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=1SEme number of symbols per second
(lbavd rate). Eachrsymbol dees noi
necessarily: correspond to a bit.

= Nyquist: symbel rate = 2H sym/Sec
— H bandwidth

= Shannon: data rate = HNeENAHES/IN) b/S

— S Is signal power, N Is nOISENPEWEN:




=Sy With Nyguist, we cannot hope to
Sendinary data eveni ever a noiseless, 3-
KiHZ clyannel at more than 6000 15/sec:

— 2Hi= 2(3000) = 6000 h/sec
= \With Shannoen, bitraterevertan analeg

phone line is limited teralheut S0kia/s
[assuming 30dB S/N ratiejE

—Hlog(1+S/N) = 3000log (1= 1000) = 30kb/s

I
D delay, R rate

<rans delay = (M bits) / (R b/s) = M/R sec
<Prop delay = D sec

«[Xx Time = D + M/R sec




siSiower channels “stretch out™ hits in
Ume:

=2t en a IMb/s link s 4 nsec wide

—a biton a 10Mb/s link s 0.1 nseec Wide

= Total Latency = tx time + gqueue
—transmit time = { lastshcde y

—queue delay = { dependsiiy:

D delay, R rate (small)

= Small'R -= lange 1 lime (M/R)

= EX: Dialup (D ="10ms, R'= S6KI/S)

—Tx Time = .010 + ((L024%8)/(56x1024)) =
0.153 sec = 153 msec (KB msg@56Kb/s)




D delay, R rate (large)

= [large R -= smalll i Time (M/R)

= Ex: OC-3 (D = 10ms, R = 155Mb/s)

—Tx Time = .010 +
((1024x8)/(155x1024x11024))F = 0.04005 sec
= 10.05 ms (D >> M/R)

=S Propagation; Delay (D) =
gistence/speed-of-light

= Jransmission; delay = (M /R)

= Queueing delay (@) (Using statistical
multiplexing) dependsion utilizatien

= Total Latency = D + (M/R)F=©
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ronpt? ping loc

.ing localhost

64 hytes fron 12

64 bytes from 1

G4 butes from 127.

G4 hytes fron 127.0.0.1
----localhost:default PING
--- 4 packets transnitted,
round-trip (ns) nin/ava/na

ult, 56 data bdtes 0 iter
: icnp_seq=1. & n5
I ichp_seq=2. 0.482
: icwp_seq=3. 0.62 ns,
.1 icmp_seq=4. 0.585 ns,
g mmm
received, 0% packet loss
/0 .637/0.855
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pronpt? ping cs.ucla.edy
E1ng cs.ucla.edu €131.179.
4 pytes from 131.179.128.
64 hytes fron 131.179.128.
64 hytes fron 131.179.128.
64 bytes from 131.179.128.
----cs.ucla.edu:defauit P
--- 4 packets transnitted,
round-trip (ns) min/ava/ma
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ron default, 56 data bgtes 0 iter
43 1.20° icnp_seq=1. 23. f58

3.1.20: icnp_seq=2. 22.
43 1. ”U' icnp_seq=3. 2 R
ichp_seq=4. 21.153 ms,
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rompt? date
ed Feb 12 01:08: 55 PST 1997
rompt? ping -n 5 ¢ edu

s .cnu . edu t1°3 222 173) from default, 56 data hyt
.173 to 131. .1.20:

2
2.
64 bytes from 128.2.
E4 hytes from 128. 2
B4 bytes fron 128.2.222.173 to 13
—----c5.chu. edu: default PING Statistics----
--- & packefs transwitted, 5 packets received, D% packet loss
round-trip (ms) nin‘ava/max = 111.503/112.513/113.707

pronpt? ping -n 10 www.ucl.ac.uk ) i
plng rs6-sur-8.ucl-0.hee.ac.uk ¢ .82.100.19) fron default, 56 data hytes, 10 i

B4 hytes from
64 hytes fron
B4 hytes fron
B4 hytes fron
64 hytes fron
64 hytes fron
64 bytes fron
64 bytes fromn . . .1.200 i ! . 270.217 ns,
64 bytes fromn 4482 1 : 219.999 ns,
B4 hytes fron 144. §2°100.19 to 131.2 0. 264.128 ns,
----rs6-sur-8.uc1-0.bce . ac. uk default PINE Statlsflcs———-

--- 10 packets transnitted. gackets received, D% acket loss
round-trip {ns) nln/aug/nax = 219.999,/4595 823/1358 .

20° jcnp_se
: icnp_seq=5.

iaiaiaiara
ko,
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. icnp_seq= 1 261.023 nms,
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ping -n 10 rena.dit.c

.1ng tena dit.co_jp (133 156.
ytes from 133°156.1.1 t

4 bytes from 1

hytes fromn . 1.1

bytes from . 11

bytes from . .1.}

1

1

s

default, 56 data bgtes 10 iter
20: icrp_seq=1. .198 ms,

. Ms.
ichp_se . 311 .559 nms,
icnp_se . . Ms.

. Ms.
Ms.
ns

bytes from
bytes from . 1.
bytes from . 1.
bytes from 13 1.1
----rena.dit.co.ip:default P
--- 10 packets transnitted,
round-trip (ms) nin/ava/max

ichp_seq= 1925 m
20: icmp_seq=10. 195. 303 ns,
tatistics----
ets received, 10% packet loss
2 508,316 .366/689. 198
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prompt?> ping -n 20 saathi.nc e
16 1. quElDH default 56 datgibgtes, 20 iter

Elng saathi.ncst _ernet _in (1
4 hytes from 144.

64 hytes fron
64 hytes fron

} ichp_seq=
1E.
64 hytes fron .} .
A
1

=i.
ichp_seq=4.
ichp_seq=6.
ichp_seq=8.

ichp “seq=13.
ichp_seq=14. 2603 .16 ns
1E. ! ichp_seq=18_ 2590.9 m

64 hytes fron .16, to (243°1.20: icnp_seq=20. 2562.72
----gaathi.ncst . ernet _in: def t PING Statlstlcs————

--- 20 packets transnitted, ackets receive BDZ gacket loss
round-trip (ms) minfavg/max = 2555 .89/2841 . B/Q

64 hytes fron
64 hytes fron
54 bytes fron
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=¢lick oni a link (hittp://fee.bar.coni/xx)
= Conversion from name to address

= Open connection| to remote machine
= Pass arguments 1o process

= Retrieve contents fromSever:

= Display locally

=\NEme mapping service (DNS)

= Addressing/routing| (1P)

= Reliablerdeliveny (I CR)

= Representation of content (HR)

= | ocal display (applicauemn)




=\Eed a way: tol locate services; easier for
nUmans than AUmbEers

= [Elat IName Space:
— every computer hasunstructured name
— must cooerdinate not te) Stemp eneaChoLEr
—examples: uchvax, saesVexs SHERIC

—didn T scale very well

=¥=list real growthi preblem off Internet

—yulerel thumiaz: things reak i they: grow: 2
orders el magnitude (5-7 yearsiin today:s
Intermet!)

— Common ldea: hierarchies scale well

= Divide up space Inte; s Demiainss
—examples: EDU, COM, MIESORE; NEI
— (I1SO3166-based): FI, JP, DKGUS}..




=ymch better scaling
s decentralized administration
= fedundant datalbases

= recursive, can subdivide eachsulbdivision

=Relatively New Name Format on Internet

=poepulanzed by welb brewsers

— ProteE//hest-name: porit/argld/arg2/argsy:..
— hittpe//waww.cstierkeley. edu/=kiall
—gopher://gephercolorade-edu

— ftp://Ttp. microsoft.com

— telnet://blueskies.sprl. umich:eduESe00




=Nanversion 1.0 of HTTR, the host name Is
notpPassed to the web server

=\/hat albeut “Wweb hestinarmultple sites?

= Utilizes more [P addresses than
necessary!

sI=Very interfiace has at least 1 IP address

=|Praddiesses are 32-hiit numhbers (4.3
pillien: of them!)

= Divided into parts: (Retwork: prefix, Nost
number)

= Classical structure usetnet/subnet/most
partitioning where hosts‘@Risame subnet
share net and subnet numbey




sviddecimal numbers, called “totted quad
= [Each (decimal) number Is one byie

= Example: 128.32.25.12

= Can generally betusediin: placeroif names

= Classically, parts of “€lasses =

30 hits ——— o Highest Address

Hetwerk Host 127.255.255.255

191.255.255.255

223.255.255.255

Mukicast Group D 239.255.255.255




all zera

MNetwork

allcne

gr111111

Mot 0, often 1

Internet

13124314

= 12%.1.45 %2

=T 131243108

Use

This hest (during hoot)
Deftanlt route (in tahles)

Local net broadcast

Directed broadcast

Loopback

131243012

Ethermet - 131.243.0.0

13124355 202




=Historical, but terminelogy: Is consistent
anersiill used

= Allews ene site e have multiple
subnRetwerks eif thens main network:
Practical result: multiple segmenis.

= Subnetting scheme Tsjalliecal decision

= Requires a “Subnet mask&

=i@dea Is to steal host bits and use them
eI nUmMbeEring subnets

= Rest off Internet only seesi classes (or
thelr aggregates--- later)

= Mask indicates Whichrbits are
network/subnet part; and which areriost
part




=11128.32.25.12 Is a “Class B**address
= 16rpits of network, 16 bits of host
= |ocally, want a thousand =subnets=
= S0, need 10! bitstterndicate suldnet

= Use a subnet mask of (16#10=26) bits

=26pbit mask: OxififiFcOror simply: 7267

= 50, /26 IS:

52 e e W e K S B K S T R K0 (01001010
= Subnet of net 128182, host




=NI765.32.0.0/26 gives 278(26-16) = 1024
Subnets of 278(32-26)-2 = 62 hosts each

=[St usable address: 128.32.0.1 (see
REC1IE12, page 48)

= | ast usable address: 128132.255.254

= Any address with allF=2==3itS Infhest part
IS a (subnet ) broadcasi

=11128.32.25.12/26 Is:
— 10000000 00100000 00011001 0OOOL100

= 128.32.0.65/26) IS:
— 10000000 0010000000 ENEIAI00000L

= 128.32.255.190/2680Sk
— 10000000 00100000 I11111195I0TLL110




=NEN28.32.25.12 and 128.32.25.85 on the
Saine subnet using| a /26 mask?

= 1128.82.25.12 is:.
— 10000000 00100000:00011001°00001100

= 128.32.25.85/1s;.
— 10000000 00100000:00011004701010101:

= Prefixes differ, so not"Gn same: suldnet
(need router to reach)

=APeut 1993, remove strict classes from
arehitecture

= Generalized notien! of “fhetwork prefix:

= Requires “fongest prefix--match rouiing

= Subsumes and generalizes sulvnetting

= (will discuss when we ceyverlPieuting)




