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1. Levels of a computing system,

2. Relation between levels,

3. Architecture, organization and implementation,

4. Compiling and interpreting,

5. The Von Neumann Computer Model,

6. The formal description of computing systems.

1. Levels of a computing system:

Humans think differently from those that make up a computer. Humans think at a higher level of abstraction. In order to transform the problem into the way that a computing system operates, the programmer had to cover all separation between the human way of thinking and the machine operation. This primitive or early computer is shown in Figure 1.
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Figure 1: Early, present and future computers.

To bridge the gap, much of the revolution of computing systems has consisted in attempts to narrow this gap on the side of the computer itself by means of system software. Through the system software we are no longer presented with the real machine, but rather with a virtual machine that seems to operate in a different way closer to that required by humans.




Figure 2 Virtual machine levels

2. Relation between levels:

The component at each level appears to be primitive elements at that level, but structured components at the level beneath. The connections that perform this hierarchical operation are the processes of translation and interpretation, where

Translation takes place when each component at level N is substituted by a group of components at level N-1,

Interpretation implies that there are both the components at level N and those corresponding to them at level N-1.

If the connection is a translation relationship, a system is simply represented at level N but not executed since it is executed at level N-1 or those lower down. However, if the relation is an interpreting one, the system at level N is also executed. Since the lower level are more efficient, while the higher levels are more effective in representing problems, it therefore seems reasonable in general to adopt translation processes for the higher levels and interpreting processes for the lower ones.

This relation between problem description level and the execution level gives rise to an important problem. This problem is that any information regarding what is happening within the system while it is functioning is of little interest to the person planning the system.

3. Architecture, organization and implementation

The highest level of a computing system is that which is presented to the outside world. The boundary between the system and the outside world is called the system architecture. So, there are as much architecture as there are interfaces with other layers of the computing system. However, we classically refer to computer architecture as “ the structure and behavior of the various functional modules of the computer and how they interact to provide the processing needs of the user.”  In some other approach it is defined as the system components as seen by the assembly language programmer.

Computer organization, on the other hand deals with the way the hardware components are connected together to form a computer system. Implementation is concerned with the technology applied to realize a certain organization.

Computer languages are categorized to four levels:

1. Very high level languages such as special purpose languages,

2. High level languages such as  the Pascal language,

3. Intermediate high level languages such as the C-language,

4. Low level languages such as symbolic or numeric languages usually called assembly or machine language.

These levels are shown in Figure 3.



Figure 3. The different levels of an information processing system

4. Compiling & Interpreting

As shown in Figure 4, a high level language is to be translated to machine code using a compiler, while an assembly symbolic code is translated to machine code using an assembler. 



Figure 4. The compiler, the interpreter and the assembler

Also interpreters and pseudo-code interpreters are used to convert high level statements to machine code. Either directly, or indirectly using what is called a pseudo-code table,

All the levels mentioned utilize resources such as memory and peripherals, not to mention the processing unit itself. These resources must be carefully managed. Furthermore, when there is more one user involved in the system at the same time (multiprogramming, multiprocessing and time-sharing), it becomes necessary to solve any potential conflict in resource use.

The operating system supervises all these operations. This operating system provides a series of services above that of the machine language. It may be considered a partial interpreter of the higher level. It analyses all the instructions in the programs being executed, letting most of them pass unaltered down to the level below, and interpreting those instructions that require use of resources, by means of appropriate programs. The machine language is not under its control, however it may use some of its services. The machine language is the lowest level available to the user and it represents what is called the computer architecture.
From this moment on, the rest of the work proceeds to reduce the gap between the machine architecture and the higher levels. The second type of work consists in defining the ways of creating the machine architecture specified, that is, designing the underlying levels. These are the microprogramming level and the hardware level.



Figure 5 Relation between different levels from a high level language perspective

5. The Von Neumann computer model



Figure 6: The Von Neumann computer model

Any problem must be described to the computer as a sequence of operations. The machine expects a program, a set of instructions, which tells it what to do from one moment tot the other.  The processor is an interpreter of a set of instructions. Incorporated within it are mechanisms for fetching, decoding and executing an instruction. Instructions and their associated operands (data) are stored in memory. The processor needs to know which of the instructions it is executing, the data it is to operate on and the location of the next instruction to be carried out. It also needs to know all the resources at its disposal. All this information is held in high-speed memories called registers.

The memory of the computer is to be organized in different levels of hierarchy which goes from slow large capacity memories  such as hard disc drives to very fast such as cache memory. 


Figure 7: The memory hierarchy

Due to large speed difference between the processor and the memory and that all instructions and their data have to go through the bus system, a Von Neumann bottleneck is architecturally formed. To over come this architectural problem we resort to:

!. Using memory hierarchy as shown above,

2. Increase the size or widening the data and instruction bus (space parallelism),

3. Prefetching more than one instruction for each memory read cycle (time parallelism).

6.  Formal description of computer architecture:

We use a specialized language suitable to define register transfer micro-operations and their associated control functions. This language is called Register Transfer Language or RTL. As an example consider 

F: A ← B

Where F is the control function and the data is moved from register B to register A when F is true.
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