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DISPLAY CIRCUIT
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Packard Comipany, Palo Alto, Calif,, a corporation of
California
Filed May 19, 1966, Ser. No. 551,461
7 Claims. (CL 340-—172.5)

This invention relates to round-off display circuits for
processing without altering a stored number so as to dis-
play the number in fixed point notation rounded off to
the least significant place that can be displayed following
the decimal poiat.

Fixed point notation refers to representing a number
by fixing the position of the decimal point and by placing
each digit in a fixed positional relationship to the decimal
point so as to completely define the number. For example,
the numbers “+123456.7890" and “—12.34098765” would
be displayed together in fixed point notation as follows:

+4-123456.789500000
—12.34098765

This differs from floating point notation which refers to
representing a number by moving the decimal point so
that all the digits of the number but the first digit follow
the decimal point and by multiplying the number by ten
raised to a power which defines the number by indicating
both the direction and the number of places the decimal
point is moved. For example, the numbers displayed
above in fixed point notation would be displayed together
as follows in floating point notation:

41234567890 5
—1.234098765 +1

where: for each floating point number the grouping of
digits about the decimal peint is referred to as the
mantissa and the digit to the right of the mantissa is the
power to which a mantissa multiplier of ten must be raised
to define the number and is referred to as the exponent.

It is desirable to store numbers in the memory of a
calculating system in floating poirt notation because a
greater range of multiple digit numbers can be stored
accurately to a greater number of places in this notation
than in fixed point notation. However, it is also desirable
such as when nontechnical people are reading the nu-
merical results of a calculation lo be able to display the
stored floating point numbers in fixed point notation.
One problem in doing this, as indicated above by the
greater number of display positions required to display
the numbers “-+123456.7890" and “—12.34098765” t0-
gether in fixed point notation than in floating point nota-
tion, is that for a given number of display positions
decima! numbers may be stored and displayed in floating
point notation which cannot be displayed in their entirety
in fixed point notation. Thus, the displayed fixed point
numbers are inaccurate due to the truncation of undis-
played digits. Moreover, in conventional display circuits
the undisplayed digits are typically destroyed, in other
words, removed in the displaying process from storage in
the memory so that the stored numbers are inaccurate to
the same extent as the display. This inaccuracy is
therefore accumulated during subsequent calculating
operations involving the same numbers. The innccuracy
resulting from destroying the undisplayed digits may be
minimized by rounding off the fixed point display of the
numbers to the lcast significant place that can be dis-
played so as to reflect the value of the undisplayed digits.
However, even this minimal inaccuracy may be accumu-
lated into a large error during subsequent calculating op-
erations involving the same numbers because of the con-
comitant rounding off of the number left in storage.
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Accordingly, it is the principal object of this invention
to provide a round-ofT display circuit for processing a num-
ber stored in a memory in foaling point notalion to dis-
play the number in fixed point notation rounded off to
the least significant place that can be displayed without
altering the storage of the number in the memory so that
the inaccuracy of the rounded-off fixed point display of
the number is not accumulated during subsequent cal-
culating operations involving the same number.

A more general object of this invention is to provide a
nondestructive round-off display circuit for use in a cal-
cuiating system,

These objects are accomplished according to the illus-
trated embodiment of this invention by providing a mem-
ory for storing a number in floating point notation and by
connecling a memory buffer register thereto for storing
a digit of the number stored in the memory. Control
means is provided for successively and singly storing in
the memory buffer register each digit of the number, be-
ginning with one digit less than the least significant digit
that can be displayed, without altering storage of the
number in the memory. Incrementing means is connected
to the memory buffer register and is responsive to storage
therein of the cne digit when it is greater than four for
subsequently incrementing the least significant digit by
one when it is stored in the memory buffer register.
Similarly, carry means is connected to the memory buffer
register and is responsive to storage thercin of a digit
when it is incremented by the incrementing means from
“9" 1o “07 for subsequently incrementing the next least
significant digit by one when it is stored in the memory
buffer register. A cathede ray tube display. is also con-
nected to the memory buffer register for displaying the
selected mumnber in rouaded off fixed point notation.

Cther and incidental objects of this invention will be
apparent from a reading of this specification and an in-
spection of the accompanying drawing in which:

FIGURE 1 is a bleck diagram of a noandestructive
round-off display circuit according to thc preferred em-
bodiment of this invention and

FIGURE 2 is a flow diagram illustrating the operation
and sequencing of the round-off display circuit of FIG-
URE 1.

Referring now to FIGURES 1 and 2, there is shown
a memory 10 for storing a number such as, for example,
the number “—12.34098765" in natural binary-coded-deci-
mal floating point notation as follows:

—1.234098765 +1

where the decimal digits “0”, “17 ... “9” are stored in the
memory as the four-bit numbers “0000”, “0001” . . .
“11117. The sign information is stored in the memory as
a fifth bit associated with the four-bit numbers repre-
senting the most significant digit of the mantissa
and the most significant digit of the exponent. Thus,
reference to a digit is hereinafter taken to mean the ab-
solute value of the digit as well as the sign, if any, as-
sociated therewith. This memory 10, which may be the
memory unit of a calculating system, commonly com-
prises an array of magnetic cores arranged and inter-
connccied to form word planes each of which includes
a group of character lines. The floating point number
*-1.234068765 17 is stored in a selected word plane by
storing each digit of the mantissa and of the exponent in a
different one of the character lines of that word plane.
These character lines of the selected word plane, like
those of the other word planes, are assigned binary ad-
dresscs as generally indicated by the following:

~1.2 3 4 0 9 8 7 6 5
Mo Oy NIz ATa My My My M ATy My

+1
Fo
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where each of the M subscripts represents the address of
the character line in which the adjacent mantissa digit
is stored and the E subscript represents the address of the
character line in which the adjacent exponent digit is
stored. The M and E subscripts also represent the display
positions of the adjacent mantissa and exponent digits.

A memory buffer register 12 comprising an array of
flip-flops is connected to the memory 10 for storing a digit
of the number to be displayed without altering the stor-
age of that digit in its assoctated character line in the
memory 10. The memory buffer register 12 stores only
one digit at a time so that when a digit is stored in the
memory buffer register any other digit that may have
been previously stored therein is automatically destroyed.
A cathode ray tube display 13 having, for example, thir-
teen display positions is connected to the memory buffer
register 12 for forming selected digits stored in the mem-
ory buffer register on the face of the cathode ray tube.

For purposes of illustrating my invention it is assumed
that the floating point number “—1.234098765 17 stored
in the memory 19 is to be displayed in fixed point nota-
tion rounded off to four places following the decimal
point. Once the displaying process is started the first step
in displaying this number is to address the character line
of the memory 10 in which the least significant digit of
the exponent, namely “-,” is stored and to transfer that
digit into the memory buffer register 12 without altering
its storage in the memory 10. This step is accomplished
by connecting an address selection circuit 14 to the
memory 19 for addressing a selected character line of a
selected word plane. A nondestructive transfer circuit 16
is also connected to the memory 10 for transferring the
digit stored in the selected character line into the memory
buffer register 12 without altering the storage of that digit
in the memory 10. An address control circuit 18 is con-
nected to the address selection circuit 14 for forcing the
address selection circuit 14 to address the word plane of
the memory 10 in which the number “—1.234098765 417
to be displayed is stored and to address the character
line of that word plane in which the least significant and
in this illustrative case also the most significant and only
digit of the exponent, namely “4,” is stored. This address
control circuit 18 is also connected to the transfer cir-
cuit 16 for causing it to transfer the least significant digit
of the exponent from the selected character line of the
memory 10 to the memory buffer register 12. A sequenc-
ing circuit such as a digital controller 20 is connected to
the address control! circuit 18 for initiating this first step
of storing the least significant digit of the expenent in the
memory buffer register 12. The digital controller 20 is
also connected to other subcircuits as hereinafter described
for initiating each step of the displaying process at the
appropriate time.

Not all floating point numbers that may be stored in
the memory 10 can be displayed in fixed point notation
even by rounding them off to some place following the
decimal point. Thus, the next step in the displaying proc-
ess is to determine whether the display is to be in fixed
point notation and if so whether the number to be dis-
played can be displayed in fixed point notation with an
accuracy limited only by any rounded off digits following
the decimal point or whether it must be displayed in float-
ing point notation because there are more digits preceding
the decimal point than can be displayed. Control means
22 is connected to the memory 10 for accomplishing this
step and for accordingly causing the displaying process
to proceed in either a fixed point mode or a floating point
mode. Since it is desired to display the number
“.~1.234098765 -+1” in fixed point notation a mechani-
cal decimal point indicator switch 24 is turned for posi-
tioning the decimal point to select the desired number of
places, namely four, to be displayed following the decimal
point. A fixed point key 26 is also actuated as shown in
FIGURE 1 to connect the digital controller 28 to a con-
tro} decode circuit 28 for causing the displaying process
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to procced in the fixed point mode. An overflow circuit
30 is connected intcrmediate to the digital controller 20
and to the fixed pcint key 26 and is responsive to storage
of the least significant digit of the exponent in the memory
buffer register 12 and to the desired number of places
following the decimal peint as indicated by the decimal
point indicator switch 24 for preventing actuation of the
fixed point key 26 when a number cannot be displayed in
fixed point notation because there are more digits preced-
ing the decimal point than can be displayed. The digital
controiler 20 is connected to the address control circuit
18 and to the cathode ray tube display 13 for causing the
displaying process to proceed in the floating point mode
when the fixed point key 26 is deactuated. In this floating
point mode, as indicated in the flow diagram of FIG-
URE 2, cach digit of the floating point number from the
least significant digit of the exponent to the most significant
digit of the mantissa is successively stored in the memory
buffer register 12 and during storage in the memory
buffer register is formed on the face of the cathode ray
tube included in the cathode ray tube display 13.

If the display circuit is to have the capability of stor-
ing floating point numbers having multiple digit exponents
of the order of plus or minus ten (=10) or higher the
displaying process must be altered since these floating
point numbers cannot be displayed in fixed point nota-
tion and must therefore be displayed in floating point
notation. The most significant digit of the multiple digit
exponent is then stored in the memory buffer register 12
prior to the least significant digit of the exponent, and the
overflow circuit 30 is made responsive to this storage of
the most significant digit of the exponent when it is any
digit but zero for preventing subsequent actuation of the
fixed point key 26 during the process of displaying the
number in floating point notation.

Since the number “—1.234098765 4-1" can be dis-
played in fixed point notation rounded off to the fourth
place following the decimal point the digital controller
20 is connected by the fixed point key 26 and the over-
flow circuit 30 to the control decode circuit 28 for caus-
ing the displaying process to proceed in the fixed point
mode. In the fixed point mode the next step in displaying
the number is to select the digit that is one digit less
than the least significant digit than can be displayed fol-
lowing the decimal point (hereinafter referred to as the
“one digit”) and to store that one digit, namely “8,” in the
memory bufler register 12. The sum of the least significant
digit of the exponent, the number of digits to be displayed
following the decimal point, and the M subscript repre-
senting the binary address of the one digit equals two
less than the number of mantissa digits that can be stored
and displayed—namely eight for the ten mantissa display
positions of the illustrated cathode ray tube display 13.
Therefore, the control decode circuit 28 is connected for
being responsive to the least significant digit of the ex-
ponent, namely “~-1,” when it is stored in the memory
buffer register 12 and to the number of places to be dis-
played following the decimal point, namely four, as indi-
cated by the decimal point indicator switch 24 to deter-
mine the address of the one digit at the same time the
overflow circuit 30 is determining whether the number
can be displayed in fixed point notation. The control de-
code circuit 28 is connected to the address selection circuit
14 for causing it to address the character line in which
t1_1e one digit is stored and to the nondestructive transfer
circuit 16 for causing it to transfer this one digit from
the memory 19 into the memory buffer register 12 in
place of the least significant digit “--1” of the exponent.
This operation of the control decode circuit 28 is initinted
by the digital controller 20 which is connected to the
conlrol decode circuit by the actuated fixed point key
26 and the overflow circuit 30.

The next step in displaying the number “—1.234098765
-+ 1" is accomplished by incrementing means including an
increment decode circuit 34 connected to the memory
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buffer register 12 for determining whether the one digit
stored therein is greater than four and including an incre-
ment flip-flop circuit 36 connected to the increment de-
code circuit 34 for being set thereby to an increment state
only if the one digit is determined to be greater than four.
This increment flip-flop circuit 36 is connected to the
memory buffer register 12 and is responsive to being set
to the increment state for modifying a digit by adding
one to its value when it is subsequently stored in the mem-
ory buffer register. The digital controller 20 is connected
to the increment decode circuit 34 for initiating this step
in which the increment flip-flop circuit 36 is set to the in-
crement state since the one digit, “8”, stored in the mem-
ory buffer register 12 is greater than four.

The next step in the displaying process comprises sev-
eral substeps in the first of which the digital controller
20 actuates the address control circuit 18 for incrementing
the address selection circuit 14 by one to address the
character line in which the least significant digit, namely
“9” is stored and for causing the nondestricutive transfer
circuit 16 to transfer this least significant digit from the
memory 10 into the memory buffer register 12 in place
of the one digit “8”. The digital controller 20 is connected
for actuating the flip-flop circuit 36 so that a digit stored
in the memory buffer register 12 during this substep is
incremented by one if the increment flip-flop circuit was
set to or maintained in the increment state during the
next preceding step. Since as described above the incre-
ment flip-flop circuit 36 was set to the increment state
during the next preceding step, in the next and round-off
substep of the present step the least significant digit is
incremented by one, namely from “9” to “0,” while it is
stored in the memory buffer register 12 so that it will be
displayed with a value greater by one than its stored value
in the memory 10. However, when the increment flip-flop
circuit 36 is not set to the increment state the digit stored
in the memory buffer register 12 is not altered and is
therefore displayed with the same value it has in the
memory 10. In the next and carry substep carry means is
responsive to the incrementation of the least significant
digit from “9” to “0” for incrementing the next least
significant digit by one when it is subsequently stored in
the memory buffer register 12. This carry means includes a
carry decode circuit 38 which is connected to the memory
buffer register 12 for determining whether a digit stored
therein is incremented from “9” to “0” and includes the
increment flip-flop circuit 36 which is connected to the
carry decode circuit 38 for being maintained in the
increment state only when the digit stored in the memory
buffer register is determined to have been incremented
from “9” to “0”. The digital controller 20 is connected
to the decode circuit 38 for initiating this carry substep
and is also connected to the cathode ray tube display 13
for initiating the last substep in which the least significant
digit finally stored in the memory buffer register 12,
namely “0,” is formed on the face of the cathode ray tube.
Since the addition of one to the value of a digit either
due to the round-off substep or to the carry substep which
is propagated by the round-off substep is performed upon
the digit to be displayed while it is stored in the memory
buffer register 12 the memory 10 is unaffected by the
round-off process.

The above-described step in displaying the number
“__1.234098765 --1” is successively repeated for each dig-
it from the least significant mantissa digit to be displayed,
namely “9,” to the most significant mantissa digit to be
displayed, namely “—1”. Thus, the next least significant
digit, namely “0,” is next stored in the memory buffer
register 12 and while stored therein and before being
formed on the face of the cathode ray tube is incremented
from “0” to “1” because the flip-flop circuit 36 was set to
the increment state during the carry substep propagated
by the round-off of the least significant digit, Since this
next least significant digit is incremented from “0” to “1”
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and not from “9” to “0” the flip-flop circuit 36 is reset to
a nonincrement state so that the remaining mantissa digits
“g»w3v o %_1" are not incremented when they are
stored in the memory buffer register 12 but are formed on
the face of the cathode ray tube with the same value they
have in the memory 10. The floating point number
“—~1.234098765 +1” is therefore displayed in fixed point
notation rounded off to “—12.3410” without altering the
storage of the floating point number in the memory 10.
Thus, the inaccuracy ofthe rounded off display is not ac-
cumulated during subsequent calculating operations in-
volving the same number.
I claim:
1. A circuit for processing a stored number without
altering it to display the number rounded off at the least
significant digit to be displayed following the decimal
point, said circuit comprising:
first memory means for storing the number to be dis-
played; .

processing means connected to said first memory means
for successively processing each digit of the number
from one digit less than the least significant digit to
be displayed to the most sigrificant digit to be dis-
played without altering the number stored in said
first memory means and for incrementing said least
significant digit by one only when the value of said
one digit is greater than a selected value; and

display means connected to said processing means for
displaying the number rounded off at said least sig:
nificant digit following the decimal point.

2. A circuit as in claim 1 wherein said processing means
increments the next least significant digit by one only
when the value of said least significant digit is incremented
by one to another selected value.

3. A circuit as in claim 2 wherein said processing
means includes:

second memory means connected to said first memory

means for storing a digit of the number;
control means connected to said first memory means
for successively selecting and storing in said second
memory means without altering storage of the num-
ber in said first memory means each digit of the
number from said one digit to said more significant
digit;
incrementing means connected to said second memory
means and being responsive to the storage therein of
said one digit only when it has a value greater than
said selected value for incrementing the value of
said least significant digit by one when said least
significant digit is stored in said second memory
means; and
carry means connected to said second memory means
and being responsive to said least significant digit
only when the value thereof is incremented to said
other selected value for incrementing the value of
said next least significant digit by one when said next
least significant digit is stored in said second memory
means.
4. A circuit as in claim 3 wherein said control means
includes:
means for determining said one digit and for trans-
ferring said one digit from said first memory means
to said second memory means without altering stor-
age of the number in said first memory means; and

means for successively transferring each digit of the
number from said one digit to said most significant
digit to said second memory means without altering
the storage of the number in said first ‘memory
means.

5. A circuit as in claim 4 wherein said incrementing
means includes:

increment decode means connected to said second mem-

ory means for determining whether the value of said
one digit is greater than said selected value; and
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a multiple state device being responsive to said incre-
ment decode means only when it is determined that
the value of said one digit is greater than said se-
lected value for incrementing the value of said least
significant digit by one when said least significant
digit is stored in said second memory means.

6. A circuit as in claim 5 wherein said carry means in-

cludes:

carry decode means connected to said second memory
means for determining whether the value of a digit
stored therein is incremented by one to said other
selected value; and

said multiple state device being responsive to said carry
decode means only when it is determined that the
value of said least significant digit is incremented
by one to said other selected value for incrementing
the value of said next least significant digit by onc

8

when said next least significant digit is stored in said
second memory means.

7. A circuit as in claim 6 wherein the number is stored
in said first memory means in floating point notation and
is displayed by said display means in fixed point notation
rounded off at said least significant digit.
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