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1. 64 COLUMN RZAD & PUNCH.

The information published in reports IS y 82 (DEUCE News No, 17) paragraph
13 and NS u 246 is incomplete and not completely accurate. The following
is a revised specification.

Card layout.
The 64 relevant colums are considercd in two fields:
(1) X ficld - Hollerith colums 17-48.

(ii) 3 field - Hollerith columns 49-80.

Reading,

Two instructions (a) and (b), each with Source O must be obeyed at
suitable times in order to successfully read the ﬁ fields respectively
from one row of a card. The instruction (a) or an ihstruction shortly before
(a) must be a stopped instruction, as with 32 column operation, and the
reader provides a single shot when the row is in a position to be read.

The changeover of sourcec O from X field to ﬁ ficld is initiated at the
moment when (a) has been completely replaced in control by the succceding
instruction. This point should be regarded as the “moment of switching".

If (a) cnters control in m.c, m (as it would if stored in m.c. m) and
has timing numbcr T then the moment of switching is at thc cnd of m.c.
m+T+2 (or m+T+34 if WP T) i.e. at the beginning of m.c. m+T+3. Thus m.c.
m+T+3 is the first m.c. after the moment of switching, and m.c. m+T+2+n is the nth
after the moment of switching.

Source O continues to provide field X during the first four m.c.'s
after thc moment of switching and may be referred to by succceding iistructions
if desircd. Thercaftcer the pattern provided is unccertain until the
twenticth mec. after the momant of switching when the 6 ficld becomes availuble
with ccrtainty. ’

Thus wc have:
MeCo 'S. Ficldo

m+T+3 to m+T+6 inclusive. Still X .
m+T+7 to m4T+21 inclusive. Uncertaine,.
m+T+22 onwards. ;g

Field [5 remains available until the currcent row is no longer accessible
at the rcading station., The specification for this is unchanged from 32 column
operation i.c. the row cannot be read with certainty more than 2 m.s. after the
Single Shot (the 2 m.s. being measurcd from the m.c. specificd by the wait number
of thc stopped instruction i.c. 2 m.s. after the start of the transfer specificd
by the stopped instruction),

It should be noted that (a) need not necessarily be the stopped instruction
rclcased by the Single Shot, In fact (a) may be delayed as logg as desired
provided sufficicnt time is left to switch to, and rcead, the field if
requ:i).red, beforc the row is lost (i.e. not morc than 2 m.s. after the Single
Shot ). . !
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Similarly there is no need for (a) to be immediately followed by (b)
provided that the transfor called for by (b) is complcted within 2 m.s. after
the stoppere. It is howcver not permissible for the stopper to be later
than the ¢ ficld source O instruction.

A typical pair (a) and (b) might bc
19 O0-14X (a)

1, 0-15G0 (W >18) (b)

Also noteworthy is the fact that instructions of the form 0-24, 0730 and
0-31 arc not instrumental in initiating switching, All othcr destinations are
however; in particular 0-0, which jis somctimes used as a dummy instruction and
thercforc requires carc in its application during reading.

Punching.

Two instructions (a) and (¢), cach with Destination 29, must be obcyed at
suitable times in order to successfully punch the =, 8 ficlds respectively
on onc row of a card. Thore mist also be a stopper ncar (a) as with 32 column
opcration and the punch provides a Single Shot when it is ready to punch
the row,

In order that Destination 29 can reccive the second information word
without supcrimposition the Output Staticiscrs must be switched by a\third
instruction (b) ( of the form 8-2L 1) obcyed after (a) yet before (e).

Normally (a) is thc stopped instruction and then (a), (b) and (c) may be
timed as convenicent cxcept that information must be supplicd to Destination
29 by c¢) not morc than 4 m.s. aftcr the Single Shot in order to punch
succcssfully on that row.

A typical cxample might be

19 o~29X (a)
1, 8-24 1 CO (v)
1, B-29 GO (c)

As in the casc of the rcader other instructions may be inscrted between (a) and (b)

If thoere is any particular rcason for not wanting (a) to bc the stopper
then the stopper must precede (a) and the transfer called by (c) must again -
be compl: ted within 4 m.s. aftcr the stoppoer.

General,

There arc no changes in the standard opcrating specifications (including
timings) cstablished for 32 column machines apart from the special cffccts
described above.

For gsingle ﬁ ficld operations on the Reader a dummy Sourcc O instruction
should be obecyed in place of (a) and (b) should bec timed as above,

Por single ﬁ field opcrations on the Punch (a) is simply omitted
and (b) followed by (c) should be timed as above, with (b) or an instruction
rather ecarlier, being a stopper.
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6l Column General Punch Subroutine,

punching of

A subroutine has been produced at E.E, (WeR.L. Stafford) which allows the/
more or less any pattecrn of decimal numbers in the 64 column DEUCE ficld. It
allows ncarly all of thc 116 mgs. between cards (when the punch is running
continuously) for programming, The subroutine punches one card late i.c.
whilc converting the sct of binary numbers for onc card to decimal it is
punching the previous card. For this rcason the subroutine has two cntries, FIRST
& NORMAL, e.g. To punch two scts of numbers (i.c. two cards) plant the first
sat and enter at FIRST, then plant the sccond set and enter at NORIAL,
Finally cnter at NORMAL again., (This simply punches the sccond sct while
usclessly converting them again). Therc must be at least 2 and not more
than 9 decimal digits in each number and the incquality 5n + 4d < 352 must
be satisfied where n is the number of numbers on onc card and d is the
total number of columns to be punched on one card. Blank columns are allowed
cxcept in the first column of cach of the O‘,P fieclds. The numbers
prescnted to the subroutine must all be to 27 b.p. and in modulus less than 10
and the subroutine assumecs that they are correctly rounded off. If there
are 16 numbcrs or less for each card the subroutine occupics 25 instruction
D.L.'s and uscs D.L.'s 9 and 10 for working spacc.

2e FROGRAMMING DEVICES.

(a) Pcople who usc ZP38 (No. 354) for filling the drum may be intcrested
in the following. (ZP38 is thc drum filling programme described
in the original programming manual and has couec to be known as the
Humby Card).

Tach triad to be recad to the drum is first read into D.L.7 so that
after the last triad has been read to the drum it is also in
Dele7. This could then be entered at 7, by punching NIS 7

and timing numbcr t+1 in the 1-row of tltlc first card of the last
triad. By this mecans it is not necccssary to follow the drum triads
with any for the D.L.'s i.c. all the programmec goes on the

drum,

(b) The following device suggested by lfr. A.K. Rhodes of Marconi's
Wircless Tclegraph Co. Litde could be uscd to cxtract or storc
double pairs of numbcrs from a D.L., c.ge. when dealing with the real
and complex parts of complex floating numbcers.

> (3P1) 17, -0 ! Extract imaginary

Q30 (9, 5 =20) ) part.
. -

Opcrate on
imag. parte.

G

LT~ ~
-+

(]

(3P1) 17, -0 Extract rcal
Q26 (9O g = 20) { part,
2

Opcrate on
rcal part. |

Have all Nos, ]
becn dealt Wi‘bh?'

o] / h CSe
No, - Nﬁ

Next part of programme.
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The point is that ( 3131) means add 2P, to the instruotion in 17,
but since this is obeyed L4 m.c.'s earlier the effect is to fetch the previous

pair on obeying it the second time din each loop.

Tt may also be possible to spill (as indicated by the dotted arrow) after
the appropriate number of loops, the final 9-20 instruction being a useless
one.

The method could be used to fetch or store blocks of L4 numbers. Other
applications will probably occur to individual programmers.

3. SEMI-FLOATING ARTTHMETIC.

The following scheme has been suggested by Mr. O. Amble of Norway
to extract more accuracy from semi-floating arithmetic.

b
Vhen using floating point arithmetic a numbcr is represented as a.2
where a, b arc given for each number with certain restrictions imposed,
generally of the fomm '

1< ad—boria< with a to p b.p, and 2%« p< 2%,

In standard floating binary p=30, q=31 and a single length word is used for
the storagc of each of a and b. This gives good accuracy (30 significant
binary digits), over a large range of numbers and it is rarely, if cver,
necessary to bother with the limits of numbcrs.

This is not so with the semi-floating system. For instance in the
systom uscd in A11 and A11/1 (Nos. 191, and 192), p=20, q=9 and a, b arc in
the same single length word. No mcaningful arithmetical operations can be
done directly on thesc semi-floating numbeis. These are performed in the
subroutine whose first part "UNPACK" separates a and b. It then does the
operation and finally in the "PACK" section brings the result back to
semi—floating form. 20 significant binary digits correspond to 6 significant
decimal digits which very often will be reduced to 5 or even less by rounding-
off errors ctc. and this is insufficient accuracy in many cases. lowever
this scheme stores two redundant digits above the binary point, since a number x
satisfying the above conditions has both its digits above the binary point the
aame and the first digit below the binary point different from these two
i.e. the top 3 digits are ... 100 or ... 011, Thus if a number were shifted
up two places the new top digit determincs the two lost digits. A few extra
instructions in the UNPACK section would take care of this, e€.8.

30—212
x=-21_

3
22-21 (4)
29-22

9223
reproduces the sisn diglt and x can thon be ghifted dom furthoer to scparate

a and b ag A1 does alrcady.

The numbcr gzcro woulg have to be specially rceprescnted since a blank m.ce
now represents =1 (=1 x 2°). Zero could in fact be taken as the smallest
number possible and this picked out in UNZACK,

Accuracy can be gained at the cxpense of a loss in the range by incrcasing p
and decreasing q. This can be done in A11 by altering a {cw instructions
in the UNPACK section.
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The above points are suggested for consideration by anyone who is
considering meking semi-floating arithmetic subroutines, Similarly the idca
contained in A17 (No. ZAO).

4. SORTING BY COMPUTIR.

DEUCE News No. 17, paragraph 10, contained a short note on sorting programmes
stating that some programmes were being prepared and making an estimate of the
time for one case. The purpose of this note is:-

I. To define somec of the terms used.
II, To mention some of the differences that occur in sorting problems.

I+ (a) When it is necessary to sort itcms of information it is commonly
desired to arrange the information in increasing order according
to some refercnce which is included in cach of the individual
items. This refcrence is commonly called the kcy,

I. (b) Pach item of information which is to be sorted is somctimes called
a. block.

T. (@) In somc sorting opcrations it is desircd to sort large blocks
of information. In this casc it is usual:

(1) to detach thc key fiom the remainder of the block;

(ii) to attach to the key an address identifying wherc the
remaindcr of the block is, then

(iii) sort the address plus key and finally

(iv) use the address to put thc remaindcr of the block in
the correct place. ‘

I, (a) A string is a numbcr of blocks which are in order within themsclves,
thus at eny time the total number of blocks which have to be sortcd
consist of one or more strings.

I. (c) There are various methods of getting information from one order
to another. These go under the collectivename of sorting, but
arc distinct in several ways. Some of these are:

(1) Pigeon holing, c.g. putting letters in a letter rack where
there is no concern about the order of the letters within
a pigcon hole,

(i1) Diverging sorting. This is an cxtension of the pigeon holing
mcthod. An example of this mcthod is the usc of the
punched card sorter which achieves a new order by
progressive separations column by columne This method destroys
any cxisting order in the blocks.

(iii) Mcrging sorting. This is the opposite of the divergingpineipl
and achicves a new order by putting strings togcther so as to
form longer strings and, by a rcpeating process, only one
string. The nearest punched card equivalent to this proccss
is that of collation. This mcthod tekes advantagc of any
cxisting ordcr in the blocks.
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(iv)  Substitution, In this mcthod the process is to look
through the entire numbor of items to be sorted picking
out the one with the smallest/largest key and then swopping
that item with the first/last block; then repeat the process
on the rcduced number of blocks until the desired order is
achieved.

II, There arc a number of variables which have to be considered before the
best method can be detcrmined in any circumstance. Some of these are:

IT.(a) Is there a known number of blocks to bc sorted?

1. (b) Have the kcys a known range in valuc? For example, arc they always
positive and/or non-zero? If the lkeys can have any value then it
will in general be necessary to lmow how many blocks there arc as
clearly there must be some mcans of knowing when the end has been
reached,

IL. (c) Arc the blocks uniform in size? If yes, then the size of block is
probably dctermined. If not, it may be best to choosc a size of
block which covers the majority of cases and allows for continuous
blocks for thce fow which cxcced this limit,

II.(d)Is the requirement to sort nccded as a subroutine or is it required
morc as a brick? ILinmed with this is the consideration of the
number of blocks to be sorted.

If the number of blocks is small and the rcquirement is for a subroutinc
then it is probable that the most suitable method is that of
substitution becausc:

(i) the programme is smaller and
(1i) thc mothod doecs not nced extra storage spacc.

If the number of blocks is large then it is probable that either the
diverging or the merging method is more suitable.

If the key has a small rangc of possible valucs in comparison with the
number of blocks, then diverging will be morc advantagcous than
merging; converscly if the key has a large range of possible values

in comparison with the number of blocks then merging will be the better
mcthod.,  Both the diverging and the merging m thods need cxtra storage
space of intcrmediate results, and in order to make them fast they nced
ncarly all the mercury store.

The time for substitution is proportional to N2
diverging N log K
merging N log N

wherce N is the number of blocks and
X is the range of the koy.
If the block is large (8 m.c. arpears to bhc the break-cven point) then

it will in gencral be advantageous to detach the key from the block
and do the sorting on the key and addicss only.

The key should, if at all possible, be kept less than 2 minor cycles in
size as beyond this thce complications increasc very considerably.



