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The following is a rough systems specification for a low-cost processing
system of great flexibility end extremely high expansion potentisl, As will be
sesn, it is much less a specification for a single system then it is an inte-
grated set of rules for the intercomection of various independent peripheral
devices to form a vest number of system configurations. The high degree of |
modularity is specified intentionally %o provide both great system flexibility
and low prices for minimal sysiens.

J

The underlying system philosophy to be found here is that each subsystem
element (e.g., high speed line printer) be given a standard interface with &
central source of information and control. This pivot point for all peripheral
elements is taken to be a memory system constructed from acoustic glass delsy
lines. ’

The central storage vnit provideé:.

1. Distributor action (traffic control) allowing simultancous
opération of all peripheral devicea. .

2. Iaformation (or buffer) storage for all peripheral devices
(in¢luding a periphersl vrocessor).

3. A storage depot for exchange of all control information
(ie, print control words, busy signals, etc.).

h. Clocking and synchronization for all elements of the system.

The radial system organization is as diagrammed (Figcre I below). System
enlargerent can occur by appending additional spokes to the wheel. An
alternative method of allowing the system to grow is shown in Figure 2. This
organization is reslly quite similar to the ¥of7-line" type of operation within
an H-800 installation - the difference being that all peripheral devices are
“off-line" tc a serial memory rathsr than a serigl tape and the information

‘bateh sizes and access times are very much smaller. The general system organi-

zation is as “"universal' as the H-800, but at far lower cost. Indeed, the H-800
can be epnended as a periphsral dsvice.
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. - The peripheral devices intended for possible inclusion into any such system
configuration can run the entire range of data-processing components. The general
criteria for establishing the feasibility of coupling a device to central storage
are relatively simple:

(1) The unit of information delivered as a result of peripheral action
- shall not exceed the capacity of the memory.

(2) It is desirable that the peripheral device can be completely con~
trolled from memory, i.e.; be clutched or cyclied on demsnd from a .
| ( control word in storage.

(3) Barring the above, €.g2.,; in real time inpub devices sueh as comwuni-
cation lines, the information delivery rate shall not be too large
in the sense that the memory together with processor can process the
inforpation faster than it comes in (or out). The clutched device
has the lovely aspect of allowing even the slowest processor full
control on its average information transfer rate.

(k) 1In using a serial memory, the access limitstion should not impose
a storage burden on the peripheral device. The game we are playing
with the acoustic glass line is that it serves well as information
buffer storage for virtually all peripheral equipment in use today.

The specification of the acoustic glass delay lines (as opposed to other
storage devices) is prompted by these major considerationsa:

1. For the provision of a modest amount of storage the delay line is far
less costly than a core counterpart on a dollars per bit basis, or, more importantly
in absoclute cost. ‘

. 2. The natural motion of the information storage provides the desired
breakdown of time (and storage) into smaller units. This allows complete time
sharing of input-outpui paths to storage without elaborate and expensive traffic
control or interrupt hardware and without any waiting lines. Communication 1is
direct to wmemory. :

3. The random access times to storage, although not measured in small
numbers o” microseconds, but rether in hundreds of microseconds are fully com-
patible with the requirements of the peripheral devices. This should be com-
pared with the magnetic drum (too slow) and the core memory (oo fast - requiring
interrupt activity).

b, Modulsrization of memory is trivial and enlargement of storage can
prebably be a field modification.

4 new system concept employed here is the consistent use of menory as a
sovree of control, By this device we cen establish the high degree of modularity
bha' seems to be desirable in a small machine iatended for use in msny different
system environments.,

from the fact that the processor is

The importance of this notion stens
of interpretation and execution of peripheral

complately alleviated of the burden
- orders. This in turn reans:

7

4




Pags I

1. Completa time iindependence of &1l dewviees in the system with resulbting
simultaneity of zction; ‘

- 2. OGCreat simplification of the control areas of the procsssor with resultent
¢ost savings in the wminimal system;

3. 'The system design need not account for the characteristics of any
particular peripheral device except o ascertain that device of its genre can be
inexpensively coupled to the system. As they become avsilable, such devices may

‘be gppended with no modification to any othsr portion of the hardware.

L. A varying peripheral complement leaves 81l other sections of the hard-
ware unchanged. Minimal software for a minimal system could likewise go unmodi-
fied.

General Method gf Peripheral Control

Each peripheral contrcl unit has associsted with it a fixed address in
memory wherein it finds control information as deposited by the processor and

- % which it delivers conirol information on completion of peripheral action.

For example, suppose the print control unit is to utilize wemory character
addresses 0101 through 0220 for 120 characters of storage. Utilizing register
0100 as a contrel exchange point, we establish the following (simplified) rules.
Each time address 0100 becomes available tc a non-busy printer, it must be
exagined by the peripheral control wnit., If i is 020000, there is no demand
for wetion. If 2 non-zerc configuration sppears in this location (as a result of
a progranmed trensfer of a non-zero charactsr to this point) the printer control
interprets this as a demand Tor action - to print and advance papsr a specified
number of lines ~ and take appropriate action. Whea printing from the storage
area 1s compleie, the printer control must clear character 0100 to zero, complete
its vertical formatting sction and start the cyele anew by leeking at 0100 when
ready,

The program, on the other hand . if printing ~ interrogates 0100 %o see if
it is clear. If it is not, it must stall or do other work. As soon as it finds
0100 is clear, i% cen begin editing into the storage area or transfer an edited
iipe into this area and then demand printer action by appropriately setting up
address 0100, '

Interlocking is then on a simple progranmned bagis for the program must test

this register before 1% tzkes action., Howewsr,; once it sets up address 0100, it
2en go eboub afly vusiness 1t has to do and not look at 0100 until it wants to
deliver anothor line image %o paper. Proecessing is then concurrent with printe
13,

Errors detected by the peripheral deviee can deliver suitably coded infor-

wabion o memory dssoribing the ervor type. This mode of opsration (as opposed

%o a pure demavnd-veleass cpevation) would be empluyed 17 the progran could take
cogaisause of the error and do gomethlng shoud 1t. A condition such &s "parity
frome exvor on bope® is of this Yype, bud "no papor in the printer? could merely
hold prinbor-busy on causing the program to atall with the instrueiion siill in
wopory and ready to be piecked up when the ervor is rectifisd by the operator.

~-

/
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. One character of control information is deemed sufficient %o handls all
peripheral selection and alternatives as, say, tepe drive selection and wotion,
vertical formatting information for printing, etc. *

I% may be argued that this method of peripheral control requires that a
peripheral device, e.g., printer control, must be able to write in memery as
well as read. This is true, but observe that ths interface is not complicated
- by this reguirement since one additional wire is required to effect this action

and several devices, e.g., uape control and card-reader must be capable of both
actions in any event. .

Siorg_g_ tH

The disadvantages of delay-line storage are well known bub will be briefly
discussed here =,= . .

1. The worst aspest of this itype of storage is its volatility; i.e., a
failure within memory, however caused, can completely invalidate the conteants of
the entire storage mnit. Note that general use of even the most protected nemory
system does not rely on the validity of memory once an error is detected, but
calls for full reloading of the processing program from a convenient restart
point. In this sense, the volatile memory poses no new procedural problems.
Jevertheless, we can expect a dslay-line system o be subjected to eritieism out
of proportion %o any true reliability indicators if only because the sanctity
of the core mewory seems to be as well esteblished as the institution of marriage
or, bebter, the infallibility of IBM.

For at least one manufacturer, this disadvantage has been parlayed into a
sales advantage if one is to believe the field criticiem of the H-290 that it is
not betlery operated. For the system at hand, such sub-liminal devices are
manifestly impossible because such gadgete as printers, card readers, tape trans-
ports use a smull chunk of Niagara when opersating. .

2. Access Limitations - Once information is placed in a delay line, it is
Jrretrievable for the length of time determined by vhe length of the delay line.
Vavious system gimmicks sre employed to offset this access limitation - the
notable swccess story being the drum IBM 650, However, minimum Jlatency coding
in the winds of some is &s dirty a word as "yolatility® end it is important %o
point oul to the prejudiced individual that, in spite of serial storage, we speai
here of a device whese baslc instruction execution rate including opersnd sccess
times is of the ordev of $,000 to 6,000 instructions per second {already in the
range of the D-1000) without any thowvght to mimimuam latency. Simple provisions
within the processcr {actess improvemsni schemes) cen vaise this figure %o about
3,000 operatices per second for the programmer wishing to avell himself of this
spestd potential, .

Tha reason this eerisl device is not hempered by an access limitation is
simply thet the waximum access time is in the microsecond renge, ilndeed is 179
microgeconds per trip aromnd a dslay line. At the postulated 20 Mesgacycle bit
rate this is tantamount to passing over 500 characters of information in eaech
dzley line over 5700 times per second. Actusl operation tims of a serial add of,
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sey, a 5 digit field will be sccomplished in under 2 wicroseconds, and in this
gsense the device is access limited.

' With no access improvement the system is expected to keep all high spesd
peripheral devices moving at maximem gpead. In part, this is due to the 5,777
instructions execubted per second (which figure is competitive with the 1401) but
more.particularly is due to the system organization which allows full gimultansous
operation of all devices - picking up a performance factor of the order of 5
over the (mbuffered) 140l. In other words, the system is not job licited.

Informetion Representation::

The only representation of information in this system is specified to be
6-bit Aiphanumeric utilizing a code fully compabtible with the H-800. ALl
numeric informption is 6-bit decimal, all computation is decimal, all addressing
is decimal and the user should be vneware of the binary number system, octal
representation, hexadecimsl, ete. Any deviations from this standard (and there
is one) are to establish compatibility with H-800 tape records.

The major factors prompting this choice of standard are: '

1. The unsophisticated user that msy encounter this device should not be
plageed with mixed number systems. Extreme simplification of the programmer's
problem - in a date processing environmeat - does occur. Relative ease of
programming and devugging ir machine _]_.a__xlg_q%%g must remain a major consideration.
With the painfully restricled storege capsbilities of such a small machine, it
is extraordinarily unliksly that software will be able to pull the user to &

more comforteble linguistic distance from the physical device - excepb by use

of a larger machine (e.g., H-800).

2. Periphersl devices glmost uniformly weat to talk a character-oriented

- laugoage and

3. The processing hardwsre is much more complicated if it must handle mixed
nurber systems. Whadeve consistencies of hardware organization occur here are
due to the wiform mode of reprosentation of data ~ or program material.

To match this strletly alphanumeric wode of operation and allow program

 material to be manipulated by the seme instruction set provided for data, all

addressing is specified as declapl. The sophisticated reader may immediately
suspect one or two system flaws in the esteblishment of such a rule, namely:
(1) inef¥icicnt use of storage in that L bits rather than 6 are needed to
specify & decimal number or (2} that binery addressing is rmuch more economical.
Such eriticism is indesd tres and is countered by the arguments that this type
of redundency is the diffevence between ease of programming and complications;
that without i%, software need be nore elaborate; and that the system organi ga-
tion, as will be seen, does nob Lraly let all of this storage go to waste.
Pinally, the commend structure need be nuch lesz claborate and eostly if data
and imstruction formats are as comparable as pessiblo.
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_ This general appreach is a major characteristic of the 1401. The mere
gpecification of charscter organizetion works wonders in the simplieity of both
harduare and programming for date processing. Any niceties of programming
within the 1401 stem from this feature (and no other) and the devies can be
criticized from a programmer’s point of view on the grounds of complexity of
addressing and what appears to be an inconvenience in ths use of the (all too
invisible) word mark that is importent in the processor, but non-existent in
- any other arca of the system, Other varistions sre possible and are employed
in the proposed processor described herein. As will be seen, a variable length
field device is specified, but the field size is used to control the information
flow. .

Buffering:

The importence of simm)tanecus action of all dewices in the system cannot
be overemphasizéd. Of all eriticism that may be leveled at the 1101 (or our
own H-LOO for that matter), the most damaging in terms of gystem performance is
the complste absemce of buffering. In the same manner that one may characterize
8 serigl-multiple channel device as hurry-up-snd-wait, the parallel-single
channel (to storage) deviece can be spoken of as a walt-and-hwrry-up system. In
the latter case, the waiting period is not's aemory recirculation limitation,
but is rather the tims requived for each periphera) device to effect its action.
The unbuffered 1401%s (and H~-L00's) must therefore process at a rapid ¢lip when
shey can, for per sard in or lims of print out there is very little time in which
0 Process.

In the case of card resding om the basic 1401 system (eimilar timing eon~
siderations for the H-h00), 1f it is desired 4o read and process ab the full rate
of 800 cards per winute, only 10 williseccnds out of 75 milliseconds are available
to the processor o get its work done. With card aseeleration time thrown in,
vhe processor moves o 3I1 ouwd of 78 millizeconds o process. Assuming an
averege of 230 wicrosecnads pex instruvetion executed (or about 4300 instructions
per sscond) im 2 card resding opevation (without opiicns) the program is limited
G pevforuing a mere U2 instruchions per card. With 31 milliscconds availeble
{at additional rental) ithe program cea do aboubt 123 instructions per card read
&b £ull spsed -~ provided it does not emcounter a similar lock-out while an output
device is achive.

I¥ one is printing ab €00 lines per winute, 2 mere 16 millisesonds (no print
»exo)] is aveilable oud of eyery 100 in each print eycle snd it becomes
impozeible Yo do detail lisbings et the rated print speed if one is also trying
%o veed A caed -~ for these devises wost assuredly bump into each other in time
withoul reowm for any riocessor acticu whatsver. ‘

&
Lo}

3
&

This 1s pot intsuded o Be a ocritique of the 1101 system ( unbufferad) but

1% ie latondod %o polnt owl thet 1Ff these $lming limitations ave removed, bthe
raselbing syaten performance ean skyrockes.

Tudeed (again) the wajoe Justificusion for this system Gosign is the complete
s &ll periobarsi gebion. The prosessor to be dsseribed will heve 2
2T vz of batusen 5,000 ond §,000 instructions per second

uba hE0 instreetioms pinlaum {as opposed to the
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- This potentially means that (1) the proposed system will be able %o kaop
all peripheral devices operating at full rated speed or (2) per item handled
more can be done - provided the user purchases the increaszed storage to house
more instructions. It alsc means that IBM can counter (if pressed) by endowing

the 140 with input buffer storage. Surely soms time has bsen found to lay dowm
the ordsr booka tc design such an addendum.

Memory is to be constiucted of acoustic glass delay lines of standerd length
175 microseconds (ineluding all delays in assocleted cireuits) and operated at 2
blt rate of exactly egacycles. This configuration of parameters establishes
‘each delay line as storing exactly 3500 bits disposed as 500 alphanumeric charac~
ters of 6 bits plus one (odd) parity bit. !

Delay lines may be added to the system in modules of }i (2,000 chsracters) ‘
and a minimum system configuration is taken at 2,000 characters. A tentative
isycul assumes that the selection mechanism for the lines {8 assoclated with the
menmory system. In adding a second processor, the line selection mechanism must
be duplicated.

Eack line may be selected by the processor for elther reading or writing,
but, per module, each peripheral device is constrained to read and write in only
cte line of the module. No more than 4 periphersl devices are assumed tied %o
any one delay line; hence, additional peripheral devices require additional
atorage modules. Since each peripheral device must oporate into or out of the
mepory &b distinct polots in tims, there 13 no possibility of interfersnce
excapt with the proecessor which csn access any address in storage. With no
interlocks, it 1z up to the program to determine from a control character, that
i% is permissible Yo sddrsss an informotion storage area. Performance of the
syslem 15 wispzeified if this inkerlocking does not take place, but in no case
will equipment dsmage result.

In the presence of a magnetic tepe sontrol unit, one module (with peripheral
input-output connecticn) should be ressrved for exclusive use by tape and
procescor. THis system specification rsquires that the tape inpub aves (reading)
be confinsd o 500 characters, all vesiding within one delay line. The Taps
Contyrcl is thus unsble to switch into different lines and 500 characters s
sstablished as a mawimum record length for isps. Tape control exchange will
Lrvariably ecome frow a fiwved address within this fired deley-line, but reading
{(or writing) tape may stert from suy address in this line (c.f. tape sontrol
for further restriciions}. At the present time, it is an open question as to
wvhethsr writing wnay be dome fyom suy point in the mamory wmodule; at worst it
¢en be considersd as an option (in the Yape contrel unit).

Short Iivees

For the vasr desivous of reduvlny sccess tme in cerbain applications, it
will be posgible o eeplace a standard delay line (175 usecs, delay) with a
Usaowd® delay line of 35 microseconds or exactly 100 charasters of storage,
fntvodrsiion of sush s shord Iine will introduce o Giocontinulty in nemory
addvessing in that five dlstinct addressos {e.g., 1. 202, 201, 301, hol) will
v 1@ Bhe sans informabion. Provizion mush b made in ths MSMCEY

v,

N
r e .
address cosperison pechanlens W guarantes that fhis cosurs. Desirebly such
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& trade of storage for time should be & field modificstion. To make this sn
operator change does not seem guite feasible. Costs for & memory system
utillzing short lines are not likely to differ substantially from the costs of
the standard lins. The attraction is simply that processor performence
increases by a factor of five (approximetely) when shorter lines are utilized
for bobh program and data storage.
f
! L
With the above qualification on short lines, the merory is continuously
addressed. Sinece each individual character is addresssble and since a field
of characters can be of any length, it must be possible to switch across consecu-
tive lines as a field is read out. For example, a ten character field being ‘
read out of (or loaded into) location L96 will actually wander across the line '
boundary and address 500 must be referenced in a different line from address L99.

The limitations on no more than li peripheral devices per line are motivated

' by the hardware considerations of loading of the read out point of any one line

as well as by the impracticality of effectively operating many peripheral devices

withont greatly increassé storage for the control program.

Within any one line, address selection for peripheral buffer area is
vequired to be significant in terms of the device being controlled.  In particular
a card reader is %o be associated with addresses 0001 through 0780 and a printer
reads out of addresses 0101 through 220. This is simply to esteblish a simple
correspondencs between column sddresses (card or printer) card memory locations,
Control characters locabed in positions 0000 and 0100 for these two devices
regpectively. More than one device (and control) of & given type can be sppended
to the system. Distinet lines should be usad for such additions.

With these preliwinaries out of the way, we are in a position to discuss general
specifications for various vnits of the system. Note again that all psripheral
control devices ave optional and electrically independent of one another and
that the veer pays cnly for the equipment actually delivered.

Memory Addressing, System Synchronization and Layouts

. Tae system requires full synchronization with a central source, hers the
20 Megseyele clock, bit counter (7 bits per character), and character counter
(Bewcry Address Counter) eounting decimally from O shrough L99. This counter
iz truly the heart of the entire sysien. '

- Address selsction for peripheral devises is in pavt keyed to simplificetion
£ the problem of decoding the decimai Memory Address Counter (MAC). It is
mtieipated that VAC will be heavily loaded, and as peripheral devices are
sopendsd, 1% must susbain incrsased loading. Provision must be made For at least
ioads ow each sbege of MAC and hardware design should account for the modularity
of Sapping tHs central point. PEleven (11} biis constitute the mein address )
register, but inbter-stage cerry bits and cowmber-osvarflow are also to be mads
available for periphoval decoding, MAC is vequired bto establish a2 new count wall
withiv 350 nonoseconds (eharacter time) %0 allow ssleciion decieions to be made
In wiee for the noxd charscter emerging fyom the glass dslay lines.

gy QO
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The bit counter, moving at 20 Megacycles is likewise expected %o be
heanly loaded, for all timing relations within a character are derived from
it Exact loading requirements must wait further design effort.

A1l lines must be synchronous with the elock and with each other. The
uge of zero temperaiure coefficient glass is specified unless compatible perfor-
mance and price can be obtained from other medie burdened with a small oven to
prevent drift. No cooling facilities other than small fans are tolerable in
this system. This specification assumss the pressnce of an air-conditioned
environment for the equipment.

With all communication between components of the system established via

J.thie 20 Megacyole interface with memory, hardware layout must agsume a portion

of each control unit mounted in elose proximity to the memory. In general, each
device appears to split into a 20 Megacycle area for information fiow, a 3
HMegacyele area for control on a character basis, and a lower speed area at the

- interface with a‘mechenical device. The first o areas will generally be able

to offect transfers over a single line at the bit rate indicated. In an effort
to reduce cabling costs, it is highly desirable to allocate space for electronics
in such a fashjon as to ellow one small 3 Megaecycle line to be cabled from
control areas instead of, say, 120 print drive wires.

Printer:

Our ability to print at high speed, currently a rated 50%f higher than ocur
major competition is not to be discounted as a feature, particularly since
piinting aprears %o be the major job tackled by this type of equipment.
Curiouely, an examination of the peculiar internal #iming relation of the 1401
{notably the 11.2 microsecond memory cycle tims) strongly suggests that the
original goal of the chain priater was 900 printed lines per wminute, This
conjecture has been direcily subsiantiated.

Howevar, the high cost of printing 1s directly relaied to the number of
actustors in the system. I% would be pleasant to report thst we could print
120 character lines 900 each minute withou® paying the high price of 120 actuators
with asgsociated driving electronics., The best that can be done is to say that
at about 600 lines per minute 1t will be possible to priut a more restricted
slphabet with oune-half the nuwber of driver-actuator combinations. The cost
raductions in this erea ars very lerge and the gppeaded estimate for printer
{+ control) cost can be slashed by & sizable amount if we assume 2 doubly
actuated printer.

7

The specification here is for a comtrol unit that could be coupled (with
winoy uodifications) to either rnnoer with the reservation that if only one c¢sn
be gpacified it should opsrate ab at least 900 lines per minuse.

The pm-pos—;ed control unlt is designed Yo take optimum advantage of increased
papsr moving spesds by revising ihe means Ly whieh conbrol knows a complete line
has bgen printed. AL present this is dons by guarant teelng exactly ons prind
dmm revoludion per limz of print end vequiring all 56 characters to be passed
over before parer can be advanced. ' -
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" The procedure specified here is that of counting the number of blanks in the
print imege plus the number of character comparisons made of the print imsge with
the moving drum until a total of 120 (a full line) is encountered. The advantege
of such a procedure is that paper csn be advanced at the earliest poasible
roment and that careful usage of legal characters and proper placement of
infrequently used characters can allow one line of print per drum revolution -
upping print speed in most eases to 1200 single gspaced lines per minuts.

. Replacement of the full alphanumeric print drum with 2 numeric only drum
(1l characters repeated L times around the drum) will allow ons line of print
- each 13 milliseconds. A paper feed time ( single line) of 12 milliseconds would
then allow 2100 lines per mimute (numeric only) - or twice the IBM 1103 speed
with numeric chain. This could be accomplished with no modification of control,
The assumption made here is that a character code wheel is replaced with the
drum. If possible, the dirum should become an operator replacement. No program
modification wouwld be required to get numeric output to this rate.

The area of greatest concern in making such a specification is that of
paper feed and ¢lutching. The buffered processor: (and tape input) could deliver
predigestsd information at this rate. -

: In comuunleating with the serial delay line, when a character demsnd is
made frow the print drum, compariscns with print storage can be started within
175 usecs. and must be completed within h2 microseconds. Print hammer storage
in the form of a 3 Megacycle shift register is adequate %o select hammers for
firing. The fact that a character demand (oscurring once sach 840 mi.crossconds)
can be accommodated within 217 microsaconds enablee a great gimplification in
the storage-preamplifier driver circuitry associated with each hammer, This
oeccurs simply because the bits firing hammers on a given character cycle can
- e held for about 600 microseconds - eliminating the need for time dslays in
the print circuitry, sllowiag the print driver to be trsated as a storage flip-
flop direotly. ,

Costs in this area are of considerable interest, for with each cireuit
duplicated 120 %imss, printer electronies easily bscome ths most expensive item
in the system (with printer). Tais problem is significent enough to warrant
congideration of the double-duty actuators in an effort to reduce the multiplier
120 to a less expsnsive 60. The conslderations outlined above can reduce printer
electronics costs (uninstalled and untested) by as much az $1,200 per manufactured
unid. :

The interface of printer conirel with the menmory requires two 20 Megacycle
linez (recd and write) and one 3 Megacyele iinme controlling writing, In
addition the print control unlt nust obiain from the menory address counter
snough information %o control iis scamning cycles. Comparison cutputs oceuwr
at (epproximately) a 3 Megecycle rete. It will be desirable to mount all print
hamner oborage (shift register) in the proximity of the print havimers, rather
than handle 120 wires on the Tloor.

Manual Controls other then those required fo get the wechanical device
woving arve restricted to Start end Siop Frint, Advance to Head of Form and Print
sue Line {foreced print cycle - for printer adjustment while processing).
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Card Reader and Control:

. Without question an end-fed card resder is easier and chegpor to control
than a broadside-fed reader. However, no end fed reader provides punching
facility and few applications are envisaged in which punching (at least of
program material) does mot cceur in the presence of card input. Hollsy
Carburetor has described work on an end-fed (static) punch at 600 cards per
- minute, but this would probably not be available (if at all) for some time.

The system described here can opsrete with any type of reader or punch
provided the appropriate control device goes with it. In view of the remarks
sbove, all estimating has been done assuming the TBM 1402 Reader-Punch unit

as the terminal. The 1402 does have the pleasant system feature of stacker
selection.

The principal costs associated with this type of reader lie in the need to
interrogate 80 ‘brushes - and because they are brushes - an additionsl 80 must
be read for error detection.

Frogram control is established via address §@@ and character addresses
1 through 80 are reserved for the card image. Delivery to address zero of a
1,2,l4 instructs the card reader control to read another card and deliver the
previously read card to the selected stacker 1, 2, or 3. The card inage ares
will remain intact during the acceleration period of the card. No interloek
whatsoever exists for this time and it is provided for the programmer who
wishes to use this area of memory for working storege during the read cycle.
On receipt of the 9 row of the card, the reader control delivers to the image
area partial information about the card snd destroys the information previously
found there. Having passed the R row of the card, the 6-bit image (corrected
for Honeywell code) is complete and the card reader control delivers a code %o
register f# indicating completion of the card read. In case of error detected,
a special code is delivered to zero and the program can take aprropriate action
(stacker selection). A card read cheracter can be set dioring deceleration time -
allowing the image ares to be used as a working erea for 31 milliseconds per
sard.

A second card resd station (available on the 1402) is utilized for card
read error detestion by a hole comn? accunulation medule 128. No illegal punch
detection is speeified nor is there any binary card option. A1l 6l possible

-bit codes are obtainable from the ecard and ean ba punched. -

Manuel coatrols on the card veadsr must allow the card read eycla to occur
indspendently of program demand. Bootstraping procedures for program loading
(from cards - if avallsble) are faciiitated by foreing a card read with processor
off, A manually executed iransfer of control to the card read area vill then
complete bootstrap and program loading.

Card Punchs:

System {and cost) considerations here avre reisted io printer control.
X1 b sim-bit codss must be capsble of being punched, howevasr.
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gggnetic_Tage:

The addition of a tape control unit will allow communication to and fram
magnetic tape to oceur simultaneously with ail othep activity. The tape control
is, however; forced to read into one and only one memory line thereby limiting
record size on tape to under 500 characters,

’ addressed device. Control is established for Forward Reading, Writing, Back-

spacing, and Rewind. Only one device may bs selected by any one tape control unit

o

at any one time. Thus, if simultaneous reading end writing are to occur, two (or
more) tape control units must appear in the system. The sscond control character
selects the hundreds digit from which (or into which) reading (writing) is to
occur. Writing from memory continues until a sequence of sitereotyped end-record
characters (e.g., # # # # is encounterad, Reading from tape into memory eontinues

until end-record is detected or address 500, whichever is first.

Although 211 information in storage i2 on a 6-bit plus parity basis,
communication with H-800 compatible tape requires the tape control unit to assemble
8 information bits per frame and write an independent frame parity. On reading,
frame parity is checked, but parity is recomputed for delivery to memory on &
6-bit basis. A tape frame error will result in the delivery of an appropriaste
control character to storage on completion of the read.

General operation of a tape read involwes the use of an additional delay
line to assemble a piese of eaeh tape record, . That this is needed is apparent
for the frame rate from magnetic tape is such that a 175 usec. memory cannot
be accessed per frame and additional storsge must be provided to effect gear
shifting. A single delay line of length 17.5 usces. (50 characters) provides
suggécieat storage {o couple to both a main memory line and @ stendard dengity
H- tape,

Operation is ag follows: Each frame delivered from tape is Judicicusly
spifted into this intermediate store. At a nominal rate of 21 usac. between
frames, sufficient time is availabie to file each freme into the intermsdiate
delay line. Two frames of storage (8 bits each) are required at the tape
interfecs, onE“Eésembling the tape frame and synchronized by the tape clock with
transfers occorping into the secondary freme. Infonmsation is shifted out of the
gecondery frame at & 20 Megacyele vate into intermediate storage. Sirnce within
the tolerance of the 0k tape transport, two frames may be as little as 15 usee.
apert, the situation seemlngly arrives where access to a 17.5 usee. store
not be made. Even in the worst case, howsvar, an sarly Irsme must be followed
by a late frame and sufficient Wwe is svatleble to file from gecondard frame
svoraze, relcad Trom erimavy frama storsge (assembly) and continue.

When the intermediate buffor is sxactly half full, the control unit refersnces
wmain wenory to dis_orge this icformation. It mmst therefore be able to acesss a
175 usec. inoy bafore its remainiog half will bLe flled. With & .nomuinal frams
Gine of 21 vese.; tho remaining 25 chavacters will be f1lled by, § *25) =18
3-bit fromes 4n no less Shan I8.21 = 378 microscsonds, ample time to Sccess the

- & by D7 P
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snd 2 consequent disparity between frame parity and memory parity. The resuls
is that all orthotronic control information is lost to the processor. The
possibility of prefacing the buffer with 2 H-800 words of storage and control

% enable ortho-gorrection within the tape control has not been fully explored.

In order to account for certain properties of the H-803 control unit,
namely its inability to handle frames other than 6 at e time, a programming
restriction fixing record size as a multiple of 8 characters is imposed. The
control unit will compute and append longitudinsl parity and in general will @

. whatever is necessary to prepare a tape that will read without introducing control

errors at an H-800 (or H-4L40O).

Suggested alternative means of tape buffering which should be explored in
detall prior to actual design include one system in which frames are dumped into
a delay line store as sbove, but removed as early as possible. This allows the
use of a shorter line, thereby making high-density tape input possible, but
also increases ¢onirol costs by requiring full, instead of partiel; address
storage and a more elaborate comparison mechaniem. A third method is to
fractionate the buffer into many shorter lines holding one (or very few)
characters and constructed from coax delsy line elements. This eliminates the
access problem, but is potentially more difficult to eontrol. )

Writing tape from memory is essentially a reverse procedure tc the above,
but in any one control unit eaniot be simultaneous with reading (or backspacing)
on any drive controlled by the same unit., Simultaneity of reading and writing
can be done only by adding another full control unit. In this case it is
recomeended that each control unit have its own line. For any system canfigura-
tion tape reading or writing will be coincident with processing. Indeed, under
progren control, processing can be performed on informetion as it arrives.

One further comment having to do with the relationship of the processor
to veps. This system is heavily charscter oriented and can easily process
alphanumeric information. Conversion from binary or BCD to alphanumeric,
although possible, is not a pleasent job within either the processor or the
program. As a result, the programming and storage burden will grow with the
amount of non-slphabetic information to be handied.

Il

Commvaications Systems and Misce]_lsneous Peripheral Devices:

Aimost &ll considerations have besn directed toward problems of card reszders,
puaches, line prinders, megnetic tape control, end processors. As indlcated
earlier, there is nc reacon to bslieve thai there is any difficulty in establish-
ing suiiable control of other devices.

Several are of immediave potential inberest and will be briefly discussed.

1. Commsnications Control via telephone imposes treivial access demands on
the processor. With no buffering required other than to sstsblish synchrony
we can handle characters b over a § kilocycle rate -~ far in excess of the
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capabilities of the telsphone line. The interface with a Dataphone subaset
can bs relatively simple, and unlike the 1401-1009 combination the full

processing power of the computer is available during transmission each way.

In this fashion a minimal processor and memory seems reasonable at a remote
terminal, controlling that equipment (and no more) required to process locally
and/or talk on the telephons. \

At a local terminus a more elaborate verslon (storage incresse) can handle a
substantial amount of traffic and indeed can couple on an off the shelf basis
to several Dataphone subsets. The local repository of telephons information
can be whatever is desired - taps, cards, print or larger computer. We would
then not be bound to a fixed, say, tape %o tape systsm but could offer a
variely of systems. Unlike the 1401 we would not be bound to the card reader
(and could get program material in from a cheaper sourca).

An interface with the H-800 (or H-L0O) would consist of little more than a word
sized buffer. Indeed It slmost exists in the currems RTCU design.

A direct memory to memory conmsction between two small systems can be easily |
established with cne charascter of information atoraze and one address stored
plus comparisons and caontrol. A cheaper alternative would force both systems
to be completely synchronized. This ia essentially the expanded system with
two processors operating off of one clock (Figure 2).

Other devices such as optical scanners, Paper Tape readers, etc, having a
character delivery rate under 5KC .will have no difficulty in operating into
or cut of memory. The general pattern for each such device is that it will
require a frame of serial or serializsble storage, a partial address counter,
logic for delection of a control address of interest, one bit to decide if a
demand has been made, additional storage to discriminate between possible

actions such as stacker selecticn, a bit to control writing a release indication,
moderate control for interrslating these small pieces and finally, the special

circu &8 and logic indigenous to the device being controlled.
Hardware & Maintenances

To anyone that has progressed this far it should be clear that the system
proposed is modular without limit. Its asctnal realization would desirsbly be
the ssme - and could be if all devices occupied zero volunme.

Many conflicting conditions are present in the physical realization, a few
of which are that the peripheral devices are bulky and rather noisy (acoustically
and electrically); that 20 megacycle and 3 megacycle lines can not be long; that
equipment then wents %o huddle in small floor space; that equipment requires access
for repair and adjustment; cables are expensive and should not be stepped ong
false floors are expensive; malnbenance and operator controls sre minimal,
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Preliminary hardware consideradions indicate that the processor and wmenory

can be housed in approximately the volume cccuppied by one H=800 bay of equipment
or one 19 inech reck, This volumetric estimate is mevely for reference purposes
snd does nobt necessarily veflect the sppsarance of the unit. From many points

of view it could be desirable for the hardware layout to follow the genersl farm
of ths system design = with a plan view of an installabion reflecting the figures
on Pgge 2. '

The presence of 20 megarycle signals will no doubt vequire new packaging and
mounting hardware, with medularity raising an additicnal complication and tending
to force as mch as possible of peripheral contrel into the terminal unit itself.

Power must be supplied as cheaply as possible, with no powsr central of H-800 or F=400
nature at all tolerable. Neither the user nor ourgelves must be burdsned with high
installation costs. . -

‘If this device is to be sold 23 an indepandent or reuote satellits unit, the

" problem of maintenance becomes extracrdinarily important. Although there is

“obviously no reason to believe that 20 magacycles dynamic logic vwill be easy to -

" debug, we do have the factor in our faver thet the total mumber of active components B

“jn the system is low. This ean only resvlt (with good basic design) in an increased |
“madn-time betwsen failure for the electronlcs. The aelectromechanical equipment
- “eanmeb be wiappad. in cellcphane and will probably form the largest part of the

- malntengnee Jproblen. Bo firm solution is proposed at this time except to say that

" the desigrmugt bs very carefully executed with maintenance in mind at all timss.




