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Course Code: CACS457  |  Year/Semester: IV / VIII

Unit 6: Abstractions for Programming

Building a multimedia application from raw hardware would be extremely tedious if every programmer had to
directly control sound cards, graphics chips, and storage devices. Abstraction hides this low-level complexity
behind simpler, reusable layers, letting programmers work with concepts like 'play this video' instead of
manipulating individual hardware registers. This unit looks at the layers of abstraction used in multimedia
programming, from raw libraries up to object-oriented design.

1. Abstraction Levels
Abstraction means hiding the internal details of how something works and exposing only what is necessary to
use it. In multimedia programming, abstraction is organized into levels (layers), where each layer builds on the
services of the layer below it, and hides that layer's complexity from the layer above.

Figure 1: Each layer of abstraction hides the complexity of the layer beneath it, from raw hardware up to the finished
application.

Level What It Provides

Hardware The physical CPU, GPU, sound card, storage, and input/output devices
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Level What It Provides

System software
The operating system and device drivers that manage and schedule access to
hardware

Libraries
Pre-written, reusable code (e.g. for decoding audio/video, drawing graphics) that
applications call into

Toolkits
Higher-level, ready-to-use components (e.g. a pre-built video player widget) built
on top of libraries

Higher programming languages
Languages like Python, Java, or JavaScript that let developers express logic without
managing memory or hardware directly

Application programs The finished software the end user actually interacts with

Note: The general rule: the higher the abstraction level, the easier and faster it is to develop with, but the less direct
control the programmer has over exact hardware behavior and performance.

Example 1: Comparing Abstraction Levels for the Same Task

Question: Consider the task of 'play an MP3 audio file'. Describe how this task would be approached
differently at the hardware/system level versus the library level versus the application level.

Solution / Explanation:

Hardware/system level: The operating system's audio driver must configure the sound card, manage audio
buffers, and schedule data transfer — extremely detailed and device-specific work.

Library level: A programmer calls a small number of function calls from an audio library (e.g.
'decodeMP3()', 'playBuffer()') — the library internally handles the decoding and hands data to the system
software, hiding the hardware details.

Application level: The end user simply presses a 'Play' button in a media player application — every layer of
complexity below is completely hidden from them.

This shows exactly how each abstraction level hides the one below it, letting each group (driver writers,
library developers, application developers, end users) work at the right level for their needs.

2. Libraries
A library is a collection of pre-written, reusable code (functions, classes, or modules) that programmers can
call into their own programs, instead of writing that functionality from scratch. Multimedia development
relies heavily on libraries for tasks such as audio/video decoding, image processing, and graphics rendering.

Library Type Plain Description / Example Role

Codec libraries
Encode/decode audio and video formats (e.g. a library implementing H.264 or MP3
decoding, as discussed in Units 2, 4, and 5)

Graphics libraries
Provide functions for drawing shapes, images, and 3D scenes (e.g. rendering APIs
used for both 2D and 3D graphics)

Audio libraries Handle low-level audio playback/recording, mixing, and effects
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Library Type Plain Description / Example Role

Image processing libraries
Provide functions for filtering, transforming, and analyzing images (Unit 3
operations)

Networking libraries
Handle data transmission/streaming of multimedia content over a network (Units 2
and 4 transmission topics)

Note: Libraries are typically lower-level and more 'building-block' oriented than toolkits (Section 4) — a library gives you
the raw functions, while a toolkit usually gives you ready-made, higher-level components built using one or more
libraries.

3. System Software
System software sits directly above the hardware and manages it on behalf of every other program running on
the computer. For multimedia in particular, the operating system and its device drivers must provide several
specialized capabilities beyond ordinary general-purpose computing.

Capability Why Multimedia Needs It

Device drivers
Translate generic OS requests into the specific commands needed by sound cards,
graphics cards, and capture devices

Real-time / priority scheduling
Ensures audio and video data is processed and delivered on time, avoiding glitches,
dropouts, or stuttering (Units 2 and 4)

Memory management for large
buffers

Efficiently allocates and manages the large memory buffers required by
uncompressed audio/video/image data (Units 2-4 examples)

Interrupt handling
Responds quickly to hardware events (e.g. a new audio sample being ready)
without the CPU constantly checking/polling

File system support Efficiently stores and streams large multimedia files from disk

Note: This is exactly the 'System Software' layer shown at the bottom of Figure 1 — without reliable real-time scheduling
and driver support from the operating system, no library or toolkit above it could guarantee smooth multimedia playback.

4. Toolkits
A toolkit is a collection of pre-built, higher-level components (often with a visual interface) that developers
can assemble together, rather than writing low-level library calls by hand. Toolkits typically sit one level
higher than plain libraries, combining several libraries into ready-to-use building blocks.
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Figure 2: A toolkit (e.g. a media player widget) is built using one or more underlying libraries, which in turn rely on system
software and hardware.

Toolkit Example What It Provides

GUI (widget) toolkits
Ready-made buttons, sliders, windows, and media controls that handle their own
drawing and input events

Multimedia authoring toolkits
Drag-and-drop components for assembling interactive multimedia presentations
without writing all the underlying code

Game engine toolkits Bundled rendering, physics, audio, and input-handling components for building games

Web multimedia toolkits
Pre-built video/audio player components and controls for embedding multimedia in
web pages

Note: Using a toolkit is usually much faster than building the same functionality directly from libraries, at the cost of
some flexibility — toolkits are designed for common use cases and may not expose every low-level option a library
would.

5. Higher Programming Languages
Higher (high-level) programming languages let developers describe what a program should do using
human-readable instructions, without manually managing low-level details such as memory addresses or CPU
registers — the compiler or interpreter handles translating this down to machine code automatically.

Language Category Typical Role in Multimedia

Compiled high-level languages (e.g.
C++, Java)

Used for performance-sensitive multimedia engines, codecs, and
game/graphics engines
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Language Category Typical Role in Multimedia

Scripting languages (e.g. Python,
JavaScript)

Used for rapid multimedia application development, automation, and gluing
libraries/toolkits together

Markup/styling languages (e.g. HTML5,
CSS, SVG)

Used to describe and style multimedia content for display, especially on the
web

Domain-specific languages
Specialized languages or scripting systems built specifically for one
purpose, such as shader programming for graphics

Higher programming languages are what most application-level multimedia development (Section 1, top
layer) is actually written in — they call down into toolkits and libraries to do the heavy lifting, while letting
the developer focus on the application's logic and user experience.

6. Object-Oriented Approaches
Object-oriented programming (OOP) is a programming approach that organizes code around objects —
self-contained units that bundle together data (properties) and the behavior (methods/functions) that act on
that data. OOP is widely used in multimedia programming because different media types (audio, video,
images, animation) naturally share common behavior while also needing their own specific features.

OOP Concept Plain-English Meaning

Class
A blueprint/template describing what properties and methods a type of object will have
(e.g. a 'VideoObject' class)

Object (instance)
A specific, concrete item created from a class (e.g. one particular video file currently
loaded in a player)

Encapsulation
Bundling an object's data and the methods that operate on it together, hiding internal
details from outside code

Inheritance
A new class can reuse and extend the properties/methods of an existing class, rather than
rewriting them

Polymorphism
Different classes can respond to the same method call (e.g. play()) in their own
appropriate way
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Figure 3: A typical object-oriented media class hierarchy — shared behavior lives in a base class, while each specific media
type adds its own properties.

Example 2: Applying Polymorphism to Media Objects

Question: Using the class hierarchy in Figure 3, suppose a media player application has a list containing an
AudioObject, a VideoObject, and an ImageObject, and calls play() on every item in the list using the same
single line of code. Explain how polymorphism makes this possible, and what each object would actually do
when play() is called.

Solution / Explanation:

Because AudioObject, VideoObject, and ImageObject all inherit from the common MediaObject base
class, they all guarantee they understand the play() method — this shared interface is what allows the
application to treat every item in the list the same way, without needing to know its exact type.

Through polymorphism, each object's own version of play() actually runs: AudioObject's play() begins
audio playback through the sound system, VideoObject's play() begins decoding and displaying video
frames with synchronized audio, and ImageObject's play() might simply display the image (or start a
slideshow/transition effect, depending on the design).

This is precisely why object-oriented design is so useful for multimedia systems: new media types can be
added later (e.g. an AnimationObject) by simply creating a new subclass with its own play() method,
without changing any of the existing application code that calls play().

Key Takeaways — Unit 6
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• Abstraction hides lower-level complexity behind simpler layers, organized from hardware up through
system software, libraries, toolkits, high-level languages, to applications.

• Libraries provide reusable, lower-level building-block functions for tasks like codec decoding, graphics
rendering, and audio processing.

• System software (the OS and device drivers) manages hardware access, real-time scheduling, memory,
and file I/O needed for smooth multimedia playback.

• Toolkits combine libraries into ready-to-use, higher-level components (such as GUI widgets or game
engine modules), trading some flexibility for development speed.

• Higher programming languages let developers express multimedia application logic without managing
low-level hardware or memory details directly.

• Object-oriented approaches organize multimedia code around classes and objects, using encapsulation,
inheritance, and polymorphism to share common behavior across different media types while allowing
each to specialize.

— End of Unit 6 —
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