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Report by

HoTES O #ZDF 9 MAIN COITROL, J.A, Zdwards.

SULIIARY .

This report is a provisional descristion of the

¥DF 9 liain Control. It is not a complete and fully
detailed xreport but nay nevertheless be found useful
by maintenance and production c¢nginecers.

The wmaterial in this report has been obtained in
discussions with engincers working on the ZIDF 9
developrent project - notably lr. J.P. 0'lleil,
tir. W. Jones and Mr. W.R. Abbott,
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GENERAL

llain Control has been described in general terns
in Report X/GD.y,.,77 which provides a list of
explanatory drawings. The major divisions of MC are
the Instruction Fetching Logic, the Sequence Unit, the
Q Store, the Q-Mill, the Jump lesting Store and the
Fetch Buffers.,

llote: lMost of the drawing numbers quoted in
this report are prefixed "K 78031 - "
feezs X 78031/20261), The "78031" will
be omitted in references which are given
(e.gs K-/20261).

LISTRUCTION FBTCHING LOGIC

The Instruction Fetching Logic consists of two
Instruction Word Buffers (IWB), an Instruction
Staticiser (INlS), a Next Imstruction Word Address
Register (IIIWA), a Next Instruction (Syllabic) Address
Register (IA) and suitable logic for incrementing the
number in the NIA register., The number in the NIWA
register is adjusted, as necessary, by means of the
Q-11i11.

The Instruction Word Buffers are two 48-bit
registers to which instruction words are transferred
from the lilain Store Buffer. They are filled
alternately., The actions which take place during a
Ilain Store Cycle concerned with instruction fetchin
have been listed in Report X/GD.y.78.

The Instruction Staticiser is a 24-bit register to
which can be transferred any three syllables stored in
the two IW Buffers. The most significant of the three
is that selected by the number in the NIA register,
Certain of the outputs of this register are applied to
decoding gates which generate a "function levei
defining the operation to be perforred.

The HIWA register has a capacity of 13 bitss it ds
used to store the 1iS address of the next instruction
word to be fetched, Its contents can be transferred
to, and it is set from, the QBIl register in the Q-11i11,

The HNIA Register can hold four bits, These bits
are decoded and prime one of the twelve transfer gates
by which syllables may be transferred from the IW
Buffers to the INS. The most significant of the four
digits indicates from which buffer the syllables
should be taken; the other three specify the most
significant of the three syllables to be transferred,
For syllabic addressing purposes, the two IW Buffers
constitute a cyclic store. if ITIA specifies the
least significant syllable of IWD 1, for example, then
that syllable will be tramnsferrod together with the two
riost significant syllables of IWB O.




COITTROL SYSTEIIS. Sheet No. 3,

The logic provided for incrementing the number in the
NIA register consists of a similar register, CIA (Current
Instruction Address) and a bilock of logic which adds 1, 2,
3 or 4 (the reasons for these counts will be given later)
to the number in the CIA register. When a new
instruction has been fetched, the number in IIIA is
transferred to CIA, after which the appropriate outputs of
the "count" logic are tramsferred to the lIIA register,
Also associated with the NIA register is the Jump Address
Buffer (JAB) to which the contents of the HIA are

transferred during a "Junp" operation, N Jamp?
instructions specify the IIS and syllabic addresses of the
instruction next to be obeyed. Juring "Junp" operations,
therefore, the IIA register is set from the INS. The

contents of the NIA register are then transferred to the
JAB in order that this number shall be preserved for the
use of Arithmetic Control.

2.1 Instruction Fetching Seguence

A flow chart which describes, in general terns, the
instruction fetching seqgience is provided on drg.
CLL/SKM 5702; a suitdable block diagram is provided on
drg. CE/S5EM 5726

When the machine is started initially, the initial
input switch which sets up the first read operation
from paper tape also sets, or resets, a numnber of
flip-flops in lizin Control. This causcs the
sequence unit in MNC to embark, when the peripheral
transfer has been completed, on a sequence of actions
corizencing at point "A" on the flow chart. The
significant actions which follow cause the IISA
(Iiain Store Address) and the NIA (Hext Instruction
Address) registers to be cleared and a MS "fetch
instruction" cycle to be initiated. The events
which take place during this cycle are described in
report %/GD.y.78.

The word in location "0" of the liain Store is
transferred to . . Instruction Word Buffer. One
(IWBD and the address of the li5 location hoiding the
next instruction word is stored in the NIWA (llext
Instruction Word Address) register.

The first three syllables of the word just fetched
to the ITW3 are then transferred to the Imstruction
Staticisors (INS) and the contents of the NIA
register are transferred to the CIiA (Current
Instruction Address) register. The outputs of the
appropriate INS flip-flops (the operation code) are
decoded and generate a signal indicating the nature
of the operation to be performed. The outputs of
other flip-flops (which contain digits indicating
the number of syllables in the instructions stored
in the INS)are applied to the "count" logic, and the
aporopriate outputs of this logic are transferred to
the IIIA register. The I'ZA now contains a number
which addresses the first sylliable of the next
instruction to be obeyed, The sequence of actions
specified by the operation code is then carried out.
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All sequences, excepnt those involvinz a Yjunpl, et
to the action wiiich transfers from the T7Z to the

IS the three syliables speciiiecd by the number in
the IIIA rezister. When this occurs, certain digit
in the 1IZIA and CIiA regzisters are inspected by lozic

which indicates when a new instruction woréd must be
fetched from the Fain Store. If a new word is not

urn

S

reguired, the contents of I[ITA are transferred to CIA,

the number in I'IA is suitably incremented and the

instruction in the J1IIS is obeyed. if a new word is
reguired, the ITIA —CIA transfer does not take place

anc¢ the nuwmber in ITIA is left unchanged. The new
instruction word is fetched from the liain Store to

the I72 which is not in use and the thiree syllables

specified by IIIA are trensferred to the IS once
rnore.{the correct dizit natterns being transferred

this time). The nunber in IIA is then transferred
to CIA, and counted bzelx into INTA, and the dinstruction

in the ZIIT8 obeysad.

2.2 Transfers to the Instruction Staticiser

A Z.F 9 dnstruction may have one, two or three

syllables each containing edght binary digits. The
two Imnstruction Word Zuffers may, therefore, contain

any nuzber (not necessarily an integral number) of

instructions between 4 and 12, The first syllable
of an instruction may occupy any of the 12 syllabic

locations in the two Instruction Tord Buffers.

The Instruction Staticiser is a 2L-bit register into
which any three of the syllables in the Instruction

Word Buffers may be transferred. The three

syllables are transferrecd via one of twelve sets of
transfer transformers, the primary windings of these
beinz selected {mot directly) by the cdecoded output
of the INiA register. These transformers are psulsed
by the 1IC sequence unit when the vprevious instruction

has been coumpleted.

The two most significant digits of every instruction
specify the number of syllables in that instruction.

The first two bits of single syllable instructions
are zeros and the first two bits of two syllable

instructions are "0O1". If the most siznificant bit
is a "I",; the instractior is a three syilable
instruction, The outouts of the Instruction
Staticiser flip-Cflops containing these digits are,
therefore, applied to the "count" logic. These

o

gigits may zive rise bto a count of 1, 2 er 3.

However, Ilain Control is not recquired to take any
action if a single syllable dinstri.ction is ancounte

Fhe "count'" logic may, therefore, skip over such
instructions and cause the next 2 or 3 syllable

red.,

instruction to e addressed. FPor this ~urpose, the

count lozdc is =ade a little more complex anl is

supplied with the outputs of 118 flip~flops 8, 9, 1
Gl P 2 Woh £ S ot = H

and 17 (the most significant digits of the second a

tzird syliables = Tnown as €, 2, 2 and F in the
@rototype.)

6

el

L1860
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CONTRCL 5Y51

ip-flons {W, ¥ and Y)
they contain the two
vllable anc the most

For this purpose also, three extr
are associatesd with the staticisers
ne {ous

most signiric i pofs urtih s

gignificant dizit of the fifth. Dizits are transferred to
these Tlip-flops wihen syllatles are transferred to the
staticiser, The six transifers wirich may take place from
either of the buffers ars as follows, where S(n) indicates
the nth syliatie in the buffer and D{p) irdicates its D
¢igit (56, S7, S8 and S9) refer to the first four syllables

Cal L) —— e N
ois the Yother MW iE g
J

3,

1) 80, Bl, 62 wee I8 D(0,1) 83— F & T; O0)oh vy,

s

( )
(i1) 81, 82, 83 —3 TSy 2(0,1) 8h =T & Z; D(0)55 ~2T,
(

‘ = = o N
) S5 A T & e THO}S6 =¥,

—~~
&
-

iii) s2, €3, Sk —3- INS

- - ~f y - - e
(iv) &3, Sk, S5 —3 IIS; (0, 1) 86 =3 & H; ,-(0)57—-}-Y.
L e - B\ o -r r
(v) sk, 85, 86 —11S; {(0,1) 8747 & Z; Dl0)S8 —-Y.
(vi)} &5, 86, S7=—3-T1S; {0,1) 88— T & 7; (0)59 —> 7.

The transfer to be performed is selectel by decoding the
outputs of the IHIA register as Ziscissed below. Phe thiee
least significant ligits in this register specify the number
of a syllabie in binary; the uost significant dizgit selects
the IJ3,

Zackages

A transifer path must be proviied between each syliable in
the buffers anc the three syllables in the 1153 thirty-six
syllable tramsfer paths in all.  The pacikazes used are 1.ill
transfer boards type I 251/10. Dach of these packazes
Lears three transiormers of wh has Lk sscondaries and
the otier two have 8. Corresponiing seconiazries on the
three transformers are connsctad to corr.on outout pins.
Secause of the 'commioned' outsuts, two cackzages are

requirec to transfer a couplete syllable to the IS, The
larze transfori:ers, therefore, are cach conrected to
corresponding halves of different syllablss in the bufiers.,
The wiring is arranged so that four of the small transformers
cen transfer another coznl ilable. The 36 paths are

g
thaus provided by 30 pacizaze

s, patihs must be provided for
3

trensfers to the W, X
from

iip-flops, Paths are recuired

two most sigz Ficant bits of all syllables to the

W and X flip~flogs and from the -:ost sxgmificemt bit of ‘all

o)

syllables to the ¥ fiip-flop. Two pacliazes are Hroviied
for these transfers.
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The NIA Counter

Since the first syllable of an instruction may be
located anywhere in the two buffers, the IITIA register
may contain any of the combinations of digits shown in
sehirsi i A In order to obtain the syllabic address of the
next instruction, it may be necessary to increnent the
nuriber in the NIA register by 1, 2, 3 or U4 - depending
on the number of syllables in the curreant instruction
and whether any following instiructions nay be skipped
over.

As has beecn shown, when the Instruction Staticiser has
been filled, the contents of the NIA register are
transferred to the CIA register. The outputs of this
register are applied to logic which gates the secondary
windings of transfer transformers so as to set or reset
the appropriate NIA flip-flops when a transformer is
pulsed, There is one transformer for each of the
possible counts; the onc to be pulsed is selected by
the Ycount" logie.,

Truth tables and Veiteh diagrams specifying the actions
neeessary for eaeh count are provided im figures 2 to

S. In these diagrams the flip-flops of the HIA and
CIA registers are called 4, ¢, b, a and 8, ¥ Btk

(most significant on the loft) as in the prototype's
logic diagrans.

Apart from the four counts already mentioned, the WIA
register may be set direetly from the CIA register or
the Instruction Staticiser or it may be cleared., The
direet transfer from the CIA register is used during

the interruption sequence and in "Subroutine Jump"
operations where the syllavic address to be stored in
the Junp NMNesting Store may be the address of the current
instruction. The threc lgast significant digits of the
register are set from the IS, and 4 is set equal to §
(in order to fetch the new instruction word to the
"othexr" IWB) during "Jump" cperations. The three 1.3,
digits are clecared, and d is set equal to § during the
Interruption sequence and in Short Loop Jump

onerations where control st be transferred to the
first syllable of a sclected word,

There is a special count which uiay be reguired during
the execution of "EXIT" (S8) instructions. Suring
"Junmp to Subroutine" opcerations, the 1S and syllabic

"addresses of the last instruction obeyed are stored in

the Junmp lesting Store. When, subsequently, an "EXITY
instruction is obeyed, thesc addresses arc taken from
the Junp Nesting Store and adjusted to provide the
address of the dnstruction which must be obeyed, The
instruction specifics the number of half-words (three
syllables) by which the addresscs must be incremented,
If this number is odd, three rmst be added to the
syllabic address. However, the instruction word
buffer to which the word containing the new instruction
is fetched must not be changed since this nizght allow
instructions to be overwritten which are still required
by Arithrietic Control.
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The Count Logic

The count logiec rmust specify an inererient of 1, 2, 3 ot
b dependinz on the number of syllables in the current
instruction and the number of instructions which may be
skipped over. The logic is further complicated by the
reguirement that "skipping" must not be allowed if
control is about to be transferred to the Director
prozran, When this occurs, the count logic is used to
indicate the syllable to which the Jirector must return
control when the program is re-cntered; if any
instructions are skipped by this count, Arithnetic
Control will mever have the chance of obeying then.
Skipping is prevented by the SXIN (Skip Inhibit)
flip-flop alias flip-flop I,

The count logic is shown in drg. X 78031/9482, The
cornditions for generating the four counts are given
below, where Dx indicates the xth digit in the
Statieciser and CO, Cl1, C2 and C3 are the four digits of
the CIA register:

Sl

(a) 4if the current instruction is a one syllable
instruction and it was taken from syllabic
location 5:

D0 2 B ci > 3

in the prototype: A B2k
(b) 4if the current instruction is onec syllable long
and either the program is being interrupted or
the next instruction is 2 or 3 syllables long:
BO. . Diovn dmBe- fmg Sfsugy ]

in the prototype: Z. B (C + D + I)
Count 2

(a) 4if the current instruction has two syllables and
it was taken from syllabic location 4 or 5:

BO et el e 0
in the prototype: A B ¥
(b) if the current instruction has two syliables and

either the program is being interrupted or the
next instruction is 2 or 3 syllables long:

Bo- =ooaws e Iie ey fevrae |

in the prototype: Aree i BiS E +F + I)




(V)
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if the current instruction and the next
instruction are both one syllable in length,
the program is not being interrupted, the
current instruction was taken from syllabic
location 0, 1, 2., 3 or 4 and the next bnt one
instruction has twe or three syllables:

e

s et o e e P R

!

P |
3
(%,
e

- D6 /oy,

in the poototype: A, B, C. D, T (g St E + F)

Count 3

(a)

if the current instruction is a 3 syllable
instruction and it was taken from syllabic
loeation 3, 4 or 5%

Do [(025". 3t /01 ]

in the prototype: A (Dk(& + X)

if the current instruction is a 3 syllable
instruction and either the program is being
interrupted or the next instruction is 2 or 3
syllables long:

DO . [S?iII-I 7wl o % ]

in the prototype: A (I = W o

if the current instruction is a 2 syllable
instruction and the next instruction is a one
syllable instruction which is followed by a 2

or 3 syllable instruction, provided that the
prozrar is not being interrupted and the current
instriction was taken from syllabic location
[Oeshas el If the current instruction
happens to be a three syllable instruction in
whitch di=its: {16 and 7 are both zmcro. a count of
3 will be requested by this condition:

e e S e e SRR (o)
[’I s A0 ]
in the nrototype: 3. k. . g. T (W + X)

referring to the above condition, if the current
instruction was in fact taken from syllabic
location 3, a count of three is required whatever
the state of the W and X flip-flops:

D1 . D16 i - SBRIN ¢ oo OF v - €3 :
cal
in the prototype: Bys SR o S—. T ( d.@ )
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Count

(2)

(b)
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if the current instruction is one syllable in length and
is followed by two one syllable instructions and the
instruction after these has two or threc syllables,
provided that the program is not being interrupted and
the current instruction was taken from syllabic location
(GRSl a2l Dol i This condition includes the case of a
current instruction being a two or a three syllable
instruction in which digits 8, 9, 11 and 17 are all
Zero:

O D s DO D1 h s DLt SRR ,.[w‘ ;/;;"]
in the prototype: x. i ST (i + %)

referring to the above condition, if the current
instruction was in fact taken from syllabic location

3, a count of three is rcquired whatever the state of
the W and X flip-flops:

e T e e e e T e o R Y
v
[cg oA 1

in the prototype: B el o ek {. (

Q2
O
S

L

if the current instruction is threec syllables long and
is followed by a one syllable instruction, provided
that the progran is not being interrupted and the
current instruction was taken from syllabic location
Bl if ol e

DO e Mot s DR G ["(:‘3 LA ,:l

in the prototype: A, W. X. T {. (;.+ ?)

if the current instruction is a two syllable
instruction which is followed by 2 one syllable
instructions provided that the program is not being
interrupted and the current instruction was taken from
syllabic location O, 1 or 2. This condition includes
the case of a three syllable inecliruction having digits
8 and 9 both zero:

T e e T e l-CE' /C2 ;]
in the prototype: f:ﬁ:flﬁ&Lf.ijh?“}Q‘

4

if the current instruction is a one syllable
instruction and it is followed by three nore such
instructions, provided that the program is not being
interrupted and the current instruction was taken fron
syllabic location 0, 1 or 2. This condition includes
the cases of current instructions having two or threc
syllables in which digits 8, 9, 16 and 17 are all zero:

_13—8 7 o 5—9-\ o lJ1 6 k 0 W‘; 2 ’LJ' : " ‘4:'\ 3 5 S;{I}]’ 3
B L§§gv,/d§l J]
i1 the prototypes Ce. D B. Bo Wa Ko Toya Lo+ E’g)
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2.5

The Spill Condition

Aot
4L

Instructions are fetched from IU-0 or TI51 as described
until the HUIA rezister specifies an instruction, part of
which, or all of which, is not cont&in@d in the buffer.
This concition (the %"apilli! o ““1&101, is detected after
the syllables specifiec by the ITIA register have been
transferred to the 1lIB: 4t ecauses thae next instruction
word to be fetchied Frox the lbain Sto;e xdrov* ied that
the Yother! ¥W= is el

and arranges that the N:A reglrter is not
incrahﬁztea. The s3 liables are bLrouzght down
to the IS5 again when the new word has been fetched, and

the prozran continues.

The spill COﬂfition is generated 778031/2439) when

the If register acddresses a syllaczle in the "other"

e or syliabic location 5 in the buffer curzently in

use or when it addresses syllabic location U4 and the
next instruc .on is a three sylliable instruction. The

e rﬂeyt Instruction Lon“th; flip-flop is set if the

next instruction contaims tiree sylliables.

Spdadl =0(WEA De 2 034 0)/ATA ST(1) . HER bl 1) A ilE).
MIL( 1)
= ﬁié‘) - Lo -+ Z)
Mow when the new instru
the ecitvied syliaqla\
a szcond time, bie sSoi
I obtier to avoid act1

of the "s»ill" level is
17 (59111 Tnpibit) flip-flop
gur+ng the +n¢truct10n worda fetet sgusnce. This
flip-flop is reset when the progran continues {when the
nuriber in IA is next increiicnted) proviced CIA does not
contain a count of 4 or 5 - see CZ/SI P 5863,

be
ceaase of “s?“il” insﬁect
£

The IIIL Fiin-Flon (Flin-Flop 7)

The Mext Instruction Length flip~flop is set when the
instruction about to be obeyed contains three syllables.
it is used as & contdiftion in the —canoration of the
s-dig, fevel: 14t also chooses Tetween two sets of

actions which tale 3lzce at the stert. of
operations. if PIL dis set, these actions include
transferring any 1S address in the instr:oction from
I8 to the QB regicster,

MIL (%) is shown on drz, Z78031/9k89, It is set at the
start of each opsration frow dizit 8 or 16 of the IS or
from the 7 or the Y flip-flop, dependinzg on whether the
count lozic ssecifiec a count of 1, 2, 3 or 4, It is
set from 20 of 5 after a unew instruction word has
been fetched bscause of a "Jump" operation. It is set
froa JC of 185 if the first syliable of the instriction
about to be obeyed is the first syllable of an :
instruction word., :
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2,7 Generation of "Function" Levels

Details of the IDF 9 Machine Code are provided in
Appendix 2 to Report L/GD.y.73. The digits which
make up the "Operation" code for each of the 46
basic sequences are listed in fig. 10 of this

report. These digits are decoded as shown on
drg. E-/9490 and generate one of the 46 "function
levels", These levels are used, as will be

explained, to define the sequence which the
sequence unit must execute,

THE SEQUINCE USLIT

Actions which occur in llain Control, such as the
transfer of syllables from an IW8 to the staticiser,
are performed at the command of pulses emitted from the
sequence unit. These "control pulses" are derived
from P1 or P2 clock pulses; one control pulse may
cause several basic actions to occur.

The s.guence unit consists of two sets of
transformers, the primary windings of each set being
wired in an 8 x 8 matrix as shown in fig. 11.
Associated with each matrix is a 6-bit register, the
contents of which are decoded and used to select a
transformer. The selected scquence unit transformer
(SUT) is supplied with P1 pulses, if it is in one
matrlix, or B2 pulses 1f it is im i the athex, Bach SUT
carries six sccondary windings which genecrate a 6-bit
binary pattermn. When the P1 matrix is pulsed, this
pattern is set in the register controlling the P2
matrix. The pattern gencrated by the seleccted SUT in
the P2 matrix is used in a similar manncr. Fach SUT
also carries two windings which generate contrecl
pulses which are used to perform a number of basic
actions, The group of actions which occur as a result
of pulsing one transformer is known as a "micro-
operation (120P)" and the number which sclects the
transformer is known as a "micro-imnstruction code
(MIC) ™, The 6-bit registers are called '"micro-
instruction staticisers (MIS)".

The operation specified by the instruction in the
IS (or, rather, that part of the operation for which
Main Controli is responsible} is performed by a sequence
of MOPS, one MMOP being executed at every P1 or P2 clock
time., The transformer windings which svpecify the next
MI code {the MIIC windings) are arranged to select the
transformer which will generate the command pulses
required to perform the next 0P in the sequence.

The "output" ends of the HOP windings wuaay be
connected to Lime Drivers, to Julsc fmplificrs or

directly to a logic elenient. The dinput ends are
connected to a 'OHNE' or 'high' level if the
comuiand pulse is required to take action. The "output!

ends of the INIIC windings are conneccted to
"complementing circuits" which set or reset the flip-
flops in the appropriate IS, If the input of a HIEEC
winding is connected to a 'one' level (-2v in this case)
the complementing circuit to which that windinz is
connected scts its associated flip-flop. If the MWIIIC
input is not so comiivccted, tice flip-flop is redet, ~




™
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The sequence unit can be considered as a store
containing a number of "wired-in" nicro-programs (the
sequences)., The micro-program to be executed is specified
by a Y“"function level" which is generated, as already
described, by the operation code of the instruction
Occupying the IIIS, These function levels arec applied to
the NIIIC windings of the SU transforncrs, In this way a
transforrer may generate different [II codes denending on
the function level which is currcently ‘thight!, If the same
HI Code is required whatever sequerice thLe transformer is
used in, a constant -2v level is used instead of a function
level,

The range of micro-instructions available must, of
course, contain some which have the Albatlith
discriminate; some transformers must be able to generate
more than one MI Code during a particular sequence, the
code generated depending on the state of some part of the
computer, The possible I Codes which may follow a
"diseriminating" MIC are choser so that any of the codes
nay be gemncrated from a basic code sinply by changing

cextailn OV di, te to t1! digits, These extra digits are
called "masks". The function level specifies the basiec
code and "mask levels", which can be changed during the

course of a sequence, specify the masks,

It is also convenient to make the generation of
certain command pulses conditional upon the state of the
machine., The "input" ends of these HOP windings are
connected to "IF levels", The comiand pulse induced in
such windings is effcctive only if the IF level controlling
it is high,

Packages

Bach SU matrix consists of an 8 x 8 matrix of
seleetion lines to which arc connected the primaries of
the 5U transformers., Bight of the sclection lines are
controlled by D.C, gates and the other eight by large
pulse amplifiers,

The SU transformers cach carry nine windings: +the
Primary, two liOP sccondarics and six HNI{IC secondarics,
They arc mounted on two types of backage - the 'large!
(K552) and the 'small! (1551). The "large" packages bear
two transformers, On thesc packages cach pPrimary winding
and each 1i0P winding is brought out :=g¢ separate pins; the
"input" end of each INIC winding is brought out to a
separate pin and the "output" onds of similar MiXC windings

in the two transforrers share a conmnon pin. Twelve pins
are allocated for"function'" and "mask" levels, The "small"
packages bear four transforners. On these packages, the

"top selcction" ond of each primary winding is taken to a
common pin and the "bottomn sclection" ends are brought out
Separatecly, The "input" end of one MO? winding is
conitected to a common pin, which is usually held at enmth
and the "input" cnds of the other I0P windings are brought
out scparately, The "output" ends, of course, are
conniected to scparate pins, All the "input" ends of the
WHMIC windings have separate pins and the "outout" ends of’
corresponding windings share a cormion pin, Zight pins

3

are allocated to "function" ang "Masgkt levels,

= - — Sl e
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The P1 matrix consists of 13 packages type K551,
occupying locations 1F7-1F19 in 1C3, and 4 packages type

¥552, which are in locations 1F3-1F6. The P2 matrix
consists of 15 packages, type 551, These arce in locations
1H7~-1H21,

The function and mask inputs may be connected to the
HMMIC windings on a package in many combinations. All
these packages have, in fact, diffcrent combinations of
connecting diodecs.

Sl SUT Selection

The SUT to be pulsed in cach matrix is specified by
the contents of a 6-bit "micro-instruction staticiser
(MIsS)". The outputs of these registers are decoded
as two groups; the nost significant three digits
generate one out of eight selection signals and the
least significant three digits generate a similar
gsignal, It is thus convenient to write the contents
of each = S in octal and to minber the two groups of
eight selection lines from O to 7.

A model of the selection arrangements is provided in
fig. 12. The more significant octal digit operates
the "top!" seclectiom. Details of the selection logic
are shown on drg, X-~/20261.,

Packages

The two 6-bit registers require three H255/30
packages which are situated in 1615, 1G18 and 1G21 of

ME 3, It should be notcd that this combination uses
riesa transistors, These flip—-flops are set and resect

by pulses from the complementing circuits which are
contained on two K557 and two K558 packages in
locations 1“16 TGl 7, 16195 and G200 6f M 3. The
operation of tleae circuits is similar to the
operation of the basic read amplifier described in

Report X/GD.y.78. The strobe pulse is obtained by
delaying a standard clock pulsec (on the K558 packages)
by about 50 m,usec. This allows the NIIIC windings

of the selected transformer to apply pulses to the
complenenting circuits before they are strobed.

The outputs of each of the reg.sters are decoded
using standard E446 packages (locatlons 1G14 and
1G22), the outputs of which are taken to B.C. Gatos.
The'!top selection! zates are on u369/20 packages
(1ocations 1G23 and 1F2h} and the 'bottom selection!
gates are on K254/10 packages (1H22 and TFEO). The
top selection gates have a maxirmm current output of
about 30 mA whereas the bottori selection gates, using
two transistors,; can provide 150 mA pulses.
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The top gates on each matrix coatrol the seconiary
windings of three transfer transformers (a, b and c) on

a 1293750 sacizaze (1G24 and 1F23), the primary winlings
of which ave supplied with Pl or P2 clocik “ulsed ~

de n waich matrix is being driven. The

se windings drive large pulse amplifiers

(K which supply the Gelecteu B

Stop and Sinzle Shot Logic

n units which operate more or less indesendently

n Control may find it nscessary to cause iiC to
wait, executing a "wait loop" in the micro-srogram
currently set up in its sequence unit; it is also
sometives necessary for Aritometic UOntTOl to stecp the
generation of comuand pulses by the 1.C sequence unit in
order to initiate 1.0PS normally initiated by liain
Control. it is also desiravle for a naintenance
engineer to be able to perform an operation " 02-by-li0P",
or a piogianm ‘operation-by-operation',

The stop logic is shown on drg. X-/20261, A switch is
provided farea 31) which allows a program to be executed
an operation at a time. Switches are also proviied
(area C7) which permit an operation to be eyec"tei one

IZ0P at a time or allows one 1.0P to be performed
repeatedly at hizh soeed.

Instruction Complete Stop

The Stop Switch {area C7) allows a P1 clock dulse to set
the STCP flip-filop. The outpzut of this flip-floon then
allows the mext {(C,6)P2 LOP pulse (which also transfers
the next 1Dstr40tlon from the I7& to IITS) to reset the

30 flip-flop. The reset output of this flip~-flop turns
"off" the gate which controls the supply of P1 pulses to
the "top selection!" transiorriers. The supoly of P2

pulses to the othner wmatrix is not affected and the
seq.ience unit continues to execute 1.0 (C,6)P2 at hizh
speed (since the P1 matrix cannot generate a new 17IC).

The 'normal' position of the P1 sinzle shot tey allows
P2 elock pulses to reset the !'PIX! P‘in —FEilon, ‘the

output of which allows P1 clocks t reset the 2TA and
Pib fdip-flops. If the P1 single shot key is onerated,
PIX is ' set and a P1 clock is allowed te set P13, The
next P2, therefore, sets the sinzle shot P1 (c&sP1)
flip-flop. The next P11 is applied te the SU matrix
and sn operation is executed. The same P1 sets the

70 flip-flop and the P1A flip-flop (W“ICH allows the
next P2 to reset SsP1),

if the stop key remains set, the 30 flip-flop is reset
at the next (0,6)P2. 1k the P1 single shot key has not
been released by this time, 1B will still be set but
5521 cannot be set because 1A will still be set.
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1202 by T10E Oseration

The supply of clock pulses to the P1 matrix at 1 usec
intervals can be cut off by closinz the INH P1 switch
{after the machine has been stop;ed). Yhilecthe THIE 71
switch is closed, cloclks may be supplied one at a tine
by overatinzg the sinzgle sizot key.

The supply of clock pulses to the P2 matrix may be cut
eff by closing the P2 Inhibkit switch. P2 clock pulses
ray then be supplisd usinz a P2 single shaet key which
controls lozic such as has alresady been lescribed.

Tait Logic

If l'ain Control is reguired to wailt because it wishes
to use a unit which is not available for use (for

examnple: the liain Store er the .. Seqguence Unit) the
micrb—program executes a "wait loop" in which no
sisnilfficant “oftien is telken, The operation of the
seguence uni. is in no way affected. “Then a signal

iznddicetes that the recuirsd unit is available to liain
Control, a mask lsvel czuses the micro-progren to leave
the loop.

“lowever, if Aritametic Control wishes to initiate
. . . - - - . f
actions normally initiated by llzin Control {(e.g. use

"+ T
of the £ Store) the :’C Seqience it rmust he male
ineff=ctive. Arithriztic Control siznifies its

recuzirement by setitins the HOG flis—flon and its
secusnce anit enters a wait loop, thas exit Ffrom which is

conditional upomn the state of IC's 30 Flip-flon. Built
in at s.itable points in the 1iC micro-prozrsziis are
Ciscrininations on the state of the 1103 fiip-floon. e

HOG dis set, a P2 0P is executed waich trzasfers the
regated output of the 05 fiip-flop to the 3C flisn~Tlop.
"F0" ig therefore reset, ecuttinz off the sunply of P1
clociks and the 1iC sequence unit executes the 22 10P
ren=zatedly.

~tesettinz the G0 Fflip-flop allews Arithametic Corntrol to
as 11

centinue. Ags soon as AC has finished the tasikz which
necessitated the interference with liain Centrol, it
resets 1T0G. Tae P2 1.0P which lain Caontrel is

performing prorptly sets the G0 £1 p-flep and lain
Control continues.,

At various tines, such as when an interruntion is about
to occur, Arithmetic Control rmust be allowed to obey
all instructions which llain Control hes alrcady obeyed
befare 1.0 talzes any further action. The nurber of
syllables by which AC lazs behind I is given by the
Zifference between the CIA rezister and a sinilar
register in Arithmetic Control. “"hen the contents eof
these two reszisters are identical, Arithrictic Centrel
has obeyed all' the ilastructions complsted by lMain
Control. This eciivalence siznal is used to reset =

lip~flop known as "AGC2" which stops the AC sequence
anith,
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C has to wait for AC to cetech up, it simply

executes 2 72 110 which transfers tie inverted outputs
of the 202 flip=-flop to toe 20 flip-flon, HRgr g A B

way the susnly of clocks to tize 1C Tl matrix is

inhabited until the =0 sSecluence

L s tons,

Bxanples of ifext 17170 Ceneration

I
(a)

If the "HFWI.SFILL" level

This example is taken from tie "Fetch Mext
Instruction"" seguence.

The SUl selected by (C,6)P2 is sown din Fig, 13.
The 1mcZ? "(0,6)72" is cemruon to all sequenees.,

1o function levels are tierefore applied to the

transformer secondaries; the basic next (/I Tede
is generzted by eonnecting tlie two most

sigmifieant of the six INITC windinzs to a -2V
level, This cavses (5,0 to be set in the o1

Sy /

~ioro-instrvction staticiser (MIST),

Tf tire HNITE (ﬂext Instruction _ength) flip-flemn
is set, the 166 (masik) level is generated (see
drg, Z78031/9489-1,14%), This mask lifts the
third post significant IT1IC windingz and thus
eauses (7,0) to be set in I

is hizgh the M61
masl level 1ifts tie 3rd, 4th and 5th MIIC
windings. 17751 is therefore set to (7,6).

If the NOJ (MNe Jum:) flip-flopr is reset the
17125 mask level will be nigh and (7,7) will
be set in MIS1.




(a)

COLMPROL S¥STES, Sheet No. 174

Punction Levels

This exanple is taken from the S34 and 835

sequences. The 102 "(6,2)P2" is common to
both sequences and is used only in thesc
Seguences. In the S34 sequence the next IMIC
is (3 3) whercas in the S35 seguerece 4t is
(3,0}. The SUT windings are shown in fig. 14.
The 211 and 3rd NIEC windings are connected to

~2v and thus a basic code of (3,0} is genserated,
If the 835 function level is high, the
significant windings are als

Corbination of (a) and (b)

This ecxauple is taken from scquences $32 and 2338

(1,1)22 Is SuBM

The basic code generated is (2,&). Ziowever, if
the 832 function level is hiszh, the least
sigunificant NIIC winding is 1lifted and (2,5) is

21
gsrbratua. LY the SHBLI filip~flop is set, the
1.2 level 1ifts the 3rd, 5ti and 6th windings,

thus generating (3 7) whether the sequence is

332 or ».JBB!

Function Coubinatiocns

Wiere HHext 141 Codes are comion to a nusber of
sequeiices, the Function Levels concerned may be
Ok'ted to gemerate a "Combination Level™,

(3,7)21 Ts NHOG

o S (3.9)p2

B 8.2, 25,28, 91, 36,57

{0.1)p2

s 1,8,11

(t1,1)=2 (2o7 )02
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The basic HIC gehierated by the (3,72 557 s
@1 ). If the €2 level is high {(drz. % 70831/
20265) the 2nd and 4th MIIC windings are lifted

and (?,5) is geuerated. If the C1 level is

high the 2nd, U4th and 5th HiIC windings are ligh,
producing (2,7), and if the €19 level is high
(1,1) is generated. If the NOG fiip-flop is

set, the li12 level is high and (3,7} is the number
set in HLS52.

Same llaslk, Different 1i{ZIC

Onie mask condition a2y gen

o=

e hs
Codes iz different scequences.

IP S42 & Sk3 S39,40 & L1

TEsER 10

(3,3)20 (1,:4)21
IF 539,40 & 41
W Y2S
(1,7)21

There is no basic HIC which is generated

irrespcctive of function level. If the C25 level
is nigh (539/s40/sSk1) the 3rd and Lth MIIC
windings are lifted and (1,4) is gencrated. i

the €27 level is high (S42/S43) the 2nd, 3rd, 5th
and 6th windings are lifted, generating (3,3).

Ff the FH16 lewvel ig hizh,; the two least
significant windingzs are lifted and the mask (0,3)
is geueratﬂd This mask alters the C25 HIIIC to
(1,7) but leaves the €27 IMIIC unchanged.

Exanples of Cortrol Pulse Generation

(a)

Unconditional Single Action Directly Connected

The (4,4)P1 IIOP sets the OJT flip-flop which is
part of the leason-for-Ircerruption register, It
is used in sequence.ShS by means of which a
progran can transfer contrcl to the Director.

The pulse is generated by SU transforuer (4,4) in
the 21 patrix. Since it has to set only cne
flip-flop no power anplification is necessary;
the 1I0P winding on this transforner is connected
directly to the input of the flip-flep. The
other end of the winding is held "higsh" by a
constant bias level.
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(b) Unconditional Single Action using an SPA

The MOP (4,6)P1 causes the number in the NIA register
to be increriented by 3 while leaving the nost

significant digit unchanged. Ebeas sed e sequence
S8, The pulse is generated by transformer (4,6) in
the P1 matrix; it pulses the transforner which gates

the output of the special count logic (sce para. 2e3
of this report) to the NIA register,

The transforumer's 1i0P winding is connected to a small
pulse amplifier (18240/10 pacikage) which provides the
necessary power amplification, The S3SPA (Z—/9491—F12)
drives the primary winding of the appropriate transfer
transformer (drg. H-/9482-B6).

(c) Several Actions frou One Control Pulse

One IIOP winding on transformer (0,1)P2 drives a Large
Pulse Amplifier (K382 package) and a Small Pulse
Anmplifier (K240). The LPA generates an 'Add' pulse
which trans“3rs the outputs of the Q-Mill adder to the
B register (.-/9484-F3), The SPA generates a pulse
which clears the selected Fetch Buffer (K~/9266-M2).

This cormand pulse is generated in the following
sequences: S21, S22, $23, S24, S28, s29, s30, s31,
836, S37.

(d) One Action from Several Control Pulscs

A basic action may be included in any scquence by
arranging to pulse the appropriate SU transforner.
Hdowever, this is not always convenient beeause the
other actions specified by that transforrier may not be
regquired. For examnple, certain sequences (S9, s34,
S35) require the seleeted Fetch Buffer to be elzared
but do not want the @-1iill adder outputs transferred

to the B register. These sequences pulse SUT (1,5)?1.
which also provides an input to the SPA nentioned above.

—~~
Q
nP

"Don't Care! Actions

Secononies may be made by allowing unwantcd basic actions
to taite place provided that they have no c¢ffect on the
result of an operation. Bor exarmple, liain Control

IIOP 30 P2 contains the aetion "S~" L" alias “"CIADO =—-
SEJRIS This action is required in the Short Loop Jumnp
Sequence (Sl4)to note the buffer which contains the SLJ
instruction. if an interruontion oecurs while the
program is in a short loop the SLJP flip-flop is used to
deternine the Word address of the instruction to be
obeyed on re-entry.

HOP 30P2 is also used in the other Jumnp sequences. Mo
atterpt is made to inhibit this actien because if an

interruption should oecur whilc the programn is not in a
short loop, no reference is nade to the SLJP fiip-flop.
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(£f) Conditional Actions

An example of the use of conditional II0P windings
cccurs in the "Instruction Fetch" scquence. In
this scquence the contents of the NIA register are
transferred to the CIA register in preparation for
the count which takes place at the beginning of
each instruction. However, if a new instruction
word is about to be fetched because of a SPILL
condition, the contents cof the CIA register mmst
be left unchanged until the word has been fetched
and the specified syllables are transferred to the
IS for the second tine.

The action takes place under the control of the
control pulse generated in the conditional IIOP
winding of sUT (0,6)P2. The voltage level of
this winding is ecarth only when the "IF" level
Wos 43 |[(spIm  /SPIIT/ROJ. ) or, im the
orototyoe, (X + SPILL + J)] is high., The
generation of this level is shown on drg,

X /9l " 9520,

THE Q UTLL

The Q 11111 consists of a 16-bit parallel adder
and various associated registers. It also cortains a
counter which can subtract one frou the contents of one
of the registers. The Q 1iill logic is shown on drg.
-/948L, It is used:

{(a) for adding the base address of the program in
contrel to the relative IS addresses provided by
that program and for checking that these addresses
are within the limits for that prograrn (see

Y/GD.val] pava. U.2),

(b) for adding two rclative addressecs when address
riodification is used,

(c) for loop counting,

(d) for adjusting the IIWA (Iext Instruction Yord
Address},

(e) for modifying the contents of the QS Buffer,
(f) for temporary storage during the manipulation by
liain Control of wvarious groups of digzits.

The registers dircctly associated with the adder are
the 43l and the A registers (which provide the two
nunbers to be added) and the B register (which
receives the sumn). The counter is attacked to the
@BC register.
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The QBC, QBI and QBI registers, which are here
considered as separate registers within the Q-17il1l,
together form the Q Store buffer register., The other
registers associated with the 11ill are the UIWA (Next
Instruction Word Address) register and the BA (Base
Address) and ITOL (Ifurber of Locations) registers (in
time sharing machines). MS addresscs reguired by the
Hain Store and the Input-Output 3lock are provided by
the B register. Traunsfer .aths 2lso exist Lsitwesn certain
of the Q-liill registers and the Jump Buffer, the iNs,
the Shift Buffer (SiB) and the HIA register. Data
words ray be transferred between the § Buffer and the
Arithmetic Unit.

Ho1 The Adder

The @-1{ill Adder is required to add two 16-bit
binary numbers which arc available in flip-flop

registers. It consists of sixteen "Carry
Propagation" paclkages (1239/10) and two "Carry
Skip" packages (KZB?/TO). Logic representations

of these packages are provided in figs. 15 and 16,
fach Carry Propagation package is required to add
two binary digits, plus any carry frou a previous
stage, and to produce a sum digit and a carry
dizit, The digits to be added are supplied to
each package as d.c. levels; the carry input
digits are supplied as pulses from the previous
stage, or, in the case of the least significant
stage, from an "Add" control pulse which is gated
by the state of a Carry (CaR) flip-flop. The sun
output of cach stage is a pulse which sets or
resets a B register flip-flop. The carny oubput
of each stage is a pulsc which provides the carry
input to the next stage.

The operand inputs to each package (the d.c. levels
from the GBI and A registcers) are applied to logic
which gencrates "digits equivalent!" or "not
equivalent" lovels. These are applied to the
windings of two double bead transforriers so that,
in cach transforrier, theve can be no flux in one
bead if the operand digits are not equivaient, and
no flux in the other if they are equivalent. One
of these transformers is pulsed by the lcaria!
signal from the previous staze and the other is
pulsed by the 'not carry' signal,

The rules for gencrating the sumn digit are derived

s i S If the operand bits are cquivalent,
and there is a carry from the previous stage, a
LEE sur digat is wequired. If they are equivalent

and there is mo carry (a "not carry" sulse) fron
the previous stage a '0' sum digit is required.
if the operand bits are not equivalent the rules
for generating the sum digit from the nrevious

carry pulse are reversed. The rules for
generating the "carry" and "not carry" pulses are
also given in fig., 17. A "earry" aulse dis

required if the two operand digits are '1' bits or
if they arc not equivalent and there was a carry
from the previous stage. A "bot carry" sulse
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(no cCarry output) is reguired if the two operand digits
are both '0' bits exr if they are noet cguivalent and there
was no carry from the preceding stage. The outputs
dependent ¢n a carry or not carry input are generated by
driving a transformer with the appropriate pulse. The
outputs which are independent of the previocus carry are
generated by pulsing a transformer with an "Add" control
pulse,

it has been shown' that the sum digits are gated out by
"carry" and "not carry" vpulses generated by the preceding

stage. The pnore significant digits are, therefore, gated
out after the less significant digits becausc of the carxy
propagation delay. This delay is reduced by using "carry

look ahead!" logzgic.

The design of the "Carry Propagation" packages is such that

the "ecarry" or "not carry! pulses from a package are
generated by an "Add" pulse if the two operand bits are
equivalent. Thus "carry" is propagated through the adder
until a stage having equivalent operand bits is rcached;
the carry ouvitputs from this stage will have been generated,
by the Add 1se, at the saue t1Mu as the input to the
least significant stage was gencrated. The naxirum delay
therefore occurs when the operands are not equivalsnt.
This is redueced by arranging to by-pass the niddle six
stages if the middle six operand bits are not cquivalent.

The ocutputs of the firfth and elevenfth "Carwy Prop.!
packages are applicd to "Carry Skip!" boards as shown in
drg. I-/948k4; a logic representation of the skip package
is provided dn fig. 16, T bhe middle six digits are not
eguivaient, the first skip package passes a "carry" or
"not carry" pulse, as apjrogrlgtu, to both the second skip
vackage and the sixth prop. package. The second carry
skip package supplies the twelfth carry prop. stage.

The sccond carry skip package must also accept inputs

fron the 11th prop. stage in order to deal with cases
where a carry (Dr not Curry} is gernsrated in one of the
niddle six stages by the Add puisec. When skijpping occurs
this package will, t?crﬁ]ore, be supplied from the
provious carry skip stage, and, after a delay, frou the
Tlth earry Drop. sStage. The pulse amplifiers te which
these pulses are applied are designed not to respond to
the delayed inputs.

The adder is operated by an "Add!" sulse supplied by the
12C sequence unit (1I-/20266-J10) using L2A lo. 1.

b
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Subtraction is performed by ncgating the subtrahend,
before transferring it to the operand register

involved, and setting the CAR flip-flon,
4.2 The GBI Resister
The Q3 register is a 16-bit section of the Q Buffer.
its usec as a buffer will be considered when the Q Store
is discussed. The register is contained on 4 packasges
tyoe #255/10 ocecupying locations 2B7, 2C9, 208 and
2B9 in cubicle I1S52. The following transfers nay be
made ;-
(2) ZIzputs:
(i) B(0-15) —- €BII(0-15)
(11) UIWA (13 bits)—~QBU(3-15); CLR Q3H(0-2)
(iidi) Ivs (8-11) —-QBII(0-3)
(iv) I8  (12-23)—>-qBH(L4=15)
(v) IHs (bh) —qB(p3); CLR qBM(0-2)
(vi) IS “(2-4) —-aB(1-3); CLR QBM{DO)
(vii) CLR QBN
(b) Outputs:
(1) QEI(3-15) —> IWA
(11)  aB(3-15) —~ J3(3-15)
(13d) @Bz (BO) - LIV (BPI Mo, 11)
(iv) QBII(0-15) — 4(0-15)
(v) B(0-14) — A(1-15); QBI(D15) ~— TLS
ki3 The A Registor

The followinz transfors

register,

= may be nmade to and from the A
The constants are supplied by connecting

the appropriate set or reset input of tho flip-flops
to '1! levels on bias boards type wx346/20. The
recgister is contained on 4 packages type 1255/10 which
occupy locations 2B17, 2C18, 2D18 and 2E18 in NC2.

(2)

Itnouts

+1—>- A (D15 only set)

+2 —2> A (D14 only set)

-1 —- A (all flip-flops set)
~2— A (DO-D14 set)
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(i) QBI(0-15) — A (0-15)

(ii) QBlI(0-15) —> A (0-15)
(iidi) QBH(0-14) —> A (1-15)

(iv) B(0-15) —> 4

(v) BA(10 bits)—=A (1-10) o0O's—>4A (0, 11-15)
(vi) HOL(10 bits)—>4A (1-10) 1's —»4 (0, 11-15)

(b) Outputs
A —> QBC
A —> B

A —- QBT

The BA and HOL Registers

The BA (Base Address) register is used to store the base
IS group address of the program currently in control
(K/CD.v. 77, para. 4.2). It has a capaeity of 10 bits
and is contained on three X255/20 paeitages in locations
262, 202 and 2E2 of 1i@2.

The IIOL (Humber of Locations) register contains the
anount of storage space allocated by Director to the

program currently in eontrol. It also has a eapacity
af 3G bits, The TOL register is used when performing
the Loek-in Violation (LIV) check. In this checek the

relative liS address being used is stored in QB! and
HNOL is transferred to the A register using the transfer
path detailed in 4#.3{a) (vi). If DO of QP is 117
(the relative address is negative) the LIV flip-flop is
set. This ensures that information will not be
transferred to or from a IIS location having a smaller
address than the 'bottom' limit of the area of store
allocated. The contents of €Bll and NOL, with a 'carry!'
bit, are then addea and LIV set if the sum is positive,
This ensures that no address greater than the 'top!'
limit is used.

The BA and NOL registers are set from the W1 register by
the Director instruction "=Kt" whi-a also sets the
Priority Lewvel flip flops in [0 control, YWhen this
instruction is obeyed, the MC sequence unit generates

as et chon Stoxre Director! pulsc: LN o RS ER S = g el ate,
this pulse causes the followin_-: transfers.to take nlaee:
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w1 (24-33) —- LICL

w1 (34,35) — PL

J

Wi 98=U7) > BA

If an interruption occurs, the I sequence unit
generates a pulse which clears BSA, sets in 1T0L the
highest group address which the liain Store can accept,
and sets the ITIFF (Fo Interruptions Flip-Flop) which
indicates that the Director is in control. The
constant to be set in the IICL register is "wirecd in",

The following transfers involving the BA and 1T0L
registers can be made:

oL, —F- A

BA — A

The B Register

The B Register is a 16 bit temporary storage register.
The register is mounted on four 255/10 packages
situated in locations 234, 23#, 2Ch ana B3 of 02,

The outputs of this reglster drive enitter folleowers
mounted on six 4361/10 packages. The following

transfers are possible:
input:

JB (93) — 2 (D3);  CLR B (0-2)

Cutput:
B (0-15) —- qsli (0-153)

B (1-15) — liSAR

J

(1-15) —>- SBAR
B (0=-15) —» &
BUT0) =TIV (RPT Ho. 1)

B (1-15) —> 1B (LOCZOUT BUFFZR - ADDRESSES LO STORE
Il IO COIMTROL)
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Repgister

The Q3%
its usc
& Store
%255/10

and 2221

register is a 16-bit secction of the @ Buffer;

as

is

2ac
cof

a store buffer will be considered when the

cdiscusscd. The register is ucunted on four
karzes situated in locatlsns 2820, 2621 42021
HE2. The fellowing transfers to and fron

this register are permitted, the constant being supplie
by a diode board in location 2E23,

Inputs:

[-1] —- qa1

o

i1Z4A(1-3) —- QBT (0-2)

A —3 . Q3L
CLR @BL
Out-nat
GET —» A
BI(0-2) —>- JB(0-2)
4.7 The QBC Resgister
The ?3 register is alsoc part of the § Buffer and is
roun or K255/10 packases in locations 244, 2A9,
2A76 and 2421, Associated with it is the counte

described 1

T~

npermitted,
in lacaticn 28712.

Enaat

alow. The following transfors are
the constant beinzg suppliced by a dicde board

EJ] — IC

[Egc-1-4> ch] (count down)

Output:

4.8 The Coun

The counter

QBC

is used for subtracting omne froa the number

in the Q5C register. It comsists of a muiber of d.c.
gates which are "sluggzed!" so that their outsuts renmain
at a set level for a short titie after their inout level
nave chanzed. The dinputs to thesc gates are provided
by the flip-Sleps of QBC, Their outouts are applied
te transfor transforriers which arc coniiectad to the
inputs of the @ Fflin-filons, The counter comsists of

four X374 p=

cizages (locations 243, 8, 15, 20} and a

d

S
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Z364/40 cdiode board (239). The tramsfer
trarisfermers are on k251 packages situated in
iccations 242, 7, 14, 19,

Zach counter package cerrics four stages. A
truth table Tor four stages 18 provided in fig., 18.
Logic representations of the packages are provided
dafa o 00

A Q Store is a word organised, fast, random access
core store whieh has a maximmn capaecity of fifteen 48-
bit words. it has a ninimun read/write eycle tine of
13 usce of whieh 3 usce is used for location sclcetion,
% usec for the rcad curicnt pulse and 3 usce for the
write current pulsec. Words are tramsfcrred between the
cores and a U8-bit flip~flop register known as theo
¢ Buffer (9B), the corc location involved in such
transfers being speeifiecd b the conterts of a L-bit
register known as the Q Store Address Register (QSAR).
The fifSeen store locations correspond to addresses 1

through 15 address O causcs 48 zeros to be transferred
to the QB if a feteh operation is performed. In a

tine sharing wmachine there arc four stores, one buffer
and omne address register being cormon to all four.

The particular store required by a program is seleccted
as part of thc¢ normal location sclcetion by decoding
two cxtrea address digits. These digits are set in a
programn nunber register by the Dircctor (using the
instruction "= I3") bofore the Dircetor transfers
eontrol to a prograii;  they remain unchanged while the
prozran is im controel.

—t

‘ain Comtrel (or IO Control) can only specify
eonplete read/write cycles when using the liain Store.

On the Yeeceit of a "start™ pulse, the I8 orovides its
own sequeitce of timing pulses and proeeeds independently
The ¢ Btore, however, is entircly dependent on extermal
sequenece units for its tining. lain Control may
provide an address at any time and either i€ or AC mnay
cause the generation of a read or a writc eurrent pulse
at any time. A read pulsc is not nceessarily followed
by a write pulsc.

Any address stored in the 2SAR is decoded
irmediately and seleets the appropriate read/write drive

lines in the 2 Store being used. Any word stored in
the Q8 selects the digit drivers whieh rust provide
ceurrent if a "write" eomiand is received. Associated

with the QSAR is another 4-bit register known as the
25 Address Buffer (AQB) which is used as a temporary

store for any 95 address regquired by AC. (See
RABD <yl patae 2.4 The AQB has a marker flio-flop

(4QB1) waich is set when 1iC supslies AQB with an
address and which is reset when AC uscs that addresc.

Ar: dntroduction to word crganised storcs is
provided in I/GDh.y.78.
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Sequences Involving the § Store

The € tore instruetions fall into fiye soboporicnt -, :
ey e = : ‘I"_ (5% .

(i) "GS Feteh" operations (S21-s24)

(dd) "SS Store! operations (S26-527)

(1ii) "Q to Q" operations (520)

(iv) "Q 1103 Q" operations (812-819)

(v) "AU 110D Q" operations (528-531)

In all except "GS Store” and "AU MOD Q" scquences, the

Q Storc is operated entirely by Ilain Control, in

"QS Stores" it is operated L sby A themebdc

Control amd in "AU IIOD Q" sequonces it ig operated first
by G and then by AC,

irr all cases except in $20, when HC operates the store
it fetches or stores counplete 48-bit words; any

manipulat: 2 of the three 16-bit sections is done in the
ALy Hdowever, during $20, it may be required to
trausfer omne 16-bit scction frorn onc Q8 location to
anotner, This operation is facilitated by providing
three flip-fiops, known as the §S Read Strobe Inhibit

Fal

(QRSI) flip-flops, cach of which controls the gating

of strobe signals to one scction of read ariplifiers,
Any section can, therefore, be transferred by first
reading the source location to the QB (ana rewriting it)
and then reading the destination location - having
inhibited the strobes for the scetion to be transferred,
The complete U8-bit word is then, of coursc, rewritten
in the destination location. llain Control rosets the
QRSI flip-flons as a standard action at the boeginning
of every scquence.

Arithnetic Control nay be required to storce all three

or only one of the 16-bit scctions. It stores one
section by making use of tho QRBT flip-flons as Iain
Control doecs. dowever, because 1iC is expected to

proceed with the program, which nay include 520
operations, without waitine for 4LAC, tonporary storage
must be provided for she QRSI bits required by AC
(since they cannot be accomogated in the Arithnetic
Instruction Staticiser),

The €, T and M flip-flops are wrovided for this surpose.
When 1IC oxecutes a scquence in the range 526-531, it
transfers an address to the AQB, sets AQII =nd transfers
the QRSI bits from IS to the C, T and M flip-flops,
When AC uswes the store, it transfers the conitents of

the ©, L and ¥ te the CRST flip-flops; it also uses
-the C, I and M flip-flops to select the section, or
sections, of QB to which datz will be transferred fron

the WI register. The recad from the cores to the QB

and the transfer fron the WI register to the QB talke
blace at the saiie tipe (see 3 20). If ali three
flip~flops are set, strobes to all three OS ssctions are
inhibited ané + complote 48-bit word is transferrod

Frorr Wi, Iff oniy one flip~flop is set, the 16 lcast
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significant digits in WX are transferrcd to the
selected seceticn of (B and the strobes for that scction
are inhibtited, The contents of the @38 are then
written into the Q Store.

4 . - \ s oo .
nce 527 requires the Counter (C) and lodifier
ns tc be clearcd arnd the Increiient section to

g ey (Ses Progsraridng lianual, secction
ROg", M=Rig! and "=RHg"].  The loeation is
sitply by reading its contents. This dis made

effectively to reset the QSI section to "+ 1" by wiring
the "1" output of the @SI (D15) rcad amplifier to the
"roset! inout of QUI (D15) and its "OY output to the
Elh - fleonla st dnout. Where, as is permal, a read
foliows a write, this has no offect on the operation

of the store: the 1(315) bit is simply stored inverted.
idowever, in the 827 scequence, HC performs a rcad fron
the sclected location before handing over to AC which
performs another read followed by a write,

Store Interloclis

lizin Contrel may. not

(a) use the @ Store if AC is using it

(&}

~
o

S’

(L!

perform its part of a "QS Store" or "AU MOD g
opzration if AC has not yet obeyed the last sueh
instruction

(c) feteh and use the contonts of a location if it has
aircauy obeyed an instruction, not yet obeyed by
AC, which required fresh data to be stored in that
location,

The method by which AC sto £ when it wishes to
"borrow" the 9 Store has been described in Dara . 38,
The second 102 in the "GS Store" and "AU 110D QY
sequences diserininates on the state of the AQBI f£lin-
flop and transfoers the bit in this fiip-fiop to the

HOG flin-fiop. 0 AQHL is set, the sequence is
diverted to the (3,7)P2 0P WL101 transfers the
negated II0G bit to the GO fiip-flop. When the FOG

flip-Tiop is reset by Arithuctic Control, llain Control
agailn attenpts to obey the instructicn in the II7S,

The first 110P of all sequences in the ranse 812 to

g2k (HQ 1105 ", "g TO &", ™QS Fetet.»)}, transfers the

QS address from the IHS to the QSAR, The second 1I0P
discriminates on the state of the QLO (QS Lockout)@JOGO,
signal, This signal is "high" (i.e. "1") if the

contents of the 2QABAR and A4 are identical and th
AQDI fiip-flons is set. his condition causes the N0G

flip-fliop to be set and the scquence to be diverted to
the (3,7)P2 1i0P as boeforo,
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A IS read is idnitiated by a F usec control pulse
provided by SPA No. 82 (fig. 20),  This pulse is
applied to the lead drivers anil to a widening

circuit which also drives tihie lead drivers via a
D.C, gate, in tiis wzys a % usec inout siznal to

the ead drivers is obtained,

The output of each widener is connected to a strobe
pulse generator which, if it is not inhibited by
one of the €SI flip- flops, nrovides a %+ usec

pulse to the ilead fmplifiers at about 1 usec after
the start of the current drive.

A 23S write is also initiated by a § usec control
pulse, tiis pulse heinz provided by LPA !lo. 50,

A 1 usec pulse is generated by means of a widener,
and this pulse is applied to the write drivers zand
digit drivers.,

Both SPA 82 and LPA 50 may be pulsed by lMain Control
or Arithmetic Control.

Storage

Fach of the Stores uses three 16 x 16 matrices of
Plessey SUM.050" cores for which the nominal drive
is 500 mA-turns and the switching time is 1,3 usecs.,
This switching time is recducecd to ,5 usec by over-
driving the cores, in both the read and the write
pulses, with 600-650 mi-turns. he arrangements
which allow this overdriving are ni‘_own A ns it sl

Tach core is threaded by the read-write windinz (4 turns)
the digit winding (8 turns), thé b»ias windin:z (1 turn)
and the sense winding (2 turns)., ~™en the contents
of a core location are to be transferred to the

buffer register, 90-10C mi is passed th the
selected drive windings in a direction which assists
the bias current and whichk magnetises the cores in the
selected location in the 'O!' direction. L voltage

is induced in thke sense windin: linking any core in
which the direction of magnetisation is reversed and
this voltage is applied to the appropriate read
amplifier when the strobe signal is present. Then
the contents of the {3 are to be wrictem into a core
location, a similar current is passed throuzh tae
selected read/write windings in the opposite direction,

opposinz the bias current. This produces a resultant
magnetising force in each core which is 4 insufficient
to switch the core to a2 '1! state. The additional

magnetising force required to switch a core is applied
to selected cores by current in the digit winding.
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The direction of current flowing during the read and
write current pulses is reversed not by a switching
technigue as in the 'ain Store but by tile vse of
separate current drivers for the two pulses (fig. 22).
Three sets of read/writc drivers are provided - arranged
so that a driver provides current through only 16 cores
in the selected location. Tn tivie sharing machines,
the digit and sense windings of all four stores are
connected in series,. The digit drivers rwust therefore
be capable of driving through 64 cores {of which only
one switches).

Location 0 is arranged to provide zeros by arranging
that the read/write drive wire for this location does
not pass through any cores, “owever, because of the
cross connected wiring on the outputs of the QBI(15)
read amplifier, a '1' input must be provided for this
amplifier to give a '0O' output. The drive wire is
therefore arranged to pulse a transformer which pulses
the 23I(15) read amplifier,

Selection

The ~ Store to be used in any programn is selected before
control is transferred to that program. The store is
specified by the two digits in the progra: nu ber
register, the outputs of which are decoded by diode
matrices to generate one out of four selection signals.

This signal is amplified as shown in fig. 23, The
location involved in a NS transfer is specified :y the
contents of a four digit address register, The outputs

of this register are decoded to generate one out of
sixteen signals and this signal is amplified as shiown
Femi R o R B

A model of the location seiection arrangements is shown
i - B s 2 A The store selection signal operates
switches suech as SA, S3 and SD and the location selection
signal operates switches such as 5C, These switches

are transistor switches which will pass current in

eithier direction, Switches such as S3 and SC are
combined in one transistor which requires two inputs to
tern it Yon':

Switches like SA and SD are provided so thet the
current drivers will not have to charge the wire
capacitance of stores not selected by the Frogram
Humber .legister.

The transistor coeorresponding to switches 83 and SC has
tws inputs-location selection and store selection

in-uts. The store selection levels are appliec in
order improve the switching of the location selection
gates. The diode output of each location selection

gate is applied to four transistors, one in each store.
The directioutputs of each store selection gate is
aprlied to all of the switches (such as 52 and SC) in
one store,

hen the location selection transistor is conducting
(not selected) it will sup»ly only the switch in the
selected store.
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There is no digit or semnse winding selection. HE
digit winding nust pazs current, its driver is selected
by the contents of the azpropriate digit in the buffer
register, The digit and sense windings of all the

(i stores are connected in scries,

The :iead and Trite €@urrent Drivers

There are three 0SS lead drivers and three ‘Irite drivers.,
They are similar to the Main Store read/rite drivers
in that they consist of a constant current zenerator,
the output of which may be made to flow through a load
by operating a switch which normally short-circuits the

load. These drivers are required to apply + msec.
4 PLy 2
pulses of about 90-100 mi. The drivers are mounted on

three X261 packages, each package containing one read ang
one write driver,

.xeferring to drg. X-523261, the read current ge%ggagor
consists of a transistor {TBA) connected via a Pégiéxéf
to -20v. e voltage drop across the resistor is
compared with the drop across a 3v Zener diode and the
difference operates transistor TUA which controls the
base currer SH A He output of the current
generator flows through choke L1A which further assists
in maintaining a cteady current,

Transistor T2: correéesponds to switch ST in fig., 22

and output A corresponds to point A in the figure.

T2.4 and T14 are wired as a "super@pair" and may be
considered as one transistor with a very high gain.
These transistors pass about 103 mi when both read

and write switches are closed, Woen the write switch
{r13, T23) is opened, the read switch passes twice

as nmuch current and vice versa. The read switcir is
opnened (the transistors are turned off) by a !"high!t
input to the base of T1A. dode D34 provides a path
for the removal of charge from the base of T2L when
T1A is non-conducting; 4it proviies for fast switching.
While the input is "hizh" D2A conducts and energy is
steoked in L24, “hen the input drops, this energy
transfers charge to the base of T1A and assists the
closing of the switch. The choke L3A helps to
oaintain a steady current throuszh the cores during the
pulse period. Some of the current provided by the
driver is used to charge the capacitance associated with
the drive lines; this charging current gradually
decreases, allowing more current to flow through the
cores, This increase is corrected by diverting an
increasing amount of drive current co L3A tkroughout the
duration of the pulse,

The ciode THA protects zgainst any attempt to turn off
T1A and T2A with the leoad vwnit not conmnected, The

3v Zener diode holds 7’54 at about =18v, The =3v

rail pernits the circuit to be operated by a flip-flop
working between tle levels & and -5,

The Write ecurrent driver is a2 "“"mirror image" of the
read current driver.

b
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The 8S8election Zates

The selection gates consist of single transistor
switches which, when turned "on", nay conduct in
either direction according to tizc voltaze levels
existing in the caircuit of whick the switclh: is a

DERT , The principle of such: 2 switeh is shown in
Pz, 2k, The transistors used in such switclhies

are ol symmetrical construction, both junctions
being made capavle of the power dissipation
associated with a collector and the gain of the
transistor being maede the same in both directions.

The read/write current drive circuits include threec
oI these switches in series with a selected core

location, Cne transistor corresponds to SA in
fig. 22, one performs the coubinel Fmctions of
52 and 5C and one corresponds te SD. Zf the

read switch (SE) is opened, and the write switch
(SF) is closed, point A is at about -15v and
point = at -3v,

The circuit dagram of a ” Dtore selection switch
is shown in drg. %-523406. The switches SA and
SD are on TA406/30; the location selection switches
are on Z406/10 vackages. The input to P1 on the

Z406/10 packages is = location selection level taken
from a X369/60 (liesa) DC gate driven by the decoded
L_pit address. There are 16 such levels, each
connected to all four stores. The dnput to L2 is a
store selection level taken from X369/80 DC gate
driven by the decoded 2-bit Frograzn Tumber. tihen

a switcii is expected to conduct,imtstemitter will

be at a voltage a little more negative than -3v and
its collector at a voltage a little rore positive than
-15v. Zf either of the DC gates controlling the
switch is turned ‘on", ti:e base of the bilateral switch
will be Leld just below earth and the transistor will
be ecut ecff, If both LC gates are "off" tihe selection
gate is turned "on'".

The T3/L2 circuit is a "current squirter" similar to
the 22/L2 circuit on the current drivers. The choke
L1 maintains comnstant base current even when the back
valtage from the cores 1lifts the base.

Ls can be seen from the circuit diagram, the X%406/30,
which has only one controlling inzut, is a simplified

version of the circuit just describ d.

The Zigit Drivers

he digit driver packages (3397) are used for two
purpases: for ti. ing and gemnerating the digit drive
current and for tining the read and write currents.

Fach cirerit has two parts. fhe first oart ds a -pulse
widener which provides a % usec pulse and the second is
a type of 2C gate. Whnen used as a digit driver, the

cores proyvide the load fer this ¢ ~abte.

Thescineait: Siameam Gston CRg, L=E238070 The circuit
associated with ~ s the pulse widener. Normally T

N 3 SR A s A

is conducting. LA hset (2 pulse) input to D1 cets T1 off

and the current in the primary of L1l is transferred to
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the L1/C1 tuned circuit. The condenser is charged and
the emitter voltage of the transistor falls and them
rises as the L1/C1 circuit oscillates. The high input

“ Confinuation fo Report No. ¥/GD.u.2989.

to 21 is renoved after % usec. The tuvned ciwcuit Hs

arranged to return the emitter of the transistor to
potential more positive than that of the base after
When this occurs tihe T1 again cenducts.

sy
H

i

Dk is biassed at about ~%v by 75 so that the circuit will
not rob the transistor of base current when T1 is conduct-
ing. D6 clamps the overswingz of L1 to avoid damaging the

transistor,

cirenit 1is contrelled by a flip-fiop in &
flep contasins a 0! digit, D9 is held kizh and &2
remains cut off,

a
1
2

The “iodes 74 and D5 clamp the base of T1 so that its
voltage level will not go negative when T1 is turned
ott, If this were allowed tlie pulse width would change.

Jlen used as a digit driver, the "DC gate" part of the
15 The flip-

uLsecCi
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The RHead Anplifiers

The veod amplificr circuit is the basiec cirecuit
described in report ¥X/GD.Y.78. The voltage induced
in the sense winding applied to this eirecuit is =200mV.
T2Lh is maintained 2 -100mV.

The Strcocbe Generator

There are three strobe zenerators, cach priming 16 of
the 48 vecad awmplificrs (ome scction of the Store).
The strobe generator producces = uscc pulsce about %+ usoe
after a rocitive golng signel provided by the Ydigit
driver" package which times the rcad currcnt pulse.

The generation of the strobe may be inhibited by the
appropriate GRSI flip-fiop (fig. 20).

The circeuit diagram is shown on drg. I-Z 23398, The
circuit comnsists of a "Miller" circuit driving a pulse
amnplifier. The transistor T1 is normally cut off,

When the collector of the widener in the "digit driver"
goes negative, T1 conducts (provided that its base is
not held high Ly a QRSL flin-flon), 4 1iller run-down
occurs as 71 discharges. When the collector of T1
reaches —-2., T2 is cut off, The current in the prinary
of L1 is tramnsferred to the secondary which, with C2,
forms a tuncd circuit in the base of T3J. Trarsistor

T3 therefore conducts for a period determined by this
tuned circuit,.

THE JUMP NZ3TIHNG 5TORES

Tho principle of operation of a "nesting" store is
explainsd in sect. 1.2.1 of the Programming llanual; the
use of a Jump Hesting Store (JNS) is explainocd in scct.

1.8, In a time sharing machine there are four JNS,
the particular store to be used during any progran being
selected by a 2-bit Program [utiber. This number is set

into the Program Muriber Register (PHR) by the Dircetor
before cortrol is transferred tc the prograrn,.

The sclected JNS is used, when a pregram is
interrrupted, to store the addresscs specifying the
first instruction to be obeyed when the program is
re~cntered; it is also used during "Jump to Subroutine"
operations, to store the addressces specifying the Wiapant
instruction, Addresses may be set in, and fetched fron,
the store under progran control.

A subroutine is entercd by mesus of an 81 sequence
and left by means of an "ZXIT (s8)" sequence. Transfer
of control toc the Director is acconplished by the
"Tnterruption (8J)" sequence and transfer of control
from Director is accomplished by means of the "EXIT D
(89)" SCQUEIICT . A pai 15 and syllabic) of addrcsses
ray be transferred to t torc by a "= LIWZ (811)"
operation, and addresscs may be fetched from the stere
by a "LIHE (810" operation,

G
o
®
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The S1 scguence stores in the JNS being used, the
addresses of the "Jump to Subroutine" instructio=n,
The BEXLT 1aotructioq, by which control is returncd to
the main program, contains a number which must be added
to the addresses af the Junp iistruction in order to
obtain the addresses of the next instruction of the
main orogram to be obeyed. This number is the nunber
of half-words between the first syllable of the Junp
instruction and the first sylliable of the instruction to
be obeyed. The scquence foetches the addresscs in the
topuost cell of the JNS and increnents them suitably,
using the & Hilil. The modificd addressces arc then
prescernted to the HIWA and UIA registers,

(03]

The Interruption scequence is entered if liain
Control detects that a Reason for Interru,tion (RPI)
flip-flop has becen sct. It stores in the topuost cell
of the JiIIS, nesting the others Jdown in the process, the
addresses of the instruction which must be obeyed when
control is returned to the DProgram. If the BFE ds
detected during an operation which is successfully
conplet:d before the interruption occurs, the zddresses
of the next instruction in the progran are stored. i
the current instruction cf the program cannot be complete

before int -~ruption occcurs, then the addresses specifying

this instruction are stored. The scquence 89 siuply
presents to the NIWA and NIA rogisters the addresses
fetched from the topmost ccll of the JNS.

During the sequence S11 ("= LINK"), Arithunetic
Control transfers digits 32-47 of the WI register to the
topriost cell of the JNS, nesting the store down in the

DIrOCESS . Juring the sequence S10 (" LIIIY), Wain
Control transfers thce contents of the topriost JIUS cell
to one of the Fetch Buffers, Arithmetic €Control

completes the transfer to the WL register as in other
"Petch" operations.

e

Tech JHS consists of a 16 x 24 core plane (of which

16 x 16 cuorcs arc usoed). The scnsc windlngs of all
four stores are connoctod in series and taken to 16 read
anplificrs which supply 2 16-kit Fflip-flop register

knowr as the Jump Buffer (JB). The "cells" of a

store ¢ addressed in a seriul fashion by means of

ar

counters which add ox subtract one from the previous
address when the storce is nested down or 1. There

is one sct of counters for all four stores, the decoded
cutput of the appropriate counter sclecting = loczation

in the seleccted store only. The current driving and
selecticn arrﬂﬂ;unents are sindilar to those used in the
Q Stores. Hesting Up takes 1 us ¢ and Nesting Down

takes 15 usece
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The JB is nornally considered as the topmost cell
of the store; the "inaccessible" cells are locations
in the core stack. dowever, since this register and
the address counters are commcn to all four stores,
their contents rmust be preserved elscwhere by the
Divector when centrol dis tiansferved from uile progranm
to another. The contents of the JB are stered in the
next vacant location of the appropriate core stack (this
reduces by one the muumber of cells which prograsners nay
use) . Ths contents of the address counters arc asscmble
together with the Program llumber, as one word in the Wi
register and stored in part of the lfain Store which is
reserved for the use of the Cirector.

The Director stores the contents of JB by means of
one of the instructions which will czuse the JNS to nest
dowri. It fetches the JHS and NS (Arithmetic Unit
Nestinz Store) address counters and the Progran Humber
to the W1 register by mesns of an instruction "i7".

Before transferring contrel to another progran, the
Director sets the appropriats counters and the Progran
HNumber register from the W1 register by rncans of the

instruetion ' = djY, This, of course, seleets the core
staciz to b uassi. The contents of the JB are tiren set

by one of the instructions which wili cause nesting up
to oceur,

Beeausc the contents of the JB are stored in the
core stack when an interruption cccurs, the pumber of
JHS celis available to the pregraizier is reduced by one.
The Directeor may also require the use of cre ceil in

addition to this. Progra:ziers should therefore
restrict themselves to 15 cells, Logic has becen

provided which causes an interruption to oceur if a
program attenpsts to use more than the permitted number
of cells or atteupts to extract addresses from a JINS
which is eupty,

Operation of a JIS

A JHS is a word~organised store, the principle of
Operatiorn of which is shown in fiz. 25. ‘The "eaklsl
(1ocations) in the store are used seguentially.

if the JNS, including the buffer, is empty, the first
nesting down operation writes '0's'! into location O and
the addresses to be stored are supplied to the JB.

The third nesting down operation writes the contents

of the JB into location 2 -~ and so on,

If three nesting down opcrations have taken place and

a nest-up operation is called for, the contents of
location 2 will be transferred to the JB. The readout
is destructive and the data read are not regenerated.
Lfter a read (nest up), the location read from is there-

fore left emnty. This eliminates the necessity, when
writing; of performing a read operation simply to clear
the selected location as in the lain Store. The stack

is cleared imitially by the Director which performs the
requisite murber of read operations before transferring
control to a new »nrograrii.

4
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The selection problem of the 16 cell staclk describe
could be overcore using a 4~-bit address register operated
as a reversible counter. In such a system, the counter
would be cleared initially and thereafter counted up by
one before any write operation (nestinr down}. The
count would be decreased by one after any read operation
(nesting up}.

A disadvantage of this systen is that time must be
allowed for counting to take piace before the write
operations and after the read operatiomns. This is
overcome by using two 3-~bit counters, of which one
addresses the 8 odd numbered locations (JCDAR) and
the other addresses the 8 even rumbered locations

(JEVAR). The system is arranged so that during any
operations oune counter is used to address the stack and
the other counts up or down as necessary, 4 f£ilip~-flop
marker is used to indicate which counter should be used
to provide the required address. A flow chart describ-
ing the operation of these counters is provided in fig,
26,

It skould be noted that, after any operation:
FEJBC. 't )s JEVAR = JODAR
If JT0G (0): JODAR = JEVAR - 1

JEVAR and the marker (as the ieast significant bit)

together provide a 4 bit address indicating the next
vacant cell,

6.2 JHS Address Counters

Doth address counters are 3-bit flip-flop registers
which are decoded and used to close location selection

switches in the normal way. Fach register can select
one of eight of the 16 cells in tae stack - thus at
any time two locations may be selected. Hlowever the

drive lines of the two groups of eight locations are
supplied by separate sets of current drivers which are
selected by the "Togzle" flip-flop already uentioned.
Current is therefore provided in only ons of the
selected locations (see fig. 27).

As demanded by the flow chart in fig, 26, these twe
registers are cormnected by four transfer paths:

i) A =8
ii

|...1

) B e/
ii) (B + 1)—-a
iv) (4 - 1)—yB

ii

s el

These paths are arranged as shown in fig, 28.

Truth tables and Weitch diagrams are provided in e, 20
and 2 logic represscntation of the counters is shown in
£ O

118, 3 ®
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The flow chart shows that the choice of path depends
on the following conditions:

(i) path (i) is selected if the operation is
= . N = .
"est Down (Write) and JTOG is not set

(i) path (ii) is selected if the operatiom is
- N v .
"Hest Up" (read) amd JT0G is not set

f s 2 s . el . - .
(111} path \111) is selected 1if the operation is
"iest Down" Qrite}anﬂ JTOG is set

(iv) path (iv; is selected is the oneration is
"lest Up" (Rkead) and JTOG is set.

The path selection logic is shown in fig. 28,

As has already been stated, the address registers can
be fetched and set by the Director, Only 4 bits are
concerned: the contents of the JEVAXR and the JTOG
fiip-flop. if the JT0G flip-flop is set, then the
nuiiber in the JODAR rust be the sanec as that in the

JEVAR. If the JT0G is reset, the number in the
JODAR is one less than the number in the JEVAR. The

logic which aliows the Director to set the counters
is shown i TFfig. 31.

The Director transfers 1 bit to the JTOGE (JNS Toggle
Buffer) and 3 bits to the JCDAR; it also sets the

TI2V (Fransfer to the JEVAR) flip-flop. This flip-
flop allows the next Pl to effect a transfer between
the JODAR and the JEVAR. This P1 pulse also transfers
the bit in the TJEV flip-flop to the CJOD (Count to the
JODAR) flip-flop. if the CJOD flip-flop is set and
the JTOG flip-flop is reset, one is subtracted from the
nuiber in the JEIVARl and the result transferred to the
JODAR.

Timingz Logic

he operation of the JNS is under the control of two
usec pulses: WR JHS (Write) and KDJUS (Read).,  The
RD JNS generates a RDJCD or RDJEV pulse depending on
whether the information to be transferred to the buffer
is stored in an odd or an even nuribered location. The
WRJHNS pulse generates sither a WRJIOD or a WRJEV pulse.
An BJGL pulse initiates the generaticr of a 1 usec
timing pulse which priies the Kead current driver
connected to the odd numbered drive lines; it also
generates a strobe pulsc. A RDJEV pulse causes a
timing pulse to be applied to the read current driver

T
1
1
&

which suppliez the even numbered dr._ve lines., RDJIE
also provides a strobe pulse. Thig logiec is shown in
R 20

The WRJIOD and WRIEBV puises apply similar timivg
sulses, delayed % usec, to the write current drivers.
They also time the bias (digit drive) current. This

lozicec is alsoc shown in fig. 33.
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"Overspill" and "Underspill"

Logic is provided which causes the program in control
to be interrunted if it attenpis to overfill the JHS
(overspili) or to extract addresses from an empty JNS
(undersnilil), Logic is also pzrovided which indicate
when the JHS is enpty; the signal provided by this
logic is imspecited when a "JrEJ" or "JrIJ® (S?)
instruction is obeyed (sce Programming llanual sect.

B Gesls

The core stack is addressed cyclicly by ths two address
registers and the "toggzle" flion-flop as shown in figs.
26 & 34, The address registers are initially set to
(000),. and (111}, as shown, and the togsle is reset,
At this stage, when the JIIS is 13ty, WrLtluQ (nesting
down) is permissible but re ﬂ:nf (nesting u is not,

\-../

! b If rcaaing is atiecmpted
wher ths JHS5 is enpty (agdr\,sse as at 2{) oxr if

writing is ‘ttempted when the JNS is full {addresses as
at Y), the 1SP (I'S or JNS Spill) reason for intcrruption
£lin-Fflop (RPI We. 10) is set.

Interruption willi be inhibited
by cuhe WIFF if Dircctor is: in control and *he JUS
overspill signal will be genereted if an attempt is
made to use more than 15 cells (see para. 6.0.).

The (ore Stack

The JNS is & word organised store which has a capacity
of 16 24-bit words; it is used to store up to 16 16-bit

3
WOTGAS, The store has two address registers, as already
described. Cne register addresses the odd numbered

locations and one addresses the even numbered locations.
There are two read current drivers and two writce current
drivers. Cne read and one write current driver supply
the odd numbered drive lines in all four stores and one

cad and one write current driver supply the even numbepr-
ed drive lines,

The drive line to be energised is sclected by neans of
sclection gates similar to those used in the { store.
As with the & Btores, the JIIS tc be used by any progran
is selected by the output of a 2-bLb° ., Drogram number whidy
is set in the Programn Number Rlegister before Director
hands over control,

There are 16 road anplifiers and 16 digit drivers., The
digit drivers are timed by "bias control fllp—;lops"
which are set during the write cycle and reset when
writing has been comploted (fig. 33} The digit drivers
which must pass current arc selccted by the contents of
the JB as deseribed in a previous report.
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6.6 Circuits

The circuits used in the JHS are similar to those

used in the & store. Varicus components have been
changed to cope with the different voltages and currents
involved,

The rcad current drivers supply a 1 usec current pulse
of about 120 miA and the write current drive supply 60nmA.
The digit drivers are 253 circuits which are similar
to the "DC gave!" part of the QF digit drivers.

19}

The read amplifiers are the same as the 68 read amplifieﬂ
and the strobe is simply an anplified clock pulse,

B e
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