=\Btions of network design

. = |nternet naming and addressin
Kevini Fall g g

= |nternet service: model
kfall@cs.berkeley.edu

= But, how to transfer actuall data?

=Pig, D Chapter 3 (except 3.5) =Efcoding (bit representation)

= Problem Set #2 = Eraming| (andl addressing)
—Due 2/11/99
—2, 3,7, 8, 10,210,122, 23

= Error detection) (& reliability:..)

= Media access contrel (MAC)

=\Bdes: processor, memory, network intf = Siimultaneous; use?
—PIOCESSOrs Improve —2x each| 18/ months —epends on mod (TDM/EDM...)

— MEMORY IMPrOVES 726 PEN Veal —VIAC (Sharing)) protecels

= [ essons = Data rate, distance; reliability

— processor cache meay ot helprmuch = Half or Full Duplex operation

—avoid copying data




=Cat 3 UTP (10Mb/s, 100m)

= Cat 5 Uk (100 Mb/s, 100m)

= Mulimode! fiber (100 Mb/s, 2km)
= Single mode fiber (2GH/s; 40km)

=Igital data, digital signals
=low to represent bits (codes)

= Analeg)data, digital signals

— how: te represent voltages (sampling)

= Digital data, analeg signals

—how to represent bitsi(imodulation);

= Analog data, analog sighals

—how to represent voltages (foedulation)

SINRZEPNon return to zero
E=5imple high/low: voltage transmissions
—Diggest problemis de component and lack of

easy clock recovery

= NRZI: inverted NRZ
— “Stay [0]/transition[{L]**coding
— (13 generate squareNvave o Sraresiar)
—differential code (adjacentitransitions);
—better noise immunity

=SPN (2x64 Kb/s)

=" (2544 Mb/s)

= T3 (44.736 Mb/s)

= 0C3 (155.521 M/s) [beck wrong!]
= 0C12 (622.080 Mb/S)

= 0OC48 (2.48832 Gh/s)

=1Ssues in comparing various technigues:
—signal spectrum
=hightfireg->big| bw, nordc->betterisolation
—signall synchronization; capability,
—signal error detectinofcapanility:
—signal interference and NoISe MmUY
—cost and complexity.

=i\Vlanchester, biphase-{M,S}, Differential
Manechester

= Allfrequirer at least 1 transition| per bit:
time. " Benefits:

—synchenization (*self=clocking codes)
—no DC component

—error detection




=Jew-te-high is 0, high-to-low:is 1

= Wit rate s half the baud rate (50%
efficiency)

= used on 10 Mb/si Ethernet

=NElEphony and multimedia systems

='Afalog-to-digital (A/D) conversion ->
digitization or sampling (codec)

= Pulser Amplitude Modulation (PAM) and
Pulse Code Modulation (PCM)

—represent voltage'levels:

= Delta Modulation (DM)

—represent signal derivative

=ISPECial representation of PCM samples
(@Quantization levels not equally spaced)

="he preblem: mean absolute error for
each sample the same; common lower-
amplitude signals;more distorted
(relatively)=>nenuniform guantization

- mlaw encoding (US"and Japan

= A-law encoding (Europe)

=llsert extra bits to break up runs
=it values sent as 5-bit codeword

= codewords have <2 leading 0 & <3
trailing 0; 16 of 32 used! (others; for ctil)

= transmitted using NRZ|
= 80% efficiency
= used by FDDI & 100Mb/sEthermet

=\pte that Nyguist gave a sampling rate,
BUEWith infinite precision! (PAM)

= PCM: quantizeranaleg| valle tor number
—approximate PAN I puIses by n-bitvalue
—approximation iNtreduces;guantization neise
=S/N = (6n - a) dB [0O<a=I| (@hit=>6dB gain)

=\Gte that careful encoding could give us
compression gain!' (“source coding’)
= Examples:

= DPCN, ADRCMI(differential & adaptive
differentiall PCIVI);

= RL (run-length)
= CELP' (code excited lIREaprediction)

= \We will touch on these |aters




=1Ess complex, better perfermance

= continuous staircase function Moves, up
or down 1 unit eachi sampling time

= Important parameters:
= delta: size of stepchange at eachibit

= sampling rate

=ISExial communications
=1-ata-time sending of signaling elements

=Tmaybe <, =, o =1 hit/symbol

= Asynchrenous Vs Symchrenous
Transmission

= where does a message/nyie/itesinor
end?

=Niming| requires stable leng-running clock
andimaster clock resynchronization

= Clock provided: by separate signal or by
data (e.g. Manchester' coding)

= May be >20% more efficient; tham
asynchronous transmissien; fortlange data
blocks

=l\ledulation options
=amplitude (AM)), firequency (EM), phase (PM);
= “Shifit'keying*for digital values (ASK; ESK;
PSK)

= Explore these in"youl signals; class!

=Hliming| is precise for only single word
=Start/stop bits
=Tmeay nclluderpanty bt for ermolr detection:
= often| uses 7-bit ASCII code:

= used for low datarratesi(erab keyearas)

=iByie-orniented protocols
=BISYNC (BSC), DDCMP, IMP-IMP; PPP*
== commoen moede

= Bit-oriented protocols
=HDLC

= “Other’2oriented protocels
= SONET




=ISEntinel approach

=1bpk for special controll codes in data stream =Hieat link as bit (not byte) stream
=Examples: SYN (synchronize), SOHI (start of = HDLC idle pattern 01111110

header)), SIpX (stant of text)y,, ETX (end! of

text) = Use bit stuffing|if 5 consec 15 in data:

= Problem: have 10 escape OCCUIENCes ofi = insert a zero hefore continuing

sentinels (byte stuiiing)) (U at :
= unstuff at receiver

= Frame size is data dependeni!

= Byte-count approach (cntdieldierrors!?)

=1Similar protocol (SDH) in Europe

= Eullfspec. is very complicated

= STS-1 frames, 8000; frames/Sec
=90x9xB000X8) = 51.84" Mb/s
=87 useful payload columns =150 112M/S;

TN SIS Tenspars
” Overhead

='Eilist 2 bytes indicate start off STS-1

= Periodic sync bytes each 128 usec

= Nosbit stuffing, Uses periodic sentinels

= frames sent every d28iusec; - pointerr-field:
indicates start of data; needs good! clock:

= Data offset “pointer’’helpsijustitication




