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Introduction 

'Ihe software for t he ARPA Networ k exists partly i n the mps and partly in 
the respective HOSTs . BB&N has specified the softVlare of the IMPs and 
i t is the responsibility of the HOST groups to agree on HOST software . 

During t he summer of 1968 , r epresentati ves from t he initial four sites 
met several tiues to discuss the HOS'r software and initial experiments 
on the network. 'I'here emerged from these meetings a working group of 
three , Steve Carr from Utah, Jeff Rulifson from SRI , and Steve Crocker 
of UCLA , who met during t he fall and wint er . The most r ecent meeting was 
in the last week of ~larch in Utah . Also present was Bill Duvall of SRI 
who has recently started working with Jeff Rulifson . 

Somewhat independently , Gerard DeLoche of UCLA Ius been working on the 
HOST- I1<1P int erface . 

I present here same of the tentative agreements reached and some of the 
open questions encountered . Very little of what is here is firm and reactions 
are expected . 

1. A Surrrnary of the IMP Software 

Messages 

Informatioo is transmitted from HOS'!' to HOST in bundles called messaPjes . 
A message is any stream of not more than 8080 bits , together with its 
header . 'l11e header is 16 l.Jits and contains the followlne; informatioo : 

Destination 
Link 
'rrace 
Spare 

5 bits 
8 bits 
1 bit 
2 bits 

'l'he destination is the numerical code for the HOST to l'lhich the message 
should be sent . The trace bit signals the IMPs to record status informatioo 
about the message and send the i nformation back to the NMC (Network 
~1easurement Center, Le., UCLA) . 'I'he spare bits are unused . 

Links 

The link field is a special device used by the IMPs to limit certain kinus 
of congestion . 'I'hey function as follO\~s . Bet~leen every pair of HOSl's 
there are 32 logical full-duplex connections over which messages may be 
passed in either directioo . The Ir<1Ps place the restriction on these 
links that no IIOST can send two successive messages over the same link 
before the n~ at the destination has sent back a special messaee called 
an RF\IlM (Request for Next 11assage) . This arrangement limits the congestion 
one !lOST can cause another if the sending !lOST is attempting to send too 
much over ooe link. \~ note , however , that since the IMP at the destination 
does not have enough capacity to handle all 32 links s1rnult aneously , the 
links serve their purpose only if the overload is coming from one or t~10 
links . It is necessary for the HOSTs to cooperate in this respect . 
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'lhe links have the following primitive characteristics . 'I'hey are always 
functioning and there are always 32 of them. 

By "always functioning ," we mean that the Il'lPs are always prepared to transmit 
another message over them. No notion of beginning or ending a conversation 
is contained in the Il'lP software . It is thus not possible to query an ll1P 
about the state of a link (although it might be possible to query an Ir-U> 
about the recent history of a link -- quite a different matter l ) . 

~~ other primitive characteristic of the links is that there are always 
32 of them, ~Ihether they are in use or not . 'llils means that each It-1P 
must maintain 18 tables , each with 32 entries , regardless of the actual 
traffic . 

'llie objections to the link structure notwithstanding , the links are 
easi ly programmed within the Il'lPs and are probably a better alternative to 
more complex arrangements just because of their simplicity . 

Il'lP 'transmission ~Error Checking 

After receiving a message from a HOST, an It'lP partitions the message into 
one or more packets . Packets are not more than 1010 bits long and are 
the unit of data transmission from It1P to HlP. A 24 bit cyclic checksum 
is computed by the transmission hardware and i s appended to an outgoing 
packet . The checksum is recomputed by the receiving hardware and is 
checked against the transmitted checl{sum. Packets are reassembled into 
messages at the destination Il'lP . 

Open Questions 2!l the It'lP Software 

1. An 8 bit field is provided for link specification , but only 32 links 
are provided, \~hy? 

2 . The HOST is supposed to be able to send messages to its IMP . How does 
it do this? 

3. Can a HOST , as opposed to its It'lP , control RFNMs? 

4 Will the D1Ps perform code conversion? How is it to be controlled? 

II . Some Requirements Upon the Host- to-Host Software 

Simple Use 

As with any new facility , there will be a period of very light usae;e until 
the community of users ~xperlrnents with the network and begins to depend 
upon it . One of our goals rlU.lst be to stimulate the irrrnediate and easy 
use by a wide class of users . With this goal , it seems natural to provide 
the ability to use any remote HOST as if i t had been dialed up from a 
'1"TY (telet ype) terminal. Additionally , we would like some abilit y t o 
transmit a file in a somewhat different manner perhaps than simulating a 
teletype . 

Deep Use 

One of the inherent problem; in the network is the fact that ill respcnses 
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from a reroote HOST will require on the order of a half-second or so , no 
matter hO'v/ simple . For teletype use, I~e could shift to a half-duplex 
local-echo arrangement , but this would destroy sare of the usefulness 
of the network . The 940 Systems , for example , have a very specialized 
echo. 

vfuen we consider using graphics stations or other sophisticated terminals 
under the control of a remote ]JOS'f , the problem becomes more severe . \~e 
must look for sare rrethod ~Ihich allows us to use our most sophisticated 
equipment as much as possible as if we were connected directly to the 
remote computer . 

Error Checking 

The point is made by Jeff Rul1fson at sm that error checking at major 
software interfaces is always a good thing . He points to some experience 
at SRI where it has saved much dispute and \~asted effort . On these grounds , 
we would like to see sare HOST to HOST checking. Besides checking the 
software interface , it would also check the JlOb'T-IHr transmission hardware . 
(BB&N claims the HOST- IIVII' hardware will be as reliable as the internal 
registers of the HOST . We believe them, but we still want the error 
checking . ) 

III. The Host Software 

Establishment of ~ Connection 

'llie simplest connection we can imagine is where the local HOST acts as if 
it is a'lTY and has dialed up the remote HOS'l' . After some consideration 
of the problems of initiating and terminating such a connection , it has 
been decided to reserve link 0 for communication between HOSI' operating 
systems . The remaining 31 links are thus to be used as dial- up lines . 

Each Hoo'!' operating system must provide to its user level programs a primitive 
to establish a connection with a remote HOST and a primitive to break the 
connection. \~en these primitives are invoked , the operating system must 
select a free link and send a message over link 0 to the remote HOST requesting 
a connection on the selected link . 'llie operating system in the remote 
HOST must agree and send back an accepting message over link O. In the 
event both HOSrs select the SaIre link to initiate a connection and both 
send request messages at essentially the SaIre time , a simple priority 
scheme will be invoked in which the Hoo'r of lower priority gives way and 
selects another free link. One usable priority scheme is simply the ranking 
of HOb'TS by their identification nurrbers . Note that both HaS'fs are aware 
that simultaneous requests have been made , but they take complementary 
actions : 'lhe higher priority Hoo'I' disregards the request while the lower 
priority ]JooT sends both an acceptance and another request . 

'lhe connection so established is a 'ITY- like connection in the pre- log- in state . 
This means the remote HOST operating system will initially treat the link as 
if a 'ITY had just called up . The remote HOST 1'1111 generate the SaIre echos , 
expect the SaIre log- in sequence and look for the same interrupt characters . 
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~ Volume 'Tnansmission 
Teletypes acting as ternrlnals have two special drawbacks when we consider 
the transmission of a lare;e file . 'file first is that some characters are 
special interrupt characters . The second is that special buffering 
techniques are often employed , and these are appropriate only for 10\~
speed character at time transmission . 

We therefore define another class of connection to be used for the 
transmission of files or other lare;e volumes of data. 'I'o initiate this 
class of link, \iller level programs at both ends of an established 'l'"rY- like 
link must request the establis~nent of u file- like connection parallel to 
the TTY- like link. Again the priority scheme cornes into play , for the 
higher priority HOS'l' sends a message over link 0 while the lower priority 
HOS'r waits for it . 'file user level programs are , of course , not concerned 
with this . Selection of the free link is done by the higher priority 
HOS'l' . 

File- like links are distinguished by the fact that no searchine; for interrupt 
characters takes place and bufferinB techniques appropr iate for the hie;her 
uata rates takes place . 

A Summary 9!. Primitives 

Each HOSr operatine system must provide at least the follo'..rine; primitives 
to its users . 'filis list knO\~s not to be necessary but not sufficient . 

a) Initiate 'ITY- l1ke connection with 1lOS'l' x . 

b) Terminate connection . 

c) Send/Receive character(s) over TrY- like connection . 

d) Initiate file- like connection parallel to TrY- like connection. 
e) 'rermlnate file- like connection. 

f) Send/neceive over file- like connection . 

Error Checking 

Itle propose that each message carry a message number , bit count , and a 
checksum in its body , that is transparent to the IMP . For a checksum we 
suggest a l6-bit end- around- carry sum computed on 1152 bits and then 
circularly shifted right one bit . 'The rie;ht circular shift every 1152 
bits is designed to catch errors in message reassembly by the TI1Ps . 

Closer Interaction 

'The above described primitives suggest h~ a user can make simple use of a 
remote facility . They shed no l1e;ht on how much more intricate use of the 
network is to be carried out . Specifically , we are concerned with the 
fact that at some sites a great deal of work has gone into mru<ine the 
computer highly responsive to a sophisticated console . Culler ' s consoles 
at UCSB and Englebart ' s at SRI are at least two examples . I t is clear 
that delays of a half- second or so for trivial echo-like responses degrade 
the interaction to the point of making the sophistication of the console 
irrelevant . 
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We believe that most console interaction can be divided into t wo parts , 
an essentially local, irrITediate and trivial part and a remote , more lengthy 
and sil9'lificant part . As a simple example , consider a user at a console 
consisting of a keyboard and refreshing display screen . 1he program the 
user is talking typing into accumulates a string of characters unt il a 
carriage return is encountered and then it processes the string . While 
characters are being typed, it displays the characters on the screen . 
When a rubout character is typed , it deletes the previous non- rub out 
character . If the user types Jl ELL 0 .... P ®Where .. is rubout and 

@ is carriage- return, he has made nine keystrokes . If each of these 
keystrokes causes a message to be sent which in return invokes instructions 
to our display station we will quickly beccrne bored . 

A better solution would be to have the front-end of the remote program _ 
that is the part scanning for .. and @ - be resident in our ccmputer . 
In that case , only one five character messaee would be sent , i. e., 
H E L P @ , and the screen \10uld be manae;ed locally . 

We propose to implement this solution by creating a language for console 
control. 'l'his language , current named DEL , \10uld be used by subsystem 
desil9'lers to specify ~Ihat canponents are needed in a terminal and hON the 
terminal is to respond to inputs from its keyboard . Lincoln Wand, etc . 
'l'hen, as a part of the initial protocol , the remote HOST would send to 
the local HOST . the source language text of the program which controls 
the console . 'lhis pro8I'arn would have been by the subsystem designer 
in DEL, but will be ccmpiled locally . 

The specifications of DEL are under <.liscussion . The follo\~ing dlagI'am5 
show the sequence of actions . 

A. Before Link Establishment 

UCLA 

[~>/ 
L1S\ ~ 

~,_.L 

L Hequest conne.~tiOI'l ~ 
... over link 25 

UCLA ~ 
Operating 1. '.l. erat , 
System ~~te 

HOS'I' : SRI 
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B. After Link Establishment and Lop;- in 

UCLA. 
\operating 
\ System 

Ir?' 

9'1 I 
"Please send ~I . 

front en~ control" , '\ I 
-·I -®. Op', NtS U 

bEL ~roE . M J I FJ 
~OST : sRI 

C. After Receipt and Ccmpllation of the DEL program 

j 1000r: UCLA. 

DEL front 
end prqz. 

UCLA. ~ _ 

Op . _Sy~ 

\ HOS'r : UCLA. 

~ Questions 

\.5/ -I 
IT '----r'..,-- -

\ HOS'I' : 

1 . If the ll{Ps do code conversion, the checksum will not be correct . 

2 . 1he procedure for requestinf' the DEL front end is not yet specified . 

IV. Ini tial Exper:t.ments 

Exper:t.ment ~ 

SRI is currently modifying their on- line retrieval systeM wl1:lch will be 
the major soft\~are conponent of the NetHork Documentation Center so that 
it can be operated with model 35 teletypes . The control of the teletypes 
will be ~~itten in DEL . All sites will write D~~ compilers and use NLS 
through the DEL program. 
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Experiment '1\-10 

SRI \'lill l'iI'ite a DEL front end for full NLS , graphics included . UCLA 
and urAlI will use l>/LS with graphics . 
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LINK S 

I a Contro 1 Lirl<s 

1,, 1 L09ical link 0 will De d control link oetwoe<' dny two HO". l s on 
th e n et w o;r k 

Id la Only onl' control link may exist betweer any two HO ~ rs on 
the n e twork . Thus. if there are n HOSTs on tre n e twork . there 
ar e n - I cont 1" 0 Iii nk s fro m each tiOS T. 

la 2 It ,wl1lo. primari ly u s e d for communication betw.en HO Sr~ for 
t"" purpos es of: 

101 2 01 Es tab Li s hIng u ser lin ks 

la 2b Ilreakln 9 user lin ks 

la2c Passl1g· interrupts r " gar dinq the status of l inks an.d lor 
progr a ms u S ing the links 

la 2 d I'onit )r l communicati on 

I .. J I mp s in the n etwo rk may automat .caLly 
on Link C. 

l o J A uSEr dt OJ gi_en HO ST ma y ha_e exactly 1 primary l ink to each 
o f the ot hlJ" ~0 5 Ts on the ne twork. 

lola ITI'e primary link must o e the f ir s t 11nk es ta b ll shed 
Detween a '10 5 T user a nd a noth er tiOS T • 

lolb P,r imd-Y· I inks a re global to .. user . I. e . a user pf' (}9ram 
may op en a pr.mary link . and thaI link remaills open until it i s 
sp ec if iCdlly c lo o;e d. 

Ib Ic r he P-I mary 1 in k is tredted I i ke a te letype c)nnected o_el
a no r~ .. l data-phone or di r pcl l in e oy the r emole 1'1l~T . i . .. . t h e 
r e mot E HOS T cons .ders a pr.ma r y 1 ink to oe a no r", al tpl etype 
us er .. 

I bid IT t e '" r ima r y 
info(,lI a tIO'l Ito t h e 
1099ing in to th e 
lo gi n ,proced ur e ). 

I c Au." Il iitr y L ilk '> 

link is used for p ass in~ (u ~ e r ) contl ' ol 
remot e HOSr . e . g . it will oe us ed for 
r emote ho st (usin9 th e remcle h ()'Sts sl"n.adrd 

Icd A user prog ram may es tabli s h any numoer 01 itux.ll.ary l,in k s 
between it se lf d nd a u ser program i n a connected HOS]'. 
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lela ,Tt'ese links may be used for 
tr ansf'I i Xi ion, .. 

either btndry or character 

Iclb AUI<Illiary links are local to tne sub-",ystem which 
establishe; them. and therpfore are closed ,wten th.t Suosystem 
is left. 

2 MANIPULAliON OF LINKS 

£ a C~ntro 1 l,ir1<s 

2 a,' The control link is e stabli s hed at systeln loaCl ti ,ne . 

2al The s Latui ofl a c ont roll ink may be act i.e orinaet i.e 

lala The ,t.tus of the control lnk Sho uld ref lec l th e 
,'elationship beLween the HOSTs, 

104 Pr lI,ar y Ii nks are es tabl \ shed o y a user or ex ecut I.e ca l4 to 
the m on it or 

lbla The n~lllork idenlificatlon number of the HOST £0 De linked 
to ,nusto" included in t he call 

lblb An attempt to estdbllsh more than one 
par tic u lar H 0 SIT will be reg a r de d a 5 an err or • 
w j II be el ef • u 1 t eel 

pr i ".or y Ii nk to a 
and tn .. request 

lblc S tand" ... d Transmission Ch.racter Set 

101 c I The re 
tr.)nsllliiS ion 
lin ks . 

will 
of 

a 
ov er 

lblcla This will be full 

standard character 
the pr imary link 

bit) A SC II . 

s el for 
and control 

lbld (getlinlClThe protocdl for e s tabli s hing a lin<l< to HOST 8 
from HOST A lis as ,follows 

lbldl A select s a currently unus e d link to HOSI Il fro," its 
a II Dcat ion tab 1 es 

lbld2 A tra'nsRlits a link connect message ,to B o • .,r link O. 

lbJdJ A then walls for: 

lbldJa A commLnication reg drdinq that , linle fr.gm B 

2bldlb A ce rtain amount of tille to elapse 

lbl d4 If a .com muni cati on r egd,- ding ttle Umk is recle.ed from 
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B. it is examined to <;ee if it is: 

2bld~a A verifIcation of thp linl< f,-om B. 

2Jlod4al This r"esults in a successful return fr om the 
mon it or to the requestor. The I inl< rumber I S r et urnea 
to ,the requestor. and the I ink is e5tabLi,hed . 

2bld4b A ,- e quest from B to estaolish the tink. thi s 
as A ,n""n. that B is try ing to eo; tabl i sh the same llnk 

inde~e nd ent 1 y of A. 

2)J,d4bl [f th e net"ork [D num be r of A(N .. I is 9reilter 
than that, of B(Nb) . then A ignor es the .reque"t. and 
c)n,tinues to a"ait confirmation of ,tte iink fro .. B. 

If. on th e other hana. Na<Nb. A: 

lb Id'.O 2 .. Honors 
the Ii nk. 

the reque t from B to estab~i~h 

2b I a4b 2b <;ends ver i f icat ion as require" . 

2bld4b2c Aborts its own request. and .repeats the 
alloca tlon proce5S. 

2old4c Some other communication from B re9a,-din'l the 
link . 

2)J d4 c I 
eit her: 

This I an error condition. meooing tnat 

2bld4cla 
ill 1 oc a t ed 

A has faultea by se lect I ng ... previou'ily 
link for a Ilocat.on. 

2 b I d4c I b B is tran mitting infGrrldlion over an 
uno-allocated link. 

2b Id 4c Ie Or it meSsaye regdrdlng allocatIon front B 
to A has been garbled in tr .. nsmi ss lon. 

2o l ~4c2 I n this case. A's action is to: 

lbld5 If 
fro m tI 

2b l d4cla Send d link disconnect "me ,.sage 
concerninq the at tempted c().(\nect Ion 

to B 

2bld4c2bConsiaer the state ot HO ST Btobein 
error and ini tiate entry to d panic rout Ine(e rr.nr ). 

no communicatlon 
in th e pre'icribed 

r e g6 r din \I l he tin k 
amount of time. 

is rec ieved 
HOST [j is 

coruside"'e'd to be in an error s lale. 
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lbldS .. A link disconnect message is sent to B from A. 

2bld5b A pa,nic rout ine is called( error). 

lc A ..... ; lllary Li1kos 

2el Au" iI, U ..... , . Ii nks are estaolished by a call tc the monitor {rom 
a u~e r pr og--alL 

lc la The request must specify pertinent data about the desired 
Ii nk tot he mo n ito r 

2clal he numb e r of the primary linK to B. 

lclb [he req"e s l f or an duxilliary link musl be made oy .. USer 
pr'o 9r .. min e a c th 0 f the HU S T s (A d n dB) • 

2c le lf Na l> 'Nb. then HOST A proceeds to e s tdblL .. n a link to 
HUST 8, in ~ h.e m ... nner ou tl i ned above (get link'. 

2cld If Nd<Nb. the n A lIalts= 

2cldl Fo tr HOST B lo e s tablish the lInK (afl ... • 100 l<l n9 to 
see, If B nas alreddy es tablished the corresponainq linle'. 

2cl d2 For. a specifi ed amount of time to elapse . 

2c1d2a This means that Hll ST B dId 
reqU2S 'l of HOST A. 

not r "s pond to the 

2cld2b The pro9ranl in HO S r A and tl should D e a ol" to 
spec it iy the amount of lim e to .... i l for the li meoul. 

J ERROR (HEC~I~G 

Ja All messa,g es ,enl over the net .. ork lIill De error chECked ini t.lly 
so a5 to help is,llaUe 50f t .. are and hardlldre bugs. 

3b A checksum IIlll. be as,soci ated wi th e ach me 5sage. 
depend en t_ 

whl.ch i s o.rdt!:r 

lui The fo11oJln9' .. l90rithm is one IIhich l1Iiqhl IbE used: 
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30 1 a A ehe: Ie: "u mot 1 en 9l h 1 may 0 e f or-.. " d 0 Y .. d d i 09 s uc c e S5 j v e 
fieldS, inth'" <;;tring to be c h ecked serially. and addin9lhe 
carT)' ,bil into the lOll es t bil po s ition of lh e SUII. 

ADD 

I 1 
-- ---fIElD 1----

ADD ---- - --------. 
!-- -f IflD' 2- -- ~ 

I I 1 ':r -- -- ---- ---- -. 
A.DD -\.-CAR I RY----;;~ _~ 

I I 
- -- RE SULT ------

lblal rhlis proces s i s knol/O a s folding. 

Jbla2 Se.erral fi e lds may b e a dded "" d 
if Itt-ey are- folded appropiately after 

IFWD 4HlEIO lFJfI 0 2 tF IfIll It 

I 1 I , j 
-FIE,DI 8 -HELD 7-FIEL1l 6FHlD 5--

\
' ---~----, I .. ._-----_. 

------- .. 
j ------

, 

ADD 
~-j 

I I U 
- C ARRY- - -------

AD 0 \.. --~t ===== ~ 
1 I 
'R ESULT - -

f olcle d ;. n para l1 e l • 
the addit.i .. n. 

3bla2 .. Using thi<;; scheme. i l is assumed th.!. if tltlere 
are ~ ,ti ·elds. the carries from the Fi.-st n-U fieldS are 
alA:.onalti ,eally added into the 10"" order positton o.t the 
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ne)(t hi\Jher field. so that in ("lding. one need o nl), add 
tt'e , .result fields to the carr..- from the nUl field. and 
then adlcl in an appropiately s ized cat'r~ fro .. Ithat 
addil.i.loOi (and repeat the desireocl numbet' of timps~ to 
achi~v le Ittce resui t. 

)bla3 A c .. ecksum computed in this Imanner has tl>e advantage 
that. thle word len9ths of different machines .. ay eadltl be 
used opt il .. a Ily. 

lblala I f a string of suitable length is cho ell for 
,cOlllp~t.ing the checksum. and a suitable c~ecksum jjeld 
4619l ht is ,.elected. the checksum technique for eactc of 
,tt'e na,~h<ine s will De relatively optimal. 

3)J .allai field 1 en9th: 288 bits j 1 ~e,.t c aMmo n 
d~fl 0 Iqe na lor 0 f (24. 3l • 3 b ) 

3JI..,) ,a2 Check s um len9th! 8 bits (conveniet>L field size 
f...- , all machines) 

3b Ib If" me,,.sage is divided into grouP9 of f i.e las. 
\Jr'oup , is checksummed in t~ls manner. an order 

and ~ac h 
dependen t 

checks ... ~ may be got by shl ftin9 the checksum for each C).ouP. 
and a d.cI in 9 i. tin (s uc c e 'is i vel y ) tot he c heck sum 0 f the "e)( t 
I}r oUP 

)c A /"cHHy wiU be provicled where two HOSTs may, Enter a mode :which 
requu'es positiv~ verification of all messages. This veri fica tion Is 
s ent 'Her the eo't. ... o-I li nk. 

4 MONITOR,fUN-ClIOllS 

401 Network 1/0 dri'Ve.rs 

4 .. . ) I np ut 

4011 .. InpUt .. "ssage from IMP. 

4 .. I b Do e r r o 'r 'eheckin9 on message. 

4albl VerifY checksum 

4 .. I b2 S~ lnd . ""'e ssage reci ev ed" akniOw ledgement .r>v<!r control 
link if .ak~no.ledge mode is in effecL. 

4a Ie (tra'ls.)charaeter tran s lation. 

4a I·c I Toere: is 
t,. .. oslal ilon m<lY 

a slro n9 possibil.H.Y 
be done in the IMP. 

the 

4ale2 lOls oeecls to be e)(plored further with BBN. 
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4alc3 Tl>ere are two main considerations 

4 .. lcla· Shoul d the transl taion De done oy ta~le or 
... 190- .i ,t hIm"? 

4"Jlc)'al Initially it see .. s as though the best w., to 
9G lis tab Ie. 

4alclb· How Ishould we decide wihich ·messaqe.,. should be 
tramllatled. i.e. is it desirable to nDl trilnsllate 
everrLhi ng (YES! ! I and by what me ans call we us., t G 

diffM' en Uat e1 

4 .. ld Oecod" I header. and pass message to correct 
identified by .source. and link. 

4 .. 2 Output 

4a2a Build header 

4a2b (lhara:t.er l tra nsla tion 

4a2bl S,e rem .. rks under the section on ou t put 
tra ns laU 1011 (tra ns). 

4 .. 2c CreaU r.: htecKsum 

4 .. 2d Chock sta·tu'i of link 

necipient as 

4a2dJ If ·th·er" 
tr .. nsm itt .. ,d out 

has no t 
the link. 

been a RF INM sirice the .lasl me ssdge 
wait for it. 

4a2e Transmid. .message to IMP 

4 .. lf ..If ak,o.~l.edge mode is in effect. wait for 

4 .. 2· f I R'NlI1 Ifrom des tination IMP. 

4 .. 2f2 R?s lpo.nse from deslin.tion HOS. over contr04 line 0_ 

4 b N el wo r k s tal U'i 

4bJ f1aint.ain ;tatlus of other HOSTs on network 

4b 1<1 If an .lrlPI is down. lhen his HOST is considered lo be down. 

4b2 Mal nl.in st at us 0 f contro 1 1 ine s . 

40J Answer st3t l .. s · qLleries from othe,- HOSTs. 

4b4 Infor .m olh .. r , HOSTs as to stalus of pr im .. ,- y and auxi Iltary 
lA:nKs on .a" i,t ferrupl basis ... 

B 





405 I nform other HOS Ts as to status of programs us in.., primary and 
s ..con dary linl<,. 

5 EXECuTIVE PRIMITUflS 

Sa PrAmary L inle,; 

5dJ These requi. re' lAe HOST number as a parameler_ 

Sa la Estdbli sh pri mary linl< 

5a lb ( ome:t , controlling teletype to primary linl< 

Sale INPUTlOtUTPUT over primary link 

Sd Id I nlerro'Qa'te status of primary link 

Saldl d~nl't know what. exactly . this s hould do. Dut it -seems 
as thou9hl it might be useful. 

'jal e Oisc01n'ect controlling teletype from prima,-y linK 

Salt Kilt ''-'imary link 

Sb Au>, d liary links . 

5bJ a reCJJi.-e5 the HOS r number as a para'meter 

5blb It retUlrn 's a logical linl< number which is s imll .. r to a 
f i l .. ineex. I t is this number wnich i<;; passee to all of the 
otlhe,- Auxillilary routines as a parameter. 

SOL I NPUT/OUT?UtT over auxillidry link 

Sal Inler,rogdle' status auxllilary I inl< . 

SbJa dlon't know what. exactly. this should ,cle . but it seems as 
thou'9h it nit9h'l De useful. 

5 b4 K H I auxill ia r¥ link. 

~c Special eX\J:ulitve, functions 

ScJ Transparent , INPUT/OUTPUT over linl< 

Sc la T,his. oalY be used to do blOCk I/O t,-ansfers OV E: r a Hnl< 

Sc Ib rhe fJn 'ct ion of the moni tor in this i nslance is to 
transfer a buf ' fer directly to its IMP 

5c Ie At do~s ' not modify it in any way 

9 





5clcl This means that the header and oth er co nil. ro 1 
i :nfor .... li.oon mus t be in the buffer. 

Sc Id The i)t.ended use of this is for net ... ork debu9<Jtng. 

b INITI 'AL CHEClKOur 

ba The network will be initially checked out using lhe tinks 
simuJ.ale,d da ta-pho ne mod e. 

baJ All nessage' wttl De one character in length_ 

i.rn a 

6 .. 2 Links will be transparent to the monilor. and .controlle.d by 
user ' pro~ram lIi ta la speclal executive primitive .. 

6a2a The i)i..tilal t est wi 11 be run from two user programs in 
di ffereAl HOSTs. e.g. DDT to DDT. 

ba2b It will. be I'arallel e d by a l elephone li.nk or s,;m ilar_ 

10 
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dual transmission? 

ABSTRACT 

JFR 

DEL 

.DSN=l; . LSP=O; [' =] AND NOT SP 

The Decode - Encode Language (DEL) is a machine independent language 
tailored to two specific computer network tasks : 

[' ?] ; 

accepti ng input codes from interactive consoles, giving immediate 
feedback, and packing the resulting information into message 
packets for network transmissin . 

and accepting message packets from another computer, unpacking 
them, building trees of display information, and sending other 
information to the user at his interactive station. 

This is a working document for the evolution of the DEL language . 
Comments should be made through Jeff Rulifson at SRI. 

FORWARD 

The initial ARPA network working group met at SRI on October 25- 26, 
1968 . 

I t was generally agreed beforehand that the runmning of interactive 
programs across the network was the first problem that would be 
faced. 

This group, already in agreement about the underlaying notions of 
a DEL - like approach , set down some terminology, expectations for 
DEL programs, and lists of proposed semantic capability . 

At the meeting were Andrews , Baray, Carr, Crocker, Rulifson, and 
Stoughton. 

A second round of meetings was then held in a piecemeal way. 

Crocker meet with Rulifson at SRI on November 18, 1968 . This 
resulted in the incorporation of formal co-routines . 

and Stoughton meet with Rulifson at SRI on Decembeer 12, 1968 . It 
was decided to meet again , as a group, probably at UTAH, in late 
January 1969. 

The first publiC release of this paper was at the BBN NET meeting in 
Cambridge on February 13, 1969. 

NET STANDARD TRANSLATORS 

NST The NST library is the set of programs necessary to mesh 





efficiently with the code c ompiled at t he user sites f rom t he DEL 
programs it receives . The NST-DEL approach to NET interacti ve s ys tem 
communication is intended to operate over a broad spectrum . 

The lowest level of NST-DEL usage is direct transmission to the 
server -host, information in the same format that user programs 
would receive at the user -host . 

In this mode , the NST defaults to inaction. The DEL program 
does not receive universal hardware representation input but 
input in the normal fashion for the user-host . 

And the DEL 1 program becomes merely a message builder and 
sender . 

A more intermedi ate use of NST- DEL is to have echo tables for a 
TTY at the user -host . 

In this mode, the DEL program would run a full duplex TTY for 
the user . 

It would echo characters, translate them to the character set 
of the server -host, pack the translated characters in messages, 
and on appropriate break characters send the messages. 

When messages come from the server -host , the DEL program would 
translate them to the user -host character set and pri nt them on 
his TTY . 

A more ambitious task for DEL is the operation of large, 
display-oriented systems from remote consoles over the NET . 

Large i nteractive systems usually offer a lot of feedback to 
the user . The unusual nature of the feedback make it 
impossible to model with echo table , and thus a user program 
must be activated in a TSS each time a button state is changed . 

This puts an unnecessarily large load on a TSS, and if the 
system is being run through the NET it could easily load two 
systems . 

To avoid this double overloading of TSS , a DEL program will 
run on the user -host. It will handle all the i mmedi ate 
feedback, much like a complicated echo table . At appropriate 
button pushes, message will be sent to the server -host and 
d i splay updates received in return. 

One of the more difficult, and often neglected , problems is the 
effective simulation of one nonstandard console on another non 
standard console . 

We attempt to offer a means of solvi ng this problem through 
the co- routine structure of DEL programs . For the 
complicated interactive systems, part of the DEL programs 
will be constructed by the server-host programmers. 
Interfaces between this program and the input stream may 
easily be inserted by programmers at the user -host site . 

UNIVERSAL HARDWARE REPRESENTATION 





To minimize the number of translators nee ded to map any facili ty ' s 
user codes to any other facility , ther e is a universa l hardware 
representation. 

This is simply a way of talki ng, in general terms, about all the 
hardware devices at all the interactive display stations in the initial 
network . 

For example , a display i s thought of as being a square, the 
mid-point has coordinates (0.0), the range is -1 to 1 on both 
axes . A po i nt may now be specified to any accuracy , regardless of 
the particul ar number of density of rastor points on a display . 

The repr esentation is discussed i n the semantic explanations 
accompanying the formal description of DEL . 

INTRODUCTION TO THE NETWORK STANDARD TRANSLATOR (NST) 

Suppose that a user at a remote site, say Utah , is entered in the 
AHI system and wants to run NLS . 

The first step is to enter NLS in the normal way . At that time 
the Utah system will request a symbolic program from NLS. 

REP This program is written in DEL . It is called the NLS 
Remote Encode Program (REP). 

The program accepts input in the Universal Hardware 
Representation and translates it to a form usable by NLS . 

It may pack characters in a buffer, also do some local 
feedback . 

When the program is first r eceived at Utah it is compi led and 
loaded t o be run in conjuncti on with a standard library. 

All input from the Utah console first goes to the NLS NEP . It is 
processed , parsed, blocked , translated, etc . When NEP receives a 
character appropriate to its state it may finally initiate 
transfers to the 940 . The bits transferred are in a form 
acceptable to the 940, and maybe in a standard form so that the 
NLSW need not di fferentia t e between Utah and other NET users . 

ADVANTAGES OF NST 

After each node has implemented the library part of the NST, it 
need only write one program for each subsys tem, namely the 
symbolic file it sends to each user that maps the NET hardware 
representation into its own special bit formats . 

This is the minimum programming that can be expected if 
console is used to its fullest extent . 

Si nce the NST which runs the encode translation is coded at the 
user site, it can take advantage of hardware at its consoles to 
the fullest extent . It can also add or remove hardware 
features without requiring new or different translation tables 
from the host . 





Local users are also kept up to date on any changes in t he s ystem 
offered at the host site. As new features are added, 
the host programmers change the symbolic encode program . When 
this new program is compiled and used at the user site, the new 
features are automatically included . 

The advantages of having the encode translation programs 
transferred symbolically should be obvious . 

Each site can translate any way it sees fit . Thus machine code 
for each site can be produced to fit that site; faster run 
times and greater code density will be the result . 

Moreover, extra symbolic programs, coded at the user site, may 
be easily interfaced between the user's monitor system and the 
DEL program from the host machine . This should ease the 
problem of console extension (e . g . accommodating unusual keys and 
buttons) without loss of the flexibility needed for man-machine 
interaction . 

It is expected that when there is matching hardware, the symbolic 
programs will take this into account and avoid any unnecessary 
computing . This is immediately possible through the code 
translation constructs of DEL. It may someday be possible through 
program composition (when Crocker tells us how??) 

AHI NLS - USER CONSOLE COMMUNICATION - AN EXAMPLE 

BLOCK DIAGRAM 

The right side of the picture represents functions done at the 
user's main computer ; the left side represents those done at the 
host computer . 

Each label in the picture corresponds to a statement with the 
same name. 

There are four trails associated with this picture . The first 
links (in a forward direction) the labels which are concerned 
only with network information . The second links the total 
information flow (again in a forward direction) . The last two 
are equivalent to the first two but in a backward direction . 
They may be set with pointers tl through t4 respectively . 

[">tif:] OR I" >nif"] ; ["<tif:] OR ["<nif"]; 

USER-TQ-HOST TRANSMISSION 

Keyboard is the set of input devices at the user's console . 
Input bits from stations, after drifting through levels of monitor 
and interrupt handlers, eventually come to the encode translator. 
[>nif (encode)] 

Encode maps the semi - raw input bits i nto an input stream in a 
form suited to the serving-host subsystem which will process the 
input. [>nif (hrt) <nif (keyboard) ] 





The Encode program was supplied by the server - hos t subsys tem 
when the subsystem was first requested. It i s sent t o t he user 
machine i n symbolic form and is compiled at the user machi ne 
into code particularly suited to that machine . 

It may pack to break characters, map multiple characters to 
single characters and vice versa, do character translation, and 
give immediate feedback to the user . 

1 dm Immediate feedback from the encode translator first goes to 
local di splay management, where it is mapped from the NET standard 
to the local display hardware . 

A wide range of echo output may come from the encode 
translator. Simple character echoes would be a minimum , while 
command and machine- state feedback will be common . 

It is reasonable to expect control and feedback functions not 
even done at the server -host user stations to be done in local 
display control. For example, people with high-speed displays 
may want to selectively clear curves on a Culler display , a 
function which is impossible on a storage tube. 

Output from the encode translator for the server-host goes to the 
inv i sible IMP, is broken into appropriate sizes and labeled by the 
encode translator , and then goes to the NET- to -host translator . 

Output from the user may be more than on-line input. It may be 
larger items such as computer-generated data, or files 
generated and used exclusively at the server-host site but 
stored at the user-host site . 

Information of this k i nd may avoid translation, if i t is already in 
server -host format , or it may undergo yet another kind of translation 
i f i t i s a block of data . 

hrp It finally gets to the host, and must then go through the 
host recepti on program . This maps and reorders the standard 
transmission -style packets of bits sent by the encode programs 
into messages acceptable to the host . This program may well be 
part of the monitor of the host machine . [>tif(net mode) <nif(code)] 

HOST- TO-USER TRANSMISSION 

dec ode Output from the server-host initially goes through decode, 
a translation map similar to, and perhaps more complicated than, 
the encode map . [>nif(urt»tif(imp ctrl) <tif(net mode)] 

This map at least formats display output into a simplified 
logical - entity output stream, of which meaningful pieces may be 
dealt with in various ways at the user site . 

The Decode program was sent to the host machine at the same 
time that the Encode program was sent to the user machine . 
The program is initially in symbolic form and is compiled 
for efficient running at the host machine . 

Lines of charaters should be logically identified so that 
different line widt hs can be handled at the user site . 





Some form of logical l i ne identification must also be made. 
For example. if a straight line is to be drawn across the 
display this fact should be transmitted. rather than a 
series of 500 short vectors. 

As things firm up. more and more complicated structural 
display information (in the manner of LEAP) should be sent 
and accommodated at user sites so that the responsibility for 
real-time display manipulation may shift closer to the user . 

imp ctrl The server -host may also want to send control 
information to IMPs . Formatting of this information is done by 
the host decoder. [>tif (urt) <tif (decode)] 

The other control information supplied by the host decoder is 
message break up and identification so that proper assembly and 
sorting can be done at the user site . 

From the host decoder . information does to the invisible IMP . and 
directly to the NET-to-user translator. The only operation done 
on the messages is that they may be shuffled. 

urt The user reception translator accepts messages from the 
user - site IMP 1 and fixes them up for user-site display . 
[>nif(d ctrl»tif(prgm ctrl) <tif( i mp ctrl)<nif(decode)] 

The minimal action is a reordering of the message pieces . 

dctrl For display output . however . more needs to be done. The 
NET logical display information must be put in the format of 
the user site . Display control does thi s job . Since it 
coordinates between (encode) and (decode) it is able to offer 
features of display management local to the user s i te . 
[>nif(display) <nif(urt)] 

prgmctrl Another action may be the selective translation and 
routing of information to particular user - site subsystems . 
[>tif(dctrl) <tif(urt)] 

For example. blocks of floating -poi nt information may be 
converted to user-style words and sent. in block form. to a 
subsystem for processing or storage. 

The styles and translation of this information may well be a 
compact binary format suitable for quick translation. rather 
than a print - image - oriented format. 

(display) is the output to the user . [<nif(d ctrl)] 

USER-TO-HOST INDIRECT TRANSMISSION 

(net mode) This is the mode where a remote user can link to a node 
indirectly through another node. [<nif(decode)<tif(hrt)] 

DEL SYNTAX 

NOTES FOR NLS USERS 





All statements in this branch which are not part of the compiler 
must end with a period. 

To compile the DEL compiler: 

Set this pattern for the content analyzer ( (symbol for up arrow)Pl 
SE(Pl) <- "-;) . The pointer "del" is on the first character of pattern. 

Jump to the first statement of the compiler . The pointer "c" 
is on this statement. 

And output the compiler to file (0 lA-DEL 0 ). The pointer "f" 
is on the name of the file for the compiler output -

PROGRAMS 

SYNTAX 

-meta file (k=lOO.m=300,n=20,s=900) 

file = mesdecl ~declaration ~procedure "FINISH"; 

procedure = 

procname ( 

type "FUNCTION" I 

"PROCEDURE" ) .id (type .id I -empty)) I 

"CO-ROUTINE") 0 I 

I$declaration labeledst ~(labeledst 0;) "endp . "; 

labeledst = ((left arrow symbol) .id 0: I . empty) statement; 

type = "INTEGER" I "REAL" ; 

procname = .id; 

Functions are differentiated from procedures to aid compilers in 
better code production and run time checks. 

Functions return values. 

Procedures do not return values . 

Co-routines do not have names or arguments. Their initial 
envocation points are given the pipe declaration . 

It is not clear just how global declarations are to be?? 

DECLARATIONS 

SYNTAX 

declaration = nurnbertype I structuredtype I label I lc12uhr I 





uhr2rmt / pipetype ; 

numbertype '" : ("REAL" / "INTEGER") ("CONSTANT" con list / 
varlist) ; 

conlist '" 

.id '(left arrow symbol)constant 

Ii(' .. id '(left arrow symbol) constant) ; 

varlist '" 

.id (' (left arrow symbol)constant / . empty) 

Ii(' .. id(' (left arrow symbol)constant / .empty)); 

idlist '" . id Ii ('. . id) ; 

structuredtype '" (tree" / "pointer" / "buffer" ) idlist; 

label'" "LABELl" idlist; 

pipetype '" PIPE" pairedids Ii (', pairedids); 

pairedids '" . id . id; 

procname '" .id; 

integerv '" . id; 

pipename '" . id; 

labelv '" . id; 

Variables which are declared to be constant, may be put in 
read-only memory at run time . 

The label declaration is to declare cells which may contain the 
machine addresses of labels in the program as their values. This 
is not the B5500 label declaration. 

In the pipe declaration the first . 10 of each pair is the name of 
the pipe, the second is thke initial starting point for the pipe. 

ARITHMETIC 

SYNTAX 

exp '" "IF" conjunct "THEN" exp "ELSE" exp; 

sum '" term ( 

'+ sum / 

- sum / 

-empty); 

term '" factor ( 





'* term / 

'/ term / 

, (up arrow symbol) term / 

.empty) ; 

factor = '- factor / bitop; 

bitop = compliment ( 

'/' bitop / 

'/'\ bitop / 

'& bitop / ( 

. empty); 

compliment = " __ " primary / primary; 

(symbol for up arrow) means mod. and /\ means exclusive or. 

Notice that the uniary minus is allowable, and parsed so you can 
write x*-y. 

Since there is no standard convention with bitwise operators, they 
all have the same precedence, and parentheses must be used for 
grouping . 

Compliment is the l's compliment. 

It is assumed that all arithmetic and bit operations take place in 
the mode and style of the machine running the code. Anyone who 
takes advantage of word lengths, two's compliment arithmetic , etc . 
will eventually have problems. 

PRIMARY 

SYNTAX 

primary = 

constant / 

builtin / 

variable / ( 

block / 

'(exp') ; 

variable = . id ( 

'(symbol for left arrow) exp / 

, ( block ') / 





· empty); 

constant = integer / real/string; 

builtin = 

mesinfo / 

cortnin / 

("MIN" / "MAX") exp $ (' . exp) '/ ; 

parenthesized expressions may be a series of express i ons . The 
value of a series is the value of the last one executed at run time. 

Subroutines may have one call by name argument . 

Expressions may be mi xed . Strings are a big problem? Rulifson 
also wants to get rid of real numbers!! 

CONJUNCTIVE EXPRESSION 

SYNTAX 

conjunct = disjunct ("AND" conjunct / .empty); 

disjunct = negation ("OR" negation / . empty) ; 

negation = "NOT" relation / relation; 

relati on = 

'( conjunct ') / 

sum ( 

It <=" sum I 

">=:: " sum / 

'< sum / 

'> sum / 

'= sum / 

'" sum / 

. empty) ; 

The conjunct construct is rigged in such a way that a conjunct 
which is not a sum need not have a value, and may be evaluated 
using jumps in the code . Reference to the conjunct is made only 
in places where a logical deci s i on is called for (e . g . if and 
while statements) . 

We hope that most compi lers will be smart enough to skip 
unnecessary evaluations at run time . I. e a conjunct in which the 
left part is false or a disjunct with the left part true need not 





have the corresponding right part evaluated. 

ARITHMETIC EXPRESSION 

SYNTAX 

statement = conditional I unconditional; 

unconditional = loopst I cases I cibtrikst I uist I treest I 
block I null I exp; 

conditional = "IF" conjunct "THEN" unconditional ( 

"ELSE" conditional I 

. empty); 

block = "begin" exp ~ (0; exp) "end"; 

An expressions may be a statement. In conditional statements the 
else part is optional while in expressions it is mandatory. This 
is a side effect of the way the left part of the syntax rules are 
ordered. 

SEMI-TREE MANIPULATION AND TESTING 

SYNTAX 

treest = setpntr I insertpntr I de1etepntr; 

setpntr = "set" "pointer" pntrname "to" pntrexp; 

pntrexp = direction pntrexp I pntrname; 

insertpntr = "insert" pntrexp "as" 

«"left" I "right") "brother") I 

«"first" I "last : ) "daughter") "of" pntrexp; 

direction = 
"up" I 

"down" I 

"forward" I 

"backward: I 

"head" I 

"tail"; 

p1antree = "replace" pntrname "with" pntrexp; 

deletepntr = "delete : pntrname; 

tree = 0 ( tree1 0) ; 





treel = nodename $nodename ; 

nodename = terminal / '( treel ') ; 

terminal = treename / buffername / poi nt ername ; 

treename = id ; 

treedecl = "pointer" . id / "tree" . id ; 

Extra parentheses in tree building results in linear subcategorization, 
just as in LISP. 

FLOW AND CONTROL 

controlst = gost / subst / loopstr / casest ; 

GO TO STATEMENTS 

gost = "GO" "TO" (labelv / . id); 

ass i gnlabel = "ASSIGN" .id "TO" labelv; 

SUBROUTINES 

subst = cal 1st / returnst / cortnout; 

cal 1st = "CALL" procname (exp / .emptyu); 

returnst = "RETURN" (exp / .empty); 

cortnout = "STUFF" exp "IN" pipename ; 

cortnin = "FETCH" p i pename; 

FETCH i s a builtin function whose value is computed by envoking 
the named co-routi ne. 

LOOP STATEMENTS 

SYNTAX 

loopst = whilest / untilst / forst; 

whilest = "WHILE" conjunct "DO" statement; 

untilst = "UNTIL" conjunct "DO" statement ; 

forst = "FOR" integerv ' - exp ("BY" exp / . empty) "TO" exp 

"00" statements; 

The value of while and until statements is defined to be false 
and true (or 0 and non - zero) respectively . 

For statements evaluate thei r initial exp, by part, and to part 
once, at initialization time . The running index of for 
statements is not avai lable for change wi thi n the loop, it may 
only be read. If, some compilers can take advantage of this 
(say put it in a register) all the better . The increment and 





the to bound will both be rounded to i ntegers during t he 
ini tial1zation . 

CASE STATEMENTS 

SYNTAX 

casest = ithcasest / condcasest; 

ithcasest = "ITHCASE" exp "OF" "BEGIN" statement $('; 
statement) "END" ; 

condcasest = "CASE" exp "OF" "BEGIN" condcs $('; condcs) 
"OTHERWISE" statement "END"; 

condcs = conjunct ': statement; 

The value of a case statement is the value of the last case executed . 

EXTRA STATEMENTS 

null = "NULL" ; 

I/O STATEMENTS 

iost = messagest / dspyst 

MESSAGES 

SYNTAX 

messagest = buildmes / demand ; 

buildmest = startmes / appendmes / sendmes; 

startmes = "start" "message" ; 

appendmes = "append" "message" "byute" exp; 

sendmes = "send" "message" ; 

demandmes = "demand" "Message"; 

me sinfo = 
"get" "message tl "byte" 

"messagel" "length" / 

"message" empty : '? . , 

mesdecl = "message" "bytes" "are" ,byn "bits" long" , 

DISPLAY BUFFERS 

SYNTAX 

dspyst = startbuffer / bufappend / estab; 





startbuffer - "start" "buffer"; 

bufappend = "append" bufstuff $ (' 6< bufstuff) ; 

bufstuff = : 
"parameters" dspyparm $ ('. dspyparm) / 

"character" exp / 

"string"l strilng / 

"vector" ("from" exp ': exp / . empty) "to" exp ' . exp / 

"position" (onoff / . empty) "beam" "to" exp '= exp/ 

curve" ; 

dspyparm F : 

"intensity" "to" exp / 

"character" "width" "to" exp / 

"blink" onoff / 

"italics" onff ; 

onoff = "on'l / I'off" ; 

estab = "establish" buffername; 

LOGICAL SCREEN 

The screen is taken to be a square . The coordinates are 
normalized from - 1 to +1 on both axes . 

Associated with the screen is a position register, called 
PREG . The register is a triple <x.y .r> where x and y 
specify a point on the screen and r is a rotation in 
radians, counter clockwise, from the x - axis . 

The intensity, called INTENSITY, is a real number in the 
range from 0 to 1. 0 is black, 1 is as light as your 
display can go, and numbers in between specify the relative 
log of the intensity difference . 

Character frame size . 

Blink bit . 

BUFFER BUILDING 

The terminal nodes of semi - trees are either semi-tree names 
or display buffers . A display buffer is a series of logical 
entities, called bufstuff . 

When the buffer is initilized, it is empty . If no 
parameters are initially appended, those in effect at the 





end of the display of the last node in the semi - tree will be i n 
effect for the display of this node . 

As the buffer is built, the logical entities are added to it . 
When it is established as a buffername, the buffer is 
closed, and further appends are prohibited . It is only a 
buffername has been established that it may be used in a tree 
building statement . 

LOGICAL INPUT DEVICES 

Wand 

Joy Stick 

Keyboard 

Buttons 

Light Pens 

Mice 

AUDIO OUTPUT DEVICES 

.end 

SAMPLE PROGRAMS 

Program to run display and keyboard as tty. 

to run NLS 

input part 

display part 

DEMAND MESSAGE; 

While LENGTH" 0 DO 

ITHCASE GETBYTE OF Begin 

ITHCASE GETBYTE OF %file area uipdate% BEGIN 

%11 teral area% 

%message area% 

%name area% 

%sequence specs% 

%filter specs% 

%format specs% 





%command feedback line% 

%filer area% 

%date time% 

%echo regist er% 

BEGIN %pEL control% 
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CONVERSATION WITH BOB KAHN 

Steve Crocker , UCLA 
10 April 1969 

I talked with Bob Kahn at BB&N yesterday . We talked about code conversion 
in the IMP's, IMP-HOST communication, and HOST software. 

BB&N is prepared to convert 6, 7, 8, or 9 bit character codes into 8 -bit 
ASCII for transmission and convert again upon assembly at the destination 
IMP . BB&N plans a one for one conversion scheme with tables unique to the 
HOST. I suggested that places with 6-bit codes may also want case shifting . 
Bob said this may result in overflow if too many case shifts are necessary. 
I suggested that this is rare and we could probably live with an overflow 
indication instead of a guarantee . 

With respect to HOST- IMP communication, we now have a five bit link field 
and a bit to indicate conversion. Also possible is a 2-bit conversion 
indicator, one for converting before sending and one for converting after . 
This would allow another handle for checking or controlling the system . 

The HOST can send messages or portions of a message to its IMP specifying 

1. Tracing 
2 . Conversion 
3 . Whether message is for destination IMP or HOST 
4. Send RFNM 
5 . HOST up or down 
6. Synchronization 
7 . Format Error Messages 
8 . Master Link Clear 
9. Status Requested 

The IMP can send to its HOST information on 

1 . Conversion 
2 . REFNM Arrived 
3 . IMP up or down 
4. Synchornization 
5 . Called HOST not Responding 
6 . Format Error 
7. Status in IMP 

I also summarized for Bob the contents of Network Notes 1, 2, and 3. 
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HOST-IMP I~TERFACE (NWG/ kfC 7) 
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ARPA Network: Specification Outlines of the nOST-IMP (HI) Interface 
Progr'l.lIls 

G. Deloche 
May 196~j UCLA 

Out.line 

I. Introduct.ion 

II. Scope of t.he software organizat.ion 

11-1 ~etwork program. 

11-2 hanaler pro~ram 

II I. "!'uest ions 

I. Introduction 

This paper is concerned wi,th ,the ,pr.eliminary software ,clesill:n of 
;~,,",:,,,,.,, ,,. ~. ,., •. ,, .. ,,~P~iJ!'9.S.J,~I,I:1P ,,1.~t~r~aC:1l, !. , I~,S ma~n ~urpos'e ' ils' on ' th'~ one ha.nd to 

define 'f un'ctfon s" t Ra. t ' · ",1it ·, tI 'e '''1:i1i'li'l:-e'ifi'eh~l!tI'i'''' '''II;tr!S''''o,n' ,''tihe<- ()1)he,ro",',h.nc1,~,'·"",:", 
to provide a base for ~iscussions and i •• (unreaclable). 

.~ " .... 

Thill study is ba.sed upon a study Of the BaN Report No. 763 • 
• 

II. Scope of the soft.ware or ganization. 

~he syst.em is cased upon two main proera ms : tne Handler 
pro~ra m that. arives t.ne channel harcl~are unit. , and t.he Networ~ 

prog ra m ,hicn carr~e s out t.ne , user ' s trans mission requests. 

AS the c0mmun~cation is full duplex , each of tneae program~ 
can oe viewed as a~viaed int.o two parts: one is concerned wit.h 

'" the out.put. <:lata, th,e other wit.h the input. (See , fi~. ,1) 

These two pro? rams eXChanF,e data t.hrough a pool of bUffers, 
and logical information t.hrough a.n interface table. 

In the followin~ we only focus on the out.out part of eaCh 
pro~ram (see fig. 2). Tne input part WOUld be very similar. 

11-1 Netwo rK Program 

11-1-1 MUltiplex function 
, , ' 

., ,,' -. ,,,,: ," '., ' ," " "".,. """ Th'i's' ·pro'Jl:r'a'm ~ 'multiple~e's .. ,the, o'u ,~g'oing .. messag,es .. (anl;\"",.', ",_ 
aistributes the incoming messages) - The multiplexint 

"",", consist.s, in staCKing up all ther user's (?r caller, or 

• ....1 •• 
,'. '. ", 

', '.,' ..••.. 





party) •• (unreadaOle) and tillln~ up the pool of bUffers 
so as to Keep the handler ousy emittirg 

Multiplexing (an d aistrioution) is based on tne linK 
identification numbers. (LinK - lo~ical connection between 
two users). The mUltiplexing proolem is closely related to 
the interface between a user's pro~ram and the network 
pro~ram, that is in fact ••• (unreadable) operatin2 system 
(see below; Questions) 

II-1-2 Output messaF.e p rocessin~ 

• 

Whe n a user's p ro ~ ram ~ants to sena out text it snould 
indicate the following information (thrOUgh a m~cro, or as 
call p parameters): text location, text length in bytes. 
and destination-

Using these data the ~etworK pro~ram: 

* prepares a 16 oit Host Leading (1 bit: trace, 2 bits: 
spares , 8 bits: link identification no., 5 bits: 
destinatlon nost) 

* inserts a 16 bit m arKin~ between the header and the 
text so as to start the "text at a "" word boundary. This 
markin ~ conslsts of a one precedin~ t he first bit of the 
text and, in turn, preceded "by flfteen "~eros to fill up 

* cne c ks he len gth of t oe user's text - if it exceeds 
1006 Oytes [ .xxx. J tne program breakS down the text 
into a sequence of messages whose maximum length is 1006 
bytes - ~acn of these mes sages is preceded by a headin~ 
a8 explained above. 

~e m arK : in that case one of the heading spares coula 
be used for indicatin. tnat several messa~es belong t o 
the Sd.Re tex t. 

* t ra~scodes the ~B CDK cnaracters constituting the 
messa~es into ASCII characters. 

* fills the buffers of t he poo l with the contents ot the 
messages. 

* updates tne content of the interface taOle and moves 
the filling pointer (see below) 

II-2 Handler P r o~ra~ 

Thi s p ro ~ram lS initiated eltfter by the networK program, or OY 
the 1/0 interrupt 

,;-,,~. . ,0',- ~ ' .• '.", . ,". """-' .. '~" . . .... '; ... 1,,· .. •.•.•..... " .. . . Fl. .. ·• •• _' . ~ ' 'i' • . . ... ,-,.~, .... , .. , r'~ " -~·'''':'' '' ' .''\'; •. , ..... ~~ ., .... , . ~. 





This program will be very snort. It will be coded in master 
mode (privi1ege~ in3tructions) and should be integrated in the 
I/O supervisor of the operatin( system. 

," A , •• 

This prol(ram: 

* controlS the channel hardware unit. It initiatee the 
emission * contro13 the channel hardware unit. It 
initiates the emiSSion, eventually provi~~e data chainin~ 
between the bUffers, tests tne different , device status upon 
receivin ~ an interrupt ' 

el~pties the buffers that are filled u~ by toe networK 
program. 

* exn10res and updates the interface table (see below) 

* can ev p ntual1y insure a control transmission procedure 
with the I MP (See Questions ) 

11-3 Buffers ana Interface Table. 

II-3;1 Buffe rs. 

They should 
message text 

be large enou~h for cont'aining the maximum host 
+ heading and marKing (1006 + h • 1010 bytes) 

, " ': . 

',." 'H- ' " ,~" ,~· ·, ,,> .. ' "',,, ;. ",~","I_ .. v,"" Cons e q u,e n,t-ly." the .. . b u,f ller..- .:t'I~···O,O,I1J.d:,,· -b-l: ·' ,oI:tQ-4ell':'"e.~a.1", ,~o, . ,,2.S6, ,,",," 
woras (1 02 11l byte!!). As for the buffer number it will 
determine Oy tne linK utilization frequency -

11-3 - 2 Interface Table 
• 

It ~s t h rou ~h this table tnat the ne tworK pro~ram informs 
the ha nd1e.r witn the location and length Of the emittin~ 
data . 

ThiS ta~l~ coul1 oe a rin~ tao1e with two pointers: one 
for iilli~g, tne oth~r for extracting. They ~re 
respectivelY updated oy toe networK aria the ~and1er 
programs. 

***** 
III. Oues tion!l 

111-1 why is there not a simple control procedure between the 
host and the IMP? ~hat happens if a rnessa~e. issued from the 

HOST, reacnes the IMP witn an error due to the trans missio.? 

From the BBN specific~tions it appears that tnis error will 
be trans mitted as far as the receivinK HOST. 

~ ., .;; .~ ,. '. ' • . , ......... ..... ,~ .. ~.- , •• •• ,. ..... " ,I . ..... ' .. · ... ~ •• ~-· ·.' J'~~. ·1',';'" ~ ... ' ," :' .. .. . .. /' •• • •• ·I ••• :. , :. .•• ; ... ·.~. ": l"' .. .. .... ' ..... . . ... ....... ' ~ . .. , ........... _ 

.. : , " 





In that case must an HOST~HOST control procedure be provided? 

III~2 Jhere will the special channel hardware unit be connected 
(MlOP/SIOP)? 

HOW will tnis device be notified of an out~oing message end in 
order to start the paddin~? 

(The program will ' provide to the MIOP/S10P the 'number of bytes 
Of the outgoing message, ana will receive back an interrupt 
when the last byte is sent out. Is it that si~nal which will 
be also sent to the special device?) 

Vice versa hoW does the Hanaler know the len~th of the 
incoming message? From the contents of the previous one or 
should this program always be ready to receive a messaEe of 
maXimum length? (then an , interrupt should be tr~ggered when the 
real end is detected by ' the hardware). 

111-3 When does the Gordo documentation will be avallaole in 
order to design the user~network program interface. what are the 
meChanisms fo r program initiations, transferring parameters trom 
one prof-ram to anotnen etc. 

Fi~. 2 

• 
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I Tr~nsmiBsion fea~urs 

1 . Tr~nsmission checkin~ 
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I I funct10nal software specific~tions 

1 . User pro~rams . DEL language 
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III LinK establishmen~ procPdure 

1 . General procedure 

2 . Example 

I. Transmission Features 

1 - 1 Transmission checkin~ 

There exists two kinds ot transmission c hecki ng : 

* HII' to I MP 

It lS ~ cyclic cheCKSUm computed and cheeked by t he B~N 
haraware 

* HOST to Hul:i '£ 

It is R special 16 bit cheCksum comp\lte~ and checked by the 
HOST programs . 

for this purpose a HOST mess~ge is br oken down into 1152 
bits pieces 4, ~, C • • • (1152 • 22h sup 2 N pocKe t •• 
• (unreada.ble) 

for each ot pieces , we calculate Rn end - around car r ying sum 
~nd form the checksum a.s follows 1 

Checksu m = Sum of A + 2* Sum Of B + u* Sum Of C etc. • • 

This 16 bits checksum is located just ~fter t he m~ r king of 

I 
I 



I. 



the HOST headin~, tha~ is at the be«innin~ Of a meBBa~e text 
(see Fig. 1) 

This checKin~ procedure allows ~ne verif~cation of tne 
ri gh ~ IMP ~o IMP procedure . It also protects a~ainst HOST 
to IMP (or IMP ~o HOST) bad transmiss ion and against IMP 
packet nURher inversion. 

Remark : Example of an end-around carry sum 

1- 2 HOST(A) to KOST (R) 11nks 

32 links are possible between two HOSTS . Ea ch of those links 
are viewed as full dupleX . Link 0 is considered as a cont r ol 
linK (request connection , statuB of any Kind •••• ) . The 31 
others are usee either for "teletype like" connections or for 
file transmiss~on connections . A "TTY like" connection is one 
where : 

- ASCII characters are sent or received . 

- hchos are ~enerated by the remo~e HOST 

lhe re mo te HOST lOOkS for specific character (break or 
interrupt control characters). 

The transm1ssion 15 slow . 

II . Functional Software Soecifications (See Fi« . 2 ) 

11 - 1 User Pro~ram - DEL lanKuage 

It ' s an app11cation prOKram that eX1sts within a HOST . For 
example tne NtS pro~raln at SRI . For network purpo~es this 
program Should be viewed as parted in two: The local part and 
the hare par t (the hOdy) . 

The ha ro part reoresents the user aoplication . 

The local control part is the user interface . It exer~s 
immediate control of the terminal and provides specific 
responses to the man ' s inputs . 

In oroer to facilitate and speed up remote interaction the 
'local control' pro~ram can be trans mitted to anothe r Host . 
Thanks to that ca pability an UCLA user, for example , w~ll use 
its terminal exactly 11ke tne S~ l user use~ its own . Also on l y 
the program da~a are tr~nsmitted over the link (versus the 
user - termin~l d 1alo ~ ue) See fi~ . ? 

DEL lanvuar,e . (Decode En code Langua~e) 





The "local control" pro~r&m snould be written in the DEL 
l&ngua~e- When it is transmitted over to a remote HOST •• 
• (unreadable l~ne) . 

11 - 2 Network Program 

This program should provide: 

The out~oin g messar.es mUltiphasin~ (and ~ncoming messa~e 
distribution) 

The linK in~tiation procedure: see below 

The HOST messa~e Head~n~ . 

The "HOST-HOST" checKsum compUtation/checking . 

~he rece~v~n~ of the RFNM control meS3a~e5 . 

The supervisory controL of the Handler pro~ram . 

II - 3 Transmiss~on Handler Program 

This progra~ is ~nitiated e~ther by the networK pro~ram . or OY 
the I / O interrupt. Its purpose ~s to control the channel 
hardware unit . 

This pror,ram is very short and sloselY related to the NetworK 
program . 

Remark - AS the communication is full duplex , the Network and 
~andler programs can be viewed as div~ded into 2 parts l one is 
concerned is the outgoin~ messa~es . the other with the incoming 
messages . 

Ill . Link hstablishment procedure 

111 - 1 General Procedure 

* Establish l~nk to HO ST(X) . A "TT~ like" connection is 
established to HOST(X) . The connection is in a ore - log - in 
state. Standaru TT~ ••• (unreaaable ?codes ) ••• are 
expected . The remote HOST rrovides the echo . 

* send / Receive Characters over " TT~ like" linK . 

* hstablish file transmiss~on linK parallel to exi s t in~ "TTY 
like " l~nk . Tnis must be execuLed by both HOST user pro~ ra ms . 

* Send / ~eceive over "tile liKe " link 

111 - 2 Ex~mple 





Suppose th~t we, at UCLA, want to use NLS at SRI 

A. Local arran ~e~enta 

* Lor.-~n on local TTY to Sigma f . we are now talking 
to the com~and level of the Sig~a operatin, eyste~ . 

* Select an user program to put in executive on the 
Si~ma f . we start up a program we previously wrote . It 
w ~ll contI?? our TTY and the transmission with SRI 

* Or select the stanaard UCLA communication prov, r am . 
Tn i8 is the standard option for simple control of a 
remote HOST . 

B. Connection to SRI 

* Initiate link to remote HOST . The previously 
select~d pro gram asks the UCLA Ne twork proRram to 
~nitiate a link to SPI . The Ne twork pro~ra~ : 

Selects an open link e . g . 25 

Sends a messa~e to S~I ove r link a •• 
• (unreadaul e ) connection on link 25 . 

waits for an acceptance fro~ the SRI network 
prORram . This acceptance is in the form of anothe r 
messaKe over lillk O. 

If it should happen that bot h S~I and UCLA try t o 
initiate a connection over 25 , the one with the h i ~he r 
prior~ty wo uld prevail . (Th is is extremely rare ). we 
su ~"es t th a t the priority be exactlY the HOST 
ioent~fication numbe r . 

Th is connection is telety pe - li ke connection only a 
standard subset of ASCII character s is exoected or 
accepted . 

The connection is a ·pre-loR - in" connection . The 
remo t e HOST expects its s t andard log - in seq uenc e . 

This may be done e~ther by the ucla user program , if 
it knows now, or by the man at UCLA by tyoing the 
required sequence . ~e are now talking to the c ommand 
level of the SRI operating system , 

(in mdrEin): Get user pro~ra m at SRI into 
execution . 





C. Re quest 'local control' program from SRI . 

* The UCLA selected program sends a messa~e ove r the 
l1nk to the bRI user pro ~ ram . Tne messaRe req ues t s t h.t 
SRI transmit to UOLA tne 'local control ' prog r am whi c h i s 
written 1n the D~L language 

* We compile this program through our ••• (unr eada bl e 
7local) compiler 

* We turn control of the TTY link •• (unread a ble ). 
term1nal over the Just compiled DEL program . 

Fig . 2 

• • 
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2. I'.0SI'- liOS'l' ?rotocol - ,~~~ 

2.1 Logical Links (FIgure 2) 

Any INP can be vie',led as an interface between a local center and the 
trunk net\%r:(. Locally, an 1:11' may 'serve up to four J!OS1's; for each 
of them it provides 256 lozical links to any remote HOSI'. 

However. bet'deen an DIP a'1d all the other Ii·1Ps no more than 61) links 
may be in use sirrrollta!1eou~ly. In other ~IOrdS, a HOS'l' dialo(>Uinr; 
with a r emote HOST can consiucr its local Il'lP as a switchin:S center 
offerlne 256 lines to 'the r-ernote HOST/but only 64 can be activated _. 
at a time. (If a local center includes 11 HOSTs, 6/, should be shared 
amount the 11 hOSTs). 

Tne 256 logical links connectinG t';IO HOS'l's can be uistillcuisheo as 
follQ1.vs: ' 

Link 0 has a special status . It is the control link (connection 
requests, status report of ru1Y kind ••• ) . 

The 255 others can be used either as priorary links, 1. e., "teletype 
like" connect ion!;, or as auxUiury links for file transrnlssiol1. 

2.1.1 Prlrr.ary Link::) Feat ur0::; 

A primary link 
" is the first link e3tabllshed for iJ. iiOST:"HOST transmiss.lon. 
* is a "T1'Y- l i.ke" connection that is: 

- ASCII characters are tra1~mitted. 
- Echo5 are gcnerated hy the reinote Hosr.C. 
- Tne r Cfrlote HOST scan:; for break cnar·'l.ci7er. 
- 1'he trill1smisslon is :0 1 01; (less then 20 characters per secGnd). 

* is ma1nly used for transmitting control corrmands , i.e., for 
log- in to the r er:lote hDS1' operatinc system. 

* provides special buffe:'lnr; teChniques for slow, short 
. transm:lssion. 

2.1.2 Auxiliary Links Featl~es 

An auxiliary link 
* is used for trill1scQssion of large volLm2s of data, 
* is es tabl1she9 in paralld to the pri!:'.ary link 

* Cru1 'be' established only if the follO\;inC; conditions arC! 
fulfilled : 
user pro[;r'<L'nS, at the t';IO extremities, must both re'1uj.,e 
1 ts openine. 

li is used for either binary or (:M.racter tra'1smissio!1 . 





( 
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1 . Introduction 

This paper concentrates upon the riOc>'l'- HOS'l' d.ialot;Ue procedure . 

Chapter 2 describes th~ lOf,icnl 11n1(5 connecting the HOST, anu the way uaLa 
are exchaneed over these liru(3. 

The emphasis of Chapter:; 3, 1\, and 5 is on sortl'fare organization a'1d dat~ 
structure. 

Figure 1 hie;hlights the different prOf';ra'llS involved in a HOSE. 





2 .2 L.tnl< Establi:;h:nent 

2.2 . 1 Gene~al Procedures , '. 
( Each HO.:;T(;() user 11111 re3~ect the follol'iinS procedure for 

cOlTrnunicatine I"ith HOS'l'(Y). 

(a) . Establish" orimaX'" link to HOS'l'(Y) . 

(6 ) 

(c) 

(d) 

A prir.I'lI"J l1nl< is cs ta.'l lished to HOST (Y) throu.c;h the 
control liru< O. The connection is then in a prQ- lo3- in 
state , i . e., the remote HOST expects its standard lOG- in 
procedures. 

L03:" i n Seo~!:!££ 
Standard P.S(;ll char:lcters are 5cnt/!'ecei ved over the 
prL'TlaI'Y link. In that I"ay , the H03T(X) user dGJ1s in 
to remote HOS'l'(Y) by usinr; its standard log- in procedures. 

Establish an A.uxil ia...-" link to J[oS'r(Y) 
'rhis est.:'.bl1silrr.cnc must be- executed by both extremities. 
As in (a), this is done by usinG the control .linl< O. 

Send/Receive 'i.'ext ovp.r Auxiliary link 

2.2 . 2 Example 

Fisure 3 focuses on the data exchanged over the links during 
a HOST(X)- J!OST(Y) dialogue . 
HOS'l'(X) has the network identification 8. 
llOST(Y) has the networl< identification 5. 
Notations Used: . 

(. * Circled stuffs represent characters , e . G .~ 
ii Parenthesised nurrhers are usecl f or cross l'c:' crencjng ~11t;h 

further explar~tions , e . g . (2 ) 

( 

Explanations 

* (1 ) and (2) constitute the pr:!m..try link establl.f,(lffient 
-H~(D~e • .cl3~h@.J'ollO\"in!'; massage over link 0 : 
" L"N 2,RLU.i".·11!" rio:'!"..,' o"'r .... " . 1.:.1.1 '~. ___ <:: -!f:", r:- . 

. 'l: Enquiry for l1nl< est?.b l i::;hrrent (ASCII cha."'C.cter) 
RIf:p: Lin!< type : pr.Lrmry (Special Character) 

o (1,. 2 Logical link identification nU'l'ber in decimal 
(3 ASCII character!; ) . 

@ : Options : it is an alph:mllr.lerical character, e.r; .@ . 
Possible or,:tions could be : Full Echo , data type . • . 

-I1.9.~(¥l. p..cJ.:nq' .. ~le'\'?";,.b." sendine; bacle : 
:~~>'~Q T;U:.Y .Q)~),·~)(~tl " 

{

@:i9 : posUve "c:zIO'.'llcrjc;e:cent (ASCII character) -L~nk 12 
is nOI:/ est.:..z..':,llshed l 

,.~ -"-"', " .,"'\ -;;;'-,\ 
( .. Et;Q',U~W) '~Q.' ~, ?:...I~0 : The prcv:i,CL!5 !Iiessae;e is re:-turneti to 
~.- - the rcqc:c3tor for security purpose . 





( , 

( 

" (3) a'1d (4) comltitute a trivial example of a l og- in 
procedu."'e - Sec rell'.:rrk 2 belo;,:- ' 

*(5): 1 iOST (I.) , talKing t o the opcr3.tins system of EOS'r(Y) , 
requests for UP~A. UHSA is supposed to be a user application 
program :In HOST(Y). 

*(6) a'1d (7) constitute the auxiliary link establiG~ent . 
Aft er ( 5 ) I an auxiliary Link should be established. This 
is done by fDS,:\(X) since it ' has the hic;her identification 
number , in net\iork . e . t; •• 8 against 5. 
The procedure is ve~J much like (1) ar.d (2) 

*(8): HOST(X) transrnts a "f11e" to URSA. The tr<msmission 
is done over link 25 which has just been estabLished. 

*(9) : JiOS1'(Y) , ans\lers back with a "f11e" over link 25. 
And the dialoeue sacs on ••. *1) : HOS1'(X) free:> the links he has established 

f
' : End of tra'1smisslon (ASCII character). 
o 0\2; : i~umber of links w:mted to be closed C3 ASCII chAracter) 
O\ ! ~0)~j): Link ' identification nu'11bcr (ASCII characters) 

;/(11) OO3'l'(Y) acY.nollledf,cs back as in (2), (7). 

Remark 1 : '!'he rigure 3 dce!;n I t show the heading of each 
messaGe which :lJ'e of course tr,::J1sm1tted oVer these links. 
'I'he characters repre,;en\'ed on each line should be vieHed 
inser·ted in the t ext zon£: of a rnes~ar::;e. 

Remark 2: T'nese c'1aJ"actelO'5 - see (3) anu · (4)- can elther 
be transmitted one at; a tiICe over the line (each character 
constitute:; the text 0;' a !1CSs::lf;e) or be paclced before 
transoU.5!lion by t,'lC w;cr communication pror;rain . 

In either c?se, the l"cmote BOSi' ca'1 consider the liri!< as 
a nOn11C.l teletype (Searchs breaJd~ characters, provides 
'echos . .. ) • 

Hemarlc 3: In (2), (7), or (ll), f10S',r4) can anSI'ier ~cl~ a 
negatJ. 'Ie a:\cno\/ledc~:nent character Q:.'\9 insteitd of ~CJ() • 
'!'his , for m'my v2.ri,o'~s reasons such as bad trsllSmiSSlOrl , I [O~}'l'(X) 
1-12I1ts to open a li.l:J.k...alr~ establiY~d. and so forth . The 
message could be Q:0) 0 vlhere @.m is a character 
ir.dicatin3 \Ihy the pr'8'/ious block h?..3 {:en refused. Upon 
receiving bacx such nell<,ctlve aclcno\'lledge[~ents , HOST(;<) vlill 
repeat its mC8sa:;c l.!:-lLll XO:,T(Y) accept" it. ,~emer3ency 
proceaure ,,;i11 take place if too many succc:>s1 'Ie NAl( occur . 

\I 
" ., 
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c 

nct':!f)J':< Scrvic~ Call.:; 
==---=-..=.:':::"=:::""':':,-";-"=':"'-:== 

A user proQ'C-"1 o.c ,:c:;~e..; tile neL\·:or k f;lcilltlcs (link e~tatJl1shnr.nt , data 
tranz;:li:;sion . . . ) thrOJl0?l service cal.ls. Under execution, a sCl'v.lce call 
traIlS to a monitor service routine th:lt interpret:> and executcs t:lC ser
vice. Control is then routed back to t~le user progra<:1. 

3.1 List of scr'I'ce c11.11:; at use!"s di~cosa1 . 

(a) O;)en Prk.:.lr.'l Li.Tlk 

OPEliPHL·I(PRJM 10, m:';'i'ID, BtPF'ADDR , Ii,~·;Wl'-COr:;E, [OFTJ ) 

PRI:·IT.D: User' id'~nt1flc.'ltion of the prima.!·y link . 
Ho.sr~'ID ; RC!":'lote1:.:)'S·.L' , identi:-'ica.tiofl . 
BUFi(ADLm : Buffer address for the incc:'!1.i.ns :'!1es~a3t~s. 
Ii.fI'R?'r-CODE : Cod., th'lt tile n",t\!orl< pr'Oi7zc":1 should r,.i ve to ti,c 

user proe;r'z.r:1 iI/hen he is L'1terruyted because a. n;5sa:.:~ 
has cw.e back. 

OP'.l : Option:.) 3uch as "full echo'! (fot' testi~ purpcse), me:isuge 
r equired after "u~cess!'ul link e:;tablis1t':lent , etc ••.• 

Remark: [J: not required , 

(b) Open .auxili2.l'.v link 

OPENAUJ( (ALJXID, PRL·IID, EtJ'""P,li)uK, I:.J?ilPI'-CODE, [0Pl'J) 

AU;;W: User identiflc:ltlcn 0; the auxilii!!'Y Hnk. 
PRIYlID : Usc-r idcnt1f'1c~~ti.on cf e. prir(·..:~ry link . Refers to en 

alread.y cst!l~li0;1cd rr~ma..cy I1n~':. 
BUFFADDR, Lfl'R!"jf- C:,;:,r-: . ')['1' sa::·,e r:Jeaning 1'13 above . 

(c) Tra.n~jti.i.,33i0n Cller 1 ~""'1~\ 

'l'RANSLINK ( ID, BtJ?, .. t\..I)Di~ . i'l, [OPfJ) 

ID: liser link icientification. De!,;endinr; on Nhich type of lW;s 
~le want to trClr..:lr:oJ.t , t~lt!; i lkntification nUr:Jber w111 be equi\l 
to a previoL:Jly dcfine d ,\l}XID/l'il:cruD. 

BUl"F'ADDH : Do.ta locatio!l aJ oll'<.} 3:; for transr~i!;sioll , 
N! Data bytes nl.l'i)e!"' for t'rn.ns.i1ission . 
OFT : Options suetl ,,3 datil type (ch2.l'acLer V~ , bl.nury), 

ackno\·lled,';o.":ents re,!~ :'cJ (utilization of tlle auxi liar"j 

links in a h:ll~' duplex my}e) , trace bit, eLc .••• 

(d) Mod:ify l~nlUiar2!;:eteT'~ 

MODIlo'LTI'JK (oW , opr) 

lD: · User link identification (Eaml to either AtJ;(ID/PRmW) 
o • 

(e) Close link 

CLOSE LI/IK (ID, [OP1'J) 

ID : Same meani!1fj 2.5 above . 
OFT : Can be used to close all the linl~s in use by the user . 
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4. Dat~ St~cture 

The allocati::>n and the l7a1af:;ement of the links are carried out by meuns 
of three table~ : 

A Tab le Sort.ed B;; HOST. 
A Table Sorted By LIrrJ<. 
'A Table Sorted by U~:J!. 

4.1 HOsr Table (See ?i~e 4) 

4.2 

4.3 

It is a bit-table indicating, for a given remote HOS'l" 'tlhich links 
are free. (bit-O means free link) 

This table should provide 256 bit:; per HOS'l' (256 loe;1cal links 
possible) . At a given time no more than 611 !.lits can be set to 
1 in the whole table. 

r,I;,K 'l'able (See ?iQ.lI'es II and 5) 

This tab l e contains as many sections as links in usc. Figure 5 
describes the structure of a section . 
Star¢ing and retrieval are carried out dynamically upon usinG 
a hashing tec1ll1ique based on the net"lork link'identifications. 

USER Tab Ie (See Fi@lI'e 4) 

'I'he t ab l e structure is given on Figure 4. These are as many 
sections as active users. Each section contains the user 
identification (given by the operatine; system) a'1d the identifications 
of the links in u:;e by this u!"er . Notice that ~ link has two 
identificatiom : that of the user (given as a parameter in the 
OPEN service call) a'1d that of the net',1ork (that is attributed by 
the net\,ori{ pro!';l'ilm). 

This table is hashed by user!.l. 

, . 
I 
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( 

Ne tVlork Pror:r':.:n 

The emission fur.c tions of the I1ctl'/Ol'k ppo<?,,.rams arc fulfilled by monitor 
service r out ines . In that sense , this proc;r-am can be vlel,ed as belonGing 
to the operating system . 

These functions are concerned with the link establishments and data 
trammlissioll; they are started by the service calls previously described . 

Let's ex,:>lain ho,'/ the~e r outines ullocat'e and manage the links by 
describincthe operutions involved during the execution of the O~,PRTI1 

routine. 

Suppo:;e that t he value of the parameter 1I0S'EID is equal to j. 

(a) j is used as an index for the "HOSI''' table to r each the "HOSE J" 
(b) In "llOSthJ" section , I'/e select the first free link (First bit=:)) 

e. g ., i bit. 

(c) j and i determine respective 1;1 t he llOSr- rlP destination and the 
network link numlJer. 

(d) This j - i v2.lue is used as a hashing code to open a ne\v section in 
the link t able . e .g . s ection {'. 

(e) In this section fl, the linl< If) zon~ is filled up wi.th j-i, the 

(g) 

"link opened by u:; " and "prl..m.:try" bits are :let to 1. (:leE: Ficure 5.) 
(Relf'l...~k: It is only \'/rlen ':Ie r eceive back the acJ.::noHled::;er~ent 
messaee fro'n th~ renote H:)S'l' _ See i'lr;ure 3: (2) -th;1t the li'1k is 
considered cor:1!Jl{:tely e5tahlisheri . Then Ne set t o 1. the bIt 
"link e3t~')lished". ). ,\ l:;o in thl:; section t, we store the p,;ra
meter BUFL"/IDD Value in the "burfel" uddress zone", aJlc\ the user 
identific(l.tion nLtr.'ber, ir.:plicitlj' c;iven, :tn.. "the user IV zcne ·'. 

Using t he US CI' idc!1tific3tion number, VIe hush the US£,;R Table to 
open (or find ) th~ riGht m section. 

\'Ie update t:1is m :;ection by storine; ·t he user Unk ID number ( P!ITiUD) 
and the netl'lork Hnk ID nUI:'!Jer (1). 

)'!.§.. prep'iJI'c the mes;:;::tge text : 
~®1J>O)9 ' i':' Q~r:) 

(h) ' We prepare a headi!1[; accordlnr; t o f)3'~ specifica tions' (in order to 
send the C"P-ssasc over link 0) . 

(i) l1e calculate the EOS'l' ChCC;:5UJ:\ . 

(j) \'{e put toc;ether the headine , c!1ecl<5\.l11 , t ext by providine markin£> . 

(k) ltle queue up this mt!ssa:.:;e ~cr t:'l~ handler. 

The r'cceivir.g :'uncticns '.,rill uSe these tal.>l(.$ in ,3, very similar W3,V . 





-, 

( 

"..-- '-
)\ - , ~' .-_ .... 

~'-

(ti>" 

, .' 

f' ? 
1 

~.-

" " i • ; '" ( -' 

~ ' 
~-t- " ... 

~ ;:, 

--

f 
d' (" 

z. __ <:I 

C 1.:,.-

~f c ~7-
.~ $0} 
~.-:.-

(i ..... 
<, 
7" 

. LI 
o 

r.-= -'::-=-::::'1 , 
rt) ..:v 

t .... 1_., ' c: 
• . , I I" I 

, 0 ~ I 
. ,IT') I II "i"' _" , ;t:) ; 

I! -;0'" I 'I .:' ." ! I :,; .. ··1 ' 
,I ;;; : 

.,_ ?_c-_ 5 
~c-; -r 

iL ~~ : 
1-- '"i -_.-' 

~_ c:...,!;: 

~(j i 
~ Ii 

I .: 

" 

I. 

-\ rr"\ 
~ 

-' " " ~ 0 ; , 
" l (C'-

$ ~ 

" 
;:-

, -' 
..:r! 

'-~ . r > 
"7~ ~~. 
:; 

.,. 
s-

-~ • 
<. V 

~ 
~ ,. 

L 
C"'. ..;, ..... -

r-. 
'.' 

.> ~ ". =i 
'7 ::-;;: C./ ,.' ~ 

~) 
i~- 1 

f. 
~ ,~ -l 
" ,-, ~ ~ 

.F§ 
.,- v ~ 

.-' .,.' ~ 
f ~ 

'f' , 





( 

1.-", _ \21.,. 

--_. ,- , 
( 

i 
\ 

( " 

\ 

\ 

\ 

'( ,'" 
,1. " . (~ " 

~
--

r---~ ~1 ;-~----L- H 0 S ~ 4 ~ 
I __ _ 

I I / , J 
---: -------/ ' / --- - -----

~
(--- ----

I " c 1-- -- -- MC ,,:-
\ __ ____ ._ _ _ _ J \ ~ 

1M2 ::; 

, 
'.. 

. , .:. ... . ( F, ~ _ 
1I 





, , 
I Ol 
, ~ 

( 

, , 
, ~ 1,- : 1 r' l 1 . . ',' 

'r .t.! ' .. ," f, 

I\ ~\ L I? 
1"1 ' \ n. 

'(C::-' --,.,-.-. --;.-----:~.-- :.:__ :_-.----

( \ 
I"! 
, .J 

I : C' "" ; \ ': ,\' I .. . " , \' '' \ 

, I ) , . . \ \ \,1 . ,"\ _' I ',J 
\ ! ,;' " ' ,./ . '- ~ .. ' \:J 

L· 1./ 1'\'
I. y , t,\ .:.- .) 

.. ' , . . .... 
,---> 

v ' 
' J 

(~l._o ,-...llc..:.."-,-,i_,,. :-(' _0._·. ___ 0'_ 
/ .. 1 ~ ~ .... , . . : 
~ .. \ , ' '. I '\ .... , ' \ \ 
'-' .,' ' _.J! .... .,; 

I ~ .... . 
, 1 .. 
, ~\. 'i .... , ~ 

" 





( , 

f;· 
.~, .... 

.' ! 

, 
. r t" \ 

1 ,) 

l 





'. . 

( 
. , 

, 

\ , 
~'I I ,'_ 

( -

.. .. \ 

S'I,? 'L 

C'':'" 

. .' ' 
. ' . 

,- - .. - A) ',....Q~ .... d' 
.", "I,.I..-.v-;) ..... hu~\s. , ._---------- --r' ---- .-.... -

I . --.---.-----t_._. ___ .. ___________ . _____ . __ 
------_._--_. __ ._--- --.-.~~-.-.. - •. ~.-. ,-... ----------------_ .. .. _- . 

IN·~·(=-.,--:,~--~L (-: if.-T---:~-~- ·-r-:;--Cl----, ·--- " 
I~~x.__.~~,,_I (. ~ .. \~ -' ~ "~-">.I V '.t.:':.., ~ ~ D~ rl'~~'~"'::...T 

r-- --------.--... --".-- -- '-'-'" - ,--- ""--". ,, .----- .... ----- --.- --

. - . . 
I ,- .,,-.-_._------_ .... _-._.- --- ----- ,, -- ... _._-- ----.-- ... 

.~--, ---_. - '-.. --.-~.-" ---.----. - ._------ - --.-- - _.- ._- - , 

I 
I <) " .. " ", ..l-I t1-\ },,, \< .", ., v, ~ 
, ., 
) 

~. - ------ _ .. _--- -,,---,,--" " " .. -~---------"-~'- " " .. -------
I 

" I 
L _____ _ .... __ ..... _._. I .: 





. ~ , , . 

( 

... , ~. -' (" 
" ,~ , ... ' .. 

T 

I 
r M '? I') _ _ .~ 

Lirl;<, 

-:0\ 

:::.\ 

~\ 

~ 1 

r "II 
1 e . " 1 

-: 1 

C.' 

, 
I 

I 

_ ....... __ ,I 
I ! 
I : 
I ! 
• 1 
I , 

I ' 
I 
I 

.~ \ ... " ) ~ --.~ .. --. ----_._ - ! 

._. ___ .. ...1 
, , 
i 
I 

I 
I 
I 

•• ' ..... __ J 

., 

: \ ~ \ -:
'L,.O ,... J~ . .::.. ~ : 'J.' ',. t/ J.r J,. 

.~ , 

l I I , I 
(;1 ") '~.)..' ~J \;....:. 

\ 
<)' i 




