A Simple Computer Architecture

Introduction

In order to solve a problem using a computer, we think of a high level abstraction of the problem and then transform these concepts into something that the computer can operate with. Thus we use high level languages (Pascal, C, Cobol) to program a solution to the problem. These languages use all the power the computer can provide. Historically, the solution to the problem had to be found by programming the actual computer itself, without the aid of a nice language. Figure 1 shows the relationship between the user's problem and the computer, historically and nowadays.
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Figure 1 The problem and the machine.

The boundary between the system and the outside world is called the systems architecture. This can take different forms;

a)
application packages

b)
languages

c)
communications with other systems and devices

Systems architecture may include not only high level languages but also symbolic machine languages or assembly languages (Intel 8086, 80286, etc., Motorola 68000, 68020, etc). The high level language or assembly language solutions are then translated into machine code that the particular computer will understand (Figure 2a).
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Figure 2 System level Instructions vs Machine level Instructions

Every high level language instruction is converted into a sequence of machine code instructions after translation. An assembly language instruction, on the other hand, is converted into one or a few machine code instructions (Figure 2b).

All the above make use of resources such as memory and peripherals, not to mention the processor itself. These resources must be carefully managed. The system that supervises all these operations is the Operating System (Figure 3).
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Figure 3 Relationship between the Operating System and the Hardware

The von Neumann Computer Model

According to von Neumann, a computer consists of memory and a processor. The memory contains the data and programs. The processor has the job of extracting the program instructions from the memory, interpreting them and executing them one after the other until the problem is solved. The data is transformed during the running of the program through a succession of states, the final one is the result. A more generalised view of a computer would include some communications media, in which the user of the computer can access the programs and data, and also see the results of the computation. This media would be the Input/Output devices. We will deal with the complexities of how instructions are fetched and executed in a later section on the CPU, here we will concern ourselves with how memory and Input/Output devices are accessed.
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Figure 4 A Generalised Computer Architecture

Computer Architecture is concerned with the components of a computer system and how they are connected to each other. Figure 4 shows the major components of computer system.

Storage represents various long- and short-term storage devices found in a computer. The storage depicted in Figure 4 represents the computer's main memory. Additional temporary storage in the form of registers will be found inside the central processing unit. Most computer systems also include some auxillary storage in the form of tape, disk or optical devices that are able to retain information for long periods of time.

The processor or central processing unit (CPU) is subdivided into the control unit and the arithmetic and logic unit (ALU). 

All these devices communicate with each other by passing data between each other via the bus, the movement of the data is controlled by the control circuits (long dashed lines).

Input

When the CPU is expecting data from an input device, it issues a request for input by placing (asserting) the control signal on line W (Figure 5).
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Figure 5 Input device activated by control signals from the control unit

Then it waits for the input device to respond. The input device does so by placing the requested data onto the data bus. Once the data is on the data bus it is available to all the devices connected to the data bus (i.e. ALU, memory, etc.). So which of the devices connected to the data bus should receive the data? Again the control unit determines the destination of data. It asserts either the control line Ma if memory is to accept it, or in this case, Aw if the ALU is to accept it (Figure 6).
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Figure 6 Data placed on the bus and accepted by the ALU

Memory Access

Memory contains a large number of storage cells and when a piece of data is requested from memory, then a decision must be made about which location to use. Once again the decision is made by the control unit, which puts the required memory address on the address bus and signals memory to accept it by asserting Ma.
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Figure 7 The memory address supplied by the CPU is accepted by memory

In order to read something from memory into the ALU, it requires several coordinated activities. The control unit first supplies memory with the desired address (Figure 7), it waits an appropriate amount of time for memory to capture the address, and then signals memory to place the data on the bus and the ALU to accept the data by asserting line Mr and line Ar respectively (Figure 8). The data will be copied into one of the ALU's internal storage registers.
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Figure 8 Data is read from memory into the ALU

If we want to write datad from an input device into memory, again the address is supplied to memory by the conttrol unit, an appropriate delay ensues and then the control unit signals the input device for input (line W) and memory to accept the data (line Mw). All these activities in both examples must be timed and coordinated to ensure the accurate transfer of data.
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Figure 9 Data from an input device is written to memory.

Output

Finally, data that is sent to the outside world must be copied onto the data bus from either the ALU or memory (Figure 10) by asserting the control lines Ar or Mr respectively, while at the same time the control line Y is asserted which will cause the output device to accept it. In Figure 10, data is read from memory and outputted on some output device. Prior to this, the control unit would have had to supply to memory, the address of the data to outputted (see Figure 7).
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Figure 10 Data from memory is sent to an output device.
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