INPUT/OUTPUT DEVICES

The basic functionof a peripherd deviceisto get datainto and out of the Central Processor. Hence they
are often referred to as Input/Output Devices (1/0 Devices).

How can we classfy peripherds?

One method of dassfying peripherds is by thar rate of transfer of data. In fact we talk of FAST and
SLOW peripherd devices (see Student Notes on Mainframes, Minis & Micros).

eg. Some SLOW peripherds are cardreaders, card punches, paper tape readers, paper tape punches
and line printers.

Some FAST peripherds are magnetic tape systems, magnetic discs and magnetic drums.
INPUT DEVICES
Punched Card Reader:

Thesereaders have andectro-mechanical or optica reading head whichdetects the presence of holes
punched in a card.

The commonest punched card is the 80 - column card, in which asingle character is represented in a
column by aunique patternof holes. The card hastwelve rows, acharacter being represented by holes
punched ineither one, two or three of the 12 punching positions ineach column. Adjacent columnsare
grouped together to form a'FIELD' of data, typicd fiddsbeng: name, address, age, date of birth etc.
Cards can be read at speeds of up to 2000 cards/min.

An'INTERPRETED' card has the corresponding character printed above each column for visua
ingoection.
Punched Paper Tape Readers:

Theseread in asmilar way to punched cards, acharacter is represented by a unique pattern of holes
acrossone 'FRAME ! of thetape. A fidd of datais again aset of adjacent characters. Typica reading
gpeeds of up to 1500 characters/second. Theinterpretation facility is not used with paper type.

Magnetic | nk Character Recognition:

Magnetic Ink Character Recognition (MICR) devices read specialy printed characters like those for
example on bank cheques. Their main advantage lies in the fact that they can be read by man and
mechine.

There are two stages at which the magnetic ink characters may be printed on the document (ie
ENCODED ON THE DOCUMENT).

i) Pre-coding: This takes place after the document has been printed but before it is used. The
information entered at this stage would be fixed information.

eg. Inthecaseof chequesfrom abank fixed information would be CHEQUE NUMBER,
BRANCH REFERENCE NUMBER and CUSTOMER ACCOUNT NUMBER.

ii) Post-encoding: This stage would occur when VARIABLE INFORMATION is entered on
the document.

eg. Bank chegue - here customer enters the amount of money he requires on the cheqgue.

Thisisthen passed through a keyboard machine where the dataremains visble while the

operator readsit and keysit in. The subsequent characters then entered on the cheque



from this process are in magnetic ink form.

The recording method depends uponthe use of aspecialy designed font fromwhichthe charactersare
printed in the norma way using aferrous based ink which is cgpable of magnetisation.

Each character is made as unique as possible in order to avoid misnterpretation. In generd magnetic
ink characters can be overwritten with ordinary ink without affecting their legibility for the document
reader. Also thereisusudly aredriction on the number of characters which may be encoded in one
document, this limit being imposed by the capability of the document reeder.

The document reader oftenincorporates a sorting attachment. Hence in such cases documents canbe
read and sorted upon a predetermined code using the magnetic ink recognition principle.

A typica sorter/reader will operate at speeds of up to 1,200 documents per minute; where the
document may have as many as 75 encoded characters.

Some MICR readers have attached an add lister. Thisisa printing device which lists and totas each
document (eg Cheque) asitisread. Thisfacility providesameans of checking and controlling the data
entered into the computer.

When the MICR document reader accepts a document it first magnetises the ink and then senses the
character patterns upon which it sends the gppropriate pulses to the central processor.

At present there are two main fonts which depend upon different recording and reading methods.
i TheE.13B font

This was fird used as a standard font by the American Banks Association and was
subsequently adopted as standard by the British Banks.

It islimited to 10 numeric characters plus four speciad symbols.
The E.13B. character st
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Aseachcharacter passes under the read head, tendata channds transfer pulsesto andectronic storage
device cdled the character matrix. The matrix has a storage location for each of the 70 character
symbols. The machine will store a zero list in a storage location which corresponds to a character
segment with a very smdl (negligible) Sgnd asit passes under the read head.  On the other hand, if
there ismagnetic ink in a character ssgment the Sgnd givento the matrix will not be negligible and the
corresponding bit in the character matrix will be made to hold 1.



i The CMC7 (Caractere Magnetique Code) font:
Thisfont was origindly developed by the Compagnie des Machines Bull and was referred to
as the CMB font. This code congds of 7 verticd lines for each character with varigble
thickness lines and variable distances between the lines.

The CMCY font code was devel oped from the CMB font and extended to include dl of the
aphabet.

TheCM C7 font hasbeen accepted as standard font by the EuropeanComputer Manufacturers
Association and iswiddy used in Europe.

Example of CMCY7 font characters:
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Optical Character Recognition:

Optical Character Recognition (OCR) devices read characters directly from documents. The
Characters have to be in a specid typeface, but can be produced by a wide variety of equipment,
induding accounting machines, cash registers, adding machines, typewriters and computer printers.
Some OCR devices will even read data which has been carefully written by hand.

Data can be read from individua forms, such as gas hills, or from continuous reds of paper, such as
cashregigter tapes. Some readers can cope with both OCR and optical marks (see below) characters.

One method of character recognition is carried out by a camera unit which detects the amount of
illumination in different parts a character and convertsthisto dectrica signds. A recognition unit then
identifies the character and is trandated into the appropriate formfor the computer's CPU, whereit is
then stored.

One way which both character and mark recognition techniques can be used isin the production of
turnround or turnaround documents.

For example, supposethat a company wantsto send out invoicesto customers, it could useanordinary
computer printer to create the invoices and then key in the remittance details to tape or disc for input
into the machine. Thiswould beanextremdy wasteful way of doing this, an improved method would
be:



i A computer printer adapted to print OCR characters would be used to print the invoices (see
figure 3). Customers would be asked to return the invoice with their remittance,

i Whentheinvoiceshave beenreturned, and checked for correctness, they can be directly read
into the computer, using an OCR reade.

i Because the document goes to a third party, ‘turns around' there, and enters the computer
without further preparation, the invoiceis an example of a turnaround document.
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Optical Mark Recognition:

A mark sensed card issmilar inshape to anorma punched card. Itisdivided, asshowninthediagram
below (figure 4), into columns, each of which has ten digitsprinted in it. Each digit isinsde apair of
brackets. To enter dataintothe card, a soft pencil is used, and the brackets surrounding the required
digit arejoined. The card in figure 4 has digits 2 4 3 5 7 entered onto it for the Part Number and a
stock quantity of 53 (005 3).
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Later, when the card is read, the pencil mark isread by its dectrica conductivity.

Mark reading isvery amilar to the principle of mark senang. Themgor differenceisthat theform does
not need to be completed using a pencil, as it is the presence of the mark itsdlf that is determined



opticaly.

OMR documents can be read directly or converted into some other form of input for the compuiter.
Both mark senang and mark reading are most appropriate when each transaction is of alow volume,
and where the peoplefilling in the raw data can be trained to do the job correctly. It isoften usedin
such stuations as students tests' (multi-choice questions), recording sales and censuses.

Universal Product Code Scanning:

The development of supermarket scanning sysems followed the introduction of powerful smal
computers in the early 1970's. Although initid development of the idea of a Laser beam scanning a
barcode took place in Switzerland, it wasin the USA that real progress was made. Tridswererun
involving manufacturers and retailers who organised the development of a code number incorporated
into the product labd, the equipment manufacturers who developed the scanners and wrote the
computer programs and retailers who ingtdled the system in their supermarkets.

The first European inddlation was in Holland in 1978 with the firg UK ingdlation in 1979. By 1988
therewere more than 78,000 scanning storesworld wide, 60,000 of whichwerein Japan, withFrance
running second with 3,471 stores and the UK third with 2,792 Stores.

The scanning systemused in Tesco storesis known as the 'Checkout Plus, 'PLUS means Price L ook-
Up Sysem. The main computer in each store provides a direct link to the checkouts and to 'HOST",
which is the main Head Office computer. The system has been designed to improve service to
customers, and improve company productivity and profits.

The termscanning is used to describe the user of a L aser systemto identify the Universal Product Code
(Barcode) on products. The information relating to each barcode is held in a computer linked to the
scanning equipment.  As the barcode is passed across the scanner it is ‘read’ and the price and
description are then obtained from the computer and the sdle is registered.

Bdow is a typica example of a barcode and its European Article Number or EAN. This number is
alocated to each product manufacturer by the Article Number Association (ANA).
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The EAN number of a product can be found below the barcode, as in the above illudtration. It is
normdly thirteen digits but may only be eght on smdler products. The first two numbers represents
the marketing country. The next five figures identify the supplier of the product. The following five
figuresidentify the product. Thefind figure acts asacheck digit to the previous twelve numbers so the
computer can vaidate the code.

The barcode is the symbol of bars and spaces printed on a product by the manufacturer.



Kimball Tags:

Incertain circumstances, it ispossible to key the data about a transaction into the input medium before
the transaction has taken place.

Industries such as the clothing and shoe retailers employ this approach when using punched tags.

For each piece of merchandise produced, asmdl tagis punched, containing such details asthe
product number, the colour, the size, the style and the price of the article. Thetag ismachine-
readable by virtue of the holes punched into it; it isin effect asmall punched card. Onetype
of tag in common useisa Kimbal Tag (seefigure 6).

Before an article leaves the factory, the gppropriate tag is attached to it.

When the merchandise is sold, its tag is removed and sent, with other tags, to the data
processing centre.

iv At the computer centre, the tags can be read by an on-line tag reader for direct input to a

compuiter, or their data can be converted, off-line, into a medium such as magnetic tape, for
subsequent reading.

Data thus read can be used for accounting purposes, for stock control, or for the production
of sdes gatidtics.

Multi-part tags, withthe data duplicated on each, are often used and one tagisremoved for processing

at various stages of the sales cycle.
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Direct Entry Devices:

These include teletypewriters (teletypes) and Visud Display Units (VDU's). Datais entered through
a typewriter like a keyboard by an operator, thus reducing the speed of input to well below other
methods. With the teletype a printed copy of the input data is produced inthe same way asan ordinary
typewriter, but a second copy in the formof paper tape can also be provided at low cost. The VDU
isamuch quieter machine with ateevison - type screen providing a check on the datainpuit.

Both devices can a0 recaive output from the computer, and are used in locations remote from the
computer room, the characters being carried dong telephone lines or coaxia cables in the form of
electronic pulses.



OUTPUT DEVICES

The main form of output apart from the VDU is via a printer. Severd different types of printers are
avalablefor usewithcomputersto-day. Thesedifferent typescan be categorised under two mainheadings,
Non-Impact and Impact printers. Impact printerscan befurther classfied into Lineand Character printers.
Thefull spectrum is summarised below.
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I mpact Printers:

Impact printers create images by physica contact onthe paper through a ribbon (on the top copy) and
via carbon sheets interleaved or treated non-carbon paper for the other copies. The physica impact
crestes noise - amgor nuisance and even a hedth hazard. Many different ways of handling the print
heads are found; on continuous chains, onarevolving sphere (‘golfbal’), on spokes around the hub of
awhed (‘daisy-whed") or asacombination of retractable pins, with appropriate ways of impelling the
print heads on to the ribbon.

Line Printers:;

Output by line printer is one of the most commonly used methods of output for acomputer system.
Itschief characteridtic isthat instead of printing one character at atimeit prints awhole line (THE
'PRINT LINE). There are a number of different types of line printers of which the CHAIN
PRINTER and BARREL (or DRUM) PRINTER are most generaly used for on-line computer
work.

A printer would, in generd, have the following basic units
i) Hopper

i) Print Unit - ie printing mechanism, row of print hammers and an ink ribbon
i  Stacker



iv)  Buffer Store

In chain and barrel printers the type faces are moving continuoudy even whilg printing is taking
place.

The basic operation of a printer takes the following form:

i)  Continuous stationary is loaded into the Hopper

i)  Thisisthen passed through the print unit where printing takes place.

i) FAndly, after printing the printed documents (4till in continuous form) are stacked by the
stacker. From there they are removed for separating.

IV
o

A/

'Fan-fald

Figure 8

Chain printers:

Herethe printing mechanismcongsts of aclosed metd loop or chain. This chain contains the type
faces and revolves continuoudy pardléd to the print line.
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Behind the paper isarow of hammers whichare released individudly whenrequired characterson



the chain reach thar printing positions. In fact as one hammer may be printing an 'A’, another
hammer 25 positions away could be printinga'Z' at the same time. The speed of the hammer strike
is designed such that clear impressions of characters are made on the paper even though the type
face ismoving a high speed (athough the possibility of smudging is not completdy diminated).

To increase the speed of thistype of printer, sets of charactersare oftenrepeated aong the length
of the chain (perhaps 4 or 5 complete sts).

Theusud way of ensuring that the hammersare activated at the correct moment isto scanthe data
once for every character in the character set just before that character comes opposite to the
hammers. This means ether that the whole line of informationmust be transmitted to the printer as
many timesasthere are charactersinthe character set (usudly 64), or the printer must have abuffer
store capable of holding one line of information, which can then be scanned as many times as

necessary.
Barrel Printers:

a) Continuous stationaryloadedintothe hopper (thisisoftenadrawer |ocated beneaththe printer)
b) Thisis passed through the print unit. The stationery and ink ribbon are located between the

barrel and the row of print hammers. If the printer contains abuffer goretheline of characters
ishdd init for printing purposes which adlows the CPU to carry out further processing during

printing.
c) The continuous Stationery isthen passed to the stacker.
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Here the characters are embossed on the surface of the metal drum. Each character is repeated
aong the length of the barrel and as it rotates each of the characters from the character set are
presented to the Print Line in turn. When for example, the row of 'D's is presented to the Print
Line, hammersare released Smultaneoudy at dl positions in the line where the letter Disrequired.

After thisthe next character row ismoved into positionand thisisprinted etc. In thisway aline of
information is built up character by character, during one revolution of the barrd.

The horizontd spacing of characters is usudly of the order 10 characters per inch. The vertical
goacing is 6 or 8 linesto theinch.

Itis possible to obtain multiple copies of the printed information by usng interleaved carbon paper
or N.C.R (ie no carbon required) paper.



A disadvantage of the barre type printer is that dight maadjustment of the hammers can give
misalignment of the print in averticd direction. Also it can have vertica smudging of characters.

Printing speeds for line printers are expressed in terms of the number of lines printed in aunit of
time.

Although the absol ute speed of printing depends on the number of characters printed on eachline,
the number of lines on each document and the spacing requirements between documents, printing
Speeds of chain and barrdl printers can be very high.

Typicaly line printer speeds are of the order 600, or 1350 lines per minute. However, machines
now exist which can operate at a much greater speed than these.

Character Printers:
Dot Matrix;

Character printers print one character at atime in the same way as atypewriter except that they
have fadlitiesfor printing fromIeft to right and right to left. The 'dot-matrix’ or needle printer forms
characters by usng a series of needlesin the print head. The needles protrude and, via the print
ribbon, create a number of small dots which make up the required character. The matrix may
consist of 7 by 5 needles, more may be used. Modern dot-matrix printersuse asingle column of
9 needles or pins moving the head one pin width each time to form the matrix. Even higher qudity
can be gained from a 24 pin printer which has its needles arranged in two columns of 12, offset
againg each other.
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The standard sevenor ninepinprintersmay wel produce poorer quality output. Now-a-days most
dot-matrix printerswill print in draft mode or 'near-letter-qudity’ (NLQ) mode. The draft mode
being quicker, can be used when a document is in the preparation stage. A 'near-letter-quality’
document, requiring two passes of the print head, would be produced for sending to the ultimate
recipient of the output.

Thetypica printing speeds can be as high as 200 cpsin draft modeand aslowas45 cpsin NLQ
mode. The high speed is accomplished because the printer is designed to print ‘on the fly', that is
whilg in mation, with the print-head moving at a uniform horizonta velocity and also bi-
directiondly.

Daisy Whed!:

The so-cdlled ‘'daisy whed' printer uses an interchangegble print head which resembles a flower,
with each spoke on the daisy whedl holding one character. The whed rotates until the correct
character is postioned in front of a hammer which strikes the spoke against a carbon ribbon to
produce an imege of the character. The daisy whed printer is dower than the dot matrix printer
mainly because the daisy whed is momentarily stationary for each character to be positioned and
printed. The typical speed of thistype of printer is40/50 cps, the print quality however is superior
to that of the dot matrix printer and produces letter quality print at dl times.



Non-Impact Printers:

Non-impact printers create imagesonly onone copy, by various processes including ink-jets, thermal
effect on treated heat sengtive paper or ribbons, xerographic and laser beam printing. They are much
quieter than impact printers.

I nk-Jet:

Ink-jet printers use a rdatively smple technology to forcesmall bubbles of ink on to the paper to
formamdl dotsinmuchthe same way as a dot-matrix printer usesits needles. Thistype of printer
provides acompromise between the noise and poorer qudity of adot-matrix printer and the slence
and high qudlity of alaser printer.

The principle of an ink-jet or bubble jet printer is shown in figure 12.
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Figure 12

As the resdtive heding dement is energised (1), a series of bubblesform dmogt ingtantly. They
quickly coalesce (2) into one bubble covering the whole of the dement. As heating continues(3),
the pressure exerted by the bubble forcesink out of the end of the nozzle. When the hegter is
deactivated (4), the vaporised ink turns back to liquid and reduces rapidly in volume. By the time
the bubble disappears (5), the droplet is heading towards the paper and the vacuum left by the
bubble sucks more ink from the print head reservoir.

Thermal Printers:



Thistype of printer uses therma eectro-sengitive paper whichhasathin coating of duminiumover
ablack or blueinked surface. By passing an dectrica current through a needle onto the paper a
spark isformed whichremovesa smdl areaof duminium exposing the black or blue undersurface
in the shape of specific characters.

Laser Printers:

The most common type of non-impact page printer isthe laser printer, both asadesktop machine
for generd office use or the larger type (figure 13) used in Computer Rooms.

A laser printer worksin asmilar way to that of astandard plain-paper photocopier, whereby the
laser beam is scanned onto a photo-sengtive drum creeting a reversed image of the page to be
printed. This'charged' imagethen attractsparticlesof toner (carbon) which isthen transferred onto
the paper.

Figure 13

Graphics Printers (Plotters):

Whilg dot-matrix and laser printers are cagpable of producing graphicsthey are limited to sngle colour
and will only give 'dot' type images. Better quality can be obtained by using a graph plotter.

Graph plotters produce printed output in the form of graphs, charts and diagrams, with annotation
where required.

In order to draw, such a machine must be capable of creating movement in two dimensions, and to
achieve this either drum plotters or flatbed plotters are used.

A drum plotter uses aroll of paper, perhaps three feet wide and of any length. The paper is wound
onto a drum and, by means of sprocket holes, it canbe moved either backwards or forwards, causing
vertical movement. In conjunction with this, a pen is used which can move from right to left or vice
versa, thus causing horizonta movement.

Figure 14

Given that the paper movement dlowsverticd linesto be drawn, and the movement of the pen creates
horizonta movement, any two-dimensiond figure can be produced.

The flatbed plotter, of course, achieves the same objective, but in adifferent way. In such aplotter,



apiece of paper of fixed Szeis lad on aflat bed. A gantry moves up and down above this paper,
when verticd movement isrequired. A movesble pen mounted in the gantry travels horizontaly in the
other dimenson.

" F gure 15
Plotters can be used to produce drawings, charts, maps, graphs and a host of other printed outpuit.

Amongst many uses, they are employed in cartography for the production of contour maps, inthetextile
business for the drawing of designs, in meteorology when weather maps are required, for engineering
and architectura drawings, such as pipe work diagrams, and in medica work. Computer systems
which provide information for managers in commercia organisations may employ graph plotters to
produce graphs showing sales satigtics or finanda analyses, and critical path networks lend themselves
admirably to these devices.

In the aircraft industry, huge plotters, perhaps 50 feet across, are used to draw aircraft wings.

Figure 16
Large Drafting Plotter



