





JCompuleyour File Server
‘ program! il
Ag@







LAN

LAN









[Murata]
[1b€]

Ethernet
« MAC (Ethernet)

LAN
[Ishida 94]

NS

[Molle 97]

[Marino]
[O’Reilly]
[LBNL]



SIMNET

e 1 V4
— Ethernet HUB
— CSMA/CD

—NFS, TCP



! NFS
6 FTP XDR
5 RPC
4 TCP, UDP

3 IP

2 Ethernet

1

UTP




TCP/
UDP

IP
Ethernet

Client Stations

Server Station
I -
f P ¢+ (1L 1y
- | = ® 00 o
5
V————
i 11 11
Ethernet CSMA/CD Control

User Model

Application

Network



Ethernet CSMA/CD

Medium

Start

Collision

Carrier/m< Carrier

< > <
) X
=
Free
Transmission »Success
Collision l Too Many
Collisions
Backoff Delay &— JAM signal » Error




Ethernet

[
[
Sending Data Exist Backoff Timeout
Medium is Busy CS Medium is Busy WT
—>» SLP > <
A Medium is Free A
Transmit Transmit
Done Sending Data Exist Backoff Timeout JAM Done
Medium is Free V Medium is Free
TR _ CD
No Collision Collision

A |

/ Send JAM Done
Too Many Attempts



TCP IP

TCP

« 3-Way Hand Shake

IP

UNIX4.3BSD Tahoe



o
N

—
=
(O]

O
=

Relative Frequency
o
o
o1

o

127 Samples

92% of All

< | Mean o 2.2 [sec]
Standard Deviation 1.6 [sec]

M%MULHJHH_HHH I H

0

10 20 30 40 50 60
Response Time [sec]

Sampling Width=0.5 [sec]




o
N
o1

o
N

Probability Density f(ty)
o 2
If o1

Model O

Relative Frequency of Students'
Response Time

Model M
Model K

0 5 10 15 20 25 30

Response Time t, [sec]



—FTP
— 1MB
-1 1
’ =
1 File Server N Client Stations
—1 N

:



1 1

h|

A
-~ Actual System

Simulation

File Size

=
|

100 1000 10000

Sending Buffer Size of Server Program Sserver [bytes]

Averaged File Transfer Time Trs [sec]



=
o
o

e+ Actual System
+ e 2 Simulation

\l
i

o

5
R
5
5
5
5
v%
5
5
>
>
5>
5>
>
5
5
o
>
B

50-
25- K
0 STV
0 25 50 75

Averaged File Transfer Time T, [sec]

Number of Client Workstations N

100



Ethernet



LAN

CSMA/CD



= [Boggs]
- 90 [Molld

 Packet StarvatroRate Whetten]



— CSMA/CD LAN



Start

LOSS /
LOSS

Busy

Carrier

ransmission Delay

A T T T T e—=

Transmission Delay

|
|
|
Sensing Transmission : » Success
|
Retry Collision l ! Too Many
: Collisions
Backoff Delay «— JAM signal : » Error
|
P



R. - Z (Carrier Sensing Time)
=

- » (Transmission Delay)

_ > (Waiting Time caused by Collisions)

wT R > (Transmission Delay)

R =Res*+ R



CS

Busy




N
e Ethernet 10BASE-T

Number of Stations = 20

100% 25
T f
oS 75% 20
T — 15 E,
X < 50% >,
=2 10 &8
S )
U)% 25% 7 50
O
0% 0

0% 50%  100%  150%
Offered Load



FTP Server

100%

Res
/%nision

Number of Clients

Stall Rate
Collision / Trial
N ol ~
a Q <
§ % S

FTP Clients

Res

-60
-40
Collision
Rur
-20
i
I I I O
50 100 150

Number of Clients

Frame Transmission

Delay [ms]






LAN

LAN




e Ethernet 1




LAN

 LAN
- WS
_X [
— LAN [ ]
— Andrew File System|[CMU]

[Guselld



LAN

=

) —
i 8 s

e —

(a) Removable-Media
Based System

Computing
| Server
Ei
IR
File [|E==| ———

T T I
Server ! JQ
|<_ — T — 1

__________ _—

X Message
(b) X-Terminal Based System

[ ]
L[]
0
]

l
l

File
Server

[}
L]
]
]

(c) Workstation Based System

—— N | nc] ] [nc]
Server = — i i |

File, System

(d) NC Based System




Repeater Switching Switching
HUB HUB HUB
7/ I 1\

Hall-Duplex (CSMA/CD) Full-Duplex OOV Euil-Duplex *

Cigel Cigol ;\@g%g

Server Clients Server Clients Server Clients
(a) Shared-10M (b) Switching-10M (c) BigPipe-10M/100M
Shared-100M Switching-100M

Shared-1G



Ethernet

| Burst Timer !

< >,

. Slot Time IFfame CISaIp

¢ o8 A R A ,

Frame #1 #2 #3 -
Carrier Extention Frame Bursting

Burst Timer 65536 BT
Minimum FrameLength 512 BT
Sot Time 4096 BT

Inter Frame Gap 9% BT




« NFS version 2 (SunOS
4.1), FTP

= « TCP(BSD 4.3Tahoe),
Ethernet (I EIEEBézs) UDP/IP
” » Ethernet
L 2 5=
=== / — 10BASE-T (10Mbps)
1 File Server N Client Stations — 100BASE-TX (100Mbps)
— 1000BASE-X (1Gbps)

o with Carrier Extension

o with/without Frame
Bursting



Shared-10M

10BASE-T
250- o ¢
200 Y — N =10 (Model M)
, P — N =20 (Model K)
)
'E e Om o
3 100 Tk
o
g 5. — N > 120 (NFS)

0 50 100 150
Number of Clients



Switched-10M

400

Response Time [secC]

W
Q
o

)
)
e

=
o
<

0 50 100 150

Number of Clients



Response Time [seC]

7 &
/ A
1470
/ O I~"AII
b L
/ ©A
¢ i
S
£
- 1
17
i A
7 1
M
A
s )
A/
7 1
7
;A
A
’
’,
'y
R
7
A
--------------------------- 1
.... .
'''''''''
----------------
_______________
‘_"."."'-.; ____________ @0 - @- - -0 —@ -0~ C "

Number of Clients

50 100 150

Shared-100M, Switched-100M

Shared-100M
Switched-100M
BigPipe-10M/100M



Shared-1G

10
—+ 1000BASE-X
= o © With Frame Bursting
o 1 o Without Frame Bursting
g 100BASE-TX / 10
=
= 0.1
)
c
@
o
$0.01
Y
0.001 | ‘
0 50 100 150

Number of Clients



< 10 sec

Mouse Operation Keyboard Operation

Shared-10M <10 <20
Switching-10M <10 <20
Shar ed-100M <30 <150
Switching-100M <50 > 150
BigPipe-10M /100M <50 > 150

Shared-1G > 150 > 150




Suitable Number of Clients

200

150

100 -

Ul
o

-

)
((
Shared-1G Switched-1G
Shared-10M
Shared-100M
/ BigPipe-10M/100M
: O ‘ ‘Switched-looM
O ‘.Switched‘-10M | -
((
0 200 400 600 1200 1400

Cost / Port [US$]



LAN

HTTP



[Marino]
[O'Reilly]

[LBNL]



LAN Vol J78-A,
No. 8, pp. 961--%4, 1995.

S. Ishiharand M. Okada, “A Modeling and $mulation
Method for Trasient Traf€iLAN,” Trans. IEICE Comm Vol
E-80-B, No.8 pp. 1239--247, 1997.

: , CSMA/CD LAN
, Vol 40, No. 1,
pp. 95--10, 1999.



t 0

JAM

PR



