics that can be surprising in modular and asynchronous code. With var,
declarations are processed before execution of the containing function or global
code, making the identifier available throughout the function body, while
initialization remains at the original assignment point. This leads to the familiar
phenomenon where a variable can be read before its assignment, yielding
undefined rather than producing an immediate error. Although often described
as convenient, this behavior weakens local reasoning about code because it
permits temporal use of a binding in an uninitialized state without explicit intent.
In large systems, such permissiveness can turn simple reorderings into latent
defects, especially when combined with conditional branches and asynchronous
callbacks that create complex temporal paths. For these reasons, modern
JavaScript discourages var for new code except when deliberately exploiting its
semantics in well-contained patterns [1].

The introduction of let and constin ES2015 aimed to address these problems
by defining block-scoped lexical bindings and a stricter initialization discipline.
Block scope implies that bindings are confined to the nearest enclosing block
statement, including if, for, while, try/catch, and standalone braces. This sharply
improves the locality of reasoning: a reader can identify the minimal region where
a name is valid, reducing the risk of accidental reuse, name collisions, and subtle
interactions between distant parts of a function. Additionally, both let and const

are subject to the temporal dead zone: the binding exists from the start of the
block but cannot be accessed before its declaration is evaluated, producing a
runtime ReferenceError. The temporal dead zone is not an arbitrary restriction;
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it enforces a principle that a variable should not be observed before its program
point of declaration, aligning runtime behavior with a clearer mental model of
sequential code construction [2].

Const further restricts rebinding by requiring initialization at declaration
and prohibiting subsequent assignment to the binding. This is often
misinterpreted as making the value immutable. In reality, const protects the
binding, not the object value; if the bound value is an object or array, its properties
can still be mutated unless additional measures are taken. The scientific and
engineering importance of this distinction is that it separates two dimensions of
change: rebinding of identifiers and mutation of structured values. A robust state
model in JavaScript uses const widely to stabilize bindings, thereby reducing the
cognitive load of tracking identifier reassignment, while selectively managing
object mutation through disciplined patterns, such as copying and freezing, when
functional-style guarantees are needed [3].

Scope and lifetime are also inseparable from the execution model of
JavaScript, which is built around execution contexts, a call stack, and environment
records. When a function is invoked, a new execution context is created with its
own lexical environment. Nested functions capture references to outer lexical
environments, producing closures. Closures are sometimes taught as an advanced
feature, but in reality they are a direct consequence of lexical scoping and first-
class functions. Their significance for variables is profound: a binding may outlive
the activation record of the function that introduced it, because the binding
remains reachable from an inner function stored elsewhere. This enables
powerful abstractions such as private state, memoization, and factory functions,
yet it also introduces the possibility of unintended memory retention when large
objects remain referenced by long-lived closures. Therefore, variable design in
JavaScript must consider not only correctness but also lifetime management,
especially in front-end applications where long sessions and event listeners are
common [4].

A particularly illustrative case is the use of loop variables in asynchronous
callbacks. Under var, a single function-scoped binding is shared across iterations,
so callbacks executed later observe the final value, not the per-iteration value
expected by many developers. Let resolves this by creating a new binding per
iteration in for loops, giving each callback a distinct lexical binding. This difference

demonstrates how variable semantics directly control concurrency-like behavior
in event-driven programs. It also shows why a purely syntactic understanding of
declarations is insufficient; one must reason about environments created over
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time and referenced by delayed computations. Such cases justify treating variable
rules as part of program semantics rather than coding style [2; 5].

Another critical dimension is strict mode and module scope. In sloppy mode,
assigning to an undeclared identifier implicitly creates a global property, a
notorious source of bugs and security risks. Strict mode prevents this, throwing
an error and forcing explicit declarations. ES modules enforce strict mode by
default and have their own top-level scope distinct from the global object.
Consequently, modern development benefits from module-based structuring
where variable visibility is controlled through imports and exports rather than
implicit globals. This environment reduces namespace pollution and supports
static analysis and tooling, thereby improving reliability and enabling automated
refactoring [1; 6].

Type considerations, although JavaScript is dynamically typed, intersect with
variable usage through initialization patterns and implicit conversions. Since a
variable can be rebound to values of different types, uncontrolled reassignment
may propagate type instability across program paths, complicating reasoning and
increasing the likelihood of runtime errors. While the language permits such
flexibility, engineering practice often imposes conventions: stable bindings with
const, minimal reassignment with let, and explicit conversions at well-defined
boundaries. This approach narrows the effective dynamic behavior and makes
programs more amenable to static checks and to gradual typing tools, even when
those tools are not formally part of the language [6]. The key is not to deny
JavaScript’s dynamism, but to manage it with predictable variable discipline.

From a defect-prevention perspective, recurring error classes can be
mapped to variable semantics. Uninitialized reads, accidental shadowing, and
scope leakage are primary categories. Uninitialized reads are mitigated by
temporal dead zone behavior and by requiring initialization at const declarations.
Accidental shadowing, where an inner scope declares a name already used in an
outer scope, is sometimes useful for narrow transformations, but often leads to
confusing code and subtle logic errors. The remedy is not to ban shadowing
universally but to treat it as a deliberate act justified by improved locality, and to
rely on linters and code reviews when shadowing reduces clarity. Scope leakage,
frequently caused by missing declarations or by var escaping a block, is reduced
by strict mode and by using let and const consistently. Importantly, these
remedies are explainable as direct consequences of how bindings are created and
resolved, supporting the thesis claim that semantic understanding should drive

coding rules [3; 4].
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Scientific novelty in this work is articulated as an integrative model: variable
declarations are evaluated as choices that set constraints on binding creation,
visibility, temporal accessibility, and rebinding, which in turn determine the set
of possible runtime states reachable by the program. Under this model, let and
const reduce the reachable erroneous states by restricting access before
initialization and by confining bindings to smaller regions. Const additionally
reduces state transitions caused by identifier reassignment, making equivalence
reasoning and refactoring safer. Closures extend lifetime of bindings, expanding
the state space over time, which can be advantageous or harmful depending on
the intended persistence of state. Such a model is applicable across domains,
including Ul programming, server request handling, and library design, because
all depend on controlling how state is shared and transformed.

Conclusion. The analysis demonstrates that working with variables in
JavaScript is a semantic problem centered on bindings, lexical environments, and
controlled mutability. Var, let, and const differ not only syntactically but in the
states they permit and the errors they prevent or enable, especially under
asynchronous execution and closure-based patterns. A disciplined variable
strategy based on block scoping, explicit initialization, stable bindings, and
deliberate lifetime management improves correctness, refactoring safety, and
long-term maintainability of JavaScript systems.

References:
1. Flanagan D. JavaScript: The Definitive Guide. Sebastopol: O’Reilly Media, 2020.

706 p.

2. Simpson K. You Don’t Know ]S Yet: Scope and Closures. Sebastopol: O’Reilly
Media, 2020. 143 p.

3. Zakas N. C. Understanding ECMAScript 6: The Definitive Guide for JavaScript
Developers. San Francisco: No Starch Press, 2016. 352 p.

4. Crockford D. JavaScript: The Good Parts. Beijing: O'Reilly Media, 2008. 176 p.
5.Zuev D. V. JavaScript dlya professionalov. Saint Petersburg: Piter, 2019. 400 p.

6. Gofurov A. A. Zamonaviy veb-dasturlash asoslari: JavaScript va amaliy
yondashuv. Tashkent: Fan va texnologiya, 2021. 240 p




