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KDF 9 — TRANSFORMER SEQUENCE UNITS

Report by

J«R. Lucking.

SUMMARY

There are 8 transfermer sequence units in the basic KDF 9 and
this report describes the general principles of any such sequence unit.
It introduces the terminology which will be used in future reports
describing the individual sequence wnits in more detail.
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GENERAL

In KDF 9, a machine instruction is performed by a
sequence of 'micro-instructions' (MI's), each micro-
instruction being a combination of pulse excited basic
actions. Thesge bagic actions may be transfers betieen
registers or indicators, transfers of logical conditions
to registers or indicators, setting of registers or
indicators to predetermined states or the initiation of
some other independently controlled sequence units
Examples of basic actions are:i-

(1) Transfer contents of the register NB to the register W

(8ee Arithmetic Unit);

(11) Set sum of contents of registers A and QM 1nto
register B (See Q-mill);

(1ii)Read contents of the Qwstore whose address is in
GSAR into the register GBj

(iv) Start a main store cycle - note there is an elementary

sequence unit in the main store cubicle.

Nearly all of these basic actions are effected by
exciting a suitable pulse amplifier.

Most of the actions are common to several different
micro-instructions and some sre common to different
sequence wnits. The actions, the micro-instructions and

"the sequences of mitro-instructions are all 'wired-in'
features of the XDF 9,

1¢1 Migro-~instructions and Sequence Units

- A-wderowinstruction is performed by pulsing a
transformer whose output windings are connected
to the pulse amplifiers which control the desired
basic actions; these output windings may be gated
by some d.c. level generated outside the sequence

unit’ to provide conditional ¥MI's. Thus the T ='IF
QI is positive THEN clesr QC and QL' may be obtained
by gating, with a d.c. level controlled by the sign

dizit of @M, the output winding COﬂleCt<u to the
pulse amplifiers clezring OC and Q.

" A transformer used this way is called a sequence

unit transformer (SUT). Besides the output winding

Just described, and SUT carries other secondary
windings (seleotion windings) which specify the
SUT to be pulsed next. These selection windings
- modify (this modification may be conditional as

for MI's) the contents of a register which controls

decoding circuitry for selecting one of z number
of SUT'S. This register is called a 'micro-

instruction staticisor' (MIS) and the binary pattern

it containg a 'micro-instruction code! (MIC):

thus every SUT has a unigue MIC. Obviously the MIS

selecting the current SUT cannot be allowed to

change while that SUT is pulsed, so a Segucnce unit
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employs two MIS registers which are used

alternately. For thisy, and other engineering reasons,
the SUT'gs are also divided into two groups = one :
to each MIS. Such a group of SUT's is occasienally *
called a sequence unit matrix (due to selection
techniques used). o ;

Figure illustrates the principles outlined above.

Selection technigues based on the MIS.

This section describes thellogic attached to an MIS

‘register which selects the SUT whose MIC is contained

in that ¥IS. In the larger sequence units, for
economy of logicsl elements, this selection is
normelly divided into two sections - the TOP
selection (TS) and the BOTTOM seclection (BS).

Top Selection

The 'n'! most significant bits of the MIS are decoded
into 28 mutually exclusive d.c. levels, each of

these levels gates a transformer sccondary supplying
a pulse amplifier. Thus for .any MIC, only one of the
20 gmplifiers is operated when the transformer is
pulsed (by a clock pulse). The input, or top end, of
the SUT primaries are comnected to the appropriate
pulse amplifigrs:

Bottom Selection

The remaining:(least significant) bits of the MIS

.. register are decoded -into dece. levels operating dec.

gates which are connected to the gating (or bottom)
ends of the appropriate SUT primaries.

Figure 2 shows the selection for a 4-bit MIC end

‘explaing the use of the term matrix for such a

group of SUT!s. The method is an example o:i® the
generation of 'AND! logic using transformers = thus
a certain SUT will be pulsed if the top n bits

of its MIC correspond to the tep n bits in MIS and
the bottom bits ¢f its MIC correspond to those in
the MIS. : :

The AC and MC sequence units use 6 bit MIC's; 3 bits
are used for each cf top and bottom selecction (for
this rcason the codes are written in octal)e Many of
the smaller sequence unite .in input-output equipment
use only 4 bit codes and do not employ. top selection
(eag. the gequence unit in the paper tape recader

“buffer).

1e3

Use of the Selection Vindings: Sequencigg.

Each SUT must specify the code of its successor
(soc 141), isee cause this MIC to be set up in the
MIS next to be uged. This is done by the selection
windings; two different technigucs are used:

1) Modificstion of the previous contents of the MIS.

“his is done by changing only one or two digits
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of the ITC and is used in the simpler sequence units.

ii) Complete replacement of the MIS. This is used
in both M and AC; and requires 6 sclection
windings {onc for each bit of the IIC) on each

SUT. : ;

The succeeding MI required depends on the micro-
program being executed, and also, -in many cases,
on some logiczl conditione. By using suitable dece
levels to gate tho selection windings, one of a
numb-r of MIC!s is set upe Two clesses of gating
condition arc useds—

i) - Function 'levels — iec. the sequencc unit is
‘gencrating the micro-program for a specific
instruction (cegs peripheral write).
This function level will gate most SUT's
used in the sequence.

ii) Conditional branching levcls(or masks). This
selects onc of two possible branches in
a micro-program, dependinz on some logical
condition e.g. a test by MC to sece if the
main store is free; if not, MC must wait
(exccuting a small loop of 2 MI's) until
the store is free, at which time it continues
the 'normal'! micro-program. These levels
correspond to conditional transfers of control
in progresmming languagce

Allocation of Cardes to lMicro=instructionse.

This paragraph demonstrates by means of an example
how the seclection windings are used to seleet the
next micro-instruction and what limitationg are
placed on the codes =lloceted to micro-~instructions.
Suppose thet a2 micro-instruction MIm, which isg used
is several sequences, is used in the sequence Sz, and
will specify one of two micro-instructions ML true
and MI false dependent on a logical condition called
'alpha!s Thus MIx mey be written.

MIx: Perform various basic actions;

'If function level Sz is prescnt and 'alpha! is true
then set code 'MI-true! in MIS;

If function level Sz ig present and 'alpha! is false
then g8t cede 'MI-false' in MIS.

Then the setting of the code into MIS is normally
performed using two seperaté sclection windingse

The first winding (or group of Windings)is connected
to the function level Sz, and sets the code of 'MIL
false ! into MIS (by direct sctting of ones in AC@W?;
or by chenging only thc neccssary digits of the
previous contents of MIS in IOC). The second winding
(or group of Windings) is gated by the logical level
'alpha'y, and by operating only on those digits of
the MIS not affected by the sctting of 'MI falsec!
changes the code (from that of 'MI! false!) into

the code of 'MI true'. Thig is achicved either
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i) by setting one/s where zero/es existed in
= '"MI false!, (in AC/MC) or

). 1n.10 . by changing (either to zero or one)
some digit of the previous contents of MIS
which is not affected by setting 'MI false's

i-'éo .In AC/IIC *

Let I false be 011001
NI true be 011011

Then the presence of 'Sz! causes dgits 1, 2 and 5

to be set.(the absence of setting pulse to

digits 043 & 4 causes them to be cleared ~ see

1ater).

The presence of 'alpha' causes dgit 4 to be
set, convertinz 'MI false! Code to the 'MI true!

Codee
S e
Let-ME falge = 0110
T true = (a)1110
Sk : (1)0010

The previous contents of MIS were

2ar 0437
Then presence of 'Sz! causes d3 to be cleared;

and the presence of talpha' causes

2) dy bo be set,
or b) dy to be .cleared.

The important restrictiens on codes, shovm in the
above example mey be summariseds-

i) hen following a branch,-both the function
level and the conditional brachning level
will be present simultaneously, thus

ii) The MIC bits set up by the function level
mist be the same for the 'normal! path and
the branch,

iii) it follows that the branching level must
only set up bits not affected by (ii)e
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2, INPUT-QUTPUT SEQUENCE UNITS

240,

and

=L

General

Input/Output Control contains 3 sequence unitss-

) RSU: Sets up and clears down peripheral

instructions and controls the lockout
circuits

ii) ESU1 ) Supervise the transfer of data

i1i)ESU2 ) between the Buffer units and Main store

iv) In addition each buffer contains a sequence
3 unit,

These sequence units vary in size, the smallest having

only two groups of 8 SUT!'g,and the largest two groups

of about %3 SUT'g,

Standard 3-secondary transformer packages (K293/10)

‘are used to provide the SUT!'s; if more than 3
. secondaries are required, two (or more) of the. standard
. transformers are used (with their primaries cennected

in parallel). An engineering limitation of transformers

in parallel (18 secondaries) ig applied. The secondaries
(+3.3v ouput) may be used . either as output or selection
windings; and can be gated at the standard logical levels

i.es Logical 1 is O to =~ V.
The next MIC is set up by chanzing only those bits
necessary in the MIS (normally only one bit is chanzed).

. This leads to a considerable economy in selection

windings.

I0 seqguence units do not employ function levels in the
same sense as do those of AC and MC. Rather; they
employ & 'fixeéd! micro-program, with (in the case of tue
more complex units e.gze RSU) a number of branches (and
loqps). The majority of micro-instructions available
dre unique to a particular branch, (i.e. are not used
elsewhere in the micro-progrsm,) and so a particular
branch, once entered by the presence of the appropriate
conditional branching level, is followed through without
ha¥ing to apply "Samc common function leval tosall the
SUT's usede In such sequence units a branch will often
correspond to the bulk of the micro-program required to

complete (in that sequence unit) a machine instruction.

cege The setting up of a periphefal read (or write)
is a major branch in the RSU.

Allocations of Micro-Instruction Codes.

The general principles employed are best illustrated
with a specific exmmple. Appendix 1 describes fully
the sequence unit employed in the paper tape punch
buffer: this is one of the simplest units used.
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3. MAIN CONTROL AND ARTTHVETIC SEQUENCE UNITS
These sequence units are very similar. Both uses:-

(i)  Two groups of 64 SUTis
(ii) for each group a 6 bit IMIC shih 3 bit Top
Seleotion and 3 bit Bottom Selection,

(1ii% Spdewal 'SUT packages.

(iv) Bach SUT carries 6 selection windings,so
that the contents of MIS are complhtelw replaced
when a SUT is pulsed.

(=) Two scts of 6 'complementing' amplifiers.

The outputs of the equivalent selection windings on
all 8UT's are comnected in paraliel to one of these
amplifiers; which is also supplied with the pulse driving
the SUT. If there is no output from the selection winding
this amplifer clears the corresponding bit of MIS; if there
is an output the bit is set to one. Note that if these
complementing smplifiers were not used then every SUT
woul have to carry 12 selection windings, and 'masking!
(see below) would be more COEpl“Xo"_ :

Be Sp901al SUT pac?@yos for NC & AC

SU”CIUI bOﬂrdG of SUT!5 are U“ed in AC and MC: these
boards contain respectively 2 and 4 SUT's whose
selection winding outputs have been joined. Diodes
may be inserted in standard positions on these bosrds,
to form 0.1 getes of function levels end branching
conditions onfto the selection wiandiage. Fige 3
illustrates this princinle. The SUT boards provide:-

-Board No.K552A

Nos of SUT!s carrisd, = 2

Noe. of function (or masks) lines = 12

Bach of these:levels may be '0Red! onto all the
'Sbl&Ctlon windings of the two SUT's.

The primeries, and the 2 output windings of both
SUT's are completely independent

Board K551A

*

Noe oF ST s carvied = 4 nam»d 4, B, C and D
Woe 6f function. lines = 8 numberecd 0=Te

4 lines, 0-3 may be 'ORed' onto th° selection
windings of SUT A :

8 lines, 0-7 mey be-'ORed' onto the selection of
windings of SUT B. ;

4 lines, 4 - 7 may be 'ORed' onto the selection of
windings: of SUT C

6 lines, 2 — T may be 'ORed' onto the selection of
windings of SUT D.
Primaries: Common top selection.

Ou taut Mlndlngsu 2 per SUT, only one of thase

(=
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windings is completely independent = the
other winding has a common return path
for allel SHRYSS

The primaries and output windings of these SUT!g use
the standard ratio!s (=10V pulse drive and 2 + 3.3 V output
the selection windings are designed to operste from gates
with a logical ONE cutput of «2.0V to -2,5V as opposecd
to the standard earth 'ONE! level (O to - 0.5V0.

These de.cs gates imposs =2 llwhtgf load on their inputs
(normelly the AC. or MC 1n3uructwon staticisor reg 1sters),
and also allow & better discrimiration against noise
pulses picked up in the sslection winding wiring.

The use of these special boards has simplified the
problem of ellocating codeg to ML's and leads to
economy of space and wiring in Fhe MC and AC sequence
units. For o fer MI's additional output windings are
required and in these cases e standard transfor
transformer is connected: in parallel with the SUT,

Masking -nd Function Levels

This section details those restraints which must be
applied to M.I. codes so that correct seguencing will
result. These require thet proper hotice be taken ofs-

(1) the function level, i.e. what instruction is
heing obeyed, ond

(i1) any logiczl levels, indicating the state of
the machine vhich m;" modify or prevent the
execubtion of this instruction - thus MC may

not use the main store if I0C is uging its

(a) Punction Levels These arc provided by a set of - 2V
.. deceo gates no two of vhich are ecver simulisncously
gwitched on. These lovels must be connoccted to the
selecction windings of all SUT!s uscd in the
(mlrroproaram) sequence for obeying the corresponding
1nstruct10n/s.

(b) Conditional Branchinz (Or Mﬁ%‘ln”) levels Again
these are provided by a set of -2V d.c. gates,
driven by the indicators; or conditions these
levels representy and are comnected to the selection
windings of the relevant SUT's. They have been
‘termed 'masks! as their only function is to overwrite
'ones! into sclected digit positions of the MIS
definin% the next MIC. The usc of these levels
is bestshown by cxampless-—

(i) A simplc branch
MI J Actionss~ transfer register QM to
register A.
Function:~ Dircect storc 1nstructlon(im)
Maglts= Is SBAR fu

in octal)
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Diodes are inserted in positions to connect
this function level to selection windings
number 1,2,5 of the SUT corresponding to ML1e
The masklnv condition, which indicateg that
there is an outstanding store ins truction to

be performed, is connected to winding O. Thusi-

Punction level above eto 0
Masking condition sets 1

(ii)A 4-wny branch - (this example is hypothetical).

ML 1 -

fiidi)

Actionsi—
Functionsgs—
Maskgs= Is indicater X set
No. e
i 1ndloator y set? Is indicator y setf

i~ 0ed
(0 0000)

/ \'m NF/ \n

ML 4 MIS
a 90551ble se f codes igs=
Iz 003 00
M1z R D)
11T4 OEEEOE 0
M- I5 QEER

Thus the function level above sets
GO0 1 E

Wagk corresponding to x indicator sets
D0 00 0 4

Magk corresponding to y indicator sets
& G=0H0 eE

As msy be seen, the only restrictions that
this use of masks leads to is that the
code of the micro-instruction, on the NO
gide of the branch must be 'included! in
the code of the micro-instruction on the
YES side.,

lMore stringent conditions arise when a MI
with a- ma sking condition is used in
dlfferent sequences and specifies
different next HI's

v 2 MT 4 =
Function 1 'quné%ion 2 Function 3
Ygrxoset § o I8 % set? Ta xlisct

l Yes No Yes NO Yes

ov o \‘
MI2 : M13 S 115
a poscible set of codes is
Miz 109 099
i3 G008 14
M14 158 R e
MI5 OO E@EE)
¥ I6 e 0
Thus fagebion 1 s=swa 10 1 O 0.1
' 2 RO ORa g
; o5 OSEE
Mask x sets < e R e
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and the set of conditions is2-

Mask x contained in IIC 2.
MIC 3 plus (Logical 'or') Mask x = IIC 4
MIC 5 plus Mask x == MIC6

In the main control sequence units, where
there are s large number of multi-branch
sequeices, the restrictions which these
conditions place on the codes allocated to
the micro- ingtructions are fairly severe.

%3e3e Saving of Eguipment

Besides the restraints placed on MI codes to ensure
correct sequencing, other restraints cen be applied

which

simply save equipment and wiring. This can

be illustrated by means of examples.

(1)

(ii)

T

A micro-instruction is used in only one
sequence or alternatively is used in more
than one sequence but always specifies the
gsame next micro-instruction. In these cases
it is not necessary to supply any function
levels to the SUT ~ instead the -2V bhus is
connected to the selecti n windings, to set
the thz reguired next IMIC.

A micro-instruction is used in several
gsecuencesg asnd speclfies different next
micro-instructions whose codes have some
bits in common. e.2. suppose MI1 1g used

In se uence: A and specifies MI2 next.
In scquence: B and specifies MI3 next
In sequenceC and specifies MI4 next.
and the codes for these micro-instructions wre:-

D= OIS0
Ol
i E e o)

then function level A need not be connected to
the SUT (and can be replsced by the ~2Vbus)
This will generate the code 011000 every time
this micro~-instruction ig pulsed. Thus
function levels B and C merely generacte the
patterns 00C 101 and 100000, This saves diodes
on the SUT boards and lightens the loads on the
-2V de gates.

A micro-instruction is used in several
sequences and specifies several different
'next' micro-instructions but groups of these
gequences specify the same next MI. For
example Micro-instruction I specifies the
following rext Ml's,

MI2 in sequences ACDH
MI% in sequences BGJIXM
MT4 in sequence E

MI5 in seguence FIL,




English Electric Dept. DATA PROCISSING AND Confinuation to Report No. K/GD.y .81
' CONTROL SYSTTMS Sheet No. 4 B

This would require the 13 different function
levels to be 'ORed! onto the BUT using the
OR gates provided on the SUT boards. This
number of function levels cannot be provided
on one SUT pagkage. Rather than use two

SUT! s (on separate bonrds but connected

in parallel) to provide this step, the
various combinations ACDH, BGJIZM, FIL are
ORed together outside the SUT board (using
simple diode 'OR! gntes )} and then connected
to the gelecti n windings via the diode OR
gates on the SUT board. This device shovs
little saving unless the combirations so
gener=ted ~¥e used on more -thah one IIC codes
this may be ensured by introducing some
redundancy, thus the combination ACDE may

be used to produce the combination ADH on
another micro-ingtruction (provided of course
that this is not used in sequence C).

These last two techniques, i.e. using the -2V bus
instead of a function level and preducing combinations
of functions, may of course be combined and in

s itable circumstancss save a considersble amount

of equipment.

Such technicusg were adopted in main control. They
lead to further restrictions in the allocation

of codes to MI'§, in order to produce the meximum
saving. They introduce a number of complicztionss

in particular they meke it impossible to avoid .
a complete reallocsticn of codes (with the consequent:
rescheduling of the control unt%) should it ever

be required to meke any but the simplest changes to
the micro-progrems. Also, the effect of these
techniques must be considered when tracing any

faults in such ' seguence units, 2s they allow some
SUT!'s to gensrate = next MIC in the absence of

a relevant function level,

e
I Ao’ fFn %
/

e o

: By =
A.0.0. BEaley. ~ B 08, Saees iR. Dolriies

Chief Development Engineer Computer Development

DP&CSD. : : DR&CSD.

Enclosures: r'isure Sheets. 1-3.
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APPENDIX I

BRIEF DESCRIPTICN OF THE PAPER~TAPE PUNCH BUFFE

This buffer, which occuplies bin 2E in the BUFFIR 1
cubicle, controls the operation of the paper-tape punch. The
sequence unit controlling the buffer contains 2 banks of 5
SUTS controlled by two 3-bit registers - the LIMIS and the UMIS,
The SUT's are pulsed by two interlacing sets of F pulses, each
bank of SUT's, being pulsed once every 4 microsec. The purpose
cf the buffer is to time the action of the solenoids in the
punch which drive the punch knives once every cycle. Apart
from the sequence unit itself, the punch buffer contazins the

following facilities.

(1) An 8-bit register - .the Cheracter Buffer (CHB)
This register is filled by the ESU on receipt of
a request from the Punch Buffer. 1t controls the
energising of the 8 solenoids in the punch.

(i1)  One indicator END - this is set by the ESU when the
last cheracter to be punohed is Ulaced in the CHB.,

(4i1) Two unready 1ndlcrtors ~ UR1, UR 2 ;
UR1 is set by the RSU if the unready pit(THE(15))
in the peripheral transfer to be obeyed is =et.

UR2 is set 28 soon ag there ig less

than approx 10 feet of paper tape left on the

recl. Thus blocks transfers of more than(approx.)
1000 characters to the paper tape punch should not
be stimned.

'm‘Both these indicstors sre ;'sét by operating the
TAPE LO° switch on the punch - this 1s nerformed when

reloading.
(iv) A Broken-tape indicztor - BR
(v) Three 'mode! indicators = WR,ERASE, and RET,

*R is set by RSU if the function to be obeyed
ig a write.

ASE 1s set by RSU if the function to be obeyed
ig an "erase". Note that "R is also
set as an erase is a Write instruction.
If Erase is set the 8 solenoids in the punch
cennot be energised.

RET (retain) is set by the buffer SU as soon as HiD
iz sets

(vi) Three monostable elements.

PUS DL -~ V/hen set will remain set for 200 microsec.
Simultencously with setting this delay
a ready pulse ig emitted tothe ®SUj; the
CHB is then filled within ZOO/useo.

CLUTCH DL -W hen set rill remain set for 4 millisece
This is sebt on receipt of a timing pulse
from the punch, the punch ready nulse,
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which indicetes +thet the & punch solenoids
m~y be energised.

.CLEAR - this monostable clears the following flip
flop rﬂgl%ters in the panel buffer.

(ag UMIS and IMIS
(b) RET and END
(¢) 7R, ERASH, URI, UR2.

Gvii)ﬁPﬁhch solenoid drivers - There sre 9 of these
drivers - one is always active when punching or
erasing as it governs the punch-knife punching
the sprocket hole - the other 8 which control
information channels mzy only be enegised if
the CLUTCH DL monostable is set and the SRASE
1ndlcntor clear. : :

Operation of the sequence unit

The action of the SU is defined by the 'flow diagram'
in fig I1 and also the logical disgrems of ‘the buffer and the
Sequence unit in Figse. I2 and I3. To perform a transfer,
whether the functi n be a write or »n erase, the SU operates
as follows:i- : ' ik

(i) Initially no transfer is being performed and the SU
is idling in the loop U000, LOOO. Before the RSU
starts a transfer the buffer is cleared by stimming
the CLEAR monosteble.

(ii) A trensfer is set up by the R sequence-unit which
sets WA (and ZRASE and UR1 as required).
As soon a2s WR is set, the SU tries to perform the
main loop as.follows:

(441) MI's U001 and L0OO1 clear the character buffer, set
the PUS DL monostable end emit a ready-pulse to the
E sequence unit - this later pulse being a request
for informationa

(iv) MI's U011 énd-LOf1 constitute = loop oéusing the
buffer SU tm wait mntil the ESU has filled the CHBy
and the punch is ready and the. tape is not broken

(v) MI U111. sets the CLUTCH DL monostable thus energising
the punch solan01ds as required.

(vi) MI's L111 and U10? constitute a loop whilst the buffer
waits for the punch solenoids te act.

(vii? MI L4101 is merely a Jjump back to step (111) repdy
to punch the next character.

Then the last character is sent to CHE, the BSU
also sets END and thus when the punch has.been 'get wyp the
indicator RET is set. This ceauses s complete cycle on the
buffer BU, without energisin'y the punch, emitting a resdy
pulse to.the ESU wiich clears the indicctor 'R and also causes
the RSU to complete the transfer by resetting =ny lock-outs
etes [ ™

o
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U000 - If WR = O then O —»RET
DLIN
1000 -~ Dummy (EVLENG)
Is _UR1, UR2, BR. WR 2
o |

IR

YES
\l
———— U001 - O!'s —> CEB

N/
001 ~ Emit Ready Pulse
Set PUSDL monostable (QOO;ﬁsec)

U011 =~ Dummy

d (‘"ait on punch cycle)
1044~ Doy ¥
IS5 DUSDL (R®T + BR. PUNCH READY)?
10 | lYES

U111 -If RET = O then set CLUTCH DL monostable (4msec)

> LA 1E FND =1 the | => RET
‘ (7ait for solenoids to act)
U101 = Dummy |
IS CLUTCH DL = Q %

- %) | ygq

1101 Dummy
IS RET = 12

e

YES{

Fig I1 - Flow Diagram of Paper-Tape punch buffer sequence
Unit o
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