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Abstracts In the past few months a plan for the tie-ln of exntermal
equipment to the compuuor has been developoed wilch appezre
to be &cccptable from the po¢nh of view of bolh the amount

of equipment involved and the degires of a programacr,

The purpose of this memorandun is to describe ths dnecub
control which will be constructed arnd te cuplain its
operation as a unit of the ineoul element, To accomplish
this it is necesgary to present a brief deacrlption of the
in=out orders, . in-=oub elemaaup and the external wuwaiis, The
basic princlplea of this sysienm were presecubed in Emlléma
The wain variations which heve baen incorporated ares:

The use of a countor to count delays roquivﬂd by I0S and
external units, The tranofer of a sizteen (16) digit word
with esch zec end prd vhen using magnetic tape. umicsa And
the incorporation of anobher medz of operatien with
magnetic tape uplts which allows the rscording of a new
block of information to begin et exactly the same place

on tape thst an old bloek began,. .
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1 IITRODUCTION

Pew of the uermlnal devices censidered for lintegration WLLh
the WWEI computor were dosigned specifically for such an appllcatxon
go many of thesge devices would require complicated controls o parfer
data transfers with just a single initlatlon signal {rom the- couputh
Whilo these controls could be built, considerable simplification is
obtained by using computer aubprograms to perforn some of these control
funétions, Therefore to speed the compleolon of the in~out system apd
-to reduce the equipment contalued in it, the computer is burdened with
many of the comirol funcilons necessary to accomplish an in-out
operation, Thus, in the system to be descrlbed in this memowandum .
the control of 2 ccmplﬁwe in=out oporation invelves three factors:
computer subprograms, the in-out element, and external umit comtrols,

A dlstinction should ke made for the purposes of this
memorandum botween en in-out process and aa ineoult operation, The
in-out process is the actual reading or recovrding done by the external
unit and iavolves the transfor of one character of information betwesn
a buffer storage uailt (the ineout register) and the exbernal unit,.

The ineout opeoration imcludes one or more im=oub pfocesses and those
ections that are commanded by the computer in paeparlng for and ia

- £inishing up after the in=out process itgelf, Thus ime=oub contzol
(10C) and the oxternal unit controls are 1n command of in-out processes
onco they have been inltiat ed, but the computer subprogram has control
of those actlons necossary for the preparaulon and completion of the
I1n=out operation,

The wholo imput-output system may be divided into two groupﬂ"

The in-out element (IOE, 400) and the externel units (EU, 500), IOE
coordinates the operations of the computer and the exﬁe?nal units bys:

(a) Salecting oxtornal units and thezr modes of operation,

(b) Providing buffer storage for date being’ transferred
. . bstween the computer and external nnitso ,

(c) Stopping thé computer if it attempts to gst ahead of a
. remote univ,

(a) Giving an alarm i€ a remote unit gets ahead of the
~computer progrem,

(e) Synchronizing 1nterna1‘and»exmernal.pulaé signals,
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(f) Allcwing certain estbornal units to operate through
soveral steps or in-oubt processes in response o &
gingle computer oxder,

(g) Counting del@ys needed between steps in bhe 1nwont
ocperation, _

- External unites mey be grouped in two ways: readers or
recorders, and line=by-line or block-by-block units, A4 line=by=-line
unit reads or records cne characiter or lime of data cach time iU io
started, stopping after each in-out process, Blockeby-block unlis
stary and conbinue running when selected, and 1f thoy provide thoir
own initilation pulses, they will read or racord information ab
epproximately reguler intervals until stopped, The compuber must keep up
by performing its preparatory and complebion actions baxore and efter
each ineout process,

The in-out procoss (including the location of the propeor space
o read or record) is bime consumlng and slow when companﬁd to the gpeed
of the compu ter, therefore it ls desirable %o have the ln-oub operahxon
performed in a munne; which allows the computer to porform obher operstions
while the in-out process is taking place, With this objective iu mind
e brief general pictnre of the transfor of informetion betwsen the
compuue; and extornal unit follows, An ordér from the compvier selects
the egterna] wnit and its mode of operation, If the wmit selected is
a reader, the order also starts the rcader end initiates the in=oul
process, The reader will transfer data 4o the in-ouh register (I@' £03)
as soon &s possible, While this in-oub process is taking place She
computer may perform any cperations which ave desired aud do no{ roquirs
“the participation of other external units, If the rcader is a line-bye~
line unit- the compuier progrom can remove the information in IOR with e
seccnd . order anytlme after the in-out proeess has beem uomDIOued axcopt
if the reader is a blockeby=block unit the compuber progrem must * removie
the, inforrpation bofore the reader is ready to read a second pleee of
information into IOR, If a line=by-line recorder was selected, the
record process is nol initlated bscause enother order is n°ceauavy to
place theo information to be recorded in IOR, The order which plecec
~the information in IOR alsoc imitiates the record process, and the
computer program mey contain as many operations as &esxred bofore and
after this order, With blockeby-block reccrders (magnebic tape) the
order which selects the unit also sterts it to allow it Yo reach
operating apeed,.to form the space batween dlocks, and to rocord &
block mark, is ray require 15 millisoconds and while 1t ls taking
place %the computer may be performing other orders, If the block-by-
. block recorders initiate their recording, sometime after the block



6889 | : A ]
Fonorandum M=1235 Poge 5

mark is rscorded and before the reocorder is ready to yecord agriin
the ovder which places the informavion to be wrecorded in T0R must
take place, This plaCanb of informetion in INR must continue &g
long as the recordor is running, but while the actual recording
process is taling place the computer nay be performing obher orders,

It is Scem thab tho computer program must plece the preﬁ
information in and remove it from IOR durlag recording and read1339
and with blockeby-block unlts it must perform this within eortain
time limits, It must also arrange informeblon read from exbornal
units in the desired manﬁer, place 1% im the proper plaece imn aooragﬂ
keep track of the amount of information being trensforred, and pGPLOfm
all chocks on the itransfer vhich are desired, .The proﬁyemmee mat
consider both the speed of the computer and of the external wnits in
the preparation of programs to obtain the maximun use of the time
availablc during in-out proccsseso , )

2, IN»OUT ORDERS'

The trangfor of 1nformatlon between tho computer end egternql
units is accomplished by three orders:

gi, = select in-ount operatilon
£g = record

rd = reed

These who arc familier with the ia-out instructlons
originally assumed.and described briefly in the Short Guide %o
Coding end in scme deteil in R-180 will note that yc and zd are
eaaentially unchanged bub gi replaces three previous orders:
rs, rf, and xrb, - The sequence of events, probable timing, ard
tentabivo assignment of CPO units for the in-out orders are showa
en the attached traffic. diegrams SA-~50261, SA=50262, and SA~50263
and drawing SB=-50139-1, These orders aro discussed in more detail
in the following sections, :

r Although dther ccmputer orders may be inberspersed the
ineout orders must occur in the proper sequence° These seqvencea
are: ‘
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(a) For line-by-liae veaders:

()

Seguence

8i (read)
rd x R
81 (rend)

rd sz

-

o

]

81 (read)

rd x.

Effoct

8i (read) - selects and staris desiroed

~ line=by=line reader which then places

information in IOR and stops,
: thatis
zd x ~ places infoyma%ionhin ICR in

storagoe rogister x,

For blockeby-block readers:

Seauenece

sl (read) :

rd‘x
vd 2
9
[+

K

rd x

si (stop)

- Bffact

31 (read) = solects and starts desivod
reador which thon places infofmabiﬁn i
ICR ot approximately regular intervals,
zd = - places 'informatigg;fig I0R in
atorage register x, and preparé%’IOR

and IOC for nexb transfer of information

- f£rom EU to I(R which follows autometically

unless EU is stéppedo

gi (stop) = Because any gg order stops
all external units which may be operating,
this order is required only if another

external unit is not %o be sslected
immediately.,
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It may be eny gl order which does not start.
an EU, i,e,, any gi order which selects a
- line=by-lino réct_:rder, It stops any unit

which is running,

(e) TFor all recorders:
Se-gjgence - Effect

ol (record) si (record) = selects racdrdezf, and if

rex ‘block-by-block unit is solected, starts
re x | | unit and sets IOC to form block spaco and
re x record block merker, |

o ' ¢ s

" Z€ X% = places informatiogAbin storage register x .
in IOR %o ba recorded, and starts line-to-line
ré X \ uni'ba vhich stop aftter each record.lng processo
81 (stop) ,g__ (stop) - Identical to si (stop) -order
| | nsed mith readerao I;h ato;:s any unit
running and therofore is needed only after
‘ recording with a blockabywblock unit,

201 si_= Select In»Out Opegg&;gg o o -

v The detail of ovents and traffic diagram for the gi
order exe shown on drawings SB=50139-1 and SA=50261, The purpose of

the gi order is manifold, It switches the computer from one external
unit to another and performs other functions depending on whother the
new unit is a reader or a recorder, If the now unit is a reader the
8i. order prepares for reading and starts those readers which do not run
all of the timé selected (line=by-iire units) so that a read process
may teke place, If a recorder is selected, the record process must not
take place until after the x¢ order places ’the information to be
recorded in IOR, but, if solected, magnetic tape recorders are allowed
to start and af*ger a delay are allowed to record blccl: ma.rks,a
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The gi order must first meke sure that the last
recording process is complete (a reading process is always complete
aftor the last zd order), A special sensing pulse checks ‘the

. interlock 1n IOC for this reasen, After this sensing the old EU is
dismissed by clearing the in-cut switch and sondi..g a stop pulse to

eny unlt requiring cme,

’ The new EU is selected 'by transforring the eddress
(right 8 dlgits) of the gi order to the in-oub switeh (I0S), The
8l order itself must make use of the new setting of I0S, and for
thls reason the gi cperation is interrupted for a apeciﬁc length
of time to permit complotion of the selection by ICS; The actions
that depend on the new selsction are the setting of ICC and the
starting of the new EU, For exzample, for all imput units IOC is set
to allow a reoading process to take place and "stert" cemmands avre
_ sent to nne-bynline readers since the information should bs
transmitted into IOR before an £4 order is allowed, If the zd order
wera to initiate the read process the computer would have to wait
during the read order for the completion of the reading process,
Detailed aettings of IOC are discussed in gection 4.3,

' Certain output units require 'hwo pieces of data for
each output process, e.g., both the horizontal and the vertical
deflections of scope must 'be sot for the display of each spot, The
gl order provides this second piece of information ia the case of

the display scopss by transforring the content of AC to the horizontal
decoder on every gi order. Fo harm results if the new EU is not a
scope, - -

2,2 rd_= Road

- . The dotall of ovents and traffic diagram for the xrd
instruction ‘which serves the purpose of transferring to storage the
information placed in IOR by the extornal unit are showvn on drawings

SB=50139=1 and SA=50262, The zd ovder first sonsges to see if the

external unit has completed its transfer of informatlion to IOR, arnd
if the transfer has not been completed the computer is stopped *until
completion, After sonsing and possibly waiting, the zd order
transfers the information in IOR to the storage register specified
by the pd address, The usual transfer check procedure may accompany
this transfer, If a line-by-line reader is being used, this transfer
would complete the necessary duties of xd, btut if a blockeby-blook
‘reader is being used, IOR and IOC must be prepa.red in enticipation of
another rd order to follom Because of this, ICR will always be
cleared and IOC will be set aftor the transfer to storage takes place,
This will also prevent the next rd (but not si) from occurring before
EU reads the next 1nfqrmation into IOR,
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When operating with a megnetic tape un.h. a lé-digit word
is formed in IOR by IOC before the yd order is allowed to remove the |
informatlon from IOR, Thus from the computer’s point of view, magnetilc
tape units always handle 16-diglt words, but the paper tape units
deliver only one six (6) digit characi:er at a time and the compuhe"'
program muat arrange these cheracters in the desired memner,

: Ifr. rd orders appear too close together the computer
must stop and walt for the EU {0 catch up ¢ if the gg orders eve
- gpaced too far apart so that an EU operating .I.n blaock-reading supplies
an initiation pulse for its second word before en rd order oesura 4o .
remove the first word from IOR, an in-out alarm occurs, In limesby-
1line reading thée external unit’ does not care if the time betveen rd
orders is lerge,

2,3 zc = Racord

‘ ~ The act.wno which teke place on the xc order end “their
timing are shown on drawings SB-50139-1 and SA=50263, The re¢ order
will sense the IOC interlock to lmsure that EU hes completed any
provious reeording, It then prepares to record the next word by
clearing IOR and the vertical decoder, transferring the contents of
the storage registor specified by the addrass section of the x¢ order
- %o IOR and the vertical decoder, checling the transfor %o .[OR and
setting I0C for the particular rocord opecfabion selected,

If rs orders are spaced too close together, the computor
will be forced ‘to stand idle, If they are spaced too far aparft tho
operation with various unite are affocted in different ways, For block-
by=block rocorders supplying their own initiation pulses (magnetic tape
and £ilm recorders) an in-out alerm 1s given, while line-by-line
recordera are not affected by a slow rate of xg orders,

, A program should never be written with an re¢ order
proceding or following an 3;«_9, order without an gi order occurring
betwsen them, bscause cach gi order selects either a reader or recorder,
never both, and theref‘ore must be follomed by either ze or ;gg orders
but never fzoth :

3, EXTERNAL UNITS (EU

.The in-out units ﬁhbse :lncbrpomtion into the WWI
system has been accomplished on a temporary basgis or is heing actively
‘undertaken, are the following:
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(2) l'a.gneblc tope um.ts., Each can bo a reador
recorder,

(2) Paper tape units, including -

(a) Punches

(b) Printers -

( c;. Fechanical Readers
(@) Photoelectric Readers

(3) Oscilloscopes

(4) Scope Cameras

The folloving in-out ualts have boen considered in the
design of the in-out olement, but their incorporation into the WWI
Bystom is not being a.ct:lve]y underta.ken. '

(1) Eastman Kodak £1Im units,
(2) Punched card equipment,
(3) Manual intervemtion registers,
(4) Analog umits,

(5) Asynchrenous :u.nputa and outputs reqmring buffer
storage,

(6) Toletype line, )
(7) Karginal checking control,
(8) Bells and lights for special indications,

KEagnetic drums wore also corsidered in the design of IOE
but current thinking indicates that possibly it will be desirable
operate them in a manner gufficlontly different from other extermal
units to warrent separate comtrols, This, of course, does not
pre;%\é.de the poasibility of malring use of some of the equipment found
in

The following pe.ragr’apha give brief descriptions of' thoae ,
external units which will be included in the initial installation of tho-
in-out system, The connections botweon external units and I0S_ I0C
and the control matrix (CH) are shown on the attached drewing 283»55138«-1)9'
In=Out SystemeExternal Um.ta (500)
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3.1 Efaénetig Tape_Units

The tapos used in tho megnetic tape units can accomodm.e
6 channels of information, The tape will be eraged (cleared) b

biasing it to saturation in ome direction: a 0 will be recorded by
leaving leaving a gpot in this state, a 1 by satureting o spot in the
other direction, This agrees with the binary philosophy of WWI and -
will mean the reading of only 1's. from tape, 4 character of four
binary digits will be read in parallel from four of tho aix channcls,
the other two chennels baing used for index and block marks, The
channel uged for index marks, say ##6, will have properly spaced 1's
rocorded wherever the tape 18 free of blemishes, In subscquont use
of the tape, a character will be recorded only in line with ‘these
index pulses, The channel used for block markers, say ir5; has a 1
recorded at the beginning of each block, This is’done automa‘bically
by the gl order which selects a magnetic tepe vnlt for recording a
new blcmko

Magnetic tape units have several medes of operation,
Thess modes, which aro selected by the setting of IOS v:l'bh tho
address sec‘gion of the gl order avre: '

(a.) record = Always i‘ollowad by ore or more yg orders which
takes from storage a 16-digit number and places it in
IOR to be recorded in 4 characters on megnetic tapo,
The gi order which selects this modo of operation also
forms an inter-block space and rocords a block mark in
channel #5 before the first xc order is allowmed to

- occur, This mode would be used for recording on tapo

vhich had been erased and the exact point at which
recording begins is not S.mportant as long as a sufficient
inter-block space has bsen formed :

(b) re-record - Identicel to the {record mode except the gi
order dees not form an inter=bleck space or record a
block mark, and recording takes place immediately after
passing an *old block mark, With this mode the yre order
pay take place any time after the gl order and beforé the

. first index mark following the block mark is reachsd,
This mode would be used to replace a block of old
informatioa with a new block of equal or ahorter Jength,

(e) read forward - Always followed by one or more xd orders -
to take tho 16-digit word formed in IOR and place it in
storage, Reading of information into IOR starts as scon

'~ as a block mark has been passed, The use of the block
marks makes possible rapid and simple location of the
position of tho tape because no matter where the tape
is when started, the first word transforred to IOR i
a reading procesa will be the first word of' a block,
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(d) read. reverse - Identical %o read forward except -the 4
cheracters vhich form the 16 diglt word will not te
arranged in the proper sequence, Therefore, this mods
will probably be used mainly for counting blocks on
tape to locate desired information which would then be
read with the tape moving forward,

(e) rewind - The exact operation of this mode has not been
established, but an order which will rewind the taps to
the beginning is intended

Further details on the operation of magnetic tape unite
are given in section 5,0, ‘

Magnetic tape units are the only units for which preaent _

plans call for the handling of 16-digit words with each rc and yd order

although this could be done for other units, Also bacause magnetic tape
units are block-by~block units and initiate their own read or record
pulses, the computer must supply information to or remove it from IOR
within’definite time limits, These limits have not been definitely
determined, but approximately 1,3 milliseconds will be required per
16=digit word with about 300 us between the reading or recording of the
last group of 4 digits in a word and the first group of the next word,

3,2 Paper Tege Unitg

Paper tape units are used at present with the computer
by meane of temporary operations (qr, ap). Their operation and coding
have been described extensively (E-BSO H-1067, and M- 1084) but for
the present purpose only a few salient featnres are important

. ‘ : With the exception of the photoelectric tape reader
which will be discussed last, these units are all line-~by-line unite°
The paper tape has seven infbrmation ‘channels (i, e,, seven hole.
positions across the tape in addition to an indexing channel  called
tho feed-out hole, A character is recorded (punched) or reaﬁ only
in line with a feed-out hole, which is thus seen to correspond to
the index channel on the magnetic tape, Of the seven channels, one
(the reference channel) is used to indicate the line in which a
“character has been recorded, and the remaining six are used for data,
At present, a word is recorded in three characters of 5 5 and 6
digite respectively. ,
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Each gi order which seoleets e mechenical paper tape
reader starts the readero The readey proceeds to the first line on
the tape which conteins a hole in the refereace channel and reads the
slx=digit character punched in thet line into IOR, After the reader
has placed tho character in IOR it stops, and en __cj ordey may Tenove
this character at eny time, -

Recording with paper tdpe equipment (i,0,, punching
and/or printing) is also dono line-by-lime, The gi ordor selects the
unit while the ye ordér places the information im ICR and initiates
the recording process, When the process has been completed, the
recorder sends a pulse to IOC which clears the interloclk and allows
another in-out operation to take place,

The photecolectric reader oporates blockaby-'-blocko When,
an g}, order selects the reader, it starts and runs until dismissed by -
anothor gi order, Each feedaout hole vhich is reached generates a
pulse which sonses the reference channel, If this channel contains a
71", indicating that a character has been recorded in tho other six
channels the charactor is read into IOR and the interlock im IOC is
_ cleared to signify thet the road-in bas been completed, An xd order
may now romove the character from IOR, The time between successive

feecdout holes is approximately 7 millixset::cmdao

3,3 Display Oseillosecopes

For scope displeys information must be supplied for
both the horizontal and the vertical doflections of the cathede ray
beams, On gi, the contents of AC are placed in the horizontal
decoder, and on re, which may follow at any timoe, ‘the contents of the
storage regiater corrosponding to the address section of the xe order
. are placed in the vertical decoder, The re order also initiates the
delay required for the deﬂeetion-amplifier translents to die out and
at the end of this delay the electron beam of the selected scope
turned on, After the intensification delay has been counted, tha
electron beam is turned off and the interlock in I0C is cleared

- If scopes having eleebrostatic deﬂec%ion aro used .

- . separately or in parallol with a magnetic-defloction ascope, no delay

1s required for tho deflection-amplifiers, but the intemsification
should last for a longer time, This is accompliahed by immediataly
intensifying theso scopes after reading into the wvertical decoders,
and leaving the beam on while the delays for the magnatm-deflection
amplifiers and for the intensification of the magnetic-deflection
scopes are taking place, ‘
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3.4 Scopg Camora

’ The automatic camera uged for talking pictures of scope
displays is described in H-1166, Sinco the only action performed is
that of framing, only & single order (gl) is required to conirol this
unit, The si order will advance the £ilm ono frame and then send a .
pulse to 10C - indicating that the operation has been completed and that
~ other in-out operations may bogin,

4.  INsOUT EIEMENT (IOE _400)

: The purpose of the insout olement is to'hardle the date
traffic betueen oxternal units and ‘the computer proper,

The functions’ of IOE vhich wero lusted on page 3 may
be divided into three groups, e 1s to select the external unit with
which data is to be communicated Tho gscond role of IOE is the
tenporary (or buffer) storage of information being transmitted,
Finally  IOC provides tho necessary controls for harmonizing the
actions of tho computer and the extornal unit selected, According to
those groupings IOE can be divided into three parts, which arve dealt
with. below°

4ol In=Out Suiteh (108 zao)

Tho in-out switch ie an 8-digit reogister with connections
to and from the computer bus, This registor operates a crystal matrix
which decodes the words read into the rogister into & largo number of
outputs (256 maxirum possible), Seloction of an external unit in a
particular mode of operation is accomplished by the transfer to I0S of
an 8edigit character (or address) which 18 the code of the desived
selection° ,

A givon setting of I0S pay energive govoral output lines,
and certain output linss are onergized by more than just ome particular
I0S content, For example, if one wants to record on magnetic tape unitv
, #2 the corresponding aet%ing of I0S would raise the potential of the
foilowinge and only the followzng output 1ines° o v ‘

1, MAGNETIC TAPE UNIT #2
2. ALL MAGNETIC TAPE RECORDERS
3. ALL OUTPUT UNITS
4, ALL READERS  CAMERA, REVIND AND mcm:c TAPE
: RECORDERS NOT RE-RECORDING
5. "ALL MAGNETIC TAPE REGORDEH$ NOT m:mconnmc
6, AL MAGNETIC TAPE UNITS, |
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The doscription of a glven 1line is a llstinp of 8ll seiecuions for which
that line would be energiszed,

. The flip-flops of IOS have output gate tubes to pormit
the checking of the transfeor from storage to 10S, Nohe9 howover, that
the checking loop includes oaly the flip-flops of I0S, not the switchmng
matrix also, Complete checking of the selection woul& incur considerable
complication of equipment, and since matrix oporation has proved very
‘reliable in WWI experience such checking is being omitvted in the interoest
of simplicityb

4.2 In=Out Register !IORﬂ 4032

The purpose of the in-out reglster is to store the word
the program has supplied for recording until the selected recorder calls

~ for it and to stors the word read from the selected reader until the

program removes it, IOR also has facilities for shifting, The I0C
controls shifting in the IOR to form 16-digit words from 4-digit
characters when reading from magnetic tape and for dividing 16-digit
words into 4-diglt characters when recording on magnetic tape, The
shifting facillities will also be used to accommodate serial external
units, Additional gate tubes an provided for reading to ‘the check bus
to check transfors botween IOR and other parts of the computoer,

403 In=Out Control QIOC 4 2

The in-out cogzrol £inds the common denominator in the
timing of the computer, of extornal units, and of the in-out swiich,
The last five of the ssven functions of 10E liSued on page 3 end listed
again below are performed by IOC,

’ " éa) Synchronization of internal and external pulso aignalso
b) Stopping the computer if it attempts to get ahead of an
— external unit,
(¢) Giving an alarm of an extornal unit gets ahead of the
’ computer program,
(@) Counting delays needed between steps in an in-out
, operation.
(e) Allowing certain exterhal units to operate through
. several cycles or in-out processes in response to a
single computer order,

Each of these five functions can be generally assigned
~ to0 oné of the following five components found in IOC:
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“Syachronizer (415)
Intorlock (413)
Alarm Control (414)

- I0C Counter (411)

I0 Delay Counter (404)

' The sixth ecmponent vhich completes IOC, 1s reset
control (412)o This unit receives informatlon from the gsetting of
I0OS and controls the setting of the other components of ICC so that
they will operate in the manner desired for the partlcular external
unlt selected by I0S, A more dotailed discuasion of the purpose and
operation of these components is given belowo The block diagram of
I0C is showm on drawing D=50053<1,

4031 Syachronizer (415)

The synchronizer sorvos the purposa of taking cortain
pulses which originate in external units and synchronizing them with
computer pulses, Thoso pulses may indicate that the extornel unit
is resdy for or that it has comploted an in-out process, or that an
alarm has been preduced, For example, all readers and magne%icmtape
" recorders send a pulse when they are ready %o read or record, FPaper
tape printers and punchos and the scopé camera send & pulse when they
are through recording or changing £ilm, The scopes send no pulses to
the synchronizer because they roceive their initiation and completion:
from ICC and the only pulse which they send to I0C (intensification
delay) originated in I0C a8 a synchronous initiation pulse, The
pulses which indicate that the external unit is ready for or has
comploted an in=out process enter the synchronizer as asynchronous
initiation pulses, The puleges which are to generateo an alerm enter
as asynchronous alarm pulses and also go to alarm control so that the
synchronized pulee will be certain to rind alarm control set to give
an alarm,

The synchronizer consists of two f11p=f10p8 FFrol1
and FFOR, and two gate tubes, GTOl and GT02, Each asynchronous puleo
from extornal units sots FFOL to the 1 position turning on GIQl, - The
. next RPG end-carry will pass through GTOL and sot FFO2 to the 1
positlon turning on GI02, The first LFSP after the RPG-EC will pass
. through GI02 bacoming scope syne #2; after e short delay it is used
as a synchronized external-unit pulse and to resset FFO2 and FFO1l to’
~ the 0 position preventing other LFSP and RPG-EC pulses from passing,

The delay of the LFSP after it passes through GTO2
gerves two purposes, It provides a short time batween scope sync #2
and the synchronized EU pulse so that the latter may te viewed on
scopes, and prevents the pulse from trying to reset FFO2 before the
 pulse hes hod time o pass completely through GT02, (This latter
delay is probably inheront in the equipment), The short delay shown
between GTOl and FF02 86TVes no purpose in the mode just described,
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but wes lnserted to allow the substitution of LFSP pulses for REFG-EC
pulses, The use of RPG=EC’g synchroaizes tho pulseu from the excernal
units with computer restorer pulses, - This featurs is useful in _
observing computer action following am in=out process, but it introduces
a delay of from ome to 30 microseconds botween the asynchronous ,
initiation from the external unit and the synchronous pulse,  This
variation in timing or jliter may not be harmful with prosently
considered external units, but umite with more critical timing may not

be able to tolerate it,

4,32 Interleck (413)

The interlock 1s the unit which prevents the computer
program f‘rom getting ahead of the external unit which is operating,
This is accomplished by having each ine=cut order semse the interlock
and if tho progrem is trying to got shead of the exteraal wnit, the
sengo pulse will stop the computer, When the éxternal un:l'i'. has cought
up, tha completion pulse x'eatarts the compuoer, '

‘The interlock FFO1 is sot by every x¢ and xd order
and by those gi orders which must be followed by an in~out process or
delay before anothor in-cut order, It is cleared by each complotion
. pulse from the I0C counter, Tho only time an in-out order should not
~ be stoppéd whon the intorlock is got, 18 vhen an gi order follows an
rd order; This is due to the fact ‘that each rd order completes an in-
out operation, and prepares for another rg order im cage a block-by-block
reader is being used, The rd vhich may follow must be held up until an
" in=out process take3 place, but tha gi order which would etop the unit,
zust not be held up, The prcper aenaing of the interlock is accomplishe&
by sending e pulsc from the control matrix to GIO2 at the beglnning of
each re and rd order, If the interlock is set (in the 1 position) the
pulse wlll pass through the GT and become a stop-clock pulss, If an
81 order is given, a pulse is sont to GTO1 which is comtrolled by IOS,.
If 10S has selscted a recorder, the pulse passes through and senses
GTO2 as for an rc or an rd order I£'I10S has selected a reader, GTOR is
‘ closed and the sense pulse is blocked

. If the computer has been stopped by a pulae from the

interlock the completion pulse which usually clears the interlock must
start the computer, Therefore, each stop=clock pulse which originates
from the intorlock also clears the interlock so that the completion
pulsa w:lll then pass through GIO3 to start the clock,

e The interlock permits the computer to continue its .
‘program during the recording or reading processes, So for the most . .
efficiont uge of the time botween tho recording or reeding of two S
consecutive characters the length of the computer program betwssa ine .-
out orders should equal that required for the respective in-out process,
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If this program is shorter the computer will be idle during the rest
of the timo intervdl, but 1f thils program is longer, the in-out unit
will walt if it can, ?or sound an 1n==ou't alarm if 1t’ cannot wait, as
discussed in the next ertiele,

4m algrn Contrel (414)

Units vhich begin an in-out process enly upon or
after a specific command to this effoot from the computer, can never
get ahead of' the computer program, ‘' In this group ars: ' 4

(a) Mechanical paper tape readors
(b) Papor tapo punches and pr:lnter
(e¢) Scopes

. The blockeby=block units which initisto their own
reading or recording procegses must read or record when the proper
position has been reached on the tape regardless of‘ computer action;
among such units are:

(a) Magnetic tape units’ ,
(b) Photoelectric paper tape readars

| If these units stert a reading or recordino process before the
computer program has propared for this process, an alarm must bo
givon, Thia ls accomplished by alarm com.rol :

Each of the extemal units which can -got ahead of
tho computer sends an asynchronous initiation pulse to IOC when it
is ready to regd or record, This pulse 1s synchronized and sent to
the gato tubes” GTOL and GT02 in the alarm control, If FFOl is in
the 1 (set) position, GTO2 is opoa and an in-out alaxm is given, if
in the 0 (cleared) position GT01 is open and the synchronized EG pulse
gives a synchronous initiation which performs the actual reading or
recording in tho external unit, The alarm control is cleared by an
in=-cut order oach time the interlock is set, and it is set by a
completion pulse from the ICC counter at the same timo that the
“interlock is cleared or that the clock is started (if it has been
previously stopped by I0C), Thorefore a pulse from the external
unit indicating that it is ready to read or record again will give an
alarm if an in-out order has not occurred since the previous completion
pulae was produced,,
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4034 I0_Dolay Counter (404)

The delay counter was incorporated im I0C to provide
the facility of accurately and reliably counting the delays required by
different external units and IOC, At present these delays includes

(a) The dolay roquired by IO0S to complete its selecticn,
"(b) . The delay to form an intereblock space with block
recorders,
(e) Tho time the pecording gate gonerators should be on
- whoa recording on magnetic tapo, '
() The dolay for the ragneticedefloction scope amplifiers,
~ (o) The ‘ime’the scope intensification gate genemtors :
are on.,

Theso delsys mey bo divided into two groups; those which are initiated
divectly by an inecut order, and those initiated by extornal units,
Therefore, the counter may o storted in two ways, by the in-cut order
sending a pulse through reset control, or by a pulse frem the external
unit, If the oxternal unit camnot send & pulse already synchronizod
with computer pulses, it first goeo to the synchronizer, Because of |
this, all pulses fron ‘tho synchronizer which do not give an alarm, start
the countero If no speeific-delay is deslred, the countor will contain
all one's and & short (2-5 usee) doley will rosult beford an end-carry
ie sent to the control counter and back to resot control,

The delay countor consists of 16 fl:‘z‘.p«--ﬁ.opza° Fourteen -
‘of these flip°f10ps FF'e01, aro connected to form a convontlional counter,
One f£lip=flop, FF02 ccntrols the supply of puises to the 1l4-digilt
. counter, Vhen FF02°is in the O poeltlen no pulses can go to the counter
flip-flops, but when it is in the 1 position GT02 will be open and i=me
pulaes will pass to the counter, The end=carry from the 1l4-digit coumter
sets FFO2 back to the O position cutting off tho supply of 1 mc pulses,
and sets FFO3 to the 1 position allowlng the next I¥SP to pass tnrough
GT03, The LFSP through GTO3 is used to resot FF's0l to the oue position,
to reset FFO3 to the zoro position shutting of other IFSP's, and as
scope sync #3. After a short delay, this pulse is used as 'ghe delay-
counter end-carry and is sent to the control counter and to reset
control, The reason for having FFO3 and not using the end=carry from
the 14-digit counter as tho dolay=-counter end-carry is that the cnd~-
carry from the 14~-digit counter will have to pasa through 14 gate tubes
and will be delayed more than half a microsecond, FFO3 permits the’
delay-counter end-carry to be coincident with computer clock. pulses.,
Also without FFO3, LFSP's would have to be counted instead of 1 me
.pulaes so it would not be possible to count delays as accurately,
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The deley counter is normally in the aIU ona’s .
condition because it resets 1tself aftor each end-carry, When a
dolay is required, the delay counter may be set. in several wayss by
a pulse during en in-aout order, by tho end=carry from the delay
“countor itself, or by a pulse gent from an external uait, The delayt-
counter-resot ‘timing vill be disecussed in saction 4,36,

4435 I0C Counter 542 2

The control counter allews cortein external units
to opera{:e thrcugh several cyclos or in-oui processes inm responss to
a single computer order, It psrforams its k by countlng and
properly distributing tho end-carries from the delay countéor which
slgnify that one step or in-out process hasg been completed, The
end=carries from the delay counter must be distributed in two ways,
Until the proper mumber of processes havo been performed, they must
give a cycle pulse to indlcate that the delay is over and the next
stop or process may begin, After the proper number of procosses have
been porformed, they must produce a completion pulse so that the next
in-out order may procaeed, The completion pulse (end-carry from IOC
counter) clears the interlock, starts the computer if the computer
stopped for tho in-out proceas seta the alarm control and goes to
those EU requiring a. completion ‘pulss,

The control counter consist of two i‘hp-flops
FFO1 and FFO2, and four gate tubes, GTOl and GI02 are connccted '{,o
the 1 side of *FFO1 and. FFO2 respec%ively and furm e conventional
counter giving an end-carry whon both £1lip-flops contain one and
an add pulse is supplied, - This end-carry serves as a completion pulse,
GTO3 and GT04 are connected to the zero sides of FFO1l and FFO2
respectively, Each add pulse to the counter also goes to GTO3 and
each pulse through GTOl which complimenta FFO2 goes to GTO4, The -
outputs of these two gate tubes are mixed ard if either flip-flop of
the counter contains zero (counter contalns 0, 1, or 2) a pulse appears
. on the output, This output serves as a cycle pulse and by passing
through two delays produces four pulses to shift IOR, While it is not
always necessary to shift the .contents of IOR each time & cycle pulse
is produced, the shifting pulses sent to IOR are not harmful and
could be gabed off by I0S if desived, . |

' With the excoption of magnetic taps units and
scopes only one delay is desired per in-out order so in such cases the
control counter is preset to all omes (3) and mo cycle pulses are
produced, - The settings 'of the control counter required by magnetic
tape units and scopes and the functions perf‘ormed by the cyelo pulses

~are ligted below, .
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(a) Setting of zero = for gi orders selecting a
magnetlc tape reader and for xrc and xd orders
following tho selectlon of a magnetic tape
unit, Following ecach of the above orders there
must be four ine-out processes bofore a

' completion pulse is produced which will permit
the next in-out order to proceed, Tho setiing.
of zero therefore allows three cycle pulses to
occur, the IOR belng shifted four places on
each cycle, After the fourth cycle the completion
pulse is produced, :

(b) Sotting of two =~ for gi orders selecting a
magnetic tape recorder to record, and for r¢
orders vhen referring to the scopes, TFor
magnetic tape recorders on an gi order a
relatively long delay must be counted to forn
the inter=block space and thon a second delay
must be counted while recording a block mark,

- For scopes on an xc order a delay is required
for the amplifiers to stabilize after a word
is read into the vertical decoder if magnetic-
doflection scopes arc used, and after this delay
a second delay is counted while the scope
intensification is taking place,

: For gi orders selecting a magnetic tape recorder for
re=recording no delays are counted so the control counter setting is
immaterial, The oxrder performs a selection only and is complete within
itself, Therefore the interlock is not set and the r¢ order which is to
follow may come immediately setting the control counter to zero (sece (a)
above), Actually for re-recording on magnetic tape the counter is set
to zero by the gi order, but as shown this causes no trouble, -

' The control counter is preset to contain all ones
" {3) by each si order vhen the IOS delay count is started, It is also
preset by each end=carry (complotion pulse), Thus the counter will be
in . the all one's positlon for those units which do not require some
other setting and the counter is reset only by those in-out orders which
require settlngs different from the all one’s position, Settings are
controlled by reset control through the preset, the "O"-reset, and the
"2"=reget lines, Thess allow the counter to be set to 3,0, and 2
respectivoly, ' ‘
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436 I0C Reset Control (412)

Reset control receives pulses from the following
sources; the control matrix during in-out orders, the end-carries from
the control counter and delay counter, and from external units, The
destination of these pulses is controllod by the sett1ng of I0S,

Each gi order supplies an I0S=delay start pulse
after transferring the address sectlion of the gi order to ICS, This
pulse stops the computer, clears the interlock if it was set, presetis
the delay counter and control counter to contain all ones, rasets the
delay counter for a short (5=20 usec) delay and starts tne delay counter,
The end-carry from the delay counter will pass through the control
counter starting the computer and again preseting the delay end control
counters, - The next control pulse to IOC i1s IOC reset (si)° This pulse
" will pass through GT02 setting the intorlock and clearing alarm control
if a delay or an in-cut process is to follow the gi order, If ICS has
selected a magnetic tape unit,. the delay and control counters must be
reset, The reset pulse therefore goes through GTO0l and resets the
.control counter to zero for all magnetlc tape units, It also goss %o
GT03, and if a recorder has been selected to record a new block, it
sets the contro) counter to two, sets the delay counter for the delay
while an inter=block space is formed goes to magnetic tape control to
indicate that a block mark should ba rocorded after the inter-block
space 1s formed, and starts the delay counter, The end-carry after the
delay goes back to reset control and passes through GTO4 resetting the
deley counter for the delay when the block mark is belng recorded, :

After the completion pulse from the ccntrol counter ,
the next in-out order may proceed, It will be an rd or r¢ order and wili
send an I0C reset (re and rd) pulse to reset comtrol, This pulse will
always set the interlock and clear alarn control because an in=out
process must follow, It will also proceed to GTOL, GTO4, and GT05 to
properly set the two counters, If a magnetic tape “unit has been selected,
GTO1l will be open and the reset pulse will set the control counter to
zero, If a magnetic tape recorder has been salected GT04 will be open
and the delay counter will be set for the time the recordlng gate -
generators should be on, It will also be reset to this value by every
end-carry from the delay counter when GTOA is open, Vhen a scope has
been selected, GT05 will be the only gate tube open, the control counter
will be set to two, the delay counter will be set for the delay required
by the magneticedeilcction amplifiers, and the delay count will be started,
The delay-counter end-carry will now 1ndicate that -the scopes may be
intensified, The cycle pulse from the control counter therefore will
turn on the selected scope, and will return to raset control to set the
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dolay for the timo the scopes are to be intensified and to start the
counter, The compleotion pulse will then turn the scopes off, For all
units other than scopes and magnetie tepe the counters will be left in
+the all one®s position, ' '

5, OPERATION OF MAGNETIC TAPE UNITS

- The operation of external units shown in the drawing, In-Out
System = External Units (500)9 was briefly discussed in Section 3 =
External Units (EU), The operation of magnetic tape units and their -
control is sufficiontly complex to warrant further discussion of how the
different modes of operation are achieved,

When an gi order selects a magnetic tape unit, the unlt will
be started automatically by magnetic-tape selection control, This will"
be accomplished by having the energized lines from IOS go directly to
the cluteh circuits of the difforent units, or to gate tubes which will.
allow the start pulse from CM to pass to tho proper unit, The lines
from I0S will also switch the head of the selected unit so that it will
be the only head connected to the gate tubes which communicate with
IOR and the proper gate tubes (reading or recording) will be open/d
depending on the mode selected by IOS, The channel containing index
marks, say #6, will always be connected to the pulse generator and
will read, : : : ‘ :

If a recorder has been selected to rocord a block in a
space which does not contain previously recorded .information and if the
delay counter has been started for the delay necessary to form the
inter=block space, FFO2 will be in the 1 position to record a block
mark, channels 1 {o 4 will be conneeted to GT%z 09, and channel 5 will
be connected to GTO08, i The index marker pulses will be sent to GT03 and
GTO1 but will always find GT03 closed bocause the line from I0S,
Magnetic Tape Readers and Recorders not Re=Recording, will not be -
enorgized, GTOl will also be closed until FFOl is set to the 1 position
by the cycle pulse from IOC which indicates that the delay has been
completed, After this, index-marker pulses will pass through GTOl and
become asynchronous initiation pulses, The first asynchronous
initiation pulse which goes to IOC starts the delay counter, which has
been reset for the recording delay, and it returns to the magnetic tape
control as a synchronous initiation pulse, This pulsc goes to GTO5 and
GT06 and will pass through GT05 to turn the recording gaté generator
GROL on because IOS has selécted a magnetic tape recorder, This will
record a 1 in the block-marker channel because FFO2 is set to 1 and
‘1t will record zerces in'channels 1 to 4, because IOR has just been
cleared, After the recording delay has beer counted; a completion



6889 : . '
Memorandun [4=1235 . Page 24

pulse is produced since the control counter was initlally set to 2,
This completion pulse will turn the recording gate generator off, set
FFO2 to O to prevent recording additional block marks, clear the'
interlock so that the next in=out order (zg) may procecd end set alarm
control so an alarm will be given if another usynchronous initiation
pulse 1s given before the pe order, The xg order will place the word
to be recorded in IOR, set , the interlock, clear alarm control, set the
" control counter to zero (allowing four 1n=out processes before the
completion pulse) end set the delay counter for the recording deley,
The next four index-marker pulses will pass through GTOLl in magnetic-
tape control and after being synchronized will start the delay counter
and return as synchronous initiation pulses to turn the recording gate
generator on, Each of the first three end-carries from the delay
- counter will add one to the control counte? turn the recording gate
generator off and shift the contents of T0R four places to put new
information in the left four digits of IOR, The fourth end-carry from'
the delay counter will give a completion pulse from the control counter,
which turns the gate generator off and prepares for the next in-cut
order°

If the unit has been selected to record a block of information
. in place of another block (re-record), chamnels 1 ¢o 4 will bo

connected to GI'%s 09 as before but channel 5 will be connected to GIO4
and will always read, The IOC interlock will not be set so the rg

order may follow immediately, Each index marker pulse will go %o o G103
and GTO1l but will now £ind GTO3 open because the re-record mode has been
selected, The index marker pulses passing through GT03 will semse the '
block=marker channel until a block mark is located, . This block-marker
pulse will then set IFOl to tho 1 position and allow the following index
pulses to pass through GTOl and record the information placed in IOR by
the r¢ order, Operation now proceeds in a manner identical to the
‘previously described recording except channel 5 containing block marks

is being continuously read and if a second block mark is passed the pulse
will pass through GT02 giving an alarm, This prevents recording over a
second block, It is the programmers responsibility to make sure that

the new block is equal or shorter than the old block, If the new block
is slightly longer (approx, 10 words) no alarm will be given but

- recording will have overflowed into the inter-block space 8o that errors
may occur during subaequent reading,
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If the unit is selected to operate as.a reader, channels
1 vo 4 will be connected to GT's 07 and channel 5 to GT04, The I0C
interlock will be set and the control counter set to zero, The index
pulses will scan channel 5 until a block mark is found, The block
merker pulse will set FFOl to 1 allowing the following index pulses
to pass as asynchronous initiation pulses, Thaese pulses will be
synchronized by IOC and then will start the delay counter and return
through GT06 to read the contents of channels 1 to 4 into the right
end of IOR, Because the delay counter was left in the preset or

all-ones position the dolay is very short (2-5 us), The end-cerry

to the control counter will shift the contents of IOR four times
gradually building up a 16=digit word from 4=digit characters, The
fourth delay countor end-carry will not shift IOR, but will clear the
interlock to allow the rd order to proceed, transferring the contents
of IOR to storage end preparing fbr another rd order whlch may follow,

.

6, PRINTING FROM MAGNETIC ng@

Operating & Flexowriter printer directly from the computer
is inherently a slow process, One possibility for speeding up the
computer’s task in transferring data from the computer %o printed form
is to transfer data to magnetic tepo and then to print from the ’
magnetic te.peo

Flexowriter printers require a 6-digit character while the
magnetic tape units handle 4-digit characters, Therefore, at least
part of tuo fbur digit characters muat be used 1in each printing process,

- One of the poasibilities for printing from tape would be to
record single-word blocks from the computer and then read the tape
using the system of drawing SA=50137-1, To print, the tape unit is
started, and the tape moves until the first block mark is located,

Six digits out of the next two characters are read into the' releys
associated with the printer, the tape unit is stopped, and the printer

is started, When the printer has completed its process, a completion
pulse restarts the tape unit, the next block 1s located and six digits
again placed in the rolay storageo The process may be stopped by ’
suppressing the completion pulse from the relays by a Flexowriter character
such as "gtop for insert” or by a speciel character utilizing one of

the extra digits read from magnetic tape, The recording of single=word
blocks may be done at a rate of approximately one every 1l to 16 me
(depending on the delay necessary for the inter-block space)
corresponding to. from 60 to 90 Flexowriter characters per second, It
should be noted that the preponderance of recording time is taken up

by the forming of the block space necessary to stop the tape, If
additiopal storage were available with the printer to allow the

printer to use more than ome 6-digit character from each block recorded
on tape, the recording time of each Flexowriter character would be 1
- rpduced by approximately one half fbr each doubling of storage,
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An slternative to stopping the, tape after recording cach
word would be to have the index marks spacéd about 1/Z inch apart on
the tape and to record opposite every mark, This spacing would
pormit stopping between marks whon printing but the magnetlc tape
" recorder wounld not have to stop and start to form this space,
Therefore the average speed of the tape during recording would bo
approximatoly doubled, but with the index marks spaced uniformly
on the tape about 1/4 of en inch apart, twlco as much tape would
be required per- Flexowriter character and the recording speed would
be approximately the same as when single word blocks were used,

To speed this up the index marks could be arranged as follows: two
marks 0,01 inches apart followed by 1/4 inch of blank tepe then two
more marks 0,01 inches apart followed by 1/4 inch of blank tape, cte,
This could give a recording speed of 120 Flexowriter characters por
second, but the recording of block marks in this manner and having
to ‘have - spocial tapes appear to be serious problems,

-
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