Theme 1
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Information
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Information as a concept has a diversity of meanings,from 171 §ped
everydayusageto technicalsettings Generallyspeaking,the 118 9183
concept of information is closely related to notions of 338 1983

constraint, communication, control, data, form, instruction,
knowledge meaning,mental stimulus,pattern, perception,and
representation

Information is the result of processing, gathering, manipulating and organizing
data in a way that adds to the knowledge of the receiver.

In other words, it isthe contextin whichdatais taken

Information is knowledge about individuals, objects, facts, events,
phenomenon'saand processesrrespectiveof their form of representation



Message

A messagein its most generalmeaningis an object of communicationg it is
something which provides information; it can also be this information itself.
Therefore,its meaningis dependentupon the context in which it is used the
term mayapplyto both the informationandits form.

Maore precisely,inceaemmunicationscseience

A messagas information which is sent from a source to a receiver

Messagedefinition throughit properties:

AAny thought or idea expressedin a language,prepared in a form suitable for
transmissiorby any meansof communication

AANn arbitrary amount of information whose beginning and end are defined or
implied.



Computer

Computer is a device that receives,processesand presentsinformation
accordingo a setof instructions .
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Analog Digital

An analogcomputer is a form of computer In contrast, a digital computer uses symbolic
that usesthe continuouslychangeableaspects representationsof its variables The arithmetic unit is
of physical phenomena such as electrical, constructed to follow the rules of one (or more)
mechanical,or hydraulic quantities to model number systems Further, the digital computer uses
the problem being solved In contrast, digital individualdiscretestatesto representthe digits of the
computers represent varying quantities number systemchosen A digital computer can easily
incrementally, as their numerical values store and manipulatenumbers,letters, images sounds,
change or graphical information represented by a symbolic

code Throughthe use of the stored program, the
digital computer achieves a degree of flexibility
unequaledby any other computingor dataprocessing
device

| Analog
device

Output




Processing of data

whichare digital circuitswhosesingleoutput is determinedby the conditions
of the inputs, usuallytwo or more.

The various circuits processingdata in the computer's interior must
operatein a highly synchronizednanner.

The operations of a digital computer are carried out by logic circuits, '

Using of very
stable oscillator

Digitalcomputercircuitsare capableof performingthousandsto trillions of arithmetic
or logicoperationsper second thus permitting the rapid solution of problemsthat would be
impossiblefor ahumanto solveby hand

TheCentral Processing Unit (CP&f)processor
is the portion of a computer system that carries out the instructions
computer program, and ifhe primary element carrying out the computer's functions

Thefundamentaloperationof most CPUsregardlesof the physicaform they take, isto executea sequence
of storedinstructionscalleda program

Theprogramis representedby a seriesof numbersthat are kept in somekind of computer memory. There
arefour stepsthat nearlyall CPUsusein their operation fetch, decode execute andwriteback.
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Basic CPU operation

Thefirst step, feteh, involvesretrieving an instruction (whichis representedby a numberor sequence
of numbers)from programmemory.

Thelocationin programmemory is determined by a program counter (PC) which storesa number
that identifies the current position in the program In other words, the program counter keepstrack of
the CPU'placein the currentprogram

the decodestep, the instruction is broken up into parts that have significanceto other portions of
the CPU The way in which the numericalinstruction value is interpreted is defined by the CPU's
Instruction setarchitecture(ISA)

Theinstructionthat the CPUfetchesfrom memoryis usedto determinewhat the CPUs to do. In : 2

of the CPUare connectedso they can perform the desired operation. If, for instance,an addition
operationwasrequestedan arithmetic logic unit (ALU)will be connectedo a setof inputsand a set
of outputs. Theinputs providethe numbersto be added,and the outputs will containthe final sum
TheALUcontainsthe circuitry to perform simplearithmetic and logical operationson the inputs.

3 After the fetch anddecodesteps,the executestep is performed Duringthis step, variousportions

Thefinal step, writehack, simply "writes back" the results of the execute step to some form of
memory. Very often the results are written to some internal CPUregister for quick accessby
subsequeninstructions In other casegesultsmaybe written to slower,but cheaperandlarger,main
memory,



Basic CPU architecture properties

Integer FANge Theway a CPUrepresentsnumbersis a designchoicethat affects the most basicways in
which the devicefunctions. Someearly digital computersusedan electricalmodel of the commondecimal (base
ten) numeral systemto represent numbersinternally A few other computers have used more exotic numeral
systemdike ternary (basethree). Nearlyall modern CPUsepresentnumbersin binary form, with eachdigit being
representedby sometwo-valuedphysicalquantity suchasa "high" or "low" voltage.

In the caseof a binary CPU) a bit refersto one significantplacein the numbersa CPUdealswith. Thenumber
of bits (or numeralplaces)a CPUusesto representnumbersis often called"word siz€', "bit width", "data path
width", or "integer precisiori' whendealingwith strictly integernumbers

1bit 0.1 Intel internal native

8 bit 0..255 Intel 8088

16 bit 0..65535 Intel 80286 Motorola

32 bit 0.. 4294967295 Intel 80386- Intel Pentium 4

64 bit 0.. 1844674407370955161 Intel Itanium, AMDOpteron



Basic CPU architecture properties

Cloegk rate. Most CPUsand indeed most sequentiallogic devices,are synchronousn nature. Thatis, they are
designedand operate on assumptionsabout a synchronizatiorsignal Thissignal,known asa clock signal usually
takesthe form of a periodic squarewave By calculatingthe maximumtime that electrical signalscan move in
variousbranchesof a CPU'snanycircuits,the designersanselectan appropriateperiodfor the clocksignal

I Problem

CPU must wait on its slowest elements, even though some portions of it are much faster.
r globally synchronous CPUs

Solveg in use of many identical oscillators

Next problems

Solveg turn off unused components

>

<€
Heating !!!
What happens
when the
CPU cooler is . . o g
removed? One method of dealing with the switching off

unneeded components is called clock gating which
involves turning off the clock signal to unneeded

www.tomshardware. de componentgeffectivelydisablingthem).
www.tomshardware.com




Basic CPU architecture properties

ParallelismTne description of the basic operations describes the simplest form that a CPU can take. This typ
of CPU, usually referred to agbscalaroperates on and executes one instruction on one or two pieces of data at a

time.

Threadlevel parallelism
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CPU  Description

9923

Hardware Interrupts
Defemed Procedure Calls

Windows Session Manager
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Company Name

Microsoft Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation

NVIDIA Corporation
NVIDIA Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation

Microsoft Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation
Microsoft Corporation

Instructionlevel parallelism
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Dynamic storage
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RAM  ROM epROM EEPROM

EAROM Flash PROM

Ranglomaccessme MOFY (usuallyknownby its acronym,RAM) is a form of computerdata storage Todayit takes

the form of integratedcircuitsthat allow stored datato be accessedn anyorder (i.e., at random) Theword randomthusrefersto the
fact that any pieceof data canbe returned in a constanttime, regardlesf its physicallocationand whether or not it is relatedto the
previouspieceof data. Theword RAMis often associatedwvith volatile types of memory (suchasDRAMmemorymodules) wherethe
information is lost after the power is switchedoff.

Realization of RAM based on creation \
of memory chips

Similarto a microprocessora memory chip is an integrated circuit (IC)made of
millions of transistors and capacitors In the most common form of computer
. memory, dynamicrandom accessmemory (DRAM),a transistor and a capacitorare
@ pairedto createa memory cell, which representsa singlebit of data. The capacitor
¥ holdsthe bit of informationt a0 or a1 . Thetransistoractsasa switchthat lets the
control circuitryon the memorychipreadthe capacitoror changeits state.
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Dynamic storage

RAM " RoM EAROM Flash PROM EPROM EEPROM

Readon |y MEMOIY (usuallyknown by its acronym,ROM) is a classof storagemediausedin
computersand other electronic devices Becausedata stored in ROM cannot be modified (at least not very
quicklyor easily),it is mainlyusedto distribute firmware (softwarethat is very closelytied to specifichardware,
and unlikely to require frequent updates) ClassianaskprogrammedROM chips are integrated circuits that
physicallyencodethe datato be stored,andthusit isimpossibleto changetheir contentsafter fabrication

Programmableread—only memory (PROM)or one-time programmableROM(OTP)gcanbe written to

or programmedvia a specialdevicecalleda PROMprogrammer Typically,this deviceuseshigh voltagesto permanentlydestroy or
createinternallinks (fusesor antifuse9 within the chip. Consequentlya PROMcanonly be programmedonce

Erasableprogrammatole read-only memory (ERROM kanbe erasedby exposureto strong

ultraviolet light (typicallyfor 10 minutesor longer),then rewritten with a processthat againrequiresapplicationof higherthan usual
voltage Repeatedexposureto UV light will eventuallywear out an EPROMbut the enduranceof most EPROMhipsexceeds1000
cyclesof erasingand reprogramming EPROMhip packagesan often be identified by the prominent quartz "window" which allows
UV light to enter. After programmingthe window is typically coveredwith a labelto preventaccidentalerasure SomeEPROMhips
arefactory-erasedbeforethey are packagedandincludeno window; theseare effectivelyPROM



Dynamic storage
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EAROM Flash PROM EPROM EEPROM

Elegciricdlly erasable programmalile read-only memory

(EEEFRROMDS basedon a similar semiconductorstructure to EPROMbut allows its entire

contents(or selectedbanks)to be electricallyerased,then rewritten electrically,so that they need
not be removedfrom the computer(or camera,MP3 player,etc.). Writing or flashingan EEPRON&
much slower (millisecondsper bit) than readingfrom a ROMor writing to a RAM(nanosecondsn
both cases)

Elleotrlcallyalterable read—only memory (EAR@.M)satype of EEPRONhat canbe modified one

bit at a time. Writing is a very slow processand againrequires higher voltage (usuallyaround 12 V) than is usedfor read access
EAROMsire intendedfor applicationsthat require infrequentand only partial rewriting. EAROMmay be usedasnon-volatile storage
for critical systemsetupinformation; in manyapplications EAROMasbeensupplantedoy CMOSRRAMsuppliedby mainspower and
backedup with a lithium battery.

Flash MEMOXIY (or simplyflash)is a moderntype of EEPRONhventedin
1984 Flashmemory can be erasedand rewritten faster than ordinary EEPROMand Sanisk
newer designsfeature very high endurance (exceedingl,000,000 cycles) Modern
NANDflash makesefficient use of siliconchip area, resultingin individual ICswith a
capacity as high as 128 Gby; this feature, along with its enduranceand physical
durability, hasallowed NANDflashto replacemagneticin someapplications(suchas
USBflash drives) Flashmemory is sometimescalled flash ROM or flash EEPROM
when usedas a replacementfor older ROMtypes, but not in applicationsthat take
advantageof its ability to be modifiedquicklyandfrequently.

Samisk’

iNAND

1o}

- samisk




Off-line storage

A hard disk drive is a nonvolatile storage device that stores digitally encodeddata on rapidly rotating platters with

magneticsurfaces Strictly speaking,'drive” refersto the motorized mechanicalaspectthat is distinct from its medium, suchas a tape
driveandits tape, or afloppydiskdrive andits floppydisk

Spindle  poag

Actuator Am HDDgecorddataby magnetizingferromagneticmaterial directionally, to representeithera0
{_ Acusor i or a 1 binary digit. Theyread the data back by detecting the magnetizationof the material A
typical HDDdesignconsistsof a spindlethat holds one or more flat circulardiskscalled platters,
onto which the data are recorded The platters are made from a non-magnetic material, usually
aluminumalloy or glassand are coatedwith athin layer of magneticmaterial, typically10-20 nm
rovsicomecor N thicknesswith an outer layer of carbonfor protection. Older disksused iron(lll) oxide asthe
Jumper Block magneticmaterial, but currentdisksusea cobalt-basedalloy.

IDE Connector

Platter

Actuator

Theplatters are spunat very high speeds Information is written to a platter asit rotates past
devicescalledread-and-write headsthat operate very close (tens of nanometersin new drives)
over the magnetic surface The readandwrite head is used to detect and modify the
magnetizationof the materialimmediatelyunderit. Thereis one head for eachmagneticplatter
surfaceon the spindle, mounted on a commonarm. An actuator arm (or accessarm) movesthe
headson an arc (roughlyradially) acrossthe platters asthey spin, allowingeachheadto access
almostthe entire surfaceof the platter asit spins Thearm is movedusinga voicecoil actuatoror
in someolder designsa steppermotor.

HDheadsare kept from contactingthe platter surfaceby the air that is extremelyclose
to the platter; that air movesat, or closeto, the platter speed Therecordand playbackhead
are mountedon a blockcalleda slider, and the surfacenext to the platter is shapedto keep
it just barelyout of contact It's atype of air bearing



Off-line storage

CDROM ("compactdiscread-only memory")is a pre-pressedcompactdiscthat containsdata
accessibleto, but not writable by, a computer for data storage and music playback,the 1985
G . St.f222dtahdarddevelopedby Sonyand Philipsadapted the format to hold any form of

5

binarydata.

A CDROMsectorcontains2352bytes,dividedinto 98 24-byte frames Unlikea musicCD,a CD
ROMcannotrely on error concealmentby interpolation, and therefore requiresa higherreliability
of the retrieveddata. In order to achieveimprovederror correctionanddetection,a CDROMhasa
third layerof ReedSolomonrerror correction

A Mode-1 CDROM whichhasthe full three layersof error correctiondata, containsa net 2048
bytes of the available2352 per sector In a Mode-2 CBROM,which is mostly usedfor videofiles,
there are 2336 useravailablebytes per sector Thenet byte rate of a Mode-1 CDROM,basedon
comparisono CDDAaudiostandardsjs 44.1k/sP4BR2048 2352=153.6 kB/s. Theplayingtime is 74
minutes,or 4440secondssothat the net capacityof a Mode-1 CBROMis 682 MB or, equivalently,
650MB.

Diagram of CD layers.

A. A polycarbonate disc layer has the data encoded by using bumps.

B. A reflective layer reflects the laser back.

D. Artwork is screen printed on the top of the disc.

E. A laser beam reads the polycarbonate disc, is reflected back, and read by the player.




