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ABSTRACT OF THE DISCLOSURE

A calculating apparatus of the -type having output dis-
play means and including means for visually distingnish-
ing meaningful digits from non-meaningful digits, The ap-
paratus includes means for automatically editing all of the
numbers stored in the various registers after the per-
formance of most operations. Editing is comprised of ex-
amining each of the numbers and determining whether or
not each digit thereof is meaningful. A tag is then as-
sociated with each of the meaningful digits. Any non-zero
digit is considered meaningful, Also, all digits positioned
between the most significant digit in a number and the
decimal point are considered meaningful and likewise all
digits positioned between the least significant digit and
the decimal point are considered meaningful.

D —

This invention relates generally to calculating apparatus
of the type having output display means and more pat-
ticularly to means in such apparatus for visually dis-
tinguishing, in each displayed number, the meaningful
digits from those which are not meaningful.

US. patent application Ser. No. 314,387 filed on Oct.
7, 1963, now Patent No. 3,330,946, and assigned to the
same assignee as the present application discloses a cal-
culating apparatus incorporating a small memory, e.g, of
the magnetic disc type, which defines a plurality of num-
ber storing registers. Means are provided for accessing the
numbers from selected registers for initiating arithmetic
operations on the accessed numbers and for subsequently
storing the results of an operation back in a selected reg-
ister. Output means including visual display means are
provided for continually displaying the numbers stored in
the registers. In order for the calculator to be of maxi-
mum utility, it should have sufficient capacity to handle
and display numbers containing very many digits, e.g.
approximately twenty. When numers of this length are
displayed, it is often difficult for an operator to notice the
existence of one non-zero digit in a long string of zero
digits. In view of this, it is an object of the present in-
vention to provide a calculating apparatus having means
for distingunishing between meaningful and unmeaningful
zero digits in stored numbers. ‘

It is a further object of the present invention to pro-
vide a calculating apparatus having output display means
and means for automatically visually distinguishing for
an operator the meaningful zero digits in 2 number from
those zero digits which are not meaningful.

Briefly, the invention is directed to apparatus for auto-
matically editing all of the numbers stored in the various
calculator registers after the performance of most calcu-
lator operations by examining each of the numbers and
determining whether or not each digit thereof is meaning-
ful. In response to such determinations, a tag is associated
with each of the meaningful digits. In the preferred em-
bodiment of the invention, any non-zero digit is con-
sidered a meaningful digit. Also, all digits positioned be-
tween the most significant digit in a number and the deci-
mal point are considered meantngful and likewise all
digits positioned between the least significant digit and the
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decimal point are considered meaningful. When there
are non-zero digits to the right of the decimal point but
none to the left, the first zero digit to the left of the
decimal point is considered meaningful,

In the preferred embodiment of the invention in which
the value of a digit is represented by the number of pulses
recorded in the first ten bit positions of each digit sector
in the memory, a pulse or tag bit is recorded in the subse-
quent bit position to identify a meaningful digit. The out-
put display means displays those digits containing a tag
bit at normal illumination and those digits not containing
the tag bit at a dimmed illumination. As has been pointed
out, an edit operation is performed on all of the stored
numbers after most calculator operations to tag the
meaningful digits, In addition, whenever a digit is entered
by an operator via the calculator keyboard, it is auto-
matically tagged.

In the aforecited U.S. patent application, means. are
provided for initiating a “preset” operation at the conclu-
sion of most other calculator operations. The functions
performed by the preset operation is to preset a count in
a control counter which designates the appropriate digit
sector into which the next digit, identified via the key-
board by the operator, should be entered. In accordance
with the present invention, the edit operation is auto-
matically initiated at the conclusion of other calculator
operations and prior to the initiation of the preset op-
eration.

The novel features that are considered characteristic of
this invention are set forth with particularity in the ap-
pended claims. The invention itself both as to its organi-
zation and method of operation, as well as additional ob-
jects and advantages thereof, will best be understood from
the following description when read in connection with
the accompanying drawings, in which:

FIGURE 1 is a block schematic diagram illustrating
the keyboard and principal components of the calculator;

FIGURE 2 is a schematic diagram of the memory of
FIGURE 1 specifically illustrating the write in and read
out means associated with each memory track;

FIGURE 3(a) is a block schematic diagram of the bit
(B) counter of FIGURE 1 and FIGURES 3(b) jllus-
trates the gating means utilized to form the illustrated
timing signals based on the state of the B counter;

FIGURE 4(a) is a block schematic diagram of the digit
(D) counter of FIGURE 1 and FIGURES 4(b) illus-
trates the gating means utilized to form the illustrated
timing signals based upon the state of the D counter;

FIGURE 5 is a block schematic diagram of the word
(W) counter of FIGURE 1; )

FIGURE 6 is a block diagram illustrating the means
for deriving signals respectively representing coincidence
between the D counter and the decimal point selector of
FIGURE 1 and the D counter and. the control (C)
counter of FIGURE 1;

FIGURE 7 is a block schematic diagram illustrating
both the flip-flops, which are set in response to the selec-
tive actuation of the keys on the calculator keyboard, and
the cycle counter whose operation is initiated in response
to the setting of any of the flip-flops in the set of function
flip-flops;

FIGURE 8 is a block schematic diagram of the R, M,
and A decade counters of FIGURE 1 and the circuit in-
terconnections therebetween; )

FIGURE 9(a) is a flow diagram illustrating the se-
quence of cycle (S) counter states ‘utilized in the per-
formance of the edit operation and FIGURES 9(b)-(e)
illustrate the portions of the calculator apparatus active
in each of these states; =

FIGURE 10 is a block diagram of the portions of the
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display apparatus responsive to the tag bits for dimming
unmeaningful digits; and

FIGURE 11 is a block schematic diagram illustrating
the portions of the calculator apparatus responsive to the
actuation of the “preset” key for setting the control (C)
counter.

Attention is now called to FIGURE 1 of the drawings
which comprises a block schematic diagram of a pre-
ferred embodiment of the calculator apparatus which can
incorporate the present invention. The details of the cal-
culator apparatus of FIGURE 1 are discussed in the
aforecited U.S. patent application Ser. No. 314,387, and
only so much of the explanation as is necessary to under-
stand the present invention will be repeated herein. The
calculator apparatus includes a keyboard 10, a memory
12, a display device 14, and various other. electronic cir-
cuits comprising logic, counter, and coincidence detection
circuits.

The memory. 12 is preferably of the movable mag-
netic media type, as for example disc or drum, and is pro-
vided with a plurality of tracks as shown in greater detail
in FIGURE 2. The plurality of tracks in cudes a clock
track, a delay track, and a plurality of register tracks re-
spectively identified as the multiplier-quotient (M) reg-
ister, the entry (E) register, the accumulator (A) register,
and three reserve or scratch pad registers R1, R2, and
R3. Each of the register tracks includes 28 digit sectors
followed by a gap. Each of the digit sectors includes 9
bit positions and 3 space positions.

A magnetically recognizable mark or pulse is recorded
in each of the bit and space positions of the clock track
and is capable of being sensed by a head coupled to the
input of clock track output amplifier Clo.

Aligned with the output amplifier Cly head are heads
coupled to the output amplifiers My, Eq, Ag, Rlg, R2,
and R3, which are each respectively associated with the
M, E, A, R1, R2, and R3 registers. Positioned 50 as to
follow these output emplifier heads by one digit sector
(note that the direction of disc movement is from left to
righ and therefore a specific disc area initially passes
under a head positioned to the left and subsequently
passes under a head positioned to the right) are heads
associated with the input amplifiers My, Ey, Ay, Rl R2;,
and R3;.

Aligned with the output amplifier heads is a delay track
head coupled to input amplifier Dy. Following the input
amplifier Dy head by two digit sectors is the head of an
output amplifier Dy.

Information is stored in the memory in accordance with
an incremental digital code. That is, for the digit “9,”
nine pulses (one pulse in each bit position of a digit sec-
tor) will be recorded on a track digit sector. For the
number “932,” nine pulses will be recorded in the hun-
dred’s digit sector, three pulses in the ten’s digit sector,
and 2 pulses in the unit’s digit sector. Information can

be so recorded in each of the memory tracks other than

the clock track.

Connected to the amplifier Cl, is a reset circuit 16
(FIGURE 1) which functions to sense the previously
mentioned gap and in response thereto to provide a reset
signal once for each cycle of the memory. In addition to
the reset circuit 16, a bit or B counter is connected to the
amplifier Cly. Coupled to the B counter 18 is a digit or D
counter 20 and coupled to the D counter 20 is a word or
W counter 22.

The B counter is a four stage binary scale of twelve
counter and is incremented by pulses derived from the
memory clock track. The D counter 20 is a five stage
binary counter and is reset once during each cycle of the
disc by a reset signal provided by the reset circuit 16. The
W counter 22 is a scale of six counters, each of its states
being associated with a different one of the memory regis-
ter tracks. )

The contents of each of the memory registers is con-
tinually displayed by the display device 14. The output
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amplifiers associated with each of the memory registers
is connected to a sequencing switch 24 which is operated
in response to the states of the W counter 22. The state of
the W counter selects the particular track whose contents
are transferred through the sequencer 24 to the display
counter 26. The display counter 26 functions to count
the number of pulses recorded in each digit sector. The
reset input terminal of the display counter 26 is controiled
by the B counter 18 such that the display counter 26 is
reset for each cycle of the B counter. The upper count,
for each digit sector, in the display counter 26 is cou-
pled to a character signal generator 28 which develops
appropriate video signals and applies them to the dis-
play device 14 which is preferably of the cathode ray tube
type. The video signals function to trace a digit repre-
sented by the count (number of pulses) in the digit sector
in the memory register just read. The traced digit is prop-
erly placed on the display device 14 by the development
of deflection signals by digital-to-analog converters 30
and 32 which are respectively connected to the output of
the D counter 20 and W counter 22. Preferably, the W
counter 22 controls the vertical deflection of the dis-
play device 14 and the D counter 20 controls the hori-
zontal deflection. As a consequence, the digits in each of
the numbers respectively stored in the memory registers
are displayed displaced horizontally from one another
across the face of the cathode ray tube display device and
the numbers in the different registers are vertically spaced
from one another.

The state of the D counter at all times defines the digit
sector currently moving under the heads connected to
the memory register output amplifiers and therefore the
digit sector from which information can be immediately
read. The output of the D counter 20 is connected to the
input of a first coincidence circuit 34 along with the out-
put of a selector circuit 36. The selector circuit 36 is a
manually operable device including a decimal point se-
lector portion and a preset selector portion. A number
of a digit can be manually entered into either one of the
portions. Coincidence between the state of the D counter
20 and the state of the decimal point selector portion is
normally detected by the coincidence circuit 34 and a
coincidence signal K, is provided as a manifestation of the
coincidence. However, when the preset function flip-flop,
referred to in greater detail below, is set, then the coin-
cidence circuit 34 compares the D counter 20 with the
number set into the preset selector portion. The signal
K, is applied to the display device 14 to cause the appear-
ance of a decimal point which is consequently aligned in
all the registers. Similarly, a second coincidence circuit
38 is provided which detects coincidence between the D
counter 20 and a control or C counter 40 to provide a
coincidence signal Kpe. The control counter 40 can be
manually set through the use of the preset function key to
be described or can be set by a logic network 42. The state
of the control counter identifies a particular digit sector
and the coincidence signal Kpe indicates when the digit
stored therein can be operated upon.

Connected to the logic network 42 is an adder 44 which
comprises a decade counter hereafter called the A counter.
The output of the A counter is coupled to a carry flip-flop
46 and to an R counter 48. In addition, a multiplier-quo-
tient or M decade counter 50 is provided and is also con-
trolled by the logic network 42 and also has an output
coupled to the input of R counter 48. Inputs to the A and
M counters are derived from the output of a track switch-
ing logic network 52, coupled to the input and output
amplifiers assoicated with the memory tracks through the
logic network 42. The output of R counter 48 is connected
to the input of the track switching logic network 52. A
cycle or S counter 54 is provided for the purpose of de-
fining a sequence of different states which are utilized
in the performance of arithmetic operations, such as
multiplication, for causing specific operations to be per-
formed in a desired sequence.
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The keyboard 10 consists of three sets of keys, namely
a set of register keys, a set of numeric keys, and a set of
function keys. The set of register keys has a subset of
“from” keys and a subset of “to” keys. In each subset of
keys, one key corresponds to a different one of each of
the memory registers. The set of numeric keys includes
ten keys each of which corresponds to a different decimal
digit, i.e, zero through nine.

The set of function keys includes sixteen keys each of
which is capable of initiating a different sequence of
operations on numbers stored in the memory registers,
The function keys and a description of the operations
initiated by their respective actuations are as follows:

Preset (PS) functions to permit the control counter
to be driven to a state designated by a manually settable
means;

Forward Space (FS) causes the control counter to be
decremented, as for example from count 14 to count 13,
which means that the coincidence circuit 38 will generate
the coincidence signal Kpg when the thirteenth digit sec-
tor is in readable position rather than the fourteenth digit
sector, the effect being noticeable on the display device
14 and being analogous to the function performed in
response to the actuation of a typewriter space key.

Backspace (BS) permits the control counter to be in-
cremented by one which thereby means that the coin-
cidence signal Kp¢ generated by the coincidence circuit 38
will be generated when e.g. the fifteenth rather than the
fourteenth digit sector is in a readable position,

Transfer (XF) permits information to be transferred
from a first designated memory register to a second mem-
ory register;

Add (AD) permits the contents of a designated register
to be added to the contents of the accumulator register,
the sum remaining in the accumulator register;

Subtract (SB) permiis the contents of a designated
Tegister to be subtracted from the contents of the ac-
cumulator register, the difference remaining in the ac-
cumulator register; )

Shift Left (SL) permits the contents of a designated
register to be shifted one digit to the left (effectively multi-
plying by 10); :

Shift Right (SR) permits the contents of a designated
register to be shifted one digit to the right (effectively
dividing by 10);

Add and Multiply (-~ and x) permits the numbers
in the multiplier-quotient register and entry. register to
be multiplied and the product added to the number in the
accumulator register;

Subtract and Multiply (— and X) permits the num-
bers in the multiplier-quotient register and entry register
to be multiplied and the product subtracted from the num-
ber in the accumulator register;

Clear and Multiply (C and X ) causes the accumulator
to be cleared prior to entering the product of the numbers
in the multiplier-quotient register and entry register;

Divide (=) causes the contents of the entry register
to be divided into the contents of the accumulator register
with the quotient being provided in the multiplier-quotient
register which is initially cleared;

Square Root (v/) causes the root of the number in
the accumulator register to be developed and stored in
the multiplier-quotient register, both the entry and mul-
tiplier-quotjent registers being initially cleared;

Clear Multiplier-Quotient register (CM) causes the
contents of the multiplier-quotient register to be reduced
to zero; : :

Clear Entry register (CE) causes the contents of the
entry register to be reduced to zero; and

Clear Accumulator register (CA) causes the contents
of the accumulator register to be reduced to zero.

Attention is now directed to FIGURE 3(a) which sche-
matically illustrates the construction of the B counter 18
of FIGURE 1. The B counter includes four stages, re-
spectively identified as B1, B2, B3, and B4, each stage

6
comprising a solid state flip-flop circuit. Each of the B
counter flip-flop circuits is identical to the circuit illus-
trated for the flip-flop B1. The circuit of flip-flop B1
includes a pair of transistors Q1 and Q2, both of the NPN

5 type. The transistors Q1 and Q2 have their emitters con-
nected together and to a source of negative potential,
nominally. shown as —12 wolts. The collectors of each of
the tramsistors Q1 and Q2 are respectively connected
through resistors R1 and R2 to a source of positive po-
tential, nominally shown as =12 volts. Connected in
parallel between the collector of tramsistor Q2 and the
base of transistor Q1 are a resistor R3 and a capacitor
C1. Similarly connected in parallel between the collector
of transistor Q1 and the base of transistor Q2 are a re-
sistor R4 and a capacitor C2. A first series circuit branch
including a capacitor C3 and a diode D1 is connected
to the base of transistor QI. Similarly, a second series
branch including a capacitor C4 and a diode D2 is con-
nected to the base of transistor Q2. Resistors R5 arid R6
repsectively couple the collectors of transistors Q1 and
Q2 to the junctions in the first and second series branches.
Resistors R7 and R8 respectively couple the bases of tran-
sistors Q1 and Q2 to a source of negative potential,
nominally shown as —30 volts, Reset and. set input ter-
minals respectively identified as Rpc and Spe are con-
nected to the bases of transistors. QI and Q2 respectively.
Reset and set clock input terminals respectively identi-
fied as Ry and S, are connected to the free ends of the
first and second series branches, respectively. False and
true output terminals respectively identified as B; and B,
are respectively connected to the collectors of transistors
Q1 and Q2. When the flip-flop B1 is reset or false, tran-
sistor Q2 will be conducting and its collector will be at
a low potential. Consequently, output terminals B, and
B; will be at high and low potentials respectively. Con-
versely, when transistor QI is conducting, . output ter-
minals B; and B, will be at a low and high potential
respectively and flip-lop B1 will be considered true. In
the operation of flip-fiop B1, the application of a negative
clock signal to the input terminal Se will cause the flip-
flop B1 t0 assume a true state, regardless of which state
it is in, Similarly, the application of a negative clock sig-
nal to the input terminal R, will cause the flip-flop B1
to assume a false state and the simultaneous application
of a clock signal to both input terminals Ry and S, will
cause the fiip-flop to change state regardless of the state
it is in. A sufficiently high positive potential applied to
input terminal Spe will switch the flip-flop true and a suf-
ficiently high potential applied to input terminal Rpe will
switch the flip-flop false. )

The stages of the B counter are connected together to
form a scale of twelve counter to successively define the
states according to Table I in respomse to the clock
pulses successively derived from the memory clock track
and applied to the clock input terminals of flip-flop B1.

TABLE I
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Although the manner in which the B counter counts is
somewhat arbitrary, the manner expressed by the above
table was chosen because in its environment it proved to
be the least expensive. The terms P0 through P11 respec-
tively represent the various B counter states or bit peri-
ods. It is to be noted that set input signals are applied to
stage B1 during states PO and P9 and to stage B2 dur-
ing state P8. Otherwise, the B counter counts in a stand-

70

75



3,875,498

7

ard binary fashion incrementing by one in respomse to
each clock pulse. The B counter is implemented by con-
necting the true output terminal of each B counter flip-
flop through an And gate 60 to the clock input terminals
of a succeeding stage. In addition, the output of clock
track output amplifier Cly and the true output terminal
of all other preceding B counter stages is connected to
the input of each And gate 60. The signals PO and P9
[developed as shown in FIGURE 3(b)] are applied to
the set input terminal of flip-flop B1 through a pair of
diodes. Signal P8 is similarly applied to flip-flop B2.
The output of the reset circuit 16 is connected to the Rpe
input terminal of each of the flip-flops of the B counter
for maintaining the B counter in synchronism with the
rotation of the disc.

FIGURE 3(b) illustrates a plurality of significant gat-
ing signals derived from the B counter. These signals
represent different bit periods in each digit period (i.e. the
time it takes for a digit sector to move past a read head)
and, as will be seen below, are utilized in the performance
of several of the operations to be described. Initially, a
signal PO derived from the output of And gate 64 whose
inputs respectively comprise the false output terminals of
flip-flops B1, B2, B3, and B4 defines the initial bit period
during each digit period. A signal P1 is derived from And
gate 66 whose inputs respectively comprise the true out-
put terminal of flip-flop B2 and the false output terminals
of flipflops B1, B3, and B4. Similarly, signals P2, P3,
P9, P10, and P11 are derived from And gates 68, 69, 70,
72, and 74. A further signal Py which is true during bit
periods 1 through 9 is developed by applying the false
output terminals of flip-flops B2, B3, and B4 to the input
of Or gate 76 and the output of gate 76 to the input
of And gate 77 along with the output of an inverter to
which is applied signal PO.

FIGURE 4(q) illustrates a block diagram of the D
counter which consists of five stages, each stage including
a flip-flop respectively identified as D1, D2, D3, D4, and
D5. The external terminals of the D counter flip-flops cor-
respond to the external terminals of the flip-flop B1 al-
ready discussed. The internal circuit of the D counter
flip-flops can be substantially similar to the circuit illus-
trated for flipflop B1l. Table II below defines the D
counter states.

TABLE II
D4
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It will be noted that the D counter counts in straight
binary fashion in response to transitions of flip-flop B4
of the B counter from a true to a false state. The D
counter is periodically reset every 28 digit periods by the
output of the reset circuit 16.

FIGURE 4(b) illustrates a plurality of gating signals
derived from the states of the D counter. A signal Ny,
representing the numeric portion of each memory cycle is
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developed by Of gate 77 whose inputs comprise the false
output terminals of flip-flops D4 and DS5. Signal N is
true during states 0 through 23 of the D counter. A sig-
nal #; which is true during state 24 of the D .counter is
developed by gate 78. Similarly, signals #; and #; are re-
spectively developed by gates 79 and 81. In addition, a
memory origin signal Oy is developed by gate 80 by
applying the signals PO and #; to the input thereof.

The W counter 22 is utilized in conjunction with dis-
play device 14 for sequentially displaying the contents of
the memory registers and for developing vertical deflec~
tion voltages to properly position the displayed contents.
The W register is a scale of six counter consisting of three
binary stages, each stage comprising a flip-flop whose cir-
cuit arrangement can be similar to that disclosed for flip-
flop B1. Table III describes the states of the W counter.

TABLE III

State 0.
State 1.
State 2.
State 3.

The first stage of the W counter is driven by true-to-
false transitions of flip-flop D5 of the C counter. True-
to-false transitions of flipflop W1 are coupled to the
clock input terminals of flipflop W2. The false output
terminal of flipflop W2 is similarly connected to the
clock input terminals of flip-flop W3 for normal binary
counting. The true output terminal of flipflop W2 is
conected to the Spg input terminal of flip-flop W1. Con-
sequently, when flipflop D5 switches false and the W
counter is in state 2, flip-flops W2 and W3 switch state
but flipflop W1 is forced back to the true state by the
connection between the true output terminal of flip-flop
W2 and the Spg input terminal of flip-flop W1. Similarly,
when the W counter is in state 5, the true-to-false transi-
tion of flip-flop DS will again cause flip-flops W1, W2,
and W3 to change state but again W2 will force flip-flop
W1 into a set condition.

Attention is now called to FIGURE 6 which illustrates
in greater detail the means for developing the previously-
mentioned coincidence signals K, and Kp¢ and a not-yet-
introduced signal K'pe which represents the coincidence
signal Kpc delayed by one digit period. Each portion of
the selector circuit 36 is manually settable to any even
count between 0 and 23. Except when the preset function
flip-flop is set, the coincidence circuit 34 continually com-
pares the number represented by the decimal point se-
lector portion of circuit 36 with the state of the D counter
22 which of course represents the position of the movable
memory. When coincidence is sensed, the coincidence cir-
cuit 34 provides the coincidence signal K, which, as will
be noted in the timing chart of FIGURE 6, is true for
one digit period. When the preset function flip-flop is set,
generation of the signal K, indicates coincidence between
the D counter and the preset selector portion of circuit 36.

The C counter 40 is set by the logic network 42 and
coincidence between the C counter 40 and D counted 22
is indicated by the provision of the signal Kpe by the
coincidence circuit 38. As noted in the timing chart of
FIGURE 6, the coincidence signal Kpg is true for ome
digit period during the initial 24 states of the D counter.
In addition to the coincidence signals K, and Kpg, utiliza-
tion will subsequently be made of the signal K'pc which
constitutes the coincidence signal Kpc delayed by one
digit period. The signal K'pc is developed by applying
the signal Kpg directly to the set input terminal of a flip-
flop 96 and through an inverter 92 to the reset input
terminal thereof. The output of an And gate 94 is con-
nected to the clock input terminals of the flip-flop with
the inputs to the And gate 94 comprising the signal P11
and an odd gated clock signal Geyo which will be dis-
cussed in further detail below but for the present, can be
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considered as occurring in synchronism with the clock
pulses read off the memory clock track. The signal K'pg
is derived from the true output terminal of the flip-flop
90. In operation, when the movable memory moves into
a position such that the digit sector identified by the num-
ber stored in the C counter 40 moves under the heads
associated with the output register amplifiers, the state
of the D counter 22 will coincide with the state of the C
counter 40 and as a consequence the coincidence circuit
38 will provide the coincidence signal Kpe. The flip-flop
90 will be set true in response to the development of the
signal Kpc and the subsequent generation of the signal
P11. The flip-flop 90 will remain true for one digit pe-
riod, ie. until the subsequent generation of the signal
P11 which of course will occur when signal K¢y, is false,

- Attention is now called to FIGURE 7 of the drawings
which illustrates the various flip-flops set in response to
the actuation of the keys introduced in FIGURE 1. The
keys M, E, A, R1, R2, and R3 of the “from” subset of the
register keys are respectively connected to the set input
terminals of the flip-flops F1 through F6 respectively.
Closure of any one of these keys connects the potential
source 100 to the corresponding flip-flop causing it to be
set. Similarly, the keys M, E, A, R1, R2, and R3 in the
subset of “to” register keys are respectively connected
to the set input terminals of the flip-flops T1 through T6
respectively. Energizing any one of the “to” switches sets
the corresponding “to” flip-flop. The burst of energy used
in setting the “to” flip-flop also generates a positive pulse
at the input to reset circuit 98 connected to the potential
source 99 through resistor 100 thereby resetting all the
“to” flip-flops previously set. The “to” flip-flop being set
remains set inasmuch as the setting pulse lasts longer
than the resetting pulse. The “from” switches similarly
set and reset the “from” flip-flops.

Each of the numeric keys 0 through 9 is connected to
the appropriate input on the adder counter 44 and to the
set input terminal of flip-flop key Ky, each number key
serving to connect the potential source 102 to the adder
counter in such a manner to cause it to be set to the state
corresponding to the number of the key energized. The
Ky flipflop is set by detecting the positive pulse on the
upper terminal of resistor 101.

Similarly, each of the function keys, upon actuation,
connects the potential source 102 to a corresponding
function flip-flop. For example, actuation of the add
(AD) key causes the AD flip-flop to be set and actuation
of the divide (=) key causes the flip-flop to be set.
The true output terminal of each of the function flip-flops,
other than preset, forward space, backspace, edit, and
Ky flip-flops, is connected to the input of an Or gate 104
whose output is connected through Or gate 103, to the
reset input terminal of a delay multivibrator 105 which
in turn provides a short duration “start” pulse. The out-
put of gate 104 is also connected through Or gate 109 to
the input of an And gate 106 along with the output of
gate 80 of FIGURE 4(b) providing the origin signal
Oq. The ontput of a group of enabling gates 167 is also
connected to the input of gate 106. The output of gate
167 will be made true in response to different conditions
during different operations and for different states of the
cycle counter. The various conditions are defined in the
discussion of each of the operations. The output of And
gate 106 is connected to an enabling input of the cycle
(S) counter 54 which is capable of defining a series of
states as indicated by Table IV.

TABLE IV

n
oo
w0
1)
oz
ey

HEMERMROOOO
OmHOMMOo
CHOHHO e

10

15

20

25

30

35

40

60

65

70

3,375,498

10

The cycle counter is capable of successively defining the
indicated states in response to various logical decisions
made in the course of performing the several functions
described below. Connected to the output of the cycle
counter are eight And gate state detectors 107 each re-
sponsive to a different state to provide a true output
signal.

The reset input terminal of each of the function flip-
flops except the “preset” flip-flop, the edit flip-flop and the
Ky flip-flop, is connected to a common clear line which
is connected through an inverter 108 to the output of an
Or gate 118, The inputs to the Or gates 119 are connected
to the outputs of And gates 112 and 114, A first input
to And gate 112 is derived from the true output terminal
of flip-flop 116 which is set by the output of And gate
11%. The inputs to gate 111 comprise the output of a
circuit (not shown) which senses the zero state of the
control counter 40 and provides a signal O, representative
thereof, the output of state detector IIIB, and a signal
derived from the D counter representing the second digit
period during a memory cycle. A second input to the And
gate 112 comprises the output of the state detector II1B.
A third input to And gate 112 comprises the signal rep-
resenting the second digit period in a memory cycle.
A fourth input to gate 112 comprises the true output ter-
minal of flip-flop C; of the C counter.

The first input to And gate 114 is derived from a cir-
cuit (not shown) which provides a signal Oy in response
to the D counter defining a zero state. A second input to
the And gate 114 is derived from state detector IA. The
third input to And gate 114 is connected to the output of
an inverter 116 whose output is connected to the output
of an Or gate 118. The inputs to Or gate 118 respectively
comprise the true output terminal of the multiply function
flip-flop, the divide function flip-flop, and the squars root
function flip-flop. It has been indicated that the preset,
edit, forward space, backspace, and Ky flip-flops are con-
nected differently from the various other function flip-
flops. These connections included connecting the output
of gate 104 through an inverter 117 and differentiator
circuit 119 to the set input terminal of the edit flip-flop
whose output terminal is connected through a differen-
tiator circuit to the input of an Or gate 121 along with
the conductor connected through the preset key to the
potential source 102. The output of Or gate 121 is con-
nected to the set input terminal of the preset function
fiip-flop. The reset input terminal is connected through
a differentiator circuit to the true output terminal of a
logic flip-flop L, to be described. The edit flip-flop reset
input terminal is connected to the output of an And gate
whose input terminals will be considered in the course
of discussing the edit operation.

The effect of coupling the output of gate 104 through
the inverter 117 and differentiator 119 to the set input
terminal of the edit flip-flop is to cause the edjt flip-flop
to be set after the completion of each operation other
than forward space, backspace, numeric key, and preset.
Completion of an operation is indicated by the generation
of the clear signal from gate 110 which resets all func-
tion flip-flops other than the preset and edit function
flip-flops. Resetting of the function flip-flops causes' the
output of gate 104 to change to thereby set the edit flip-
flop if any of the function flip-flops other than FS, BS,
Ky, or PS had been set, Setting of the edit flip-flop ini-
tiates an edit operation which when terminated, causes
the preset flip-flop to be set and the preset operation to be
initiated. It is desirable to initiate an edit operation after
other operations, e.g. add, in order to cause the display
apparatus to display only meaningful digits. It is subse-
quently desirable to initiate a preset operation in order
to set the control counter to the state which will properly
position the initial digit of a subsequent number to be
entered.

The true output terminals of the preset, edit, forward
space, backspace, and Ky flip-flops are all connected to
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the input of Or gate 123 whose output is connected to
the input of Or gate 109. The output of Or gate 109 is
connected to the reset input terminals of flip-flop 116
and the flip-flops of the cycle counter.

Connected to the potential source 102 is an interlock
circuit 120 which permits actuation of only one of the
function and Ky flip-flops at a time. The output of the
interlock circuit is true when any of the aforementioned
flip-flops is set and in this state controls the potential
source 102 to effectively reduce the level provided thereby
until the set flip-flop is reset so that the subsequent actu-
ation of one of the numeric or function keys will have
no effect while another flip-flop is set.

Atterition is now called to FIGURE 8 of the drawings
which illustrates the previously referred to R, M, and
A decade counters and the interconnections therebetween.
Each of the decade counters consists of four flip-flop
stages, the flip-flop circuits being substantially similar to
the circuit of flip-flop B1. Connected by encoding resistors
to the set input terminals of the A counter flip-flops are
the numeric keys. In response to the actuation of any
one of the numeric keys, the A counter flip-flops are set
according to Table V.

TABLE V
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Note for example that numeric key 1 is connected only to
the set input terminal of flip-flop Al. Note that numeric
key A3 is connected through resistors to the set input
terminals of both flip-flop A1 and flip-flop A2. Note for
example that numeric key 5 is connected through a resis-
tor to the set input terminal of flipflop A4 and that
numeric key 8 is connected through resistors to the set
input terminals of flip-flops Al, A2, and A4.

In addition to the A counter comprising a register
which can be loaded by the numeric keys, it comprises a
counter useful for performing arithmetic operations. The
false output terminals of each of counter stages Al, A2,
and A3 are respectively connected to the clock input ter-
minals of stages A2, A3, and A4. The true output terminal
of stage A3 is connected through a pair of resistors to the
set input terminals of stages A1 and A2.

The output of an Or gate 120 is connected to the clock
input terminals of stage Al. The two inputs to gate 120
are respectively derived from And gates 121 and 122. A
first input to gate 121 is derived from a source 123 of odd
gated clock signals Gero. The source 123 includes the reset
state detector which is connected through inverter 124
to the input of gate 125. The second input to gate 125 is
derived from clock track output amplifier Cyo. The second
input to gate 121 is derived from different elements of the
calculator apparatus during different operations. These
operations are all discussed in detail in the aforecited U.S.
patent application Ser. No. 314,387 and will not be
treated in detail herein.

Connected to a first input of gate 122 is the output of
a source 126 of even gated clock signals Gee. The source
126 includes a one shot multivibrator 128. Connected to
the reset input terminal of the one shot multivibrator 128
is the output of gate 125. Application of the odd gated
clock signal to the reset input terminal of the one shot
multivibrator 128 causes it to momentarily shift to a false
condition from which it will subsequently switch to a true
condition a predetermined interval later. The transition
of the multivibrator 128 to a true condition consitutes
the even gated clock signal Gg. The delay of the one
shot multivibrator is established such that a signal Ggye
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is developed in the middle of the period defined between
successive signals Ggj. It should be apparent that the
signals Ggyo are generated in synchronism with the pulse
read from the memory clock track at all times other than
when the cycle counter 54 is in a reset state. The second
input to gate 122 is generally derived from the accumula-
tor register output amplifier A, and will be discussed in
greated detail below.

Connected to the reset input terminal of each of the
flip-flops of the A counter is the output of an Or gate 132,
A first input to the Or gate 132 comprises the true output
terminal of the previously mentioned Ky flip-flop. A
second input to the Or gate 132 is derived from the output
of an And gate 134. A first input to the And gate 134 is
derived from gate 74 developing the signal P11. The
second input to the And gate 134 is derived from source
123 developing the signal Geyg and the third input is con-
nected to the false output terminal of the flip-flop KY.
A third input to the Or gate 132 comprises a start signal
derived from the multivibrator 105 (FIGURE 7).

A carry flip-flop F, is provided for the purpose of sens-
ing a count greater than nine in the A counter. Connected
to the set input terminal of the carry flip-flop is the output
of an And gate 140. A first input to the And gate 140
comprises the false output terminal of flip-flop A4 and a
second input thereto comprises the output of gate 76
of FIGURE 3(b) developing the signal P;. Connected
to the reset input terminal of the flip-flop F, is the output
of an And gate 142. A first input to the And gate 142
comprises the output of gate 77 developing the signal
N; and a second inpui thereto comprises the output of
gate 69 developing the signal P3.

Whereas the A counter is an incrementing counter,
the R counter is a decrementing counter. That is, instead
of normally coupling transitions from one to zero from
a less to a more significant stage, transitions from zero
to one are coupled from each stage to the immediately
more significant stage. Note that the true output ter-
minals of flip-flops R1, R2, and R3 are coupled to the
clock input terminal of the immediately more significant
stage. A reset line connected to the output of the gate
72 in FIGURE 3(b) developing the signal P10 is con-
nected to the set input terminal of each of the flip-flop
stages of the R counter to permit resetting to force the
R counter to an all “1’s” state. Transfers from the A
to the R register are effected through And gates 150.
In order to transfer information directly from the in-
crementing A counter to the decrementing R counter with-
out generating any carries in the R counter, transfers are
effected when all the stages of the R counter are set to
«1°s” and “0’s” are transferred in parallel. Transfer through
the And gates 150 is effected by connecting the false
output terminals of each of the A counter flip-flops to
the input of a different one of the And gates 150. A sec-
ond input to each of the And gates 150 is connected
to the output of an Or gate 152. A first input to the Or
gate 152 is derived from the output of an And gate 154.
A first input to the And gate 154 is connected to the
true output terminal of the flip-flop Ky and a second
input to the And gate 154 is connected to the output of
the gate 64 of FIGURE 3(b) developing the signal P0.
A second input to the Or gate 152 is derived from the
And gate 156. A first input to the And gate 156 is derived
from the gate 74 of FIGURE 3(b) developing the sig-
nal P11. A second input to the And gate 156 is derived
from source 123 developing the signal Geo. A third input
to the And gate 156 is derived from the IB state detector
applied through inverter 157. That is, so long as the cycle
counter is in a state other than IB, the third input to the
And gate 156 will be true. The output of And gate 150
is connected to the input of an Or gate 160 whose out-
put in turn is connected to the reset input terminal of an
R counter flip-flop corresponding in position to the A
counter flip-flop connected to the And gate 150 associated
therewith.
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Connected to :the clock input terminals of flip-flop
R1 is the output of And gate 162. The inputs to And
gate 162 comprise.the outputs of source 123 (Ggy,), the
output of gate 77 (P;), the faise output terminal of stage
R3 and the inverted output of gate 64 which functions
to indicate when the R counter defines state “0.” The
output of gate 166 is connected to reset clock input- ter-
minal of stage R3. Along with the output from source
123 and 77, the true output terminal of stage R3-is con-
nected to the input of gate 166.

From what has been said of FIGURE 8 thus far, it
should be apparent ‘that numeric information can be en-
tered into the A counter by virtue of the actuation of
the numeric keys and in addition a count can be entered
into the A counter by And gates 121 and 122 develop-
ing pulses which are applied to the clock input terminals
of flipflop Al. Whatever information-is stored in the
A counter is transferred through And gates 150, “0’s” in
paraliel, to the R counter flip-flops at times determined by
the input terms to the And gates 154 and 156. The
signals applied through gates 162 and 166 to the clock
input terminals of flip-flops R1-and R3 respectively cause
the count in the R counter to be decremented. The R
counter follows the same: “State” table as the A counter,
but in reverse. The clock inputs to the stage R1 are gated
by the state of stage R3 such that'R1 and thus R2 do
not receive counts when R3 is true. The reset clock input
terminal of stage R3 is connected to. the output of gate
166 so that stage R3 will be reset on the next clock sig-
nal Gy after it comes true. After the R counter reaches
zero, further counting is inhibited by gate 64.

The M counter is constructed similarly to the A count-
er and it defines the same states as shown in Table V.
It is also an incrementing counter containing four flip-
flop stages with the stage interconnections being the same
as in the A counter. Connected to the clock input ter-
minals of flipflop M1 is a conductor identified in FIG-
URE 8 merely as “IN M.” As was the case with the
input signals applied to the clock input terminals of flip-
flop A1, the input signals applied to the clock input ter-
minals of flip-flop M1 are different during different op-
erations of the calculator apparatus. Inasmuch as these

operations are disclosed in detail and claimed in the.

aforecited U.S. patent application Ser. No. 314,387, they

will not be treated in detail herein. The M counter reset 4

is derived from the output of And gate 170. One input
to And gate 170 comprises the output of gate 80 for de-
veloping the origin signal. A second input to the And
gate 170 is developed by the Or gate 172 whose inputs
respectively comprise the output of state detectors TA and
ITA. Transfer between the M counter and the R counter
is effected- through And gates 174. Consequently, the
false output terminals of the flip-flops M1, M2, M3, and
M4 are each connected to the input of a different one
of the And gates 174. A second input to each of the
And gates 174 is derived from the output of And gates
176. A first input to And gate 176 is developed by the
gate 74 of FIGURE 3(b) developing the signal P11. A
second input to the And gate 176 is developed by the
state detector IB. As was the case with transfers be-
tween the A counter and R counter, “0’s” are transferred
in parallel between the M counter and R counter.

In response to the actuation of any one of the numeric
or function keys, appropriate operations are performed
on the numbers stored in the registers. The details of these
operations are discussed in the aforecited U.S. patent ap-
plication Ser. No, 314,387. As noted, at the conclusion
of each of these operations other than the preset, forward
space, backspace, and key input operations, the edit flip-
fiop is set which initiates the performance of the edit
operation.

Briefly, during the edit operation, the numbers in each
of the six memory registers are examined in sequence to
determine which digits therein are meaningful and which
digits are not meaningful. As previously pointed out, any
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non-zero digit is considered a meaningful digit and all
digits positioned between either the most significant digit
and the decimal point or the least significant digit and
the decimal point are considered meaningful, When there
are non-zero digits to the right of the decimal point but
none to the left of the decimal point, the first zero digit to
the left of the decimal point is also considered meaning-
ful. A pulse or tag bit is recorded in bit position P10 of
all of the:meaningful digits and the portion of the display
apparatus shown in FIGURE 10 causes all of the mean-
ingful digits to be displayed at normal illumination and
all of the unmeaningful digits, that is the digits without a
tag bit, at a dimmed illumination level. Thus, Table VI(a)
below illustrates a typical display which would be pre-
sented if the numbers stored in the registers were not sub-

- jected to the edit operation. Table VI(b) illustrates the
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display presented subsequent to an editing operation per-
formed on the numbers shown in Table Vi(a).

TABLE VI(a)

2°221111111111
210987¢67%5 3210987654321
(1)_-_0000000000.000000000000
(2)..--0.000016200.000000 000000
3....0000000000.00012@9 0000000
4 0010000000.00000000°¢06040 0
-0000000000.00000200000 0
0000000130.000016000000
TABLE VI()
2221111111111
2109876543210098765432°1
... .
@).__. 16200,
[€) J—. 0.000129
[CY I 1000000 0.
(5) . __. 0.0.0 000 2
6). .. 1.3 0.000016

Attention is now called to FIGURE 9 which illustrates
the portions of the calculator apparatus utilized to per-
form the edit operation. FIGURE 9(a) is a flow diagram
showing the various states defined by the cycle counter in
the course of performing the edit operation. Initially, the
cycle counter is in the resst state, In response to the edit
flip-flop being set, the cycle counter is permitted to switch
to state TA. During state IA, the control counter is preset
to the number equivalent to the decimal point selector
setting. This action requires only one cycle of the disc
memory and subsequently, the cycle counter defines state
ITA. During state I1A, the control counter is advanced one
count for each non-zero digit following the signal Kpg,
i.e. coincidence between the digit counter and the control
counter. Consequently, the count finally defined by the
control counter designates the digit sector containing the
most significant digit of the register being edited. State
IIIA is defined after state IIA. During state IIIA, a tag bit
is recorded in bit position P10 in each digit sector starting
with the first non-zero digit if occurring prior to signal
K, ie. the signal representing coincidence between the
digit counter and the decimal point selector circuit, If no
non-zero digit is recognized before the signal K, is en-
countered, then the recording of tag bits is initiated in re-
sponse to the signal K, unless the signal Kpe occurs si-
multaneously with the signal Ky and a zero digit is pro-
vided by the register being edited. In response to the sig-
nal K’'pe which is generated one digit period after signal
Kpc is developed, recording of the tag bits is stopped.
The W connter is then incremented to cause a subsequent
register to be edited unless the W counter already defines
its highest state meaning that all of the registers have al-
ready been edited. If the W counter defines its highest
state, then the cycle counter is reset and the edit flip-flop
is reset which in turn initiates the preset operation.

FIGURE 9(b) illustrates the portions of the calculator
apparatus active during the reset state of the cycle counter.
In response to the setting of the edit flip-flop caused in-
directly by the generation of the clear signal by inverter
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116 of FIGURE 7, the previously mentioned multivi-
brator 105 is momentarily reset to thereby generate a
start signal which is applied to both the control counter
and the logic flip-flop L, to affect the resetting thereof.
Setting of the edit flip-flop also causes the gate 169 of
FIGURE 7 to provide an appropriate signal through gate
106 to the cycle counter to cause the cycle counter to
switch from a reset state to state IA.

The terms ;S; and S; shall be respectively used in the
logical equations hereinafter set forth to refer to the de-
velopment of set and reset input signals to flip-flop S1.
Consequently, the logical equation- presented in FIGURE
9(b) denotes that when the cycle counter is in the reset
state, a set input signal will be applied to flip-flop S1 in
response to the generation of the origin signal Oq when
the edit flip-flop is set.

In state JA [FIGURE 9(c)1, the C counter is incre-
mented during bit period P10 during each digit period
prior to the signal K, being generated. That is, gate 700
will provide a pulse to the incrementing input terminal
of the C counter every bit period P10 during state IA for
so long as the logic flip-flop Lg, reset during the reset state,
remains false. The logic flip-flop L, will be set in response
to the And gate 702 applying a signal to the set input
terminal thereof. Gate 702 will provide such a signal dur-
ing bit period P2 in the digit period in which signal K,
is generated. Thus, during state IA the C counter will be
incremented from a zero count to a count equal to the
setting of the decimal point selector circuit. When the
origin signal Oy is then generated, the cycle counter will
be switched to state ITA.

During state ITA [FIGURE 9(d)1, the C counter is in-
cremented to a count equal to the digit position contain-
ing the most significant digit in the register being con-
sidered. The state of the W counter determines which reg-
ister is to be considered. Thus, the output of the W count-
er is applied to the input of a decoding circuit 704 which
is provided with six output terminals, each of which is con-
nected to the input of a different And gate 706, The sec-
ond input of each of the And gates 706 is derived from a
different one of the register output amplifiers. The outputs
of all of the gates 706 are connected to the input of an Or
gate 708 whose output is connected to the input of an And
gate 710; The true output terminal of the edit flip-flop and
the output of state detector IIA are also connected to the
input of And gate 710 whose output is connected to the
incremening input terminal of the C counter. In addition,
the true output terminal of logic flip-flop Ly and the out-
put of gate 66 of FIGURE 3(4) providing signal P1, are
also connected to the input of gate 710.

Logic flip-flop Ly is reset at the beginning of the state
IIA through And gate 712 by the output of the reset cir-
cuit 16 of FIGURE 1. The logic flip-flop L, is subsequent-
ly set during the bit period P11 in the digit period in
which the signal Kpc identifying coincidence between .the
C and D counters is generated, If any non-zero digit exists
in the register being considered in a digit position to the
left of the decimal point setting, the output amplifier
associated with that register will provide a signal, through
gate 708, to the input of gate 710 during bit period P1
in a digit period subsequent to the digit period in which
signal Kpg is developed. As a consequence, gate 710 will
provide a signal to the incrementing input terminal of the
C counter and in addition will set a logic flip-flop L1. The
logic flip-flop L1 is reset through And gate 712 at the
same time as Lo following the origin signal Og4. If the
logic flip-flop L1 is set when the signal Oq is generated,
the cycle counter will remain in state IIA to thus permit
the C counter to be incremented by one count during
the subsequent disc cycle if still another non-zero digit
exists to the left of the digit position defined by the C
cousiter. Only when the count in the C counter defines the
digit position containing the most significant digit in the
register, will the logic flip-flop L1 be false when the origin
signal is developed. When this condition is encountered,
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as is expressed by the logical equation in FIGURE 9(c),
the cycle counter will switch to state ITIA.

During state IITA [FIGURE 9(e)], tag bits are re-
corded in bit positions P10 starting with thee first non-
zero digit if it occurs before the generation of the signal
Kp, that is to the right of decimal point position. For ex-
ample, see lines 3, 5, and 6 of Table VI(b). If no non-
zero digit exists to the right of the decimal point, tag bits
are recorded starting with the decimal point, i.e., the sig-
nal K, [see lines 2 and 4 of Table VI(h)] unless the sig-
nals Kpg and K, occur simultaneously and the digit pro-
vided by the register at this time is equal to zero [see
line 1 of Table VI(b)]. .

It will be recalled that an appropriate number of pulses
to represent a desired digit can be recorded in a register by
entering that count into the R counter and permitting the
R counter to be decremented while clock pulses are ap-
plied to the register input amplifier so long as the R count-
er does not define a zero count. In order to enter tag
bits into bit position P10 of the desired digit sectors, the
same gate which is controtled by the R counter when digits
are normally written into the registers, is used to enter
the tag bit. Thus, in recording the tag bits, initially each
digit is accessed from the register and entered into the A
counter through gate 720. An input to the gate 720 is de-
rived from the previously mentioned Or gate 708 which,
as noted, passes the output of a selected register output
amplifier, the particular output amplifier being selected
by the decoder circuit 764 which is responsive to the count
in the W counter. The contents of the A counter are sub-
sequently transferred to the R counter and so long as the
R counter does not define a zero count, And gate 722
will not provide a true output signal. The output of And
gate 722 is connected through an inverter 724 to the in-
put of Or gate 726 whose output is connected to the input
of each of the And gates 728. The output of each gate
728 is connected to the upper input terminal of a different
one of the register input amplifiers. The clock signal Gep
is also connected to each of the gates 728. Each gate 728
is enabled by the output of a different gate 730 whose out-
put is. also connected to the lower enabling input of a dif-
ferent one of the register input amplifiers. The particular
gate 730 which is enabled is determined by the output of
the decoder circuit 704 which is responsive to the count
in the W counter. Thus, digits which are accessed from a
selected register and entered into the A counter are writ-
ten back into the register, via the R counter which, so
long as it does not store a zero, causes a true input signal
to be applied to gates 728. v

Tag bits are recorded during bit periods P10 in the
performance of the edit operation during state ITA when-
ever the logic flip-flop L1 is true thereby causing the out-
put of gate 732 to be true. The output of gate 732 is
connected to the input of Or gate 726. Logic flip-flop L1
can be set in response to And gate 734 providing an output
signal and can be reset in response to And gate 736 pro-
viding an output signal. Gate 734 will provide an output
signal when the logic flip-flop Ly is in a reset state during
a bit period P11. On the other hand, logic flip-flop L1 is
reset when the logic flip-flop L, is in a set state during
bit period P11. The logic flip-flop Lo is set by a pulse
provided by Or gate 738 derived from the output of either
And gate 740 or 742. And gate 740 provides a setting
pulse at the beginning of state IIIA inasmuch as the out-
put of reset circuit 16 of FIGURE 1 is connected to the
input of And gate 740. And gate 742 will provide a setting
pulse in response to the development of the signal K'pe
which it will be recalled, is generated during the digit
period immediately following the digit period in which
the most significant_digit is read. The logic flip-flop Lo is
reset, to in effect cause tag bits to be recorded, when the
output of And gate 744 is made true. The enabling input
to And gate 744 is derived from Or gate 746. A first input
to Or gate 746 is derived from the output of Or gate 708.
Thus, whenever a non-zero digit.is read out the partic-
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ular register output amplifier designated by the state of
the W counter and through a gate 706, the logic flip-flop
Lo will be reset, thereby setting the logic flip-flop L1
thereby causing tag bits to be recorded in bit position P16
of all of the succeeding digit sectors until the signal K’'pe
is generated which indicates that the digit sector con-
taining the most significant digit has passed the writing
amplifier.

A second input to the Or gate 746 is derived from the
output of And gate 748 which provides an output signal
in response to signal K, being developed when signal
Kpc is not developed simultaneously therewlth, It should
be appreciated that gate 748 thus serves the purpose of
causing tag bits to be entered into zero digits to the left
of the decimal point which are to the right of an existing
non-zero digit.

The output of And gate 749, whose inputs are derived
from the true output terminal of the Ky flip-flop and
gate 72 of FIGURE 3(b) providing signal P18, is also
connected to the input of Or gate 726. Thus, whenever a
digit is entered into the memory via the keyboard, a tag
bit is always introduced therewith.

At the end of state ITIA, in response to the origin
signal Og, And gate 750 will provide a signal through
Or gate 752 which increments the W counter. Gate 754
provides the normal incrementing signal through gate 752
to the W counter when the edit operation is not being per-
formed. FIGURE 9(e) illustrates the true output terminal
of the edit flip-flop being connected to the reset input ter-
minal of the W counter through a capacitor. Thus, when-
ever the edit flip-flop is set, the W counter is reset. Then,
in each state IITA, the W counter is incremented to suc-
cessively cause :each of the registers to be edited. When
the W counter defines its highest state indicating that ali
of the registers have been edited, an enabling signal is
provided to And gate 756. When And gate 750 subse-
quently develops an incrementing signal at the end of
state IT1A, gate 756 will apply a signal to the reset input
terminal of the edit flip-flop to terminate the edit opera-
tion.

Attention is now called to FIGURE 10 which com-

prises a block diagram of the portions of the display ap-
paratus responsive to the tag bits identifying meaningful
digits stored in the registers. The tag bits, of course, com-
prise a pulse in bit position P10 of each digit sector
storing a meaningful digit and of course could have been
introduced into the digit sector by either the editing oper-
ation or by the operator entering the digit via the key-
board. The display apparatus 14, which can comprise a
cathode ray tube type display device, is provided with at
least three beam control terminals 770, 772, and 774.
When a true signal is applied to control terminal 77,
the intensity of the beam is reduced so that any symbol
drawn while terminal 776 is true, will appear at a dimmed
illumination level. When a true signal is applied to con-
trol terminal 772, the beam is unblanked, the beam nor-
mally being blanked. A true signal applied to control
terminal 774 will operate to brighten any symbol drawn
while that terminal is true. Tnasmuch as the terminal 774
is not utilized in the preferred embodiment of the present
invention, nothing further will be said about it.
" 'The output of Or gate 776 is connected to the control
terminal 772. A first input to the Or gate 776 is derived
from a symbol information source which appropriately
causes the beam to be blanked or unblanked for short
periods of time depending upon the symbol being dis-
played. A detailed consideration of the means exercising
control over the beam in order to display various symbols
is disclosed in U.S. patent application Ser. No. 330,843,
filed Dec. 16, 1963, and assigned to the same assignee as
the present application.

A second input to Or gate 776 is derived from the out-
put of And gate 778. A first input to And gate 778 com-
prises the output of ccincidence circuit 34 providing sig-
nal K. A second input to And gate 778 comprises the
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output of Or gale 780 whose inputs are derived from
gates 72 and 74 of FIGURE 3(b) respectively providiag
signals P10 and P11. Consequently, the display beam is
unblanked in response to information provided by the
symbol information source and during bit periods P10
and P11 when signal K, is developed to thereby display .
the decimal point.

The displayed symbols are dimmed at all times except
when the output of Or gate 782 applied through inverter
circuit 784 to the control terminal 770, is true. Connected
to the input of Or gate 782 is the true output terminal
of logic flip-flop Ly and the output of the aforementioned
interlock circuit. 126 of FIGURE 7. It will be recalled
that the interlock circuit 120 provides a true output signal
whenever any operation is in process. This true output
signal I makes the output of Or gate 782 true whenever
any calculator operation is being performed in response
to any of the function flip-flops being set. As noted, when
the output of Or gate 782 is true, none of the displayed
symbols are dimmed. Thus, a fully illuminated display
is presented during the course of performing operations,
a typical full display being represented by Table VI (a)
set forth previously. When no calculator operation is be-
ing performed however, the output of the interlock cir-
cuit will be false and thus will not prevent the displayed
symbols from being dimmed. Thus, all displayed symbols
will be dimmed except those displayed when logic flip-
flop Lo will be set true in response to pulses being read
from the memory during bit periods P10 when no calcu-
lator operation is being performed.

Connected to the set and reset input terminals of the
logic flip-flop L, are And gates 786 and 788 respectively.
The output of gate 72 of FIGURE 3(5) providing signal
P10 is connected to the inputs of both And gates 786
and 788. Similarly, the inverted output signal of the inter-
lock circuit 126 is connected to the inputs of both And
gates 786 and 788. The output of previously mentioned
Or gate 708 which passes the pulses read from the par-
ticular track defined by the state of the W counter, is
connected directly to the input of And gate 786 through
an inverter 790 to the input of And gate 788. Thus, when-
ever a meaningful digit is accessed from the memory, the
logic flip-flop L, will be set in period P10 thercof in re-
sponse to an output signal being provided by the And
gate 786. With the logic flip-flop L, defining a set state,
and with the interlock circuit 120 defining a false state,
the output of Or gate 782 will be true and thus a false
signal will be applied to the terminal 770 of the display
apparatus 14. Consequently, symbols displayed while the
logic flip-flop L, is true, will not be dimmed and will ap-
pear at a higher illumination level, as for example illus-
trated by Table VI(b) set forth previously.

Attention is now called to FIGURE 11 which illustrates
the portion of the calculator apparatus utilized to preset
the control counter 40 to a desired state. For this pur-
pose, the logic flip-flop L, and an And gate 800 whose
output is coupled to the reset input terminal of the flip-
flop Ly, are utilized. Both ‘the flip-flop L, and the gate
800 form part of the logic network 42 of FIGURE 1.
In order to preset the control counter 40 to a desired state,
the preset function flip-flop is set and it will be recalled
this is done automatically at the termination of the edit
operation through the differentiator circuit between the
edit flip-flop output terminal and the Or gate 121. The
setting of the preset function fiip-flop causes Or gate 103
to provide a true output signal which in turn generates a
start signal thereby resetting the control counter 40. The
true output signal provided by the Or gate 123 causes the
cycle counter 54, upon the generation of the next origin
signal Oy, to switch from the reset state to state IA. State
detector TA is connected to the input of And gate 802
whose output is connected to the clock input terminals
of the least significant stage of the control counter 40.
In addition, the true output terminal of the logic flip-
flop Lg is connected to the input of the And gate 802.
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Further, the true output terminal of preset function flip-
flop is connected to the input of the And gate 802 along
with the ouput of gate 72 of FIGURE 3(b) providing
signal P10. Consequently, during each digit period after
the generation of the origin signal, the control counter
40 will be incremented by one count. The incrementing
of the control counter 40 will continue so long as the logic
flip-flop remains true. The logic flip-flop will be reset
when And gate 800 provides a true signal to its reset input
terminal. A first input to the And gate 800 is derived from
the true output terminal of the preset function flip-flop.
A second input to the And gate 800 is derived from the
state detector IA, a third from And gate 68 which develops
signal P2, and a fourth input from the coincidence circuit
34 which develops coincidence signal K, indicating coin-
cidence between the state of the D counter 22 and the
preset selector portion of the selector circuit 36.
In summary therefore, in response to the preset flip-
flop being set, the control counter 40 will initially be re-
set and then will subsequently count up in synchronism
with the D counter 22. When coincidence between the D
counter 22 and the preset selector portion of circuit 36 is
recognized, the application of incrementing signals to the
control counter will be terminated leaving the counter
in a state equal to that defined by the preset selector por-
tion of circuit 36.
From the foregoing, it should be appreciated that an
apparatus has been disclosed herein for examining digits
of numbers stored in a calculator memory and for deter-
mining whether each non-zero digit is in fact meaning-
ful. Subsequently, in order to facilitate the operator’s
comprehension of an output display, zero digits which are
not meaningful, are tagged so that the display apparatus
can respond thereto by visually distinguishing, for the
operator, those unmeaningful digits from those digits
which are meaningful. It is pointed out that although the
rules disclosed herein for distinguishing meaningful digits
from unmeaningful digits probably provide the most con-
venient output displays, it is recognized that other more
arbitrary rules might prove useful in some situations and
it should be appreciated that an embodiment of the inven-
tion can be modified to utilize such rules.
What is claimed is:
1. Calculator apparatus comprising:
memory means including a plurality of number storing
registers, each register including a plurality of
ordered digit sectors, each digit sector including
several information bit positions and at least one
control bit position;
means for storing a digit in each digit sector by record-
ing a pulse in each of a number of information bit
positions equal to the value of the digit being stored;

display means for presenting a visual display of said
stored numbers;-
edit means for examining each of said stored numbers
for determining which digits thereof are meaningful
and which digits thereof are not meaningful;

means in said edit means for recording a tag bit in said
control bit position of each of said meaningful digits;
and

means in said display means responsive to each of said

tag bits for modifying the visual presentation of the
digits stored in the digit sector storing said tag bit.

2. The apparatus of claim 1 wherein said display
means includes a cathode ray tube and wherein said
means in said display means modifies the illumination
level of said cathode ray tube.

3. The apparatus of claim 1 wherein said means for
storing said digits includes a plurality of manually
actuatable keys; and

means responsive to the actuation of each of said keys

for recording a different number of pulses and to the
actuation of any one of said keys for recording a
tag bit.

4. Calculator apparatus comprising:
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memory means including a plurality of number stor-
ing registers, each register including a plurality of
ordered digit sectors, each digit sector including
several information bit positions and at least one
control bit position;

means for storing a digit in each digit sector by
recording a pulse in each of a number of infor-
mation bit positions equal to the value of the digit
being stored;

display means for presenting a visual display of said
stored numbers;

means for defining a decimal point position;

means for recording a tag bit in the control bit posi-
tion of digit sectors having any pulses recorded in
the information bit positions thereof and in digit
sectors located between said decimal point position
and any digit sectors having any pulses recorded in
the information bit positions thereof; and

means in said display means responsive to each of said
tag bits for modifying the visual presentation of
the digit stored in the digit sector storing said tag
bit.

5, Calculator apparatus comprising:

memory means including a plurality of number stor-
ing registers, each register including a plurality of
ordered digit sectors, each digit sector including
several information bit positions and at least one
control bit position;

means for storing a digit in each digit sector by record-
ing a pulse in each of a number of information bit
positions equal to the value of the digit being stored;

means for defining a decimal point position;

means for recording a tag bit in the control bit position
of digit sectors having any pulses recorded in the
information bit positions thereof and in digit sectors
Jocated between said decimal point position and any
digit sectors having any pulses recorded in the in-
formation bit positions thereof;

means for sequentially accessing said stored digits;

display means responsive to said sequentially accessed
digits for presenting a visual display thereof; and

means in said display means responsive to each of said
digits accessed from a digit sector storing a tag bit
for modifying the intensity with which said digit is
displayed.

6. A calculator apparatus comprising:

a memory having a plurality of number storage reg-
ters, each number storage register including a
plurality of digit storage locations, each digit storage
location including a plurality of information bit
storage positions and a control bit storage position;

a keyboard including a plurality of register keys, a
plurality of numeric keys, and a plurality of function
keys;

means for identifying one of said digit storage locations;

means responsive to the actuation of each of said
numeric keys for generating a different number of
pulses;

means responsive to the actuation of each of said
register keys for storing said number of generated
pulses in a different one of said registers in said
identified digit storage location with one of said
pulses being stored as a tag bit in the control bit
storage position thereof and each of said other pulses
being stored in a different one of said information
bit storage positions thereof;

means responsive to the selective actuation of each
of said function keys for performing selected opera-
atjons with respect to the numbers stored in said
registers;

edit means responsive to the performance of certain
ones of said operations for determining in which of
said digit storage locations meaningful digits are
stored;

means in said edit means for recording a tag bif in
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said control bit storage position of each digit stor-
age location storing a meaningful digit;

means for continually displaying the numbers stored

in said registers and for distinguishing those digits
stored in locations storing a tag bit from those digits
stored in locations not storing a tag bit.

7. The apparatus of claim 6 including means for de-
fining a decimal point position and wherein said meaning-
ful digits comprise digits stored in digit storage locations
between said decimal point position and a digit storage
locaton having pulses stored in the information bit stor-
age positions thereof.
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