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COMPANY a corporation organized and existing under the laws of the State of
California, United States of America of 1501 Page Mill Road, Palo Alto,
California 94304, United States of America, do hereby declare the
invention, for which we pray that a patent may be granted to us, 5     and
the method by which it is to be performed, to be particularly described in
and  5 by the following statement:- This invention is concerned with
improvements in or relating to calculators and is more particularly
concerned with non-programmable business calculators. Conventional business
calculators generally have less capability and flexibility 10       than is
required to meet the needs of the business user. They are usually designed
10 to solve the most elementary calculations of one business discipline
(i.e. banking or real estate, or finance, etc) and lack the capability and
flexibility for inter- disciplinary business calculations. For example,
there are special calculators for financiers to solve bond yield and bond
price problems, and calculators for 15    realtors to solve mortgage
amortization and depreciation problems. However, a  15 financier who wishes
to quickly compare the rate of return between bonds and real estate will
either need two expensive calculators or will have to compromise the degree
of accuracy of the calculation with gross mathematical approximations 



performed on a single purpose calculator. This limitation of single purpose
20     calculators can lead to critical errors in decision making. Because
conventional  20 single purpose business calculators are designed for
special applications by specialists in that area, the keyboards are
generally not self-explanatory and appear as a befuddling collection of
buttons and switches with special symbols. This requires a longer user
orientation period before productive usage begins. 25       Due to the
higher cost and the limited capabilities of the available business  25
calculators, and sometimes, simply because there is no calculator available
to perform certain calculations, the majority of the everyday business
calculations are still made with the aid of published tables Published
tables are the only convenient means available for solving certain
financial problems, such as 30     calculations for the discount amount in
discounted notes and the equivalent  30 interest rate between accrued
interest notes and discounted notes. T e main disadvantage of using tables
is the inherent restriction to the discrete values given in the table. The
accuracy of the calculation is limited to the accuracy of the tables and
the need for interpolation further compromises the calculation. For
example, 35    a widely used bond value table has discrete values for bond
yield to two decimal  35 places and the interest rate is given in one-eight
of one percent increments. The use of tables with this limited accuracy
could lead to errors of several thousands of dollars in' a fifty million
dollar bond issue. Another disadvantage of using tables is the requirement
that the user must 40     have a working knowledge of both the problem area
and the mathematical      40 formulas to set 'up the problem in a specific
manner before the tables are applicable. Even then, it is often necessary
to take a reciprocal or multiply by a constant before the answer is usable.
This limits the user of the table to only those with a certain level of
expertise in the problem area. Thus, one who performs a 45     great
variety of business calculations, from asset depreciation to sale
forecasting  45 must have: (1) an expensive collection of special purpose
calculators; or (2) a library of tables close at hand; or'(3) the
mathematical and financial expertise to 



set up and solve the problem correctly.    2
1,454,268                                         2 In the. complete
specification of.our copending United Kingdom  patent application No.
50372/73 (Serial No. 1,454,266), there is disclosed an electronic
calculator comprising: keyboard input means having a plurality of numeric
keys manually operable for entering numerical data into the calculator and
having a plurality of non-     5. numeric control keys manually operable
for controlling the calculator, said non numeric control keys including a
plurality of function keys associated with a plurality of functionally
related financial variables and manually operable for designating selected
numerical data as said financial variables and for conditioning 10     the
calculator to perform  mathematical operations involving said financial
10 variables; storage means coupled to said keyboard input means for
storing numerical data. entered into or calculated by the calculator
procesing means coupled to said keyboard input ineans and to said storage
15      means and responsive to successive actuation of one or more of said
numeric keys     15 and one or more of said non-numeric control keys in a
sequence, including one of said function keys followed by one of said
function keys without interruption by any of said numeric keys, for
automatically performing a mathematical operation ernploying selected
numerical data, stored -in said storage- means and designated as 20
one or more of said- financial variables by actuationf one or more of sai
function   20 keys, to determine the value of 'a financial- variable
associatedwith the last of said. function keys in said sequence; and output
means coupled to said processing means for indicating the value of the
financial variable associated with the last of said function keys in said
sequence. 



25         In the complete specification of our copendig United Kingdom
patent            25 application No. 23163/76 (Serial No. 1,454,267), there
is disclosed an electronic calculator for -calculating the yield to
maturity- of a bond having a bond price and a coupon rate, said calculator
comprising: a first register for initially storing a first number
representing the coupon rate 30      divided by the bond price multiplied
by a first selected value; -                   30 a second register
initially storing a  second number representing the inverse of the bond
price multiplied by a second selected value; a third register storing a
third number having a magnitude greater than one and representing the
normalized value of uncompensated days  for a selected 35      period of.
time;                                                            .
35   . a fourth register  initially storing the contents of- the first
register; a fifth register storing the result of a calculation first means
coupled to the first, second, third, and fourth registers to combine the
contents thereof in accordance with the relation [err] 40
4 where R is the contents of the fourth register (excluding the initial
contents thereof); N is the contents of the third register, P is the
contents of the second register, and K is the contents of the first
register, said first means being coupled to the fifth register for storing
the result of this combination therein; 45        second means coupled to
the fourth and fifth registers to subtract the contents  45. of the fifth
register from the contents of the fourth register and to store the
difference in the fourth register; accruing means coupled to the first
means and the first, second, third, and fourth registers to calculate an
accrued interest portion of the bond price, to adjust the contents of the
first and second registers to account 50     for the accrued interest
portion of the bond price-, and thereafter tocause the first   50 means to
combine the: contents of the third register and the last-stored contents of
the first, second, and fourth registers in accordance with said relation
and store the 



result of this combination in the fifth register' third means responsive to
the contents of the fifth register, when those 55      contents are less
than a third selective value, to initiate operation ofthe  cruin   55
means; and                     '            . output means coupled to the
fourth register and the third means to provide a visual output indication
of the calculated yield to maturity of the bond, said third means :being
operable after operation of the accruing means,  for initiating 60
operation of the output means to provide a visual indication of the
calculated yield  60 to maturity of the bond.    3.
1,454,268                                     3 A principal object of this
invention is to provide a general purpose business calculator that has
vastly greater capability and flexibility then conventional business
calculators and that is small, inexpensive and easier to use than
conventional business calculators. The present invention provides an
electronic calculator comprising: keyboard  S 5    input means for entering
information into the calculator; storage means, coupled to said keyboard
input means, for storing information entered into the calculator;
processing means, coupled to said keyboard input means and said storage
means, or processing information entered into the calculator and stored in
said storage 10     means to perform  selected  calculations; and output
means, coupled to said  10 processing means, for displaying the results of
selected calculations performed by said processing means; said keyboard
input means including a plurality of input keys manually operable for
causing said procesing means to perform a first plurality of operations
designated by a first plurality of leends positioned on said 15
keyboard input means and associated with said pluralit    inut keys; said
15 keyboard input- means further including a command key manually operable
with 



said plurality of input keys for causing said processing means to perform a
second p    lurality of operations designated by a second plural ity of
lege nds positioned on said keyboard input means and associated aitwith
said plurality of input keys; said 20     command key and said second
plurality of legends being coded to associate said 20 command key with each
of said second plurality of operations designated by said In a calculator a
set forth in the last preceding paragraph preferably said second plurality
of legends is positioned on a panelof said keyboard input means 25
adjacent to an associated different one of said plurality of input keys.
25 In a calculator as set forth in the last preceding paragraph preferably
each legend of said first plurality of legends is positioned -on a
different one of said plurality of input keys. In a calculator as set forth
in either one of the last three immediately 30  preceding paragraphs
preferably said command key and said second plurality of  30 legends are
coded by color. In a calculator as set forth in the last preceding
paragraph preferably the body of said command key and the characters of
said second plurality of legends are the same color. 35        In a
calculator as set forth in any one of the last five immediately preceding
35 paragraphs preferably said processing means is conditioned by actuation
of said command key to perform any one of said second plurality of
operations in response. to subsequent actuation of the corresponding one of
said plurality of input keys. 40        In a calculator as set forth in any
one of the last six immediately preceding  40 paragraphs preferably said
keyboard input means includes numeric keys for entering numerical
information into the calculator, and function keys for controlling the
calculations performed by the calculator; and each of said plurality of
input keys comprises a different one of said function -keys. 45
Each calculator according to the present invention is designed to
incorporate  45 into .one small unit the capability of performing the
majority of the calculations 



used in the many disciplines of business and performing these calculations
with up to ten-digit accuracy. It replaces -the special calculators
designed for banking, or accounting, or finance, or-real estate and other
businesses and eliminates the need 50     for all commonly used financial
tables It also allows the user to make inter-  50 disciplinary analysis,
for example, between real estate or bond investment programs, quickly. and
-with one calculator. Furthermore, with a calculator according -to the
present -invention, -a sophisticated user can incorporate the mathematical
formulae of several business disciplines to solve a complex problem 55
involving several disciplines.
55 A business calculator according to the present invention is small and
does not require a high level of user expertise or a working knowledge of
the problem area and the necessary mathematical formulas before the problem
can be set up and solved. Keys relating to a general class -of problems are
grouped together and 60      designated in; accordance with the generally
accepted business -symbols (e.g., "i"  60 for interest per period, "PMT',
for payment per period, etc.). The key layout and the keying sequence are
such. that they suggest, to the non-expert user the information necessary
to solve a given problem. For example, in solving the general class of
compound interest and annuity problems with this calculator, the 65
five possible variables, number of time periods, interest rate per period,
payment  65    4                                       1,454,268
.4 per period, thepresent value and the future value are all located on the
top row. A user can key in any of the three variables in the prescribed
left to right sequence and the calculator will solve either of the
remaining unknowns as requested. This procedure does not require any
previous knowledge of compound interest or annuity mathematics and any of
the five variables can be solved without any            5 intermediate
steps. Hence, all that is required of the user is that he be able to 



define the variables of the problem, and the unique keying sequence of the
invention will carry out the necessary mathematical manipulation A
calculator constructed according to the preferred embodiment of this 10
invention is small enough to hold in one hand, is capable of displaying
data as it is  10 entered and a numerical result as it is calculated, and
incorporates many complex functions in order to- perform  the number and
kind of  calculations and mathematical operations required for different
busines disciplines. The limits of miniaturization and sophistication are
realized, however, if the keyboard of such a 15     calculator becomes so
small and so crowded with keys that the human hand can no    15 longer
physically or conveniently manipulate them. One solution to this problem is
to reduce the number of functions the calculator can perform. A better
solution is to assign more than one function to each key, thus reducing the
number of keys necessary to incorporate all -the functional capabilities of
the calculator. 20          As more functions are assigned to each key,
however the clarity of-labelling a  20 key's various functions becomes
important. Moreover, not only-must the labelling clearly refer to the
particular key, but the functions each key causes the machine to perform
should be easily understood and learned by the user from scanning the
keyboard labels. After learning the total capability of the particular
machine- from 25      a reading of the manual, the user should be able to
know the relationship between  25 keys, the functions) each key initiates
and, therefore, the operation of the machine, from his knowledge of the
keyboard itself. The limitations of miniature calculators have been
overcome by the preferred embodiment of the present invention b
incorporating easily interpreted coded 30      legends to the keyboard
surface immediately above certain keys to which more      30 than one
function is assigned. The coding not only designates the separate function
o each of these keys, but also refers to the prefix key which activates the
second function of the key when it is depressed. Some conventional business
calculators have a day between date function, 35      but do not check for
improper date entries (e.g., 32nd of June) or compensate for  35 



the extra day in a leap year, whereas a calculator' according to present
invention automatically checks for improper date entries and compensates
for the extra days in leap years in all number-of-da s calculations between
1900 A.D. and 2100 A.D. Furthermore, the present invention has the unique
capability of determining a 40      future or past date with compensation
for leap years.given the number of days     40 Conventional business
calculators have very complicated procedures for establishing a trend line
from a set of periodic data points.In the existing prior art, the  user
enters. the data points and is given the value of the y intercept and the
45      slope of the straight line that best fits the data points
(hereinafter referred to as the  45 best fit line). In order to forecast
future values, the user had to multiply- the slope by the future time
period and add the result to the value of the y intercept to get the
desired future value. A  calculator according to the Present invention is,
in contrast, capable of determining a best fit line from a set of data
points and 50      without any intermediate steps or interpolations of
providing:ordinal values on the  50 best fit line at any point on the time
axis. This calculator can also extrapolate either single or multiple time
periods into the past or the future. Hence, the-user can either request the
ordinal value at any time period up to ten digits long (e g., -2.5, 0,
7.53452) or utilize the feature which automatically calculates the ordinal
55      value for single time period increments. Conventional business
calculators for bond price and bond yield calculations have a manual switch
to initiate different bond price. and bond yield algorithms for bonds
maturng in less than 181 days (these are considered as notes rather than
bonds), whereas a calculator according to the present invention has an
automatic 60      feature  to  check  the  maturity  period  and
initiate'the  proper algorithm. The  60 algorithms traditionally used  in
conventional business calculators to solve  bond price and -bond yield are
very complex and require extensive hardware capability This has made these
calculators large, complicated, and expensive. However, in -a present
calculator according to the present invention, two new algorithms 65
requiring significantly less hardware for bond price and bond yield
calculations are  65 



5                                   1,454,268
5 used to allow the incorporation of these two bond calculations in a
small, general purpose calculator at a fraction of the special bond
calculator price. Conventional business calculators designed to calculate
accumulated mortgage interest and remaining principal on a mortgage can
give the cumulative 5      totals up to a given time period. However, it is
often necessary to determine the  5 accumulated mortgage interest and the
cumulative principal paid during a specific time period. This is not
possible with prior art calculators without making two separate
calculations and then taking the difference. In contrast a calculator
according to the present invention permits the user to find the amount of
mortgage 10     interest paid during any specified time period, as well as
the remaining principal in    10 one step. Thus, this calculator can for
example automatically calculate either the interest paid during the past
year or the interest paid during the sixth through the tenth years.
Conventional business calculators with discount cash flow capability
discount 15     the entire stream of expected cash flow and solve for the
rate of return of the  15 investment. This provides for a summary analysis
of the cash producing life span of an asset, but does not provide any
interim information on the repayment of the original investment. A
calculator according to the present invention has, on the other hand, a
discount cash flow capability that discounts each cash flow and 20
maintains a running total of the outstanding amount of the original
investment.    20 Hence, when the. outstanding balance becomes zero, or
greater, the user will know the number of periods before the investment is
recouped. In the past discounted note calculations were made by employing
discount note tables where the discounted interest rate is given at .05%
increments, the 25     discounted amount is given to six decimal places,
and the equivalent annual  25 



interest rate is given only to four decimal places. Thus, one who wished to
find the discounted amount or to convert the discounted interest rate to an
equivalent annual interest rate 'is faced with two limitations: (1) the
discrete interest value and, hence, the need for interpolation to obtain
the discounted interest rate; and 30     (2) the four decimal place
accuracy of the equivalent annual interest rates. Both of  30 these
aforementioned limitations can have a sizable effect on large sum
calculations. In some money markets outside the United States, a 365 day
year is used for interest bearing transactions. This makes it necessary for
an international investor 35     to make extra calculations to convert a
given interest rate from a 360 day basis to a  35 365 day basis or vice
versa. Thus, it would be very helpful for an international investor to have
the capability of finding the equivalent interest for either interest
bearing period. A calculator according to the present invention can replace
the discount note 40   tables and perform the calculations related to
discounted notes without being  40 limited to discrete discounted interest
rates and is accurate to ten digits. It automatically calculates the
discounted amount and the equivalent annual interest rate to ten digit
accuracy for both the 360 day year and the 365 day year which enables
prompt evaluation of interest bearing instruments in different money 45
markets.
45 Conventional business calculators with arithmetic mean and standard
deviation capability are very restricted in their performance. In most
cases, to find the standard deviation, the user must first find the
variance from the sum of the squares of the input data and then take the
square root of the variance to find the 50     standard deviation. Also,
once the data is entered and the arithmetic mean   50 calculation is made,
it is not possible to add or remove a data point to evaluate the effect on
the arithmetic mean and the standard deviation without entering all the
data points and performing the calculations over again. A calculator
according to the present invention can compute both the 



55     arithmetic mean and the standard deviation automatically from the
input data.  55 Furthermore, once the arithmetic mean and the standard
deviation are calculated, a calculator according to the present invention
permits the user to add or remove input data values from the original set
of data and calculate a new arithmetic mean and standard deviation without
re-entering all the input values. Hence, this 60     calculator is highly
interactive and permits the user to measure the influence of  60
hypothetical inputs on the existing data. A calculator according to the
present invention also has the capability for determining a depreciation
schedule based on the sum-of-the-digit depreciation method. Given the life
of an asset and the depreciable amount, this calculator 65     computes the
depreciation for any requested period and the remaining book value  65    6
1,454,268                                     6 to be depreciated.
Furthermore, the user can find the same information for al subsequent
periods to set up a depreciation schedule. In order to implement the
extended capability and flexibility provided by this calculator, new
algorithms were developed requiring less hardware to solve - complex
problems. A new algorithm using internal transformations was developed.  5
to solve for the interest in the presentvalue of an annuity andin the
future value of an annuity. This same algorithm also solves for the
effective annual percentage rate from the so-called "add-on" rate. Thus,
this one algorithm  has made it possible for a user to v an of these three
inherently different interest problems 10      without having to identify t
e problem. A present calculator according to the   10 present invention can
automatically identify the type of interest problem from the prescribed
left to right keying sequence of the relevant data, and the input data is
then converted to a form acceptable to the new algorithm. Another new
algorithm was also developed to reduce the complexity of the 



15       bond price and bond yield problem (and the solution thereof) so
asto make this    15 problem solvable using only five registers. This new
algorithm uses an explicit term that eliminates the need for a series of
summations, which would otherwise require substantially more hardware. The
algorithms for performing the functions of this calculator are stored in a
20       read-only memory circuit including seven serial-address in,
seria1-instruction out    20 read-only memories regulated by a control and
timing circuit. This control and timing circuit includes a microprogrammed
controller, which receives status conditions from throughout the calculator
and sequentially outputs signals to control the flow of data. The control
and timing circuit also scans the keyboard to 25       obtain a-six-bit
read-only memory address, which is generated at the keyboard      25 each
time a key is actuated as required to initiate one or more algorithms for
performing the functions associated -with the actuated key. Information
from the addressed read-only memory is transmitted serially to an
arithmetic and register circuit where a serial, binary-coded decimal (BCD)
30      adder/subtractor  performs the  basic  computations. The  results
of the                          30 computations are transmitted to
registers in .this circuit where they are either stored temporarily or
outputted via a seven-segment, 15-digit, LED display. There now follows a
detailed description which is to be read with reference to the:
accompanying drawings of a business calculator according to the present 35
invention; it is to be clearly understood that this calculator has been
selected for  35 description to illustrate the invention by way of example
and not' by way of limitation. In the drawings:- :    Fig. 1 is a top view
of a business calculator according to the preferred 40       embodiment of
the invention; Fig. 2 is a block diagram of the calculator of Fig. ;- Fig.
3 is a waveform  diagram  illustrating the timing sequence of the
interconnecting busses-and lines of Fig. 2; 



Fig. 4 is a block diagram of the control and timing circuit of Fig. 2;- 45
Fig. 5 is a more detailed block diagram of the keyboard scanning circuitry
of  45' Fig. 4; Fig. 6 is a block diagram of one of ROM's 0-6 of Fig. 2.
Fig. 7 is a waveform diagram illustrating a typical address signal and a
typical instruction signal; 50           Fig. 8 is a timing diagram
illustrating the important timing points for a typical  50 addressing
sequence; Fig. 9 is a waveform diagram illustrating the word'select signals
generated in the control and timing circuit of Figs. 2 and 4 and in the
ROM's 0-6 of Figs. 2 and 6; 55           Fig. 10 is a block diagram of the
arithmetic and register circuit of Fig. '2;  55. Fig. I I is a path diagram
of the actual data paths for the registers A-F and M of Fig. 10;- Fig. 12
is a waveform diagram illustrating the output signals for the display
decoder outputs A-E of 'Figs. 2, 10, and II; 60           Fig. 13 is a
waveform diagram illustrating the actual signals on the display  60 decoder
outputs A-E of Figs. 2, 10, and 11 when the digit 9 is-decoded; Fig14 is a
waveform diagram illustrating the timing of the START signal generated by
the display decoder of Fig. 10; Fig 15 is a schematic diagram of the clock
driver of Fig. 2;    Fig. 16 is a waveform  illustrating the timing
relationship between the input and output signalsof the clock driver of
Fig. 15; Fig. 17 is a logic diagram of the anode. driver of Fig. 2; Fig. 18
is a waveform diagram illustrating the timing relationship between the 5
input, output, and other signals of the anode driver of Fig. 17;
5 



Fig. 19 is a schematic diagram of the basic inductive drive circuit for one
of the LED's employed in the LED display of Fig. 2; Fig. 20 is a waveform
diagram illustrating the timing relationship between the decimal point
drive signals for the LED display of Fig. 2; 10          Fig. 21 is a
schematic diagram of the inductive drive circuit for one digit in the  10
LED display of 'Fig. 2; Fig. 22 is a. logic diagram of the cathode driver
of Fig. 2; Fig. 23 is a top view of a metal strip employed in the keyboard
input unit of Figs. I and 2; 15          Fig. 24 is a side view of the
metal strip of Fig. 23;                     15 Fig. 25 is' a
force-deflection curve for a typical key in the keyboard input unit of
Figs. I and 2; Fig. 26 is a schematic diagram of the -LED display of Figs.
1 and 2 and the inductive drive circuits therefor; 20          Fig.27 is a
schematic diagram of one segment of the LED display of Fig. 26;  20 Fig. 28
is an equivalent piecewise-linear model for the circuitry of' Fig. 27; Fig.
29 is a waveform diagram illustrating the inductor current and LED anode
voltages in the circuitry of Fig. 27; Fig. 30 is a path diagram
illustrating the possible transfer paths between the   2 25      ROM's 0-6
of Fig. 2; Fig.31 is a flow diagram of the display wait loop employed in
the calculator of 'Figs. 1 and 2; Fig. 32 is a flow diagram of an interest
algorithm employed in the calculator of Figs. I and 2; 30             Fig.
33 is a flow diagram of a price of a bond algorithm employedin the  30
calculator of Figs. 1 and 2; Fig. 34 is a flow diagram of a yield to
maturity of a bond algorithm employed in the calculator of Figs. 1 and 2;
and Figs. 35A and B comprise a flow diagram of a date algorithm employed in
the 



35      calculator of Figs. 1 and 2.
35 SYSTEM ARCHITECTURE Referring to 'Figures 1 and 2, there is shown a
pocket-size electronic calculator 10 including a keyboard input unit 12 for
entering data and instructions into the calculator and a seven-segment LED
output display unit 14 for displaying 40      each data entry and the
results of calculations performed by the calculator. As  40 shown in Figure
2, the calculator 10 also includes a metal-oxide-semiconductor (MOS)
control and timing circuit. 16, an MOS read-only memory circuit 18
(including read-only-memories (ROM's) 0-6), an MOS arithmetic and register
circuit 20, a bipolar clock driver 22, and a solid state power supply unit
24. 45          The three MOS circuits are two-phase dynamic MOS/large
scale integration  45 (LSI) circuits with low thresholds allowing
compatibility with transistor-transistor logic (TTL) bipolar circuits and
allowing extremely low-power operation (less than one hundred' milliwatts
for all three circuits). They are organized to process fourteen-digit
binary-coded decimal (BCD) words in a digit-serial, bit-serial 50
manner. The maximum bit rate or clock frequency is two-hundred kilohertz,
50 which gives a word time of two hundred and eighty microseconds
(permitting a floating point addition to be completed in sixty
milliseconds). The control and timing circuit 16, the read-only memory
circuit 18, and the arithmetic and register circuit 20 are tied together by
a synchronization (SYNC) 55      buss 26, an instruction [err] buss 28, a
word select (WS) buss 30, an instruction  55 address [err] line 32, and a'
carry line 34. All operations occur on a fifty-six bit [err] word cycle
(fourteen four-bit BCD digits). The timing sequence for the interconnecting
busses and lines 26-34 is shown in Figure 3. The SYNC buss 26 carries
synchronization signals from the control and timing 60      circuit 16 to
the ROM's 0-6 in the read-only memory circuit 18 and to the     60
arithmetic and register circuit 20 to synchronize the calculator system. It
provides one output each word time. This output also functions as a ten-bit
wide window [err] during which the [err] buss 28 is active. 



The I. buss 28 carries ten-bit instructions from the active ROM in the
read-    8                                       1,454,268             -
8 only memory circuit 18 to the other ROM's, the control and timing circuit
16, and the arithmetic and register circuit 20, each of which decodes the
instructions locally and responds to or acts upon them if they pertain
thereto and ignores them if they do not. For instance, the ADD instruction
affects the arithmetic and 5  register circuit 20 but is ignored by the
control and timing circuit 16. Similarly, the  5 SET STATUS BIT 5
instruction sets a status flip-flop 5 in the control and timing circuit 16
but is ignored by-the arithmetic and register circuit 20. The actual
implementation of an instruction is delayed one word time from its receipt.
For example, an instruction may require the addition of the digit 2 in two
10     of the registers in the arithmetic and register circuit 20. The ADD
instruction  10 would be received by the arithmetic and register circuit 20
during bit times [err] of a word time N and the addition 'would actually
occur during bit times [err] of a word time N + I. Thus, while one
instruction is being executed the next instruction is being fetched.    -
15          The WS buss 30 carries an enable signal from the control and
timing circuit 16  15 or one of the ROM's in the read-only memory circuit
18 to the arithmetic and register circuit 20 to enable the instruction
being executed thereby. Thus, in the example of the previous paragraph,
addition occurs only during the digit 2 since the adder in the arithmetic
and register circuit 20 is enabled by the WS buss 30 20      only during
this portion of the word. When the WS buss 30 is low, the contents of  20
the registers in the arithmetic and register circuit 20 are recirculated
unchanged. Three examples of WS timing signals are shown in Figure 3. In
the first example, the digit 2 is selected out of the entire word. In the.
second example, the last eleven digits are selected. This corresponds to
the mantissa portion of a floating point 



25      word format. -In the third- example, the entire word is selected.
Use of the word  25 select feature allows selective addition, transfer,
shifting or comparison of portions of the registers within the arithmetic
and register circuit 20 with- only one basic ADD, TRANSFER, SHIFT, or
COMPARE instruction. Some customization in the ROM word select fields is
available via masking options. 30          The I, line 32 serially carries
the addresses of the instructions to be read from  30 the ROM's 0-6. These
addresses originate from the control and timing circuit 16, which contains
an instruction address register that is incremented each word time unless a
JUMP SUBROUTINE or a BRANCH instruction is being executed. Each address is
transferred to the ROM's 0-6 during bit times [err] and is stored in 35
an address register of each ROM. However, only one ROM  is active at a
time, and  35 only the active ROM responds to an address by outputting an
instruction on the I line 28. Control is transferred between the ROM's by a
ROM SELECT instruction. This technique allows a single eight-bit address,
plus eight special instructions, to address up to eight ROM's of two
hundred and fifty-six words 40      each.
40 The carry line 34 transmitsthe status of the carry output of the adder
in the arithmetic and register circuit 20 to the control and timing circuit
16. The control and timing circuit 16 uses this information to make
conditional branches, dependent upon the numerical value of the contents of
the registers in the 45      arithmetic and register circuit 20.
.  45 The control and timing circuit 16 is organized to scan a five-by
weight matrix of switches in search of an interconnection that designates
actuation of a key. Any type of metal-to-metal contact may be used as a
key. Bounce problems are overcome by programmed lockouts in the key entry
routine. Each key has an 50      associated six-bit code.
50 A power-on circuit 36 in the power supply unit 24 supplies a signal
forcing the calculator to start up in a known condition when power is
supplied thereto. Power is supplied to the calculator when the on-off
switch of the keyboard input unit 12 



(see Fig. I) is moved to the 'on' position. 55         The primary outputs
of the calculator are five output lines 38 connected   55 between a display
decoder of the arithmetic and register circuit 20 and an anode driver of
the output display unit 14. Data for a seven-segment display plus a decimal
point is time-multiplexed onto these five output lines. A start line 40
connected between the display decoder of the arithmetic and register
circuit 20 60     and a cathode driver of the output display unit 14
indicates when the digit 0 occurs.  60 CONTROL AND TIMING CIRCUIT Referring
now to Fig. 4, the control-and timing circuit 16 contains a master system
counter 42, scans the keyboard input circuit 12, retains status information
about the system or the condition of an algorithm, and generates the next
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9 address. It also originates the subclass of Word Select signals which
involve a pointer 44, a four-bit counter that -points to one of the
register digit positions. The control unit of the control-and timing
circuit 16 is a microprogrammed controller 46 comprising a fifty-eight word
(twenty-five bits per word) control 5      ROM, which receives qualifier or
status conditions from throughout the calculator  5 and sequentially
outputs signals to control the flow of data. Each bit in this control ROM
either corresponds to a single control line or is part of a group of N bits
encoded into 2N mutually exclusive control lines and decoded externally to
the control ROM. At each phase 2 clock, a word- is read from the control
ROM as 10     determined by its present address. Part of the output is fed
back to become the  10 next address. Several types of qualifiers are
checked. Since most commands are issued only at certain bit times during
the word cycle, timing qualifiers are necessary. This means the control ROM
may sit in a wait loop until the appropriate timing 



15     qualifier comes true, then move to the next address to issue a
command. Other  15 qualifiers are the state of the pointer register, the
PWO (power-on) line, the CARRY flip-flop, and the state of each of the 12
status bits. Since the calculator is a serial system based on a fifty-six
bit word, the, six-bit, system counter 42 is employed for counting to
fifty-six. Several decoders from the system counter 42 are necessary. The
SYNC signal is generated during bit times [err] and transmitted to all
circuits in the system (see Fig. 3). Other timing qualifiers are sent to
the micro-programmed controller 46 as mentioned in the previous paragraph.
- The system counter 42 is also employed as a keyboard scanner as shown in
25      Fig. 5. The most significant three bits of the system counter 42 go
to a one-of-eight  25 decoder 48, which sequentially selects one of a
plurality of keyboard row lines 50. The least significant three bits of the
system counter count modulo seven and go to a one-of-eight multiplexer 52,
which sequentially selects one of a plurality of keyboard column lines 54
(during sixteen clock times no key is scanned). The 30      multiplexer
output is called the key down signal. If a contact is made at any  30
intersection point in the five-by-eight matrix (by depressing a key), the
key down signal will become high for one state of the system counter 42
(i.e., when the appropriate row and column lines are selected). The key
down signal will cause that state of the system counter to be saved in a
key code buffer 56. This six-bit 35     code is then transferred to a ROM
address register 58 and becomes a starting   35 address for the program
which services the key that was down (two leading 0 bits are added by
hardware so an eight-bit address exists). Thus, during each state of the
system counter 42, the decoder-multiplexer combination 48 and 52 is looking
to. see if a specific key is down. If it is, the state of the system
counter becomes a 40     starting address for execution of that key
function (note that sixteen of the fifty-six  40 >          states are not
used for key codes). By sharing the function of the system counter and
using a keyboard scanning technique directly interfaced to the MOS
circuitry, circuit complexity is reduced significantly. 



A twenty-eight bit shift register which circulates twice each fifty-six bit
word 45     time, is employed in the control and timing circuit 16. These
twenty-eight bits are  45 divided into three functional groups: a main ROM
address register -58 (eight bits), a subroutine return address register 60
(eight bits), and a status register 62 (twelve bits). The main ROM's 0-6
each contain two hundred and fifty-six (ten bit) words, 50     thereby
requiring an eight-bit address; This address circulates through a serial
50 adder/subtractor 64 and is incremented during bit times [err] (except in
the case of branch and jump-subroutine instructions for which the eight bit
address field of the ten-bit instruction is substituted for the current
address). The next address is transmitted over the I. line32 to each of the
main ROM's 0-6 during bit times 55     [err]
55 The status register. 62 contains twelve bits or flags which are used to
keep track of the state of the calculator. Such information as whether the
decimal point - has been hit, the minus sign set, etc. must be retained in
the status bits. In each case the calculator remembers past events by
setting an appropriate status bit and 60     asking later if it is set. A
'yes' answer to a status interrogation will set a carry flip-  60 flop 66
as indicated by the control signal IST in Fig. 4. Any status bit can be
set, reset, or interrogated while circulating through the adder 64 in
response to the appropriate instruction. The instruction set allows one
level of subroutine call. The return address is 65     stored in the
eight-bit return address register 60. Execution of a JUMP subroutine  65
10    1,454,268                                             10 stores the
incremented present addres into the return address. register 60. Execution
of the RETURN instruction retrieves this address for transmission over the
[err] line 32. Gating is employed to interrupt the twenty-eight bits
circulating in 



the shift register 58-62 for insertion of addresses at the proper time as
indicated by the JSB control signalin 'Fig. 4.      5 An important
preferred feature of the calculator system is the capability to select and
operate upon a single digit or a group of digits (such as the exponent
field) from the fourteen digit registers. This feature is implemented
through the: use of the, four-bit, pointer 44 which points at the digit of
interest. Instructions are 10      available to set, increment, decrement,
and interrogate the pointer 44. The pointer  10 is incremented or
decremented by the same serial adder/subtracter 64 used for addresses. A
'yes' answer to the instruction "is pointer*N" will set the carry flip-
flop 66 via a control signal IPT in Fig. 4. The word select feature was
discussed above in connection with Figs. 2 and 3. 15      Some of the word
select signals are generated in the control and timing circuit -16, namely
those dependent on the pointer 44, and the remainder in the main ROM's 0-6.
The pointer word select options are (l) pointer position only and (2)
pointer position and all less significant digits. For instance, assume the
mantissa signs of the numbers in the A and C registers of the arithmetic
and register circuit 20 were 20     to be exchanged. The pointer would be
set to position 13 (last position) and the A  20 EXCHANGE C instruction
with a "pointer position" word select field would be given. If all of the
word except the mantissa signs were to be exchanged, the A EXCHANGE C
instruction would be given with the pointer set at 12 and the word select
field set to pointer and less significant digits. The control and timing
circuit 25      word-select output is or-tied on the WS buss 30 with the
ROM word-select output    25 and transmitted to the arithmetic and register
circuit 20. Any carry signal out of the adder in the arithmetic and
register circuit 20, with     * word select also high, will set the carry
flip-flop 66. This flip-flop is interrogated during the BRANCH instruction
to determine if the existing address should be 30      incremented (yes
carry) or. replaced by the branch address (no carry). The branch  30
address is retained in an eight-bit address buffer 68 and gated 'to the I
line 32 by the B RH- control 'sinal; 



The power-on signal is used to synchronize and preset the starting
conditions of the calculator. It has two functions, one of which is to get
the address of the 35      control ROM 46 set to a proper starting state
and the other of which is to get the  35 *          system counter 42 in
the control and timing circuit 16 synchronized with the counter in: each
main ROM 0-6. As the system power comes on, the PWO signal is held at logic
I (0 volts in this system) for at least twenty milliseconds. This allows
the system counter 42 to make at least one pass through bit times [err]
when 40      SYNC is high thereby setting main ROM [err] ctive and the rest
of the ROM's         40 inactive. When the PWO signal goes to logic 0 (+6
volts), the address of control ROM 46 is set tb 000000 where proper
operation can begin. READ-ONLY MEMORY CIRCUIT The ROM's 0-6 in the
read-only memory circuit 18 store the programs for 45    . executing the
functions required of the system. Since each ROM contains 25.6 ten-  45 bit
words, there are 1,536 words or 15,360 bits of ROM. A block diagram of each
of the ROM's 0-6 is shown in Fig. 6. The basic operation of each ROM is a
serial-address in, a serial-instruction out. During every fifty-six bit
word time the address comes in, least significant bit 50      first from
bit [err] through bit bit [err] Every ROM 0-6 in the system receives this
same eight-bit address and from bit -time [err] through [err] tries to
output onto the [err] lint 28. However, a ROM enable.(ROE) flip-flop 70 in
each ROM insures that no more than one ROM actually sends an instruction on
the I, line 28 at the same time.            4 All output signals are
inverted so that the steady-state power dissipation is 55     reduced. The
calculator circuits are P-channel MOS. Thus, the active signals that  55
turn on a gate are-the more negative. This is referred to as
negative-logic, since the more negative logic level is the logic l.As
mentioned above; logic O is +6 volts and logic I is O volts. The signals on
[err]are normally at logic 0. However, when the output buffer circuits are
left at logic 0 they consume more power. A decision 60     was therefore
made to invert the signals on the [err] outputs and re-invert the  60
signals at all inputs. Thus, signals appear at the [err] outputs as
positive logic. 



- The oscilloscope pattern that would be seen for instruction 1101 110011
from state 11 010 101 is shown in Fig. 8.- The serial nature of the
calculator circuits requires careful synchronization.    11
1,454,268                                11 This synchronization is
provided by the SYNC pulse, generated in the control and timing circuit 16
and lasting for bit times [err] Each ROM has its own fifty-six state
counter 72, synchronized to the system counter 42 in the control and timing
circuit 16. Decoded signals from this state counter 72 open the input to an
address 5     register 74 at bit time [err] clock I, out at bit time [err]
and provide other timing  5 control signals. As the system power comes on,
the PWO signal is held at0 volts (logic 1) for atleast twenty milliseconds.
The PWO signal is wired (via a masking option) to set the ROM Output Enable
(ROE) flip-flop 70 on main ROM 0 and reset it on all 10     other ROM's.
Thus when operation begins, ROM 0 will be the only active ROM.  10 In
addition, the control and. timing circuit 16 inhibits the address output
during start-up so that the first ROM address will be zero. The first
instruction must be a JUMP SUBROUTINE to get the address register 58 in the
control and timing circuit 16 loaded properly. 15        Fig. 7 shows the
important timing points for a typical addressing sequence.  15 During bit
times b -b26 the address is received serially from the control and timing
circuit 16 and loaded into the address register 74: via the [err] line 32.
This address is decoded and at bit time [err] the selected, instruction is
gated in parallel - into an I, register 76. During bit times [err] the
instruction is read serially onto 20     the I, buss 28 from the active ROM
(i.e.,the ROM with the ROM enable flip-flop    20 set). Control is
transferred between ROM's by a. ROM  SELECT instruction. 



Effectively this instruction will turn off the ROE flip-flop 70 on the
active ROM and turn on the ROE flip-flop 70 on the selected ROM.
Implementation is 25     dependent upon the ROE flip-flop being a
master-slave flip-flop. In the active  25 ROM, the ROM SELECT instruction
is decoded by a ROM select decoder 78 at bit time [err] and the master
portion of the ROE flip-flop 70 is set. The slave portion of the ROE
flip-flop 70 is not set until the end of the bit time [err] In the inactive
ROM's the instruction is read serially into the I, register 76 during bit
times 30     [err] and then decoded, and the ROE flip-flop 70 is set at bit
time [err] in the  30 selected ROM. A masking option on the decoding from
the least significant three bits of the [err] register 76 allows each ROM
to respond only to its own code. The six secondary word-select signals are
generated in the main ROM's 0-6. Only the two word-select signals dependent
upon the POINTER come from the 35     control and timing circuit 16. The
word select of the instruction is retained in a  35 word select. register
-80 (also a master-slave). If the first two bits are 01, the instruction is
of the arithmetic type for which the ROM must generate a word select gating
signal. At bit time [err] the next three bits are gated to the slave and
retained for the next word time to be decoded into one of six signals. The
40     synchronization counter 72 provides timing information to a word
select decoder  40 82. The output WS signal is gated by the ROE flip-flop
70 so that only the active ROM can output on the WS line 30, which is
OR-tied with all the other ROM's and also with the control and timing
circuit 16. As discussed above, the WS signal goes to the arithmetic and
register circuit 20 to control the portion of a word time 45     an
instruction is active.                                                 45
The six ROM generated word select signals used in the calculator are shown
in Fig. 9. The ROM's.0-6 output a one bit-time pulse on the I, buss 28 at
bit time [err] to denote the exponent minus sign time. This pulse is used
in the display decoder of the arithmetic and register circuit 20 to convert
a 9 into a displayed 50     minus sign. The time location of this pulse is
a mask option on the ROM.   50 ARITHMETIC AND REGISTER CIRCUIT 



The arithmetic and register circuit 20 shown in Fig. 10 provides the
arithmetic and data storage function for the calculator. It is controlled
by the WS, [err] and SYNC lines 30, 28, and 26, respectively; receives
instructions from the ROM's 55    0-6 over the I line 28; sends information
back to the control and timing circuit 16  55 via the CARRY line 34;
partially decodes the display information before transmitting it via the
output lines 38 to the anode driver of the output display unit 14; and
provides a START pulse to the cathode driver of the output display unit 14
to synchronize the display. 60        The arithmetic and register circuit
16 contains seven, fourteen-digit (fifty-six  60 bit) dynamic registers A-F
and M and a serial BCD adder/subtractor 84. Actual data paths, not shown in
Fig. 10 due to their complexity, are discussed below and shown in Fig. I1.
The power and flexibility of an instruction set is determined to a great
extent by the variety of data paths available. One of the advantages of a
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12 structure is that additional data paths are not very costly (only one
additional gate per path). The structure of the arithmetic and register
circuit 20 is optimized from the type of-algorithms required by the
calculator. The seven registers A-F and M  can -be divided into three
-groups: the 5       working registers A, B, and C with C also being
thebottom register of a four-     5 register stack; the next three
registers D, E, and F in the stack; and a separate storage register M
communicating with the other registers through the register C only. In Fig.
11, which shows the data paths connecting all the registers A-F and [err]
each circle represents the fifty-six bit register designated by the letter
in the 10       circle. In the idle state (when no instruction is being
executed in the arithmetic and  10 register circuit 20) each register
continually circulates since -with dynamic MOS registers information is
represented by a charge on'a parasitic capacitance and 



must be continually refreshed or lost. This is represented by the loop
re-entering each register. 15           The registers A, B. and C can all
be interchanged. Either the register A or C is    15 connected to one adder
input, and either the register B or C to-the other. The adder output can be
directed to either the register A or C. Certain instructions can generate a
carry via- the carry flip-flop 85 which is transmitted to the control and
timing circuit 16 to determine conditional branching. The register C always
holds a 20       normalized version of the displayed data.
20 In the stack formed by the registers C, D, E and F a ROLL DOWN
instruction is executed by the following transfers: [err] A STACK UP
instruction is executed by the following transfers: [err] Thus, it is
possible to transfer a register and also let it recirculate so that in the
last example the 25       contents of C are not lost. The structure and
operation of a stack such as this are  25 further described in U.S.. Patent
Specification No. 3781820. In the serial decimal adder/subtractor 84, a
correction (addition of 6) to a BCD sum  must be made if the sum  exceeds
nine (a similar correction for subtraction is necessary). It is not known
if a correction if needed until the first 30      three bits of the sum
have been generated. This is accomplished by adding a four-  30 bit holding
register 86 [err] and inserting the corrected sum into a portion 88 [err]
of the register A if a carry is generated. This holding register 86 is also
required for the SHIFT A LEFT instruction. One of the characteristics of a
decimal adder is that non-BCD codes (i.e. 1101) are not allowed. They will
be 35      modified if circulated through the adder. The adder logic is
minimized to save    35 circuit area. If four bit' codes other than
0000-100l are processed, they will be modified. This is no constraint for
applications involving only -numeric data (however, if ASCI I codes, for
instance, are operated upon, incorrect results will be obtained). 40
The arithmetic and register circuit 20 receives the instruction during bit
times  40 [err] of the ten types of instructions hereinafter described,
the: arithmetic and 



register circuit 20 must respond to only two types (namely, ARITHMETIC &
REGISTER instructions' and DATA ENTRY/DISPLAY instructions). ARITHMETIC &
REGISTER instructions are coded by a 10. in the least 45      significant
two bits of an I, register 90. When this combination is detected, the  45
most significant five bits are saved in the [err] register 90 and decoded
by an instruction decoder 92 into one of thirty-two instructions. The
ARITHMETIC & REGISTER instructions are active or operative only when the
Word Select signal (WS)generated in one of the ROM's 0-6 or in the 50
control and timing circuit 16 is at logic one. For instance, suppose the
instruction    50 [err] mantissa with sign only" is called. The arithmetic
and register circuit 20 decodes only [err] It sets up the registers A and C
at-the inputs to the adder 84 and, when WS is high, directs the adder
output to the register -C. Actual addition takes place only during bit
times [err](digits 3-13) since for the first three 55     digit times the
exponent and. exponent sign are circulating and are directed       55
unchanged -back to their original registers. Thus, the word select signal
is an "instruction enable" in the arithmetic and register circuit -20 (when
it' is at logic 1, instruction execution takes 'place, and when it is- at
logic 0, recirculation of all registers continues). 60          The DATA
ENTRY/DISPLAY instructions, except for digit entry, affect an        60
entire register (the word select signal generated in-the active ROM is at
logic 1 for the entire word cycle). Some of these instructions are: up
-stack, down stack, memory exchange [err] and display on or toggle. A
detailed description of their execution is given hereinafter. 65
For increased power savings a display decoder 94 is partitioned to
partially  65    13                                    1,454,268
13 decode the BCD data into seven segments and a decimal point in the
arithmetic 



and register circuit 20 by using only five output lines(A-E) 38 with time
as the other parameter. Information or seven segments (a-g) and a decimal
point (dp) are 'time shared on the five output lines A-E. The output wave
forms for the 5      output lines A-E are shown in Figure 12. For example,
the output line D carries  5 the segment e information during [err] (the
first bit time of each digit time) and the segment D information during
[err] (the second bit time of each digit time); and the output E carries
the segment G information during [err] the segment F information during
[err] and the decimal point (dp) during [err] The actual signals which
would 10      appear if a digit 9 were decoded are shown in Fig. 13. The
decoding is completed  10 in the anode driver of the output display unit 14
as explained hereinafter The registers in 'the arithmetic and register
circuit 20 hold fourteen digits comprising ten mantissa digits, the
mantissa sign, two exponent digits, and the exponent sign. Although the
decimal point is not allocated a register position, it is 15      given a
full digit position in the output display. This apparent inconsistency is
15 achieved by using both the A and B registers to hold display
information. The A register is set up to hold the displayed number with the
digits in the proper order. The B register is used as a masking register
with digits 9 inserted for each display position that is to be blanked and
a digit 2 at the decimal point location. When the 20      anode driver of
the output display unit 14 detects a decimal point code during [err] it
20 provides a signal to the cathode driver of the output display unit to
move to the next digit position. One digit and the decimal point share one
of the fourteen digit times. The digit 9 mask in the register B allows both
trailing and leading zeros to be blanked (i.e., by programming 9's into the
B' register). Use of all three working 25     registers for display (i.e.,
the C register to retain the number in normalized form,  25 the A register
to hold the number in the displayed form, 'and the B register as a mask)
allows the calculator to have both a floating point and a scientific
display format at the expense of only a few more ROM states. The display
blanking is handled as follows. At time [err] the BCD digit is gated 30
from the register A into a display buffer 96. If this digit is'to be
blanked, the  30 



register B will contain a nine (1001) so that at T the end bit [err] of the
B register will be a one (an eight would therefore also work). The input
to' the display buffer 96 or OR-ED with [err] and will be set to 1111 if
the digit is to be blanked. The decimal point is handled in a similar way.
A two (0010) is placed in the' register B at 35      the decimal point
location. At time [err] the decimal point buffer flip-flop is set by  35
[err] Any digit with a one in the second position will set the decimal
point (i.e., 2, 3, 6, or 7). The display decoder 94 also applies a START
signal to the line 40. This signal is a word synchronization pulse, which
resets the digit scanner in the cathode 40     driver of the output display
unit 14 to assure that the cathode driver will'select digit  40 1 when the
digit I information is on the outputs A, B, C, D, and E. The timing for
this signal is shown in Fig. 14. One other special decoding feature is
required. A minus sign is represented in 'tens complement notation -or sign
and magnitude notation by the digit 9 in the sign 45    location. However,
the display must show only a minus sign (i.e. segment g). The  45 digit 9
in the register A in'digit position 2 (exponent sign) or position 13
(mantissa sign) must be displayed as minus. The decoding circuitry uses the
pulse on the I, buss 28 at bit time [err] (see Fig. 3) to know that the
digit 9 in digit position 2 of the register A should be a minus and uses
the SYNC pulse to know'that the digit 9 in 50     digit position 13 of the
register A should also be a minus. The pulse on the [err] buss  '50 28 at
bit time [err] can be set by a mask option, which allows the minus sign of
the exponent to appear in other locations for other uses of the calculator
circuits. CLOCK DRIVER The bipolar clock driver 22, one phase of which is
shown in Fig. 15, requires'    55 55     less than 25 milliwatts and can
drive loads up to three hundred picofarads with a voltage swing of +7 to
-14 volts. An ENABLE input 98 allows both outputs [err] and Q2 to be held
to [err] the MOS Logic 0 state. This is an effective means of strobing the
clock. During dc operation, the transistor pair [err] allows only one of
the output transistor pairs [err] to conduct. A diode D3 prohibits
60 



60      conduction from transistor [err] to transistor [err] during
transient operation. Thus, the only' possible transient short circuit
current must flow from transistor [err] to transistor Q. However, the
limited current handling capability of the transistor Q, (a lateral PNP)
limits this current to less than five milliamps peak. The input signals for
the clock driver 22 are generated on the anode driver of the output display
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.14 14, and the outputs. of the clock driver go to each of the MOS circuits
in the system. The timing relationships are shown in Fig. 16.. ANODE DRIVER
As discussed above, the display information is partially decoded in the 5
arithmetic and register circuit20 and completely decodedinto seven segment
plus  5 decimal point signals in the bipolar anode driver of the output
display unit 14. The anode. driver also includes the basic clock generator
for the system and a circuit for detecting low battery voltage to turn on
all the decimal points. A detecting circuit of this type is disclosed in
the complete specification of our U.K. patent 10      Specification No.
1363175. A logic diagram of the anode driver is shown in Fig 17.  10 The
clock ..generator uses an externa LC series circuit to set the oscillator
frequency.The advantages of an LC series circuit-to set the frequency are:
(1) the components can be specified to up to 2  tolerance; and (2)a crystal
can be connected to the same external pin to set the frequencyto .001% for
timing 15    applications. The square-wave oscillator frequency (all times
in this section will .be referred  15 to an 800 KHz oscillator. frequency,
which translates to a 200 KHz clock for the calculator, the. actual
frequency being somewhat less is divided by a-flip-flop BL to 400 KHz.
Flip-flops B1 and B2 are clocked off alternate phases of flip-flop Bl to 20
provide two 200 [err] square waves as shown in Fig. 18 A flip-flop B3 is
clocked 



from the flip-flop B2 and in turn clocks a flip-flop B4 to provide further
count- down of the  basic clock frequency. The two-phase clock signals
[err] are generated from the flip-flop BL and B1 and an 800 KHz oscillator
l00. They are on for 625 nsec and separated by 625 psec as shown in Fig.
18. One other periodic 25      signal is derived in the anode driver. Once
each digit time a signal (counter-clock)  25 is sent to the cathode driver
of the output display unit 14 (the trailing edge of this signal will step
the. display to the next digit).   - The display consists of fifteen
characters whilethe basic calculator word cycle consists of fourteen
digits. The extra character is the decimal point. As explained 30    above,
a. BCD two is placed in the register B at the digit.p.osition of the
decimal  30. point. The display decoder 94 in the arithmetic and register
circuit 20 indicates this by a signal onoutputs B and E during bit time
[err] (see Fig. 12).- When this condition is decoded by the anode driver,
the decimal point is excited and an extr counter clock signal is given to
step the display to the next position (see Figs. 18, 19, and 35     20).
Therefore all remaining digits in the register A are displaced one digit in
the  35 display. Figs. 19 and 20 show the simplified circuit and the
timing:relationship for the decimal point. The timing is critical since all
the inductor current in segment b (the last to be excited) must be decayed
before the counter clock signal is given to step 40      to the next digit
pr the remaining current would be. discharged through the wrong digit and a
faint lighting of the segment b on the same digit with the decimal point 40
would occur.The.decimal point insertion technique is the reason alother
seven segments are. excited during the first half of the digit time. The
decimal point charging time is. one-half that of the other segments. The
decimal point segment 45      gets the same current in one-half the  time
and is one-half as bright as the other    45 segments. An inductive circuit
method of driving the light-emitting diodes is employed Basically the
method involves using the time it. takes current to build up in an inductor
to limit current, rather than using a resistor as is normally done with LED



50      read-outs. This saves power since the only lossy components in the
drive system'  50 are the parasiticinductor and transistor resistances.The
drive circuit for one digit is shown in Fig 21. Assuming the cathode
transistor switch [err] is closed, an anode switch [err] is closed for 2.5
psec allowing the current to build up to a value I, along a nearly
triangular waveform (the earl part of an exponential buildup). When anode
55      switch [err] is opened, the current is dumped through the LED,
decaying in about 5  .55 psec. The anodes are strobed according ,tothe
sequence in Fig. 18. The primary reason for sequentially exciting the
anodes is to reduce the peak cathode transistor current. Since the decay
time is approximately twice the buildup time, it works out that the peak
cathode current is about 2.5 times the peak current in any segment. 60
The LED's are more efficient when excited at a low duty cycle. This means
high     60 currents for short periods (80 ma. anode current, 250 ma.
cathode current). Fig. 18 also shows the relationship between the anode
strobing sequence and the  display output signals (A-E) from the arithmetic
and register circuit 20. Since the anode driver operates from the battery
voltage directly and drives    15                                 1,454,268
the decimal point segment, a circuit is provided that senses when the
voltage drops below a certain limit and thereupon turns on all decimal
points. An external pin is provided to connect a trimming resistor to set
the voltage where the indication is to occur. 5
CATHODE DRIVER                                      5 The cathode driver of
the output display unit 14 comprises a fifteen position shift register for
scanning the fifteen digit display once each word time. This scanning
operation moves from digit to digit in response to counter clock signals
from the anode driver. Once each word time a START signal arrives from the
10     arithmetic and register circuit 20 to restart the procedure. A block
diagram is    10 



shown in Fig. 22. KEYBOARD The calculator employs a reliable, low-profile,
low cost keyboard with tactile feedback such as that shown in United States
Patent Specification No. 3941953. 15      The keyboard employs metal strips
102 with slots 104 etched or punched out as  15 shown in Fig. 23, leaving
an area which can be stretched to form small humps as shown in Fig. 24. The
strips are spot welded to a printed circuit board such that orthogonal
traces run under each hump. Pressing a key makes electrical contact between
one of the horizontal strips and the corresponding vertical trace. The 20
bounce is less than one millisecond (the calculator contains a wait loop to
prevent    20 double entries). Extensive life testing of the keyboard
indicates more than a million cycles can be expected. Tolerances must be
maintained carefully to prevent the possibility that a key is depressed but
no contact is made and to insure uniformity. 25          One of the main
advantages of the keyboard is the "over-center" or "fall    25 away" feel.
Fig. 25 shows a force-deflection curve for a typical key. As can be seen a
force of about 100 grams must be exceeded before the metal hump "breaks"
through. After this critical value the operator cannot prevent contact from
being made. Similarly when the- key is released, contact is maintained
until a critical 30      value when the hump bounces back. Again, past a
critical point the operator    30 cannot prevent the key from releasing.
This type of action prevents a condition known as "teasing" in which a key
is nearly depressed and slight movement causes multiple entries. The point
on the force deflection curve at which contact is made or released is most
desirably on the negative slope portion. In the calculator it is 35
either there or exactly at the bottom (point A in Fig. 25), but never on
the final    35 positive slope portion. Figure I shows the layout of the
keyboard input unit 12 which includes a plurality of function and numeric
keys. Several of the function keys are capable of performing more than one
function when used in conjunction with a prefix key 15. 



40      For example, a function key 17 carries one legend "y" which refers
to its direct    40 function. Immediately above the key location, a legend
19 indicates a second function [err] The legend 19 is color-coded to
designate not only the second function [err] but also to refer the user to
the prefix key 15 which activates that function when depressed prior to
pressing the key 17. The coloration of the body 45      of the prefix key
15 corresponds to the coloration of all legends such as the legend  45 19
for association with the functions it initializes. The additional functions
of the present invention initialized by the prefix key 15 are "YTM",
"INTR", "BOND", "A%", "COMPUTE", "DATE", [err] "CLEAR" and [err] LED
DISPLAY 50         As mentioned above, the inductive drive technique
employed for the LED   50 display is inherently efficient because there are
no dissipative components other than parasitic resistances and the forward
voltage drop across saturated transistor switches. An inductive driver
similar to that used in the calculator is disclosed in our U.K. Patent
Specification No. 1355150. 55         The display circuitry used in the
calculator is shown in Fig. 26. It comprises an  55- 8 x 15 array of LED's
in which the eight rows are scanned by the anode driver and the fifteen
columns by the cathode driver. The timing for this scanning was discussed
above. A simplified circuit diagram for one segment is shown in Fig. 27.
The equivalent piecewise-linear circuit model is shown in Fig. 28. An
analysis of 60     this model shows the inductor current buildup and
discharge to be nearly linear for  60    1 6
1,454,268                                        16 the parameters used in
the calculator. The discharge-time to charge-time ratios is approximately:
[err] Fig. 29 shows the inductor current for a basic calculator' clock
frequency 



S       of 175 KHz. The average LED current can be calculated from the
formula:                5 [err] The worst case display power (i.e.,
thirteen 8's and two minus signs) is about 10       110 milliwatts. Fig. 29
also shows the ringing inherent with inductive drive.         10
INSTRUCTION SET Every function performed by the calculator is implemented
by a sequence of one or more ten-bit instructions stored in the ROM's 06
of the read-only memory circuit 18.. The serial nature of the MOS
calculator circuits allows the 15       instruction bits to be decoded from
LSB to MSB (right to left) serially. If the first  15 bit is a one, the
instruction is either a subroutine jump or a conditional branch as selected
by the second bit, with eight bits left for an. address. The next largest
set of instructions, the arithmetic set, starts with a zero followed by a
one (right to left), leaving eight bits for encoded instructions. The ten
different types of instructions, 20       employed by the calculator are
shown in the table below.                            20    17
1,454,268                         17 TABLE OF INTRUCTION TYPES (X = DON'T
CARE) AVAILABLE TYPE INSTRUCTIONS        NAME                  FIELDS 1
256 (ADDRESSES) JUMPSUBROUTINE        SUBROUTINE ADDRESS 0 1 .256
(ADDRESSES) CONDITIONAL BRANCH   BRANCH ADDRESS     1 1 -
5  3 2   32 x 8         ARITHMETIC/REGISTER  OPERATION- WORD  I  0 =256
CODE    SELECT         I 4    . 2 3    64            STATUSOPERATIONS     N
I  F   0 1  0  0 (37 used)                                    [err] 



SETBITN              .  F= 00 INTERROGATEN            F = 01 RESET N
F  10 CLEAR ALL                F= 11 4    2 4    64
POINTEROPERATIONS    P                F    1 1    0  0 (30 used) SET
POINTER TO P         F =00 INTERROGATE P              = 10 DECREMENTP
.      F  01 INCREMENT P              F= 11 4    2 5    64            DATA
ENTRY/DISPLAY   N    F   I    0 0       0 (20 used) LOAD CONSTANT
F = 01 [err]                    F= IX (N =XX01) BCDINPUTTOCREG           F
= IX (N = XXII) STACK INSTRUCTIONS       F = 10 N = (---0) AVAILABLE
F =-00 3    2 6    32            ROM SELECT, MISC.     N     F    1  0 0 00
(11 used) SELECT ROM "N"           F = 00 KEYBOARD ENTRY           F = 10
(N = XX1) .              EXTERNALENTRY                   (N = XXO)
SUBROUTINE RETURN        F= 01 (N = XXX) .4 7     16            (RESERVED
FOR         X XX X         0 0 0 0 0 PROGRAM STORAGE    3 



8   8            MOSCIRCUIT                X X 1 0 0 0 0 0  0 9     7
AVAILABLE              X X X10 0 0 0 0 0 0 10.                NO OPERATION
(NOP)    0 0        0 0 0 0   0 0 0    18                1,454,268
18 There are two type I instructions, namely jump subroutine and
conditional branch. They are decoded' only by' the control and timing
circuit 16. No word select is generated and all registers in the arithmetic
and register circuit 20 merely recirculate. The: object of the jump
subroutine instruction is to move to a new 5      address in ROM and to
save the existing address (plus one) as a return address      5 The last
instruction in a subroutine must be a RETURN to continue the program where
it was left previously. As discussed above, the control and timing circuit
16contains a twenty eight- bit shift register 58-62 which holds the current
eight-bit ROM address and also 10       has. eight bits of storage for one
return address (see Fig. 4). During bit times  10 [err] the current. ROM
address flows through the adder 64 and is incremented by one. Normally,
this address is updated each word time. However, if the first two bits of
the instruction, which arrive at bit times [err] are 10, the incremented
current address is routed to the return address register 60 of the twenty
eight-bit 5   shift register and. the remaining eight bits of the
instruction, whic  are the   15 subroutine address, are inserted into the
address register 58. These data paths with the JSB control line are shown
in Fig. 4. In this way the return address has been saved and the jump
address is ready to be transmitted to the ROM at bit times - [err]  of the
next word time. 20          The most frequently used instruction is the
conditional branch, which based   20 upon data or system status implements
the decision-making capability of the calculator. In the calculator system
described here this instruction also functions 



as an unconditional branch. The format of the branch instruction, as shown
in the instruction table above, 25      is two ones followed- by an
eight-bit branch address. The instruction is received at  25 bit times
[err] The last eight bits of the instruction are stored in the address
buffer register 68 (see Fig. 4). During the next word time the carry
flip-flop 66 is checked at bit time [err] If the carry flip-flop was set
during the previous word time, the current ROM addressis transmitted to the
ROM's 0-6. If the carry flip-flop 30       was not set, the branch address
is read from the address buffer 68 onto the I buss  30 32 and loaded into
the ROM address register 74 (see Fig. 6). Thus, the instruction is a BRANCH
IF NO CARRY. There are three ways the carry flip-flop 66 can be set: (1) by
a carry generated in the arithmetic and register circuit 20; (2) by a
successful interrogation of the pointer position; and (3) by a successful
35      interrogation of one of the twelve status bits. An example is given
in the table   35 below.    19
1,454,268 [err]    20                                       1,454,268
20 desired. This is the reason the sense of the conditional branch is
BRANCH ON NO CARRY. The carry flip-flop 66 is reset during execution of
every instruction except arithmetic (type 2) and interrogation of pointer
or status (types 3 and 4). Since only arithmetic and interrogation
instructions can set the carry flip-flop 66, 5     the constraint is not
severe. The jump subroutine instruction can also be used as an  5
unconditional branch if the previous return address does not have to be
saved. In 



summary, conditional branch can be used as an unconditional branch provided
the state of the carry flip-flop 66 is known to be reset (i.e., provided
the conditional branch does not follow an arithmetic or an interrogation of
pointer or status 10     instruction).
10 Arithmetic and register (Type 2) instructions apply to the arithmetic
and register circuit 20 only. There are thirty-two arithmetic and register
instructions divided into eight classes encoded by the left-hand five bits
of the instruction. Each of these instructions can be combined with any of
eight word select signals to give 15     a total capability of two hundred
and fifty-six instructions. The thirty-two  15 arithmetic and register
instructions are listed in the table below. TABLE OF TYPE TWO INSTRUCTIONS
(in order of binary code) CODE           INST         CODE            INST
00000            B          1 0000         A-B 0 0001            [err]
1 0001              [err] 0 0010          A-C          1 0010    SHIFT C
RIGHT 0 0011          C-1          1 0011          A-1 0 0100
[err]       1 0100    SHIFT B RIGHT 0 0101         [err]         I 0101
[err] 00110             [err]        1 0110    SHIFTA RIGHT 0 0111
1-C-1-C        1 0111            [err] 0 1000    SHIFTALEFT         1 1000
[err] 0 1001            [err]        I 1001            [err] 0 1010
A-C-C         I 1010         [err] 0' 1011         [err]       1 1011
[err] 0 1100            [err]       1 1100         [err] 0 1101
[err]           1 1101            [err] 0 1110         A+C-C         1 1110
A+C-A 0 1111         [err]        1 1111         [err] 



KEY: A, B, C are registers; [err] means goes into,   means interchange. The
eight classes of arithmetic and register instructions are: 20       (1)
Clear (3); (2) Transfer/Exchange (6);
20 (3) Add/Subtract (7); (4) Compare (6); (5) Complement (2); 25        (6)
Increment (2) (7) Decrement (2); and
25 (8) Shift (4). There are three clear instructions. These instructions
are [err] They are implemented by simply disabling all the -gates entering
the designated 30     register. Since these instructions can be combined
with any of the eight word select options, it is possible to clear a
portion of a register or a single digit.  30 There are six
transfer/exchange instructions. These instructions are [err] [err] This
variety permits data in the registers A, B,. and C to be manipulated in
many ways. Again, the power of the instruction 35     must' be viewed in
conjunction with the word select option. Single digits can be exchanged or
transferred. There are seven add/subtract instructions which use the
adder/subtractor circuitry 84. They are [err] The last instruction can be
used to divide by five. This is accomplished by first adding the 40
number to itself via [err] multiplying by two, then shifting right one
digit, and    21                                   1,454,268
21 dividing by ten. The result is a divide by five. This 'is used in the
square root routine. 



There are six compare instructions. These instructions are always followed
by a conditional branch. They are used to check the value of a register or
a single digit 5      in a register and still not modify or transfer the
contents. These instructions may easily be found in the type two
instruction table above since there is no transfer arrow present. They are:
(I)  -B (Compare B to zero); (2) A-C (Compare A and C); 10          (3) C-1
(Compare C to one);                                              10 (4) 0C
(Compare C to zero); (5) A-B (Compare A and B); and (6) A-1 (Compare A to
one). If, for example, it is desired to branch if B is zero (or any digit
or group of 15      digits is zero as determined by WS), the 0-B
instruction is followed by a    15 conditional branch. If B was zero, no
carry (or borrow) would be generated and the branch would occur. The
instruction can be read: IF [err] THEN BRANCH. Again it is easy to compare
single digits or a portion of a register by appropriate word select
options. 20          There are two complement instructions. The number
representation system in  20 the calculator is sign and magnitude notation
for the mantissa, and tens complement notation in the exponent field.
Before numbers can be subtracted, the subtrahend must be tens-complemented
(i.e., 0-CC). Other algorithms require the nines complement (i.e.,
0-C-I-C). 25          There are four increment/decrement instructions (two
of each). They are  25 [err] There are four shift instructions. All three
registers A, B, and C can be shifted right, while only the register A has a
shift left capability. The arithmetic and register instruction set is
summarized by class in the table below. V  



22                                     1,454.268
22 TABLE OF TYPE TWO INSTRUCTIONS (divided by class) Class
Instruction    Code 1) Clear               [err]          10111 [err] The
twenty-eight bit shift register 58-62 in the control and timing circuit 16
contains twelve status bits or flags used to remember conditions of an
algorithm or some past event (e.g., the decimal point key has already been
depressed). These 5           can be individually set, reset, or
interrogated or all bits can be cleared (reset  5 simultaneously). The
format for the status operation (type 3) instructions given in the
instruction types table above is repeated below.    23
1,454,268                                 23 TABLE OF STATUS INSTRUCTION
DECODING [err] FIELD             N            F       0      1 0 0 F
INSTRUCTION 0 0     SET FLAG N 0  I    INTERROGATE FLAG N 5         I 0
RESETFLAG N                                                    5 I I
CLEAR ALL FLAGS (N=0000) If the status bit N is one when the instruction
"interrogate N" is executed, the CARRY flip-flop 66 in the control and
timing circuit 16 will be set. The status bit will remain set. Interrogate
is always followed by a conditional branch instruction. 



10      The form of the interrogation is: "If status bit [err] then
branch", or "If status bit    10 [err] then branch. "The reason for this
negative orientation is that all branches occur if the test is false (i.e.,
CARRY flip-flop=O), a result derived from using the conditional and
unconditional-branches as the same instruction. Status bit 0 is set when a
key is depressed. If cleared it will be set every word 15      time as long
as the key is down.                                          15 A four-bit
counter in the control and timing circuit 16 acts as the pointer or marker
44 to allow arithmetic instructions to operate on a portion of a register.
Instructions are available to set and interrogate the pointer at one of
fourteen *               locations or to increment or decrement the present
position. The pointer 20     instruction decoding is given in the table
below.                          20 TABLE OF POINTER INSTRUCTION DECODING
BIT          9 8 76  54                   2 3   2  10 FIELD             P
I  1    00 F      INSTRUCTION 00     Set pointer to P 10   Interrogate
ifpointer atP 01     Decrement pointer 11     Increment p ointer   i.e.
don't care As with the status interrogate instruction, the CARRY flip-flop
66 is set if the pointer is at P when the "pointer at P?" instruction is
executed (as with status interrogation, the actual question is in the
negative form: "IF 'PN, THEN BRANCH" or "IF P  - OTHER THAN N, THEN
BRANCH"). This instruction 30    would be followed by a conditional branch.
In a math routine the pointer allows  30 progressive operation on a larger
and larger portion of a word. After each iteration (cycle) through a loop,
the pointer is decremented (or incremented) and then tested for completion
to force another iteration or a jump out of the loop. The data entry and
display (type 5) instructions are used to enter data into the 35
arithmetic and register circuit 20, to manipulate the stack and memory
registers,  35 



and to blank the display (sixteen instructions in this set are not
recognized by any of the existing circuits and are therefore available for
other external circuits that might be employed with other embodiments of
the calculator). The table below contains a detailed decoding of the data
entry and display (type 5) instructions.    24
1,454,268                                    24 TABLE OF TYPE 5 INSTRUCTION
DECODING (X = don't care, which in this context means the instruction does
not depend on this bit; either a I or a 0 here will cause the same
execution.) [err] [err]              INSTRUCTION 0000-* 1111   0  0   16
Available instructions N 10     [err]    Enters4bit code Ninto C Register
at pointer position (LOAD CONSTANT) 0 00  0  1 X         DisplayToggle 0 01
0   IX        Exchage Memory, [err] 0 10  0  1 X       Up Stack, [err] O 11
0  I X         Down Stack, [err] I00  0  1 X         DisplayOFF I 01  0  1
X         Recall Memory, [err] I 10  0  1 X         Rotate Down, [err] II I
0  1 X         Clear all registers [err] I       X X  0 1   IX
[err]A register (56 bits) I       X X  II   I .X    [err] register(56 bits)
20 



The first set of sixteen instructions [err]  00) in this table are not used
by any' of the main MOS circuits. They may be used by additional circuits
or external circuitry listening to the [err] line such as may be employed
with other embodiments 5       of the calculator.
.5 The next instruction [err] in this table is called the LOAD CONSTANT
(LDC) or DIGIT ENTRY instruction. The four bits in [err] will be inserted
into the C register atthe location of the pointer, and the pointer will be
decremented This allows a constant, such as [err] to be stored in ROM and
transferred to the 10       arithmetic and register circuit 20. To transfer
a ten-digit. constant requires only eleven instructions (one to preset the
pointer). Several exclusions exist in the use of this instruction. When
used with the pointer in position 13, it cannot be followed by an
arithmetic and register instruction (i.e., by Type 2 or 5 instructions as
there are problems in common use of a five-bit [err] buffer 91 in the
arithmetic and register 15      circuit 20). With P=12, LDC can be followed
by another LDC but not by any other  15 type 2 or 5 instruction. When used
with the pointer in position 14, the instruction has no effect. However,
when P=12 and LDC is followed by a type 2 or 5 instruction, position 13 in
the register C is modified. Loading non-digit codes (1010-1111) is not
allowed since they will be modified passing through the adder. 20.     The
next set of instructions [err] = OIX) in the type5 instruction decoding
table  20 contains two display instructions and six stack or memory
instructions. The display flip-flop in the arithmetic and register circuit
20 controls blanking of all the LED's. When it is reset, the code is set
into the display buffer 96, which is decoded so that no segments are on.
There is one instruction to reset this flip-flop [err] .25      and another
to toggle it (000). The toggle feature is convenient for blinking the
.25 The remaining instructions in the. type 5 instruction decoding table
include two affecting memory (Exchange [err] and Recall [err], three
affecting the stack (Up, Down, and Rotate Down), one general clear, one for
loading the 30      register A from the [err] buss 28 (namely, [err] and
one for loading the  30 register C from  BCD (111). Neither of the two
last-mentioned instructions 



depends on bits [err]. The [err]  A instruction is designed to allow a key
code to be transmitted from a program storage circuit to.the arithmetic and
register circuit 20 for display. The entire fifty-six bits are loaded
although only two digits of    25
1,454,268                                   25 information are of interest.
The [err] instruction allows data input to the arithmetic and register
circuit 20 from a data storage circuit or other external source such as
might be employed with other embodiments of the calculator. The ROM select
and other type six instructions are denoted by the pattern 5        10000
in instruction bits [err] The decoding table for these instructions is
shown  5 below. TABLE OF TYPE SIX INSTRUCTION DECODING Circuit [err]
into Data Storage Circuit The ROM SELECT instruction allows transfer of
control from one ROM to another. Each ROM has a masking option which is
programmed to decode bits 10      [err] A select ROM 3 instruction read
from ROM 1 will reset the ROE flip-flop 70  10 in ROM 1 and set the ROE
flip-flop 70 in ROM 3. The address is incremented in the control and timing
circuit 16 as usual. Thus, if Select ROM 3 is in location 197 in ROM  1,
the first instruction read from ROM 3 will be location 198. There are three
ways to arrive at a desired address, on a different ROM as 15     shown in
Fig. 30. In path AA', a transfer (via an unconditional branch or a jump  15
subroutine) to an address one before the desired address (L1) is executed
in ROM N. first. Then a ROM select M is given. In BB', the opposite order
is shown (first ROM N select, then a transfer). Because the desired
transfer location (LI or L2) may already be occupied by an instruction, a
third possibility may be used that is 20  less efficient in states but does
not depend on program locations. A transfer to L3  20 



is made, then a ROM select, and then an additional transfer from L4 to the
final desired location. With this method, L3 and L4 are overhead states.
Bits [err] = 01 designate a subroutine return (RET). There are eight bits
of storage in the twenty eight-bit shift register 58-62 of the control and
timing circuit 25       16 for retaining the return address when Jump
Subroutine is executed. This  25 address has already been incremented so
execution of RET is simply a matter of out utting the address on I. line 32
at bit times [err] and also inserting it into the ROM address register 58
of the shift register. It is also still retained in the return address
register 60. 30         A keycode is entered into the control and timing
circuit 16 by depressing a  30 key on the keyboard. A key depression is
detected by a positive interrogation of status bit 0.' During a computation
the keyboard is locked out because this status bit would ordinarily not be
interrogated until return to the display loop. The actual key depression
saves the state of the system counter (which is also the key code) in 35
the key code buffer 56 (see Fig. 4) and also sets status bit 0. Execution
of the  35 KEYBOARD ENTRY instruction routes the key code (six bits) in the
key code buffer 56 onto the I. line 32 and into the ROM address register 58
at bit times [err] The most significant two bits [err] are set to zero so
that a keyboard entry always jumps to one of the first sixty-four states.
40         Two algorithms used in the calculator will now be discussed to
further  40    26                                   1,454,26 illustrate the
instruction set. The first of these algorithms is a display wait loop, used
after a key has been processed and while waiting for another key to be
actuated. The second of these algorithms is a floating point multiply
operation A flow diagram of the display wait loop is shown in Fig.This loop
is entered after a keystroke has been processed, the register A::has been
properly 



loaded with the number to be diplayed, and the register B contains the
display "mask" as discussed above. Two flags or status bits are required.
Status bit [err] hardwired in the control and timing circuit 16 to
automatically set whenever a key is down. Status bit 8 (S8) is used in this
program to denote the fact that the key 10     which. is presently down has
already been processed (since a routine may be    10 finished before the
key is released). In states D1S1 and D1S2 these two status bits are
initialized. Then a loop is used as a time delay (about 14.4 ms.) to wait
out any key bounce. In D-1S4 status bit 8 (S8) is checked. The first time
through the algorithm it must be I since it was set in D1S1 to denote the
key has been 15      processed. In state DI S5 the display is turned on
(actually it is toggled since it must  15 previously have been off; there
is no DISPLAY ON instruction). At this time the answer appears to the user.
In. DI S6 status bit 0 (SO) is checked to see if a key is down. If not
(i.e., S0=O), the previous key has been released, and status bit 8 (S8) is
reset to 0 (D I S7). The machine is now ready to accept a new key since the
previous 20    key has been processed and released. The algorithm cycles
through D1S6 and      20 D1S7 waiting for a new key. This is the basic wait
cycle of the calculator. If SO= 1 in DIS6, the key which is.down may be the
old key (i.e., the onejustprocessed) or a new key. This can be determine
upon return to D1S4 where status bit 8 (S8) is checked. If a new key is
down (S8=0), execution jumps to D1S8., the display is 25      blanked, and
a jump out is made to service the key. A listing of the algorithm is  25
given in the table below. TABLE OF WAIT LOOP ALGORITHM LAB EL
OPERATION               COMMENT .DISI:       J  S8          Set Status 8
D1S2:         [err]                  R esetStatus0 DIS3:       [err]
Decrement pointer, IF P* 12                  48word loop (3 x 16) THEN GO
TO D1S3           towait out keybounce DISPLAY OFF 



DIS4:    IF S8 [err] 1                  If key not processed, THEN GO TO
DIS8::           leave routine DIS5:    DISPLAY TOGGLE            Turn on
display DIS6:   IF: SO [err] 1.               If key up, reset [err] [err]
Key down. Check if same key [err] Indicate key not processed [err] GO TO
D1S6  Back to wait for key D1S8:    - -                      Blank display
D1S9:    KEYS[err] ROM ADDRESS   Jump to start of program to [err] The
floatingpoint multiply algorithm multiplies x times [err] where the
register C contains x in scientific notation and the register D. contains
[err] (no.te that in the 30     calculator the register C corresponds to
the user's X register and the register D to  30 the user's Y register).
When the. multiply key is depressed,the wait loop algorithm will jump to a
ROM  address corresponding to the first step of the multiply algorithm
because of the way the instruction KEYS [err] ROM ADDRESS.. (state D1S9 in
Fig. 31) is executed. The key code actually becomes the next ROM 35
address. At this time the contents of, the registers A-D are indicated by.
the   35 following: R egister A  floating- point form of x Register B
display mask for x Register C  scientific  form of x 40        Register D
scientific form of y.   .                                      40    27
1,454,268                                 27 The algorithm for executing
floating point multiply is given in the table below. 



The letters in parentheses indicate word select options as follows: P
pointer position              M  mantissa field without sign WP  Up to
pointer position      MS  mantissa with sign 5          X  Exponent field
W  entire word                      5 XS  Exponent sign                  S
mantissa sign only TABLE OF FLOATING POINT MULTIPLY ALGORITHM LABEL
OPERATION                         COMMENT MPYI:  STACK  A
Transfer y to A. Drop stack MPY2:  A+C [err] C(X)                   Add
exponents to form exponent of answer A+C  C(S)                  Add signs
to form sign I IFNO CARRY GO TO MPY3    of answer. 0[err] C(S)
Correct sign if both negative MPY3:    [err] B(W)                   Clear
B, then transfer A - B(M)                    mantissa of y. B(X) = 0. [err]
A(W)                  Prepare A to accumulate product [err] P
Set pointer to LSD (Least Significant Digit) Multiplier (Minus 1) MPY4   P+
1-  P                     Increment to next digit. MPY5   A+ B [err] A(W)
Add multiplier mantissa to partial C-1 [err] C(P)                   product
C(P) times. When C(P)=0, IF NO CARRY GO TO MPY5    stop and go to next
digit SHIFT RIGHT A(W)             Shift partial product right. IF [err] 12
Check if multiply is complete THEN GO TO MPY4              i.e. is pointer
at MSD. IF A(P)> I                   Check if MSD = 0. If so must THEN GO
TO MPY6                shift left and correct exp. SHIFT LEFT A(M)
Multiply by 10 and decrement exponent C-I [err] 



MPY6 C+ [err] C(X)                    Always do this to correct for factor
of 10 too small A [err] B(XS)                    Duplicate extra product
digits A+B [err] A(XS)                   add I th digits IF NO CARRY GO TO
MPY7   If sum less than 10, then done A+ 1[err]  A(M)                  If
sum more than 10, add I IF NO CARRY GO TO MPY7   If answer was not all 9's,
then done A+ I [err] A(P)                  If answer was all 9's add I C+ I
[err] C(X)                    and increment exponent MPY7 A EXCHANGE C(M)
Get answer mantissa into C GO TO MASK 1                 Go to routine to
position the answer in A and make the proper mask in B. Then to the DISPLAY
program.    DETAILED LISTING OF ROUTINES AND SUBROUTINES OF INSTRUCTIONS A
complete listing of all ofthe routines and subroutines of instructions
employed by the calculator and of all of the constants employed by these
routines 5      an subroutines is given below. All of these routines,
subroutines, and constants  5 are  stored in the ROM's [err], as indicated
at the top of the first page associated with each ROM. Each line in each
ROM is separately numbered in the first column from the left-hand side of
the page. This facilitates reference to different parts of the listing.
Each address in ROM's [err] is represented   octal form by 10    four
digits in the second column from the left-hand side of the page. The first
digit  10 identifies which ROM, and the next three digits represent a
nine-bit address (the L preceding these four digits is merely an address
identifier). The instruction or constant stored in each address of ROM's
[err] is represented in binary form in the 



third column from the left-hand side of the page. Branching addresses. are
15      re resented in octal form by four digits in the fourth column from
the eft-hand  15 side of the page. Explanatory comments are given in the
remaining columns.    29                                  1,454,268
29 ROM 0 [err]    30                                      1,454,268
30 [err]    31                       1,454,268                        .31
[err]    32                                     1,454,268
32 [err]    [err] 33                                   1,454,268
33 



34           1,454,268
34 ROM 1 [err]    35                       1,454,268
35 [err]    36                            1,454,268
36 [err]    37                                     1,454,268
37 [err]    38                                        1,454,268
38 [err]    



39                                   '1,454,268
39 ROM 2 [err]    40                                     1,454,268
40 [err]    41                                    1,454,268
41 [err]    42                                   1,454,268
42 [err]    43.       1,454,268 [err]    44
1,454,268                                     44 ROM 3 [err] 



45            1,454,268
45 [err]    46                                      1,454,268
46 [err]    47                                   1,454,268.
47 [err]    48                                     1,454,268
48 [err]    49                                   1,454,268
49 ROM 4 [err]    



50                            1,454,268
50 [err]    51                                     1,454,268
51 [err]    52                                     1,454,268            52
[err]    1,454,268
53 236  L4354:   .1.. 11 1  ->  L4106                         JSB ONE [err]
54.                                    1,454,268                    54 ROM
5 0 L5000:                                                  NO OPERATION I
L5001:   ...........                                    NO OPERATION [err]



55                                    1,454,268
55 [err]    56.                                     1,454,268
56 [err]    57                                   1,454,268
57 [err]    58                                      1,454,268     58 [err]
59 [err]    60                                        1,454,268
60 [err]   



61                                      1,454,268        61 [err]    62
1,454,268                                 62 [err]    63
.1,454,268                            63 [err]    64
1,454,268.                                  64 FUNCTIONS All Qf the
functions performed by the calculator are given in the table below. The
notes referred to in this table. are given at the end of.the table. TABLE
OF FUNCTIONS INCORPORATED INTO THE 5                             BUSINESS
CALCULATOR                                  5 1. SIMPLE COMPOUNDING [err]
65                                   1454,268 3. ADD ON TO ANNUAL RATE 



*                   3.1 Solve For i In (see Note 1): n  R 1+-.x- 12  100
.(1 + i)-I [err] n = No. of Months R = Annual Add-on Rate
5 4. ACCRUED INTEREST n =No. of Days 1 = Annual Interest Rate (%) PV =
Principal Amount n PVi 10        4.1 [err]
10 -               36000 4.2 [err] = [err] x .98630137 5. DISCOUNTED NOTE n
=No. of Days = Annual Interest Rate (%) 15        FV = Face Value of Note
15 FV x n x i 5.1 [err] 36000 [err] 36000 5.2 [err] n [err] 360 5.3 [err]
d360 X- 365 dx 36500 



5.4 [err] n [err] 20  6. BOND
20 6.1 Price of a Bond (PV) (see Note 2): n = No. of Days (uncompensated
for leap days) i= yield c = coupon rate    66
1,454,268                                     66 For n > 182.5: -n
n 182.5 100c             i        182.5 [err] 6.2 Yield of a Bond (see Note
2): Solve for i knowing PV, in the above 2 equations, which one depending
on n. Solution gives [err] 7. DATE (see Note 3): 10         7.1 Date
I-Date2                                                             10 7.2
Date + n Days 1900 [err] Date [err] 2099 A.D. 8. ACCUMULATED INTEREST 8.1
accumulated interest (in [err]) = [err] 9. ACCUMULATION & MEAN & [err] n
[err]  



67                         1,454,268                             -   67
[err] 10. TREND LINE' n          n [err] 11. SUM OF DIGITS DEPRECIATION n=
Depreciable Lifetime PV = Initial Value of Asset 2 PV 11.1 Depreciation at
time (k)=    (n-k'+ I) n(n+ 1) PV(n-k)(n-k +1) 10         11.2 Remaining
book value at (k)                                         10 n (n + I) 12.
CASH FLOW 12.1 Current Sum of Present Value of Cash Flow [err] Note 1: Fig.
32 illustrates the algorithm used for the solution of 2.3,2.4 and 3.1
above. The technique is a simple Newton-Raphson method for the solution of
an implicit equation. 20         Note 2: Fig. 33 shows how the price of a
bond is calculated, and Fig. 34  20 illustrates the algorithm used to
compute the yield to maturity of a bond. Note 3: Fig. 35 illustrates the
date algorithm. The first half computes the dates difference and the next
half the date [err] n days.    



68                                  1,454,268
68 OPERATING INSTRUCTIONS All of the operations described below are
controlled or initiated from the keyboard input unit 12 which is shown in
Fig. 1. BASIC INSTRUCTIONS 5     Clearing
5 To clear display                             only  CLX CLEAR To clear
everything (except constant storage)  [err] Constant Storage 10         To
store a constant                             10 To recall a constant
press  RCL NOTE: Certain important pre-programmed calculations overwrite
previous, contents of the constant storage. These are: -Add-on to annual
Percentage Rate Conversion -Effective yield of an annuity (Loan repayment
and sinking fund) -Accrued interest and discounted note problems -Trend
lines (least squares linear regression) -Sum-of-the-digits calculations
-Bond calculations (price and yield) -Accumulated interest paid on a loan
-Discounted Cash Flow Analysis Except where noted above, a constant remains
in the machine until it is turned off or over-written by another constant.
15     Rounding
15 To round-off (the display only)                    press       , then
any desired numeral key between [err]. A numeral key greater than  6  will
put display in so-called "scientific notation". Normal turn-on mode is
automatically rounded to two decimal places. 



NOTE: Rounding affects the display only. The full internal accuracy of the
20 machine is maintained. Arithmetic Operations To perform simple
arithmetic operations between two numbers: -key in the first number
press  SAVE t -key in the second number, press desired operation, [err] 25
[err]                                                       25 To perform
chain calculations, only the first number has to be loaded through a SAVE t
operation ... all subsequent numbers need only be keyed in and the desired
function key pressed after each one. Automatic computation between a
displayed number and a stored constant 30          is achieved by pressing
RCL  and the desired function;               30    69
1,454,268 Changing Sign To change the sign of a displayed number     press
CHS To enter a negative number, key in number    press  CHS Raising a
Number to a Power 5       Key in positive base number (to be raised to a
power press  SAVE      5 *   Key in power (exponent)
press To Obtain Square Root of a Number Key in number
press          [err] 10      Percentage Operations
10 To obtain the percentage amount of a number: -key in the base number
press  SAVE [err] -key in the percent (as a %)               press   [err]
To add or subtract the percentage amount to the base 



15      .  numbersimplypress [err] respectively.
15 To obtain the percent difference between two numbers: -key in the base
(or reference) number     press   SAVE t -key in the second number
press   [err] (answer is displayed in percent) 20     Calendar Functions
20 Date entry sequence is: month, decimal point, two numeral day and four
numeral year. Example: May 8, 1972 = 5.081972. Calendar range is from
January 1, 1900 to December 31, 2099. To obtain difference between two
dates: -key in first date                          press   SAVE [err] -key
in second date                        press    DAY 25         To obtain a
date from a base date:                                      25 -key in the
base date                      press   SAVE [err] -key  in the number of
days (can be positive             DATE or negative)
press    [err]    DAY    70         1,454,268
70 To obtain the day ofthe week of a date: -key in today's date
press   SAVEt -key in desired date                         press   [err]
SAVE [err] -key in                                      press [err] 5
-key in that portion of the display left of the decimal point .press -key
in [err] again  press [err] If the date in question is beyond today, its
day of the week [err] will be today's day plus the number shown in the
display. 



10        If the date in question is before today, its day of the week
10 will be today's day minus the number shown in the display. Error
Indication An improper or illegal operation (such as dividing by zero) will
result in a steady blinking display. 15      Battery Condition (low charge
indication)                                      15 All decimals in the
display indicates low battery condition. Plug into recharger. COMPOUND
INTEREST NOTE: To use the compound interest keys (top row) simply remember
to enter your known values in left-to-right sequence and then press the key
which corresponds to your answer. 20       Future Value
20 Key in number of time periods                  press   [err] Key in
interest rateper time period (in %)    press  W Key in present value
(principal)               press   [err] To obtain future value
press NOTE: Simple arithmetic operations may be performed prior to entering
any 25        value. Also, a mistaken last entry may' be corrected by
pressing  CLX  , then  25 keying in the correct value and pressing the
appropriate key. Present Value Key in number of time periods
press  [err] Key in interest rate per time period (in %)  press Key in
future value amount                    press 30          To obtain present
value                       .press         30    71
1,454,268                                   71 



Rate of Return (growth rate) Key in number of periods
press . . Key in present (beginning) value              press  [err] Key in
future (ending) value press  FV S      To obtain effective rate per period
(in %)    press .5 Number of Time Periods (for a compounded amount) Key in
interest rate per period (in %)        press   [err] Key in present
(beginning) value              press   [err] Key in future (ending) value
press 10          To obtain number of time periods              press [err]
10 Nominal Rate Converted to Effective Annual Rate Key in number of time
periodsper year         press  [err] Key in Nominal Rate (as a %)
press [err] Key in [err]               press [err] 15          To obtain
effective annual rate (in %)        press RCL                 15 Effective
Annual Rate Converted to Nominal Rate Key in number of time periods per
year        press  STO Key in  [err] Key in effective annual rate (in %)
press            [err] 20          To obtain nominal rate (in %)
press  RCL                20 SINKING FUND Future Value of an Annuity
(sinkingfund) Key in number of time periods                 press    [err]
Key in interest rate per period (as a %)      press   [err] 25
Key in payment (installment) amount           press  [err]
25 To obtain future value                        press    



72                                  1,454,268
72 Sinking Fund Payment Amount Key in number of time periods
press  [err] Key in interest rate per period (as a %)  press Key in future
value                          press: 5       To obtain payment amount
press [err]                    5 Effective Yield of a Sinking Fund Key in
number of time periods                press  E Key in payment (installment)
amount          press   [err] Key in future value
press 10         To obtain interest rateper period (as a %)    press [err]
10 Number of Periods Requiredfor a Sinking Fund Key in interest rateper
period (as a %)      press Key in payment (installment) amount
press [err] Key in future value                          press [err] 15
To obtain number of time periods              press  [err]
15 LOAN REPAYMENT Accrued (Simple) Interest Payment Due Key in number of
days                        press  [err] Key in annual interest rate (in %)
press   [err] 20          Key in the principal (present value)
press  [err] 20 To obtain interest payment due on a 360 day basis  press
[err] To obtain interest payment due on a 365 day basis  press   [err]
Discounted Note and Effective Annual Yields 25          Key in number of
days                         press   [err]   25 Key in annual interest
(discount) rate (in %)  press Key in the face (future)value of note
press   [err] To obtain the discount amount (i.e.-the interest portion)
INTR of the note on a 360 day basis               press   [err] 



73                                  -1,454,268
73 To obtain the effective annual yield on a 360 day basis
press.          [err]  . To obtain the discount amount of the note on a 365
day basis                                press  [err] 5          To obtain
the effective annual yield on a 365 day                        5 basis
press           [err] True Equivalent Annual Yield Key in number of days
press          [err] Key in  [err]                           press
[err] 10          Key in the principal (present value) of note  press
[err]                10 Key in the face value (future value) of note  press
[err] To obtain true equivalent annual yield       press    [err] Present
Value of an Annuity (Principal Amount of a Loan) Key in the number of time
periods (months, years, 15          etc.)
press  [err]                15 Key in interest rate per period (in %)
press   [err] Key in the amount of the payment per period  press  PMT To
obtain present value (principal)           press   PV Loan Repayment Amount
20         Key in number of time periods                press
20 Key in interest rate per period (in %)       press Key in present value
(principal)             press    PV To obtain payment amount per period
press  PMT True Interest Rate of a Loan 25          Key in number of time
periods                 press  n                 25 



Key in payment amountper period              press PMT Key in present value
(principal)             press To obtain interest rate per period (in %)
press   i NOTE: To obtain an annual rate simply key in the number of time
periods per year and press X    74
1,454,268                                 74 Number of Time Periods
Requiredfor a Loan Key in the interest rateper time period      press   i
Key in the payment amount per time period    press  PMT Key in the present
value (principal)         press PV 5         To obtain the number of time
periods          press  n                   5 Accumulated Interest Paid on
a Loan (between two points in time) Key in the payment number corresponding
to the first point of the time span in question           press  STO Key in
the payment number corresponding to the last 10          point of the time
span in question            press                     10 Key in the total
number of payments of the loan  press  n Key in the interest rate per
payment (or period)  press   i Key in the payment amount per period
press  PMT To obtain the accumulated interest            press 15
Remaining Balance (Principal) of a Loan
15 As an extension of the previous problem To obtain the remaining balance
(principal)    press [err] "Add-on" interest Converted to a True Annual
Percentage Rate Key in the number of months of the loan      press   n 20
Key in the "add-on" rate (per annum)          press  i                  20 



To obtain true annual percentage rate        press  i To obtain the monthly
payment amount         press Then key in the principal amount to be loaned
press Interest Rebate (Rule of 78's) 25          Key in last payment number
press  n                  25 Key in total number of payments for the loan
press  n Key in the total finance charge -            press  PV To obtain
the unearned interest (rebate)   press    75
1,454,268                                   75 To obtain the remaining
principal due, key in the amount of each payment  press    SAVE key in the
number of payments remaining  press   [err] DEPRECIATION AMORTIZATION 5
Sum-of-the-years' Digits Depreciation
5 [err] Key in given year number (or beginning year number)
press [err] Key in life of asset (number of years)      press n Key in
depreciable amount (purchase less salvage 10             value)
press  PV                  10 [err] To obtain given year's depreciation
press       SOD [err] To obtain subsequent year's depreciation    press
SOD 0 Continue step [err] as desired [err] To obtain the depreciation for a
particular year not in 15            sequence, simply key in the year
number desired and                                 press  n SOD [err]
Continue step 0 as desired. 



NOTE: To obtain the remaining book value after each year's depreciation
press  x=y  . The  x=y   key must be pressed again before the next SOD
calculation (step 5). Straight Line Depreciation 20          Key in
depreciable amount (purchase less salvage                         20 value)
press SAVE SAVE To obtain each year's depreciation -key in life of asset
(number of years)    press NOTE: To obtain the remaining' book value after
each year's depreciation, first press  ISTO       (for book value after
first year) then  RCL for each subsequent year. 25     Variable Rate,
Declining-Balance Depreciation                                25 [err]( Key
in [err]      and                   press  SAVEt [err] Key in life of asset
(number of years)      press Key in declining factor or rate [err]    76
1,454,268                                   76 ( Key in depreciable amount
(purchase less salvage. value) To obtain year's depreciation
press  RCL To obtain remaining book value              press    [err] S
[err] Continue steps [err] for subsequent years.
5 Diminishing Balance Depreciation [err] Key in life of asset (number of
years)      press [err] [err] Key in beginning value of asset
press  [err] [err] Key in ending (salvage) value of asset     press  FV 10
NOTE: Salvage value must be greater than zero.
10 



[err] To obtain and store rate of depreciation  press. [err] [err] Key in
beginning value of asset [err] Toobtain year'sdepreciation
press RCL [err] To obtain remaining book value              press   [err]
15          [err] Continue steps [err] for subsequent years.
15 BONDS Price of a Bond [err] Key in either maturity or purchase date
press   SAVE t 0 Key in remaining date                      press 20
[err] Key in yield-to-maturity (asa%)             press
20 [err] Key in coupon rate (as a [err])                press BOND [err] To
obtain bond price                        press Yield-to-Maturity of a Bond
25          [err] Key in either maturity or purchase date*    press
25 0 Key in remaining date                       press    DAY [err] Key in
coupon rate (as a %)                 press    PMT Keyinthebondprice
press YTM 30            [err] To obtain bondyield
press          i        30 NOTE: Normal accuracy of bond calculations is
two decimal places for most cases. If further accuracy is required, the
following procedure should replace steps [err] of either of the above.
Extended Precision Bond Calculations NOTE: This procedure replaces steps
[err] in normal bond calculations. It provides six decimal place accuracy
for all bond price calculations and three 



decimal place accuracy for most yield calculations. a) Determine the number
of days, months and years to maturity (in accordance with trade custom) 5
b) Key in number of days                      press   SAVEt             5
c) Key in [err] (days/months)              press   [err] d) Key in number
of months                   press e) Key in [err]  (months/years)
press f) Key in number of years                    press   [err] 10
g) Key in  [err]  (days/year)          press  [err]       10 Continue with
step [err] of bond calculations. INVESTMENT ANALYSIS] Discounted Rate of
Return (for even cash flows) Key in number of time periods
press  [err] 15       Key in amount of cash flowper period         press
PMT               15 Key in original investment                   press
PV To obtain discounted rate of return (in %)per period press   i
Discounted Cash Flow Analysis (for uneven cash flows) [err] Key in discount
rate (in %)per period      press   i 20         [err] Key in original
investment                  press  CHS      PV        20 [err] Key in cash
flowper period                 press   PV      [err] [err] Continue step
[err]) for subsequent flows. NOTE: Investment is profitable (to the extent
of the discount rate) if the result is positive. Furthermore, the user can
determine the "break-even" period by noting the period in which step [err]
first yielded a positive result.    78
1,454,268                                   78 STATISTICS.- 



Mean and Standard Deviation CLEAR [err] Clear the entire machine by
pressing                      [err] 5.          [err] Keyin dataitem
press                      5 [err] Continue step [err] until all data are
entered. [err] To obtain mean (arithmetic average)          press: NOTE: To
obtain the standard deviation after each mean calculation press  [err]  key
must be pressed again before resuming. 10          [err] To return to the
summation mode              press                     10 [err] Continue
with- step [err] if desired. NOTE: To correct a data item key in its value
and press   [err] Trend Lines (Least Squares Linear Regression) CLEAR 15
[err] Cleartheentiremachinebypressing                            [err]
15 [err] Sequentially, key in data item              press          [err]
NOTE: Each time  TL  is pressed, the sequence number for that item is
displayed.                                              . 0 Continue step
[err] until all data are entered. [err] To terminate the data entry
sequence        press 20          [err] To obtain a specific value on the
trend line, key in: the              20 appropriate time period number
press   [err] [err] Repeat step [err] as often as desired. NOTE: The user
may also "step-along" the trend line by simply. press- ing   TL   as many
times as desired. Further, the current time period number may be obtained
by pressing  [err]. The. [err]   key must be pressed again before resuming.
0 To obtain the amount: of change of the trend line per 25
period (commonly called "slope").           press   [err]
25 



* To resume operation    .        .        .  press  [err]    1,454,268
79 WHAT WE CLAIM IS:- 1. An electronic calculator comprising: keyboard
input means for entering information into the calculator; storage means,
coupled to said keyboard input means, for storing information 5     entered
into the calculator;                                                 5
processing means, coupled to said keyboard input means and said storage
means, for processing information entered into the calculator and stored in
said storage means to perform selected calculations; and output means,
coupled to said processing means, for displaying the results of 10
selected calculations performed by said processing means;
10 said keyboard input means including a plurality of input keys manually
operable for causing said processing means to perform  a first plurality of
operations designated by a first plurality of legends positioned on said
keyboard input means and associated with said plurality of input keys; 15
said keyboard input means further including a command key manually      15
operable with said plurality of input keys for causing said processing
means to perform a second plurality of operations designated by a second
plurality of legends positioned on said keyboard input means and associated
with said plurality of input keys; 20         said command key and said
second plurality of legends being coded to    20 associate said command key
with each of said second plurality of operations designated by said second
plurality of legends. 2. An electronic calculator as in claim I wherein
said second plurality of legends is positioned on a panel of said keyboard
input means adjacent to an 



25      associated different one of said plurality of input keys.
25 3. An electronic calculator as in claim 2 wherein: each legend of said
first plurality of legends is positioned on a different one of said
plurality of input keys, 4. An electronic calculator as in any one of
claims 1, 2 and 3 wherein said 30      command key and said second
plurality of legends are coded by color.       30 5. An electronic
calculator as in claim 4 wherein the body of said command key and the
characters of said second plurality of legends are the same color. 6. An
electronic calculator as in any one of claims 1, 2, 3,4, and 5 wherein said
processing means is conditioned by actuation of said commandkey to perform
any 35      one of said second plurality of operations in response to
subsequent actuation of  35 the corresponding one of said plurality of
input keys. 7. An electronic calculator as in any one of claims 1, 2, 3, 4,
5, and 6 wherein: said keyboard input means includes numeric keys for
entering numerical information into the calculator, and function keys for
controlling the calculations 40      performed by the calculator; and
40 each of said plurality of input keys comprises a different one of said
function keys. ERIC POTTER & CLARKSON, Chartered Patent Agents, Kingsway
House, Kingsway, London WC2B 6QX. Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 197& Published by the Patent
Office, 25 Southampton Buildings, London, WC2A lAY, from which copies may
be obtained.    






