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INTRODUCTION
1l.” General

1.1

To perform shifts, AC sets the number to be shifted into the
T registers, transfers the number of shifts required (and other
information) to a "slave" unit called shift control (SHC), and
supplies a sequence of control pulses to this unit. Also
associated with SHC is logic used .fcr the automatic normalisation
of floating point numbers, and legic used for character conversio:
operatiors (i.es TOB and FRB).

Shif't control can logically combine ¥l and Bl in such a way
as to effectively meke Wl a shifting register. Similarly W2 and
B2 may be combined:(only Wl is directly available to the progra-
mmer for single length shifts)e Bither of the shifting register
is capable of performing, in l/usec, any one of the following

shif't eperatiens

Right or left (i.c. + 2~ er x2°) shifts of
O, 1,:2,-%, 1), 5, 6, 7, 8 16 plaecs

Wl can perform arithmetic and logical shifts whereas. W2 only
performs arithmetic shifts. The two shifting registers may be
combined to form a double-length shifting regisier for both
arithmetic and logical shifts as detailed above.

Shifts of a greater number of places (than 8 or 16) are
performed automatically by SHC, as a combination of these
"pasic" shifts. Tirst, any 16 (place) shifts are executed
(if possible), then an 8-shift (if necessary), then any shift
of less than 8 (if necessary).

Arithmetic Logical and Cyclic Shifts.

In 211 arithmetic right shifts, the sign bit of the shifting
register is extended inte thosebit positions which become free
(at the most significant (mes.) end); i.e. if ¥l is shifted 8
places to the right then DO is copied inte D1 to D8.

In all arithmetic left shifts, the everflow register (VR) is
SET if either ¢~ :

i) Any of the bits shifted off the ms end differ from the
original sign,

or ii) The sign of the shifted number differs from that of the
sriginale.

Also, the freed bit pesitions at the least significant (13) end
are set to zeres In all double-length shifts, W1 is the ms
register; if arithmetic the sign digit, DO, of W2 is ignored
i.ee D1 of W2 is treated as adjacent te DL7 of Wl. (Nete that
DO of W2 is cleared during SHAD except when zero shift is
specified.)

During logical shifts, setting of VR is inhibited, and if &
right shift, the digit pesitions freed at the ms end are set tO
zere. In dauble~length logical shifts DO of W2 is ineluded,
being treated as adjacent to DL/ of Wl.

Cyclic shifts are executed by copying the centents of Wl inte
W2 and performing deuble-length logical shifts. = The result is
in Wl if a left shift, in W2 if & right shift. - Thus the number
of eyclic shifts must be "less than 48, or an incorrect result
will be eobtained.

/Continued-- see s een
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1.2 Underflew

A two bit register (WUFL) is incorporated at the least
significant end of Wl (or W2), and is filled with any bits shifté
off the ls end of this register, i.e. TUFL may be considered as
containing D48 and DLY of the shift register. These bits are
not accessible to programmers, but are used to ensure correct
rounding~off in certain arithmetic operations. (For double=
length operations "UTL acts as D48 and D49 of W2).

le3 Normelisation

Attached to ¥l is a set of logic which allows normalisation
of contents of this register. This normalisation tekes place
in two stages: logic, spanning the full length of 71, determines
the number of 8-shifts (to the left) required such that the
digits in DO to 8 will be non-identical. These 8-shifts take
place, and when completed, a further set of logic operating on
DO %o 8 only determines the number of shifts required to make
DO and DI non-equivalent,

The normelisation can also be made te the DO : DS pair; and
an additional set of logic for determining shifts of less than
8 exists on DO, D8 to 16. The normalisation can be double-
length il.e. operating on the d.le arithmetic register W1 and W2.
Nermalisation is organised and executed by shift control.

1.4 BITS

The bits counting operation is done by a series of logical
right shif'ts, each of two places. After each shift, the least
significant two digit positions are checked, and the number of
bifs in these positiéns (0, 1 or 2) added into & counter. At
completion, the contents ef the counter are placed in Wl. The
operation is carried out by shift control.

1.5 20B and FRB
These operations are also carried out by shift control, and
utilise additienal special logic on 1, They are too complex
for a brief description, so sre treated fully in sectien 5.
THE SHIFTING REGISTERS

General

To provide the verious 'shifting registers! available, shift
control selects and drives suitable paths from a complex of transfer
paths interconnecting the registers Wl, Bl, W2 and B2. The
principal paths provide:

i) RIGHTshifts from the 7 to the B registers of

0, 1, 2, 5, 8 and -8 (i.e, left 8) binary places

ii) LEFT shifts from the B to the W registers of
0, 1, 2, 5, 8 and ~8 binary places.

These are used in the combinatiens of a '’ to B shif't, followed

by a B to ¥ shif't, as shown belovw, to produce the shift register
characterics required,

/Con‘tinueer..-.....‘.-.
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Right Shif'ts. Left Shifts.

Noe off < : G X
Shifts. 5os Do ¥ Wgod BioW

i Rl 0 0] Ll

2 R2 0 0 L2

3 R5 L2 R2 L5

L R5 Ll R1 L5

5 RS 0 0 L5

6 R8 L2 R2 L8

i R8 Ll Ri L8

8 R8 0 8-

16 RS R8 :

These transfers occur at %{usec. intervals giving the shif't

register a basic operation time of

/LlSGC-

Simple transfers as specified above make up the majority of the

transfer paths: bewav.r, most of the complexity of shif't transfers is

associated with the transfers to and from digit positions near the end

of

exe

gk

2el

and

2.2

the registers.

Tor example, consider the transfer out of D46 of W1 when
cuting a RIGHT shift of 2 binary places. This will go to one of

ocations depending on the type of shift register being simulated:-
i) Single length logical or arithmetic to DO of BUFL
ii) Double length logical to DO of B2

iii) Double length Arithmetic to Dl ef B2

The 'B' Underflow Register (BUFL).

Associated with the least significant end of the B registers
is BUFL, a 4 bit register which corresponds te WUFL for the W
registers. Examination of the table in 2.0 reveals that, in
executing both left and right shif'ts, an "excess" shift right
of up to 2 binary places can exist in the B register/s at an
intermediate stage. (No excess left shift ever occurs). The
4 bits of RBUFL are necessary ta ensure that

1) the least significant bits of the number are not lost;

ii) in right shif+s, 2 underflow bits (in WUFL) are preserved
" at thé completion of shif't.

As for WUFL, any shif'ting operations which do not transfer
inte all digit positions of BUFL clear the unused positions.
For W to B transfers, WUFL is treated as additisnal bits of the
appropriate W register; amd for B to W transfers, BUFL is
treated as additional bits of the B register. (Some of the path
provided in these transfers are redundent).

The Transfer Paths.

Fig.l summarises the transfer paths available between the W
and B registers. It is not intended te provide detailed
information on any of these paths, nor to relate the paths to
the operations in vhich they are used. Table 1 completely
defines all the transfer paths available for shifting, most of
these paths are composed of a number of individual transfer
transformers; however these cannot be logically separated i.ee
they are basic actions.

In Table 1, where possible those paths required for a partic-—
ular shift operation are grouped together e.g. W1l to Bl right 8
/Continueilassessse
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3« SHIFT PATH SELECTION

Sheat No, i

shifts includes the paths requirec for arithmetic and logical,
single and double length shif'ts of this register pair. There
are about 80 shift transfers available; shif't control selects
and pulses those required for any particular shift operation.

Packaging of Shif't Trensformers.

The large number of trensfer patiis between the B & W registers
required special packaging techniques for these trensformers, to
achieve these paths with a minimum number of packages. The
packaging takes advantage of the multiple transfers to (and from)
any digit position in the B & W registers. Fige.2 illustrates
the shift paths for a section of the P! and WL registers. As
shown in Appendix 1, these 7 4-~bit patbs are achieved using
only two packages, both specislly designed for this requirement.

Appendix 1 details all the special shif't packages used, and
Table 1 specifies the types of packages used in the various
shif't paths.

3.0

3.1

Gencral

To perform the various "shifts" shift control selects and
drives a suitable sequence of the shift paths detailed in
Section 2 (see also the various tables). The selection logic
is based upon two registers, the Shift Number Register (SHN)
and the Shifting Register, (SHR), and e number of "shift mode"
indicators. The logic gates a matrix ef transformers, the
Shift Path Selection Matrix (SHSM), which drives a combination
of the pulse amplifiers shown in Table 1. Arithmetic Contrel
supplies the pulses which energise SHSM. Figure 3 is o block
diagrem of shif't control, many of the details of which are
discusscd in subsequent scctions.

The Shift Mode Indiggig;so

There arc three indicators in SHC which determine the mods
(or type) of shif% to be performed. They are:-

SHL -~ if reset then perform an arithmetic shif't;
if set perform a logical shift.

SHD -~ if rceset perform a single length shift;
if set perform a double length shift.

SHW2 ~ if reset shift Wl (and W2);
if set shift W2 (single length) independently.

These provide apparently 8 possible shift modes: however,
if SHWZ2 is set then both SHL and SHD are reset (W2 is a single
length shifting register capable of only arithmetic shifts).

The indicator SHL alsoc inhibits the setting of the overflow
register during left shifts and ensures that zeroes are
inserted into digit positiens at the most significant end of
W1/Bl during right shifts.

Gates eonnected to these 3 indicators provide 6 further
levels which if at ONE mean :-

JCantinnelesivisviinanns
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W1 D - Shift W1/Bl independently or with W2/B2 as a double length
Shift 3

W27D - Shift W2/B2 independently or with W1/Bl as a double length
shift}

W2S - Shift W2/B2 independently (and thus single length

arithmetically).

W1S - Shift W1/B1l single length.

DLOG - Shift W1/Bl and W2/B2 logically double length.

ART - Shift W1/Bl and W2/B2 arithmetically double length.

These gates are shown on Figel.

These six levels are used to gate the secondary windings of
the individual SHSM transformers and thus determine which paths
of each group of paths will be used. E.g. during a double length
logical shift of 19 places to the right, one of the steps - the
first - will be to shift Wl and W2 to Bl and B2 right 8 places;
the mths required to perform this shift are those numbered 50
and 5 (see Table 1) and these will be selected by the levels
W10D, W20D and DLOG being at ONE (the other levels are at '0').

The Shift Number Register (SHN).

The shift nmumber register, SHN, which has a capacity of 9 bits)
is set by arithmetic control to hold the number of shif'ts to be
performed. This register SHN mey thus hold a number of shifts
between -256 and +255. Shift control can never be asked to
perform a left shift of more than 127 places, as in the
instructions SHA i%; SHACq only 8 bits are allowed to specify
the number of shifts. However, during floating add the number
of shifts calculated (by AC) by subtracting the exponents may be
as large as =255 (and is always a right shift).

Even so, shifts in either direction of more than 48 places,
for single length; or S6 places for double length, are
meaningless and SHC performs all shifts of more than 96 places
merely by shifting between 96 and 104 places. A logical level,
the "shift out of range" level (SHOR), is generated to check
that the modulus of the number in SHN is less than 96. This
level is at ONE for any of the following patterns of DO to D3 of
SHN:

Pigita @ 1.2 & (As left shifts in cxcess of 127 places
g cannot arise it is not necessary to
N e 2R check the range +128 to +255).
l 0 ‘i’ I

Fig. 5 shows this logic.

If SECR is at ONE z minimum of 96 shifts (Maximum s 1@hy ste
later) in the appropriate direction will be performed. The
transfer from the Shift Buffer docs not affect SHN (digit 1);
this would lead to error when performing right shif'ts so SHN
(digit 1) is always sct to 1 before any shift is performed (and
ignored flor left shifts). The only exception to this rule is
when transferring the exponent difference to SHN, when digit 1
mey be cleared if number of right shifts required is 127,  Thus,
unless the number of shifts is out of range, SHC uses only fligits
0s2,3,4,5,6,7 and 8 of SHN. Associated with the SHN register 1ig
a counter, used when normalising and in ~erforming BITS:  this
counter increments the contents of SEN by udding either 8 or 16.

/Con‘tinued...... soe o8
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3,3 The Shifting Register (SHR).

As has boen stated in para. 2., shifts of a large number of
places are performed in three stages :-

(i) do as many shifts of 16 places as possible.

(ii) if necessary perform a shift of 8 places by using the
appropriate 8 shift path from W1/W2 to B1/B2 and a straight
transfor back.

(iii) if necessary complete the shif't by shifting 1,2,5,4,5,6, or
7 places.

This is achieved by Shift Control in two steps:-

(a) perform as meny shifts of 8 placcs,” (in the sequence W's %o
B's, B's to ¥W's), until the number of shifts Teft As lesgs
than eight. The deta word may now be in the W's {if a
multiple of 16 shifts were performed) or in the B's (if an
0dd number of 8 shifts were performed). If necessary,
therefore, the last 8 shift from the B's to the W's is
converted into a straight transfer.

(b) complete the shift by shifting 1,2,3,4,5,6 or 7 places.

Shift Control employs a further register of 12 bits, the
Shifting Register (SHR), to control the number of 8 shifts
performed in step (a)above. SHR is set up from SHN, or the
normalisation logic (seec Section L), such that it contains one
bit (from the l.s. end) for cach 8 shifts to be performed.

Initielly SHR is clear. Logic (see Fig.6) is attached to
digits 0.2e35¢4. and 5 of SHN. Suppose these digits contain A
signed integer n (DO is tho sign digit, D5 regarded as the l.s.

digit). If n is positive, the logic sets the rightrmost
digits of uilfiy | if n is negative. then the (1n1-1) right most
digits sof «HE are set.. However, if SHOR is at '1l',

all digits of SHR are sct.

An 8 shift is performed every %/usec, simultancously the stripg
of ONES in SHR arec shifted right one digit position. The 8
shifts continue until SHE is zero, i.e. until digit 11 is zero.
If an odd number of 8 shifts has been performed, an additional
pulse transfers the data directly from the B registers back to
the W registers.

The above description was simplified by assuming that SHR is
a perfect shifting register. As Fig.7/ shows, this is not so:
the '0' outputs of the flip-flops gate the resetting of the next
significant flip-flop, 0dd digit positions can be reset on the B
to W 8 shifts (at Pl time), even digit positions on the ¥ to B
8-shifts (at P2 time). This operation of SHR requires the use
of two additional indicators, Shifting Register Non Zero
(SHRNZ), end 0dd number of 8-shifts (SHOD). SHOD is set up

from the logi Btd HRNZ i , I 1 :
o the t%%l%zs%%i%%gﬁa %é.s RN is set from SHR(11l); both are

3.4 The Shift-Path Selection Matrix (SHSHM).

This is a 'metrix' of transformers, rather like a sequence
unit, which selects the appropriate shift transfer paths. It
consists of tiwo banks of 7 transformers, one bank supervising
the paths from the W to the B registers and thercfore being
pulsed at P, time - the other bank supervises the paths from the
B to the W Fegisters and is pulsed at P, time. Each bank is
divided into two sections, onc section Is pulsed if 8-shifts
are being performed (i.c. SHR is non-zero); the other is pulsed
during the last micro-sescond of the shift when "8 shifits" are

being performed. /Continued REERE
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The pulse amplifiers which pulse the sections are called P, 8-shift,

P? 8=-ghift, Pl 8 shift and P2 8 shift. They pulse:- -

P2 8-shift - two transformers which contrel the shift transfer paths
from W1/W2 to Bl/B2 providing left and right shifts of
8 places

Pé(B-shift - Five transfers which contrel the shift transfer  paths

from W1/W2 to B1/B2 providing right shifts of 0,1,2,5
and 8 places.

P. 8-ghift ~ three transformers which control the shift transfer

+ paths from Bl/B2 to W1/W2 providing left and right
shifts of 8 places, alsy» no shift, The latter is
used when an odd number of 8-shifts are performed.

Pf(B-shift - Five transformers which centrol the shift transfer

paths from Bl/B2 to W1/W2 providing left shifts of
0,1,2, 5 &8 places,

The primary gating which selects which transformer in a section will be
pulsed is based on the sign of SHN (for 8 shifts) and upon digits 056575
8 of SH for 8 shift, bee table 1 for details of SHSIM. Figs, 8 and 9
show detalls of these primary gating levels.

%5 Other Indieators

Apart from SHOD and SHRNZ which, together with SHR, supply conditions
Tor terminating the shift there is an indicator SHIFT which is set when
SHC starts any shift instruction. Whilst this indicator is set SHC will
loop between sequence unit transformers P, 63 and Pl 38, performing the
appropriate shift, SHIPT is reset if edtiier :

(1) The right-most digit of SHR (i.e, SHRD11) is zero - for et
this time the final shif{ of{8 places is being performed,
or (ii) Digit 9 of SHR is zero and IO, 6,7,8 of SHN are zero,
This means that a left shift of an integer multiple of eizht

places has been specified and the 8-shift now being performed
is the last.

Note that right shifts of an integer multiple of 8 places always
terminate with a8 shift of 8 places., &
Segt Mlg. 12,5,
4, FLOATING PCINT OPERATIONS -~ NORMATLISATION,
4,0 General

EDF 9 performs a range of arithmetic instructions operating on flaating
point numbers. A floating point number is of the form

fx&ae

where £ = a fractional part between % and 1 (in modulus) and e = the
exponent in modulus 128,
¥oF,G, the inctional pert of a fleatirg point numbsr

phen Fiedbs b Oe Towhod 0 the onspeetoiialiin

oecuDtEs Tl el l -8, (The chur cteriustic is merely the exponent plus 128 -
this form being adopted so that the number zero has the lowest
permitted exponent). A full description of floating point operationz is
given in report K/GD.y.B3, this section merely describes & facility
provided by shift control which ensures that the result of a floating
point operation is in stendard form - i.e. with its fractional part T
between & and 1 (in modulus).

4.1 The Instruction !'STANDARDISE!

Fer the instruction STAND, o flontins number x is supolied as

Jeontinued ....
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data in T1
x = £ x 2°
where -1 f &1
The result of the operatign is a number x' in W1 such that

Ao
Pyl

(1) x = x*
and(ii) either

ﬂ;u

pri =1 gl -1

or f' and e' are both zeroe

(In all KDF.9 logic and enginecring literature the term exponent
and its abbreviations are really misnomers for the characteristic
as defined above).

To perform the operation STAND, Arithmetic Contral :-

a) Stores e in the cxponent register and then if £ is + ve
clears D1 = 8 of W1 or if f is -ve sets ones in D1-8 of W1,

b) If Wl is now zero, i.e. f was zero, finishes the instructio
1% ;

¢) Shifts W1 to the left n places until D8 and D9 of Wl are
difflerent.

This process effectively multiplies £ by 2n,
d) Subtracts n frem e and places the result in D1-8 of Wl.

The new fractional and exponent part of x' are f' = £ x 2n
and e! =& -5
thus - fl ne %e e
Tt 2e %
e e 2
bie

n

HEST AL

The shifting operations in step (c¢) are performed by Shift
Control, and the process is known as normalisation.
Normalisation shif'ting is different from all other shifting
operations in that the number of shifts required is determined
by SHC inspecting V1 and not by inspecting the SHN register.

Normalisetion Facilities.

At the end of nearly all operations on floating point of
numbers Arithmetic Control ensures that the resulting floating
number is in standard form, consequently SHC control may
normalise both single and double length numbers. In these
normalisation processcs SHC performs those shifts of Wl (and'WZ)
which ensure that -

DO of Wl ¥ D8 of Wl
and DO of Wl # D9 of Wl (after the shift)
This process is called 'Normalisation to D9'.

The division algorithm requires that the divisor presented to
the multiplier-divider unit be a fraction greater than a half
(in modulus). Arithmetic Control ensures this by instructing
SHC to shift W1 until DO#D1 - this latter process being
normalisation to Dl. If normalisation to Dl of Wl is required
the indicator NORM 1 will be set before AC uses SHC. If the
number to be normalised is double length AC will set SHD. SHC
ensures that both the indicators SHL and SHW2 are reset during
any normalisation shifting. Note that the facility of
normalising a double length number tothe Dl positien is never
usecd.

/Continuedae-...a----
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Le2s1. Direction of Shift during Normalisation.

The above discussion has assumed that the fraction to be
normalised is always, in modulus, less then one and that
any shifts required will be LEFT Shifts. Thus if the
fraction were less than,® but greater than 1/16 it must
be multiplied by 8 ( 27), or shifted LEFT 3 places to
restore it to standard form. This sssumption is ngt
always true, c.ge. the result of =dding - .525 x 2

and 736 x 2°

35 1061 w2
and the resulting "fraction" must be shifted to the right
one place to give the answer .6305 x 27, There is nevern
any need to shift the "fraction" more than onc place to
the right and the condition only arises when NORML is
reset - thus one right shift will be performed vwhen SHG
control discovers that :-

NORMI = O, and (DO of W1)FE(D8 of W1).

4«3 The Normalisation Processes.

0f the two normalisation processes, Normalise to D9 and
Normalise to Dl; only the first will be described herc.
Normalisation is performed in two separate steps :-

(1) Inspect the contents of W1 (and WUFL (D0) if single length,
or D0 of W2 if double length), and determine :-

a) If any normslisation is required - vis, is DOEEDS@&D9 jikh
and b) If more than 8 left shifts are required.

This latter step consists of examining the digit groups
D8-D16, D16-D2L, D24-D32, D32-40, DLO-DL7 ( and either WUFL (DO)
or W2(D0)), up to the first group which is not all zeroes or all
ones, and inserting a 'one' into SHR for every prior Zroup.
(Note that SHC has now checked that DO=D8). Thus the process
is stopped as soon as o digit in W1 is discovered that is
different from gll its predecessors. For example, if DO~=D33 of
Wl are all ones, but D34 is zero, then D9, 10 and 11 of SHR will
be set.  Shift control then performs these 8-shifts until SHR is
zero, simultaneously counting the number of shifts in to SHC
(which has previously been cleared).

If LO left-shifts were performed the whole step Will be
repeated, if after repeating Wl is still 211 zeroes (note it
cennot be all ones), the indicator ZERO or EXUF (exponcnt
underflow) will be set and the normalisation process terminatede
Fig.ll shows the normalisation 8~shifts logic.

(ii) Inspect digits 0,7,8,% ... 15 of Wl
a) If DOED7$DS then set all ones into SHN and perform a
shift of one place to the right,
b) If DO-ED8FDI then no shift is requircd.

¢) Examine, in sequence, logical levels which are ONE if
B9 DA, IO Pl ciaesies, 0L DIE, ¢
and discover the first ONE.

This determines the number of left €8 shifts required and this
number is set into.D6-8 of SHN and the shifts performed,  For
example, if DO,D8,D9,D10,D1l are all zeroes and D12 a 'one' then
5 left shifts are roquired and D7 and D8 of SHN will be sete
Figel2 shows the normalisation <8 shifts logice

The process is now complete:

W1l(end W2) contains the normalised frection and SHN contains
the number of shifts that have been performed,

AConhinund,. s e
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Liel. The Shift Number Counter.

This counter is copable of adding one or two to digits 1-5 of
SHN. Vhen performing the 8-shifts in normalisation it 1is pulsed
every microsecond and adds two unless the indicator SHOD is set
and SHR digit 10 i1s zero when it will add one. Note that when
an odd number of eight shifts are being performed SHOD will be
set during the last B8-shift (from W to B)e

LeH The Tnstruction 'BITS',

The instruction BITS works as follows :-

Start by clearing BTF counter (that is used to count the number
of bits)e

Set shift mode to single length, logical on W1 by setting SHL and
clearing SHD and SHWZ2,.

Set SHN to 1 00000110 and clear SHOD, E NORM - this causes SHC
to shift right 2 places every microsecond as the 8-shift decoding
logic is not pulsed.

Set the control flip-flopsBITH & shift & enter the shift loope
~> P, beat Shift V1 RIGHT 2 places to Bl
TF SHN (digits 1 and 2) are both 1 then reset BITH
IF BITI = O and SHR (111) = O then reset %, SHIFT,
Pl beat Transfer Bl to Wl
IF BITM = 1 then add 1 to SHN (digits 1-5)

IF BITi = 1 and cither BUFL (digit O or 1) is one the
count in BTF

IF RITHM = 1 and both BUFL (digits O and 1) are onc then
count 2 in BTF,

v Is 52&&?: R

i

Then transfer the complement of BTI' to uHN, the complement of
SHN to B2 (digits 1-8), thence, using a gpecial shift pathy
into d40-47 of w"!”l} ( Ace @e (T 33}.

L
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5.0 CHARACTER CONVARSION OP-RATICNS.

The KDF 9 executes two characters conversion instructions,
cailed TOB (to binary) and FRB (from binary). The data
operated on by these instructions consists oii-

(i) in W2, a radiz word

R=r 3r1,r2,......r , (each z dsie 6. bit radix
number ) =

and (ii) in Wi, either

7

(a) for TOB, a word of characters
C =Cyy Cyy Cp wreene Cy (each C_ is a 6 bit

character].

5

or (b) for FRB, a positive binary integer I.

TOB for s the positive binary integer

\

I=r, (r6 (r5 (r4 (r3 (r2 (rl. G +02) +03) +C,) +05)+06)+G7
leaving the answer in Vi,

FRB leaves in W1l the character word.

(adl
(el
o

Where Gt 0 7 e oG T

is equal to

and the original integen

7

I = r7 (r..,....(rl. C

WE ! X 3
- : cl) + 02) PR S e

0 T

i.e. FRB perforas the opposite eperation to TOB. The aci®ion oi
these instructions is illustrated by an example. In this
example, which is used later in the detailed explanation of
TOB and FRB, only a 24 bit word is used.

Example :~

Suppose tiat a 'length' has been input in chains, yards,
feet and inches - more specifically the lengzih is

% = 5 cnains 20 yards 0 feed and 7 inches.
then the character word is
¢ = 000101, 010100, 000000, 000111
and the radix worda is
R = 001010, 010110, 000011, 001100
1.8, 12 inches to one foot, 5 feot to one yard, 22 yards ©o

one chain, 10 chains to one furlong and all lengths are less
than one furlong.
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In inches the length is

39 (5 (2255 « 20} .0} &7

=
i

1

4687 inches
4.8, L= 000, 000, 000, §0l, 00k, 001, 001, 111 in hindry,

The instruction TOB is siven the words C and R, and
proauces the binary integer I - the instruction FR3 is given
the radix word R and the binary intezer I and procuce the

character word C.

In order to engineer these functions fairly simply the
following limitations have been imposed on the values of the
radices

(1) A1l radices - O

(ii) 411 radices & 32

In TOB gll the characters in the character word C must be
less than the corresponding radices, thus the length

%X = 3 chains, 22 yards 4 ft. and 9 inches is an invalid

representation, and TOB3 may convert such a number incorrectly
without setting overilow.

Brei L THE IHSTRUCTION FRB.

The conversion of an integer into the regquired character
string is mest obviously achieved by the Iollowin' process

(i) Divide the integer by the least signilicant
radix r. to form an intezer quotient G, and a
remainder i _. R is the least significant
character Gl. 7

7t

(ii) Divide Q. by the second least signiiicant
radix r,. to fora an integer quotient Q. and a
remainder R . R._ is the second last
significant character 06.

(iii) Continue until r, has been divided into Qq;
thus forming the 8 character string
Rys By» Bys Ry Byy Rey Bey Ry, with Qg = 0.

For example, to convert x = 4687 inches into chains,
yards, feet and inches

Fiistly, divide 4687 by 12

thus = = 790 feew and 7 inches
Secondly, divide 330 by 3

thus x = 130 yawrds O feet and 7 inches
Phiedly, divide 130 by 22

thus X = 5 chainsg 20 yards 2 feet and 7 inches
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Fourthly, divide 5 by 10 to ensure that the 'length' is
not out of range.

The process is a series of divisions, in which the
quotient obtained in one division becomes the dividend for
the next division. A simple integer division process
commences operating on the m.s. portion of the dividend
and can be arrang.d to Jenerate the quotient digit by
digit, starting with the m.s. digit. As the gquotient
digits are generated, the next division process can
comnence on thew, and so on for all tiue divisions; i.e.
one step of each division is performed in sequence, then
the next step of each division, and so on until the
original integer is exhausted. This is the method used
for performing ¥RB on KDF.9, and the algorithm is shown
in the flew chart of Fig,l5.

The positive binary integer is first effectively shifted
(arithmetically) right 47 places. This ensures it is less
than r. at the beginnin. of the process. The divisions
can theén be comuenced, and will not be complete until a
total of 47 shifts lext have occurred. (The initial

shift right is most readily done by making the word
containing the integer the l.s. word of a double length
operand. This can then be shifted left (autumatically
until the m.s. ONE digit is in D1 of the 1l.s. word)

5el.1. The Division Process

Bach step of the division process performs one of two
actions:i-

(i) If the integer (in that cha-scter pos.tion)
is greater than or ecual to the radix,
subtract tie radix and add one Lo the integer
in the next charactexr position.

(ii) If the integer is less than tie radix, do
notihing.

This is cgrried out for all character positions in turn
starting at the l.s. charvacter. Then the double lenzth

operand is shifted left ene binary place, and anotiner step
o division periocrmed.

Wnicii of step (1) o (ii) is to be used in each character
position is decided by a trial. The radix is subtracted
from the integer in that charccter position: if the
remainder is + ve, then (1) is used. If the remainder is
- ve, then (ii) is used.

In KDF 9 subtraction is achieved by adding the negated
subtrahend. The negated form of an n bit number (modulo
2 ) is obtained by addinz 1 to the l.s. digit position
of the ones couplement. Thus, to obtain the negated
radices, the radix word is complementced, and a one

added into the l.s. digit of each radix positicn.
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o=t (10) rs (22) Ty (3) Ty (12)
= 001010, 010110, 000011, 001100
—(Rl = =Ty -r. ;5 =T -T,
= 110101, 101001, 111100, 110011
+ 000001 000001 000001 000001
= 110110, 101010, i 110100
L e =3 - 12,

During the addition, no carry can occur bstwsen adjacent
character positions unless one of the radices was zero:

this is WOT allowed. Becuuse tie radices are all less

than 32, the m.s. digit of each negated radix will be a

gipn diatt, die. 1. '

The word of negated radices is stored in register NB, and a
copy placed in BZ, This is added to the m.s. word of the
eperand, the sum being placed in W1,

If the contents of a character location of the m.s. word
are less than the correspondin  radix, the m.s. digit of
this character location of the sum will be OWE; i.e. the
addition ef a + ve 6 bit number to a - ve 6 bit nuwber Las
produced a negative 6 bit nuwber. However, if the contents
of a character position are greater than the corresponding
radix, a + ve sum will be produced AND a carry out will
occur into the next character position. This carry is
precisely what is required to add one to the next m.s.
character position; and means that = trial step of division
is carried out in all character positions with the one
addition.

From the result of this trial, the radices in B2
corresponding to those character positions witi a negative
remalinder are cleared, and the addition repeated to give
the new set ol remainaers in ‘Wl.

The d.,1. operend (in W1 and %2) is shifted left one place,
W1l transferred to Bl, NB to B2, and the division process
repeated., This continues until a total of 47 left shifts
have occurred, Jeaving the required character string in Wi.

A step in the process is illustrated, for 24 bit words.

Bl 000000, 010310, 000100, 001010
B 130400, 301010, 131301, 110100

Add into W1110111, 000001, 000001, 111110

(81 000000 010110 000100 001010)

Clear B2 000009 101010 111101 000000 (from result abow
radices
AddintoWl 000001 Q00001 Q00001 001010
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The converaiono a mixed radix number into a binary
integer is most obviously achieved by a process of nested
maltiplication as follows:-

(1) Multiply the mest significant cha.acter 67
by the radix Te

(ii) Add the second most siznificent character
(¢.) to the product obtained from (i) and
muitiply this by the radix r5.

(iii) Continue until the least siznificant character

(CO) has been added.

For example to converf the len;th
x = 5 chains 20 yairds O feet and T inches

to an intezer nuwuber of inches.

Firstly, multiply 9 by 22

thus x = (110 +20) yards Ofeet and 7 inches.
Secondly, multiply 130 by 3

thus x = (390 + 0) fe.t and 7 inches.
Thizdly, multiply 390 by 12

thus x = 4680 + 7 inches.

4687 1inches.

{l

The process is thus a series of wultiplications, the
multipliers Leing the 7 radices r. - r, in turn and toe
multiplicands beingz essentially t%e prg&uct of the
previous multiplication. & siaple integer multiplication
process fur.s the product digit by digit starting at the
least significant end. Thus as each separate
multiplication produces a digit, the next less significant
multiplication com:iences and so on until the
multiplication by the lezst significant rad.x has been
performed. The next step in the multiplication is then
comuenced. This proccss is used in the KOF 9 to periornm
708 and the algorithm is shown in the flow chart of
Bagyld.,

Note that this process differs from the normsl
maltiplication process in the use of the multiplier
register. In the KDF 9 multiplier the contents of the
multiplier register are shifted onc place to the right on
each step this creating a hole at the leit most end which
is used to store the least signiiicant digits of the
product as they are g.rneraied. In the TO3 alzoritim

the multiplier register (Wl), which contains the
chai=cter word at the start, is not so used for tiils
purpose; it being simpler to use the double length
shifting facilities of the register ¥l, W2, and to Iorm
the product (Whlch must be single length anywav) bit

by bit in the register 2. . Consequently, the condition
Wl = 0 may be used to terminate the process.
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Charazcter word

To give 0P00LE, Ol010%, 000011, Gol1i8  din W1
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The Multiplication Process

Each step in the wultiplication process performs onc ol
two actions:-

(1) If the charzcter (in speciiiea character
position) is odd, theun decrsase tuis character
by one and add the next less signiiicant radix
to0 the next less signizficant chavacter

or (ii) If the characicr is even, do nothing.

One of these actions is carried out for eacn character
position in turn, starting at the most gignificant
character any terminating when the new least gignificant
character has been Fformed. The new charactaer word is
then shifted right one place and the next step of the
maltiplication process begin, The least signiticant
digit of the least significant character 1is gniftad
into W2 to becoms the preduct.

cach step of the multiplication process incluced, &as
implied above, seven serial character zaditlons this
would meke the process intolerably slow. Instead, the
IDF 9 uses & special block of logic, similar to carry
propagation logic, to deterumins whether any character,
which may be modified by the addition of the
corresponding radix is odd. The seven additions are
then perzormed in parallel by adding tne radix word,
with certain radices clearcd, to the character word.

A step in the process, for 24 bit words is illustr. ted.
Suppose that, aiter a certein step, the register ¥i,

W2 contains 000010, 010101, 000000, 000011 (0)10,000,
000, 000, 000, 000, 00O, 000, (771 contains - length -

2 cghedns, 21 yards and 5 inches).
Register W1 (the multiplicr) is compared with the radix
word

R = 002010, 010110, 000ull, 001100 (10, 225 B 1)

I‘O I‘l 1‘2 I’3

Note that the top radix is never to be added to the
cherwcter word, thus es the top choracter is even r. must
not be added. As the uweconc from the top character is
thus still odd then r, must be added to the third
charecter; this meie§ the third cuaracter, which was
even, odd, and r, must be auded to the least significant
character. Cons@quently, the 3 seriul cond.tions,
required by the multaiplicetion process, may be performed
in parzllel by adding & modified radix word.

i

R = 000000, 000020, 000011, 001100 in B2

it

000010, 010101, 000000, 000011 in 31
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The contents of Wl, W2 may now be shifted to the right onc
place thus W1/2 contains

000001, Q01010, 100001, 10U11l,(0)11,000,000,000,000,000,020,009

(Thus Wl contains 1 chain, 10 yards, 1 foot and 7 inches) .

The unuerlined digies in Tl, which if one merely denote
that before shift the charscter above was odd may now be
cleared, as their presence has already been detocted, and
this leaves the double length word W1/W2 ready for the
next step in the process.

5.2.2 Tne 'Special TOB Togilc.

In order to form the modified radix word, the complete
radix word, stored in NB throughout TOS5, is placed in
B2, If necessary the relev.nt churascter position in B2
arc clezred, beiore the churccter word is placed in 31
and the adder pulscd. The eguipment for clearing the
relevant character positions is 2 set of 8 6-sccond. Iy
winding trensformcrs whose primeries are gated by a set
of 10 logic operating on registors Wl (the character
word) snd NB (toe radix woid). The conditions generated
by the logic are:-

Clear ro - this is unconditicnul

Clear m, = if G, is cven i.e, id 71(5) = 0

Glear Tl ig evenand . is eclearesd
i i-1 s— gl

or r. 4 is cleared and the result

of zddius v te C. is even.
i-1 i-1

A typical stage in this logic is shown in Fiz.l5 - note
that as subsccuent stages required positive levels 1o
differentiate between this radix position being cleared
and not beinz clearcd, both these conditions must be
generated.
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. 5.3 AN EXAVPLE

The example given below illustrates the asction of the FRB
algorithm when converting the length 4687 inches into
5 chains 20 yards O feet and 7 inches. At the start of

this instruction

Wl contains  000,000,000,001,001,001,001,111 (I)

) ” 001010,010110,000011,001100 (®)

Pirstly I is normaliscd, thus 10 lert shifts are performed
thus

Wl =  010,010,010,011,110,008,000,000

It is then extended to double length and the division
process begins as shown below,

000000 ;000000 ,000000 , 000000

000000,000060,000000,000001
10

100

001001

000000 ,000000,000001 ,000110

(Noze - 2 x 9 inches =

000000 ,000001.,000000 , 000000
(Mote = 2 x 1 £t 6 ins =

000000 ,000010,000000,000001
000000,000100,000000 ,000010
000000 ,001000, 000060 , 000100
000000 ,010000,000000,001001
000001 ,001010,000001,000111

(Note - 2 x 16 yds. 9% inches = 1 chain 10 yds. 1 ft.and77 inches)
000010,010101,000000,000011

(fiote -~ 2 x 1 chain 10 yds. 1 ft. 7% ins = 2 chains 21 yds.and 3.ins

000101,010100,000000,000111

Note - 2 x 2 chains 21 yds. 33 ins. - 5 chains 20 yds. and 7 ins.)

The above example may also be used for TOB which is effectively
performed using the same steps in the roverse order.

i
e : :
=R
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(0)r0, 010, 010, 011, 110, 009,000,000
(0)oo, 100, 100, 111, 100, 000,000,000
(0)
(0)
(0)oo, 100, 111, 100, 000, 00,000,000
(0)o1, oo1, 111, 000, 000, 000,000,000
1 foot 6 inches)
(0)donw0nl,; R10, 2000
1 yard)

(0)oo, 111, 100, 000, 000, 000,000,000
(0)o1, 111, 00O, 000, 000, 000,000,000
(0)11, 110, 000, 000, 000, OCO,000,000
(0)1i, 100, 000, 000, 000, 000,002,000
(0)ii, 00, 000, 00D, 000, 0CU,000,000

(@)
o
{9)

000,030,000

0)10,000, 000, 000, 000, 000,000,000
7 b b 3

(0)oo, 000, 000, 000, 000,000,000,000

It
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No. | Loct.of : Digits Transferred , Explanation iGating
ook > ] Hevel.
pisb¥ fmmap k| w1(0-39) te B1(8-47) RIGHT 8 basic shift Y w1/D
E 0's to B1(0-7) Cated by SHL+WTT5% %
1's to B1(0-7) | Gated by SHL.W1(O
’, 1C23F w1(40-43) to BUFL : W1s
3 1023g | W1(40-47)&w2(0) to B2(0-8) ! YDouble length DLOG
4 102%h 0 & W1{40-47) to B2(0-8) )intercormections DART
5 10224 w2(D1-43) to BE§9—47)&BUFL RIGHT 8 basic shift W2/D
6 te25e. | ( 0's to B2(0-8) Gated by W2(0) ) Wes
( 1's to B2(0-8) Gated by W2(0) )
7 1615¢ | ( W1(0 -42) to B1(5-47) RIGHT 5 basic sghift ¥ w1/D
( 0's te B1(0-4) Gated by SHL+W1(0) )
( 1's to B1(0-4) Gated by SHL.W1(0) )
8 10164 W1(43-46) to BUFL W1S
9 1016 | W1(43-47)&w2(0) to B2(0-5) )Double length DLOG
10 1016h 0 & W1(43-47) to B2(0-5) )interconnections DART
1 10154 W1(D1-46) to B2(6-47)&BUFL RIGHT 5 bagic shift W2/D
12 1otee | ( 0's to B2(0-5) Gated by W2(0) )| wes
( 1's to B2(0-5) Gated by W2(0) )
13 10132 | ( W1(0-45) te B1(2-47) RIGHT 2 basic shift ) wi/D
( 0's to B1(0;1) Gated by SHI+W1(0) )
( 1's to B1(O,1) Gated by §ﬁi.W1(O) )
14 1014b | W1(46,47)& WUFL to BUFL W1s
15 1cl4e | W1(46,47)&W2(0) to B2(0-2) )Double length DLOG
16 1144 0 & W1(46,47) to B2(0-2) i Jinterconnections DART
17 1013b | W2(1-47) & UFL to B2(3-47)&BUFL ! RIGHT 2 basic shift Ww2/D
18 1C14a 0's to B2(0-2) | Gated by ¥W2(0) ) wes
1's to B2(0-2) Gated by w2(0) )
19 1¢13¢ | ( W1(0-46) to B1(1-47) RIGHT 1 basic shift N wW1/D
( 0 to B1(0) Gated by SHI+W1(0) )
( 1 to B1(0) Gated by SEL.W1(0) )
20 10148 | W1(47)&WUFL & O to BUTL’ 1S
21 1C14g W1(47) & w2(0) to B2(0,1) ') Double length DIOG
20 1014h 0 & Wi{47) +tm B2(01) Dintercemmections | DART
23 10134 | W2(1-47 )&WUFL&O to B2(2+47 )&BUFL RIGHT 1 basic shift \ w2/D
24 Totde 1 0's to B2(0,1) ! Gated by W2(0) )| W2s
( 1's to B2(0,1) Gated by w2(0)
25 1c214 W1(0-47) to B1(0-47) Basic path W1/D
26 10162 YUFL & 0's te BUTL Earth
27 1C21c wz%o-@?} to B2(0-47) | Basic path w2,/D
28 2E6b W1(0-47) to B1(0-47) ' Used by AC -
29 1C12e Set BUFL ang ACAR from'50-bit'subtract Floating subtraction | -
30 2E5¢ Wo(0-47) to B2(0-47) . Used by AC s
31 1c15a | ( w1(8-47) to B1{0-39) : IEFT 8, basic shift )!W1/D
(Set VR if digits 0-80fB1 are not identical - gated by SHL )
32 1¢16b WUFL & O's to B1(40-47) : Wi/8
33 1C16¢ w2(0-8) to B1(40~472&BZ(O)3)Double length ! DIOG
34 10164 w2(1-8) & 0 to B1(40-47)&B2(0) )interconnections . DART
35 1 1015b | W2(9-47 )&WUFL&O%t0 B2( 1-47) i IEFT 8 bagic shift - W2/D
el ey 0's to BUFL | ' Barth

K/C‘Do Ve SOv

Table 1 = firght sheet.




B regiéters to W registers

No. Loct.of Digits Transferred Explanation Gating
Pl level.
%6 10222/ ( B1(8-47) to W1(0-39) IEFT 8 basic shift Wi/s
{ (Set VRdigits 0-8 of B1 are not identical - gated by SHL
37 1623b) BUFL & O's te W1(40-47)&WUFL | W18
%8 1C23c! B2(0-8) to W1(40-47)&W2(0) | )Double length DLOG
39 1 B2(1-8) & 0 to W1(40-47)&W2(0) : )interconnectiens DART
40 1022bﬁx{9_47)&3UFL&0fs to Wi(1-47) &WUFL IEFT 8 basic shift w2/s
41 1011l ( B1(5-47) to W1(0-42) LEFT 5 Basic shift W1/s
§ (Set VRif digite0-5 of B1 are not identical - gated by SHL
42 1012F BUFL & O's to W1(43-47)&WUFL | w1
4% 1612 B2(0-5) to W1{43-47)&W2(0){) Double length DIOG
44 1012n, B2(1-5) & 0 to W1(43-47)&w2(0) !) intercormections DART
45 1011@&2(6-47)&BUFL&0'S to W2( 1-47 )&WUPL % LEFT 5 Bagic shift W2/s
1 S i , 2
46 1C9a ( B1(2-47) ta W1{0-45) | LEPT 2 Basic shift )N wi/s
' (Set VRif digits 0-2 of B1 are not idemtical - gated by SHL)
47 1¢10b BUFL to W1(46;47)&WUFL | Wis
48 1¢10¢ B2(0-2) to W1(46,47)&W2(0) ) Double length DICG
49 10104 B2(1,2) & 0 to W2(0) f) interconnections DART
50 109D B2(%=-47 )&BUFL to W2(1-47)&WUPL | LEFT 2 Basic shift W2/S
2
51 1C9¢ ( B1(1-47) to Ww1(0-46) LEPT 1 Basic shift ) wi/s
(Set VRif digits 0,1 of B1 are not identical - gated by SHL)
52 10101 BUFL(0~2) to W1(47) & WUFL 1S
53 1010g] B2(0,1) te Wi(47)&w2(0) ) Double length DLOG
54 1C10n0] B2(1) & 0 to W1(47)&w2(0) |) interconnections DART
55 1094 B2(2-47)&(BUPL(0~2to W2(1-47 )&WUFL Ww2/D
2l i S e
56 10212) B1(0-47) %o W1(0-47) | Basic path Wi/8
57 10234l BUFL(0,1) to WUFL s Earth
58 1021 B2(0-47) to W2(0~-4T) Basic path Wwe/s
59 1¢114] B1(0-39) to Wwi1(8-47) RIGHT 8 Basic shift w1/S
60 2F5b O's to W1(0-8) Gated by SHI+T1(0) Y\ wi/s
1's to W1(1-8) Gated by SHL.W1(0) )
61 10124 0 & B1(40-47) to W2(0-8) | ) Double length DART
62 1¢12¢! B1(40-47)&B2(0) to w2(0-8) ') interconnections DIOG
63 1012b B1(40,41) to WUPL . W1s
5 S oy B2(1-41) to W2(9-47)&WUFL | RIGHT 8 Basic shift W2/D
65 1012a| ( 0's to we(1-8), | Gated by w2(0) )| W2s
e 1's to W2(1-8) ! gated by W2(0) )
K/GD.V.80 Table 1 - Second and last sheeb

- Each bleck of pulse amplifiers are commected to a transformer in the

SHSM, normally each of these transformers has 6 secondaries.

ends of the secondaries of these SHSM transformers are comnected to the
gating levels showr.

The bottom



Special transformer packages have been designed in order to minimise
the equipment required for the shift paths shown in table 1. This appendix
lists the basic essentials of these packages - ‘

K244 - SHIFT 1 (BSee table I1)

There are 48 of these packages used in the Arithmetic Unit Cubicle. They
are used in 4 groups of 12 packages providing the shift paths listed below.
Each package has 4 transformers, esch with 8 secondary windings providing the
following shift paths

| ¥1 or W2 to Bl or B2 a B1 or B2 to W1 or W2

o
L1 Left shift of 8 places Right shift of 8 places
I2 | Right shift of 1 place Left shift of 1 place
L3 | Straight trensfer Straight transfer
L4 ; Inverted trensfer Inverted transfer

Note that the transfer B W is not used.

K242 — SHIFPT 2 (See table Il)

There are 40 of theée packages in the Arithmetic Unit Cubicle. They
are used in 4 groups of 10 packages each group providing the shift paths
listed below. Each package has 3 transformers each with 8 secondary windings.

Wi or W2 to Bl or B2

11 i Right shift of 2 places
Right shift of 5 places
I3 | Right shift of 8 places

B1 or B2 to W1 or W2

Left shift of 2 places
TLeft shift of 5 places
Left shift of 8 places

e e

ﬁiﬂ,-
Note that(packugus of tnlqjagwur transfer into the 8 right-most
digits of the ¥ rcgisters or into the 8 left-most digits of the
B registers. These digits positions are treated specially using ,—

K288 — SHIFT 3 (Drwz - S20535. See table I1)

There are 4 of these packages in locatioms:- 2G16, 2G17, 2B18, 2B19
in the A.U. Cubicle. :

Esch package has 3 transformers, each with 6 secondaries. L1 and I2
are connected in parallel. The transfers provided by these packages are
iW1 ox W2 4o Bl oz B2 ] Bl or B2 to Wl or W2
L1 & | Right shift of 2 places i Left shift of 2 places

o
i

L3 | Right shift of 5 places Left shift of 5 places

The above threc boards provide all the shift paths except the
special end of register effects. The end of register effects required
are:-

£ill in signs at left-most end when shifting to the right

P i
o
LS

b) clear unused digit positions at right-most end when shifting
to the left

(c) Transfers involving the underflow registers

(d) The cross-coupling between the two single length shifting registers
required for double length shifts

(e) Overflow detection.



These are provided on 5 more specizl transformer packages.

K290 ~ SHIFT 4 (Drwg. 20559, 20560, 20579)

There are 8 of these packages in locationg:- 2D13, 14, 15, 16,
2E15, 14,15, 16 of the L.JF. cubicle,

These packages, each has T transformers, are used in two groups of 4.
The first group perform the transfers from BUFL into the right most ends of
the VW registers. In this group the boards are used in pairs, one pair for
W1, the other for W2; each board of the pair transfers either the O's or 1's
sides of the flip-flops. The second group copies the sign of W1 (or W2)
into the left-most digits of Ll (or B2) - again the boards are used in pairs;

each pair trensferring either 0's or 1's The relevant board of this group
ig selected by gating the primaries with conortlonc based on W1 (or W2)'s
sign digit and the indicotor SHL. If BHL is set then the board transferring

zeros is selected.

THFR : No.of

recqnu_r1;S: shift Path . Function
| | :
Ll 6 B to ¥ 8 places LDFT , BUFL(0-3)+0's to W(D40-47 )+WUFL
W to B 8 places RIGHT 0's or 1's to B(DO-7)
2 5 B to W 5 places IERT BUFL(0-3)+0's to W(D43-47)+VEL
WtoB 5 places RIGHT O0's or 1's to B(D0O-4)
i3 4 BtoW 2 places LEFT BUFL(0-3) to W(D46,47)+WUFL
Wto B 2 places RIGHT 0's or 1's to ﬁ(Doﬁq)
L4 3 BtoW 1 place ILEFT BUPL{ 0-2) to W(D4T) +WUFL
WtoB 1 place RIGHT 0's or 1's to B(DO)
15 2 B toW. 0O places BUFL(0,1) to WUEL (0,1)
W to B Tot used
HE P B to W 8 places RIGHT | B(D40,41) to WUFL
W to B | Not used
L7 | 2 | Spare 4 Used for O's and S's in 4.V,

K285 - SHIFT 6 (Drwg.9273)

There are 2 of these packages in IOCuthﬂ 1D35,1D4, in Control I.

These packages,each has 6 transformers, perform the transfers from
the right-most ends of the W registers into BURL. One of these boards
performs the transfers from Wi, the other from V2,

Transformer| No. of Used when ; Vhat it transfers

iSeconﬂaries shifting plaees §

1 5 £ 8 places RIGHT ! W(D40-43) to BUFL

12 i 3 5 places RIGHT . W (D43-46 )to BUFL

13 ! 4 2 places RIGHT | W!D46,47) to BUFL(O,1)

T4 { 3 1 place RIGHT Pt B e TUFL(O)
: ; (lear BUFL(3)

L5 | 2 8 places IEIT ; Clears BUFL

L6 : 2 0 places ' Clears BUFL(2&3) (No: used?)




K286 - SHIFT 7 (Drwg.20535)

There are 2 of these packages in locations 2D12 and 2E12 in AU. These
packages, each has 7 transformers though L1 and L2 are connected in parallel,
provide some of the cross-coupling between the two single length shifting
registers to make a double length shifting register. The cross-coupling is
that associated with shifts of 5 and 8 places.

Transformer, No. ef . Used when shifting What it does.
Secondaries : double length

? places.

L1 & I2 10 (2E12)| W+ B RICHT logical 8 places | Wi(D44-47)&W2(D0) B2(D4~-8)
(2D12)| B=W IEFT logical 8 places | B2(D0-4) W1(D40-44)
13 8 W=B RIGHT arith places | W1(D44-47) B2(D5-8)
iB W IEFT arith places | B2(D1-4) W1(D40-43) °
L4 4 W B RIGHT loglcal 5 places | W1(D47)&w2(D0) B2(D4,5)

8
8
8
5
B W LEFT logical 5 places | B2(D0,1) W1(D43,44)
15 2 W B RIGHT arith 5 places | W1(D47) B2(DS
5
8
g
8
8

B W LEFT arith places | B2(D1) W1(D43

i

16 2 W B LEFT logieal 8 places | w2(D8) B2(D0)
!B W RIGHT logical & places | B2(D0) W2(D8)
L7 1 W B LEFT arith places | Clear I0 of B2

iB W RIGHT arith t Clear DO of W2

places

K292 - SHIFT 8 (Drwg.20533)

There are 4 of these packages in locabions 2F16, 2F17, 2Ci18, 2019. in A.U.

These packages, each has 6 transformers though L1, L2 and I3, L4, are
comected in parallel, together with the SHIFT 7 boards, complete the cross-

coupling for shifts of 5 and 8 places and provide the cross-—coupling for shifts

of 1 and 2 places.

IXE = Nosof i ohift Path ; Details
Secondaries :
Ll & 2. 9 W-*B RICHT 8 places W~+B transfers into
BaW IEFT 8 places DO--4 of B2
I3 & L4 9 W B RIGHT 5 places
: B W IEFT 5 places
5 T W B RIGHT 2 places | B=W +transfers into
| B W LEFT 2 places | D44=-47 of W1 and
16 5 | W B RIGHT 1 place | 0 of W2.
i i B W ILEFT 1 place

K281 - SHIFT 9

There are two of these boards, one in location 1D2 of Control I is used
to set overilow as required when shifting LEFT from the B to the W registers.
The other board in location 1E10 of Control I is used to set the indicator
'ONE' on right shifts of W1 and B1.



