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Abstract: Two mapnetic Grum systems are being constructec by Lngineering
. Pesearch Agsociates of St. Paul for use with the \liritdinc
’ Computer. One of these, the swxiliery storage <rum, will be
useé for a laerge capacity storesge to supplement electrostetic
storage. The geconc system, the buffer drum, wili bs used to
assemble asynchronous input cate from multiple Inputs so thatb
it can be later transferred to the computer when celled for.
Communication between these arums and the computer will be by
way of the ineout regfister. Use of Iin-out conircl will be
requireé and in this sense the drums will funclion as units of
©  tewrminal equipment. flthough other methods for integrating the
- gystems have been considered, the method proposed waes chosen
because of its reletive simplicity. Two additionel in-out
' orders are proposed to provice for 'block tronsfers between the
drums and the conputer meking & total of flve oriders being
involved in operation of units of terminel equiynent. The
modes of operatlion of the auxiliery drum are worked out in a
fairly complete manner but meny of the cetails of btuffer drum
oparation still remain to be specified. Some flexibility in
the design and construction of the buffer crum is being plannea
to silow for integration of new tyres of inputs encu outputs
which may te cegireble in the future.

1,0 DEFSCPIPTION CI' THL. TWC DRU SYSTEIS BEilNG BUILT BY L.i.A,

At the pregent time Engineering Fesearch Associetes of St.
Paul 1s constructing two megnetlc drum systems for use with the Uhirlwind -
- Computer. These have been cesignoted as the auxilzary-stor*ge-crum
- system and the buffer-crum system. The logicel uesigns of “hegs two
systems have certain signnflcant differences. - A generecl Ceseription of
these designsg follows. ‘ ‘

1.1 Auxiliggy Storage Drum,

Thé aukiliafy-storage;drum systen (esuxilisry Crhm) is similar
to a stancara arum system such as I.T.A. useé in their 1101 computer.
A simplified block ciegrem of the euxiliery crum system is shown in the
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attached crawing 5ﬂ~5f699 1t has a total of 194 magnetic hseds which
are divided for cur purposes into groups of 16 heads each. Thers sre
rhavefors 12 16-digit groups provided on this drum with the ramciniag
wuo neads used for timing and bracket tracks. Ten scditicnel haaus
.¢coald be added later if cesired. The dérum is designec so that 2048
vpuloes cen be reccrded in eny ons track arounc the circumference of the
drum, giving o tota. storege capacity of 2048 x 12, or 24,576 i6=Gigit
repisters. 1In selecting e drum register, anguler position of the crum
is determined by the anpuler positlion counter (APK) which counts the
rulses on a %iming chennel, starting with a reference position determined
by a pulse recorded in a Fracket channel. The selection of a particular
register in a given group is done by compering the contents of this
counter with the desired aduress read into 11 digits of the storcge
scdress register (SAE). Selection of & perticular proup out.of -the
12 groups is cone by a crystel matrix switch controlled by /4 f£liip flops
in the storage adcress register. The complete seiection of a particular
rogister on the crum, then, 1s accomplished by inserting a 15-diglt wora
into & storage address register, 1l dirits of which are comparet against
the contents of the anpulsr position counter enc 4 digits of which ac-
complish selection of the desirac group.

. The auxiliary crum is provided with one set of 16 reacing
emplifiers anc one set of 16 writing amylifiers. The conncetion of the
reacing amplifiers to the desirsd set of 16 heads is accomplishea by

- low=-level crystel pating at the inputs cof the amplificrs. The conncction
of the writing amplifiers to the cesired set of heeccs is eccemplished by

© reloy swiltching., The writing emplifiers ers of the hard tube type so
that, within o given field, writing can be accomplished at each succes-
give angular position. However, thers is a duty factor limitation on
this vriting imposed by heating within the heads which limits the sverage
.greed of recording to every other c¢rum position. In switeching the
reading emplifiers from one group to another s wait period of ot least

30 microseconcs is nccessary ir order for transients in the reacing
amplifiers to aie out, In switecling the vriting emplifiers from one
grour to enother a period of 24 mililiseconcs is requirec to sllow for
operation of the relays which eccomplish the writing-grour selection.

1.2 Buffer Lrum,

. The buffer drum conteins 1€2 sinpie heacs civideé intc 10
i6-ciglt proups, enc in adcition hes 12 cuel herés which serve & spaciad
functicn to be describec later. [ biock diapran of the buffer crun is
not included bccause interconnection of ell the components in the svatem
will not be done by the mamufrcturer. This is to ellow efficient inte-
pration of new inputs vhich may be nceced at a leter date. Cn thig drum
soferete writing emrlifiers ere proviced for esch of the herds in wrcer
tc cliininc te the reley switching which iy uset in the suxdliery crud.
telection of & perticular group of heocCs for vriting is sccomplishen by
elactronic switching an¢ therefore can be c(one withoat ceary, At lewst
2 anc possitly 4 sets of reacing emylifiere vill be proviced ginev o
single set of amplifiers cennot be switched betieen twc or mores rroups
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whera reading firom one of these groups %o the computer ig to take ploce
aimiltsneously wilth writing onto enother group from scme externcl gource.

. eribination of drum groups which coeg not experience simultanecus

raaGing and writing cen be connected to a single set of reading anpli. :
Ilers and in such cases selection of the desired group will be accomplishec
oy low=level pating at the input to the amplifiers as was come in- the '
auxillary drunm,

The buffer drum will be provided with an angular posgition
counter to incicate the present snpular posltion end with a storage
sddress register which can select & particuler drum register. However,
the counter and the coincidence dctsctor used in this system will be
designed for grester flexibility than is the case with the auxiliaxy
¢rum., The angular poslition counter will have outputs capable of driving
a crystel metrix so thet a pulse distributor cen be built ts provide
© timing pulges thet do not occur on every anguler position. Viith this
feature some interleaving of data on the érum can be accomplished.

There are scme further differences in the buffer drum relating
to the menmner in which writing groups are selected end in which register
rositions for writing anc reading are selected. The latter selection
involves the use of dusl heacs in a special way which will be described
later.

2.0 PROPOSED_USES

2.1  Muxiliery Storsge Drum.

The auxiliery storege:drum will be used primarily for storage
,of nunerical date and computer subprograms, anc¢ hence transfers of
informetion will teke place only between the drum and electrostatic
storege, These transfers will teke place by wey of the ine-out register
end in this sense the drum operates as & plece of terminal equipmont.
The transfers can be either single word or blocks of words. The block
trensfers will take plece et nearly the meximum speed which can be achieved
by ES and therefore are high speed trensfers. Utilization of the crum
in this memmer will meke it pogsible to store progrems or other lsrge
sections of informetion for easy access by the computer. It does not
sppear practical to arrange for this drum to communicate with other
- pleces of terminal equipment indepencently of computer controi becsuse
of the large amount of special control equipment that would be necessary.

2.2 The Buffer Drum.

The buffer drum is to be used for temrorary storage of date
‘which is being communicated between the comrpter and certain special
types of terninal equlpment. Principally it is to be utilize¢ whero
input Gata is arriving in a rendom ené asynchronous menner from nore
than one source. In order to hencle Geta of this type without the use
of gome such buffer storage it would be necessary for the computer to



[lemorandun 1-1358 ‘ , Page 4

ba ready at all times %o receive data and store it in ES. The tuffer
drum accumulates data of this sort so thet it 1s only necessary for the
crmputer to remove.the information from the drum at relatively infx 3quen%
inteyvals end at points in the computer program when it ig conveniecnt

wo do go.

Use of the special duasl heads maekes it possible to Geternins -
vwhether or not the data which has been placed in a drum register by an
external input has been read to the computer. 1n this they provide the
facility for locating "empty" registers for recording from the external
gource ané for locating "fillec" registers when reacing to the computer.
The distinctlion between "empty" and "filled" registers is obteined by
binary Glpits recorded on "stetus tracks" by the dual heeds. Such a
facility is necessary since both the reading anc the recording are nmt
under the control of the computer.

The buffer drum may also be used for recelving information
at a slow rate from inputs such es typewriters or teletype lines end
leter tr:nsferring this informetion to the computer at a high rate by
means of a blocl transfer. Conversely it could hendle output information
where the computer would perform the recording at its maximum speed;
the information would then be reed to en output device such as & type-
writer at the necessary slow speeds.

3.0 QPLRATION OF THE_AUXILIARY DFUM WITH Wel

3.1 Qggggéerayipps'Affeétine-Choice of !ethou of Control.,

There are several factoré which influence the selection of
- the control system which might be used with the auxiliery darum. The
rore important considerations are the following:

1. Cost in équipment o be‘constructec.

2. ifficiency in use of_comrﬁter time.

3; Simplicityffrom theiprogremmer's viewpoint.
4. Flexibility in moces of operstion.

Some of the atove are in conflict so the "best! design nust bo a compronise.
liscussicns of these points are given in the following persgraphs.. 1t
is obvious. that the simplest control is most cesiraeble from the stenc-
point of the cngineering required’ to oesnpn, to instalJ, to debug, and
to maintain the equipment.

The nost efficiont use of computer time occurs if the trensfers
betyeen the drum and electrogtatic storage aro carried out simtitaneously
with useful celeulations. To echlieve this {yre of opera‘bnon woulc requ.xre
two inderendent banks of iS5 onc therefore is not fersible in iil. A less
eff;cient but more practical trrrnrement for Vi results vhen tke comjuter
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rrogram ig held up only long enough for the trensfers requires, anc is
not helé up curing searcking, For single worc trensfers the latter
focllity is elrecdy avalisble in ine~out conirol., However, for biock
wransfers, if the drum is connected as a plece of terminel equipment
with the present in-out control, it would be necessary for the computer
to walt efter ordering a trensfor until the besginning of the block of
information is loeated on the drum, On the average, then, there vould
bs an 8-millisecond weit et the beginning of each block trensfer. To
clininate this wait, & control would be necessery which would allow tha
drum to break into the computer program ot the time the cesired storage
location on the drum is reached. This procedure woulc require an expan-
sion of our present in-out control and a different type of in-out inter-
‘lock.

Since the purpose of the in-out switeh is to permlt a8 progremmar
to select many different pleces of terminsi equipment, some of which
have seversl different modes of operation, it is evldent that the in-
clusion of the in-out switch and the associated terminal equipment will
meke it more difficult for the progremmer to learn to use the order coce
fluently. In a sense, the addition of the in-out switch mesns an exten-
sion of the control metrix from the preosent 32 orders to two or three
times this number. This cen essily place a large burden on the progremmer,
particularly if care is not taken to select the modes of operation in
such a manner that they can be defined easily in the instructions for

the code.

The large number of posanble rositions of the in-out switch
creates a tendency for one to arrange meny different modes of operation
for units of terminel equipment. In the case of megnetic crums, if
other congicerations cid not prevail, it woulc be cesirable to permit
communication from the drum not only to the computer btut elso to other
units such as punchec tere, magnetic tape, and display scopes.

3.2 foseiblg Alternatives.

There are two principal methods in which operation of the
euxiliary drum with the computer might be obtained. First, the drum
night be connected as a plece of terminal equipment in which transfers
between the drum esnd the computer woulc be controllecé by orders similar
to those used for other tyres of terminel equipment. ueconc, a control
might be designed which would asllow the drum to break into the computer
progrem just before the desireu starting location on the érum resches
the heads.. - :

_ Each of these two elternatives has its own acvantages end
disedvantages. The adventages of the first method are its simpliclty
and the ease with which the c¢rum cen be integrated with in-out control,
while its disadventages ere that some computer time is lost and thot
manipulation of the necessery control orders is somewhat burdensome for
the programmer. . The secona.methou eliminates most of the time lost by
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the- compuber but roquires a substantiel cmount of new circuit construce
tion and yposslibly some chengea in the presently planned control of
axtrrnel undte. Although the orders which command trensfers in tldy
ticthod might be simpler for the programmer to use, an adaiticnel conpe
iicgdion 1s introducsd in determining whether a requested block trensfer
nas baen carried ouk. In order to determine whether the tranafer has
been completed, so thet the computer will not refer prematurely to an
ES register whose contents are to be chenged as g result of the trensfor
preocess, it is necessery either to provice a special check order, which
increases progremming worries, or to provide a complicated interlock
which will stop the conputer if an attempt is mede to refer to en LS
register which is involved in the block trensfer.

. There are several minor considerations in the choice of a
control methoc¢ which have been studied and in which alternetives exist.
Princirelly, these involve the uetelled functioning of the control orders
which might te used. I'or exemple, in using the crum the following modes

of operetion might be desirable:s .

1. Feac a block of information starting at the drum adcress
~ already held by the drum edcéress register. :

2. Tead a block of informetnon from the drum startlng at
some new drum address.

. 3. Fead a block of informétion from & new drum address in
@ new group. This differs from the mode above in that it is necessary
to switch the érum readiny smplifiers from one group of heads to another.

4. Fead a single worc from the drum from the address already
in the drum edcress register.

5. Fead & gingle word from & new drum adéress.
6. Fead e single word from & new drum edcress anG a new group.

7. Six additional moces similér to those above excert record-
ing operations rather than reading operations would be carried out.

Various weys of proviaing the above moces of operation have

been considered. The possibiiities ars to use wifferent settings of

the in-out switch to gpecify the modes completely, or to use switch
gsettings in conjunction with various reading and recording orders to
identify the type of operation desired. The choice in this matter
appears to depend both on the emount of equipment which is neeced to
rrovide all the necessary control signels in their proper time eequence
as well as on the complicstions acced to progremming. For exsmple, to
uge the setting of the switch to define whether thers is to be e reading
or a recording operation, and also whbther it is to be a biock transfer
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or a single worc Transfer, would rccuce the number of orcers in a progrem
ot wonla raquire that the number of CPO units on the control matrix
vrosantly involwed in in-out operations be arproximetely doubled.

3.3 Prorvosed Installation.,

For the initial instesllation of the auxiliary drum it is
prOposcd to use the first of the two alternatives described in section
3.2 in vhich the arum is connected to the present in-out system as
another unit of terminal equipment, This rermits the most strright-
forwara design and sppears to be the only one which we can reasonably
expect to engineer within the periocd from now untili the crums are %o
be wvelivered. Its principel disedvantage of causing lost ccmputer time
is less objectionable as the cepacity of LS storage is Increasec. -

3 31 Joces of Operation.

The following moces of 0peratlon to be selected by the
ine-out swntch are contemplatdd for the :n1tia1 installation,

1. Teat from the drum register ané group which
is a;reaoy selected by the arum storage address register (S&h). The
SAF. is connected so that it indexes to the next register efter each
transfer, so, if & new drum address is not specified prior to & trensfer, .
the word wiil be taken from ths register followlng thet last referrea
to. The distinction as to whether & single word or a block is to be
transferred is made by serarate orders fol;owing the switeh gelecticn
oroer.

2, FHead from & new drum register in the seme
group. This moce is identical to the onme. above except & new engulsr
rosition on the drum is selected. v

' 3. Read from & new drum register in a new'gréup°
This is identical to the above moces except both a new group of heads
end a new anguler position are gelected. :

Three additionsl modes woulc also be provided to rermit re-
cording on the drum, These would be similar to the .above modes except
a recording rather than a reacing function would be carried cut.

13.32 Orders loeded.

£ totel of five in-out orders wiil be required to control
the drum operation, Of these the gi, re, snu rd orders are essentially
the seme as those presently pianned for the new in-out system. Two
edditional orders to specify the block trengfers ere nceded. Tentative-
ly, these ere called bi (block input), ané bo (biock output) * The
principal functions of these orders vill be "cescribed in- the follow1ng
paragraphs with reference " to the moces of operatlon outlined in segtion

3.31 above, i
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3.321 si. The si orcer ceuses the in-out switch to
be set to the poaition ceulpngtec by the acddress section of this order.
Te =ddition to selecting the cdrum, the switch setting. szec¢¢1ca cerbnin
montrel functions that are unique tc the mode of operation callcd fur.
Congequently, an gi orcer with a different address cection is needec for
oach of the 6 modes of operation listed in 3.31: In two of these modes
an ll-digit word must be reac¢ into the drum storage address registsr to
specify a new angular position on the drum, and in two other modes a
15=-digit word must be supplie¢ to the drum to cesignate both angular
rosition and group. These words are supplied by a transfer from the
accunulator during the gl order. If the si orcer used is one calling
for a new Grum adcress, it is evident that the rrogremmer nust provice
the proper information in AC before the gi orcer is performed.

3.322 rd.. The rd orcer used followinp an si oruer
syecifies thet a single word razther then a block is to be transferred
from the drum to the computer. It can be used following only those
sl orders whose address sections refer to reacing operstions. /. detailed
analysis of the effects of improper sequencing of the in=out orcers will
be mace the subject of a sepsrate memo, but in general incorrect use of
these orders will result in either an in=out elarm or en inesctivity
elaxm. The address section of the ro oraer as presently prorosed speci-
fies into which FS register the word will be put.

Some alternrtive designs for the single~word-transfer oraers

(r¢ end re) heve been supgested. These rrovice cortein features which
may be of £ velue to progremmers end therefore are benng congidered.

1t should be noted thet changes in these orcers will apply to all ex~
ternal units end not only to drums. The principal suggestions are the
following: (1) lnstead of transferring worcs between 10R and LS, the
orders might transfer between 1CE and AC since, in meny cases, single
words will be processed by the computer in the interval of time btetween:
trensfers. Adoption of this errangement would require a change in the
metho¢ proposed for supplying data to the cisplay decoders. (2) 1f
transfers werc between 1CR and AC, the adcress section of the single-
word-trensfer orders might be used for shifting the contents of AC.

At present there seems to be littlie acventage to such & feature.

(3) Instead of (2) the address section might be used 88 a subprogram
eddress 3f g memory element were rroviced in 1CC to indicete whether

or not an in-out process had teen completed, and if the re anc rd& orcers
were mace to function like ¢p orders. ELssentially, this srrangement
would serve the function of the present in-out interlock by preventing
a progrem from proceeding beyon¢ e certsin point until en in-out opera-
tion hed been completed. In accéition, it woulc meke it possibie for a -
progrenmer to utilize computer time between in-out operstions without
detailed celculetions of the actual time curation of his programs.

(4) No study hes been mace of the emount of equipment needed to eccomplnsh
‘the type of operetion Gescribed in: (3) but if the equipment -is excessive
th@ gome result night be obtoined more simp}y by the use of o spec;al
chocl orcer in conjvnction with the in-out pruers.
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: 3.323 Bi. The bl ovder folloving an gl orcer colls for
tle transfer of s block of informatlon frem consecutive ropdstors on
Tho dimm Anbo consecutive registors irBES. Thisg order is cesignud
ooortgran wiming similar to the present pi ovder, and in feet ¢
seprace the pl ovdew. Since, in a block transfer, it is nwcosee

pecify not only the sterting ecdrass on the drum and starding addresa

ey ES, tut also thae mmber of words which ave %o be trensferred, scme
meang must he provided for stopplng the transfer process when the desived
vumbsy of words have been read., To do this the in-out delay counter will
be uwsed to count the words which have been transferved. To specify the
namber of words in a block the programmer must insert this wumber into .
<the acéunulator bafors the bi ovder. is performed, Iuring the bi owrcer
the contents of AC ure read to the 10 delay counter so that it wilil
produce gn end-carpy efter whe degired mumber of voras has been rend

in. As in the case of the rd order, the bi order can be used only
following thoss gi orders which invelve reading operations.

:
G
2

There is one importent difference betwesn the proposed bl
order and the present yi order which is of interest to progroumers.
Thig differsnce is in ths way in which the computer returns %o the
proper polnt in 1ts program following the block transfer. In the zi
ordor, as originally plannad, the storage switch is iudexoa %o select
suceossive BS registers for the incoming woxds by counting in the pro-
gram counter. Tharefors, at the end of the transfeir,. tha contents of
the program counéer have to bs restored to the velus that vill set up
the storage switch to extraet the next deaslred order from LS. 1In the
vl oxder the contentg of the program counter will be unchanged during
the block trensfer process. Mo sccomplish the necessary sclection of
sucegsslve BS registers for the words belng read in, the storsge switch
will be incexed in the folleowing manner. Luring tho bi orcer the righit-
11 cigita of the program vogister will be inserted into AC, one will be
cdded to this numbsr im AC, and the result will be read back to the
progrem roglster for sach of the ‘words occurring in the block trensfor.
When the 10 deley ecounter end-carry occurs, which sigovifies the end of -
the block transfer, the centrol matrixz vill be switched Ho progrem tlm-
ing on the propsr %ime pulse, one will bz added to the contents of the
rrogyam cocunter, anc the next owder wilil Le autcmaticalily exitractisd
from gtorage. A%V the end of the bhi orcer, then, the A-reglsiter wiil
hold the eddvess of the lash ES register read into end ths accumulator
will hold the seme numbsr plug one, This infommation ig of no partic~
ulax value in the ease of block transfers from the auxlliary drum whors
the block length is known, bubt it can ULs utilized in cne mode of roading
from the buffer dium. If ons wishes to reed the lnforxmetion from all
the "£illed® registors in one section of the buffer drum, the I0 deiay
connter ecan be ussed to cebermlne when the desired sectlon has been
ceanhed snd the contenits of the eccumulotor then vould show how many
£111ed repisters wers found.

3.324 pg. The rg order takes a single wora frem the
S register gpecified by the addérese gection of this orcer and places

it 1a the in-out register so thoet it mey be recorded on the drum.
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The drum address where this word wili be placed is provided by the gi
orcéexr as has besn cesceribed in section 3.321. £An gi order specifying
a recovding operation must precede these yg orders. '

: 3.325 bo. The bo order following en gi orcder cullz for
a block of informetlon to be recorded on the drum, This order muss be
hendled in a manner gimiler to the bi crder. That is, & mumber must
be placed in the accumuletor before this order cccurs so that the in-
out delay counter will be set up to count the number of words in the
block, The zdcress section of the bo order specifiocs the starting IS
register, while the mumbsr trensferred from the accumulator to the crum
storage address register during the gl order specifies the starting
drun adaress. The bo orcer also has. no rroprem timing and indexing of
the gtorage switch is accompl:sheo by transfers between PR ené £C with
counting done in AC.

3.33 Tvgica; Crder ueguence .

To i;;ustrate the use of the orcers oescribec above some
tyriceli sequences of orders will be given.

3.331 Feading a Sh_g;e tiord from the Drum. If the
mode of operstion desirec is to reac the word from the drum rcgister
which is already conteined in the drum storage adaress register, no
transfer from the accumulator to the storage adaress register takes
place on the gsi order and the sequence required for sach worc read’

- is g1, rd. If the mode of operation desired 1s one in which a new

drum register is to be specafied, the gl ordéer in the above sequence

must be prececed by a ca order to insert the proper drum acdéress in

the accumvlator., The si order initiates the reasding operation ana, es

~ soon as the proper drum acdress is located, 2 single word is trensferred
to the in-out register. The rd order can then tske this word and trens-
for it to the ES register apecnfnec by the address section of this
order. To read severel words from the crum it is necessery to program

a geparate gi for each transfer. Since the drum storasge address regis-
ter inuexes to the next rosition after each read operation, one can get
words from the consecutive drum edcresses without the necessity for
specifying each address with & worc rlaced in the accumulator. Lowever,
these consecutive words woulc come approximately 16 milliaeconds apart
gince it would require a drum revolution to locate each new adcress.

The wait period comes between the gi anc the rd orcers so that computer
time is not lost provided at least 16 miiliseconds of program is inter-

\sperseo between thesc two orders.

3.332 PRecordinp Single Worcs. The sequence of orders
for recorcing single worcs is si, re. As in the case of reacing, the
81 nust be preceded by a ca orcer if the dr@m'adCress desired is not
vth? one presently helc by the crum storage address register. In the
cagg of recording, however, words mey be placed in successive drum .
regnatera vithout repeating the si orcor for each transfer. A recorcing
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cporation is initisted ty the re¢ orcer vheress & reacing oporation is
initlated by the gi rether %hen the zd order. In recording & ssquseice
of single words et successive crum adcéregses, at least a 16~-millissccud
interval must occur bstween successive re orders. In this case tho
waie period follows the re order rather than the gi order.

The differences in hendling the orders for single-worc reading
and for gingle-word recording ere a source of confusion to a programmer.
flthough it is possgible to cesign a control so that the need for repeated
8i orders during reading is elimineted, the arguments thus far presented
for this co not seem to warrent the increased complexity in the control
that would result if the chanpe were made.

3.333 Teacing a Block from the Lyum. 1f it is cesirec
- to reaé N words from the crum starting at crum register L anc to plsce
these words into ES registers starting at register L, the following
sequence of orcers would be necessary:

ea FC(L)
o .
ca Fo(N)
bik

The first order in this sequence trensfers the drum starting
address L into the accumulator. On the following gi orcer this acdress
is transferred to the drum storage address register and the reading
mode of operation ig selected. Cn the third order the number of words
contained in the block is insertec into the sccvmulastor and on the-

‘last orcer this number is moved to the in-out deley counter anu the

block reacing oporation is initlated. The computer must be stopped

at this point since the desired drum starting address may come up im- .
meciately. However, it is equally possible that this starting address’
has just been passed so that a l6-milliseconc wait is necessary. There-
fore, on the average it will require 8 milliseconcs to locate the desired
sterting address while accomplighing block trensfers from the drum. Once
the drum starting acdress is located, the trensfers of successive words
take place at 64~nicrosecond intervels. This time interval is obtained
by arranging the adcéress locstion circuits of the drum so thst successive
acresses refer to drum positions which are physicaliy 8 registers apert.
This intervel wes chosen &s eing the most convenient value to obtain
which would allow ES to operate at approximetely its maximum speed.

Since the bi orcer contains no progrem timing pulses; no further orders
in the prorram ere executed until the block trensfer is over, After

each word is transferred hoth the progrem register end the drum storage
address register are incexed to- handle the next trsnsfer. When the
ceﬁired number of words have been reaa in, gn endacarry pulse from the
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ineount éa]ay'counter operates to terminate the bl order and switches tho
conirol matrix back Yo program timing so that the noxt order in the
pre. cem Wil be exacuted.

3,33/ Recording g Block on the Dxum. ‘The soqusnas of
s for recording a vlock of information on the orum is the sane s
Lo rzading v block except the gi order used mist have an adérass which
specifies a recording mode of operatlon, and the bo order is usgsd in
ploce of the bl order., As in the case of the blockereading opsratioa
the computer must bs storped on the bo order to allow for the possililivy
thet the sturting drum address will be located immediately.

4.C OPERATICN OF THE BUFFLE DRULI YITH Tkl e

Ths detalls of how the buffer drum will be integrated with
the computer have not bean completely developed ag yet. Hewever, ceriain
functiong which must be accomplished,ave cleer so that some obssrvatlons
on the use of this crum are possible. Because it s proviced with a
small nmumbar of dusl heads meny mora possibilities exlst for comnecting
this drum with verious pleces of temminel cquipment ancé with the computer.
Only & few of the mogt llkely Lyran of connection will be described in-
this memo.,

4.1 Asynchronoug Deta from mul tiple Inputs.

~ Since the maln purpose of the huffer cxum is to act as tom-
porary storspe for data which mey arrive at the computer in a random
fashion from a numbsr of sources, a consideration of . the use of the
wuffer drum for ithis purpose will bhe dlSCUuSGd first. Two broed clasg-
ifications of this asynchronous type of deta can be mede, Firgt, that
which arrives from a given input at a rate higher than one piece per
drum revolution, and seconc, that which comes at intervals greater bhen
the drum roitetion period. TFor the purposes. of this memorandum. these
are referrsdé to as high-date-rate Inruts and low-cats-rate inputs,

respectively. '

4.1l NMigh-Data-Lete lnruts.

Vthen informetion is arriving more cften thun once ecch
arun revolution, it is impessible to record this informetion at a speciiic
drun locetion. To hencule dete of this type it ls planned to melke use of
the duel heads tec vetermine whether or not & given crum register contains
information which iy later to be vsad to the computer. Lech plece of
nev date will be recorded in ths first empty register which is located
and ths procsss allowsd to continue until e reesonable number of regise
terg have boen filled or untll the computer is able to extracht this
information from the arum for use inside the computer. By proviaing
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twoe drum storage groups such that the inputs are alternstely switchad
from cne grour to another, it is rossibie for the computer to have
nnanas to recorded informetion without interrupting the recording proe
czsa, 1f an errangement is mede to switch the recoréing from one field
we another sufficiently often, then the probabllimy that there will
alwvays te an empty register in wnlch to put each 1ncom1ng priece of
information will be. high.

The problem of handling multiple inputs having data of this
sort will be teken care of by interleaving information from the various
inputs in the drum registers of a given group. For exsmple, with eight
inputs, every 8th reglster in a grour will be agsigned to the seme
input. (Lata from a given input must be put at least 8 drum registors
apert to allow time for operation of ES curing block reacing.) The
number of inputs which can be interieaved in one drum group is deter-
mined by the minimum time interval between successive pleces of data
on a given input line end the rate at which the inputs are switched to
‘enother fielo so that the computer cen extract informetion from the
first field; i.e., the number of Grum rositions vwhich pass uncer the
recording heacds during the intervel tetween pleces of data, anc the
total number of rieces of input dats thet arrive between reacing opera=-
tions to the computer determine the probebility of finoing an empty
register for the informetion.

lf the number of inputs that must be henuleu exceecs the
number which can be interleaved in one group, then these inputs can
be divided among two or more groups for simultaneous recording. Kor
each such division of inputs, actuelly two crum groups ere requirec
in order to permit the computer to extract informetion without 1nter-
rupting the recording process.

, It will be noticed that most of the rocordlng functicns for
the system described above (i.e., selection of register for recording,
trensfer of information to the drum, end interleaving of multiple in-
puts) are accomplished independently of computer control. The ccmputer,
however, does govern the reeaing processes in a menner similer to that
used with the suxillaery drum. One principsl mode of operation eppears
to be required: l.e., read all new information that has errived from a
given input. This will be & block transfer in which the duel heeés
function to locate registers conteining new information anc in which
the address supplied by the computer governs which grour is selected
and which of the interlaced registers in a proup will be scenned. :
Cther than to specify which input is involved, the sterting drum address
is immaterial, and the.block trensfer is terminatec after the drum has
made one completé revolution., This point is netermined by counting
arun timing pulses in the IO delay counter.
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Other reudlng mocdes which may be useful ave (1) reading a
given number of words, or (2) starting at o given aoore 39, reading
con ecutive rogisters until an empiy one is found. The latisr mode

aprlies to low-cata-~rate iaruts cescribed below.

412 1low=Data~I'ate lnpubs.

! . . .
Informetion which arrivea at the computsr at a rate less

than the frequency of drum revolutions can te handled so that each piece
of information is put on a precetermined location on the drun. Since
it is desired that recording of this input ceta wiil not involve computer
control in any way, the use of the stendarc drum edavess system (SLR) for
locating the cesirec recording position is prohibitec. liowever, the dual
heads can te used effectively to arrenge successive pleces of input
information in consecutive drum registers. This would be done by builiding
a control whick woulc recuire that & recording take place in the first
empty register following a filled.one, or, in the case of the first piece
of information to arrive, following some reference position. Lxamples

of data that coul¢ be hendled this way are those from typewrlters, teie=
tyre lines, or rhotoelectric reacers.

As in the case of the inputs ciscussed in the preceding section,
more then one low-deta-rate inprut can bte hancled by interieaving their
information in the registers within a single group. In order for}the
- ccmputer to collect the aata corresproncing to a given input, it is
necegsary only to cell for a block read-in of the date found in the
drum registers corresponcing to that 1nput°

4.2 DBuffer Storepe for Cutputso

A aual-head control chennel eppears tc be useful to permit
operation of low-deta-rste outputs such as typewriters or teletype
" sending equipment frcm data recorced on a Grum. These heads would
function to select the first filled register following an empty one
and in this menner csuse successive worus to be reesd from consccutive
“orum registers. The output data woulé be recorded on the drum by a
block transfer from IS so the above scheme constitutes an excellent
speed~changing mechanism for matching the slow speeds of typewriters
an¢ teletype equipment to the high speeds of ES.

4.3 Qther Uses of the Buffer Lrum.

4,31 Storage for Lisplay.

Some consiceratvion has been given to the use of one or .
more groups on the buffer drum for storage of cata to be displayed on
a scope. This application is suggested by the fact that the periodic
Teafpearance of & given pilece of date under the reacing heads on the
érum would satnsfy the requirement for repeated intensification of an
elemontary spot in a scope cisplay. In this manner a persistent aisplay
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vatiern coula be obtelned without heving to receleulete ell the spots
reriocically or.io rely on cathode ray tukes with long ypersisience
rhosphors,

Several prdblcms appear %o be involved in the design of suen
a displey system and et present they seem to outweigh the advantaces
that might be geined., Some of the disaavantages are:

(1) Only a reletively emell amount of data could boe recorded
in one group if a complete display were to be obtainea each drum revolu-
tion. Two words would hsve tc be recorded for each spot end peirs of
words would have to be spaced epart to give time for ES operation auring

"~ recor¢ing and for scope intensification,

(2) Increasing the storege capscity to improve (i) woulé mean
congicere: le additional equipment. 1f two groups were usedé to record
the two elements of display date, an additicnel set of crum reading
circuits woulc be necessary. If cata were interlaced and more than
one drum revoluticn used to give a complete dlsplay, the controi eir- .
cuits woulo be somewhat more compiilceted. :

(3) Ar. edéitionei set of oeflectnon uecoders woulc be required
to operate the display system.

4.32 Acditicnal Auxilisry Storege for the Computer.

Convenient hancling of: asynchronous dates such as is ces-
cribed in secticns 4.1 anc 4.2 cannot be done without the use of dueli
heads. Since only 12 of thege heads will be suprilec and these must
be used in pairs, it is epparent that a few groups on the buffer drum
- will be aveilable for use in a manner identicel with those on the aux-
ijlary cdrum, Such a provision may offer advantages to & progr:mmer
" other then.a simple extension of the auxiliary storage capacity. Some
points for consideration are the following.

(1) The heeda in the buffer drum have electronic switching
of their writing circuits so new groups can be selected without the
- 24 millisecond wait required in the guxiliary drum.

(2) With physically seperate drums, one cen have two drum
grours to refer to without the necessity for switching groups.

: (3) 1f it is cesired té refer to single registers in succession
sc that. drum a2ddéresses would not heve to be specified, one can have two
fields for this, either for read:np, for recording,. or for reading and

recording, , e o
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