
Programming Hierarchy

What’s a programming hierarchy?
When someone says they write a computer program, what have they done?  Simply, they

have made a list of instructions that tell a computer how to perform some particular job.  At the
very basic form, these instructions exist as strings of bits.  The average person writing software
cannot understand these bits by themselves, which is why there is a hierarchy.

The instructions, made up of bits, form the lowest level of language that can be used to
form a program.  Arranged properly, these bits will tell the computer to read and write from the
hard drive, display something on a monitor, or read input from a mouse.  Improperly positioned,
these bits can also cause many ill effects, such as deleting important information from the hard
drive, forcing the processor to stop executing instructions, or worse.  For this reason
programmers must know what they tell a computer to do.

As an aid, higher level programming languages, representing higher levels of abstraction,
are produced depending on the type of job a programmer desires a computer to perform.  For
most programmers, languages with high levels of abstraction (such as Java, C, C++) are adequate.
They have structures for grouping many different types of data and producing new data types
(structures, unions, and classes), and for writing subroutines (functions and methods).  Rather
than 0s and 1s, the programmer can represent the program as a sequence of instructions using
recognizable names and symbols.

Assembly Language
Assembly language is just higher than normal machine code (the string of bits).  It

produces a level of abstraction that clearly shows what the bit equivalent will do without having
to be as cryptic as a string of bits.  Since the MIPS architecture is a RISC, it’s instruction set is
relatively easy to use and understand.  Nothing to be feared, unlike the quantity and complexity of
the VAX’s instruction set.

Because of the closeness of assembly language to actual machine code, it can be hand
optimized to produce small and fast programs.  However, if one would attempt to write a
program completely in assembly language, they would find some problems.  First of all, the
simplicity of the instruction set compared to higher level languages often means it takes more lines
of code to do the simplest of operations.  This means your programs grow bigger, faster than if
you used a higher level language.  After awhile, cutting and pasting would become tiresome and
painful as the program increased in size and complexity, giving you incite in the importance of
using subroutines to reduce the repetition and duplication of code.

Except for people writing compilers and operating systems, assembly language should not
be considered as a programming tool in most cases.  As the complexity of programs written in
assembly language goes up, so do the small inefficient code snippets increase in number.  In the
end, more often than not, an optimizing compiler can often do better producing assembly
language than a programmer.

C, C++, and Java
C, C++, and Java are all higher level languages than assembly.  What makes them so

useful is that they are easily expanded through the use of libraries (which add new data types and
subroutines to the already present vocabulary of the language), and powerful, yet easy to
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understand, syntax.  In comparison to assembly, these higher level languages can be used to
quickly write programs.  The syntax even allows for clearer programs with better organization.

Hierarchy of Modules
When programming, it is important to get used to certain habits.  Think simple.  Think

small.  And think modular.  (Not necessarily differently although that can be good too.)
As an example of these good habits, take the simple mouse used to move a pointer around

on your computer monitor.  It’s made of these major components, a case, a ball, a
microcontroller, some IR emitters/detectors, some spoked wheels, and buttons.  These major
components are formed from other things.  The case is usually formed by molded plastic.  The ball
can be formed from synthetic rubber surrounding a heavy core.  The microcontroller is a plastic
dip package containing a silicon IC with pins sticking out.  The IR emitters/detectors have special
plastic casing around a photo-diode or photo-transistor.  The wheels are once again molded
plastic.  The buttons can be metal and plastic, both molded and combined together.

Think of why there are so many different, separate components.  Each component is made
for a special purpose.  They all are made in different ways.  They all do their intended jobs and do
them well.  When building a mouse each part is separately ordered and used in the final assembly.

The modularity of each part allows the designer to understand their function and place
them in the final product.  The simplicity of each part allows the designer to spend less time
producing the final product.  Since the parts of the mouse are manufactured at specialized
factories, if one factory makes an error only that part of the mouse must be reordered and fixed, a
saving in cost and possibly time.

Programmers can do likewise in computer programs.  The effective use of subroutines and
data types to produce specialized modules (classes, objects) makes the code clearer and easier to
understand.  This helps in the assembly of a final product.  These modules, or parts, can be built
using standard libraries to create new libraries, and can then be used to build even larger modules.
The importance of building modules from other modules is to keep things simple and manageable.
When building a program out of multiple parts, you should also realize that if parts are separately
tested and placed together they have a higher chance of working properly, and if one fails, it can
be fixed without having to change or rebuild everything.
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