1.1 23—y bDFESR EIFIK



L A23—2YbDE



A3 —RybDOER
1969 ARPANET
1974~1983 TCP/IP

1987 &,

1990 |

{EF+A—IL,
11SP

1992 Internet Society

1993 Mosaic(WWWF 59 H),
1994 W3C. Yahoo !

1998 ICANN. Google

2004 Facebook

2011 IPVA7 RL A D # %



[HESEI] & TTELAl] DER

S 0k

CS: AU TL—L

’;f A )[,7\\)_’

P2P: RavEa—Ta2T
CS: /f.‘/’)'l—*‘yh(ISP/ASP) + Data Center
P2P: J7AJLitH Pl AN

CS: Google!& ML T 15
P2P : Smart-Phone, Tablets m

CS: /N JL-HO59FK Data Center

P2P: Edge-Heavy & Event/Data-Driveﬂm




CT. FE. WHBHLSFT.

. BEEFE, “IE LW GED LR,
> thEKIFKREL, BIEETINELS G\ (> Edge Comp))

T =4S A,
TS MEE P

@ BMUNIRILX—&EREE
R{RAMRMERZAGTVRIN BE
> §& & RE&HIMAOER(5T0] /520])

. EEEFREYEIToNGL..ALEE BBiRTE)
> AL & SRIRILYX—iE



A 3—FybDEFRLENY (935F1R)

International Conn V7-1/33

. Internet
B BitNet but not Internet
[ Email Only (UUCP, FidoMNet, or OSI)

Caoper gk & 1983

I:l Mo Connectivity Lamy Larwstss
are Bo Imbemet 2oy
Vomon T - 10S




A 33— D HFRILMNY (94£

2R )

Thig map may be oHmiread ¥R aronam o o

INTEFINATIONAL CONNECTIVITY
Version 10 - 2/15/4

. Internet

B Bitnet but not Intemet

E email Only {(UUCP, FidoMet, or OSI)
I:l Mo Connectivity

ared e Inbemet 200y,




HRBILALY (96567 )

Thig map mey b obtmiredym mronpemous i

INTERNATIONAL CONNECTIVITY
Version 16 - /1586
. Internet

B bitnet but not Intemet
2 Email Only {(UUCP, FidoNet)

|:| Mo Connectivity

Copyriont G oas

LA rry Landweabar

and the Intarnet Sackty

Unimited par misalon to
or ugsla hemby oranted

au bject to Tnciualon o

thla copyright notloce.

Irorm R, oo wan < ol conrchaty tabis drgcory



HERBLHY (97£

Thig map mey b obtmiredym mronpemous i

INTERNATIONAL CONNECTIVITY
Version 16 - 6A1587
. Internet

B bitnet but not Intemet
2 Email Only {(UUCP, FidoNet)

|:| Mo Connectivity

Copyrignt @1 o7
LA rry LEndweabar
and the Intarnet Sackty
Unimited par misalon to
or uasia hareh]r ranted
BY ot to 1nclualon o
tn1& copyright notloce.

Irorm R, oo wan < ol conrchaty tabis drgcory



A

BEMDES

Rlcvsion o
-_— N 1428} Elgshicity  Alrplanc
~ 1871)
100 YV _— 'i%‘uf-'? =t i tﬁgg El!!ia E&Hm
& R ("_“.! ,F'f 7 _____________——"
90 — 90
FLE :
20 \ |lll Mh“'-“thlilt a0
S — .
T 7 |
70 \ | 70
|
|
- -
:, | BB, ;
a¥ -~ oS =
s BFLVY 5
3 50 ~ 0 2
= o )
AV N 2
2 40 w0 2
= =
g :
£ 30 M 5
E [Inw::ﬁt!n E
. Wi
B —y /’ 0
10 il ) 2l
r i _..__.-'
; 1] __..f_- = 11 I | Il 0
=] 1 10 20 By 50 100 g 120

il Sik

Mumber of years (year 1 = year invented)

Forbes Magazine July 7th, 1997 10



HADAF—VEHABDEIS

80
T77*

70

@ Developed world
60 ¥ World globally
¢ Developing world

50

30

20

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

* Estimate

Source: ITU World Telecommunication/ICT Indicators Database.

11



400000
350000
300000
250000
200000
150000
100000

50000

L

Wk Rl R —%v b2 — — R F R (201656 H &)
o
LY =]

Lo
T 100%
un
75%
- 50%
s
- 0%
3k = . > o 7 7 i
¥ 1 Tx .F =® Y 7 =
9 2% §z 2 ; 2
b N I B i
SHo g
) f
x

w- A=y b = —RICR A (2R S EEs )

T iRl A -y P —HEBRE(20165F68F)

12



2. BOEOBERR7O-FNAYFENEDEB IS EYS

O BEFEOBEERIO—FNUEH—ERZHFOIOLS S O0—FSEYS([A1,0ut)h S H#E) (X, $519.0Tbps(1BH =Y

$9205PB, B E B LE57.4%18) .

O Ff=. £7vTO0—FrSEYI([A1,In]H 5 HEE) L. $92.3Tbps (1 B H-Y$125PB. RiI<E[F A LL48.5%18) .
O 2020458 OHIEIL, FEIOF VMLV ABRREO BRI LD f-HEERMAEMLI-CEFITRY RIEIZEMD,

[Gbps} 20,000

18,000 |

16,000 |

12,000

8,000 823

5,000

. 48.5%
__,.a-"’ 2321
. 1,401
2000 g, 160 13 — 1,534
il E,
u 1017 50.8% ™.

{'1HEA[‘]I:H?' EJ.EFTT"#DSL CATV. FWA) (=1L

—EEAESD)

15‘-:
%@

s 459&& S 'Lﬁ‘ '3" ENC & ‘5'
£ o %ﬁ@“f@@@f #

¥ rpﬂ;&rﬁg&

=

BERIO—F/2F R
LHEOBRS Y O—F

] s b L
19,025Gbps (#EE)

J

BERIO—K/ K

LPEOETYIO—F

kSEwA(2) (43) (4)
2,321Gbps (#F1E)

#@Ahispm
Fo—kriES8NED
FPudO—FrSEus
[A1,In)r2 0304

(*2) 201155 LlATIE. —ﬂmtﬁ:tlISFt?fl:l—HiJI-ﬁ EAZHFLOMOFSEV Y ICHFEERLOMOBRERFSEvIO—BHITTh TN, SEERS
EvERRIT AT LA A MEL o280, 2011 FENM A LY YHFSEv I ERETHSE VYO RE-BEETITEELE.
(*3) 2011 75¥5R J:LJ’ﬁJJISPﬁfS#Iﬂ":E?:I:I f!J.'llL. El'?:tm'-:r.'bﬂﬂl ;k%!:HHELT.FEEHL'LT.T.&‘J -'*Fil#ﬁﬁ‘EL.‘CL*%a

(*4) 201 7ESH 11 B = TOREIZ




3.

1ZHHEVDFSEY I DR

O BEHVEOBEERTO—FNAUF2HF12HA-VnF 50—
U$9151.3GB. R [ A tk54.0%18) .

IZ&YKIBIZHE 0, ==L,

FrSEv2([A1,0ut]h 5 H#E5E )&, $9460.2kbps (10 A H1=

O Ff- 128 -YDOTvTO—FrSEv2([A1,In]H 5 H#E)IE | $356.1kbps (15 B H1-Y#518.0GB. Bi4ERE A t45.0% 1) .
O 202058 D1 R2HBUYD h:-l: Jom ﬁirﬁli #fr&: O+ ﬁﬁjuxﬁ%ﬁwﬂf%ﬂtx%mmf—mﬁﬁﬁmﬂ tﬁiﬁﬂu Li=C&Z

(kbps/32#9%) 1 451000{:“:%?‘]}
| () B AEIOE = E T O e ) M3 ggpz 2 TS TTTTTT mmmm——e——eea
a || RO ) o T BERIO—ESAUFY—ER |
| (+ 4R R L DR e I ' 1 1RBELYOT Y 0—F I
800 b TR T koW (HEE) 102 :
~a {3000 v
54.0%
350 %o
| 3n,nnu ____________ BERJo—+ AR
200 |ﬁi$jn vk | RREOBFSEUY (EE)
25,000 —E R 1 R K=Y O]~ BERETO—H AR
250 _Pevoem RHEH
20,000 (@mAsfAIc YR
200
| s d T T "
150 19000 | @R RIO—F/AUFH—ER |
- 1¥ﬁ%T:LJm?J?°D—I- !
410,000 7 | kSEwd (HEE) (102 (°3) ]
100 4B50% | 7 e J
561 &7
50 - P T I - L EE:E?E#? 5.000
: fﬂ: : 232 223 —4-». 387 384 (*1) 2011 £E5 A LRI, S EER-OMOBHEENS
o5V o5 284 M6 3Bl Evsd—EhtEENLE.
RS -0 (*2) 2017458 &Y HISPASH A HO3EIZHIML , 94t

\‘?';:?'h\_ q.:?"uf?";:ﬁ"r\ r.:?'lﬁh r\ﬁ"gﬁ?‘uﬁ' Q"hﬁ"!ﬁ‘\# %?‘h\_*‘.}qh Qﬁ@h\?‘aﬁ'ﬁﬁ'ﬁq"r\?‘;}%.\%iﬁh
.\L ‘_ﬁr % o !Sr *". r& o 1& @3‘

i 1
*ﬁﬁﬁﬁ ﬁ-ﬁéﬁ%ﬁﬁ@@ f&,p“* r-ar-?;'i"»@,p P f&;:whfﬁ%:- s fiﬁ\ U’*fégp

MESEEY—EA0EMNREBETL o FIZRT IO T—40eR (SRS EFANY G (3A X)) (FH2E6 A 200 EHEEE

WHEIEVEH
[hittps:fwww soumu go. jipimenu_news/s-news01kiban04_02000169 htmi)

OB ORMEREEEEL 8. FIHEE
HELTILNG,

(*3) 2017TES AL 1 AETOLHMIZ. BHBRED—5
ga's WTHMAZRERBEL -8, FEENELTLY

4

14



6. | SPREATHEBEhAIMSEYIDES (A1 SP)

O B TxiEhdb3Ev2[B3]IE. AN FHZE LB ->TLVS,

O EsTxifEh3rSEvS[B3,In],[B3,0ut]i. BIER B L TENENTE.3%IE, 77.2%1E,

O 2020FE5A MEEIL ., FrEIOF DAL AL FED BRI KA IE D -HEEEREAEMLE-IEEFIZLY
K=&,

(Gbps) BN TERENIFSEYI(BIIDERS

3,500
BN TRBRENDSSEY2(B3,0ut])
=EHN TR#RENS+FEv7(83,In]
3,000

_ 275
2,500 | |

76.3%
M

T

2,000

1,500

/ 725
/ 77.2%

BO0 b - e Wi

0

SN %ﬂ* & .%@« ﬁﬁ@ & .;,1 & f,@ 3»&49 R ‘&ﬁi &
S ﬁdﬁ“@ S

SRR r&%”‘@“@r& “@’r&@ S
Li=f=éh

(1) 201745 A £ W18 DISPHISE M LSFEIZ 0. S8t 0o OIFEIZ L5 RAHESL




Weekly International Traffic Volume for three years

E exterpal-international (in ave: 116247 Mbps, out ave: 71225 Mbps) 1 Incoming(import) trafﬁc\

§ 150 G ' I’JL‘ JY J4 I‘l 7 dominates

w-i Bl ol | T : )

0 gt g gty (|

r 506 X e ' - gc .Varla.ltlon. n .

£ : Incoming, 1.e., interactive
50 :O:ut Tue Wed Thu Fri Sat Sun trafﬁc J

<< Current traffic volume >>

external-international-1n (200705:116247 Mbps, 200605:68523 Mbps, 200505:39851 Mops)

Variation amplitude
increases significantly.
Due to interactive
traffic ?

Mirroring or caching in e oSSR
Japan may improve this S N
situation T — :

<< Qutgoing traffic ; Japan =» Overseas >>




download traffic

upload traffic

]

2/17-23

2/24-3/1

3f2-8
= 3f0-15

Sat

SL]n

Mon

Tue

Wed

Thu

Fri

sat

sun

217-23

2(24-3/1

32-8
— 38-15


https://eng-blog.iij.ad.jp/archives/5536

H—hOUU—Z&E RS EY ZDBSE by NTTCom OCN

(3

LHERETF 9iF~17DRXIE)

Lo

313 (Vs opetifiipes L"H |
=17 EjLEnuTY sallilfis

e

2/20(Th) \/

\ |
N

February March April May

o od el P e A - = o o = ! - -

FORTHITE
e[y
renie N[
SEOR| 7 (RO |

June July Augqust

............................

& 2020/02/20 Chapter 2, Season 2.

0303 v 12.10
03/17 v 12.20
03734 v 12.21

03/31 v 12.30

04/08 v 12.31
0415 v 12.40
04/21 v 12.41

05007 v 12.50.2
05/20 v 12.60
05/26 v 12.61

Chapter 2
06/30 v 12.20 08/5 v 13.40 +
07/21 v 13.30 v 14.00

CALFDUTY

A3/11 (wed) Call of Duty: warzone
+ Windows Update

AGf11 15! 00 ~ Season 4 ABfS Season 5

APEX

A5/13 Apex Legend Season 5

ABf18 Season 6

F—ABEREO RS I« v 7 RBRRERE - MET3SHIC, FRORERBEAFLPLAECHUTERIESERMUEENLELTVS

18



&I, AR HTLNSD ?

C EVI—LBRO BEE-BRE
- BN DREE
o INITA—T A (E{RBYIZIZX. Bandwidth & Latency)
CPU >> AEYRYET—Y >> RFL—Y

— HLWNthELEISD)RE
- ¥IERIEE B ]

« (2]

c [BHEAZ-FEAHAME]




Innovations In Data Center architecture

1. Open & Transparent, i.e., white xX
v' HW : Chip, board, server, switch, router, Electric power, HVAC
v' SW: Operating system, Middleware , Application

2. Data (Storage) Centric

v Big Data collection and analysis
»  Explosion of amount of data
»  Cross domain data integration

v Processor/CPU centric =» Data/Storage centric
» Migration overhead: data >> processing image
(*) Contribution of
1. VM (Software-Defined North Bridge) technology
2. Software-Defined Storage technology



Innovations in Data Cente

1. Open & Transparent, i.e., white xX
v' HW : Chip, board, server, switch, router, Ele
v' SW: Operating system, Middleware , Applic

But, small
amount and
single domain at

2. Data (Storage) Centric the beginning
v Big Data collection and analysis !
»  Explosion of amount of data
>  Cross domain data integration “scale-out”

v" Processor/CPU centric = Data/Storage™ce
» Migration overhead: data >> processing image
(*) Contribution of
1. VM (Software-Defined North Bridge) technology
2. Software-Defined Storage technology
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