COMPUTERNETWORKS
CS45201
CS55201

CHAPTER 2
DataLink Networks

P. Farrell/ H. Peyravi

Depatment of ComputeiScience
Kent StateUniversit
Kent, Ohio44242
farrell@csdnt.edu
http://www.cs.lent.edu/~peyravi

Fall 2001

&
CS4/55201: ComputerNetworks Fall 2001

Hardwere BuildingBlocks
Encaling

CdaingDesign

Framing

Erra Detection
Reliablelransmission
Ethernet

FDDI

Netwvork Adaptas

&
CS4/55201: ComputerNetworks Fall 2001

%



. Chapter2: Data Link Networks

Hardware Building Block§

Hardware BuildingBlocks

INetvork ConnectingProblem

Physicatonnectior{coax, ber,... )
Encaling/Decding databits.
Framing,paclets, messages.

Erra detection.
Reliabladeliverydespiteerras.

MediaAccesontrol(MAC).

=) Thesdssuesre implementeéh the netvork adapto
(boad).

=)  We will studythe aboveproblemsn the contextof

| Point-to-Point links
| Carier SenséMultiple AccessCSMAnetworks (Ethernet)
| TokenRingsFiber DistributedData Interface
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. Chapter2: Data Link Networks

Hardware Building Block§

[Netwvork Noded

Assume general-puigse(programmableomputer;
with special-purpsehadwere.
1/0 Bus

Network to network
Adapter

Memory

A devicedrivermanageshe adapto
Finitememoy (implieslimitedbu er space)
Connectgo netvork via a network adaptor

Fast processn slav memay

0,
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. Chapter2: Data Link Networks Hardware Building Block§

[Network Linkd

Linkspropagatesignals

| Analog:continuous

| Digital: discrete

Binay dataare enamded in to

| Analogsignalsmaodulator (modem)
| Digital signalsdemalulator

A digitaltransmitter transmitsbinay dataovera digitallink.

full duplexlinks
half duplexlinks

%
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|Datavs Signa)

Data Signal
<—>i }<—>‘ }-—» Data
Medium

Data Signal

Analog
Analog ——> Digital
Digital <—> Analog
Digital <> Digital

Analog

0,
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. Chapter2: Data Link Networks

Hardware Building Block§

|SomePhysicaMediun

Type Speed Distancs
Categoy 5 twistedpair | 10-100Mbps | 100m
50-ohmcoax(ThinNet) | 10-100Mbps | 200m
75-ohmcoax(ThickNet)| 10-100Mbps | 500m
Multimode b er 100Mbps 2km

Single-mde b er 100-2400MbpsA0km

. Chapter2: Data Link Networks

Encaling

Signalgropagateovera physicamedium.
| Digital signals
| Analogsignals

Encaiin%

Canbe leasedr owned

|Standad Linkd

Type |Bandwidth Applications

ISDN | 64 Kbps for digitalvoice/data

T1 1.544Mbps | 24 64Kbpspld technology
T3 44.736Mbps | 30T1

STS-1 | 51.840Mbps | sync.transfersignaloptical
STS-3 | 155.25QMbps | for optical b er

STS-12 622.08(Mbps | for optical b er

STS-24 1.24416GGbps for optical b er

STS-48 2.48832@bpg for optical b er

The devicehat encalesanalogvoiceinto digital ISDNIink is

calledCODEC (coder/decdler).

STS-Nlinksare sometimesalledOC-N(opticalcarier).
STS-Nis usedfor electrical deviceconnectedo the link.

OC-Nis usedfor optical deviceconnectedo the link.

&
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Datacanbe eitherdigital or analogwe'reinterestedn digital
data.

Problem:Encale the binay datathat the sourcenode wantsto
sendto the destinatiomode into the signalthat propagatesver

signalling component

Vs signal Sa
Node Node

bits
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. Chapter2: Data Link Networks

Encajin%

[MaximumData Rateof a Channel

I Nyquist(1924)statedthat for a noise-freehanneivith

bandwidthw (H z), andmultilevelignalingVl , the capaciy

(bps) canbe computedas
C=2W logM
| DoublingWW doubleghe datarate.

| The presencef noisecancarupt oneor mae bits. If data
rateis increasedhe bits becomeshater , andmae bits are

a ected by a givennoisepattern.

| At agivennoiselevelthe higherthe datarate, the higherthe

erro rate.

: ]
o LT L

Bilevel Encoding

e T I

o L L

Multilevel Encoding (M=4)
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. Chapter2: Data Link Networks Encaiin%

IShannon'§heaend

I Shannor{1948)developd a formulato identifythe upper
boundon the channetapaci.

The signal-to-noisetio (S=N) is the ratio of powerin a
signalto the poner containedn the noisethat is presentat
a paticula point in the transmission.

signal power
% noise power
The maximunmchannetapaciy is computeds

S=N = 10 log;

_ S
C=B log(1+ N)

whereC isthe capaciy in bits per secondandB isthe
bandwidthin H z.

| For examplea noiseles8-kHzchannetannottransmitbinay
signalsat a rate exceeding000bps.

| A channebf 3000-Hzandwidthanda signalto thermalnoiss
of 30 dB cannevertransmitmae than 30,000bps.

= 300dB= 10 log,,(S=N)

SN = 1000
C = 3000log,(1+ 1000)= 3000 9:9673< 30000bps

0,




. Chapter2: Data Link Networks

Encajin%

|Cading Terminologly

< Pulse-=

+5v

Signalelement:Pulse
ModulationRate:

Data Rate: Bits per second
Data Rateis a functionof

| bandwidth
| signal/noiseatio
| encdingtechnique

l —
Durationof the smalleselemenit baud rate

-5v
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. Chapter2: Data Link Networks

Encaiin%

[TransmissioMedid

TwistedPair

| UnshieldedwistedPair (UTP)
VoiceGrade:Telephonavire
Data Grade:Betterquality

=) 100Mbpsover50m is possible
| ShieldedwistedPair (UTP)
CoaxialCable
OpticalFiber

| Modes: .
Speedin vacuum

Speedin medium

indexof re ection=

| Singlemade
| Multimade

0,
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. Chapter2: Data Link Networks Cading Desigg . Chapter2: Data Link Networks Coding Desigg

CadingDesign Manchester:
I 0= low to high
| 1= highto low
Bits 0010111101000010 Di erential Manchester
BlininssslinBEEEnEERA | 1= absencef transit
NRZ S I A I R Y = absencef transition

SRR N N N A R R R N | 0= presencef transition

Clock IWUWUUWWW
Manchester m—l—l—l—lmm

Always a transitionin middleof interval=)  easyto synchronize

Non-Returrio Zero(NRZ)

| 1= highlevel, 0= low level
I Problem:consecutivésor 0s=)  Unableto recoverclock
Unifom distributionof 1's and0's tunethe clocks

Non-returrto ZerolnvertedNRZI): Make a transitionfrom the
currentsignalto encale a one,andstay at the currentsignalto
encale a zero;solveghe problemof consecutivenes.

I 0= notransitionat beginningof interval(onebit at time)

I 1= transitionat beginningof interval

& % & %
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. Chapter2: Data Link Networks Framing . Chapter2: Data Link Networks Framing

Framing

|Byte-OrientedProtacols

Sentine\pproach

I BISYNC(bing sync.comm.)

Problem:Breakingsequencef bitsinto a frame

8 8 8 8 8 16
| Mustdeterminerst andlastbit of the frame 5153 | reaer | 5 Body £ | ore
| Typicallyimplementedby netvork adapto | IMP-IMP (ARPANET)
| Adapto fetcheqdepsits)framesout of (into) hostmemaoy s e e e
12|23 E| Header Body 21 E | cre
Node A i Node B | Problem:ETX chaactermightappea in the dataportion of

the frame.

frames | Solution:Escap the ETX chaacterwith a DLE chaacterin
! ‘ BISYNCescap the DLE chaacterwith a DLE chaacterin
IMP-IMP

Byte CountingApproach(DDCMP)

8 8 8 14 42 16

7]

g

z
<
2]

5 Header
% eade

Count

Body

CRC

| Problem:Count eld is carupted(framingerra).
| Solution:CatchwhenCRCfails.

& % & %
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. Chapter2: Data Link Networks Framing . Chapter2: Data Link Networks Framing

Bit-OrientedProtocold |Clack-Basedrraming

HDLC:High-LeveDataLink Control(alsoSDLCandPPP) SONET:Synchronou®pticalNetvork
Delineatdramewith a specialbit-sequenced1111110

8 16 16 8

Beginning
Sequence

ITU standad for transmissioover b er
STS-1(51.84Mbps)

Byte-interleavethultiplexing

Ending
Header Body CRC Sequence

Bit Stu ng Eachframeis 125 s long.

| Senderanytime ve consecutivéshavebeentransmitted STS-1 Framce Structure
fromthe body of the messageanserta 0. 90 bytes
I Receivershouldve consecutivésarrive,look at nextbit(s): 3 bytes 1 byte
if nextbit isa 0: removaet
if nextbits are 10: end-of-framenaker
if nextbitsare 11: erra

9 rows

Path
Transport overhead
overhead

% & %
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. Chapter2: Data Link Networks Framing
Lightwave Lightwave
T inati Terminating SONET
Terminals SﬁEET E:Lriv;nmz::g Regenarator Regenarator Equipment Mux  Terminals
g |
| =N =)
O | |[]
Section
Line
Path
Tl —=
Tl —
T1 —» STS-1
Electro-optical
STS-3 Scrambler converter
" \A’\ STS-12 STS-12 oc-12
T3 —B =
STS-3
STS-3
STS-1
T3
%
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. Chapter2: Data Link Networks

Erra Detection

Let Py, be the probabiliy that a bit isin erra
LetF be the framesizein bits
Probabilig[framehasnoerra] = (1 Py)F

Probabilig[oneor maebitsinerra]=1 (1 PyF

Examplelet F=1000bits andP, = 10 ©
Pr[frameisinerra]= 1 (1 10 ®000= 10 3

| Parity Check

01234567
(1/0]1[1][0]1]1] | Cadeverd

Oddpaity [1/0[1|1/0[1[1]0]| # of 1'sisodd

Evenpaity | 1/0[1[1]0]1]1]1] # ofl'siseven

Singleerra canbe detected

%
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. Chapter2: Data Link Networks Error Detectiogo . Chapter2: Data Link Networks Error Detectio&

|CheckDigit Methal |CyclicRedundancgheck
Make the numker divisibleby 9 Addk bits of redundantlatato an n-bit message.
Example823to be sent Repesenin-bit messagasann 1 degregolynomial;

1. Leftshift823=) 8230 e.9.,MSG=10011016arespndsto M (x) = x’ + x4+ x3+ x%.

2. Divideby 9 and nd remainder) 4 Letk be the degreeof somediviso polynomialC(x); e.g.,
— v3 2
3. Subtractremaindefrom9=) 9-4=5 Cx)=x°+x°+ L
4. Addthe resultof step4 to step1:8235 TransmitpolynomiaP (x) that is evenlydivisibleby C(x), and
5. Checkthat the resultis divisibleoy 9 receivepolynomiaP (x) + E(x); E(x)=0 impliesno erras.

Detectsall single-digierras: 7235,8335,8255,8237 Recipientivides(P (x) + E(x)) by C(x); the remaindewill be

_ o zeroin onlytwo casesE (x) waszero(i.e. therewasno erra), or
Detectsseveramultiple-digiterras: 8765,7346 E (x) is exactlydivisibleoy C(x).
Doesnot detectsomeerras: 7335,8775, | ChmseC(x) to male secondaseextremelyare.

Homewrk: Provewhyit detectsall single-digierras Sender:

| multiplyM (x) by x¥; for our exampleye get
x10+ x7+ x5+ x* (10011010000);

| divideresultby C(x) (1101);

| Send10011010000101= 1001101010Ejncethis mustbe
exactlydivisibleby C(x);

Want to ensureghat C(x) doesnot divideevenlyinto polynomial
E (X).

& % & %
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. Chapter2: Data Link Networks Error Detectiogo

11111001
Genemnor44%>1101>10011010000 <— Message
1101¢
1001
1101

1000
1101

1011
1101

1100
1101

1000
1101

101 =— Remainder

What canbe detected?

| All single-biterras, aslongasthe x* andx® termshave
non-zerace cients.

| All double-bierras, aslongasC(x) hasa facta with at least

threeterms.

| Anyodd numter of erras, aslongasC(x) containghe facta

(x + 1)

| Any burst'erra (i.e sequencef consecutiverraedbits) for

whichthe lengthof the burstis lessthank bits.

I Mostbursterras of largerthank bits canalsobe detected.

&
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. Chapter2: Data Link Networks

Error Detectio&

Commormpolynomialgor C(x)

CRC C(x)

CRC-8 x84+ x2+ x1+ 1

CRC-10 X0+ X%+ x5+ x4+ x1+1

CRC-12 x12+ x4+ x3+ x2+ 1

CRC-16 x84+ x5+ x2+ 1
CRC-CCITTx+ x12+ x5+ 1

x4+ x84+ x7+ x5+ x4+ x2+ x+ 1

EthernetandFDDI useCRC-32

| Two-Dimensiondarity

R OO Kk O o
O R OO R kFRkF
PR OO OoODN
R O RFRRFRPFPW
R R RPPRPOOo A
RO PO O 0
R OO ORRFR®

O|lrR| kP kR olkrl~

Parity byte| 1

1

1

1

0

1

1]0]

2D paity catchedl, 2, and 3-bit erra's, andmost4-bit erras.

Homewrk: Shav thisis true

paity bit

0,
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. Chapter2: Data Link Networks Error Detectiogo . Chapter2: Data Link Networks ReliableTransmissi(y

Reliablelransmission

|InternetChecksunAlgaithm
Thethird appoach Recovefrom carupt frames
Viewmessagasa sequencef 16-bitintegers. | Erra CarectionCades(ECC);alsocalledForward Erra
Add theseintegergogetherusingl6-bitonescomplement Carection(FEC)
arithmetic,andthentake the onescomplementf the result. I Acknavledgmentand Timeouts;alsocalledAutomaticRepeat

reques{ARQ)

Deliverdrameswithouterras, in proper orderto netvork layer

That 16-bitnumteris the checksum.
Unlile CRC,it doesn'thaveverystrongerra detectionproperty
The algaithm is easieto implement |Erra CarectionMechanisn]s

ACK/NAK: providesendesomefeed-baclabout the otherend
Time-out: for the casewhenentirepaclet or ACK is lost

Sequencaumiers:to distinguishretransmissions

AutomaticRepeat Reques(ARQ)l

Erra detection
Acknavledgment
Retransmissioafter timeout

Negativeacknavledgment

& % & %
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. Chapter2: Data Link Networks ReliableTransmissi@ . Chapter2: Data Link Networks ReliableTransmissiQp

s | Stop-and-\&lit
ACK_— sender receiver
s Frame
__— pckO
u;e/ time Frame 4
[>\C\41
- Frame 0
|IARQScendoq
) o . pcK 0
‘\ Sender] [Receiver] [Sender ‘ ‘\Receiver/‘ .
[
2 LAC/ £ K=K | Problem:Keepinghe pipe full.
3 [ Fams Example1.5Mbpdink  45msRTT = 67.5Kb(8KB). Assuming
£ ‘p@/K « framesizeof 1KB, stop-and-ait usesabout one-eighttof the link's
capacig. Wantthe sendeto be ableto transmitup to 8 frames
) o ' befae havingto wait for an ACK.
{Sender J [Receiverj [Sender J {Receiverj gt
- Frame X < \Frame
fg: [ .é ACK
£ ‘A\C/“ £
pcK

& % & %
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. Chapter2: Data Link Networks ReliableTransmissi@ . Chapter2: Data Link Networks ReliableTransmissi(y

Sender:

|SIidingWind0N Assigrsequencaumter to eachframe(SegNujn

Idea: Allow sendeto transmitmultipleframesbefae receivingan Maintainthreestatevaiables:
ACK, therely keepinghe pipe full. Thereis anupper limit onthe | sendwindov size(SWS
numtler of outstandinqun-ACKed)framesalloved. i
| lastacknavledgmenteceivedLAR

| lastframesent(LFS
Maintaininvaiant: LFS- LAR  SWS

<sSws

sender receiver

. LAR LFS
time

(Last Acknowledgement (Last Frame Sent)
Received)

WhenACK arrives,advancd AR therely openingwindav
. Bu er upto SW%rames

% & %
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. Chapter2: Data Link Networks ReliableTransmissi@ . Chapter2: Data Link Networks ReliableTransmissi@

Receiver: Sequencblumter Space
Maintainthreestatevaiables: SegNuneld is nite; sequencaumkerswraparound
| receivevindav size(RWS Sequencaumker spacanustbe largerthan numker of
| lastframeacceptabléLFA outstandingrames
I nextframeexpected(NFE or lastframereceivedLFR = NFE SWS MaxSegNum4% not su cient
- 1)

supmse3-bit SegNuneld (0..7 )
Maintaininvaiant: LFA- LFR RWS®r equivalently
LFA- NFE+ 1 RWS

I
| SWS=RWS=7

| sendetransmitframes0..6
|

|

|

‘ RS ‘ arivesuccessfullput ACKslost
>R senderetransmit®..6
NL LL receiveexpecting7,0..5 , but receivesecondncanationof
(Next Frame (Last Frame 0 . 5
Expected) Accepted)
SW (MaxSegNum+1)/2s carectrule
FrameSeqNurarrives: Intuitively SeqNurislides" betweentwo halvesof sequence
| if NFE SegNum LFA ! accept numler space
| if SegNunx NFEor SeqNunm» LFA ! discaded
SendcumulativeACK
Variations

| selectivaacknevledgements
| negativeacknavledgement@NAK)

& % & %
CS4/55201: ComputerNetworks Fall 2001 29 of 47 CS4/55201: ComputerNetworks Fall 2001 30 of 47




. Chapter2: Data Link Networks ReliableTransmissi@ . Chapter2: Data Link Networks Ethern%

| Ethernet
|Concurrent.ogicalChannels
Multiplexseveralogicalchannel®vera singlepoint-to-point link;

run stop-and-ait on eachlogicalchannel.
Histay
Developdby Xeroc PARCin mid-1970s

I
| Rootsin Alohapaclet-radionetwvork

| sequencaumler for framessenton this logicalchannel | Standadizedby Xerx, DEC,andIntelin 1978
| nextsequencaumterto exgecton thislogicalchannel | Simila to IEEES02.3standad

Maintainthreebits of statefor eachchannel:

| booleansayingwhetherthe channels currentlybusy

ARFRANET supprted eightlogicalchannel®vereachgroundlink CSMA/CD

(16 overeachsatellitelink). _
| cariersense

Headeffor eachframeincludech 3-bit channehumker anda | multipleaccess

1-bit sequencaumter, for a total of 4 bits; samenumier of bits | collisiondetection

asthe slidingwindav protocol requirego supprt up to eight

outstandingrameson the link. Bandwidth:10Mbpsand 100Mbps

Sepaatesreliabiliy from ow control andframe order. Problem:Distributedalgaithm that providesfair accesso a

shaed medium

& % & %
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. Chapter2: Data Link Networks Ethern% . Chapter2: Data Link Networks Ethern%

|PhysicaPropertieq |FrameFormat]
. . 64 48 48 16 32 8
ClassicaEthernet(thick-net)
. Preamble RSSE igiir Type Body CRC | Postamble
maximunsegmenbf 500m
transceivetapsat least2.5mapat Addresses:

I
I
I connecimultiplesegmentsvith repeaters
I

_ Unique 48-bitunicastaddressissignetb eachadapto
no mae than 2 repeatersbetweenany pair of nodes(1500m

total) Example8:0:2b:e4:b1:2

I maximunof 1024hosts Broadcastall 1s

| alsocalled10Base5 Multicast: rst bit is 1
— h ﬁ ﬁ v ﬁ Adapto receiveall framesjt accept{passeso host):
— ﬁ ﬁ ﬁ ﬁ Framesaddressetb its own unicastaddress
— ﬁ ﬁ ﬁ | ﬁ Framesaddressetb the broadcastddress
] Framesaddressetb anymulticastaddresd hasbeen

ﬁ ﬁ ﬁ ﬁ programmedo accept

_ _ All frameswhenin promiscuousaode
Alternativetechnologies

| 10BaseZthin-net): 200m;daisy-chaigon guration
| 10BaseT(twisted-pair):100m;star con guration

& % & %
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. Chapter2: Data Link Networks

Ethern%

| TransmitterAlgaithm

If lineisidle:
Sendmmediately
Upper boundmessagsizeof 1500bytes

Mustwait 51 s betweenback-to-backrames

If lineis busy:
Wait until idle andtransmitimmediately

Calledl-persistent (specialcaseof p-persisteny

If collision:

jamfor 512bits, thenstoptransmittingframe

minimumframeis 64 bytes(header 46 bytesof data)

dely andtry again

| 1sttime: unifamly distributedoetween0 and51.2 s

| 2ndtime: unifamly distributedoetween0 and102.4 s
| 3rdtime: unifomly distributedbetveen0 and204.8 s
I
I

giveup after severatries (usuallyl6)
exmpnentialbaclo

&
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. Chapter2: Data Link Networks Ethern%

Exeriencep
Observén Practice

10-200nhosts(not 1024)
Lengthshater than 1500m(RTT closerto 5 than51 )
Paclet lengthis bimadal

High-levelow controlandhostperfamancdimit load

Recommendations
Do not overload30%utilizationis about max)
Implementontrollersarectly
Uselarge paclets

Getthe restof the systenright (broadcastretransmission)

0,




. Chapter2: Data Link Networks

FDD&

FDDI

Token RingNetworks

PRONET:10Mbpsand80 Mbpsrings
IBM: 4Mbpstokenring
16MbpdEEEB02.5/tolenring

I
I
I
| 100Mbpd-iber DistributedData InterfacgFDDI)

Basicldea

| framesow in onedirection:upstreanto dovnstream

| specialbit pattern(token) rotatesaroundring

| mustcapturetoken befae transmitting

| releas¢okenafterdonetransmitting
immediateelease
delgedrelease

I removeyour framewhenit comesdackaround

| stationsgetround-robirservice

&
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. Chapter2: Data Link Networks

FDD&

|PhysicaPropertiesof FDDI|

DualRingCon guration

SingleandDual AttachmentStations

Upstream Downstream
Neighbor Neighbor

Eachstationimposesa dely (e.g.,50ns)
Maximumof 500stations

Upper limit of 200km(200kmof b er)
UsesAB/5B encaling

Canbe implementedvercopger (CDDI)

0,

&
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. Chapter2: Data Link Networks FDD& . Chapter2: Data Link Networks FDD&

|TimedToken Algaithm | Token Maintenancg

Token HoldingTime (THT): upper limit on how longa station LostToken
canholdthe token. | notokenwheninitializingring
TokenRotationTime (TRT): haw longit takesthe tokento | bit erra caruptstoken pattern
traversethe ring. | nodeholdingtoken crashes

TRT ActiveNdes THT + RingLatency Generating Token (andagreeingn TTRT)
Target TokenRotationTime (TTRT): agreed-upn upper bound | executavhenjoin ring or susgcta failure
onTRT. | eachnade sends specialclaim framethat includeghe
Algaithm node'sbid for the TTRT
| eachnode measure3RT betweensuccessivarivalsof the | whenreceiveclaimframe,updatebid andforward

token | if your claimframemalesit all the way aroundthe ring:
| if measuredRT > TTRT, thentokenis late sodon't send your bid wasthe lowest

data everpneknovs TTRT
| if measuredRT < TTRT, thentokenis ealy soOK to send you insertnewtoken

data

Monitaing for a Valid Token
| de netwo classesftrac

synchronoudata: canalways send
asynchronousata: cansendonlyif tokenis ealy
| worsecase:2 TTRT betweenseeingoken

| not possibléo haveback-to-backotationsthat take2 TTRT
time

| shouldseevalidtransmissiofframeor token) periadically
I maximungap= ringlatency+ maxframe 2.5ms
| settimerat 2.5msandsendclaimframeif it res

% & %
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. Chapter2: Data Link Networks

FDD!B

8

8

48

|FrameFormat]

48

32

24

Start of
Frame

Control

Dest
Addr

Src
Addr

Body

CRC

End of
Frame

Status

ControlField

| 1stbit: asynchronou®) versusynchronougl) data
| 2ndbit: 16-bit(0) versusi8-bit(1) addresses

| last6 bits: demuxkey (includegeservegatternsfor tokenand

claimframe)

StatusField

| fromreceivebackto sender
| erra in frame

| recognizedddress

| acceptedrame( o w control)

&
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. Chapter2: Data Link Networks

Network Adapta'§

Netvork Adaptas

Typicallywheredatalink functionaliy is implemented

Framing
Erra Detection
MediaAccesControl(MAC)

%
42 of 47
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interface
%]
a k Link
o = < Network Lin
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o
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/
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|HostPersgctive IMovingFramesBetwweenHostand Adapte
ControlStatusRegiste(CSR) DirectMemaoy AccesgDMA)
Availableat somememoy address Memory Bufers
CPUcanreadandwrite m:—# \
CPUinstructsAdapto (e.g.,transmit) m::j :
Adapte infamsCPU(e.g.,receiveerra)
Example O I
LE_RINT 0x0400 Received packet Interrupt (RC) %uigs'rip“”

LE_TINT 0x0200 Transmitted packet Interrupt (RC)

LE_IDON 0x0100 Initialization ~ Done (RC) Programmed© (P10)

LE_IENA 0x0040 Interrupt Enable (RW) sianaliing component
LE_INIT 0x0001 Initialize  (RW1) T
;// signal \\\\
Node Node

bits
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|DeviceDrivel

InterruptHandler

interrupt_handler()

{
disable_interrupts();
/* someerror occurred */
if (csr & LE_ERR)

print_and_clear_error();

[* transmit interrupt */
if (csr & LE_TINT)

csr = LE_TINT| LE_INEA;
semSignal(xmit_queue);

[* receive interrupt */
if (csr & LE_RINT)

receive_interrupt();

}

enable_interrupts();
return(0);

&
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TransmitRoutine:

transmit(Msg *msg)
{
char *src, *dst;
Context c;
int len;

semWait(xmit_queue);
semWait(mutex);
disable_interrupts();
dst = next_xmit_buf();
msgWalkinit(&c, msg);

while ((src = msgWalk(&c, &len))

copy_data_to_lance(src,
msgWalkDone(&c);
enable_interrupts();
semSignal(mutex);
return;

dst,

1= 0)
len);

0,
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ReceivénterruptRoutine
receive_interrupt()
{
Msg *msg, *new_msg;
char *buf;
while (rdl = next_rcv_desc())
{
/* create process to handle this message*/
msg = rdl->msg;
process_create(ethDemux, msg);
I* msgeventually freed in ethDemux*/
/* now allocate a replacement */
buf = msgConstructAllocate(new_msg, MTU);
rdl->msg = new_msg;
rdl->buf = buf;
install_rcv_desc(rdl);
}
return;
}
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