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i simple, effiicient, trensparent wodel for exchanging data osetween
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Change bars nave Leen added since the lést reviews Not every change has
been 1ndicated, but | attempted to mark all tne significant changese.

I have suggested an architectural change to the way names are used.
Since these changes were not solicited by the DRG, T left the old text in
the document flagged with ¥“-% characters, and entered the suggested changed
text flagged with the "+%" character.

I adced 3 section on idmplementation 1issues 1in service «c¢lass 1 to
describe the use ¢f the names space 1in different Kind of implementations.

The state tavles are ali marked zs changeds. I consolidated the two
events (ut_seg_rcv anc Tn_seq_icv 1irtu & single event kun_rcv, and then
changed the action to correspond to this new evelit. i referenced some
interiace 1outines in the state tables to make understanding the action
descriptions eagsier. 1 added a Stopping state to emphasis the importance of
this deley s regqguesteud (although 1 Canpdt convince myself it is really
necessarv)s 1 uo nol velleve any different junctioning is specified by the
nieW STate H13agranse

i added an Indexe.
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This cocument presents a compuntication architecture for an Lthernet local
area networke The architecture 1is called Local Area Transport (LAT). LAT 1s
utilized as a low level comsmunication service upoh which other higher Jlevel
services are layeied.

This document presents LAT structured a&as & communication seirvice for
terminal servers and host operating systems. The reason for presenting a
specific model is to precvide 2@ clear exzmple of how the architecture can be
implemented. In fact, the srchitecture is eppropriate to applications other
than terminal to host communications.

This document assumes that the reader 1is familiar with the Ethernet,
communications concepts, and practical prouviems accompanying implementations
of distributed services.

fhis document descriices a date transgort service grovided to the nost and
the terminal server. ihe level of deteil 1is suiticient to allow the
interoperability of hosts anc servers. This document does not describe any
speciiic 15sues irvolved in building products that utilize LAT as a transpgort
service. Thnose ilssues are afcéressed in cdetail by service classese.

Ceivire glroers ~re Zerurertes  In =Trenclees. Seryir2 classes Adefine
message Torrats end clgorithms which exterd the tasilc services provided Dy
the Lal erchitecture., These extepsions acgress ploblems that are unigue to
thie service class ot to the implamentation of a procduct.

The flrst0 ilve sectionis present 4 overiview Of the architecture.

2 FURFCSE

The purpose of thnis cocument 1is to specifiy the LAT architecture 1in
sufficient detail to allow inteioperable implementations to be buillt based on
this document.

The purpose of the LAT prctococl is to Dias every design decision in favor
of simplicity, whiie simultanecusly preserving the gcals of the LAT
architecture.
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2 IMIRUODUCT IuN

Local erea netsworks allow computing resources 1o ve physically distributed
throughout & faci1iity, »hich satisfies the reecs ¢f the faciiity, lnstead of
the needs of the computing resources.

& second property of local area networks is dramatically recuced c¢abling
costse. 411 of the distributed computing I[esources are connected to a common
coaxial céblie.

An Ethernet c¢an have as many as 1000 attachments on a single coaxial cable
cver 1 miie 1n  iength. 4 potential probiem in such installaticns is the
limited bandwidth available on the kthernet (about 7 usable megabits/second).
For this reasorni, commsunication architectires operating in this shared
envirormernt shoulc allocate the aveilable bardwidth efficiently, fairly and
predictatiy «hrony tie Rkainy Syslemse iftis 13 an explicit goal of tne LAT
architectulie.

It is rot the goal of the LaT architecture to speciiy a transport
mechanisw sufficient for the neeads c¢if & large nudber of applications.
Instead, the architecture #akes sigpiifiylng assumptions appropriate to 3

cuhoet of o osLible sortliceticic.e The mest trprortant zesumpmtiors are?

0 communicetlon 1S luced to a single rinetnet. Tauis eliaminates tiie
teed 101 any routing capapilitye.
o the patute of the ccecmmunicAaticn 1¢ 1nherently &symametricCe. This

siplilies conpection wanagewment ancd greatly simplifies the nost
implementation.

0 the bandwiath ¢f the Etheirnet is much greater tham the bandwidth
needed oLy an applicatione 7This assuiiplion resultls 1 a tlimer based
grotococl.

These assumplions applied to the problem c¢f connecting terminals to hosts
allos tne tollowing tradeoffs:

o wkinimize the 103¢ or the husi operating systems by transferring load
to the terminal server.

0 heduce terminal server complexity tc allow very low c¢ost hardware
isplementaticns, or increase the cosplexity to achieve a value added
service ain the terwinal server.

0 Allow @ user terzinzi to attach to zny host in the local area, or
restrict the users view 10 & subset of the svailable hosts.

0 increase the level ¢f pertotmance at the terminal servers and limit
the totzl number of terminal servers simultaneously using tie
rthernet, or decreagse the lievel of perfcrmance at the terminal
servers ¢liowing a greater number of terwinal setvers to utilize the
shafel tiheranote.
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LAT views the ttnernet as & local device, not as 2 netwoike. This approach
allows the implementation ol the architecture to be coniined to louw levels of
the host operatinyg systems. It also minimizes the cost of installation and
suppoit o¢f the computing lesources by reguiring very littie training on the
part of the network mangyer and userse.

It is not a goal of this architecture to provide any level of security
bevond that provided by the Ethernet itself. Extensions to this architecture
in the areas of authentication and datez 1link encryption have Deen
anticipated, pul not reaiized.
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4 TERMINCLUGY, ASSUMEFTICNS #hU NCTATION

0

local area (network) - the topology defined by the set of logically
equivalent processcrs directly attached to @ shared interconnect.

teriminal server = & cedicated function systen ( processor,
controller ) providing attachgent points for terminals in the local
area via a responsive virtual circuit service spanning the shared
interconnect.

host (operating system) - a special case of an integrated set of
server svystems which impiement an cperating system. The use of the
term "host"™ in this context is refering to the operating system an
not to the host services.

host (applicationr services) - Named services offered by
applications. There can be g@any such application services
assoclated with eact host operating systeme.

port ~ tne adapter between a precessor and interconnect which
1 L

oy k) t F TS vy t A |
haipe o Utntoid L [ IS T T~ Gala addisn

[y

»...‘ -
gatagram - an atomic unit of irnformztion exchangec by local area
tietworks. in the rthnerpnet inplementation, datagrams are reguired to
tiave 2 censtant format consisting  cid destination port address,
sourfce gport address, ptotccol type, data and an error detection
code. Latagreams ®ay wyet corrupted on the Zthernet, and are
therefore not always delivered to the destination addresse.

virtual circuit - a logical stream ¢f c¢ata, established between a
terminal server and a host Wwith the <characteristic that data
delivery is vidirectional, sequentizl, timely, and error-iree. Un
Ethernet, a wvirtual circuit service 1s a value added service since
the Ethernet data link provides a deétagram service.

nessage - a datagras under virtual circuit error controi.

slot - a segmert ot & message used to comwuicate data between a
terminal on a3 terminail server and & host application. Mes5sages may
have zerc or more slots.

session {connaction) - & transient association which allows &
terminal server to exchange date reliably with a single host
utilizing an underlying virtual circuit.

1low contrel - 2 setf o1 rules &pplled to processes which prevents a
transpitting crocess from sending data Yo a recelving precess that
i ot geepaced to buffer the transpitted 2eta.
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(]

broaccast - as applied to cGata links, broadcast capability refers to
the abiiity of any che port to acdress all other ports
simultancously with a single dataygrame

0o multicast - 2s 2a2ppiied to date links, multicast capability refers to
the abiiilty of ary cpe port tc addiess a sub-set ¢f all other ports
simulteneously with & single detagrei.

0 users - the consumers of the services provided by this architecture.
As applisd in this document, the terr "™user"™ is an abstraction that
refers to the set of routines intertiacing to the highest 1level of
the architecture. The services provided to users are connection
management and data transfer.

LAT assuaes 1the ISthernet hées vely predicfabie atiributes. Lal"s
perfecrmance depencs onL “low prebability® everts occuring infrequently. LAT s
correctness depends on very "iow pgrobability events™ not occurring at alle.
1t "iow provavility"™ means less thanh one event every hour, and "“very low
probability”™ mears less than cne event every year, then LAT assumes the
tihernetl cata link has the 1clillowing attrivutes:

0 a8 10w {robability of datagras duplication

0 ¢ 10w picbability of datayiams being received in an order dJdifierent
trom that in which they uwere transmitted

v a low probabliity of datazyrdams pellsc cortupted (and therefore not
gelilverec)

6 & low robability oif datsgrems being Jelayed nmore than 10
wllliseconds between souice anc destination ports

O a very lcw probability of datagrams being delayed more than 10
seconds Ltetween source and destination ports

0 & very low protavility of datagrams oeing delivered to the wWrong
destination address

0 a very lcw probability of datagrams being delivered which contain
undetected corrupted data

©

andwidth greater than 1 megabit/second
r

& ban
0 a broadcast/multicast capabiliity (see above)

ali Duker iC values die speciiied L GeClikol.

Lharacter string ilterals are guocted &5 1o YDELPUIv. Uccasionally,
DNrases and  teras that are conceptusily lwportant to the architeclure are
guoted, Yoaisnced mede® for instance.
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Capitalized nages are architecturally defined, an example is
SERVER_CIRCUIT_TIXEK. Lower cdse names are function names or events. For
example: transmit_unacknowqgledged_queue 1s & function name and Send_data 1is
an event. Many of these naaes appear in the document index.
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5 UVERVIE® OF ARCHITHECTURE

The major components of the architecture are the terminal server, the
host, the local area network and software mccdules in the terminal server and
hoste.

The praincical capablility provided by the architecture 1is the logical
conpecticrn of terminals tc host processcrse A vertical view of the topology
would reveal:?

Fomm————— fmm————— + o ————— + o ————— +
jhost 1§ {host <} inost 3i » o jhost nj
dmm———— o 4 o + fm————— +
~N ” -~ ”»
i | i i
v v v ¥
N L {m m e e e e e e e e e e e e e e e e e e e >net
i i
¥ v
bmmm—————————————— + G ————— e e e +
iterwinai server 1y - * o jterwinal server mi
i o o GcC ¢ OO0 G } i 6 ¢00 0 0 0 O i
+=1=1=t=i=l-i=-{-1-+ t=l=-1=-1-{-1-1-1-1-+
R T T T T T T | PR Y R I T N T
L0 terwinais o terminals

Each ¢if the users of the terminails on "terminal server 1Y could be
connectsd to 3 different heost simultanecusiy. Or they could all be utilizing
the same host. The same holds true for all c¢f the other terminal servers.

It is possibie for a single system to operate simultaneously as both a
host and a terminal server. If such a system wishes to allow local terminal
users to connect to the local host system, Ethernet messages transmitted by
the 1ocel systesm to itself wmust be simitiated by the local Ethernet port
driver sirnce these messages will not be delivered by the Ethernet data link.
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The ftthernet iitseli is layered:

multiple comp Uricat 1on ALt chitectures
i - i -~ i =
v 1 v i v |

tmm————— e — - —— + e m e —————— + e, ————————— +
-~ jprotocol user 1| i protocoi user 2i -« } protocol user nj
i o — - —————— + pommm————— ——————— o —— e —————— +

Data A i /

Link A i 7/

Layer tom————— e e - e -
i fthe gort delivers datayrams to the cifferent protocol users |
v { based upon the prctocol type fielc in received datagrams |

-— toom———— e ———- e e o e +
N "

i i
i v
Pnysical  ===cecrememccccmmcr et c e e e - ——————
Layer === Ethernet datacrams ———
‘ ------- - o - - — - -~
i N » ~
v H ! H
- v v v
o t i er L U & n et p or ts

Ags shosn 2bove, the kthelret Jdata iink iayer {(the port hardsare and
driver) aena the Lthnernet physical layer (the <cable) Cdan simultaneousiy
suppotri LAT and otlher communication architectures. This 1s accomplished by
assigning each communication architecture a wunique protocol type in the
Lthernet datayramss. [ne pthiernetl ports use lne cinernet protocol type fieldd
0f receive datagrams to distinguish petween the LAT protocol and other
protocol users of the Fthernete.
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batayrams are transmwltted and r1ecelve( over the Ethernet by an
impilementzion ot the LaT architecture. The LAT architecture could be viewed
as a layered architecture:

ierminals Application Processes

Ty o e e e o e o

juser-1} « . . fuser-nij juser-al - « » juser—-ni
it m e ————— fmmm——— fmmm e —————
L i Terminal Server I<-Terminail Server &and Host=>} HOSt ]
i Slot Layer Iprocesses pass data & control| Slot Layer |
L T ———— e —— |
i Terminal Server [<-Terwinal Server &and Host->| Host i
T JVirtual Circuit Layerjlprocessors exchange messages | Virtual Circuit Layeri
I o D T R R Rt T TP tmtmpmd e pmp ==t
[ Terminal Server j<-Terminal Server &nd Host->j} Host ]
T i pala Link Layet JplioCcessors eachaiye dalaygraumsi Data Link Layer i
I 4=t—d—t—t=t=d=—frt=Fd=ted = = = = = = = = - . = = = = et bmt—p g —t—p—}
E 9 i
i
i
|
i

€
~
[+

K FlTHERNET ¥Yhysical Layer
K (Physically shered)

h

byl

i
|
|
|
B R T i e —

In rreactice, ar implewmentatior wncuild ccilepse the Slot and Virtual Circuit
Layers into & single wmodule.

Functicnally, the virtual circult layer establishes and maintains a shared
virtual «circuit. The slot layer multiplexes one cr wore users cchnections
over the unlerlyinyg shated virtual circuit.
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5.1 Hlot Layer - User Interface

The primaty responsibility of the siot layer is user session
estabiishment, dete transier and aultiplexing/deaultiplexing ovef a comaon
underiying virtual circuit wzintained by the wvirtual circuit layer. The
sessions are established between terminais arc¢ host applications.

The LAT protocol is specified in a way thet allows each service class the
freedom to cefline extensicns to the basic connection management and data
transfer services. These extensicns to the foundaticn service can address
problems unigue to the type of service being provided.

In A termwinal server application (see appendix a2), each hnost makes the
services it provides knownn to the local are¢ by advertising the service in a
datagram periodicelly multicast to &1l terminal servers. These services are
representea «s hames 1h each multlcast dategram (oLUI_NAMEsS)e. 1The terminal
servers receive these datagraws, build up a 1lst of avallable hosts and host
services and otrer the user a selection of these hosts services. Normally,
these services would be presented at each terminai in a console mode liocal to
the terminal server &s shown in the diagrams

o - t Fomm e ——— + tm————— + t-m——— + pmm———— +
fhest-al hest-b| lhost-cl jhost~-d}i jhost-el|
tm————— + tmm————y mm———— b m———— tmm————

Fl

i l i i i
These hosts muiticast datayrams pericdicaily onto the Ethernet
which rame services ayb,csd ancd e.

i | i i i
v v v v v
B =———mmm e e — e ———— e ————— - e e ———————— —————————————————3fe
i i
Terminal servers build up and present lists of available host services
i i
v v
o ———————————————¢ e e
i Lvailable services:i } #vaileble services:
| asbsCrdre | i dssCrdye ]
e ————————— e ———————————
focoo0000] { coo00000 ]
jocooooool i covvooool
o m———— o ————¢
Terginal at Terminal at
terminal server a terminai server D

A& user thenh sipply selects the desired host service ifrom the displayed

list of aveilsble host services. The sjot Yayer tianslates the selected
(oLUT_NAME) 1into the nare of = host which contains the service
(CIRCUIT_NAKRT) . After successtully estazlishing a session #w1ith tne desired

¥
oot seivice, furither input typed Ly the usei at the terminal is transferred
to the 1 t, just as tihougn the terminai were, in fact, local to the hoste.
Thus the peculiarities {(such &5 meanirg ¢f control-¢C control-T, <control-Y
aee) ©Of @ particular nost system or host application process remailn uhknosn
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to the terminal server.

for network management purposes, each terminal
different set of availabtie host services pased on
hosts and terminal Servers. This capability is
segikentation of the cogputing Iresources pased
departmental ownership or physical locaticn. See the
DIRECTORY SERVICE"™ for more detailse

Page 15
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server <c¢an present a
group codes assigned to

provided to allou
on such criteria as
secticn on YLCOCAL AREA



Local Aree Trarnspcrt architecture - internal use only Page 196
UVERVIESW UF ARCHITECLTURE 19 December 1983

Led WVirtuaa Circuit Layei

The primary responsipility of the virtual circuit layer 1is to establish
andg maintsin virtual ciicults hetween hosts &nd serverse.

The virtual circuit sllows messages to pe reliably exchanged between the
terminal sarver and the host. The tiormat and the rules governing the
exchange of these wmwessages 1s specified by the Local Area Transport
architecture. The virtual circuit layer is responsible for translating names
into 48-b1it Ethernet addressese. The data necessary to maxe this translation
is normally supplied¢ to the virtual circuit laver by multicast datagrams.

Transmission 0i #essayes from the terminal server to the host is timer
based. The host always resgonds tc these messages from the terminal server.
Under certain conditions {(see state diagram) the host may send an unsolicited
HeESSdyte



Local Areg Transpoitl Architecture - internal use only Page 17
CVFRkVIEw CF ARCEHITECTURE 19 December 1983

The architecture zinlmizes the overnead of the virtual ciicuit by:

0 usihy sigple, asymmetric conhection management - (nly one virtual
circuit is established between aiiy pairing of a terminal server and
host. The virtual «circuit service 15 always 1initiated at the
rtequest of the terminal servere.

0o gpfocrastinating so there is more to do when things have to be done -~
messages are not normaliy excharged when ddata is avalilabie to be
transmitted. Instead, messages are exchanged perlodicallye. The
rate ot exchange can be set to a constant value or varied to suit
the needs of the apriication. & tyglcal value for terminal setvers
is about 8{ wiliiseconds. As pore users are connected over an
existing wvirtuzl circuit, the number of messages exchanged 1s held
constant, out the iength of each wmessage is ilxkely to increase.

0 piggybacking virtusl circuit controil information and multiple wusers
data 1in & single message = The wvirtual circuit simultaneously
supports more thar cne wuser, the messages are divided into an
tthernet header (which alloss the physicel cacle to be shared), a
LIT heoldor [anich 2YlcCks the virtuyal! circuit to te shared) and  one
cr gore siots. Sicte contain a3 heeder, which icdenrntifies 2 terminail
ahd & NOost procCesse

An btherret wessage 1s limited 1nh ienygth to 1518 bytes:

pmm———————————— Bt O bt e T et ——
ikithernet headerj LAT header | LAT 510ts eee | Lframe check |
o ———————————— fmm—m————————— e ——————— frmmmm——————————— +

j<=-= 14 Lytes =>|<- b bytes =>f<~= ug to 1492 ->i<-- 4 bytes =-->j}

2 LAT slct 13 iimited to 255 bytes cf data:

G o o o - - -~ -
i LAT slot header | slot data i
e ————— P —————— - +

j<==-- 4 bytes =-==>j<K~- 255 bytes mwaximum =->}

0 ewosuming a low loss, highly responsive, hign bandwidth, point to
goint interconnect - Messages are rot pirelired: instead, each end
of a virtual circuil takes turns trensmitting messages. Thils limits
the loac a single virtual citcull can present to tiie Ethernet and,
because nessayes c&n be exchanged guickly, does not reduce the
avaiiable hardmidth below usetul jevels for most applications.
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5«3 Frocuct Considerations
503‘1 hObt -

osts 1mplement the passive {or siave) enc of the virtual circuit because
this end of the virtuel circuit 1s sispler (and therfore cffers less load).
The entlre architecture can te i1mplemented 1r operating systems by presenting
the LAT wuser interface to the operating system terminal driver as though it
Wwere one or more terminalse. By encapsulating the architecture within this
existing tramework, the maximum benefit can te gained with g winisum effoit.

in example seguence of events follows:

1. A termingl server Yhears from®™ a host and adds tne host to its menu
of availahle systems.

2e The terminel scrvel usel reguestis g connection to & specitic host py
choosing one oif the hosts displayed in the menu at the terwinal
server.

Je The terminai server connects tc the host’s operating systeme.

4, The operating system terminal driver creates a "virtual™ terainal.

5 The terminal server user "logs 1in*.,

Cperating systems tnat impleméent the LAT erchitecture will benefit greatly
it the terwminal C¢river ir organized &s a terminal "class 2river™ and "“gocort
diiver™. Tie Cléss drlver embodies the «oentiol characteristics of the
opel ating systes termiinal 1nterface, wilile one o©or more port drivers
specialize ip passing stream data bpetween the (local) terminal hardware
interface and a commpch class driver interface. A5 a specific example,
congider the VALZY¥Z operating systems

e - —————————————¢
Sott, 0S specific, i VMS Terminal Cléss Driver I Ciass Driver
interface ====c cmrmemen) teccme e e e c e e ——————

! 0232 | DZ1i1 | ©Cw¥ | LaAT l

i Focrt } ¥Fort | Fort | Fort |} Port Driver
Hard, DEC specitic, | Driver | CTriver | Driver |} Driver |
interface -=---- ) e ——— > e

i Dz3z | DZ11 | LMF i NI i

j Fort } Fort | Ffort | FPort |} Local Interface

Hard, 1nhdustry jtartdwarelbharduwarel bardwareldardwarel
standard interface =—) #=ccsccemcccaccc e s c e — e e sy
i wires, tibers end other i
i gsso0rted paraghernalia i
R e ——— e ————————¢

¥ithiln the host, the implegentation ot Lhe Lecal Ares Terminal architecture
is cotfdned to Lite noex  tabeled M"uLal Port uUriver®, in an actual
implewentation, the YL AT Fort Driver” would consist ot 3 LAT preotocol driver
epd an underlying, noruailly sharec, &1 lort [river.
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543.2 fTerminal Server -

The simplest terminal server <¢an be implemented by using a inexpensive
microcomputer. Tne LaT soitware wocules, and the rest of the operating
system code can be implemented in read c¢niy pemcries. A user friendly
console 1interface, @petter than those ifound on large commercial terminal
switches, can oe used to assist the gperson trying to connect to a host
systeme.

4 wmore compiex terwinal setver could wutiiize LAT to communicaie @more
structureg¢ dats than the character streams described 1in this document.
Exampies might be workstatiors transferring files between the host and the
workstation, or a terminal server that supported multiple windows at the
terminal, esach mapped to a different session.
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6 LOGCAL AR:zA DIRECTURY SexvICE

The directory service is tesed on the muiticast mechanism built 1into the
Sthernete. The cirectcry service 1s desliyned to minimize the need for
intervention vy a2 netxorfk Manager.

The dirtectoiy szepvice is vely responsive tc suddern changes in the local
area topologye. A1l terminal servers discover that a4 particular host 1is
avallable within milliseconds o1 the host”s znnounhcing the service. If a
host should crash, the tlerminal serveis <an notify the users #ithin 3 few
seconds that the host may have crashed.

The overhead associlated with the maintenance of a directory service 1is
small conrared with the <cverhead of the ccnnection management and data
transgort services.

HFost and termirai server addressing (l.€., the directory service) 1is
independent o0f the rest of the asrchitecturec. In principle, the function 1s
not necessary to the proper cperation of the architecture. It the terminal
servers hau btuilt-in knowledge of host Ethiermnet addresses and the ciasses of
service offered by each host, the directory =ervice woculd be redundént.

The virtual clicuit layser must tragnsiste nawes 1nto tthernet 48-bit
daddlesses. ihis transiaticn is ncecrmpaiiy accomplishec Dby utllizing data
feCedyed Dty Dne Lefwioal sziv=i in fLltlcasit poslayese

while the different classes of service shere the underiying data transport
service, each class of service defines a different directory service
appropriate to the needs of that particular class 01 service. This
architecture 1s described 1n the context i terwinai servers and hostse A
directory service that partielly tuifills the needs of the hosts and terminal
servers 1is described 1in detail in the agpendix titled “StRVICE CLASS 1 -
INTERACTIVE TreRMINALS™.

6«1 1m0 Level wnagpne Spuce
Kames supplied by multicast messages are one of two differnt types:

0 CIKCUIT_MAME - Circuit names coIfesgond to “service access points®
(SAPz) ©or Ysockets®™ in the hest virtual circuit laver. E£ach virtual
circult tetween a ticst and a Terminel 3erver connects two of these
virtual circuit layver service access points together. S5Since the
Terminal Server oricinates all virtual circuit connections, the host
SkEs  are named  arnd the Terminal Server SAF are not named. The
vitrtual circuit assumes tine name of the nost SAP. 4 host can have
two ultferent circuit biccks with tte same CIECUIT_NAME - 25 long as
theove btwo Jifferent citcult Llucks efe associated with 4 Jdifferent
Terminal oserver (&8 difierent KeEv_AUOKESS walue 1n each circuit
LLOCK )
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0 SLUT_Nakk - Slot names ccrriespond tc service access points 1in  the
siot layer in both the terminal server and in the nost. These names

are supplied by ané to users for the purpose of providing a
converiert means c¢f icentificaticne. These names are especially
useful in esteblishing slot sessions when more than one type of
service 1s offered by a host systeii.
kulticast messeges are not regquired to sgpecifiy & CIRCUIT_NAME. These
massages are treated identically to messages that do specify CIRCUIT_NAMES
(as shown below).

Systems that wish to announce an available service send wulticast wmessages
periogicalliy.

¥ulticast meszages containing these SUCURCE_ACDDRESSES (3534), CIRCUIT_NAMES
(CN), SLLUT_NA®ES (SMN) nagmes anc SLUT_RATINGS (numbers):

o ————————— + o e + P + R L R o
i ALLD-3 | i cCLE~-Sa i } cubr=SA | i DEF A-5A i
b — e, ———————— + - —— - ———— + 4 o e ————— -
i { i STdwx-CN { i CALAXY=-CH i i i
j CTLPEI-Cn-11 1 | STAU-SN-234 H ] | l
t yvS50EY=-SN=24 | 1 PrTEOR=-CN 1 { 1 1 [
i VvAOMALL=L=-2 | i YelalR=-048=-2501 i i i i
i i i YuSLbv-Sh=24551 i i ] I
tm————— —_——————— + o m—————— —————— + i -—— e ———————
i DELIHL is i { HETECGE is i i GALAXY is i i ATHENS 13 i
i a part of ) } 3 ;art cf | i a gart of 1 H a gart of 1
I vaxCiuster 2 | i VaxCiuster a | } VexCluster B | { VaxCluster C |
o ——————————— + tm—————— ——— T T - o o e +
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xould cause the ifcliowihg database to cte constructed in a sever:

tmmm e ——————— e ——— pormm—————————— e —————— +
| CIRCUIT_NAKE | SLCT_NANME | SLUT_RATING | host source addr |
P ————————— o ————— e e e ——————————— -
{ i i { AECLh {
i { DELPHET | 11 i i
i i YMSLEV | 24 i i
i i yuSpall | 2 [ i
b pm—mm e~ s e e et —————— +
i STAK i i i RCDE i
i i STAR i 12 1 i
b m——————————— o m——————— o ————— ———— P ———————— -
{ METEUR i ! 1 RCODE i
i i METECR | 255 | i
i i Ve SLEN i 255 i i
A ————— e e m—————— pm————————— - e e e e e
i GALAXY H i i CLEF i
tmm e — e ———— tmm e —— Frm————— —————— e ———— m————
i i i i DEFA i
oo e e o ——————— —m—————————— - - -

ana tne fcllowire cisplay to & server user:

CELPHY DELPHY is a part of VaxCluster &
VioMAILL DeLbtil 1= a part ot Vaxu iuster 2
ST Ak #¥eTECK 15 & part ol VaxCluster A
MLTLOKR METECR 135 a part of VaxCluster A
VMSLEV DELPHI is a part of VaxCiuster A
{ or VRSDEN METELK 1s & part ol VaxClustei A out not poth )

Notice tnat the CIKCUIT_NA¥Es "“DELPHI™ anc "GALAXYY are not displayed to
the usel. The services on node "GALAXYY and the system sending the multicast
message trom tthernet port "CeFA"™ are unusable since they are not displayede.

6.2 Service Class 1 sulticast Message

Service c¢lass 1 utilizes @ single multicast messeye. This message enables
tine wvirtual caircuit layer to translate CIRCUIT_KAMEs into 48-bit Ethernet
destination addresses end the slot layer to translate SLOT_NAMEs into
CIRCUIT_NEMES,. The format and useage o¢f this Service Class 1 message 1is
described in the Service Class 1 appendixe.
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7 ARCHITECTURAL »CLTEL

This section preserts state diagrasms for the underiying wvirtual «circuit
(Virtual Circuit layer) and tor slot session establishment (Slot layer)e.

Further discu on

ssi ol many of the variabies ifocund in this section can be
found in the Y“AXI{ML a¥

P ALGCRITHESY section.

7«1 S5lot [Data

The term "slot dats" weans data suppliied by any of the following
functions:

volunteser_ximt_daleae_a

volunteer_xmt_data_a

volunteer_attention_data

queue_tcyv_sict_bufler (cireates & creuilt to be transterred)

SO0 QO

7.2 Asympetry

The 050 ahd telfwanbal selvVel sState Clagl ews cilter signiticantiye For
tnls rCeasou, tiey ale presented sepalateliy. fThe state variables and mapping
of received messages inte the state diagrems are so similar that this
material 1is presented once tftor the virtual circuit and once for the slot
sessions. Frequently ex.1licit notes point out that an item is relievant only
to the host or to the terminal servere.

7.3 Virtual Circult Service

in order to establish a virtual circuit from a server to a host, only the
Ethernel address and desirec¢ service class of the target host processor need
be known. The taiget host prccessor Fthernet address and service class are
usually determined from & pulticast datagram received by the terminal servere.

L%
[ 2]
i
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rtual vircuit state -

ete of a wvirtual circuit is capturec in a cgata structure called the
tock. A separate Circuit block is naintained by the host and by the
terver. Changes to the Lircult Block are caused by events at the
port, events &t the user intertace and tizers {(counters) within the
state machine.,

eral description o©if these variakles tollouws. Algorithams for
and transmitting wessages can ve found in  the "AXIUMS ARD
S section.

CIRCUIT_NAME - thne rame of the virtual circuit
KFH_ADLRESS - the tthernet address c¢f the remote system.
LOC_ADORESS = the tthernet address ¢t the iocal system.

¥S6_1YP - ressaye type. The high corder six bits of this fieid
gistinguish between different messaye typese. The low order bit (bit
G) ot this field is the KkF (response requested 1lag) itlag. bit 1
cf this ficoi? iz tre the Yagter flcz. 1t is5 2lmeys set in nessages
transmittec by the terminal server and always <c¢lear 1n messages
transwitteg oy thie Fost.

RKk#¥ = The respolise Fequested ¥Fiage. This bit 1s always <clear 1in
pesSsayes transmitted by the termlinal server. This bit 1s
conditionally setl when nmessages aie transmitted by the host.

whAm_Clr_au = Remole clicuit ldentification

LOC_CIR_ID -~ Local circuit icentitication {(index to circuit block
itseit)

NXMT - Nexi message number to transmit (modulo 256). This value 1is
used to guarantee nessage sequencing. Every new message transmitted
is mnumbeted c¢ne hkigher thar the previcus message modulo 256
(254,255,051 e0e)

ACK =~ Highest wessage nurpber fecelved 1In  sequence (modulo 2%56).
This wvalue 1s wused to tell the session partner which sequenced
pessage{s) nave been received by the local system. 1t is
transmitted in every message header tor the remote session partner”s
LUSca

Ll {(terwinal server only) - LDats ¥eiting Flage The flag is set by
the wvirtual circuit laver wherever the u&k¥F flag is set in a message
received frow the nost. DzF 1s alsc set by the slot layer swhenever
siul daty 15 suprlied.

The 0%F 1s ciecred bty the terminai sefvelr virtuai circuit layer
every 11fle & [i¢w ResSsage 18 transiitited to The nost that contains

_24-
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o

all ot the available slot data supplied by the local users. Thus
the U%F 1s cleared wnen all sliot block Data Heady Flags are clear.

U%F (host oniy) - Data waiting flage. This flay is set by tie slot
layer wnenever any slot cata is supilied. The D¥F is cleared by the
host virtual circult iayer every tiie a2 new message 1is transmitted
to the terminal server that contains all of the slot data available
trom locel users. Thus the OWF is cleared when all slot block Data
rkeady ¥Flsgs are cleare.

LX#T - Lowest unacknowledgyed messayge number transmitted (modulo 256)

nX#l - highest unacknowledged messzge numkber transmitted (modulo
256)

ECST_CIZCUIT_TimEx (nost only) - ITne nost’s catfcuit timer 1s an
interval timer which is startec wher the hest sends an "unsolicited®
Eessage to the terwminal server. %nen this timer expires all
LUNaciknowiedaged messayes ave fetransaitted.

SERVER_CIRCULIT_TiveR (terminal server oniy) - This timer expires

approximatzaiy  eyverv H0-100 wiliiseconas. This timer 1z used to
initiate the transsrission of new data but is not used to retransmit
UNacCKkNowizdget Cata. The terminel server retliansmit policy is

explained in the AXICMS  and  ALGORITHMSE section in the Message
Trasmitter seclioiie

EOST_ERETRAKSMIT_CDUNTER, SERVER_RETKRANSMIT_COUNTER - Count of number
cf tiwes the current wessage nueber has been retransmitted. If this
value reoches LAT_MESSACE_RETRANSHII_LIVIT, onpe of two different
policies can be enfcrced:

le the users of the circuit are notified that communications has
been ilost. The state of the virtual circuit is set to Halted.

Ze the users of the circuit are notified that communications has
peen temporarily interrupted. The state ot the virtual circuit
15 not changed znd messages continue to be retransmitted.

I the termirnal server 4oes nhot szupport multiple sessions, 1t is
fecommended that policy §1 be enforced. 1f the host crashes, policy
$7 would "hano® 211 of the users until tre host 1s rehooted and the
terminal server transits the of the virtual circuit state through
ailted; even users that attempt to disconnect would be "hung" in the
cisconecting sup-state until s message was sucessfully transaitted
ang acknowiedqged or until the virtuzl circuit state reached Haltede.
It uwultiple sessions are supported, users can escape to a news
vii buai (Riwificias

YU_SUALLITY - & ratirg o©f the wiituai cifcult guality. Juality

Vaolues sre lsplesentition ¢epenhdenta

- 25 -
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0 WUality should bte pe conslidered excellent 1f the ratio of the
(totzl of retlrersmited &rc duplicate messages)/(total messages
transmitied and received) regains under 1710,000 for a
particular virtual circuit.

0 uality should be considered gocd if this ratio remains under
171,006,

o Guality should be cousidered poci it this ratio exceeds 171,000,

0 Guality should Lte considered uiiégcceptable 1if the value of the
retrepsmit ccunter (eithes ECST_RETRANSMIT_COUNTER or
SERVERK_RoTRANSMIT_CUUNTER) reacthes LAT_MESSAGE_RETRANSHIT_LIMIT.

o AMT_bBUFFFRE_FrEEQ - Linked list of avaiisble transmit buffers.

0o UNACKEU_xMI4 - Lingec list of unecknouwledged transmit messages.
ress5ages are nuapered frow LXMT to naml Cousecutively, uniess tne
Gueuve 15 emdive.e (Lh the terwminal server the length of this queue
coes not norawally exceed one MesSs3ye.)
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T+3.2 Architecturaliy Contrclled Names Anc variables -

Tedeldel Hartual Circuit State Variables -

fhere sre four state variables waintsined by each end of a virtual circuit
in the citcuit blocck which are constrained by the architecture:

o LOC_CIk_1L - locezl circult identification. This value is stored in
the ciicuit bicck mhen the circuit tiock is created. The value zero
is reserved and 1s not wvalid as & LOC_CIR_ID. tach wvalid Run
nessagye received by the local system wiil have the DST_CIR_ID field
¢f the recelivec pmessagye equal to the LOC_CIR_ID field in some
Cilicull LioCKe

The LUC_CI¢_10 value should be defired by the system tc neip 1ocate
the circuit blocke 1f a virtual circuit to a partner should tail,
énd a hiew Circult Lo thne sume pariner is to Le formed, the values of
LOC_CIK_1D wused to form the new circuit must be different than the
Vaadue wool ab the oroevious circuit. Meornzlly this is  accomrplished

Ly Us1Lg 3 S€YQUENCE NUGLET .

0  w¥Fx_(1r_iU = rewmcte circuit icentification. Initially the
REM_CE&_ [0 wvalue 15 zero ain the circuilt olock. The source oi this
value 15 the SkC_CIK_IL 1ielu in received nessagess. This non-zero

vaiue 1eferences the remote system circuit block.

0 bdaml = nNext mwessage nuwdel L0 transiaite This circuit clock wvalue is
a wmodulc-256 wvalue that is used tc¢ assign the niessage header field
FSG_SEG_NBR.

0 ACK — the numper of the wmost recent message recelved 1n sequencee.
This «c¢itcuit block value is also & modulc-256 value. It is copied
from the M¥EG_SEQ_NBR field of &any messaye received 1n  sequence
(including 5Htari messages) 1o the circuit block ACK field. Every
time a message 1is transmitted, this value 15 copiec¢ into the message
MSG_aC¥X_NBE field.

Telde2e2 510t State vVariables -

The LCOC_SLCT_IL is 8 value assigned by the local implementation. Recelved
RPun siot LST_SLOT_I0s wildl Le identical to the value transmitted in the Start
silot UPC_SLUT_TL rield used to estapiish tne slot sess510n. For this [easofi,
the wvzalue should He =zsszigned 2s  an incex into  an array of tlot block
acdiessess.s The vetue LUC_SLOT_ID is constrained to be LON=-Zero.
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REM_SLUT_TU is a value stored in the local slot plock which 1is used to
vaelidate receivec Hun sicts. Initialiy the REM_SLUT_Iv 1s zero in the slot
blocks. The source of this vslue is the SRC_SLOT_ID field in received Start
slotse. This non-zero value references the remote system slot block.

Te3e2e3 Fessage Lounters -

The implementioi of Digital pioducts should cead "lDigital hernet Node
Product arcnitecture™? specitication. This document specxfle generic
product reguirements for vigitel Ethernet nocese.

The purpose¢ of requiring counters is to  identiily narcsare faults and
software ipmplementation errcrs.

Fegulred counters must be displayable on demand by a orivileged user on a
terminal connected to the local system. The description of the displayed
counters pust resemble the descriptions used in this section.

These counters should ve zeroed as 1infrequently as possible. Ideally,
countor.  ohowld o zorood by comiond ¢f oz ocrivileged user only. It 2y be
cdesirabie for nongrivileged uzers to be gzbkie to cisplay courters.

it & vittual citcuirt to o fewntes systes 1ls naltea, the associated counters
must wust not be zerced (sithough they way He celeted). An implementation
snould attewptl Lo retain counters even afier compunications with a remote
system has terminated s0 long as this requirement causes only 1idle resource
consumption.

Values must be unsiyned JZz-bit integerse. The values aust "latch" the
highest possible value if they overfiow.

implenetations must collect and be cepable of displaying the folloswing
115t of values fot each system:

¢ 1hose specified in "Dicital ethernet Node Froduct architecture"?

o Total number of 1llegal messages received {(and associated remote
ystem if possible)

o Totai nurber of lllegal siots received (and associated remote systesm
if possible)

NGTE

{liegal sessage znd slot counters ab € wmalntzsined as a part of
the wirtuel circult database listed Deiosw. 1I these counter
databases zre retaired for  some time gfter the virtual
circuits eie  terwmirceted, = waluuile plece information is
retatned to 4134nose the soufce of the illegai data - the
nape of the remote system
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Implemetations must collect and be capable o0f displaying the following

iist of

OCCoeCc oo

(o]

véiues tor each currently active virtuail circuit.

(best effort) SECTNCS_SINCE_LAST_ZukCED (optional)
MESSACELS_TRANSMITTED

MESSAGES_RECEIVED

MESSACES_RETRANSMITTIED

CUFLICATES_RECEIVED

ILLEGAL_WVESSAGES_HECEIVEL (causing the wvirtual circuit to be
aborted)

ILLEGAL_SLUTS_KECEIV2D (causing the virtual circuit to be aborted)

bLase 0f use and¢ paintenance wouid incdicate that the fcollowing counters

should

also be displayable by each system (way be reqguired for a Digital

ii‘a.y'i exentation)s

o C O

TUTAL_MFSSAGES_TRANSMITTED (excludirg multicast)
LulAL_deiiLAhi_bafﬁbdﬂM _THANSMITT kU

TOTAL_MESSAGES_RECEIVED (excluding pmulticast)
TCTAL_NMULTICASI_UATRAGRANMS receldved

toe2i of niber dataocovrams received {(rome jmwriementations may 1ot neen
this counter 1T the fthernet data link iwpiements 2 perfect filter).

TOTAL_FOANME_CHECH_LRRTES recelved

T AL rﬁﬁ“t“ DEFEREFL due te busy Ethernet
T0TAL_LEbuslu_briebrko (dlscarded)
iUTaL_UubLICaATE_CIkCUIT_N&MES Lecelved

Fexember that a:q;aﬁc are tthernet frawes under virtual citfcuit controle
Fulticast datagrams are not considered npessages.
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Te3aled rwrror YHandiing — Illeyal slots And ¥essagss -

Illegal messages and slots are those that do not conform to the defined
message formats o grossly vioclate the deiined state transitions of a virtual
circuit or user slot session. These messages and siots shoulag not occur, but
if they do:

0 An error must be loggyed. Minimally, a displayable counter must Gpe
incrementec. 1deally, the affected users and the system manager
should be immediately notified of this unusual event.

0 4s much ¢f the messayge or slot as pcessible should be stored in order
to diagnose the failuree.

0 The message or siot should be ciscaided.

6 The (underlying) virtual circuit shculd be terminated.

The term "illegal™ shouid be distinguished from the term "invalid".
Invalid nessages &na 3lots are normal events &nd are ususlly caused by
iwproper synchronization (resynchronization of wvirtual circults and user
sessions).

FRea®pies 0of 1lleoal messanes are!

0 4 teceived meszage with either the DESTINATICON_ADDRESS or the
SDURCY _ArDERSE ogual to zero.

O &0 uliknowh ¥oG_TYPE 161 a4 recelved meSsaye.

O & (ICR—Z2L0 ohL_ULIFR_10U 1In & received 5tup mpessage.

¢ Ak zero SEC_CIFE_ID in a received Start messagee

0 & unonh=-zero DsT_CIR_1L 1n 3 Start message received by a host.

¢ ) zero DET_CIG_IC ir a Start meszage 1recelved by the terminal
SELVEL»

0 A Zero ULST_CI®_IL 1p a Run message.

0 4 zero SEC_CIls_10U ir a Kuh message.

0 (thers = please get them added to this list.

Examples of iliegal slots cres

0 An unknown SLOT_TYPE value is received.

¢  in unknown SERVICE_CLASS 1s recelived ir a Start siote.

0 & hion=zero SKRU_SLCT_ID in a received 5top slot,

o A zero SKC_SLYOT_TID in a Start slot.

o A non-zero DST_SLCT_ID in a Start siot pfeceived by a host.

6 & Zel1o0o GST_SLELT_ID 1in a Start slot recelved by a lLerminal servera.

0 An Attention slot specifies a hon-zero value 1n the credit field
(documented as zn ¥F2z field in the zessage format section).

0 & Start =lot received in the Fun stete (without and intervening sStop
il

0 2 mejuct Si0ot received In the fun state.

¢ @ vata_a or bLata_b sict arrives which contains data (consumed a
I2i0te  ecredit), UL no user Dbuifer 1s available (no credit was
extendeil).

|
(78]
[

!



—— o ——

Local Ares iranspcrt Architectyre -
ARCHITECTURAL HLDEL

internai use only

0 @ wnun slot with 3 zero OSKC_SLCT_1L.
o & Fun sict with & zero DST_SLUT_ilue.
0o Lthers - plesse get them added to this list.

Page 31
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Te3e2.5 Lefined rarameters Eind Recommendea [t Requlreq Default Values -

Sowe 01 the values definec 1in this sectiorn may be changed by the systen
Lanagere The name of the variabie shcould be simiilar to the name used below
in command 1nterfaces.

The follow values are architecturally defined constantss

0 Protucol Type - 50-C4 (hexadecimal) or as a bit stream, first bit on
tthernet ai leit {(V0C0.0110.0010.0000)

0 kulticast Address - RABE-0(0-03-0C~C0-(0-00 (hexadecimal) or as a bit
stream, first bit or Ethernet at ieft
{(1101.01¢C¢1.0000.0000.1100.0000.0000.0000.0000.0000.0000.0000)

ihe toilvwing vaiues must pe specifiec befoie an implementation 1is
operational. If the wvalues are settable within the ranges specified, the
names used to reter to the parameters muist pe reasonahie facsimile of the
rname used below. The architecture requires the values be within the ranges
specliieds
U rewTOCLOL_VIT . = The volue 1.

o CIRCUIT_NAXE wust te specitied by the system mwanajer before the
stall 0L serviCe can De &SROOUNCEG.

O SRA¥RR_CI<2CuyiT_TIvke = In  the renge 10-950C ailliseconds (80
piiliseccnds tecomnwended).

0 HOST_CIRULUIT_TIMEE - In the tange 1 to 2 seconds.

0 LAT_MESSAGE_KEIRANSMIT_LIMIT - Four or @more messagess Eight
ressages reccrrended for the terminal server
(SerkVeork_neTrANDMIT_CCGUNTEr 11amit), wore than ol wessages recommended
for the host (HOST_RETRANSMIT_CUUNTEx 1limit)e.

0 HOST_MULTICAST_TIMER = In the range 10 to 180 seccnds (30 seconds
recommended)e. This wvalue is suppiied via the start_service_class
functiorne.

0 LAT_mMIN_KRCV_DATAGRAVM_S1ZE - 1in the range 576 to 1518 ( 1518
recommended) for both the host and terminal server.

o LAT_mIb_nCV_SLCT_51IZE - In the rangye 1 to 255 (127 recommended) for
both the host and terminal server.

0 LAT_MIN_ECV_ATI_SLUT_SI1ZE - In the range 1 to 255 (31 recommended)
iof poin the host &and tersminal seiver.

0 LAT_#AX_StERVERS - The number c¢f data iink buffers dedicated to
starting new virtucl circuits. 4 velue of 1 is recommended.

0 ABR_DL_EULFS - 1he nuiber oi cats 1ipk buffers asszigned minus one. A
Vvalue of zero 15 recommendede.

¢ FPRODUCT_TYPE_CODE - Start messages containing the value zero in the
PRUDUCT_IYPF_CZDE field way oe rejected by an implementation. The
KFASUN gaven wili be that the product type ctode 1is unsupported o1
UDKGOWTL.

et oty e
{ 10
-

v
3

is rLUTC Lterwminal server
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Ze FPUSEILDLY terminal seiver
3s  VARA/VME nost

4. 1S5X1i-4 host

5. KSX1i-bk+ hoest

t. TOPS=2¢ nost

T e 1gP5=-10 host

8. TCPs~2z{ termirzl server
Yo LAT=-11 terminal server
10. HerkleysuNIX host

The following value ®must be supplied before an iwplementation 15
convenient to use:
¢ SLOT_NAEL - the nLame of the host service displeyed Lo the user.
0 LAT_KEEP_ALIVE_TIMLEE - In the range 10 to 255, A value of 20
seconds 15 recoummendede.

The parameters thet are optional are:

i} = The vailuve { unijess ap FCii h»s heen applied.
PACILITY_NUMEFR = &4 value supplied via the locsal command interface.

O ol

o CERVLP_MEME - & name suppliec via tre local command interface.
o LUCATTON_TFXT - Text supplied via tre loczl command interface.
G

rafamelel Gata suppiied Ly an iwnplencntation’s sotftware modules or
Vvia the 10Ca1 COmEalc interlaces. oew 1hncividual service classes jor
& degscription cof these parameters.
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7Te3.3 message Types -

There 1is a <commen virtuai circuit header format for LAT messages
documented 1in the section M"MESSAGE FORMATSY™ (othner message formats are
defined by the ciliferent service classes). This wvirtual «circuit message
format is one of three cifferent types:

ls start message - Hlart messages are used to establish new virtual
circuits.

Ze IUn messege =~ Kun wess5ages convey state and slot data betseen
Systense

Je stop message - Stop messages are used to end a virtual circuit

SEEZA0iie

A 5top messaye 1€ 3id0 useu as 3 Yno clicult® message to reply to a
received message which references s nonexistent or invalid virtuzsl circuit
(see state diagraws "Send Stog™)e. An  imgienentation should make a best
effort t¢ send these Mpo cicruit® emessaces, ticcasicnatty, Zue to lacik of
resoulces or ctnernet JUata lin¥ errors, these Y“no circult”™ messages may fail
te get Jdelivered. Faliure to send these “Yno cifcult™ messages can result in
sicw resyrchrerizeztion after the host cor server crashes.



Local Ares Transpert Architecture - 1rternal use only Page 35
AKCHITECTURAL MUDLL 19 Decemper 1983
Teldeaqd Yirtuzi tiicuit State Variables -

There are tnree victual circuit states: nalted, Starting and Runninge.
Jnce thne system to system virtual clrcuit has started successfully, the

circult reaches the Running state.

These evenis determine state transitionss:

1. WVC_start (server oniy) - user requests virtual circuit startupe. An
1@mplementation would zllocate a Circuit Block at this point if none
existec.

2o  ¥C_halt - user reguests thet the wvirtual circuit be halted
imsediately

3. Start_rcv - Start wmessaye [received. An implementation would
allocate =& Lirculit f#lock at this pcint, 1i one adid not exist from a
previous circuit, snc¢ initialize ali state variables.

4 Inv_start_rcv - 1nvalid Start recelved (see message mapping section)

e CtOp_fCV - 5tOofp unesscge received.

te 1DV_stop_rcv - invalid 3top receiveld (see next section)

i RUN_LCV - kUl pesscge received with valid connection identificatiornie
The messége 18 1in sequence 1if MSG_SEG_NBR ¢f recelved message equals
the value ACKE+1 in the circult block ( modulo 256 ).

e Inv_run_icv - invelid Kun recelved (see next section)

9. Timer = the wvirtual circuit tiger expirese.

16. kesend_limit - The retransmit counter reached the limit
LAT_WMESSAGE_RETRANSMIT_LIMIT.

11l. Send_data {(host only) - A user suppiies slot data and the RRF flag
1n the «circuit bicck is clear. Hcecte that this event is blocked if
the KEF 15 setl.
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Teded Hesponse Keguested viag and kalanced sode -

¥hen the most recent message received from the host has the RgRF
clear (no response requestec), &nd this message acknowiedges the
last messege transmitted from the terminal server, the virtual
circuit 1is said to be “balanced . when in this state, the host has
permission to send one "unsolicited® message and the terminal server
will not send messages if the DWF (date waiting flags) is cleare.

This state wili persist until either the Send_data event occurs
in the host or the D&F 1is set 1in the terminal server (possibly due
to the Leep alive timerje.

"Palarced wode" gprevents the LAT protocoi from consuming
unecesszary cthernet bandwlidths #ithout balanced wode, LAT messages
wouid be exchenged at  SerVEn_CIxiLull_Tlil#bs @willlisecond intervals,
even though no useful data was beirni¢ exchaiiged.

There 15 @& sub-state that 1z not evident from a cursory
insnecticn of the state diagrans. This sub-state is entered when
the event Send_data occurs. Hotice that this event causes the host
Liwmes Lo So oLtLrled nd o, cousz Lhe Cirtcult viock BRF tlag to he
sete 4Als0 notice thtzt this evert cernct cccur if the RkF flag 1is
alteady set.e This sub-state retransmits all unacknhowledged messages
mhereyet Ltie a0ST_ClaCUTI_TIebEk eapites. This sub=-state 1is exited
when the host receives a3 npessace that acknowiedges ali of the
currently wunacknosledged messayes. At this point and tiie
BOST_CIFCUIT_TImMER 15 siopped. Tihe purpose of this sub-state is to
guarantee %unsolicited®™ message deliverye.

Car
(o
[}
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Tedeb Message Mapplng Lnlo flate Liragram -
Recelves npessages umust pe vaiidated.

The rthernet data iink layer verrfies that the wthernet
DESTIRATICK_2OLRESS tielc in the (ecelved message matches the address
assigned to the 1ccai system and that the PRUTCCUL_TYFE field in the received
message 1s egual to the LAT protocol typee.

Be

%

ol

e LAT virtual circult layer maps messages onto circuit blocks based on
the value of the SCOURCE_AULDKESS (48 bits) field of the received message. A
match to & circuit plock 1s tound 1f the SUURCE_ADDKRESS field of the received
message eguals the KEw_ADURESS field in the circuit biock.

The LAT virtual circuit layer maps Start wmessages onto circuit blocks
baused o the value of the CIRCUIT_KAME flelid 2id the S3CURCE_ACDRESS fleld of
the received Stait messeéges A match tc & circuit block is found if the
CIRCULIT_Nav¥t field o0f the recelived Start message eguals the CIRCUIT_KAME
field in the circult plock &by the S50URCE_aDLaESS fleld of tne received start
ressage eqguals the FEM_PLLEESS field in tte circuit block. If ne match is
tound, a new circuit clock can be <created end these two values used to
initiet17e  tre rew circurt bPiock, T{ po CTedUIT_NamF 1w supolied I1n A Stact
message (the CIKCUIT_NAME_LeMGTH 1s zero), tlten the OSUURCE_AVDBKESS of the
BESLAUE @100e 1o Laed 1o Fmep the #essege onle o circuit biock.

numevel &5 ai optiwization of Crl wtilizalliovil, Iurn wessayes may be mapped
ointo a circuit pilock Lased sciedy on the valie of the LsT_CIlx_ID rield ot the
received messaqge. The value UST_CIR_ID must match the value LOC_CIx_ID 1in
the referenced «circuit block. {(Fun messages that do not map onto a circuit
Piock in the Zunniny state arc Zlsczrded and o Stop message is sent to  the
remote systemme)

Fun messages ara Stop messages ale @apped onto a circuit block based
solely on the wvalue oif the DSI_CIK_IL field ot the received message. The
value DST_CIE_1L rust match the value LCC_CIF_1D in the referenced circuit
block. {kun wmessages that do not map ontu a circuit block in the Running
state are discarded and a8 Stop message 15 sert to the remote system.)

hext, the message type is determined from the LAT  header MESSAGE_TYPE
field. The recelved message 15 then mappzd 1nto the state diagram based on
the following rules:

0 otatt_recv - The us1_Clk_il'! ot the recelved message must equai the
LOC_CIR_1U in the referenced clrcuit blocks. SKC_CIR_1D of messaye
wust not be z2ro, and 1is copied to the KEM_CIK_ID field of the
rererenced circuit biock.

o Inv_start_rcv - DST_CIR_ID ot recelved message is non-zero and not
eyual Lo LLC_CIla_1U in lhe rteferenced ciicuit viouci.

0  kun_vrecv = UST_CIR_10 ot received pmpessage equals LOC_CIK_ID  of
circuit plock  and SRO_CIR_ID of received wessage equals keM_CIE_ID
Gl cricuilt DlocCye 1The message 1S i seguyence 11 MSG_SEQ_NBr ot
recelved gessaye ecuals the wvalue ACK+1 in the circult block (

-37_
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scdulo 256 ).

¢ Inv_rur_fcv - LST_CIR_ID oi message not egual to LOC_CIR_ID 1in
circuit block or OSKC_CIK_1D o1 message not egual to REM_CIR_ID of
circuit bilock or either ftield 1n the message 1s egqual to zero.

o Stop_rcv - DST_CIR_ID of message equals LOC_CIR_ID of circuit block
and SRC_CIK_ID of message equals Zefo.

o inv_stop_trcv - UST_CiE_1U of message not egual to LOC_CIK_1ID in
circuit block or SKC_CIR_IL of messege not equal to zero.

In the case of the first Start_rcv event in the host, no circuit block
will exist to reference. # circuit block shoulc be allocated and the state
variables should be initialized as descritved below the host virtual circuit
state table. The UDST_CI®_1U o the received message should be considered a
match to the LGC_CIR_ID of the circuit block in this case. If a circuit
block cennoct be 5310Cetedy the idplementation shoulc attempi to senu a Stop
message that indicates no resourcese.

invaeild messeyes are the result ot isproper synchronization between the
host snd terminal server. These events are rormal) the message 1s treated as
described in the stete dlayfase
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tminal Server Viitusl Circuit State Table -
Evert(s) Action(s) Next State

4+ . oI IS SIS -S4 -IDIS=ZZmZIZ=ZzZZ=zZzZz==zzZ= == :::::::::::;:::::*::::::::::::*
i VC_start ] Initialize, Sendc Start. ] Starting ]
e — e ——— e e — e e ——————————— m——————————— +
i Stop_rcy i Ko actione I halted |
tmmm———————————— m———— e — et — - ——————————— frem————— ———
} Inv_stop_rcv | do action. ] Halted i
P ———-————— g ———— e ———— i e e e
i any cther Esg | Process Start, Send Stop. | Halted }
trmm—— e ——————— o - ——— e ——————— o ————— ———————4
i any other i %o actiomne i Halted ]
o —————————— —mm—pm——————————— e 2 o e e o - e e +
1 btart 1cv | Process ftart, send Fun. } Running i
e ————————— e e e e e e e e e e fmm— e —————— -
i aesend_¢1m1t i Hotily users, send stcy. i Halted i
e ———— ——————— e, — e — e ———— e —— ———————————— tmm—————————— +
i Timer | Hesend S1arts. 1 Starting i
fm——— - $omm—— - e e e e e o e o e +
| Stop_rcy | dotily users. | tHaited i
P —————————— b ——————— - - - +
i YC_haslt i Send Stop (wilth feason). | Haitedq i
T R domm e et e e rm e e, ————— mmm—— +
1 Inv_s=top_rcv | No actior. i Starting i
o ——————————— o o e e e e e e o ————— e e e e +
i any cther &sy | rrocess Starti, zend Staite | Starting i
trmmm e — e e ———— em e e m -~ e —————— tommm e —e +

Terainal Surver VYirtugl Circuit Ztate Table Notes

the Rep_CIk_I0 field in the circult blocke.

the received Start

tialize"™ means the values in the (Circuit EBlock are initialized as:

RCUIT_KA¥EL~- <the nanme passed bty the Y(_start functiono
Ze RFN_ADDRESSK~ <value passed in the VW_start call>
3« LCC_ADDRESSK- «value assigbed to the local system>

MT = N = Next message number to transmit

MT<= §

EM_CIK_IDC- 0 (later copied from received Start message)
He LUC_CIk_10<= <unigue virtual circult connection

id>

K £= 255 = message nupbter most recently received 1in seguence
- LouWest unacknowledged messaye number transmitted

BT<~= O - Highest unacknowledged messaye number transmitted
RYER_CIRPCUIT_TiMELS~ <reset to ~ :0 ms) {ccunt-dokn to zZero)
RVER_KeTRANSMIT_CLUNTER<K-D (count- to LAT_MESSAGE_REXMIT_LIMIT)
acibl_Alws— <ewpltys

d ilag 1s cleared

F 15 clezrea
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terginal server virtual circuit state table - continued

State Fvent(s) Action(s) Next State
S T L S S D S S S e o - G - - o - +
i Kunning | Run_tcv I If msg 15 ocut of sequence: zerc 1 Running |
i i i NER_SLUIS in msy hdre. If KRr i i
i i i flag 15 set: set U%F. Process | H
i | i receivec ack; process message. | i
i Fmm————— ——————— T e e e e e —— - +
{ 1 Tiger i If megsages remz2ian unacknowledged:d i
i i i resend a11 uracked messagese. 1 i
i i i If messayes acked and UWr set: i i
} i i send message, clear DwF ii{ all | Running i
| i i siot data nhas been sent. l i
| { I If wmessages acked ang LWF clear: | i
i i i 20 aclion. i i
i Fommm - —————— For e = o —————————— +
| i heserd_limit | Notify users (ot opticnally halt | Kunning i
i i i via V(O_halt eventj)e. i (%dltea) i
i o ————— = 0 o e et +
| i Vi_nelt i Send Stop (with tfeason) i naited i
i R e b -~ o o $ = e - - e +
i I stop_rcv ! ﬁutliy users | Halted |
i o mm e m e — e ——— e m e et e — m—— - ——— tr—m e —————— +
i | any cther ] set Lwt I Running i
P ———————— e - - ———————— e ———— P ————————— +

Mote that the server slot state table alsc specifies that DWF be sete.
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{ any other wmsg, 1

i ul Ly a2sovutcesy Fiocess Start), send Stop.

ARCRITECTURAL #&(ULEL 16
Te3ebe2 tiost virtusi Circuilt State Tabie =

State tvent(s) Action(s)
Y ittt dinaiivalogreioeiefinefioriimtieinill Siiorireiiiemiontiongimsin ol ticiliinioagioiio ottt gudruoiintdomiondos
| Halted | Start_icv ot | Initialize) precess Stait)
i i Inv_start_rcv | Send Start (01 3tog)e
i A s e o e e s e o e e e o o o o e
i } Stop_rcv ok i '
i i Inv_stcp_rcv l Xo action.
i o ——— —————— pomm———————— ————— e ————————
i
1
+

It wsg is out of segquence: zero
NER_SLOTS in msg header. Process
LCVG ALKe rLOCeEs ECVC messagc.

rot1fy users (or optionally halt
via VC_ halt everit).

oo m—

i “esend_limat
i

A . - -

b

i

1

H

|

H

‘ o o - 2 -~ - —— -~ —

i } VC_halt Send Stop (¥ith ieason)

: § oo e v wn m o i n e e A e e . A . .

i i S5toe_1Icv | Yo action.

i tmmmme e, ———— - e e et e e e e e e ————

{ i Inhv_sSToup_rov I Yo sctivne

i o —————— o ———————— e o e o e e e

i i start_1Icwv | Initiailize; piloecess Start,

i | i send Start.

i o e e e e o — e —————————————————

i i any otper wsy | send otart

A - s s e o o 2o o o . o o 1 o o o e o - - o o - — -
Bnrocess Start® means copy SRC_C1k_1IU froa the received sStar

the «circuit block tield REM_CIR_ID; copy the SRC_ADDRESS fr

into tne KEM_ADDKESH field in the circuit plock and copy the
from the received Start message into the circuit block CIKCUITI_

Binitialize®™ means the values in the Circuit #lock are initi

ie CIHCUIT_NAMELS- <copied fiom the receive Start messaged
2e KREM_ADDRESSK- <SUURCE_ADDRESS frem the received Start
se LOC_ADLRLSEC~ <value assigned tc the local systemd

4e KEM_CIK_CILK- <copled from received 3S3tart messaged

5. LOC_CUIR_1D<K~- <unigue connection 14>

Ha NAIMT<= { - Next message number to transmit

Te ACK <= [ = wost recent messagye nuwber received in segu
Be LXMTC= ¢ - Lowest urecknowmledgec message numwbei transm
Ce LAMTC= 1 = Hishest unacknowledged message numper Lrans
10e EOIT_CIRCUIT_TIMIPLC- <{stoppedd

1. c&ST_aL1%Ah>w¥i_cmdﬂﬁﬁﬂi- ¢ (counts up to LAT_MESSAGE_

Page 41
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Next State
ST DD TTZE===e
| Starting |
i (or iaitea)a
o ———————— +
i i
| Halted i
fom—————————— +
| i
i Halted I
e ————
| Running i
l i
I i
pmmm————————— +

} Startiag i
i (dHaltedq) i

t message into

om the message
CIKCUIT_NANE

NAME field.

alized as:

messager

enge
itted
mitied

REXwmiT_LLINIT)
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1Z. USACKeD_adTa<~ Kenptyo
13. RPY tlag is cleared
14. DWW is cleared
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nost virtual circuit stete teble - continuea

State tvent(s) action(s) Next State
4T RIS T I g m e ———— v o o e - o - -y = v 1 o o +
{ Runningi Kun_msg_trcy i 1f msg 15 out ol sequence: zero i Kunning i
| | { NBR_SLOTS in msg header. Process | i
i i { rcvd ACK; if ali msys sre acked: | i
{ } i stop tiwei. Frocess rcvd messageji i
| ] i gueue_transmit_message; { 1
i } i transmit_unacknowiedged_gueuc. i i
i frm————— tmm———— e e o e e 2 2 e e ———f i ———————————
! V foare_daty ! otert timer) gueue_transmit_message) ] Running |
J f i transmit_urackrowledged_dueue. i i
i T - o e e e e e e e e e e dmm e ——— +
i i Tiger | kesend unacked msg¢s; reset timer. { Running ]
i tm——m—m————— e e e e e e e e — s s — e ——— ————— e ——————— +
i i Fesend_limit { wmotify users {(or optionally halt I Running i
i i 1 via V¥C_hailt event). | (Halted) {
| pommmmm————————— pmmmm———————— ——mmm— e e m————————— ————pm———— ————— +
i i Vi_halt 1 send Stop. ] Halted i
{ o —————————— o o e - — e m— e ———————— +
i i Ctoep_iew ] Tetify vsere. ! Halted 1
| frmm——————————— $ e e e e e e + - +
i i stari_icy I initiailze; process Start; i i
{ i | send Staite. } Starting 1
i o ————————— - b e e —————— - - e o e
i i any otiied i Transmit_unacknowledged_gueucs 1 funning i
R Pmmm e ————— e e e e e m——————— e ———— +

Hstart tieer® staris a one to Lwo Secondu intetval tiiiei. This timer 1is

usedq to retranswit messayes that do not get acknowledged by the terminal
server within the expected time limit. Che second is arbitrarily larger than
the timer value used by the terminal server (SERVER_CIKCUIT_TIMER). If this
timer exgires, most likely the terminal server has crashed or the Ethernet
data iink has failed.

The queue_tiansnmit_message function conditionally modifies the RRF in the
Circult biock betore the message header is generated. The KR¥F flag is alsays
set in the Circuit block 1if the Circuit Block DsF 1is set or if the 1last
transmit message butfer 1s being consumecs. The KREF flag is cleared whenever
the queue_transmit_message function finds thet the Circuit Rlock D¥F is clear
and the last transmit message buffer is not being consumed.
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7«4 User Connection Manayement And Lata rlow

Variabies in this section are describedé ir sufficient detail to explain
the slot state trensiticns necessary to estatclish asnd malntain slot sessionse.

Tedel Service Clazsses -

it is the responsipility of the slot layer to deliver start slots (connect
requests) to the apgropriate service class in the host. Each service class
has the frecdom tc¢ cefire the capabilities utiiized by that service <class

independently. ror instance, the service class i might utilize attention
slots while the service ciass B might not.

after the stlart siot has been accepted by the service clsss, and 4 start
siot sent in response, all subseguent slots assoclaied with that session are
delivered to the same service class.

Therefore the virtual circuit service can be shared by one of more service
ciasses, wilile each service class utilizes different slot types and slot
€ ey
- i o

v

v .
e ®

Tadae?2 tHost Session Management -

The host implepentation may choose to alweys accepl or reject a connection
(respond to a start slot received by the rost with a start or reject slot)
based s0ley vii cutreintiy avallable lesoulcesa. { Lack of resources mignt
include such criteria as norsvailability of memory, too many users or system
shutdown 1n progress). This type of implementation 1is appropriate if thne
connect request contains insufficient information for the host application to
make a decision tc reject the connection. Irnteractive terminal login is an
example o©f such a host application. The gccount name and password must be
supprlied Within the context ¢f the session before the host application can
reject the s5es5100.

tlternatively, 2 host 1mplementation may ofier the host application a
chance to rejeci ot accept directiyv. Thils is the behavior modeled in the
host slot state table.

Te4e3 #uitiplexing Over & Virtual Circuit -

fo provide multiple users connection management and data transfer service
sirultanecusliy, the underlying virtual ciicuit c¢an pe shared by ali active
userz. This shering iz acccenplished Ly Zdivicing each message inte a header
and ohie or more slotfse. %henever more than one user has volunteered data to
De trensmitiag, al indélviuual user®s abilaty fo transmit data 1s restricted
Ly the following fules, whiclt guarantee each uselr gets treated fairly:

- 44 -
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0 limiting the siot size - the maxiwui slot size is the slot header
size (4 pytes) pius tne maxinur date size (255 bytes), or <59 bytes.
Thus one 1518 Lyte message hss enough room ftor at 1least five, and
usually rore siots.

¢ slot tlow contrel - Data_a and Data_b slots cannot be transmitted
unless a transmit s5i0t creait (LOCAL_CKEDITS) 15 owined by the user.

0o liimiting each user to one slot untii ail other wusers have been
considered

0 not starting with same user each time - 1f not ail ot the siot data
it intc & message, the next scan for slotl dats should resume with
the users that did not get slot datz into the message the previous
time.

s with frames on the Ethernet, slots are divided into a header and a data
sectiona. Connection managewent 1s  accumiplished by dJdefining Lhe state
transiticns of the slot headers as described in the followsing sections.

Teded slot Ordering wilhln ¥essayes =~

Siot ordering within 3 wessage 1s not arbitrarye. If two or wore siots 1n
a3 buffer are acddressed 1tc the same usery, the slots are processed from the
beginning of the butter toc the snd.

For iiistaiice, &L "apgert® siol recelved oy e termloal server wiil abort any
output data 1n slots received before 1t within the message {(and in previous
messages), out will not afrect & slot in the buffer tollowing ite.

T-4.2 1llegail slcts -

1f an illegai slot is received, the virtuel circuit on which the siot was
received shoulu be stoppea (the slot sessior, if it is identifiable, MUST be
stopped). An errcr 103 antry should be made.
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Tedab G510t State Variables -

The state transitions fcr slots are similer to these for the underlying
virtual «circuit itselt. Any of the slout trensitions shown 1n the slot state
tzhles assume an underiying virtual circuit in the Running statee. If the
virtual «cifcuit shouid exit the ¥unning state, the slot sessions immediately
transter to the helted state.

The state of 2 slot sessicon is captured by each end 1n 3 data structure
called the slot Block. Changes to the Slot Elock afe causac by eventis at the
Ethernet port and events at the user interface.

The virtual citcuit iayer delivers to the slot layer messages that contain
one or more siots. Slot validation is the responsibility of the slot layer.

The wicot block contains the foliowing fieldds:

REA_SLUT_Hade - the name of the local slot block

LUC_SLOT_wmAMe ~ the nhame 0 the locei siot block

KEM_SLUT_1IU - memote slot connectior identification

LUC_SLUT_1D - Locai slot conneclion 1dentilication

REMOTFE CLEHTTY - errendyts Peino  extenden to  the sessjon nartner,

This credit total 1i1s zeroced by the slot 1ayer each time the siot

gUltiplexer copies the siolt into o sessaye pufier. This total is

incrementad  evely time the user wdds & receive buffer via the

Yyucue_trcev_slot_buffer functiona.

o LUCAL_UKpDITS - avaliable credits te¢ transmit siots. This field 1is
initialized toc zero when the slot tlock is createde The slot layer
slot demiltiplxer acdas any credits extended in the recelived slot
Chel tielc to this siot blcoek LUCHL_CREDITS fielce The slot layei
slot mpultiplexer decrements this field whenever & Data_a or Data_b
slot is copled into a message buffer with a non-zero
SLUT_BYTE_COUNiT. Léts_a and Data_b sicts cc NCT consume credits if
the SLOI_bBYTE_CUUNT is zero (to prevent infinite loopingl). Start,
Stop and Attention siots 4o not consume credits.

o SLOT_T¢Pt - slot type. Une ¢t Statt, Data_a, Data_b, Attention,
Eeject or Stops

0 LKF - Data Ready Filag. Set whenever slot data 1is available.
Clearec by the slot layer swhenever aii slot data is under virtual
circuit control. This flay is not essential to the architecture.

o SLUT_CUUAMT - byte count of next field (which could be zero)

0o SLUT_DATR_KUFFEP - This buffer is used to store Uata_a received over
the session a5 the result of extending slot credits.

0 ATTEMTION_LATA_LUFFEx = This pufter 15 used¢ to gaeliver Attention

gdata to the user. & semaphore (not shown ir the siot block) is used

to Aarbitrate ownership of the tufier. 3ince Attention dats is not
tlow controllec, Attention data 135 discarded 1f new data 1is
et iveled aity the Dulfer 18 not Aavatiapie,

2C 000
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These events determine state transitions:

1. Connect_req (terminal server only) - user regquests connectlion.
2+ Lisconnect_reqg - user requests disconnection.
3« Hkeject_reg {(host only) - user rejects a3 regquested connectione.
4e Accept_reg (host only) - user accepis & requested connecticn.
5« Start_tcv - start slot receivede.
be Stop_rcv -~ stop slot received .
T heject_rcv - reject siot received.
Ee. Run_icy = Datz_=a, Uzta_b or sttenticn 510t receivede.
Y« User_dats - user supplies data via volunteer_data_a or
volunteer_data_b.
1%. User_rcv - user supplies recelve siot buffer via
quene_rcv_slot_bulffter.
li. Stop_sent - Stop message under virtuval circuit controi.

7-.4.7 Terminal Server Slot ¥apping Urto State Liagram -

tecelved slots are wmapped onto the events bhased or the vyvalues racaivel bo!
tne recelved slot UST_SLUT_TIL ang SRC_SLOT_ID fields, anc the current slot
hlock values of KEY¥_SLUT_ID end LLOC_SLCTI_10.

The kKey G0 lhe sysbels ip the tabled

o L — UST_SLOT_TE from the received sioct eguails LCC_SLUOT_ILU in the
rtefetenced slot block
0 & = SpC_SLCT_IC ftroax the received 510t equais wle_SLOT_IU 1a tae

referencerd siot bLilock

o 1 — DST_SLCT_IU from the received siot does not egual LOC_SLUT_ID in
the referenced slol tlock

0 J = SRC_SLCT_lu troms the received slot does not egquai RKEM_SLUT_ID in
the referenced slot block

0 [ - Doesn”t matter what SRO_SLCI_ID in the received slot is

0 U = DST_SLUT_IL or SkC_SLCT_IL in received slot is zero

DST_SLUT_ID SrC_SLOT_ID State Type o1 slot or action to be taken
L b Eunning Data_a, Data_b or Attention slot
L i Starting Start siot (D cannot be zero)
L O any Step or Reject slot
L J kunning send Stop to SEC_SLUT_1lu
L] U Starting ignore s5i0t (sessioh snutting down)
H U Kunning ignore slot (session shutting down)

Fvents oshown 160 this list Lul oot ip the tabie nheicow are either i1nvaltid or
are events that occur 4s a session shuts down. Tha2 1ist suggests an
applopriate AaCciiof.
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Te4e 8 Terminal Server siot ftate Table -

State kvent Action Next State

4+ oI T I T . T I o4 T I oI I oIS IS4 I TSI oSS oIZIo-IZIZIZzZzZzs-ozszZz=ZzZz== adigimofiediont e dianpeafeel ]
| Halted | connect_regq i Initialize, Senc Start. ] Starting |
i o ——— o o e T e 7 e o e
| i any ctner ] hOo action. i Halted i
T T DT E I S v e e o - ———— o ——— - - - ——
| Starting | disconnect_rTegl NO action. { Abort_start|
i o —————————— frmmm e —— e e m———— e ——————————— +
| 1 Reject_rcv I &0 action. { Halted i
} pmm————————————— 4mmmm—m———— —————————————— e |
i i atart_rcv | srocess SKC_SLUOI_1D; i Kunning i
| i f wupdate credits; process Start. i |
§ pmm——————— ——————— pmmm———— memee st m— e ————- et e —— +
i ] whiy cthed i bo aclich. i starcting i
4SSO IS e e e ————————— G - - v o e e
jabert_stity eject_rcv | No action. i Halted i
i P ———— e —————— o ——— ———————————— e e et e e
i | Start_rcyv | Send Stop | Halted i
| o ————— o ———————— e e, ————————— pm———— ——————4
i i #any othey 1 »n actior. ! Abert_start

P L I T LS S S S S e - - - G —— G - —————— +
! fPunning | digccounact_reqg) Send Stop (see iute bellw)e. I Stcppilug H
{ o e o e F o e e e o e e P ———————— +
i { otop_rcv } wotlly user. { Halted 1
{ e ————— e e e e e . e -~ ——- o ————— +
| i Heject_rcy i Illegal slot (uevlare VC_halt) i Halted |
i o ——————— e e - o - +
i ] Start_icv P oI11i dl slot (Leclare VC_hadl) | tiaited i
| pmmm———————————— frmmmm————————— ———— - —————————— e St TE SR -
i | Bun_icv i opddtb credits &nd process slot. | Running 1
{ rmm—— e —————— e e - ————————— o ————————— +
i User_data cr | ! i
| i User_rcy i Set UWF and DKF. i Running i
1 pmm————em——————— e — e e ———— $mm———— ————— +
{ i anj cther ] Nc actior. i Running i
I oo SISt - -———— o - ——— - ————— 7o T~ o - - +
{ Stopping | Stop_sent ] No action. 1 haited |
i e m e ————— o st e, s c e, s m e mm—————- te—mm—————— -
i i any cother i 50 action. i Stopplnq i
pm————————— o s e e e e e P ————————— +

i Stari_rcv event need not be distinguished from a Run_rcv except in the
Starting sStates in the Starting state the Start slot should be validated
based on Slot_type to be sure a Run si1ot 1is not beling received.

"pLoCeous SAl_SLOT_1U" meors copy the SKCO_csLui_ib field from the received
310t 1nto tine RedM_SLOT_ID tftield of the =slet tlock.
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#lpdate credits” means adc¢ the CReLIT fieid 1in the received sliot into the
LUCAL_CKRELITS tield oi the slot block.

The "Sena stop"™ action in the table gay 1rvolve gueue deiays until the
virtual circuit layer accepts the Stop slot. Until the Stop slot is accepted
under virtual circuit control, all other received messages should be ignored,
and the transition to the lialted state must be delayed. This prevents the
connect_req event from reusingy a slot state table until & gqueued stop has
beenn accepted by the wvirtual circuit layer.
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Ted4a9 H0st Siot Mapping Untc State Diagram -

5lots are wapped onto the events based on the values received in the slot
DST_SLOT_10 and SKC_SLCT_IL fields, anc¢ the <current slot block state
variables LUC_SLCT_1D and Re¥_SLOT_ID. The key for the symbols in the tables

6 L ~ UST_SLCT_IL from the received siot equals LOC_SLCT_ID din the
teferenced siot block

0 Kk = SRC_SLUT_ID from the received slot equals EKEM_SLGT_ID 1in the
referenced siot Slcck

¢ 1 - UST_SLCT_I1L frum the received slot dces not egqual LCC_SLUT_ID in
the reterenced slot block

0 J = SKC_SLCT_Iiu trom the received slot does not equal KEM_SLOT_ID in
the referenced sict block

o [ = [oesn®t matter what SREC_SLCT_IU in the received slot is

0 v = udbl_SuiLi_IL o1 ExC_SLUT_1U 1n fecelved slot 135 Zero

DST_SLET_1D SwO_SLCT_I0 Type of =lct ©cr action to be taken

L I Latu_a, Data_p cor Attention slot

L J Ignore (stcp sict folicwed by reassignment of
| S SRl 4 Aok S & AN
[V S R P R S O VI B |

L i S3top or hKeject slot

9 v start ( L cannot pe Zero ).

] 3 ioncte sict (seesion snutting Cown)

The Start_tcv event <G U> can occul in any state, but the event is alsays
mapped onto & new siot plock in the halted state.
rvents suo0wh in this list cul not in the table below are eltner invalid or

are events that occurl a5 4 S&ession sShuls  GOwDe The list suggests an
appropriate action.

- 50 -
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7+.4.1U0 Host 5iot S5tate Tabie -

State tvent Action Hext State
B it e litelimipnimipdtpointieiiociuiieondly” Jniieliesioaseoeciaifiani el I I I S I LTI T I 4SS ZSSZIZITZCSH
{ halted | start_icy i Inlt, request session of user. | 5tarting }
] fmm————————————— o e ———— e e - e e e - ————————
{ i any other i Ho actione. 1 Halted |
P L L T T N m o S e e - ———— - o - - - - " —— ——— ES
| Starting | reject_reg | Send Reject. i ﬂalted i
i fmmmm— e ——————— tmm e — - o e fmmm————————— +
i | accept_rey | Send Start. i Runnlng i
i o m e ————— e e — e ————————— ———————— pm——————— -
i 1 Any other i No action. i Starting i
P L L S o R St = ——————— - o e - ———— -~ P o e o o +
| Running | uleCPEECt regt Send Stop i Btopp1ng i
i b —— - Yo —————— - o o 2 o . o e o - o +
| { Ston_rcv i NO action. | dalited i
| foreme e c—e——— R et e e e ————— +
i i reject_rcv | 80 action | idalted i
i tmmmmm—m o ——————— = e pmm e ——————— +
i } Hun_icv | Process slot. i Running {
H o, ——— e e e . - - ——————————— o ———— +
1 i User_deate or | | i
| i User_icy | Zet LBF anc Ukl » | kunning |
i 4mm———— e —————— T i ettt D +
| } Any other i B0 actllOnie | #Kunning i
S L oL LT oS e - o -~~~ —— - - ———————————— +
| Stopping | otOp_sent i No action. | Halted i
i e —— e ———————— et e — e ————— tm————— ——————— +
i i any otnet i #0 dCLLiUla | Stoppiag H
pm————————— fmmmmm—m e ————— B e o o e e t———— —————— +

A nost implementation may choose to alsays accept a requested sessliofie

in

this «c¢ase the Starting state in the tabie would not exist. The start_rcy

event would establish a session (assuning sutficient resources). A user

at

the host (the terminal class driver) might then later reject the session via

the disconnecti_rege. 1ihis example would cccuil during a terminal server
login failurse.

user
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& LAYER INEREACES

The interfaces presented in this section are not meant to be implementede.
The purpo:se is tc present the contrel and data flowing through the LAT layers
between the users 1in a #ay that unambiguously descrilbes what is regquired at
thie interfaces, but atlows 1mplementations the freedom necessary to implement
the ftuncticns approgriately for each differert systen.

The woael presentec 1mplies that each side of the interface both provides
service entry vpcecints and utilizes service entry points provided to it.
Synchronization aCross interfaces is the responsitility of the
implementation. speciiically, the implesmentation aust assure that ali user
and Lkthernet gdata 1iink 1irterface events are pIccessed serialiy and
atowically, in Loth directicns. This regquirement arises primarily from the
need to meintain predictaple states in the stared Circuit and Slot blocks.

The poiling wocel is used to show correspondence of functions and to
reduce the airount of text necessary to describe the intertfaces. udnly one
interiace 1s desciibed at each layer. In fact, implementations would offer
only & subss cf the tunctions desciibed, one subset corresponding to the
terminal server and another correspondaing to the nost.

In interface catlse

input parameters are specified flirst

inpul palametlers are separated from outvput pargaweters by a semicolon
parameters are separated by Coamas

HS=M, M-, and "gH-" indicate that & functicn is availiablie at the
terminal server ("35-"), host ("E-=") or poth (M"SH=-%).

O C OO

within the interfzce c2ils, the "Yreason® argument is defined separately for
each differernt service class ( see the appendices)e.

8.1 L[ata Types

There are iwo <istinct types of data that c¢an pe transferred petween
session partners: Jata streawms (Date_a and Uata_b) and attention data. The
data streams aie fiow contrclled and ertcr centroilec. The attention data 1s
error controlied, but is not flow controlled. Idempotent operations ana data
not reqguiring delivery can bte transfered 1in gttention slots.

The puipose vi having coth Date_a and LDate_o dats sireams 1sse

0 status and contrel information (Uata_bL) can be transfered - as a
sepatate data streems. An impiementation does not have to embed the
status AnLa CcONLroi 1ntorwation 1n tne aate stream Or operate a
cerarate virtual! circuit.

0 status arg control (fata_o) transfeis are phase locxed relative to
Late_8 frensiers. i1t the ULeta_u siol incdicates a change 15 to Le
appited to the Lata_a streai, the chkange is unambiguously applied to

- Ny -
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the supseguent Date_z slotse.

G the implementation ic free to define thne entitre tormat of the Uata_b
slots. This provides much gyreater flexibility since the Data_a
channel is norwally unfoimattec.

The rules governing Attention data are difterent than those governing
Data_a and Lata_b. tttention date «can be transmitted even though the
LOCAL_CKRELIT totasi in the sict block is zero. The purpose ¢f Attention dJdata

0o to allow a conticl slot to gpreempt any data waiting to De
transmitted 2t the local systea

¢ to allow a contrcl information to Le transterred to the session
partner even though the normal bata_a and Data_b paths are blocked
cgue to lack ot flow control credits

fach tervice class must cefine the wmeéximnun size of attention data slots.
The slot oslock uust reserve a buffer of this size dedicated to the delivery
of Attention data. 3 sewaphore is set by the slot layer when Attention data
is delilvereu inte tiis buffer and clearec when the user has process the datae.
It the sepounvTre e set when attention dats s deltvereq, the attention d2t=R
1s discarcea bty the siot iayer.

{a
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B2 Useiljsiot Lajyer inhterface

This interface allows users to advertise service, establish wuser (sliot)
sessions, and trepsalt anc receive Gata. 1Inese thriee categories of service
are referred to as directory services, session control services and data
transier Servicese.

The slot layeir itself formats slcts for trarnsmissiocn and validates

received slots Lefore passing the data to the user. The slot layer is also
responsiblie fof i{low contiol and periodic service advertisements.

Ra2e1 Summary [f Functions -

ihe slot layer offers lhe 1oiiowing hierarchy of functicns to the usex
lavers

S g g g g T —— 2~ o~
} Function offerec: { Type of functicn: |
D bbbt T ————————— e ety ———————————————————

o= Stort_scrvico_clnzo directory service |
- ;oll!_service_class directory service |
to- stalt_session {connect) sessi0n service i
fr- fiew_sBesaloii_poli sesslicn seivice
fie— accent_new_sesslion 555100 s5elvice
o~ tejecti_new_sessioin 5es5510n saIvice

i

{

i
session serfvice i
(data service |
data service i
data service i
{

i

|

|

i

i

[ 42}

— ——— —— -
| SR ST dull NN 44

e

]

poll_session
gueue_rcv_slot_pufier
poil_i1cv_dune
gueue_attention_butlrfer
poll_attention_done

o sl allh <l
[

o
1

data service

- Qo o W Yo wa—e Wi Q. W W .. Wb

ti— volunteer_xmt_data_a data service
jol- volunteer_xmt_<cata_b data service
| 5H- volunteer_attention_data data service
j5hi- poll_xmt_dJcne data service
job- end_session (cisconnect) sesslon service
= end_service_class | directory service |
pm——————— —————— et D D R e
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Caldal

vescripticr uf Functicrs -

The ftunctions cfiered to the user by the slot layer are?

0

G

n=start_service_class(class,timer;status),
t—end_service_class(class,reason;stetus),
S-poll_service_class(ciassystatus) - these functions are wused to
edvertise availability and to determine availiability of particular
service classes {(such as intersctive termingls) in the 1local area.
Coniceptually, these functions bracket all of the other services
cfierec to the users by the siot layer. These are directory
servicesy, and are not an integral part of an ilmplementation. These
funcrions normaliy control the transamission and reception of
ruiticast addresses.

0 <class - service class (see appendicies)

o0 timer (optional) - specitied 1n seconds, determines freguency of
wuiticaest messaye Lrdansmissior (see DEFINED PARAMETERS AND
RECOMMENDYD OR KEQUIEKED CEFAULT VALUES).

0 slatus - one ovi: class enabled, class disabled.

L=start_séession{adadrassyclass,nin_slot_sizeshandle,stutus),

t-otoll_sessivii{slot_nawme,class,nili_oslot_onlzesnandie,status),
ch=enid_session{handle,reason;status) = tiiese functions are used to
establish & nes session and to disestaplish an existing session.
These functions bracket the remaining functions offered to a user by
the s51ot layer, datc services cannot Le invoked unless the user has
successfully esteblished 2 session.

0 address - kthernet adcdress of host

0 slot_name - The npaie of the remcte slot block.

o class =~ service class

0 handle - used to reference the sgession localiy

0 slot_size - the minimun slot size queued by
queue_rcy_slot_bufter for Data_e, Data_b and Attention slotse.

0 status - one oif: reguest_active, request_rejected (see service

clasz appendix), insufficient resources to complete request, no
sUuch 3€S85i0ha

0 Treascn - the rezson can be an integer value, a byte counted
ASCI1 strirg ¢r beti. Thisg rezson may be supplied to the users
1f that 1is sppropriate to the implementations. The reason 1is
conveyed to the remote hali-session by the Stop wessage and/or a
multicast nessace.

H=nierw_=Ssession_solli{;handie,status),
n—acCepl_new_sessicr(hancle,mirn_sluvt_size,ncce;status),
n-rejeCli_new_scessioliinandle,tessony;status) = these I[unctions are
usz2g to ce=2pt ol reject a reguest 1o establish a session.

ol
-~ w:} -
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0 handie = used 10 reference tne session locally

o slot_size - the minigun siot size gueued by
gueue_rcv_slot_tuflfer for Lata_g, Date_bt and Attention slots.

¢ status - one 0l: reguest active, request_rejected(see service
cidss appendix), insufficient itesources to complete request, no
s5UCh se3s5i0ne.

0 [eason - the fezson can be an  integer value, & byte counted
ASCTIT string or bhothe.

SH=polil_session(hancle;status,quality) - tnis function is wused to
determine the status of existing sessioNse.

0 handle - used to reference the session locally

0 ststus - Startirg, Running or idelted (with reason code)e.

o yuality - the guality ot the wviirtual cigfcuit, one of: VC_oxk,
VC_suspect, trarsport disapled,

sti-mgueue_rcv_siot_buffer{hancle,butier;status),
sH=-poll_icv_done(handlejbufifer,status) - these functions allow slot
Luifvre 10 L0 gqueuct and recedived ciol date to Le deliveiad. The
Liniaun length of this receive buffer is specified in the Start slot
pliIMUN_ATTENTICON_SLUCT_S1ide and #inisU#_DATA_SLOT_S14E fields.
D1iiCe S50t Credits are used for ooth bLate_e d4nd vatda_p slots, tnese
slut receive puffers wust te the sane minimum size.

0 handle - 3 reterence to @ local session

o buffer - the starting adaress anda length of a buffer.

0 s5tatus - one of: buifer queueu, nc siot data avaiiabie, slot
data availeble (Start, Stop, Data_a, Data_b or Keject)e.

SH-queue_attention_buffer(handle,buffer;status),
SH-poll_ettention_done(handle;buffer,status) - these functions allow
the user to recelive out of band data. ULata delivered by this
fuisctlon 1s not sequenced relative to the data delivered via
poll_rcv_done. 1If the data delivered bty this ftunction 1is not
received 1aster than it is delivered, new data may be discarded by
the siot layer.

o handle - 3 reterence to a local session

6 buffer - Lhe starting adcress and length of a puffere.

0 status - one ofs butter queued, no data available, data
available, datas available and data wmissed.

Sit=volunteer_xupt_data_alhandie,bulfer;statusy,
Sv=~yolunteer_xnt_date_blhendle,buifec;status),
sti=volunteer_xmt_sttention(hencle,putfer;status),
st=coll_xnt_cdone(henclejbutfer,stetLs) - these functions aliow data
ahic attertion slots to be trensmitted to the session partiner.

-5 -
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Attentior vata 1s nct tlow controiiea. attention data (out of band)
15 not olocked by the noraal data (in band).

o iiandle - 2 reference tc 2 local session
o buffer - the startiny address and length of a buffer.
0 status - one ovi: buffer queued, data transmitted.
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Bed Siot/Virtual Circuitl vayer Interiace

This intertace allows the slot layer to establish virtual circuits and to
transmit and receive messages and multicast catagrause.

The virtual circuit layer maintains virtuel circuits to one Cr mere remote
systems, transmits and recelives messages, runs a timer, trahsmits and
receives multicast datagrams and notities the slot layer about changes in
service.

B.3.1 Summary {f functions -
Ir summary, the virtual circuit ieayer offers the following hierarchy of

functions to the slot lavei:

) Function cffered: i

F o o e e 2 o e o = 1 2 e S o 0 e it o e

§SH=- queue_rcv_datagran i
Jow=  pUaa_ECw_Jlorc H
Joi- queue_transeit_dategram ]
fobk= poll_tlrenswit_duiie i
{ o YL _stert i
- accepl_virtual_circuit i
ioki= poll_virtual_cilicuit i
{Sh- poli_recelve_message_done {
| 5H- glueue_transnplti_message i
joH=- poil_transwmit_nessage_uacked 1
15H= transnit_unackhowledyed_queue i
| 5H- Vi_step i
e e e e m e m e m e ————————————— -
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Hede s Description LUt Functicns -

The specific finctions offered to the slot layer by the wvirtual circuit
layer are:

0 f=¥{_startiaddress,rax_sessionsjyhancie,status),

o S-VC_start(circult_name,xax_sesslions;nandle,status),
H—-accept_virtusl_circuit{hancdle;status), SH-VC_stop(handle;status) -
these furcticns allcw the slot layer to establish and disestablish
virtual <circuits. The slot layver wmust poll the virtual circuit
layer to discower the state of virtual circuits and the state of the
underlyirg datz 1irk 1tself. Thke host system must not daily in
respondiry to & request to start a wvirtual circuit. If the host
wishes wol Lo have shy e cifcults established, all service classes
should be disabled.

0 4addless = btthelnhet adoress oi destlnation system

¢ circuit_name - The name of the virtual circuit.

0 max_sessions (optional) - the meximum humber o0f sSession that
will ever be active simpitaneousiy, ({(f supnlied by the terminal
SeLVEer, a host igplementation might avoid allocating
unliecessarily letge data structirese.

o hartle - handle used to reterence the virtual circuit locally (
4 rtetefefice to the circulit block)

0 wtatus - one ¢1i:f insufficlent fesources tc compiete regyuest, no
such circuit.

o n=-poll_wirtual_circuit(;handle,status,qguality),
SH=poll_virtual_circuit(handlej;status,quality) - these functions
allow the existerice 01 new sessions and the status of existing
sessions 1o be determined.

o lhandle - handle used to reterence the virtual circuit locally

0 status - one of: Starting, kunring or halted (with reasonj.

0 gquality - the wirtual «circuit gquality, one of: VC_ok,
VC_suspect, cthernet data link cisableda.

0 SeH=quevue_receive_datagram{(buffer;stztus),
st=poli_rcv_done( ;handle,butier,status) - tnis function gives the
virtual citcuit lasyer datagras buffers which are in turn gqueued to
the Ethernet data 11inke. These datagram buffer are filled by
putticast datayrams and by virtual Ccircult mesSsagesS.

o buliei = addiress aind lenyth vi & bufier.
¢ status = ore of% buffer nueued, no data available, wulticast
satogrum avallatcle.

o>
i
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(o]

H=queue_transmit_datagram(butfer;stetus),
tb=podl_tiansnit_done(,;buffer,status) - thesse functions gueue
catagrams to the Etbernet data link 1or transmission and poll for
the transasit completion. These functions are used to transmit the
nuiticast {or goessibly other types) of datagranse

¢ butter - address and length of & pbuffer.
o ststus - one c¢f: buffer queued, transmittiter errore.

SH-gueue_transmit_message(handle,butfer;status),
SH-poll_transmit_message_acked(handie;buffer;status) - these
tunctions 3llow the slot layer add pessages to the wvirtual circuit
layei ursacknowledgec message gueue and tc receive them back after
they have Leen ackhcwledged.

0o handle = handle used to reference the virtual circuit locally

0o buffer - s0Gress &nd length 0L & messSage.

0 status - one of! w@message ¢ueuec for transmission oOr message
transmiited.

Ch=transpit_uneckncwiedged_guete(hardle) - this tunction caused all
cdtstancinyg unacknowiedged messages 1o De retransmitted.

0 nandle - nandle used to reference the virtual circuit locally

sH-poll_receive_messege_done(handlejoufter,status) - this function
aliows tne slot layer poli ine transpoll layer Lor any iecelved
EeS5SEYES.

0o handle - handle used 1o reterence the virtual circuit iocally
0 ouffer - aaddress and length of & message.
0 =status - ore of: no datz azvailebie, message available.
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9  AXICMS BARD BLGCLKITHES

This section detaiis s set of algorithms that would produce the correct
behavior at the wuser and Ythernet cata 1link interfaces. 4hile these
algorithms would produce the desired resuit, any number of equivalent
aigorithms that produce an eguivaient resuit at the same two 1nterfaces would
serve equally welil.

The whole architecture can be characterized as two (host and terminal
server} tuwo-~port black boxes. Comppressirg both the host and the terminal
server into single diagram, one pight visual ize the internal structure of the
LAT architecture zs:

v o luanteewet e ——— + f e ¢Cc g i v e
slot dats I SLCT | slot data
------------------------------------ ] BLOULK j===—==srreccrrrrrec e c e mrm e
i j{shared)i -
v frmm———— + | EC
o ————————————————— + o + L
timer i slot i nass credits i siot i N oA
---------- > sultiplexer j{==memmmmmcnaccncmceee—} demul tiplexer | N N Y
+--1 (q3ot, intc msy)) pass contiol (in host)) (msy intc slots)i £t b
] 4emccmccmcmmc e + o o e + C kK
| i - ~ jgqueue o T
i transwati | e + | lrecelive
v ressagev | i CIlECULT 1} | vbuffer
-------- d o e e o e e o e 2LUCK e e e e e e e e
tran¢”1t! 1 ! (sharel) | ~ 1
unacked| i jreturr mmmmmm————— + 1 |
quaue | i jacknowledged deliverj | T
] v lmessage messagel v R’
] t=mmmmcemmrnnram—- -+ o ———————— + AL
I nessage { remove acked wessage | gessage i N A
+=->] transmitter j{=mmmrm e e e { receliver i 5 v
j(virtual circuit j====---ccccmnec-a- ===-=]{virtual circuit | P E
i ﬁdlntenance) i transmit unacked queuel maintenance) | 0 R
o ———— ————————1 e m—m e e ————— R
transmit | transmit = receive *° gueue | T
datagrams v conplete | datagram | receive v
ETHERNFT LATA L1bK LAYEEK
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The foilouwing process abstractions are (somewhat arbitrarily) created
within the slot layer to heip present z duetalled model of the internal flow
of control and data within the iayer:

o slot_demultiplexer - turns a messase into onhe or more slots
o slot_sultiplexer - turhs one or more¢ siots into messages

— P

0o Ssession_sterter ~ allocates & SLOT_BLOCK and initializes a
nalf-session

0 session_ender - closes a half-sessicn and deallocates the SLOT_BLOCK
0 administiator -~ advertises service (in host) and builds 1lists (in

tefmlinai servel)

The following process sibstractions are (again somewhat arbitrarily)
cieated within the virtual circuit layer to help present a detailed model of
the internai flow of contrcl and cata within the layer:

0 ciliculil_starter (terwminad sefver onldy) - starts new virtuai circuits

0 clicuit_ender - stops an existing virtual circuit

0 message_iecelvel - receives datagraas from the Ethernet data link,
valioates tne rtecelved datagrams (turning each into a message) and
pasSses the messdagye on to tne silot laver

0 message_transmitter - receives messages from the slot layer,

maintains a queue of unacknowliedged messages, and transmits
datagrams on the fthernet data link
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.1 Virtuai Circuit Layer

The algorithms cgescribed in this section cofrespond to the state table
actioclis, not the state tsble events.

Gelsal Circuit S5terter {(terminai Server Oniy) -

khen a reguest is received to start a new virtual «circuit (via the
VC_start ftunction), tne terminal server:

0o aliocate a circuit biock (see state diagiam) and buffers. Allocate
NER_DL_BUFS+1 receive nmessage bufiers and one transmit message
buiter where HER_DL_EBUFS is the value sent in the Start message.

0 Gueue the fecelve message bDutfer(s) Lo the ctnerpnet Jata 1link via
the queue_rcv_datagrem function

o store tine transmit message buffer in the circuit block

¢ Translate the CIHKCUTI_NAME into a 4bt-bit Ethernet address and load
this address into the REF_ADLCRESS field of the CTircuit Blocke.

0 genelrate a Start messasge (using tne transmit message butfer) and
Jueyrs 1Y to tke vesrcace fPrensTitter via the queue_transmit_messajge
tunction

9.1.2 Circuit bnder -

nilgil o legUest is received to stop an eXxistling virtual circuit (via the
Vi_stop function), the Circult gnder generctes a Stop message and queues it
to the Message fI1ransmitter via the «gqueue_transmit_message function and
indicates 1in the carcuit block that the virtual circuit is in the Halted
state.

In the host, if service 1s being terminated, the Circuit Ender might also
send an extra multicast datscgram to 1ndicate that service has been ended.

Yeled Message rHecelvar -

The messatce [ecslver validates received messagese The Lthernet data link
verifies the:

0 ithernet destinstion addrzsss 0t the frame matches that of the local
systen
o LAT proteset type (Cevengllly OrF 1P lemwentallon)

'
[
[#%
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After these i1ields are checked, the message Lype is determined from the
LAT header mESSBCE_TYFE fieic. The received messace 1s then mapped as one of
the messaye types (see STATE U1AGRAMS section)e. It any of the actions
described tails, the message 1s discardec without perturbing the existing
circult stete. In any case, the receive buffer is always qgueued back to the
Fthernet data link gquickly with respect to SERVER_CIRCUIT_TIMER.

0 Start amessaye (host) -

0 discerd sessage 1f the SEC_CIK_I0 field ot message is zeroe.

o match to &n existing circult bliock or, 1if no circuit block

exists, asllocate a circuit block and bufferse. If no

ihsufticient resources exist to accomplish this, a best efiort

atteapt 1is made to send a Stop message. Normally one receive

wesscde bulfer 1s allcocatecs TI the MNBR_DL_BUFS fileld in  the

Start message response wili ke non-zero, that many additional

recelive butters are allocated. Two transwit message buffers

plus  (optionaiiy) the value ir the NER_DL_BUFS in the received

Start message are allocateds. (Lne transmit message buffer is

consumed Ly a message containing data with the RRF flag clear

sirce it wrli rot he ackpawledoned; <cp0 a3 second buffer is

required which, 1f 1t is tne last, «ill always have RRf set to

iorce & terwinal server Lespoiin€).

queve the recelve message(s) to the Fthernet data link wia the

yueue_tcev_datayram function

U sStore ine avaliebie transmit wmessage buffers 1n the circuit
vlock

¢ copy the SRC_CI1k_ID fielc from the received message to the
BOM_CIT_ID field of the circuit ovlocks, copy the SRC_ADDRESS frou
the received uzessage 1intc the Circuit 3Block and copy the
CIRCUTT_NAME frcom the Start message in toc the Circuit Block.

0 genelate a Start message (normally) or generate a Stop m@message
(®1th a reason specified) and gueue 1t to the Message
Trapsmitter via the queue_transnit_message function

o]

0 Start wessage (terminal server) -

o0 1f the SEC_CIP_1I10 4s non-zerc, wmatch tc an existing circuit
blocks It no circuit oplock is relierenced (invalic message)
discard the messaqge and send a Stop message addressed too
SEC_CIk_1Ds. Yf the SFC_CIER_1D 1s zero it is an illegal message.
If a velid Start message is recelved, SRC_CIR_ID oi the received
message should be copied to the KEM_CIR_TID field of the
referenced circult block.

0 1t the XNBEK_DL_EUtS field in the recelved Start wmessage 1is
WOIi=4el 0, OptiGhnaily ailocate that wany additionai transmit
huffers and store them in the circuilt biock,
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o kufni_sg_recv (Fost anc teminal serwver) -

0 1f the MSG_SEQ_MER is not equal to ACK+1 (modulo 256) in the
circuit wlock, set the NER_SLUTS in the message header to zero.

¢ In terminal server, 1f REF is5 set, set DaF.

0 1Ifeguest the Message Trarsmitter to teturn ali messages
acknowledged ©y the value M5G_ACK_NRBK recelved in the messagee.
This algorithm nust be done modtio 256.

6 Iin tte host, =stop the «c¢ircuit timer it =211 messages are
acknowledged.

0o If the M3G_CtEQ_MBR 13 equal to &CK+1 (modulo 256) in the circuit

block then increment ACK in the circuit blocke.

pass the message to S51lot demuitiplexer

(o]

o Ltop_rcv (or Heldect

¢ notity siot demultiplexer c¢f circuit state transition
0 1ndicaile slate o1 circuit ptlock 135 dalted
0 regueue the dztagram bufter to the fthernet data link

any time the Ccircuit Goes into the Falted state, the circuit bdiock
can Le deslloucaled giong with 1ls assoclated resources.

A speClial use CGi lhe uUosI_Cir_IU fiels occurs wmhenever the host and
terminal seiver w2 ouil o1 synchonization due to crasnes, prolonged
communication link failures or nonsequential message delivery. In these
cases, the 1ewmote system might i1gnhore the message (possitly a delayed Stop
message) irn order to precerve the currently Running wirtual circuit. In
order to «close this halt established (heif-open session), the SRC_CIK_ID
field is copied from the Runring message intc the REM_CIK_ID field of the
circuit Llock and & Stop message 1s generétec. This will cause the remote
systew to reinitizlize.

Any fields not defined by the LAT architecture (labeled UKRPREDICTABLE in
the wmessage forpats) are ignered.
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Yeled Hessage lrensmitter -

The terminal server ressage transmitter normally maintains an
unacknowledged trensmit gueue of one entry, wshile the host normally maintains
a gqueue of one or two entries. 1If extra catz 1link buffers are allocated,

these gueues Can be longer.

The Message transapitter gets three types ¢f reguests:

0 transmpit unacknowledged transmit queue - thls causes the Message
Transmitter to stzrt transmitting the hesd of the gueue, walit for
the transmit compiete event, and trensmit the next message until the
entire ogqueue has teen emptied. If this was in progress when the
request to retransait the gueue is made, the request 1is iynored.

Fefore 2 message 1s retransmittec, the MS5G_ACK_NBR tield in the
ressage hesder is copied frow the circuit vlock fielid ACK.

The Fetransmit limiter is a part of the message transmitter.
every time the heed of the unecknowledged transmit queue 1s
fransmittern, the retransmit courter 1z incregented {either
GUDT_KeTkANOHTT _CUUMER  or SERVER_KETANSMIT_COUNTEK). tLvery time
the heoad of the unacknowiedyed tiensmit gueue changes,
tetransyit_Counter 15 2argede. I1 the tetransmit countetr reaches
LAT_mESSAGE_afidAlNSMIT_LIMiT, the Resend_ligit event ocCcurse. Thas
evert (xkesend_limit) shoulc <cause users to be anotified of the
unacceptsble virtual circult gualitye.

(@]

Gueua/degueue transpit message - tils &dds and deletes entiies from
the wunacknowledged transmit gueue. As each new message is added to
the queue, via the gqueue_transmit_message function, the message the
header 1s created by?:

0 copying the KeEM_CIR_ID from the circuit Dplock to the message
field LSI_CIk_iIC

0o copying the LCC_CIR_1D from the circuit biock to the message
field SRC_CIKR_ID

0o {(host oniy) clesring the kx¥ flzg if the Circuit #lock DwF 1is
clear ard this is ncet the last transmit message buffer; setting
the kRt tlag it the UHF 1s set cr this 1s the last transmit
message vutfer.

o (host oniy) copying the k¥F flac¢ state into the gmessage header
from the circuit block

0 copylng the NXMT circuit block field 1into the message header
MSC_SEG_NER and incrementinng KXNT

o trapsmit datanrasm - gnis function transmits the butter and returns
the trznswit complete event, aionyg with the buffer, to the
iequestcra

- tH =
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ketransmission 01 the unacknowiedged transmit ogqueue {(the {first o1 the
three types oI reguest described above) 1n  the host occurs at the rate
HOST_CIRCUIT_TIMEK secondss. This causes messages to be retransmitted about
every one or two seconds.

In the terminal server, this would be an unsatifactory arrangement due to
the rate at which retransaxissions wotld occur (the value used by
SERVEH_CIKCUIT_TI¥EK is typically 80 ailliseconds). Because the most likely
reason a gessage 1is being retransasitted is that the host has not had a chance
tc process the received message, the tersinal server retransmission of
messages must occur at dramatically reduced rates. {ne acceptable policy is
to retransmit at approximate gne second inteivals ziter the original message
was sent. Thereafter, messages shoulc be retiansmitted at one second
intervals.

NUTE

In an actuzl implementation, the host may be overloaded and
unable to respond to received bufferse. The retransmit policy
ic "2avad ¢gn the =zcouwntior thzt the rost has not responded
because 1t fias not processec tne bulier. This policy assures
that the fiost is not swakped with diplicate buffers during
heavy hest loadirg.

Jelel: Circuit Tiser volicy -

The circuit timers, in both the terminal server and the host, should pe
reset both when the gmessage 15 gueued for transmission and when the transmit
completes. This poiicy prevents multipie temmiral setrtvers from synchronizing
by utilizing the Ethernet vackoflf algorithue.

Y.1.6 EBuffering -

The LAT archltecture assumes that any recelve buffers assigned to the
Fthernet data link ceznnet he onreempted by other architectures that might
share the data iirnk. Fallure to adhere to this policy may cause LAT to pe
uinable te deliver data in a timely fashione.

In the case of 2 host implementation, the initial processing of received
data link buffers should occur at high pricrity. Received messages that are
dupl1cates, ol reCelved SLail @esSsages (hail cduse Lhe current totai to exceed
the wvalue L&T_*3X_SrkvEES, must he reijectec inmmecizately and requeued to the
fthernet data link to sllow rew dete messages to be storsd until they can pe
processec. Failure to adhere to this policy can cailse ilong delays since host
bufrers cen be filled by dupilcates causing non-duplicates to not be

- Gl -
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dellverec. it tte retranswmission policy 15 to wait one second, this failure

mocde will cause one second delays as perceived by the usere.

9.2 Slout Layer

The algorithis described in this section colresponCc to the state table
actions, not the state table events.

8,2.1 tdpinistrator -

9.2.].'1 rost -

when the start of service 1s announced in the host (start_service_class
function), a trarsmiit datsgres must be cilocetec and reserved for the purpose
of transmitting the multicast datagram periodicaliye. In addition,
AT _MAa_linvonl peceive Jutesgion ocuffers rust Le olliccateld 2nd gueusd vi the
guele_receive_dategiar functicne The value LAT_MAX_CSERVERS is equal to the
number of terwinal servers that the nost W1lshes to allow to startup
simulLlanevusiy.

These same rescurces must be recovered when the end of service is
announcede.

0 otart guiticast transmit and stait multicast timer for
retransmission.

o Stop the circuil timer (no circuit timer could be active since no
virtuai circuits are active).

- Ll -
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GeaZleled Terminal Server -
then service i1s started in the terminal server:
0o at least one buffer should pe gueueé to the data 1ink to receive
muiticast addresses.

0 start the circult tiwser 1n anticipgation of wvirtual «circuits being
activated (it should already be running)e.

vYolicies might reasonably be modified or extended by each different
sefvice classe.
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Je.26e72 OSession Sterter (terwinal Server) -

This process allocates and initializes a siot btlock upon receiving a call
from the start_session function.

Cne important responsipility ot the sSession starter of the terminal server
is translating the SLUT_NEME supplied 1n the start_session function into a
CIRCUIT_NA¥E to be passed in the VC_STAERT furction when a new virtual circuit
must De established.

G423 Session Starter (host) =

A host iwmplementation c¢an choose bhetweer two modelse. In one model,
recelved »taft  e£icis Ccause the udsel 10 Lecelve o [eguesi to starl a new
sessione The user can then eikther accegt or reject the sessione. The user
should not procrastinate in saking this decision.

The second model Jdoes not give the host vuser this choice, but instead
accepts or iejecits the session without notifying the user. Later the user

my Ston the secslor with a rogscr,

Il suppliled wilitin & SLCI_nkmb, Ltpe Lot session cain De opouind to  the
specific erpglication orcocess associated with the SLUT_NAME.

Q.24 3lot Demultiplexer -

This process recelves 1its input &snd <control from the poll_rcv_done
function. Fach such message recelved hes been validated on the virtual
circult by the message recelver.

Messages contain zero or more sjlotse A slot can be @& Start, Data_a,
batae_b, Attention, Keject, or Stop slot.

Slots are validated by using the received slot”s DST_SLOT_ID field to
reference & slct vlock. The reterenced slct plock”s LCC_SLOT_ID field must
egual the received slot”s LST_SLCT_IL fielc. Additionally, the received
siot®"s  SRC_SLOT_ID field must egual the siot plock®s REM_SLOT_ID fieid. The
slot type field must be consistent with the =tate block receiving the slot.
(See the sectlion on s3iot napring cnto state <diagrais)

if the terminal server receives a start siot, the slot”s SRC_SLUT_iD field
is copied inte the trefterencedc slot plock®s REM_SLOT_ID field.

It tne host, the siot_ceruitintexel Creates anc 1n1tiailzes a siot plock
i1 =2 stort siot i3 receiveg zang Lasses the slot block to the appropriate
class of service via the nees_sesston_polil furction. The slot piock is a data
structute shared oy @li silot iayer {lucesses anc 1s sccessed Dy the uset
processese.e (see siot state variavles sectiorn).

- T3 -
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The host may use the SLUT_NAME supplied ir the otart siot to bind the
sesslon to a paitticular service access point in the host.

1f any credits are received in a slot, the credit field value 1is added
nte the LOCAL_CREDIT 11elc oif the reterencecd slot block to create a neuw
ot

[adiiad

J

3
2 e

Data_a and Dateze_bt slots are delivered vieé the poli_rcv_done; Attention
slots are delivered via poll_attention_dcone; Start and Stop slots are
delivered via the poll_session function.

A Stop slot causes the slot block to be deallocated and the event is
delivered to the user via the poll_session tunction.

In the host, after the sict demultiplexer has finished processing the
received messdye, the @wmeSs3cyw 1s regueued to the virtual circuit layer andg
control is passed to the slot multiplexer.

CeleS Slot Mulilplexer -

in the host, this process receives contrel soon after the slot
depultiplexer exccutess This transfer of control can be lumediate or can be
delavee in an »ifort to return more dotz 10 the re;onse. This transfer of

Cuntroi betweenh tie siot cdemultliplexer and the slcot multipiexer in the host
iCes nolt nave 1o gireéservs tne "serial and atcomwic” requirement stated in  the
layer interface introduction. This delay should never exceed about 1/2 the
SERVER_CIKCUIT_TIrsEk, the response generated must be received by the termial
server before SERVED_CIRCUIT_TIMER expircs a second time.

In the terminal server, this transfer of control is timer based and cannot

be less than SERVER_CIRCUIT_TIMER mililseconds.

¥hen reading the algorithms, keep in mind that "slot data™ can be Data_a,
Data_b, Mtterton cata or REMUTE_CREDITS waliting tc be transtered.

telore accepting any data f{rom users, the process verities that at least
ofie transmit w®message bufter 1s available in the circuit block. 1f none is
avallable, then execute the transmit_unzacknosledged_transmit_gueue function.
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The following algcecritbhm is executed by the terminal server whenever control
is teceived [row the timer event anco ty the tost whepever control 1is received
from the slot_demultiplexer. In the host, transter of control 1is aiso
received from the volunteer functions if the circuit biock RRF flag is clear
(the send_data event):

0o In the host, if the Dl 1s clear:

0 degqueue a transmit message tuffer from the <circuit block
AMT_BUrFeR_FEEEG (1f it is empty, execute the
transgit_unacknerledged_gueve finction and exit)

¢ generate a new message header

0 execute gueue_transmit_message

o execute transait_unacknowledged_gueue

0 In the terminail server, if the D¥¥ is clear, exit.
5 1f thie ZF i3 setl:
1. degueue 2 trarsmit messege tuffer fiom the «circuit block

K7 _BUrPFek_FREEC (1f it 1s emplys, yo to step 8 - EXIT)

L. genelale a new nessage neader

3. UNTI{ the message buffer is filliled or UNTIL all slcts have DRF
¢lear or URIIL &ali slots with Dkt set have no LOCAL_CREUITS
left: ®ing the roxt olot block with DU¥ cet 100 = rteound-robin
tashiorn anc:

- 1t Atterntion dats is volunteered, foramat attentioa slot in
fessage  bdDuffer, clear wuxt 11 ne sict data is left. Exit
cack to UHTIL loope.

- 1t vata_a or Cata_b is signeled, decrement LOCAL_CREDITS (if
none avallable, 4o to next step), Iformal Data_a or Data_b
s1¢t hezlder in nmessayge buffer, ccopy REKUTE_CREDITS faeld
trom siot clock into slot header and zero and REMOTE_CREDITS
field, copy cata into slot and clear DEF if no slot data is
lefte Exit Lack to UNTIL icope.

- ii BEMCTE_CKEDITS 1is non—-zeito (because LUCAL_CREDITS is zero
in previous step or pecause no Data_a or Data_b has been
volunteered), format Data_a slot header in message bufier,
copy EEMUTE_CRELITS tield from the slot block into slot
header and zero the slot block RENOTE_CREDITS field, and
clear UR¥ if no slot data ic feft. Exit back to UNTIL loop.

4o qgueue the buffer via queue_trensmit_message

5 1f ail siot biock DR¥F flags are clear, clear D¥F.

e in the host, it control was received vie a volunteer function,
the circuit tiwer 15 stéerted. ( wkhenever this timer expires,
all unacxnowiedged messages aie retransmitted. )

T« 1f more slot dats i1s available, go to step 1.

e LX1t = execute the transeit_unacknowledged_gueue functione
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Deleb Session bnder -

The termiral server cannot stop & session while it is 1in the Starting
state. This 1s because the handle on tbe remote slot block is not known
until a response to the start sliot 1is received. Thus the special state
Aboit_stait is entered upon receiving a discenneci_req. A siot block in this
state cannot pe used 10 Start a New S€5510ile

Utherwlse, eithe

r the host application process or the terminal server user
can issue an end_session

v {disconnect) functicn calle.

Gelel ftrlow Contrcl -

There are two leveis of flow contreld: Gae in the slot layer and one in
the virtual circuit laver.

Ga2a7el Slot Flow Controi -

The session user that owns a flow control credit (credit is held on user’s
heholf by the sict laver), 1s guairanteed that the session partner will be
able to receive (and purfer) at least one Dzta_a or Data_b slot. in an
igplencntotion, &ict Gala 15 cCcopled LIog o recelve messaye bufter 1n the
virtuai clreuit ilayer into slct butffers suppdiled by the users. Tnls 1s the
model described in this document.

Thesz flow control credits are consuned by Data_e and vata_b slots if, and
only if, the SLOT_BYTE_CUGUNT iield is non-zero.

As a CPU perfoimance optinization, this cen be idmplemented in different
WaYe CPU usage <cah be traded for mesory usage. The users can supply data
link sized slot bufiers ( LAT_MIN_RCV_DATAGRANM_SIZE ), and the entire buffer
can be passed to the user without copying data. This method reguires that an
occupancy count be paintairecd for each bufteg since buffers can be occupied
by one or more slcts destined for different users. 1In this way received slot
data does not have to pe coplied. However proedigious amounts of memory 1is
consumed,. For instance, te extend twc slot credits for each of 8 users,
ZxBx1518 (24,2E8) bytes of buffering is used instead of Zx8x255 (4080) bytes
orf buftering.

Refererces aire made te "slct® flow ccerntici throughout the document. The

sections SLUT MULILIFLEXER and SLOT DEMULTIVLEXER 1n tine AXIUMS and ALGORITHMS
section deflne how slot fiow control 1s applied to 2 running siot sessiona

Galdelas? MeSsSage puller rics Controli -
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In the virtual circuit layer, when a new circuit is to he established, a
fixed number o¢f datagram Lufters 1s z2liocated betore the Start message 1s
sente. These puiliers asre gueued as receive buttfers to the Ethernet data 1link
layer. The number of buffers gueued as receive buffers minus one is then
transmitted in the Start message NBE_DL_RUFS field.

In the terwinal server, ihe nuwber of trarswmit buffers allocated should be
eguasl to the value NBRK_CL_BUFS recelived in the S5tart message plus one.

in the hosi, the numier ofI transmii tufifeis allocatecd should be egual to
the wvalue HNBR_DL_EUFS received 1in the Stert message plus two. This extra
buffer is used to sent the o¢ne possible Munsolicited"™ gmessage when the
virtual circuit is palspceg (kR¥ clear)e.

In generzl, this document c¢o0es not directiy refer to flow corntrol at the
virtual circult dfevel {(reierences to tie term "ilow control™ are normally
references to slot tlow control). Instead, rtetierences are made to the
availability of date link buffers (X¥T_uUFFER_FEEEG in the circuit block).
Avallability of a data link message buffer ccrresponds to the availability of
4 cCcreuit 1o trensmit o fdeSsage buffer since these butfers remain on the
unacknowledyed trznsmit queue until they aite acknosledged by the receliving
SLOCCS o Thiv aokicwlol,laont suarentecs that the remote =syster has emptied
slid Fejueued the ¢ata lini buftfter to recelve a new essage. See the AXIOme
and ALGUBITuMOo sectilon tirtlec MESOAGE TwhAb&1TTern and MESOAGE RECEIVERS

Jeleli Protocol versicns and ECC Control -

Muiticast messayes [or each selvice class specily Luw_rRTCL_VER,
AICH_PRTCL_VER, CUR_PRTCL_VER, CUr_PRTICL_ECU.

The start messége speclifies FRTCL_VER and PRICL_ECC.

The HIGH_PRTCL_Viék specities the highest (most recent) protocol version
that the system supports.

The LOw_PPRICL_VER specifies the lowest (oldest) protocol version that the
System supports.

The CUK_PRTICL_VER specifies the protocol version oif the messagee. In the
Cube ©i the Start wessage, 1t alsoc guarentees that all %un and Stop messages
will alsc be 0f the sawe protocol versicn as the Start message.

The PRICL_ECU specifies thte Engineering Cirange Order level of the message.
tgain,  in the case of the Start message, it also guarantees that all Run and
Stop messages will also be ot the same vCi level as the Start messaye. wCis
are  wads to o ptutoccl! version only 1t the chanoe will not adversly aftect
the unchanged systems alleacy 1o the fielda
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It a change will make systems incompatavile 1in the
protocol version nusber is aliocated.

fiel Cs
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9.3 Uther rrocesses
9.3.1 Keep=-alive Process -

The keep-alive process is relevant to the terminal server only - the host
does not implement a keep-alive process. The purpose 0f the keep—-alive
process is to notity the users of an idle wviitual circuit that the circuit is
suspected to be inoperable. This is is accomplished by causing data to be
transmitted at lesst every LAT_KEEP_ALIVE_TIMER seconds. The keep-alive
process accompiishes his by simply Guaranteeing that the dats waiting flag
(D¥F) is set at least every LAT_XEEP_ALIVE_TIMER seconds.

Setting L¥F cautses a seguenced message Lo be sent. 1f the message
repeatedly fails to be zckncwledged, the LAT_MESSAGE_RETRANSMIT_LIMIT will be
reached, end the users notified of the unacceptable circuit guality.

Yeda?2 FICOress FIOcess -

in theoviy, Lbe wvirtual circults described 1n this document cannot
HrRpndiponkh, “nyever, ccsric racfizticn, UnItUSes argd cther egualiy
detenseless culiprits are often blzmed for events that “cannot®™ happen.

As insurance against such unlikely events, a terminal server can implement
4 PIUCIESS PILCCESSe After the LAT_MFSSAGE_RETHANSMIT_LIMIT is reached, an
implescntation may chcose tc continue sSending messages every
LAT_KEEP_ALIVE_TIMER seconCse. If the vaiue of LAT_MESSAGE_HAETRANSMIT_LIMIT
should reach a ridicuious value, such as 500 messages, or 1f more than an
Aour  0f real tluwe hias elapsed, tie citcuirl should be stopped by transmitting
a stop message with an appropriate reasone.

A nost implemerntatiorn must run an additional timer when the RRF flag 1is
clear in the circuit block. If @ message is not received within a reasonable
time (as little as Z or 3 times the LAT_KEEP_ALIVE timer seconds or as long
as a few cays), the host may wish tc generate a Stop message to stop the
circuit. TIf host implementation lacked this timer, it would not discover
that a ter#inal server had crashed if the crash occurs while the host REKF
flag was clear. fThe hazard is that host resources are dedicated to the
vittuzl circuit until & user from the same termainal server again requesis
service from the host.
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10 MeSSAGE fURMATS

bits are transuitted onto the Ethernet iows order bit firste. shen fields
are concétenated, the iight hand field is transmitted Iirst. HNumeric fields
more that B-bits long are transmitted least signifiicant byte tirst.

fields are represented as tit streeams, richt toc left. All fields are an
integer sultiple of eight bits. The symbol "=* is used to indicate fields of
varying or indeterminate length.

? message trensmitted from a master toc a siave (from a terminal server to
a host) always has the VMASTER bit ot the message type field set to l. A
message transmitted from a slave to a waster always has the MASTEx bit of the
ressage type field set te C. Xotice thzt this makes it possible to implement
both ends or the zsymmetric LAT architectuie simultaneously 1in a single
systew.

LAT messaqaces must be rnaddec to the Fthternet 64 Ltyte wminimum. The data
used L0 pad the frame (o achieve this 64-byte minimus arfe unpredictanle.
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10,1 Virtusl Circuit Messsye lieader

All messages heve the szme header format:

1
5 0

e e it +

l UESTIMNATICN_ADDRESS i E

1 I T4
i I 8 E
e e e + E &
! SCURCE_ADDKESS I & L
i I N E
! I ER
A e e e . ———————— + T

i PrUToCOL_ TYFe i
kbt fipdpiprnen el il 3

i Hord_SLOTE I MSG_TYPE {#1K]
trmem— e — - ———— tom - - ———

H CE1_CIR_ID i
" - ——— - +

! swl_cip_1o 1
e ——————— ——————————————— +

I MSC_ACK_MNER ] KSG_SF&_bex |

fmmm et st cc et — e c e ———— +

[«]

# (1 p1t) - RRF i1lage This tlag is «c¢lear 1or all message

types

except 1or Run messages transmitted from the host to the terminal

server which require responses. This flag 1is never set
messaye trenswmitted by The terminial selver.
¢ ¥ (1 bit) - MASTEK flage. This flag is set in all nmessages

in any

sent by

the terminal server to the host. ¥essages sent by the host to the

terwminal server always cilear this flage.
0 MSG_TYPE (6 bDits) - the message type field:

0 Start message have this tield set to 1.

0 Fun message have this field set to 0C.
0 Stop message have this field set to Z.
ABR_SLOTS - number of slots in the message
LST_CIk_ID - one of the virtual circuit identitications

SEC_CIF_10 - one of the virtual circuit identifications
MSG_LEG_KBx - mesSsage sequernce number
MSG_ACK_RkBE - message acknowledgement number

Co Qoo
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10elel Start Message Forawat -

Start meosage headers have MSG_TYPE fixed at 1, the NRR_SLCTS egual to
Z€L0s Additionaelly, Start messages transmitted by the terminal server aust
specify the DST_CIR_IL a3s 2zero andg the SKC_CIR_IC as non-zeroc. Start
messages transmitted Dy the host wmust cpecify these same two fields as
Nnon=zero.

1
5 ]
G o e o o -
§ LAT_MIN_ERCY SﬁTAGhﬁy S1ZE i
o - ————————— - ——_——— +
i FHYSICAL )
i FTHERNET i
i ALlwaESS i
tmmm———————————— o - +
i ERTCL_ECC } PRTCL VER |
o o o e e o e e +
i NER_LL_FBUFS |} %AX_SIE_&LLTS i
o ————— o +
preep fayn PyeRny Spy CIRet two
4 ——————— e o ————————— +
i FaCILITY_NUMoRE i
o m e m e — e —————— +
i PrCUULT_TYPE_(CLER (|
o i +
i I CIRK_NAME_LEN |
1 fmmm e —————— +
= CinCUIT_NAME =
fmm————————————— e ———— +
i i SERV_NAM_LEN |
i $ommmm e m e +
i SERVER_NAME i
fmmmm e ———————— o m————————— ———— +
i i LOCATION_LeN |
1 Hmm————————————— +
= LCCATICN_TEXT =
frmm e ———— e ——————— +
i PARM_LESN i PARM_COLE |
trmm e —————— tmmm—m e —————— +
= FARGM_DATH =
e e e m e ————————————— -
i PARM_CCLE, PARM_LEN, anc H
= PANM_URTE repeated untii =
| FPARM_CCDE is equal tc zerc. |
o e e +
= UnPrbrulCcTARLS =
- +

- 79 =
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LAT_sIN_kCV_UATAGRANM _SIZE (2 bytes) = The minlmuk and maximum Sizes
of frames aie restricted by the rtiernet specification to be in the
range 46 through 151t bytes. 4n inmplementation must specify the
ginimum size receive buffer that it yueues to the data link layer of
tthernet. Leyal values are restricted by the LAT architecture to be
in the range ot 576 through 1518 pytes.

FHYSICAL_ETHeBNFT_ALURESS (6 bytes) - The unique value assigned to
the port hardware.

PRTCL_VEK (1 byte) - The protocol version cf this message and of all
messages transmitted during this sessicne

PRTCL_ECC (1 byte) - The protocol version EC0 (Engilneering Change
Crder) of this messaye and of all wmessages transmitted during this
$€55100a For  any glven preteocoi versicrn, wCls are Dackwald
compatible. The TRTCL_ECO levei is intended to be used to reflect
patches made in the field by automatic updates or by field software
specialists.

MAA_ST#_SLUTL (1 byte) - maximulm oumber of simultaneous sessions
that ~2r %2 ¢rered on this virtuzl circult, VYalue is syuggester by
the terminal server., Vaiue suppliec by the host must be used as the
waalimlin by tie lefmindl seivele.

Bx_DL_bUrs (1 byte) - number ¢t extra gatz 1ink buffers gqueued.
This «correspgonds tc  the number 01 additionai messayes (Leyond the
normal one message) that can be generated by the slot multiplexer on
the system receiving this start message.

SeRVER_CIRCUIT_TIMEF (1 byte wunsigned) - Circuit timer in
milliseccnds. Specified by terminel server. This field is ignored
when recelved from the host. Legal values for the circuit timer are
in the réenge 10 to 150 millisecondse.

KELP_ALIVE_TIiMer (1 byte unsigned) - Value specified in seconds by
terminal server. 7This field is igrored when received from the host
by the termial server.

FACILITY_NUMEER (2 bytes) - VYalue specified by the server and host.

1his wvalue 15 net restricted. It 1s intended to allow terminal
servers shd hosts to be uniquely nugbered within a local area. A

¢Tivileged user shotld supply this value to the implementation.

PRUDUCT _TYPE_CuUbz (2 bytes unsigned) - The proauct type codes are
assiygnerd by Uigital Fquipment Corpoiation on demande.

ixCUIY _twdme _Led (4 pyte unsicred) - The byte count o1 the next
xe!‘

e

O
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¢ CIRCUIT_NAME - The rame o1 the virtual clrcuite.
0 SERV_NAME_LEN (1 byte unsigned) - BEyte count of SERVER_NAME field.

0 SERVER_NAME {(SERV_NMFE_LEN bytes) ~ Tne text within this field
shouid describe the name o0f the terminal server or host.

o LUOCATICHN_LEN (1 byte unsigned) - Eyte count of LUCATION_TEXT field.

o LOCATICN_TEXT (LUCATICN_LEN bytes) - The text within this field
should describe the physical location o0i the terminal server or
hoste

o Pre¥_CUDE (1 byte) - X parameter code. Ho parameter codes are
currently defined. The wvalue zero indicates the end of the list
(whiicClh feans the 1ulivwlhg ilelds «ie uUnprecictaible)e. A lion=-Zeio

value 1in tihis fieid indicates the next two fieids are valid.
Faraweter codes § through 127 sre reserved for wuse by Digital
Equipment Corporation, whille paremeter codes 128 through 255 are
reserved for userse.

~oobAes v e (Y unoicned byte) - the leroth of the following field in

Cytes.
5 TMEY_DATE (PARZEV_LYH bytes) — the foimat of this field is defined by

»
the assoclated Paws_COUb.
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10.1.4 Runb Fessage Format -

Fun messages hove MAG_TYPE set to (. 1If the HoR_SLOTS {(number of slots in
the message) 1is zero, ther the message header 1is the entire messagee.
NER_SLOTS 1s equal to the number of siots within the message. The DST_CIE_ID
and SKC_CIk_10 must always pe non-zero in Hur messagesS.

Each slot is aiigned on wcrd (16-bit) bcoundaries. The first slot is
contiguous to the message header. The seconc slot 1s contiguous to the first
if the siot®s totel length is even. If a2 slot”s total length is odd, then
one byte of UNFREDICTABLE data 1s used s a pac byte between the slot to
force the foliowing siot to & WOrLG DOUNCaly.

HFun messages ce&n contain Start, Data_a, Deta_b, Attention, Keject andfor
Stop slots.

Kote that the slot type assignment ale dole to assisi an implementation in
detecting a Date_a slot. Specifically Data_a slcoils are assigned the value
zero while all other siots (and ali future slot type assignments) are
assigned s four tit value with the left-most b1t set. Thus Data_a slots are
easlly recoygnized since the byte vaiue is &alsay zetic or positive and credits
are coyeved by Hiatz 2 slots 25 2 bvie velue,
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10eleZe1 Start Siot -

If a start slot is recelived (see slot state tables), the format of the
slot 153

7 0

e e e +

i UST_SLOT_1D H

o e e e e +

i SEC_ SLﬁT IL i

e et s e e ———— +

i STATUS_BYTE_CCUNT i

e r e ———————— o ———— +

i SLGT_TVYFE i CREDITS i

$=-=m=== ::::::::::1’:::::::::::::::‘!‘

i SERVICE_CLAS ] ¢-- start of STATUS fieid
t ., - - — - ——————— - +

i BIKIMUM_ATTENTIGN_SLOT_sT4c i

o e o e e +

i MINIMUM_DATA_SLUT_SIZ |
e i - mm e —— e ———— +

H fUST_SLT_NAw Luﬂj

= D i R +

i U8T_SLCT_NAME =
il Rl R bl e mmr e mman—n ———— +

H }SEC_SLT_LAY LL.z

= o - +

i SEL_SLUT_NANME =

e . e ————————————— +

= Temainder of STATUS tielc =

o . . —————— e e - —————— +

i UNEKEDICTABLE ] (crnly exists if
Ao e v e e e e -+ STATUS_BYTE_CCOUNT 1s odd)

o LST_SLUT_10 - a reference to a slot block

0 SEC_SLCT_ ID - a reterence to a slot block

0 uTﬁiub BYTe_COUNY - &an unsigned 1nteger count of the length of the
SETATUS {1e1§.

0 CKEDITS (4 bits) - & 4-bit integer egqual tc the npumber of <credits
being transferred.

o SLOT_TYPE (4 pits) = the value 9 (1C01).

0 SEXVICE_CLASS - see zppendices

0o MINTMUM_STTENTICN_SLCT_SIZFE (Y byte) - The minimum clot size gqueued
to receive Attention slot aata (not including the slot header). The
system receiving this message must limit transmitted Data_a slots to
this size. & value of zero indicates Attention slots are not
supportec.

0 MINIMUM_LATA_SLDT_SIZE (1 byte) - Tle winimua slot s5ize gueued to
tecelve  Hata_a  anc  data_p  slots (not inciuaing tie siot neader).

The system receivine thic messege must limit transmitted Data_z and
vata_b slots to this slze.
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0 DUST_SLUT_WAME_LEN (1 byte unsiyned) - The byte count of the next
fielde.

0 LUST_SLCT_NAME - The name of the host slot blocke.

0 SKC_SLOT_NAME_LEN (1 byte unsigned) - The byte count of the next
tield.

0 SRC_SLOT_NA¥E - The name ot the server slot block.

o STATUS -~ Tre remaincer of the status tield meanings are defined
separately for each service classe.
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MESSAGE FCRMBATS

10.1.2.2

<

Data_a Siot -

7
R b +
i 51 SLLT IL f
S e T e ————
i SEC_SLCT_IC |
fmm————— e ———— e ——————————
i SLUT_BYTE_CUGUN1T H
*==:‘=====ﬁs‘=ﬁ‘+ aaaaa ——— T —— - — -
i SLOT_TYFE i CREDITS i
Yt P T T Tttt
= SLUT_LATA =
e e e e e —— ——— +
i UNPREDICTARLE i
A e - ————————————— +
CST_SLUT_ID - o reierence to a slot block
SEC_SLUT_TIL ~ s reference to a siot bdiock

SLUT_PYTE_CUUNT
SLUT_DaATA 11&1&.

(ws"{é‘*_‘_ ;\R ~1tr)
credite

sLul_ xyri

:LCT _DATE - SLLT_

internal use only

- &r unsignec irteger count cf

-:'s‘!..h

(4 bits) - the value (.
. - 17 ol ul B \ "~

E_CCUNT bytes ol siot

YT

1t pomitive antejer
eing trarsterrec.

eyl to the

Page 8BS
19 December 1953

{oniy exists if
LLI_B¥TE_COUNT 1s odd)

length of the

nurhar of
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i 0

B e R e +

i DET_SLCT_1IL |
ettt ————————— +

i SEC_SLUT_1D H

e L +

i SLCT_BYTE_COGUNT 1

e e i +

i SLOT_TYFE { CREDITS i

P S T T oI oI I I IS ZDmZomZIZZZ=¥

= SLUT_LUATA =

pmm———— - —— e e ————— +

i UNPREDICTAPLE | (only exists if
e it et kbt +  SLuT_v¥Te _CUUNT 15 odd)

0 LST_SLCGT_ILU - & reference to a slot block

o SRC_SLOT_ID - a reterence to a siot block

¢ SLOT_RYTHE_COUNT - 2r ursigned integei count ¢f the lengthk of the
SLUT_DATa tield.

AR D ETe 4 rirc) - m debhit moasitiva intecer enu2ri to the nurher pf
credits teing trarsferreg.

g  SLUT_T¥Fe (4 bits) - tne value 13e. (1C10)

o ESLOT_DAT! - SLUT_PYTE_CCZUNT bytes of silot data.

- g6 -
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10.1.2.4 Attention 5iot -

7 0

o e +

i DET_SLCT_1L H

o . e ————————-——— +

i SKC_SLOT_1UD i

o e +

i SLCT_EYTE_CGUNT |
et T T $ommm— e ————— +

i SLOT_TYEE i MBZ i

P ettt ol oottt J

= SLOGT_UATA =

fmmm e e — e m————— e — - +

i UNPRELICTARLE ] (orly oxists it
R B e et + SLUT_BxTe_CGUNT 15 odd)

0o D3T_SLUT_IU - =z reference to a siot block

SC_SLOT_IL - a reterence to a siot block

o SLUT_BYTE_COUNT - ar ursignec integer count of the length of the
SLuUT_DaTa tielid.

¥k (4 P3tT) - TUTT ho TorO,

SLUT_TYEE (4 bits) - the value 11. (1011)

o SLGT_DATé - SLLT_txTo_COUsT bytes 01 sict data.

[«

oD
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PESSAGE
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Heject Slot -

7 G

4o e e e e e +

i LST_SLOT_ID i

o i e e e e e +

i S&L SLET_IL 1

$ o e e e e e e +

i KIATUS BYTE_CUCUNT i

dmmm e - fommmmm———em— === ¢

i SLOT_TVYFE i REASUN i

S Bt diiiietimgorreiiorgireliaools Sttt J

= STATUS =

B et +

i UNFREDICTARLE i (only exists if
$mmm———— e ~=—+ STAIUS_BX¥Tt_COUNT 1s odd)

DST_SLCT_ID - & iteference to a siot block

SKC_SLUT_IU - a reierence to a slot plock

STATUS_BYTE_CTUNT - an unsigned lnteger count of the length of the
STATUS tfield.

e nten - spoynelsnzd 4-b1t integer, cne ot  the ftollewing reasons
applys

Te. Usel reguested discoennect

<e System snutdowi 1n progress

Je 1nvalid slotl received

4. invalid service class

5. invalid group code

. ibsuliicient resources to satisly rteguest

7. {(invent your own, please get recsons added to this document)

SLAUT_TYPE - the vaiue 12. (11¢0)
STATUS -~ STATUS_EYTE_CUUNT bytes of staztus. The status field
meanings are definec separately for each service class.

This sliot can only be transmitted Irom the hosl.
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laoloiaé SKOy :)let -

1 v

e ——————————————————— +

] LST_SLUT_IL i

o - —————————————————— +

i SRC_SLCT_1L i

- - +

i STATUS_EYTE_CUUNT i

e - e ——— +

i SLOT_TVYPE i KEASGN i

L L L T S TS RIS I DDA ZSCZIZZZZZZZZZZS

= STATUS =

e . - ————— e +

{ UNPKEDICTARLE I (only exists if
b e + STATUS_BY¥TE_COUNT is odd)

o UOCST_SLCOT_IU - & reference to & slot block

0 SHU_SLUT_1U - 2 reference to a slot block (must be zero)

0o STATUS_BYTE_COUNT - an unsignec integer court of the length of the
STaTUS tield.

n LERSON = ap uncijonec 4-pit intecer, ore ot tne tnliowing reasons
apply:

1. user reguested Jisconnect

ce oystew snutdousii 1N PLOGILESS

Jeo 1nvalid siot received

4. 1invalid service class

e 1nvalid group code

Ge adnsulilcient rcesources to satisiy request

7. (invent your cah, please get Lezsons added to this document)

0 SLUT_TYFE - the value 13. (1101)
0 STATUS - STATUS_BYTE_CUUNT bytes of statuss The status field
meanings are defired separately for each service class.
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10.13 Stop Message rFormat -

Stor message headeirs have FSG_TYPE equai to Z. The SRC_CIR_ID tieid must
always be zeroced 1in Slop wessagesSes

7 0
e e rt it el bl b +
| CIRCULIT_ EISLOhhtC? _KEASON i
o +
1 nh#bih_SYTt CCUNT H
e e e e e ——————— +
i i
= REASCN_TEXT =
i }
e e ————————— - ————— +

¢ CIRCUTT_LISCORMUCT_RieASCh (2 bytes unalgned) - A Zefo value weans no
Feason is given. The currently defined reasons are:

1l #0 slots connected on virtual circuite.

Ze I1llegsl message tormat received.

Js V¥C_helt ftrom user.

4, Ho rrocress it beirg made,

5. Time 1lmit explired.

Ce LAT_MESSAGE_<ETRANSKMIT_LIN¥IT teecheds

7. Insufficiernt rescurces tc satisfy reguest.

te SERVER_CIKCULI_TiMER out o0f cesireqg range.

e Unkncwin PRULUDUCTI_1YPE_CODE 1n Stert message.
1¢ Urnsugportec PECLUCT_TYPE_CCDE ir Start messagee.
11. {(make up your owh reasons, but please get thew addded to this

documwent)e

o REASUN_BYTE_COUUNT (1 byte) - Eyte count of REASON_TEXT 1ield.
kormally speclified &5 Zeroe.

0 KEASON_TEXT (REASCN_EBEYTE_COUNT bytes) - This field of ASCII
characters contzins the reason the stop messsge was sente.
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11 ISS5UeS vl FUKTHEER 3TUDY

1.
e
3‘.
4’
Se
6.
r}.
be
Ga
1V.
11.

9]

gulticast incalnation value weaning and format
protocol Ycorrectness® #will Le proved by fiela test
performance peasurexents neec to be done

cdesiregble for terminal seiver to implement transmit timer/host
round-rokin ior terminal server host sslection by name
T=-bit vs H=-bit ASCI1

stopping service

stop slots mapping same as ruh slot

should start->run transition generiébe a run message
w«ho allucates start slots

patching

16 REFEFENUED

"The Finernet - a Local Arez Network - vate Link Layer and #Physical
Layer Ifpecifaicetions®, Del-1IuTLL=-iErlX, V2.0, September 30, 19860

Lia ol LATA LInX AxCEITeCiUnAL oPfeclt ICATIUN, Hob Stewart, Tony
Lauck, uigital tqulgment {orporatior, l19v2l.

UNA  ETHRRNET ANobk PRUGLUCT SPECIFICATICN, Tony Lauck, Digital
Lgulpment Corporaticn, 1562



APFERUIX 4

SERVICE CLASS 1 - INTERACTIVE TERMINALS

This serwvice ciass allows cata terminal ecuipment to be remoted from a
N0SL oOvel &l intelfvehling ftnelnele &XCepl 100 The latency assoclated with
reading and writirg tu the cevice, the host eéind terwsinal server user should
find that the 1repoted tersinal gperfeoims similarly to a localiy connected
terminal.

2.1 LOCAL aw¥Aa DIRECICRY SERVICE

This weivice class piovides g 1ocul areu clrectory service to allow users
at a terminal server to acdress hosts smithout the wanual intervention of A
NetwoiX manager.

The dirtectory service 15 vVery responsive to sudden changes in the local
atea  LopGloyye Ail terwineld Sefvels disCovVel thal « paiticudar host is
avallable within asilliseconds oif the host announcing the service, 1f a host
should c¢rash, the terminal servers can notiiy the users within a few seconds
that the nost may have crashed.

The directory service is besed on the multicast mechanism pbuilt into the
Zthernet.

b2
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LUCAL AREA DIKECTCRY SERVICE

Page A-~-2
19 Tecemoer 1953

Ael.1 Groups

Connectivity mey be restiilcied by use of group codes. This restriction
ailows segmentation of the computing resources based on such criteria as
departmental ownership or physical location.

Lhosts are assigned to one Oor more groupse. Terminals (or terminal servers)
are alsc assigred to one oOr moIe gIcupss. Whenever a terminal and a host
belong to the same group, those tuwo system c&n i1nteract. For example:

pm—————

pom————¢

fm——————

tm—————

frm—————

jhost aj lhost b lhost ci lhost dj fhost el
$em————t tm———-— bm————— o ——— r——————
lgrougsi fgroups| lgrougsl jgrougsl lgroups|
I 1,2 1 I 1,9 | I 2,24 | i 5 | i 5,4,31
b m——— + g om————— o ————— e o —————
] { i { |
v v v v v
These hosis npulticsst datagrans pericdically oanto the Ethernet
i ! { i !
v v v ¥ v
FfherCmmemem e em e m———— e e e b B e T84
{ i
v v

Teiminal servers 2uild up and gresert lists ¢f available
hosts al eath tersingi Lased or gLroup codes

i i

v v
/ ivaileble hosts: A\ / Available hosts?: A\
i doligCpodye i i Lsdse |
fm————— o o ——————— -

=

ioco00000]}
fmmm————¢
Terminai at
termwinal server a
{groups=2,5,9,14)

dm—————

i coo000000}
$mmm—————
Teiminal at
terminal server b
{gtoups=-5,9)

AST_GROUPS field in the multiceast wessage is a bit mask of 2506 Dbitse.
it 15 set, then the hFost is a membel o0of that group. The first bit of

(it 2) corresvonds to grour 1. A maximum of 25€ groups can be
d (1-256) and therefcre this field’s saximum length 1s 32 bytes.

The purpose of the host yroup field is to zliow the user at a2 server to
control the display, nect to restrict cepnectivity between hosts and terminal
serverse witnout this capavility, a server user might o©e annoyed by the
jenctn 0i tne a1spizy ot avaliaple sSLui_Naxrs.

ssigned group numubers and discara  all
dataygl zas that <o not svecify one of the group numbers assigiied to

Terwmihal servers (users) are &
sulticast ©
the tefpinal server.
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w»hen group only greup zerc 1is enabled in the terminal server, only
muiticast messages which €0 not speciiy ary group codes (li.e., specliy the
HOST_GROUP_LFNGTH fieid as zero) are displayed to the users.

A terminal server isplementaticon should provide a privileged user wwith a
single command which enabies all group codes.
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Asle?Z Host
AaleZal initiaiization -
A nost system managerl may specifys

group coces (%)

host names and ratings (k)

the guarenteed mininum Ethernet datz link receive buffer size (R)
the maximsum slct size that can be received (R)

the maxinmum slot size that can be transmitted (FR)

the physical location oi the host

8 faciiity number

host characteristics and status as cefined by the particular service
class to which the host bLelongs

OO0 oo Bt OB

It is tecommenced that the system manager be regquired to specify none of
these parampeters inh order to communicete witr terminal servers that belong to
Jroup C. In order to accomplish this, LAT host implementations must supply
reasonable dgefauit wvalues tor those parameters iabeled (R) (see DEFINED
Bplpdma e D aND pa(OMMENDED CL ReGUTESL TReAHET valliss),

A houst Lhel hies 10 assiyned CInCUIT_WAs:E shouuld not  annouunce start of
service. Instead, 2an error should be returned to the system manager.

Aele2.2 1wost Group Lodes -

I1f 2 host wisnes to allow any terminal server to attemplt to utilize
services avzilable at the hest, ther no yrcup numbers should be assigned at
initialization. 1if a host wish to allow it’s services to be available to
only certain terminal server (users), then the coordination of a
facility-wide grouvp codes must be coordinatec by the faclliity manager.

A.1.2.3 Host Names -

tne or more ASCILII_KkaMES names are speclitied 1in the wmulticast message
transgitted veriodica2lly by each host system,

slthough an ASCIIL_HAME can be up toe 127 chsaracters 1in length, a nause
shouid be convepnient for 8 user to remewmber and type. Hosts should not
srecity nemes thet are hard (cr igroessible) for termiral server users to
speClive Terminel servers must supgort ¢ minimumr ASCII_KAME length of 16
ytes.

i host must specify at leest one CIRCUAT_MAadc in the multicast wessage.
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A nost can sgecity more than eight SLOI_NAMEs, a terminal server Iis
required to support & wmihimus of elight S5LUT_NAMEs. A terminad service is
require to update ail of the information in ¢ multicast datagram, or none of

2.1.2.4 bkame (irder In Kulticast kessage -

The orcering of names in the multicat message is not arbitrary. The first

ar e crnnrifisd mict h s STLDOTTT NMAUD T g b o 3 A
name specitliec must be a CInRCUIT_NAME. 10i5 name <annot be ommitted.

rollowing the iirst CIKCUIT_NAME, one or #oie SLUT_NA#ES can be speclifled.
This list of SLOT_NAMEs is always bound to tre CI«kCUIT_NAME which immediately
preceeds it.

CIxCULI_NAmE(S) anu assoclateda oSuLiT_KAMEL iasls cain then De repeated up 1o
a limit o1 255 namese.

ror an example ol this, see the section titled LCCAL AKEA DIRECTORY
SERVICE.

heledab steasuy=-state dperation -

The nost shouvic pericdiczily mwmulticast the g@uiticast datagram. This
interval 15 weasured 1h seconds and 1s specifled 1in the aUST_MULTICAST_TIMER
fieid.

sllchievVel @iy 01 the inioksation in the wuitlcast Jatagiaa chahiges, tie
MSG_INCARNATION must bLe incremented (modulc 256) and the CHANGE_FLAGS field
shoulc reflect which field was changed. The CHANGE_FLAGS field bits are
toggled each tine the asscciated field is chanyede The flag remains in the
new state until the field 15 changed a seconc¢ time.

Pelelsd System Shutqosn -

ghen a host is Ysnutting cown®, the HCSI_LTATUs field in the wmulticast
datagram should reflect the fact the the host is not accepting nNew S5510NS.

if service is terminasted by the host system manager, at LEAST one addition
muiticast message should be transaitted to reflect this change of statee.
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LAoeled Terminal 3erver
Aole3.1 initialization -
shenever a tercinal server is 1initialized:

0 Group coce O 1s enatled (all groups are displayed).

0 “*S and ~( are used & the output filick control characters

o ¢ and null (or *3 and ~4) are wused as tne 1input flow control
characters

0 These same flox control defaults are used when &a slot session 1is
established. tf ccourse the host mighit change these values. when
the terminal enters "local" moce, the original defauit flow controi
values are restored. If a previcusly active sessicn is resumed, the
1104 control setting of the session must be restored.

& dimpiementatior wmight alice a priweileged terminal seifver user to
specitys

0 gloup coces {(xJ

the ruarepteed wirirur ftherret cats tirs receive buffar size (9)
the circultl timer value (k)

the waxliue 510t w12e that can be teceived {(a)

the paxiprur slct size that can be tiansmitted (R)

tite physical locatich of the Llerminel sefver

4 flecirilty nuaLer

a nicknawe used to refer to the terzinal server

seiver characteristic and status as d¢efined by the particular
service ©lass Lo &hidich the tersinel server belongs

-
>

cOC oot o

It is recommended that an implementation not require a privileged terminal
server user te specify any of these parameters in order to communicate With
host operating systeas that telong to group (. In order to accomplish this,
an  implementation wmust supply reasonabile aefault valiues tor those parameters
labeled () (see [EFINFL PARAMETERS AN RECCMMENDED OR REGUIRED DEFAULT
VALUES).

i&n imp!l

e ion of =z terminal server micht allow all group codes to  be
assigned wit

t
single command.

- i

1f 2 priviiesgecd user cdisahies yroug coce € 1n the Terminal Server, and no
multicast wessayges hnas yet Leen recelved that specifies one of the group
codes 1=-25%6, then no 3LUT_NaNLs will Le displayed to the user.
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Aelede2 Ekuilding Tne Lirculit Name Database -

kLach Terminal Secver bulic¢ a databzse from the information received in
multicast datagreisSe A terminal service 1is require to process all of the
inforgation in a suiticast datagram, or none of it.

Terminal servetrs recelive pulticast datagréens pericdically from eachh host.
Each time a multicast datagram 1s received, the terminal servers scan a list
of enablec group codes, and it ocne of the group codes in the multicast
datzgrar matches one ¢! those assigned to the terminal server (user), then
the information in the multicast message 1is added to the local server
database. (See secticn on LLCCAL AREA DIRECTCRY SERVICE). If only group code
0 1s enabied in the terwminal server, theh oniy multicast @messages specifying
the RUST_GRUUP_LENGTH field as zero are processed.

If the wuilicast aescsdgye contains a CIkoUAT_NAmE whirch 1s ot already 4n
thie 1lisl, & new circuit entry is created &nd the information in the multicast
datagram 15 parsed 1nto the entry. If tre CIRCUIT_NAME has assocliated
SLOT_nAKES, these too are added to the entry. Thilis 1s repeated for each
CIRCUIT_XA¥p 1in the multicast mwessage.

19 tho CHRECUYT Mpwt je niveady aptered (yith tre came  Sthernet  address),
the datagram MSG_INCARNATICON field 1s compared with the MSG_INCARNATION field
3tored¢ in tiie last entry to see 11 the inlofaation in this wulticast datagyram
is ddenticzl to the date receive previcusly fiom the hoste If this field has
cnhariged, then tne a1nforaation in the muliticast datagram 1s reparsed into the
li1st entry corresponcing tov the CIRCUIT_NhAME. The CHANGo_#LAGS field should
be used tc reduce the CrFl time necessary to parse the entiye.

I{ the CIRCUIT_NaMié is wifeady entered in Lhbe list, Lul with a difileient
Etherniet sddress, LCUPLICATE_CIRCUIT_NAME courter should be incrementede. Then
the list entry shcuid be created for this CIiECUIT_NAME as described above.

sServers maintain the list of all names 1n meiorly.

1t a terminal server has irsufficilent memciy to bufter all of the received
multicast Jdata, CIRCUIT_NA¥E entries are purged {rom this database in the
foliowing order:

1. Unreachasible housts - these are nosts that are known to bDe unreachable
pecause the LAT_MESSAGE_KRETRANSMIT_LIMIT was reached on an active
virtual cirruit asscciated with the CIRCUIT_NAME.

£e Unknouwn hosts - these are hosts that have stopped transmitting
sulticast wessages for more than 5 times the HOST_MULTICAST_INTERVAL
seconds, and ate trerefore assumec to be in &an unusual state
{crashed).

3 Shutuown - these are hosts that have 1ndicatea that they are no
ioncer accepline cerrections.

4, ELeachzrtle - thego zre hosts that cre rezchable, ©Sut nc virtuzl
circuit is curreintly established to the CIKCUIT_NAME.
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If after all of the above entries hLhave been purged from the CIRCUIT_NAME
database, no entriles afe avaliable, the muitlicast message 1s discarded.

Rele3elel KError kecovery -

It 2 conpnect tc g SLCT_NAME name fgils, the list of SLCT_NAMEs is searched
for an alternate CIiRCUIT_KAME path to the SLOT_NAME. 1f one is found, a
conneciion 1s attempgted. This continues until @ connection succeeds or until

possilobe CIKCUIT_KAME paths to the SLUT_NAME have fziled.

It 5 times the bhUST_MULTICAST_TIMEK seconcs elapse in the terminal server,
and & terminal server hzas not receivec tne multicest datagram corresponding
to & list entry, the entry 1is purqged frowm the 1list of available hosts
displayed to the termlinal ScIver uUSele

- 99 -
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Ae2 IMPLEMaNTATICHN 1SSUES

2 number of very differernt host services <¢an be presented using the
multicest message defined by service class 1.

Ae2.1 HMultiple Service Access Foints

'ine 3 service access point {(S3P) &8s a pieallocated host slot block in
the nait d state with an associated SLUT_MAME. For example, consider this
host topology: eight physicel RSZ32 ports and a single Ethecnet porte. The
problem 1is how to aliow users to select a specific host SAP rather than any
randem SAF in the host.

ihis Cali Ue dCCUsplishet Ly ¢glving each diilterent hnost 5HAPY o different
SLOT_&AMFE in the multicast message transmititec by the houst systeme. This wiil
cause the SLUOT_N4#ES names te be presented to the users seperately, but all
sessions =111 be piggybscked over a single virtual circuit.

Le2e2 Cluster stztic Load v&lancing

Clusteis of nmachines micht ¢hocse te present the same SLOT_NAME in  their
multipie Wiulticast Wessages 1f1 they «c¢fter equivalent servicese. By
cooperating amonyg themselves 10 estabiish a common SLUT_NAME with appropriate
SLOT_HATINGS, the ciuster menbels csharrange to share the terminal user loade.
Digital Equipment Vax{luster present this type of name space to LAT terminal
SelVeioes

A.2.3 #uldtiprocessors, Gateways, VYirtuai #achines

yultilprocessors #Bay wWish to present individual host system processors as
unigue systems through s shared Ethernet port. ¥core specifically, they amay
require that messeages arriving at the single Ethernet port contain slots all
destined for the same physiczl processor.

This cen be accomplished bty assigning rultiple CIRCUIT_NaMEs in a singie
multicest message transmitted by the host Ethernet port. 4 similar effect
cdn be accotplished by transsitting wmultiple Lthernet multicast messages,
each specifying a diffeirent CIRCUIT_NAME, however this second method consumes
more pthernet bancwidth and processor time. This will <cause a terminal
servel to establish A new virtual citcuit foi each different CIRCUIT_NAKE.

rach CIRPCULT_Nex: can stllt specity one or more SLUT_HAMES. This would

210w pigoyhacChirg 01 SesZicengs o5 usual. Tlre smae SLOT_HAME can be assigned
t¢ woie than one LI«CUTI_LAKE to achieve static load palancinge.
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B.3 SERVICE CLASS 1 MESSAGE FURMAT EATENSIONS

f.ach service clizss can define extensions to the messages in tne main body
01 the cdocument. Service c¢lass 1 externds the Start slct and defines speciai
meanings to the Attention siot.

If the siot Lyte count is in conflict with a field byte count, the slot is
invalid. If the siot byte ccunt truncates ar extersion to the slot, the slot
is valid and the extension 1is not supplied. 1If a3 byte counted field within a
s5lot status field 1is speciiied as zero iength, the next byte following the
byte court is the first byte of the fcliowing field.

Eits are transmitted onto the Ethernet low order bit firste. when 1i1ields
are concatenated, the right hand field is transmitted first. MNumeric fields
more that 8-bits long are trensmitted leest =ignificant byte first.

FlelGs are represented as bit streams, rignt to left. 2il fields are an

integer guitiple of eight bDits. The symbol "™=% is used to indicate fields of
varying o¢r indeterimindate lengthe.

- 1C1 -
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Ae3el ostart Slot Status riela

The Start slot sent to the host by the terminal concentrator 1is extended
by this service class. The Start slot sent by the hest is not extended. All
of the tields in the 5tart slct extension are optional. The format ot the
servei-to-hust Ztart siot is:

i 0
$ o e +
{ DS1_SLCT_IL H
it e R S +
i SFC_SLOT_IU i
o e e e e +
i STATUS_BYTE_COUNT !
R ittt R e — +
i SLCI_1veiz i CrRELITS i
4. ST CL T SIS IS IS 4SS SIS SIS oTISIZ=Co4
i SERVICE_CLASS ] <-- start of STATUS field
o e o e i +
H FiNI#U% ATTENTION_SLCT_S512E |
F o e e +
! MINTRUY 08T SEOT_S1Y !
Amm e ———— P ———————— +
i TCST_SLI_Nawm_LEN
= toemmr e, —— +
i UET_SLUT_Namb =
R e BT e - ———— +
H JSRC_ELT_NaM_LEN]
= o m———————————— +
i SrRC_SLUOT_Nakb =
F o e e i +
H PaRM_CCLE | <- start of extension
e e ——————————— +
{ FARM_LEN i
B R et b T I —— +
= PARM_LATA =
o e —————————————— +

PARM_CCCLE, PARM_LEN, anc i
FARM_UATA repeated until =
PARNM_CCDE 1s egual to zerc. |
------------------------------- + <~ end of extensicn
UNERFUICTARLF { (only exists it
R it it bt kil + STATUS_BYTE_COUNT 1is odd)

L SR IR



SERVILE
SERVICE

e 000

(¢}

<

o

L2355 1 - INTERACTIVE TERMINALS Page A~-12
LASE 1 MESSAGE FORMAT EXTENSICAS 19 Decempver 1983

CST_SLCT_1U - a harcle on the remote slot block
SEC_SLUT_IL - & nancle on the local siot

PA¥_CUDE (1 byte) - A parameter coce. The value zero indicates the
end of the list (which me ens the iollowing fields are
unpredictable)es 2 non-zero value in this field indicates the next
two fields are valicd. Parameter codes 0 through 127 are reserved
for use bty Digital Eguipment Corporéetion, wmhile parameter codes 128
through 25% are reserved for users.

PARKE_LEN {1 unsigned byte) - the lergth of the following field in
tytes.

FARM_DATA (PaAkM_LLia bytes) - the iroimat ot this tield is deftined by
the assoclated PARM_CLOUE.

The L[01l0wlity palawelels sie celibied 10f serfvice class 1 -  interactive
terminals:

0
c

o

rarameter code 0 is reserved.
Parameter code 1, pardmeter jength = 2 - Flay word.

- it ¢ = Lawnte (rodem) Jire if rcot tgp 1,

- it 1 = s5ecure line 1i set to 1. Server w1ll abort session it
{bieexr» conditicn is detected.

- 2its 2-1% are urpredictable.

cuigmetel coges Z through 127 &re urprediciable.
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S - -

SERVICL CLASS 1 = INTLRACTIVE TeHRMINALS Page A-13
SERVICE CLASS 1 MESSAGE FUORMAT EXTENSICAS 19 December 1983

hede?2 DLata_o Slot Status Field

The Data_b siot 1s extendec by this service class. Although the slot can
be sent by either the bhost or the terwinails server, the host optionally
implements the break and flow control functicnse. The terminal server alwmays
ignores the preak flage. The terminai server asust implement the fiow control
and abort functiors.

note that this siot 15 tlow controiled.

The format of the fata_b slot is:

7 0
fmm e ——————————————— —————— +
i DST_ bLLT Ib i
§ o e e e +
i SKRC_SLOT_IL i
W +
i SLUT_BYTE_COUNT i
pmmm———————————— $omm e ——— +
i SLUT_Ty¥pPE 1 CREBITS i
T T T T T I NI AT T T T I T T IS TTTICL
i CUNTRUL_FLAGS {
formmcmec e ———— e —————————— +
H STCTP _CUTPUT_CHANNEL_CEHAR ]
e e ———————— +
i START_UUTEFUT LhAanL Chidb t
frmmm e — e — e m—————————————————— +
i STUP_IKNPUT_CRANNEL_CHAR {
R il e +
i START_INFUT_CHANNEL_CHAFR i
fmmmm e ——— e —————————————————— +
{ UNPREDICTABLE i (only exists if
e b bRl D ittt + SLOT_BYTE_COUNT 1is odd)

o LST_SLuT_Iu - a nanclie on the remote slot plock

¢ SRC_SLOT_I0 - a handle on the local sict biock

6 SLOT_BYTE_COUNT - an unsigned inteyer count of the length of the
SLUGT_DATA tield.

o CREDITS (4 bits) - a 4a=-bit positive integei egual to the number of
credits belng extended.

0o SLUT_TYPE (4 pHits) - the value 11,

0 CUNTrOL_FLAGS (8 bits)

0 {(bit D) - tnable recoynition of 1nput flow control characters.
If se¢t, this bit changes the mezning of STCP_DUTPUT_CHANNEL_CHAR
and START_CUTPUT_CudNNEL_CHAR in  the terminal input streanse.
Jpon  detacting one ot these characters, the terminal server
chevlid di=zcblcesenable terwminel cutzut stresm as  indicated, anAd
discard the charactere.
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o (bit 1) - bisatle recognition o1 input tlow control characters.
If set, all chearacters 1n the ter#lnal input stream are passed
directly througlt to the host without interpretation.

¢ (bit 2) - Ltnable recognition of output flow control characterse.
If set, this bit changes the meaning of STOP_INPUT_CHANNEL_CHAR
and START_INPUT_CHANNEL_CHAK in the terminal output stream. It
the terwinal server 1is @&about to overflow the terminal input
streer buttering, it should insert the STOP_INPUT_CHANNEL_CHAR
into the terminal output streaie Whern sufficient input
buffering is again available, the START_INPUT_CHANNEL_CHAR aust
pe inserted into the terminal outputl streame.

0o (bit 3) - Lisable recognition of ocutput fiow control characters.
1f set, all terwminal output characters are passed directly to
the output stresk. HNo characters are generated by the terminal
SeTVEera.

¢ {(bit 4) - break copdition «getectec (tecfminal setver to Gost
ONniy)e

0 (it 5 throug¢h kit 7) - Unpredictabie.

¢ STUP_CUTFPUT_CHANNEL_CHAR - The vzlue assigned to stop the terminal
output stream 1i  1nput flow conirol characters are enablede. Tine
vriue 2ssi1~ne” 1s nereally controi-t.

o  ETAPT_CUTPUT_CEANNEL_CHAR - The value assigred to start the output
channel 11 1nput  f(low coitrol chraracteis are enavled. Tihe value
2ssizned is norxzally control-0.

0  STub_IaPUT_CnaANNel_Chax - The value assigned to stop the Lerminal
ingUut channel 11 output flow contiuvul chaiactiels 41e enavcleds The
value ssigned 1s normally control-S or control-G.

6 START_IWFUT_CHANKEL_CHAR - The wvalue assigned to start the terminal
ingui channel 1f output flow control characters are endileds The
value zssigned is normally control-¢ or null.
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A.3.3 Attention Slot Status rield

The Attentioh slot is extended by this service class. It°s purpose is to
discaid ell bufferec data rewaining to be delivereu to the user. The slot
can be sent by either the hcst or the terminéels server. ficst 1implementation
iz optional for bLoth trensmission and reception ¢f the siot. 7The terminal
server amust process this slot it it is received, but transmission of this
slot is optional.

[ e N R St - R e A T Yk 2 W e e o B B
VLT LIlGaL Ltil1Oo DAV L 41D LU L LiUuw LULLLU L AT U

the forwat of the Attentiocn slot is:?

7 0
P - e e e e +
i Vo DLLi iu i
e e e e ———— +
{ SFC_SLCGT_1D i
fmm e e e e e e —— - —— +
i SLECT_EBYTE_COUNT |
trmmmmm e ——————— R e +
: Si ‘k-lzl‘;h;; 2 pp ¥ !
4 I T T T I TN T T4 I TSI TSI T IEIIZIZ IS
i CUMNTROL_FLRAGS H
T = O Wy W T = +
i UNPREUICTABLE l
e +

o UST_SLOT_1L - & handie on the remote slot block

0 orRC_obLl7_1u - « nantcie on tie local olol bilock

o SLCT_BYTE_COUNT - an unsigned integer ccunt of the 1length of the
SLUT_DATE tield.

0 MBZ (4 bits) - must be zero

© SLUT_TYPE (4 bhits) - the value 1l.

0 CCOHTHOL_FLAGS (8 bits) 3

0o (bit O through it 4) - Unpiediciaole.

o (bit &%) - abort. Causes buffered ocutput data pipe to be flushed
0of a2ll characters.

o {bit & and pit 7) - unpredictable.
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hedt HMuSSAGE tURMATS

This service class defines the followling zdditional messages.

Asd4.1 Patch mMessage



SeRVICE
MESSAGE

Aedal

CLASS 1 - INTHRACTIVE TERMIKALS

FLrMATS

muiticast Latagygraw

1
L ¢

A e e e e e o +
i DESTIMATICN_ADURESS i
| |
| i
o o e e e e +
i SCURCE_ALDDRESS i
{ i
l i
o e o m  — +
] PxCTUCOL_TYPE i
L Peiirinaeriiongodiousindmmiiiioeiioniiinefnelivsgiimetuneipiu o iieayondyosgiioginediorl
i SEV_CIRCI_1sK i hob 1¥r  imiii
O e fomm————————— t—t-+
j LUW_PRTCL_VER | HIGH_PRTCL_VER]
b ———————————— B T +
i CUR_PRTCL_ECC | CUR_ PK?CL i
fmmm e ——————— fmmm——————————— +
|oUraNcE_wWEoaCe wsa_wv,:zsmtz':e;g
o e o e P ————————— +
i LAIA_L&B% cCV_FRAME_SIZE i
e e e —— - ——— +
i ausT_STaATUS inUdT MULTi_11i#k]
frmmm————— e m————fm—————————————— +
| HOST_GECUELS inC*T GkCUF_LEN |
i o ——— +
= UoST_GROULI_LLN gioup humbers =
pmmm e ———— frmm———————————— +
i CLCT RATING | NAME_CUUN1 |
e —————————— po - ————— +
i ASCII_NaME | NAME_LbN i
i fmm— e —————— +
= NAME_LEN ascil characters =
R el il bt il +
| i1t NAME_CUUNT 1s greater than |
= nne, then the previous three =
i field are 1epeated here }
e 2 e o o - —————————— +
| HOST_ASCIT_1ID | HOST_IU_LEN 1
H o ————————————— +
= HEST_1L_Leh ascii characteta =
formmm e ————————— Fom o o +
FHNOT_SER_CLASES) HOST_SER_LFN i
{ frmm—m————————— +
= viaal_st+_Loik Sepvice Cciasses =
G - - - " - -
= URPKEUILTﬁfLP =
o —— e ———————— +

w3 e DN e I oeg [T

ol B we il - x|

rage A-17
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O MSG_TYP (6 bits) - fixed at 40. (The value of the byte is 40 since
the & anc U tlags are Cclear always clear.)

0 SERVEK_CIkCUIT_TIMER (1 byte) - Desired value in milliseconds. The
host suggests a value in this fieids The value may be ignored by
the terminal server. A zero specifies no greferred value.

0 HIGH_PRTCL_VYER (1l byte) - Highest protocol version supported by
nosta.

0o LOw_FRTCL_VER (1 byte) - Lowest protocol version supported by hoste.
0 CUKR_PRTCL_VEK (1 byte) - Protocoi version of this message.

0 CUR_FRTCL_ECHO (1 byte) - FCOD level ct CUR_FRTCL_VEK (this wmessage).
eCd (Engineering Change Lirders) are galways vackwalds compatible for
any giver protocol version. If an £ECC makes a change 1incompatible
with the oprevious versilons, a hew (nlgher) protocol version must pe
aliocated.

0 MSG_1ine (i byte) - kessaye incernation. This multicast datagram 1s
trapsmitien nertoaicultly by eacn hnst, any time ANY fiela within
this message changes value relative to the previous message, the
FSG_INCARNATION wmust be incremented by ones When the host assigns
thigz value to the tirst multicast wmessage, a rancgop value should be
chosen.

¢ CHAMGE_FLACS (1 byte) - kach kit in this byte corresponds to a field
in the multicast message that can chbange:

o bDit { -~ host rname(s) changed

0 bit 1 - host rating(s) changed

¢ Dit Z = HUST_ASCII_IU changed

0 bit 3 - HOST_GRCUPS changed

0 bit 4 -~ HUOST_SER_CLASSES changed

o pit T - HROST_STATUS changec

o bit 7 - Kemalning parameters changed (Server timer, multicast

tiwer, Protocol version, ECC level or pata link frame size)e.

i1t & field changes, the bit value teggles (0 -> 1 or 1 =-> 0) and
then remains &t that wvalue wuntil as mpulticast messayges are
transpitted until the field changes ajyain.

O UATA_LINK_KCV_FRAME_SIZE (2 bytes) - The wipnimum and maxigum sizes
of frames are restricted by the gthernet specification to be in the
range 46 through 1514 bytes. A host implementation must specity the
quaranteed wiriwum size receive tuffer that it gueues to the data
1ink dayer of vifhertpet. {.€0a8i value€és ate f[estiicteg by the LAT
architecture to pe in the range ot ©76 through 15'% pytes. Terminal
seIvers rever transeit a datagrae t¢ a2 hLost that 1s  longer than
CATA_LINE_WCYV_FRAME_SILE bytes. HeEsts rever yueue 4 receive buffer
smaller then this size.
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BUST_MULTICAST_TI¥LE (1 oLyte unsigned) - The Binimum rate at wiich
tne nost wiii send multicast messages 1IN secondse.

ECST_STATUS (1 byte bit mask) - Host status flays byte.

0 il C - Sei to I if the host 1s not acceptinNg new 5eS55100Se.
0 Sits 1 thrcugh 7 - unfpredictabic.

HOST_GKOUP_LEYN (1 byte unsigned) - 2 byte count of the HOST_GROUP
fielde & value of zero is legal and indicates that the host belongs
only to group Zero.

rCGST_GRCUPS (HCST_GRCUP_LEN bytes) - This field 1s specified as a
pbit=-wask or 25¢ bits. A Dbit set to 1 indicates the host belongs to
that gyroup. The first bit of the mesk (D1t U) corresponds to group
1.

NAME_CUUNT (1 pyte unsigned) = This tielc 1s equal to the number of
names offered., The next three fielcs are repeated NAME_CUOUNT times.

SLo® _va®isvt (1 byte uvrsigned) - the rating ot the 2ssociatzd name.
if the pape 15 a CIRCUIT_NA#E, Dy convention, the value is equal to
the number of duteractive users on the houst. If the associated name
is a4 SLCT_NAME, the value 15 wused to arilitrate between multiple
CIKCUTT_dawk patns toc the samwe SLUT_wnAmE.

NAME_LEN (1 byte sicgned) - A byte ccunt of the ASCII_NAME field. A
value of zero 1s illegale Positive counts are SLOT_NAMES. ©Negative
counts cecre CIRCUIT_MNAMLES.

ASCYI_NAME (NAME_LEN bytes) - Any claracter in the ASCII_NAME field
must pe in the range 33 to 126 or 16l to 254 {this eliminates
control characters). Lower c¢ase chetacters will be wupcased before
compariscne.

HOST_ID_LEN - (1 byte unsigned) - A oyte count of the HOST_I0 tield.
A value of zero 1ndicates that no HULST_IU is available.

sO3T_ID (BUST_1D0_LEN bDytes) - an AollIl string o¢f <characters that
will Lhelp the terwminal server user confirm that the SLOT_NAME is
realiy tte service te expects. The host shculd not load control
characters into this fielde Terminzl servers must support a minimum
BCST_ID length of 64 characterse.

o
T

ST_SER_LEN (1 byte unsigred) - & byte counrt of the HOST_SER_CLASES
1elds A value of zero is 1llegail.

+

[

HOST_SEP_CLASES (HCCT_SFE_LLN bytes) - 2 hest nmisht  simultaneously
ofier wgultiple servicese & service class is coded as a tyte value
1in tine renge 0 to £5%. The value Zero is teserved. This field 1is
speclfiec to wmake the architecture extensibie. The service classes
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defined at present are:
0 LLAS
0 L

e g
i

1 = iIntersctive terminals
5

L s
C g - Application terminals
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APPENDIX B

SEEVICE CLASS 2 - APFLICATIGN TERMINALS

B.1 INTRODUCTICON

Service class 2 is not fuliy specified anu has not been approved for
implenentation. A outline appears here simpy to show how service classes
w1ilil oe 1nterrelated.

An Interactive terminai is a device under the control of a user, while an
tor¥qe2tion teryirn?! 17 = fAewice under tre ccontrol) ct 2 comruter srecesz. In
some cases an Apriicaticen tersinai mey not even have a keyboard: line
printers, viceo mopniters end aisplay wirndows 1ail into this «class of
Aprlication Terwminal.

beicre a computel process can allocate an application terminal and write
to it, the nawe of the Application terminal must be made available to the

computer process and the coumputer process must have the authority to use the
devicce.

B.?2 RELATIUNShHIF TC SERVICE CLASS 1
Service Class 2z supporis every detail of Service <Class 1. The oniy

Jdifference between the twc differert service classes are the extensions to
S5ervice Class 1 made by Service (lass 2.

R,3 ARCHITECTUFRAL sNODEL
Fe3del tHost System As Initiztor Uf Connect

In order to:

¢ preserve the 1nvestrent 1n the hPost 1mpiementation
n tec 2llcx thke sharec 2rplicaoticr terrinal to ke artitrated
G to allcw the host system to initiate sessions to terminal seiver

Ltorts
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host application jrocesses "soliclt” sesslions with Application terminalse.

Ee3e2 Authorization

in the model presented in this Service (Cless, the device itself decides
which computer irocesses are authorized tc allocate and use the device. A
host computer process, no matter how priviieced within the <context of the
host operating system, cannot allocated and use a Service (lass ¢ device
unless the device has been set up to service the group to which the host
system belongse.

Felded Advertlsinyg appillcaticn lerwlnals

Host system processes find out about Application devices by listening to
to the application terminal muiticast acdtess. Each server system supporting
Application Terminals multicasts this messaye periodically. The message
lists the names o©f ihe names o1 the Application terminails connected to the

ATV AT myr e o
ZECTVErD JYyILTzl.
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Helde4d Holiciting Application Terminals
1f 2 host system wishes to use an Application tersinal, it must transmit

this nmessage tc the server system on which the Application terminal is
attached. This message is pbhysically addresseds

i
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Re3.5 Sharing

since & cevice might be pusy at the time service is requested by a host
process, tne following physically addiessec message is used to reply to the
host system requesting services
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i Status of aApplication_terminall
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accept_new_sesslcern, 55
accept_virtual_circuit, 59
ACK, 41

ACK 1n circuit biocck, 24
Attention slots,
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valanced wmode, 36

CIRCUIT_NAME, 14, 2U
CIRCUIT_NAME in circuit block, 24
counters iof wviituai clicull, <25

data Lypes, 52

Data_a slots, 5&
Data_b slots, 52
DkF, 46
Tw¥ 1m circult nico,
end_seivice_class,
Ftheraet = geaeral,

~
-t

N

HUST_CIRCULI_TIMEK 1n citcuilt

block, 25

HUST_RETRANSMIT_CCUNTER, 2D
illegal messayes, 3¢

illegal slots, 30, 45
initiaiization of Circuit Eliocck

(Host), 41
initialization ot Circuit

(Terminal server), 39
iov_run_ctcv, 35, G8
Inv_start_rcv detinition,
Inv_start_rcv event, 35
Inv_stop_rcv defirnition, 38
Inv_stop_tcv event, IS

dlock

317

invalid messaqges, 38

LUC_ADDRESS in carcult biock, 24
LUC_CIR_1u, 271

LUC_Clx_7TL din citcult hiock, 24

LUC_SLCT_ié, <7,

LeCal, _Cuerplts, 4o

46

messate retransmission policy, 25
Types, o4

in citcuit

MeSSaye

BEC_TYP Liock, 24

11¢

multiplie sessions, 25

new_session_poll, 5%
NXMT, 27
MXMT in circuit biock, Z4

poll_attention_done, 56
poll_rcv_done, 5%
poll_receive_message_done, 60
poli_service_class, 55
poll_session, 56
pOoll_tiarsmit_done, 59
poll_transmit_message_acked, b0
poll_virtual_circuit, 5%
poll_xmt_done, 56

queue_at tention_tuffer, 5o
gueue_rcv_siot_tutter, 43,
queve_recelve_datagram, 59
queue_trensmit_datagram, 59
queue_trensmit_wmessage, 60

'S

reject_new_sesslicn, 5%

ReM_ADDRESS in circuit block, 24

REM_CIK_i0, 21

feM_CIR_Io 1n clrcult plock, <24

REF_SLOT_ID, 46

REBUTE_CEREDITS, 46

Resend_iimit event, 35

RRF - efiect on terminal server,
65

KEF - reidationship to balanced

mode, 36, 7&

- relationship to

buffer pool, b4

relationsnip to Send_data

event, 35, 36, 72

regresentation in message,

RkF data link

18

- setting and clearing, 43,
66

in Circuit Block,
rcv definition, 37
ik

kbl

-5

RR¥ 2
Kuh_

kun_Lcv event,

4

Senc_dat e svent, 35
server user interface, i~1
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SERVEx_CIKCUTI_11INEx in circult Timer event, 35
tiner, 25 transmit_unacknowledged_queue, &0

SERVEK_KETKANSMIT_COUNTER, 25

sessions, 44

slot block, 46 uracknowiedged transmit queue, 26
siot data, <23 user interface summary, 54

slot data cefinition, 23

siot event definitions, 47

slot interface summary, St VC_healt event, 35
SLOT_CDUNT, 456 vC_start, 59

SLOT_NAME, 14, 20, 456 VC_start event, 35
SLOT_TYPE, 46 Vi_stop, 59

slots, 44 virtual circuit counters, 29
Start_rev definiticrn, 37 virtual circuit events, 35
Start_rcv event, 35 virtual circuit quality, 25
start_service_cldass, 505 volunteel_attention_data, 23
start_session, 55 voiunteeir_xat_attention, 56
Stop_recv definition, 38 volunteer_xmt_data_a, 23, 56
Stop_rcv event, 435 volunteer_xmt_data_b, 23, 56
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