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— digit:

—digital:

) i -

. ?

—analogy:
—analog:
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e HAL
— 2001

~1997 1 12 )

-H=I1-1,A=B-1,L=M-1
—IBM = {H,A,L} + 1
— Caesar
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—

A 0x41 @ 0x61

o ASCII(American Standard Code for Information Interchange)

2245 42-2242-3621




0 1
—1bit=1]0, 1]
-0 1
*“Yes” or "No”

32bit =0, 1 32

) 0110110101101011010101011010111

CD
—44.1KHz 16bit

— 32KHz or 48KHz 16bit




Bit Byte Octet

* byte/octet
— loctet = 8bit
— 8bit # 1byte (
— loctet 2% 256
« KC )/ M(C )
—1K = 2 = 1024 1000 = 10°
—1M = 2%° = 1048576 1000000 = 10°




— 32bit ?
_ 232 =210 x 210 x 210 w92 1033 x 4 40
10
1

128 64 32 16 8 4 2 1
8bit 7bit 6bit Sbit 4bit 3bit 2bit 1bit




e 44 .1KHz 16Dbit
—44.1 Hz)x 1000 x 16 ity = 705600 bit/sec

_ 74 = 74 x 060 (sec) = 4440 (sec)
37/3MB




e 48KHZ 16bit
— 48 (Hz)x 1000 x 16 @ity = 768000 bit/sec

— 60 x 60 (sec) 3600 (sec)
— 329MB




« CD-ROM 1 ©600MB

- V.32 524288 (sec)
—ISDN B 76800 (sec)

- T1 3200 sec)
— Ethernet 480 (sec)
- T3 106 (sec)

— 0OC-3 31 (sec)

— 0C-48 1.9 (sec)







— peer to peer
(Layering)










Application
Presentation
Session
Transport
Network
Datalink
Physical













— Ethernet
— FDDI







Ethernet, FDDI

CRC Cyclic Redundancy Check)




Ethernet(
FDDI/TPDDI(

ATM( )
LAN 2.4GHz




e CATV

— Up-Link 2Mbps

Down-Link 30Mbps




WISH-Internet with Satellite
Harmonization

2Mbps X 7
75cm to 1.8m dishes

Domestic foot print

Integrated with the terrestrial testbed
Multicast Internet development




WISH domestic topology

N

WIDE Infernet with
Sartellite Harmonizaltion




JCSAT-3 Asian Zone Beam




Topology of Al® Testbed
Network

1.5Mbps to Internet MCI

existing Internet connection
to the US




CATV/

2Mbps 30Mbps




— bps(Bit Per Second)

(







1345678911111222223
5000000002468024680

000000000O00O0
Km




800000
700000
600000
500000
400000
300000
200000
100000

64k 128k 192k 256k 384k 512k 768k 1M 15M 3M 45M 6M 1.5M
e



25000

~20000
H

815000

X

310000
R

= 5000

0

64k 128 192 256 384 512 768 1M 15 3M 45 6M 15
k k k Kk k Kk M M Me




160000
140000
120000
100000
80000
60000
40000
20000
0

15 30 40 50 60 70 80 90 10 12 14 16 18 20 22 24 26 28 30
o 0o 0 0 0 00O O O O O




40000
35000
30000
25000
% 20000

315000
E:_EIOOOO




CSMA/CD

Carrier Sense, Multiple Access, Corigion
Ditection




ARP
(Address Resolution Protocol)

e Ethernet _—
— Media Access Control
— 48bit

—IP

—IP




(Broadcast Message)

(Uni-cast Message)




?

— Flow Control

— Congestion Control
— Re-Transmission

— CRC

— Checksum










Data Communication
Network
reliable MG

Reliable VC
Sequence
Control

Flow Control
Congestion
Control
Retransmission
Bit-based
charging




Internet
on, unreliable DG

No Flow Control

No Congestion Control
No Retransmission
Fixed-rate charging

-
Unreliable Datagram
No Sequence Control
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Addressing:
Routing:
Forwarding)

Fragmentation)




* Best Efforts(

— ICMP (Internet Control Message Protocol)










(Routing)

(Router)




Routing)

e |IP
e default










(Router)
(Immediate System)

(Host)

(End System)







IP:
Addressing













mailO )
sfc.kelo.ac.|p)







« sfc.kelo.ac.Jp
—Jp (
. 1ISO3166
:com, edu/

academic

(Shonan Fujisawa Campus)




DNS(Domain Name System)

mail0 sfc kelo ac |p

IP
P







DNS(Domain Name System

mail0.sfc.keio.ac.jp

IP
P







mailO )
sfc.kelo.ac.|p)










IP

 malil0.sfc.kelo.ac.jp
— DNS 133.27.4.120







IP

10
— 133.27.4.120 (10

2
— 10000101 00011011 00000100 01111000 (2

133.27.4.0

255.255.255.255 133.27.5.255







Total Length
Identification Frgmnt Offset

TTL Protocol Header Checksum

Source IP Address

Destination IP Address

Options

4 octets




40cCtet 1

— Type of Service

Total Length
— IP loctet




e |dentification

— Fragmentation

 flg (Flag)

— Fragment Fragment

 Fragment Offset
— Fragment
— 8octets




IP

e TTL Time To Live

1
— 64

e Protocol

e Header Checksum




IP

e Source Address

e Destination Address

e Option




— checksum

— Fragment

VS




ICMP(Internet Control Message Protocol




[9:27am]shonan~(@_@)ping dtavista.digital.com
PING altavista.digital.com (24.123.2.66): 56 dda bytes
64 bytes fiom 204.123.2.66 icmp_seq=0 time=224 ms
64 bytes fiom 204.123.2.66 icmp_seq=1 time=223 ms
64 bytes fiom 204.123.2.66 icmp_seq=2 time=225 ms
64 bytes fiom 204.123.2.66 icmp_seq=3 time=229 ms
rAC

----altavista.digital.com PING Statistics----

4 packets transmitted, 4 pakets received, 0% packet loss
round-trip (ms) mn/avg/max = 223/225/229
[9:27am]shonan~(-_-)




ping

ICMP Echo Request Echo Reply
— Echo Request Echo Reply

TTL 255

D




traceroute

[9:27am]shonan~(-_-)traceroute altavista.digital.com

traceroute to altavista.digital.com (204.123.2.69), 30 hops max, 40 byte packets
cisco-sfc.sfc.wide.ad.jp (133.4.29.3) 60 ms 92 ms 10 ms
jp-gate.wide.ad.jp (133.4.11.1) 2ms 3 ms 2ms
jp-entry.wide.ad.jp (133.4.1.2) 3ms 3ms 4ms
us-entry.wide.ad.jp (133.4.43.2) 138 ms 142 ms 131 ms
borderl-serial2-1.SanFrancisco.mci.net (204.70.32.13) 222 ms 220 ms 230 m

borderx1-fddiO-0.SanFrancisco.mci.net (204.70.2.164) 232 ms 236 ms 239 ms
barrnet.SanFrancisco.mci.net (204.70.158.102) 222 ms 227 ms 226 ms
paloalto-brl.bbnplanet.net (131.119.0.193) 221 ms 224 ms 231 ms
decwrl.bbnplanet.net (4.0.1.58) 225 ms 223 ms 225 ms

10 digital-gwl.pa-x.dec.com (204.123.0.241) 227 ms 224 ms 222 ms

11 altavista.digital.com (204.123.2.69) 223 ms 224 ms 227 ms




traceroute

30000 UDP
TTL

TTL=0 ICMP Time
Exceeded

ICMP Destination Port Unreachable




Routing tables
Destination
127.0.0.1
133.12.30.2
133.4.105.0
133.4.27.0
133.4.29.0
133.4.30.0
133.4.31.0
133.4.34.0
133.4.42.0
133.4.46.0
133.4.68.0
133.4.68.32
133.4.68.64
224.0.0.0
default

Gateway
127.0.0.1
133.4.27 1
133.4.31.6
133.4.27 .4
133.4.29.8
133.4.29.2
133.4.31.9
133.4.29.1
133.4.29.5
133.4.29.6
133.4.29.1
133.4.29.1
133.4.29.1
133.4.27.4

133.4.29.3

Flags Refcnt Use
10055

UH 1
UGH 0
Uuéc o0
U 19
U 4
UG 6
U 12
Uuc 2
uc 1
Uuc 2
uc o0
Uué o0
Uué o0
U 0
uc 18

67
0
99513

141350

8178
81608
806038
4605
129764
0

0

0
2964152
1854553

Interface

lo0
le0
le1
le0
nf0
nf0
le1
nf0
nf0
nf0
nf0
nf0
nf0
le0

nf(



TCP/UDP







e Connection Oriented
e Virtual Circuit

e Connection Less







TCP UDP










e Firewall (




TCP
(Transmission Control Protocol)




TCP

-
= o
Sequence Nunber
Acknoew edgenent Nunier

Ofset peserved | WndowSize




Flags Code

e Flags TCP
(6
— URG Urgent Pointer

— ACK Acknowledge bit
— PSH
— RST
— SYN
— FIN







SEQ-812 SEQ=123

SEQ=123

SYN SEQ=123 ACK=813 — , cr-813

—
—
—

SEQ=813
ACK=124 |— — __ SEQ=813 ACK-=

‘
——




3-Way Handshake

1 2
1 SYN Flag

« SYN 2
Flag
SYN ACK Flag

2 SYN

— SYN ACK
* Piggy back




FIN Flag

_FIN SEQ=457

SEQ=789 ACK=458 _ _ _ _ —

FIN SEQ=790, _ = = = = — =

SEQ=458 ACK=791




« Seguence Number Acknowledge Numiber

« ACK
« ACK

SEQ=231 DATA

SEQ=456 ACK=232
SEQ=232 DATA







« Sequence Number Acknowledge Numbebums

« ACK
« ACK

SEQ=231 DATA

SEQ=456 ACK=232
SEQ=232 DATA













3(512)ackl, win4096
ack513, win8192

-1025(512)ackl, win4096
37(512)ackl, win4096

ack1025, win8192

1537:2049(512)ack 1, win4096
2049:2561(512)ackl, win4096

ack1537, win8192

ack2049, win8192







Public Key
g ~T®

2
| VR










UNIX TCP/IP




UNIX

-
Uni-plexed Information Computing System

open, close, read, write, seek, ioctl

BSD (Berkley Software Distribution)




UNIX TCP/IP

— mbuf Memory Buffer/Murai buffer? :)

(Critical Section)
— slow time out fast time out







Internet FAX Machine

e Internet FAX Machine

 Example(panasonic)
— TCP/IP
— MIME/SMTP
- G3
— sending/receiving FAX
— Internet and PTN(G3) relay
— OCR email address




Stream Flow Control

e Stream
D

— Virtual Circuit

e Flow Control
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