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MODES OF TRANSFER

Data tran Ser hetsveen the central computer and 7O devies may be handled
in avariety of modes. Data fransfer o md from peripherals may he handied I one of
three posihle modes:

13y Pregrammed TO
2) Interrupfinidated VO
2) Directmemory ACCess

Promameed TO!

Preorammed VO operations are the result of /O instructions written in
the computer preoyam . Each data item fransfer s mjtizted by an indraction i
{he program . The transfer is to and from a CFU resister and peripheralOnier
instrnctions are needed @ frander the data to and from CPU and memery .
Tranderving datz under program control reguives constant monitoring of the
perinheral by the CPU.

In the Pragramnied YO method, the CPU stays i a program leop antll
fhe 1O unit ndicates that it is ready for data rander.

This is a time-consnming process since it keeps the processor busy
peediessly

Fxampie: |

In this. the VO device does not have direct access to memory. A transer
from an UO device to memory requires fre execution of several mdrnctions by the
CPU. includ e an input instruction te fransfer the data from the device @ the CPU and
dore instruction to franser the data from the (PU and memory.

An exampk of data transfer from an VO device through an imferface milo
tiie CPU [sshown in below g

\._-_,-'

't.l i

intarfacs
Diaia bus i 1/ 0 bus
[_ Dats regisier 1

Address bus
(/O

1/Oread il » Da valid evice
Status register |F '

cPu

I1/0 wriie

5
f

The device fransfers bvtes of information one at a time ‘When abyte sfdala s
available . the device placesit in the YO bus and enables the dafa valid line. The
interface accepts the byte into ifs dataregister and enables the data accepted line . The
interface cot< a hit in the statustegister as T hit. The device can disable the data valid
line Bat it will not tr ansfer another hyte unill the data accepted Iime is disabled hy the

inferface.

'
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The fow chart of the program that must be written for the CPU Is shown below:

_.L J,
| Read data register i

i

Read status register

i

Transier data 1o memory

l
o
F'-. .-.""q‘\‘

~ Operstion S

o

- fl.H'I

compiets?

*ES

¥
ConiEus
WWith
Program

Mow asaune that the device is sending a sequence of bytes that mud be stoved

in memory . The fransfer of by requires three nstructions:

1} Read the Statusregister .

3y Check the status of the fiag bit and branch to step 1 ¥ not sef or fo step3 if set.

3} Read the data register.

Fach byte lsread inde a CPU regider and then transferred fo memory with 2
store moruction (A conunen VO programming task s te transfer ablock of
words from an VO device and store fhem in 2 memory buffer .

|

L

J

()

{1

O OO O Q0 @ O OO

{

)
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Thizmethed isuwd in onsl low-geed computers,
Hepe the (P & wasting Hime while checking the flag instead of deing some
other useinl processing fask.

Imterrupi-initiated 10 :

Programmed 'O is an time-consuming process o in arder fo keep CPT in
a busy state infroduce an intermpt and special commands fo mform the interface fo
issie an interrapt regues signal when data ave available from the device. In the mean
time .the CPU can proceed to execute another progran

When the device isveady for data transfer | # generates an ierrupt

request to the computer.
When there is an external interrunt donal is generated the CPU will stops

the execntion of the original program and branches to service program ie processihe
VO trander and then refurns baclk to the original program.

The CPU responds fo the mferrupt donal by storing the retwrn addresses
from pragram connfer info amemory sack md then control branches to a service

routine that processes the required VO transfer.

The was the yroceser chooses the branch address of the service rontine varies vom one
unit to anather, There me two methoeds for udnyg thix

1} Vectored mterrup!
2) Non Vectored mterrupt

In anonvectored interrupt . the branch address is assigned to fixed location

miemory. .
Inn vectored interrupt, the source that interrnpts supplies the hranch
information to the computer. Thisinformation is cafled fhe nterrup tvector.

Direct Memory Access (DMA):

The rander of data between a fadd storage device such asmagnetic disk &
offen Hmited by the speed of the CPU. Removing the CPU from the path and letting the
peripheral device manage flie memory buses divectly would improve the speed of
sramfer. This tr an fer technique is called DMA. During DBMA wander the cpu isidie
and has no contrel of the memory buses . A DMA contrefler takesover the buses o

momage fie transfer divectly hetween the 'O device and memory.

The CPY mav be in #le state in many ways. One mefhad isused in
micropracessorsis to disable the buses through special conirol doreals

The helow fig. shows the control signals of the CPU to facilifate the DA
iramder.
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K ABUS
Bus —* oo ———>Addresshus
reguest ORLS .. |
— s Diafg hus 1 High - imipedance
P13 | L {disable)
pp ———> Read when BG i
enabled

FRLE M s e iR e Write
Frant 4

| Thiebusveqguest (BR) iiput is nsed by the DMA condrofler to reguest the CPU to gt
conirel of busesWhen this is mput is aciive fhe CP] termminaies the sxemuiion of ihe curreni
fnstruction and places fhie nddress by, dats bus and read & wrile iiney info e high mpedance
staio,

The OPY sofivates the bus erant(BE) output o inforn: the exiena! DVMA thatthe
Buges nre in o hish-mpedance state, Ther dhe B A will tak e over the conivel of the buses with
gt auy pracessor infervention, When the DMVA terminates the transfior it disables the bus
regiiest finethe (P disables the s grantisiies coniral of thie larses and r<Uurns @ 05 nomagi
of; & atiE:.

When the DMA falies confrol of the bus system it connmmnicates directly with the
menmary. 1 e trgnsie can be donein differentways
11 Burst Toansfer; In this , a blodd sequence consisting of o mumbeor of memory words s
transferred in a continnons borst while the DM A condroller Iy macier of all the bnves, Thiy
Mode of Tandd=r can be used by fast device sudh as magnetic dislis efe,
23 Cydestealins © In thic | he DA controlies 1o transfis one daiz word af ¢ thne afig whidh
it must refurn contirel of the lnises ta the TP The CPU delays its speration Wor one memary
eydeto aliowy the dived maunory VY0 transier to steal one manely oyde.

e

The beloy Nzure shows the DMA coontieller. The t{lmmnﬂmﬁwﬂﬂi the TP via the
dain bus angd cendrod Bines,

Theveslsters in the DMA are selected by the CPU through theaddrashus by
enabling e DL GMA select ) and RS (regisier seled) inputs . The read and write inputs are
hidivectional . Whe the BCihus granf) inputi§ | the CPU ceanmnnicafewifh the DA
resiziers thronch the dots husto read fran or wrileta the DMA repiviers

Whea BG=1 , the CPU hasthebuses and the DMA can communtcate diveefly with
ihememory by speciiying an address 8 the address bus and adivating the XD or WR conirol

The DRLA nunmmicates wilh the external peripheral through the regusst and
acineviedee Enes,

The DMA comivoller ims hreeregistas
i} address register
23 word commf vegister
3 control resister,

(¥ ©

( )

CY Y Con 0y )X Cn ey O O Kk

()

Ch < 1ty €3 )
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Addresshuas o w1

Data bus
Diaty bye 4—>’ hasfers L

e 3 ;
, i ’ Adddiess biis J
| = ol i T g
DMA select——® | IS i
’ e L . ! Address register i
Begister select ———» RS 3
4] .
Read «——»! RD 3 a—-———pl Word count regisier [
o Control ! e frse—
THE e ol WH o= e |
L 1—*[ Control register
Busrequest = | g T — i
§
e gy T ae
h ) DR A reguest
fterrapt DRA Scknowledze tol /0 device
Inierrupt L = |

S—

1 e address regider comains an address 1o spedly fhe desilrod location in manory .

Theaddress bits oo throngh bus buffers into the address bus. The address regisior
incremanted affed sach word that s ransferred to memery.

Thewarnd connt regivter halis thenmnber ofwerds tobetransforred. This sepisteris
decremented hy one after each werd Is transferred |

The control rﬂgis}rr specifies themmode of fransfer AR fievegisters in e DVMA apper to

ihe OUFL a¢ VO interface . Thus the U5 con read from or write o the DMA regisiers
nnder progran conirsi v satabas,

The TP initializes the DRIA by sending the follonsine informmiion

thy ongh the daiabus:

i}

2
3)
43

Thestarting address of thememory blodt wheve data ave svaflablefor read Yoy whae
gpdn arefo be staraiiior writs;

Theword cound , which i thenumber sfiprds in themanory blods.

Conivel to specily the inode of ransler suich noread or wyife

A conrol fostarfthe D514 fransfe.

A rasder e

1 he position of the DRA confrolier muong the other canponentsin 2 systan Iy iflugrated
iy stiovm in beley fig::

At

s
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| _— | B
| | | |
s = lnterrupi -5 -_ |
| » BEG cPu | | | =
| =) |
| » BR l Handom — access .
| | | | Memory {RAM) =
I [ | !
| r_ | [ f .
L1 ] | | =
: | .
] | RD WR Address Dara | | RD WR Address Dana : %
| | E— : e — > X =
| ‘ ' | Read | | | -
| | | | canitrol -
i q I s |.
! 1 | = I o~ mr e | .
i - | TerEda i _
i | ‘ ; = _F Wriie controd 1 $ —
. ] -
5 | | Data bhus "
—_— yuaus S y
'| ; 1 = Aadr=ss bus + o
1 { i ? =  ;
| | = =viphs + =
| | |
| | L
| | | | -
| l + § ‘ f i i -
| i | A Jj‘,.’ L | j
| [ | [ ATITIELS | ! E -
‘: "'  selest | ' I. l -
L= ~ !
& il o i SpiatemG & : |
ol = ; | DMA admoviedse | | o
| RD WR Address Data g = _? |
l * 1 1.
i t - = t LD i
f ——»| D5 Direct memory | 786
| ’e —————® RS access{DMA) | | Peripherai =
| — | BR Controlier | DNLA reguest | device
8 L B ¢ .‘ | -
| 3 H | Interrapt ‘ l | :
| | | W

o

?U—J’LP

e, L e he CPU To Adinguith
Corhatles aclivalis [(he

o

| . k. :
)Q C%L ceu cndtodizes  he DMA Wﬁuﬁfh he olale bk neo .

- “© cen Mast e
be DraA  AReecives he e Gst Conlret Coymand Lt

Lhortbes Iy eLeDeen [he Pmlﬂhﬂ_ﬂuﬂ«l dewice and  [he mtw\]/i

e



oher —fhe—poi=pherod deviee Aorc o DPMA—Aearetl L.

The cpu  fuspondtt  with 1B BG Line man\? e DHA
that 1 buset e ditabled - The DMA  [hen PLLE’Q (he etStient Naliie
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PCT: {Peripheral Component Interconnect). BUS:-

The P¢T is a popular high — bandwidth. Processor - independent bus that can
function as a mezzanine {or) peripheral bus Compared with other common bus
secifications, PCI delivers better system performance for high — speed 1 / O
aubsystems like graphics display adapters, network interface confrollers, disk
controllers and so on. PCI is specifically designed fo mee economically the 1/ O
requirements of modem systems. It requires very few chips to implement and supports
other busesattached to the PCl bus. j

PCT is designed to support a variety of microprocessor based configurations,
including both single — and multiple — processor systems. It Provides a general -
Pumpose set of functions It makes use of synchronous timing and a centralized
arbitration scheme.

PCT was developed as a low — cost bus that is truly processor independent. An

important feature that the PClis a nlug — and — play capability — for conpecting I/ O
devices To connect a new device. the user simply connects the device interface board
to the bus.
Data fransfer: - Most memory lian ofers involve a burs of data rather than one word.
Data are transferred between the cache and the main memory in bursts of several
words each. The words involved in such a transfer are sored at suCcessSIve memary
locations. When the procesor specifies an address and requests a read operation ffom
the main memory, the memary responds by sending a sequence of data words startng
at that address. During a wirite operation the processor sends a memory address
followed by & sequence of data words. to be wrilten In mocessive memory locations
starting at that address. The PCI is designed primarily to support this mode of
operation.

Host
PCl bridgs Main

Memoty

| 3
PC1T bus ;
]

'1 3

Bisk Printer fthemet

Interfzre
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The PCT bridge provides a separate physical comnnection for the mamn memory. For
¢lectnical reasons, the bus may be further divided into segments connected via bridges
The segment device address is mapped inte the processor’s memory address space.

At any given time, one device is the bus master, It has the right to initiate data
transfer v sauing read and write commands. A ‘master’ is called an “initiator” in PCT
termminelogy. This 18 etther a procescor {(or) a DMA coniroller. The addressed device
that responds fo read & write commands iz called a “taroet” |

Consider a bus fransaction 1 which the processor reads four 32 - bit words
trom the memory. In this case, the mitiafor is the processor and the farget is the
memory. A complete transter operation on the bus. mveliving an address and a burst of
data, iz called a “transaction”. Individual word transfers within a transaction are called
“phases’. A clock signal provides the timing reference used to coordinate different
phases of transaction. All signal fransactions are triggered by the rsing edee of the

clock.
‘BUS Structure:- PCI may be configured as a 32 — or 64 — bit bus. PCI containg 49

mandatory signal lines. These are divided into 5 groups
1 System ping - Include the clock and reset pins.
2. Address & data pins
3 .Interface ctrl pins
4 Arbitration pins
S Error reporting pins
And PCI specification defines 31 optional signal lines divided into 4 groups.
| Interrupt pins
2 .cache support pins
364 — bit bus extension pins
4 JTAG/ boundary scan pins
PCl Commands : -

Name Function

L CLE - A 33 - MHZ cleck Provides timing to ali transactions and
is sampled by all inputs on the rising edee. [System pin]

2FRAME# - Sent by the initiator to indicate the duration of 2 transaction.
|interface otr]l pm s

IAD - 12 address / datz limes, which may be optionzlly meoreased fo 84
[Address & Data pins]

1 C/BEE - 4 command /byte —enable lines (8 for a 64 — bit bus.

[64 — bit bus extension ping]
SIRDY# TRDY# - Initiator - ready and Target — ready signals.
| Interface cirl pins]

S8 DEVSELY - A response from the device indicating that it has recognized its
{Device Select Address and ie ready for a data transfer transaction.

interface cirl pingj
TIDSWLE - Initiaitzation Device Select

e

b et

P
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serial comymunication gangdards

Senal communication 18 @ popuiar meansof ransmitting data befween acomputer and a
peripheral device such asa programmable m&rumentor even another computer, Senal
connnunication uses a ransmitter to Send data, one bit ata fime, over a single communication
line to a veceiver. W€ can n= this method when dat tansfer rates are low oryou musg
transter data over long distances Serial communication is popular because most computers
have one or mom serial ports, so no extra hardware isneeded other than a cable to connect
the mstmment to fhe computer or two computerstogether.

Fizure 1;

1: R5-232 hsttument 2: RS-232 Cable, 3: Serial Port
Serial communication requires thatyou specify the Hllowing
four pamameters:
| . The baud rate of the tansmission
2 The pumber of data bits encoding a character
3. The sens oi the qptiﬂnﬂl pariy bit
4. The numbery of sfop bils

Hach transmitted chamcter is packaged i a characier frame that conzists of 2 Sngle Zart bit
followed by the data bity the opticnal patity bit, and the sfop bit or bits. Figure 2 shows a
typical charscier fiame encoding the leHlerm.
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Character frame

Baud rate is a3 measre of how {ad data are moving between insgfruments that us senal
cmmunication. R5-232 uss only two voltage dates called MARK and SPACE. In such a
two-date coding scheme, the baud rate isideniica! to the maximum numberefbitz of
information, wicluding control bis, thatare  transmitied per sscond.

MARK is a negative voltage, and SPACE iz postive, Fisure 2 hows how the idealized
denal lookson an  oscilloscope. The following iz the mith table fhr RS232:

Signai>3 V=0

Signal>-3V=l1
The outpui signal ievel usmally swings between +12 V and -12V. The dead aren befween 43
V and -3 V isdesiened to absorb line noise.
A dart bit signals the beginning of each character frame . I is a transtion from negalive
{(MARK) to postive (SPACE) voltage. Tts dumation in scconds is the weciprocal of the band
rate. I fie mshroment s ran sniting ai 9 600 baud he duration ofthe stait bit and each
stbsequent bet isabout0.104 ms The entire charackr frame of eleven bifs would be
transmitied i about 1 146 mg,
Data bits are ransmited upside down and backwasds. That iz imverted logic isused. and the
order of transmission is from ieas senificant bit (LSB) to most significant bit (MSR). To
interpret the dats biis in & characker ffame, vou must read from vight to leff and read 1 for
negative volfage and 0 for postive voltage. Thisvields 1101101 (binary) or6D (hex). An
ASCH conversion table howsthat thisis the letter m.

An opiional panity bit follows the daf bie in the character frame. The parily bit, if present,
aiso foflowsinverted logic 1 for negative voltage and@ for positive voltage, Thisbitis
incinded asa simple means of error handling. You specify ahead of time whether the panty
of the transmission is to be even orodd. Ifthe panty is chosen fo be odd, the fransmitter dhen
sets the parify bit in such a way as to make an odd number of ones among the data bits and
the parity bit. This hansmission usss odd parity. Thete are five onesamong the data bits,
atready an odd mumber. so the parity bitis setfo 6.

The ladt part of a characker frame consists oi 1, 1.5, or 2 stop bits. These bits are always
reptesentsd by a negative voitage. If no further characters are transmitted, the line staysm the
negative (MAREK) condifion, The transmission of the next character frame. if any. is heralded
by a fart bit of positive (SPACE) voltage.

Hardware Ovarview

There ars many different recommended standards of senial port communication. including the
following mos common types.
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The R&232 isa standard developed by the Electronic lndusnies Assm':riatiﬂn {EIA} an(l
sthar interested parties gpecifying the mial interface between Data Termmal E,cp::p;uant
MTE and Data Communications Equipment (DCE). The R5-232 standard mf_;'iufle g
siactical signal chamcteristics (voltage levels), interface mechanica }_chamctensfxfs ‘
(conneciors), functional description of interchange circuits {the function of ;eﬁch stectiical
denal), and some recipesfor commen kinds of I?iﬂ]ﬁlﬂi'—fﬁ-ﬂﬂﬂ&fﬂ connections. The 131{} 151;
frequently encountesed revision of this dandard is cﬂl}eﬁ RS232C. Barty qf thig standarc
have been adopted (with various degrees of fidelity) for use m ﬂanai_ cn;_}glmum::aﬂﬂns et
between compuiers and priners modems. and other equipment. The serial ports on standarc
IBM-compatible personal compnters follow RS-23Z.

B8 222 Cabling

Devices that use serial cables for their communication are $phifinfo two calcgones These are
BOE and DTE. DCE sre devices such asa modem, TA &{liapter, -p_dutten ait(l S0 .-:rn, wih 1}&3
DTE isa computer of temminal. RS-Z32 serial potts come in TWo zes, the D-Type 25 -;":m- .
copmector and the D-Type 9 -pin connector. Both of these conneciors are male on the back ot
the PC. Thus, you reguire a female connecior on the device. Table | diows the pia
connections for the 9-pin and 23-pin D-Type connectors
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Function Sigiial PIN DTE | DCE |
~ Daia TsD 3 Cuput nput
| RxD Z Input Onipat
j input
Handshake RTS 7 Output | Imp
TS bt nput Cuatput
| D5R & Input | Ouipui
DD i Inpuf Outpuit
| STR 4 Cutput Tnput
Commoen Com 2 - -
Qfher R1 3 Cuiputl Input

The B9 connector is occasionally fund on smaller RS-232 lab equipment. It is compacy,
vethas enough pins for the com ot of seriai pins (with one pin extra). The DB-25 conneciol
i the sandard RS-232 connector, with enough pingto cover all
the signalsspecified in fie sfandard Table 2 shows only the core et of pins that are used 1ot

most BS-232 interfaces.
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Function Signal PIN DTE DCE
Data TsD g Output Input
sy RxD 3 ~ Wnput | Owpat
Handshake RTS 4 Ontpnt | Input
1S5 3 = input Output
DSKE i) Isiput Cutput
D F 8 input Outpui |
STR 20 Ouatput Input
Common Com 7 - --

Untverezl Seriai Bus

in mformation technology. Univer sal Serial Bus (USB) iz 2 serial bus dandarnd to connect
devicesto g hos compuier. USB wasdesigned fo allow many penpherals to be comnected
nsing a single standardized interface sockei and fo improve plug andplay capabiliies by
allowing hot swapping: that is. by aflowing devices fo be connscted and disconnected without
rebooting the computer or tuming off the device. Other convenient features include providing
poewer fo low-consumption devices, eliminating the need for an extemal power supply: and
allowing many devices io be ned without requiting mamnfictirer-wecific device drivers o
be mstalled.

USE isintended to eplace many varieties of serial and parallel ports TISE can connect
computer peniphesmals sich asmice, kevboards PDAs. gamepads and jovsticks scanners,
digital cameras, printers. personal media players. flash drives and extemal hard drives, For
mazy of those devices, USB has become e sandard connection method. USB was designed
tor personal computers, bt it hasbecome commonplace on other devices such 23 PDAs and
video game consoles and as a power cord between & device and an AC adapter piugead into
& wall plug for charging. A= of 2008, theve are abont 2 billion USB devices sold per vear, and
sbouté billion wotal sold to dae.

The deden of USB is dundardized by the USB Implementers Fomm (USBF). an industy
sandardsbody incomorating leading companies fom the compufer and electronics
mdnsgnes Notable members have ncluded Agere (now merged with L8I Comporation),
Apple Inc.. Hewleti-Packard. Intel, Microsoft and NEC.




A USB system hasan asvmmetic desen, conssting ofa host, 3 multitude of downstream
17SB ports and multipie peripheral devices connected in a tiered-star topology. Additional
USB hubs mav be inciuded in the tiers allowing branching info a tree shuciure with up to
five tier levels. A USB host may have multiple host controllers and each hog controfier may
provide one or mote USE potts. Up to 127 devices, including the hub devices, may be
connected to a smgle hos controller,

USE devicesare linked in sries throush /ubs, There alwaysexists one hub known as the
roothub. which is built into the host controller. So-called "shaning hubg", which allow
multiple computersto access the same peripheral device(s), also exist and work by switching
access batween POy, either automatically or manuaily. They are popular in snafl-office
environmments. In network terms they converge rather than diverze branches

A physical USB device may congst of several logical sb-devicesthat are referred o as
device A tiops. A Sngle device may provide several finctions for example, a webcam
(video device finction) with 2 built-in microphone (audio device fanction).

St contraller
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USE device commmunication is based on pines (logical channels). Pipes are connections from
the host controlier to a logical enfity on the device named an endpomt The Emmendpoins 18
occasionally used o incomectly refer to the pipe. A USB device can have up to 32 active
pipes, 16 into the host controller and 16 out of the controller.

Each enddpoint can transfer data in one direction only. either info or out of the device. 50 each
pipe is uni-directional. Endpoints are grouped info #fe7fces and each inferface is associated
with a single device function. An exception to thisisendpoint zew, which isused for device
configuration and which isnotassociated with any mterface,

When a USE device isfirgt connected {0 2 USB hodt. the USB device enumeration processis
starfed. The enumerntion stz by sending a reset sgnal to the USB device. The speed of the
USE device is determined during the esst signaling. After reset, the USB device's
mformation isread by the hos, then the device isasdgned a unique 7-bit address I the
device iv mapported by the host, the device drivers needed for communicating with the device
ate loaded and the device issefto a configpured gate. Ithe USE hod is redarted, the
enumeration processis repeated for all commected devices



implementation costs and a smplified, more adaptable cabling sy<tem. The 1394 dandard
also defines a backplane imferface, hough thistsnotaswidel used

TEEE 1394 has been adopted asthe High-Definiion Audio-Video Netwoilk Alliance (HANA)
sandard connection interface for A/V (audio/visual) component commumication and
control M FireWire i also available in wireless, fiber opfic. and coaxial versions using the
isochronous protocals.

ire Wire is Apple Inc.'s name for the TEEE 1394 High Speed Serial Bus T was initiated by
Apple (in 1986 and developed by the [EEE P1394 Working Group, largely diven by
contributions from Apple, althongh major contributions were also made by engineers from
Texas Insruments, Sony. Digifal Equipment Corporation. IBM. and INMOS/SGS Thomson
(now STMicroelectronics).

Avnple intended Fire Wire to be a senial replacement for the parallel SCSI (Small Computer
System Inferface) bus while also providing connectivity for digital audio and video
equipment. Apple's development began m the late 1980s. later presented fo the TEEE, H and
was completed m 1995, As of 2007, IEEE 1394 isa composite of four documen'ts: the
oniginal IREE Std. 1394-1995, the JEEE Std. 1394a-2000 amendment, the IEEE Std. 1394b-
2002 amendment. and the IEEE Std. 1394¢-2006 amendment On June 12, 2008, ali thes
amendments as well as errata and some technical updates were incomporated into a
sipemeding sandag IEEE Sid, 1394-.2008 ol

Apple'sintemal code-name for FireWive was "Greyhound” asof May 11,1992,

Somv's implementation of the sydem, known a3 "1.LINE " nsed a snaller comnactor with only
the four signal circuits, omitting the two circuifs which provide power to the device i fivor
of @ mparate powsr connecfor. This siyle waslater added into the 1359443 amendment. 2 This
pott is sometimes labeled "S100"” or "S400" to indicate speed in Mbitf,

The sy dem iv commonly used for connection of data domge devices and DV {digital video)
cameras, but is also popular in industrial sy steme for machine vison and professonal audio
sydems If is prefened over the more common USB for its greater effective meed and power
disttibution capabilifies, and because it does ot nead a computer host Perhaps more
tmpoitant Fire Wire inakes full nse of all SCSI capabilities and has high sustained data
tmnster rates, a feahire especially mpotant for audio and video editors. Benchmatks diow
that the sustained data transfer rates are highet for FireWire than for USB 2 0, especially on
Apple Mac OS X with more varied results on Microsoft Windows.

However, the tovalty which Apple Inc. and other patent holders initiaily demanded from
users of FireWire (US$0 .25 per end-user system) and the more expensive hardware needed fo
implement it (US51-82). both of which have ance been dropped, have prevented FireWire
from digpiacing USE  low-end mase-market computer peripherals whete product cog ing
a0 consraint &
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The hod controller directs taflic flow to devices w5 no USB device can tansfer any data on
the bus without an sxplicit request from the host controller. In USB 2 0. host controller polis
the bus for traffic. usuaily i o round-robin fashion. Tn SuperSpeed USB. connected devices
can reques seivice fiom host,

USDB mass dorage

Main article: USB mass storage device class

USE implements connections to sorage devicesusng a wtof ¢andardscatled the USE mass
storage device ciass {1eferred to as MSC or UMS). This was initally intended for raditional
magneiic and opiical daves but hasbeen extended to support a wide vanety of devices
parficularly flash drives This generality is because many systems can be controlled with the
famihar icdiom of file manipuiation within directories {The process of making a novel device
fook fike a familiar device 1s also known asextsnsion),

Though mod newer compuiters are capable of boofing off USE Mass Storage devices, USE is
notintended to be a primary bus o1 3 computer’s intemnal stormge: buses such as ATA (IDE),
senal ATA (SATA), and SCSI fulfill that role. However. USB has one imporfant advantage
in fhatitis possible to insmll and remove devices without openmg the computer cass, makmg
it usefil for extemal dives. Oniginally concetved and &ill need today for optical dorage
devices (CD-RW diives, DVD diives. eic ), a number of manuficturers offer external
pottable USEH hard drives or emnpty enclosites for diivey that offer performance comparable
to intemal drives@88emeed Thes external drives usually confain a translating device that
mferfaces a duve of conventional technology (IDE, ATA, SATA ATAPL oreven SCS8Dto 2
USB port. Functiomlly, the dove appears to the userjustjike an mtemal drive. Other
competing standards that allow for extemal connectivity are eSATA and FireWiie.

Another use for USE Mass Storage devices is he portable execution of software applications
without the need of ingtafiation on the host {:ﬁzﬁg:smﬁr,fﬂ mich as Weh Browsers VeIP
clients!¥ stc.

IREE 1394

The IEEE 1394 interface is 2 senial businterface standard for high-gpeed communications
and isochronousieal-time data transfer, frequently used by personal computers aswell agin
digital audio. digital video, automofive, and acronautics applications The interface izalwo
kuown by the brand namesof Fire Wire (Apple Inc.), iLINK (Sony). and Lynx (Texas
Ingtruments). IEEE 1394 veplaced parallel SCSIin many applications, becans of lower
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