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ABS TRACT

This uer.king cdocument de scribes a method of extending the AHI-NLS
facidily on itfre SDS 940 from 12 to 32 consoles. :
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FUREWGCRD

Surpose

Tauls memo Ciscusses the usefulness of small computers as
spiucil @al-purpose hardware device controllers and as complexy
prougr armed feedback mechanisms.

Tamin gs ana simulations indicate that the current level of SDS 940
response 1ard display—joriented feedback can be maintaineds and
naybe improvedes while the number of consoles is tripled.

e ertralization of the display buffers anc the use of smail
computers as display wcentroilers allows exper imentation with
ring-structuring techniques for inter-console collaboration.

Similarly, the use of small computers as input 'device controllers
copite ibut es to co llavoration by providing an elegant means for
ldnking an arbitrary wcclliection of input devices to any console.

Fanal lys ithe smal l machines can quickly react to most of the
singl e=-crkaracter NLS iinteractionse reducing the frequency of 940
compu tat ton per user :and thus reducing swapping.

Histury

This imemor is the result of discussions held in léte December 1968
ang early January 1969.

Tiae main contributors have oeen Roger Bates in herduware and Don
Angdreuwsy Bill Paxtcens and Jeff Rulifson in softuére. ’
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GO ALS

The dnit ial 'study of: 940~-NLS overating characteristics centered
around he goal of operating 12 work stations with response
equivaient to the 6 curr.ently operating.

Bolt lienrecks in the 940 system are connected with core space and
SLapPp ing.

Currernitly, displays are stored in 940 core.: fach user has his
own Dbuffersy and a new 940 core page is frozer as each user
en.ters the systenmn. "For 5 or 6 users this is not too'bads but
for more than 7 or 8 it is totally unreasonable.
see(LCADS.Conclusiions)

The immediat e feedback that NLS gives to each user is
significantly more complicated than that which can be offered
threocugh conventional echo tables.

Consequently, each NLS user must be immedistely activated
» form each character or button push.

Statistics on NLS usage indicate that: 1fitrhe display buffers
are removed from 940 memory, approximately 10 to 12 work
stations can be serviced before the swappirg reaches a
critical points "ana response significantly declines.

see (LUADS sConclusions)

Te most (direct solutiicn for the l2-station system is simply a
bulk core for display buffers. This approach hac already been
discussed in a current proposal to RADC for system expansion.

Cur scar istical observat ions indicate that the 940 could serve
approximately 32 NLS users, if users interacted with the 940 on a
work—reqluest basis instead of a single-character basis. see
(LOADSsUsage) °

Wioen nmore than 12 work stations are considereds the

s:ingl e-icharacter irteraction with the time—-shanring system and user
progr ars completely overloads the system.

Tine f irst criterion for any expansion is:thati it be extendable :to
the linmits of the 940.

Tme second is that the system closely resemble iore thal may be
exmandéble Lo even larger service, say 100 consoles.

¥ suich expansion 1s flexible and modular in its design and
hardw are icouplings, Lthen alternative programmings schedulings and
queueinrg techniques may be tried. The problems :of much larger
systems may be incisively studied and the solutions tested through
iaplementation.

kY
i
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It hesw Decome aspparent that collaborations in its many forms, must be
impleosented in NLS.

Tiaree possible modes  ares

Displey=-frame shariing, where different logical parts of a
us er's current display picture may be viewed by a set of users

Input-ldevice flexibility, where many people may sit around a
Ltables, each with his owun handset and mouses; :0r users remote
from each other can drive one another’s displars

Audio wcammunicatione which takes tuwo forms:

fomplete voice switching, so that any number of “conference
calls” could be estaplished betuween the work-statiion users

Computer—generated sounds used as feedback to a single user
or @ group of users in collaboration.

Many 20f these features can eventually be implemented totally

eniirely Wwithin the framework of the 940. Houwever, the current
har dw ar e/softuare approach imposes severe limitations in two ways.

The MONITOR in the 940 time-sharing system is cramped for
sp ace. This means that the extensive tables necessary for
input-idevice interchangeability will nobt fits and limited,
costly schemes would have to be implemented.

The aadit ion of hardware devices is ‘governed by :the
av.aiiability of special-purpose controller and poliing devices.

Each of these operates a fixed number of -reach kind:of
cevice. i

He would prefer a scheme that allows new!devices ‘Lo be added
and interchanged freely and in small ‘increments.

Other Dewvices
Whalt .aboutlt the pr inter?
e might want to move our printer to a small machine.
Wnat sabout micro=film cutput? .

YWie mioht want to drive a microfilm machine from a smalil
maictine.

Wmat satoul Model 37 TTYs?
What about the NET?

The:idea is that the big core might serve as a buf fer for
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aessages from the IMP.

Holwevers, we Wwill wait until more is known :about :the IMP before
Wwe co :any planning.

Whnatl .aboul the NIC?

The icea here is that small machine could handle many NIC users
if they ran a8 dedicated information—-retrieval/editing system.
The small machines could be @ single user on the 940, again
reducing the swapping effort wnile maintaining hign-speed
response. :

Wnat about storage tubes?

What :acout an on—-1l1line Dura?
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THE MULTI-MINI-MACHINE APPROACH

General Icea

There is a big core of lé6-bit words. Most of it is used to store
the v ing of all the display buffers. Some is used to store queues
0d tasks, lables for associating userb and 'input devicess and
reenlranty interpretive code.

onnected to the core is a bank of small machines (4K 16-bit

FdSn 4 usec instruction times). They are used-as input—-device
coniriollerss Interpretive code executers for :.complex feedback, and
“,nﬂel arivers: for the display channels.

Grossi View
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The mmall computers more than meet the minimal time requirements.

Ezch small machine has its own small core memory. If. it is
operaiting on the ring structure and determining feedback actions,
iz «wontains an 1nterpreter for reentrant code which. resxdes in:the
Dig Ccore.

This code is close to the code which is :compiled from:the
Special-Purpose Languages (SPLs) for the current NLS.

The code is not algorithmically complicated. ‘Each input
character involves only a few logical deciisiorn and table
cheanges.

The decisonss however, may involve reference to the user’s ring
of: cisplay bufferss and the few hundred ‘worgs necessary to
deifine. his current status.
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It is this large amount of information :that causes the
swapping overload in the 940.

By having all of this information.immediatel) accessible (in
core rather than on drum)y a small'slou machine is more than
édequste.

Many small machines were chosen over fewer faster ones because
Liey could be manipulated and added in small increments.

Input idevicess along with the controlling processors, can be
adided a few at a time as different experiments arise.

Sincethe logic for the feedback is in the big core, it may be
expéanced to two or even four time the orginal estimate. Thus
the snmall machines wWill not be cramped for space.

fhe structure of Lhe display rings can be ‘modified .as
infermation is gained on the nature of display collaboration.
Th is would never be possible if the display ccntroller were
built 1into fixed harduware. o
1f many machines are prepared to perform the same tasks some
siupl e queuing and access methods result in better machine
urilizaetion and small changes in system performarcCe as "users are
added. :

The queues are allb in the big core.  There a8re two basic kimnds:

As jcraraciers come in to the dedicated :'input—controller
machines, &t hey 'are assoclilated uith logical users and
geposited on input queues. '

khenithey are frees the feedback machines poll these quewes.
iHren characters ‘are founds they are processed.

Sometimes the 940 must be requested to intercede and
icenplete @ task. HWhen this is sos the logical user is
pul in a state of limbo as far as the feedback processors
are concerneds and the task is queued :fcr the . 940.

A simpile implementation of the "Dijkstra Flag” keeps twuwo
priocessors from simultaneously modifying.a data siructure..

211 the small machines :share a single access 1line tOﬁtheﬂbig
» Lore. Ihus only one can De doing a read:or urite on a
single cycle. ~

Thelre ares however, Lhree modes of memory a3ccessas read,

writes and Dijkstra read. In the latter a word is read from
. memory and sent to the small machine. During the uwrite-back
pinjthe Dig cores howevers the top bit is :cieared.




Suppose Lthat a word in 'the big core is a:pcinter to a queue
ang that 1If the top bit is ons the queue is frees; otherwise
a8 proecessor is wWorking on the quque.

'If @ processor Dijks tra~reads the pointer and:the queue
"is freey it 'then has control of the .queie as uwell ‘as the
pointer o ite.

:If the queue is in use, houwever, the processor is
informed of .fhis.

Tize 940 must have tuwe kinds of control over tihe small machines.
There is @ two—-way: interrupt line.

This permits the small machine to notify:the 940 that there:
1 is somefthing on a gueue.
it also permits the 940 to interrupt the sxall machine ‘and
requests from a small resident program, sufficient
i information to run a real-time debugging packagea.

Ity is :also necessary for the 940 to exercise complete control
al- certain times (e.g. system startup or-a looping small
machinel. To do t:his the 940 must be able to operale ‘the
console suitches, 1and read most of the consdle lignts.

‘There are two alternative methods of driving the displays on Lhe
sys

A small machine could drive tLhe display directly. :This would
resulire tlhe machine to output a word to the display every 15 usec.
cly 1ithe fasiest (and most expensive) of the small computers are
capablle of doing 'this. Even then they barely make ite. "and culting
i ihis close seems inadvisable.

Tihe oitrer spproach is to have a data channel mwhich can be loaded
and aciivated by the .small machine. In this way the small machine
siill: interprel s the :ring siructure and thus maintains the
flexiibility there. Using channels,s the small machine «can be
relatiively siow and sitill drive the displays at full capacity.

Tuwo auxilary ideas are necessary to make this clear.

A channel normally contlains an address register and a word
count. These channels 'also contain an -address~register
buf fer and a word-count buffer.

s the channel is driiving the display from the :workimng
registerss tihe small machine can be :laacing .the buf fer
registers. i

idhen t he channel is dones, it issues an interrupt to ‘the
small machine. As soon as the machine has figured outb

6 .
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swhere . the interrupt came froms it can pulse the :channel.
1Tre channel can then transfer the buffer registers Lo the
working register and begin driving the displays again.

iThis cults the time betueen buffers from 60 usec to under
20 usec.

The small machine can still have problems keeping up mith
the display channel if the buffers are :displayed faster than
the ring can be searched in the big core.

To overcome this, the small machine only searches a ring
iwhen it is changed. : As it searches aisimple list of
Inecessary buffers in made it the small rachine locai
memory. Thus the next channel address and word count ‘are
readily available Wwithin the immediate addressing

struct ure of the small machine.

1Trese machines can keep close waltch iover their time
allocation. . Single overloading of a display causes
cflicker only on that console; an extensive ring structure
:affects .only. the consoles displaying fircm its :and in
igenera:ly bad side effects which nouw propagate from
console to console are confined.

Input Deaivices
Speci al Input Devices
Eaick cevice will be read as a source of 16-bit code. ‘Howevers:
the full 16 bits will not be used. Each device 'will look the

same Lo the input machines ils existence and type mill be

dafined through tables which can be set ‘up ancd modified by the
940. '

Th e :davices planned for are:s
4 keyboard which produces an 8-bit <Tode
" Up :to 16 pushbuttons, although‘ue'mill"startﬂuitm only 8 -

The mouse. which requires two 10-biit numbers as coordinatess
and wWill thus take two words {(one coordinate in each).

Eaict arcup of 24 input devices will have a special polling
meichan ism which works in the following uway.

(

Jnhe polling nay be starifed and stopped by the small machine.
ihen the polling is in 0peration' it operates continuousdy
gt its oun rate. This will probably be set so that each

: gcevice is sanmpled at least once every 5 to 15 as.

. As each device "is sampled, its contents are read into a wore

7



location in thne small machine.

:1f the device is a keyboards howevers ithe core location
is changed only if the strobe is on.

Tha iInpul machine may then inspect 'the i1list in .core at a .
siouwer rate, say every 30 ms, and notice any changes.

-
“h

oiicwing @re the maximum input rates for each device. Mdhile
is unlikely that all devices will operate at waximum rate for
exlt encec period of time {(e.g. one second)s we must plan for at
st Falf-second pericds of maximum transfer rates.

g L i ::
6]
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peop ke

tihen @ mouwse is 1in motione it is usually sufficient to update
the tracking display buffer every 30 ms. :The .coordinates must
De observed at this rate, but they can be .compared in the :input
maichine, and if the mouse has not changed position  the
coondinates are not associated with a logical user nor are the
display buf fers changed.

The maxinun rate fior @ key.board is slightly under 100 ms per

ch aracier. Th'e keyboards are polied as fast as the mouse.
Holugvery the character in the core of the small machine is
chianged only. when ithe sirobe is on. Thus 'the small machine has
least 50 ms. to notice ‘and process any icharacter. Every

]
r

cheracter must be associated with a logical user and deposited
o the appropr-iate queue in the big cores along with the time
and:the mouse position.

The pustbuttons are polled just like the mouse¢. ' Every 30 msy
the contents musit be observed by Lthe input machine. When any
changa 1is noted, extra action is required.

f ithre bullons ‘are on the mousey ‘the up: or down @ction must
e associated with a user and deposited on a queue in big
» core along wWith the time and the mouse position.

v

U3 bia

i If itre buttons are on the handset, changes are 0ORed together

wntil 2ll switches return to the UP status. ‘The chord is
then associated with the user and put onithe queaue along
with the time and the mouse position.

Qutpxl Dievices

Tizre will be only Lwo high—-speed output devices.

isplay channel is loaded from a small machine :and

rs words fromthe Dig core to 6 displays. ELach channel
C-bit address registery, a 16-bit ‘word count, :and an
errupt line back to the small machine. The interrupt is
isec when the word count goes to zero.

3 e I3 OFe o0
SRR R B
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The auwdio switching system is viewed as a big suwitching matrix
from Lhe small machine.



{s are :all the voice lines and ;all the tone
g en cators., Each tone is fed in as threeiseparate lines of
aamilitudes 15 2 and 4.

The outputs from the matrix go directly to the speakers or
earphones.

» The sudio system iIs used at a ms rate when rthe tones are in
& decay state (making them much more pleasant to listen to).

Tne following are the maximum rates for the two devices. These
Les may te commons, :and plenty of leeway must ibe allowmed.

Kh'en Lihe display channels are running they do not ef fect the
small machines. Thus the times which concern the small
naichines are the length of time it takes to :lcad a channel and
Lhe average length of time to prccess @ buffer once ithe channel
-has peen siarted.

Ke expect the displays :to write a character in 7 usecy S0
Lhe chanmnnels uill transfer a word from :big core to the
cisplays every 14 usec.

Bufifers can be a minimum of | word long,s :and thus be
processed in l4& usec. Normallys houevers they are no
shorter L han & wordss which takes 56 ‘usec.

TJo keep Lt he dgisplays running wide open, the small machines
should make every effort to minimize :the :time to load a
. bufifer. Using 'the scheme discussed earmliers this time can
1 te cut to less ithan 20 'usec.

If ithe displays are storage tubess ‘the buffers will be the
« characier strokese and these will be stored in Lhe big core.

In this case the small machine will have to dook at ‘tie
buffer’ generated by the 940, take it apari  cnaracter by
icharacter, and drive the display withithe individual
icharacter buf fers. -

:Since the storage tubes take about 100 uvsec to write a
full character, this will not overload the small machine.
;although it will occupy almost all of:its time.

o'ice 'switching-may be a slow process. ‘Tone decayy ‘howevers

must be rapid.

Exira 170 Devices
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Stepsn for Tetai Input/Feedback Service

Tae following is an outline of the steps an inpgut machine will :go

tirough as it gets characters from the inpult devices and puts

into tbhe agpropritate queues in the big core. . This outline was

them

used Lo estinmat e the total processing capacily necessary in the

input sachines.
Check queue for bLransfers to big core.
Gebt chaacter firom internal queue.

Make correspondence betuween harduare device and ldlogical
user.

Get queue control for logical user.

Pulr character on logical user in big core.

. ¥Yake up appropriate; internal audio queue from dogical user

1 inforpat ion in :big core-.
Give up qQueue control for logical user.:
Ge't clock inmterrupt.:
Go :down input~charactefvbuffer.«
If séme as last intérrupt do nothing.

Otherwise

1f keyboards note time and mouse positions, put on

queuve to 190 to big core.

If pushbuttonse decide whichs

1f. mouse., note time and positions, put on queue

go Lo 'big core.

if. handsets then

to

If :all are upy this is a ‘character end so noie
time and position and despoit on queuejfor bdg

COfr Cu

Ot herwises build up chord by 'DRing in new down

but. tons.

: dugio Queves

10



BUL TI-Hind-MACH INE

Do appropriate amplitude switching fon computer—generated
isound decays remove processed entries :from queue.

Dat e/Tine Queues

Some :0f the small machine will devote almost tall of their time :to
searching the ring structures and driving the display channels.

Gel displey channel intercrupt.

Lse local 1ist with update when ring changese as discussed
above.

» Haveall the eniries in local memory, Jjust put it up.

. Thanges are flagged, and require a block:transfer of new
pointerss

e vest :0f the small nmachines will be devoting all of ‘their time
to processing $he input queues prepared by ithe input machineses
sdat ingadisplay buffers, and preparing queues for the 940. The
pilowing ocutline of their duties was used to estimate the

A
pirocessing capacity necessary for Lthe job.

v

n P ey

4

=

Lhieck for uwork to ide.
locsle non-enmpty logical-user task quewe.
Get I{FM control for legical wser.
Inpult wcharacter for processing.
Lei use =state.
. Begin execution of interpretive code.
Get character from queue.
Get inpulb-queue c:‘.ontrol for logical user.:
Get character offaqueue.
Give wup input-queue control.
‘Step & fw ough main conirol.
Updat e appropriate display buffers.

How is this done if we have long buffers? Is there a
display Dijkstra flag? ‘

There is :also the problem of writing in the mouse
coordinat es while they are being :changed.

Ly
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Lontinue until either
Quewue is emplys::
Put him to sleep.
Or 940 is needed:
Pul him on 940 queue.
Set flag for 940 interrupt.
Up date date and time
Giive up IFM control for logical user

Initerrupt the 940 if necessary

i2



PROPOSED HARDWARE

™ A o
Caita vlow

Intersrupt Lines

]

{pgbl Pui-lel Box
{agr) Address registers 20 bits
{&r) Iransfer register, 16 bits
{fcd Funation code
Hr.ite
Diijksira test «
Au tomalic incr ement
{ch) Lhannel
{zzcr b) Thannel address-register buffersy 20 bits
{cwechb ) Channel uord-—c'o‘unt buf fer., 16 bits:
{xadr ) :Address registers 20 bits
(cuc)” Kord counts 16 ibits
{cc) Corie controller
Tus—w.ay channel
{cs) Lonsole suitches using the NOVA as an example
Tuo 46 :bil NOVA readout registers——data: an&: PC
Simieien bits of: inpul switches
Readoul of extra minor-cycle console lights?
Sinmgl e carry bit

Eightieen functions to select’

13



PROGCRAMMING TECHNIQUE

The 940 plays an imnportant role in both ‘the programmsing and the
runananmg 0of tihe small machines.

From a progreézming po.int of view. everylhing can be done on the
9% Ja

Ihe interpreter for the small machine can be coupled with good
DD.¥T t¢ give debugging aids far beyond those 'that could be
prioviced by the small machine itself.

Nol only can checkout begin before Lhe harduare is readys but
P& ograms camn be changed and debugged while the harduare is in -
US ew

Yoreovers the file system of the 940 is available Lo the 94D
initlzrpireter and DDTs so no new file system has to be created.

-q

he 940 also has the ability to operate the console swi tches of
each small machine. This will be used in at least three wayss

During initial startup the 940 can bootstrap-load the machines.

Wiile ithe nachines are running. they cam be ldebugged froam the
9%0a AL any: time ithe small machine can be stopped, examined,
an d restaerted on a usec basis. The 940 can then take the

in formation and, wusing symbol tables from assemblies and
compiliationse Provide a monitor and debugging service.

Accuratle statistics may be gathered about the operation of the
nachine. With control of the consoless the 940 could :even
gaither samplings of the instruction-counter contents. something
which is normally aquite difficult.

All t&e programmimg for ithe small machine will be done in ‘a Machine
Driented Language similiar to the one in use on 'the 940 (MGLI940) .
The mompiler will be written in Tree Metas and: should present no
special idificultiies.

The imterprete and DDT for the small machines uwill be written in -
MOLS:Ds and operalse on the 940, Since the DDT is executing through

an ingerprelers nany famcy features can be addeds such as operand -
feicin br eakpointse memory reference breakpointsy automatic timing .
‘statisticsy elce There will be tuwo modes of operation for the DDU.

One isithe normal mode of executing the code :with the interpreder.
The oitter is the SYSdebug modeo where a lives, running machine is

debuggod. In this case many of the fancy features may not work
{like memory reference breakpoint while in run 'mcded.-

b4
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OTHER APPROACHES

gl e character interaction'problem

Singie large external machine

RES]

ficiently large core comes only with big cpu®ss ‘it fact too &

ida
no fall safe features
feuer faster mini-machines
grouih comes Inm Loo liarge increments
halfing Uhe speed does not seem to double the capacity
All mach ines using s ingle core:
poer caddressing structure of small machines for huge memory
consi ered.memcry map it traditiom of ATLAS=-too many core:
cy cle
simple relabel ing éause frouble in display rings
requiires itoo many mpemory ports to keep small machine runnxng
efFficiently
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