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S~b)ecti Support of Multiplexed Communications Channels 

Th ls MTB descr- lb es a proposed enhance Mnt to the Mui t lcs 
Cce11unlcatlons System fMCSl, called de111ultlplexlng or 
decon-eentratlon, Intended to provide a neM for"' of support fol"' 
11ulUJ:lexed COllJNnlcatlons channels. The key oblectlve of 
demultl~lexlng ls to 11ake each subchannel of a multiplexed 
channel appear to be autonomous. This per111lts dlf ferent 
s \.bchanne Is to be 1 nd ependent t y contrott e d by d If ferent oroce sses 
Mlthout any expllcl t cooperat l"m• Such a feature ls desired 
prtmarl ly In order to support cluster ter•lnals (e.g. Haneywel I 
VtP 770U and IBM 32701 as login devices. Ho"ever-, this f~ature 
can ats~ be used to support any other types of aultlolexed 
devices Including ~etworks. 

The prlnelpal design decision concerning de111Uftlple>C1,,g ls 
ch<:"Oslng the teve I at which it ls JJerf'Ormed. Several 
a1ternatlves were co"sldered. 

~tarting at the towest tever, It ls possible to perforwt 
de111u I Uplextn9 wit hi" the FNP. This sc t-eme has the adv mt age 
t~at It relieves the central system cf tt\4! burden of 
demultls::lexlng. !Jnfortunatetv .. however, memory space within the 
f'NP ls already tight. Unless one were wl fl Ing to dedicate an FNP 
tc t'la.,dllng a particular ,.Ind of multiplexed device, there Mould 
be lns\lfflclent so~ce fer new de•ultlplexlng s:rograms and their 
data bases. ReQUll"'ln9 an addltlonal FNP to run a multiplexed 
devlct'! seems unr-ease"'abte. Also, the Inferior orova1111lnq 
ervlrcn•ent of the FNP would Make lllr>leinentatlon and debugglnCJ 
dlfflcult. 

Ring O ls the next level at which de•uftlplexlng cculd be 
implemented. At this level It ls stlll siosslble to pr-esrve the 
current user Interface whll~ making Multlplexed subchannels 
apcear eQul~atent to non-multiplexed channel~. 

~~~~------------------~--~--~--~ --------------~---t1u•tlcs Pro1ect wortclng documentation. Not to be reproduced or 
dlstrlb~ted outside the "utttcs Pro1ect. 



Oemulttptexl"g can alsc be performed outside ring o, t.e., 
l n r 1 n g 1 or 1 n t n e us er r Ing. T h 1 s p os s lb 1 ti t v 1 s at tr a e ti v e 
for tMo reasons. First. lt Mould spare ring o the addltlo"al 
co111plexlty. Second. lt would be someMhat easier for sites to 
provide their oMn sup~ort for mul tlplexed devices "ot stMldardlY 
su~ported. Unfortunately, however, outer ring de~ultlolexlAg 
wou Id require that eact'I •ul fl p I exed ehann e I ha·v@ a sing I@ o•ner 
precess. Th Is s:r ocess MOU Id c oord In ate I/ O operat 1 ons for the 
S\;bchanf'le1 ~rocesses. The' added cost of lnvolvlng a second 
1:u"'ocess In every IIO operation would be excessive. 

Of the several a lterl"atlwes, only ring o d·H1ul tlolex Ing has 
no ma)or drawbacks. Therefore, ring O ls the chosen level. 

B.asl~ Design 

Tlie basic desl gn for ring O demulth>hnclng centers around a 
new data base called the logical Channel Table (LCTJ and a class 
of neM ~rograms cal led multiplexer modules. 

The lCT cont al rs one entry for every c t1anne I and subc t'lanne 1 
n1ana9ed by 'l'ICS. An LCT entry ls ldentl fled bY a <tevlce Index 
(devxl. LCT entrle<s correspond to different le¥ets of 
multlplexlng. Starting at the bottont level, there ls one LCT 
e"try fer each FNP. At the "ext level, there ls one LCT entry 
for eaet'! pt'.yslca I channe 1 on each FNP. tf one of these phys lea t 
ct-annets ls 11uttlpl exed, the" there ls o"e LCT entry for @ach 
s \;bChanne 1. A subc ha"" e I ltse If can be 11u I tip I exed, In wh lch 
case there ls yet another level of subchannels. 

£act'l t.CT entry CCl'lltalns a ma1or chanre I devx f Ield. A maJor 
cha"nel ls the 111ul tlplexed channel front Mhlch a suochamel ls 
d@rlved. Thus~ all LCT entrl~s are lmpllcltty arranged lrto tree 
structures that r""eflect the 11ultlr>texlng hierarchy. The root 
node of a tree ls a lwavs an FNP. The I ea f node5 of a tree are 
always non-n1uttlr>lexed channels. tnterntedlate nodes con-espond 
tc Intermediate tewels •f llUI tlr>lexlng. 

A separate mul tlptexer module ls reQulred for each type of 
multlpfexed device. 'f.ach such 1110dule "'ust orovlde a standard set 
of Interfaces that wll I be lnvo'kec:I throug~ an lox_-1 l~e cal t 
s-..ltch. Some of these interface'! are Invoked In response to user 
calls Mhlle others are invoked l" respoAse to Interrupts. The 
cal I-side co11pone111t of a •ultlptexer 11cdule ls cat led the 
•muttlptexoer .. and the lnterrupt-sld~ compone"t ls cat led the 
"Interrupt hand tar••. 

l'he re I a ti on sh Ir> bet ween lllU It 1 pl exe r 11 cdu I es and I og lea t 
c~annels can ~described as fottowst 

Let A be a ~ul tlr>lex@r type. 
let M be a 11ul tlDlexer module for ty~e A. 



let c be :a niul flolexed channel of tys:»e A. 
Let s be a s\bchanne I of c. 

then we sayt 

M 1 s the •u I tl pt ex er for S • 
M ls the Interrupt handler for c. 
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Th• wultlplexer and lftterrupt handler 
s~oec l fled In the as so cl at ed l CT entry. 

for eacf"I chamel ls 

Ta~en together, th~ 1.CT and the •ulttplexer •odulas yletd a 
syste111atlc aporoach to handling arbitrary levels of 11uttlptexlng. 
~ach cat 1-slde operation s:ropagates downMard ttrough one or more 
levels of multiplex Ing untl I reaching the FNP •uttli>texer. Each 
lnterruSJt-slde operation propagates upward through one or more 
levels of de•ultlptexlnq until reachlnq a non-multiplexed logical 
channel. 

The LCT wlll be constructed from Information contained In 
the Channe I Def ln lt Ion fable tCOl). Therefore, the COT and Its 
source segftlen t, the Channe I Master f' lie ( CfllF), must t>e expanded 
t~ describe multiplexed channels. 

At pr~sent, the COT contains two types of entrles1 FNP 
entries and channel entries. A third type of ent~y, calted a 
mu I tip l exer entry, w l II be added to def In e 11u It lp lexed c hanne I->. 
Cliannel entries wll I be used to define the non-multlole>eed 
S\.bchannets of a multlptexed channel. Thus, a one-to-one 
correspondence wilt exist between COT entries and LCT entrl~s. 

Hultlptexer entries will rese•ble ehannet e"trles to some 
ext19n t. For ex amp I e., a baud rate and a t tne type can be 
specified for a •ul tlolexer entry. A ter•lnal type., however~ 
car.not be spec I fled. Instead, a mu 1 ti S>I ex er type must be 
specified. An optional arsum~nt string •av also be specified to 
g\Jlde 11ul tlol exer lnl tl:at lzat Ion. 

The current sct-.eme fo'"' n11mtng channels must be discarded 
since It re~resents an encoding of FNP channel rumbers. Instead, 
11ult1-co111tonent names 111ltl be used where each co11ponent 
corresponds to a level of •ul tlptexlng. The first component of a 
channel name Cor mu It ID I exer name) Ml It a h1ays be the FNP 
ldentlflcatlon tag. ~he second component wilt represent the FNP 
channel ~umber. For example, the name •a.hta1• indicates ch~nnet 
ht07 on FNP a. tliere, h11J7 means hsla 1, subchanne1 71. Channel 
natres 111111have11ore thar h10 COM1>onet11ts If multiplexing ls 
lnvotved. For eKampte. suppose that a.~107 Is a ~uttlotexer. 
Then, a. h101 .13 1 s subchan"el 13 on that wu It 1 y, texer. 
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Tl'le l111pllcatlons of introducing ne" channet names -.re 
discussed tater. ~ote that network channel names, both for 
tetnet and ftp. are "ot affected bv this ne~ ramln9 scheme. 

I"'1tlallzat10'1 ttf ring 0 demultiplexing ls essentlaltv a 
matter or constructing the LCl and causing all multlolexer 
111odutes to lnltla llze t~e11s@lves. This., cf course. Is an 
lntegr.al part of the overall lnltlatlzatlon of "cs. 

MCS lnltlallzatlon 145 managed by the Irltlallzer process at 
answering service startu~ tillM!!. Every logical channel (i.e •• 
e¥erv COT entryl must be lnltlallzed. The procedure begins bv 
lnltlal 1Zlf"ICJ an FNl'. Next. all channels on the FN" are 
lnltlallzed. tf one of these ls mulUplexed, then Its 
stbchannets are lnitlallzed, and so on until the entire 
multiplexer hlerarchv ls fl~lshed. 

Wh•never a mul tli>lexer channel ls lrltlallzed · llR::ludlng 
FNPs), an h,ltlaf lzatlon r,outlne of the asscclated mut tlotexer 
111adule ls run. This routine receives a list of multlolexer 
subchanf'els extracted from the CDT. It assigns a" LCT entry to 
each subcmtnnet and asslgrs itself to be the multiplexer for each 
sut>channel. Also, It assigns Itself to be the Interrupt hafldler 
for t~e waJor channel. Multiplexer data bases are allocated and 
lnltlatlzed at this time. 

When a mutlplexer mod~le detects that a •ultlplexed channel 
has •crashed'' due to phvslcal disconnection or other causes., 1t 
•ust relnltlatlze the chan"el. This ls accomplished 1~ the 
fcl1o~lng Mav. First the muttlplexer slg"ats each subchannet 
t~at th• •ator cha~nel has crashed. Any subchannel whlen ls 
ltsel f llUftl~lexed must reiterate this procedure. Eaeh 
S\-bchannet then slgf'als the Inltla1 lzer that it has hung uo and 
ls not to be relnltlallzed. When alt subchaf'nels are finished, 
control ~eturns to the •a1or channel multiplexer, which then 
proceeds to clean up after the ma1or channel. All subchannel lCT 
e"tr 1 es are disc!lrded and a I I mat or c hanf'le I data b c:ses are 
deattocated. Flnat ,.,., a slgnat ls sent to the !nltlaflzer 
Indicating that the mater channet has crashed and should be 
relnltlallzed. ·rhe Inltlallzer the" begins the prevloustv 
described lnltlallzatlon procedure starting with the crashed 
cha"ne I. 

T~e introduction of a neM genre of channel naftes Is an 
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lncoms:iatlble user- Interface change. Thereforh existing 
Interfaces 111ust co"'tlnue to accept old-stvle channel n~mes as 
wen as the new type. This situation ls ca11pllcated by the fact 
that cld-stvle names have a •axlmum length of six characters. 
New-sty le names for 11 ti c hanne Is that ex 1st today w 1 It no 1 exceed 
tt'ls length. lloMewier, new-style mu1es for multiplexed 
subchan"els can be tonger. 

The f al lodng approach ls suggestedl 

1· tty_S1ty_attach, hcs_ttty_attach~ and hcs_!:tty_lndex wll t 
accept both old and new-sty le names. 

2. user_info_!terminill_data witl returA tt'le new-stvle channel 
na11e. However, if the caller pro,vldes Jnsufflcler1t space, an 
error -code wl I I be returned. 

J. tuser devlce_channell will return the netl-style name. 

It. lllal messages ser,t by the tnltlallzer will contain a devx 
instead of the channel name. convert_dial_message_ will 
convert this devx to a new-style name. However, 1f the ca1 ler 
pr cv I des lnsuf fl cl en t sr>ac e, an error co de tt it I be r et\rned. 

~rogra11s that call user_lnfo_,ter111lnat_data or 
convert_dla1_111essage_ may reQulre a 11IAor change. These changes 
can be •:aide at anv t 111e, even before new channel names are 
Introduced. such o.-ogra11s., 1f not changed, wl I I not encounter 
prcb1 ems unU I used ln cor1unctlon with •ul Hplexed devices. 

Whenever a nett tYPe cf multiplexed device ls to be attached 
to "ulttcs, a new multiplexer module wlll have to be added to the 
sui>er~ 1 sor an·d, 1 n gen era I , a ne• or m cd 1 fled set of con tro I 
tables to run the d ev lee "111 have to be added t·o the F'NP. For 
Hultlcs release 7.0, we pla" to l"'plement the general 111ec:Nlnlsm 
described ln this document, and a set of control tables and a 
multlolexer module for one type of device, ra111ely the Vll» 77QO. 
01her 111ultlolexer tvoes., such as the 1811 3270, wilt be added In 
future releases. 


