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Figure 7-Ia: Minimal Configuration

Segment 1

Repeater ---.!

Segment 2

Figure 7-1b: A Typical Medium-scale Configuration

60

51l'..ft

I \~ ~; ;...r..tL
e-o..'? ~



ETHERNET SPECIFICATION: Physical Layer

Segment 4

Stat' on

Segment 1 Segment 2

Half-repeater
Coaxial Cable

Point-to-point link1000 M maxi

Segment 5

Figure 7-1c: A Typical Large-scale Configuration

V1A.Qt.x 2. f~ ~~ a~d- ~ .s~~
/~~J,~ C£.J..s,.~ - f.r:, d~i c""I((jl'~
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Ethernet Packet

target Ethernet address

source Ethernet address

e

data

checksum
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ARP: Address Resolution Protocol
~ I~ ~Ju~ 3-hrr4i - ~t- l,'~ E'f-k~· ~

Internet Address: 89.0.0.1 89.0.0.2 89.0.0.3

Ethernet Address: 8.0.4.5.0.1 8.0.4.3.2.9 8.0.4.3.0.4

active connect
to 89.0.0.2

Arp Table Arp Table Arp Table

~~ ~~

•... Ethernet: from 8.0.4.5.0.1•... to everybody a.c0f" = attl.

Arp: Query: where is 89.0.0.2 ?
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ARP: Address Resolution Protocol

Internet Address: 89.0.0.1 89.0.0.2 89.0.0.3

Ethernet Address: 8.0.4.5.0.1 8.0.4.3.2.9 8.0.4.3.0.4

active connect
to 89.0.0.2

I am 89.0.0.2 I'm not 89.0.0.2
~Q ~,,~

Arp Table Arp Table Arp Table
189.0.0.2 =>

8.0.4.3.2.9

~

.., ..,
~t

Ethernet: from 8.0.4.3.2.9•.....
to 8.0.4.5.0.1

Arp: Response: 89.0.0.2 is at
8.0.4.3.2.9



Internet Add ress:

Ethernet Address:

It I~ "'-lldl'thb Jt,~
Rly5# cJ~r'> M} e~

{N~ r; -frrA I'J)~I ~>I)... f,'~
ovJ1- q~ ~t.i~.
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ARP: Address Resolution Protocol

89.0.0.1 89.0.0.2 89.0.0.3

8.0.4.5.0.1 8.0.4.3.2.9 8.0.4.3.0.4

active connect
to 89.0.0.2

Arp Table Arp Table Arp Table
89.0.0.2 =>

8.0.4.3.2.9
L€\,\, N I¢t1; e4rit!

~~

,
•... Ethernet: from 8.0.4.5.0.1
•••• to 8.0.4.3.2.9

IP: from 89.0.0.1
to 89.0.0.2

TCP: Connect etc ...



ARP Packet

target Ethernet address

source Ethernet address

oacket tvoe = 08.06 lARP)

ARP header

opcode: 1=query, 2 = response

source Ethernet address

source Internet address

target Ethernet address
{,u..e'd-' =»
7a~y<-t /1'- MAf~

target Internet address
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4
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TCP/IP Packet

target Ethernet address

source Ethernet address

oacket tvoe = 08.00 liP)

IP header
fNTbt~ IfJ .(~Q(d ~ TcP/xj)

source Internet address

target Internet address

source socket
target socket

TCP header

data

6

6

2

12

4

4

2
2
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Configuring A Rational Machine

Standard Files
! Tools.Networking.Exos_8010_3_Sd

code for Ethernet controller

Net-Specific Files
! Machine.Transport_Name_Map

names and addresses of all machines
Machine.Tcp_lp_Name_Server (optional)

address of name server
Mac h j ne .Tra nspo rt_ Route s (0pti 0naI)

addresses of gateways _ I ,...--t L<J ~ (,.'/~
e .rtA-L ~ Vv-i>-

~A-":(2- rl -c:.;o2 - ~ 7 -A<..

Machine-Specific Files t~d€DM~ dc-f/ed V1~i-tJt-1'-
~ ~V\b.L- I ~ .f,-- e,,--c£'" ~ te-

! Machine.Tcp_lp_Host_ld / 8ct.Lf.fc,,3( _"l- ZS3"";:n--r:

Internet address of this machine ,.6... ,MD.~).,-J>A-e.-

to prevent mistakes, append cluster_id -ilM~r ~ o«:
wuvCt r=~~

Machine.Ethernet_Host_ld (optional)
Ethernet address of this machine
to prevent mistakes, append cluster_id

10



Starting the Network

!Machine.lnitialize Network

1. Tcp_lp_Boot

2. Ftp_Server .Start

3. start Archive server

4. start customer's servers ...

The Telnet server starts automatically.

( I



Commands

! Commands.Ftp

! Commands.Telnet

12



Programming

Ftp Te/net Te/net_Server

File Transfer Rpc

Transport

>.

\pN,~\' ==:J
Packages Ftp and Telnet are in !Commands.
All others are in !Tools.Networking.

1Tc,P/rp
I

/3



Sockets & Connections:
Open

Open X

o
80

00
08

1

iY



2

Sockets and Connections:
Passive Connect

__passive
: connect

o 0
00

15



Sockets and Connections:
Active Connect

passive
connect

o 0
00

00
00

IP header
Ethernet header

TCP: from Z to X
Connect

3

Ib



Sockets and Connections:
Connection Accepted

o 00
0000

IP header
Ethernet header

TCP: from X to Z
Connect Accepted

4

1"1'



Sockets and Connections:
Transmit

o
H Transmit
/ "hello!"

00
00

00

5

IP header
Ethernet header

TCP: from X to Z
data
hello!

(8



6

Sockets and Connections

o

l~
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Sockets and Connections:
Restrictions

j

o
00

A connection is identified by the sockets at its ends.
No two connections may have the same sockets at
both ends. In other words, no two connections may
have the same value for the 4-tuple

(local host, local socket, remote host, remote socket)

20



Sockets and Connections:
Restrictions

passive
connect

o
00

Two programs may not passive connect
on the same socket at the same time.

The second program to attempt this will
be returned status => Socket In Use.

8



Assigned Sockets

0.0 .. 0.255 assigned by DoD
0.20 FTP data
0.21 FTP control
0.23 Telnet
0.42 Internet name server

1.0 .. 1.255 assigned by Rational
1.0 Archive.Copy (HJL)
1.3 Host/Target Debugger (NCE)
1.9 Print Queue Server (JMK) ...
1.10 Inter-R1000 Mail (DHB)

see JMK for new socket assignments

2.0 .. 255.255 for temporary use

22.



Standard Servers

passive:
connect .

!!

o
o



Telnet Ports

:r
0\

ports

,,-e-

~i~,.........",. -l:J ...t.-17

Port_Manager

- ~...d. ""TO~

···m···§)

1-1 Transport
. . . . .. ( , Connections

------+-----+---4--+-----4 •.••- ...•..••...----1I '
RS-232

ports

---- 18 )----

~ ~'"---
1 16 17 18

Telnet Server

-........-

I i
I

I I
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Da t a g...:...;ra::;;:;.:m~....•..P__r....;;;..o~tsssla

• lower overhead, but no guaranteed delivery

• appropriate for single-exchange protocols

UDP/IP
Transport.Open (Network => "UDP/IP",

Local_Socket => <a TCP socket>, ...
Transport.Connect (Remote Host => <an Internet address>,

Remote~Socket => <a TCP socket>, ...
Transport.Transmit (Data => <a datagram>, ...

Ethernet
Transport.Open (Network => "Ethernet",

Local_Socket => <receive packet type>, ...
Transport.Connect (Remote Host => <an Ethernet address>,

Remote-Socket => <transmit packet type>, ...
Transport.Transmit (Data => <a datagram>, ...

passive connect returns immediately (no effect)

Transport. Remote_Host & Remote_Socket may be used
to obtain information about last datagram received

maximum datagram size is 1006 bytes: longer datagrams
are truncated.



UDP/IP Packet

target Ethernet address

source Ethernet address

oacket tvoe = 08.00 liP)

IP header
f'<'~'-~Jb (;e..td :; UDP/XP

source Internet address

target Internet address

source socket
target socket

length
checksum

data

6

6

2

12

4

4

2
2
2
2



84.1.16.3

t~ 1\ ol~~
c.J"f"~ .»: t'~

.~~c..G.( ~

"i~~ ---

Name Server

•

r\-
N

1

Name Resolution
84.2.14.8

TransporCName
.HosCto_HosCld
("fred") ;

( Tcp Ip Name Server
84.1.16.3 )

Transport_Nare_Map

!TCP/IP 84.5.11.4 fred

84.5.11.4

II 11-----
where is fred?

Internet Name Server Protocol: DoD IEN 116



CD
\'!

Name Resolution 2

84.1.16.3 84.2.14.8 84.5.11.4

Transpor,-Name
.Hos,-to_Hos'-'d
("(red");

j.
Tcp Ip Name Server
84.1.16.3

Transport Na ne_Map

Name Server
rrCP/IP 84.5.1" .4 fred

-,
fred is 84.5.11.4



84.1.16.3

Name Server

Name Resolution
84.2.14.8

TransporCName
.HosCto_HosCld
("Ired") ;

Tcp_lp_Name_Server
84.1.16.3

Transport_Name_Map

h"CP/IP 84.5.11.4 fred

•

u-
01

3

84.5.11.4

~ I
I don't know fred.

'1 I .,



84.1.16.3

Name Server

o
("/)

Name Resolution 4

84.2.14.8

Transport_Name
.Host to Host Id- - -
("fred");

&
Tcp_lp Name_Server
84.1.16 3

Transp1rt_Name_Map

(TCP/IP 84.5.11.4 1fred

84.5.11.4



Troubleshooting

- Who can connect to whom?

Can you connect to yourself? ~, ~ ~~/( -e-: (~"" ~~"",-)
J,..vt-- ~ ~ + ~-t

- Network.Show

Are the servers connecting?

- Console error messages

(05:'> <o...l""," S<-e- fY.=,.~ l>~""")

?.s~ '(~ / .)C/\.IV-<.. ""-~ •

an:r v't- oJ.J.. ?

~*- ..S~~
M1. Cl'('2QM...- CP" "-LL-it~u

~ stnicVt-

(D/l~M \)'~ -r--e/~ 1- (2 3)



Troubleshooting Hardware

R1000

....L.

I
xcvr

...::{:.:': -..-"." ..

• controller
Tcp_lp_ Test.Auto

• transceiver cable
Tcp_lp_ Test.Fcc (with loopback) cv.* co4.fe ~~ fv.y '"'-4

loopback pin 3 to 5; 10 to 12 1?tul:

• transceiver and coaxial cable {~ 0--'" ~Tcp_lp_ Test.Fcc (with transceiver) ~ ~-t- s: b~

negative test: remove coax terminators

31.1



Examining Transport Connections

!Commands.Network.Show

job network socket remote host socket
--- ======= ====== =========== ======
219 TCP/IP 1.9 connecting p""'vVt- ~~ •••

236 TCP/IP 1.0 connecting ~;~

237 TCP/IP 0.21 connecting F~f ~ «i-s:
241 TCP/IP 2.65 89.1.0.236 0.23 1~~14 TCP/IP 0.23 connecting Tdv-<.- -t ,

5 TCP/IP 0.23 89.2.4.255 89.0
5 TCP/IP 0.23 89.2.8.255 38.11

;'e.Jv ..,f iUJ:'" '5 TCP/IP 0.23 89.1.0.236 2.65 e.IA.V <:-,,-d

''!de...,?u '/"'"
~1?PIJ;{>

32



Uses of Networking

Target
Builder

FTP

MailQueue
.Print

Archive
.Copy

RPe

Transport

J



Delta: new features

• Permanently Elaborated (for speed)

• Increased Capacity

48 Transport.Connection_lds (not 32)

32 Telnet Ports 224..255 (not 240..255)

• Product Authorization

• Internet Routing (gateways)

• RPe Access Control
fCl...tl. "'''-~-E'<' coY"l"<-Li- ,J~'{y ~ ~CL-c.ML <>--



Product Authorization

!Imp lem entat ion. Pro duct_Aut ho rization. Sh ow_Reg ist rat ion

Product Authorization Notes
============== =============== =====
Ftp
Rpc
Tcp/Ip
Telnet

116A15C .
14EB3F .
118284A .
13BCEA05 .

35



Gateways and Routing

Internet: 89.0.0.1 89.0.0.6 82.9.0.5 82.1.8.3

Ethernet: 8.0.4.5.0.1 8.1.6.0.0.2 8.1.6.0.0.4 8.0.4.1.0.5

active connect
to 82.1.8.3

Route Table Route Table
89.0.0.6 82 82.9.0.5 89-I\.~

~
Gateway / Gatewayj}T

I..<Jtw..;l
I\.,,~•••~

A~ 4 ~

" ~,
Ethernet: from 8.0.4.5.0.1 Ethernet: from 8.1.6.0.0.4

to 8.1.6.0.0.2 to 8.0.4.1.0.5
IP: from 89.0.0.1 IP: from 89.0.0.1

to 82.1.8.3 to 82.1.8.3
etc ... etc ...



Examining the Routing Table

!Com mands. Transport_Route.Show

J'rWY' fo\..•••.l"J "-L ~. v"<--T '?fer '2./ . ..f.,~.V5

Route Destination Network
========== =========== =======
127 127 IP
89.4.1.255 88 IP
88. 64 .1 .18 89 IP

ts c, ••.a~c..e
0"" ••... i't. fw..,..L- Wo~ bt ~-4""ooLed
-~~ ~q __ R.~I"} I'L1/,.!-t.. """

l.o6rr-- ) ;-J~ + ~w-..r

fob>(~f) ~
Civul ~~. ~ cr-J~ ...

cC\ r-: ~~ ~ •••l 'tlf{ t. r": -V/ ~II rvrcdt +-J.YlA l)(P~)/b/f.. (1Mv..u..f,~



Network Numbers

E1 ,n~~~I local address I~J b;.J,

1 bri€. 3 b'l-te-

EJ I Inetwork local address
I'i t,.;-h J~ ]:,,'b

2b't~ 2 't>y~"

1110 I I Inetwork local
z t J.:ts 8 ~;t:5

3bytcA- 1b'ft~~

Each Ethernet should be asssigned a unique network number.

For more detailed information, see 000 RFC 960 (assigned
numbers) and RFC 791 (IP).



RPC and Access Control

ServiceRPCRPC

Transport Transport

Et hernet header
IP header
TCP header
RPC request

procedure
version
username *
password *
parameters ...

Username and password are new in Delta.
The server job sets its identity using this
information.

3'1



AX25

FTP

/

RPC

Ethernet

/
Transport

TCP/IP AX25

6 port

RS-232 (asynchronous)
••,_••••••.." \"VI'~ 1- ~i Sf""-L

,.c:::::z.. ,.c:::::z..

y--y
J2LQ.
cheaper

szn
slower (9600 bps)
point-to-point
non-standard

46



AX25 Packet

OLE I STX
level 2 (frame) header

level 3 (packet) header

data

~
~

~
~

OLE I ETX
checksum

2
2

3

2
2

L1\



FUTURE POSSIBILITIES
New Transport Protocols

Transport

AX25TCP/IP

CCIT!
Dfi-"'- >}')+t~

.::z;-..*tr(Po\ .-.u:t-

(,," d.~~oul)
~~
ttV'c.J.k,.. jot e..

T O«-IGt. Pn,1n uJ..

CCMfQ r'l1""-- T-z> ,tv\4~


