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1.  INTRODUCTION

‘This technical note concentrates upon (1) the HOST-HOST brocedures
and (2) the implementation of the corresponding programs in GORDO (Operating
System of the UCLA HOST). |

The fhest seetion 5 clesoliac et bo the Ba Teports No. 1822
and 1763[1] ana specifies the HOST functiénsfor exchgnging messages. 1T
mostly deals with links and connections, message structure, transactions,
and control messages. :

The second section is software oriented; it explains how the HOST
functions are implemented and integrated into GORDO. It is involved with

data structures, programs, buffers, interrupt processing, etc.

[1] Parts of this section are taken from or referred to those repors.



AN

2. HOSI-HOST PROCEDURLS

2.1 Generalities

Tne basic jdea is that several users, at a given HOSI, should

- simultaneously be able to utilize the network by time--sharing its physical

facilites.

This implies that within each HOS‘I‘ cperating system, .ther'e must
.exist a special program that mulfiplexes outgoing messages ﬁ*om{the users
into the network and distributes incomirig messages to the appropriate users.

Ve will call this special program the Network program.



2.2 Links and Conncctions (See figure 1)

2.2,1 Definitions

It is convenient to consider the Network as a black box - a system
whose behavior is known but whose mechanisrs are not - for communicating

messages between remote users rather than between pairs of HOST computers.

(a) Logical comnections

We define a logical connection as being a communication path
Tileiig b nssrs. ot rensie HOST._.
With that concept, a user (user program) in a HOST computer can
(1) establish several logical connections to any remote HOST users, and (2)
send or receive messages ovér'those connections.
' Connections aprear to users as full duplex.
One of the purooses of the Network pfogram is to serve the uéers

in establishing, identifying, and maintaining these connections.

(b) ILogical links
Each logical connection is made of a pair of directional links:
one for‘transmitting,.the other for receiving.
Those 1inks; called logical links, ére established by the Network
programsAand used by them. .
Note here that users are only interested in connections énd are
completely ﬁnaware of links. Relationshipé between links and connectioné

are carried out by the Network program.



One of the advantaﬁea to define a connection as a pafr cf direc-
tional links is that a HOST will hevc the Cu09b¢l“ty to loop himself through
its P (it opens a connection to hlmself). This feature can be useful for
debugging purposes.

Further on through this paper we will not Qse any more the

“attribute logical when referring either to links or comnections.

2.2.2  Comnection types

In order to reach a high flexibility in ulilizing the Network
there is advantage to classify the comnections. ‘
Three types of connections are distinguished: (a) control con-

nection, (b) primary connection, and (c¢) auxiliary commection.

(a) Control cormection

This. connection hes a special status and is uni@ue between a pair
of HOSTS, e.g., 1f the Network includes x HOSTS, there are at most x
control connections issded from one HOST; - '

This connection-is ueed by remote Network programs for passing
. control ﬁessages back and forth. Control messages are bas:c to the |
~ establishment/deletion of standard eonnections. (See 2 i, 2)
| Note here that this control comnection is the only connection
which is 1gnored by the HOST users.

Let us describe now the standard connectlons. "

(b) Primary connection

These connections connect remote users.
A primavy connection:

¥ TIs unlque between a pair of users and is the first to be



established.
¥ Is "teletype-like", i.e.:
—~ ASCII characters are transmitted;
— Echos are generated by the remote HOST;
- The réceiving HOSTs<scan for break characters;
~ The transmission rate is sloﬁ (less than 20 characters/sec).

¥ TIs mainly used for transmitting control commands, e.g., for

log—in into a remote HOST operating system.

(¢) Auxiliary connection : Ceo . .

These connections also connect remote users:
An auxiliary connection:
£ Is openéd in paraliel to a pfimary-conhection and s not
- unique, i.e., several auxiliary connections can be established
between users. |
¥ TIs used for transmitting large volumes of data (file
oriented). '

® Is used either for binary or character tranmission.
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2.3 Meséqgg_Structure

The HOST comunicate with each other via messages. A message may

vary in length up to 8095 bits (See down below the structure). Larger

tzansndssion must therefore be broken up by HOST users into a scquence of

such nmessages.

A message structure is identified on figure 2.

It includes the following:

(1)

(2)

(3)

(4)

(5)

A leader (32 bits): ‘Message type, Soﬁrce/Destination HOST,
link nurber. (See BBN report No. 1822, pp 13, 17)

A marking (32 bits when sent by the Sigma 7) for starting a
message text on a word boundary. (See BBN report No. 1822,

pp: 1T, 19)

The message text (Max: 8Q15 bits for the Sigma 7). It mostly
consists of user's text. Ebwever, it may represent information
for use by the Network programs. (Control messages, see 2.4.2)
A checksun (16 bits). Its Baioose- 18 to' stk et bhe HOST
level, ﬁhe right transmission of a-nessége (Ch nges in bit
péttern or packet transposition; packets are deflned in BEN
reporf No. 1763, p. 13) See down below for checksum calculation.
A padding for solving wordhlength hismétch problems. (See

BBN report Mo. 1822, p. 17, 19.), As far as software is con-
cevned, padding is only 1nvolved at message rcceptlon for
delineating message ends. (At transmission the hardware takes

care of the padding.)



Remark:

Checksun calculation: . : ' . N

e

The last 16 bits of every message sent by a HOST is a checksum.

This checksun is camputed on the whole message including any mariing, but

excluding the 32 bit leader and any padding. To compulte the checlksum:

s ]‘.

Consider the message to be padded with zeroes to a length of
8640 bits.

Section the 8640 bits into 'six 1U40-bit segrents, S S

-
Section each 1440-bit segment S into 90 16-bit elements,

5

th, t

0, l oooat89¢
Ebfine a fUnction ® , which takes two 16-bit elemcqts as

inputs and outputs a 16—b1t el@mant This function is

defined by
t @t =t @t' W o+t < 2°
T m n m 0?2 m n
_tlr;C-Btn:t@t— +1,106 4t > p16

For each 1UMO;bit segment S; compute C,

= K(Si), where
K(S) —t @t O oo‘cc-.t89
Compute € = C, @c @c @c,dc, D, D ....@05'

(No_tlce that cl@ C, is Just C, rotated left one bit)

1

The number C is the checksum. The reason the Ci are rotated by 1 bits is

to detect packet transposition.

10
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~

2.l User Transactions

From what has been discussed until here, the Network eppears to a
user as a bunch of connections. Let us now explain how one can make use of

these connections.

First, we are going to describe the set of transactions that a

user should be able to access for utilizing the cornection facilities.

Then, we are going ﬁo explain the role of the Network progran for
the execution of these transactions. This will cover a HOST-HOST protocol
in which control messages are exchanged between network programs.

For explanation purooses those transactions are represented, at
-the ﬁser level, in the form of subrcutine calls and parameters. Howéver,
this does ngt imply at all that the implementation will closely folloe this
.pattern. (Ve are:more involved here with thé description than the imple-

mentation aspect, see chapter 3.)

2.4.1 List of transactions

Listed below are the descriptions of subroutines that could be at
user's disposal for creating/breaking connections and transmitting/receiving
data ovéer them. This set of subroutines can be considered as a kind of

interface between the user level and the network program level.

(a) Open primary connection:

OPENPRTM (COMMECTID, HOSTID, BUFFADDR, [OFI])

COMNECTID: Conrection identification #



HOSTID: Remote HOST identification it

BUFFADDR: ‘Buf‘fer address for incoming messages.

OPT: Options such as message' required after successful connection
establishment, "full echo" (each message is transmitted back
by the remote IOST for checking purpose), etc.

()

Remark: [ J means optional

~(b) Open auxilisry connection
OPENAUX (COWNECTID, BUFFADDR, N, [OPT])

CONNECTID: Connection identification l#, i.e., fhe identification
of the corresponding primary Qonhectiori (First a user
has to open a primary connection).

BUFFADDR: Same meaning as above.

N: Number of auxiliary conneétions that should be opend.

OPT: Séme meé.ning as above.

(¢) Transmission over commection

TRANSM (COMNECTID, NO, BUFFADDR, N, [OPT])

COI\H\Ei(i‘PID: Connection identification #
NO: Connection #. The primary qormectiog is. always féferfed to
- o 'béing NO = 0. An auxiliary connection number corresponds
to the order in which it has been esteblished. (The first
auxiliary opened is referred to by NO = 1, the second by
NO = 2, ete.). ' :
BUFFADDR: Buffer address of the message to be transmitted.

N: Messase size (byte number)

13



OPT: Options such as data type (characters vs. vinary), trace bit, etc.

" (d) Close connection

CLOSE ( COMNECTID, [N], [NOJ)

CONNECTID: Comnection indentification #.

N: Number of connectipns to be closed, If comitted all: connections
in use by the user, included the priﬁary link, éné closed.

NO: In case of N‘different from zero this number indicaies the

auxiliary cohnection # to be closed.

2.4.2  HOST-HOST protocol and control messages

The HOST-HOST protocol is carried out by the Network programs. It
mainly involves the execution of the previous transactions (initiaﬁed by
users) and covers a ﬁOST~HOST dialogue;

This dialogue fulfills control procedures for opening or breaking
-conniections and consists in exchanging control messages over the contrel
link., A control message has a structure idéntica; to that of a regular
ressage; it only diffefs from it by the text which is for use by Network

programs instead of users.

Let us insist that this control procedure is completely unrelated
to transmissibn control procedures imolemented in the IMP computers. We are
here at.the HOST level (Hetwofk prograﬁs), and therefore control messages,
that are going to be described below, are transmitted qvér the IE-IPS like

regular messages.

Consider now the previous transactions and describe for each of

them wnich ressazges are exchanged over wvhich links.. Each case will te



explained by means of ftrivial examples.
We suppose that a HOSI(x) user wants to talk to a reumote HOST (y)

progran called URSA.

(a) Open a primary comnection: (OPENPRIM)

The HOST (x)'s Network program, waken up (See 3.3) by a use for

opening a primary connection, starts a dialogue with the HOST (y)'s MNetwork

program.
_(i) HOST(x) sends the following control messaze:
HOST(x) Control link i HOSI'(y)
ENQ PROM 012 <
ENQ: Enquiry for comnection establishment (one ASCII character)
"PRIN: Connection type: primary (one special character

012 : Outgoing link #. It is a decimal nuber (3 ASCII characters),
' e.g., link #12.
This link # has been determined by the HOST(x) Network

program (See implementation: 3.3)

(ii) . HOST(y) acknowledges b sending back the following control
¥ & y ng &

message :

HOST(x) > Control link : HOST(y)
AY $
ACK ENQ PRIM 01201 5

ACK: ~ Positive acknowiedgﬁeﬁt (ore ASCII characﬁer)

ENQ PRIM 0 1 2 ¢ Same meaning as above.' This part of the messace is
‘ returned fof checking purposes. |

0 15 Iﬁccming link #. It follows the same pattern as the outgoing

link /. This link # has been detemined by the HOST(y) Network

15



progranm.

Now the comnection is established; it wili use links #12
ahd 15 for exchanging.ﬁser ressages. The connection is said
to be in a pre~log—-in state, i.e., the remote HOST(y) expects

its standard log-in procedures.

(b) ‘Transmission over primary comection: (TRANSM)

By neans ofITHANSM subroutines referring to the primary connection,
- the HOST(x) user is able to signrin into fhe HOST(y) operating system and
then to call for the URSA program (HdST(y) user program).

The Network programs at both ends will use the link #12 and #15
for passing along messages. These messaées are standard messeges whose con-
tents serve for log in sequence.

A trivial example could be:

HOST(x) Prim. Link #12 < HOST(y)
Vd
T R (LT SRR ¢
HOST' (x) o~ Prim. Link #15 HOST(y)
N >
{ SRR AR
HOST(x) Prim. Link #12 - i © HOST(y)
-

L WaR 58 A

(e) Oben an auxiliary connection: (OPENAUXT)

In a very similar manner as (a) an auxiliary connection is estab-
lished between HOST(x) and HOST(y). For so doing control messages are

exchanged over the control link.

HOST(x) Control link > HOST(y) |
: ENQ AUX 0 2 5

HOST () o Cortrol 1ini ' . HOST(y)
KGR E0 ATe 02 50 2o

16



!
Now the auxiliary cormection is established, it will use links #25 and 21
for-exchanging standerd messages.

(d) Transmission over auxilisry comncction: (TRANSH)

]

By means of TRAISM subroutines referring to the auxiliery con-

nection, the users at both ends can exchange data:

HOST (x) Aux, Link #25

N HOST(y)
BB s bt o,
HOST(x) fux. Link #21 - HOST (y)

(e) Close connections: (CLOSE)

This is carried out in a similer manner as (a). The user calls a
CLOSE subroutine and then the Network pregrams at both ends exchange

control messages.

HOST (x) ‘ Control Link 3 HOST(y)
4 .
EOD 0.0 1812 - :

EOT: End of transmission (one ASCII charé.ctér)
001: No. of connections to be closed (3 decimal ASCII charactérs)
012 : Oubgoing link # to be closed.

Then HOST(y) acknowledges bac’..% as in (a).

HOST (%) 22 Control. Link - HOST(y)
! o % %3
REIE OIS 008 ) @l 20 1S

Remark 1 - In (a), (c), and (e) HOST(y) may answer back a message including

" a negative acknowledguent character NAX instead of ACK. This for



"Remark 2 -

many various reasons such as: wrong sequence, connection already
opened, and so forth. The message could be NAX IND, where 1D
is an alphanurnerical character indicating, in a coded form, wny

the previocus block has been refused. Upon receiving back such

4o

ackniowledgments HOST(x) will repeat its message until HOST(y)
accepts it. An emergency procedure will take place if too many
"

successive "NAK messages

>

occur,

On each of the above illustrations (arrows) only the message text
is represented. In fact, complete messages (with leader, marking,

padding...) are exchanged over these links.



3. TMPLIFENTATION T GORDO

3.1  Introduction to GORDO

GORDO is a time--sharing system implemented on SDS Sigma 7. We

outline below somz of the characteristics relevant to our paper.

3.1.1 GORDO file systenm

The file system is page oriented. It is conposed of files and
directories. A file consists of a heading and a nurber of pages which
compose the body of the file. A directory consists of a number of entries

that point to either files or other directories.

3.1.2 GORDO process

¥ A process is a progran (procedures and data) plus its logical environ-
ment. In other words a process is a program which is knovn and controlled

by the GORDO scheduler,

| ¥ A user (a job) ma& have several processes as different as canpller,
loader, editor, application'prcgran, eben A ﬁrocess is created through
a system call (FORK).

¥  The space a process canArefer to is the Vircual Space of 128k word
length. A part (Bk) of it is reserved fop'the operating system, the
other paft (120ic) is directly accessed by the user. This later may f£ill

or modify its part of the virtual space upon 'counling'. (See below:

19



Il
'

service calls) pages taken from different }files. Figure 3 illustrates

this coupling.

® A pfocess can request for services by reans of systein calls. The system
calls 'releva.nt to ouwr pa-p‘er' are:
WAKE for awaking (set active) a sleeping process
SiEEP for putting asleep another process (or itself)
COUPLE  For boviiing o e thon vhe Hide spade 0"t wivtual

space.

% - A process ordinarily runs in slave mode. However if it is set up as an

I/0 process it can access privileged instructions.

% Processes can share data through files attached to '"mail box"

directories. 5o .

changeably.

20
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- 3.2 Software Crganization Overview

Figure 4 illustrates the -overall organization.

The sys Len i's based upon two main Programs : the "Network'and the
"i’l_aad_l_cz_” ,

The Handler is an I1/0 interrupt routine closé].y related to the
IMP-HOST hardiere intezlf‘ace. It serves the Network proc,esg in tran mitting
and receiving network rréo‘,a\?;es.

. The Network process carries out most of the work.

Its main function is to satlsﬂ/ the users' requests for opening/
closing comections and tr'anvmlttmo/z =ceiving network messages. For so
doing,

s it establishes, 'dentif‘ie; and breaks the links upon using the

allocation table (F , CONNECT, INPUT LINK; see 3.3.1.1)

#UE 1s avere of the presence O.l. new users uoon exploring the Network
mail box directory; ‘

L corr%ﬁunit;,éte's with active users by n:ean.é of shared pages t,hrough
which messages and requests are exchaﬂr;ed (connection sharad pages):

¥ it formiats incoming/out oing ness ages in a working page. This
working page has an extension (e*ner gency ring);

¥ it communicates with the Handler by means of a shared page (I/0

' cormunicatﬁ on page) which contains the I/0 communication buffers.

-
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3.3 Software Description

3.3.) Data Structures

3.3.1.1 Allocation tebles: HOST, CONNECT, INPUT LINK

The Network program establishes, identifies, and breaks liﬁks and
connections upon using 3 tables: : | |

A table sorted by remote HOST #.

(A table sorted by connection it :

A table sorted by inout link f#.
(a) HOST table (See figure 5)

"It is a bit table indicating the free outgoing links. It has the
following characteristics: |
% Location: ‘Disc resident
? Coupling: Coupled to the Hetwork process virtual space.
¥ Size: As many slots aé remote HOST .
% Slot structure: . As many bits as possible outgoingAlinks-to a
reliote BOET, 1.0, , 256, '

% Access: 'Indexihg. East slot is accessed through a remote HOST #.

¥ Specific feature: Throughout the whole table no more than 6l
bits can be turned on, This figuré corres-—
ponds to the'maximum nurber of outgoing links

* that can be activated at one time (No matter

what is the nuber of remote HOSTS).

2



(b) COMMECT table

This table keeps track of all the comnections' enviromwent.

It has the following characteristics:

»
"

e

%

=,
*

Location: Disc resident

Coupling: Coupled to the Nebtwork process virtual spac

Sizq:__As_many slots as comections in use.

Slot structure: See figure 6. Each slot is 2 word length

Access: Indeking. Each sloﬁ is accessed through a connection #.

: Seé 3.4 the way it is handled.

Specific feature 1: The slot structure corresponding to a
brimary comection is not identical to
that of an auxiliery comnection (See
figure 7). = This because user identifica~
tions and requcs?s afé done through primary
shared pages.

Specific feature 2; This table is handled in parallel with the
connection pages (See 3.3.2 (b)) |

Specific feature 3: This table is mainly used for tfaﬁsmitting
messages. (For each connecfion it contains
the outgoing 1ink # and remote HOST #, i.e.,
a1l the information required for trans-

mitting a message.)

(c) INPUI' LINK table

This table keeps track of all the incoming (input) links and so is

closely related to the COEMCT table.
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' It has the following characteristics:
(o]

-

Location: Dlgc resident.

*  Coupling: Coupled to the Network process virtuzl space

B

Size: As many slots &s incoming links, i.e., as connections

ES

.Slot QL ucture: See figure-¢. Each slet is 1 word length
Access: Hashing. Trhe hashed key value is mainly ba,ed upon

the incoming link # and the remote HOST /.

# Specific féaturevlz This table is also usdd for nome ntarily
'memorizing the coﬁnec@ion nuroer vinile
establishing the ﬁext connection. See
3.4 the‘gay it is handled,

- ¥ Specific feature 2: This table is primarily used upon receiving

’ mMesSages . (For each incoming llnx it con-
tains the corresponiing COﬁn@ctAon i, 1. e.,
indirectly the user 1&cnt11103u10w to whlch

the massage should be passed alcng)

3 3L, 2 Buffer pases

-

A1l the pages that are now to be described éontain two bufféfs
(input ard 5utpqt)l These DUBTerS Sre acl for cither passing along or
processing messages..
The size of each of these buffers shou ld at ~east be équal.td thét
of a messagg,-i.e.,-8095 bits. We have chosén a buffer éize of 253 words

(8096 bits) so that both of the buffers are inciuded within one vaze (512

vords). The 6 remaining woerds of the page ars generally used for coatrol.

A typical buffer page structure iz identified on firure 8.

29



(a) I/0 comunicabtion vage

See figure 9.
‘This 1/0 communication pagé is used as an interface between the
Handler and the Network progran.
| In the buffers of this page the messages are aésembled (input) or
de~assenbled‘(output) vord by word by the Handler,‘e.g,, a "ready to go"
meésage, sorted by the Network program in the outpuﬁ buffer, is shipped

out word by word by the Handler.

Main characteristics:

B4

Location: ‘Resident in core: Locked page
%" Coupling: Coupied to the Netwdrk procéss virtual space
¥ Content: ¥ Input buffer (253 words) for incoming messages
Output buffer (253 words) for oubgoing messages
- % Input control zone (6 half words)
3 Output control zone (6 half words)
¥  Structure: See figure 9. v
% Specific feature: * The input buffer is filled by the.Handler
(read from hardware) and emptied by the
Networl program

% Vice versa for the output buffef

(b) Connection shared naces (User_Neftwork shared zone

General features:

®. There are as many shared pages as connections.

30



ES

These pages shared vetween the network and the user processcs

4.3 4

constitute a cormunication zere for (1) passing the méssages
back and forth, and (2) exchanging control information, e.g.,

a request for establisning new conneclions.

Main characteristics:

S

Location: Disc resident
¥ Coupling: Coupled to both a user process virtuazl space and the
netviork process virtual space.

Input buffer (253 words) for dincoming messages

# Content: -
— Output buffer (253 words) for cutgoing messages
- Input control zone (6 half words)

Output control zore (6 half words)

¥ Structure: See figuve 10.

® Specific feature 1: - The inout bpffer is filled by the Network
v and emptied by the user.
A - Vice versa for the cutput buffer.
&

Specific feature 2: The control zone correspoﬁding to a érlma:j
-connection sﬁared page differs from that

of an auxiliary conrection. Tﬁis’becéuse
it is Via a "primzry conrection control
zone" that auxiiiary conneétioh establish-
ment requests are transmittzd to the Net-

TWOrkK process.

(c) " Verking nase

>

General feabure:

¥ This pege allows the Network and the Handler programs to work

k 31



independently on dJLIC ent messages and so centributes to an overlapping.
For- instance, when the H,ndlor is busy transmitting a message to the hardwar2,

the Network program can format (199&&?, marking,- etc.) the reset message to

be shipped out, so that it can reinitiate the Hardler as soon as it is free.

Main characteristics:
¥ Location: Disc resident
¥ Coupling: Coupled to tne Network process virtual space

¥ Content: - Input buffer (253'wprds) for incoming ressages

- Output bufler (253 words) for outgoing ressages

.Remari:
During reception it may happen that a user program is not ready
D 19)¢ progr
To accept a new messgge. In that case, to avoid clozging up the systein,

the Network stores ﬁouvntarilv the incoming message in one of the bﬁffer
of the eLwrgpncy ring.  (If this ring is full a help routine ;ill be
invoked. )

During emission all operatiors are synchronized with the RF HS,
therefore such procedures need not be provided. (The Network program
allows a user to re-cmit conly when having received the REIEH of the previous

" transmitted message. )
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3.3.2.1 Handler program

General features:
It is an 1/0 interrupt routine which drives the JMP/HOST hardwace
Interface in order to transmit or recejve nessages. Trensmission and re-

ception are carried out in a full duplex mode.

Main characteristics:

. % Location: Core resident. The Héndler_is in the.ééne remory
zZone &s tﬁe operating system énd can be éonsidered
as part of it.

¥ Initiation: By the IMP-HOST hardware interrupt. This interrupt
is triggered either;

* during transmission when a message word is com-

pletely sent to the IMP

* during reception when a message wbrd.has'been

cbmplétely recei?ed_from the TP

during idle time when the thdware received eitner

- a 'start inﬁut’ or 'start output' order from\thc
Sigma 7 CPU. Thqsé orders are issued by the Net-
work program'for provoking_inﬁerTUpts back (con-

.

sequently for indirectly initiating the Handler).

* Main functions: * Empties the output buffer upon transmitting

its content (outgoing message to the IMP.
This operaticn is carried out word by word

(32 bits) and makes ure of "Frise" o-dors for

= =R TO


http:t.r-ansml.t

driving the HOSI-IMP hardiare.

¥ Fills the input buffer with data received from

HOST;IMP havdware (incoming message). This
operation is also carried out word by .wor
and makes use of "Read" orders for driving
the HOST-JMP hardware. |
% VWakes up thé Netwoyk program when any of the

<

previous operations is conmplete.

iy

(5 g

3.3.2.2 Network program .

General featﬁres:

This program serves the user for'opening/closing comections end
transmitting/receiving messages. It uses the Handler as an aié for inter-
faéing with the'hardware.

For the GORDO point of view it is a regular process and treated es

such.

Main characteristics:

% Tocation: Disc resident. More precisely‘it is on disc when
ésleep and called in core when awakened byia prOgPéﬂL

¥ Initiation: It is initiated through 'WAKE' service calls issued .

either by a user process dr'by the Handler.

users' requests., For so doing it sends control
messages (see 2.1.2) to remote HOSI‘S in order
e

to get lin4s established/released; it then

notifies back the users.

¥ Insures the orocessing of inceming control

messages (transmitted over control linis), e.g.,

37



for contrlbutlnv_uo est ab]iCH‘e 1ts/d “lCthDo
of connections (those requested by remote
HOSTS) .

# Preparcs transmission of outgolng messaszes.

It picks up text messages. from sharvd pages
(the messages are 5tored Lhﬁrs by rs), formats

them (adds leader, marking checksum..), and

3

passes t“eﬂ along to the Handler for trans-

mission.

e

Insures delivery of inconing messages. It is

nm

the opposite of the above Opefation. The
users to wnlch the messages should be delivered
ave identified throush the leader
¥ Virtual space confiéuration: See figure 11.
* ,Specific feature: It is ‘integrated as an I/O process, so that
it can access privileged instruction (RD/AD

for 1nd1r“ctlv initia g the Handler).
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3.4 Software ProcLuur

The deta 1@6 50fr.*v° procedures are given on the flowcharts
attached with Appendix A.
However, to get a quick understanding of bha 1nwlpmnnt"‘1on we

list below some typical software procedures.

'3.4.1 Description of some typical sequences

Consider some of the transactions at user's disposal (See 2.4) and
point out the basic so tware pPOCGuUTBS tnej 1mn1y For each case vie Vlll
delineate (1) what the user program does and ( 1) what the Network program

does.

(a) Open a primary link (See also 2.24:2)

B2

2 (1) Vhat the user progrem doeo

¥ it stores in the Networklmail box directory the némg of 2

| ‘file, e:.g;., DATA ;

%50 couples the first oaoe of tnls flle to 1ts virtual space

¥ it stores information in'this page (its job /process #, the
remote HOST #, e.g., (i)); .

¥ it wakes up e et process ;

¥ it goes to sleep.

(i1) VWhat the Network procram does :

¥ it explores the Network mﬁil box directory and accesses the

file DATA;



¥ it couolcs th° flr st page of this file to its virtual space
.(Shaxea Zong, e' Bedis ?) Suppose this paget be the k th in
the shared zone; k is the internal connzction #;

% it explores the 1™ S10t of thr HOST table (See 3.3.1.1 (a))

and selects the first bit = 0, e.g., the oh bit;.a corresponds
to the thoinﬁ llnh #s . |
& 1t st01es information (job/process #, remote HOS” # (1)
outgoing link # (o)) in the k™ slot of the CONMECT table
(see 3.3.1.2). i
¥ it momentarily stores the comnection # (P) in the INPUT LINK
table. This is carried out upon creating an entry in this
table (Hashing the key value: "outgoing link # (&) + remote
HOST # (i) + outgoing flag".);
% it prepares the ressage text FENQ PRIM O 0 o and formats
a complete message in adding leaaor marking, cbecksum, ete. ;
¥ it checks the Handler state (b1t in I/0 locked paﬂe) li the
Handler is free, it storss the 'ready to go' control message .

in the output buffer of the I/0 locked page, initiates the

Handler, and goes to sleep. Else it gces to sleep.

After a while the Handler wakes up the Network proces° because it has
recelved a complete message.. We suppose this message be the control
message sent by the remote HOST for acknowledging ﬁhe establishment 6f the
’qonnecéion. The message text should be:

ACK ENQ PRI 0 O o O O B

vhere B is the incoming link #. (Seec 2.4.2)



ILet's see now what the Network program doss when receiving the

above control messasme:

U
w

it retrieves the comnection f! previously stored in' the INPUTD
LINK table upon re-hashing the sare key value (See above).
Also it delctes this entry;

it creates an entry in the INPUL LINK table for the incoming

link. For so doing it hashes the key value: "inccmihg link

“# (B) + remote HOST # (i) + incoming flag". In this entry it

stores the.HOST # (1), the incoming link # (B) and connection

7. tk); '

th

it updates the k™ slot of the COMNECT table in storing the

incoming link # (8);
it turns on the 'nat~user} bit in kth shared page (page
corresponding to the primary conrection that has just been

opened) and wakes up the user process;

it goes to sleep;

(b) Transmit a message over orimary link

(1) Vhat the user program doss s

(1]

&

it stores the message text in the output buffer of the primary

~ comnection shared page (See 3.3.1.2);

. it -turns on the 'user-ret!’ bit of ‘this paze and wakes up the

< )
Network process;

it goes to sleep.

-



(1i) Vhat the Network program does:

2

¥

it Jooks for user requesb, lie.; it explores in sequence the
cpnnectién shared pages and selects the one that has its'user-
net' bit turned on. Suppése k be the selected pzZe # on the
shared list, K ié fhe cormection #;

it determines the request type in testing the "feduest bits‘ of
the shared page k. It finds out that iﬁ is a request for

transmitting a message.

*it takes the message text from the output buffer of the shared

page k, formats it into a complete message and transmits to

~ the ‘Handler in a very similar way as above (See Open a primary

{1] Remark:

'link).

it goes to sleep.

In a2 first phase the user will directly write the networic
functions in his program. Later on subroutines will be put

"~ at user's disposal. These subroutines will be very close to

" those described in 2.4,
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