
Chapter 2 – Computer Basics

Aims: 
Introduction to innovators in computing.
Outline of basic computer architecture.
Definition of basic computer terms.
Definition of computer classifications.
Outline of number and character representations.



A few innovators

• John Eckert (1919–1995) and John von Neumann (1903–
1957), of course, who would be totally amazed with modern 
computers, especially in the way that it is now possible to integrate 
millions of digital devices onto a single piece of silicon, which is 
smaller than a thumbprint. For them you could actually hold a digital 
device in your hand, and if it was working properly it would burn your 
hand.  To them the invisible communications over an infrared link 
would seem more like magic than technology.



A few innovators

• Gary Kildall (1942–1994). Who, with CP/M was the innovator, and 
technical genius behind one of the first operating systems for 
microprocessor systems (and who developed many of the initial 
standards for the CD-ROM interface, and produced the first 
successful open-system architecture). If not for a blunder in 
arrangements with a meeting with IBM, CP/M may have become the 
standard operation system for the PC, rather than MS-DOS.  Novell 
eventually bought his company, Digital Research, in 1991, and his 
products eventually disappeared under the weight and power of 
Microsoft Windows. He died in 1994 at the age of 52, after falling in a 
drunken state and hitting his head. Gary, unlike many others in the 
computer business, was always more interested in technical 
specifications, rather than financial statements and balance sheets. 



A few innovators

• Herman Hollerith (1860–1929). Who, at the end of the 19th 
century, devised a machine that accepted punch cards with 
information on them. These cards allowed an electrical current to 
pass through a hole when there was a hole present (a ‘true’), and did 
not conduct a current when a hole was not present (a ‘false’). This 
was one of the first uses of binary information, which represents data 
in a collection of one of two states (such as true or false, or, 0 or 1). 
He would be amazed with current transfer rates for data storage. To 
him a few hundred bytes a second would seem fast, but would be 
totally amazed with the transfer rates that give many hundred of
millions of bytes every second, all from invisible magnetic fields stored 
on a metal disk. Also imagine the number of punch cards that would 
be required to load many of our modern programs. 



A few innovators

• William Shockley (1910–1989). Who, along with others at the 
Bell Labs, invented the electronic transistor, which allowed computers 
to migrate from reinforced concrete floors which occupied whole 
floors of a building, and need special electrical generators to power 
them, to ones which could be fitted onto a pin-head.



A few innovators

• Grace Hopper (1906–1992). Grace overcame one of the major 
problems in software development: how to write programs which 
could be easily understood and written by humans, and easily 
converted into a form which computers could understand. In the 
early1950s work had begun on assemblers which would use simple 
text representations of the binary operations that the computer 
understood (such as ADD A, B to add two numbers). The assembler 
would convert them into a binary form. This aided the programmer as 
they did not have to continually look up the binary equivalent of the 
command that they required. It also made programs easier to read. 
The great advance occurred around 1956 when Grace Hopper 
started to develop compilers for the UNIVAC computer. These 
graceful programs converted a language which was readable by 
humans into a form that a computer could understand. This work 
would lead to the development of the COBOL programming language 
(which has since survived to the present day, although it is still blamed 
for many of the Year 2000 problems).



Elements of a stored-program architecture

• Central control.  Program instructions are read from the memory 
and then interpreted by the central control unit. 

• Central arithmetic unit. This performs the arithmetic operations, 
such as add/subtract, multiply/divide, binary manipulation, and so on.

• Memory. This holds both the program instructions and 
program/system data.

• Input device. This is used to read data into the memory. Example 
input devices are keyboards, disk storage, punch card reader (which 
were used extensively before the large-scale introduction of disk 
storage devices). The input device loads both program instructions 
and data into memory.

• Output device. This is used to output data from memory to an 
output device, such as a printer or display device.
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System classifications

• Small embedded systems.  These normally include small processing 
elements, which have minimal input and output, and have a simple program 
which runs on the processor.  They typically also have their own local 
permanent memory, which can be written to so that they can be permanently 
programmed. These tend to be extremely reliable, and cope reasonably well 
with exceptional circumstances. Normally they do not require an operating 
system, and the code runs directly on the processing element.

• Large embedded systems. These typically have a powerful processor, 
which can have many inputs and outputs, and perform complex operations, 
that cannot be typically achieved within the required specification with a 
more general-purpose computer. These tend to be extremely reliable, and to 
cope well with exceptional circumstances. They are typically programmed 
once for their operation, and then not programmed again, until an upgrade is 
required. If they only run one program, they do not typically require an 
operating system, but if many processes are run at a time, there is normally a 
need for a robust operating system kernel (a basic operating system which 
supports the running of several programs at a time). There is very little need 
for a graphical user input for these system, as this typically adds too much of a 
processing overhead to the whole system.



System classifications

• Mobile devices. These typical have medium-power processors, and 
have limited memory resources. They typically have a remote 
connection to another device, such as over an infrared link or a radio 
link (as with a mobile phone). As they have limited memory 
resources, many of their programs are embedded into the system, but 
some can also be downloaded from the Internet or from another 
device. They are typically fairly reliable, with an embedded operating 
system.

• Desktop systems. These are general-purpose computers, which can 
be installed with any type of operating system, and any user program 
which can be supported on the installed operating system. They 
typically do have the same reliability as embedded systems, as they 
can have a large range of hardware and software installed on them. A 
small software or hardware bug can cause the whole system to act
unreliably. 



System classifications

• Server systems. These are systems which have a definite purpose of 
running server programs for client computers. Typical services as for WWW 
services, Internet access services, file transfer services, printer services, and 
electronic mail services. They are fairly robust, and have large amounts of 
memory to run many consecutive connections. Also, they are typically not 
used by a single user (as this would reduce the processing time available to 
client computers), and access to them is typically limited to the system 
manager, over a network. Many servers are contained within rack-mounted 
units, with power supplies which have backup systems which either allow the 
system to be properly shut-down when there is a power failure, or will 
sustain the power over a given time period.  A server may also have several 
different storage sources, which allow for one or more to fail, without a loss 
of data. They are not as reliable as embedded systems, as they support a wide 
range of hardware and software, but these tend to be more robust than the 
types used in a desktop system. Server programs also tend to be much more 
reliable than general-purpose programs.  Also a server typically runs a more 
robust operating system, which is more tolerant of incorrectly operating 
hardware/software, especially in faults in the network. 



System classifications

• Supercomputers. These are extremely fast computers, with an 
optimized architecture. Typically they also have multiple processors, 
with a fast communications channel between them. A supercomputer
will typically have a base performance speed which is at least 10 times 
as great as a top-of-the-range desktop computer.



System classifications

• Control systems. These support the interfacing of many devices, normally with 
some form of control program. As this control must be achieved within given 
time limits, there must be a robust and powerful operating system to support 
fast response speeds. For example it would be no good at all if the control 
program for a nuclear power plant crashed, just before the reactor temperature 
was increasing to dangerous levels. Also this type of system must also be able to 
prioritize signals, as the safety critical control should have a higher priority over 
optimization controls. The normal prioritization for an industrial plant will be (in 
this order):

– Meet safety considerations, such as making sure that the system does not 
overheat, explode, and so on. A system should not operate if it cannot meet its safety 
considerations. Any shutdown of the system must be carefully planned.

– Meet regularity/legal obligations, such as meeting omission levels, power 
considerations, operating times, and so on. A system can breach its regularity 
obligation, only if it does not meet its safety considerations.

– Optimize system. Once the system has met its safety considerations and its 
regularity obligations, it can then be optimized in order to maximize the profit/income 
of the product, or in the efficiency of its production. Optimization control/data has a 
lower priority that regularity obligation control/data, which in turn has a lower 
priority than safety critical control/data.



Computer Classifications
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System definitions

• Hardware. These are the ‘the bits that can be touched’, that is, the 
components, the screws and nuts, the case, the electrical wires, and so 
on. Computer hardware can be split into different areas, such as: 
mechanical infrastructure (printed-circuit board, casing, screws, and so 
on); electrical power components (wires, electrical connectors, 
transformer, fuses, and so on); computer electronics infrastructure 
(microprocessor, memory, core components, and so on); and peripheral 
devices (keyboard, disk drives, video adaptor, and so on).



System definitions

• Software. These are the programs that run on programmable hardware 
and change their operation depending on the inputs to the system. Inputs 
could be taken from a keyboard, interface hardware or from an external 
device. The program itself cannot exist without some form of 
programmable hardware such as a microprocessor or controller. 
Software programs typically require an operating system in which to run. 
This provides the program with all the necessary resources, so that it 
can run successfully, such as providing access to file systems, peripheral 
devices (such as disk drives, and printers), and access to specific 
hardware devices. The next chapter defines the types of operating 
systems that exist. An operating system, itself, is a piece of software 
which runs on the computer, and has a much closer level of control of 
the hardware, than user programs do.



System definitions

• Firmware. These are hardware devices that are programmed using 
software. A good example of firmware is the serial port on a computer. 
With software this port can operate at one of many different operating 
transfer rates, or with differing communication settings. Typically a 
firmware device must have some local memory in which to store the 
updated settings. This can be achieved with some permanent memory, 
such as an EEPROMs (Electrically Erasable Read Only Memories), or 
FLASH memory, where data can be stored in a permanent way, even 
when the power is taken away. An example is in a smart card which 
stores the bank details of a person. Other examples are storing the 
setup information for a PC (the BIOS settings), and using FLASH 
memory to store camera pictures.  FLASH memory has many advantages 
over disk storage; especially that it does not require any mechanical 
movement of parts. 



Reacting to events (event-driven v. polling)

• Polling. In this method the system scans all its input devices, at given 
time periods, and asks them if they have data that requires to be passed 
onto the system, to be processed. This is acceptable in systems which 
only have a few inputs, but it is very difficult to scan input devices which 
have a large number of data inputs. It is also inefficient as it wastes time 
in interrogating devices for input data when they have no data. Another 
major problem is that some devices may have a great deal of data, at a 
given time, and the system is not able to process it fast enough, as the 
system is too busy scanning other devices for data. Each input device 
typically has a temporary storage area for the data (known as a memory 
buffer). A typical problem in a polling system is buffer overruns. This is 
where the data cannot be extracted fast enough from the buffer, before 
it overflows, and part of the data is lost. Polling is typically only used 
when there is infrequent data arriving, or where the memory buffer is 
large enough, so that none of the data will be lost if the system cannot 
extract the data fast enough.



Reacting to events (event-driven v. polling)

• Event-driven. The alternative to polling is event-driven, where 
programs respond to events as they occur in the system. This is more 
efficient for data input, and can also support other events, such as error 
and operating system events. It is also easier to write programs which 
are event-driven, as the program writer does not have to define exactly 
how the program scans for input data. The program basically just has to 
respond to specific events, such as when the user moves the cursor, or 
enters a key from the keyboard. 
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Microprocessor classifications:
4-bit: Intel 4004
8-bit: 6502, Z80, 8080, 6800
16-bit: 8086/8088, 68000, 80286
32-bit: 68020, Pentium



Microprocessor lines

• Memory read or write. This defines whether data is either being 
send from the microprocessor to the memory or I/O interface (with 
a memory write), or if data is being received by the microprocessor 
from the memory or I/O interface (with a memory read).

• Memory or I/O interface select. This defines whether the 
memory read or write is from the memory or the I/O interface.

• Clock. This synchronizes the events between the microprocessor 
and the memory or I/O interface.

• Interrupt line. This is used by external devices to get the attention 
of the processor (and thus cause an event).



Basic operations of fetch-execute

The basic operation of the system is:
• Fetch binary instructions from memory.
• Decode these instructions into a series of simple actions.
• Carry out the actions in a sequence of steps.

To access a location in memory the following actions are conducted:
• The microprocessor puts the address of the location on the address bus. 
• The contents at this address are then placed on the data bus.
• The microprocessor reads the data from the data bus.

To store data in memory the following actions are conducted:
• The microprocessor places the data on the data bus. 
• The address of the location in memory is then put on the address bus.
• Data is read from the data bus into the memory address location.



Binary and decimal

01010011 gives:

(0×128) + (1×64) + (0×32) + (1×16)+ (0×8) + (0×4) + (1×2) + (1×1) = 83

129
83 

1
1 

0 
1 

0 
0 

0
0 

0 
1 

0 
0 

0 
1 

1 
0 

Decimal1248163264128

2021222324252627

8 bits gives 0 to 28–1 (255) different representations.
16 bits gives 0 to 216–1 (65,535) different representations.
32 bits gives 0 to 232–1 (4,294,967,295) different representations.



Converting from decimal to binary

Just as in the decimal system 
(with units, tens, hundreds, 
and so on), the most-
significant bit (msb) is at the 
left-hand side of the binary 
number and the least-
significant bit (lsb) on the 
right-hand side. To convert 
from decimal (base-10) to 
binary the decimal value is 
divided by two recursively 
and the remainder noted. The 
first remainder gives the lsb
and the last gives the msb. 
For example:

r 1 <<< msb0

r 11

r 03

r 1  6

r 113

r 0 <<< lsb27

542



Binary values

Binary Decimal
0000 0
1111 15
1111 1111 255
1111 1111 1111 4095 (4k)
1111 1111 1111 1111 65,535 (64k)
1111 1111 1111 1111 1111 1111 16,777,215 (16M)
1111 1111 1111 1111 1111 1111 1111 1111 4,294,967,295 (4G)

Typical groupings of bits are:
Nibble. A group of four bits. A nibble 16 (24) different combinations of ON/OFF, 
from 0000 to 1111.
Byte. A group of eight bits. A byte gives 256 (28) different combinations of 
ON/OFF, from 00000000 to 11111111.
Word. A group of 16 bits (2 bytes). A word gives 65,536 (216) different 
combinations of ON/OFF, from 0000000000000000 to 1111111111111111.
Long Word. A group of 32 bits (4 bytes). A long word gives 4,294,967,296 (232) 
different combinations of ON/OFF.



Address bus sizes

• A 1-bit address bus can address up to two locations (that is 0 and 1).
• A 2-bit address bus can address 22 or four locations (that is 00, 01, 

10 and 11).
• A 20-bit address bus can address up to 220 addresses (1 MB).
• A 32-bit address bus can address up to 232 addresses (4 GB).

The units used for computers for defining memory are B (bytes), kB
(kilobytes), MB (megabytes) and GB (gigabytes). These are defined as:

• Kilobyte: 210 bytes, which is 1,024B.
• Megabyte: 220 bytes, which is 1,024kB, or 1,048,576B.
• Gigabyte: 230 bytes, which is 1,024MB, or 1,048,576kB, or 

1,073,741,824B.
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Little/big endian

0110 01106605

26,1520010 10002804

0001 01001403

5,2410111 100179 02

0000 00000001

40000 01000400

ValueContents (binary)Contents (hex)Memory location

0010 10002805

26,1520110 01106604

0111 10017903

5,2410001 01001402

0000 01000401

40000 00000000

ValueContents (binary)Contents (hex)Memory location

Little
Endian
(Intel/PC)

Big
Endian
(Motorola)



2’s complement

In this representation the binary digits have a ‘1’ in the most-significant 
bit column if the number is negative, else it is a ‘0’. To convert a decimal 
value into 2’s complement notation, the magnitude of the negative 
number is represented in binary form. Next, all the bits are inverted and 
a ‘1’ is added. For example to determine the 16-bit 2’s complement of 
the value –65, the following steps are taken:

+65 00000000 01000001
invert 11111111 10111110
add 1 11111111 10111111 

8-bit
2’s complement 0 (0000 0000) 

–1 (1111 1111) 

+1 (0000 0001) 
127 (0111 1111) 
–128 (1000 0000) 

126 (0111 1110) 

–32 (1110 0000)

32 (0010 0000)

–127 (1000 0001) –2 (1111 1110) 



0C57Hex

00001100  0101 0111Binary

r 4 <<< msd (most-significant digit)0

r 44

r F <<< lsd (least-significant digit)68

110316

F17111115

E16111014

D15110113

C14110012

B13101111

A12101010

91110019

81010008

7701117

6601106

5501015

4401004

3300113

2200102

1100011

0000000

Hex OctalBinary Decimal



Floating-point notation

A single-precision floating-point value uses 32 bits, where the most-
significant bit represents the sign bit (S), the next eight bits represents 
the exponent of the number in base 2, minus 127 (E). The final 23 bits 
represent the base-2 fractional part of the number’s mantissa (F).  
The standard format is:

Value = -1S×2(E–127) ×1.F

1.23 = 3F9D 70A4h = 0 01111111 00111010111000010100100b
= -10×2(127–127) × (1+ 2–3+2–4+2–5+2–9+2–10+2–11+2–16+2–18+2–21)

–5.67 = C0B5 70A4h = 1 10000001 0110101011100010100100b
= -11×2(129–127) × (1+ 2–2+2–3+2–5+2–7+2–9+2–10+2–11+2–15+2–17+2–20)

100.442 = 42C8 E24Eh = 0 10000101 10010001110001001001110b
= -10×2(133–127) × (1+ 2–1+2–4+2–8+2–9+2–10+2–14+2–17+2–20+2–21+2–22)


