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Stock Exchange in Japanese Market
around 3.11 (2011)
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IP7RL A

. 32Ewk(IPv4) & 128

= M (IPVB) D 21 4

—451:10011101 01010010 11110110 01111000

. 1Pv4

_8EYFTFDORXY->TI0EZTRLI-EDERY
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— {51 :157.82.246.120
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IP version 4 (IPv4) Header Format

0 78 1516 23 24 31

0| version Ir;enag‘:f]r TOS Total length (Bytes)

1 datagram-id flag(3) Fragment offset (13bits) N
Q

2 TTL protocol-id header checksum 2
o

3 source IP address ~

4 destination IP address

- options (if any) o

-~ TCP/UDP data ~

17



IP version 6 (IPv6) EZAHeader Format

0) 78 1516 2324 31

O | version | Priority Flow Label

1 Payload Length Next Header Type|  Hop-Limit

% source IP address (128 bits) 0
S

5 M

; =

7 destination IP address (128 bits)

8

9 Y

- options (if any) o

- TCP/UDP data o~




IPv6 Header Format
01 234567 890123456789 0123450678901

Version Traffic Class Flow Label
Payload Length Next Header Hop Limit
Source Address(128bit)

Destination Address(128bit)

' Extension header I

IPv4 Header Format
01 23 4567890123456 7890123450678901

Version Type of Service Total Lenqgth

Time to Live Protocol
Source Address(32bit)

Destination Address(32bit Fheld pene e chanard
-@@;@@a Sield

Newdy, defiined) im IBvG




IPv6 K5

1. GAFA+M, BAT (& 3 RTXERF
2. IBLLT=Ly Al IPOE 1k !

(*) PPPOE [&. E&LUVIKR
3. IPv4 as-a-Service

with IPv6 Single Stack ~




$40.00 / IPv4 address

Price/IP Price Per IP - /16 and Larger Price/IP Price Per IP - /17 and Smaller
540,00 540,00
535,00 §35.00 -
530.00 530,00
525.00 525,00
$20.00 520.00
515.00 515.00
510,00 $10.00
55.00 $5.00
50.00 $0.00
Nk 2 1 .""0‘5 ul':g\b q l"ﬁ"1 \© pe® \uqn"’ \ l"ﬂ\ ";"Nﬂ nl"‘-)“ 1 1"0\5 -:I"':"'° q "‘0\1 \r.\."‘e\% \“-;u‘q \ |"°1\ 7'1‘0’”

Month/ Year Month/ Year
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https://www.internetsociety.org/resources/2018/state-of-ipv6-deployment-2018/



https://www.internetsociety.org/resources/2018/state-of-ipv6-deployment-2018/

Reliance Jio

Comcast

AT&T

Vodafone India
Verizon Wireless

Idea Cellular
Deutsche Telekom AG

T-Mobile USA
KDDI Corporation

Sky Broadband

Claro

Softbank

Orange

AT&T Wireless

Cox Communications

Kabel Deutschland

SK Telecom
NTT Communications

us
us

us

DE

us
JP

GB
BR
JP
FR
us
us

DE

KR
JP

237,600,764
36,114,435
22,305,974
18,368,165
15,422,684
14,681,694
14,261,836

14,057,105
11,871,952

11,829,610
10,235,805
8,613,145
7,924,119
7,694,881
6,316,462

5,835,590

5,764,073
5,596,206

Rank of IPv6 users in 2018

[Sourcel
Internet Society web site
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" Finished

B ynfinish
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China Telecom China Mobile

. Finish Percent
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IPv6 Hot News in April

1. NGNTO IPV6E K =

2. 31t (DoCoMo, au, SB)
>2021 FE7H 39. 2%=> &2 B H 5 2.hniE

3. H5YR-H—ER-TANAE
v' Hyper Giants: AWS, MicroSoft, Facebook

(*) Twitter % IPv6{tZEE

v [E

RTO/NA5F: 1), KA F3—Fyhk

=>» IPv4-as-a-Serice with IPvé Single Stack

> vSIX WG A #2FH(2021F)
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IPv6 address notation

@ 1Pv4 address notation
Binary digit notation (32bits)
11000000 10101000 00000000 00000001

For every 8bits, display in decimal number and separate with “.”

192.168.0.1

@ 1Pv6 address notation .
Binary digit notation (128bit)

0010000000000001 0000110110111000 1011111011101111 1100101011111110
0000000000000000 0000000000000000 0000000000000000 0001001000110100

€c.9

For every 16bits, display in Hex number and separate with

2001:0db8&:beef:cafe:0000:0000:0000:1234

Leading zero in 16bits field can be abbreviated
2001:db8:beef:cafe:0:0:0:1234

Compress the zeros with ““::” Can be done only once for each address

2001:db8&:beef:cafe::1234



IPv6 Unicast Address

Global Unicast Address
001| Global Routing Prefix Subnet ID Interface ID
(3bit) 48bit 16bit 64bit

* Globally unique address e.g. 2001:db8::1

Link-Local Unicast Address

1111111010 0 Interface ID

10bit 54bit 64bit

* Unique address within one link (segment) (fe80::/10)
Used for the communication within the link such as plug & play

Unique Local Unicast Address (ULA)

1111110 L Global ID Subnet ID Interface ID

8bit 16bit 64bit

Lbit O: future use 1: locally

assigned pseudo-random Global ID
» Local address that could be used freely (£fd00::/8)

* Substitute for deprecate-site local address

29



* One to many communication

IPv6 Multicast Address (1)

— Sent to specific groups such as live streaming of a video
— Mainly used by NDP (Neighbor Discovery Protocol) in IPv6

Multicast Address

11111111 Olg%gT Scope Group ID
8bit 4bit 4bit 112bit
T flag 0:Permanently-assigned (“well-known”) address assigned by IANA
1:non-permanently-assigned multicast address
P flag 1: Unicast-Prefix-based multicast address (RFC3306) * when P=1, then T must be 1
R flag 1:For Rendezvous Point (RP)mapping in PIM-SM (RFC3956) * if R=1then (P=1&T=1)

Scope: Limit the scope of the multicast group

0000(0)
0001 (1)
0010(2)
0100(4)

Reserved
interface-local scope
link-local scope

admin-local scope

0101(5)
1000(8)
1110(E)
1111(F)

site-local scope
organizational-local scope
global scope

Reserved




IPv6 Anycast Address

Anycast address

* Assigned to multiple nodes. Packets are sent to the nearest node in routing distance.
* Anycast addresses are syntactically indistinguishable from unicast addresses.
* Example usage: Root DNS

Subnet Router Anycast Address

. Interface ID
Site prefix All0 (0..0)
n bit 128 - n bit

*Packets sent to this address will be delivered to one router
on the subnet.

Communication comparison

Unicast Multicast Anycast
one to one one to many one to one of any

1
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IPv4d 754 ~R—K7KL R

 10.0.0.0/8(7ZARA X 1)
« 172.16.0.0/12(9V>AB X 16)
 192.168.0.0/16 (75 AC X 256)

[(FE2]) +5. 975X F. FELEFA,
18 : 25X A
116 : V25X B
124 : 95X C
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NAPT (Network Address and Port
Translation)

172.20.6.1 172.20.6.2 172.20.6.3
NA

e e e

157.82.240.115

— X

*{E7TIP=172.20.6.1

BB5E1P=172.20.6.1
[5E5E K — F=1234

KSR — ~=1234 | --

Y%E{E TTIP=157.82.240.115

AR =2y b~

_____ > [EETE— F=5432]

5B551P=157.82.240.115

[585% K — F=54321

O ADLSHIZRDSINTIERHBHENATIL—RIEHR— B SEE| Y
@ FOERNADELEZ/INTIMNIDWTHIPPRLRER—INEEX T
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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 65,536 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........

37



Limitation of NAT Solution

) 4
Host Host
Host T Host
Host |3222c::2 EEEEE T

Maximum # of sessions
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Host

11UDL

Limitation of NAT Solution

You may have already

Ost

experienced !!!!

lost

o

Host
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Max 30 Connections
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Web Images Maps News Shopping Gmail more v

Search Results | | My Maps

. .0, “10 market st, san francisco” or “hotels near lax
00gIC | [Searchbiss ]
Maps Search the map | Find businesses Get directions

’ San Francisco Int'l Airport

Make this my default location

%%%%\mwg\wgg
el
(S ai
N
AN
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g7 S\

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

//Scily‘&rk

£ N\ 2
Zr %§\’”\“
Y 8 - Central Park % 4 ®
g‘%{%}” &

Z

1.7

Saved Locations | Sign in | Help

Print (0 Send @ Link to this page
[ Map [ satelite | Terrain |
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Max 20 Connections

) sfo - Google Maps - Mozilla Firefox
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, O R W
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la Firefox

) sfo - Google Maps - M

15 Connections

I7OUE) BEE) BRV) BES) TvsT—H(B) Y—IUI) ALT(H) o
é - h‘é - @ @ ﬂ | http://maps.google.com/ |‘| »] |']G°°El‘e ’L‘&]

Web Images Maps News Shopping Gmail more v

€.9., "10 market st, san francisco” or “hotels near lax”

Google
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‘ [ Search Maps ]
Get directions

Search the map

Search Results | My Maps

Find businesses

Saved Locations | Sign in | Help

Print (9 Send @ Link to this page

* San Francisco Int'l Airport
Make this my default location

We are sorry, but we don't
have maps at this zoom
tevel for this region.

Try zooming out for a
brosder lock.

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

Try zooming out for a
broader look.

We are sory, but we don't
have maps at this zoom
tevel for this region.

Try zooming out for 8

’y ‘
ez @ni@d sﬁ@ )
- AN AN

brosdarjonk: StreetView | [ Trafic [{ Map | Satelite | Terrain [

( . = ®
| San Francisco Int'l Airport g

at this zoom
is region.

E
’l Get directions: To here - From here

o Search nearby - Save to My Maps j:f»:k"m 2

We sre sory, but we don't
have maps st this zoom
tevel for this region.

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

Try zooming out fora
brosder

Try zooming out for a
look. broader look.

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

Try zooming out for &

mt3.google.com WEF—SZHEVTVET ...
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Max 10 Connections

) sfo - Google Maps - Mozilla Firefox
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Max 5 Connections
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Some examples of major Web site

No operation 9~10
Yahoo top page 10~20
Google image search 30~60
— O O H 90~80
OCN photo friend 170~200+
iITunes 230~270
IGoogle 80~100
X XK (Rakuten) 50~60
Amazon 90
HMV 100

YouTube 45 90



ARP (Address Resolution Protocol)

« RYRT—T (ex. IP) TRELAMSMAC
7P /Z’&JLL\tj_d—j'j_if

« 2YRNT—OTRLRZBILT-/\ Vg
JO—kFFX v Xk
—SZDNTRULRAZEEHE DD IHEKRINILE

46



DHCP

(Dynamic Host Configuration Protocol)

®» @ O

AR e I
(DHCPZ S A4 7 >~ )

O
e
T ¢

ClCISIS,

K — N

NV EEELTLNA R YRT—4([ZDHCP DISCOVERZJA—K ¥+ Xk

DHCPH—/\[XDHCP OFFERTIP7KL X RYCIRY . TIHILNT—F
1A . DNSH—/N\TRLRAZEHRE

NYAVIFERALELESET BIPFRL XEDHCP REQUEST CDHCPH—/\(Z
=15

DHCPH—/\[ZDHCP ACKTIPZRL AD{FE AL TR
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=) r—L

* IP7FLRIEHFDAHTRAZIZLLY
—SERF+NATODNBIEE=YIR—L
 NIC (Network Information Center)h {52
hNaAVE1—3AD_vHR—LEIPFRL
A D % b3z (hosts.txt)ZFTP T4 B

- HRICEHFILILE

~ ZYOR—LDEZE

49



DNS (Domain Name System)

NEARY TLRILEX A, Vv——seFHR by TLRILEX A V—s

%_N

com /edu\ gov /or{ net /&)\\\kr uk us

mit stanford icann isoc ac co go ne or

_—\

keio u-tokyo waseda

N

icrr issp Kk t

aida

50



DNSOEWLNVEHEFE

[—]
= L — b DNsH

(=]
Cl jp R A A > DDNSH—

@)
ac.jp b X A > DDNSH —
@ [—]
[ 1
p— E - > N
— =9 = u-tokyo.ac.jp K X A >
s<7 2> (DNS MAZTBNA X
74T V) DDNSH —/°

@ AVAVIEMALTWASTANALFZODNSYH—NIZRLEHEZEED
@ /81 F DDNSH—/\LJL—KDNSH—/N[ZRILVEHhEZEES

@ JL—KDNSH—/\ILjpR AL DDNSH—/\DIPFTRL AR

@ TRNAFDODNSH—/N\ILjpF AL DDNSH—NIZHWVEHEEES
u-tokyo.ac.jpk A4 > MDNSH —/ AW S DR EE/\aAV (IR T

o1



DNS Root Servers e

Designation, Responsibility, and Locations

I-MORDU Stockholm
E-NASA Moffet Field CA

F-ISC Woodside CA

M-WIDE Keio

K-LINXIRIPE London

A-NSF-NSI Herndon VA
M C-PSl Herndon VA
D-UMD College Pk MD

G-DISA-Boeing Vienna VA
B-DISA-USC Marina delRey CA H-USArmy Aberdeen MD

L-DISA-USC Marina delRey CA J-NSF-NSI Herndon VA
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INTTY D ERIE

o NIRRT HEE:IL—4

/E

IRV AY AN =B R Ay B
9595 ERILY T R YEDHRARELESARPT

5@5‘60) MAC?I‘ I/ZEJL- L L/—CiﬁL

AR ERLGEBIYTRYNDRARELEGE

/\tlzI

BR ik

CHITRybEIZHBMBDIL—A(Z
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[X[E

e wlE D 1L 5E.

. R
- Hd/—FBHH)ZIL—FEIR) &5 Y
)—Z= T %, V—Id. ZHIFHLEAEE
THAD, HAIAMNIRZRANT HE—DY
U_%E*Réﬁéo

_IhFE . ITRTHO/—FIZHLTERT B,
- eHRBEEREOTEELEY)—42EEITHE

HIFD T, £3

BEZFHLAL,

DR

= |2 B IFRI(Recursive)%:

~ L8 n =G MRAD—

56



T I74ILRIL—k

« fR—YFRDETHORYNT—D%
IW—T 420 T—TILIZELC EILE

s [ ZOMDOARYRT—D 17— ELTT7RLR
0.0.0.0. *vy+;<X40.0.0.0CTEKIF

. [B-r?;r)Wr FOTAIDAETET D&
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IPREBOL—T12 ) Sl

- What a dynamic routing protocol does -

Import & Export
available networks

202.249.10.122

A. #Z I D&t & (back-ground)
1.Routing Domain N D & fE#E1E ¥R
2. EISNTWSETRL R IEHR(EIH A)
(Routing Domain - 4})

W B. L3/\% 'y MER 1% Hll {E1 (on-demand)
29 10C€ 1€ 10 > FEH=202.249.10.122 (RRFIYFHER)

"[Fiom 1531961611 0B02M0N33| | -> Next Hop="R2" for 202.249.00cyyy



Dynamic Routing Protocols

[Unicast Routing]

(1) IGP (Interior Gateway Protocol)
(a) RIP (Routing Information Protocol)
(b) OSPF (Open Shortest Path First)
(2) EGP (Exterior Gateway Protocol)
(c) BGP4 (Border Gateway Protocol version 4)

[Multicast Routing]
(i) DVMRP (Distance Vector Multicast Routing Protocol)
(ii)) MOSPF (Multicast OSPF)
(iii) PIM (Protocol Independent Multicast protocol)
(iv) MBGP (Multicast BGP)

59



Dynamic Routing Protocols

[FRERETHET7ILT) X L]
(1) EEBE )L (Distance Vector) A=

(2) 1) 4K EE (Link State) A=K

(3) 7N R R KL (Path Vector) A=
(4) Y —RJL—T 4% (Source Routing) A=

- DVEY

- LSHY

- pvH#Y

Routing Typg DVE! | ISBY | pvE | Object IPv6
RIP Yes routed RIPng
OSPF Yes gated OSPFv6
BGP4 Yes gated BGP4 -+
DVMRP Yes mrouted | —
MOSPF Yes — —

PIM n/a n/a | n/a — —
MBGP Yes — —
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Distance Vector Routing Protocol

- Bellman-Ford 7 JL.31) X Ls (or Bellman-Fullkerson)
- 1969 LEMARPANETIZH LN TEA
- Developed by Xerox-PARC as XNS-RIP
- NodeM S EIZER]RE/ZFE L 7 L A~ D BB (Distance)
FER, 505, ZERRRLIEILT FLAAND &ERE
ORI RIIVIEHZEIEL ., sx B EEEf(Distance) hV/NE
IR RZ . SRRV —INDZEREREFIET 5,
- IL—TAV T R A DEGIERIT T,
(1) Distance Ventor :
SESEER YT — DI T S EDHEHIBEHRAIML
@ Jw T /—KiEER

{dst_net, distance, next_hop_node}
61



Routing Information Protocol (RIP)

- RIP for IPv4 ; RFC 1058/1721/1722/1723/1724
RIP for IPv6 ; RFC 2080
» routed (JL—FFT—FE>) in BSD, SunOS
-\RRHRVTE; 15Ky
- Cold-Start A=; #ZRERDETFEIZERK450F) (=15x30F) ) E
- 30%P C &lZDistance VectorT —3R—X[FEH D 3 L
> =k DIRBEILERY TRy TIiE
- UDP(port=520)% AL \f=T—42~X—X(Distance Vector)
DR,
- 1801/ REFENENERPEEFIBTT S (keep-alive A R)
- REERDFTER ;
- D(i,j) ; distance vector
-d(i,j) ; node_i & node_j fE1D EE B

D(i,j) = min [d(i,k) + D(k,j)] (for all k) 62



Routing Information Protocol (RIP)
‘ (1) ‘ (2) ‘

(3) (4)
(5)
(1) O sec
From Ato| Link [Cost
A local 0
€rrnnaernnaarenns FromBto| Link |Cost
B—->A B local 0
D From D to| Link |Cost
(2) 30 sec D—>A D local | 0
From Ato |Link Cost
A local 0
B (1) [
D (3) 1

63



Routing Information Protocol (RIP)

(2) 30 sec
From A to | Link Cost
A local 0
B (1) 1
D (3) 1
From B to
@rrrrrEranaannns A
B—>A B
C
E
From D to | Link Cost
4""6";"'&"" A (3) 1
(3) 60 sec D local 0
From Ato | Link Cost E (6) 1
A local 0
B (1) 1
C (1) 2
D (3) 1
c 0|2 «—Select one from even two pgth

- {(1),2} vs{(3), 2}



Routing Information Protocol (RIP)

(3) 60 sec
From A to | Link Cost
A local 0
B (1) 1
C (1) 2
D (3) 1
E (1) 2
B> A
D->A
(4) 90 sec
From Ato | Link Cost
A local 0
B (1) 1
C (1) 2
D (3) 1
E (1) 2

From B to

A

B

m oo

From D to

>

m O 0O |

65



Link State Routing Protocol

- SFP (Shortest Path First) A=

- 19704FEE D ARPANETIZH WLNTER
> KFRRIE A~ D3I (Distance VectorM iR -E D 52 AR)

- —TAV T RA AN E/—FREIDO#ERENROD—I1FR & /—F
M DERR) 9 DaAXME(Attribute value) D T—EFR—X %D,

- YOORBET—EIR—=XIE IIWN—T AT A ADTRTH/—F
TRl—,

- B—DT—EARN—XEFH. FA—ORRAET7ILTIV X LEERALT
&/—FTCHIICERBERZERB/—FIoIEERr YT —IO~Amx/NaX
FCEIZET S-OICIRAERERKYT /—FDER)DEEFITI,

- DOOARMDBEENB/NLGELHERER/NIRNDRFR1ET D,

S FWEARAYNT—HZ L2, /PNARNEIRET S
Spanning_Tree M Z AL,
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Open Shortest Path First (OSPF)

[ Link State Data-Base ]

From| To |Link-id | Distance
o o e I .
A |D 3 1
‘ B |[A 1 1
(3) (4) B |C 2 1
(5) B E 4 1
‘ Exchange g E ; i
(6) LS information D | A 3 1
between neighbor D |E 6 1
node E |[B 4 1
E |C 5 1
E |D 6 1
At Node “A” @Calculate spanning tree
To | Next-Hop| Link-id
B B 1 \
C B 1
D | D 3 Build routing | (3) (4)
E B 1 table
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Path Vector Routing Protocol

- 1982 EEDRFC827 (EGP; Exterior Gateway Protocol)

> NSENET/\woR—2 &g/ Ny OR—2 DEE
e B L TRFE SN T-(RFC1093),

> &RV T—ODER - FlEHAR) o —F R EHES
_EDTERIL—Ta2P 70K,

- AS (Autonomous System) ] T & B& Hll 1 ;

16 bits TRILEIN D BERYLIT—Y(ASES)HT. &

SEFEASDRYRT—IANEZET H-HDREE . ASES

D)IEF 5 (Path—Vector), HAHWNIIASESDEEZHLY

TRINT S, FASDOIEFIL—~A(Boarder Router) Ik, [

Tﬁ)lx A (Peering Router)&. BASH S, T RTODEEZER]
BETXFESCASN D EZE B (path)Z L 5T Do Path(ASE

7?0)“

B

W 2

FADEESEHRZFIFAT HD T, Path-Vectors

[N TS, 68



Path Vector Routing

(AS=1) (AS=2) (AS=3)
1,A

1,B

(A5= (AS=4

[ Path Vector Data-Base in node A] [ Path Vector Data-Base in node C]
From | To Path Next-Router From| To Path Next-Router
A Bl A,B B C Bl C,B B
A B2 A,B B C B2 C,B B
A C1 A,B,C B C Al C,B,A B
A C2 A,B,C B C A2 C,E,D,A B
A D1 A,D D C D1 A,E,D E
A El A,D,E D C El AE E
A E2 A,B,E B C E2 A,B,E B
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Path Vector Routing

(AS=1)

(1) Step 1 @
From| To Path Next-Router )
A Bl | AB B [ From B]
A B2 AB B From | To | Path | Next-Router
A D1 A,D D B E1l | B,E E
B E2 B,E E
<4 B C1 B,C C
B C2 B,C C
J L \ [ From D]
From To | Path Next-Router
(2) Step 2 D |AL [DA | A
D A2 | DA A
From To Path | Next-Router D E1 | DE E
A Bl1 | AB B D E2 |D,E E
A B2 | AB B
A Cl | AB,C B
A C2 | AB,C B
A D1 | AD D
A El | AD,E D
A E2 | AB,E B

(AS=2)

(AS=3)

:
(AS=5) (AS=4

70




INTTY D ERIE

o NIRRT HEE:IL—4

/E

IRV AY AN =B R Ay B
9595 ERILY T R YEDHRARELESARPT

5@5‘60) MAC?I‘ I/ZEJL- L L/—CiﬁL

AR ERLGEBIYTRYNDRARELEGE

/\tlzI

BR ik

CHITRybEIZHBMBDIL—A(Z
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IW—Ta2TT—T I

10.0.0.1 172.17.0.1 172.17.0.2 172.17.0.3
IL— XA JL—4XB JL—XC JL—ZD
172.16.0.1 172.16.0.2 192.168.1.1 192.168.2.1
IW—RADIV—T 4 T T—T )L
BRI (T T) R ybT—5 | (D) RYEIRY | EmiE 5L
10.0.0.0 255.0.0.0 10.0.0.1
172.16.0.0 255.255.0.0 172.16.0.1
172.17.0.0 255.255.0.0 172.16.0.2
192.168.1.0 255.255.255.0 172.16.0.2
192.168.2.0 255.255.255.0 172.16.0.2
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IW—Ta2TT—T I

10.0.0.1 172.17.0.1 172.17.0.2 172.17.0.3
IL— XA JL—4XB JL—XC JL—ZD
172.16.0.1 172.16.0.2 192.168.1.1 192.168.2.1
I—RZBDI—TFT 4 T T—TIL
BRI (T T) R ybT—5 | (D) RYEIRY | EmiE 5L
10.0.0.0 255.0.0.0 172.16.0.1
172.16.0.0 255.255.0.0 172.16.0.2
172.17.0.0 255.255.0.0 172.17.0.1
192.168.1.0 255.255.255.0 172.17.0.2
192.168.2.0 255.255.255.0 172.17.0.3
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IW—Ta2TT—T I

10.0.0.1 172.17.0.1 172.17.0.2 172.17.0.3
IL— XA JL—4XB JL—XC JL—ZD
172.16.0.1 172.16.0.2 192.168.1.1 192.168.2.1
I—RCDI—TFT 4T T—TIL

BRI (T T) R ybT—5 | (D) RYEIRY | EmiE 5L
10.0.0.0 255.0.0.0 172.17.0.1
172.16.0.0 255.255.0.0 172.17.0.1
172.17.0.0 255.255.0.0 172.17.0.2
192.168.1.0 255.255.255.0 192.168.1.1
192.168.2.0 255.255.255.0 172.17.0.3
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IW—Ta2TT—T I

10.0.0.1 172.17.0.1 172.17.0.2 172.17.0.3
IL— XA JL—4XB JL—XC JL—ZD
172.16.0.1 172.16.0.2 192.168.1.1 192.168.2.1
IN—RZDDIV—T 4 T T—TIL
BRI (T T) R ybT—5 | (D) RYEIRY | EmiE 5L
10.0.0.0 255.0.0.0 172.17.0.1
172.16.0.0 255.255.0.0 172.17.0.1
172.17.0.0 255.255.0.0 172.17.0.3
192.168.1.0 255.255.255.0 172.17.0.2
192.168.2.0 255.255.255.0 192.168.2.1
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 BARMGR YT =DM ETENIE R E DS
ZRELDONLEN-DTHAZ TNl
T9Y,

Prefixes announced on the Internet

900000 LI LI [ | LI LI LI LI [ | LI LI LI

800000

700000

600000

500000

Prefixes

400000

300000

200000

100000

0 1
1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021

Date



Q. BRI —ODEEAENIEEE DR
ZNELHONSENT=-DTEHZ TN ===
T9,

S>HBEGEE, FH/\V7rybE=20/ 1, $REEE=1007(10°),

o] $R 1R E = 100Gbps(Ex# & 400Gbps<BLVTZE. |

= PPS(Packet Per Second) [&. 100x10°/160 = 0.625 x 10°

=>1.6 nsec MEIIZ, 108 TUR)—DOXRZEZREMN
H1EMHZ, CPUY Y YE% 5GHz=5x10° Hz &9 4 &,
0.2 nsec/clocklZ7&4 M T, 8 clocks T 108 T K!)—
DREBRREWNSTEIT M




Anycast Routing

» BIC W—T42 T TUM)—(RybT—I1EHR)
. AVF—2IE EDRDGHFANLILET B,

> "

> 1)

SR, EEERDTESND,
BB (2 "BENEE XS

AT

I N\
CD/Q\/

BeiE R




Anycast Routing

I N\
()/O W,
BriE R

Anycast Routing

A




Anycast Routing ZFLVT. Load Distribution & Resiliency Z3£18L TL 4

P
#
0
000000000 10O

T—IOMMUN®mI>

2r-rA

,
@

N7




bicrosoft Wmdows Yersion 10.0.18363.770
(c) 2019 Microsoft Corporation. Al rights reserwved.

C:¥Users¥hiros>ipoconfig
W indows [P {ERY

Wireless LAN adapter O—77)L I FiBitx

AF o FOREE. L L L %74 [FBHESNTLERA
;ﬁ%ﬁ..ﬁ@ DNS -’j-j‘ - //_" Ao ...

Wireless LAN adapter O—73)L T FEEisx 2:

ﬂT%J@M c . AT TEHEERESNTLERA

A—HFo b PEII— A—Hx bk
Tﬁh.jﬁ_@ ONS 2 v 2 . . . . .: flets-east.jp

[PvE T f‘L/R e e e e e 24Dk 1e0 100 ecde rac T 1e329 21 2d
—b% IPVB f‘L/R. e e o 2B .0 1007978 1977 1 493 1 5ag0
I J’;’EI 73Jl/ [PvB P ELZ. . . . .: febBD:ecdcac/7:e329:e12d%15
IPvd PHELZ .0 0 0 oo o o oL 19208801117

"7751'7 v w29 ... .. ... .1 25b.2b@.255.0

T4 A—FD0 ... .. . . feB0::225:deff 1 Te33:55f3%15

192 .168.1.1

Wireless LAN adapter Wi-Fi:
GRE O N 5055 L1 o ST T AERENTLERA
A—HF v b P4 TFHE— Bluetooth F v + T —2E:

CAEE. ... L oL FIERSNTLWETA

EAAL FO—RAVE PET2— EEEs:

FELZ o000 o oo 2001024002411 :79d7:0:15:3e1d: 2801
IP\-’B FLZ oo oo oo oo oo 2001:240: 2411 :789dV 1 8cfB:al64  cB4d : dBE
—BF IPVG TELZ. .0 oL 200124002471 :79d7 181bt 1 38cf thbdbefh?
5 J’?EI AL IPvE FELZ. .. . .1 feB0::8cfb:ialfid:cbid: BB
IPvd PELZ . .. ... .. .. . .0 100.66.238.218
"j'731‘7.2|" S L 4 A SAS S
T4 T=F0x ... L 2001:240:241F:79d7:0:15:3e1d: 2802

fefl::1b:3eld: 2540%4

100.66.238.1



netstata <K

Microsoft Windows Version 10.0.18363. 720
(c) 2019 Microsoft Corporation. All rights reserved.

C:¥lzers¥hiros>netstat -r

Microsoft Wi-Fi Direct Yirtual Adapter
Microsoft Wi-Fi Direct Yirtual Adapter #2
Intel (R) Ethernet Connection (6) [219-V
Intel (R Wireless-AC 9560 160MHz
Bluetooth Device (Personal Area Metwork)
Generic Mobile Broadband Adapter

software Loopback Interface 1

=Y
O

Tl
DN ) O — D 00

n
0. U

0.0.0. 326
2bb.2bb.Zhh. 218 326
2bb.256.255.755 ) 100.66.238.218 326
2bb.2bb.755.755 . 100.66.236.218 326
Z85.0.0.0 : .0.0. 331
2bb.2bb.255.255 : .0.0. 331
2bb.250.255.255 : .0.0. 331
2bb.27bb.206.0 . L1881, 291
20b.20bb.255.755 : L1681, 291
2bb.2b0b.255.750 : L1681, 291
240.0.0. : .0.0. 331
240.0.0. ) 1681, 291
240.0.0. . 66,738, 326
255255 255. 2bb.2bb.255. : .0.0. 331
2bb.20bb . 250. 2bb.2bb . 255. : 1881, 291
2bb. 200 . 250. 2bb.200.255. : .00.238. 326

~ A
0
0
N

ODBDD
DDDF\D—*—‘T\DDDEMO@DD

T —




Command Prompt

192.166.1.

182.168.1.
192.168.1.

224 0.0,
224.0.0.
224.0.0.

200.755.20h.
20bb.755.200.
2bb.2bb.758h.

QOU

2007
2007

(e

(]

C:¥lUsers¥hiros>

2bb.2bb.28b.0
20bb.255.75b.200
20bb.255.75b.200
240.0.0.
240.0.0.
240.0.0.
2bb.755.78h. 0.
20bb.755.780. : 192.168. 1.
Zbb.2bb.78h. : 100.66.236.

P

feBl: 275 doff: fel3:5hf3

20071 240 2411 :79d7:0:15:3e1d: 2802
feB0: :15:3e1d: 7840

s

:240:241:79d7:0:15:3e1d:2801/128
ok
:240:2411:79d7:81bf:38cf :bbdb:ef57/128

oLt

:240:241f:79d7:8cf6:a164 : c64d: d66/128

240b:
240b:

Z40b:
tel80:
fel0::
fed0:
TeB0:

£100::

Vs
11:1e0:100: : /54 sk
11:1e0:100:1978:c977:4193:5a90/128

ok
11:1e0:100:ecdc;ac?7:e329:e17d/128

g b
: /B4 ook
/B4 ook
:8cT6:a164:ch4d: d66/ 178

ook
recdc:ac/7:e329:e12d/123
ook
U/?L



ICMP (Internet Control Message

Protocol)
2T 2 Fh
0 IO—wE
3 58 SCEIEABE
4 %15 TN
5 75 Al 2T
8 TO—EK
11 A FEFEE A
12 INDA—ZEE
13 BALARRATER
14 B LARBTE

84




ICMP

*Domain Name
Request/Reply
(RFRC1788) %

* ICMP reqirecti (EP%H‘_')
Router discover

(RFC125

“Traceroute (RFC1393)
" Destination unreachable (RFC191)
7J— X ~ *ICMP Source Quench (RFC1016/1018)

< (XT.:.)
ICMP Source Quench (RDC1016/16#8)—




g Dst4
c/)[_\‘_ i
8- (Alternative P)azh) = Qi[gg

n c =
Dst2

==

=i
Dst3 —

(unreacahb| Sl (toofar)

e

“Destintion

“TTL expired......

o

request/rep
= — N\

I)I

| > (=23

“Redirect”

to better pat

4/ )
4/”Source Quench !11”

asking reduce data-speed

——

86




|
7.

RAT=3O2—K

SV T—VE|ETRE

58 SE R AREIETAE

s TORIJLEETREE

sESER—hEIETEE

Don’t FragmentM g E SN =/ \r v DR E DL E

Y—RJ)L—hRER

SESER YT —I A

58 5E R AT BA

X {E TR A R

Olo|([N|lo|lo|(~r|lw|N|kR O]l

SEERVNI—VEDBEEZEE LEib

[N
(@)

SEFRANEDBEEZEE LZIEF

[
H

DY —ERFERITIFIEERYNT—IELETRE

[HRY
N

DY —ERFERTIXIEERRNEZETEE

87




Traceroute Program
* Ping EITRDTAATLARK

bsdi% traceroute slip

traceroute to slip (140.252.13.65), 30 hops max, 40 bytes packets
1 bsdi (140.252.13.35) 20 ms 10 ms 10 ms
2 slip (140.252.13.65) 120 ms 120 ms 120 ms

- traceroute M EN{EIRIE ;
- ICMP time exceed message (type=11,code=0)ZF|HI 5,

1. TTL=1 ; On_the-Link@®Next_Hop_Node &Y FEIZIFEIZE TSN,
— Unreach destination_host due to Time_Exceeded
2. 2B (B E3E) R—®DTTLTICMP/ Ay b DELE
3.TTL & TTL+1
A4, TTL=TTL+1; 1_hopFDNodeZE TILXEIZ [ HEIZ% D,
If reachable - Stop
If unreachable
{
2E (B E3E)R—DTTLTICMP/ Ny D EAE;
goto step3.;
} 88
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