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[57] ABSTRACT

A programmable electronic calculator is disclosed for

numerical evaluation of mathematical problems
through application of one or more basic mathematical
operators, properly grouped, to each input numerical
operand of a mathematical problem according to the
accepted rules of mathematical combinations. One
may select any numerical operand, any of the four
basic arithmetic operators, left parenthesis and right
parenthesis to denote groupings, a storage register for
receiving a numerical operand to be used in a computa-
tion or a numerical operand representing a result of a
partial or final computation, or a storage register whose
contents it is desired to print. Entry of each numerical
operand and mathematical operator is accompanied by
a printed record of that numerical operand and that
mathematical operator so that the mathematical prob-
lem may be continually monitored as it is being en-
tered. Depression of an equals key is followed by evalu-
ation of previously designated operations and printing
of the result. Selection of a left (or opening) parenthe-
sis causes the contents of first and second accumulator
registers in an arithmetic unit to shift to third and
fourth accumulator registers in the arithmetic unit re-
spectively. Selection of a right (or closing) parenthesis
causes the shifting and combining of previously stored
numerical operands to produce the result of the arith-
metic combination embraced within a sequence de-
noted by a mating left parenthesis. One may select a
learn mode in which steps are entered in a learn mem-
ory by working out a mathematical problem, each se-
lected operation corresponding to a step in the learn
memory. Thereafter, one may select an automatic com-
putation mode to cause the operations previously
stored in the learn memory to be carried out in se-
quence until a desired result is obtained or a predeter-
mined point in the program stored in learn memory is
reached.

6 Claims, 32 Drawing Figures
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KEYBOARD OPERATIONS
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1L s S ) T
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Hii Stees
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PROGRAMMABLE ELECTRONIC CALCULATOR

FOR EVALUATING MATHEMATICAL PROBLEMS
This is a continuation, divisional of application Ser.

No. 378,221, filed June 26, 1964, now abandoned.

The present invention relates in general to functional
analysis and more particularly concerns apparatus and
techniques for automatically evaluating numerical an-
swers to problems presented in the form of automatic
or keyboard generated input signals by applying inter-
nal automatic sequencing, using stored iterative or
one-shot programming, and providing the results of the
numerical evaluation in the form of electrical output
signals that may actuate an integral printer or otherwise
be used by external utilization apparatus. A commer-
cial embodiment of the invention offers the computing
power and flexibility of stored program automatic digi-
tal computation in a physical system small enough to be
portable, low enough in cost to be within the means of
small institutions, and so simple to operate (with the
identification of the relatively small number of controls
on the keyboard being in terms familiar to most opera-
tors) that a minimal amount of instruction time is re-
quired; for anyone with a numerical problem to operate
the apparatus himself without the costly time-consum-
ing aid of a specialized programmer. A feature of this
commercial embodiment resides in immediately dis-
playing each operation in readily recognizable form to
the operator as each operation is performed to provide
the operator with a permanent record of the problem
and its solution.

Numeric evaluation of mathematical functions in-
volves the application of basic mathematical operators,
properly grouped, to each input operand in the func-
tion according to the accepted rules of mathematical
combinations, including the associative and commuta-
tive laws. By evaluating the summation of series, apply-
ing iterative processes, evaluating polynomial approxi-
mations and effecting other mathematical operations,
the basic mathematical operations may be appropri-
ately combined to evaluate more complex transcenden-
tal functions. It need hardly be stated that the final
result must be both numerically correct in terms of
digit accuracy and magnitude.

Probably the most conventional approach to obtain-
ing numeric evaluations is through manual techniques,
often supplemented by charts and tables. Here the
individual generates the problem manually and com-
bines the numerical operands in proper sequences by
applying his own knowledge of the rules and laws of
mathematics. Mechanical calculators may reduce the
burden on the individual of computing simple products,
sums, differences and quotients. Some of these me-
chanical calculators can perform simple combinations,
but these combinations do not always adhere to the
associative and commutative laws. For example, a typi-
cal mechanical calculator would give you the correct
answer to the problem 2X3+5 as 11 but would incor-
rectly indicate the answer to 5+2X3 as being 21. Fur-
thermore, prior art mechanical calculators do not nec-
essarily place the decimal point where it belongs. Thus,
despite these mechanical aids, the operator still must
apply the mathematical laws in the proper sequence,
remember the intermediate results, locate the decimal
point properly and physically repeat each iteration or
repetition required when evaluating transcendental
functions. Moreover, when prior art calculators do
provide a printed output, it occurs relatively slowly and
sometimes with relatively low accuracy.
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A large general purpose digital computer arithmetic
unit does have the fundamental ability to add, subtract,
multiply and usually, but not always, divide, but with
quite limited ability to combine these operations auto-
matically. It is true that equipment external to the arith-
metic unit of a general purpose computer, including an
extensive memory and means for applying a detailed
stored program, enables a general purpose computer to
perform all desired operations for numeric solution,
including the evaluation of transcendental functions.
However, these computers are so costly and the prepa-
ration time for introducing a problem into the com-
puter so great that it is impractical for most people with
numerical problems to employ a large general purpose
computer. While attempts have been made to achieve
more flexible numerical evaluation at lower cost, these
attempts have still been characterized by serious eco-
nomic and technical disadvantages.

Accordingly, it is an important object of this inven-
tion to provide methods and means for solving mathe-
matical problems while automatically adhering to all
rules of mathematical computation, including the asso-
ciative and commutative laws, with relatively little stor-
age and while avoiding the application of complex
stored programs.

It is another object of this invention to achieve the
preceding object while processing data that is pres-
ented in convenient mathematical input form familiar
to most people having relatively elementary mathemat-
ical backgrounds.

It is another object of this invention to achieve the
preceding objects with methods and means for auto-
matically locating the proper position of the decimal
point.

It is another object of this invention to achieve the
preceding objects with relatively little storage appara-
tus that nevertheless adequately retains intermediate
results to the extent and for the duration necessary to
achieve a desired final result.

It is another object of this invention to convert digital
numbers of prescribed radix into an easy-to-read form
suitable for printing with decimal points properly indi-
cated and identification of the proper positive or nega-
tive exponent of that radix multiplier identified. More
specifically, it is an object of this invention to accu-
rately indicate the absolute magnitude of decimal num-
bers by a sequence of decimal digits with the decimal
point properly placed accompanied by a multiplier
which is an exponent of 10 of proper sign.

It is another object of this invention to provide meth-
ods and means for easily generating and storing a com-
plex sequence of steps for automatically combining
automatically generated numerical evaluations in itera-
tive, series or other multiple step evaluations to auto-
matically evaluate transcendental functions and other
complex equations, such as extracting roots and evalu-
ating trigonometric functions.

It is another object of this invention to provide eco-
nomical means relatively free from complexity for au-
tomatically manipulating numbers identified by a se-
quence of digits, a decimal point and a power of the
digital number radix exponent as a multiplier.

It is another object of this invention to achieve the
preceding objects by establishing a sequence of control
states through the use of relatively little but highly
reliable apparatus which is relatively low in cost.

It is another object of this invention to select the
contents of a specific storage register with information
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for a selected operation through methods and means
relatively free from complexity and relatively low in
cost.

It is still another object of the invention to achieve
the preceding objects in a relatively compact physical
package including a keyboard and/or means for receiv-
ing external electrical input to provide a proper auto-
matic numerical evaluation of mathematical functions
by simply entering the equation in serial sequence in
precise accepted mathematical notation, which may
include parentheses, decimal points, signs and basic
operators, to obtain not only an immediately printed
answer within a fraction of a second with the decimal
point properly located, but also the sequence of ele-
ments in the problem preceding the solution.

According to the invention, means are provided to
encode numbers and mathematical and operators en-
tered into the calculator and to temporarily store this
encoded data in a logic unit. The logic unit puts the
numbers into a more permanent storage, the memory
unit. Means responsive to reception of enough input
data to perform a partial computation effects such
partial computation, automatically extracting from the
memory unit any stored number needed in the execu-
tion of the partial computation. The logic unit includes
means for redirecting the partial result so obtained
back into the memory unit upon completion of the
partial computation. The logic unit also includes means
for providing a printed record of any number or opera-
tor selected by the keyboard or otherwise presented
input signals for encoding and processing. The logic
unit also includes means for computing the final result
upon receipt of a signal that all data and operators have
been entered, and means for editing the final result to
provide a signal suitable for effecting proper print-out
presentation. In a preferred form of printer, the printer
prints a complete record of the on-line equation as
each element is entered and the result computed in
standard equation form, which printed record is suit-
able for direct use in reports, by auditors, or in labora-
tory notebooks.

A preferred commercial embodiment of the inven-
tion also includes means to store numbers and results
that might be used repetitively in response to keyboard
control for subsequent recall under keyboard control.
Means are also provided for producing a printed result
in on-line equation form when using such keyboard
controlled storage.

Means are provided for generating codes under se-
lectively actuated program mode control to store a
program of steps designated by depressing the keys of
the keyboard in a sequential manner and to automati-
cally recall and cause to be repeated in a repetitious
manner the sequence of selected steps. Means are also
provided for stopping the repetition in response to a
computation process which produces a numerical value
that exceeds a prescribed limit. When operating under
control of the stored program, means are provided for
limiting the printed out results to those programmed.
Means are also provided for generating a single code in
response to a numeric operand being entered in a se-
quence for which a coded program is being simulta-
neously generated and to cause processing of the pro-
gram to halt and thereafter resume in response to entry
of a manually keyed number.

Numerous other features, objects and advantages of
the invention will become apparent from the following
specification when read in connection with the accom-
panying drawings in which:
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FIG. 1 is a block diagram illustrating the logical ar-
rangement of an analyzer according to the invention;

FIG. 2 is a perspective view of the control keyboard
in a commerical embodiment of the invention;

FIG. 3 illustrates the format of register words in a
commercial embodiment of the invention and of nu-
meric and operational codes;

FIG. 4 shows charts of the keyboard operations exe-
cution and of the arithmetic operations;

FIG. 5 is a block diagram illustrating the logical ar-
rangement of a storage register selection system;

FIG. 6 illustrates the timing relationship among dif-
ferent control signals;

FIG. 7 is a flow diagram helpful in understanding the
logical functions implemented by the invention;

FIG. 8A-8V are flow diagrams showing the order of
steps carried out in the operations CLEAR ALL,
NUMBER ENTRY 0-9 (BEFORE DECIMAL POINT
IS STRUCK), NUMBER ENTRY 0-9 (AFTER DECI-
MAL POINT IS STRUCK), DECIMAL POINT EN-
TRY, EXPONENT SYMBOL ENTRY, CLEAR SIN-
GLE DIGIT (BEFORE DECIMAL POINT OR EXPO-
NENT), CLEAR SINGLE DIGIT (AFTER DECIMAL
POINT BUT NO EXPONENT), CLEAR SINGLE
DIGIT (AFTER EXPONENT), NUMBER ENTRY
(AFTER ZEROS), ADD OR SUBTRACT, MULTI-
PLY OR DIVIDE, PRINT OR S, LEFT PARENTHE-
SIS (NUMBER HAS BEEN ENTERED), LEFT PA-
RENTHESIS (PREVIOUS OPERATION IS DIVIDE
AND NO NUMBER HAS BEEN ENTERED), AUTO,
LEFT PARENTHESIS (PREVIOUS OPERATION IS
NOT DIVIDE AND NO NUMBER HAS BEEN EN-
TERED), RIGHT PARENTHESIS, =, NUMBER FOL-
LOWING PRINT, NUMBER FOLLOWING S, NUM-
BER FOLLOWING 8, AND &, RESPECTIVELY;

FIG. 9 is a flow diagram showing the order of steps
carried out during execute cycles;

FIG. 10 is a flow diagram showing the order of steps
carried out during print edit cycles; and

FIG. 11 is a timing diagram illustrating the sequence
of occurrences during the print cycle when the buffer
register contents are printed.

With reference now to the drawing and more particu-
larly FIG. 1 thereof, there is shown a block diagram
illustrating the logical arrangement of an analyzer ac-
cording to one embodiment of the invention. Since
specific components for assembling the analyzer are
well-known in the art, detailed discussion thereof has
been omitted to avoid obscuring the principles of the
invention. Actuation of a key of the keyboard system
11 closes an electrical contact for routing an appropri-
ate control signal through the special keyboard history
storage and strobes unit 12 to the timing clock system
13 and stores a four-bit code over the four parallel lines
14 in control and digit register 15 identify the number
or operand designated by the depressed key.

Referring to FIG. 2, there is shown a perspective view
of a control panel of the keyboard system 11. The
following explanation of the functions of the different
keys and switches will facilitate understanding the op-
eration and arrangement of the analyzer of FIG. 1. The
apparatus analyzer is energized by turning the power
switch 21 into the “‘on” position. The program mode
switch 22 selects one of the four program modes
LEARN, NORMAL, BRANCH and STOP.

In the NORMAL position the analyzer may function
as a calculator to effect arithemtic combinations of
decimal numbers. These numbers comprise decimal
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digits selected in sequence by depressing appropriate
ones of the ten numeric keys designated 0-9. Depress-
ing the decimal point key 23 between the selection of
consecutive digits locates the decimal point between
those digits. An appropriate power of 10 multiplier is
selected by first depressing the ZEROS key 24, and
then depressing respective ones of the numeric keys
0-9 to specify the number of zeros. Successive numbers
are arithmetically combined by depressing one of the
add key 25, the subtract key 26, the multiply key 27 or
the divide key 28. Any number of decimal numbers
may be joined by an appropriate mathematical opera-
tor, and each decimal number and the connecting oper-
ators are simultaneously printed out by the printer 16
so that one using the analyzer can see the progress of
the operations thus far selected. Upon pressing the
EQUALS key 31, the analyzer combines the numbers
thus far selected in accordance with the selected arith-
metical operations to print out the equal sign and the
result of such arithmetical combination in accordance
with the mathematical associative and commutative
laws.

In addition to the normal arithmetical operations, the
invention provides the feature of parenthecation. By
first depressing the left parenthesis key 32, selecting a
combination of decimal numbers and then depressing
the right parenthesis key 33, the analyzer will automati-
cally treat the material in the parentheses as a single
decimal number equal to the combination of numbers
insidc the parentheses processed in accordance with
the mathematicl laws designated by the enclosed oper-
ators while continuing to print each parenthesis, deci-
mal number and operator selected. A decimal number
immediately adjacent to a parenthesis is treated as a
coefficient of the parenthecated material.

Moving the program mode switch 22 into the
LEARN position prepares the analyzer for receiving
instructions for carrying out a prescribed program au-
tomatically. This program may be implemented after it
is inserted by turning the program mode switch to the
NORMAL position and depressing the AUTO key 36.
The instructions may be inserted by working each step
of the problem while the program mode switch 22 is in
the learn mode. A decimal number may be stored by
first designating the number as described above by,
then depressing the EQUALS STORE key 41, and
finally by depressing an appropriate one of the numeric
keys to identify the particular storage register where
the selected decimal number is to be stored. The next
step in the program might then be an operation involv-
ing what is stored in that storage register arithmetically
combined with something that has previously been
stored in another register with instructions to print out
the result or to store the result in a designated storage
register. To select a number then stored in a storage
register for such arithmetic combination, it is only nec-
essary to press the STORE key 37 followed by the
appropriate one of the numeric keys identifying that
storage register. If it is desired to store the result of that
combination in a designated storage register, first the
EQUALS STORE key 41 is depressed, and then the
numeric key identifying that designated storage register
is depressed. If it is desired to print out the contents of
a particular register, PRINT key 42 is depressed fol-
lowed by depression of the appropriate one of the nu-
meric keys. The mechanical steps followed by the oper-
ator will be better understood from the discussion of a
specific example set forth in detail below.
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By moving the program mode switch 22 to the
BRANCH position, then depressing AUTO key 36, the
analyzer will operate automatically and stop at the end
of a sequence of designated program steps if and only if
the result of the last arithmetic computation was either
zero or positive. By moving the program mode switch
22 to the STOP position and depressing the AUTO key
36, each step in a selected program is carried out and
automatic operation stopped at the completion of the
last step, regardless of the result of the last arithmetic
computation.

The steps in the program for evaluating the square
root of a number by Newton's method of successive
approximations are immediately inserted into the ana-
lyzer by depressing the SQUARE ROOT key 34 with
the program mode switch 22 in any of the NORMAL,
BRANCH, or STOP positions. Then with the program
mode switch 22 in the BRANCH position, the number
to be square rooted is entered by depressing the nu-
meric keys. Pressing EQUALS STORE key 41 and the
number 1 key transfers the number to be square rooted
into a first storage register S1. Depressing AUTO key
36 causes the analyzer to compute the square root of
the number, place the square root in a third storage
register $3 and print out the result.

Key 35 may also be employed to select the steps in a
predetermined program for insertion into the analyzer.
For example, depressing key 35 might select the pro-
gram for cube rooting.

Depression of the START key 43 functions to reset
various control states preparatory to starting a problem
immediately after power switch 21 has been turned to
the “on" position.

Depression of the CLEAR SINGLE DIGIT key 44
functions to clear the last digit entered in the buffer
register 58 (FIG. 1) and print the contents of that regis-
ter after such last digit is cleared.

Depression of the CLEAR ALL DIGITS key 45 func-
tions to clear the entire buffer register.

When READY light 46 is illuminated, the analyzer is
in condition for receiving input data. This light is extin-
guished when the analyzer is computing or when
STORE light 47 is lit.

When any one of EQUALS STORE key 41, STORE
key 37 or PRINT key 42 is depressed, STORE light 47
is lit to indicate that the next designation must be a
numeric identifying one of the storage registers. When
the numeric key is depressed, the STORE light is extin-
guished.

The specific components of an analyzer according to
the invention may comprise flip-flops, gates, buffers,
shift registers, and other well-known elements of a
computing system. To avoid obscuring the principles of
the invention, a detailed description of each element
and each interconnection is not set forth herein. The
detailed description of the various command, control
and data signals, together with the detailed flow dia-
grams and specific examples, best illustrates the princi-
ples and practice of the invention to those skilled in the
computer art. The analyzer specifically described
herein corresponds substantially to a commercially
available computer now in use in governmental and
private organization in the United States.

In the discussion which follows and in the various
flow diagrams and tables setting forth in detail the steps
in the various processes, the use of abbreviations facili-
tates the description. The following glossary defines
most of these abbreviations.
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GLOSSARY OF TERMS

A Auxiliary Register 62 or its Contents
Al-1 Adder Input )

Al2 Adder Input 2

ANS Automatic Mode Flip-Flop

AX Exponent Position of *A” Register 62

B Buffer Register 58 or its Contents
BS Buffer Register Sign Position

BX Buffer Register Exponent Position

C or C1-C4  Keyboard Control and Digit Storage Register 15

CIs Serial Output of C

Cs The 96-Bit, 24-Character Serial Storage Register
of Control Codes 77 or its Contents

D Print Character Register

DPS Decimal Point State Flip-Flop that is Set when the Decimal Point Key 23 Has Been
Depressed

EE Exponent Entered Flip-Flop that is Set when the Exponent Key 24 Has Been
Depressed

I Identity Code Stored in a Register

KC Control Key Flip-Flop

KND Digit Key Flip-Flop

LM Program Mode Switch 22 Is in the “Learn Made™

RFI1 R Register 71 Has an ldentity

RI-R4 The Four 48-Bit Accumulator Registers 71-74

S1-8n The “*n" 48-Bit Number Storage Registers 83-85

BF1 Buffer Register 58 Has an Identity

EOF Exponent Overflow

SOF Digit 9 Has an Overflow

ROF Digit 10 Has an Overflow

SAE Signs Are Equal

BFS Digit 9 of Buffer 5% Is Non-Zero

PRC Flip-Flop that is Set when the Print Buffer Operation Is Complete

In FIG. 1 the solid lines generally designate digital
data signal paths, the dashed lines generally designate
paths of control signals provided by the subcommand
and control unit 54, and the dashed-dotted lines gener-
ally designate paths of other control signals. A single
data line in the drawings sometimes represents a num-
ber of physical lines so that the drawings can best illus-
trate the invention. Corresponding elements are gener-
ally identified by the same reference symbols through-
out the drawings.

Referring again to FIG. 1, pressing a key also sets a
flip-flop in the keyboard history storage and strobes
unit 12 by conditioning an appropriate one of the la-
beled input lines identifying the contents of control and
digit register 15 as a decimal number, a control code,
or a special operation such as a decimal point, an expo-
nent or a clear code. The timing clock system 13 then
inserts a 40 millisecond delay prior to starting the cycle
counters 51 and the shifting of the various registers.
This delay allows the switch bounce and power drive to
the memory to stabilize. Depending upon the state of
the keyboard history storage and strobes unit 12 trans-
mitted over the lines 52 and the state of the control and
digit register 15 sensed over the lines 53, the cycle
counters 51 sequence from one state to another
through a predetermined sequence. Each operation of
number storage, shifting, printing and arithmetic exe-
cution is therefore performed under the direct and/or
indirect control of the cycle counters 51, the control
and digit register 15, the keyboard history storage and
strobes unit 12, the timing clock system 13 and the
decoded logical derivative of the subcommand and
control unit 54 which receives signals from the timing
clock system 13 over line 55 and from the cycle count-
ers 51 over lines 56 and delivers appropriate signals to
the cycle counters 51 over lines 57. If the contents of
control and digit register 15 comprise a decimal digit,
the signal on the NUMBER input line to keyboard
history storage and strobes unit 12 causes the analyzer
to sequence through a set of cycles that result in the
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contents of the buffer register 58 being shifted one
character left and the digit in the control and digit
register 15 being shifted into the buffer register 58 over
line 61.

The actual data storage registers may be conven-
tional magnetic core or flip-flop registers. Control and

 digit register 15 is preferably a 4-bit register arranged

to receive data in parallel from keyboard system 11 and
in series from control storage register the 77 while
providing the stored data in series on lines 61 and 76.
Any of numerous well-known techniques may be em-
ployed for converting the depression of a key into a
4-bit coded electrical signal that is transferred on four
parallel lines to control and digit register 18.

The control storage register 77 preferably comprises
a 96-bit serial register capable of storing twenty-four
4-bit codes representative of a program to be automati-
cally carried out by the analyzer when operating in the
automatic computing mode. The remaining registers
are preferably 48-bit serial registers capable of storing
nine 4-bit decimal digits, two 4-bit decimal digits iden-
tifying an exponent, a 2-bit operation code, a sign bit
and a normally unused bit which may accept an over-
flow bit.

Referring to FIG. 3, there is shown in FIG. 3B a
diagram illustrating the general register layout of the
48-bit registers in relation to the clock times (shown in
FIG. 3A) when data immediately below the designated
clock times may be extracted. Stated in other words,
the cascaded 48 bistable stages in a general register will
store the data characters represented in FIG. 3B in
respective numbercd bistable stages at the clock times
immediately above in FIG. 3A. Thus, the first 36 bista-
ble stages or cells then store nine characters each rep-
resented by a 4-bit binary code. The 37th stage or cell
is normally unused. The 38th and 39th stages or cells
contain one of the operation codes corresponding to
add, subtract, multiply or divide as set forth in FI1G. 3H.
The 40th stage or cell then contains the sign bit as
indicated in FIG. 31, and the remaining eight stages or
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cells store the exponent, which may be two decimal
digits each encoded by a 4-bit binary code as shown in
FIG. 3], the wellknown excess 3 code.

FIG. 3C shows the initial condition of the 48 bistable
stages of buffer or B register 58 (in the excess 3 code)
at clock time 1; FIG. 3D shows the binary coded deci-
mal equivalent; and FIG. 3E shows the decimal equiva-
lent.

FIG. 3F shows the initial state of the auxiliary or A
register 62; and F1G. 3G shows the decimal equivalent
then stored at clock time 1 in each four-stage group.

It will thus be recognized that in the illustrated spe-
cific embodiment the word format comprises a decimal
number which may include nine decimal digits, an
operation code, and a multiplier comprising 10 raised
to a positive or negative power extending over a range
of 100. This selcction of word format leads to the abil-
ity of the analyzer to solve a wide variety of numerical
problems with precision and speed while employing
relatively little apparatus.

The foregoing explanation of the word format should
be helpful in understanding the further discussion of
FIG. 1. If the contents of the control and digit or C
register 15 comprise a decimal digit, the system is
caused to sequence through a set of cycles resulting in
the contents of the buffer register 58 being shifted one
digit left and the character in the control and digit
register 15 being inserted in the CH-1 position of buffer
register 58. If a decimal point code has been selected
by depressing key 23 (FIG. 2), then a decimal one is
subtracted from the stored buffer register exponent in
stages 41-48 for each subsequent decimal digit keyed
into the register. Appropriate control signals channel a
number identified as an exponent following depression
of key 24 (FIG. 2) into the exponent position of the
auxiliary register 62. Upon the next operation on that
number the auxilliary and buffer register exponents are
added if the decimal point key was not depressed. If the
decimal point key was depressed, the A exponent is
subtracted from the B exponent.

The buffer register 58 performs the dual function of
both input and output register, collecting and storing
numbers entered either from the keyboard system 11
through the control and digit register 15 or from the
storage registers 63 through the storage register selec-
tion network 64. Also, output results to be printed are
transmitted over line 60 for editing and printing by
printer 16. Even though buffer register 58 is used in the
intermediate execution and transfer of data, it always
ends up in an initial state as shown in FIGS. 3C-E
storing a 50 in the exponent position and coded zeros in
all the number positions. The buffer register 58 and the
auxiliary register 62 never carry an operation code, but
may use that space for a tenth digit. Only the accumula-
tor registers 71-74 carry meaningful operation codes.

The auxiliary register 62 serves to hold an exponent
that may have been entered from the keyboard system
11 and receives that exponent from control and digit
register 15. This stored exponent may be transferred
over line 66 to adder 67 for execution of multiplication
and division or to an auxiliary manipulative register in
computing sums and differences, the result of a compu-
tation typically being returned to auxiliary register 62.

A number of accumulator registers 71-74 designated
R1-R4 not only function as accumulators in connec-
tion with automatically computing and storing arithme-
tic data as entered, but comprise a portion of the means
for effecting parenthecation. The input accumulator 71
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functions to hold a partial result and an operation code
designating the mathematical operation. The partial
results is transferred to buffer register 58 over line 75.
The operation code bits are received from control and
digit register 15 over line 76 and indicate the operation
that must be performed on that partial result. It has
been discovered that by utilizing multiple accumulator
registers 71-74, the physical placement of a quantity
within a specific one of the accumulator registers can
be used to designate the grouping operators and to
obviate the need for specifically encoding the left and
right parentheses. Thus, with but two accumulator
registers 71 and 72, an unlimited number of beginning
left parentheses and all necessary right parentheses
may be manipulated. By adding an extra pair of accu-
mulator registers for each additional left parenthesis
that is entered into the analyzer number and that is
immediately preceded by entry of a, any number of left
parentheses may be entered prior to closing with a right
parenthesis. Thus, by adding the extra pair of accumu-
lator registers 73 and 74 shown in the exemplary em-
bodiment of FIG. 1, the analyzer can accept entry of an
additional left parenthesis within a problem before
closing with a right parenthesis.

The normal operation of the analyzer involves the
arithmetic combination of the partial result in input
accumulator register 71 with the contents of buffer
register 58 under control of the operation code stored
in cells 38 and 39 (FIG. 3) of the input accumulator
register 71 followed by entry of the result of this combi-
nation in input accumulator register 71 with a control
code provided by control and digit register 15 for per-
forming the next step in the program. Also, data is
exchanged among the four accumulator registers
71-74 and buffer register 58 in accordance with the
steps set forth in chart 1 of FIG. 4. If applicable, further
arithmetic operations are performed on the new pairs
of numbers so shifted by combining the contents of the
buffer register 58 with the contents of the input accu-
mulator register 71 under control of the operation code
then stored in stages 38 and 39 of the input accumula-
tor register as before. The actual arithmetic operation
performed is always performed under control of the
operation code then stored in accumulator register 71,
and the shifting of the accumulator register and the
operation code assigned to the resultant combination is
under control of the control code then in control and
digit register 15 as selected by the keyboard system 11.

If the program mode switch 22 (FIG. 2) of the key-
board system 11 is in the LEARN position, then control
signals applied to control and digit register 15 cause the
contents of control storage register 77, a cascaded
succession of stages with each stage arranged to receive
four bits in series, to sift one character position left and
the stage of control storage register 77 vacated by the
left shift to receive over line 61 the four bits then in
control and digit register 15. The control storage regis-
ter 77 as embodied in one version of the present inven-
tion is a standard 96-bit shift register capable of holding
24 control codes received from control and digit regis-
ter 15. Control storage register 77 receives control and
register selection codes from control and digit register
15 during the LEARN mode. It receives a STOP code
upon selection of a numeric and then an operator. The
operator is then entered after the STOP code. The
significance of the STOP code is discussed below.

Moving program mode switch 22 of the keyboard
system 11 to the LEARN position not only sets up the
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control state causing coded signals to enter control
storage register 77 from control and digit register 185,
sut also causes a CLEAR signal to momentarily clear
the entire control storage register 77 so that it stores all
zeros, thereby eliminating any previous stored pro-
gram. Therefore, when the program mode switch 22 is
noved from the LEARN position to any of the other
>ositions, a coded character will then be in storage in
‘he control storage register 77 for each control key or
wmeric key of the keyboard system 11 that was actu-
ited while the program mode switch 22 was in the
LEARN position. A blank character (all binary zeros)
~ill reside in any of the 24 character positions of con-
trol storage register 77 then not filled. If the AUTO key
36 is then depressed, the contents of control storage
register 77 will control the operation of the analyzer in
1 manner identical to the keyboard manual control
oreviously described except that numbers and opera-
tion codes will be entered into control and digit register
L5 over line 81 instead of over lines 14.

If the program mode switch 22 is in the NORMAL,
BRANCH or STOP positions and square root key 34 is
depressed, the program for taking the square root of a
number by the method of successive approximations is
inserted in control storage register 77 for accepting a
number to be square rooted in storage register 1 (S1)
aind an estimated answer in storage register 3 (S3),
where the correct answer eventually resides.

Control storage register 77 will automatically shift
left in four bit steps past all blank characters to the first
aon-zero coded character stored therein. This stops the
shifting of the control storage register 77, and the
zoded character is extracted and put into control and
Jigit register 15 to cause the analyzer to operate in the
same manner as if the coded character had been en-
tered from tthe keyboard manually. When that opera-
tion is complete, control and digit register 15 transmits
the coded character over line 61 back to control stor-
age register 77 for restorage, causing control storage
register 77 to shift to the next coded character which
will be transferred over line 81 into control and digit
register 15 for the next operation.

If a STOP code appears in the position of the charac-
ter transferred over line 81, the automatic operation is
halted and manual insertion of a number from the key-
soard is required before the AUTO key 36 may again
se depressed to resume automatic operation. However,
aumbers can be inserted into buffer register 58 from
the numbered storage registers 63 rather than from the
<eyboard system 11 so that automatic operation need
10t be halted when a number is required in a sequence.
The control code calling that number from a storage
-egister 63 may be selected under control of the control
and digit register 15. Computed results can also be
stored in the numbered storage registers 63, and these
:omputed results may be automatically selected for
‘uture computations.

By depressing the EQUALS STORE key 41 instead
of the EQUALS key 31, a computed result will be
stored in one of the storage registers 63 designated by
1 corresponding numeric key, provided that numeric
cey is depressed after depressing the EQUALS STORE
cey 41. Upon depressing the numeric key identifying a
specific one of the storage registers 63, the code of that
wumeric key is stored in control and digit register 15,
and the contents of the buffer register then containing
‘he result to be stored are transferred to the designated
one of the storage registcrs 63 under control of the
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storage register selection network 64. The old contents
of the designated storage register are cleared, leaving
all other storage registers undisturbed. The utility of
this mode of operation is especially advantageous in
iterative computations for rapidly evaluating elements
in a series with a minimum of apparatus.

If it is desired to select the contents of a designated
one of the storage registers 63 under the control of
keyboard system 11, then the STORE key 37 is de-
pressed to set up control states in the cycle counters 51
to condition the analyzer to recognize the next numeric
key depressed ad identifying exactly which storage
register is to be selected. This numeric key then starts
the control sequencing to cause the contents of the
selected one of the storage registers 63 to be trans-
ferred to the buffer register 58, leaving the contents of
the selected storage register unchanged. At this point,
buffer register 58 contains the same number as the
selected register, exactly as if that number had been
keyed in digit by digit from the keyboard system 11. By
depressing the first PRINT key 42 and then one of the
numeric keys, the contents of a storage register identi-
fied by the numeric key are first transferred to the
buffer register 58 and then printed by printer 16 in the
same manner as an item is printed upon entry into the
buffer register during normal operation.

Any of the three number storage manipulation keys
37, 41 and 42, each coupled with a following numeric
identifier key, can cause an appropriate control code to
be stored in control and digit register 15 for transfer to
control storage register 77 when program mode switch
22 is in the LEARN position. These codes are then
cyclically recalled later while operating in the AUTO-
MATIC mode so that iterative computation involving
extracting numbers from selected storage registers and
putting results into selected storage registers can be
performed without manual intervention.

If the program mode switch 22 is in the NORMAL
position, depressing AUTO key 36 causes control stor-
age register 77 to shift, select a code, transfer it to
control and digit register 15 where it is operated upon,
and repeat the cycle indefinitely if neither a STOP code
nor an EQUALS code has been inserted. Automatic
operation will always halt for numbers in response to a
STOP code or after a computed printed result. If it
comes to blank codes at the end of the process, control
storage register 77 will continue to shift and repeat the
steps in the process. By moving program mode switch
22 to the STOP position, automatic operation will stop
on each blank code.

By moving the program mode switch 22 to the
BRANCH position, automatic operation will stop on
the first blank code transferred over line 81, if, and
only if, the result of the last arithmetic operation was
either zero or positive. The control storage register 77
will shift past the blank codes and repeat the steps in
the stored process if the result of the last computation
before the blank code was negative. Therefore, the stop
is conditional upon the last computed result.

Referring to FIG. 5, there is shown a block diagram
illustrating the logical arrangement of the apparatus for
selecting the different storage registers. If it desired to
transfer the contents of the buffer register 58 to one of
the several storage registers 83-85, the buffer recircu-
lation line 86 is gated through buffer gate 87, when
input line 91 of the buffer gate 97 is conditioned by the
command signal TRANSFER BUFFER TO STOR-
AGE, to provide on the BG output line 92 the same
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digital data carried by the buffer recirculation line 86.
The BG output line 92 carries this data to a plurality of
storage register selection gates 93-14 95 designated
SIS-SnS, respectively, each associated with a respec-
tive one of the storage registers 83-85. This data is
gated through one of these register selection gates
93-95, when the register selection control 96 decodes
the register number indicated by the selection code
input lines 53, in response to the command signal
TRANSFER BUFFER TO STORAGE being applied to
input line 91 of the register selection control 96 to
energize a respective one of the SELECT lines and
thereby condition a corresponding one of the selection
gates 93-95, The conditioned one of the selection gates
93-95 then transmits the digital data in serial form on
BG output line 92 to the input of the selected one of the
storage registers 83-85.

As indicated above, the storage registers are prefer-
ably recirculating registers whereby data ejected at the
output is normally reinserted at the input of each regis-
ter via the various recirculation lines SIR-SnR. When
new data is to be stored, means are provided for inhibit-
ing the reinsertion function. To accomplish this each of
the storage register recirculation lines 101-103 of stor-
age registers 83-85, respectively, is also coupled to an
input line of a respective output control gate 104-106,
respectively designated SIC-SnC. When the other input
line of one of these control gates 104-106 is condi-
tioned by a SELECT signal provided by register selec-
tion control 96, the output line of the control gate thus
enabled provides the complement of the signal being
recirculated on the corresponding recirculation line for
reinsertion into the selected storage register. This com-
plementary signal is fed back and gated with the signal
on the corresponding recirculation line into the se-
lected storage register to provide a logical combination
for reinsertion that is then always zero, thereby effec-
tively inhibiting recirculation during the write-in time
of the selected storage register.

The provision of a TRANSFER STORAGE TO BUF-
FER command signal on input line 107 of register se-
lection control 96 initiates the transfer of data from the
selected storage register which is indicated by activa-
tion of one of the SELECT lines from register selection
control 96 to condition a selected one of the storage
gates 93-95 and a selected one of the control gates
104-106. Application of the TRANSFER STORAGE
TO BUFFER command signal to input line 107 of the
select function gating means 108 enables that means to
transmit the digital data transmitted by the enabled one
of control gates 104-106 for insertion into buffer regis-
ter 58 over the SF output line and also through the
enabled one of selection gates 93-95 into the same
storage register then selected. As a result, recirculation
occurs through the enabled one of control gates
104-106, select function gating means 108 and the
enabled one of selection gates 93-95 to preserve a
nondestructive readout, even in the presence of the
complementary combination of the output of an en-
abled one of control gates 104-106 with the signal on a
respective one of recirculating lines 101-103. By em-
ploying the register selection system of FIG. § with
identical register selection controls for input and out-
put transfers, reliable operation is obtained with rela-
tively few components to further aid in keeping system
costs down.

Referring to FIG. 6, there is shown a timing diagram
for general overall operation of an exemplary embodi-
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ment of the invention in which waveforms are repre-
sented on a common time scale that has been com-
pressed where breaks are indicated. The start of an
operating cycle typically commences with the depres-
sion of a key on the keyboard or an equivalent opera-
tion initiated through external means or through the
internal program during the course of automatic opera-
tion. It is therefore convenient to consider time zero as
the time when a key is depressed. Depressing a key
typically discharges a capacitor that has previously
been charged to —5 volts, the discharge taking place in
about five milliseconds as illustrated in FIG. 6A. This
voltage pulse causes the setting of those flip-flops in
control and digit register 15 required to encode the
depressed key, the set signal in FIG. 6B showng the
waveform of a typical flip-flop thus set. An appropriate
flip-flop in keyboard history storage and strobes unit 12
as designated by an activated one of the six labeled
input lines may then also be set as represented by the
signal waveform of FIG. 6C. Energization of one of
these input lines causes the operating power to change
from standby and operate with the presence of the I,y
signal shown in FIG. 6D. The key closing pulse of FIG.
6A is effective to set the various flip-flops that provide
the signals shown in FIGS. 6B-6D. The I,y signal of
FIG. 6D also starts the START CLOCK DELAY signal
shown in FIG. 6E for introducing a forty millisecond
delay, the START CLOCK DELAY signal typically
being provided by a monostable multivibrator that
remains in the unstable state for forty milliseconds after
being triggered by the I,y signal.

The forty millisecond delay provided by the timing
clock system 13 allows the key closure and the power
to stabilize before the clock pulses shown in FIG. 6F
begin. At the end of this forty millisecond delay, the
timing clock system 13 provides the clock pulses on
line §5 for controlling the sequencing of the analyzer.
These clock pulses are counted down, subdivided and
otherwise processed to make available many logical
derivatives. By using a 48-count signal which changes
state every 48 clock pulse periods as shown in FIG. 6G,
the identity of each clock pulse from time t1 to time t96
can be uniquely defined. The 48 clock pulses occurring
while a t1-t48 flip-flop output is negative as shown in
FIG. 6G are called t1-t48, respectively, and the 48
clock pulses occurring while the 11-148 flip-flop output
is at ground potential as also shown in FIG. 6G are
called t49-196, respectively. As indicated above, all the
serial shift registers within the analyzer are 48 bits long
and are synchronized with the timing clock pulses. Bit
1 of a 48-bit word reenters a register input at time t1,
and the other numbered bits enter a register at a bit
time identified by a corresponding number. Therefore,
a serial register for word storage cycles twice in 96
clock pulse periods so that there are two word cycles
for each clock cycle. The individual clock pulses are
effectively counted through logical decoding tech-
niques by cycle counter 51, each counter cycle being
abbreviated as CY followed by an appropriate numeric
as indicated in FIGS. 6H-K. As will become clearer
from the discussion below, the occurrence of a specific
counter cycle state effects the carrying out of a specific
function of the analyzer. In the preferred embodiment
of this invention there are 28 counter cycles.

A cycle counter state is active for 96 clock pulse
periods, and all changes in cycle counter states occur at
time t72. Counter cycle CY40 is employed to define
the normal standby state for the analyzer, and the des-
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ignating flip-flop produces a negative potential (on)
while no operation is occurring. Since the timing clock
starts at time t1, and the cycle counters change state at
time t72, CY40 is on for the first 72 clock pulse periods
of the timing clock, at which time CY41 usually comes
on.

Referring to FIG. 7, there is shown a block diagram
illustrating the logical sequence of steps performed by
the analyzer in executing partial result computation in
compliance with the associative and commutative laws.
The box at the top of the diagram indicates the begin-
ning of the sequence from the preceding operating
cycle, and the box at the bottom indicates the exit to
the next operating cycle. Conditional occurrences are
indicated by the branches with the flow following the
branch labeled with the then existing condition. The
number in the upper left hand corner of the blocks
identifies the counter cycle in which the steps desig-
nated thercin are carried out by the analyzer. The logi-
cal sequence represented in FIG. 7 occurs each time an
add, substract, multiply, divide, left parenthesis, right
parenthesis or equal function is selected through the
keyboard system 11 or automatically.

FIG. 7 shows the logical paths that can be followed
for each operation, including when shifting should
occiir and when another operation should be per-
formed. The control flow through the counter cycles is
a function of the control code then stored in control
and digit register 15, but the actual arithmetic opera-
tion performed on the contents of the buffer register 58
and the R1 accumulator register 71 is under control of
the opcration code stored in the R1 register 71. The
exceptions to the control flow being solely determined
by the control code stored in control and digit register
15 are (1) when a left parenthesis operator follows a
divide operator and no number was entered between
these successive operators, or (2) when cycling be-
tween counter cycles CY1l and CY12 with an
EQUALS code in the control and digit register 15 and
with a valid (non-identity) number in the R1 accumula-
tor register 71 (cycling continues until an identity is
shifted into the R1 accumulator register).

FIG. 4 shows that only four operation codes, add,
subtract, multiply and divide, are stored in the R1 regis-
ter 71 (left and right parentheses are always accompa-
nied by a stored multiply code). Furthermore, only a
one-bit operation code to distinguish between an add
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or subtract or between a multiply or divide need be
stored because the initial placement of data within the
R accumulator registers 71-74 determines if the stored
operation code is add/subtract or multiply/divide.
Upon completion of the operating cycle resulting from
the entry of any of the four operation codes, add, sub-
tract, multiply, or divide, from the keyboard system 11,
the add or subtract operation code is located in the R2
register 72 and the multiply or divide operation code is
located in the R1 register 71. Since all operating cycles
always result in net shifts among the R registers 71-74
of an even amount, the R1 and R3 registers 71 and 73
always contain either a multiply operation code, a di-
vide operation code or an identity, and the R2 and R4

5 registers 72 and 74 always contain either an add opera-

tion code, a subtract operation code or an identity.
However, in the preferred embodiment described
herein, a two-bit code is used to store the add, subtract,
multiply or divide operation codes to introduce a rela-
tively inexpensive redundancy that minimizes the
chance of an erratic operation.

In FIG. 4, chart 1 sets forth the steps carried out by
the analyzer in executing keyboard commands, and
chart 2 shows the R1 and buffer register contents be-
fore and after each arithmetic operation. Chart 1 shows
a summary of the steps through which the analyzer is
sequenced in response to selection of each of the key-
board control key functions. This is basically a restate-
ment in tabular form of the flow diagram shown in FIG.
7. Chart 2 shows the R1 register 71 contents and the
buffer register 58 contents both before and after execu-
tion of each arithmetic operation. The manner in which
the contents of these two registers are arithmetically
combined in serial form to result in add, subtract, mul-
tiply and divide in cooperation with adder 67 is well
known in the art and not specifically described herein
so as not to obscure the principles of the present inven-
tion.

To further illustrate how the numeric value of a func-
tion is analyzed using the techniques described herein,
consider evaluating the following equation:

2+(3)+(4—5X6)7 = .

The following tabulation lists in the left hand column
the order of keys depressed and then sets forth in the
right hand column what happens in the analyzer follow-
ing the depression of each key.

KEY

ACTION

+

is put in Buffer Register 58
The 2 in the Buffer and an Identity initially in R1 com-

bine 1o create a 2 that is stored in RI.

R1 is shified to the Buffer, leaving the 2 in the

Buffer, and an Identity from R2 is transferred to R{.

The Buffer and R1 are again combined, leaving a 2 in

R and an Identity in the Buffer.

A + code is attached to R1.
The 2+ in R is transferred to R2, the Identity in

the Buffer is transferred to R1, and an Identity is
left in the Buffer,

The Identities in both R1 and the Buffer combine to

leave an ldentity in both R1 and the Buffer (i.e., no
useful result has transpired).

A X code is attached to the Identity in R1.
The 2+ in R2 is shifted to R3, and the ldentities in

R and the Buffer are shifted to R2 and R1, respectively,
leaving an Identity in the Buffer

The 2+ in R3 is shifted 1o R4, and the Identities in

the Buffer, R1 and R2 arc shifted 1o R1, R2 and R3,
respectively, leaving an Identity in the Buffer.

is put in the Buffer.
The 3 in the Buffer is combined with the ldentity in

R1.and a X code is put in R1, leaving 3X in RI and an ldentity
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-continued

KEY ACTION

in the Buffer.
(2) The 2+ in R4 is shifted to R3, an Identity is put in
R4, the 3 in R is shifted to the Buffer, and Identities
are left in Rl and R2 and an X code is left in R1.
(3) The 3 in the Buffer and the X code and the Identity in R1 are arithmeti-
cally combined, leaving a 3X in R and an Identity in the
Buffer.

KEY ACTION

(4) The 2+ in R3 is shifted 1o R2, and the 3X in R1 is shifted
to the Buffer, leaving Identities in R4, R3 and RI.
(5) The Identity in R1 is combined with the 3X in the
Buffer, leaving 3X in-R1 and an Identity in the Buffer.
+ ) The Identity in the Buffer is combined with the 3X in R1,
Icaving 3X in R1 and an Identity in the Buffer.
(2) A + code is put in R1, leaving 3 +in RI.
( (1) The 2+ in R2 is shifted to R3, the 3+ in the R1 is shifted
to R2, and ldentities are left in Buffer, R1 and R4.
) The 2+ in R3 is shifted to R4, and the 3+ in R2 is
shifted to R3, leaving Identities in the Buffer, R1 and R2.
4 A 4 is put in the Buffer.
- (1) The 4 in the Buffer is combined with the ldentity in
R1, leaving a 4 in R1.
() The 4 in R1 is shifted to the Buffer, the 2+ in
R4 is shifted to R3, the 3+ in R3 is shifted to R2, and
Identities are left in R4 and R1I.
(3) The 4 in the Buffer is combined with the Identity in
R1, leaving a 4 in R1 and an Identity in the Buffer.
(4) A — code is attached to the 4 in R1, leaving 4— in R1.
(5) The 2+ in R3 is shifted to R4, the 3+ in R2 is shifted to R3, and the 4— in
R1 is shifted to R2, leaving ldentities in R1 and the Buffer.
5 A § is put in the Buffer.
X N The 5 in the Buffer is combined with the Identity in
R1, leaving a 5 in Rl and an Ildentity in the Buffer.
(2) A X code is attached to the 5 in RI, leaving 5X in R1.

6 A 6 is put in the Buffer.
RECAP: 6 in Buffer, 5X in R1, 4—in R2, 3+ in R3 and 2+ in R4
( (1) The 5X in R1 and the 6 in the Buffer are multiplied, leav-

ing 30 in R1 and an Identity in the Buffer.
(2) The 30 in R} is shifted to the Buffer, the 4— in R2 is shifted,
to R1, the 3+ in R3 is shifted to R2, the 2+
in R4 is shifted to R3, and an Ikdentity
is left in R4.

18

KEY ACTION

(3 The 4— in R1 is combined with the 30 in the Buffer,
leaving —26 in R| and an Identity in the Buffer.

(4) The —26 in R1 is shifted to the Buffer, the 3+ in R2 is shifted to
R1, the 2+ in R3 is shifted to R2, and Identities are left in R3 and R4.

(5) The 3+ in R is combined with the —26 in the Buffer, and a X code is put in R1,
leaving —.115384615X in R1 and an identity in the Buffer.

7 A 7 is put in the Buffer.
= (1) The —.115384615X in R is combined with the 7 in the

Buffer leaving — 80769231 stored in R1 and an Identity
in the Buffer.

(2) The — 80769231 in R1 is shifted to the Buffer, the 2+
in R2 is shifted to R1, and R2, R3 and R4 arc left with
Identities.

(3) The 2+ in R} is combined with the — 80769231 in the
Buffer, leaving 1.19230769 stored in R| and an Identity
in the Buffer.

(4) The 1.19230769 in RI is shifted to the Buffer, and the Indenti-
ties in R2, R3 and R4 are shifted to R1, R2 and R3, respectively.

5 Since R1 is an identity, the process is ended, and the
contents of the Buffer are printed.
The printed format appears as:
24(3) + (4—5X6)7 = 1.9230769.

The contents of the accumulator registers < > R1-R4 and the Buffer register B
at the end of cach step are set forth in the following table.

KEY 2+ 3 ) = 4 - 5 X 6 ) 7 =
R4 o1 2+ 2+ I 24 M 2+ 2+ 2+ 2+ I 1
R3 1 11 X X 1 I 3+ 3+ 3+ 3+ 3+ 3+ o I 1
R2 2= 1 [ 2+ 2+ 1 1 4—  4—  4- 4~ 2+ 2+ 1

R I

R I I IX 3+ I I I 1 55X  5X  MX MX
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B I 21 1 3 I 1 I 4 I 5 I 6 1 7 N
NOTES:
1= kdentity
M = 3:(4-5x6) = —.115384615
N = 1.19230769

Referring to FIG. 8, there is illustrated the flow dia-
gram for each operation helpful in understanding in
detail how the cycle counters control the overall opera-
tion of the analyzer. Each key depressed on the key-
board (FIG. 2) starts a sequence of operations as previ-
ously described above. Each counter cycle of 96 clock
pulse periods is indicated in FIG. 8 as a block with a
number in the upper left corner identifying the counter
cycle CY number. The remainder of each box contains
an abbreviated description of the steps which occur for
each counter cycle with an accompanying encircled
number designating those subcommand signals pro-
vided by subcommand and control signal source 54
(FIG. 1) during that counter cycle and defined in the
following SUBCOMMAND SIGNAL LIST. FIG. 1
shows the physical relationship of the control signal
sources that activate the subcommand signals (i.e.,
cycle counters 51, timing clock 13, etc.) supplied to the
devices that are controlled (i.e., the registers, printer,
etc.), and FIG. 8 shows the sequential timing of the
activation of these signals.

As represented in FIG. 6H of the timing diagram,
counter cycle CY40 is the normal standby cycle, but
counter cycle CY4 becomes the standby cycle for iden-
tifying register numbers. The counter cycle relations
are shown more clearly and in greater detail in FIG. 8.
At the end of a process, the analyzer usually assumes
counter cycle CY40 at time t72, and during the interval
t73-t96 of counter cycle CY40, the control and digit
register 15 and other special control lines are cleared to
prepare them for receiving the next sequence of data
resulting from depressing the next key of the keyboard
system 11. As shown in FIG. 6L of the timing diagram,
a PRINT cycle is often inserted into a normal cycle
flow, such as during counter cycle CY40. When this
occurs, the START PRINT signal begins at time t40
with the timing gap between times t40 and t41 being
long enough to allow the printing to then occur. There-
fore, the print operation establishes a time interval
between clock pulses t40 and t41 that is much longer
than the normal time interval between clock pulses.

SUBCOMMAND SIGNAL LIST

1. Shift the contents of the buffer B digit positions
D1-D9 one digit position to the left; (i.e., the con-
tents of D9 to D10, of D8 to D9, . . . of D1 to D2),
and put a decimal zero in DI1.

2. Transfer the exponent portion of the buffer B to
adder input 1 (AI-1).

3. Transfer the C register contents to the lowest order
digit position of the buffer B (i.e., the DI position).

4. Shift the contents of the buffer B, including expo-
nent, end-around.

5. Stop the timing clock and reset the C register, digit
key flip-flop (KND), and control key flip-flop (KC).

6. Transfer the output of the adder or process logic
(PLO) into the exponent positions of the buffer B.
Leave the remainder of the buffer B unchanged.

7. Complement the exponent in the adder using input 2
(AI-2).
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8. Set the contents of the digit position D10 in the
buffer B to 5 (multiply roundoff).

9. Generate +5 in the DI digit position of the adder
using input 1 (Al-1).

10. Shift data in the R accumulator registers “down’
(i.e., the contents of R3 to R4, of R2 to R3, and of R1
to R2). Also, put the identity configuration “I"” in R1.

11. Shift data in the R accumulator registers *‘up” (i.e.,
the contents of R1 to B, of R2 10 R1, of R3 to R2 and
of R4 to R3). Put an identity in R4.

12. Add plus one to the contents of digit position D1 in
the adder.

13. Generate all nines (999999999) in the D1-D9 digit
positions of the adder using input 2 (Al-2).

14. Generate 50 in the exponent positions of the adder
using input 2 (Al-2).

15. Add plus one to the exponent in the adder.

16. Add 99 to the exponent in the adder using input 2
(Al-2).

17. Generate 09 in the exponent positions of the adder
using input 2 (AI-2).

18. Shift the contents of the buffer B digit positions one
digit position to the right (i.e., the contents of D2 to
D1, of D3 to D2, . . . of D10 to D9). Leave a space
code (i.e., 0000) in digit position D10.

19. Complement the exponent and the digits in digit
positions D1-D10 of the adder using input 2 (AI-2).

SUBCOMMAND SIGNAL LIST (CONT'D.)

20. Transfer the exponent portion of accumulator reg-
ister R1 to adder input 2 (AI2).

21. Transfer the contents of the buffer B digit positions
D1- D10 to the adder using input 1 (AI-1).

22. Transfer the contents of the digit positions D1-D9
of the accumulator register R1 to the adder using
input 2 (AI-2).

23. Transfer the adder output (PLO) to the buffer B,
digit positions D1-D10.

24. Transfer the contents of the digit positions D1-D9
of the adder to the accumulator register R1.

25. Transfer the buffer sign to the sign position of L1.

26. Transfer the exponent portion of the adder output
(PLO) to R1.

27. Transfer the contents of digit positions D1-D10 of
the auxiliary register A to the adder using input 2
(Al-2).

28. Transfer the contents of R1 to B and of B to R1 so
as to exchange their criginal contents.

29. Put a “zero” in digit position D10 of buffer B.

30. Shift the contents of R1 one digit position to the
right (i.e., the contents of D2 to D1, . . . of D9 to D8).
Also put the contents of the D1 digit position of the
buffer B into the D9 digit position of R1 and the
contents of the D1 digit position of R1 into the expo-
nent position of R1.

31. Shift the contents of R1 one digit position to the left
(i.e., the contents of D1 to D2, . .. of D8 to D9). Also
shift the lowest order exponent position to D1 of R1.

32. Generate 99 in the exponent positions of the adder
using input 1 (Al-1).
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33. Set the contents of each of the digit positions
D1-D10 of the buffer B to zero, and set the buffer
sign to +.

34. Complement the buffer sign if OP1 is subtract.

35. Complement the buffer sign if the sign of R1 is
negative.

36. Set the buffer sign flip-flop (BS) from the output of
the selection function (SF).

37. Shift the digit in the exponent position of the A
register left one digit position.

38. Store an “add” code in R1.

39, Store a “subtract” code in R1.

SUBCOMMAND SIGNAL LIST (con’D)

40. Store a “multiply” code in R1.

41. Store a “divide” code in R1.

42, Print an “S” character. )

43, If the automatic mode flip-flop (ANS) is set or the
program mode is LEARN (LM), shift the contents of
control storage register (CS) one position, and then
write the contents of the C register into the vacated
position of the control storage register.

44. Shift the control register storage one CS position,
then write a STOP code in the vacatel position.

45. If the automatic mode flip-flip (ANS) is set, then
set the C register from the control storage register
Cs.

46. Write “blank” into all digit positions of the control
storage register CS5.

. Print an “=" character.

. Transfer the buffer B to the C register.

. Transfer the C register to the buffer B.

. Reset the C register.

. Print a **+” character.

. Print a “*—" character.

. Print a *X”" character.

. Set the code that corresponds to the key depressed
into the C register.

55. Print a "' character.

56. Print a “*.” character.

57. Print a **©" character.

58. Print ‘(" character.

59. Set the A register to zeros in all digit positions.

60. Shift the decimal point in the buffer B right one
digit position.

61. If a decimal point code exists, shift all digits to the
left of it, up to and including the digit in digit position:
D10, one digit position to the right. Then change all
space codes to zeros.

SUBCOMMAND SIGNAL LIST (con’D.)

62. Set the contents of the highest order buffer digit
position D10 to the space code, 0000.

. Print a **)” character.

. Put an identity code in the buffer B.

. Start the timing clock.

. Edit and print the contents of the buffer B.

. Print the 10th digit in the buffer B.

. Print a blank (space the printer).

69. Transfer the adder output (all positions) into the A
register.

70. Transfer the exponent positions of the A register to
adder input 2 (A1-2).

71. Set the decimal point code in the most significant
digit position of the buffer B.

72. Print the code in the C register as a number.

73. Reset the EE flip-flop.

74. Reset the DPS flip-flop.

75. Reset the OPC flip-flop.
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76. Set the OPC flip-flop.
77. Set the EE flip-flop.
78. Set the DPS flip-flop.

Referring specifically to FIG. 8], there is shown the
sequence of controls for carrying out a typical com-
mand of ADD. Upon depressing the ADD key 25 (FIG.
2), the four-bit code for ADD enters control and digit
register 15 over lines 14 and the keyboard control key
flip-flop (KC) is set in keyboard history storage and
strobes unit 12 to identify the contents of control and
digit register 15 as a control code rather than a number.
Since counter cycle CY40 is the standby state prior to
touching the ADD key 25, CY40 is on during this time
and, as explained above in connection with describing
the timing diagram of FIG. 6, remains on for the first 72
clock pulse periods after the clock starts. In the box
designating CY40 in FIG. 8] for add or subtract, the
notation KEYBOARD TO C1+C4 indicates the main
control function occurring during this cycle. Also, the
two encircled numbers 54 and 65 refer to subcom-
mands 54 and 65, respectively, and indicate that these
subcommands are in counter cycle CY40. From the
SUBCOMMAND SIGNAL LIST, subcommand 54
commands “set the code that corresponds to the key
depressed”, into the C register and subcommand 65
commands “start the timing clock”. The arrow point-
ing from the cycle CY40 box to the cycle CY41 box
indicates that a clock pulse t72 counter cycle CY40
ends and counter cycle CY41 begins. This state causes
an identity to be transferred to the buffer register 58 if
the operand created state flip-flop (OPC}) in the key-
board history storage and strobes unit 12 is off (i.e., not
set). The OPC flip-flop is set if any numeric key or
register selection ccurred just prior to depressing the
ADD key 25 which caused the sequence of steps now
under consideration. Also, a second occurrence indi-
cated in the counter cycle CY41 box is shown as “BX
+ AX — BX” meaning, “the exponent of auxilliary
register A is either added to or subtracted from the
exponent of buffer register B and the result is trans-
ferred to buffer register B”. By referring to the defini-
tions of subcommands listed in the counter cycle CY41
box, it can be seen that the decision as to whether AX
is added or subtracted depends upon whether a decimal
point state flip-flop (DPS) is set or not. The DPS flip-
flop is set whenever decimal point key 23 is touched in
number entry, and this DPS flip-flop remains set until
the next control code, such as this ADD control code
now being considered. If the DPS flip-flop is set, this
indicates that the exponent count stored in auxilliary
register A should be considered as a negative exponent
and therefore subtracted from the buffer register B
exponent. If the DPS flip-flop is in the reset or off state,
the exponent count stored in auxilliary register A is to
be considered positive and added to that in buffer regis-
ter B. If, during number entry, neither a decimal point
was keyed entered by depressing key 23 nor an expo-
nent entered by depressing key 24 to set an exponent
entered flip-flip (EE), then the exponent stored in aux-
iliary register A is zero and the result of this stop yields
no net change in the buffer register B exponent. The
subcommands dealing with this operation are: (1) sub-
command 2 “transfer the exponent portion of the buf-
fer B to adder input 1 (Al-1); (2) subcommand 6
“transfer the output of the adder or process logic
(PLO) into the exponent positions of the buffer B’ and
“leave the remainder of the buffer B unchanged™; (3)
subcommand 70 ‘‘transfer the exponent positions of
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the A register to adder input 2 (Al-2)”; and under
control of the DPS flip-flop (4) subcommand 7 **com-
plement the exponent in the adder using input 2
(AI-2)” and (5) subcommand 15 “add plus one to the
exponent in the adder”. As is evident to those skilled in
the computer art the latter two operations under con-
trol of the DPS flip-flop result in a subtraction taking
place rather than an add.

Continuing the detailed description of FIG. 8], upon
completion of counter cycle CY41 there follows
counter cycle CY1 where no subcommand is executed
for the add or subtract operation. The notation “pass”
within the box indicates that after 96 clock pulse pe-
riods, the control state simply passes on to the next
counter cycle CY2 wih no data changes taking place.

In counter cycle CY2 the various subcommands
again control the actions outlined within the box in the
same manner as that described in the previous counter
cycles. Counter cycle CY2 primarily serves to enter a
new control code into the control and digit register 15
if operation is in the automatic mode, in which case
counter cycle CY2 would have been entered from the
last counter cycle prior to normally entering counter
cycle CY42 or CY3 for the previous command as indi-
cated in FIG. 80. In the case of the add or subtract
operation being considered, control would go from the
last counter cycle CY13 performed to counter cycle
CY2 to get the next command if operation is in the
automatic mode, where commands come from the
control storage register 77 rather than from the key-
board system 11.

The control then passes from counter cycle CY2 to
counter cycle CY11 where the arithmetic operations
take place. The exact sequencing of the arithmetic
operations is under control of the cycle counter signals
that stop the arithmetic operations of add, subtract,
multiply and divide through all commands required for
their execution. Counter cycle CY 11 is active through-
out this entire operation which can take as few as two
counter cycles of 96 clock pulse periods each or as
many as 125 counter cycles. (The details of this process
are illustrated in FIG. 9 showing the cycles CY2-
0-CY28 and CY31-CY34. The rectangular boxes rep-
resent the numbered counter cycles designated in the
upper left hand corrner of each box. Logical decision
branching points are represented by the boxes formed
by a circular arc and chored. Lines leading from the arc
indicate the process flow when the condition in the box
is true. Lines leading from the chord indicate process
flow when that condition is false. Since those skilled in
the computer art will readily recognize how the arith-
metic operations take place from the flow shown
therein, further discussion thereof is not included
herein.) Counter cycles CY1l, CY12, CY11, CY12,
and CY13 are executed in that sequence exactly as
explained in more detail previously with respect to FIG.
7, which illustrates the processing of the arithmetic
operations. The last counter cycle CY 13 passes control
to counter cycle CY3 where a plus or minus sign as
stored in the control and digit register 15 is printed. At
the completion of counter cycle CY3, control passes to
counter CY42 cycle where the contents of the buffer
register 58 and the states in keyboard history storage
and strokes unit 12 are returned to normal, and then
back to counter cycle CY40, where the control and
digit register 15 is cleared in preparation for the next
key stroke and the timing clock is turned off.
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Referring to FIG. 8F, there is shown the sequence of
steps responsive to depressing the CLEAR SINGLE
DIGIT key 44. With specific reference to counter cycle
CY1 the command is then given to “edit and print the
contents of the buffer B”. This command signal causes
a separate set of cycle counters 51 to sequence control
through a set of “‘edit” cycles and thence to “print”
cycles which counter cycle CY 1 remains on. The EDIT
cycles arc shown in FIG. 10 and consist of counter
cycles CY51-CY54. By following the flow from
counter cycle CYS1 (which is the first EDIT cycle to
come on during counter cycle CY1} up to counter
cycle CY 54 (where the actual printing of the contents
of the buffer register 58 is performed), it can be seen
that the buffer register 58 is shifted so that (1) a deci-
mal point code is inserted into the proper number se-
quence, (2) the exponent is corrected to the proper
digit to be printed, and (3) blanks are inserted in the
word where no output digits are to be printed. during
counter cycle CY54, the highest order character in the
buffer register 58 is printed, and then the contents of
the buffer register 58 are to print the next highest order
character in the buffer register. Counter cycle CY 54
continues until the entire contents of the buffer register
58 have been shift and printed in this manner. At the
completion of the PRINT counter cycle CY54, counter
cycle CYS1 is again entered where the decimal point
and blanks are removed from the buffer register 58,
leaving it in a restored state, and control then passes
from counter cycle CY1 to counter cycle CY40 where
operation halts,

FIG. 11 is a timing diagram illustrating the occur-
rence of events during the EDIT and PRINT cycles. As
explained above, actual print out occurs at clock time
t72. The adder output provides a count signal that is
representative of which event in the counter cycle is
then occurring. The digits in the buffer register S8 are
sequentially shifted to the buffer register digit position
D10 and printed out from that position. The occur-
rence of a shift left is indicated by an “X”. The digits
are printed in the order of decreasing significance pre-
ceded by the sign and followed by the “eyeball” symbol
and two more digits designating a power of ten multi-
plier if required. The transfer of a digit than in the
buffer register digit position D10 occurs at a time indi-
cated by *.”. The setting of the PRC (print complete)
flip-flop occurs when printing is complete at the time
designated by the lowermost “X".

There has been described novel apparatus and tech-
niques for function analyzing capable of being prac-
ticed with very little training by those having no spe-
cific computer knowledge. The invention efficiently
employs the apparatus to keep the number of compo-
nents down and thereby enhance reliability and reduce
costs. It is apparent that those skilled in the art may
now make numerous modifications of and departures
from the specific apparatus and techniques described
herein without departing from the inventive concepts.
Consequently, the invention is to be construed as lim-
ited solely by the spirit and scope of the appended
claims.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A program controlled electronic calculator com-
prising:

manually operable selection means for selectively

conditioning the calculator to operate either in a
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manually controlled calculating mode, a program
storing mode, and an automatic program con-
trolled calculating mode;

control means for sequentially receiving algebraic
operators;

storage means for storing numerical operands and for
storing a program of algebraic operators;

a set of manually operable numeric keys for entering
numerical operands into the storage means;

a set of manually operable control keys for entering
algebraic operators into the control means when
the calculator is conditioned for operation in the
manually controlled calculating mode and for en-
tering algebraic operators into the storage means
when the calculator is conditioned for operation in
the program storing mode;

transfer means for automatically sequentially trans-
ferring algebraic operators of a previously stored
program from the storage means to the control
means when the calculator is conditioned for oper-
ation in the automatic program controlled calculat-
ing mode; '

processing means for combining numerical operands
stored in the storage means in accordance with the
algebraic operators received by the control means
when the calculator is conditioned for operation in
either the manually controlled calculating mode or
the automatic program controlled calculating
mode, said processing means including logic means
for delaying the combination of numerical oper-
ands in accordance with an algebraic operator
received by the control means until at least one
other algebraic operator has been entered into the
control means; and

output means for indicating the result of the numeri-
cal operands combined by the processing means in
accordance with the algebraic operators received
by the control means.

2. A program controlled electronic calculator as in

claim 1 wherein:

said control keys include an addition key, a subtrac-
tion key, a multiplication key, a division key, and
an equals key for entering add, substract, multiply,
divide, and equals operators, respectively; and

said logic means is operable for delaying the conbina-

tion of numerical operands in accordance with any,

of said add, subtract, multiply, and divide operators
until at least one other of the add, subtract, multi-
ply, divide, and equals operators has been entered
into the control means.

3. A program controlled electronic calculator as in

claim 1 wherein:

said control keys include an addition key, a subtrac-
tion key, a multiplication key, a division key, a left
parenthesis key, a right parenthesis key, and an
equals for entering add, subtract, multiply, divide,
left parenthesis, right parenthesis, and equals oper-
ators, respectively;

said left parenthesis operator denoting the beginning
of a subcombination of one or more numerical
operands; and

said right parenthesis operator denoting the end of a
subcombination of one or more numerical oper-
ands; and

said logic means is operable for delaying the combi-
nation of numerical operands in accordance with
any of said add, subtract, multiply, divide, and left
parenthesis, operators until at least one other of the
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add, subtract, multiply, divide, right parenthesis,
and equals operators has been entered into the
control means.

4. A program controlled electronic calculator com-
prising:

manually operable selection means for selectively
conditioning the calculator to operate either in a
manually controlled calculating mode, a program
storing mode, or an automatic program controlled
calculating mode;

control means for sequentially receiving algebraic
operators,

storage means for storing numerical operands and for
storing a program of algebraic operators;

a set of manually operable numeric keys for entering
numerical operands into the storage means;

a set of manually operable control keys for entering
algebraic operators into the control means when
the calculator is conditioned for operation in the
manually controlled calculating mode and for en-
tering algebraic operators into the storage means
when the calculator is conditioned for operation in
the program storing mode, said control keys in-
cluding a left parenthesis key for entering a left
parenthesis operator denoting the beginning of a
subcombination of one or more numerical oper-
ands and further including a right parenthesis key
for entering a right parenthesis operator denoting
the end of a subcombination of one or more nu-
merical operands;

transfer means for automatically sequentially trans-
ferring algebraic operators of a previously stored
program from the storage means to the control
means when the calculator is conditioned for oper-
ation in the automatic program controlled calculat-
ing mode;

processing means for combining numerical operands
stored in the storage means in accordance with the
algebraic operators received by the control means
when the calculator is conditioned for operation in
either the manually controlled calculating mode or
the automatic program controlled calculating
mode, said processing means including logic means
responsive to entry of a left parenthesis operator
into the control means for conditioning the calcula-
tor to treat an immediately preceding numerical
operand or parenthecated subcombination of one
or more numerical operands as a coefficient of at
least one numerical operand included between that
left parenthesis operator and a subsequently en-
tered right parenthesis operator; and

output means for indicating the result of the numeri-
cal operands combined by the processing means in
accordance with the algebraic operators received
by the control means.

5. A program controlled electronic calculator as in
claim 4 wherein said logic means is further responsive
to entry of a right parenthesis operator into the control
means for conditioning the calculator to treat an imme-
diately following numerical operand or parenthecated
subcombination of one or more numerical operands as
a coefficient of at least one numerical operand in-
cluded between that right parenthesis operator and a
previously entered left parenthesis operator.

6. A program controlled electronic calculator com-
prising:

manually operable selection means for selectively
conditioning the calculator to operate either in a



3,996,562

27

manually controlled calculating mode, a program
storing mode, or an automatic program controlled
calculating mode;

control means for sequentially receiving algebraic
operators;

storage means for storing numerical operands and for
storing a program of algebraic operators;

a set of manually operable numeric keys for entering
numerical operands into the storage means;

a set of manually operable control keys for entering
algebraic operators into the control means when
the calculator is conditioned for operation in the
manually controlled calculating mode and for en-
tering algebraic operators into the storage means
when the calculator is conditioned for operation in
the program storing mode;

at least one manually operable key for entering a
datum denoting at least one numerical operand
into the control means when the calculator is con-
ditioned for operation in the manually controlled
calculating mode and into the storage means when
the calculator is conditioned for operation in the
program storing mode;

transfer means for automatically sequentially trans-
ferring algebraic operators of a previously stored
program from the storage means to the control
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means when the calculator is conditioned for oper-
ation in the automatic program controlled calculat-
ing mode, said transfer means also being operable
for automatically transferring each datum of a pre-
viously stored program from the storage means to
the control means when the calculator is condi-
tioned for operation in the automatic program
controlled calculating mode;

processing means for combining numerical operands
stored in the storage means in accordance with the
algebraic operators received by the control means
when the calculator is conditioned for operation in
either the manually controlled calculating mode or
the automatic program controlled calculating
mode, said processing means including logic means
responsive to entry of a datum into the control
means for conditioning the calculator to treat an
immediately preceding numerical operand or a
numerical operand denoted by an immediately
preceding datum as a coefficient of the firstmen-
tioned datum; and

output means for indicating the result of the numeri-
cal operands combined by the processing means in
accordance with the algebraic operators received

by the control means.
* * * * *
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Inventor(s)_Roy W. Reach, William M. Kahn. David Shapiro

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column 1, line 24, "quired;for" should read --quired for--;

Column 2, line 3, "multiply and usually," should read —-multiply
and, usually,--;

Column 3, line 11, "points, signs and basic" should read
--points, signs, and basic--;

Column 4, line 55, "register 15 identify" should read --register
15 to identify--;

Column 4, line 62, "apparatus analyzer is" should read
~-analyzer ig--;

Column 5, line 31, "the mathematicl laws" should read ~--the
mathematical laws--;

Column 5, line 45, "described above by," should read --described
above, by--:

Column 6, line 63, "private organization"” should read --private
organizations--;

Column 7, line 31 of the Glossary of Terms, "Flip-Flop that is"
should read ~-Print Complete Flip-Flop that is--;

Column 8, lines 37-38, "the 77 while providing the stored"
should read --77 while providing stored--;

Column 9, line 3, "wellknown" should read --well-known--:
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Inventor(s)_ Roy W. Reach, William M. Kahn, David Shapiro

It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column 10, line 17, "analyzer number and" should read --analyzer
and--;

Column 10, line 18, "entry of a," should read ~—entry of a
number, ~-;

Column 10, line 54, "sift" should read ~--shift--;
Column 12, line 12, "ad" should read ~--as--:

Column 12, lines 20-21, "By depressing the first PRINT" should
read --By first depressing the PRINT--;

Column 12, line 66, "gate 97" should read --gate 87--;
Column 13, line 3, "93-14 95" should read --93-95--;

Column 13, line 43, "register which" should read --register,
which--;

Column 15, line 21, "substract" should read --subtract--;

Column 16, left-~hand column (Key) of the tabulation, line 23
"(" should read --)--;

Column 17, right-hand column (Action) of the tabulation, lines
17-18, "The 2+ in R2 is shifted to R3, the 3+ in the Rl is
shifted to R2, and Identities are left in Buffer, Rl and R4."
should read--The 2+ in R2 is shifted to R3, the 3+ in R1 is
shifted to R2, and Identities are left in the Buffer, Rl and
R4 .-~
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It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column 17, left-hand column (Key) of the tabulation, line 38
"(" should read --)--;

Column 17, right-hand column (Action), line 47, "The -26 in Rl
is shifted to the Buffer, the 3+ in R2 is shifted to" should
read --The -26 in Rl is shifted to the Buffer, the 3+ in R2 is
shifted to--:

Column 17, right-hand column (Action), line 49, "The 3+ in Rl
is combined" should read --The 3+ in Rl is combined--:

Column 17, right-hand column (Action), line 67, "The contents
of the accumulator registers < > R1-R4 and the Buffer register
B" should read --The contents of the accumulator registers
R1-R4 and the Buffer register B--;

Column 17, line 69, "KEY 2 + ( 3 )" should read
--KEY #+ 2 + ( 3 ) -—;

Column 17, line 72,
"R2 1 12+11 2+2:11 4~ 4- 4- 4- 24+ 24" should read
--R21 12+ 11 24 24 11 4- 4- 4~ 4~ 24 24 1--;

Column 20, line 17, "of R3 to R2 and" should read --of R3 to
R2, and--:

Column 20, line 39, "(AI2)." should read --(AI-2).--:
Column 20, line 45, "buffer B," should read --buffer B--;

Column 20, line 49, "position of L1" should read --position of
Rl--;
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It is certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

Column 21, line 23, "control register storage one CS position,"
should read --control storage register CS one position,--:

Column 21, line 24, "vacatel position" should read --vacated
position--;

Column 21, line 27, "C5" should read --CS—--:
Column 21, line 29, "C¢5" should read --CS--;

Column 21, line 41, "Print " (" character" should read --Print a
"(" character--;

Column 22, line 18, "Cl4C4" should read --Cl-C4--;

Column 22, line 22, "subcommands are in" should read --sub-
commands are effected in--;

Column 22, line 25, "depressed", into the C register and" should
read --depressed into the C register", and--;

Column 22, line 27, "the cycle CY40 box to the cycle Cy4l"
should read --the counter cycle CY40 box to the counter cycle
CY4l--;

Column 22, line 28, "that a clock" should read --that at clock--:

Column 22, line 57, "was keyed entered by" should read --was
entered by--:

Column 22, line 60, "this stop yields" should read --this step
yields--;
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Column 23,

Column 23,

the sequencing of counter cycles--;

Column 23,
Column 23,

Column 24,

while counter--:

Column 24,
During--;

Column 24, line 22, "are to print" should read --are shifted to
print--;
Column 24, line 25, "shift" should read ~~shifted--:
Column 24, line 44, "digit than in" should read --digit then in--:
Column 25, line 43, "substract" should read --subtract--:
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line 36, "that stop the" should read --that step the--;

line 42, "showing the cycles" should read --showing

line 47, "arc and chored" should read --arc and chord-—
line 65, "strokes" should read --strobes--:

line 8, "cycles which counter" should read ~--cycles

line 19, "printed. during" should read --printed.
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