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The present invention relates to an improved data
processing machine. . .

In particularly summarizing the concepts contained in
the present invention, the following are believed to be the
more significant.

The addresses of the locations of data words or oper-
ands to be processed are contained in storage address reg-
isters which are independent of one another in determin-
ing the number of characters in a particular data vyord
for a selected operation. The data words are of .vanablc
fength and each storage address registqr c01_1t1'nues to
present the address of the next successive digit to be
used until the end of the word with which a particular
register is concerned is detected. In determining the end
of a data word, a character marking bit is used with the
last character therein. This character marking bit is
therefore used to attach a particular significance to a
character and the concept of employing such a bit in
combination with the data character itself is believed to
be an important contribution to the art.

In the present invention, the instruction word is also
of variable length and may contain as many operation
codes as desired with the addresses of the first character
in each operand. In the instruction word, the operation
code contains a character marking bit in order to indicate
their function as an coperation code. With the storage
address registers independently operable to indicate the
addresses of successive characters to be utilized in the
process, sequential operation codes need only use the
address standing therein at the termination of the last
operation. With this concept, time may be saved in not
generating new addresses for each operation.

In the processing of data, the characters from storage
are read on successive cycles as indicated by the storage
address registers and recirculated through two registers.
One operand is also always restored to its original loca-
tion in memory while the other may not be. The result
of the process of the operands is however placed at the
address of the other operand in its associated cycle. The
processing apparatus senses the characters stored in the
registers to determine what will be placed at the second
location. The time for recirculation is thus reduced to
a minimum.

In further simplification of the operation of processing,
the machine contains a normal sequence of operations
which continues unless signaled by the process unit to
alter the sequence.

It is therefore an object of the present invention to
provide an improved data processing apparatus.

It is a further object of the present invention to provide
a data processing apparatus including a storage for char-
acters to be processed in which the address of the next
successive character is obtained independently of the ad-
dresses of other characters.

It is another object of the present invention to provide
a data processing apparatus including a storage for char-
acters to be processed in which the addresses of succes-
sive characters in different fields are obtained independ-
ently of one another.

A further object of the present invention is to provide
a method for marking characters to establish a control
function associated with the character.

A still further object of the present invention is to
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provide a data processing machine in which data words
to be processed are of variable length.

Still another object of the present invention is to pro-
vide a data processing machine in which instruction words
are of variable length to include a plurality of operation
codes.

Another and further object of the present invention
is to provide a data processing machine in which data is
recirculated and processed on the recirculation loop.

Another object of the present invention is to provide
a data processing machine in which the processing of
data is accomplished in a normal sequence which is se-
lectably varied in accordance with the operation being
performed.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of a preferred embadi-
ment of the invention, as illustrated in the accompanying
drawings.

In the drawings:

FIG. 1 is a schematic illustration of the invention.

FIGS. 2a—2f illustrate the detailed circuit of the en-
tire invention.

FIGS. 3a—3c illustrate a portion of the detailed cir-
cuit of the cycle control.

FIG. 4 is an illustration of the circuit used in gener-
ating instruction pulses.

FIGS. 5 and 7 are illustrations of the detailed control
circuits for the machine.

FIGS. 6 and 8 are illustrations of the manner in which
FIGS. 2a—2f and FIGS. 3g—3c¢ are to be combined.

GENERAL DESCRIPTION

The data processing machine shown in FIG. 1 utilizes
a serial by digit, paralle] by bit character flow. A mag-
netic core storage 11 contains all characters which are
to be utilized in the internal operation of the machine.
Each character will contain a combination of eight bits
(1 or 0) to signify the particular significance of the
character. 1In the particular illustration used in FIG. 1,
there would be one character contained in each vertical
intersection 11a which contains eight planes of magnetic
cores.

With each vertical intersection of cores set to indi-
cate a particular character, the character may be read
out on line I3, or read into on line 15 by selecting a
desired coordinate position. This coordinate position is
selected by an X-matrix and a Y-matrix which decode an
indicated number standing in an address register 21 to
obtain the contents of the desired coordinates in storage
indicated by this number.

When the coordinate selection is made by the X-matrix
and Y-matrix, the magnetic cores containing the indi-
vidual bits of a character are reset to “0.” When reset
to “0” any character standing therein prior to this selec-
tion will be transferred to a buffer recirculation register
23 as the combination of bits previously contained in said
column of cores.

The character then standing in the buffer recirculation
register 23 may be transferred to a storage recirculation
register 25 and also returned to the same position in stor-
age 11 by line 15, or, is utilized in a logic operation

. and the results stored in the location from which it

70

originated. Operation code characters are stored in an

~ operation register 27 in contradistinction to the above.

However, this portion of the apparatus will be explained
hereinafter.

In the operation of the present machine, the address of
the next instruction is contained in an instruction register
29. The address, which is a number, specifies the loca-
tion of the first digit of an instruction word contained
in storage 11, in a group of locations designated generally
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as instruction word locations.
sumes the following format:

The instruction word as-

Instruction Format

This machine uses variable length instruction as
foilows:

POSITIONS

1 2 3 4 5 6 7 8
oP
oP d
or A A A
oP A A A d
orp A A A B B B
OP A A A B B B d

“OP” is the one-character operation code which defines
{he basic instruction. The “OP” code position must also
contain a word mark.

AAA is a three-character coded memory address of
a data word.

BBB is a three-character coded memory address of a
data word.

The instruction length is indicated by a “word mark”
located in the next position in memory to the right of the
instruction.

The instruction word format as shown consists of an Op
code digit in the first position and two sets of address
words A and B.

The Op code which determines the operation of the
machine is a one-character designation such as E (for
edit), A (for add), etc. The “A” address and the “B”
address coniain three digits each and specify the location
of an initial digit of two operands which are to bz used
in the process designated by the operation code. Other
operaiion ccdes may be uszd in serictum foellowing the
“A” and “B” address if the cperations designated there-
by are to be performed on groups of characters which
follow the first groups of characiers designated by the
initial address of “A” and “B.”

As cvidenced by the instruction word, the instructions
may be of any length or as short as desired (for some
operations). 1n a similar manner the cperazds, or data
on which an operation is to be performed, are of no
fixed length, To designate the beginning of an instruction
or the end of an operand, a marking bit (he einafter re-
ferred to as “word mark’) is utilized with the particular
digit concerned to indicate the fact. This word mark is
carried in a core plane (#8).

in operation, the instruction word is read from storage

13, under control of the instruction address register 29,

character by character to the buffer recirculation register
23, The first character, which is the operation code, is
siored in the operation register 27. The succeeding char-
acters constitute addresses which enter the “A” and “B”
address registers 33 and 31. The instruction address
regisicr 28 is advanced to the next address by an address
modifier 35, which adds “one” to the number stored in
the instruction address register which is recirculated to
the instruction register as the address for the next instruc-
tion digit and recirculated into storage in its original
location.

After the complete instruction addresses of operands
have been read into the memory address register “A”
and “B,” abbreviated hereinafter as A MAR and B MAR,
the operation will proceed in accordance with the opera-
tion character stored in the operation register 27. The
operation register 27 is connecled to a transiator 37 which
translates a particular operation character to a form
recognizable by a cycle control 39.

The cycle control 39 is the controller for the machine
and transmits all the necessary signals to all parts of the
apparatus to provide an appropriate operation for the
operation code then stored in the operation register 27.

In the cycle control 39, A and B cycles originate to
rend data from storage 11 to the registers 23 and 25. In
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an “A” cycle, a character is read from storage 11 at the
location specified by the A MAR 33 into the “B” register
23 on the read portion of the cycle and back into the same
digit position in storage 11 on the write portion of the
“A™ cycle at the same time that it is stored in the “A”
register 25, On a “B” cycle, a character is read from
storage 11 corresponding to the address specified by the
B MAR 31 and stored in the “B” register 23. During
the write portion of the “B” cycle, this character may be
read back into storage at the same location or a different
character generated within the machine may be inserted
at this location.

In general, therefore, there are two operation cycles
«aA” and “B” with two recirculation registers “A” and
“B,” 25 and 23 to accept characters addressed by the
A and B MARS 33 and 31, respectively. Each time an
“A” or “B” cycle is used, the address standing in the
“A” or “B” azddress register is modified, by “one,” to
designate the next successive digit location in storage 11
which will be read on the mext related cycle. In an
ordinary case the results of an operation on operands
stored at an “A” and “B” location will be found at the
“B” location.

Description of Components

The storage device shown at 1 consists of a plurality
of magnetic cores arranged in rows, columns, and planes
as shown in FIG. 1. As well kinown, the magnetic core re-
ferred to herein has a substantially rectangular hysteresis
characteristic which enables the magnetic state of the
device to be changed from one position or znother in
accordance with a current passed through a coil wrapped
therearound. By setting these cores in one staie or an-
other, the presence or absence of particular bits may be
indicatcd, and a representation of data may be conveyed.
The bits of each digit are contained on the successively
elevated plancs of cores as shown. Each digit is repre-
sented by a particular coordinate position therefor.

Ia reading out particular digits of information, it is
therefore necessary only to select a particular rectangular
coordinate which is applicable to all planes and pulse
the same therefor to read out the information contained
in all cores contained in that particular coordinate posi-
tion. When the cores at a particular location are se-
lected, there will be a number of pulses generated on
output 13, which would be eight separate connections.
Tn other words, when the coordinate position is sensed,
the cores are switched and the change in magnetization
is detected by the windings contained therearound.
When a character is read out therefor from the storage,
it is necessary to regenerate the same back into storage
if it is desired to retain the same. This type of apparatus
;s shown generally in Patent No. 2,939,120.

The input to memory is shown by a line 15, referring to
FIG. 2, representing eight connections and connected to
current drivers 49 which furnish sufficient current to the
cores at a selected coordinate position to switch the same
in accordance with the desired code configuration.

In FIG. 2a, the address register 21 contains a series
of stages 21q to 214. Each stage consists of a series of
bistable elements, cores, transistor circuits, etc., which
hold the indicated number of the desired coordinate
position. Stage 21d which represents “one thousand”
contains only one bit. Stages 21c, 21b and 2la repre-
sent hundreds, tens, and units. The address register is
reset by means of a line 51 connected to initiating signal
lines connected to an OR circuit 53 and timed by an
AND circuit 55 connected through an inverter 57. This
provides for resetting the stages at a predetermined time
in a given cycle.

The outputs of the registers 21a-21d consist of as
many lines as there are bits for a given stage. The bits
for a stage are shown by the digits contained therein.
The outputs of these registers are directed to matrix
switches 17 and 19 which decode the number standing
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in the registers to a coordinate position. An address
decode circuit 59 is shown for the thousand and hun-
dreds digit position. These circuits have not been shown
more particularly since it is believed that the operation
of the same is obvious and in particular forms no part
of the present invention.

The outputs of registers 21a to 21d are further di-
rected to a memory address display 61 which indjcates
visnally the number standing in the address register.
The outputs of these registers are further directed to an
address modifier 35 wherein the number standing in the
register 21 is modified by incrementing or decrementing
by one (1), for example, and transferring the same to
the I memory address register (I MAR), the B MAR 31
or the A MAR 33 to set the registers to indicate the ad-
dress of the character which is to be next drawn from
memory.

The address modifier 35 which is shown schematical-
ly in FIG. 2b is not illustrated in detail by reason of
the fact that its details form no part of the present in-
vention. As mentioned above, its purpose is to incre-
ment or decrement the address stored in the address reg-
ister by a given amount, for purposes of illustration the
amount is given here as +1 or —1. The return from
the modifier 35 is by means of a line 63 to a series of
AND circuits 65, 67, 69, 71, 73, 75, 77, 79, and 81 which
are connected to the units, tens and hundreds orders of
each of the registers 29, 31 and 33. A line 61 from
modifier 35 is connected to AND circuits 83, 85 and 87
connected to the thousands order of registers 29, 31 and
33.

The Memory Address Registers 29, 31 and 33 each
consist of a series of stages as described in relation to
the address register 21. The output of each is in parai-
lel to the address register 21 by a series of AND gates
89, 91 and 93 for the respective registers 29, 31 and 33.
It should be understood that the use of one AND circuit
for a register represents as many AND circuits as neces-
sary for the number of bits which are being transferred.
Since stages such as 2%a contain 5 bit positions, as in-
dicated, these would of necessity be five AND circuits
represented by AND circuit 89a. In a similar manner,
the AND circuit 8956 would represent one AND, ie.,
the thousands bit. The desired register is selected by the
AND circuits 89, 91 and 93 in combination with a line
95, 97 or 99.

A series of reset AND circuits 101, 103, 105, 107,
109, 111, 113, 115, and 117 are provided to reset the
individual registers to zero in cooperation with the con-
ditioning signals from OR circuits 119, 121, 123, 125,
127, 129, 131, and 135. The origin of these signals and
their cooperation with the operation of the apparatus
will be explained subsequently. The input illustrated
here has the same meaning as to number of lines as do
the outputs described previously. This is, of course,
that the single line shown for setting a stage of a reg-
ister indicates as many lines as there are bit positions
within the register. 'The reset lines need not be indi-
vidual for each bit position.

The operation register 27, FIG. 2b, is a single charac-
ter static recister having an input AND circuit 143, rep-
resenting the seven circuits necessary for the seven bit
positions shown therein. A reset inverter 141 is shown
for changing the indication therein to zero. The static
output of operation register 27 is shown at 145 and is
connccted to an operation display 147 and to an opera-
tion decode circuit 37. The decode circuit utilizes the
character stored therein to translate from the combina-
tion of bit signals, an indication to the cycle control 39
of what the machine operation will be for this process.
Other outputs are connected to the unit which is to con-
trol the machine for this operation. Note that one line
goes to editing circuit 41, and one to the compare cir-
cuit 49, FIG. 1.

The “B” register 23 and “A” register 25 are similar to
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6
the operation register 27 and include reset means 139
and 137 and indicators 149 and 151. The “A” register
further includes an input controlled by AND circuits
155 opened by the cycle control 39 for allowing informa-
tion to pass therethrough,

The circuits shown as connected between the outputs
of the “B” register 23 and the outputs of the “A” register
25 perform the various logic operations on the data
stored in storage 11 and are selected by the operation
code. These circuits will not be described in detail in
the present specification.

Connecting the output of the “B” register 23 and the
“A” register 25 to the storage 11 are series of AND cir-
cuits 43 and 47 each representative of a number of cir-
cuits equal to the bit positions to which they are con-
nacted in these registers.

Inhibit and gate controls 45 determine the operation
of gates 43 and 47 in dependence upon controls from
the various logic circuits. The inhibit gate 45 may fur-
ther insert a predetermined character back into storage
11 independently of the data stored in either the “B”
register 23 or “A” register 25.

The cycle control 39 contro's the apparatus by means
of signal lines connected to all components in response
to information derived from all components. This will
be explained in more detail hereinafter. For the pres-
ent, the machine will be described generally as to opera-
tion with the assumption that the cyc'e control is con-
trolling the various components in sequence for that
operation.

In general, there are three different types of cycles for
the present machine. These are an (1) I cycle, (2) A
cycle and (3) B cycle.

The 1 cycles are concerned with placing an instruction
word in the correct locations in the machine. These
are: (1) for the operation character—the Op register
27; (2) for the A address—A MAR 33; and (3) for the
B address—B MAR 31.

Operation of Apparatus

The T MAR 29 is used to store an address of the in-
struction word to be used in the next operation of the
machine. Assuming for example that the address in the
I MAR is 001, this address is the location of the first
digit in the instruction word portion of storage which is
to be read out into the various registers.

The I MAR line 95 is pulsed and the information
stored in the I MAR registers is transferred to the ad-
dress register 21, where it is decoded by the decode cir-
cuit §9 and also by means of the matrix switches 17 and
19 to select the first digit from storage 11. For purpose
of illustration, in the subsequent description, assume that
the instruction word is K789300. This is stored at
memory addresses 001 to 007 respectively. As it will
!)e remembered from previous descriptions the letter E
is an operation cods while the addresses 789 and 300 be-
long respectively to the A and B MAR for the addresses
of the operands to be used in the operation controlled by
the Op code.

The operation code digit which is then read from
storage location 001 is transferred to the B register 23
and then to the operation register 27. Further, the
address register 21 which contains the I MAR address
transmits this to the modifier 35 which in turn transmits
baqk through the lines 61 and 63, the modified digit
which is the address of the next character for the in-
struction word. This is also written back into memory.

In discussing the instruction word and the means by
whict_x the various characters stored at the individual
locations are obtained, a ring is used to keep track of
the various instruction digits so that for the seven digits
which may be included in an instruction word, there are
seven I-pulses, 1, 2, 3, 4, 5, 6, 7. For each instruction
cycle 1-7, the I MAR 29 will be advanced by one by
the address modifier and by timing signals to the OR
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circuits 119 and 121 and by the line 157 connected to
AND circuit 67.

On instruction cycle ¥-2, the number contained in the
I MAR (which is 002) affects the selection of a char-
acter from storage which is read into the B register where
it is passed through an AND circuit 161 to the A MAR
33 and B MAR 31. Since the I cycle is -2, the OR
circuits 135 and 127 are passing signals to condition the
AND gates 117, 87 and 81 and 111, 85 and 78 so that
a hundreds and thousands digit will be set into stages
33¢ and 33d and 31c and 31d in accordance with the
digit 7 which was standing at location 002.

This operaticn continues in sequence for the T cycles,
1-3 and I-4. At this point, the number 789 which is
stored in the A MAR is stored in ths B MAR 31 also.
his allows for certain operations which may be ex-
plained subscguently where it is desirable to use the
same address of an operand for performing certain par-
ticular operations. However, for the present case, the
next I cycle, I-5, continues and sslects the character
3 which is placed into the B MAR register stages 31¢
and 314 through the signalling on an OR circuit 127
and conditioning the AND gates 111, 85 and 75. On the
I-6 cycle, stage 33b is likowise set to O and on cycle
007, stage 31a is set to 0. At this point, the respective
registers 33, 31 and 22 contain the numbers 789 300 and
008. As menticned previcusly, 008 which is the address
in the I MAR 22 will be the next instruction word for
the subsequent operation which will follow after the one
now to be described.

As will be remembered, the operation or the instruc-
tion words for this particular apparatus are terminated
by means of an operation digit containing a word mark
which as it will be remembered is another bit position
carried with the character to indicate its significance.
When the T MAR 29 contains 008, the machine will
exscute a cycle and the character storad at this location
will be brought out to the B register. The word mark
contained at this location which is part of the characier
representing the operaticn code for the next instruction
word will be detected and the character will be placed
into storage at the same location from which it origi-
nated, but no action will be taken with respect to the
I MAR register by the address modifier 35 and the in-
struction therein will remain 008.

The sequence of operation for this is as follows: In
the read portion of the instruction cycle, which approxi-
mates the first quarter thercof, the address modifier will
add “one” to the units position of the I MAR. When the
word is detected, however, in the B register the original
digit in the address register 21 will be passed through
the address modifier to the units position of the I MAR
to restore this register to the number originally standing
therein.

The A MAR 33 and the B MAR 31 now ccntain the
address of the lowest order digit of the operands which
are to be operated on in accordance with the Op code
digit contained in register 27.

The operation code digit which has been shown in the
present instant is for editing which will be described in
reference to the system. As explained previously, the
operation register will signal the edit control that the
machine is ready for it to operate upon the operands as
indicated by the addresses stored in the A and B MAR,
The actual operation consists in most instances in trans-
ferring, on an A cycle, the characier stored at the indicated
address in the A MAR from memory to the B register
and then to the A register and back into memory at the
location from which it originated. The character there-
fore stored at the A MAR address is placed in the A
register. The address modifier in this instance by control
of the cycle control decrements the address standing in the
A MAR by the method explained previously to give the
next lower address. In this case, with the characters
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789 stored in the A MAR, the decremented number for
the next A cycle would be 788.

On a B cycle the number stored at address 300 will
be brought to the B register and by virtue of the logic
control which samples both the A register character and
the B register character either returns the B character to
its location in memory, returns the A character to the
B location in memory, or inserts sn entirely different
character through the inhibit gate control. In any event,
the results of a logic operation will be to place the re-
suiting digit in the location specified by the B MAR from
which the informaticn was read on the B cycle.

Since the character stored in the A register must of
necessity pass through the B register, it is believed evident
that an A cycle will be taken only when the A digit is
removed from the A register so that two cycles A and B
will next be tzken. The B cycle, in other words, is the
cyele which brings out the second operand and stores
ihe result of an A and B register comparison or legic
process.

The operation will continue until a word mark is sensed
in the B character which is removed from storage which
signifies to the machine that the operation is terminated
and a new instruction word is to be taken at the address
stored in the I MAR 29. When an A word mark is
carried by the A operand, its significance will be pre-
determined by the control or operation then being per-
formed by the machine. However, the A word mark
does not normally initiate an instruction cycle.

Cycle Control

The timing cycles of the present invention are: I cycles,
which are used in reading instruction characters into the
various registers; A cycles, which provide for taking a
character stored at the address indicated in the A MAR
storage and placing the same in the A register; and a
B cycle in which a character stored at the address indi-
cated by the B MAR is moved from storage to the B
register. Each cycle is divided into 120 units of time, for
example, a memory cycle would consist of a first in-
terval of approximately 30 units for selecting the char-
acter stored at the address location specified by the mem-
ory registers, a second interval of approximately 60 units
for processing the data, and a third interval of approxi-
mately 30 units for reading the character desired back
into storage at the address which was then selected by the
particular register. In the operation of the memory ad-
dress registers, the cycles are divisible into four intervals
of approximately 30 units of time, designated as units,
tens, hundreds and G-time, respectively.

The cycle control shown in FIGS. 3¢—3c contains delta
process latch 201, 203, FIG. 34, which is turned ON when
the machine is conditioned for operation, which condi-
tions a process latch 215,217 and a time signal, for oper-
ation. These two latches, when operated, furnish signals
to indicate that the machine is to be operable and further
are responsive to other conditions for terminating opera-
tion. These condition-signals are indicated by lines 202,
284 and 219 with appropriate legends.

A series of latches, FIG. 3b, are utilized to initiate the
generation of a given cycle, I, A or B, in response to pre-
determined conditions to be described subsequently.
These latches 235, 237, (delta I); 291, 289 (delta B); and
267, 269 (delta A), have a normal mode of operation in
controlling the machine to generate I, A or B cvcles which
may be varied by the condition signal applied thereto.

In FIG. 3¢, an I cycle latch 243, 245, a B cycle latch
302, 304 and an A cycle latch 277, 279 is shown to gen-
erate the I, A or B cycles in accordance with the delta
latches actuated at the end of the preceding cycle.

The elements shown in the circuits to be described are
transistorized logic blocks such as shown in application
Serial Number 838,456, now abandoned. There are a
number of AND circuits contained herein, some of which
have only one input and thus act as voltage setting de-
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vices or isolation circuits. These will all be referred to
as AND circuits. The inverter AND circuits are utilized
to furnish different voltages.

Assuming that the machine is now processing data, the
delta process latch 201, 263 will be ON, FIG. 3a. This
process latch consisting of an inverter AND circuit 261
and inverter 203 operates when set to maintain a fixed
voltage level output until reset. With the delta process
latch 201 and 203 turned ON, a signal will be coupled
through a driver 211 to an AND circuit 213, FIG. 3q,
which is conditioned at a time 000 to 030 to set the process
latch consisting of AND circuit 215 and 217 to provide
a signal to the output of AND 217. The process latch
may be turned OFF as shown at 219.

The output of the AND 217 is coupled to an AND
circuit 223 which at a time 075 to 105 furnishes an out-
put signal to a driver 225. Assuming that a new instruc-
tion word is to be loaded into the A MAR and B MAR
to indicate a new operation, a signal will be present on
line 227 denoted as an I/E change (instruction execute)
which is coupled to an AND circuit 229, FIG. 2b. The
signal from the driver 225, line 231, is also connected
to the AND circuit 229 with a signal on line 223 indica-
tive that a B cycle is then being executed in the machine.
In the ordinary case the instruction execute changes take
place on a B cycle so that a signal on the B cycle latch
line 233 will cause the AND circuit 229 to furnish the
signal to a delta I latch consisting of an AND circuit 235
and an inverter follower 237 to set the same and to indi-
cate that the next cycle will be an I cycle.

A number of different events occur when the delta I
latch is set to produce a signal output, one of which is to
cause a signal to be coupled through an AND circuit 239
to an AND gate 241 which at a time 000 to 060 produces
an output to set the I cycle latch consisting of AND cir-
cuits 243 and 245. The ouiput of the I cycle latch is
coupled to an AND circuit 247 with a process signal on
AND 313 through a further AND 253 to provide the out-
put of the I cycle latch which in turn controls various ele-
ments in the processing system. An I ring which is
used to generate the instruction puises I-1 through I-7
is shown in FIG. 4 and consists in a number of triggers
345 which are operated sequentially to generate the vari-
ous pulses shown numbered thereon. This ring cperates
by turning one trigger OFF which in turn is coupled to
the next trigger, turns this trigger ON. A line 342 is con-
nected to all trigeers and is utilized as the drive pulse
which operates all triggers to an OFF position at which
time the coupling action between triggers takes place to
set the next sequential one. Referring to FIG. 5, there
is a latch 329, 331 which is called “set to 1 latch” which
is utilized to set up the chain of triegers to provide the
proper sequence. In this case an AND circuit 323 in co-
operation with a B cycle on line 306, an indication of an
I/E change on line 325, at a time 060-090 on line 327,
produces a raised output to set the AND circuit 331 and
AND 329. The reset for the “set to 1 latch” is shown
by a line 335 which is an ¥-1 pulse, at a time 090 to 0G0
on line 337, coupled through an AND circuit 333 and
inverter 335. 1In the absence of the conditions on lines
335 and 337, the inverter will provide the correct voltase
pulse to keep the latch set. The start reset line 294
coupled through diode 321 is utilized in the same manner
as the start reset shown in cooperation of the delta B
latches described previously,

When the “set to 1 latch” goes ON the line 339 of FIG.
4 has the proper voltage signal to set the trigeer 341.
The “set to 1”7 line 339 operates as a gate to allow the
trigger 341 to be operated and also provides that the other
triggers 345 through 355 will be turned OFF by the delta
J-cycle 357 and the “not set to 1” line 359 through gate
367 which prevents any trigger 345 through 355 from
being operative. In other words, this provides for the
resetting action by use of the gates. On I-1 cycle time
at time 090 to 000, the “not set to 1 line” 359 will come up
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and allow each trigger 345 through 355 to be sequentially
set. The ring drive 342 is shown coupled through the
AND circuit 365 and is conditioned by a timing signal 000
to 015 on line 361 and the delta process line 363 which for
each cycle will step the triggers to the next succeeding
one.

Referring to FIG. 7, signals on line 551, which indi-
cate an I cycle, and line 253 which indicate a “gated
word mark” (word mark sensed in B register on any I-
cycle other than I-1), condition the AND circuit 255 to
provide a signal through an OR circuit 257 to indicate an
instruction execute change, This gated word mark 253
is connected to the B register word mark bit so that when
the fnal digit in the instruction cycle is read out, which
it will be remembered contains a word mark in the 8th
position or one subsequent to the I-7 cycle, there will be
a change to indicate that the machine should now proceed
into its execution cycle in which the opsration indicated
in the operational register will be performed.

AND circuit 552, F1G. 3b, is conditioned by the delta
process latch gate from driver 225, FIG. 3a, a signal
from the I-cycle latch on line 362 which it will be remem-
bered is now ON and an instruction execute change I/E
on line 227 to provide an output from AND 259 through
e AND 261 to the inverter 263 which will reset the
deita 1 latch 235, 237,

When the AND circuit 259, F1G. 35, produces a signal,
this sume signal from AND circuit 259 is connected to
AN circuit 268 which with a signal from circuit 264,
which indicates “not A cycle eliminate,” produces an out-
put to set the delta A latch consisting of AND circuit
267 and inverter 269. The delta A latch 267 and 269
produces an output to AND circuit 271 which is also
connected to the delta process line to produce a delta A
cycle. This signal is coupled to AND circuit 273 which
at a time 000 io 060, line 275, sets the A cycle latch con-
sisting of AND circuit 277 and AND circuit 279 to pro-
duce a number of outputs including an A cycle output
through AND circuit 281 in a similar manner to that
produced for AND circuit 247 in the I latch.

At this time, it might be well to consider the timings
of the various cycles. By referring to the AND circuit
223 which connects the precess line (indicating that
the machine is running) to the delta gates, it can be
seen that the gate 223 has an output between 075 and
105. This timing is in the cycle preceding the point at
which it is necessary that the particular cycle be taken.
This is noted in relationship to the I-cycle latch which
is turned ON at 000, referring to AND circuit 241, FIG.
3¢, and to the AND circuit 273 in the A cycle latch. The
output from AND circuit 283, FIG. 35, is connected to
an AND 287 which sets a delta B latch consisting of AND
289 and AND circuit 291. At the same time the output
from AND 283 is connected through an AND 554 and
inverter 295 to reset the delta A latch 267, 269 and turn
this latch OFF. This happens only when the deita cycle
latch gate is up between 075 and 105 in the succeeding
cycle in which the A latch was turned ON.

By similar operation the AND circuit 293 connected
to a line 295 is operative to teset the delta B latch in
the following manner. When the delta B latch went ON,
the output from AND 289 was coupled through the AND
cireuit 292 to the AND circuit 308 which is timed at the
beginning of the cycle to set the B cvcle latch 302 and
304 and penerated B cycle on line 306 through AND
circuit 388, With the B cycle latch turned OFF by
AND 293 and inverter 299, the signal from AND cir-
cuit 293 is connected to an AND circuit 301 which with
a signal on line 303 noted as “not I/E change” which
will set the A latch.

In the absence of a signal on line 266 (which would
indicate that the A cycle is not to be eliminated), the
delta latches A and B sclect the A and B latch alternate-
ly to select the characters from the A and B MARS.
However, when the “not A cycle eliminate” is absent,
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the deita B latch is not reset and the apparatus gon_timlcs
to take B cycles until the siznal “not A cycle eliminate
The control signal for this will be explaine

returins. ) .
subsequently. It should be ncied that the AND c:

556 is cperative in an imstruction execution cycle when
4 new instruction word is to be stored in the A and B
MARS to generate a signal to reset the dsita B laich
289, 291, As it will be recalled the B Jatch is ON when
2 new jastruction cycle is taken. To initiate a series
of 1 cycles, a delta f-cycle latch is initiated by a signal
on a start reset line 284 through an AND unit £3% 1o
the diode 303 to sct the delta I latch and to condition
the delta B latch through follower 323 ond the A latch
through follower 397 to turn these OFF and initiate an
instruction cycle reset.

The I-cycle latch, the B cycle latch and the A cycle
atch, FiG. 3¢, have asscciated therewith a series of
manual keying lines 361, 363 and 379, Whea the ma-
chine has terminated operation for some reason, a sig-
nal may be impressed on the desired line 361, 363 or
378 to activate thz display associated with the particular
regisicr with which the signal was associated. This allows
the programmer to sce what is in the various registers.

WWhen the machine dces stop, the A, B or I cycle latch
will be ON and a signal be coupled to the lines 362 or
310 or 367 to activate the character display register
associated therewith. When a selection is made by
key different from the cycle latch which is ON when the
machine stopped, this will drop out the other latch which
was ON by means of the AND circuits 245, 334 or
279. When the machine is restarted, however, the delta
cycle latches, FIG. 3b, which were not dropped out,
select the cycle latch, FIG. 3¢, which was ON when the
machine ceased operation to initiate the cycle at this
peint.

in FiG. 5, the apparatus for terminating operation of
the A memory address register in response to a word
mark is shown as a latch consisting of AND circuits
372 and 373. This latch is conditioned by sigaals on
lines 375-377, which are applied to AND circuit 374
to signal the AND circuit 373 which is also conditioned
by a signal on line 378, not I-cycle.

The output of AND circuit 373 is applied through
OR circuit 379 to the line 263 and through AND 38¢.
This, it will be remcmbered, in refcrence to FIG. 35,
operates the machine on B cycles only as long as the
signal is present. Signals on lines 381-384 of the nature
indicated also eliminate the A cycle,

The AND circuit 385 is conditioned by a word mark
at 1-6 time to coadition AND circuit 386 aleng with a
signal from AND circuit 331, This signal on line 337
gocs to the I-A MAR gates, lines 95 and 92. 'This is
used in an instruction with an operation code designating
that the instruction word is to be taken from an address
located in the A MAR modified and transferred to the
I-MAR.

The circuit of FIG. 7 is used for a variety of parposss.
The AND circuit 255 is used to detect the word mark
uced for an instruction cycle in order to recognize the
end of the instruction word by the presence of a word
mark. This was expleined previously in refaiion to the
instruction change.

The OR circuit 3892 couples signals on lines 339--392
to the AND circuit 3%3 which is conditioned by a B
cycle on line 3§66 to produce a signal on line 227 for
an instruction execuition change. The signals on line
399 are:

MZS—MIove with zero suppress removes
significant zeros from operand

E-——Edit

I/E—Instruction-execution change

leading non-

Each of these signals on lines 391 and 322 originate
from the operaticn register to instreet the machine 10
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go into an execution cycle. The signal on line 399 is
transmitted from the edit control.

The signals applied to OR circuit 3$8 are concerned
with the B address operand and are applied to an AND
circuit 394 which is conditioned by a B cycle signal on
line 326 and a signal on line 3%% indicating that the A
word mark latch is ON. This also causes an I/E change.

A reverse scan latch consisting of AMD circ 402
and 404 is set by signals applied to AND gate 441, This
operation is included in an editing operation when the
word ut the B location is to be rescanned. The signal
from the latch is used to generate the control signal for
a reverse scan operation in which the address modifier
is controlled to add “one” to the address contained there-
in for successive cycles taken. When the scanning has
been completed, an AND circuit 488 will be conditicned
to turn the latch OFF as well as go through OR 405
1o readdress the data word and read the characters {
in the forward direction. The AND circuit 481 s
the presence of a B cycle and a gated word mark 2353
to generate an instruction execute change in the event
that the operation is to be terminated.

The circuit at the botiom of FIG. 2a is uscd to enter
data manually into the storage of the machine. Wiih
character bit keys on the console selected for the par-
ticular character desired to be entered into storage, the
manual entry line 413 and enter key line 414 wiil have
a signal thereon coupled through AND 468 tc set the
latch 402, 403 through AND 401. This activates mem-
ory through 484 and resets the address register through
AND 420. The D cycle latch 402, 463 provides one
cycle. The restore signal to reset this latch is provided
by AND 488 with the time pulse shown.

The memory scan and memory print lines 415, 416 are
concerned with transferring of a number of characters
from memory so a plurality of D cycles are taken.

While the invention has been particularly shown and
described with reference to a preferred emboediment there-
of, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the
invention.

What is claimed is:

1. In a data processing machine including a storage
device for storing a plurality of characters at selectable
address locations, a plurality of storage address registers
each containing a number indicative of the address of an
operand character which is to be read therefrom, each
said storage register being set to indicate the addresses of
the first characters of each of the operands to be used in
a machine operation, an instruction address register con-
taining a number indicative of the address of the first
character of a series of instructions, wherein said instruc-
tions each contain an operation character for determining
the successive operations of said machine and numbers
which are the addresses to be used, respectively, in said
storage registers, means modifying the contents of said
storage address registers as each character is addressed,
respectively, by said storage address registers, one said
operand character including a character marking bit,
means for sensing said marking bit to produce the ter-
mination of a machine operation under control of a first
operation character and for selecting the next successive
operation character to control the operation of the ma-
chine and means responsive to said next operation char-
acter for operating said machine, with the addresses of
the operands as the addresses contained in said storage
sters at the termination of the previous operation.

2. In a data processing machine including a storage
device for storing a plurality of characters at selectable
address locations, a storage address register containing a
number indicative of the address of an operand character
which is to be read therefrom, said storage register being
set to indicate the address of the first character of an
operand to be used in a machine operation, an instruction
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address register containing a number indicative of the
address of the first character of a series of instructions
wherein said instructions each contain an operation char-
acter for determining the successive operations of said
machine and a number which is the address to be used in
said storage register, means modifying the contents of said
storage address register as each character is addressed
by said storage address register, one said operand character
including a character marking bit, means for sensing said
marking bit to produce the termination of a machine
operation under control of a first operation character and
for selecting the next successive operation character to
control the operation of the machine and means respon-
sive to said next operation character for operating said
machine, with an operand having, as its address, the
address contained in said storage register at the termina-
tion of the previous operation.

3. In a data processing machine including in combina-
tion a storage device for respectively storing a plurality of
items at selectable address locations, a storage register for
storing a number indicative of the address of an item to
be read from said storage device, said item to be used as
an operand in a machine operation, means for modifying
the the number stored in said storage address register for
each item read from storage, an instruction address regis-
ter containing a number indicative of the address of the
first instruction containing an operation portion, and an
address portion to be used in said storage register, means
controlled by said operation portion for operating upon
an item selected from a location designated by said
address portion in said storage register, said modifying
means thereupon modifying the number stored in said
storage register, and means responsive to a succeeding in-
struction comprising an operation portion but no address
portion for controlling operations upon a first operand
at the location designated by the modified number in said
storage address register at the end of said first instruction.

4. In a data processing machine including in combina-
tion a storage device for respectively storing a plurality of
items at selectable address locations, a storage address
register for storing a number indicative of the address of
an item to be read from said storage device, said item to
be used as a factor in a machine operation, means for
modifying the number stored in said storage register for
each item read from storage, an instruction address regis-
ter containing a number indicative of the address of a
first instruction containing an operation portion, and an
address portion to be used in said storage register as the
address of a first item to be selected from said storage
device, said address register contents being modified as
each item is withdrawn from storage, and means respon-
sive to succeeding instructions containing operation por-
tions but no address portions for controlling operations
upon operands respectively designated by the modified
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number in said storage register at the end of each of said
succeeding instructions.

5. In a data processing machine including in combina-
tion storage means for respectively storing items at selec-
table address locations, a pair of storage address registers
for controlling the selection of said stored items, means
for modifying the contents of said storage address regis-
ters as items are selected from address locations, means
storing an instruction containing an operation portion and
address portions, means receiving said operation portion,
said address portions being respectively transferred to
said storage address registers, means controlled by said
operation portion for acting upon items selected from
the addresses in storage indicated by said storage address
registers, said modifying means changing the contents of
said storage address registers, respectively, upon selection
of said items, a second instruction containing an operation
portion but no address portions and means controlled by
said last operation portion for acting upon items selected,
from addresses in storage, indicated by said storage
address registers, respectively, at the end of said first
instruction.

6. In a data processing machine including in com-
bination storage means for respectively storing items at
selectable address locations, a storage address register
for controlling the selection of said stored items, means
for modifying the contents of said storage address register
as items are selected from address locations, means storing
an instruction containing an operation portion and an
address portion, means receiving said operation portion,
said address portion being transferred to said storage
address register, means controlied by said operation por-
tion for acting upon an item selected from the address
in storage indicated by said storage address register, said
modifying means changing the contents of said storage
address register upon selection of said item, a second in-
struction containing an operation portion but no address
portion, and means controlled by said last operation pot-
tion for acting upon an item selected from an address in
storage, indicated by said storage address register at the
end of said first instruction.

7. A device as in claim 6 and including means for
rendering operative successive instructions containing
operation portions but no address portions, said operation
portions respectively acting upon items selected from
addresses in said storage address register, successively
assumed by said storage address register, as said modifying
means modify the contents of said storage register.
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