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TCP Features

= “Stream” Oriented Data Transmission
— Connectionf 3L (Three-way-handshake)
- Connection (“Stream”) Identifier = “Socket”
{dst_IP_addr, dst_port, src_IP_addr, src_port}
= “Sequence Number” ; 32 bits
S NMMEE - 0 — (2732-1)
— 2732 TSequence NumberdWrapzh 3
* “Full-Duplex” TDBIE
= Acknowledgement (ACK) ;
— RIZRETRENAFEE(SN)DEA
- T5—[E1E: T A2 FEE(Segment retransmission)
by Time-out, Dupilicated-ACK
« “Sliding Window Control” % FA\LN=T —3 855 §il i
(*) Window_size = 65,535 Bytes
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TCP Header Format

UR  : Urgent Pointer Field Significant (URG)
AK : Acknowledgement Field Significant (ACK)
PH : Push Function

RT  : Reset the Connection

SY : Synchronize Sequence Numbers (SYN)

FN : No More Data From Sender (FIN)



TCP Port Allocation (RFC1700)

1. Well-Known Ports ; 0- 1,023
2. Registered Ports ; 1,024 - 49,151
3. Dynamic and/or Private Ports ; 49,152 - 65,535
BATIRE

ftp://ftp.isi.edu/in-notes/iana/assignments/port-numbers

10



TCP Well-Known Ports

Port Number | Keyword Application
5 rje Remote Job Entry
20 ftp-data | File Transfer [Default data]
21 ftp File Transfer [Control]
23 telnet Telnet
25 smtp Simple Management Protocol
39 rip Resource Location Protocol
53 domain | Domain Name Server
63 whois++ | Whois++
67 bootp Bootstrap Protocol Server
69 tftp Trivial File Transfer
70 gopher | Gopher
79 finger Finger
80 http World Wide Web HTTP
110 pop3 Post Office Protocol - Version 3
111 sunrpc | SUN Remote Procedure Call
119 nntp Network News Transfer Protocol

11



TCP Well-Known Ports

Port Number | Keyword Application
123 ntp Network Time Protocol
137 netbios-ns NetBIOS Name Service
138 netbios-dgm |[NetBIOS Datagram Service
139 netbios-ssn NetBIOS Session Service
179 bgp Border Gateway Protocol (BGP)
pAVY at-nbp AppleTalk Name Binding Protocol
213 IpX IPX
220 Imap3 IMAP3 (Interactive Mail Access Protocol)
396 netware-ip Novell Netware over IP
540 uucp uucp daemon
546 dhcpve-client | DHCPvV6 Client
547 dhcpv6-server | DHCPv6 Server
560 rmonitor remote monitor daemon

12



TCP Connection®EiL/fE K

svr4.1037 (client)

“Active open”
(appli. open : telnet)

((open b2 P

“Active Close”
(application close: quit)

“half close” |

SYN (a)

SYN_ACK(a+1,b)

_ACK (b+1)

FIN (m,s+1)

ACK (m+1)

“FIN_ACK (m+1,s)

ACK (s+1)

bsdi.discard(server)

“Passive open”

!

> “open »

» EOF to Application

|

“Passive Close’
(application close)

!

9

o “half close”

— full close



Three Way Handshalking

« I5— NELETHUERMENTFET S,

« 220 /—FDBEITO FNEND/—LH
FD IREHOIRH ZfEIISE =LY,

« 3IDDINTYN=AvE—D)D ERIE T,
FERD RIHANER - RSN H(WDLET 7
1),

14



TCP Connection®e3L/BR%k

Client S LISTEN
SYN_SENT SYN (a) (Passive open)
(Active open) ;

SYN_RCVD
| SYN_ACK(a+1,b) -
ESTABLISHED 1
_ACK (b+1)
» ESTABLISHED
FIN_ WAIT 1 FIN (m.s)
(Active close) ’ | CLOSE_WAIT
] ACK (m+1) (Passive close)
FIN WAIT 2 L 4
1 LAST ACK
TIME WAIT [~ FIN_ACK (m+1,s) |
IZ'MSL ACK (s+1) * CLOSED

CLOSED

15



Log on the console;

svridS

Connected to bsdi.
Escape character 1is

~]

TCP Connection®e3L/BR%k

telnet bsdi discard ¥port="9” (server discard packet)
Trying 140.252.13.35

telnet> quit

Connection closed.

tcpdump output

1 0.0

2 0.024

3 0.007
4 4.155

5 4.158
6 4.159

7 4.189

.0024)

.0048)
.1482)

.0013)
.0014)

.0225)

svri4.

bsdi.

svri

svrd.

bsdi.
.discard > svr4.1037: F 18240.18240(0)

bsdi

svrid.

\/\] 4

1037 > bsdi.discard: S 14155.14155(0)
win 4096 <mss 1024>

discard > svrd4.1037: S 18239.18239(0)
ack 14156 win 4096 <mss 1024>

.1037 > bsdi.discard: . ack 18240 win 4096

1037 > bsdi.discard: F 14156:14156(0)
ack 18240 win 4096
discard > svr4.1037: . ack 14157 win 4096

ack 14157 win 4096
1037 > bsdi.discard: . ack 18241 win 40906



TCP Connection®e3L/BR%k

tcpdump output

1 0.0 svr4.1037 > bsdi.discard: S 14155.14155(0)
win 4096 <mss 1024>
2 0.024 (0.0024) bsdi.discard > svr4.1037: S 18239.18239(0)
ack 14156 win 4096 <mss 1024>
3 0.007 (0.0048) svr4d.1037 > bsdi.discard: . ack 18240 win 4096
4 4.155 (4.1482) svr4.1037 > bsdi.discard: F 14156:14156(0)
ack 18240 win 4096
5 4.158 (0.0013) bsdi.discard > svrd4.1037: . ack 14157 win 4096
6 4.159 (0.0014) bsdi.discard > svr4.1037: F 18240.18240 (0)
ack 14157 win 4096
7 4.189 (0.0225) svrd.1037 > bsdi.discard: . ack 18241 win 4096
[ERK]
source.port > destination.port : flags SN begin.SN end(data size)
flags : S = SYN ; Synchronize sequence number (SN)

F = FIN ; Finish data transmission
R = RST ; Reset connection
P = PSH ; push data to receiving process asap
= ; none of above four flags 1is on
SN _end = SN _begin + data size
win 4096 ; window size 1is 4096
mss 1024 ; maximum segment size 1s 1024 bytes 17



appl: passive open :
send: <nothing> :

recvl: SYN
send: SYN, ACK _,.=**’

.
.
.
®

recv: SYN
send: SYN,ACK

(simultaneous open)
recv: ACK*+.,

&z send: <nothing+a

cuwl T e
2 ¢ appl: close ESTABLISHED pewesn

T @ send: FIN send: ACK

: / i simultaneous close
FIN_WAIT_1 gyt CLOSING

-

appl: active open
send: SYN

Active open
appl: close
or timeout

recv: SYN,ACK
send: ACK

recv: ACK

recv: ACK
send: <nothing>

: appl: close
= send: FIN

send: <nothing> Passive close

recv.: ACK
send: <nothing>

recv: FIN _
send: ACK 2 MSL timeout

Active close

>



<< Client >>

A
appl: passive open :
send: <nothing> i appl: active open
recvl: SYN :
passive open
send: RST appl: se
_ Active open

) recv: SYN appl: close

) sen(il: SYN,ACK or timeout

simultaneous open

ecv ACK . P Aecv: SYN,ACK
@ . .
QZ send: <nothing>q send: ACK
R N — A o1 1oL .
gg appl: close ESTABLISHED Sesysi m
T o send: FIN _ send: ACK : appl: close
4(:\/_ CIN simultaneous close send: FIN
FIN_WAIT_] puerryverad CLOSING m
RPN R AN | A > | AC K XCELELLIIEr >
recv: ACK NEIN,ACK recv: ACK e
send: <nothing> send: <nothing> Passive close :

send: <nothing>

D>
recv: FIN

send: ACK 2 MSL timeout

Active close



<< Server >>

appl: passive open =

send: <nothing> appl: active open
m send: SYN
recvl: SYN Ry
send: SYN, ACK ¢+* :
oot Send: RST appl: se
send: SYN

recv: SYN

’0
recv: ACK *e,

(¢B) a

w = send: <nothing>a
O L

— .

S & appl: close

o 0 send: FIN

send: SYN,ACK
(simultaneous open)

send: AQK

Active open
appl: close
or timeout

recv: SYN,ACK

ESTABLISHED gisigiaf=tt

recv: FIN
send: ACK

P

' 7

simultaneous close

FIN_WAIT 1 Rt CLOSING

recv: ACK
send: <nothing>

recv: FIN
send: ACK

IN,ACK

recv: ACK

E appl: close
" send: FIN

send: <nothing>

Passive close

recv: ACK
send: <nothing>

2 MSL timeout

Active close

>
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B DENT—AERE

« INTYRDRKLI=YERESTZYULT=G
— Bi1E(Resend)L T, HEIZHET,

o IFLKZIETE=DDIEZEDAYE—D
(ACK; Acknowledge)z 3£ 15 (From dst=»src)
— CTCHRBIGFIETIE. . cBREINHLLY,
—2DNHNEFE

» REG/NTYMR: RRTH wHEIED 1/33F T, o,
« WNATSAT IV yhEERE
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TCP Bulk Data Transmission
- Sliding Window -

- WindowllfiliZ LY =7 N4y RERE
@sSliding Window (Receiveri% )
@cCongestion Window(Senderg%5€)

(1) ACKZZLIZwindow# D/ Ny b & BR1E

(2) ACK®M Aggregation(ACK/ Sy kD4
(3) ReceiverffllIZ &k dwindowilig ) il {H
(4) ACKZ{E TwindowZ RS/ KRS 3

A



TCP Sliding Window

Offered window
(advertised by receiver)

P

A
v

v

Unsent window

sent and |
ACKed

<
<

v

Can not send until ‘
window slides

sent but not AC'Ked

24



TCP Sliding Window
) Offered window

(advertised by receiver)

P
<

v

\ 4

Unsent window

1 2 3 4 5 6 7 11
sent and ACKed " Can not send
> until window
sent but not ACKed Slides >

S T

3+window=9 5+window=11
Receive ack “5” )
from receiver Receive ack *5”
from receiver




TCP Sliding Window

Window advertise by receiver

- shrink | enlarge

window
closed bi/ Opend b'y
ACK reception ACK reception
= ACKed SN (=ack+window)

T T

Slide window by ACK from receiver
26



TCP Congestion Window

Offered window
(advertised by receiver)

P

A
v

v

Unsent window

\ 4

sent and «
ACKed -
' , Can not send until X

Congestion window window slides
(“cwnd”=1)

— sent but not ACKed

27



TCP Congestion Window

v

(advertised by receiver)

<

\ 4

Unsent window

) Offered window
2 3

1 4 5 10 11 ..
< » Can not send
> until window
» Shall send without slides
sent and ACKed aAck ASAP:
cwnd=2 (ewnd<—cwnd*2) f
f _,f 3+window=9
4+window=10

Receive ack “4”
from receiver

Receive ack “4”
from recelver




TCP Congestion Window

- Slow Start Policy (cwnd ; exponential increase)

cwnd =1 ;

for (€4 A MgsE)

{

for (not congestion)
1
If (BT AV MEEACKRIE)
{cwnd = cnwd +1 }

cwnd =1

}

(*);EE : Congestion Avoidance TIXEFELS,
SenderdiLocal [CHITHIT A ELD T, BERABENRABZIZATHE

VAY



cwnd

TCP Congestion Window

advertised_window

/

time

< CongestionZzLDiHFE >

cwnd

advertised window

/ congestion
N
d A N
RN
time

< CongestionFEnIFS >

(*) Duplicated ACKZ{E &Y
30



TCP Congestion Window(1)




TCP Congestion Window(2)
_3
1 2 |

2

| |
3 2

[%]
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TCP Congestion Window(3)

4

L) mm—T
- 1

/ 6 5

1 4
/6
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TCP Congestion Window(4)

8 12 11 10 9

= : =
ﬁ [53] [3X] ﬁ [5]

6 m/
9 81 13 127 11 10

W

14 13" 12 11
8 9 10 l
15 14l 13 12

8 9 10 11

[]

B )4 F—IE = BWXRTT 34



Congestion Window Control

[EH(]] cwnd=1; ssthresh=64KB;
cwndD KRELZIREIZRFE . for ()
Bt cwnd CiERT S ,
1f ("Timeout”)
{ cwnd=1;
[1] cwnd @ ] ssthresh = cwnd/2; )}

(i) ssthreshEL FDcwnd Y4 X ij{f (“duplicated ACK”)
I I SS resn=cwn ;
— Exponential increase oS |
(slow start)

(ii) ssthresh L _E@Dcwnd B X if (cwnd té i)
— Liner increase | o-on stacts

] : /* exponential */ }
(congestion avoidance) else
[2] SSthreShd)ﬂ%IHﬁ] { congestion avoidance;
/* liner */ }

(1) Timeout ; goto “1”
(i1) Duplicated-ACK ; 1/2

35



Congestion Window Control (it)
- ICMP fllfl Ay tE—
(1) ICMP Source Quench
—cwnd =1 ;

ssthresh=as IS ;

(2) Host unreachable
— No Action ;

36



cwnd

 cwdn_1
cwdn_3

Congestion Congestion  Congestion

slow-start| |slow-start avoidance , avoidance | avoidance

'| | '| '| | '

Target
cnwd

“ssthresh”

(cwnd_3) /2

(owne R

<
<

q

| |
Timeout Fast Fast .
Recovery  Recovery



Window Scaling for Long Fat Pipe

- RFC1323 -
Network Bandwidth (bps) RTT (ms) BWXRTT(B)
Ethernet 10.000 M 3 3,750
T1(REER) 1.544 M 60 11,580
TI1(fE) 1,544 M 500 96,500
T3 (KEERT) 45,000 M 60 337,500
OC12 (KEER) || 2,400,000 M 60 7,500,000

= Max. Window Size ; 2(16) Bytes = 64KB
— Window Scaling ; “wscale”
wscale=n — 64 x 2*(n) windowH {1 X

38




64KB =&, EDL<BULNMITED ?

RTT (msec) Throughput
200 2.56Mbps

20 25.60 Mbps
2 256.00 Mbps

« LT NIL, §IEIETESHH?
1. Window-Scale Option (gi[h)

2. HEHDTCP/INA TEFIFE

v' TCP port-1D Z# 5 F.

._d—éo

39
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Well-known Port® {5
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BW x RTT ZH|TE TE7ELvHN ?

1. RTT
v' ping (by ICMP echo request/reply) T RI&E

41
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BW x RTT Z8IE TE/EL\N ?

1. RTT

v' ping (by ICMP echo request/reply) T RI&E

2. BW
v Packet-Pair CrI&E

v IP/INTYRE, E%JLL,’C%LLT*H#OD P/ N4

VD EEE R T FIFE

KEHD 755,

A BE7L

‘
-

'llﬂad)iﬂ_

43
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‘( >
o)
[

<

M/B, M/B,

=

ZFE/—FTHAIShS /My DE|ERERE AT
MIn{ATi} = M/B,

DFEY ., B—/I\TOD IP/\ry D EIEB RO &/IME

T. &R LTO T

AlEEE R KRN 2 VD

(BT, B;)o
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RFC 1379 ; T/TCP

- Transaction TCP -
[B #]
TCPaARY LAy DL - B F#nE D
ERET VT
[75 3]
= CC (Connection Count) Option
* SYNANDPIggy-back ; “half-synchronization”
(1) SYN, Data, FIN, CC
(2) SYN, SYN-ACK, Data, FIN, FIN-ACK,
CC, CC-Echo
(3) FIN-ACK

45



RFC 1379 ; T/TCP

Client Server

SYN (a)
SYN_ACK(a+1l
_ACK (b+1)
Data (a+2)
Data ACK(a+2,b+

FIN (m,s)
ACK (m+1)

“— FIN_ACK (m+1,s)
ACK (s+1)

s

Client Server

SYN.,Data,FIN,CC

SYN,S-ack,Data,
F F-ack

IN-ACK

9T A
— 3BT AR

46



:LE 1 il

s BEAAR—HERICHEo =& Z
RTO = {FHRTTI +4{IZ£RE)
BEZEIZ2EIZ(RTO < 64F))

O EIACK, Vo b Z#2{BEL IE e a RT3 U E BRI
s B—ACK/ Ny b ZEBHEIREL 1=&&

Fast Retransmission, Fast Recovery




RTO Expired Retransmission

bsdi.1023 svr4.discard

SYN 0:0(0) win4096 <mss1024>
1 —

<=
SYN 3:3(0) ack 1 win4096 <mss1024>
3 ack 4 win4096

_ B&ENSA (RTO; BiEAA)
PSH 1:15(14) ack 4 win4096 N
4 ) ack 15 Wi?lc40 - — 3) RTO = 1.5 sec /* 2B AT Re™/

HiEmE : " PSH 15:23(8) ack 4 win4096 for (9 minutes)
1.5 sec | 7 | .PSH 15:23(8) ack 4 win4096 { _
3sec| if (RTO expired)
1 g PSH 15:23(8) ack 4 win4096 {
6 sec retransmission:;
v 9 PSH 15:23(8) ack 4 win4096 RTO=RTO x 2;
Z Z RTO=min{64sec, RTO};
P X ' }
17 SH 15:23(8) ack 4 win4096 }
end /* &F&D D */
64 sec

! PSH 15:23(8) ack 4 win4096
—— 18 48




Retransmission by Duplicated ACK

(2) Reception of Duplicated ACK
- Fast Retransmission / Fast Recovery

SegmentBEZERFIE ;
— “single (or few) segment(S)” &5\
FREET L2
— FRACK®DRE—ACK Segments%
FHEE)ZEL =5, BiXo

49



Fast Retransmission by Duplicated ACK

6401:66560(256) ackl

6657:6912 (2560) ackl
6913:7168 (256) ackl

7169:7424 (256) ackl

7425:7680 (256) ackle

7681:7936(256) ackl
7937:8192(256) ackl

8193:8448 (256) ackl

6657:6912 (256) ackl
“Fast Retransmission”

8449:8704 (256) ackl
8705:8960 (256) ackl

8961:9216 (256) ackl

Ma
e
(]
]
"y

ack
ack
ack
ack

ack

ack

ack

ack

ack

ack

ack

ack

5889
6145
6401
6657
6657 @

6657 @
6657 @
6657
6657
6657

8449 win5888

8705 winb888



UDP

o1



UDP Header format

0) 7 8 15 16 23 24 31
+-———————- +-——————- +-——————- +-——————- +
| Source | Destination |
| Port | Port |
+-——————- e +-——————- +-———————- +
I I I
| Length | Checksum |
+-——————- +-——————- +-———————- +-——————- +
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UDP Header format

FERC T RS CHE LT
I 't' ﬁbtb\o
TIVr—avIZEE S,




RTP

55



RTP

* RTP; Real-time Transport Protocol
* RTPIXEnd-Host CO A BRSNS

(*) IL—ARATOEERE "éi:Out-of-Focus

» ARk, RFC1889, RFC1890
» Playback2/2> 7 OE4E
- Payload Type

- Sequence Number

- Time-Stamp

: 2%t DUDP PortZ{# FE

- User Data
- Control Data

- ContentZ &IZRTP Payload FormatZ#

i

56



RTP

- RTP Payload Format %%

RFC2029 ; CellB Video Encoding (for SUN)
RFC2032 ; H.261 Video Stream

RFC2035 ; JPEG-compressed Video
RFC2250 ; MPEG1/MPEG2 Video

= Control Protocol

RTCP ; RTP Control Protocol
- B{Em B BT REE
-BIERENEE/—F
-mEER/—F

S7



- RTPo>1i$
2E/—K

T—’Sld)

RE/—F —

RTP

ZEVWT, EEfIMLEEIND

NIV TR

1£9 5, |

BAZ 7 il

|

> RENYTI7F

T

Generate
Delay-Jitter

Application

58




RTP

dl ,, d2 . d3 , d4
 EERSAIVY; | l | l |

t t3 t5
- RERANEZAIVYT; I i 1 i i

tl t2 t3 t4 t5

T T+t1 T+t2 T+t3 T+t4 T+t5

‘ di d2 d3 d4

59



NAT
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NAT(Network Address Translation)

* ZENTIRDIPPRLA(Sre IP)BEUR—FES
D(src_port) B T—TILEFLIPAYT DT,
(RFC1631)

(1) Private — Global
-DNS : 8% /—FDIPFFLANRRENS,
- 2{E/ vk (dst_IP)
— 1E{E /N ykD(src_IP, src_port)DEHRZ
(2) Global — Private
- 24§/ \whk(src_IP, src_port)
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Traditional NAT
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NAPT (Network Address and
Port Translation)
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Bi-directional NAT
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Twice NAT
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However......

 Limitation on the number of session states for
NAT operation

e Each user could use certain number of sessions
— How many sessions ?

_ Even as the best case, 65,530 is the maximum

number of sessions, shared by customers
accommodated into a single IPv4 address

=> When the number of users is 2,000 it will be only
30 sessions
=» This means........
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Limitation of NAT Solution
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Host

You may have already |

experienced !

70



Max 30 Connections

@ sfo - Google Maps - Mozilla Firefox

I7AOUE) REE) FR(Y) BEES) TvH/v-o(B) Y-IUI) ANLTH)
@ - S ‘: [G] http://maps.google.com/

Web Images Maps News Shopping Gmail more v
Google =

Search Results | My Maps

Search the map | Find businesses  Get directions

V San Francisco Int'l Airport
Golden Gate

Make this my default location National
Cemetery,

s
S
=

%
N

i

“Ao The Shops
at Tanforan

S
3

2
United States ', D
L

Navy-Western
Division

A 360
e

Junipero/Serra

County Park

Millbrae,
Meadows

Meadows.

San'Andreas

Lake.

Tanforan

o
24
)
%
%)

United States.
Coast Guard
Air Stn
San Bruno Ave E

San Francisco Int'l Airport

H
San Bruno (&)

Search nearby - Save to My Maps

Lomita Park

<

S
)
%
%,
3
)
2

Green Hills
Country.Club Millbrae
o

%

Central Park

<,

Milbrae 23
Rotary Park Mills Peninsula’ %
Hospital

Hospital

Saved Locations | Sign in | Help

& Print (3 Send @ Link to this page

Street View ]l Traffic || Map | Satellite ] Terrain ]

Get directions: To here - From here

Anza,
Pa Lagoon
08 Google - Map data ©2008 NAVIEQ™ -




©) sfo - Google Maps - Mozilla Firefox

I7UE) REE) FTw(Y) BES) TvosI—4((B) Y-IUI) ~NLT(H)
& - ;‘

Maps News

Google i

Search the map

[G] http://maps.google.com/
Web Images Shopping Gmail more v

Find businesses  Get directions
Search Results | My Maps

v San Francisco Int'l Airport

Make this my default location

Golden Gate

National %
Cemetery

United States.

Navy-Western

3
K
%
Division

s
S
=

Commiodore G
R
o

i

“Ao The Shops
at Tanforan

Tanforan

broader ook

San Bruno Ave E

San Bruno

Junipero Serra
County Park

Millbrae,
Meadows

Meadows
(750

San'Andreas
Lake.

2000 ft
500 m

Green Hills
Country Clib

%

g
5
E3
2
£
)
3

Lomita Park
<

S
<Q
%,
%,
3
&

%

Max 20 Connections

ed Locations | Sign in | Help

& Print (3 Send @ Link to this pag
StreetView | [ Trafic | [

Map

| satelite | Terrain |

San Francisco Int'l Airport ®

Get directions: To here - From here
Search nearby - Save to My Maps

Millbrae

Central Park

Millbrae
Rotary Park

<,

Mills Peninsula’
Hospital

Hospital Bayside Anza)
Park Lagoon
©2008 Google - Map data @2008 NAVTEQ™ =




Max 15 Connections

I7OUE) REE) FR(Y) BE(ES) Tvsv-o(8) Y-IUI) ALT(H)
@ - { (%] L; [G] http://maps.google.com/

Wi

Web Images Maps News Gmail more v

GOUS[E w : ([ Search Maps

Search the map | Find businesses  Get directions

Saved Locations | Sign in | Help

Search Results | My Maps @ Print (3 Send @ Link to this page

orosder look.

StreetView | [ Trafic [{ Map | Satellite [ Terrain [/

broader ook broader lock.

v San Francisco Int'l Airport

Make this my default location i:f;‘e .

netery

Tanforan

United States.
Nav- Wesism Forest
ivision
# Lane Park
o

% =
% x
. but we don't
{ st this zoom
this region.

We are sonry, but we don't We sre sory, San Francisco Int'l Airport
have maps st this zoom have maps ¢
level for this region level for tf
Get directions: To here - From here

Search nearby - Save to My Maps

San Bruno Ave Y l
% U"

S,
%

ing out for a

Try zooming out for a Try zoomin
e der look.

broader look. broad

We are sonry, but we don't We are somry, but we don't
have maps st this zoom have maps st this zcom
level for this region level for this region

We are sonry, but we don't
have maps at this zoom
level for this region
Try zooming out for a Try zooming out for a

Try zooming out for a
broader ook broader look.

broader ook

&3
¥
Vioespting &
Watigh Park h

Millbrae
We sre sory, but we don't Rotary Park

We are somy, but we don't
have maps st this zoom

have maps st this zoom Bayside Anza

. Park Lagoo
2000 level for this region level for this region
0 m

Try z00ming out for a Try zo0ming out for & ©2008 Google - Map data ©2008 NAVIEQ™ - Te
mt3.google.com H'57—HZEELTVET ...




Max 10 Connections

©) sfo - Google Maps - Mozilla Firefox

I7OUE) REE) FR(Y) BEE) Tvov-—o(8) Y-UI)

@ L? [G] http://maps.google.com/

@ -
Web Images Maps News Gmail more v

Google =

Search the map | Find businesses

Search Results | | My Maps

v San Francisco Int'l Airport

Make this my default location

AILVT(H)

[ Search Maps

Get directions

somy, but we don't
maps at this zoom
1 for this region

coming out for a
Ibrosder look

2000 ft
0 m

javascript:void(0)

broader ook

¢
8
3
Z
H

San Bruno

San Bruno
City, Park

We are sonry, but we don't
have maps at this zoom
level for this region

Try zooming out for a
broader ook

We sre sonry, but we don't
have maps st this zoom
level for this region

Try zooming out for s

United States.
Coast Guard

] s ]
- San Francisco Int'l Airport —
e are sory,
have maps ¢

level for th

. but we don't

} st this zoom
this region.

Get directions: To here - From here

Tryzeomin  goarch nearby - Save to My Maps jog outiora
broade, 222ICh Nearby - Save to Wy Wlaps der ook

2

We are somry, but we don't
have maps st this zcom
level for this region

We are sonry, but we don't
have maps st this zoom
level for this region

Try zooming out for a
broader look.

Try zooming out for a
broader lock.

We are sonry, but we don't Is Peninsula
have maps at this zoom Hospital
level for this region S
Park
Try zooming out for a

Saved Locations | Sign in | Help

& Print (X Send @ Link to this page

StreetView | [ Trafic [{ Map | Satellite [ Terrain [/

We sre sonry, but we don't
have maps st this zoom
level for this region

Try zooming out for a
broader lock

We are ¢
have m
level

Try zo
br

We sre sonry, but we don't
have maps st this zoom
level for this region n

©2008-0agiandian data ©2008 NAVTEQ™ - T




Max 5 Connections

Mozilla Firefox:

(V) BEGS) TvoT—5E) Y-LE) ~LIH)

L/E A\ http://maps.google.com/

H—)WROMDFRATUE
maps.google.com &WSERIDY—/IBRRDMDFHATUE.
= www.example.com ZR§iEX T ww.example.com EARNTRRE. 7ELA

ZRBES TANUTORVDERUTIEEL,

u YA MERRTERVES. IDEa—d0xRy hO—OBEEERL T
&

" IFAT—DA—)LTOFTTRY hO—UNREESNTLS184. Firefox [C
&3 Web PULANFRAIEN TV INERBUTIEE L,

BT




Some examples of major Web site

No operation o~10
Yahoo top page 10~20
Google image search 30~60
il Pl | ) I ] 90~80
OCN photo friend 170~200+
ITunes 230~270
1Google 80~100
2 K (Rakuten) 50~60
Amazon 90
HMV 100
YouTube 90




FTLLVARTE
e YILF/INRIE
— MTCP (Multi-Pah TCP)
> BHODIPTELREFIH
» UDP + 77 r—23> TORE
— QUIC(Quick UDP Internet Connection)
(*) Proposed and implemented by Google
1. #I#AE Ed)f*&bd) Hand-Shake Z 53Rt
. HIARYETIE#EE(FEC : Forward Error Correction)
3. Sk
4. BHAZE7O—H{H
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