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I Change bars have teen added since the 12st rEview. Not every change has 
a been Indica~ea, but 1 attem~ted to mark all toe s1gniiicant changes. 
I 
I 1 have suggested an architectural change to the way names are used. 
• S1nce these changes ~ere not so11citec by the DRC, I left the ola text in 
, the document flagged ~ith "_fl characters, and ent~red the s~ggested changed 
I text flagged with the "+" character. 
I 
I I adceCi a section on iJrpleDl€ntation issues .in service class 1 to 
i describe the use at the names space iu different kind of implementations. 
I 
j The state taDles are ali roarKed as changed. I consolidated the t~o 
I events Out_seq_rev ano In_seq_Lev irto a single event hun_rev, and then 
I changed the actIon to correspond to this new event. 1 reterenced so.e 
i interi ae e rout i nes in tile state tab 1 es to make unders tand ing the action 
I descrlption~ easier. 1 added a Stcpp.ln~ state to emrhasis the importance of 
I this (ieiaY oS requesteu (although 1 LdnLot <.;onVIIlce my.;;el1 J.t lsredliy 
I neces,~ary). 1 00 not oel.leve an.y different tunc tionlng is specified by the 
, new St2t€ diagrams. 
I 
, 1 ddd~d dn Inj~x. 
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This riocument presents a communication architecture for an Ethernet 
a[e~ network. The architecture is called Local Ared Transport (LAT). 
utilizea dS a lo~ level communication serV1C€ u~on ~hich other higher 
services are layeLea. 

local 
LAT 1.S 

Ie'vel 

This document presents LAT structured as a communication service for 
terminal !>erversand host operating syst€ms. The reason ior presenting a 
specific model is to prcvide a clear exampie of ho~ the architecture can oe 
implemented. In fact, the architecture is ~ppropriate to applications other 
than terminal to host co~munications. 

ThiS document ~S5umes that the reader is fam1liar ~ith the Ethernet, 
communIcations concepts, and practical pcoulems accompanying implementations 
of distributed services. 

This docum~nl de.:sclites d dald trilIlSf.;Oct !;ervice ~.ro\lided to the host anc} 
the terminal ser~er. Ihe lev~l ot det~il is su11icient to allow the 
interoperabi11ty of hosts Rn~ servers. This document does not describe any 
specilic issues involved In bLilding products that ~tilize LAT as a transport 
service. Tno~e i~s~e~ are ~dtressed in detail by service classes. 

Sc~virr ~!?~:O! -rs :ccu~~rte~ jr ?;r~nCIres. ~ervi~~ cl~sse5 1efin~ 

message lorocats anj algorithms which exterd the tasle serVIces provided by 
tne LAT G,rcllitt!ctLft;. TtH~!"e exten.:.;iO!lb aClCCt!:iS illobleu,s that are unique to 
t t s e S e r vic (~ c 1. a s ~ (J '- t 0 ti if:;; i if bJ 1 {Hl, C n tilt i 0 1; U 1 d P [ 0 G U ct. 

The 1 irs t l.i" e ~; Bet 1 0 n b P f e sen t d n 0 l; e r VI t iii 0 t t fi ear c h ~ tee t ur e. 

2 PURFOSt: 

The purpose at this oocuwent is to s~eclf~y the LAT architecture in 
suffiCIent detail to allow interoperable implementations to be built based on 
this dOCUHient. 

'lht! iJUf.;;ose of 
ot Simplicity, 
architecture. 

the LAT ~[ctocol is to bia~ every design decision in favor 
while simultaneously p£efervin9 the goals of the LAT 
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Local srea net~or~s allow corup~ting resources to De physically distributed 
throuyhout a tacllitYI ~h1Ch satisfie6 the reeds ot the facilitYI instead of 
the Deeds 01 the compu tiny 1·€SOUrces. 

A ~ecor~d p[o~erty of local area networks js dramatically reduced cabling 
costs. Allot the distributed computing Ie~ources are connected to a common 
coaxial ccble. 

An Ethernet can have as many as 1000 attachwents on a single coaxial cable 
over 1 aile In length. A potentlal protlem in such installaticns is the 
limited bandwidth available on the ~thernet (about 1 usable megabits/second). 
For this reason, communication architectLces operating in this shared 
environmert shoul~ allocate the available bard~idth efficiently, faiely and 
predlctdtly ~rnon~ toe man) bystems. lh~s 1S dU explicit goal of tne LAT 
3 I' chi t ec t \J Ie. 

It is not the goal ot the 
mtchanism .;ju.tticier~t tor the 
instead, the archItecture wakes 

LAT architecture to specity a transport 
neeas 01 ~ large number of applications. 
simplifYIng assum~tions appropr~ate to a 

o C 0 ill m u n 1 C G t 10 nLS 1 v cal to a :;) 1 Ii q 1 et'- t n er net. Tuis el idlinates the 
Lee '.i t C [j L Y r () L tit: <j (. a ~;4 b i 1 .i t j • 

o the nature 01 th~ ccmrnunic~tion I~ Inherently asymmetric. This 
simpli1its connection mdndgement cina greatly slmplltle~ ~he no~t 
i ill t> 1 em en tat i O,ll • 

o tr e ban C fa i Q tb of the F.~ the r net i S Bl U (h 9 I eat er t han th e ban d wid t h 
net::ded cy dH apfi11cation. 'i'h1S d1;,~Um~tl.on fe::>ult,i:) inc. t~llier Dased 
fcotocol. 

These assumptions applied to the problem of connecting terminals to hosts 
allo~ tne 1ollowing tradeotfs: 

o Minimize the load or the host opecdting systems by transferring load 
to the terminal set-ver. 

a heduc€ terminal server complexity tc allow very low cost hardware 
implementaticn~, or Increase the cOBvlexity to dch~eve a value added 
serv~ce ~n the tBcwinal server. 

a Allo~ a Lser t€r~in21 to att2ct to zny host in the local 3cea, or 
rest£ict the US€lS ~ie~ to ~ sLbset of the available hosts. 

o Incr~ase the level ct pertormance at the terminal servers dnd limit 
the total number ot terminal servers Simultaneously using the 
r. the r n t~ t ,or dec r e c !: e the 1 e v € lot i' t! t reI man c eat the tee in ina 1 
b e r v e r s c J 1 0;,; i n g a gr eat ern II fti b e r 0 1 t e r 111 ill a 1 se i v t.r s to uti 11 z e the 
~ tL.:.H t.:; GL til e (n,~ t • 

- b -
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LAT views the Etnernet ab a local device, not as a net~o~k. This dpproach 
allow~ the ~m~leffi€ntdtion 01 the architecturE to be contineQ to lo~ levels of 
the host operating systems. It also minim1zEs the cost of installation and 
support of the computing resoucces by requiring very litt~e training on the 
part uf the net~ork manager and users. 

It is not a goal of this architect~re to ~covide any level of security 
beyond that provided by the Ethernet itself. Extensions to this architectuce 
in the areas of authentication and data link encryption have been 
antic.pated, but not ceaiized. 

- 7 -
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4 TEkMINCLGGV, A~SUMfTl(NS '~D NOTATIOh 

o local area (net~ork) - the topology defined by the set of logically 
equivale~t processoIs directly attached to a shared interconnect. 

o termin~l server a oedicatea function system ( processor, 
controller ) ~rovi~ing attachment points for terminals in the local 
area via a cesponsi~e virtual circuit service spanning the shared 
i.ntecconIH~ct. 

u host (o~eratin~ system) - a special case of an integrated set of 
server systems which implement an cperating system. The use of the 
term "host" in this context is rete ring to the operating system dn 
not to the host services. 

o host (arplication services) Named services oftered by 
appllcstl0~S. There can De Rany such application secvic~s 
associatEd with each host operating system. 

o poct - the ddapter between a pcccessor and interconnect which 

o catagram - an atomic unit 01 irtorIDztlon exchanQec b) local area 
Letwock~. in tne t tnerUtt iftpleftl~n tdtlon, ddtdgri.HhS are required to 
tl a v e ~ con::; t d n t to r j[ ate 0 n sis t IIVJ c t : des t i. nat i on [i 0 C t add c e 5 S, 

~ou[ce port addre~s, protccol t)pe, data dnd an error detection 
code. Latagrams aay yet corrupted on the Ethernet, and are 
therefore not al~ays delivered to the destination adaress. 

o wirtual circuit - a logical stream ct data, established between a 
termInal server and a host w1th the characteristic that data 
delivery is Oioirectional, seQuenti~l, timely, and error-iree. On 
Ethecnet l a virtual circuit service is a value added service since 
the Ethernet data lick provides a d~tagcam service. 

o aessage - a datagraa under victual circuit error control. 

o blot - a segment 01 a message used to coamuicate data between a 
tecm1nal on a t€r~inal seever and ~ host a~vlication. Messages may 
have zer~ or more slots. 

o S €S':;.l on {c onn Be t 1 OIl) 2 t1.' a1.15 I.e I; tass OC 1 d tiOJl 

termlnal seever to exchange data reliably with 
utilizing an underl~ing virtual circuit. 

~hlCh allows d 

a single host 

o rlow control - a set 01 rules ap~li~d to pcoce~ses which prevents a 
tran5mittln~ ~roceS5 trom sending data to a recelvin~ process that 
is .d v t d L t~ t U ( f etc t L fie r the t ran.;; nit t e oj j at,:,. 

- R -
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o brOdccast - as appliea to Gata 11nk~1 broadcast capability refers to 
the abilit} of any oue port to acdress all other ports 
simultan€otJsly with a sit}(~le datayccm. 

o rnult~cast - as ap~!i€d to data links, multicast capability refers to 
the ability of any ene poet to addless a sub-set of all other ports 
simultaneously with d s1og1e datagram. 

o users - the consu&ers of the serviCES provided by this architecture. 
As applied in thi~ cccu.ment, the term "user" is ar:i abstraction. that 
refers to the set of routines interfacing to the highest level ot 
the arch1tectLre. The services provided to users are connection 
management aud data transfer. 

L AT ·a;j ~u ;1. <;;!b t b c;:: t h ~ r ! d: t i1 a 5 v t r }' i:' r (;! die t () b .i eat t c .1. .l.H..i t e ~ • L AT' s 
peIfor1l1ance depencs OI' 111c. I=Iobabilitytt everts occuring infrequently. LAT's 
correctness depends O~ ~er~ fllo~ fcobability events" not occurring at all. 
It ulow pro'baoility" ll1~dnS less thdrl one event e'very .hourI and "very .low 
p.ro.babili tyU mears less thar: one event eve.r) :year, then LAT .assumes the 
E~hernet oata link hab the lcllo~~ng attriDutes: 

o a io~ ~rooabllity of datagram duvlicatlon 
o c.1 0 lit! i:' 1 (. b a b i 1 i ty \J fda t a \J { dUb b e in <;: r e C t III € {j .1 n d Ii a {" d e l' d iff ere n t 

from that in ~h1ch they were transmItted 
U d loMri ~Iobab~1ity uf datcqfdIDS bt!lli<; corlu~ted (aud therefoce not 

ueliver€c) 
o a low ~robabillty at datayrams being delayed more than 10 

~il11seconds bet~een source anc destination ports 

o a veLy lew probability of datagrarus being delayed moce than 10 
seconds tetween source and destination ports 

o a very low probability 01 datagrams oe1ng delivered to the weong 
dest~nation address 

o a very lc~ probability of datagrams being delivered which contain 
undetected corrupted data 

o a band~idth greater than 1 megabit/second 
o a broadcast/multicast capability (see above) 

L.hdtdcter .stri1>:;; literal::; are quoted cs In "DELPHI". Occasionally, 
n n r a s € 5 d nd t B r ni s t ! i ci t .::. r e con c et:; t u c 11 y i m f./ v r t d fl t t \) t h € ,. I chi tee t ur e ~H: e 
quo ted, U b a 1 a nee d m c d e tl for ins t a fie e • 
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Ca~italized names are architecturally defined, an example is 
SERVE~_CI~CUIT_TI~ER. Lower case names dce function names or events. For 
example: transruit_unacknowqledged_queu€ is a function name and Send_data is 
an even t.~any of the s€ naILE sap£- ear in the doc UlUent index. 

- 10 -
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5 OVtRVIEW O~ ARCHITECTURE 
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The major components of tte architecture are the terminal server, the 
host, the local area net~ork and soft~are mCGules in the terminal server and 
host. 

The princIpal C3pability ~rovided by the 
ccnnection of terminals tc host processccs. 
would reveal: 

architecture is the logical 
A vertical view of the topology 

+---.---+ +------+ .... ------ .. +-----_.+ 
jhoitt 1i ihost 21 Inost 31 • • • lhost nl 
-+------+ .+-------t . +------ ... +------+ 

A A A A 

V V V V 

Etner(---------------------------------------------------------------}net .... 

v 
+-----------------+ 
jtermindj server 1. 
I u 0 0 COO 0 0 1 
~-I-I-I-t-I-i-t-t-+ 

I j 11 j. j I 
to ternu .. naLs 

. . . 
\I 

+-----------------+ 
ItecKlnai seever rut 
1 0 ~ 0 0 0 000 j 

+-1-1-1-1-1-1-1-1-+ 
Ii j I j I' 
to tet:mlnals 

Each of the US€,[s of the terminals on "term:inal server I" could be 
connected to 3 different hc~t sireult3necusl}. Or the} could all be utilizin~ 
the Sdme host. The Sdme holds true for all cf the other terminal servers. 

I It is ~ossible for a single system to o~elate simultaneously as both a 
I host and a terminal seever. It such a system ~ishes to allow local terminal 
t users to connect to the local host system, Ethernet messages transmitted by 
I the local systeR to itself mLst be s~mLlated by the local Ethernet poet 
I driver since these messages Will not be dellvere;1 by the Ethernet data link. 
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The Ethernet itselr i~ Idyered: 

m u 1 tip le 
I 

com rr uri c a t 
I 

ion arc hit e c t u res 
I A 

Data 
Link 
Layer 

i 
v 

• t 
Physical 
Layer , 

v v V 

+---------------+ +----------------+ +----------------+ 
I~rotocol user 11 • protocol user 2£ •• j protocol user nl 
+---------------+ +----------------+ +----------------+ 

\ I I 
\ I 

+------------------------------------------------------------+ 
Ithe ~ort delivers datayrarus to th~ cifferent protocol users I 
t based upon the protocol type fielc in received datagrams I 

+------------------------------------------------------------+ 

-(--- ttbernet data9rams ---) 

v v v 
\) tnt! r i ttlt,;l'n(~t l? 0 r t s 

As ~ho~n ?bO~~1 the ~thelret aata link layer (the port hardware and 
driveL) and the i'.theruet phYSical la.yer' (the (;'dble) Cdn simultdneously 
suppor't LAT and 0 ther cotllfuunication architec turt:!s. This lS accomplished by 
assigning each communicatIon architecture a unique protocol type in the 
t:therH~t dataycams. fne r.tH€Lnet ports use lnt: rJtneln~t f)Lotocol ty'p~ field 
01 receive datagrd.!Us to distinguish .oetlrleen the l.AT l)rotocol aild other 
protocol ~sers ot the Ethernet. 
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Dataycams are transID1ttea and receivec ovec the ~thernet by an 
implementalon ot the LAT architecture. Tne LA1 architecture could be viewed 
as a layerea architecture: 

Terminals Application Processes 
+------+-------+------~ +------+-------+------+ 
fusee-il ••• ,user-Ill I user-a I • • • I user-N I 

-)+------+-------+------+ +------+-------+------+ 
L I Terminal Server I<-Terminal Server and H08t->1 Host • 

I Slot Layer Jprocesses pass data' control I Slot Layer I 
A +---------------------+ +---------------------+ 

I Terminal Server I<-Terminal Server and Host->I Host I 
T IVirtual Circuit LayerJprocesbocs exchange messages I~ictual Circ~it Layer. 
-)+-+-+-+-+-+-+-+-+-+-+-+ +-+-+-+-+-+-+-+-+-+-+-+ 
E t Terminal Server J<-Terminal Server and Host->I Host I 
T Lai..i LinK L~yt!l I.a:>.toc€s~o.{!:) tAcl.ioayc uutdgraw.::d Data Link. Ldyt!r i 
h +-+-+-+-+-+-+-+-+-+-+-+ - - - - - - - - - - - - - - +-+-+-+-+-+-+-+-+-+-+-+ 
E I I 
k I f1H~R~ET ~hisical Layer I 
N I (Physically sh~red) I 
E I J 
T I I 
-)+-------------------------------------------------------------------------+ 

In pract1ce, ar imrierrentEtior ~culd cCllifse t~e Slot and Virtual Circuit 
Lay~r~ into d sin~l~ moduJ~. 

Functionally, the virtual circuit layer establishes and maintains a shared 
virtual circuit. The slot layer multiple~es oue or moce users connections 
ov~r the unJ~rl~iLY 5hal~d victu~l circuit. 
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The primary responsibility of the slot layer is usee session 
establishw~11t, J~ta trdnSI€£ ana multl~lexing/demultlplexing over a com~on 
uI1G€rlying virtlJal circuit ifcintained by the virtual circuit .la)/er. The 
sessions are established bet~een terminals ard host applications. 

The LAT protocol is specified in a way tn~t allows each service class the 
freedom to define extensicns to the basic connection management and data 
transfer services. These extensicn~ to the toundaticn service can address 
problems un1gue to the type at service being provided. 

In a terminal server application (see apPEndix 2), each host maKes the 
services it provides known to the local ar€i by advert.lstng the service in a 

.. datagram peciod1czlly multicast to all terminal servers. These services are 
+ representee ~s na~es l(~ each ~ult.lcast oat~9rdlli (~lLr_NAMEs). the terminal 

servprs receive these datagraas, build up a Jist of available hosts and host 
services and otrer the user a selection of these hosts services. Normally, 
these services ~oLld be presented at each terminal in a console mode iocal to 
the ttrminal serVt;r as sho.n in the diagranl: 

-t------t +------f t------t- +------+ f------+ 
Ihost-al Ihcst-bl Ihost-c) Ihost-dl Ihost-el 
+------+ +------+ +------i' +------+ +------+ 
iii 

Ttlese hosts multicast datayrarus perlcdlcally onto the Ethernet 
which Tame secvice~ a,b,c,d and e. 

I I I 
v v y v 

~tner(-----------------------------------------------------------------)net 
j j 

Terminal servers bulld up and present lists of available host services 
t I 
v 

+--------------------+ 
j Available services:j 
I a,b,c,d,e I 
+--------------------+ 

1000000001 
iooooooool 

.+ ------_._+ 
TLrrrinal at 

terminal berver ~ 

v 
+--------------------+ 
I Avai12ble services:1 
I d,u,c,d,e ) 
+--------------------+ 

1000000001 
i 00000000 I 
+--------+ 

terminal at 
terminal server b 

A use r then s ia;!)ly se1.ec ts the desired host serv ice trom the displayed 
• list 01 availabI~ ho~t services. The slot l~yer tlanslates the selected 
+ (~LOI_NA~~) into the narue of a host which contains the ser~ice 
+ { C lEe U IT _ N A:i f': J .;Lt t e r ~ u c c e S ;5 t u 11 yes tan 11 s hl n gas e S s 10 n iii i th t ned e 5 1. r e1 

ho ... l ,sd..:i'iliCe, .turtli~( in~-Lt typed L.1 the U.;>ta:: at th~ termin3-1 is transferred 
to the Lost, J\;5t as thollgn the t€Iiilinal .ere, in tact, local to the host. 
Thus the [eculiaritie~ {such 2S meanirg cf (ontrol-C, control-T, control-V 
••• ) ot a Pdctlcular host system or host dfPiicat10n process remain unknown 
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to the terminal s~rver. 

Page 15 
19 December 1983 

foe net~ork management purposes, each terminal server can present a 
diffelent set of available host services Ddsed on y£oup codes assigned to 
hosts doa termiJlal servers. This capability is provided to allow 
segmeIltation of the cORputing resources based on such criteria as 
departmental ownership or pt~5ical location. See the section on "LOCAL AREA 
DIRECTQRV SERVICE" for more details. 
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The primary res~onsiDility ot the virtual circuit layer is to establish 
and maintain virt~al Cilcuits between hosts 2nd seevers. 

Th~ virtual circuit allows messages to ne reliably exchanged between the 
terminal server and the host. The toe !Lat ano the rules governing the 
exchange of these messages is specified by the Local Area Transport 

• architecture. The virtual circuit layer is responsible for translating names 
+ into 48-bit Ethernet addresses. The data llecessary to make this translation 
+ is normally supplied to the Virtual circuit layer by multicast datagcams. 

Transmission 01 &eSsd9~s from the terminai seever to the host is timer 
based. The host always resfollds to these messages from the terminal server. 
Under certain conditions (see state diagram) the host may send an unsolicited 
mcs..-).ci.!;;~. 
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The accH.itecture iiinirnizes the overneaa 01 the virtual ciLcuit by: 

o u5iny siaplel asywaetC1C connect1on management - Only one v1rtual 
circuit is established oetween any pairing ot a terminal server and 
host. The virtual circuit s£rvic~ is always initiated at the 
request ot the terminal seever. 

o f:·cocras tInatlng so there is Blore to do when things have to be done -
~essages are not normally exchdcged ~hen data is available to be 
transmItted. Instead, messages drE exchanged per1odically. The 
rate 01 exchange can be set to a constant value or varied to suit 
the needs of tbe application. A typical value for terminal seevers 
is about 80 .llliseconds. As Bore users are connected ovec an 
EXIsting virtual circuit, the number of messages exchanged is held 
constant, out the length 01 each we~SdQe is liKeiy to incceabe. 

o ptqgyoac:klng vlrtual cl:rcuit contIol .infocmation and mul tiple users 
data in a single message The virtual circuit simultaneously 
su~ports more thdD one user, the messages are divided into an 
Ethernet header (~hich allows the physical cable to be shared), a 
.... ;, .. il('::';~Lr (~.~i~~. ,Jl!c,,~s the vlrtul! circuit to te ~h1rej) anr'! one 
cr Kore slots. Sicts contain a hezder, which identifies a terminal 
~nd a host proc~ss. 

An ~th€[ret ffie~sage }5 limited in lEngth to 151d bytes: 

+---------------+-------------+----------------+----------------+ 
j~thernet headerl LAI header I LA! slots ••• I frame check • 
+---------------+-------------+----------------+----------------+ &<-- 14 bytes -).<- 8 bytes ->J<- u~ to 1492 -)1<-- 4 bytes -->. 

A LAT slot is limited to 255 bytes of data: 

+-----------------+-----------------------+ 
j LAT slot hedder i slot data 
+-----------------+-----------------------+ J<--- 4 bytes --->1<- 255 bytes maximum -)1 

o absuming a low 10551 highly responsIve, h1gn bandwidth, point to 
~oint i~terconnect - ~es~ages 3re rot pireline~: instead, each end 
of a vlrtu~l circuit takes turns triosmitting messages. This limits 
the IOdo d slngle virtual Ci~cUlt can ~resent to the Ethernet anu, 
because uessages can be exchanged quickly, does not reduce the 
2vailabl+:- };,;~rdlll;idth belollti tJsefDllevels tor IllOSt afpltcations. 
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5.3 Product Considerations 

5.3.1 host-

Page 18 
19 DeCeJllOer 1983 

hosts Implement the passive (Ol slave) enc of the virtual circuit because 
this end of the virtual clrcuit 15 si&pier (and therfoce offers less load). 
Tne entire architecture can te implementeo 1£ Oferating systems by presenting 
the LAT user interface to the operating sy~tem terminal driver as though it 
were one or more terminals. Ey encapsulating the architecture within this 
existing lramework, the maXIRum benefit can te gained with a ~inimum effoct. 

An example sequence of events follows: 

1. A terminal server- uhears trom" a host and adds tne host to its menu 
of available systems. 
l'he tenT'ir.dl ;,;crVt:1 It;.:i~r It!qUE:bt;;., d connC!c tion to d bpbCir.ic host Dy 
choosing one 01 the hosts displayed in the menu at the tec.inal 
server. 

,J-

4. 
The tecmlnal server connects tc the host*s operating system. 

';J. 

The operating system terminal driver creates a "virtual" ter.inal. 
Thi.! termInal server LS€[ "loys in". 

Cp(r~t~n~ systems t~~t illir]€~ent th~ tAT ccchitecturt _ill ben~fit greatly 
it the termInal ~rlver is organized as Q terminal "class Jriver" and "~oct 
d 1 I \I e I. 't • T it e c 1. a ~ .s (j r i \j f; [ € ill iHai i e:3 t t e (; (J n t [ ole h a 1: .a c tel is tic sot the 
ope r d t i Ii ~':J S .~, 5 tell: t f.:; :r iii In ali n t eft ace, Wi 1.11 eon e 0 C mar e po r t d r iv e {" s 
sliecialize in passing stream data between the (local) terminal hardware 
interface and a CORmer; class driller interface. As a specific example l 

consider the VlX/VYS opcrdti~~ system: 

Soft, OS specificl 
interface -----------> 

Hard, DiC specIfic, 
interface -----------) 

Hafd, indll~..,try 
standard interface --) 

+-----------------------------------+ 
I v~s Terruinal ~12SS Driver I Class Driver 

~-----------------------------------+ 
DZ32 DZ11 DHF I LAT I 
fClt fort fort I ~ort I Port Driver 

Driv£[ Driver D[~ver J Driver J 
+-----------------------------------+ 
I OZ32 I DZll I L~f j ~l j 
j Port J Fort j fort J ~ort I Local Interface 
i ilac(.iware' hac·dfliare J ha rdware IHardware I 
+-----------------------------------+ 

~ires, tibers ~nd other 
assorted para~hernalia , 

+-----------------------------------+ 
Within tbe nost, the Implem€~tation 01 the L,cal Ar€d Terminal architecture 
i .:;. .:; v r.l f iIi (;:! J t (I L it;: n {; x i d L € 1 t; Q H i. ~ 1 Po r t l I' 1 V e r U • 1 It a n act u a 1 
i Ttl P 1 e u' 4=< n tat lon.l t h c. n L A I F Q [t 0 r iv e r It w 0 U 1 d con sis t eta L t: T r ret 0 col d r i v {; r 
d fi·~ 2 t 1 un d e r 1 yi n q , nor m d j 1 y ~ fl are Q , ~; I lor t t r 1v e r • 
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5.3.2 Terminal Server -
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The siwpiest terminal seever can be impleaented by using a inexpensive 
ro~crocom~uter. 1ne LAT soltware ~ooulesl and the rest of the operating 
system code can be Implemented in read only merncries. A user friendly 
console Interlace, better than those found on large commercial terminal 
s~itches, c~n be used to as~ist tne ~erso'l trying to connect to a host 
system. 

A more comvlex terminal betvec co~ld ut~iize LAT to comWUDlcate ~oce 
structurea data than the character streams described in this document. 
Examples might be ~orkst~tior~ transferring tiles bet~een the host and the 
workstation, or a terminal server that supported multiple windows at the 
terminal, each mapped to a different session. 
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6 LOCAL ARiA DIRfCTO~Y SiKJICE 
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The directory service is t2sed on the multicast mechanism built into the 
Ethernet. The cirectcry service 15 desiyned to minimize the need for 
interventIon ·(J.Y a network illonager. 

The dilector~ ~eIvice is ~€r~ responsive to sudden changes in the local 
area topology. All terminai servers discover that d particular host 1S 
available wlthiu Bill~seconos 01 the host's ~nnouncing the service. If a 
host ShOL.LU c[a~h, [De tecrninal ber~elS (an notify the users ~ithin a few 
seconds that the host may have crashed. 

'fhe overhearl associated Miith the maintenance of a directory service is 
small coapared ~ith the c~ethearl of thE ccnnection management and data 
trans~ort service~. 

Post and termip~l server addressing (i.e., the directory secvice) is 
indepenaent 01 the rest at the zrchltectU[£. In princIple, the function is 
not necessary to the proper operation 01 the architecture. 11 the terminal 
server's hau tU.lit-ln Ktloilliledge of host Etiiernet addresses and the classes of 
service offered b~ each host, the directory fervice ~ould be redundant. 

7ht ulrtu~l cilc~it lay~r must 
addr€b&es. ihlS tranbiatlcD 

translate names into 
nernall}, accomp.tishec 

Ethernet 48-bit 
n} utiliz~ny ddta 

~h~l~ the different clds~es of service share the underlying data transport 
sel·vice, each class o.t: ~elvice defines a diffecent diIectory service 
appro~riate to the needs of that particular class 01 service. This 
architecture is d€5C[lb~d In t~e context ot ter~inal servers and host~. A 
directory service thdt partially fulfills the needs 01 tne hosts and terminal 
servers 1S described in detail in the dfpendix titled "S~RVICE CLASS 1 -
INTtRACTIV~ !tR~I~ALS". 

+ 6.1 lwo Level ~ane Spdce 
+ 
+ ~ames supplied by multicast messages are one of two differnt types: 
... 
... 
... 
+ 
+ 
... 
+ 
... 
... 
1-

-+ 
... 

o CIRCUIT_~A~E - Circult names correSfond to "service access points fl 

(SAPs) or ~sockats" in the hest virtual circuit laser. Each virtual 
circuit te t .. €cna Lost and a TerminG! Servel.' connects two of these 
~irtual circuit la~er service access points together. Since the 
Terminal Server originates all virtLal circuit connections, the host 
~A2s are named 2nd the Terminal ~erver SAP ace not named. The 
vIrtual circuit dSSllDH:!S the name olthe (lost SAP. A host can have 
two ditf~rent circuit blocks ~lth tte sawe CIRCUIT_NAME - as long as 
tht!~t.: tliiO diitt.[t.lIl (;ilcUlt Ll~H;kb cIt! d.5~o~ldted .• ith d JiffBrent 
Te(ill~nal ~erver (a dttIerent R~~_ADDR~jS value in each clrcuit 
LiveK) • 
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o SLOT_N~i~c - Slot llatres ccrr-esf,ono tc service access points in tne 
slot laYEr in both the terminal server and in the host. These names 
are supplied by and to users tal the purpose of providing a 
cOflveriert means cf identificaticn. These names are especially 
useful in establishing slot sessionf when more than one type ot 
service is offered by a host system. 

~ult1cast mess2ges are not required to s[ecltly These 
are identically to that do specify CIRCUIT_NAMES 

(as shown below). 

+ Systems that .1SIl to announce au avai.lablE service send ltiulticdst messages 
+ perIodically. 
+ 
f 

... ~ulticast messages containing these SOURCE_ADDRESSES (SA), CI~CUIT_NAMES 
t (eN), SLLT_NA~fS (~~) naffies ana SL01_RATINGS (numbers): 
.... 
.... 

+ 
.... 
... 
..
+ .. 
.... 
... 
-+ 
.... 
+ 
... 
-+ 

+--------------+ 
ALeC-SA 

+--------------+ 
I 
J L ;:' L P t: I - ;' :~ -11 
t \H;SCtV-5~~-2tt 

l,··i,j ; ... ~ A 1 L- ~ ''''- i. 

+-----_._-------+ 
j UELl'HI.lS J 
1 -l P ,~r t 0 f 1 
i lIaxCluster ft I 
+--------------+ 

+-_._----------_.+ 
LCLf:,-S.A 

+--------------+ 
j SIA~-CN • 
t ~: TAr: - ::; N - 2 J 4 I 
t ~~t"ECH-C~i I 

.~~ L I i..Gf-Si~- 2:'5 j 
V t-:; S L t.¥· - S P4-.d 5 S I 

+--------------+ 
tIt-tEuh is j 

~ ~Jrt of i 
VaxCluster A I 

+--------------+ 
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-+--------------+ 
eL t:.F- SA 

+-------------- .... 
j (:ALAX¥-Cl~ J 
I I 
I I , I 
j I + -------------_.+ 
I G A LA XV ]. S I 
I a ~ <J r t of J 
IVexCluster B I 
+--------------+ 

+--------------.... 
U EfA-SA I 

+--------------+ 
t I 
1 I 
I • I I 
J j 

+-.-------------.+ 
I ATHENS 1S I 
I a fart of I 
• VaxClustec C I 
+--------------+ 



... 
... 
+ 
... 
... 

... 
+ 
+ 
+ 
.... 
+ 
+ 
+ 
+ 
f 

+ 
+ 
+ 
+ 
+ 
+ 

-+ 
-t 

+ 
+ 
+ 
+ 
+ 
+ 
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'.;;)ould caUSD the .1011o.1ng database to ce constructed in a sever: 

+--------------+-----------+-------------+------------------+ 
I CIRCUIT_NA~E I SLCT_NA~E I SLOT_RATING j bost source addr j 

+--------------+-----------+-------------+------------------+ 
i i I AbeD I 
I DELPh I I 11 I i 
i VMSDEV j 24 I j 
, V~S~AIL I 2 I I 
+--------------+-----------+----===------+------------------+ 
j STAR I I BCDE I 
j s~r~h i 11 1 I 
+--------------+-----------+-------------+------------------+ 
j ~ETEuP. 1 I neDE J 
I I Mi:!E(R 2.55 I I 
I i ~~~Llij 2b~ t 

+--------------+-----------+-------------+------------------+ 
I (; At. AXY CDSi" 

+--------------+-----------+-------------+------------------+ 
j j Dl::l-A 

+--------------+-----------+-------------+------------------+ 
AUD the tcl1o~irr ci!rlay to B server user: 

DELPHI JELl' H I i~ -, 
~'.j r t v r VoxC luster j.; u i 

Vl"'l,:,!'1A lL Oi:'.Lt,tl .1 l~ a part ct vaxt: Juster ,. 
~T.~h i'ficTf.CR IS a pact 01 VaxC Jus tee A. 
t>,;q 
i ,jj T ~ Of-~ t;.1ETECR IS a pact 01 VaxCluster A 
VMSDEV Or.LPH I is a part of VaxC luste.r A 

( or Vl'~,SDL~ i·;LTf.Ch 1.S d pdrt of VdxG JU.ti t~.r .A ou t not Doth ) 

+ Notice that the CI~CUIT_NAMEs hDtLPHl fl ant hGALAX1" are not displayed to 
.. the liSeI. The serVices on node ItGALAX'V" and the system sending the multicast 
.. message reom tthernet port hCEFA '1 are unusable since they ace not displayed. 
+ 
+ 
t 
+ 6.2 Service Cldss 1 ~u]ticast ~e5sage 
+ 
+ Service class 1 utIlizes a single multica~t iliesb~ye. Th~s message enanles 
+ tne virtual circuit layer to translate CIRCUIT_NA~Es 1nto 48-bit Ethernet 
+ destination adrlresses end the slot layer to translate SLOT_NAMEs into 
+ CIRCUIT_HAkEs. The format and useage of this SeLv~ce Class 1 message is 
.+ descr ibed in the Service Class 1 appendiAe 
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This section preserts state diagra.s fer the underlying virtual circuit 
(Virtual Circuit layer) and lor slot session eJtablishment (Slot layer). 

Further disc~ssion 01 .any ot the variables tounri in this section can be 
found in the u.AXI(MS ANDALC(HITH~S" section. 

7.1 slot Data 

The term "slot date;;" weans data supplied by any 01 the following 
f une t.ions: 

o vol un t t S I x in t_)j (j lo_ a 
o volunteer_xmt_datd_z 
o voluntee~_attention_data 

o ~ueue_lc~_slct_bufl€[ (creates a creait to be transferred) 

1. h~ 'i o.s tat J J t t; I lid. n alb t l \i t:! { S t d tee i a Q l. ell! sci 1. 1 t! I S 1 g nl. t 1 can t 1 y • l'~ 0 r 
tliib re2S0U, tll~'y ale i-resentea SBpal.atel.1_ The state variables and ruap~in9 
of received mesbages into the state diagc~rus are so similar that this 
material is presented once tor tne vlrt~al circuit and once for the slot 
sessions. Fr~fJLertly ex r licit notes~oint OLt that arl item .is rele\faat only 
to the nost or to the terminal server. 

7.3 Virtual CircLit Service 

In order to establish a virtual circuit from a server to a host, only the 
Ethernet aadcess and desired service clas~ of the target host processor need 
be known. The talget host proces~o{ Ethernet aodress and service class are 
usually determIned froT a rrultica~t datagram receiveJ by the terminal Stirver. 

... ;'''.'l: _ 
"-",, 
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7.3.1 virtual Lircuit State -

The st~te ot a virtual circuIt is capture~ in a oata structure called the 
CIrcuIt Block. A separate Circuit block is laintained by the host and by the 
terminal ~erver. Changes to the Circuit Block dre caused by events at the 
Ethernet port, events at the user interlace and timers (counters) within the 
~,otocol state machine. 

A genera] description 01 these variatles tollows. 
receiving dna tldosruit.ting messages cali be touna in 
ALGORITrl)i'S" section. 

Algorithms 
the 111 AX IUMS 

for 
AND 

o CIRCUIT_~A~E - the rame of the virtual circuit 

o B fl"!_ ADD RES S - the Ethe.rnet address of the .remote system. 

LGe ADDRESS - tnt:! t .. thernet iHjdress ct the local sys tem. -o 

o ~SG_TYP - ~essage type. The high order six bits of this field 
aistinguish bet~een different .essa~e types. Th~ low order bit (bit 
0) 01 this i1ela is the ~RF (response requested tlag) flag. bit 1 
~f t~i~ fl~l~ i~ tt2 t~c ~J£tEr fl£;. 
tran~mitted by the terminal server and 
traDSIDlttea Dj tne taste 

It i~ 2!W2YS set i~ ~essages 
always clear In messages 

o h~f - The ~etipOnbe ~equested Flag. This bit IS al~ays clear in 
~essayes trallsmitted by the tdrm~nal server. This b~~ 1S 
COHditional1y set .hen messages ale tCdDsmitteo by the host. 

o LOC_CIR_ID - Local circu1t iaentitication (index to circuit block 
itself) 

o NXMT- Next message number to transJ[it (modulo 256). This value .lS 

used to guarantee a€ssage sequ€ncin~. Every new message transmitted 
is numbered one t.i9her than tht tJrevicus message modulo 256 
(254,255,0,1 ••• ). 

o ACK - Highest wessage number r€cei~ed in sequence (modulo 256). 
This value is use·j to tell thE session partner which sequenced 
ffiessage(s) nave been received by the local zystem. It is 
transmitted in every message header tor the remote session partner's 
usa. 

() LH:" (ttrmiLdl :!:;f~rver only)- Data ¥lciting Flag. The flag is set by 
the virtual circuit layer ~herevec the kkF flag is ~et in a message 
rEceived trom the hest. r f 1£ alsc set ty the slot layer whenever 
~:0t ~Jt~ 10 ~~Q~lled. 

I h ,,~ Li r .i bel P (j r t~ d t;; the t e r fi: ina i S e rver vir t u a i c ire u i t .1 ay e r 
every tiHlf.: a neil; nessdge is trdflS.illltt€:d to the nost that contains 
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all 01 the availdbl~ slot data supplIed by the local users. Thus 
the DWV IS cle6[td ~nen all slot block Data Ready Flags ace clear. 

o DWF (host only) - Data ~aiting flag. This flag is set by the slot 
layer wnenever any slot data is sUPklied. The DWF is cleared by the 
host v1rtuaJ circuit layer every ti~e a new message is transmitted 
to the term1nal server that contai~s all of the slot data available 
trom IOCil users. Thus the DW. ib cleared when all slot block Data 
heady flags are clear. 

o LXMT - Lowest un~cknowledyed messayE number transmitted (modulo 256) 

o hXM1 - liighdst unackno~ledged mess~ge flu.ber transmitted (aodulo 
256) 

c 

o 

G 

EC5T_CloRCUI7_Il~'E;{ (.bost onlj) - Tlit 110st',s CircuIt timer 1.5 an 
interoval tiiuer .hier, :i~ storteC *-her the host sends an "unsolicited" 
It€SSage to tht t€I'Alinal server. '~hen this timer expires all 
unacknowleogec messages are ~etrdns~~ttea. 

bEkVLR_CIRLU1T_Tl~t~ (terminal serVEr only) Ihis timer expires 
i~!\pro'):'iftt~t1dy PVP f4 Y HO-lflf' "illi~'?cords. f"l~ ti:ner IS used to 
~nit1dte the transrrission of ne~ data but is not used to retransmit 
ur~ckro~ledgerl iata. Tte t€Illiintl server retLanswit policy is 
exrtalncd in tne AXICMS and ALGQFITE~S 5~ction in the Message 
T fd!:iti.it ter ~ectiorl. 

f:O;;;T_ HE TF ANSMIT_COUNi ERo' SLRV ER_RET hANStJlIT_CDUNTER- Count of number 
of times the current message nLmber has been retransmitted. If this 
ijaluc lczchc~ LAT_MESSACE_tETRAN5~11_LI~IT, oce af t~o different 
poliCies can bE enfccced: 

1. the users of the circuit ace no t.lfied t11at communications has 
veen lost. the state of the virtual c~rcuit is set to Halted • 

L. the users of the circuit are notified that communications has 
~eeIl temporarily intercepted. The state ot the victual circuit 
15 net changed and messages cont1nue to be retransmitted. 

It thE termi~al server docs not £u~poct multiple sessions, it is 
recommenoed that policy #1 be enforced. 11 the host crashes, policy 
11/ wOU1<1 "hano" 2,0) or thfl users untIl tte host is rebooted and the 
termlnal server transits the of the virtual circuit state through 
halted; Even users that attempt to d1~connect would be "hung~ in the 
Qi5Con~ct1ng SUD-state until a me~sage ~as sucesstully transmitted 
ano ?CKnCwiedged or until t~e virtu21 circLit state reached Halted. 
If multiple sessions are supported, users can escape to a ne~ 
y .1 '- t lhl i t ~ I il1 .1 n 0 i • 

VCo_GUALl'lY - ,!\ ratlrg ot the vil.tua.i Cl1cuit quality. 
\; ;_-, 1 U e S d [i.:~ i. w P l t U. ~ L t . ..,i t 1 0 n (h~ l7" end e!it • 
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o WUdl~ty 3hould be be con~ider~a excellent ~f the ratio of the 
(tot~l of [et[~rsruited a£t durlicate messages)/(total messages 
t[~nsmittad and received) regains under 1/10, 000 for a 
particular v~rtudl circuit • 

o uuality shoLld be considered ~ocd if this ratio remains under 
1/1,COO. 

o ~ualiti ~hould be considered poc~ it tnis ratio exceeds 1/1 , 000. 
o Quality sho~ld te considered unacceptable if the value of the 

retrinsmit ccunter (eithe! hCST_RETRA~SMIT_COUNTER or 
SERVfh_Ri!RA~SMIT_COUNTER) ceactes LAT_MESSAGE_RETRANSMIT_LIMIT. 

o liNACr-:.f:D_AMTQ - L1Il.Kec list ot uncckno:..lledgerl transmit messages. 
,t.,BSschJt;S afe nUikbered leou) LXNl to tiAMT cOilsecutively, unless toe 
queue is e~pty. (Ln the tecminal s€£ver the length ot this queue 
Goes not norrualJy exceed one message.) 

- L6 -
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Ihere are four state variables waintained by each end of a victual circuit 
in the circuit blcck which are constrained by the architecture: 

o LOC_CI~_10 - local circuit identification. This value is stored in 
the circLit block ~h€n the cirCUit tlock is credted. The value zero 
is reserved and 15 not valid as ~ LOC_CIR_ID. ~ach valid Run 
message received by the local S}stEm will have the DSf_CIR_IO field 
of the [eceivec gessaye equal to the LCC_CIR_ID field in some 
circuit DioCK. 

the LUC_CI~_ID value should be defired by the system to help locate 
the circult block. It a virtual circuit to a partner should tail, 
~nd a ne~ circuit to tne s~m€ ~artnEr is to Le termed, the values of 
LOe_elk_ID used to form the ne~ circuit must be d1fferent than the 
I; c .: u '. \.. ., 1...' i. r, C-~ (. ~. r (. v i 0 U ~~ .:; ire u it. ": C~ IT :; I! }t t ~ I!:' i S 3 cco.m p 1 i s ~ e "1 
L)' USiLtj J .sequeHC€ r~un,ber. 

o ~~~_LI~_lL r~WGte circLit itentification. Initially the 
K f M _ L I ~~ _ 1 {l V dIu e 15 Z e {" 0 In the C 1 r c U 1 t 0 1 oc k • The sour ce 0 t th is 
value is the SRC_CI~_lL ~ielo in receivBo messages. This non-zero 
value le.fecBDct:s tl.l€ cemote systenl circuit block. 

o {'.i\fA'1 - ntXl message UUI"O~1 to tCQ,nsJi.i.t. TillS circuit olock walue is 
a illodulc-256 valLE that is used tc assign the message header field 
~SG_SEQ_NBF. 

o ACK - the nUWDer ot the wost recent wessage received in sequence. 
Ihis circuit block value is also i modulc-256 value. It is copied 
from the MSG_SEQ_NBR field 01 ~ny message received in sequence 
(includiLg 5tal~ Aessages) to thE c~rcuit block ACK field. Every 
time a message is transmitted, thIS value is copied into the message 
MSG_ACK_NBR field. 

I 7.3.2.2 Slot StatB Wac1ables -
I 
i Ih~ LCC_SLCT_l[ is a value assigned by thE local implementation. Heceived 
, Pun stot DST_5LGT_IDs ~il1 be identIcal to th~ value transmitted in the Start 
i s.1ot ~PC_~LwT_IU 11(10 used to estaol1sl; tne slot seSSIon. +i'or tHIS reaSOH, 
I t LI e val L 2 ;:1 L 0 L L: ~) e ~ .s s i ~ r. e d 2. san inc e x i n t 0 an 3 r ray 0 f s lot b I 0 c k 
• n(lrjr€sses. Thf: vdlue LCC_SL(T_JD is ",:;oIl!ltrained to be Lon-zero. 
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j HEM_SL(T_ID is a vdlue stored ~n the IOCd} slot olock which is used to 
1 validate r~ceiveG Run slots. Initially the Rf~_SLOT_ID is zero in the slot 
1 block. The sourcE' of this vclue i5 the SRC_!:LOT_ID field in received Start 
I slots. Tnis non-Zero value references the £Emote system slot block. 
I 
I 
I 
, 1.3.2.3 ~e~~cige COtintels -
I 

, 
I 
I 
I 
a 

• i 
I , 
i 
i 
1 
i 
I 
I 

j 

j 

I , 
i 
i 
I 

Th~ ~IDpl~mentoi of Diq~tal products ~hGulc (ead J'Digital £thern~t Node 
Product arcnitecture"? specification. This document specifies generic 
vroduct requirements for Li9ital Ethernet noces. 

The purpose of requiring counters is to identify nard~are faults and 
software imrlementdtion errors. 

Pequir~d countecs must be displayable on demand by a privileged user on a 
terminal connect~d to the local system. The description of the displayed 
counters rrust resemble the dEscriptions used in this section. 

These counters should be zeroed as infrequently as ~ossible. Ideally, 
c .) ~~ :.; t .::; r ..,,~ 1 .. ~; t.l c: t., I ::. t ~ ,,:.: !.; J C C ;r -"" ~ :: c ct :::: c' r i vi.! t ;; c·~ 1..'; :: ere ~ ! '} . ! t it 3 'ib e 
d8sirable for nonrrivileged u~elS to be ztle to cisrlay courters. 

it (11tlttv~il Circult to d rt'ild)t€~::;.:tstl?Qi.l~ Hdlteu, the ~J5sociat~d counters 
n'lIst must not be zeroed (althouqo th€~ ma~ be Geietec). Iln implementation 
sflould att~lhpt to retain counters even d.ftt.:r commUIlicat1011.s with d remote 
system h~s terruin~ted so long as this requirement causes only idle resource 
consumption • 

Values must be unsi~ned J2-bit integers. 
highe&t pos~ible v~lue if they overflow. 

The values must "latchU the 

lmplemetations must collect and be cEpable of displaying the following 
list of values for each s}steru: 

o lhose sp~cifieri In flLigital tth€rnet Node Product architecture"? 
o total number of Illegal messages c€ceivea (and associated remote 

system if ~ossible) 
o Total nurtber of .il1e~al slot~ cecei veti (and associated re!uote systetn 

it pos!;;ible) 

NUi!~ 

I 11 e q a 1 {fj t S ~ -39 e '':! n d s lot C 0 l.i n t e [~ oL t in din t a in e d d S d par t 0 .t 
the victual circuit database listed oelow. It these counter 
jat~t3sLS are ret~lred tor seme tIme after the virtual 
ci r cui t::. Go ~ e t t; 1. u; .i r, i ted I a \i a llL.~ ,,1 f~ ~, i e c e i.n for .Ii d t ion is 
r~tiilned to dla;nost: the source of the illegal uata tne 
n<..ime of ttl!? rsmotc s'j;;;jtern ! 
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j ImplemE:ta.tions must col1tct and be capaDi€ ot displdying the following 
I 11S~ uf values tor each c~rrently active v1rtual circuit. 
I 
I 0 (best effort) SECCNC~_SINCE_LAST_Z£~CED (optional) 
j 0 MESSACE~_TRANS~ITT~r 

i 
I 
i 

• I 
I 
I 
I 
j 

J 
i 
I 
a 
I 
I 

• t 
I 
I 
I 
I 

o 
o 
o 
o 

o 

MES5AG~S_R~CEIVED 
fi 1'.: S SAC r. s_ j~ E '£ H AN S l'11 T T t D 
DUFLICATkS_RECEIVED 
lLLEGAL_~ESSAGES_HtCEIVED (ca~5ing the victual circuit to 
aborted) 
lLLEGAL_SLGTS_RECEIVtD (causing the virtual ciccuit to be aborted) 

be 

~ase of use anc w~intenance ~culd incicat€ that the fcllo~ing counters 
should also be displayable by each systEm (may be reGuired ior a Digital 
iii.i." 1 e .. t €i1 ti.::: ti Vii) ! 

o l' eTA L_ r., f: S SAG E S _ 'f RAt", S f'ol ITT E D ( e xcI u d 1 r 9 It U 1 tIc d s t ) 
o lOlAL_MULTICASI_uAfAL~A~~_THANSMITT~U 

o 10TJL_~E~SAGES_~ECEIVED (excluding nulticast) 
o lCTAL_~ULTlCAS1_D~1~GRAMS received 
.' tOt:.:" of nthpr d(ftAf't~1'''S r~cejv'Pry (f'Ol"t:l l!"r~o~e::t"'1tltJ.,,~ M2Y 710t ne€d 

t~lS counter If t~€ ~thecnet data lInk implements a perfect filter). 
c TCTAL_fR~~E_C -CX_~~~[?S L€ceiveJ 
o 1VT~L_tFft~~S_D~ftprfL cue to busy ~thern~t 
o ITl~,L_LEi"Gld_Er..LLh~ (<3.iscacoeJ) 
o lL1AL_UUiLICAI~_C]~CUlT_NAM~~ lece1ved 

Fei1.2ir:DEr tl;at n~.s~Q;jes Dre EthetrH~t fra ... e!: unJt;r virtual circuJ.tcont£ol. 
~ulticast datagrarrs are not considered aessages. 
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Illegal messages and slots ~fe those that do not conform to the defined 
message forrrats or ~rossly violate the detined state transitions of a victual 
CIrCUIt Of user slot session. These messages and slots should not occuc, but 
it they 

o 

o 

o 
o 

An error must be logyed. Miniltal1y, a displayable counter must be 
incremented. Jdedlly, the affected users and the system manager 
should be immediately notified of ttis unusual event. 
As much of the rness~ge or slot as pcssible shoLld be stored in order 
to dIagnose the tailure. 
The message or slot should be discalded. 
1he (underlyiny) virtual circuit shculd be terminated. 

The term "illegal" should be distinguifhed trom the teem "invalid". 
Inva11d aessages ana slots are nor&al Events and are usu~lly caused by 
iJhprOi"er synCf1l0Ulzat..loH (resynchronizatiou o[virtual CIrCUIts and user 
sessions). 

o A receivf~ message ~ith either th~ DESTINATIJN_ADD~ESS or the 
SQUPCt_ArDk~SS equal to zero. 

o .; n li n k Ii 0 ill it }.Ii ~ G_ Tl P i .1. n are c e i 1t ~ d AU t: S ;:;) aye. 
o A non-zero ~~C_CIR_IU in a received ~top message. 
o A zero S~C_CIR_ID in a received Start message. 
o A non-zero n!:1'f_CIR_IL in a start message received by" a host. 
e ~ zero DST_CITI_IC ie c start me~ici~e recei~ed b¥ the terminal 

server. 
o A zero DST_CIR_ID in a R~n message. 
D A zero ShC_Cl~_lL if a Run message. 
o Lthers - please ~et them added to this list. 

Examples of ille~al slots are: 

o An unknown SLOT_TYPE value is received. 
o 'n unkno~n S~RVICE_CLJSS is receivet if a Start slot. 
o fl non-zero SRC_SLCT_ID .in a received Stop slot. 
o A z~tO S~C_SLOT_ID in a Start slot. 
a 'non-zero OST_SLCT_ID in a Start slot received by a host. 
a A zero DST_SLCT_ID in a start slot r~ceived by a terminal server. 
o An Attention slot s~ecitl.es a non-ZEro value in the credit f1eld 

(documented as an ~fl field in the aessage forRat section). 
o a 5tart slot received In the Run st~te (without and intervening Stop 

o 
( "' .J 

~j 0 l J 
2 ~eject slot recelve~ in the ~un state. 
a vata_a or Dat"::l_b ~J.ot a.rr:l\tt~~ iIIhich contains data (consumed d 
rpm () t f~ C r .:.>j 1 t ) , "I.": U t no use r bu t 1 e 1. i S d vaIl a b J e (n 0 C [ e d I t W d S 

t:xtended). 
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o a t(U.i1 slct~ith a zero SHe_SLOT_Iv. 
o a Run slct with a zero DSf_SLUT_IU. 
o Lthers - please get them added to ~t1S list. 

- ~l -
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7.3.2.5 Defined Farametecs And Recommendea [[ Required Default Values -

SOllie or the valu~s define~ in this sect10~ may be changed by the system 
manager. fhe name of the vaI1abl€ shculd be similar to the name used below 
in command interfaces. 

Th~ follow values are architecturally defIned constants: 

o Protocol Type - 60-04 (hexadecimal) or as a bit stream, first bit on 
LLhecnet dt leit (GOGO.Ol10.0010.00C0) 

o ~ulticast Address - AE-OO-03-00-00-tO-OO (hexadeci~al) or as a bit 
stceam, first bit O~ Ethernet at lett 
(1101.01Cl.OOOO.OOOO.1100.0000.0000.0000.0000.0000.0000.0000) 

I lhe rollowlng va~ueb m~st De specit~ec beiol€ an Implementation 15 
t operational. It the values are settable within the ranges specified, the 
j names useG to refer to tte rarameters mLst b~ reasonahle facsimile of the 
J name usee below. The architectore requires the values be within the canges 

I 
I 

t 
I 
I 
I 

s!;i;ci iled: 

U f ~ lJ ~ C {: [ L_ r,: ~ :'. s r -[ ~~ - '1 l~ J v.0.1 -~ c; 1. 
o CIECUI~_~A~£ - aust be 5reci!i~d by the slstem mana~er before the 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

btdrt 01 ~€rw~ce can De announcec. 
;~ h ... V ~ t( _ C 1 .oJ C U 1 T _ '1 I i" t<. ~ I n t ti € r C IV] f 1 (, - '] 0 C iL 1. 11 is e con;: 1 s ( 8 Q 
.il1iseccnds [ecowwended). 
h05T_Clf<LUIT_TIMt.R - In tIle Lalige 1 to 2 stconds. 
LAI_MESSAGE_HEIRANSMIT_LIMIT FOL[ or more messages. Eight 
rressages recomnended for the terminal server 
(SekV6k_htT~Ah~~11_(GUhT6k l~ru~t), ~ure than bU ~es~ages cecom~ended 
for the nost (HOST_RET~A~SMIT_CGUhTh~ limit). 
hOST_MUL1ICAST_TIMER - In the range 10 to 180 seccnds (30 seconds 
recommended). ThIS value is supplied v~a the stact_service_class 
function. 
LAT_MIN_~CV_DAIAGRA~_SIZE In the range 516 to 1518 ( 1518 
recommended) for both the host and terminal server. 
LA1_Mlh_hCV_SLlT_SIZE - In the ran~£ 1 to 255 (127 recommended) for 
both the host and terminal server. 
LftT_MIN_~CV_AT1_SL[!_SlZE - In the range 1 to 255 (31 recommended) 
10e ~oth the host dod te~ruinal 5ecv~r. 
LAT_MAX_~E~VEHS - The number of aata link buffers dedicated to 
starting new vittu~l circuits. A v~luc at 1 is recommended. 
~Dk_DL_bLFS - Ihe nu.ber of cata liLk butfBCS a5~igned minus one. A 
value of zero is recommendea. 
fRODUCT_1VPE_COD£ - Start messages containing the value zero in the 
IkQDUC1_1YrF_CCC~ field may De rejected by an implementation. The 
~FA~UN gIven ~ilJ be that the product type code is unsuppocted or 
unknown. 

1. tL{Jlf tefwinal server 
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4_ 
5. 
o. 

fCSE1DLN terfuinal server 
iJ AAI vtc-l~:, .nOb t 
1~SX I1-N hos t 
f<SXl1-t.+ host 
TOPS-20 nost 

7. lOPS-IV host 
B. 10PS-20 termiral server 
Y. LAT-Il terminal server 

10. derkle)/UNIX host 
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The fol1o~lng value must De sup~li~d before an iaplementatlon 1S 
conveniHnt to use: 

G ~ t G T _ Nt,:-: F - tit t; r. a It e 0 f t h B 1-1 0 s t !;j e l v i (. c Jib i:- 1 Q Y C :J to the u s ~ r • 
o LAT_KEEP_ALIVE_TIMLH - In tht! range 10 to 255. A value of 20 

seconds is recommended. 

I The parameters thdt are optional dre: 

• , () t: c; n T DC C L ~ ~'r n - T h PV .. itt ~ 0 tJ fi i e ~ S ,. II ;;;' C if b~ s h ~ e it Ct P P lie rl • 
I 0 ~A~ILIT~_NU~FFP - A vdlu~ supplied Via the local command Interface. 
1 0 SERVLF_t\t.f.i[ - t~ {tamE SUi~I;liec via tle local command interface. 
I 0 L0C_TTON_TFXT - Text SUrflie~ via ttc local comman~ interface. 
1 0 t'a{dmetcl Gata SUp};il1ed by an iRvletlcntation's software modules oc 

Vla tlltl.uCCil COIId"farclntertace • .JEt! ~I1Cl\ildual service classes Lor 
a description of these parameters. 
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There is a (ommen virtLai circuit hEdder format for LAT messages 
documented in the section "MESSAGE r-OiUlATS" (otnermessage focwats are 
defined by the different service classes). This virtual circuit message 
fortrat is one of three ditfeC€llt types: 

1. &t~ct ruess~ge - ~tart messages ace useo to establish new virtual 
circuits. 

L. run messcge - hun lfessages convey state dno slot data betirieen 
systems. 

J. stop message - stop messages are u~ed to end a virtual circuit 
~~ .... " c.' _. '" H- .". 

,.J t.:.:;; ..... J..v ... ,·. 

A ~tol) mes~dye i ~ d.i~o u~eo CiS a uno C.l lCUI t U w€ssaye to reply to a 
receIved message ~hlCh references a nonexistent or inval~d virtual circuit 
(set 5t.att diaYl-d.bS hSerHl stC,.;h). An imc'J.€lllentation should make a best 
flffort tu SAfli1 thp~~ "PO cirrlJit U f'le~~~(":f"5. ~;c('~siQn~l!~·.I' :iue to lack of 
rt::SOlJICeS 0[' LtfltLnet data lill¥ errors, tnes€ "no circuit" ttessages may tail 
to gE:tjelivi~rE/~. ?ailt.re to send tLes£ " nc c.l(ctJit n ae!).::idyes can cesult in 
-sloltl r.t3syrchro!!iz2tion ;:ftcr the host cr SCI\er crashe:::. 
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1.~.4 Virtual ~ilcuit state Wariables -

There ~re tnree virtual circuit states: halted, Starting and Running. 
Once the system to systeu v~rtual C1fcLit has started successfully, the 
clrcuit reaches the Running stat~. 

Th~se events determine state transltions: 

1. We_start (server only) - user tequ€~ts virtu~l circuit startup. An 
~mplementation woul~ allocate a Circuit Block at this point if none 
existec. 

:2 • v C _h d 1 t use r r € ~ U € 5 t s t hat t t1 e vir t u ale ire u i t be 
im.uled iat el~ 

halted 

3. Start_rev Start fllessage received. An impleoH::ntation would 
allocate Cl Circuit block at this pC.Int, ii one aia not exist frOID a 
vrevio~s circuit, ~nd initialize ail state variables. 

4. Inv_start_Icv - invalid Start {'ecclved (see Iuessage mapping section) 

7. huo_cev - hun aesszge received w1th valid connection ident1flcation. 
The messc'it:: is in seQuence i.t )iSG_SEQ_NBR of rece.lved message equals 
the value ACK+l in the c1rcuit block ( modulo 256 ). 

o. lnv_run_[c~ - invalid Run received (see next section) 

9. Timer - the virtual circuit ti~er e~pires. 

10. hesend_limit The retransmit counter reached the limit 
LAT_MESSAGE_RETRANS~IT_LIMIT. 

j 11. S~nd_ddta (host only) - A user supplies slot data and the RRF flag 
I In the circuit block is clear. Ncte that this event is blocked if 

the kf;:t is se t. 
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When the most recent message rec~1ved fcoru the host has the RriF 
clear (no re~ponse requestec), ~nd this message ackno~ledges the 
last messa~e tr~nsmitted from the terruinal server, the virtual 
eire·utt i~ said to be Utalanced". _nen in this state, the host has 
l'€CW15Sion to ~end one "unsolici ted '1 message and the terminai server 
~ill not send roessdges if the DhF (data ~aiting flags) is clear. 

This btdte will persist until either the Send_data event occurs 
in the host or the [)~f is set in the terminal server (possibly due 
to the k€e~ alive timer). 

"Balarced mode n prevents the LAT protocol from consuming 
uncces~ary ~thecnet bandwidth. ~ithout balanced wode, LAT messages 
w 0 U .1 d bee x c h a II 9 e d a t S i:.K V E it _ (, ltd., U 1 I _1 .I. fI E " it 1. 11 i.s e con din t i:: C val s , 
even tho~9h no useful data was bein~ exchanged. 

Tnere is a sUb-state that is not evident trom a cursory 
in~pection of the state dia~raIDs. This sub-state is entered ~hen 
the event Send_data occurs. Notice that this event causes the host 
t. 1. ... <: i.. ~ ~ .::..;.J t ~ [ t (..:: ,~ : 1 C ~:, .. ~ .j c;: u _,::: t ~ f; C 1 r CL 1 t :: ! 0 c k P ??' t 1 "] g t 0 b ~ 
set. AlbO notice ttat ttis evert c~rnct occur if the RRF flag is 
61ready set. Th15 sub-stdte r~trdn~ru1ts dll unacknowledged messages 
tH~f'~Vt( tile 'l;~t~"'t_CJnCUIT_Tli~Eh tAi;lres. T1.d.~ :.:;ub-&tate is exited 

~hen the host receives 3 aessa~~ that ac«no~ledge5 all of the 
currtintly unackno~ledged m€ssa~es. At this point and tue 
hO~T_CIFCUIT_TI~ER ~~ stopped. The ~urpose 01 this sub-state is to 
~uardnte€ uunsolici ted n message del ivery. 
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Page 31 
19 December 19B3 

I The ~thernet data link layer verLfies that the ithernet 
I DESTIhATILh_ADLRESS tielc in the LeC€~Veo message matches the addcess 
I assigned to the lccai system and that the PHlTUCUL_TYP£ field in the received 
I message is equal to the LAT ~rotocol type. 

+ 

The LA1 virtual circuit layer maps messagEs onto circuit blocks based on 
the value of the SOURCE_ADDRESS (48 b~ts) ileld 01 the received message. A 
match to a circuit olock is 10und if th€ SUU~CE:_A[)DRESS t~eld ot the ceceived 
message equals thE RE~_ADD~ESS field in the circuit block. 

+ The LAl virtual circuit layer maps stact messages onto circuit blocks 
~ LuS(;U uH tht v~lLl! o~ tLt; CI.C"\CtIT_NAI"',E fi.t:!ltclli(: ttl! 3Ci]&CE_ADIJRESS field of 
+ the r~cei~ed St~rt Ressage. A match tc a circuit block is found if the 
+ CIPCUIT_NAM~ f1€ld at the received start message equals the CIRCUIT_NAME 
+ t~eld il~ the CIrcuIt bloCK A~D the SOLritE_ADL~ESS field ot tne received Start 
+ rressage equals the H~~_~DCRESS field in tte circuit block. If no match is 
t found, Q ll€:w Cl[·elJl t D lock can be created end these t .. o ·values used to 
+ lnitlr' 1 1/t-· tot-· n ... ..., rtf'CHit {'toe;'. Tf no Cfifi:OIT_"A--F t.:;; stJpplitH·j Ln ~ St;,ct 
+ message (the C!~ct'T_NA~f_L~hGTH 1S zero), tten the SUU~C~_AUDkESS of the 
+ Il \; s;.. a;.; e d.t 0 [, e .L ~ L.J t2 d t G n; d 1: the i. e S Sa 9 € 0 n ted C ire U 1 t b 10 c k • 

+ 

("!Olr4eV~f 6b dB ovt.llll.1LatiuE 01 CPu ..,t1.1.lLd Ll.Oil, fur 11ieSbdiJe~ way be illa~ped 
onto d c.ircui t ClCCK taseJ !:jc.lt!.1.y on the vdlLe 01 the LST_CIrt_ID .l.1eld 01 the 
receivea message. lne valu€ LSl eIN ID must match the value LOC_elk_ID in 
the referenced circuit block. (Run messages that do not map onto a c~rcuit 
tlock in the [unnin~ stat£ 6[C jlsczrd~d znd ~ stop a~ssage is sent to the 
remote system.) 

+ Run messages arc sto~ ~essages are &appea onto d c~rcu1t block based 
+ solely on ttle \falue 01 the DS'l_CII1_ID fi tId of the received message. The 
• value DST_CIP_ID &ust match the value LCC_CI~_lD in the referenced circuit 
+ block. (Run rue~sages that do not map ontu a circuit block in the Running 
+ state are discarded and a Stop message is se£t to the remote system.) 

I 
j 

I 

• I 
I 

~ eA t, the m es s a q € t y p e is 0 e t e r min edt I· 0 If the 
flCld. The received aessage is then Rapped ~nto 
t Ij e t oil 0.1 It <J r u 1 € S : 

LAT header MESSAGE_TYPE 
the state diagram based on 

o ~tart_rcv - The U~1_CIH_1V ot the ceceived message must equa~ the 
LOC_eIR_ID In the referenced circul.t block. SF.C_CIH_ID of message 
must not De ~ero, and is cop~ed to the HE~_CIR_ID field of the 
reterencerl cirCUit block. 

o Inv_start_rcv - DST_lIR_ID ot recc1ved message is non-zero and not 
t'iUd] tu Lee_elK_ii.; in ti-lt: It;te[t.-:nc(:;d cllcuit IJluci<. 

o to tJn _ rev - fj S T _ CIt. _1 Lot r e c e i ve (1 ff' e s s a (] e ~ qua l s l 0 C _ C I t<_ I Dot 
circuit blOCK dDd SRC_LIR_ID oi CEce~veJ wessage equals R~M_CIR_ID 
at CircuIt blocx. 1hc mess~ge IS In ~equence 11 MSG_S~Q_NtiR 01 
received rressa~€ €~uals the walLB ACK+l in the circuit block ( 
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o I n v _ r Ij r _ { C\I - L S T _ C 1 ~ _ I D 0 i It e 5 s ag € not e qua 1 to L 0 C_ C I R_ I Din 
circuit block or ~RC_CIR_ID ot w€ssage not equal to REM_CIR_ID of 
circuit bloCK or e1ther field In the messag~ is equal to zero. 

o Stop_rev - DST_CIR_ID of message egLals LOC_CIR_iO ot circuit block 
~nd SRC_CIh_ID 01 wessage equals L~ro. 

o In\l_~top_{'cv - uS 1_ C 1 H_ID of messag E not equa 1 to LOC_C IR_ID in 
circuit bloCK or SRC_CIR_ID of aesszge not equal to zero. 

In the case of the fIrst Start_rev event in the host, no circuit block 
will exist to reference. 'cIrcuit block ~hould be allocated and the state 
variables should be initialized as descritea Lelo~ the host virtual circuit 
state tabJe. The DST_CI~_ID of the received message should be considered a 
match to the LOC_LIR_ID of the circuit block in this case. If a circuit 
block c~nnot t2 dllocdt~J~ lIlt iID~lclli~ntdtjoil shoulc dtte~~t to sena d ~top 
message that indicates no resources. 

InVdlid mess6y~s are the result 01 improp~~ synchronization between the 
host and termInal server. Tt€se events are ~ormal; tne message is treated as 
1es~cib~d in the ~tate diagrams. 
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1.3.6.1 termInal Server ViLtual Circuit State Table -

State Evert(s) Action(s} l1ext state 
+==========+===============+===================================+============+ 
j Halted • VC_start I Initialize, Send Start. I Start.ing I 
+----------+---------------+-----------------------------------+------------+ 

• Stop_rev j NO action. a halted 
+----------+---------------+-----------------------------------+------------+ 

I Inv_stop_rcv j NO action. I Halted I 
+----------+---------------+-----------------------------------+------------+ 

I any other msg j Process Start, Send stop. I Halted J 

+----------+---------------+-----------------------------------+------------+ 
I j any other I ,~o action. I halted I 
+==========+---------------+-----------------------------------+------------+ 
I Starting I Start_lev I Process Start, send Run. I Running I 
+----------~---------------~-----------------------------------+------------+ 

j Res€Ld_limit i Notify users, send sto~. 1 Halted I 
+----------+---------------+-----------------------------------+------------+ 
j j'rlUter i t{eseno Stal't. I Starting J 
+----------+---------------+-----------------------------------+------------+ 
I j ~tof_rcv J ~ot~ly users. J Halted 

jV C_ h 0.1 t j ~ en (j S to V (wi tn (" e a son ) • I H a i ted 

+----------+---------------+-----------------------------------+------------+ 
J lnv_stop_rcv I ~o actior. I Starting J 

+----------+---------------+-----------------------------------+------------+ 
I i any ether tlS~ j f-foceSb ~tc.rt, !::ctlC Stelt. I Starting 
+----------+---------------+-----------------------------------+------------+ 

T e r .10 i L a 1 SJ r v e r V.i r t U cll C ir c u. i t z t d t e T ~b 1 Bi'! 0 t B S 

I "process start lt weans cop~ the SRe_eIF_ID field trom the received Start 
j messaye to the ~~~_Cr~_ID 1i~ld in tne circuit blocx. 
j 

I The "Initialize" means the values in the Circuit Block are initialized as: 

+ 1. CIRCUIT_~AME<- (the name passed by the VC_start function) 
~. HFM_ADUR~SS<- (valUE passed in the ~C_start call) 
~. LCC_AODRESS(- <value assigned to thE local system> 
4. REM_Cl~_lD<- 0 (later cOfied frofu r£ceived Etdrt message) 
~). LOC_Clk_ID<- <unique virtual circui t connection id) 
b. NXMT(- n - Next m~seage number to trans~it 
7. ACK (- ~55 - mcssa~e numter uost recently rece1ved in sequence 
u. LXMT<- U - Lowest unacknowledged llie~sa~e number transmitted 
~. HXMT<- Q - Highest unacknowleaged message number transmitted 

10. SfRV~P_ClRCUJT_TlMf~<- (reset to - to ms> (count-down to zero) 
11. SEXV£R_R~T~A~S~IT_C[UNTER<-O (count-up to LAT_MESSAGE_REXMIT_LIMIT) 
1 :( • ij ;~ ~;: K F L_ .A ," I ,~" - < c' af 'p t y ) 
13. N9F tlaq is cJearerl 
14. LWf 1~ clearea 
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terminal ser~er virtual circuit state table - continued 

state f,'vcnt(s) Action(s) Next State 
+==========+---------------+-----------------------------------+------------+ 

Running I Run_lev If msg is out of sequence: zero J Runn1ng I 
j i NBR_SLU1S ~n msy hdc. It R~r j I 
J j flag ~5 set: set DWF. Process I J 
J I recei~ed ack; process message. I J 
j +---------------+-----------------------------------+------------+ 
t j Tiille! It messages cem~in unacknowledged:, I 
I j I resend all uracked messages. I J 
, • I I t messages ack t:d and Ih1L-; se t: j I 
J i • send ~essdge; clear DWF if dll • Wunn1ny I 
I t I slot data naf been sent. I I 
I t I Ifm € s sag e sack e dan d L W f' c 1 ear: I i 
I llO de lion. j 
I +---------------+-----------------------------------+------------+ 
I 'heserd_Iimlt I Notify users (o[ opticnall~ halt I Running i 
I i ~ V13 VC_halt event). • (Halted) I 
I +---------------+-----------------------------------+------------+ 
I j WC_n~lt • Send stop (~lth ceason) j rlalted 
, +---------------+-----------------------------------+------------+ 
I 1st 0 t'-_ rev ! .t'i 0 t i f y tI S erst Hal t e oj 

I +---------------+-----------------------------------+------------+ 
t I .Jny ct~H!r I !3ct tn;'t· I Running 
+----------+---------------+-----------------------------------+------------+ 

Note that the £erver slot state table alsc specifies that DWF be set. 

- 40 -



I 
j 

I 

• i 
I 
I 
I 
I 
i 
i 
I 
1 
I 
I 
J 
I 

• I 
i 

i 

• I 
I 
I 
i 
I 
I 
I 
j , 
I 
+ 
+ 

+ 

Local Area Transport ArchitectLre - internal use only 
ARCH IT ECTUHAL 1o,OD i:L 

Page 41 
19 December 1983 

7.3.6.2 host ~irtual Circuit State Table -

State Action(sj Next State 
+========+================+====================================+============+ 
t Halted I Start_lev or I Initialize; precess Stalt; I Starting I 
j • 1 n v _ 5 t (3 r t_ r cv J Sen d S t act ( 0 r S to Ii) • j (0 r Hal ted) i 
j +----------------+------------------------------------+------------+ 
, 1St op_ rev 0 [ I I I 
I I Inv_stcp_rcv I No action. I Halted i 
I +----------------+------------------------------------+------------+ 
I I any otner roSy" J I 

• uf lHJ .. d;,ourC\.'b j r IOC€SS Star t; s €nJ stop. I Hal tt!d 
+========+----------------+------------------------------------+------------+ 
!Startingl ~uo_rcv If ffiSg is o~t of sequence: zero I Running I 
1 I NBR_SLOTS in ms~ header. Process I I 
I Leva ACK. ttoce~b £cvo .eS5aye. j 

t +----------------+------------------------------------+------------+ 
I J'~espnd limIt I rotlfy users (or optionally halt I Starting 
I I , Vid VC_halt ever:t). • (HCilteo) 

I +----------------+------------------------------------+------------+ 
I I VC_halt t Send Stop (~ith Leason) I Halted 

t----------------f------------------------------------+------------+ 
1 i Stu t, _ r LV I N 0 act ion. 1 H a i ted 
I +----------------+------------------------------------+------------+ 
j I 1.nv_stvv_fCV i ~o dctiun. , .3tzrtlnq 

I +----------------+------------------------------------+------------+ 
I j Start_Icv I initialize; P[OC~~S 3tdIt; l 
I I • send Start. I ~t~rting 

I +----------------+------------------------------------+------------+ 
I • d Ii Y 0 tile f m s y I ~ ~ iltJ ~ t a :r tis t act i n g 

+--------+----------------+------------------------------------+------------+ 
"process Start'\ means COf;Y SRC_Clw_IL te04 the received Start message into 

the Cil'cuit block tield REM_erR_ID; copy the SHe_ADDRES!) from the message 
into tne REi¥t_ADDI1ESS field in the c.1rcui tl>lock and copy the CIRCUIT_NA~IE 
froffi the received Start message into the c1rcuit block CIWCUII_NAME field. 

"Initialize" means the values in the CiCCliit Block are initialized as: 

1. · 2 • 
... ·1 

·oJ · <1 · ::> · 6 • ..., 
I • 
8 -' • 
L; • ., 

l. '" .. 
1 1. . 

CI~CUI1_hA~E<- <co[ied from the receivE start message) 
RFM_ADDRESS<- <SOURCE_ADDRESS from the received start message) 
LOC_ADDRESS(- <value assigned to the local system> 
hEM_CI~_CID<- (co~ied from received Start message) 
LOC_CIR_1D<- <~nigue connectio~ id) 
NXMT(- 0 - Next message number to transmit 
ArK <- c - ~ost recent m~ssage nL~bfr received in 5e~uence 
LXMT<- D - Lowest urackno~leog€ci wefsage number transmitted 
i; ;(1'1 T <. - 0 - h 1 :; h t, S t L r: 3 C k n Olifj 1 e a 9 € d m e s s a q e n u m n e [' t 1.":.1 n s mIt t e () 

EO:T_ClECUIT_TI~=?<- <stopped) 
!) CST _ ~' tIt- ~ ~t S {..; I T_ C U U r, 'I F i~ (.- (; ( C (} L n ·t SUi t 0 L A T _ j. F S 5 A G t, _ t< E.x ",.1 T _ L 11;11 IT) 
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1~. U~ACK~D_A~lU<- (empty) 
Ij. RRF 11ag ib cle~red 
14. n\\:F is cl~ii[ed 
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nost virtual circuit state t~Dle - continueo 

State Event(s) Action(s) Next State 
+========+---------------+-------------------------------------+------------+ 

Running' hun_msg_Lcv I If msg is out of sequence: zero J Runn~ng j 
I I NBR_SLOTS in msg header. Process j I 
t I rcvd ACt(; i fa.11 msgs drs dcked: I i 
• I stop timer. frecess rcvd message;' j 
I I queue_transmit_message; I I 

t£ansmit_unackno~ledged_queue. • 1 
+---------------+-------------------------------------+------------+ 
! ferf_e2";~ ,;jtcrt timer; qlH!U€_t.ransn.it_1fjeSsage;1 Running I 

j trans,"] t_'tf":ar.kr:owl edged_queue. I I 
i +---------------+-------------------------------------+------------+ 
l j Timer I Hesend unacked ms~s; reset timer. I Running 
I +---------------+-------------------------------------+------------+ 
I i Res~nd_limit t Notify users (or optionally halt J ~unning J 
I I ." i a V C_ h a j t even t) • I (H a 1 teo) I 
I +---------------+-------------------------------------+------------+ 
, i VC_h~ 1 t j .)€nd Stop. I Hal ted 

I +---------------+-------------------------------------+------------+ 
1 , :; t ~ l: _ (. <.. ,,' : :; c tit j' t.. ~ [ r ;: AI f ! 1 "3 1 t e ~ t 
I +---------------+-------------------------------------+------------+ 
j i Start_rev j .inl tlai ize; fJIOC~~S Stat t; i I 
J I serd Stalt. J ~tarting 1 
I +---------------+-------------------------------------+------------+ 
I j dn..v' 0 tiH:!L j TrCiIlsm1t_unackno.ledged_QUtUe. j l{Unn~ng 

+--------+---------------+-------------------------------------+------------+ 
HStdct t.liJh:~rn .staets d ont to t.o SBCUHU .liltt:!lwdl tinh:!i. Till.i timer i~ 

used to retransmit messages that do not get acknowledged by the terminal 
server within the expected time limit. Cne second is arbitrarily larger than 
the timer value used by the terminal ser~er (SERVEh_CIRCUIT_TIMER). It this 
timer ex~ires, most likely the terminal serVEr has crashed or the Ethernet 
data link hdS failed. 

TOe queu~_trdnsmit_ille5sag€ fUDction conditionally modifies the ~RF in the 
Circuit block betore the message header is generated. The ~RF flag is always 
set in the Circuit Block if the Circuit Block D~F is set or if the last 
transmit message buffer 1S being consumeri. The RRF flag is cleared ~henever 
the queue_transmit_message function finds thzt the Circuit Block DWf is clear 
alid the last transmit .messaq€ buffer is not being consumed. 
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Variables in this section ace described if sufficient detail to explain 
the slot state transitions necessacy to estdtlis.h and mdintain slot sessions. 

7.4.1 Service Clasbes -

It is the responsibility of the slot layer to deli~er start slots (connect 
requests) to th€ appropriate service class in the host. Each service class 
has the freedom tc aefine the capabilities utilized by that service class 
independently. ror instance, the serVlce class A mignt utilize attention 
slots while the service class R ffi1ght not. 

kiter tht; start slot has tee(j cc~efitt:d by the berV1ce clilss, and d stalt 
slot sent 1n £es~onse, all subsequent slots associated with that session are 
delivered to the same service class. 

ThtCefofe the virtual CilCLi t service con be shared by one oc lTlOI-e service 
classes, wnile each service class utilizes d1ftecent slot types and slot 

.-, • 4 • l. H 0 s t <; e s s ion M dna q e Hi en t -

The host irupleR~ntation may choose to dlwiYs accept or reject a connection 
(respond to a stdrt slot receiveo by tne rast with a start or reject slot) 
L dsed so 1 ey Oil C-U 1 r' eH t ly d\idllab l~ .l e~O\jl'ce~. ( LaCK 01 resources might 
include such criteria as noravailability of memory, too many users or system 
shutdo~n In progress). This type ot implementation is appropriate it the 
connect request contains ins~fficlent information for the host application to 
make a decision tc reject the connection. Irteractive terminal login is an 
example of such a host application. The ~ccount name and password must be 
sup~lied wlth~n the context of the seSSlon before the host apflication can 
reject tht session. 

Alternat1vely, a host lmplementation way offer the host application a 
Chane e to rejee t or aect!(:: t d i [ec tly. Ttl 15 is th € behov lOC mode led in the 
host slot state table. 

7.4.3 MultiplexiLq Over A Virtual Circuit -

To provide multIple user~ connection mdDdyernent ~nd data transfer service 
SlMultaneously, tne underlYing vIrtual CIIcu~t can be shared by all active 
users. This 3~~rin~ is acccrr;lished t~ di~icln; each m~SLd~C into a he~ctar 
and one or wore slots. hent::'ver more than oue user has volunteered data to 
D t: t r c n ~~ IT 1. t i.r:! (1, ;H, 1 H d i v ,1 G U Q 1 use r ' S db 1 1 . .1. t ,l" tot ran S iF i t (:; d tal s res t {' i c t e tj 
bi the tollo~lng rules, whict guarantee each tiber gets treated fairly: 
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o 11ml tiny the slot size - the .maXIJl{UA slot size is the slot header 
size (4 Lytes) plus tne ruaxiaua ddt~ size (255 bytes), or 259 bytes. 
Thus one 151h Lyte message hdS enougn room tor at least five, and 
usually Rore slots. 

o slot flo~ control - Data_a and Data_b slots cannot be transmitted 
unleb!:) a tr-ansRlit slot creoit (LOCAl_C('(£DllS) is Oillilled by the user. 

o limiting each Lser to one slot until all other users have been 
considered 

o not starting with same user each tiRe - if not all of the slot data 
lit into a messagE, the next scan tor slot data should resume ~ith 
the users that did not get slot data into the message the previous 
time. 

As with frames on the Ethernet, slots are divided into a header and a data 
sBctio!;. Conn~ction llar.d':jehji::~rit i~ accuU"l1-1i.shtiJ OJ' uef.ininy lh~ stdtt; 
transitions 01 the slot headers as described in the follo~ing sections. 

7.4.·4 ~ lot JI'dcr lIly W 1 th.1H t~essayes-

Slot O[dering ~ithin ~ R€Ssaqe is not arbitrary. if two or more slots In 
a bu f fer (-.j r t": d cdr e .:l ,3 edt c t 11 e same us € I, t he s lot ~ d rei-' roc ~ sse d .f r om t he 
bcglnnins of the cutter to the end. 

rOt 11~stdilce.l GIl H?bcrt ft slot reCBlved D.1 d t(HHlnal se[\le.t~i.tl dliOlt any 
output data in slots receiveo before it within the message (and in previous 
messag~s), out will not atrect a slot in the Dutter following it. 

1.4.5 Illegal slots -

If an ~llegal slot is received, the virtual circuit on which the slot was 
received shoulu be stopped (the slot bessior, if it is identifiable, MUST be 
stopped). An errer to] entry should be made. 
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7.4.6 slot State VarldLles -

The state tran~itions for blots are simi12r to these tor the underlying 
v1rtudl circuit itselt. Any of the slut tc~nsit~on5 sho~n In the slot state 
tables assu~e an ~nderl~inj victual circ~it in the Running state. If the 
virtual ciccuit ~hould exit the Running state, the slot sessions iEmediately 
transler to the hzlted state. 

The state ot a slat session is captured by each end In a data structure 
called the Slot Block. Changes to the Slot EloCk are causae by events at the 
Ethernet port and events dt the user interface. 

The virtual circuit layer aelivers to the slot layer messages that contain 
one or more slots. Slot validation is the responsibility of the slot layer. 

0 

0 

0 
() 

~ 

REM_SLUT_NAME - the name 01 thB loedl slot block 
LOC_;SLOT_NAMl:. - the name or the lOCil slot block 
kEM_SLOT_ID - ~emot€ slot connectlor identification 
LL";_SLUT_.lD - Local s.iot connectlon IJentll1cdtlon 
~~~nt~_r~~~.TT~ - rrprljts heinn p~t€n~eri to t~~ sns~ion '2rtrer. 
This credit total is zeroed by the slot layer each time the slot 
ELl t.t i,l 1 'cX 8 L C o.t·1 t: .5 t b e,.j lot i u t U d Jl e s S dye buffer. This to t<:1 1.1. S 

Incr"~nEnt,.";<..: tnisty' time t11€ U~tH: uQjs a receive buffer vi.3 the 
yu~ue_Lcv_blot_Luft€[ tunction. 

Q LLLAL_Lk1:DII3 - aVdilable eI'ectit!.; tc transmi·t S.1ots. Till.s f~eld is 
in~tialized to zero when the slot tlock is created. The slot layer 
slot dernLlti~lxec adds any ccedits extended in the received slot 
CR~~ fi€l~ tc thl~ slot tlcc~ LCC~~_CR£D1TS iielc. The slot layel 
slot mul tipl·t!xer decrements this title .hene·vel" a Data_a or" Data_b 
slot is cOfied into a message buffer with a non-zero 
SLut_bVTf_COUN1. Data_a and Data_b slots de NOT consume cIedits if 
the SLU1_bYTE_COUNT is zero (to prevent infinite looping I). Start, 
Stop and Attention slots do not consume credits. 

o SLQT_TiP~ - slet tjpe. Una Qf Start, Data_a, nata_h, Attent1on, 
heject or Stop. 

a LkF - Data Read} Flag. Set whenever slot data is available. 
Cleared by the slot layer ~henev€r all slot data is under virtual 
circuit control. This flag is not essential to the architecture. 

o SLUT_CUUbT - byte count of next [iela (which could be zero) 
o SL~T_DA!._BUFFfP - This buffer is ufed to store Data_3 received over 

the session as the result of extendIng slot credits. 
o ATTEi'iTIOI'i_LATA_EUFfEi-t- This trutter.lS used to oeliver Attention 

data to the USb[. A semaphore (not shown in the Siot block) is used 
to arb1trate ownership at the bufter. SincE Attention dat~ is not 
tlow contLollec, AttentIon data IS di~cardea it ne~ aata is 
jH~ J i v 1':::' [ ~~ tj d n \j t h 4::' {) Lit e.f 1 s not a v d 11 ;j(} 1 e • 

- '16 -



I 
I 
I 
I 
I 
I 
I 
I 
I 

• J 
I , 
I 
t 

• I 
I 
I 
I 
I 
j 

I 
I 
i 

Local Area Transport Architecture - internal use only 
AkCHITECTUkAL ~OO~L 

Page 41 
19 December 1983 

These ev~nts determlne stdte trans1tion~: 

1. 
·1 
L. 

':'i. 
4. 
·S. 
o. 
7. 
8. 
Y • 

connect_req (tefThinal server only) - user requests connection. 
Disconnect_ceq - user requests disconnection. 
Reject_req (host only) - user rejects a requested connection. 
Accept_req (host only) - user accepts a requested connectIon. 
Start_lev - start slot cece1ved. 
Stop_rev - stop slot received. 
hej€ct_rcv - [Eject slot received. 
Run_Lev - Data_a, Deta_b or Attention slot receive~. 
Usee_data user supplies oatavia volunteer_data_d or 
volunteer_datd_b. 

10. User_rcv us~r ~upplie~ ceceive slot butter via 
queue_£cv_sJot_butter. 

11. Stop_sent - Stop message under virtlal circuit control. 

7.4.7 TermInal Seever Slot ~apping Onto State Diagram -

Eeceiv€d slots .are fiiiiPP~,j onto the ev(~r;t~~ tl,",SP~ or th~ vzfu~~s r~C~lVf.! ~;i 

tne Lece~v~a slot DSI_SLCT_IO ano SRC_SLOT_ID tields, anc the current slot 
~lock values of ~f~_SLOT_ID 2nd LCe_SL01_ID. 

L 
L 
L 
L 
I 
I 

o L - UST_~LOT_ID from the received sJot equals LOC_SLOT_Ill in toe 
refeLenced slot block 

o F - SPc_~tr:1_IC fron: the receiv€G ~lot e~Lals hEi>f,_SLGI_ILlu t.u~ 
referenced slot block 

o I - DSf_SLUT_IO frOR the received 510t does not equal LOC_SLOT_ID in 
the referenced slot bloCK 

o J - SRC_SLCT_ID iron the received slot does not equal REM_SLOT_ID in 
the referenced slot bloCK 

oC - Doesll' t 111 at t Bf .hat SHC._SLC1:_ID .1.n the recei·veG slot is 
o v - DST_SLLT_IL or ~hC_SLCT_IU in rEceived slot is .zero 

J 
U 
o 

State 

Fli.nning 
Staeting 
an \-' 
kLnning 
Starting 
kunning 

Type 01 slot or action to be taken 

Oata_al Data_b or Attention slot 
Start slot (D Cdonot be zero) 
Stop or Reject slot 
SEnd S top to S ~C_SL(jT_Iu 
ignore slot (session shutting down) 
ignore slot (session shutting down) 

E v (; n t ::J ~ b 0 .. r~ 1 i. t [.1 b 1l. !;i t L u t H \) tin tJlt.~ t db i e t) e lOW are e 1 the r 1 nv ali d 0 r 
are events that occur as a session bhuts down. The list sug~ests 3n 
dtJPlOl!flote action. 
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7.4.8 Terlli1nal Server Slot ~tate Table -

state t.ven t Action Next State 
+==========+===============+===================================+============+ 

Halted I connect_reg I Initialize, Sene Start. I Starting 
+---------------.-----------------------------------+------------+ 
j an.Y etner J ItO action. j Halted 

+==========+---------------+-----------------------------------+------------+ 
Starting J aisconnect_regj No action. 

+---------------+-----------------------------------+------------+ 
I Heject_rcv I No action. I Halted 

+---------------+-----------------------------------+------------+ 
I start_rev I ~rocess S~C_SLOl_lD; I Running I 
I • update credits; process Start. I I 
+---------------+-----------------------------------+------------+ 

J 1 (. .. n.1 ctflcI 1 llU dct.ior.. • ~ta£tln9 

I +==========+---------------+-----------------------------------+------------+ 
I IAbort_stetJ Reject_rev J No action. j Halted j 

, I +---------------+-----------------------------------+------------+ 
I 1 I Start_rev t Send Stop I halted 
• I +---------------+-----------------------------------+------------+ 
i I * (-t fl Y 0 t h p ( I J.,; 11 3 C t i 0 r • I ;\~ c r t_ s t~:- t I 
I +==========+---------------+-----------------------------------+------------+ 
I I P L n n i n q ,,~ i i; C C nne c t _ r 2 c..;i ~ {~ r; d S tor ( see j,O t e bel c. 1111 • • S t c p p i I H; 

t t +---------------+-----------------------------------t------------+ 
• 1 , .. )to~_rcv j hotily u~er. I Haltefj 

I I +---------------+-----------------------------------+------------+ 
J I I Htject_rcv i 111ey.al slot (D€clare VC_halt) j .Halted j 

1 J +---------------+-----------------------------------+------------+ 
1 t t Start_lev I Il1eyal ~lot (L~cldr€ VC_hdltl I halted j 

I I +---------------+-----------------------------------+------------+ 
I I j Run_Icv j Update credits ind process slot. • Runn1ng 
I I +---------------+-----------------------------------+------------+ 
I I I Usec_data or l I I 
I I j User_rev I Set D~F and ChF. l Running j 

1 1 +---------------+-----------------------------------+------------+ 
I I , any ether I No actior. I Running 
I +======·==·=:=+-·--------------·t-----------------------------.------+------------+ 
I 1 Stopping I Stop_sent I No action. I Halted I 
I I +---------------t-----------------------------------+------------+ 
I I j dfly uther • No ac tion. I S·topping 
• +----------~---------------+-----------------------------------+------------+ 

J;,. start_rev eVtnt need not be d.istingLish€d trom a Run_fev except in the 
Starting state. In the Starting state the Start slot should De validated 
based on Siot_type to be sure a Run slot is not be.ing received. 

"PlOCt::i.lS Jt\C_~)LLrl_iljH ",ears COiiY the S~l_~Llj'f_iO tIel,) trom the cecei'ved 
slot Into tne ~F~_SL~T_Ir tleld ot the ~lot tlock. 
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Utll-'date c redi t £n means aoc the CRi:u IT fie Id in the rece ived slot in to the 
LUCAL_CkELITS l~ejd 01 the blot block. 

lhB tiS€na stop'! action in the table may lI.volve queue delays until the 
v.l.rtual circuit IGjt;x accepts the Sto~ slot. Until the St0t: slot is accepted 
under virtual circuit control, all other recEived messages should be 19nored, 
and the transition to thE llalted state mUft be delayed. This prevents the 
connect_ceq event from ceusiny a slot state table until a queued stop bas 
been acce~ted by the virtual circuit layer. 
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7.4.9 Lost Slot i-<apping Gnte state Diagcdih -

Slots are wapped ooto the events based on the values received in tne slot 
DST_SLOT_ID and She_SLOT_IU fields, ano the CLlrent slot block state 
variables LUC_SLOT_ID and Rt~_SLOT_ID. Th~ key foc the symbols in the table: 

0 

0 

0 

0 

0 

{) 

L - UST._ SLCT _ It f r Oli' the received slot eqLals LOC_SLeT_ID in the 
Letecenc€d slot block 
K - SRC_SLOT_IO froBl the received slot equals REM_SLOT_ID in the 
[efe[enc~d slot bloc~ 
I -
th~ 
J -
the 
D -
v -

ilSl_SLGT_ID troR the recei~ed 5Jot does not equal LUe_SLUT_ID in 
reiBrenced slot block 
SRC_SLCT_lD trom the received slot does not equal HEM_SLOT_ID in 
referenced slet block 
Doesn't matter ~hat SRC_SLCT_ID 1n the received slot is 
u~l_bLLr_lL 01 SriC_SLUI_ID ~n £€ce~ved slot 1$ zero 

DST_SLDT_ .to St(L_SLC'f,_ID Type of slct or action to be taken 

L 
L 

L 
0 
] 

.. ' . ~ 

(1 

L> 

: j 

Latd_a, Data_b cr Attention slot 
Ignore (step sict followed by reassignment of 

f r.... t:"f rflf' ,. r , 
w L. \J_ ... ) L. '-' .... _ .1.- A.. .... . J 

Stop ot heject ~lot 
~tart ( L cannot De zero ). 
i'.;11CIP. slct (o:Je;;;iluf; sr;uttin'J do.n) 

The StCirt_rev eVent (0 .u> can occur inan}l !>tate, out th€ event is al .. ays 
mapped onto a ne~ slot block in the halted £tate. 

t,Vent5 Silo-.n lI} thiS 1.15 t LU t not ill tllt:laule below dl'e el tnec J.nval.id or 
are events that occur a& a session Sh~t5 ao~n. The list suggests an 
appro~riate action. 
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,state tVentActton Next State 
I +==========+===============+===================================+============+ 
t I baIted I ~tart_rcv j Init; rec;u€st session of user. I Starting I 
I I +---------------.-----------------------------------+------------+ 
J j i Arty 0 tt!er j 1.0 ac tion. I Hal ted I 
t +==========+---------------.-----------------------------------+------------+ 
I I Starting I reject_ceq I Send Reject. I Halted I 
I I +---------------+-----------------------------------+------------+ 
I I I acc~ft_req I Send Start. I Running 
l I +---------------+-----------------------------------+------------+ 
I J j ;~ny oth~r J No action. J Star ting I 
j +==========+---------------+-----------------------------------+------------+ 
1 I Running I Disccn~ect_req. Send Ztop. I Stopping I 
I 1 +---------------+-----------------------------------+------------+ 
Itt Stop_rev , No action. I Halted 

I I +---------------+-----------------------------------+------------+ 
I I I Reject_cev I NO action. J dalted 
, , +---------------+-----------------------------------+------------+ 
I j j hun_Lev I Process slot. I Runn.lug 

i---------------+-----------------------------------+------------+ 
j Ussr_c!i;;.ti. or I 
I User_rcv I ~et L.F anc uhf. I Running 
+---------------+-----------------------------------+------------+ 

I • ldty ()tPBt i ;';0 actioli. I t(unnl.n~ 

I +:====:~===+---------------+-----------------------------------+------------+ 
I Stoppiny I stop_sent , No action. I Halted 
I +---------------.-----------------------------------+------------+ 
i t Any otnel. • fifO dct..lOn. I StOl?pi41g I 
I +----------+---------------+-----------------------------------+------------+ 

A nost implementation may choose to aJwaYf accept a requested session. In 
this case the Starting state in the table would not exist. The start_rev 
event would establish a session (assuming sutficient resources). A user at 
the host (the terminal class driver) might then later reject the session V1a 
the di~colincct_reG. Ihisexamti!e .ou1d CCCU I during a ter.Dlinal server user 
1 0 g :i n f ail ur e. 
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The interfaces ~resented in this sectioll ~£e not meant to be implemented. 
The purpo~e is tc present the control afid data fJoking through the LA! lajers 
between the users in a ~ay that unambiguously descrlbes what is required at 
the interlaces, but allows ire~lementations the freedom necessary to implement 
the functIons apprOf[lately icr each dl!tereLt systen. 

Tne moael presenteo implies that each side of the interface both provides 
service entry pCints and utilizes service entry points provided to it. 
Synchronization across interfaces is the responsibility of the 
impleruent~tlon. Specifically, the iwplewentation must assure that all usee 
and Ethernet oata link irterface e~ents are processed serially and 
a~oroicalJYI in toth directions. This requirement arises primarily from the 
neeo to mclintain predictable states in the stared Circuit and slot blocks. 

The polling wodel is used to show correspondence ot (unctions and to 
reduct th€ amount 01 teAt nt:ct:ssary to d€tiClibe the interfaces. tJnly one 
interface is oescr ibeo at each layer. In ,tact, implementations wOlild o~ffer 
only a subset of the functions descIibed, one subset corcesponding to the 
termlnal berver and another corresponaing to the nost. 

In interrace c3115: 

o input f3rametets are s~ecifl~rl fiest 
o in~ut ~dla~ete[s dIe sepac~ted from output ~ardffietecs by d semLcolon 
o f3cameters are se~alated by coamas 
o "S-n ,"H-", and uSil- n indicate tha t c tuflctiGIl is d'vailab.le at the 

term.inal server ("S-"), host (UH_tl) or both (a'SH-"). 

~ it hi nth € in t e [ fcc € C ,311 !:i, t.h e 11 rea son II a r 9 Lit tnt is d e fin e d s epa rat ely tor 
each different service class ( see the appendices). 

8.1 Data Types 

I There are two ~ist1nct typ~s of data th~t can De transferrea between 
I session partners: Data strea~s (Data_a and Data_b) and attention data. The 
1 data t.tre<HtS aI e .flc. cent! ell ec and € r rer c en tr oIled. The at ten tion data .l.S 

J error controlled, but is not flow controlled. Idempotent operations ana data 
J not requirinq ~elivery can be transfered in zttentio~ slots. 
I 
j Tht! purpose 01 having ooth Ddta_a and Date_V ddtQ stream;:; 15: 

o status and control information (Uata_L) can be transferedas a 
separate data streaa. An i.pjea~ntation does not have to embed the 
~tatu~ a~a control Intormation In toe aatz stream or operate a 
~e[~r2te VIrtual circuit. 

o ~tat~~ ard centrol (Cata_bl transfels are phase locked celative to 
L6t~_a tr2nsters. If the L~td_b slot inci~ates 3 change ~s to De 
~ppl1ed to the Data_a stream, the ctdnge is unambiguously apvlied to 
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() the in;piementation is teee to define the er:tire format o.t the Uata_D 
s 1 0 t.5 • T his P l' 0 v ide s m u c h ~ rea te r t lex i b i 1 i t y s inc e the D a t a_ a 
channel is normally LnfoImatte~. 

The rul~s governing Attentlon data are dlfterent than those governing 
Data_d ano Data_b. Attention data can De transmitted even though the 
LOCAL_CR£LIT totai in the sict bloCK is zero. The purpose of Attention data 

o to al1o~ a control slot to fceempt any data waiting to De 
transmitted at the local system 

o to allow a control information to be transte£ced to the session 
partner even though the normal Datd_d and Data_b paths are blocked 
Que to lack ot flow control credits 

Each Lervice class must cefine the maxi.un size of attention dat~ slots. 
The slot ulock &ust reserve a bufter of this S1ze ded~cated to the delivery 
of AttentIon data. A S€hiOphore is set by thE slot layer when Attention data 
is deliv€lea into tbis buffer and cleared ~hfn the ~~ec has process the data. 
lIt h t:" s 2 fl a Oi) () r ~ i ~ set w h ~ it it t t ~ n t i on " d t? j ~ ,., p 1 j V p r p a , the L\ t t e," t i on d ~ t /'<! 

1 S dis car c e {1 t~ } tt, e S i 0 t 1 ay € [ • 
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8.2 UseLjS~ot Ld~er interface 

ThIS interlace allow~ users to advertise service, establish user (slot) 
ses&ions, and transait ana receIve data. lnese three categories of service 
are referred to as directory services, session control services and data 
transler serV1ces. 

The slot layer itself formats sIGts for 
received slots before passing the data to the 

transmission and validates 
user. The siot layer is also 

responsible lor rlow control and periodic ~e.rvice adve.rtisements. 

R.2.1 ~u«mdry Of functions -

'lhe slot layer otttIS t.n€ 10110w.1n9 hierdlch'y ot tuncticI'lS to tile usee 
tn.yet': 

+------------------------------------------+-------------------+ 
function offeLerl: I Ty~e of function: I 

+------------------------------------------+-------------------+ 
1 ¥ 

1 • -

I~
I~

i I
t tl
Jb-
ISH
I:JH.
j.)h
ISh
ISH
ISH
I~H
ISH
ISH
ISh
a H-

_' ~. i : _ to •• • : ~ ~¥' :i c '~_ c! ,.-::~:; 

loll_service_class 
stdrt_seS~lon (connect) 
d t:' ;>'1 _ ::; e s:) 1 (J i i _ t) v 11 
accept_ne~_ses~lon 

lejec t_fH::w_sessivu 
iJol 1_s€bSlOn 

queut:_l'Cv_S 10 t_bu.ff ec 
p 01 1_.1. cv_ done 
queu€_att€ntioB_bu11ec 
l; 0 11_ a t ten t i 0 n_ rl 0 n e 
volunteel'_ xmt_oa ta_a 
volunteec_xmt_data_b 
volunteer attentIon_data 
(..'011_ xmt_ done 

end_ses~ion (cisconnect) 
end_service_class 

1 
t 
j 

J 
I 
I 
j 

I 
j 

I 
I , 
J 
I 
t 
i 
I 

dlr~C'tor:i seryi("~ t 
directory service I 
seSS.10n s~cvice i 
se;;~ion $B.l. v ice 1 
seSSion set-vice • SeSSl.Ofl seI'vlce i 
session service I 
data service I 
data st;[vice • I 
data service J 
data service t 
data service • data serv ice I 
data service I 
data service I 
seSSIon service j 
die ec tory seevice I 

+------------------------------------------+-------------------+ 
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8.2.2 uescLifticL uf functicLS -

The tunc~ions offered to the user by the slot layer ace: 

o n-~tart_~e[vice_clas~(cla5s,tiwer;status), 
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tl-entl_5 erv Ice_c 1 dSS(C 1 ass,r eason; st ctus), 
S-Voll_service_clasf(class;status) - these functions ace used to 
advertIse availability and to determine availability of particular 
service classes (such dS interactive terminals) in the local area. 
Conceptually, these functions bracket all of the other services 
ctfere~ to the USB[S b) the slot layer. These are directory 
serV1ces, and are not an integral ~art ot an implementation. These 
functions normally control the transmission and recept10n of 
wulticast addresses. 

o class - service class (see appendicies) 
o timer (optional) - spec1tied 1n seconds, determines frequency ot 

wuitic~st meSba~e transru~s~~OI (see D~ilhED ~ARAkET~RS AND 
RFCO~~ENDfD OR PE'UI~ED DEfAULT VALUES). 

o ~t~tU3 - one 01: class enabled, class disabled. 

o ~ -~ t~:lr t_~ess 1 vii (,;j Iv t_nam€, class,R .l.H_.:> 1 0 t_J il.e; h<Hl<Jle, status), 
..;:i;-t;:n;j_StSSlon{tlcifI'11e,l'BaSon;status) these tunct.l.ons ate used to 
establish a ne~ session and to disEstaolish an existing session. 
These functions bracxet the rema~niDg functions offered to a user by 
the slot layer; date services C3nnot be invokej unless the user has 
successtully established a session. 

o address - ithernet address of hest 
o slot_name - The name 01 the remote slot block. 
o class - service class 
() handJe - lised to reference the ~ession locall.y 
o slot_sIze the IDlnimun sJot size queued by 

yueue_r-cv_z,lot_bufler 101 Data_~, Data_b and Attention slots. 
o statLs - one at: req~est_activE, request_rejected (see secvice 

class appendix), insufficient resources to complete request, no 
!:iuch session. 

o reason - the re2S0n can be an integer valueJ a byte counted 
ASCII sttlr~ cr bett. thIS ceison may be supplied to the users 
if that is a~propr1ate to the implementation. The reason is 
conveyed to the remote hall-session by the Stop message and/or a 
multicast messa~e. 

() h -p P __ 5 ~ 5 S Ion _ i' 0 j J ( ; h.::t n die, s tat U!j ) , 

tl - dec e p t _ n piIlJ _ s e s ~ j c r ( t1 a n ole, n 1 r; _ s lot _ S l.l e In·: c de; s ta t us) , 
r;-reJcct_llt'N_Sl;D!:.lortnanGll2.,fecson; 1.:t3tuS) thBse fUnctIons are 
LSSO to 2CCQpt or [eject a request to establish a session. 
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o nandle - used to reference tne session locally 
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o slot_size the minimuB slot size queued by 
queuE._fcv_slot_tufter for Lata_c, Data_b and Attention slots. 

o !ltatL'::) - one 01: reyuest active, r.::quest_rejected(see service 
clds~ appendiA), insufficient lesoucces to complete request, no 
such session. 

o reeson - tIle ItcSOn can be an Integer vdlue,a byte counted 
ASCI) string or both. 

o SH-pol1_sesslon(tlancl€istatus,qua.lity) - tnis function is used to 
determine the status of existing sessions. 

o handle - used to reference the session locally 
o b t a ttl s - S t:u: t i r. 9 I' Running or H <:1 ted ( !Ii i t h .r e .3 son code). 
o qualIty - the gLallty ot the vlLtual ci[cu~t, one ot: VC_OK, 

VC_suspect, tcarsport d1saD)ed. 

U 5H-qu€u€._ rcv_ sl 0 t_ b\Jtf er (.hane 1€ ,but te C; s ta tLS), 

SH-poll_,cv_doue(handle;butiec,stdtus} - these functions allow slot 
:":"'.[:t..:;:·v L);'H_ ".1L.\;..~..tI...C: ,~.dL! r<Jci;.iwt.!G ..;.;lJt Jut<.OL) .Le d81iv~i0:.2:j. The 
ainifuua length 01 ttlb receive buffEr is Sf~cifi~d in the Start slot 
~l~IMU~_ATTENTIUN_SLGT_Slli and ~lhI~U~_DATA_SLOT_SIZE f~elds. 

~, it i C t~ ;.;! () t crt:!;":J 1 t S d r e u .s f~ rj tot fiO t n i) a t a _ d d £Hl t) a t d _ 0 .;:j lot.j , t n e s e 
slut receive ouff€r~ must be the sane minireLm size. 

o handle - a relerence to a Ioedl session 
o butter - tne starting adaress and length 01 a buffer. 
o stat~s - ODti 01: butfer queue~, ne slot aata avai~able, slot 

datd available (start, sto~, Data_a, Data_b or Reject). 

o SH-gueue_attentiofl_buffer(handle,butfec;status), 
SH-poIJ_zttention_done(handle;buffeI,status) - these functions allow 
the U5~r to recelve out of band data. Uata delivered by this 
fOitct1onlS not sequenced relat lve to the data delivered ·via 
poll_ccv_,"]one. Ii the data delivEred by this tunction is not 
received laster than it is delivered, new data may be discarded by 
the ~.lot layer. 

o handl£ - a [Eterence to d local sessIon 
a bulf~r - the starting adcress ilnd length of a bufter. 
o status - one of: butter qu~ued, no data available, data 

available, data available and data missed. 

v !..: L - V 0 III n t tH2 r _.x l~: t _ C :; t 2 _ 0 (h and 1 e, but f €.r ; .5 t d t u oS ) , 

;: i: - \I 0 1 td1 tee I" _ X n: t_ d .:. t Co_ b (h G. Ii j 1 t;, b u.f [ t...c ; s to t L.s) , 

~H-volunteer_xat_dttention(h~nole,D~ttec;status), 

:)L-~ol~_Xltt_(;or;€(hzn.:.;le;butfer,stztlS) - ttese functions 31..10. data 
dliG atteLtion slots to be tr2f1smJ.tted to the s~ssion partner. 
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Attentior. data 15 net tlowCoiltloi.leo. Attention data (out of band) 
J..S Hot oJoCKt::d by tht nOI~al data (.!riband). 

o handle - a reference to a local session 
o buffer - the start~ny address and length of a buffer. 
o status one 01: buffer queued, data transmitted. 
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This intertace allo~s the slot layer to e~tablish victual circuits and to 
transmit and receive messages and multicast cdtagca.s. 

The virtual circuit layer maintains ~irtu~l circuits to one or mere remote 
systems, transmits and receives messages, runs a timer, transmits and 
receives multicast datagrams ana notifies th~ slot layer about changes in 
service. 

8.3.1 Summary Qf Functions -

Ir sum~arYI the virtual circuit layer etfErs the following hierarchy 01 
tunct.lons to the slot layer: 

+------------------------------------------+ 
Function cffeted: 

+------------------------------------------+ 
,SH- queue_rev_datagram 
1 ~i~- i··,0;'.~_.r c \t_ ~Jr-c 

i .:::.: 4UetH:;_ t1 ansn;lt_da tdl,;r am 
I~H- pol1_tc~nsrn~t_auflc 
t ~ - 'H, _ ~ t;.o r t 
th- ~ccept_vlctual_clrcuit 

i~H- poll_vic tual_circlu.t 
t~h- voll_receive_message_done 
I ~h- queue_transmit_ft1essage 
I ;:)H- poil_ traubULl t_llessage_dcKeo • 
ISH- translliit_LnaCkno~leriyed_queue I 
ISH- VC_stcp j 

+------------------------------------------+ 

- 5b -
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8.3.2 De5cription Sf functlcns -

The sp€cific floctions offered to the slot layer by the victual circuit 
lay€[ a1"e: 

o S-VC_start(address,rrax_sessions;hancle,statusJ, 

o 5-VC_start(circuit_name,max_sessions;nandle,status), 
H-accept_virtual_circuit{handle;statLs), SH-VC_stop(handle;status) -
these furctions allc~ the slct layer to establish and disestablish 
virtual circuits. The slot lay~r must poll the virtual circuit 
Idyec to discover the state 01 vict~al ciccu~ts and the state of the 
underlyirg data link Itself. Ita host 5ystem must not dally in 
respondiry to a request to start a virtual circuit. If the host 
•. i~11cs ~Jol to lliJVe GIl}! 11t::. cir·cuitb t;!)t.dblisr,ed, al·l se.rvice cl-asses 
should Dt disabled. 

o 

o dGCat:ss - L: tIl€Lliet aOOCess 01 a€s tlnat10n system 
o circLit_oame - The name of the virtual circuit • 
o max_~esslons (optIonal) - the ID2xirnum number ot session that 

1ft "it 1 P\f ~ (' f I p~ ~ t i v f> S i m.,l t? n ~ ott ~ \ y. t t 'S up :-' J i E' ,., by the t ~ £"'n 1 n a I 
ber'ver, a host ilflplefltentation Diight avoid allocating 
unnecc.3sarily lcIge data structlre5. 

o han11e - han11e used to reterence the virtual circuit locally ( 
d letelenC€ to tb€ circuit blocK) 

u ~tatL~ - one 01: ~n~ufliClent le50ucce~ to complete request, no 
such circuit. 

h-poll_virtual_circuit(;handle,statLs,guality), 
SH-poll_virtual_circuit(handle;statLS,quality) 
allo~ the existence 01 new sessions ana the 
sessions to be determined. 

these 
status of 

.functions 
existing 

o haiH.ile - hdndle used to reterence the vIrtual circuit locally 
o statLs - one of! Starting, Hunring or Halted (with reason]. 
o quality the virtual circuit quality, one ot: VC_ok, 

"\iG_suspect, Etll€Cnet data link olsablea. 

o 5H-QUeUe_receive_datagra.(buffer;status), 
~~-Poll_[cv_done(;handle,butter,status) this function gives the 
virtual eireLit layer aatagram butters ~hich are in turn queued to 
the Ethernet data link. These datagram buffer are filled oy 
wUJtlcast datayrams and by virtual c1rcuit messages. 

o Luiltl - dddrt~.::i cHid leHyth oi c: bufter. 
o st~tus - ore of: buffer Q~eue1, no data ava1ldble, ~ulticast 

uat0gcuill dv~ildtle. 

_ ':;.0 _ 
...i -' 
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o H-q~eue_transmit_datagram(butf€r;5tatu~), 

l-pol1_tLansruit_done(;bu1fer,status) these functions queue 
catagrams to the Ettecnet data IlnK tor transmIssion and poll for 
the tr-ansmi t completion. These f Ltlctions are used to transmit the 
aulticast (o[ ~cssibly other types) of datagcdIDs. 

() bulter - address and leugth 0.1 i3 buffer. 
o stat~s - one of: butfer queued, transmitter ector. 

o SH-queue_traoswit_message(handle,butfer;status}, 
SE-f'O 11_ tr anSili 1 t_R,es sag€_acke d (hand.Ie;b uf t € Ii status) these 
functions allow the slot layer add wessages to the virtual circuit 
layel urackno~]edgec message que~e and to receive them back after 
thei h3VE teen acknowledged. 

o handle - handle used to reference the virtual circ~it locally 
o Dutter - aOGcess ano length 01 i message. 
o statLs - one of: message queuec for transmission or message 

tI'arl~mi tted. 

o :::L-traDsnit_LDc;cknckledg<::d_yL€L€(hardle) - this function caused all 
cutstandln~ unacKno~ledged m~ssayeb to oe re~ransmltted. 

o handle - flandle used to retefence the viltlial circuit locally 

o ~h-poll_receive_message_done(nandle;bufter~status) - this function 
dlio~~ toe slot layer poll toe tCdflsport layer 10£ any ~eceiveo 
lli€Ssages. 

o handle handle used to reference the virtual circuit locally 
o ~uffer - aadcess and length of ~ message. 
o statL~ - ore of: no data availible l message available. 

- oD -
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This section details a set of algorithms that ~ould produce the correct 
behavior at the user and Etnernet data link intertaces. While these 
algorithm~ would produce tte desired resLlt, any number of equivalent 
algo£1thms that produce an equivalent result dt the same t~o lntertaces would 
s~rve equally well. 

The ~ho]e architecture can be characterizEd as two (host and terminal 
server) two-port black boxes. Compressirg both the host and the terminal 
server into slogle diagram, one might visualize the internal structure of the 
LAT architecture 25: 

USc. R 

v u 1 U ll. t ~ t: .t +--------+ .r e c e i v e 
slot data I ~LCI I slot data 

------------------------------------1 ELC~K 1----------------------------------
i I(shC3[td)1 A 

v +-------_ .... E C 

+-----------------+ +-----------------+ 0 L 
tiwer slot i n~ss creriit~ I slot I ~ A 

----------)1 multiplexer *<----------------------1 demultiplexer J 1'1 N ~ 
+--1 (slotD intc m:"~)J flass cutitrol {in l:ost)j (msSJ l.ntc !jlot.;j)I 
I +-----------------+ +-----------------+ 

j ..... A I queue 
tfc.di5ltltt J +-----------+ J lreceive 

V reessayev j CIRCUll I vbufter 
--------+----------+-+-------------1 BLUCK 1--------------+-+---------------
trnnsnit1 ! ... I (shared) 1 A I 

unac.k.ed J j j retUI" r +-----------+ I I 
queuel • jacknoiltledged deliverj I 

I v Imessage message1 v 
J +-----------------+ +-----------------+ 
I nessag~ J remove acked message J message , 
+->j tfoo5mittel" i<----------------------I receiver • 

l(virtuaJ circuit t<----------------------J(vlrtual circuit I 
j maintenance) j transmit unack~d queuej maintenance) I 
+-----------------+ +-----------------+ 

transmit t transffilt A receive A queue I 
datagram v com~let€ J datagram I receive v 

LAT A L 11\1< lAVEH 
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The following lroces5 abstractions are (boruewhat arbltrarily) created 
~ithirl the slot layer to help present a uetaileo ~odel of the internal flow 
of conteol and data wIthin the layer: 

o slot_demultiplexer - turns a message into one or more slots 

o slot_.ulti~lexer - tLrns one or moc€ slots into messages 

o ses51on_~tdrt~r 

naIf-session 
~llocates a SiOT_BLOCK and initialiZes a 

o sessiofi_enoer - closes a half-sessicn and deallocates the SLOT_BLOCK 

o administlator - advertises service (in host) ana bUilds lists (in 
terminal StI"~l) 

The follo~ing process abstractions are (again somewhat arbitrarily) 
created .lthin the vIrtual circuit layer to help present a detailed ~odel of 
the internal flow 01 contrel and data within the layer: 

o CIrcuit_starter (t~rllilnal seever only) - starts ne~ virtual circuits 

o circuit_Ender - stops an existing virtual circuit 

o message_cBcelVt!' - receives datagrdlls fcoru the Ethernet data link, 
valiaates the received datagrarus (turning each into a message) and 
tJaS!>t,s tbt ffitSSdyt on to tile slot layer 

o message_transmitter rece1ves mEssages from the 
maintains a queue of unacknowledged messages, 
datagrams on the Ethernet data link 

- 62 -
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The algorithms aescribed in th1s sect10n correspond to tne state table 
act i 0 1.1 S , not t h € S t C1 t e tab 1 e € v en t s • 

9.1.1 Circuit Starter (te£lliinal Seever Only) -

hhen a request is received to start a ne~ virtual circuit (via the 
VC_stdrt function), ttle terminal server: 

o allocate a circuit block (see state diagram) and bufters. Allocate 
NER_DL_BUFS+l receive message butters and one transmit message 
buffer where NBR_DL_BUFS is the valLe sent in the Start message. 

u GU~U~ th~ rece~Vt message bu1teclb) to the ttnernet jata linK via 
the queue_rcv_datagr~m function 

o store the transmit message bufler in the circuit block 
o Translate the ClkCUI1_~AME into a 'it-hit Ethernet address and load 

this address into the REk_ADDRESS field of the Circuit Block. 
o generate a start message (us1ng tne transmit message Dutter) and 

lUS~0 it t~ t~e vpss~~e Tr2r~~itt€r via t~e 1ueue_transrit_~eS5~1e 
function 

9.1.2 Circuit Lnder -

ith~H a leqUt!.5t 1;::, rtceiv~d to stop an clA..i..tting '\"ictual circuit (via tl1e 
VC_stop function), th€: CircLit fc..nder gener,tes a stop message and queues it 
to the ~essage 1ransmitter via the queu€_tranSBlit_81essage 'function and 
indicates 1n the circuit block that the virtual circuit is in the Halted 
state. 

In the host, if service is being terminated, the Circuit Ender m1ght also 
seDd dn extcd IDulticast datcigcam to indicate that service has been ended. 

9.1.3 Message H£celver -

The nes3age [ec2iver vnli~ates received mEssages. The Ethernet data link 
vetifit-~s the: 

o tttler.nct r1f:stirLJtior: addr:~ss ot tne rrdme matches that ot the local 
S15 tem 

o L Ai k' L' 0 tee Cit}' f' f.: " C t t, e fl 0 III 9 or l.tl'pJ e H' tnt d t Ion) 

- 63 -
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After these titlds are checked, the ruessage type is determined feom the 
LAT header ~ESSAC~_TYPE f1elt. The recei~ed message ~s then mapped as one of 
the rness~ge types (5ee STATE DIAGRAkS sect~on). 11 any of the actions 
described tails, tne m~s6age is dlscardec ~ithout pecturbing the existing 
circuit state. In any case, the receive buffer is always queued back to the 
Fthernet data 11nk qUlckly ~ith respect to 5EkVER_CIRCUIT_TIMEF. 

o Start mess aye (host) -

o discard message l1 the SRC_Cl~_lD field 01 message is zero. 
o Hatch to an eXlsting circuit block OC, if no circuit block 

exists, allocate a circuit block and buffers. If no 
IDsutticleot resources exist to accomplish this, a best effort 
atteapt is mace to senrl a Stop message. Nor~ally one receive 
Lt.;S,;:;Gle 0uf.ftL i~ dllocated. Ii tlit! l~.b.t,_DL_BUiS field in the 
Start messa'Je response lliill te non-zero, thatmanv additional 
receive butters are allocated. T~o transmit message buffers 
p.lUS {opt.lona11y J tne value if: tIle Ni:H~_DL_EUr'S in the received 
Start message dre allocated. (Cne transmit message buffer is 
con~omeo oy a message contalU.lng data with the RRF flag clear 
sipc~ it Will rot hp acknowt~1"~~; ~o ~ s~cond buffer is 
requlrerl WhICh, 11 It is tne last, will always have RRf set to 
lorCE 2 terminal ~~rvec ce~pon~€). 

o queue thE receive message(s) to tn~ Etternet data link via the 
{-£U€Ut_I.GV_datdYloJll luHct.l.On 

o ,store tne availcb.le t.ran!lutlt ruesSittJe butters in the ciccu.it 
block 

o copy the SHC_CI~_ID field from the received message to the 
H::~_CIF_IJ fitle of the circuit Llock, copy the SRC_ADDRESS lrodi 
the received Kessage into thE Circ~it Block and copy the 
ClhCLIT_NA~E tcew the Start mesfage in to the Circuit Block. 

o yeneLate a StdCt message (normaJly) oc ~enerate a Stop message 
(w1th a reason spec1fied) and queue It to the Message 
Tran~rnitte[ via the gueue_transnit_message function 

o Start message (terminal server) -

o If tte S~C_CIP_ID is non-zero, match to an existing circuit 
block. 11 no circu~t block is referenced (invalio message) 
discard the message an~ send a Stop message addressed too 
Shl_CIh_1D. If the SPC_CIH_IU is zero it is an illegal message. 
If a vdlid Stalt message is r~c£ived, SRC_CIR_ID 01 the ceceLved 
ruessage should be copied to the kEH_CIR_TO field of the 
~efetenced circuit block. 

o 11 the ~Bh_DL_EUfS 1.leld .in the reCeived Start ru€.ssage 1S 
j~(;H-.lt(O, o~t.ionally dl1()cat~ tilat ulaHy ;'Hiditio.f\Cli transmlt 
~uffprs ana ~tore the~ in t~e CIrcuit block. 

- t; 4 -
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o If the MSG_SEQ_~bR is not equal to ACK+l (modulo 256) in the 
circuit cIoci\., SBt the NbR_SLUT~ in the message header to zero. 

e In terminal server, if RHF is set, set D~F. 
o r e4u€S t the f,.,€ ssage T L iir,sm it tel to Ce turfl a 11 messages 

dCKno~ledged Dy the value MSG_ACK_~Bh rece1vea in the message. 
This algorithm RLst be done modLlo 256. 

o In tte host, !top the circult timer it all messages are 
dcknowledg€d. 

o If the MSG_SEQ_~bR is eq~al to ACK+l (modulo 256) in the circuit 
block then increment ACK in the circuit block. 

o pass the message to blot demult~plexer 

o not11y Slot de~Llt~plexer at circuit state transition 
o .l.noicate slc}te 01 circuit olock is t1al ted 
o requeue the datagram b~fter to the Ethernet data link 

~nv tiw~ the circuIt Goes Into the Fdlt~~ stdt~f th~ circuit bloc~ 
can ue deallocated cJong .ith Its 3bsociated cesources. 

~ ~p~cl~l U~~ ct th~ U~l_CIW_I~ l~~lG occ~rs ~henbvec the host and 
t e r it: 1 Ii d 1 .b e L v et .j reo u t 0 1 ~ inc tHHl1.Z if t Ion au c to craSH e!), pro 1 on :J e d 
communication link failures oc nonsequential message delivery. In these 
cases, the remote system Bight ignore the message (possitly a delayed Stop 
~essaae) i~ order to fre~erve the currently Running ~irtual circuit. In 
order to close this halt established (half-open session), the SHe_eIR_ID 
field is copied from the Running Iilessi3ge intc the REM_CIR_ID field of the 
circu~t block aLd a stop w€ssage is generated. this will cause the remote 
system to r~initi~lize. 

An) fields not d~fin~d b~ thB LAT architecture (labeled UNPREDICTABLE in 
the aessage tor~dts) ace igncred. 

- b~ -
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9.1.4 Message 1cansmltt~r -

The t~rminal server wessaye transm~tter normally maintains an 
unacknowledged trznsmit queue ot one entry, ~hile the host normally maintains 
a queue of one or t~o entries. If extra ~at~ li~k buffers ale allocated, 
these queues can be longer. 

The ~essage tcansmitter gets three types 01 requests: 

o transmit unackno~ledged transmit queue - this causes the Message 
lransmitter to start transmittin~ the head of the queue, wait for 
the transmit complete event, and tC2flsmit the ne~t message until the 
entire queue has been emptied. If this was in progress when the 
request to retransmit the queue is aade, the req~est is ignored. 

Before a message is retransmittec, the ~SG_ACk NBR tield in the 
rrcss~ge header is cOfied tro. the circuit block field ACK. 

The Retransmit lirriter is a part of the message transmitter. 
tvecy t~me the head 01 the un~cknowledged transmit queue 15 
tr~ns~itt~d, th~ r~tr3r~wlt court~r 13 lncrexente~ (either 
LL~T_~iT~ALS~I1_CLU~lfR or SEHVEk_k~TANS~IT_COUNTEk). tvery time 
the h e (: del t h t;! U n d C k n 0 ill .1 t:! d ~ t: d t.( Gill S ru i t que u e c hang e s , 
}t:!tr3nsmlt_Counter is zero€;c. 11 the IetraI1smit count€l redcht::s 

I LAT_~E~S~Gl_rtEl~Ah3~11_Ll~lI, the ~€send_l~~it event occurs. This 
J €ver;t (l\e~eIld_linli t) shoulc caUS€ USers to be not.ltied of the 
I unacceptable virtual circuit qualit~. 

c (ju~ue/de'.tUtu€ tr(lfl~Itit message - this cdo.;i cHid dt;l~tes t;!utiies .feom 
the unacknowledged transmit queue. As each new message is added to 
the queue, via the queue_transmit_illessage function, the message the 
header is created by: 

() 

o copying the REM_CIR_ID flom the circuit bloCk to the message 
field DS'I_CIR_IL 

o copying the LCC_CIR_ID frcR the circuit block to the message 
fie Id SRC_Cl R_I [) 

o (host only) cle2ring the kRF 112g if the Circuit Block D~F 1s 
clear and this is not the last transmit message buffer; setting 
th~ RRF flag it the DijF is set cr this 1S the last transmit 
meSSi:1qe outter. 

o (host only) cop}ing the ~PF fla~ state into the message header 
from the circuit block 

o co~y~ng the NXbl'I' circu1t block iield into the message header 
MSG_5EQ_~PR and incrementing NX~T 

tr3nsffllt ddtaqr3ffl - tOis 
the tran5illit COIDflete 
I€'1 11 (stcr. 

function tt3nsmits the cutter and 
event, djOn~ ~ith the buffer, 
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i ~etran5ffiission 01 the unacknowledged tran~mit queue (the l1rst 01 the 
I three ty~es or request described atove) In the host occurs at the rate 
I hOST_CIRCUIT_Tlt-;Ef, seconds. This causes me5!:ages to be retransmitted about 
I everyone or two s~cond~. 
I 
I In the terminal server, this would be an Lnsatifactory arrangement due to 
I the rate at which retransmissions wOLld occur (the value used by 
I S£RVEh_CIRCUll_Tl~E~ is typically 80 &illiseconcs). Secause the most likely 
I reason a wessage is being retransmitted is that the host has not had a chance 

to process the r~ceivea message, the terninal server retransmission ot 
messages must occur at dramatically reduced rates. One acceptable policy is 
to retransm1t at approximate one second intelvals after the original message 
was sent. Thereafter, messages should be retransmitted at one second 
intervals. 

NOT£ 

In dO actual lmi'lementation, the host may be overloaded and 
unable to respond to received b~fie£~. The retransmit policy 
i~ h~~?~ C~ tt~ ~~su~rtlor th2t ~~e rust ~3~ not resronde1 
becaus~ it t1'3S not processec toe bUller. This policy assures 
tLat tht::liost L:j riot ~iaialllp€d lIiith dltJlicatt: buffers during 
hea~y host loa~irq. 

J • 1 • 5 C .1 1 cui t I i ti, e I Pol icy -

The circuit tirrers, in both the terminal server and the host, should De 
reset both when the &e~sag€ 15 queued tor transmission and when the transm1t 
completes. This policy pre~€nts multiple tetminal servers from synchronizing 
by utilizing the Ethernet backolf algo£ltnm. 

9.1.6 Buffering-

The LAT architecture assumes that any receive bufters assigned to the 
Ft~ernet ~ata Link C2nnct be pree.pted tv other architectures that might 
share the ddta li~k. Failure to adhere to this policy may cause LAT to De 
unable to deliver data 10 a tiwely fashion. 

In the case of a host implementation, the Initial processinq of received 
d~ta link butfers ~hould occur at high prlor~ty. Received messages that ace 
duplicates, or [eCel~eo st~lt wessdq€ti tnaL Cduse the current total to ~xcee~ 
the v?lue [.AT_~.X_S~~vfk5, reust he cejectec immediately and requeued to the 
Ethernet data lInk to allo~ re~ dat~ messages to be stored until they can De 
processed. ~6iJure to adhere to this ~olicy can caLse long delays since host 
bufters cau be tilled by dUf'llcates cdu~.in'J non-duplicates to not be 



Local Area Ir6nspoct Architecture - internal u~e only 
AXIU~S AND ALGORITHMS 

Page 68 
19 December 1983 

del1verec. 11 t.te cetransruission policy 1S to .. ait one second, this failuce 
mode ~ill cause one second delays as perce1ved by the user. 

9.2 Slut Layer 

The algorithms o~scr1neo 10 th15 section correspODO to the state table 
actions, not the state table events. 

q.2.1 Adwinistratot-

9.2.1.1 tiost-

~hen the start at service is announced in the host (start_service_class 
function), a trarsrrit datagca~ ID~st be alloc~teri and reserved for the purpose 
01 transmitting tne mult1cast datagram per10riically. In addition, 
~~ :- _ : J ;. A"_'~ ;~ •. :', ~:,,:.; .1. t. ~ <...: ~ J <C~: <.4 L:.. ~ 1. ;:.. ~., ::; y ~ .: c r.:.. ;-: L ~ t :.> c ;:; 1 1 C C1 t c:t :: n:~ u e u ej v 1 "1 the 
queue_ruc£ive_dat~gla~ functlcn. The value LAT_~AX_~ERVERS is equal to the 
numbeL 01 ter~1nal serv~rs thdt the nost ~1Snes to dllo~ to stdCtup 
!) imuj L~~n Pti tl~ 11 • 

These sawe rescucces must be recov~red when the end 01 service 15 
annoUBceo. 

o .:::: tar t nul t 1 cas t t [ d n ~Dll t au a s t d i. t III U i. tic d ~ t tim t: r f or 
retransmlssion. 

o stop the circuIt timer (no circuit timer could be active since no 
virtual circuits are active). 

- uB -
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o at least one buffer should be qLe~ed to the data link to receive 
multicast addresses. 

o stdrt the circuit timer In antlcip~tlon of vIctual circuIts being 
activated (it shoul~ already be running). 

~olicies might reasonably be mod~fied or extended by each different 
servicE cla~s. 

- 09 -
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I 9.2.2 Session St~rter (ter&inal Server) -
I 
I ThlS process allocates and initializes d slot block upon receiving a call 
I from the btdrt_seSb~on function. 
I 
I [}n~ importdnt responsioillty 01 the session starter of tne terminal server 
• is translating the SLOT_NtNE supplied 1n the start_session function into a 
I Cl~CUlT_NAME to be ~ds5ed in the ~C_STA" fUTction when a new virtual circuit 
l must be estdblished. 
i 
I 
I 
, 9.2.3 be5sion St~rter (host) -

A host ifuplementation can choose between two models. In one model, 
I reC~lv€d ~tdlt ~lot5 C~L~e the usee LO c~~€~ve ~ request to start a ne~ 
• session. The user can then either acceft or reject the session. The user 
I should Hot l-'[OCrabtlnate in aakin9 this decibion. 
I 
i rh~ second model does not give the host Lser this choice, but instead 
• acc~pts or reject~ the session w1thout not~fying the user. Later the user 

~~y ~tn~ T~r ~D~~lDr ~tth ~ r~?scr. 

I 

It bUtlt!lleu VI i tll .,,;;l SLGT_l:\iill"d::, tne to~ t ~e~;j..lon CdU lH:! oound to the 
!~ i:' e t: 1 ric d p~. 1 i Cd t .i 0 l ~ :;' [ C C C S oS <J ;;J ~ 0 C iij t e j .t. i t h t h ~ S LeT _ r; lit! E • 

9.2.4 Slot Demultiplexer -

This process receives its 
function. Each such mess~ge 
CIrcuit by th~ message rece~~er. 

input and 
recelved 

control trom the poll_rev_done 
hZs been validated on the vlrtual 

• Messages contain zero or more slots. A slot can be a Start, Data_d, 
I Dat~_b, Attention, Heject, or Stop slot. 

Slots are validated by using the received slot's DST_SLOT_ID field to 
r et ere nee 0 S lot 01 0 C k • T h € ret e.r en c e d .s 1 c t 1) 1 OCt~ • s L fJ C_ SL 0 T_ lOt i e 1 d mus t 
equal the received &lot's DS1_SLCT_ID fielc. Additionally, the received 
slot's SRC_SLOT_IO field au£t equal the slot block's RtM_SLOT_ID fIeld. The 
slot type fIeld mu~t b~ consistent with the state block receiving the slot. 
(See the ~ectlon on slat ~ai~ing onto state ttagram.) 

it the terminal server receives a start slot, the slot's SRC_SLOT_ID field 
is copied into thE reterenced slot tlock's REM_SLOT_ID field. 

l r t tt P.~1 U ;s t.l t t; e S i f') t_ c e If lJ 1 t 1 pIe x etC [ edt € san C 1 nIt 1 d .i 1 Z e bas tot b 10 c k 
i 1 ,.;. s t .~. r t :; lot i :3 r {" C f'. i ve a .a n C ~. a:; s cst n'~ s lot L 1 0 c k tot h e -3 p pro p r1 ate 
c.la!:)s of belvice lIld th€ neWii_sesslon_i-oll lurctlon. lhe slot olock is a data 
strlH~tlH.e stefe\.:> Ci 2lt:::iot layer rl\.lC€S~€S one is occe5sec 0'1 the UStC 
processes. (;:~te slot state varldbles S€ctloIJ. 

- 70 -
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• The host mdY use the SL01_NAME supplied ir the Start slot to bind toe 
... £.ez~ion to d .tJdi..ticuld[ service access 1Joint in the host. 

i 

It any credits are received in a slot, thE credit fi~ld value is added 
into the LOCAL_CREDIT 11elo 01 the referenced slot bloCk to create a new 
total. 

Data_a and Datc_b slots are delivered Vic the poll_fev_done; 
slots dr~ delivered via poll_attention_done; Start and stop 
delivered Vi3 the ~oll_session function. 

Attention 
slots are 

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

In the host, after the slct demultiplexer has finished processing the 
r2c2ivcj m2s.:~a'Jt, t:le Lb(S3,"y~ i~ r€ql.d;;ueJ Lv the virtuCiI Cl.rCU.1t Idyer ana 
control i5 passed to the slot multiplexer. 

(;. .. ') t:. . 
.-:\ • . t,. • . ..,; Slot ~ulti~ltxer -

I In the ~ost, thiS process receives control soon after the slot 
J 1emult.iplcxer CXi::CUt0,s. 1:1i.:.. transfer 01 c{';llllOl can be inHut!didte 01.' (;:dIl be 
I Jeldye~ in dn aIfort to returr wore datz l~ tne re~onse. This transfu~ of 
a control tet.een tile s10t D€jlultlple.x€L and tile slot (llultiple.xer .in the host 
j jce,:;; not n':-!\lp to t reserve tne "seLlal and atCtlll.C u requir~ment stated in the 
I layer interface introduction. This delay Should never exceed about 1/2 the 
I SEf<VEh_CIFCUIT_II.tvEh; the fesfonse generated must be received by the ternrial 
I server before SERVE?_CIPCUIT_TI~ER eXfircs d s~cond tiw~. 

I 
I In the terminal server, t~is transfec of control is timer based and cannot 
I be le5s than SEEVE.R_CIRCUIT_Il.MER milliseconds • 

• j l~'hen reacl.ing the aigorithn;s, keep in mind that 1I510t data" can be Data_a, 
1 Data_b, Attenton tata or RE~(TE_CFEDITS ~aitjng to be transteLed. 

Betore accepting any data teom users, the process verities that 
one transmit message butter is available in the circuit block. 
available; then e~€cute the tfansreit_unackno~ledged_transmit_queue 
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The follo~lng aiycrithm is e~ecuted bi the t~~minal server whenever control 
i 5 [b C e:i v € d I rom the t i Hi €.r e v t: n tan c by tnt to st., hen ever con t r 0 1 is c ec e i v e d 
fcom the slot_dewLltiflexer. In the host, transter of control is also 
received from the volunteer functions if thE circuit block RRF flag is clear 
(the Send_data event): 

0 

0 

!J 

In 
0 

0 

0 

0 

In 
if 
.. 
.J.. • 

£.e 

.j. 

the host, if the D~f is clear: 
dequeue a transmit message tufter 
XMt_bUiF~R_~fEtQ (1t it IS 

from the 
empt)·, 

tr2nsIDit_unacknc~ledged_gueue flnction and exit) 
generate a new aessage header 
eX ecu te queu €_ tr ansm it_mess ag e 
exec~te trans~it_unackno~l€dged_gueue 

the term1nal server, if the O~F is clear, exit. 

circuit 
execute 

block 
the 

de~ueue a trarsmit message tuffe! fLom the circuit block 
x."'!'l'_bUrrEP_fPEC:' (If .it 15 €ropty, ':10 to stel-' B - EXIT) 
generate d ne~ aessage header 
U~TIL the rnes~age buffer is filJed or UNTIL all slots have DRF 
cled.[ or UhIIl all slots wIth Ukt' set have no LOCAL_CREDITS 
l~tt: ~t~o lh~ rQ~t slot ~!oCk wj~~ r~v set In ~ rcun~-rotin 

tashloP anc: 

It ;~ttention datd is voluntEered, tOIJ.lat .Jttentiod slot in 
fie5~age b~fler, clear Uftt Ii DC ~lot data is left. Exit 
cdck to LNTIL loop. 
it oatB_d or Data_b is s~gnzled, decre&ent LOCAL_CREDITS (if 
none available, go to ne~t step), format Data_a or Data_b 
slot heaJe[ in aessa~e buficr, CC~l ~~~[TE_CREGIIS 1~~ld 
trom slot nlock into slot header and zero and RE~OTE_CREDITS 
field, copy data into slot and clear D~F if no slot data is 
left. Exit vack to UNTIL leop_ 
If R£MCT~_CREDITS is non-zeto (because LOCAL_CREDITS is zero 
in previous step or because no Oata_a or Data_b has been 
volunteered), format Data_a slot header 1n message buffer, 
copy FF~CtE_C'EDITS tield trom the slot block into slot 
beader and zero the slot block RE~OTE_CREDITS field, and 
clear DRf if no 510t data i~ left. Exit back to UNTIL loop. 

4. queue the buffer via queue_transmit_wessage 
5. if ~il slot block UHF flags are clearl clear DWf. 
b. in the host, it control was reCEived via a volunteer [unction, 

the CIrcuit tiwec is started. (khenevec tbis timer expires, 
all unacKnowledged messages ale cetcansmittea. ) 

7. it ~c£e ~lot data IS ava~lable, go to step 1. 
b. Lxit - exec~te toe tcansait_unacKno~lecged_queue tunct~on. 

- 7~ -
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The termiral server cannot stop a session khile it is in the Starting 
state. This is because th€ handle on th~ remot~ slot block is not known 
until a response to the start slot is received. Thus the special state 
Abort_stdrt 15 entered Lpon recei~ing a disccnnect_Ieg. A slot block in this 
state cannot De used to start a new session. 

tJtherwise, eit.ter the host application process or the terminal server user 
can issue an (disconnect) functicn call. 

9.2.7 ~low Contrel -

1'tlcre are t"i;\O 18Vt~5 of f10. control~ GUt.i.o the .slot layer and one .ill 

the virtual circuit layer. 

9.2.7.1 blot flo~ ContLol -

'I h t;: oS € 5 oS 1 () n u £) t: r t hat Ow n s a flo .. con t r ole r e 01 t «(" l." e di tis he 1 d on use r .. s 
he!l21f by tt.e !..ict layer), i.5 qu31.ar;te{:J tl1at the ses!::.ion partner will be 
able to receive (anrl butfer) at least one DZt2_3 or Data_b slot. In an 
iu;pJ en,0nt.:.,tloll, .stat cdta .l...j COkJit:c 1104 d receive rnesSdye butter :in tne 
virtual clr~ult Idyer Into slct butters s~~~j~ed by the u~e[s. This is the 
model described in this docurrent. 

t !~e~e flow control cre~it5 are con~uked L~ C6ta_~ ~nj Lata_b ~lGts if, and 
I only if, the SLOT_BYTE_COUNT field is non-zero. 

As a CPU performance ovtiaization, this c~n be implemented in different 
way_ CPU u~age can be traded for meaory Lsage. The users can supply data 
link sized slot bufters ( LAT_MIN_RCV_DATAGRAM_SIZE ), and the entire buffer 
can be passed to the USee ~ithout coP}ing data. This method requires that an 
occupancy COUllt be malntaine~ tor each buffet since bufters can be occupied 
by one or more slots destined for different Lsers. In this way received slot 
data does not haVE to De copied. However prodigious amounts of memory is 
consumed. fOl instance~ tc extend t~o flot credits for each of e users, 
2x8x1518 (24,288) bytes 01 butfering is u$ed Instead of 2x8~255 (4060) bytes 
ot bu.iter1nq. 

keierences areJ11cde to n.slct n tlo. ccrtI'o tt:rc'Ufjhout the document. The 
sections bLOT MUlllfLEXtP ~1:0 SLOT DE~ULTlfL XER in tile AXIUMS and ALGORITHMS 
section ri€tln~ ho~ slot tl0~ control IS appi ed to a running slot session. 

<} • ~~ • 7 • ;> 1': toSS ~q e L u t ( l:~ r r 1 0 iI>A Con t r 0 i -
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In the virtual circuit layer, when a new circuit is to De established, a 
fixed number of datagram tuffers is zllocatedb€iore the Start aessage 1.S 

sent. These butlers are queued as receive butters to the Ethernet data link 
layer. Ihe number at bufters queued as receive buffers minus one is then 
transmitted in the 5t6ft message NBR_DL_BUfS field. 

In the terwindl berver, the number 01 traLsmit buffers allocated should be 
equal to the value NB~_CL_BUFS received in the Start message plus one. 

In the host, the DumLer 01 transmit tultels allocated should be 
the value NbR_DL_BUFS received in the Stirt message plus two. 
butter is used to sent the one possible "unsolicited" message 
virtual CIrcuit is oalanceo (~Ri clear). 

aqual to 
This extra 

when the 

In general, this document COes not directly refer to flo~ cortrol at the 
v 1.r tua 1 ClfeUi t .leve 1 (1· el ere nets to tneter fn fit t 10. con tr 01 It ace no.r rna l1.y 
references to s.lot llow control). Instead, rete[enc~s are made to the 
availability of data link bufters (X~T_bUfFEh_FREEQ in the circuit block). 
AvailabilIty of a data link Dessage buffer corresponds to the availability of 
d crea~t to tcan~illit d Kes~age bufter since these butters remain on the 
unackno~l€dyed transIDlt que~€ until they aLe ackno~ledged by the receiving 
;~L'J('(~':".:.. :"d .. >.h.·;(i.c ... 1v~ . .I'::'~1'(Lt ; .. LJr~r:t('C's t!"':~.::t t~~ remote ~yst~rr '3S eroptieo 
~H.u requeued the Cat.::. l.ln;·~ t~tter to receive 3 new a:essage. See the AXIOMS 
a n tj A L G tJ h .1 T h i<tl 0 sec t 1 () n t 1 t .1 t c M t. ::; ~ A t; E l' t\ A t- ~ t"l 1"1 T t hand k 1: S J ALE R t C t. I v t. t<. • 

9.2.ti Protocol ~erbions And ECC Conteol -

MUILicdst messayes tor each serVlce class 
rlICH_PRTCL_VEx, CuR_PHTCL_VER, CUk_PRTCL_ECu. 

.s~t:;c 1.1.¥ 

The start mess~ge specifies FRTCL_VE& and PRTeL_ECO. 

LUff_fRieL_VER, 

1he hIGH_PRTCL_V£R s~ec.ities the highest (.wost recent) protocol ·version 
that the &ystem s~pports. 

The LOW_PPTCL_VER specifies the lowest (oloest) protocol version that the 
s}'stem sUI-ports. 

The CU~_PRTCL_VER specifies the protocol version of the message. In the 
C~5e at th~ 3tdrt rrss3age, it also qLarantees that all Run and Stop messages 
-'ill alsc be of the Sdme t-,l"otoco.l ve.r!'ion as the Start message. 

The PklCL_ECO bpeClties tte Engineering Ctange Order level of the message. 
PJ310, ill the CdS(:! of tre Start message, .it also qUdcantees that ':111 Run and 
~top messages will also be ot the same ECU level as the Start messaye. ECOs 
clte fuade to ci ftot0ccl v8r~icn onI) It tht change will not adversly attect 
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It a change ~ill illake sy5tem~ incompataoile 1n the field, then d 11e~ec 
protocol verS10n rumber is allocated. 
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9.3 Other Processes 

9.3.1 Kee~-alive Process -
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The keep-alive process is relevant to the terminal server only - the host 
does not ~mplement a keep-alive process. The purpose at the keep-alive 
process is to notlty the users of an idle viltual circuit that the circuit is 
suspected to be inoperable. This is is accomplished by causing data to be 
transmitted at least every LAT_KEEP_ALIVE_1IMER seconds. The keep-alive 
process accom~lishes this by simply guaranteeing that the data waiting flag 
(DWF) is set dt least every LAT_KEE~_ALIVE_Tl~ER seconds. 

Set ting D~l" calises d seqli€tlced m.essage to be sent. I f the message 
repeatecly fails to be zcknckledged, the LAT_~ESSAGE_RETRANS~IT_LIMIT will be 
rtached, and the users notitiet~ of the lIndcc€l!table circuit quality. 

9.3.2 ~[cgces~ frocess -

In tneory, tnev ir tual CirCll.l t5 (Jese ribed in this docu.ment cannot 
H~p?~icc~h. ~0\e~er, cc~ric r~ci2ticnl U~!EUSp~ 2r~ ether e~ually 

detenseless culprits are otten olamed ter events that "cannot" happen. 

As inSliI.::.iflCe a~31n.st sucb linllkely events, a terminal server cait iilt1'lement 
a frocce~s prccesb. After the LAT_~fSSAGt_R~TNANSMIT_Ll~IT is ceached, an 
implemcntat~on ad} choose to cont1nuE ~endlng messages evecy 
LAT_KEEP_ALIVE_Tl~ER seconds. If the valuE of LA1_MESSAGE_~ETRAN5MIT_LIMIT 
should reach a ridiculous value, such as 500 messages, or if more than an 
h(;ur 01 [edl tiu,E 1.d5 tldpsed, tlH:~ ciI"cuit ~hould lie stovped b.y transmitting 
a dtop rnessdge ~ith an apfCofciate reason. 

I A host jmpleIDe~tation must run an additional timer when the RRF flag is 
I clear in the circuit block. If a message is not received within a cedsonable 
I time (as little as 2 or 3 times the LAT_KEEP_ALIVE timer seconds or as long 
1 as a fe~ riays), the host may ~1sh to generate a Stop message to stop the 
j circu~t. It host lRple~entation lacked this ti~er, it would not aiscover 
I that a terminal seever had crashed i1 thE crash occurs ~hile the bost RRF 
I flag was clear. The hazard is that host resources are dedicated to the 
j vlrtu~] circuit until a user lrom the sa&e terminal tierv~[ dgdin requests 
t service from the host. 
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10 MLSSAGE fURMATS 
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iits ere transaitted onto the Ethernet lo~ order bit first. When fields 
ale conc~tenated, the tight hand field is transmitted 11r5t. Numeric fields 
more that P-blts long are transmitted least signilicant byte tirst. 

Fields are represented as tit stre2ID~, ci~ht to left. All fields ace an 
integer multiple of eight bits. the symbol "=" is used to indicate fields of 
varying or indeterminate length. 

A message tcznsmitted froR a master to a flave (from a terminal seever to 
a host) always has the ~ASTER bit ot tile message type field set to 1. A 
message tcmlsmitted from a slave to a waster al~a}s has the MASTER bit of the 
message type field ~et to C. Notice that this makes it possible to implement 
both ends of the ~sym.etric LAT architecture simultaneously in a single 
s~stew. 

LAT messdges mL~t be paddeo to the Ethernet 64 tyte minimbm. The data 
used LO pad the trarue to actieve this b4-byt€ minimua are unpredictable. 
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Local Are~ Transport Arch1tecture - interodl use only 
r"LESSAlJE FCR;J..ATS 

10.1 Virtual Circui.t 1v1es;sa~e 11f:adec 

All messages hEV€ the same header tormat: 

1 
~ u 

+-------------------------------+ 
DESTl~ATICN_ADDRESS 1 E 

I T H 
I I H E 
+-------------------------------+ E A 
I SCURCE_ADDRE5S I R D 
j I N E 
I I E R 

+-------------------------------+ T 
F;Cl~CCL_TYPi j 

+===============================+ 
I iH.iR_SLGT!: If.!SG_TYPE jMlhi 

+---------------+---------------. 
D!:'l_CIR_ID 

+-------------------------------+ 
t ~~C_Cl~_]P 

+-------------------------------+ 
~5G_ACK_hF~ MJG_SEQ_Ni~ 

f-------------------------------+ 

Page 78 
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o K (1 cit) - WRY 11ag. This flag is clear lor all message types 
€xce~t tor Run messages transmItted tram the nost to the terminal 
seever ~hich require responses. This flag is never set in any 
fu€SSu~~ tr~n~ffiitt€J cy the t~r~indl ~~lv~r. 

o M (1 bit) - ~ASTER flag. This flag is set in all wessages sent by 
the terminal server to the host. ~essages sent by the host to the 
term1nal server al~ays clear this flag. 

o ~SG_TYPE (6 Oits) - the message type field: 

o ~tart message have this field set to 1. 
o Run nessage have this field set to O. 
o stop message hav~ this field set to 2. 

o NPl\_SLGTS - IH.Hl!Uei' (if slots in the uessaye 
o LST_Clh_IU - one ot the virtual circu1t identilications 
o SPC_CIR_IO - one of the virtual circuit i~entifications 
o ~SG_SFQ_~B~ - message sequence number 
o HSG_ACK_hB~ - mess~ge acknuwledg~ment number 
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10.1.1 stact Message Format -
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, Start III e ~ S d q en e ad e r s h a'v e ~ S G_ T V P Et i xed at 1, the ~ B R _ S L GT S equal to 
I zero. Additionally, stact messages tra.H!J.w.1tted by the terminal server must 
I specify the DST_CIR_IL as zero and the S~C_CIR_ID as non-zero. Start 
I messages transmitted by the host must ~pecify these same two t~elds as 
I non-ZtlO. 

1 
r n 

V 

+-------------------------------+ 
LAT_~IN_RCV_DATAG~AM_SIZE I 

+-------------------------------+ 
fEVSICAL 
ETHEfH~ET 

ALLld~.5S 

+---------------+---------------+ 
I ~RTCL_EC( I PRTCL_VgH I 
+---------------+---------------+ 

hER_LL_PUFS I MAX_SI~_SL(TS I 
+---------------+---------------+ 
1 ~ ~'~'r_ f,! H~'_ or 1 ~ .. '~) t ~PV_ C 1 f'lf~1'_ 1'yO t 
+---------------+---------------+ 

F itLILIIY_NUMtEfo. 
+-------------------------------+ 
t PKGLLLI_T~PE_LUDE • 
+---------------+---------------+ 
I CIR_NAME_LBN J 
J +---------------+ 
- CI~CUlT_~AMt -
+---------------+---------------+ 
I I SERV_NAH_LfN 
I +---------------+ 
I SEHVER_NA~E I 
+---------------+---------------+ 

I LOCATION_Lr.N 
+---------------+ 

LCC'TION_TEXT = 
+---------------+---------------+ 
I P ARr-1_Li:N j P AhM_COLE 

+---------------+---------------+ 
- fAR~_DAT~ = 
+-------------------------------+ 

P Ak~..;_CCD 1:., P ARM_LE.N, an c 
PAhM_DATA repeated until 

PAR~_C(OE is equal to zerc. 
+--------------~----------------+ = U~P~EuICfA~L~ = 
+-------------------------------. 
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~£SSAGE FOPt"iATS 

Page 80 
19 December 1983 

o LAT_~Ih_~C~_DATAGRj~_SIZE (2 b~teb) - The ain1mu~ and maximum sizes 
of frames aLe restricted by the ttternet specification to be in the 
range 46 through 151d bytes. An iRplementation must specify the 
minillium .size receive Duffel that it queues to the data link layer of 
Ethernet. Legal valLes are restricted by the LAT architecture to be 
1n the range at 576 through 1518 bytes. 

o fHYSICAL_EIlflRNFT_A[O~ESS (6 bytes) - The unique value assigned to 
the port hardware. 

o PRTCL_VEh (1 byte) - The protocol version of this message and of all 
messages transmitted during this 5ession. 

o ~RTCL_ECC (1 byte) - The protocol vErsion ECO (£ng1neecing Change 
Crder) of this IDeSsaye and of all messages transmitted during this 
~eb~ion. For ~n~ given ~[ctcCQl weLs~on, ~CCs ace back~dId 
compatible. The rWTCL_ECO level is lntended to be used to reflect 
vatches aade in the field by aLtomatic u~dates oc by field software 
speClaii::.t.s. 

o MAl_SIM_SLUTS (1 byte) - maXlmum number ot simultaneous sessions 
t~~t r~r ~o c~cr~~ on t~is virtu~l circuIt. Value is S~~1~ste~ by 
the ter~inal server. Value suppliec by the host must be used as the 
U,o.l..lfuUW tJy tll e t er lti Hdl ~ e.r Vei • 

o ~BH_LL_bLf~ (1 b~te) - number ct e~tca oatz link bufters queuea. 
Th~s corres~onds to the number 01 additIonal messayes (beyond the 
normal one message) that can be genecated by the slot multiplexer on 
the system receiving this start mes5age. 

o S~RV~P_CIRCUIT_TIMfF (1 byte uns1gned) Circuit timer in 
mililseconds. S~ecified by terminEl server. This field is ignored 
~hen received from the host. Legal values 10c the ciccuit timec are 
in the r~nge 10 to 150 milliseconds. 

o KELP_ALIWE_TIMtR (1 Dyte unsigned) - Value specified in seconds by 
terminal serY~r. This field is i~rored when received from the host 
by the terwial server. 

D FACILITY_NUMbE~ (2 b}tes) - ValLe s~€cified by the server and host. 
1his value is net restricted. It is intended to allo~ terminal 
servers and hosts to be uni~uely nunbered ~ith1n a local area. A 
~rlvlleg€d user ShOLId supply this \alue to the imflementation. 

o PRuDUCT_TYPE_CLD~ (2 bytes unsigned) - the proauct type codes ace 
assiyned by Jigit~11 Cqutp!1lcnt Corporation on de~nana. 

I) t t K C 11 I 'i _ i~ fJ t¢ t _ L t t\. (1 D Y t e un S 1 <] r. e c)- T reb y tee 0 L n t or ttl e n ext 
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Local Area Transport Architecture - internal use only 
t;\tSSAGE FCl(l..;ATS 

o CIRCUIT_NAME - The rame 01 tne virtual circuit. 
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o ~ERVER_NAME (S~RV_NAfE_LEN bytes) Tne text within this field 
should describe the name of the teca~nal server or host. 

o LUCATION_LEN (1 byte uns1gned) - Byte count of LOCATION_TEXT field. 

LOCATIUN_TEXT (LUCATICN_LEN bytes) - The 
should describe the physical location 
host. 

text ~ithin this field 
01 the terminal server or 

o PARM_CODE (1 byte) - A parameter code. No parameter codes are 
currentl} defined. The value z~ro indicates the end of the list 
"w1l1Clj itit,;ans tnt; It.Jlu.hii.lng l..lelos d! ~ UJ:apr eo.lC tabl~). A non-.lej:o 
value in this fIEld indicate~ the next two fields are valid. 
Parameter codes 0 through 121 ace resarved for use by Digital 
tquipment Corporation, while parimetec cOdes 128 through 255 ace 
reserved for users. 

r ~ ',' ',' _ ~~f, .. ' totJo1.ling fl~11 in 
bytes. 

(; r : F 'i D A i A ( P Ii ~;; _ L F:: b:r t ~.s) - thE: f 0 i ft. d t 0 f t.h .i s fie 1 dis d e fin e d by 
the assoc~ated PAK~_COOE. 
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Fun messages hove ~SG_TYPE set to O. It the NoR_SLOTS (number ot slots in 
the ~e5sage) is zero, ther the aessage header is the entire message. 
NBR_SLOTS is eqLJa I to the nlllrber of slots .Ii thin the message. The UST_CIR_ID 
and ShC_Clk_lD must always De non-zero in Hur messages. 

Each slot is aligned on weld (16-bit) bcundaries. The first slot is 
contiguous to the message heaoer. The secone slot ~5 contiguous to the first 
if the slot's total length is even. If a s!et's total length is odd, then 
one byte of UNPREDICTABLE data is used ~s a pad byte between the slot to 
force the following slot to a wore Douncary. 

Hun messages can contain Start, Data_a, Data_h, Attention, Reject and/or 
Stop slots. 

Note that the slot type assignment are dOLe to assist an implementation in 
detecting a Dat~_d slot. Specifically Data_a slots are assigned the value 
zero Wh11e dll other Slots (and all future slot type assignments) are 
assigned a four tit value ~ith the left-most bIt set. Thus Data_a slots are 
easily recognized since the b~te ~dlue is al~ay zero or positive ana credits 
~rp cC'v~ye..:t t-y il?t:",_::l stot~ 2S a tyto. "21uE'. 



Local Area Transport Architecture - internal use only 
Mr.SSA~E FCRMATS 

10.1.2.1 Start Slot -
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If a start slot is received (see slot state tables), the format of the 
slot is: 

o 
+-------------------------------+ 
I LSI_SLOT_ID I 
+-------------------------------+ 
I SHe_SLOT_ID I 
+-------------------------------+ 

STATUS_BVTE_CCUNT 
+---------------+---------------+ 
• SLOT_TVfE I CREDITS • 
+===============+===============+ 

SERVICE_CLASS J (-- start of STATUS field 
+-------------------------------+ 

MINIMUM_ATTi~TICN_SLGT_SI2~ 

+-------------------------------+ 
j MINIMU~_D'Tj_SLUT_SIZ I 
+---------------+---------------+ 
I jUST_SL1_NAM_LE~j 

+---------------+ 
0S1_~LGT_NIMf = 

+---------------+---------------+ 
ISPC_SLT_LlM_LENJ 

-= +---------------+ 
~~L_SLL1_NAME -= 

+-------------------------------+ 
- re,maiHdi;r 01 STATUS lielc -= 
+-------------------------------+ 

UNfkEDICTABLE (only exi~ts if 
+-----------------------------.-.. STATUS_tlYTE_COUtJT 1S odd) 

o LST_SLLT_ID - a reference to a slot block 
o SHe_SLOT_IV - a reterence to a slot block 
o STATUS_BYTE_COUNt - an unslgneo 1nt£ger count of the length of the 

STATUS :tield. 
o CFEDITS (4 bits) - a 4-bit integer equal to the number of credits 

being transferred. 
o SLOT_TYPE (4b .1 t ~) - the '\1 a 1 u e 9 ( 1 COl) • 
o SERVICE_CLASS - see appendices 
o ~INI~U~_ATT£NTl(N_SlCT_SIZE (l byte) - The minimum slot size queued 

to receive Attention slot aata (not includIng the slot header). The 
sy~telli receiving tl1is message must liutit transalitted Data_a slots to 
this size. A value of zero indicates Attention slots are not 
supnortec. 

o ~INIHU~_LATA_SLCT_SIZE (1 byte) - Tte ~inimu~ slot size queued to 
tt-t:~l\1t~ l)at'l_d cinc O-atd_tJ ~jot;::) (not IncluulntJ tne slot nedderj. 
1he sy5te~ r~ceivtnq this ~esszge ~ust !irelt transmitted Oata_a and 
Lata_b slots to this size. 

- .)...'~ -v ..... 
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Local Area Tran~pcrt Architecture - internal use only 
MtSSAGE FORMATS 

o DST_SLUT_NANE_LEN (1 b~te un~iyn€d) - The 
field. 

o LSI_SLCT_NAME - The name of the host slot 
o 5RC_SLOT_NA~E_LEN (1 byte unsigned) - The 

field. 

byte 

block. 
byte 
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count of the next 

co~nt of the next 

o SRC_SLOT_NAME - The name ot the ser~er slot block. 
o STATUS - The remain~€r of the statLs field meanings are defined 

separately for each service class. 
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Local Area Transport Architecture - internal use only 
t<~ESS AGE F(Rt-j ATS 

I 0 

+-------------------------------+ 
I DST_SLOT_IL I 
+-------------------------------+ 
I SFC_SLOT_ID I 
+-------------------------------+ 

~LL'I_EYTE_CUUN1 

+---------------+---------------+ 
SLOl_TV~E CREDITS 

+===============+===============+ = ~LOT_LATj = 
+-------------------------------+ 
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I UNPREDICTABLE (only exists if 
+-------------------------------+ ~LLr_B~TE_CGUNT ~b oridJ 

o DST_SLOT_ID - d relelence to a slot block 
o She_SLOT_II - a leterence to a slot block 
c ~LUT_PYTt_COU~1 - Er unsigned irteger count of the length of the 

SLLlT_DAT A 1.lt id. 
e \J j. .. ' 1 't : (... ,..., 1 t::) - ~ It - .... :t:-c :; 1 1: I'll? l!l t? ,;; e r <::'~: t; ~ 1 to .. ten u ~r t; ? r () t 
cre~it~ being tr3r~t€rled. 

o ~LJT_T~~t (~ b~ts) - the v~l~t c. 
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M 1:: S SAG £ F f.. R t-: AT 5 

o 
+-------------------------------+ 

DEl_SteT_It: 
+-------------------------------+ 

S~C_SLUT_ID J 
+-------------------------------+ 
I SLC1_BVTE_COU~1 I 
+--=-=----------+---------------+ 

SLOT_TYPE CRtDITS 
+===============+===============+ = ~lGl DATA -
+-------------------------------+ 
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j HNPkFDICTld~,Lfo~ I {only' exists if 
+-------------------------------+ ~LGT_d~Tt_CGU~T i~ oddJ 

o DS1_SLGT_IL - a refeceuce to a slot block 
o SRC_SLOT_IL - d reference to a slot block 
o 5LOT_EYTE_COUNl - ar u[signe~ integer count of the length of the 

~LuT_DATA t.ield. 
f;\j~:"!·!'''' (" !"!t.~) - <;l ~-t:11: :'0~1~lV~ i:1tPS'~r '.l':l.l~l to t~~ 't':urryer of 
credits being trar~terreo. 

o SLGT_TYf~ (4 blt~) - the vdlu~ 10. (1010) 
o ~LOT_DA!~ - SLCT_PYTE_CCUNT bytes 01 slot data. 
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Local Area Transpcrt Architecture - internal use only 
M~SSAGE FOR~ATS 

10.1.2.4 Attention Slot -

7 o 
+-------------------------------+ 

D~t_SLLT_ID 

+-------------------------------+ 
I SRC_SLOT_ID j 

+-------------------------------+ 
1 SLU'_EYTE_COUNT I 
+---------------+---------------+ 

SLOT_TYPE MBZ 
+===============+===============+ = SluT LATA = 
+-------------------------------+ 
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UNPRE~ICTABLE I (only exists it 
+-------------------------------+ SLWT_hkTt_COUNT IS oad) 

o DST_SLOT_ID - ~ reference to a slot block 
o SkC_SLOT_ID - a reference to a slot block 
o SLUT_BYTE_COUNT - ar ursigne~ integer count of the length of the 

5LUT_DATA t~eld. 

o SlUT_T~P~ t4 bits) - the value 11. (lOll) 
o SLGT_DATA - SLCr_Bi!£_COU~T bytes 01 siot data. 
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Local Are~ Transport ArchitectLce - internal use only 
Mt.-SSAGE F[kt~A1S 

lO.1.~.5 Reject Slot -

o 
+-------------------------------+ 

DS1o_SLGT_ ID 

+-------------------------------+ 
+-------------------------------+ 
+---------------+---------------+ 

SLOT_TYPE REASON 
+===============+===============+ 
= STATUS = 
+-------------------------------+ 
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i UhFkEDICTADLE I (only exists if 
+-------------------------------+ ~IAluS_b~rt_CQU~l ~~ udd) 

o LSI_SLeT_Ie - b refErence to a slot block 
o S~C_SLUT_IJ - a rel€renCe to a slot Dlock 
o 3TAfUS_B\T~_CODN1 - an unsigned intEger COLnt of the length ot the 

~l'ATUS tield. 
('; t, I, ,,~, f ° t<; -] r u!' ::- 1 ~:; r: ~~ :1 - t It 1 r t e (; e r,c r; € 0 t t h f~ t () 1 1 c w I:: t; r E. a S 01::; 

d{:1P 0' y: 

.. 
.4 • 

,. 
J. 
4. 
5. 
c. 
7. 

US~[ requAstcj di5connLct 
Systelli sHutdown 1n progress 
1nVd.l~a slot .receiveo 
invalid service class 
invalid ~[OUP code 
~n~uilici~fit c~sources to sati~ly r~~~~st 
(inv€nt YGur o~n, please get ce~sons added to this document) 

o SLUT_TYPE - the value 12. (1100) 
o STATUS - STATUS_BYT~_CUUNT b~tes at status. The status field 

meanings are defined separately tor each service class. 

ThlS slot can only be transmittea trom the host. 
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Local Area Transport Architecture - 1nternal use only 
MESSAGE FCH:-IATS 

10.1.2.6 Sto~ 510t 

1 o 
+-------------------------------+ 

DST_SLOT_IL 
+-------------------------------+ 

SRC_SLGT_IL 
.. ---------------------.---------+ 

STATUS_tiYT~_COU~T 

+---------------+---------------+ 
SLOT_TYPE I HEASON I 

+===============+===============+ 
!)'l'ATUS 

+-------------------------------+ 
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UNPREDICTABLE I (only exists if 
+-------------------------------+ STAT~S_B~Th_COUNT is orid) 

o CST_SLOT_ID - a reference to a slot block 
o 5R~_SLLT_IL - a reference to a slot block (aust be zero) 
o STATUS_B~TE_COUNT - an u~signet integer court of the length of the 

~TATUS t.leld. 
,., F,d;;.~'nN - ~r 'J,,~i,;npt ,i;l-t'itintefJ~rl' J!"e C1 tnt! trylloWl'1g re1sons 

apply: 

1. user re4uested disconnect 
,. ~y!>t€UI snutdoMll1 ln pI0gf€S!) 
J. ~nval1d siot received 
4. invalid service class 
~. 1nvalid group code 
6. in~ufficient [t~oucce~ to ~~ti~iy fdquest 
7. (inVEnt your o~nl please get le~sons added to this document) 

o 5LOT_TYPi - the ~alue 13. (1101) 
o STATUS - STATUS_BytE_COUNT bytes of status. The status field 

meanings are defined separatel} for each service class. 
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10.1.3 sto~ Messcige Format -

Stor message headers have ~SG_TYP£ equal to 2. The SHe_CIR_ID field must 
alwdYs be zeroed in Stof messages. 

1 0 
+-------------------------------+ 
I CIRCUIT_[ISCONNtCf_~~ASO. I 
+-------------------------------+ 

ktASCN_BYTE_CCUNT I 
+-------------------------------+ 
i I 
= 

+-------------------------------+ 
o Cl~CGll_[I3CC~~E~I_~~ASCN (2 b)te~ Lnb~~ned) - A Lera ~alu~ ilieans no 

r'ea.:.ion is given. The curcently Gef lned reasons ace: 

1. 

...;. 

4. 
5. 
0. 

1. 

9. 
10. 
11. 

,NO slots connected on virtual C lrcu1t. 

Illegal message format received. 
we_halt from user • 
No rr~~ro~~ i~ ~~irg ~?~P. 

Time lImit expireo. 
LAT_~ESSAGE_~ETFAN3~lT_Ll~lT LeEch~d. 

lnsufficiert refcurces tc b~ti~fy request. 
SEkVt~_ClkCUll_11M~R out 01 oe~Jrea range. 
linknowH Pr<LLUC1_'1YPE_CODb in Stelt message. 
unsu[ported P~C[UCT_IYPE_CGDE ir Start ~essage. 
(make up your o~n ce~sons, but please get them added 
docuit,ent). 

to this 

o REASON_BYTE_COUNT (1 byte) Byte count ot RtASON_TE~T tield. 
Normally spec11ied as zero. 

o kEASON_TbXT (REASCN_BVTE_COUNl bytes) This field of ASCII 
characters contains the reascn the ~top message was sent. 
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Local Area Transport Arch1tecture - internal use only 
ISS&ES FOk FURTHEf STUD~ 

11 ISSUES iCri FUHThEk STUD¥ 

1. 
2. 
3. 

multicast incaI.nation value lFeallilig dnd .format 
protocol "correctness" will be proved by fiela test 
~erformance weasure~€nts neeri to be done 
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it ."1. 

~. 

desireable for terminal salver to iapleruent transmit timer/host 
round-rotin tor terminal server host selection by name 

6. 
'") 
I. 

b. 
9. 

10. 
11. 

7-btt vs H-bit ASCI] 
5topping service 
stop slots mapping same as run slot 
should btalt-)run transition geneclite a cun message 
~ho allocates start ~lot~ 
patching 

o h1he Ethecnet - A Lcc21 Area ~et~ock - vate link Layer and Physical 
L.6Y,;::l ;:;i-H::ciIi~atioL!jul Dt-C-li.TLL-XEnLX, J·2 .• C" 3et?temot!1. 30, 19bO. 

o 0NA ~l LATA LlhK AnChlT~C~U~AL ~PtClfICA1IUNI bob Stewart, lony 
LaUCK, J~gltal Equi~ment Corporat~or, 19b2. 

o UNA E1H~RNEl ~UDE PkODUCT SPECIFICATION, Tony Lauck, 
LqliiiJment CO.frol·oticL, 19[;: 
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APP Ei'~DIXA 

SERViCE CLASS 1 - IN1E~AC1IVt TERMINALS 

This service class allo~s data t€rrninal eGuiprnent to be [emoted from a 
nost OVer dh lflterVt;;nlf,g EtncL'n~t. t,xCt:kjl ,:.Lor' the latBIlcy dSSOclateu ".l'th 
readinq dod ~ritlrg to th~ dEvice, the host ~nd ter~inal berver usee should 
find t 11 a t t he 1 e If' 0 ted t e ( iL ina 1 p e [ f erm s ~ i 0; i 1 a.l 1 y t 0 a locally con nee tea 
teerninal. 

A.I LOCAL AREA DJ~tCTC~Y SEfVICf 

7his ;:.;,~i\i iCi~ 

at a tefillnai 
net~oLk m~nager. 

cl~ss ~~o~id~~ a lOCill aced tl[Bctory 3ervica to aIlo~ US~[S 
server to acdress hosts without the .anual intervention of a 

The directory service 15 very responsive to sUdden changes in the local 
a[~a to~oloyy. All telfuinal Servel~ ~~~COV~L that d ~ci'ticul~l host is 
available ~lthin ailliseconds at the host announcing the service. If a host 
shoulo crash l the terminal servers can not~ty the users with1n a few seconds 
that the host may have crashed. 

The directory service is based on the mult1cast mechanism built into the 
Ethernet. 
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COllnectlvi ty Rl<lY be re~tL icted b.y 'use 01 group codes. This restc iction 
allo~~ ~egilientcitlon of thE coa~utlng ce~ources based on such criteria as 
departmental ownelship or physical location. 

hosts ace assigned to one or more groLps. Ter~inals (or terminal servers) 
ale also assigned to one or more grcups. whene¥er a terminal and a host 
belong to the same group, those t~o system c~n 1nteract. For example: 

+------+ 
jhost al 
+------+ 
t 9 rouf s I 
I 1, I I 
+ -----_ .... 

+------+ 
Ihost bl 
+------+ 
Igroups' 
I 1,9 j 
't .----- -- .. 

.+------+ 
Ihost cl 
+-------+ 
Igroupsl 
I 2.,4 I 
+-------t 

-t---.----+ 
Ihost dl 
+------+ 
Igroupsl 
t 9 I 
+--_._--_.+ 

+------.+ 
Jtlost el 
.+------+ 
Igroupsl 
I 5,4,31 
+-----_.+ 

I 
~ v v v v 

These hos ts mu 1 t 1C as t data gr iHfS pe Ii calC all V on to the Ethernet 
1 J i I 

v v v 
't~~r<----------------------------------------------------------------------)net 

v v 
Tel~i~al 5~rv~r~ ~~il~ L~ ant ~resert li~t~ of available 

host~ at €a~h terwindl Cased or gloup codes 

v 

I ~vdil~bl~ hosts: \ 
a,t,c,o,e 

+------------------+ -t--------+ 
100000000) 
... -------_.+ 

Terminal at 
terminal seever a 
(grou~s-2,5,9,14) 

j 

I AVdiJabl~ hosts: \ 
o,d,el 

+------------------+ 
.+ -------_.+ 
IcoooooooJ 
+--------+ 

'Ie rm inal at 
terminal server b 

(groups-5,9) 

Th~ EOST_GROUPS field in the multic~st .sssage is a bit mask of 25b bits. 
It a bit IS set, then tne tost is a member of that grou~. The first bit of 
the ~ask (bit 0) corre~ronds to grour 1. A ttaxi~urn of 256 groups can be 

j specified (1-256) and thecEfcre this field·s maximum length is 32 bytes. 
i 
I The pUI~ose of the host yroup field is to al1o~ the user at a server to 
I ~ortrol the displAY, net to restrict connectivity between hosts and terminal 
1 ser~ers. ~ltnout this capa0111ty, a server user might oe annovea by the 
i j f' ! H'; t n 0 i r n e i) 1 ::; 1- 1 e y 0 t c~ v c ]J aD 1 e j L L l' _ N Ii NO t, !:: • 

I 
i 7'{:;cmlnol:.t,'rVf!IS (U~t;t;3) are assigned ~£oup numbers and discdro dll 
I PHd tic .:j $ t d d L.':1 'd r c iii ~:> t h d t don 0 t :;jh' e c j fy 0 H e 0 f the q rOll p 11 u m b e r s ass i g 11 edt 0 

1 tllf.: terminai S8[ver. 
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~hen group o~ly grcu~ z€rc ib enabled in the terminal seever, only 
rnult1cast messages ~nlcL co not specl1y d£y group codes (i.e., specily the 

I HOST_~ROUP_LFNGTH field as zero) are dis~laYEd to the users. 
I 
I A teewina! server iruplerr€~taticn should provide a ~r1vlleged user w1th a 

single command which enables all group codes. 
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• A.1.2 host 
1 
I A.l.2.1 Initializat1on-
1 
j A host system K3Ddger may specify: 
I 
I 0 group cote~ (R) 
1 0 host names and ratIngs (H) 
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I 0 the guarznteed minlrnLro Ethernet datE link receive buffer size (R) 

j 

I 
I 

I 
I 

c the maxiauru slct size that can be received (R) 
o the maxiBum slot size that can be transmitted (R) 
o the physical location at the host 
o a facility number 
o host chalacteristic~ and status as cefined by the particular service 

class to ~hich the host belongs 

I It lS lecoIDmenied that the system wanager be required to specify none of 
I these parameters 1n oraef to communicate ~ltt terminal servers that Delong to 
I Jroup O. In order to accumplish this, LAT host implementatlons must supply 
j r € a i:) 0 Lab 1 e de t au j t val u est 0 r those paL am e t e r slab e 1 e a (R ) ( see 0 t.f~ IN ED 
t lJ !i. I:; f. ~.. '1 fo_ 1:' ~ ~"-1 f j ..... ( f! ... w" f\i D .. D f J:; j:; ~ (; t: T f"'[ L is fi b.f j l rr V ill ff ~ S ) • 
I 
I A iJvst Utclt L{~~ 110 aSSi~ii€C ClhCUl'I_llA~i ~hUlJld Hot dnnOUHce stdrt of 
1 service. Instead J an error shoulj be returnej to the system manager. 
i 
1 
I 
I A.l.2.2 bo~t Groyp Codes -
i 
I If a host wish~s to allo~ any terminal server to attempt to utilize 
I services available at the host, then ~o getup numbers should be assigned at 
j initial1zat10n. it a host wish to dllo~ 1t's services to be available to 
I only certain terminal server (users), then the coordination of a 
I facility-wide groLp codes ~~st be coordinated by the facility manager. 
I 
I 
I 
I A.l.2.3 host Nalli€S -

j 

I LnB or more ASC1I_hA~ES names dre ~pecilLed in the multicast message 
J tr~nsillitted reriodic31ly by each host system. 
I 
i ~lthouyh an ASCIl_hAMt can be u~ ~o 127 chacdctecs ~n length, a name 
j shoulo be COnV€Hlent for a user to rem€wber and type. Hosts should not 
I srecity names th2t are hard (cr iErcs~ible) for terminal server users to 
I s~ecify. lerminal servers must sup~ort ~ minimum ASCII_NAME length ot 16 

Uj te~. 
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i ~ host can specify more than eight SL01_NAM£s, a terminal server is 
, r~quirea to sup~ort a ~ln~mLm 01 eiyht SLUT_~AMEs. A term~na~ service is 
I require to update all of the information in i multicast datagram, or none of 
I 
I 
i 
J A.l.2.4 Name CLder In ~ulticast ~essag€ -
I 
j The or6ering ot names in the multicat message 1s not arb~trary. The first 
I name specified must be a CIRCUIT_NAME. This name cannot be ommitted. 
j 
• ~ollowing the lirst CI~CUIT_NAME, one or .ore SLOT_N~MEs can Oe specified. 
j This list of SLOT_NAMEs is aj~ays bound to t~e CI~C~lT_.AME which i&medlately 
I preceed!l it. 
I 
j CI~CUll_~A~E(~) ~n~ ~s~ocidteu ~LLT_hA~h l~sts can then be re~eated up to 
I a lim1t 01 255 naIDes. , 
j ~or an example 01 th1s, see the sect10n titlea LOCAL AREA DIRECTORY 
j SLf(VICE. 
I 
1 
j 
, A.l.2.S ~tBauy-sldte ui!(H.ation-
I 
I The nest snOUlc perlcdic21ly multicast the mUlticast datagram. This 
I ~nt~rvdl 1~ measur~d in seconds ana 15 spec~l~ed In tne aOST_MULTICAST_TIM~R 
j field. 
1 
i .. 1h:;Hc:VBf d.HY 01 th~ inlOl.iLdtion in th~ t~Llticd~t JatdgldUi change..:., tne 
• MSG._INCARNATION must be incren;ented (Aiodulc 256) and the CHANGE_FLAGS field 
I should reflect which field ~as changed. The CHANGE_FLAGS field bits are 
j toggl~d each ti&e the associated field is chanyed. The flag remains in the 
I new state until the field is changed a secane time. 
I 
I 
I 
i A.l.2.6 Sy~tem Shutdo~n -
t 
I ~ht.H) a host is usnutt1nq ccwnn, the HCSI_!:TATU~ field in the multicast 
I datagram should reflect the tact the the host is not accepting new sessions. 
I 
I It service is terminated b~ the host sy~tem manager, at LEAST one addition 

multicast message should be trans&itted to rEflect this change of state. 
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A.1.3.1 Inltialization-

Whenever a ter~inal server is initialized: 

o Gro~p cod~ a is enatled (all gro~~s are disflayed). 
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o AS and AG are usee 25 the output flew control characters 
o AG and null (or AS and AQ) ace used as toe input flow conteol 

chal act€£ oS 

o These saRe flo~ control defaults are used ~hen a slot session is 
established. [t course the host might change these values. when 
ttl~ terminal eutels "Ioed1" Aloce, ttJe oClq~ndl default tlolll control 
values are restored. If a prewicusly acti~e session is resumed, the 
flow control setting of the seSSlon must be restored. 

An implefuEntatior might allo~ a vrivileged terminal S€IVer user to 
specity: 

o g10Up codes (k) 
n t!H~ np~r;?rtpp,.;i 1Tlrll"U"" j.;thprrf't cat2 iirK [t:'('oivE' buff~r !:i:.:e (f» 
o the circuit tlwer value (~) 

u the wclxiiliUk 510t ~lZ~ that can be [E~~ived (~) 
o the raxiuurr stet size that can be tlansmittea lR) 
o lht! llh:YSlCdl locatioJ:) of the tt::1Al.Ln,j !It!L-ver 

u d laC~~lty numLer 
o a nicknaae used to refer to the ter~inal server 
o ~elver characteristic and statu5 as deiinea by the particular 

~t;lvic(; (.1<...:;5 to .hich the tE:rmiLcll ;;,)€.rvt:r btlon~.;; 

It is [ecommendea that an irupleLentation not requ1re a privileged terminal 
server user tc specify any of these parameters in order to communicdte with 
host operating systems that telong to group C. In order to accomplish this, 
an im~lewentation ~ust sup~ly reasonable actault values tor those pacametecs 
labeled (~) (see DEFINED rARA~ETERS INC RECO~MENDED OR REQUIRED DEFAULT 
VALUES). 

An impie&entation of a ter~inal s~rvec mi~ht vl1o~ all group codes to be 
a&signed ~ith a single command. 

It a rriviieye~ Lser dls2~le~ yrou~ cote C in the Terminal Server, and no 
multicabt messagEs nas yet been received that specifies one of the group 
codes 1-2561 then no SLOT_NA~Lswill te dlsf'layed to the user. 
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I ~ach Terminal Seever buil~ a databaSE froB the information rece1ved ~n 
i multicast datagr~llis. A terminal service IS require to process all of the 
1 information in a aulticast datagram, or none of it. 
I 
j Terminal servers receive «ulticast datagcims perlcdically trom each host. 
I Each time a multicast datagram is received, the terminal servers scan a list 
j ot enablec group co~es, ano it one ot the group codes in the multicast 
1 datagram matches one 01 those assigned to the terminal server (usee), then 
i tne information in the multic~st message is added to the local server 
j database. (See s€cticn on LLCAL AREA DI~ECT(RY SERVICE). If only group code 
lOis enabled in the ter.lnal server, then only mult~cast messages specifying 
I tne HUST_GRUUP_LENGTH f1eld as zero are prOCEssed. 

I 
i 
I 
I 
1 
j 

I 
1 
j 
j 

I 
i 
j 

1 
j 

If the lliulti~dst rne~~dy€ conta~n~ a ClkLU1T_~A~l ~n~ch ~~ flot already ~n 
the l.i~t, d new circuit entlji is credteo end the intormatioll in tne multicast 
datagram is ~arsed into the entry. If tie CIR(UIT_NA~E has associated 
SLOT_NA~ES, these too are added to the entry. This is repeated for each 
CIRCUIT_NA~~ In the multicast wessage. 

t + t !"' p .: f ~l C f j I tfl _ -, t ""t:< i <::' ~ 1 r~? ~ y r.: r t t' r !I ~ (~' j t ~ t!"' p~ a " c :~ t !': £ r n €It 3 d:~ r ~ s s ) , 
the datagrafu MSG_INCARN,TION field IS co~pared With the ~SG_INCAPNATIQN t1eld 
storeu in tH€ I.1bt entry to bee.ii the lnlol1!dtl.Oll In th.!:> ILuiticast d.ataycalt 
is ide~tic~l to tte jat~ receive previousl} f{om the host. If this field has 
t;i1ant;cu, tht!n toe J.niOro.dt10n in the A1ult~cast datagram is ceparsed Into the 
l~st cIltry correspoDclng tu the CIRCUll_NAME. The CbANGt_fLAGS fielri should 
be used to reduce the CfU time nece5sac~ to parse the entry. 

If tht! Clj~CUIT_?AH£J.s c.d.read}' entt:Tt!d l.H the list, Lut .ith d dl.tlereHt 
Ethernet ~ddress, £UPLICATE_CIRCUIT_NAME COULter should be incremented. Then 
the list entry shculd be created toc this CIRCUIT_NAME as described above. 

Servers maintain tne list ot all names in memory. 

It a terminai ~erver has irsutficient memc£y to butter allot the received 
multicast datdl CIRCUIT_NAME entries are purged from this database in the 
fol10.ir.dJ order: 

1. Unredchdtle hosts - these are hosts that are kno~n to be unreachable 
because the LAT_lrlfSSAGE_kE'fRANSMliI_LIMIT was reached on an active 
virtual circuit asscciated kith the CIRCUIT_NAME. 

~. UnknoJ.jn hos ts - these are h os t5 that have stopped tr ansmi tting 
.ultic~st messages for more than 5 t~mes the HOST_~ULTICAST_INTE~VAL 
seconds, and ale tterefore a~sumec to be in an unusual state 
(crashEd). 

j. Shutaown - tnese ace hosts that haVE ~ndicateQ that they ac~ no 
lo"I~}er accepting ccrn~ctlons. 
Peachzttp - the~~ zre hosts that zrc rezchatlcl cut no virtual 
clrcuit 13 curIBntly established to the CIRCUIT_NAME. 
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If atter all 01 the above entries have been purged from the CIRCUIT_NA~E 

database, no entrIes ace available, the multIcast message is discarded. 

A.l.3.2.1 ~rror hecovery -

I It a connect tc a SLCT_hA~E name fails, tte list of SLeT_NAMEs is searched 
I for an alternate CiRCUIT_~A~E path to tte SLOT_NAME. If one is found, a 
I connection is attempted. This continues until a connection succeeds or until 
I possilbe CIRCUIT_NA~E paths to the SLOT_NAME have tailed. 
I 
I It 5 times the HOST_~ULTICjST_TIMEH seconcs elapse in the terminal server, 
I and a terminal server nas not receiveo toe multicast datagram corresponding 
j to a list entrYI the entry is ~urged from the list of available hosts 
I dis~ld~e~ to tbe terminal s~r~er u~er. 

- 99 -



S t, R V It E C L\ ~ S 1 - 1 wr r. HAC 11\1 ~ T E H ~ IN AL S 
IMPLEMENTATION IS~UES 

Page A-9 
19 December 1983 

, A.2 IMPLE~LNTATl[N ISSUES 
I 
• A number ot very different host service~ can be presented using the 
I multicast message defIned b~ ~eCV1ce c]as~ 1. 
I 
I 
1 
I A.2.1 Multiple S~rvice Access Points 
I 
I Deline a service aCCESS point (SAP) as a fceallocated host slot block 10 
I the Halted state with an associated SLOT_~AME. For example, consider this 
i host topology: eight physic~l RS232 ~orts aLa a single Ethecnet port. The 
i problem is ho~ to allow users to select a specific host SAP rather than any 
J randem SAP in the host. 
I 
i 
I 
I 
I 
I 
I 
I 
i 
I 

:lh.l~ Coli Dt: ( .. u;COJlpl1snt;!u t.1 glVl.ng each GJ.il€.rent 110sl !lAp <i 

SLOT_~AME ill the aulticast IDeS5a~e traEsmitted by the host systea. 
Cduse the SLOT_N.Ai-EE names to be prestnted to the useIS seperateiYI 
sessions ~ill be piggybacKed OVEr a sIngle virtual clrcuit. 

A.2.2 Cluster ~t2tlC L02d ~alancing 

dittecent 
This lIIi.!1 
but all 

CL,l.::.tEi~ 0( r;(;chirt~s ni(;tt chcc~e tc f.re~;tnt the Sallie SLCT_NAP-,E in th~ir 

multiple iliUltiC~5t @ess~ges It they cttec equivalent services. by 
cooperating 3ruong themselves to establish d common SLOT_NAME ~ith ap~ro~ciate 

I SLOT_kATJNG~, the cluster meubers canarrange to shal€ the terminal user load. 
j Dlgitril Equipment VrlxCluster present this ty~e ot name space to LAT terminal 
, St::rV8i.,. 

j 
I 
I 
I A.2.3 Multiprocessors, Gatekays, Virtual Machines 
a 
I ~ult~processors Eay ~ish to present indlv~dual host system processors as 
I unique ~ystem~ throLyh ~ shared Ethernet ~crt. Mere specifieall), they ~ay 
I require that mess~ges arriving at the single Ethernet poet contain slots all 
I destined for the same physical processor. 
I 
I This can be accomrlished by assigning multiple CIRCUIT_NAMEs in a single 
I ~ u 1 tic cst fTl e s.s a 1; € t ran Sill 1 t ted by the h 0;5 t ~ th ern e t po r t • A s.i mil are f f ec t 
1 Cdfl be accomplishEd by tr~nsaitting aultiplE ~the[net multicast messages, 
I eacli speclfying a different CIRCUIT_NAME, no.ever this second method consumes 
1 more tthernet bancwidth and processor time. This will cause a terminal 
, server to est6blish a ne~ virtual circuit tOl each ditterent CIRCUIT_NAME. 
I 

~ach CIPCU1T_~f~~ car stlll specify one or more SLUT_NA~E~. 

:l!o~ ~i;:Y~dC~lr0 81 ~CS31C~S Q~ usual. Tte smae SL~T_NAYE can 
t 0 a; 0 i E t han 0 n e (. I i\ C L 11_ ii A ~ f: to a chi e v f: ;:j tat 1 C loa d b a 1 an c in y • 
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t,3ch service class can define extenSiO.fl5 to the messages in tne main body 
ot the document. Service clas~ 1 extetd5 tte Start slot and define~ special 
meanings to the Attention slot. 

If the slot byte count is in conflict ~ith a field byte count, the slot is 
inva11d. If the slot byte ccunt truncates aT extension to the slot, the slot 
is valid and the extension is not supplied. If a byte counted field within a 
slot status field 1S specified as zero length, the next byte follo~ing the 
byte court is the first byte of the f'llowin~ field. 

Bits ace transmitted onto the Ethernet 10k order bit first. ~hen fields 
are conc~tenated, the right hand field is transmitted tirst. Numeric fields 
wore that B-bits long are transmitted leEst significant byte first. 

Fields are reprebented as ~it ~tceams, cignt to left. All fields are an 
inteqer uiultivle cf eilJht oit~. The symbol It:;:;u is used to indicate field.s of 
vdcying or indeterminate If:ngth. 
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The Start slot sent to the host by the terminal concentrator is extended 
by this bervice clas~. The Start slot sent by the hest is not extended. All 
ot the fields in the Start slot extension drE optional. The format 01 the 
serve£-to-host St2ct slot i5: 

1 0 
+-------------------------------+ 
I {" (: 'I ern 'l'I T P , 
I VwA_wU~~_~v I 

+-------------------------------+ 
S~C_SLOT_ID I 

+-----.-------------------------+ 
STATUS_BVTE_COUNt I 

+---------------+---------------+ 
ChiLITS 

+===============+===============+ 
1 SE~VICE_CLA5S I (-- start of STATUS field 
+-------------------------------+ 

~INI~U~_A11ENTION_SLCT_SI2E 

+-------------------------------+ t ." t Jill! • f ! ~ _ ~~' ~ "f ~ _ S L ~~. f _ ~ ! i. 

~---------------+---------------. 
jCST_SLl_hA~_LEhj 

+---------------+ 
DS1 SLOT ~AMt -

+---------------+---------------+ 
ISRC_ELT_NAM_LE~. 

+---------------+ 
= 

+-------------------------------+ 
PARM_CODE (- start of extension 

+-------------------------------+ 
I fARM_LEN I 
+-------------------------------+ 
- PAk~_UATA = 
+-------------------------------+ 

PAHM_CCDL, PARk_LEN, aoc 
= FARM_DATA repeated until = 
I PA~M_CGD£ is e~ual to zerc. 
+-------------------------------+ (- end of extension 

UNFRFDICTAPLF t (only exists if 
+-------------------------------+ STATUS_BYTE_COUNT is odd) 
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o DST_SLCT_ID - ~ handle on the remote slot block 
o SRC_SLUT_!U - a hancle on the local slot 
o ••• 
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o PAH~_CODE (1 b~te) - A parameter coce. The value zero indicates the 
end of the list (which mezns the following fields are 
unpredictable). A non-zero value in this field indicates the next 
t~o fields are valid. Parameter codes 0 through 121 are reserved 
for use tj D1gital Equipment Corpor~tion, ~hile parameter codes 128 
througn 255 are reserved tor users. 

Q PA~M_LEN (1 unsigned byte) the lergth of the following field in 
bytes. 

o ~AHM_DATA (PARM_LL~ bytes) - the LOlruat ot this field is defined by 
th~ associated PAkH_CODE. 

I (~ n c i 0 11 {) '* .1 j t Y 1- d L <J W t ttl ~ a 1. e Gel i L (; u r () r ~~c \I ice c 1 cd S S 1 Int~ract.ive 
I term inals: 
I 
I 0 ~arameter code 0 is res~rved. 
i 0 P.Jr3metel eoae 1, tjclometer length = 2 -flag~ord. , 
t 
I 
I 
I 
i 
i 
I 

·'1 t r; - t/OlT't1tp (!"od~w) 1 irp i f ~~+ to 1. 
tit 1 - Securp lIne 11 set to 1. ~erver Will abort session it 
<b[e~k) co~diticn 1s d~tected. 
Sits 2-15 are urrredlctable. 

o 2~£dwetel COdeb ~ through 121 dIe uL~cedlctaDle. 
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The Uata_b slot is extendeo by this service class. Although the slot can 
be sent by either the host or the terminals servecl the host optionally 
implements the break and flo~ control functions. The terminal server always 
ignores the break flag. The terminal ~ervel must implement the flow control 
and abort functions. 

Note that this slot is tlo~ controlled. 

The format of the Uata_b slot is: 

7 o 
+-------------------------------+ 

DST_SLUT_ID I 
~-------------------------------~ 

SkC_SLGT_ID 
+-------------------------------+ 

!>LLT_ B YTE_ COUNT 

+---------------+---------------+ 
SLOl_TYPE CREDITS 

.=~=~~~~:===~===4===========~~==~ 

+-------------------------------+ 
STCP_CUTPUT_CRJNNEL_Ch~R 

+-------------------------------+ 
S1 An T_uUTt' Ul_ClUUH'4EL_CHA h 

+-------------------------------+ 
I STGP_INPUT_CHANNEL_ChAH I 
+-------------------------------+ 

START_INf-UT_CBANNEL_CHAf, 
+-------------------------------+ 
I ULP'EDICTABLE I (only exists if 
+-------------------------------+ ~LGT_BVTE_COUNT is odd) 

o LS1_SLOT_ID - a nancle on the remote slot Dlock 
o SRC_SLOT_ID - a han~le on the local slct block 
o SLGT_E~T~_COUNT - an unsigned integEr count of the length of the 

SLOT_DATA tielo. 
o CREDITS (4 bit~) - a ;-bit positive integer equal to the number of 

credits being extended. 
o SLOT_TYPE (4 bits) - the value 11. 
o CCN1hOL_~LAGj (8 tits) : 

o (bit 0) - ~nable recognition 01 .input 110w control characters. 
If sEt, thiS bIt changes the mezning of STCP_OUTPUT_CHANNEL_CHAR 
and ~TARl_0UTPU1_C'lANNEL_ChAh in the terminal input stream. 
U pOI10e tee t 1. [1i;i one 0 t thtse characters, tne terminal ser vee 
:: h c t:~ d d i:L::: b ;. c I £: r: t: b 1 fl term i r; i:' 1 cu t :7!J t :; t rea If ;J S in etc ate d" 3 01 
di~c2rd the chcllactcl. 
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o (bit 1) - lJisable recognition 01 input tlo. control characters. 
If set, all character~ 1fl the termInal input stream are passed 
directly ttrouyt to the host ~itho~t interpretation. 

o (bit 2) - ~ndble recogo1tion ot output flo~ control characters. 
If Bet, this bit changes the mEaning of STap_INPUT_CH~NNEL_CH1R 
ano S1AR1_1NPUT_CHA~.EL_CHA~ in the terminal output stream. If 
the terminal server is about to overflow the terminal input 
stream buttering, it should 1HS€ct the STOP_INPUT_CHANNEL_CHAR 
into the terminal output ftream. When sufficient input 
butfering is again available, the START_INPUT_CHANNEL_CHAR must 
be inserted into the terminal output stream. 

o (bit 3J - Disable recognition ot output flOW control characters. 
It ~et, ali terminal output characters ace passed directly to 
the output stream. No characters are generated by the terminal 
server. 

c (bi t 4) - L.lbak conditior.; cetectuc (ter.minal .:jelver to ho.;:>t 
onl·y). 

o (bit S throotJh ti.l.t 7) - Unpreulctabie. 

o STCP_CUTFUT_CHjNNEL_ChAR - The valu€ a5s~gn€d to stop the terminal 
output ht[e~m 11 Input flow conteoi chacdctecs are enabled. Toe 
v?iup ~~~i~~e~ 15 ncr~~ll~ ccntrol-~. 

o STADT_~U1PUT_C~~hN~L_ChAH - The val~e assigned to start the output 
chafHlel 11 lr:PUt t101111 cOLtrol chardctE:l~ ace endoled. The value 
assidn~~ is narzally control-G. 

o ~ TU~._ IN PUT_ en ANN t.L._ ChAt< - T he value aSS.lque d to s top the lerlll.l.na 1 
In~ut channel 11 output 11o~ contrul chalacters dIe enacted. Thcl 
value ssigned is nor~ally control-S or control-G. 

o START_l~fUT_CHANhEL_CHAR - The value assigned to start the terminal 
iI.~uL chdnnt:l il output .flo. con t.:o1 character£ are endDled. TIle 
value assigned is normally control-G or null. 
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T.h~ Attention slot is extended b}' this service cLass. It's purpose is to 
d1scacd all butler~G data re~aining to be deliveceo to the user. The slot 
can be sent by either the heft or the terminils server. Host implementation 
is optional tor both transRisS10n and reception cf the SiOL. The terminal 
server must proce~s this slot it it is recei~ed, but transm1ssion of this 
slot is o~tional. 

the forwdt of the Attention slot is: 

7 r JJ 

+-------------------------------+ 
u~J._~l.L!_li.J 

+-------------------------------+ 
SFC_SLGT_ID 

+-------------------------------+ 
SL(!_t:xTE._CUUNT 

+---------------+---------------+ 
+===============+===============+ 

CLl\TROL_fLALS 
~-------------------------------+ 

lJ r. P h: f~ t.; I C '1 A h L t:, 
+-------------------------------+ 

o DST_SLOT_ID - ~ handle on the remote slot block 
o .::itd';_.::>LCT_lii - <.i Halioie OH til~ local ~lut bloCK 
o bLCT_EYTE_CUUNl - an unsigned integer ccunt of the length of the 

SLOT_DATA field. 
o MPZ (4 bits) - rnus~ be zero 
o SLUT_TYPE (4 bits) - the value 11. 
o CONTROL_fLAGS (8 bits) : 

o (bit J through tit 4) - Unv£edicLaol~. 
o (bit 5) - Abort. Causes bufferEd outPLt data pipe to be flushed 

of all chDtacters. 
o lL~t 6 dnd bit 7) - Unpcedictaol~. 
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This service class defines the follo~ing additional messages. 

A.4.1 Patch ~essage 
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l\#H:,SSAtJE FGi<MATS 

1 
o 

+-------------------------------+ 
DE~Tl~ATION_ADilRESS J 

I 
I 

+-------------------------------+ 
1 SOURCE_ADDRESS i 
I I 
i j 

+-------------------------------+ 
PhCTUCOL_ TYP E 

+===============================+ 
i 3f\~_Clt<CI_lt-H j PJJ5l;_1\'r jt\4ijLj 

+---------------+-----------.-+-+ 
J LOW_PRTCL_VER I HIGE_FRTCL_VERI 
.---------------+---------------+ 
i CUH_P«TCL_ECC j CUR_PHTCL_VER i 
+---------------+---------------+ 
t ~rft~~f_~Lp(~ t~SC_l~t.~NA!!~~t 

+---------------+---------------+ 
LAIA_LI~K_~CV_F~A~E_SIlE 

+---------------+---------------+ 
hJ~T_STAIUS jnU~T_MULTl_l1MRI 

~---------------+---------------+ 
HOST_GHCUfS IHCST_G~CUP_LhN I 

+---------------+ 
.=E;:37:_G~CUI_LL~~ ';jrouf lruUiLt;L5 ;;:. 

+---------------+---------------+ 
J SLeT_RATING I NA~E_CGUN1 I 
+---------------+---------------+ 
I ASCII_NAME j NAMt_LEh j 

I +---------------+ 
= ~AME_LEN ascii characters = 
+-------------------------------+ 
, ~1 NA~£_CUUhT is greater than I 
= one, then the previous three = 
J field are Iepeated here 
+---------------+---------------+ 
• HOST_J~CII_IV I HOST_ID_LE~ 

I +---------------+ = HCST_ID_Li~ ascii characters = 
+---------------+---------------+ 
IHn~T_SER_CLtSESI HQST_SER_LFN 
I +---------------+ 

t 1 ! );.: i :: t.... L,." f'f S e i VIC e C.1 as!:: e s = 
+-------------------------------+ = UNP~EUICTABLE = 
+-------------------------------+ 

- lOb -
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o ~S~_T¥P (6 bits) - fixed at 40. (The value of the byte is 40 since 
the h ano ~ [lays are clear al~ays clear.) 

o SEKVEE_Cl~CUIT_TI~E~ (1 byte) - Desired value in milliseconds. The 
host su~gests a value in this field. The value may be ignored by 
the terminal server. A zero specifIes no preferred value. 

o HIGH_PRTCL_VER (1 byte) - Highest protocol version supported by 
host. 

o LOW_P~TCL_VER (1 byte) - Lowest protocol version supported by host. 

o CUR_fRTCL_ECO (1 byte) - Feo level ct CUH_fPTCL_VER (this message). 
~~u (En~i~eeLlng ctan~e CldEfS) clLt dl~~ys ~~ck~ards compatible for 
any giver protocol ~ersion. If an ECO wakes a change incompatible 
~lth the previo~s version, a n~. (higher) ~rotocol version must De 
allocateo. 

o ~SG_INC (1 byte) - ~essaye incarnation. This multicast datayram is 
tr~r~Mtttp~ nrrioaic;illy hy ~3cn h~st. Any ti~p ~N~ field within 
this message changes val~e r€lativ~ to the previous message, the 
].I 5 G _ INC A~ NAT 1 G t. ill l.i.5 t Lei n (.; r t: It t! n t € d b yon € • ~,.. h e H the h 0.5 t ass i 9 ns 
this value to the tirst multlcs5t message, a random value should be 
chosen. 

o CHANGE_FLAGS (1 byte) - Each bit in this byte corresponds to a field 
In tne multicast message that can ctdnge: 

o 
o 
o 
o 
o 
o 
o 

oit C - ho~t naBe(s) changed 
bit 1 - host ratiny(s) changed 
oit ~ - dUST_ASCII_ID changed 
bit j - tlOST_G~(LP~ changed 
bit 4 - &OST_SER_CLASSES changed 
oit ~ - HG5T_STJTUS changea 
bit 1 - Remaining parameters chznged 
timet, Protocol verSion, ECC level or 

(Server timer, multicast 
Data l~nk frame size). 

if a field changes, the bit value toggles (0 -) 1 or 1 -) O} and 
then remains at that value until as multicast Messages are 
transmitted until the field changes again. 

o LATA_LlhK_RCV_FHA~E_bIZE (2 b~te5) - The winiruuill and roaxi~uw sizes 
of frallies are restricted by the Ettecnet specification to be in the 
range 4b through 151t bytes. A host implementation must specity the 
guaranteed ~inimLm size receive tuffer tbat it queues to the data 
tink laye[ ot tthplnet. LeQa.i VdlUt.!:l die [e~tl.lcte(1 by the LAT 
d r ChI t to C' t U r p too e i nth f~ r ~ n g e 0 t 516 t hr 0 H q h 1 51 B by t e s • T e r m in a 1 
.servers re\ier trarlsult a datagram tc a .host that is longer than 
~ .A T A _ L I ~. f _ h e'i _ FhA rJ f _ ~ I l F b y t e ~ • h C b t oS rev e [ q U € 'U ear e c ei v e b u f fer 
~ HI d 11 e r t:l a n tn 1 $ S i z t~ • 
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o hUST_MULlICAST_TIMLF (1 byte unsigned) - The minimum rate at ~hlch 
tne nost w~ll send ~Llticast messagEs in seconds. 

c HC~T_STATUS (1 byte nit mask) - host status flags byte. 

obit 0 - Set to 1 if the host is not accepting new sessions • 
obits 1 thrcugh 1 - unpredlctable. 

o HOST_GHOUP_LEN (1 byte unsigned) - : byte count of the HOST_GROUP 
field. A value of zero is legal and indicates that the host belongs 
only to group zero. 

o hCST_GRCUPS (HCST_GRCUP_LE~ bytes) - This field is specified as a 
bit-mask or 256 bits. A bit set to 1 indicates the host belongs to 
that yro~~. rhe first bit of the .~SK (oit O) corresponds to gcoup 
1. 

o ~AM~_CJU~T (1 oyte uns1gned) - Th~s tiel0 is equal to the nu~ber of 
names offered. The next three fields are repeated NAME_COUNT times. 

n 5 L ;:1 '!' _ 0 Jl '1' ! "'P,~ (! by t e t: r s i :; n e 1) - t h~ r 3 tin ~ c t the :3 S soc 1 .] t e'~ n a!'t! e • 
if the n3.e is d CIHCUIT_hA~~1 oy conventionl the value is equal to 
the fiuud.Jef of lEtelactive u~€rs on the t~ost. If the associated name 
i S d SL C T _ ;~ It Pi E, th e \I a 1 u e is U St d too r Lit rat e bet wee n ill U 1 tip 1 e 
LI~CUI1_hAMt paths to tne sa~e SLOT_NAME. 

o NA~f_LEN (1 byte signed) - A byte ccunt of the Abell_NAME field. j 

value of zero is illegal. Positive counts ace SLOT_NAMES. Negative 
count6 ~rd Cl~CUIT_~A~ES • 

o AS~ll_NA~E (HAkE_LEN bytes) - Any ctacactel in the ASCII_NAME field 
must oein the range 33 to 126 oc 161 to 254 (this el.iminates 
control characters). Lo~er case chiLacters will be upcased before 
compariscn. 

\) HOST_ID_LEN - (1 bite unsigned) - It byte count ot the HOST_ID .tield. 
A val~e of zero indicates that no HlST_ID is available. 

o hOST_ID (BeST_ID_LEN bytes) - An A5(11 string of characters that 
will help the terminal server u£er confirm that the SLOT_NAME is 
r~ally tte service te expects. The host shculd not load control 
characters into this field. Terminal servers must support a minimum 
HOST_ID lengtb ot 64 characters. 

a hCST_S~R_LEN (1 byte unsigned) - A byte COLrt of the HGST_SER_CLASES 
field. A value of zero is 111egal. 

o ~GST_Stl_CL'~~~ (PC~t_SFf_Lt~ bytes) - A hc:t rnig~t simultaneously 
Oiler rrultiple s8rvices. ~ ser\lic~ class is coded as d tyte value 
In tn~ [Enqe 0 to ~:55. Th~\J,]lue L€fO is reserved. This field .LS 

spec1fiea to ~~ke the architecture exten~ible. The ser~ice classes 
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defined at present aLe: 

o CLASS 1 - InteractIve terruinals 
o CLASS 2 - AP~lication teLIDinals 
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J 
1 

Service clas~ 2 is not fully s~ecified ana has not been approved foe 
irnplefuentation. AD o~tline appedrs here simpy to show how service classes 
w111 tie interrelateu. 

An Interactive terminal is a device under the control 01 a user, while an 
~~r~lc~t1~~ t~r~ir:! l~ ~ ~evt~? u~der t~e centro! 
sorre cases dD Applicatlon terwinaJ mzy not even 
plinter~, ViGf~O ulunitcrs end olbpla)wir:dows 
~t-~;lic,Jtion '!'f.:rf~tiL.J]. 

c! ~ co~~uter ~rccez~. I~ 

have a keyboard: line 
raIl into thi~ ~lass 01 

Detore a computer process can allocate an Application terminal and write 
to it, the name 01 the Applicat10n terminal must De made available to the 
comrute.[ i-Icocess and the cO&ll{:utec process mlJ~t have the authority to use the 
Jevict;;. 

B.2 RELATIUNShlf TC SERVICE CLASS 1 

SerVlce Class ~ supports every aetail 01 Secv1ce Class 1. The only 
difference bet~een the t~c different service classes are the extensions to 
Service Class 1 made by Service Class 2. 

~.3 ARCHITE~TUPAl MQD~L 

B.3.l Host Systea As Initiator Of Connect 

In or,jer to: 

o J.-' res e r vet ~ 1 e 1 n v est If' e utI n t I! e nos tIm p 1 em e n tat 1 0 n 
n to 21lcw tt2 s~3rec trplicntlcr terrrin31 to tc arbitrate1 
o to allo~ th~ host sv~tem to Inlt1ate sessions to terminal server 

tor ts 

- 112 -



I SERVICE CLASS 2 - APPLICATILN TEf.:t-tINALS 
I ARChITECTURAL MODEL 

Page B-2 
19 December 1983 

I host al?pllcatioiJ ifOC€Sse!> "solicit h ~essions with Application terminals. 
I 
j 

I 
I B.3.2 Authorization 
I 
I In the model presented in this Secvice Clzss, the device itself decides 
j which computer ~rocesse5 are authorized tc allocate and use the device. A 
I host computer process, no matter how privile~ed within the context of the 
i host opecatiny bystem, cannot allocated and use a Service Class 2 device 
j unless the aevice has been .set up to sec vice the group to which the host 
I system belongs. , 
I 
I 
• h.3.J Ac~e~tlsln~ Appllcaticn lerwinal~ , 
I Host system prOCt:::sseb t inti out about Avpl ~Cdtion devices b)' listening to 
I to the APplication terminal Rulticast acdLes~. Each seever system supporting 
, Application Termin~l~ mUlticasts this mess~ye periodically. The message 
I l~s~s toe names ot the names 01 the App11cation term1nals connected to the 

I 
j 

I 
I 
I 
J 
t 
I 
I 
I , 
I 
I , 
I 
I 
I 
I 
I 
I 
j 

I 
I 
I 
I 
I 

1 

+-------------------------------+ 
DfST1~ATIC~_ADDRtS~ 

+-------------------------------+ 
SOURCE_ADDRESS J 

J 
I 

+-------------------------------+ 
PRCIOCOL_TYFE , 

+===============================+ 
I I MSG_TYP IMIDI 
+---------------+-----------.-+-+ 

j PP.1CL_VtH 
+---------------+---------------+ 
I Applicatico_terminal_name_l I 
+-----------------------------.--+ 

Applicatic~_tetminal_nafue_2 

+-------------------------------+ 
I • •• i 
+-------------------------------+ 

Appllcatlon_termlnal_na~e_N 

+-------------------------------+ 
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A~CHITECTU~AL MeDEL 
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If a host system wishes to use an Application te[~inal, it must transmit 
this message to the server systeR on ~hich the Application terminal is 
attacheQ. Th1S message is ~hys~cally addressed. 

o 
+-------------------------------+ 
I 
I 
I 

I 
I 
J 

+-------------------------------+ 
I SOURCE_ADDRESS I 
I I 

+-------------------------------+ 
PfiCTOCCL_TYPE 

+===============================+ 
~SG_ T YP Jl'l1 D I 

+---------------+-----------.-+-+ 
!' C! f t_ 'I t F 

r 
C. 

T b 
H £ 
E A 
H n v 

N F 
~ .i( 

T 

I t---------------+---------------+ 
I APi-ilcat.lcn_tecmlnal_lla.we 
i +-------------------------------+ 
j 

j 

I 
I 8.3.5 ~harlng 

• 
& 
I 
I 
j 

Since a ct€~ic€ mIght be DUSY at the tirue service is requested by a host 
process, tne tollo~ing physically addressee message is used to reply to the 
host syst~m requesting serVIce: 

I 
I 

• I 
I 
I 
I 
I 
I 
1 

1 
o 

+-------------------------------+ 
I DEb1I~ATIGN_ADDRESS j 

I I 
i 

+-------------------------------+ 
I SQUFCf_ADDRESS I 
I , 
I j 
.... --------_._--------------------+ 

Pf.(1CCOl_TYFF 
+==:===~==~========:======~=:===+ 

lI;:::JC_t'fP i"ll U j 

+---------------+-----------f-+-+ 
F R 1 C L_ \i Ej( 

+---------------+---------------+ 
I status of j\vplicdtion_termind.lj 

E 
T Ii 
11 E 
E A. 
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INDEX 

accept_ne~_sessior, 55 
accept_virtual_circuit, 59 
ACK,:i.7 
ACK in circuit bleck, 24 
Attention slots, 53 
ATTfNTIDN_DATA_BUFFEH, 46 

balanced mode, 36 

CIRCUIT_NAME, 14, 20 
CIRCUIT_NA~E in circuit block, 24 
countt::[~ .IO.tviltLa.i circult, LCj 

d dtdty ~!e5, 52 
D at d_ a s 1 a t5 , 5 2 
Data_.L slot!), 52 
Dl<f',46 
f~ ;, ,... i :-: c ire u 1. t:~: ~ c ': ,. , /' 

e lJd_ S e ( v i (. e _ c 1 a ~ !;. , ;:; :; 

F the r r4t~ t - q B. itH < ... 1, F, 

in] S 1_ C I.t( C li 1 '1_ 'r I pi E .h inc 1 r cui t 
block" 25 

HGST_~fTRANS~IT_C(UNTiR, 25 

illegal messayes, 30 
illegal slots, 30, 45 
inItialization of Circuit Block 

(Host), 41 
initialization 01 Circuit Block 

(Terminal seever), 39 
I~v_run_rcv, 35, 38 
Inv_start_ccv detlIl1tion, 37 
lliv_start_fcV event, 3~ 

If.;V_stoP_ICV defiI~itiun, 38 
Inv_stov_rcv event, J~ 

invalid ~ess3yes, 38 

LGC_.ADDRf.SS in C.l.ICU.l t block, 24 
LOC_CIR_IL, t.'} 

LOC_Clk_TL in cirCUIt hlock l ~4 

LLC_SLOT_IV, 27, 46 
L0CPL_C~~LIT3, qb 

tressas;e i8tlar.SJits;:d.OlJ roliey, L5 
m f:. 5 sat; t~ t i 1J f. 3 / J 4 
f.i'.=;C._TiP irA cltclJit nlock, 24 

multiple sessions, 25 

ne __ session_pol1, 55 
NXMT, 21 
NIMI in circuit block, 24 

poll_attention_done, 56 
poll_rev_done, 59 
poll_cecEive_message_done, 60 
poll_zer~ice_class, 55 
po ll._ses sl on, 56 
pol1_tLarsffilt_oOL€, 5~ 
poll_tcansmit_message_acked, 60 
pOIl_virtual_circuit, 59 
poll_xrut_done, ~6 

queue_dttention_buttec, 50 
Z;1Jeu(;_rcv_~t ot_b'fJtter I 2'~, ~'S 

qL€L€_receive_datagraru, 59 
queu€_ tl: ,.nSRl i t_d atdyI' cun,S 9 
4UeU(~._ tr ,nsn. it_4t€Ssdqe, 60 

r€j€ct_ne~_sessicn, 5~ 
RtM_ADDRESS in circuit block, 24 
REM_eIK_ID, 27 
~~~_CI~_lJ ~n circuit block, 24 
R £ t-:_ S LOT _1 D, 46 
RE~CTE_C'EDITS, 46 
Resend_l1mit event, 35 
RPf - eilect on terminal seever, 

65 
~hF - relationship to balanced 

wode, 36, 76 
RRF - relationship to data link 

buffer pool, 64 
RRf - r€ldtionship to Send_data 

event, j5, 36, 72 
RPf - re~resentation in message, 

78 
Rhi - setting and clearing, 43, 

66 
RHF in Circuit Plock, 24 
K t.Hl_ rev di: f i ni t .ion, 37 
~un_rcv event, j~ 

:; ~:; n C _ (j d t i ~:; 'I e n t I' 3 S 
SErver Ufer interface, A-1 
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StR~Ert_CI~CUIT_ll~F~ in circLlt Timer ev€nt, 35 
tcansmit_unacknowledged_queue, 60 t.lmer, 25 

SLRVER_RETRANSMIT_COUNT£R, 25 
sessions, 44 
slot block, 46 
slot data, 23 
slot data definition, 23 
slot event definitions, 47 
slot interface su«mary, 5b 
f:'f n", f~·nit".l'r ~1Ir; 
,;)~u L_\"uun J.,'iU 

SLOT_NAME, 14, 20, 46 
SLOT_TYPE, 46 
slots, 44 
Start_rev definitict, 37 
Start_rev event, 35 
stdrt_~~rvic8_cldb$, ~J 

start_session, 55 
Stop_rev definition, 38 
Stop_fev event, j~ 

unackno~ledged transmit queue, 26 
user interface summary, 54 

ve_halt event, 35 
VC_start, 59 
VC_start event, 35 
lie_stop, 59 
virtual circuit counters, 29 
virtual circuit events, 35 
virtuaJ circuit quality, 25 
volunte&l_dttentlon_d~tdl 23 
volunteel_xmt_attention, 56 
volLfiteel_xmt_Jata_d, 23, 56 
volunteer_xmt_data_b, 23, Sb 

[End ot [ocLmertJ 
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