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Workstation and System Configurations
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De Montfort University, Leicester, UK 

1  Introduction

When considering the acquisition of a computer system the first task undertaken is a to carry out a feasibility study.: 

· installing a new system

· upgrading an existing system 

is analysed to determine cost effectiveness 

Result is a report to senior management to request funds for the proposed system. 

Need to specify system requirements:

1. software (to solve the users problems) 

2. hardware to support that software.  

e.g. do you need a £1000 office PC or a £20000  professional workstation with real-time 3D graphics capability?

Need to determinate CPU power, memory size, disk space, network support, etc.  to support the operating system and the software.

2 Performance requirements due to system and application software
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2.1 Outline of a typical small to medium sized configuration


Fig 1 Typical microcomputer configuration using a common bus system

1. CPU and associated circuits

2. Co-processor(s), e.g. for floating point calculations and/or graphics.

3. Main or primary memory, i.e. RAM 

4. Disk interfaces for floppy/hard disks  

5. User I/O interface which controls the display screen and the keyboard.

6. Input/output interface devices 

An information highway or bus system connects the various components:

· Address Bus carries the address of the memory location or device being accessed 

· Data Bus which carries the data signals. 

· Control Bus which carries the control signals between the CPU and the other components of the system

A sophisticated system may have  multiple processors, cache memories, separate bus systems for main memory, fast and slow I/O devices, etc. 

When attempting to estimate the requirements of a proposed system attention must be paid to the needs of both system and user software in terms of: 

1. supporting the operating system and other general software, e.g. editors, compilers, window manager, network manager, etc.;

2. supporting user application software, e.g. CAD packages, databases, word processors, etc.

2.2 Operating system and system software requirements

MS-DOS 6.2 can run on an IBM/PC compatible microcomputer with 640Kbytes of PAM memory and a relativity small disk (e.g. 20Mbytes, MS-DOS itself needs approximately 6Mbytes of disk space). 

A more sophisticated operating system would require much more RAM memory and disk space. 

e.g. Windows 98 needs a minimum of 32Mbytes of RAM memory and takes approximately 200Mbytes of disk space. 

2.2.1 Support for a multiprogramming environment.

multiprogramming (or multiprocessing or multitasking)  - ability to run more than one program concurrently with certain programs being executed while others are waiting for I/O from disk or terminals. 

In a single processor system only one program can be executing at any instant:

· the operating system schedules programs for execution. 

It is possible to have more programs currently available for execution than there is room in main memory:

· it is then necessary for some programs to be swapped out to disk. 

May require at large portion of disk for the swap area. 

e.g. UNIX could require 200 - 500Mbytes depending upon application

  

2.2.2 Support for virtual memory

Applications have always  required more main memory than was physically available.

To overcome this problem virtual memory techniques evolved in the late 1960's.

It makes use of a phenomenon known as locality of reference in which memory references of both instructions and data tend to cluster. 

i.e. Over short periods of time a significant amount of: 

(a) instruction execution is localized either within loops or subroutines, 

(b) data manipulation is on local variables or upon tables or arrays of information.

· program and data is broken down into 'pages' which are held on disk. 

· pages brought into main memory as required and 'swapped' out when main memory is full. 

Thus program size can be much larger than the physical main memory size.

Thrashing - as the number and/or size of concurrent programs increases the system spends all its time swapping pages and doing nothing else. 

· Important to configure sufficient physical memory even under a virtual memory environment. 

Often problems appear as new releases of software are mounted on a system. 

Users experience a sudden reduction in response times and run times. 

Often necessitates the upgrading of main memory on existing systems every year or two. 
  

2.2.3 Main memory requirements

Sufficient main memory is required to hold the operating system kernel and those functions which will be loaded as required. 

  

	PRIVATE
Windows 3.1  
Windows 95  
Windows 98 
Windows NT/2000 
LINUX  
SCO UNIX
	 minimum 4Mbytes preferred 8Mbytes  
 minimum 16Mbytes preferred 32Mbytes  
minimum 32Mbytes preferred 64/128Mbytes 
 minimum 64Mbytes preferred 128/256Mbytes  
 minimum 16 Mbytes preferred 64/128Mbytes  
 minimum 64Mbytes preferred 256Mbytes


If the main memory is too small there will be insufficient space for user programs and data or, in a multiprogramming/virtual memory environment, excessive swapping and paging will occur. 
 

2.2.4 Disk requirements
Disk space required to support the user application programs and data sufficient disk space is required to hold the operating system, utilities, compilers, help system, etc. 

  

	PRIVATE

	MS-DOS 6.2
	5.8 Mbytes

	plus
	CD-ROM driver 
	6.9 Mbytes

	plus
	Windows 3.1 
	16.3 Mbytes

	plus 
	Win32S
	18.5 Mbytes

	plus
	Windows 95
	41 Mbytes


Plus another 20 to 200Mbyes for swap space.

Examples of PC operating system requirements are:   

	PRIVATE
OS/2
	40 Mbytes plus swap space 

	Windows 98
	100/150Mbytes plus swap space

	Windows NT/2000
	200/300Mbytes plus swap space

	LINUX (a free PC version of UNIX)
	200 Mbytes plus swap space

	LINUX plus X-windows
	350 Mbytes plus swap space


Some operating systems (e.g. versions of Linux) require swap space to be allocated when the disk is initialized (a swap partition).  

Others (e.g. Windows 95/98) have a swap file which extends and contracts as required (will cause problems if the disk fills up!) 

2.3 Application dependent performance factors

depend upon the application, for example: 

Processor dependent: 

largely dependent on instruction execution speed and the performance of the ALU, e.g. AI (artificial intelligence) 

Floating point dependent: 

mathematical/scientific applications 

I/O (input/output) dependent applications: 

applications which extensively manipulate disk file based information will require a good I/O bandwidth, e.g. a large database.

In practice one the above factors may predominate in a particular application (e.g. I/O bandwidth is critical in database applications) or a broader overall system performance may be required. 

Sufficient main memory and disk space must be provided to support the executable code and user data sets. 

e.g. IBM PC compatible software:

	PRIVATE
Wordstar 7
	6 Mbytes minimum, 17 Mbytes maximum

	Turbo C++ 3.1
	8.5 Mbytes typical

	Borland C++ 5
	170 Mbytes typical (depends on libraries installed)

	Visual C++ 2
	68 Mbytes minimum, 104 Mbytes typical

	Oracle
	running under SCO UNIX may require 256Mbytes of RAM to support a sophisticated database system.

	Java JDK1.2.2
	150Mbytes plus more for extra APIs

	Viewlogic CAD
	800/1000 Mbytes


Note: although Java is not large in disk requirements it needs powerful processors and lots of memory to run complex applications

e.g. minimum Pentium 400 with 64/128Mbytes of memory.  I

example: Sun's Java IDE Forte was mounted on a 5 year old DEC Alpha with 64Mbytes of memory and took 15 minutes to load! 

Generally software houses or package sales documentation will provide guidance on processor and memory requirements.

3 Important factors in system performance

3.1 Factors influencing overall system performance
Processor performance 

determines instruction execution speed, arithmetic performance, interrupt handling capability, etc.

Main or primary memory size 

is critical in system performance.

 In a multiprogramming/virtual memory environment it effects the number of concurrent processes which can be held without swapping to and from disk.

Secondary memory (disk) size 

determines the number of programs and data sets which can be accessed on-line at any instant.

Input/output bandwidth 

is a measure of how fast information can be transferred between the processor, memory and I/O devices

Network capability 

is important in a distributed environment where a number of separate systems are connected via a network, e.g. personal workstations accessing a shared central database.

3.2 Factors influencing processor performance

3.2.1 Internal processor architecture

which determines: 

a. number of processor registers used for the storage of temporary information and intermediate results. 

b. The number of instructions available: a statement in a high level language is mapped into a sequence of processor instructions. 

c. The number of addressing modes: 

d. The data size of the ALU (Arithmetic/Logic Unit). 

control unit 

first (valve) and second (transistor) generation computer systems was 'hardwired' 

· modifications are difficult and expensive. 

integrated circuits (third generation) enabled the building of ROMs on the processor chip which then allowed  microprogramming:

· fetch, decode and execute of instructions are controlled by a ROM based 'microprogram'

the control unit 'executes' the instructions received by the processor as a succession of simple microinstructions. 

· 'easier' to modify that an equivalent 'hardwired' circuit. 

Problem: microprogram of typical CISC computers  very complex and difficult to debug 

3.2.2 Clock Speed

Events within the system are synchronized by a clock which controls the basic timing of instructions or parts of instructions. 

The 'faster' the clock the faster the system (but more expensive):
  

	PRIVATE
clock MHz
	68008
	68000
	68010
	68020
	68030
	68040

	8  
10  
12.5  
16.65  
25  
33  
50
	0.5
	0.6  
0.8 

1.3 
	0.65  
0.8  
1.1
	1.7  
2.2  
3.0  
6.0
	
  

5.0  
  

12.0
	
  
  

22.0  
29.0


Table 1 Relative performance of MC68000 family against clock speed 


Some modern processors have on-chip clock multipliers which typically multiply the clock by two, three or four times, i.e. on-chip operations are performed at two, three or four times the external clock speed 

· particular improvement in processor bound jobs. 

· little effect on I/O bound jobs (e.g. a database server or a file server) where a large data bus and fast I/O devices are more important. 
  

3.2.3 Memory speed

Main memory speed should match the speed of the processor, i.e. a fast processor requires faster and more expensive memory.

3.2.4 Address Bus size

The number of address lines determines the memory address space of a processor

· the maximum amount of physical main memory which can be accessed (if fitted) 

· the maximum logical memory size in a virtual memory environment. 

i.e. effects maximum program/data size and/or the amount of swapping and paging in a multiprogramming/virtual memory environment. 

For example, 16 address lines can access a maximum of 64Kbytes, 20 lines 1Mbyte, 24 lines 16Mbyte and 32 lines 4Gbyte. 

 In practice there is a maximum amount of memory which can be fitted to a particular model of machine (determined by the layout of the machine in terms of bus slots, physical space available, etc.). 

One of the major differences between personal workstations and mini/mainframe computer systems is that the latter can generally be fitted with much larger physical memory. 
  

3.2.5 Data bus size

determines how many memory read/write cycles are required to access instructions/data 

· has a major effect on I/O bandwidth

 e.g. if a processor has a 16-bit data bus it will require two memory accesses to read a 32-bit number while a processor with a 32-bit data bus would require a single access. 

Question:  why a multi-user minicomputer can be up to ten times the cost of a personal workstation with similar processor performance. 

  

	PRIVATE
 
	processor rating
	I/O bandwidth
	typical cost (1987)

	Apollo DN3000
	1.2 Mips 
	1Mbyte/sec
	£20,000

	DEC VAX 8200
	1.2 Mips 
	13 Mbytes/sec
	£200,000


	PRIVATE
Microprocessor manufacturer & type
	address bus size in bits
	maximum memory bytes
	data bus size in bits
	clock

	Intel 8080  
Zilog Z80  
Motorola 6800  
Intel 8088 (IBM/PC)  
Intel 8086 (IBM/PC XT)  
Motorola 68008  
Motorola 68000, 68010  
Intel 80186, 80286  
Motorola 68020/30/40  
Intel 80386SX  
Intel 80386DX  
Intel 80486DX  
Intel 80486SX  
Intel 80486DX2  
Intel 80486DX4  
Intel Pentium 400
	16  
16  
16  
20  
20  
20  
24  
24  
32  
24  
32  
32  
32  
32  
32  
32
	64K  
64K  
64K  
1M  
1M  
1M  
16M  
16M  
4G  
16M  
4G  
4G  
4G  
4G  
4G  
4G
	8  
8  
8  
8  
16  
8  
16  
16  
32  
16  
32  
32  
32  
32  
32  
32/64PCI
	  *1  
  *1  
  *2  
  *3  
  *4             


Table 2 Common microprocessors with address and data bus sizes 

Note: K = 1024 (210), M = 1048576 (220), G = 1073741824 (230) 

The 40486SX is identical to the DX except that it has no floating point coprocessor

Table 2a Intel processors

	PRIVATE
IBM PC compatibles  
processor model
	address bus size in bits
	maximum memory bytes
	internal data bus  in bits
	external data bus in bits
	internal cache in bytes
	internal co-processor
	internal clock

	Intel 8088 (BM/PC  
Intel 8086 (PC XT)  
Intel 80186,286  
Intel 80386SX  
Intel 80386DX  
Intel 80486DX  
Intel 80486SX  
Intel 80486DX2  
Intel 80486DX4  
Intel Pentium 400
	20  
20  
24  
32  
24  
32  
32  
32  
32  
32
	1M  
1M  
16M  
4G  
16M  
4G  
4G  
4G  
4G  
4G
	16  
16  
16  
32  
32  
32  
32  
32 
32  
64
	8  
16  
16  
32  
16  
32  
32  
32  
32  
32/64 
	none  
none  
none  
none  
none  
8K  
8K  
8K  
16K  
16K
	no  
no  
no  
no  
no  
yes  
no  
yes  
yes  
yes
	*1  
*1  
*1  
*1  
*1  
*1  
*1  
*2  
*2 or*3  
*4


4 Processor Performance Enhancement Techniques

Modern processors, including microprocessors, use instruction pipelining and cache memory techniques first used in the large mainframe computers of the 1960's and 1970's.

4.1 Prefetch and Pipelining

Program -  sequence of instructions. 

Instructions are processed in a cyclic sequence called the fetch/execute or instruction cycle: 

Fetch Cycle 

A machine code instruction is fetched from main memory and moved into the Instruction Register, where it is decoded.

Execute Cycle 

The instruction is executed, e.g. data is transferred from main memory and processed by the ALU.

Prefetch overlaps the execution of one instruction with the fetch of the next or following instructions. 

Powerful processors use pipelining techniques in which extended sequences of instructions are prefetched with the decoding, addressing calculation, operand fetch and execution of instructions being performed in parallel.

In addition, modern processors cater for the pipelining problems associated with conditional branch instructions.  

4.2 Cache memory 

Problem - maintaining comparability between processor and memory speed.

· Increasing processor speed is relatively cheap in comparison to corresponding increases in the speed of the bus, main memory, etc.

Cache memory makes use of the locality of reference phenomenon (re:  virtual memory)

The cache is a fast memory (matched to CPU speed), typically between 4K and 256Kbytes in size, which is logically positioned between the processor and bus/main memory. 

When the CPU requires a word

· check to see if it is in the cache 

· if so it is delivered to the CPU

· if it is not in the cache a block of main memory is fetched into the cache 

It is likely that future memory references will be to other words in the block 

· typically a hit ratio of 75% or better can be achieved 

Clearly memory writes have to be catered for and the replacement of blocks when new block is to be read in. 

Modern microprocessors have separate on-chip instruction and data cache memories - additional external caches may also be used.
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Fig 2 Showing CPU, external cache, RAM memory and busses
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4.3 Example Processor Evolution: Fig. 3 Intel Micros
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Fig 3a Showing the relative performance of Intel overdrive processors 
Overdrive processors use newer technology (DX4 and Pentium) in chips which plug into earlier motherboards 


4.4 CISC and RISC processors 

· as the size the silicon wafers increased and circuit elements reduced the architecture of processors become more and more complex.

To attempt to close the semantic gap between high level language operations and processor instructions more and more powerful and complex instructions and addressing modes were implemented. 

· many of todays  microprocessors have hundreds of instructions and tens of addressing modes. 

Called a complex instruction set computer or CISC. 

Drawbacks with this approach: 

1. CISC processors became si complex it is difficult to write compilers, i.e. optimize the generated code correctly.

2. The microprogram of the control units becomes very complex and difficult to debug.

3. Studies of typical programs have shown that the majority of computation uses only a small subset of the instruction set:-

	PRIVATE
Statement
	SAL
	XPL
	Fortran
	C
	Pascal
	Average

	Assignment  
IF  
CALL  
LOOP  
GOTO  
other
	47  
17  
25  
6  
0  
5
	55  
17  
17  
5  
1  
5
	51  
10  
5  
9  
9  
16
	38  
43  
12  
3  
3  
1
	45  
29  
15  
5  
0  
6
	47  
23  
15  
6  
3  
7


Table 3 Percentage of statement types in five programming languages 

Alternative approach: 

reduced instruction set computer or RISC. 

· number of instructions was reduced by an order of magnitude

· space created used for more processor registers and large on-chip cache memories. 

· All data manipulation is carried out on and using data stored in processor registers 

· only LOAD and STORE instructions move data between main memory and registers

There are a number of advantages to this approach: 

1. Compiler writing becomes much easier with the limited instruction set.

2. All instructions are of the same length simplifying pipelineing. Instructions execute within one clock cycle.

3.  The control unit is sufficiently simple that it can be 'hardwired'.

4. The circuit design, layout and modelling is simplified, reducing development time

The disadvantages are: 

1. Programs are typically 25% to 45% larger than on an equivalent CISC 

2. Executing one instruction per clock cycle makes heavy demands on main memory requiring large cache memories 

Until the late 1980's there was no out and out winner with RISC and CISC machines of similar price giving similar overall performance. 

However, problems have arisen with the latest generations of CISC microprocessors with severe problems occurred in maintaining reliable production runs.

Pointer: all the latest high performance workstations are RISC based   

4.5 Special Purpose Processors, Multi-processors, etc.

Adding extra processors can significantly enhance the overall performance of a system:

· allowing tasks to be performed by specialised hardware and/or in parallel with 'normal' processing . 
  
4.5.1 Special Purpose Processors.
Used the large mainframe computer systems of the 1970's, e.g. PPU's of the CDC 6600 

Today's high performance systems may contain a number of specialised processors: 

Floating point co-processor 

to carry out real number calculations.

Graphics processor 

to control the graphics display. 

Input/Output control processors 

which carry out complex I/O tasks without the intervention of the CPU, e.g. network, disk, intelligent terminal I/O, etc.

In a 'simple' system all the above tasks would be carried out by sequences of instructions executed by the CPU. 

Implementing functions in specialised hardware has the following advantages: 

(a) the specialised hardware can execute functions much faster 
  

(b) it is often possible for the CPU to do other processing in parallel

4.5.2 Multi-processors and Parallel Processors

One of the major limitations when increasing processor clock rate is the speed, approximately 20cm/nsec, at which the electrical signals travel around the system. 

Adding extra processors can increase the system throughput, e.g.

· operating system giving a separate task to each processor 

· parts of the same task being computed in parallel on different processors - very difficult to do

5 Integrated circuits and performance enhancement

Moore's law (1975)

· number of transistors per chip doubes every 18 months 

Over the past 30 years, the performance/dollar ratio of computers has increased by a factor of over one million 

	PRIVATE

	complexity
	typical circuit function

	SSI  
MSI  
LSI  
VLSI  
ULSI
	2-64  
64-2000  
2000-64000  
64000-2000000  
2000000-64000000
	e.g. simple gates AND, OR, EXOR,  etc.  
e.g. counters, registers, adders, etc.  
e.g. ALUs, small microprocessors, I/O interfaces  
microprocessors, DMA controllers, etc.  
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Fig. 4 Maximum chip edge size against time 
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Fig. 5 Minimum feature size in microns against time
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Fig. 6 Number of components per chip against time 
  
  

Fig 6a CPU transistor count Intel 8086 family 
  


Fig. 7 Average main memory cost per byte 
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Fig. 8 Trends in CPU performance growth Note: no account is taken of other factors such as I/O bandwidth, memory capacity, etc.

6 System configurations

6.1 Personal computers, workstations, minis, distributed, etc.

In the late 1970s computer systems could be classified into:

A microcomputer: 

a single user computer system  used for small industrial, office and program development applications.

A minicomputer: 

a medium sized multi-user used within a department or a laboratory. Typically it would support 4 to 16 concurrent users.

A mainframe computer: 

a large multi-user computer system used as the central computer service of a large organization

As technology advanced the classifications have become blurred and modern microcomputers are as powerful as the minicomputers of ten years ago or the mainframes of twenty years ago. 

Fig. 8 shows the rate of CPU performance growth since the 1960's. 

Today system configurations may be summarized as PCs (personal computers), professional workstations, multi-user mini/mainframe computers and distributed environments. 
  

6.1.1 Personal computers

PC - Personal Computer: 

a generic term for a small personal system used for a range of low-level applications .

The most common PCs are the IBM PC  and compatible machines 

Bus size: 

Until the late 1980's the major factor which limited the overall performance of IBM PC was the use of the 16 bit ISA bus .
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ISA bus was very slow,  maximum I/O bandwidth of 8 Mbytes/sec. This caused a severe I/O bottleneck within 80486 systems.

Some IBM PC compatibles were available with the IBM Microchannel bus or the EISA  bus, both of which are 32 bit bus systems having I/O bandwidths of 20 to 30 Mbytes/sec or greater. 

But at extra cost (£500 to £1000)

Led to the development of local busses which are cheaper and have similar or better performance.:

1. VESA a 32-bit local bus which was the first to appear

2. PCI a 32/64-bit local bus which is supported by Microsoft and Intel


PCI has taken over - could be used to support the Pentium which has a 64-bit data bus (peak bandwidths of 132Mbytes/sec). 

Early Pentium systems had a PCI local bus used for high performance devices (video, disk, etc.) plus an ISA bus for slower devices (serial and parallel I/O, etc.).
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Many of todays Pentiums systems do not have ISA bus slots which can cause problems if on wishes to interface with old devices. 

Original PCI bus was rated 32 bits at 33MHz giving a maximum throughput of 132Mbytes per second. 

 PCI-2 has appeared  rated 32/64bits at 66MHz giving a maximum throughput of 528Mbytes persecond. 

Unfortunately the PCI bus is now quite dated and is becoming a performance bottleneck in modern Pentium systems.

For example, many Pentium motherboards are also equipped with a AGP (Accelerated Graphics Port) which was developed to support high performance graphics cards for 2D and 3D applications 

  

Display 

PC display quality was a problem but has now gone away.

Operating system 

The most common operating system of IBM PC compatibles is generally some variety of Windows (95/98/NT/2000).  

Although OK for many application environments UNIX is still preferred for high-performance robust application areas. 

6.1.2 Professional workstations

Professional workstation a generic term applied to the (relatively) high powered personal computing systems operating in a distributed environment evolved by Apollo and Sun  in the early 1980's. 

The main advantages of professional workstations over PCs are: 

a. Computing power is an order of magnitude higher.

b. Bus system : in the past 32 bit bus systems have moving to 64 bit or greater buses or independent memory and I/O bus systems. 

c. UNIX operating system: the de facto industry standard for medium sized computer systems.

d. Integrated environment: designed to operate in a sophisticated multiprogramming networked distributed environment. 

e. High quality display screen.

A modern high-performance PC, equipped with high-performance graphics card and high quality display can compete with low end workstations (at similar cost).  

More specialised applications such as real-time 3D graphics still require professional workstations. 
  

6.1.3 Multi-user minicomputer and mainframe computer systems.

The terms mini and mainframe are becoming very blurred but in general refer to large multi-user configurations with good I/O bandwidth and main memory capacity.

 
  
  

6.1.4 Distributed environment

A modern computer configuration tends to consist of a number of individual computer systems connected via a network to form a distributed environment: 

1. User workstations: PCs and/or professional workstations 

2. Fileservers: powerful computer system which holds central operating system files, user files, centralized databases, etc. 

3. Nodal processors: powerful centralized system to support specialised tasks beyond the capacity of the user workstations

4. Bridges and gateways

6.2 Performance factors in a distributed environment

Distributed environments can be very complex and important factors include: 

1. Performance of the network or networks: dependent upon the physical network configuration and speed, the communications protocol used, number of bridges and gateways, etc.

2. The number of user workstations, their distribution together with support fileservers and nodal processors.

3. The size of main memory and disks on the user workstations. 
  

4. The number of fileservers and their power in terms of processor performance, main memory size and disk I/O performance. 

(a) complex intensive centralized tasks could well require a dedicated fileserver,

(b) spreading the end-user files around the fileservers prevents overloading of particular fileservers 

5. The number (if any) of diskless nodes
  

Clearly great care is needed in configuring a distributed environment with a slight error giving the impression of 'clockwork' powered machines. 

Common problems (often due to lack of funds) are: 

1. too few fileservers for the number of user workstations and/or poor distribution of fileservers across the network;

2. too little main memory on fileservers causing bottlenecks in the accessing of centralized file systems;

3. too many diskless to disked nodes and/or too little main memory in diskless nodes.
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7  General requirements, disk backup, disk viruses, etc.

The size and performance of the system(s) required to support end-users tasks depends upon a range of factors: 

1. the maximum number of concurrent users (at any time) and the complexity of the tasks performed determines processor power, main memory size, I/O bandwidth, disk speed, etc.;
  

2. the total number of registered users determines the number of workstations, fileservers and on-line storage;
  

3. the size of the operating system, utilities, end-user packages and data sets determines the size of the main memory and on-line disk storage;

In the case of a multi-user environment, where user files are stored on centralized fileserver(s), provision must be made for disk backup. 

Backups would be carried out on a regular basis onto magnetic tape (half inch industry standard, tape streamer, DAT drive, etc.). 

On many systems (particularly PCs) there arises the problem of users moving information on and off the system via floppy disks and other media. 

Although provision needs to be made for the transfer of information care needs to be taken. 

For example, if user machines are equipped with floppy disks the following problems may occur: 

1. Users may take copies of programs and data either for their own use or to sell.

2. Users may copy unlicensed programs onto the system thus breaking copyright and making the employer liable to prosecution.

  

3. Users may consciously or unconsciously (while copying files) copy viruses onto the system.

All of the above actions can lead to serious problems. In particular, viruses create havoc by deleting and corrupting files and disks.

The main way to avoid the above problems is to provide users with no direct facility for copying files to/from movable media, i.e. PCs are not fitted with floppy disks. 

All disks and tapes brought into an organization are processed by the systems staff who check for illicit copying of files and any viruses. 

Other avenues for illicit copying are via connections to external networks or by attaching portable computers to local networks. 

Rigorous procedures for controlling access to networks (e.g. extensive password protection) and the movement of portable and semi-portable machines can reduce these problems. 
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8 Conclusions


This paper reviewed a range of issues critical in system performance evaluation: 

1. The effect of system and end-user software on the overall requirements of a computer system.
  

2. Factors effecting overall system performance in terms of CPU power, memory size, data bus size, etc.

3. The techniques used to improve processor performance and how modern integrated circuits have enabled these to be implemented in low to medium cost systems.

  

4. The range of system configurations (PCs, workstations, multi-user, distributed) with particular attention to factors which are critical in a distributed system.
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