SECTION 4 DRUM STORAGE

4,1, Operation of the Drum

Umtil now all operations, invelving both ipstructione and the date
to be worked onm, have been considered as being carried out im the immediate

goceps ptore. The immediate mccems store is, of course, the fastest and

most flexible means of haondling data. While, however, the store capacity

pf 1024 worde is a lerge one, this is obwiously insufficient to carry all the
deta required in a normel commercisl application. Some form of backing up

storage is thersfore required to supplement the core store.

In the EMIDEC aystem siditicnsl storage lp provided in two forme, on
the magnetic drum and on magneiic tape. Hegnetlo tape g;lvau unlimited storage
gince apy pumber of tapes may be used, Ttut ii providea aoccees %o gtored worda
ih gerial order only, To glve backing-wp storage with random eccese. tha
magnetlie drum ia employed, and by the use of additional drume rendom socese
storage of up to 65,536 words mey be obtained.

The EMIDEC drum is wanufactursd inm two sizes, one being 8" long, and
the other 13". Bech hes a dlsweter of " and the large drum has iwice the
capacity of the small druw, the total storage om the former being 16,384
words, and on the latter 8,192 words. In describing the drum herealfer in
further detsil, only the large drum will be referred to, cimilar remarks belng
applicabla to the small drum, sllowlng for the appropriate size smendments.

The drmm surface is coated with magnetio oxide. Thie coeting may be
nagnetiged positively or negatively in disorete “spota®, su thai each "gpote
way represent a binary Yope" or "zero", that is, & binary bit. The bite on
the drum are arrangsd im "tracka™ esch "irack® 'md.nﬁ: a ocomplets cireumferencae
of the drum. There are 266 auch tracks from the top to the tottom of the
dram, apd the number of bits on each track is 2304, i.e. sufficlent to storae
&4 words of 36 bits.

Tan of the drum 4raclks are used as enginesring marvioe tracke; thers
gre Tive different tracks, each being duplicated ae & precaviiopsry measurs
sgainet loss of information. The five trecks aret-

1. ook Track

2. Word Msrler Track
3. Block Merker TPrack

4+ Block Number Track
B Honitor Bervies Trosk
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The drum ¢leck track is used to provide the clock for the whole of the
oomputer, and thei'afura regulates the whole of the machine timdng, It is
peasible for the computer to be used without a dmum, but in euch a oase the
atvck will be provided ty an oscillator. The timing of the computer is
further dealt with in Section 9.

The other service trasks are usad for loceting addresses on the drm,
but they operate automatically end ars met relevant for programming purposes,
#c will not be consldered in any further detail,

There remain 256 tracks for storage of worldng datas or programs,
glving a total storage scapacity of 16,384 words on one drum and a total
possible storage of 65,536 words on four drume which ie the maximm thot may
normally be fitted on one compuber.

While, by uae crf' the drum—-stors more extensive rondom-nocoss shorags
is available it should be made clear thet any work to be dome on stored data
must be done in the caore store and no arithmetic or other work can bs done

on the drum itself: The procedurs ie for dats 4o be read inte the oore~
store,; then tranaferred to the drum for storage and latey reczlled into the
‘nore store for worldng or for output. Data is tranaferred to and from the
dmm by means of resd/wribte heads. These hends are srranged round the
parimater of the drim with one head for sach track. Az the drum revolves
the approrprlate hezd can eelect any point on o track to start resding or
writing. Tor convenience in handling, data tranafers are made in blocks of
four worde, and any mutber of blocks up to 16 (f.0. o complete track) may
be transferred by ona instruction. With cme head for each traclk, iranafer
time iz gomporatively fast, though some waiting time ia peeceszarily invlved
in selacting the appropriate block from 8 track. The average time for
earrying out a Itrmfer of & Tour-word bloslk is 16 mzec. and for the
transfer of & complete track of 16 blocks 37.5 mses. |See alsc Section 2).

4.2 Programmine and Inotructicons

From the point of view of the programmer, the drum siore msy be
regarded as 256 tracks cach containipg 16 4-word blocke of siorage, any ome
of which may be direstly addresgsed. A& mumber of blocks up to 16 can aleo
Tz addraﬂaéﬁ ig one instruetlon, but any one instruction may only refer to
oné track, If the mumber of blocks called for from & particular peint on &
trock should averrun the end of the track then the additionsl blocks will ba
roed,; not from the followlng traclk, but from the begloming of the same {rack.

In addrasaing the drumy the mmbering systen is important; sines the
blocks are mumbered in binery feskion frem O uvpwards. The flvst Wlook of the
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firet traock is therefore blook O, tha laab bleok of the first track is block
1%, and so on up te the last blook eon the drun which block is 4095. If two
or mors druns are in us#e, they are mumbsred similarly, the first being drum O
the second drom 1 and a0 on. In such a case the blook mumbsrs are sontinued

gerially from one drum o the next, the first block number on drum 1 being
4096, the loat 5191 and mo on. If one partioular word is wanted fxom the
drum, 1t ie, of courss, nscessary to find the pumber of ths hleck in whioh

the word ancurs, and then tranafer the woole Block.

The inpiruciians used for irsnafers from and $2 the drum are numbared
15 and 16 raspectively, the layout of tha inatraetion telng the same in .
either cnos. Ip tre ‘&' address im written the first reglstar in the core
ptors to which or from which the Flret word of the first blook 12 to be
“ranaferred. For the putsosed of drum transfer instructlionz the ™' address
im extended to cover diglis D18 1o D29. “In this space is writfen the
sddrass of the drum black from or to whieh the first trepefsr is to be made.
D18 to D20 is 12 binary diglts so that the meximam figure in the 'k’ addreas
can ha 212 =1 or 4095, which 1s the address of the last block om a dram.

- Tha vumber of She drunm to be addressed is written dn tbhe 'o' address im

digite D30 %o D3L. If, towever, mors then ore drum s in use the blooks ara
paunbered asaventiclly from one drum on to the next as has been ghown, so
that, Tor instande, She last bloek on the mscond drum is number 8151. Since,
howawer, fthe digits depoiing the drum mwmber are immedistsly on the left of
t]:u:-ﬁe- denoting ths bloek wlthin the drum it mukes no dlfference whather tha
drum and the biock mnbesr ave written, or whether the sequential nurber of the
block within the whols drum aysicm 1o uped, for waen converted to binaxy
elther combinatlon will asve the smams effect. Thus for instance the laat
blosk on the second drom, is blcek 4095 of dram 1, or counting merially from
bilock © of drum O 1% de “lock 8191. The hinery for 4095 is 111111111117,

go that in diglts D30 snd DT may be written the drum mmber 1, and in

digite D18 — D20 the sbove binory blook pudber thus:-

it e o} ig? " ) i K

1111-1111.;1111} ' 4 1

EL

%4 33 3z 30 aobad =a BT %3 86 24 23 £F Moi0 1% 1nj'n 1015 14 13 1z10 6 0 BiTo8 9 & 31E A
It will ba seen here that if the arbitrary division between digite 29 and ‘30

be fenered the whole binmazy nuwber of 13 'ones' from D18 o B30 is equivalent
to 213 w] or 81981 d.e. the serial mwber of the block we requdre to nddress.

The mumber of fourewond Wooks to be trepeferred is specified in Aigits
D32 to D35 {i.e. the of address). A mazimum of 15 blocks may be trensferred.
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The waTimum binary numbsr which can be held inm the four diglts of the o2
adiress ig 15. FHowever a 16 in the o2 addrvess will reduce the four digite to
zero since 16 in birary is 10000 and the 'ome’® w@ill overrun the end of the
regigter. Tha oomputer is cepigned thersfore to recognige 'zero’ inm the o2
address as a call for 16 blocks, and this may be effected by writing in ihn_
62 address either 16 or O-in fact 1% is slways written.

Pg Lllugirate the use of the drum transfsr insgtrustlons, suppose we
wish to tranafer sixtssn words from regisier 31 to 46 into the last eixfean

words of drum storage on the second drum. Then we would wrife:-
L

16 N ;amaj 4

or

| 18 P acoz | 2| 4

Thiz transfers four blocks i.e. 16 mords frem registers 31 - 46 to
blosks 8188 to B191. It ie irportant fo pote thst the 'a’ address refers to
words, while the 'b' address refers ta biocks. Should there be 2 require-
ment thersfore for making sucogeslve transfers, it will he necsssary o
imeroage the register sddress by four each tims $he block address i inm—

craased by ona.

To transfer beck the copsents of blocks 3188 -~ 8191 to registers 31 -
46 axactly the same form of instruvtion would be wged sucept that the
function would be 15 instead of 16.

Tt =nould perhaps be ndded that whon drum {rsnsfers are mads the source
information, whether It he in the registers or on the drum, remaing unchanged.

The mumber of blocks trenaferred is alweys as sgpecified in the
instouctlions, excepl that_lﬁ tlocke are transferved when O is specified.
Wermally +the blocks ars transferxed in mmerical sequence. Sowevwer, ik
is not possible to change tracks in the middie of performing the funcitiom.
If ine ‘end! of the track i Teaghsd the wemsining musber of btlocks are
trensferred starting at the begimming of the trmck.

For example, if the first block mumber gpecified is 151 and the
specified mwher of blocks #o be iransferrsd is 12 then traek 1T of Dram O
(blocks 144 4o 159) is selected and blocks 151, 152, ....., 159, 159, 144, 243
apd ‘146 are irensferved. . - ' '
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No great difficulty should be encountered with drum sgtorage, sc long
a8 care is taken with the mumbering eystem and it Is remembered that trans—
fors must be made in a four-word block, and cammot overrun the end of &
track. It should alec be borne in mind that the time for iransferring a

drum bloock i.e. 16 milliseconds, is conglderably greater tham that for any
other single computer cperation, and druw trapsfers should therefors be kept
to & minimam,
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