
اعداد
محمد سامي محمد. د.م

قسم علوم الحاسوب  
االولىاملرحلة 

ة   لعلوم الصرف 
ل
ة   ي  رب  ة  الت  الى/ كلي  امعة  دي  ج 

Computer Organization 
and Architecture

Lecture 9
Programming Language Types



This is the next level of programming languages after the machine languages. In
assembly languages, we use alphanumeric symbols (as operands and operations) instead
of binary digits. These mnemonics can have up to five letter combinations maximum e.g.
MOV, SUB, ADD, MUL, START etc.

These languages are also known as “Symbolic Programming Languages” because of the
usage of symbols to represent operation codes and storage locations. The programs
written in assembly language are called assembly codes. Assembly language is easier to
understand by the humans as compared to its predecessor language (Machine Language).
The coding of the both of these languages is shown in the Table I.
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Table I. The Machine Languages Code and the 
Corresponding Assembly Language code 



The symbolic addresses are utilized for the data times by the developers. The
assembler programs allot the machine addresses and make certain that the different
data items do not overlie in computer memory, an unenthusiastically ordinary
incidence in machine language program codes.

The assembly program coding is generally separated into diverse fields which split
with spaces or tabs.

A typical assembly code line is shown below:

[Label] [Op-code] [Operand1], [Operand2] ; Comment 
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1. Labels are the starting field of assembly language instructions. It may be blank. If it
is there then the assembler program describes the label with corresponding to the
address.

2. Op-codes are basically the Mnemonics. These are operation codes which are
assigned to each processor instruction (set). The assemblers translate the op-codes
into their binary equivalent code.

3. Operands are the objects which are used by the operation represented by the Op-
code.

4. Comments are used after the semicolon to describe about the coding. These are
ignored by the assemblers when they translate the assembly language program.
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(a) Data Transfer Instructions: These instructions are used to transmit data from one
position to another. The data transfer may be register-to-register, register-to-memory,
memory-to-register, immediate value to register such as MOV, MOVX, PUSH, POP, etc.

(b) Arithmetic Instructions: These are the instructions which are used to do the
arithmetic operations like INC, ADD, MUL, SUB, DIV, DEC, etc.

(c) Logical Instructions: These are the instructions which are used to do the logical
operations like AND, NOT, XOR, ORL, XRL, etc.
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5. Processor Instructions (set) are classified in the following categories:



(d) Control Transfer Instructions: Such instructions are jumping ones which are
utilized to jump from one place to another in a program and utilized for controlling
loops. The instructions are like JZ, JNZ, JE, JMP, AJMP, LJMP, ACALL, LCALL, RET, etc.

The first field is optional. It is the label field. It is used to specify symbolic labels and
constants. The few assembler programs always need the labels with the colon as a
delimiter ([Label :]). The next field is the op-code (mnemonic) field. The 3rd and the
next fields are operands. These are usually comma-separated. The comments start with
a delimiter semicolon (;) and ends in the same line.
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5. Processor Instructions (set) are classified in the following categories: (Continue)



Clearly scope of error is very much reduced. However, the computer does not directly
understand assembly languages. A program called an assembler translates it into machine
language. The mnemonic op-code like ADD is replaced with the equivalent machine code by
the assembler. The assembler assigns the addresses to symbols A, B, and C and make sure that
all the addresses are different from each symbol. So for making easy process for the
programming, an additional process level has expanded.

In the real time applications the assembly language is still utilized for controlling the
computer activities with efficiency. So the languages always require a sound knowledge of
the machine architecture. For example, different ADD instructions are required for various
kinds of data item. Assembly languages are machine-oriented, so, the developers are always
requiring re-writing the programs to implement that on the different computing machine.
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The salient features of assembly languages are given below:
1. 2nd Generation Languages: the second generation languages after machine languages.

2. Easy to be compared with Machine languages

3. Easy to understand:

4. Easy to remove errors: Because of the codes use English alphabets, it's easy to locate and
correct errors in an assembly language programs.

5. Easy to modify: we can modify them easily as the comparison with machine programs.

6. Machine dependent: A program which is written for one machine cannot be rerun of
the different machine because every machine has a different architecture.
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7. Need of Translator for the execution of the Program: The Assembly language programs
cannot be directly run or execute on the system, they always need the Assemblers.

8. Programmer Requires the Knowledge of Computer Architecture: the programmer need
to understand the computer architecture as for as the machine languages.

9. Efficient code for the Machine: The coding of the Assembly language programs is very
efficient for the machine.

10. Fast processing: As the assembly instructions are directly converted to the machine
code by the assemblers so they are processed (executed) very quickly.
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12. Used for Specific Applications: Used in applications which are cost sensitive
(Washing Machines & Music Systems) & time critical (Aircraft Controls). (H.W.)

13. Assembly Language Programs are not Portable: As we know that every
microcomputer has its own assembly language. So one assembly language program
cannot be run on another microcomputer.

Applications of Assembly Languages: The languages are used by the programmers
when they have to process the limited data, when the memory cost factor is accounted
(washing machines), when the programs are very small, when there is a need of real-
time applications (aircraft control), and when the applications requires more input or
output or control computations.
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Middle-level languages have been developed in recent years to bridge the gap of high-
level and low-level languages. Some of these languages fall in the category of object-
oriented e.g. C#, C++, Java, and FORTH.

These languages are helpful in developing Graphical User Interfaces (GUIs) that run on
personal computers. Middle-level language programmers need more technical skills as
compared to the high-level language programmers. These languages are closely related
to man and machine.
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Such languages offer a small set of controlling and data-manipulating instructions
which can be utilized by the developers. A high-level language is designed to give
programmers all they could possibly want already in-built. A low-level programming
every function is defined by the developers since nothing is predefined and libraries of
them available.

These are the building block programming languages, because all the routines are
created firstly for the specific functioning and make a collection or library of them. C
and C++ languages allow a programmer to define routines to perform high-level
commands. These routines are called functions. These are very important to C and
C++. We can tailor a library of C and C++ functions to perform tasks that are carried
out by our program. The overlapping of the middle level languages over the other
levels is shown in the Figure 2.
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High – level languages are problem-oriented rather than computer-oriented. There are so
many low-level language instructions corresponding to every high-level language
instruction. Compilers and Interpreters are used to translate the high – level language source
programs into machine language instructions.

To write large pieces of software, like web browsers, word processors, computer games,
audio-video players, or a library system, cannot be done effectively by writing all of its
instructions with the help of low-level programming languages. Such type of software is
written in high‐level programming languages. These languages allow the complex sequences
of processor instructions to be expressed briefly.
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High-level programming languages have formats close to English language. The main
purpose of developing these languages is to write programs easily. These are basically
symbolic languages. Here, English words and/or mathematical symbols are utilized in
place of mnemonic codes.

There are so many high-level languages exist for different type of works. FORTRAN
(FORmula TRANslation language) is the oldest high-level language which was used for
expressing the algebraic notations. COBOL (COmmon Business-Oriented Language) is
the language for business applications. C is a system programming language. A few
languages are GUI (Graphical User Interface) based to develop applications

HIGH –LEVEL LANGUAGES 



Some of the features of high – level languages are given here:
1. 3rd Generation Languages: This generation is the refinement to the 2nd generation.

2. Understandability: The users can easily understand the programs.

3. Debugging: We can easily find the errors (bugs) in programs.

4. Portability: It is easy to run the same program which is written on one machine and
run on the different machine.

5. Easy to Use: These languages are programs easily, if we are well know to English
language.

6. Problem-oriented Languages: We can write the programs like the language of the
problem. As there are business-oriented languages and as well as scientific languages.

HIGH –LEVEL LANGUAGES 
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7. User-friendliness

8. Little time to write Programs: In these languages the writing of programs requires less
time.

9. Easy Maintenance: We can easily maintain the programs written in these languages.

10. Machine Independence

11. Need of a Translator: There is always a need to translate the high-level language
program to machine language program.

12. Less Efficient: The use of resources (processor time/memory space) of the programs
written in these languages is high as compared to the low-level language programs.



Most of the fourth generation languages (4GLs) are non procedural languages. Here only
the encouragement to the users and the developers to describe the results they need.
Though, the series of instructions are decided by the computing machines which will
provide the required results.

A 4GL is used in six major areas. Those areas include, Data input; Data management; Data
analysts; Data output (including reporting); Graphics; user oriented interfacing only that
includes the utilization of windows, and predefined screens etc. One example is shown as
follows.

All the forth generation programming languages are so much interactive and a dialogue
in between the human being and the computer machine is supported. They are powerful
system software because they provide default data management, programming, and
reporting functions etc. Consecutively, this leads to Decreased Development Time;
Decreased Development Costs; Increased Software Quality; Improved Decision Making
Capabilities; and Increased Availability of Information.

VERY HIGH –LEVEL PROGRAMMING 
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As an example, the Oracle is a 4GE (4th Generation Environment) which has the
components like End-user Query Language (e.g. SQL), Screen Formatter (e.g. Oracle‟s
screen painter in SQL *Forms), Report Generator (SQL *Report), Data Dictionary (SQL
*DD), SQL *Plus, SQL *Forms, SQL *Graph and many more. Other 4GLs are Progress 4GL,
AVS, APE, LINC, Build Professional, GEM Base, and Mathematica etc.

4GLs can be classified in five major groups: Programming extensions to the operating
system through command interpreters; database management and query; new
programming languages such as graphics; productivity-oriented tools, through pre-
compilers; and spreadsheet systems and integrated software.
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This class of programming languages comes under the category of fifth Generation
Languages (5GLs). These are yet to come. These are the subjects of discussion in the
programming community. These will use the ideas of Artificial Intelligence (AI) to
cause novel software to exists. Therefore, it is very characteristic job to develop such
languages. There will be no significance of the algorithms. Only the constraints will be
thought carefully in the programming.

Nowadays Fifth Generation systems (5GSs) characteristically have large scale parallel
processing (many instructions being executed simultaneously), different memory
organizations, and novel hardware operations predominantly designed for symbol
manipulation. The concept of parallel processing has come in place of the single
central processor. This new hardware organization is often fastened with software that
concentrates on representation of knowledge.
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