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INTERACTIVE WRISTWATCH CALCULATOR

BACKGROUND OF THE INVENTION

Numerous electronic watches are available which use
high stability oscillators as time standards and display
time information in a digital fashion. One of the difficul-
ties encountered with many currently available digital
watches is the complex routine that must be followed in

- order to set or change the time indicated on the watch.

In some watches, a button for actuating up counters
must be used in a particular sequence to cause each of
the time registers to be set to the desired value. Other
watches use a plurality of buttons, magnetic wands, and
other accessory devices to achieve similar results.
These various complex measures necessary for the set-
ting of time make it difficult to easily change the time in
the watch when crossing time zones or for setting an
alarm.

Electronic calculators of various sorts have been
available for some time, however, present electronic
calculators perform computations only with scalar
quantities, that is, values that are not changing with
time. While a number of calculators have been provided
with displays which are extinguished after a certain
period of time in order to conserve power, the calcula-
tor circuitry itself usually remains in an operational state
thus continuing to consume power at a relatively high
level even though no information is being displayed and
no calculations are being made.

At least one previous patent, U.S. Pat. No. 3,803,834,
has disclosed the combination of an electronic watch
and a calculator in a single case. This combination,
however, makes no provision for computations using
time varying quantities in combination with scalar
quantities, nor does it provide for control of the clock
portion via the calculator. The calculator and the watch
in the aforementioned reference operate entirely sepa-
rately and only share a common display and keyboard.

. SUMMARY OF THE INVENTION

The preferred embodiment of the present invention
comprises an -electronic wristwatch with an integral
electronic calculator. Both portions of the watch/cal-
culator share a common display and a common key-
board. The watch is set by entering a time via the key-
board using digit keys and a colon key, to indicate that
the numbers represent a time; and then by commanding
the watch to be set to a new time via a time-set com-
mand key. The watch portion also includes an alarm
register which can be set via the keyboard and which
can be armed or disarmed via the keyboard. In the
watch portion a single register keeps track of both time
of day and date information, although the date informa-
tion can be displayed and set separately from the time of
day information. Dates may be set from the watch/cal-
culator keyboard using the digit keys and a slash key to
indicate separation between day, month and year digits.
Finally, there is also a stopwatch in the watch/calcula-
tor which may be set to count upward from a given
starting point by pressing a start button or may be set to
count down from a time entered from the keyboard and
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produce an alarm when the time period set is up. In .

addition, a split may be stored from the stopwatch while
it'is running,

' The calculator portion of the watch/calculator in-
cludes circuitry for performing the four basic arithmetic
functions: add, subtract, multiply and divide, and, in
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addition, includes an auxiliary storage register. The
calculator can perform these arithmetic functions with
scalar quantities in the form of decimal numbers as well
as with combinations of scalar quantities and time quan-
tities, that is, numbers whose values are changing with
time. For example, in order to change the time indicated
by the wristwatch when the wearer crosses a time zone
boundary he may simply add or subtract an hour from
the clock register in the watch without disturbing the
absolute setting or time calibration of the clock register
by using the calculator portion to add or subtract the
hour to the contents of the clock register. Furthermore,
real time can be multiplied or divided by scalar quanti-
ties to provide an indication of a time variable quantity
such as distance traveled or speed. :

Time quantities can be entered either in decimal nota-
tion as a number of hours, minutes or seconds and frac-
tions thereof or in terms of hours, minutes and seconds
separated by colons or in terms of day, month and year
separated by slashes. The watch/calculator can convert
between formats to enable manipulation of the data, no
matter what form it is entered in. Since time information
must be obtained from the clock register when calcula-
tions are performed on real time data, a circuit is pro-
vided to catch any update pulses from the watch time
standard during the time a calculation is being per-
formed and to thereafter update the information in the
clock register to maintain time calibration.

In order to conserve power, the calculator is pro-
vided with an inactive or sleep mode in which power is
removed from most of the calculator circuitry except
when calculations are actually being made. The key-
board is activated during the sleep period and is dis-
abled while the calculator portion is active or awake.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a pictorial representation of a watch/cal-
culator.

FIGS. 2A through 2H illustrate the display of the
watch/calculator of FIG. 1 in various modes of opera-
tion.

FIG. 3 is a block diagram of the preferred embodi-
ment of the present invention.

FIGS. 4A and 4B show a block diagram of a control
and timing circuit.

FIGS. SA through 5R show a detailed schematic
diagram of the circuit of FIGS. 4A and 4B.

"FIG. 58 is a figure map showing how the detailed
schematic diagrams of FIGS. 5A through 5R fit to-
gether.

FIGS. ST through 5V show details of components in
the detailed schematic diagram of FIGS. 5A through
5R.

FIG. 6 is a block diagram of a Read Only Memory.

FIGS. 7A through 7E show a detailed schematic
diagram of the circuit of FIG. 6.

FIG. 7TF is’'a figure map showing how the detailed
schematic diagrams of FIGS. 7A through 7E fit to-
gether.

FIGS. 8A and 8B show detailed schematics of por-
tions of the circuit of FIGS. 7A through 7E.

FIGS. 9A and 9B show a block diagram of an arith-
metic and register circuit.

FIGS. 10A through 10M show a detailed schematic
diagram’ of the circuit of FIGS. 9A and 9B.

FIG. 10N is a figure map showing how the detailed
schematic diagrams of FIGS. 10A through 10M fit
together. '
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"FIGS. 10A’ through 10L’ show details of compo-
nents in the detailed schematic diagram of FIGS. 10A
through 10M. ’

FIGS. 11A and 11B show a block diagram of a clock
and display circuit.

FIGS. 12A through 12G show a detailed schematic
diagram of a portion of the circuit of FIGS. 11A and
11B. '

FIG. 12H is a figure map showing how the detailed
schematic diagrams of FIGS. 12A through 12G fit to-
gether. ‘ -

FIGS. 12A’ through 12U’ show a detailed schematic
diagram of the remainder of the circuit of FIGS. 11A
and 11B.

FIG. 12V’ is a figure map showing how the detailed
schematic diagrams of FIGS. 12A’ through 12U’ fit
together.

FIGS. 13A and 13B show a combined block and
schematic diagram of a display buffer circuit.

FIG. 14 is a data flow diagram.

FIG. 15 shows the digit assignments in a data word.

FIG. 16 is a graph of the system timing for the pre-
ferred embodiment.

FIG. 17 is an overall flow diagram of the operation of
the calculator portion of the preferred embodiment.

FIG. 18 is a flow diagram of arithmetic operations.

FIG. 19 is a flow diagram of dynamic stopwatch
operations.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a pictorial view of a watch/calculator
10 having a case 12 with a display 14 and a keyboard 16.
Attached to case 12 is a wristband 18 for holding the
watch/calculator on a user’s wrist. As will be explained
in greater detail below, the keyboard allows the user to
activate display 14 to show time and date information,
to change the time or date, and to make calculations
with time and scaler quantities.

FUNCTIONAL DESCRIPTION

The preferred embodiment of the watch/calculator
will first be described from a functional point of view to
illustrate how the user may operate the watch/calcula-
tor along with how it will respond.

Calculator Portion

The calculator portion of the watch/calculator uses
so-called algebraic logic so that key sequences for solv-
ing a problem proceed much as one writes the problem
on paper. The first operand is entered and this entry is
terminated by pressing one of the four operator keys
(+,—,X,+). The second operand is then entered and
the calculation is performed and displayed by pressing
the equals key.

This operation uses three logical elements: 1 a first
operand register to hold the first entry (X register); 2 an
operator memory, since the function is not performed
immediately but must be stored and then recalled and
performed when the equals key is pressed (F register);
and 3 a second operand register for the second entry (Y
register). It should be understood that the labels “X”,
“Y” and “F” are used here for convenience, and that
one or more hardware registers in the subsequent de-
scription may perform the described function.

Initially when the calculator portion is cleared, a zero
from the X register is displayed. The first entry,
whether it be a keyed-in number or the recall of one of
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the other registers in either the watch or calculator

"portion, labeled T, D, A, S, or M, goes into the X regis-

ter. If the entry is a register recall, it is automatically
terminated and may be overwritten by another register
recall or a keyed-in entry; that is, it is not necessary to
press the clear key to change an entry if it is terminated.
Register recalls, results of previous operations, and
error conditions are all terminated entries. Likewise, a
keyed-in entry which has not been terminated can be
overwritten by a register recall, but not by another
keyed-in entry without first being terminated or first
pressing the clear key. The foregoing discussion of
termination and overwriting of entries applies to both
the X and Y registers.

When one of the four arithmetic operator keys is
pressed, the entry is first terminated (if it was not al-
ready), the operator (+,—,X,=) is stored in the F
register, and the X register contents are copied into the
Y register. At this point, pressing the clear key will
return the calculator to its initial state, clearing both the
X register and the F register. If another operator is
pressed immediately after the first operator, the second
overwrites the first. Thus, in a sequence of operator key
depressions with no other intervening key strokes, only
the last operator is remembered. Thus, if the wrong
operator key is pressed, it is not necessary to use the
clear key which would also destroy the X register en-
try. All that is necessary is to press the correct operator
key.

Now the second operand is entered, and since one of
the operator keys was just pressed, the calculator cir-
cuitry knows that the entry must go into the Y register.
This entry will overwrite the copy of the X register
data which was placed in the Y register when the opera-
tor key was pressed. After this second entry is com-
menced, a single depression of the clear key will act as
a clear entry, clearing only the Y register, leaving the X
and F registers intact. This puts the calculator circuitry
in the same state as it was immediately after the opera-
tor key was pressed. At this point, a new operator key
may be pressed, overwriting the old one or a new sec-
ond operand may be entered if the original second oper-
and entry was in error.

After the second operand is entered, the equals key is
pressed. This causes the result X(F)Y to be computed
and sfored in the X register. The contents of the F and
Y registers are preserved. After an equals operation, a
new entry will be placed in the X register, so a new
calculation can be commenced without using the clear
key. ,

The operation of the clear key may be summarized as
follows: if any entry has been made, the clear entry only
function is performed when the clear key is depressed.
If no entry has been made (i.e. immediately after
+,—,X,=+, or =), the clear all function is performed
when the clear key is depressed, clearing both operand
registers and the operator register.

The sequence of events described above permits sev-
eral special features in the operation of the calculator
portion. As was previously mentioned, when an opera-
tor key is pressed, the data in the X register is copied
into the Y register. This permits automatic squaring and
doubling since the second operand is identical to the
first operand and does not need to be explicitly entered.
For example, the key sequence 6 X = will result in 36,
the square of 6. The sequence 24 + = will give 48.

The fact that the result of each calculation is placed in
the X register permits the use of this result as the first
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operand in the next operation without re-entering it.
Furthermore, if another operator key is pressed after
entry of the second operand, in place of the equals key,
an automatic equals operation will be performed prior
to entry of this operator key. For example, one could
evaluate the expression (6—2)X3+5 with the key se-
quence 6—2=X3=-+5=, Since an ‘operator after
entry of the second operand performs an automatic
equals, however, the intermediate equals operations are
unnecessary. The shorter sequence 6—2X3-+5= will
work equally well. Thus, efficient chain operations can
be performed. -

Recall that after an equals operation, the operator and
second operand of the calculation are preserved. This
permits two useful features, the first of which is repeat
operations upon an accumulating result. For example,
one could compute the fourth power of three with the
sequence 3 X = = =. The calculator portion can be
used as a totalizer by hitting 0+ 1 and then striking the
equals key each time a count is to be registered. The
second feature provided by the equals operation may be
called an automatic constant, and is similar to the repeat
operations feature except that the first operand is
changed for each operation rather than being left to
accumulate. If one wished to compute the amount of
6% salts tax on each of three items priced $1.69, $2.45,
and $7.24, the following sequence would be used:
1.69X0.06=(first answer), 2.45= (second answer),
7.24= (third answer).

The following is a summary of what happens when
an operator key is pressed:

1. If the previous entry is a keyed-in number, it is termi-
nated.

2. If the previous entry was the second operand, it is
stored in the Y register and an automatic equals oper-
ation is performed (see below).

3. If the previous entry was the first operand, it is stored
in the X register.

4. The operator (+,-,X,=) is stored in the F register.

5. The data in the X register is copied into the Y regis-
ter.

6. The following entry (if there is one) will be the sec-
ond operand and will go into the Y register.

When the equals key is pressed:

1. The arithmetic operation X(F)Y is performed and the
result placed in the X register. :

2. The operator (F register) and the second operand Y
register) are left undisturbed.

3. The following entry (if there is one) will be the first
operand and will go into the X register.

Data Entry and Display

The calculator portion of the preferred embodiment
of the present invention permits keyboard entry of three
intrinisically different kinds of data: decimal, time, and
date. This is accomplished through the use of three
keys: the decimal point (.), the colon (:), and the slash
).

Decimal numbers are entered in the same way as on
most present calculators. Up to seven digits plus deci-
mal point and sign may be entered, as illustrated in FIG.
2A. The calculator assumes a number is decimal even
though the decimal point has not been explicitly en-
tered, unless and until a colon or slash is entered via the
keyboard. The range for which decimal numbers can be
entered from the keyboard is .0000001 to 9999999, Dis-
play of results, however, covers a greater range as will
be described shortly. Entry of leading zeroes or multi-
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ple decimal points will be ignored, and when the display
is full, further entries ae also ignored.

The colon is used to enter time interval data as illus-
trated in FIGS. 2B and 2C. The range of time entry is
0.01 seconds (00:00.01) to 99999 hours, 59 minutes
(99999:59). Because of the length of the display, this is
split into three ranges. If more than five digits are en-
tered first, the number is clearly out of range for time
entry, and therefore is assumed to be decimal; any de-
pression of the colon key will be ignored. If from three
to five digits are entered and the colon key is pressed,
the display format will be HHHHH:MM where H
stands for hours digits and M stands for minutes digits.
Leading zeroes will be blanked. The minutes are then
entered after the colon. If the colon key is the first key
pressed, or if one or two digits are entered prior to
pressing the colon key, the display may be either
HH:MM:SS (Where S stands for seconds digits) or
MM:SS.CC (where C stands for hundredths of seconds
digits). In these two ranges all leading zeroes will be
displayed. After the colon, the next field of information
is entered and then either the colon or the decimal point
is pressed. If the colon is pressed, the first two fields are
assumed to be HH:MM; if the decimal point is pressed,
they are taken to be MM:SS. If the entry is terminated
prior to pressing the second colon or decimal point, the
HH:MM:SS format is assumed.

Digit entry in fields after a colon is slightly different
from the normal sequential entry of decimal numbers,
Digits (including the first digit) are entered in the right
side of the two digit field. As other digits take their
place, they shift to the left digit and then disappear if
there is a further digit entry. In this way, only the last
two digits pressed after a colon are significant and re-
tained in the display: for example, the same results will
be obtained with the key sequence: 526394 2 as with
the sequence: 4 2. This permits easy error correction
without clearing and re-entering the whole number.
After pressing the decimal point in the MM:SS.CC
mode, normal sequential entry resumes In this mode,
when the display is full, further entries are ignored; in
the other two modes, even though the display is full,
entry can continue in the last field as described above.
After the entry is terminated, the minutes and seconds
digits must be less than 60, otherwise the display flashes,
indicating an error. Fields in which no entry is made are
assumed to be zero.

* The following examples illustrate time interval entry:

TERMI-
TIME TO BE ENTERED KEY NATED
HOURS MINUTES SECONDS SEQUENCE DISPLAY
12345 12 —_ 12345:12 12345:12
100 — — 100: 100:00
12 —_ — 12: 12:00:00
12 34 55 12:34:55 12:34:55
12 34 —_ 12:34 12:34:00
— 23 45 :23:45 or 23:45.00
23:45.
— 23 — :23 or 23:. 23:00.00
- — 10 10 or :10, 00:10.00
— — 5.6 :5.6 00:05.60
— 2 1.52 2:1.52 02:01.52

Entry of dates is accomplished with the slash key. If
more than two digits are entered prior to pressing the
slash, the number is considered out of range and must be
either a time or decimal entry, so the slash is ignored. If
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two or fewer digits are entered and the slash is pressed,
the digits are assumed to be the number of the month
(assuming the month, day, year date format), and the
slash is entered in the display as a dash, as shown in
FIG. 2D. Then the day is entered; the slash is pressed
again; and the year is entered. Digits in the day and year
fields enter the display like digits after the colon as
described above for time interval entries, so that only
the last two digits to be entered are significant. A single
leading zero is blanked, if present. If no digits are en-
tered in a given field, it is assumed to be zero although
this is treated as an error in the month and day fields.
When the entry is terminated, if the month or day fields
are zero, or if the month field is greater than 12, or if the
day field is greater than 31, the display will flash, indi-
cating an error. If the day is greater than the number of
days in the month, but not greater than 31, the date will
be automatically adjusted, for example, when termi-
nated, 2/30/75 will become 3/2/75.

The following examples illustrate the entry of detes:
DATE TO BE ENTERED  KEY SEQUENCE - DISPLAY
January 1, 1976 1/1/76 1-1-76
January 1, 1976 01/01/76 1-1-76
November 23, 1981 11/23/81 11-23-81
February 29, 1977 2/29/71 3177

In addition to previously mentioned erroneous
entries, entries such as colons or slashes after a decimal
point, colons after a slash, slashes after a colon, etc. are
also ignored.

Display

In order to conserve battery power, the display auto-
matically turns off after a fixed period of time. Since the
watch function will be used most often, and because
only a quick glance is necessary to see the time, when-
ever the watch register is displayed it will remain on
between two and three seconds only. Any other dis-
play, except the stopwatch, will be visible between six
and seven seconds. When displaying the stopwatch, the
display will remain on continuously.

Decimal numbers are displayed as one would expect.
The display has nine full digit positions so that a fixed
point decimal number with seven digits, a decimal
point, and (if required) a leading minus sign can be
displayed. As mentioned previously, the range for key-
board entry is from 0000001 to 9999999., however the

display uses scientific notation to present results from

10—99t0 9.999 X 10%. If a result is greater than or equal
to 107 or less than 10—4, the display will automatically
shift to scientific notation. In this way a maximum of
seven and a minimum of four significant digits are al-
ways visible. In scientific notation, illustrated in FIG.
2E, the display accommodates four mantissa digits plus
decimal point and sign and two exponent digits plus
sign. On overflow, the largest possible number is dis-
played, and in addition, the display flashes. Trailing
zeroes are blanked in fixed point display and in the
mantissa of scientific notation display.

Time interval results in the range from zero to 59
min., 59.55 sec. are displayed in the format MM:SS.CC.
A leading minus sign indicates a negative time interval
number. Leading zeroes are not blanked. In the range
from one hour to 99 hrs., 59 min., 59 sec. the display
format is HH:MM:SS. Once again, a leading minus may
be present and leading zeroes are not blanked. Above
100 hrs. up to 99999 hrs., 59 min. the format is

—
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HHBHH:MM. A leading minus sign may be present,
but in this range leading zeroes are blanked. On over-
flow, the largest possible time interval is displayed and
the display flashes.

Although only three types of data can be directly
entered via the keyboard, there is a fourth type which is
displayed. Time of day data cannot be entered, but is
created when time interval data is stored into the watch
or alarm register, or when the “a” or “p” key is used.
Time of day is displayed in a slightly different way from
the HH:MM:SS time interval format. First, all the digits
are shifted left one position since there is no negative
time of day and thus no need for the leading minus.
Second, the second colon is blanked. A blank in the last
digit indicates AM, a decimal point indicates PM. Thus,
eleven PM would be displayed as shown in FIG. 2F,
whereas eleven AM would not show the trailing deci-
mal point.

The watch/calculator has both a twelve and a
twenty-four hour mode for time of day display. The
twenty-four hour mode display is the same as twelve
hour mode except that there is no PM indicator. When
power is turned on after replacing the battery used to
power the watch and calculator circuitry, the watch-
/calculator wakes up in the twelve hour mode. Which-
ever mode the watch/calculator is in, it can be changed
to the other by pressing the prefix key (1) and the
decimal point key (.). To prevent inadvertant change,
however, this sequence will be ignored unless time of
day data is being displayed at the time of the change.

As mentioned previously, the display format for dates
is MM-DD-YY where M stands for the month digits; D
stands for the day digits; and Y stands for the last two
digits of the year. This is fine for twentieth century
dates, but the watch/calculator can handle dates from
Jan. 1, 1900 to Dec. 31, 2099. Twenty-first century dates
are displayed similarly to twentieth century dates ex-
cept that a decimal point in the last position serves as a
twenty-first century indicator as shown for the date
Dec. 26, 2076 in FIG. 2G. A single leading zero is
blanked in either case, and the date digits start in the
leftmost digit display position since a leading minus sign
is not used in dates.

The watch/calculator also provides the day, month,
year mode of date display for those who prefer it. As
above, whenever the processor battery is replaced, the
watch/calculator comes up in the month, day, year
mode. Whichever mode the watch/calculator is in, the
other mode may be selected by pressing the prefix key
(1) and the decimal point key (.). As before, to prevent
accidental change, this sequence will be ignored unless
date data is being displayed. Entry and display of dates
is the same in day, month, year mode as in month, day,
year mode except that the month and day fields are
interchanged. :

Other Functions

In order to enter negative decimal numbers and nega-
tive time intervals, a change sign key is provided. This
function is accessed by pressing the prefix key (1) and
the divide key (=). If the display shows time of day or
date data, change sign is ignored. If this function is used
during digit entry, the entry is not terminated; digit
entry continues. If a result is a decimal zero or time
interval zero, change sign will also be ignored.

For the entry of times in the twelve hour mode, “a”
and “p” keys are provided for AM and PM. The depres-
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sion of either key after the entry of time interval infor-
mation terminates the entry; and converts it to time-of-
day type data. If the “p” key is depressed, the trailing
decimal point indicating PM is lit. In twenty-four hour
mode, both of these keys serve the identical funiction of
converting time interval data to time-of-day type data
and terminating the entry.

For entering dates in the twenty-first century, the
prefix key (1) and the minus key (—) are used. If one

wishes to enter a twenty-first century date, it is keyed in 19

exactly as a twentieth century date, and as the very last
step prefix (1) and minus (—) keys are pressed. This
will terminate the entry and convert the date to twenty-
first century. Attempting to use this function on decimal

data or an already terminated date entry will be ig- 15

nored.

Since all four types of data can be used in arithmetic
calculations, some rules have been made defining which
type a result is, given the types of the operands and
operators. These rules are summarized in the following
Operand/Operator Matrix. In the table, D stands for
date data, I stands for time interval data, d stands for
decimal data, T stands for time of-day-data, and E
stands for error. A decimal number used in time compu-
tations is assumed to be a decimal number of hours. A
decimal number used in date computations is a decimal
number of days. Date data is interpreted as a number of
days from a base date (i.e. Jan. 1, 1900 is day zero, Jan.
2, 1900 is day one, etc.).

30

OPERAND/OPERATOR MATRIX

first second operand first ] second operand

operand +ld I TD operand —idITD
dldrTp dj[dITE
I1ITE IIIIE
TITTEE TITTIE 35
DIDEEE DIDEEd

first second operand first second operand,

operand X|dITD operand =dITD
d|[ddEE d{[dd EE
I|ddEE I{ddEE 40
T|IEEEE TIEEEE
DIEEEE DIEEEE

Determining most of the entries in the table is simply a
matter of ascertaining the correct units. Note, however,

that a date plus or minus a decimal number (number of 45

days) will give a date result (today’s date plus twenty-
four days gives the date twenty-four days from now),
and a date minus a date gives a decimal number (the
number of days between the two dates). Also note that

if an operation causes date overflow or underflow, the 50

largest date (12-31-99.) or smallest date (1-01-00) will
be displayed and the display will flash.

The Watch Function

The watch/calculator has a peripheral register, the
watch register, similar to a memory register, which
always contains, once it is set properly, the current time
of day. One can recall and view the time of day at any
time merely by pressing the time (T) key. The watch-
/calculator knows that the watch register is a special
memory register and therefore continuously updates the
display as the seconds tick off. The display format is
exactly the same as the time of day format previously
described.

To set the watch to the correct time, the user simply 65

enters the time into the display, presses the prefix key

(1) and the time key (T). Immediately after pressing

the time key, the value will be loaded into the watch
|
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register and the seconds will begin to increment. When
a time interval is stored into the watch or alarm register,
it is interpreted as in twenty-four hour clock format,
that is 0:00:00 is midnight (12AM), 12:00:00 is noon
(12PM) and 23:59:59 is 11:59:59 PM. Times outside this
range are treated modulo 24, that is, 24 hours is succes-
sively subtracted (or added, for negative times) until a
time interval between 0:00:00 and 23:59:59 is obtained
and this value is used. As explained above, the “a” key
and “p” key serve the primary function of converting
time interval data to time-of-day data, which in the
watch/calculator is also modulo 24. However in the
twelve hour display mode, these keys may also be used
for twelve hour time-of-day data entry. If the watch-
/calculator is in the twelve hour mode and at the end of
a time interval entry, the “a” key is pressed, the time
interval entry is checked to see if the hours digits are
equal to 12. If they are, 12 hours is subtracted internally
so the entry is 12 AM, displayed without the trailing
decimal point. All other values are simply converted to
time-of-day, modulo 24. If, under these circumstances
the “p” key is pressed and the value is between one hour
and less than twelve hours, 12 hours is added internally

5 so that the time-of-day is displayed with the trailing

decimal point.

Travelers often change time zones and to facilitate
corresponding changes in the displayed time without
making it necessary to reset the watch each time, a
special key sequence is provided:

T + (entry) 1 Tor
T — (entry) 1 Tor

C(entry) + T 1 T.

The entry will typically be a time interval, but a decimal
number of hours may be used (e.g. T + 3 1 T); a date
will clearly cause an error. When the final T key is
pressed, the given operation is performed and the result,
modulo 24 hours, is loaded in the watch and displayed.
To insure that no time is lost in this operation, the equals
key must not be used. The sequence T + (entry) = ¢
T will usuvally cause loss of a second or two in the
watch. If the result causes an increment or decrement
past midnight, the date register will be automatically
adjusted. For example, if T + 48 1 T is performed, the
time will remain the same, but the date register will now
contain the date two days from now.

The current time of day may be used as an operand in
many arithmetic operations. It is important to remem-
ber that the value of time of day used in the operation is
the actual time of day when the equals key is pressed,
that is, when the operation is actually performed, not
the time of day when the T key is pressed. In other
words, the sequence T + 3 = will give a different
answer than the sequence T+-3(10 minute wait)=. The
same holds true if the stopwatch register is running and
is used in a calculation. The value used is the value
when the calculation is actually performed.

The Date Function

The watch/calculator uses a portion of the clock
register as a special memory register to keep the current
date. To recall the date, the user simply presses the date
(D) key. The date is displayed in the format described
previously. To set the date, the user makes the appropri-
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ate date entry in the calculator, presses the prefix key
(1) and the date key (D). The date register works in
conjunction with the watch register such that each time
the watch increments past midnight, the date is incre-
mented accordingly. The watch/calculator has an auto-
matic 200 year calendar (Jan. 1, 1900 to Dec. 31, 2099)
which takes care of leap years and different length
months automatically, so the only time the date needs
to be reset is when the processor battery is changed.

The Alarm Function

The alarm register contains a fixed time of day. When
the alarm is armed, this time of day is constantly com-
pared to the value in the watch register. When the two
become equal, the alarm buzzer sounds. To recall and
view the time of day in the alarm register, the user
simply presses the alarm key (A). This display is the
same time-of-day format described previously, except
that the trailing digit position may contain, in addition
to a decimal point PM indicator, a dash to indicate that
the alarm is armed, as shown in FIG. 2H. When the
alarm is triggered and the buzzer sounds, the alarm
automatically is disarmed and the dash will disappear.
To set the alarm, the user enters the appropriate time
exactly as in setting the watch, then presses the prefix
key (1) and the alarm key (A). When the alarm is
loaded, it is automatically armed. To toggle the armed/-
disarmed state of the alarm, the user first displays the
alarm by pressing A, then presses 1 A. It should be
mentioned that the alarm is a 24 hour alarm internally (it
will, of course, be displayed in whichever mode is se-
lected, either 12 or 24 hour mode), so that if the alarm
is set for 5 PM (5:00 00.) and the watch reads 5 AM (5:00
00), the alarm will not trigger. The alarm cannot be set
for a specific date; it triggers the first time a match
between the stored time and real time occurs.

Even though the stopwatch can be used as a timer as
will be described shortly, it is sometimes desirable to use
the alarm in this manner. The key sequence for doing
this is ‘

T+(entry) 1 A or
(entry)+T 1 A.

To set the alarm to go off ten minutes from now, one
would perform the sequence T+:10 { A.The ten minute
interval begins at the moment the A key is pressed. The
sequence T—entry { A canalsobeused. Thissequenceis
identical to that described for the watch offset; however,
theresultisloaded intothe alarmregister only and the date
is not affected.

The Stopwatch and Timer
The watch also has a special register which serves as
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both a stopwatch and timer. To display the contents of 55

the stopwatch, the user presses the stopwatch key (S).
Since this register may be continually changing, the
display is constantly updated, the same as when watch
information is displayed. To load the stopwatch, the
user enters the desired time interval in the watch/cal-
culator, presses the prefix key (1) and the stopwatch
key (8S). The desired time interval must be less than 100
hours. Attempting to load date or decimal data into the
stopwatch will flash an error, except for decimal zero,
which is allowed in order to easily clear the register.
The stopwatch is displayed in the time interval format
previously described. If the stopwatch holds a number
less than one hour, the display is in the MM:SS.CC
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format; if the stopwatch contents are greater than or
equal to one hour, the format is HH:MM:SS.

" When the stopwatch register contents are being dis-
played, pressing the stopwatch button again will start it
running. If the stopwatch is displayed and running,
pressing the stopwatch key again will stop it. Pressing
the S key when the stopwatch is not being displayed
simply recalls it, without modifying the run/stop state
of the register. In other words, when the stopwatch is
displayed, the run/stop state may be toggled by press-
ing the stopwatch key.

If the stopwatch is initially loaded with zero when
started, it will increment every hundredth second. If
loaded with some nonzero time interval when started,
the stopwatch will count down or decrement. When it
reaches zero, the buzzer will sound, and the stopwatch
will then immediately begin to increment from zero.
This is the timer mode. Since the same circuitry is used
for both the watch and stopwatch, the stopwatch will
count modulo 24 hours when incrementing. When dec-
rementing, however, it can be set to any time interval
less than 100 hours and it wiil count down to zero prop-
erly.

An important feature connected with the stopwatch
is dynamic, or updated, calculations. This is accessed
with the key sequence

S X (decimal entry)= or
S-(decimal entry)=.

If the stopwatch is running and one of the above se-
quences is executed, when the equals key is released, the
operation will be performed once each second and the
display will be updated appropriately. The display will
remain on in this mode. Upon exit from this mode it may
be necessary to hold a key down for up to one second
until the calculator recognizes it. These functions can be
used for displaying updated distance traveled informa-
tion, for example, by multiplying speed (rate of travel)
times updated time.

The Memory Register

Many of the registers described previously were spe-
cial purpose in that they are either constantly changing
or are used for particular operations, usually with a
certain type of data. The watch/calculator also has a
general purpose memory register which can be used to
store any type of data. To recall the contents of this
memory, the user simply presses the memory key (M).
When the prefix key (1) and the memory key (M) are
pressed in sequence, any previous uncompleted opera-
tion is performed and the result is stored in the memory
register. If watch or stopwatch information is stored in
the memory, it is converted to fixed time of day or fixed
time interval data at the instant the M key is pressed.
This does not disturb the normal operation of the watch
or stopwatch. This feature is especially useful for stor-
ing a “split” from the stopwatch.

It should be noted that a special automatic equals
feature can be used with any of the registers
(M,A,D,T.,S). If the “store” key and any register key is
pressed when the equals operation would normally be
expected, the operation will be performed automati-
cally prior to storing the value in the register. For exam-
ple, the sequence 3+4—>M will show 7 in the display and
also stored in the M register. The time zone change
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feature and use of the alarm as a timer are both further
examples of this automatic equals feature.

Special Functions

Beyond the functions and features already described,
the watch/calculator has some preprogrammed func-
tions and conversions which further increase the utility
of the machine.

The date function provides the month, day and year,
- but it is often desirable to known the day of the week
also. A function has been provided to provide this infor-
mation. With any date in the display, the user presses
the prefix key (1) and the colon key (;), and the data
will be converted to a decimal number from one
through seven indicating the day of the week where
Monday is one, Tuesday is two, etc., and Sunday is
seven. Performing this function on time or decimal data
will be ignored. :

Sometimes it is also useful to know the number of the
day of the year. This function is accessed, with a date in
the display, by pressing the prefix key ( 1) and the plus
key (+). The date is converted to a decimal number
from one to 366 corresponding to the day of the year.

A change sign function has been implemented pri-
marily for negative time interval and decimal entries.
This is accessed using the prefix (1), divide (=) key
sequence. When used, if the display contains decimal or
time interval data, the sign changes. Otherwise the se-
quence is ignored.

In computations involving time it is often necessary
to convert from hours, minutes, seconds format to a
decimal number of hours and vice versa. These two
functions are also provided. Time of day or time inter-
val data is converted to decimal hours by pressing the
prefix (1) and “p” keys. Performing the function on
decimal data will be ignored. A decimal number repre-
senting a time of day is converted to a time interval by
pressing the prefix (1) and equals (=) keys.

Once in a while, when evaluating an expression, it is
more convenient to compute the value of the second
operand in a subtraction or division before the first
operand. It then becomes necessary to use the M regis-
ter or write down this intermediate result. To solve this
problem, an exchange function has been provided in the
watch/calculator which switches the first and second
operands in the calculator. This function is called by
pressing prefix ( 1) and times (x) keys. For example, if
one wishes to subtract two from three, but the entry has
been 23, it is merely necessary to press 1 xto reverse
the operands, and then equals to complete the opera-
tion. This feature is also useful for viewing the second
operand, which otherwise could not be directly dis-
played.

Since the display turns itself off after a given period
of time, there is a need to be able to view what the
display contains without destroying the data, that is, a
display turn-on function. This is accomplished by press-
ing the display read key (R). The R key is also used as
a stopwatch clear when the stopwatch is displayed and
stopped. This key will not disturb the stopwatch in any
way when it is not displayed, but when thhe stopwatch
is displayed and running, pressing the R key will take a
split. In this case, the stopwatch continues to run undis-
turbed, even through the display freezes at the value
displayed when the key was pressed. To view the run-
ning contents of the stopwatch again, the user presses
the S key.
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Error Conditions

Even though an error has occurred and the display is
flashing, the data in the display is still usable. Any entry
is terminated, and the keyboard is active; thus all key
depressions are executed just as they normally would
be. In general, the key or function which caused the
error is not executed and the calculator is in the state in
which it was prior to pressing the key which caused the
error. In the case of overflow, however, the function
has of course already been executed. The following is a
list of error conditions for the watch/calculator:

1. Overflow/underflow—on overflow the largest rep-
resentable number is displayed and flashed. Depend-
ing on type, this will be +9.999 99, +99999:59, or
12-31-99.; on decimal or time underflow, zero is sub-
stituted and the display does not flash. On date under-
flow, 1-01-00 is flashed.

. Division by zero—the operation is not performed; the
zero blinks.

3. Hours or minutes greater than 59, display blinks.

- Month equal to zero or greater than 12, day equal to
zero or greater than 31; display blinks.

5. Attempt to store wrong data or out of range data into

T, D, A, or S registers; display blinks.

6. Arithmetic operations with incompatible operands.
Refer to result type table previously described; dis-
play blinks.

. A special error can occur with the key sequence
T+(or —)(entry) 1 T. If the result causes time inter-
val overflow (3:99999:59), the operation will be per-
formed, but the display will blink. The display may be
restored to its previous state by repeating the se-
quence, causing overflow to occur in the opposite
direction.

Summary of Key Sequences
0 through 9, ., :, /
S

1T 1D, tM, tS
tA

digit entry

recall, start/stop stopwatch
store into register

store into, toggle arm/disarm
alarm register

C clear all, clear entry

t. month, day, year/day, month,
year mode toggle (only when
date displayed)

t- 12/24 hour mode toggle (only

. when time of day displayed)

t = change sign

t - 21st century function

a,p AM/PM function

X exchange first and second
operand

o+ date to day of year;

t = decimal hours to hours, minutes,
seconds

t: date to day of week

R display recall, clear stopwatch
(only during stopwatch display),
split

tp hours, minutes, seconds to
decimal hours

SYSTEM ARCHITECTURE

FIG. 3 shows a block diagram of the system architec-
ture of watch/calculator 10. A power supply 20 in-
cludes three series connected batteries each having a
nominal voltage of one and a half volts. The system in
general runs off only one of the batteries, battery 22.

‘The other two batteries, batteries 24 and 26, are used for
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the LED display, since the display has a higher current
drain than the other parts of the circuitry maximizing
the life of battery 22. The user can replace batteries 24
and 26 without removing power from the watch and
calculator circuitry, thereby allowing that circuitry to
continue functioning. while display batteries are
changed, saving the user the bother of resetting the time
and data after every battery change.

The frequency standard for the watch and calculator
circuitry is a free-running oscillator using a crystal 28
having a frequency of 38.4 KHz. The oscillator, except
for tuning elements 30, including crystal 28, is part of a
control and timing (C&T) chip 32. The oscillator is a
standard amplifier with a crystal-pi type feedback net-
work 30.

Keyboard 16 is connected to C&T chip 32 which
scans the switch contacts connected in rows and col-
umns in a manner well known in the art. The scanning
is performed, however, only when the watch and calcu-
lator circuits are in an inactive or “sleep” mode, which
will be described in greater detail later. When a key is
depressed, a coincident signal will be present on one of
the row inputs R0, R1, R3, R4, R6, R7 and on one of the
column inputs C0, C1, C3, C4, C6, C7 to the C&T chip
32, indicating which key was depressed. A code identi-
fying that key is stored in a key register on the C&T
chip which gives the location of that key. The depres-
sion of a key also causes the watch and calculator cir-
cuitry to become active or “wake up”. The code stored
in response to the key actuation is used as an address for
instructions stored in one of the Read Only Memories
(ROMs) 34 and 36 connected to the C&T chip.. The
ROMs receive an address, specified by the code in the
key register, on an Address/Instruction Bus (AIB) line
causing it to go to a particular location in one of the
ROMs. In response, an instruction is issued on the same
AIB line by the ROM addressed during a different part
of the operating cycle of the watch/calculator.

The C&T chip also performs the function of generat-
ing all the timing signals for the rest of the calculator
circuitry. Using the oscillator output signal, it generates
a system clock and a signal on a line labeled SYNC to
synchronize the entire system. The C&T chip generates
an inhibit signal on an INH line which stops the various
circuits during the sleep mode, and it has a CARRY
input to generate branching addresses in response to a
“no carry” signal from an Arithmetic and Register
(A&R) chip 38. There is a word select signal on a WSX
line which tells A&R chip 38 what portion of the words
in the A, B and C registers it should act on. Also the
C&T chip receives a wake-up signal on a WUP line
from a Clock and Display (C&D) chip 40 to wake up
the watch and calculator circuitry. In addition there is a
power-on switch 42 for initialization connected to the
C&T chip.

The A&R chip has all the registers used for data
manipulation, with the exception of display registers
which will be described later. These data manipulation
registers include A, B, C, D, M and F registers as well
as a decimal adder/subtracter. Data is transferred on a
line labeled ABUS which connects the A&R chip to the
C&D chip. The A, B, C, D, M and F registers on the
A&R chip are used for data manipulation according to
instructions on the AIB line during the time the calcula-
tor is in the “awake” mode. A carry signal is produced

by the A&R chip when there is an arithmetic overflow, .

and it is sent on the CARRY line to tell the C&T chip
whether to perform a branch operation.
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The ROMs used in the preferred embodiment each
store 1024 words, and additional ROMs can be added as
indicated by block 37 drawn in dashed lines. A more
detailed description of the ROMs, including the pro-
grams stored on them, is given in a later section.

Data transferred to the C&D chip is stored in regis-
ters for display in display 44 connected to the C&D chip
by display buffer 46.

The C&D chip includes a clock register, a stopwatch
register, a calendar register, an alarm register, and a
display decoder. Although the calculator functions are
performed by the C&T, ROM and A&R chips, the
time-keeping functions are, for the most part, performed
by the C&D chip. Time and date information is entered
through the keyboard via the C&T and A&R chips in
the same manner that numerical information for the
calculator circuitry is entered, but it is then stored in
one of the clock, stopwatch, data or alarm registers,
depending on the instruction keys that are actuated.
The clock signal on a TIME CLK line is used for timing
the stopwatch, alarm, date and clock circuits. The cal-
culator circuits could be run at any frequency, but the
clock counting circuits must run on a signal of 800 Hz.
The calculator circuits can thus run at some higher
frequency and a divider on the C&T chip counts down
the system clock signal so that the clock circuits receive
a signal at 800 Hz. In the preferred embodiment a sys-
tem clock signal of 38.4 KHz is divided by 48 to give
800 Hz.

" The C&D chip is essentially a stand-alone chip. Data
from the A&R chip is stored in the clock or stopwatch
register. The clock register and the calendar register are.
contained in a single register 48 bits long that is incre-
mented once every second to keep the time and date
information current. The stopwatch register can be
incremented or decremented every hundredth of a sec-
ond according to instructions on the AIB line. On the
C&D chip, one incrementor is used for both the clock
and the stopwatch registers, but the increment signals
are slightly skewed in time so that the registers are not
incremented simultaneously.

The alarm register stores a number representing a
time at which the alarm is to ring, and this stored num-
ber is continuously compared to the time in the clock
register. When the numbers are the same, an alarm
signal is generated. However, the alarm signal is gated
by alarm armed signal that is generated by depressing
the alarm key, labeled “A”, on the keyboard. The gated
alarm signal, called “buzzer”, appears on the C&D chip
BUZZ output terminal. The audible alarm signal is .
produced by using some of the clock signals on the
C&D chip to modulate the 800 Hz clock signal. This
signal is applied to a piezoelectric buzzer 52 in the
watch/calculator case by the Display Buffer chip to
make a “beeping” tone. The alarm armed signal is can-
celed automatically every time the buzzer is activated.

The rest of the C&D chip has a display register and
decoder on it. The display register contains the informa-
tion from one of the other registers on either the A&R
or C&D chip. That display register is then decoded into
a 9 segment display signal: the standard 7 segments of
the character 8, a decimal point and a colon. The dis-
play signal appears on the SEG A through SEG COL
outputs from the C&D chip.

The cooperation of A&R chip with the C&D chip in
handling time information can be illustrated with the
command to display a time quantity. To initiate the
command the user will push the time button, labeled
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“T” in FIG. 1. The C&T chip will detect and identify
the depression of that button and issue an appropriate
address to a ROM. The ROM will then, in turn, issue a
series of instructions to the rest of the circuitry. One of

_ the instructions is to take the data from the clock regis-
ter into the A register of the A&R chip. In the clock
register, the time data.is stored as a number of hours,
minutes and seconds in 24 hour format. For the display,
it must be formated such that it is shown in either the 12

- or 24 hour mode, as selected by the user. In addition,
colons are inserted to separate the hours, minutes and
seconds. This punctuation is inserted by shifting the
data and inserting a code that will later be interpreted as
a colon. Also, if the watch/calculator is in the 12 hour
mode, an AM or PM indicator code is inserted. That
data in the A register is then again transferred out on the
ABUS to the display register in the C&D chip. The
information in the display register is then decoded and
is made available on the SEG A-SEG COL lines.

At this point the calculator circuitry has finished its
task, and it goes into the sleep mode. However, it is still
desirable to display current time, without waking up the
calculator circuitry every second. To accomplish this

5

20

the time data comes directly from the clock register into

the display register in the C&D chip to allow the C&T,
ROM and A&R chips to remain in the sleep mode.
However, there are some restrictions on the transfer of
data from the clock register to the display register since
the display register cannot do any formating itself; it
Jjust takes what is in the clock register and decodes it.
The clock register on the other hand just contains time
data; it does not contain colons or AM and PM indica-
tors. In order to properly transfer the data from the
clock register to the display register itself, the digit
positions in the display register that have colons and
AM or PM indicators are skipped and only the minutes
and seconds positions are filled. The hours position is
also not changed in this process. Thus only 4 digits in
the display register are updated by information in the
clock register without waking up the calculator cir-
cuitry.

Then, once every hour on the hour, a wake-up signal
on the WUP line will activate the calculator circuitry
and, in essence, simulate the depression of a key. One
reason this is done is because the C&D chip does not
store information telling whether the watch/calculator
has been set in the 12 hour mode or the 24 hour mode.
When the wake-up signal activates the calculator cir-
cuitry, that circuitry remembers that the watch/calcula-
tor is still in the time display mode and it again takes the
time from the C&D chip clock register into the A regis-
ter through the ABUS, formats it according to the se-
lected display mode and sends the formated, updated
information to the display register. Then, as before, the
calculator circuitry will retuin to the sleep mode, while

“the minutes and seconds information is updated in the
display register.

A similar process is performed for the stopwatch
function. When the stopwatch button on the keyboard,
labeled “S” in FIG. 1, is depressed, the C&T chip de-
codes it as a stopwatch button and sends the appropriate
address to the ROM chips. The ROM chips in turn
respond with a sequence of instructions for the calcula-
tor circuitry. One of those instructions is to take the
contents from the stopwatch register, put it into the A
register, and format it. The format depends upon
whether the contents of the stopwatch register are more
or less than one hour. For less than one hour, the format
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is minutes, colon, seconds, decimal point and then hun-
dredths of seconds for a 9 digit display. For more than
one hour, the format-would be hours, colon, minutes,
colon, seconds. In this way the most significant digits
are always shown. As before, the formated display is
transferred from the A register to the display register,
and the calculator circuitry goes into the sleep mode.
The display register communicates directly with the
stopwatch, register, updating the hundredths of sec-
onds, the seconds and the minutes or the hours. The
decision to change the format of the displayed data
when the stopwatch goes past one hour is made by the
stopwatch register circuitry, so that a wake-up signal is
issued to cause a format change for the stopwatch.

The formating on the display is also controlled by a
9/12 digit display switch 48. If the switch is in the 12
digit display position all the digits of the stopwatch
would be displayed at all times: hours, colon, minutes,
colon, seconds, decimal point, hundredths of seconds.
Thus there would be no need for a format change in the
stopwatch display when the stopwatch passes the one
hour mark in the 12 digit display mode.

Another signal input on the C&D chip is the input for
a display pushbutton, DISP. BUT. In order to conserve
battery power, the C&D chip includes a timer to auto-
matically turn off the display after predetermined
amount of time. Thus it is necessary to have a display
button 50 to allow the user to activate the display.
When time quantities are being displayed, the display
will turn off after approximately three seconds, and
when calculator information is being displayed, it will
turn off after approximately seven seconds. The stop-
watch is an exception: since a user typically wants a
continuous output from a stopwatch, the display re-
mains on in the stopwatch mode until the user turns off
the display with another key.

The C&D chip also generates other clock signals to
drive a cathode driver in the Display Buffer: A RAIL,

B RAIL and C SRT. Those three clock signals, along
with the segment signals on SEG A-SEG COL are also
sent to the Display Buffer chip. Basically the Display
Buffer chip takes the low level segment signals from the
C&D chip and amplifies them to drive Light Emitting
Diode (LED) anodes in the display. The LED cathodes
are scanned in sequential order determined by the sig-
nals on C SRT, A RAIL and BRAIL. The LED's are
thereby segment multiplexed by turning on the cath-
odes for one digit at a time and scanning the anodes for
that digit. A shift register in the Display Buffer chip
keeps track of which cathode is to be turned on to mini-
mize the number of connections between the rest of the
circuitry and the display. One other external component
used in conjunction with the Display Buffer chip is a
display current trimmer 54. Through this single resistor
the current through each one of the cathodes is con-
trolled. There is a constant current sources for the
LED: in the Display Buffer chip so that there is a uni-
form intensity at a fixed point and the level of the inten-
sity is controlled by the display current trimmer.

CONTROL AND TIMING CIRCUIT

FIGS. 4A and B show a block diagram of the Control
and Timing Circuit (C&T chip) and more detailed sche-
matic diagrams are shown in FIGS. 5A through 5V.

" As mentioned above, there is a switch 42 in the
watch/calculator case which must be activated to reset
the watch/calculator after power is applied when bat-
tery 22 is replacéd. The switch is connected to the PON
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input to C&T chip 32 to give a power-on signal for
initializing the watch/calculator circuitry. The PON
input is connected to a scanner control 100 which con-
trols the keyboard scanner. The power-on signal will
stop the keyboard scanner and at the same time it will
release an inhibit control 102 to make the total system
active. This control signal appears on the line labeled
INH. When the signal on INH is low, the system is idle.
When the signal is high, it causes the watch/calculator
circuits to be active.

However, during the time switch 42 is closed, there
are certain portions of the circuitry that are still not
active. A few circuits are active, such as a master
counter 104 and a timing decoder 106 which produce a
synchronizing signal on the SYNC line connected to all
of the chips. Because that switch 42 is closed, an instruc-
tion latch 108 prevents any instructions received from
the ROM from being acted upon. At the same time a
pointer counter 110 and pointer decoder 112 are main-
tained inactive.

During the time switch 42 is closed, the C&T chip
sends out a “zero” starting ROM address continually.
As soon as switch 42 is released the starting address sent
to ROM will, initially, still be all zeroes. The C&T chip
will now be enabled to respond to information sent back
from the ROM in response to this starting address. Once
the circuits are in the active mode, the following se-
quence of events occurs. During the time defined by a
pulse on the SYNC line, the C&T chip receives a ROM
instruction on the AIB line in an instruction register
114. In response to timing decoder 106 this instruction is
parallel loaded into the instruction latch. The informa-
tion in the instruction latch is sent in paraliel into an
instruction decoder 116 which decodes the instruction.
Then the instruction decoder gates the instruction with
the proper signal from the timing decoder and sends it
to the particular circuit that will perform the instruc-
tion. The instruction is only acted upon when validated
by the timing decoder, as explained in greater detail
below.

When the total system is active, the scanner control is
not active, and therefore the keyboard is not being
scanned. So at the end of a power-on subroutine which
starts at address “zero” in the ROM, the ROM will issue
a sleep instruction and upon receiving the sleep instruc-
tion most of the circuits will become inactive or asleep.
However, during the sleep period the keyboard scanner
comprising a row scanner 118, a column scanner 120, a
row decoder 122 and a column decoder 124 will be-
come active and will scan the keyboard until a key is
depressed. As soon as the keyboard scanner detects a
key depression, it will stop and wake up the rest of the
system, by making the signal on a line INH become
high. Row and column information from the row and
column scanners represents the code of the depressed
key.

The ROM is addressed during a portion of the timing
cycle of the system called AT (Address Time). A ROM
address comprises an 8-bit address and a 4-bit page
number for a total of 12 bits. The page number tells
which ROM chip the information is on and the address
tells where on the chip. There are seven modifying
instructions for the ROM address. The first type of
modifying instruction is to increment the previous ad-
dress by one so that instructions from consecutive ad-
dresses are accessed. This increment is performed by
adder 138. The second type is called ROM select imme-
diate page, RSI. The 8-bit address used comes from the
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ROM address register and 4-bit page number comes
from the instruction register where it was previously
stored during the sync time by the RSI instruction. This
whole address is incremented by one, before sending it
to the ROM. The third type is DRS, delayed ROM
select page. The DRS operation is always followed by
eithér a JSB or BNC instruction, discussed below. The
4-bit page number is taken from the DRS instruction
and stored in the ROM page register during execution
of the DRS instruction. The page number substitution is
made in the following word during the execution of JSB
or BNC. At the same time the 8-bit address, from the
last 8 bits of either the JSB or BNC instruction, is
tapped from the instruction register. The fourth type of
modifying instruction is jump subroutine (JSB). The
Jjump address, i.e. the new location in ROM that is to be
addressed, is from the instruction register which is
stored previously from the JSB instruction, and the
4-bit page number is the previous page number that
comes from a ROM page register 128. The fifth type is
a branch no carry (BNC), a conditional branch instruc-
tion. It is controlled by a branch no carry flip-flop
(BNCFF) 130 and if the BNCFF output is zero then a
branch is permissible. If the output is one, then the
system returns to the first type of modifying instruction,
that is, increment the previous address. The BNC ad-
dress is from the instruction register in which the ad-
dress was stored previously by the BNC instruction,
and the page is from the ROM page register. The sixth
type of instruction is return (RTN), which comes from
one of the 12-bit return address registers 132 and 134.
The last type instruction is TKR (Take Key to ROM).
The address consists of 6 bits from the row and column
scanners and two zero bits; the page number is from the
ROM page register.

Data in the instruction register is used for various
instructions discussed above as follows. As an example,
consider the DRS instruction. Information about a new
ROM page is tapped out of the instruction register at
AIO and only the last 4 bits of information are gated
into the ROM page register during the execution of the
DRS instruction. The AI2 tap on the instruction regis-
ter gives the 8 bits of an address for JSB and BNC. The
AI6 tap is used for setting the pointer and only 4 bits are
required to set that. This tap is also used for RSI and
INP (Is Pointer at digit N?). For example, if it is desired
to inquire whether the pointer is at digit 5, the code of
digit 5 is stored in the last 4 bits in the instruction regis-
ter, from AI6 to AI9, and at the proper time this code is
compared with the 4-bit pointer counter 110. If the
numbers match, the pointer is at the correct position. If
they do not, then the pointer is not at digit 5.

As mentioned above, there are two return address
registers 132 and 130 and these permit two levels of
subroutines. The present address is stored during the
jump subroutine instruction in one of the return address
registers. At the next jump subroutine the present ad-
dress will be stored in the other return address register
controlled by a toggle flip-flop 136. When the first re-
turn instruction is issued, the address from the second
return address register will be sent to the ROM, incre-
mented by one. On the next return instruction, the ad-
dress from the first return address register, incremented
by one, will be sent to ROM.

The BNC flip-flop, as previously mentioned, controls
branching operations and there are three conditions it
controls. The first condition is a check of whether the
pointer is at a designated location, i.e. a check of
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whether INP is matched or not. Thus, if one inquires if
the pointer is at digit. 5 and it is, the BNCFF would be
set to one. The second condition is the detection of a
carry from the A&R chip during the arithmetic opera-
tion. This also will set BNCFF to one. The third condi-
tion, IST, is a check for one of the 16 status bits, 15 in
RAM 140 and one from the scanner control. If the
inquiry is whether status bit N is set to 1 and the answer
is yes, then the BNCFF will also set to 1. If it is not,
BNCFF will be 0. When BNCFF is set to 1 during the
time of execution of a branch, then the branch will not
be executed. Branch will be executed only when
BNCFF is 0. .

A word select instruction, as with other instructions,
is stored in the instruction register during the sync time
and is then decoded. When this instruction is decoded
two things are combined to generate word select. One is
the instruction itself; the other one is the output of the
timing decoder to give the waveform of the word se-
lect, i.e. to specify the bits in a word covered by the
word select. The word select is generated in a word
seléct circuit 142. The word select can also be con-
trolled by the pointer. When a word seléct at the point
instruction is given, instead of using timing decode, the
pointer signal is gated with the instruction to generate
the word select. .

The 16 status bits referred to above are used for vari-
ous status indicators in the system. For instance, status
bit 0 is used in detecting whether there is a key being
depressed. When it is 1, there is a key being depressed;
when it is zero, no key is depressed. The other bits
indicate other particular conditions or states of the sys-
tem. These status bits are set with individual instruc-
tions and can thus be used to check various conditions
in the execution of programs stored in ROM.

Also on the C&T chip, an oscillator circuit 144 is
connected to tuning elements 30 to provide a system
clock signal as discussed above.

The AIB line, used for bidirectional communication
among various of the circuits in the watch/calculator, is
connected to a tri-state gate 146 which permits the
transmission and reception of information over one line.
The operation of such a gate is described in greater
detail below.

The keyboard scanner and the sleep mode of the
watch/calculator combine to provide 2 key rollover for
the keyboard. When the system is in the sleep mode, the
keyboard scanner will stop scanning when it detects a
depressed key and any further key depressions, while
the first key is depressed, will have no effect on the
system. When the first key is released, operations will be
performed in response to it and the calculator will goto
sleep. Then the keyboard scanner will start scanning
again and pick up the next key depressed, repeating the
process.

READ ONLY MEMORY

FIG. 6 shows a block diagram of one of the ROM
chips 34 and 36 and FIGS. 7A-E and 8A and B show
detailed schematic diagrams thereof. Each of the ROM
chips communicates with the rest of the system by the
AIB line. It receives addresses from the C&T chip,
which pass through an 1/0 control circuit 200 and go
into an address register 202. The data from the address
register goes into an X decode circuit 204 and a Y de-
code circuit 206 which access a memory array 208. The
resulting output of the memory array is put into an
instruction register 210. The coding for the X decode

—t

0

15

20

25

40

55

60

65

22
circuit is showr in Appendix 1 and an example of one
cell of the X decode circuit is shown in FIG. 8B. The
ROM program, that is, the coding of the instructions in
the memory array for the preferred embodiment, is
given in Appendix 2.

During ‘sync time, that is, when the signal on the
SYNC line is high, the contents of the instruction regis-
ter are sent out onto the AIB line. There is a possibility
of a plurality of ROM:s in the illustrated embodiment
and each ROM is selected by means of a chip enable
circuit 212. The chip enable circuit takes the two most
significant bits of the address on the AIB line, that is, the
last two address bits to come in; and by means of a hard
wire mask, one out of the possible chips is selected.
Each chip, in turn, contains 4 pages. The number of
ROM chips will depend, of course, on the amount of
programming necessary to carry out the desired func-
tions in the watch/calculator. The whole chip is con-
trolled by a timing generator circuit 214. It is necessary
for a ROM chip to know when to receive an address
and when to send out the corresponding instruction.
The timing generator circuit contains a counter with
some associated decoding circuitry. The counter is set
up by the signal on the SYNC line, i.e. it detects one
edge of the synchronize signal and thereafter produces
all the timing signals needed in the chip. There is one
other signal input, INH. When the chip is inhibited by
means of a signal on this line, an output drive in the I/0
control is made opén circuit so that other chips can use
the AIB line with no interference from this chip.

In addition, when there is an inhibit signal, AC power
is removed from the memory array. AC power is used
to scan the memory array when the chip is operating by
precharging all memory nodes including the X decode
lines via the PD inputs, at various times, and then condi-
tionally discharging them. When the chip is inhibited,
the memory array is not being precharged and so no
current is flowing through the memory array.

ARITHMETIC AND REGISTER CIRCUIT

To aid the reader in understanding the operation of
the A&R chip ini the preferred embodiment of the pres-
ent invention, it will be briefly compared with the A&R
circuit in a calculator described in U.S. Pat. No.
3,863,060 issued to Rodé, et al. One of the primary
differences in the instant embodiment is that the word is
48 bits long instead of 56. Another salient difference is
that the addresses and the instructions are multiplexed
on the AIB line instead of having a separate address (12)
tine and instruction (Is) line. The watch/calculator has
a two-way data bus called ABUS which is similar to the
line called BCD in the referenced patent. Another nota-
ble difference is that some chips (including the A&R)in
the watch/calculator can be put into a sleep mode to
save power. This is accomplished through a line INH
which, when it is in one sense allows the A&R chip to
work normally, and when it is in the other sense, it
causes the system clock to be shut off to almost all the
circuit. There is a word select line (W $X) which per-
forms much the same function as a similarly labeled line
in the referenced patent, that is, the signal on it selects
different parts of the data word to operate on.

As can be seen in the block diagram of FIGS. 9A and
B and the schematic diagrams of FIGS. 10A-N and
10A’-L", there is an instruction register 300. Instruc-
tions come in on the AIB line into the instruction regis-
ter and are latched there and held stationary for one
word time. In fact there are two parts to the instruction
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register, a dynamic part and a static part. The dynamic
part brings in the instruction in serial and then places it
in the static part in parallel. This results in having a
static instruction for essentially 99% of the word time.
A word time is the amount of time for a 48-bit word to
circulate around any register once so that it is in the
same position as it was one word time earlier.

There are 10 bits of instruction which are put onto
lines in an instruction decoder circuit 302 to turn on or
off various instruction lines on the righthand side of the
instruction decoder. The sort of instructions which are
used in this chip are, for example, take the contents of
register A and add them to the contents of register B
and put the result in A, or take a word off the ABUS
and put it into register A. Additional instructions are
shown below in Table I which gives the full instruction
set for the preferred embodiment.

TABLE I
ARITHMETIC INSTRUCTIONS
SYMBOL DESCRIPTION
A=0 Set contents of A register equal to zero.

A SR Shift the contents of A register to the right.

A SL Shift the contents of A register to the left.

AB EX  Exchange the contents of the A and B registers.

AC EX - Exchange the contents of the A and C registers.

A=C Set contents of A register equal to contents of
C register. :

A=A+1 Increment contents of A register by one.

A=A—1 Decrement contents of A register by one.

A=A+B Add contents of A register to contents of B register
and place result in A register.

A=A—B Subtract contents of B register from contents of
A register and place result in A register.

A=A+C Add contents of A register to contents of C register.
and place result in A register

A=A—C Subtract contents of C register from contents of
A register and place result in A register.

B SR Shift contents of B register to the right.

B=0 Set contents of B register equal to zero.

BCEX  Exchange contents of A and B registers.

B=A Set contents of B register equal to contents of
A register.

C=0 Set contents of C register equal to zero.

C SR Shift contents of C register to the right.

C=B Set contents of C register equal to contents of
B register.

C=C+1 Increment contents of C register by one.

C=C—1 Decrement contents of C register by one.

C=—C Change the sign of the contents of C register.

C=—C- Change the sign of the contents of C register

-1
and decrement by one.

C=C+C Add the contents of C register to the contents of
C register and place result in C register.

C=A+C Add the contents of A register to the contents of
C register and place result in C register.

C=A—C Subtract contents of C register from contents of
A register and place result in C register.

1AF#0 Are the contents of A register not equal to zero?

7A>=B Are the contents of A register greater than or
equal to the contents of B register?

?2A>=C Are the contents of A register greater than or
equal to the contents of C register?

B=0 Are the contents of B register equal to zero?

C=0 Are the contents of C register equal to zero?

1C#0 Are the contents of C register not equal to zero?

There are five full-length registers, 48 bits long, the
A, B, C, D and M registers and a 4-bit register, the F
register. The F register is used to pick up one digit from
the A register or put it back in the A register on the
pointer. There are 8 word select instructions used on
this chip: on pointer, word through pointer, full word,
mantissa, mantissa sign, exponent, and exponent sign.
They form a pattern which comes in on the WSX line.
The word select is used to pick out a particular part of
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the word so that operations can be performed just on
that portion. To accomplish this, the instruction lines
are allowed to operate only during that word select.

_Some of the timing and decoding is done in the multi-

plexers in front of the registers, to avoid the delay of
having to go through the instruction decoder and then
through the multiplexers .for validating instructions.
Thus, the word select validates the instruction and it
validates it only for a part of a word in most cases. The
word select signal comes through an adder timing cir-
cuit 304 onto the WS line and into the multiplexers.

The first two bits of an instruction define whether it
is a branch, a jump, an adder instruction or any of the
other instructions. Since this is the arithmetic and regis-
ter chip, it takes the adder instructions, and decodes
several other instructions as well. Those instructions
that are not decoded are ignored, such as branches and
jumps. The 32 adder instructions in Table I are vali-
dated by the word select, but the other instructions
which this chip recognizes are full word instructions
and they do not have to be qualified by the word select
signal.

Many instructions have an effect either over the
whole word time or at some unimportant time during
the word, for instance, a status bit in the C&T chip. For
these it is not necessary to know when the status bit is
set; it is just necessary to know that it is set at some time
during the word and these instructions are designated
by an initial 00 code. In the arithmetic instructions,
however, the instruction should only work during a
particular part of the word, for instance, during the
exponent sign time or during the mantissa field. Only
one of these is a whole word time long, and their valid-
ity is reduced by the amount of time that the word
select signal is off.

On the other hand, if it is desired to take a data word
off the ABUS, the whole word should be taken. There-
fore, there is no necessity to mix a word select signal
into the instruction for data transfers. Analogously,
transferring data from the A register to the D register or
to the M register occurs over a complete word time.
The F register, on the other hand, does use the word
select, and the data transfers to the F register are not
part of the 32 instructions in Table I. However, it has
been arranged so that the pointer comes in through
word select at times other than during normal arithme-
tic operations. Thus the pointer is used for transfers
between the F and A registers and also for loading
constants. When a load constant instruction occurs, a
4-bit field, a digit, is placed into the A register at the
pointer position. In the instruction decoder 6 bits are
sufficient to determine that it is a load constant instruc-
tion. The other 4 bits are the 4 bits which are to be
loaded into the A register. At this time they are still in
the dynamic part of the instruction register and are
picked off at the appropriate time when pointer time
comes in through the word select.

There is an ABUS multiplexer 308 which allows the
A&R chip either to put data onto the ABUS or to re-
ceive data from the ABUS. Three of the registers, A, B
and C, are divided into two parts. For each one there is
a 44-bit straight shift register and at the beginning of
each is a 4-bit shift register which includes decimal
correction and multiplexing. An adder/subtracter/cor-
recter circuit 310 takes in the A register bit A01 and the
C register bit C01 or the B register bit B01 and does a
binary add on them. The destination of the sum or dif-
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ference will be either the A register or the C register.
Therefore there is a sum to the A register via the SAM
line and a sum the the C register via the SCM line. For
the first three bits of any digit time, there is a binary sum
coming out on SAM or SCM, depending on which of 5
these is selected as a destination. Or if an airthmetic test
is being performed, there is no destination. When the
fourth bit arrives, logic within the adder/subtracter/-
correcter block decides whether a decimal correction is
necessary. In other words, if the binary sum is greater
than 9 for an add or it is less than zero for a subtract, the
fourth bit which goes on SAM is the corrected most
significant bit, and simultaneously a correction occurs
in the 4-bit multiplexers.

—

The multiplexers also take care of, for instance, ex- 19

changing the contents of the A register with those of
the D register, exchanging the contents of the M regis-
ter with those of the A register or making right shifts.
The normal calculation of data is for A01 to come into
the beginning of the 4bits in the corrrecter shift multi-
plexer block. However, when a right shift occurs, A01
during the validated part of the instruction is fed right
back into the beginning of the 44-bit shift register so that
the 4 bits are by-passed by means of one of the multi-
plexers. In left shifts, on the other hand, A01 goes
through a 4-bit register which is in the adder/subtrac-
ter/correcter block and then back in through the whole
48-bit shift register. Thus there is a 4-bit register in the
adder/subtracter/correcter that performs two func-
tions. One function is just to perform a left shift on the
contents of the A register. The other function is to
allow the logic to detect whether corrections are neces-
sary, e.g. the most significant bit in a digit weight 8§
together either with a weight 4 or a weight 2 or a carry
existing at the most significant bit time for a decimal
correction in add, etc.

The F register works together with the A register
only on pointer time as mentioned above. This allows
the insertion of one digit or the copying of one digit
from the A register into the F register on the pointer.
The F register is essentially a one digit scratch pad, and
is used for such purposes as storing the code of an oper-
ation to be performed on data in one of the other regis-
ters.

The instruction timing is performed by an instruction
timing circuit 306. A sync pulse comes into the A&R
chip on the SYNC line so that this chip can be synchro-
nized with the C&T and the ROM chips. As mentioned
before, the envelope of the sync signal contains the
10-bits of instructions. The sync signal actually occurs
half a bit earlier than the instruction to allow some time
for the instruction timing circuit to be set up properly
and not to miss the first half bit of instruction. The
instruction timing circuit is essentially a counter which
is synchronized by the sync signal. This counter allows
the instruction register to take in data off the AIB line
and to dump it at the end of the word into the instruc-
tion decoder. The inhibit signal on the INH line stops
the instruction register from receiving instructions.

The last line to note on the A&R chip is CARRY.
The CARRY line is used internally for addition and
subtraction. It goes to the C&T chip so if a branch
following an arithmetic operation is desired it is neces-

sary to know the state of the carry. Accordingly, there 65

is a branch if there is no carry and no branch if there is
a carry. The carry is remembered from one arithmetic
operation until the end of the word, and it is usefl in the
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next word by the C&T chip to determine whether to
branch.

CLOCK AND DISPLAY CIRCUIT

FIGS. 11A and B show a block diagram of the C&D
chip and FIGS. 12A-H and 12A’-V' show a detailed
schematic diagram of the circuit. The clock portion of
the block diagram is shown in FIG. 11A; and the dis-
play portion, in FIG. 11B.

Clock

The C&D chip has a timing decode circuit 400 which
is synchronized by the sync pulse from the C&T chip to
control the whole chip. A time divider 402 connected to
the timing decode divides the sync signal down to gen-
erate a hundred Hertz Clock signal and a one Hertz
clock signal which are used in a stopwatch register 401
and a clock register 403. The operation of the clock
portion of the C&D chip can be illustrated through an
example of how the time is set. As described above, the
user enters the time on the keyboard and presses the 4
and T keys. In response to that, the C&D chip will
receive instructions from ROM and information from
the A&R chip. The first instruction will be to transfer
the contents of the A register to the clock register and
reset divider. This instruction comes in on the AIB line
to an instruction register 404 and from there to an in-
struction decoder 406. During the execution of this
transfer .instruction, the decoder will reset the time
divider and at the same time gate the data from A&R
chip on the ABUS into clock register 403. One second
later the clock register will be incremented by an in-
crement/decrement correction control 410 and from
this point on the clock is incremented every second by
the increment/decrement correction control. The oper-
ation of the increment/decrement correction control is
described in greater detail in copending U.S. Patent
Application Ser. No. 595,655 filed July 14, 1975 by V.
Marathe and assigned to the assignor of the instant
application, and said Marathe application is hereby
incorporated by reference.

Every hour on the hour, when the clock register is
incremented, a signal goes to a wake-up circuit 412 to
wake up the C&T chip. The wake-up circuit is also
controlled by the stopwatch register so that when the
time in that register crosses the one hour mark, a wake-
up signal is issued.

To set the stopwatch the user actuates the keyboard
as described above and the ROM issues an instruction to
send the contents of register A to the stopwatch regis-
ter. The data from the A register goes through the
ABUS and is gated into the stopwatch register. Simi-
larly, an alarm register 414 receives data from the A
register controlled by the instruction A to Alarm and
Arm. The alarm is then reset automatically every time
the alarm sounds.

There is a line from each of the clock, stopwatch and
alarm registers going to the ABUS via a tri-state gate
416 to supply information about the various registers.

A stopwatch mode logic circuit 418 is controlled by
the instruction decoder to command the stopwatch to
increment or decrement. At the same time this circuit is
controlled by a stopwatch zero and alarm match circuit
420. When the stopwatch reaches zero in a decrement
mode then, this circuit causes a reset of the stopwatch
from the decrement to the increment mode and causes
the buzzer to bé turned on. If the stopwatch is already
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in incrementing mode when it crosses zero, then the
zero reset is ignored.

The zero detect function in circuit 420 is also used to
compare the number stored in the alarm register with
the time in the clock register. When these two numbers
match, the circuit will disarm the alarm and send a
signal to a buzzer tone generator 422 and a buzzer latch
424.

Another logic circuit 426 is used to detect whether
the stopwatch register contents are greater than one
hour. When this condition is detected, this information
will be sent to a display format multiplex control 428 so
that the proper format will be set in the stopwatch
display.

Tri-state gate 146, like the other tri-state gates in the
watch/calculator is connected to one of the bidirec-
tional busses, ABUS. A tri-state gate allows one chip to
receive information from any other chip or to transmit
to another chip. An enable (E) input to the tri-state gate
is connected to the time decoder and the instruction
decoder, and together they control the tri-state gate.

The tri-state gate operates as follows. When the tri-
state gate is active the output will correspond to the
data on the inputs labeled “D”, i.e. a series of high and
low binary signals. In this mode, information is being
supplied by one of the registers on the C&D chip. The
third state is a high impedance state which prevents
essentially an open circuit to the ABUS when the tri-
state gate is not enabled. Because the gate presents a
high impedarice to the bus, it does not load the line and
other chips can send information on the line.

When the calculator portion of the watch/calculator
is in the sleep mode, the clock display must still be
updated with real time information to keep the display
accurate. The formating of clock information for the
display is performed by the display format multiplex
control circuit since the information in the clock regis-
ter is stored and updated in unformated form. The for-
mat control circuit causes the data to skip the colon
positions between the hours, minutes and seconds in
time and stopwatch information. Then, every second
the clock register will be incremented, and the incre-
mented value will be gated into a display register 428
shown in FIG. 11B. Both the seconds and the minutes
are updated in this manner. Every hour on the hour the
wake-up signal will be sent to the C&T chip which will
cause the calculator circuitry to check whether the
watch/calculator is in the 24 hour or 12 hour display
mode and regenerate the proper time signals on the
ABUS for the next hour. Thus the display is reformated
once every hour.

Display

The display portion of the C&D chip includes the
display register which is a 48-bit shift register broken up
into a series of 4-bit shift registers with a multiplexer in
front of each one as well as one 24-bit straight shift
register without a multiplexer. The multiplexers are
used to accommodate the different types of display
formats. The different displays for time, date, stop-
watch, scalar quantities, etc. are shown in FIG. 2. As
explained above, the time information is continually
updated in the clock register and is properly formated
for the display register by the display format control
circuit. Similarly, for the stopwatch the display register
gets its information directly through a line labeled p
from the increment/decrement correction control. Line
p is the data path from the increment/decrement cor-
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rection control, and it basically contains the information
of the clock and the stopwatch registers as they are
incremented so that the display is giving the informa-
tion directly from the adder. The display format multi-
plex control gets its information about the current dis-
play mode from a display latch circuit 430 for the
proper display of information from the clock, the stop-
watch or the calculator, The time divider information
to the multiplex control is used to govern the frequency
of the display update, depending on display mode.
Since, in the stopwatch mode, the display may be up-
dated either once a second or once every hundredth of
a second, depending upon whether the time is greater or
less than on hour, a signal SWHRDP from circuit 426
tells the display format multiplex control how often to
update. In addition to receiving information from line
1, the display format multiplexer control also receives
data from the ABUS such as information from A&R
chip registers. The display shift register multiplexer can
be controlled in such a manner that it can also have its
data presented back onto the ABUS. For example, there
is a display to A instruction which takes the contents of
the display register and puts it in the A register on the
A&R chip. Thus the display register can be used as a
working register when it is not needed for display pur-
poses, such as during a computation.

From the 48-bit display register, the first 4 bits are
latched into a 4-bit latch 432, decoded by an anode
decoder 434 and buffered by an output buffer and level
converter 436. Along with the output buffer and level
converter, there is a buffer timing control 438 which is
used in multiplexing the anodes of the light-emitting
diodes in the display of the preferred embodiment. The
buffer timing control is controlled by a divide by 3
word counter 440, by a blink control, and by a display
control 442. The display control gives the command to
turn on the display. Blink is a similar control, except
that it is an on and off signal to blink the display for
special conditions. The divide by 3 word counter is used
to scan the anodes in the display.

The display signal control is controlled by informa- .
tion from a display-on timer 444. It is desirable to limit
the amount of time the display is on to conserve power.
The display-on timer has a 3 second output connected
to a 3 second display latch 446 and a 7 second output
connected to a 7 second display latch 448. The outputs
from these two latches control the display time in the
watch and calculator modes respectively. A third input
to the display signal control is for stopwatch display so
that anytime stopwatch information is being displayed,
the display will always be on. The display-on timer is
réset every time a new display is started, i.e. every time
a key is pushed down, a new 3 or 7 second time period
is started so that the display will always be on for 3
seconds or 7 seconds from the last button pushed.

The display-on timer also goes to the buzzer latch
which has, in addition, an input from the stopwatch
zero alarm match and from the display latch. When the
alarm register has matched the time register and the
alarm is armed, the zero detect will turn on indicating
that the buzzer is to be turned on. The buzzer latch is set
and activates the buzzer tone generator which is con-
nected to an external buzzer. The buzzer itself is then
turned off with the 3 second timer. The display signal
control is also connected to cathode timing clocks 450
which interface with the display buffer chip.
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DISPLAY BUFFER CIRCUIT

The display buffer circuit shown in FIGS. 13A and B
has basically three parts. First is a buzzer buffer 500
which is a push-pull inverting amplifier. An input signal
is applied to the buzz-in input in the form of a square
wave, and the signal on the buzz-out output is a square
wave which can sink or source current up to about 15
milliamps. The buzz-out output is connected to the
piezoelectric crystal which acts as the buzzer. The sec-
ond part is a series of anode buffers 502¢-502i, each of
which is a common-emitter follower amplifier con-
nected to the anodes of one LED digit display. The
third part is a series of cathode drivers 504a-504m, each
of which is a one-bit stage of a 12-bit shift register. Each
-shift register stage has transistors Q3 and Q2 in a PNP-
NPN latch arrangement connected together with a
current mirror comprising transistors Q5 and Q2.

The cathode drivers operate in the following manner.
In the shift register, one latch is turned on at a time as
determined by signals on A RAIL, BRAIL and C SRT.
These signals are the cathode clocks. For example, the
first cathode is started by turning on C SRT. The latch
in cathode driver 504¢ will turn on and cathode driver
output C11 will mirror the current in Q2: Current from
a CT input, which has a resistor going to a supply cur-
rent, is supplied down through the latch. The current in
the emitter-base circuit of transistor Q2 is then magni-
fied in transistor Q5 using a standard current mirror
technique. Thus the current delivered by output C11,
the collector current -of transistor QS, is an amplified
version of the emitter current in transistor Q2, and in
the preferred embodiment the gain is a factor of 100.
Transistor Q4 is a buffer to supply the extra base current
that transistor Q5 needs.

" The state of each shift register stage is shifted to the
next stage via an output transistor Q6 which has an
emitter tied to either B RAIL or A RAIL. The laich in
cathode driver 504a is turned on with the signal on C
SRT going low which pulls the base of transistor Q3
low, turning on tramsistor Q3. Transistor Q3 them
supplies base current to transistor Q4 which, in turn,
supplies base current to transistors Q2 and Q5. These in
turn draw collector current and pull more current out
of the base of transistor Q3, turning it on. The “on”
condition is shifted to the next cathode driver by a low
signal on the B RAIL input. The low signal will make
the emitter of transistor Q6 low, and since the base of
transistor Q6 is already high because driver 504z is on,
transistor Q6 will pull collector current. That collector
current acts in a manner similar to the signal on C SRT
for the next stage and the “on” condition thus propa-
gates down the register.

As the emitter of transistor Q6 goes low, not only is
the next stage turned on, but because the base follows
the emitter by seven tenths of a volt, it will also turn off
the previous stage. So as either A RAIL or BRAIL go
low, the following stage is turned on and after a certain
time the previous stage is turned off. When BRAIL and
A RAIL are both low at.the same time, that will force
all the stages to turn off.

DATA PROCESSING

FIG. 14 shows a data flow diagram for the various
registers in the watch/calculator. The three registers
which are used mostly for arithmetic calculations and
data manipulation are the 12-digit or 48-bit A, B and C
registers on the A&R chip. The other registers operate
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more in a peripheral manner and do the various input
and output operations to and from other devices and the
user.

In conjunction with the A register there is the F
register which can contain one digit or 4 bits, and which
holds an operator such as plus, minus, times or divide. It
retains that information until the user hits the equals key

‘or another key that causes an equals operation. Con-

nected to the three main registers, A, B and C is the
adder/subtracter (labeled +/—) which performs the
arithmetic operations. In conjunction with the C regis-
ter there is a memory (M) register and a D register
which contains one of the operands of the calculation
while the other operand is being entered.

In the watch part of the circuitry there is the alarm
register (AL) 6 digits long, the stopwatch register (SW)
8 digits long, and the clock register (CL) with 12 digits.
In addition, there is also a display register (DISPLAY)
with 12 digits.

The various lines with arrows on the diagram show
how data passes from register to register. So, for exam-
ple, between the A register and the display register
there is a line with an arrow on both ends, indicating
that data can flow back and forth between the DIS-
PLAY and the A register. Inside each of the rectangles
representing a ‘register is a list of the possible instruc-
tions that can be executed on data in that register. A
table of explanations of the arithmetic instructions was
given previously in Table I. Likewise where a data
transfer performs some peripheral function in addition,
that function is listed next to the data line. For example,
when an alarm equals the A register instruction is per-
formed, it also automatically arms the alarm, indicated
by “ARM" by the data flow path. When a clock to
display transfer is performed it is updated once each
second and “UPDATED?” is written on the line.

The C&T chip has the 16-bit status register (S) and
also the pointer register (P) which contains 4 bits to
point at one of the 12 digits in the other registers.

As previously discussed, information in the watch-
/calculator is transmitted and manipulated in the form
of 12 digit, 48 bit, words. Decimal numbers in the calcu-
lator portion are represented in scientific notation form.
The most significant digit in the word is a zero if the
number is positive and nine if it is negative. The next 8
digits in the word comprise the mantissa. Then the last
three digits are used as an exponent which tells essen-
tially where the decimal point is. Digit number 2, the
most significant exponent digit, is a zero for a positive
and a nine for a negative exponent. The last two digits
give the exponent in tens complement form where a
zero is represented by a zero and one by a one, but
minus one is represented by 999, These fields: sign,
mantissa, exponent sign and exponent digits have sym-
bolic designations as shown in FIG. 15. The mantissa
sign is called S and the mantissa, M. The combintion of
those two fields is called MS for mantissa plus sign. The
three exponent digits are indicated by X and the most
significant of those three, the exponent sign field, is
indicated by XS. The entire word is designated in code
either by a blank which indicates a default or byaWw,
for word. The designations of these various fields facili-
tates operations on the data in the watch/calculator as
will be seen below.

Each of the instructions that can be executed on any
one of the three main registers A, B and C has a word
select option with it that allows the instruction to oper-
ate on just part 6f the word. For example, the A=A +1
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- instruction (see Table I) is always accompanied by one
of the word select options shown in Table II. Often the
contents of the entire A register will be incremented
and this can be done with a W or blank word select
code. However, it is possible also to increment only the
exponent sign digit, for example, by modifying the
A=A+1 instruction with an XS code. Such use of
modifier fields is shown in the program code listings in
Appendix 3. What that modified instruction says is in-
crement digit number 2, leaving all the other digits
undisturbed. This ability to perform operations on par-
ticular fields or digits as opposed to only the entire
word gives much greater processing flexibility.

TABLE II
WORD SELECT (WS) OPTIONS
SYMBOL DESCRIPTION
P on Pointer
WP Word to Pointer
X Exponent and exponent Sign
Xs Exponent Sign
M Mantissa
MS Mantissa and mantissa Sign
S mantissa Sign
w entire Word

Two other word select options are determined by the
pointer, which is maintained in a register on the C&T
chip as described above. The 4-bit pointer register can
store one digit to point to any of the 12 digits in the
other registers. The two word select options involving
the pointer are P for pointer digit only and WP, the
whole word up to the pointer. So, for example, if it is
desired to increment digit number 5 in the A register,
the pointer would first be set to 5 ad then the A=A +1
P instruction would be executed. The WP qualifier
permits an instruction to be performed on word begin-
ning with the least sigificant digit up to and including
the digit which is indicated by the pointer. So, for exam-
ple, if the pointer were at digit 7 and the instruction
were A=A+1, the A register would be incremented
beginning at digit zero and any carries which might be
generated would propagate up through digit number 7.

" If an exchange operation between the A and C registers
is to be performed only on the exponent field, the three
least significant digits of the A and C registers will
change places in response to the AC EX X instruction.
All'the other digits in the two registers will remain as
they were before. All of the word select instructions are
illustrated in conjunction with the watch/calculator
system timing in FIG. 16.

In addition to the 32 arithmetic instructions shown in
Table I, there are program control instructions which
are listed in the Appendix. The first program control
instruction shown is GOSUB which is a jump to a sub-
routine. A subroutine can be used to perform repetitive
operations or operations that are identical in different
parts of another program to save space in ROM. With
the GOSUB and GOSUBX instructions jumps to two
levels of subroutines are possible. This enables a jump
from the main program to a subroutine and from the
subroutine to another subroutine with a return to the
first subroutine and then back to the main program.

The branch instruction, GO TO, is actually a branch
on no carry. Bach time arithmetic and certain other
operations are performed, the carry flip-flop on the
A&R chip may be set. If a branch is to be executed
immediately after one of these operations, the branch
will be taken only if the carry flip-flop is not set. So, to
do an unconditional branch, the carry must not be set.
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For example, if the instruction is to increment the A
register sign digit (A=A+1 S) and S is at 9 and it will
go to 10, then the A register sign digit would then be a
zero but the carry would be set. That condition could

‘be tested by the instruction A=A +1 S plus a branch on

no carry instruction to some location. If there were a
carry then the program sequence would continue in
order. But if there were no carry then, of course, the
branch would be taken and a different function per-
formed. -

All the branch instructions are branch on no carries
but there are several different symbolic codes to indi-
cate different uses. The GOYES instruction is a branch
after a decision. For example, with a 2A540 instruction
the GOYES specifies where to branch to if the condi-
tion is met. GOROM and GOROMD (delayed) are the
instructions which select a different page of the ROM
for the program to execute. A GOROM is an immediate
page select, since the next instruction executed will be
the next address but in a different page of ROM, the one
selected with the GOROM instruction. The delayed
ROM select (GOROMD) executes one more instruc-
tion on the present page before it goes to another ROM.
In addition to the GOSUB instructions there is a sub-
routine return instruction, RETURN. The SLEEP
instruction puts the calculator in its low power or sleep
mode as described above and the NOP instruction per-
forms no operation.

An instruction called GOKEYS is used to enable the
keyboard to communicate with the C&T chip. When
the calculator is in the sleep mode, the C&T chip is
continually scanning the keyboard as described above.
When the user presses a key, the C&T chip recognizes
this, the calculator wakes up and issues the GOKEYS
instruction. The calculator then performs an uncondi-
tional branch to a selected point in ROM depending
upon which key was depressed.

There is a load constant A(P)= instruction which
allows the loading of a selected digit into the A register
at the pointer position. The pointer control instructions
are for setting, incrementing, decrementing and testing
the pointer.

The next set of instructions is for the status bits in the
status register on the A&R chip to allow setting and
testing of the status bits. The status bits can be cleared in
banks of eight, that is, bits 1 through 7 and bits 8
througn 15 can be cleared with a single instruction.
Status bits zero is not directly settable or clearable be-
cause it is the flag which indicates that a key is de-
pressed, and is controlled indirectly through the key-
board. All the other status bits can be set to zero or one
and tested for zero.

There are several instructions that deal with the C&D
chip as well as some of the other registers on other chips
such as the M, the D, and the F registers. The blink
instruction sets the display blinking as, for example,
when the user tries to divide by zero then the blink
instruction will be used to indicate an error. DSPOFF
and DSPON are used to control the on-off state of the
display. A set of instructions is also provided for trans-
fer of information to and from the display register. The
A register contents can be transferred to and from the
display, the display can be updated with the clock or
stopwatch register contents and the alarm register con-
tents can be displayed.

A number of clock register instructions allow transfer
of information to and from this register. A wake-up



4,158,285

.33

signal can be generated one each second by the
ENSCWP instruction which, as far as the calculator is
concerned, looks just like a key depression and then
comes once each second. The feature can also be dis-
abled by the DSSCWP instruction. The clock register
data transfer instructions include the following. A=CL
transfers information from the clock register to the A
register. Logic is provided on the C&D chip to prevent
loss of a second increment (one “tick’) when calcula-
tions are performed on information in the clock register.

As will be recalled, the time of day and the date are
both contained in the clock register with the hours,
minutes, seconds being contained in the least significant
six digits and the date in the form of a decimal number
of days from some base date in the most signficant digits
of the register. In this way the date gets updated auto-
matically each time 24 hours rolls over at midnight. The
hours, and the minutes, seconds and digits are counted
modulo 24 and modulo 60 respectively so that actual
hours, minutes, seconds are maintained in the register.

When there is a clock register transfer to the A regis-
ter, some hold logic is enabled which will catch any
seconds “tick” that comes along while the clock data is
in the A register so that the “tick” won’t be missed.
Now, when the contents of the A register are trans-
ferred back to the clock register the hold logic will
added in a missed “tick” if there was one while the time
information was in the A register.

Another instruction which involves the clock register
is CLRS=A which performs a clock reset and receives
data from the A register. This initializes all the logic and
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count-down dividers which keep time to reset the clock -

to start counting from a new time. For the alarm regis-
ter there are alarm transfers: A=alarm and alarm=A.
These are used to load or modify the alarm register.
When the alarm register is loaded it is also automati-
cally armed to buzz. There is another instruction called
alarm toggle, ALTOG, which toggles the state of the
arm/disarm flip-flop, so if the user wants to load it but
not arm it, the alarm can be toggled to the unarmed
state.

The stopwatch instructions include a stopwaich
count up, SW-, instruction and a stopwatch count
down, SW —, instruction. In addition, data can be trans-
ferred to the stopwatch register with an SW=A in-
struction as well as data from the stopwatch to the A
register with an A=SW instruction. Finally, there are
stopwatch start (SWSTRT) and stopwatch stop
(SWSTOP) instructions which enable and disable the
counting operation of the stopwatch. .

FIG. 17 shows an overall flow chart for the program
controlled operations in the watch/calculator which
are given in greater detail in the listings of the programs
in the ROM chips in Appendix 2. When power is ap-
plied the entire calculator processor is initialized to a
beginning state, all the registers zeroed, time reset to
midnight, date reset to the first of January 1900. These
steps are performed by a power-on routine when the
power-on reset button is pressed. In response to this
button the processor will wake up and begin executing
instructions at address 0 in ROM where the power-on
routine is located. After the power-on routine, the flow
chart shows the watch/calculator proceeds to a clear
routine which clears all the registers.
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After the clear routine, there is a convert to display
format routine CNVDSP which takes a number in in-
ternal format and converts it to a display format intelli-
gible to a user. For example, a decimal number in inter-
nal format, as described previously, has a zero or a nine
for the sign position, then eight mantissa digits and three
exponent digits. This routine takes that number and
converts it to display format that has the proper sign for
the number and the decimal point in the right place or
the appropriate exponent. Likewise it converts times
and dates to the display format. At the end of that block
the watch/calculator is in a sleep state where the calcu-
lator waits for a key to be depressed. The calculator
enters a digit entry routine when a key is depressed and
builds up the numbers in the A register as they are
keyed into the calculator. The digit entry routine re-
sponds to the depression of the keys for the digits 0
through 9, decimal point, colon, slash, change sign, 21st
century entry, AM and PM.

Once digit entry is finished the user will press one of
the function keys. Each function key has its own sub-
routine and, for convenience the various functions have
been grouped together in the flow diagram in FIG. 17.
Since functions are performed on data in internal format
a routine is used to convert the data format. The various
functions which are symbolically indicated in the flow
diagram are: store (STO) into the memory, time, alarm,
stopwatch or data register and recall (RCL) from those
registers. There are the standard four functions: plus,
minus, times and divide, and the equals function and an
exchange function (=) to exchange information be-
tween the operand registers. The “a” and “p” functions
are used to indicate AM and PM for time information as
described and the T— and —T functions convert be-
tween time format hours, minutes and seconds and deci-
mal format. DW and DY stand for functions called day
of the week and day of the year respectively for con-
verting any date in the 200-year calendar stored in the
watch/calculator into a corresponding number. The
prefix decimal point ( 1 )(.) is used to change the display
format so that the user can change between 12-hour
mode time display and 24-hour mode time display, and
between month/day/year date format and day/-
month/year format. Finally, there are the stopwatch
start/stop function, alarm toggle function and the func-
tions performed by the R key: turn on the display with-
out modifying the data, stopwaich split and stopwatch
clear.

The internal data formating has been referred to be-
fore in connection with FIG. 15 and will be discussed in
greater detail here. Internally it is necessary to indicate
the difference between a decimal number, a date, a time
interval, real time and the stopwatch. The table below
indicates the meaning of the digit position assignments
for each of the types of data handled by the watch/cal-
culator. The sign digit, digit number 11, is used to indi-
cate the type of data, as well as the algebraic sign for
those numbers that can have a sign. Although the data
in the clock register is represented as a number of days
it is not so stored in the rest of the watch/calculator.
Instead, it is represented by two day digits, two months
digits and then two year digits, with a trailing digit
which is either zero for 20Th century or a one for 21st
century and the final trailing digits zeroes.
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DIGIT POSITION ASSIGNMENTS
TYPE OF DIGIT NUMBER
DATA 11 10 9 8 7 6 5 4 3 2 1 0
Decimal Number 0=+ N N N NNNNN = E E
9=— 9=—
Time Interval i=+ HHHHHM®DMNMMS S CcC C
8§=—
Stopwatch Time
Interval 2 HHHHHMDMDM®DMS S C C
Real Time of Day 3 H HHHHMDMNTNOMTMS S CcC C
Fixed Time of Day 4 H HHHHMDMS S Cc C
Date 5 DDMMY'Y 0=20th century
1—2l1st century
KEY TO SYMBOLS

N = Mantissa of digital Number
E = Exponent of digital Number (in tens complement form)
+ = positive sign

— = negative sign

D = Day

M = Month

Y = Year

H = Hours

m = minutes

S = seconds

C = hundredths of seconds

The status bits which are used in the processor and 25
stored in the status register on the A&R chip are shown
in the table below. A few of the more important status
bits are also briefly discussed. Status bit O indicates
whether or not a user has pressed one of the keys. Status
bit 1 indicates whether or not the watch/calculator is in
the 24-hour display mode. Status bit 2 indicates the
day/month/year display mode. Status bit 3 indicates
that the stopwatch is running if it is one and stopped, if
it is a zero. Status bit 4 indicates that the previous key
depressed was the prefix key ( 1 ). Status bit § indicates
that although the user did not press a key, the calculator
woke up by itself, for example, to update the hours
digits of the clock. Status bit 6 indicates that an operator
key has been depressed and therefore indicates to the
other calculator circuitry what portion of the sequence
it is in in an algebraic calculation. Status bit 8 indicates
that an entry is in progress. Status bit 10 indicates that
the decimal point key has been depressed in digit entry.
Status bit 13 indicates the alarm is being displayed or
that the number that was entered is a time interval as
opposed to a decimal number. Status bit 14 indicates
that a date number is being entered. Status bit 15 indi-
cates that a number is in internal format.

STATUS BITS

30

35

40

45

50

¢ KEY DOWN

1 24 HR MODE

2 DMY MODE

3 SW RUNNING

4 PREFIX, SCI OVF, M:S.C, DW/DY, AM/PM,
LSB RESULT

5 WAKE UP

6 OPERATOR HIT, LSB OP CODE

7 TIMCHK OK, EQUALS/OPRTRS

8 ENTRY IN PROGRESS, MSB OP CODE

9 RETURN CODE ¢

1¢ DECIMAL POINT HIT, MINUS SIGN, PM,
MSB RESULT

11 RETURN CODE 1

12 RETURN CODE 2

13 TIME INTERVAL ENTRY, ALARM DISPLAY

14 DATE ENTRY

15 INTERNAL FORMAT

65

The display decoding is indicated in the table below.
The display register device receives the contents of the
A register and holds them for display, although only
digit numbers 3 through 11 of the data word are dis-
played in a 9 digit LED display. Digit codes O through
9 are displayed as O through 9, 10 is displayed as a deci-
mal point, 11 a minus, 12 a colon, 13 a little lower box
and 14 three bars. 15 is a blank for blanking leading and
trailing zeroes.

DISPLAY DECODING

o9 $-9

10(A) .(DECIMAL POINT)
11(B) —(DASH, MINUS)
12(C):(COLON)

13(D) (LOWER BOX)
14(E) =(THREE BARS)
15(F) (BLANK)

The function of the colon, slash and decimal point
keys in the entry of time interval information can be
illustrated by tracing what happens as each key is de-
pressed. The Time Entry Sequence Table in Appendix
4 gives the contents of the A, B, and C registers along
with the address of the instruction that was just exe-
cuted. For the purposes of this example, those instruc-
tions are shown which are helpful in understanding the .
time entry sequence. In this discussion it will be as-
sumed that the display has been cleared to start with
and so the first line in the table shows ROM address
0567 which is the A register contents to display instruc-
tion. Thus the display shows only a “0.”. After the “0”.
is in the display, the calculator goes into the sleep mode
shown at location 0061.

The calculator is now ready for the user to press the
first key to enter a time interval number. Assume that
the first key depressed is the 1 key. The calculator will
wake up at location number 0062 which is the
GOKEYS instruction which will find out what key was
depressed and then jump to that key’s entry point in the
ROM. The key 1 entry point is address 0016 and the
program at that point builds up the digit by increment-
ing the exponent sign digit in the A register and since it
is a 1 in this case it only increments once. Now the 1 in
the exponent sign position is shifted to the left to the
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first digit position, determined by the pointer, which
resides in the B register exponent sign position at this
point. Since 8 digits can be entered, the pointer is an 8 to
begin with. The 8 gets put.up in the C register to be
decremented there as the 1 is shifted over in the A
register. When the 1 gets to the right place, the pointer
stored in the C register exponent sign position has gone
to zero. At that point a trailing decimal point is inserted
since the calculator assumes the entry is in decimal until
told otherwise. After putting in the decimal point, the
trailing zeroes in the A register are blanked out. Then
there is another A register to display instruction to put
the “L.” in the display and then the calculator goes to
sleep. It should be noted that the pointer in the B regis-
ter was also decremented by one to indicate that only 7
more digits can be entered.

Next assume the user hits a 2 and once again the
calculator wakes up at ROM address 0062. The entry
point for a 2 key is ROM address 14 and, as before, the
number is built up in the exponent sign position of regis-
ter A. The remaining steps of shifting the number to the
left and decrementing the pointer are not shown this
time since they are essentially the same as before. Once
the “12”. is in the left portion of the A register it is sent
to the display and the calculator goes to sleep again.

To indicate that the entry is time information, the
user will press the colon key next. Depression of this
key causes a jump to a different routine in the entry
procedure, starting at ROM address 0067. As before,
after the colon key is pressed the calculator wakes up at
ROM address 0062. Then it checks the pointer in the B
register to see that 6 digits have not been entered al-
ready, that the calculator is in a legal time entry mode
and that the calculator is in the 2 hours digit mode.
Wheén those decisions have been completed at ROM
address 1204 the colon is inserted in the A register and
the two trailing zeroes are then loaded in the register. In
addition, the pointer in the B register must be changed
to reflect the fact that the calculator is in time entry and
digits go into the second digit position after the colon
and not the one immediately following the colon. The C
register sign position is also incremented by 1 to indi-
cate the time interval entry mode. At ROM address
1216 the 12:00is put in the display, and then the calcula-
tor goes to sleep.

At this point assume the user presses the 3 key. The
calculator will wake up and jump to that point in the
ROM which will cause the A exponent sign to incre-
ment 3 times. Then, as before, the 3 will be shifted to the
left in the A register. At this point there is a difference
to note between time entry and decimal entry. The only
digit positions that can receive time numbers are either
the least significant minutes digit or the last digit in the
display, so there is no need to decrement the pointer. A
test is simply made to see if the pointer is zefo and if it
is not, then the calculator knows that it has to enter the
digit into the minutes column. So the 3 is shifted to that
column and then the trailing blanks. are put back in so
that 12:03 appears in the A register. This number is sent
to the display and the calculator goes to-the sleep mode.

If the user now presses the 4 key, the same increment-
ing and shifting procedure takes place (so it has been
omitted from the table) until the 4 gets to the digit posi-
tion, minus one, where it is supposed to be. Then a slight
change is made in the pointer and both digits are shifted
over so that the 3 moves over in the tens of minutes
column and the 4 moves into the units minutes column.

10

20

25

30

35

45

50

55

60

65

38 :
Thus 12:34 appears in the A register and that is sent to
the display. ‘
Now assume that instead of pressing the colon key
again the user presses another digit key, the 5 key, at

this point. This number will be entered into the minutes

column, push the 4 into the tens of minutes column and
the 3 will disappear. This leaves the number 12:45 in the
A register, which is sent to the display.

Assume that the user actually desired to enter 12
minutes, 45 seconds and 67 hundredths of a second.
Instead of pressing the colon key he will use the decimal
point key. It should be noted that, had the colon key
been depressed, the entry of seconds would be identical
to the entry of minutes after the first actuation of the
colon key. However, since the decimal point key has
been pressed, the assumed value of the numbers is
changed from hours and minutes to minutes and sec-
onds. After the decimal point key is pressed and the
calculator wakes up the decimal point is placed in the
exponent sign position of the A register. At this point
the calculator also returns to the decimal entry mode so
that the hundredths of seconds will be entered in
straight sequential order as opposed to the scrolling
method of entry that is used for minutes and seconds. As
with previous characters the decimal point gets shifted
to the left as the pointer in the C register exponent sign
gets decremented to zero. After the decimal point is in
position the trailing blanks are inserted, leaving 12:45. in
the A register. That is sent to the display and the calcu-
lator goes to sleep.

Next the user will press the 6 key and the 6 is entered
into the A register as described for previous decimal
digit entries. Thus after this procedure 12:45.6 appears
in the A register and is then sent to the display. Then the
7 key is pressed, and a 7 is likewise entered into the A
register and displayed. At this point the pointer is decre-
mented from 1 to 0, indicating that the display is full.
The 12:45.67 in the A register now represents 12 min-
utes, 45.67 seconds, and that is sent to the display.

As mentioned before, the display is now full but for
the sake of example, it will be assumed that the user now
presses the 8 key to see what happens. The 8 is built up
in the A register exponent sign position as before but the
pointer in the B register is already zero so the 8 does not
get shifted over and is essentially lost. The display re-
ceives the same information from the A register as be-
fore so that 12:45.67 is displayed. Thus any keys digits
pressed when the display is full then will be ignored.

FIG. 18 is a flow diagram of an arithmetic operation
performed by the calculator portion of the watch/cal-
culator regardless of the type of the operand: time, date
or decimal. The flow diagram starts out with the as-
sumption that a typical number entry sequence has been
completed. After a number is entered, the user will
press an operator key. The calculator enters the process
illustrated in the flow diagram starting with OPRTRS
(for operators) when an operator key is actuated. The
operator is saved temporarily in the display register
while the entry is converted to internal format. Like-
wise, a second operand is entered and converted to
internal format. Then there is a test to see if there is a
second operand at OP HIT?. At this point the answer
will be “no” because this is the first operand. Therefore
there is a branch which causes the data to be switched
around so that the first entry goes into the D register to
be saved while the second entry is made. Also the oper-
ator is put in the F register and the operator hit status bit

is set. Then the calculator converts to display format
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again and waits for the next operand. The second oper-
and may be entered from the keyboard or one of the
time registers and after it is entered the user will press
the equals key.

When the equals key is pressed, the sequence of codes
shown in the lefthand column of the flow diagram are
executed. First there is a test to be sure that both oper-
ands, if either one is time related, has the most recently
updated value. Then there is a test to see if an operator
was hit and the answer in this case is “yes”. The “no”
branch from this decision block is for the automatic
constant kind of operations in which an operand from a
previous calculation is being used. Next the operands
are again switched around so that the first operand is in
the C register and the second operand, the one entered
most recently, is in the D register. The operator is re-
called from the F register. Once this is known, the first
operand is manipulated into the B register, and the
second operand is manipulated into the C register. The
operator code will be put in the A register least signifi-
cant digit. From the B register and C register sign digits,
which tells what type of data are in the registers, and
the A register least significant digit, which tells which
operation is to be performed, the calculator goes into a
routine called matrix which determines the type of the
result. This matrix is illustrated in the Operand/Opera-
tor Matrix in the Functional Description section. The
matrix operation then sets two status bits to indicate the
type of the result. Following that, both operands are
converted to decimal type if necessary. For example, if
an operand is a date it is converted to a decimal number
of days since Jan. 1, 1900; time, to a decimal number of
hours, etc. Now the actual arithmetic operation is per-
formed. Once the operation is performed, the result is
stored and normalized in the C register. A routine
called “result” is performed to check the two status bits
that tell the type of the result so the C register sign digit
can be set properly to tell what kind of data the result is.
Then there is a routine to convert the decimal informa-
tion to the proper form to correspond to the sign digit.
After this, some flags are set to say that the equals key
has been pressed and the result is converted to the dis-
play format and displayed.

As discussed above, the arithmetic operations of mul-
tiply and divide can be performed with time data in the
stopwatch register. FIG. 19 shows a flow chart of the
operations performed by the watch/calculator in per-
forming the initial operation and then updating the
results once each second so the results are always cur-
rent. The dynamic stopwatch program in ROM simu-
lates the usual automatic constant operation described
earlier in which a newly entered number may be oper-
ated upon by a previously entered operator and operand
simply by entering the new number and pressing the
equals key. In the dynamic stopwatch operation, the
newly entered number comes from the stopwatch regis-
ter and the equals operation is initiated by the calculator
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pression of the clear key or another function key.

X-DECODE PROGRAM
A5 A4 A3 A2 Al A0
0 1 1 .1 1 1 1
1 1 1 1 1 1 0
2 1 1 1 1 0 1
3 1 1 1 1 0 0
4 1 1 1 0 1 1
5 1 1 1 0 1 0
6 1 1 1 0 0 1
7 1 1 1 0 0 0
8 1 1 0 1 1 1
9 1 1 0 1 1 0
10 1 1 0 1 0 1
1 1 1 0 1 0 0
12 1 i 0 0 1 1
13 1 1 0 0 1 0
14 1 1 o .0 0 1
15 1 1 0 0 0 0
16 1 0 1 1 1 1
17 1 0 1 1 1 0
18 1 0 i 1 0 1
19 1 0 1 1 0 0
20 1 0 1 0 1 1
21 1 0 1 0 1 0
2 1 0 1 0 0 1
23 1 0 1 0 0 0
2% 1 0 0 1 1 i
25 1 0 0 1 1 0
26 1 0 0 1.0 1
27 1 0 0 1 0 0
28 1 0 0 0 1 1
29 1 0 0 0 1 0
30 1 0 0 0 0 1
31 1 0 0 0 0 0
2 0 1 1 1 1 1
33 0 1 1 t 1 0
34 0 1 1 1 0 1
35 0 1 1 1 0 0
36 0 11 0 1 1
37 0 1 1 0 1 0
38 0 1 1 0 0 1
39 0 1 1 0 0 0
40 0 1 0 1 1 1
4 0 1 0 1 1 0
42 0 1 0 1 0 1
43 0 1 0 1 0 0
44 0 1 0 0 1 1
45 0 1 0 0 1 0
46 0 1 0 0 0 1
47 0 1 0 0 0 0
48 0 0 1 1 1 1
49 0 0 1 1 1 0
50 0 0 1 1 0 1
51 0 0 1 1 0 0
52 0 0 1 0 1 1
53 0 0 1 0 1 0
54 0 0 1 0 0 1
55 0 0 1 0 0 0
56 0 0 0 1 1 1
57 0 0 0 1 1 0
58 0 0 0 1 0 1
59 0 0 0 1 0 0
60 0 0 0 0 1 1
61 0 0 0 0 1 0
62 0 0 0 0 0 1
63 0 0 0 0 0 0
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ROM FILE - CRIB

® FON @533
19 1132
z CELL)
38 1132
47 1132
5 8060
€ 6 1132
75 1132
18 8680
11 4 1132
12 8008
13 3 1132
14 2 1132
15 a000
16 1 1132

iv o 1834

28 RET B52e
21 MEMORY @&ed

22 @anR3
22 ALARM @564
24 Be03
25 TIME @554
26 aan3
27 PHM 564
28 Aenz
3 = avE4
3z 8063
33 % 1112
34 ¥ 1112
35 paRA
36 - 1112
37 + a7s4
49 0003
41 1934
42 8617
43 M ain?
44 - 1034
45 A267
46 A 8117
47 314
58 SPCHK 1034
51 8424
52 . * 9193
53 8564
S4 ABn3
S5 PREFIX 1132
56 B2E7
57 A404
60 8473
61 READCL @A1s4
62 faa3
63 T o127
64 D Ac64
65 ane3
65 . 1132
67 . @714
70 a243

FILE

ENTRY
ENTRY
EHTRY
EHTRY
EHTRY
ENTRY

GOTO
A=A+l
MOP
A=A+
A=A+1
HOP
A=A+]
A=A+1
NOP
A=A+1
HOF
A=A+l
A=A+1
HOF
A=A+1
DIFPOFF
RETURN
GORQMD
GOTOK
GOROMD
GOTOH
GOROMD
GOTOH
GOROMD
GOTOR
GOROMD
GRTOX
A=A+l
A=AR+1
NOP
R=H+1
GOROMD
GATOR
DSPOFF
GOTO
GOTO
DSPOFF
GOTO
GOTO
P=
DESFOFF
? 34=
GOYES
GOROMD
GOTOX
A=A+
GOMC
Zd=
GOTO
GOROMD
GOTOR
GOTO
GOROMD
GOTOH
A=A+1
P=
GOTO

CRIB .

GETKEY
PREKEY
AWAKE
CHYINT
CHYEX
KEYREL

PWRON
E3-]

s
»S

S

®g

wS

e

&
MEMORY
5
ALARM
&

TIME

=1

Fi

sauaLs

IS

CLEAR
MEMORY

PREFIX
ALARN
5}

9
RET

S

FECNS
RS

-1

1
FREKEY
1
READCL
TIME

&

DATE

1
SFPCHE
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143)
21

35
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[}

126
127
130
131
132
133
134

‘135

136
137
140
141
142
143
144
1453
146

147
150

151
152
153

“154

153
156
137
168
181
ez
153
164
155
1eé
157
178
171
172
173
174
175

4
WAKEUP

DSPOM
GETKEY
PREKEY
AWARKE

KEYREL

SLEEP
CLEAR

PMRON.

CLALL

CLENT

CHYDER

RKEY

B564
8653
@137
B854
#8063
8753
8504
9476
1176
1176
1176
9433
8743
1178
B447
8743
n544
1854
aee3
1734
B4d4
a734
11z4
a557
1324
8557
1424
Bs57
153
anz4
8547
a533
1434
a573
apz4
8573
9557
1132
8573
BE2D
1534
0220
1824
a7e7
ara7?
1534
1674
1274
eoza
an34
0474
BETY
8434
1774
a174
ez7

12324

o el T e =) e T
s B B B SO B L I S
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GORQMD
GOTOK
GOTO
GOROMD
GOTOX
GOTO

DT O
i

Lo I I |
. -

DODDDDW
=g ST TR
—- =

=

A=A-1
GOHC

‘GOTO

55=
GOROMD
£OTON
A=DSP

[y %
=

AUy BRI I B )
O
]

fan}

R O Rl G {r B« I 1}

OF Y O o0 )

oy

..E

[ == R vy BEEN oy |
M@ 0T o= T mop 3

SRR

]
o

EHSCWP
GOTO

7 28=
GOYES
GOTO
A=R+]
GONC
SLEEPR
DESCUP
GOKEYS
? g8=
GOYES
GOTO
DSSCupP
SWETOP
S+
§1-7=
CLRREG
AL=A
SW=f
M=C
ALTOG
CLRE=A
CL=A

DS S

D By B |
=i I

[}

Lo I O T~ S T T
m
2

=

Lh)]

200 e
D I )

=]

e e v B B B By |
2

jsd
1
— - e

L I — 3|

b

5

At

PM

&
STWTCH
RKEY

U W 0 e

*©
+
Y

CHYDSP

ot

*+32
CHYDEP
5}

2

SWCALC

a
g
KEYREL
3
KEYREL
a

KEYREL

a
#43

dr-2

Hb g
5}
#+2
=3
XS
B |

5]
CLAaLL
CLENT

HYDEF

)

DU TPy

-~

186>
178

1115
1783

181)
165>
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i177¢
200
281
2@z

283
204
205
208
207
218
211
212
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215
218
217
220

221

",
.

f
r

)
"
X

-
=

-

[DED
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380

[
=
fard
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CHYINT

ENTCHK

ENTRY

ZRBLHE

TIMDAT

H: M.

w

H:

TIMCHK

CHYERR

LR R R R SR B S

C RS I SO O TS IR I Rt Bt B B i I Ve
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1
G282
11087
1114
1a42
A3za
arez
1167
aze2
1137
R4S
1524
1287
1217
1524
1653
@414
ares
1427
azez
1427
1662
8214
1662
1616
1615
1616
1616
1616
1514
A422
Az

1333
[ave
Blz&
H414
12e1
1214
13261
1544
17E3

fEnz
a1a3
1134

T4

9845

CGOHE
GOROMD
SOTON

«

P=
ALPI=
A=A-C
GOMC
ASH+1
GONC
a=5h
A EX
GOTD
A=A+1
BONC
GOSUE

CGATO

¥ g515=
GOYES
5OTA

GIOMC
T CH#8
LOYES
C=8

7 S13=
GOYES
GATO

T Sl4d=
GOYES
=
C=A+C
GOMC

T C#R
GOYES
A SL

SL
SE
R
SR

Sk
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SHSFRS
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NTCHE
+4

e
CHYE®X

EHTCHE
FEADCL
CHYESN
5]
ENTRY
CHYEHX
5]

ZRELHE
¢}

a

w2
:1'-+3

a
DECINT
S

P
HMSCHK
P
HMSCHE
We

8

WP

Ul o) o b Gl — 0 0
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363
294
385
3685
307
31p
311
312
313
314
315
318
317
22
321
322
323
324
325
326
327
330
331
332
333
334
335
336
337
340
341
342

3

[
T

N R R N R

(TSRS I N I8 O Y 2 I O LA

B I T I CN 7N Y CX i o B

HMSCHK

DATEIYH

ZRCHK

SWUAPMD

DECINT

DECEX
CHYEX

SYMBOL TAEBLE

P+ N

67
33
37
36

44

{ 268>

255

SWaPMD ¢ 3583

44
#1634 GOROMD 1 -
BAAZ GOTOX DSPOM
1862 A 5L WP
BZ14 P= 3
A792 C=A+C P
13683 GOHC  H:M
1662 A 5L WP
16875 @=9 3
1624 7 Sl4= @
1267 GOYES H:M.5
1541 GOSUB
1614 P= 18
A422 A EX WP
1856 @=0
BIIA ACPY= 3
G238 AcPI= 2
A138 AcPI= -1
8336 ACR)= 3
AZ14 P= g
A4QE AC EX M
BEZZ 7 A>=C WP
1483 GOYES CHYERR
AAc2 C=0 WP
AGAE ? A>D=C M
1483 GOYES CHYERR
B48E AC EX M
1611 GOSUB ZRCHK
1514 P= 1@
GOSUR ZRCHK
GORONMD 4
GATRY  DATDEC
T C#B P
GOYES RET
P=f-1
? C=8 P
GOYES CMVYERR
S26 RETURN
8164 GOROKMD 1
ARa3 GOTOX  SWAPMD
1614 P= 10
1262 A=A+B F
737 GOHC  FOS
AE46 7 A#E M
1767 GOYES #+3
AaSE C=9
1762 GOTO  CHVEY
A1%z C=0-1 ¥
1646 & 5L M
G542 7 A#B P
1757 GOYES LDECEX
1787 GOTG  *-4
4112 C=0+1 ¥
A4z P=P-1
17682 a=a+B P
1733 GOHC  #-3
1 a5 WF
A4AE > EXOM
16856 Aa=8
1416 E=9
1704 515= 1
A526 RETURHN
EHD

3082
208>
342
342)

2ad

368>

3612

3740

3730

361

(2]
T
2
R
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. &6 KEYREL 133
, 47 PREKEY 11§
A 17

1 16 EXTERMAL REFEREMCES
2 14 5

3 12 ALARM 24
4 11 fin Je
5 7 CHYDEP 171
5 6 DATDEC 341
7 4 10 DATE &5
8 3 DSPON 304
9 1 EQuUALS 32
= 31 . FCHNS 54
A 46 ' MEMORY 22
ALARM 23 - 45 15 OPRTRS  4n
an 71 _ PH 34
AWAKE 117 READCL &2 .
c 41 . STHTCH 75
cLaLL 181 - 144 SWARPHD 351
CLEAR 143 - 4z 20 SMCRLC 113
CLENT 165 - 145 SWEPRS  26&
CHYDSP 178 - 185 118 TIME 28

CHYERR 380 - 338 333 346
CHVEX 3rd - 211 215 228 27

) 358 25 ROM FILE - cRIt
CNYINT  2a81

i , 64

DATEIN 3215 : FILE CRI1

DEGEY 373 -~ 364

DECINT 332 - 242 _ 30 . : ENTRY CHYD2P

DSFOH 114 - 176 EMTRY SWARHMD

ENTCHE 216 -  z@4 213 EHMTRY  RE&DLL

ENTRY 222 -  z17 EMTRY DSPON

GETKEY 115 EMTRY SIGH

H: 1 268 - 318 35

HeM: S 255 - 314 8 CHYDSP 1956 p=n

HMSCHEK 385 - 245 247 1 1415 B=0

KEYREL 133 - 128 122 124 2 0314 P= &

M, 43 2 444 Sd= a

MEMORY 21 - 43 : , 0 4 1244 S1B= g

p 3 5 N47E /=L 5

PH 27 - 73 6 DECCHK 1176 a=p-1 5

PON 5] 7 ASA7 GONC INTCHE ¢ 121)

P03 67 -~ 354 18 DECDSF 1876 p=g 5

FREFIX 55 - 45 11 . 0838 fipl= g

PREKEY 118 - 50 4 g2 AE12 7 Ay=C ¥

PWRON 146 - ) 13 B113 GOYES FIMPT ¢ 223

R 76 14 1852 a=a 3

READCL 61 - 214 15 1152 g=a-1 ¥

RET 28 - 52 277V 343 16 A314 P= @

RKEY 172 - 78 50 I 8538 AcPY)= 5

g 73 28 A5S2 a=g~-C ¥

SLEEP 148 2 B23IV GOMC  SCOWCKE ¢ 473

SPCHK L 1: I 78 22 FIXPT @44 a=c M

SWAPMD 3I5@ -~ 315 23 RS2 @=0 w

T .. 63 55 24 BET2 7 A%A K3

TIMCHK 27 - 267 271 25 B147 GOYES  w+4 ¢ 31

TINDAT 2472 . 26 1112 a=8+1 &

TIME 29 - E3 : LEGAL

WAKEUF 77 27 Q157 GOTO  #+9 CO3E

® 34 60 3@ 1686 A SR M

ZRELMK 237 -~ 234 31 1112 A=a+1 ¥

ZRCHE 342 - 235 337 3z 8143 GONC  #-2 ¢ zEd

33 1314 p= 3

EHTRY POINTS 34 425 GDSUE  DSPRND ¢ 1853
- 65 35 1614 p= 18

AWEKE 117 35 B2ET GOTD  w+3 41

CHYE® 374 37 B42A P=p-1

CHYINT 281 40 1132 A=a-1 ¥

GETKEY 113 S 41 AE52 7 a#ns M
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47 APPENDIX ‘2 -continued 48

42 B177 GOYES #-3 ¢ 37y s 1262 AB EX WP

43 1622 @ SR WP ¥ 151 HMSSFT 1856 A SL

44 1238 ACPY= | 152 1656 / 5L

45 1314 pP= 3 153 1656 & SL

46 BI77 GOTO SPRESS ¢ 77> 5 154 A214 P= 2

47 SCOVCK 8852 7 a#e ¥ 155 1622 A4 SR WP

58 G252 GOYES #+2 ¢ 52 156 ) 1438 ACPY="

=1 A484 S494= 1 157 COLIHE B414 P= 5

52 $CI D448 A=C M 168 1622 & SR WP

53 * 3452 A=C ] 10 1e1 7 Sd4= B

S4 1514 P= g . 162 (ES  #+3 ¢ 1652
55 8425 GOSUB DSPRMD ¢ 185> 163 )

56 B412 ac Ex X 164 ) ¢ 1662
57 1514 P= € 155

60 AQ32 ? C=A &5 15 168 SIGHFH 1885 5 SIGN C o215
61 A3I27 GOYES  #+d ¢ 65 167 CHDSEX 1374 DSP=4

62 @312 C=-C ¥ 17a B47E A=C =

&3 1338 API= - 171 1176 a=Aa-1 5

64 BEIT GAOTO  #+2 ¢ EED T 1175 @=8-1 &

65 17308 ACPI=  ELAME 20 173 1178 A=A-1 &

6E B412 AC E& A 174 AYTT GOHC #4+3 ( 177
67 1862 a4 5L WF 17s A774 DSP=3U

7o 1662 4 5L WF 176 1813 GOTO #+4 ¢ 2823
71 1862 A 5L WP 177 1176 A=A-1 &

72 1662 A 5L WP 25 208 1013 GOHC #4232 ¢ 282>
73 #5144 P= 2 291 A374 DEP=CL

T4 1622 a4 3R WP 22 1734 A=LSP

TS 12368 ACPY= | 203 1524 7 513= A

7E 1514 P= & 264 1073 GOYES #+2 ¢ 2062
77 SPFRESS B&542 7 a#8 F 30 285 1174 DSP=AL

168 B733 GOYES SIGHFH ¢ 1862 208 AS24 ? 55= B

161 17308 AcPy= BLANE 2087 1A47 GOYES  #+2 Co2110
182 I F=P+1 : 21a 1853 GOTO #+2 ¢ 2123
183 F=P+1 211 DSPON @734 DEFON

164 GOTO SPRESS ¢ 77 212 AS44 55= 5]

1085 DSPREND 1245 AB EX M 35 213 KEYENT n2&4 GOROMD 2

186 A530 ALPI= S 214 AAAT GOTOX  KEYENT

187 1226 p=A+B NS 215 SI1GH G114 F= 11

118 1486 B=8 M 218 ASIE ACPI= S

111 BETE 7 A#E S 217 A114 P= 11

112 D463 GOYES  #+2 ¢ 114> 40 22p BEIE T Ar=C 5

113 A%z RETURN 221 1123 GOYES #+3 (224>
114 1826 & 3R WS 222 1338 AcCPI= -~

115 1112 a=p+l  H 223 AS20 RETURH

116 A424 7 S4= @ 224 T3IA ACFY=  BLANK

117 0457 GOYES  w-d ¢ 1133 45 g A28 RETURH

128 A113 GATO FIAPT {223 226 SWCHK 1176 a=a-1 =

121 INTCHK 1176 #=Aa-1 3 227 1163 GONC  CLKCHK ¢ 2340
122 1132 GOHC  SWCHE 2262 238 AST4 A=5SM

123 INTDSP 98456 a=0C 231 Q416 AC EX

124 fd414 F= 5 50 232 @436 AC EX S

125 1262 @B EX WP 233 AS17 GOTD INTDEP ¢ 123
128 AE4E T ARE M 234 CLKCHK 1178 A=a-1 S

127 A517 GOYES HRS ¢ 143y . 235 1247 GOHC  TIMCHK ¢ 258>
138 1262 AB EX WP 236 12601 GOSUE READCL ¢ 248>
131 p464 S4= 1 55 237 1253 GOTO  TIMDSF ¢ 252)
132 1556 A 5L 248 READCL BATY A=CL

133 1656 & SL 241 A274 CL=A

134 BE47 GATOD  HMSSFT ¢ 151) - 242 1656 A 5L

135 H: M 1252 4B EX WP 243 1556 A 5L

136 1614 pP= 18 g0 244 aa4e C=8 M

137 AE42 7 Ak8 P c 245 , 1414 P= 7
140 B&ET? GOYES COLINS ¢ 157) 246 @422 AC EX WP
141 1730 ACPY= ELAME 247 A520 RETURN
142 AS?T GOTO  #-3 ¢ 137 258 TIMCHK 1176 A=a-1 &
143 HRS 1282 AB EX WP . 251 1533 GONC  DATCHK ¢ 326>
144 1414 P= 7 65 252 TIMDSP 1056 A=0

145 1262 4B EX WP 253 A414 P= 5

146 « BE45 7 Q%A M 254 91247 S51= @

147 A567 GOYES H. M ¢ 135 255 1433 GOYES 12MODE ¢ 3663
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49 APPENDIX 2 -continied - - 90
255 1414 P= v 263 1646 A SL il
257 12RET B462 k=C WP 364 1622 A SR WP
260 1656 a 5L - 363 1306 A=A+E M
261 16%6 & SL 366 8528 RETURH
262 1656 & SL 5 367 NEGCHK 117€ A=A-1 &
263 1656 A SL 378 11V¢6 Aa=p-1 §
264 0514 P= 9 371 1176 A=n-1 8
265 1622 f SR WP 372 BB43 GONMC DECDSP ¢ 18>
266 1430 ALPY= . 373 517 GOTO INTDSP ¢ 123>
267 1514 P= 5 10 FILLTD EMD
270 1622 v SR WP 374 8888 HOP
271 1¥38 ACPY= BLANK 375 AEBE MOP
272 1314 P= 3 376 [ERE HOP
273 1224 ? 510= p 377 BORE MOP
274 1377 GOYES #+3 ¢ 277y 15 ) EMD
273 1238 AcPo= SYMBOL TABLE
275 1483 GOTO  #+2 ¢ 308>
277 1738 A(PY= BLANK : 12HODE 386 - 255
261 AE42 7 A#D P 20 CLKCHE 234 - 2a7
282 1423 GOYES #+2 { 304> CHDZEX 167 - 265
84 8314 P= 9 COLINS 157 - 148
385 Y37 GOTO  CHDSEX ¢ 1675 DATCHE 326 - =284
306 1ZMODE G448 p=C M 25 DECCHE e
218 1422 B=83 WP DSFOH 211
311 1414 p= 4 DSPRND 185 - 34 55
3z 0138 ACPY= 1 FIAPT 22 - 12 12@
313 @823 ACPY= 2 0 H:M 135 - 147
314 1256 AB EX HMSSFT 151 - 134
315 1356 A=A-B HRS 143 - y27
315 1523 GOHC  PH ¢ 3247 INTCHK 121 - -
3te 1316 R=n+s INTDSP 123 - 233 373
Eza PMRET 8556 AyD 35 KEYENT 213
3z 13168 A=A+B NEGCHK 387 - 327
LEGAL PM 324 - 318
323 1277 GOTO  12RET ¢ 257) PMRET 320 - 325
324 PH 1284 Zi8= 1 40 REATCL 248 - 236
325 1583 GOTD . PMRET ¢ 328) sc1 52
326 DQTCHK 1175 A=A-1 s SCD"."CK 47 - 21
327 1737 GONC  HEGCHK ¢ 367 SICN 215 - 1gg
238 Q456 A=C SIGNFY 166 -  1p@ .
331 1641 GNSUB SWAPMD ¢ 358) SPRESS 77 - 46  1B4
332 1656 A sL ¥ suePmp 350 - 331
333 2614 Pp= 2 SWCHK 226 - 122
334 162z A SR WP TIMCHK 258 - 235
335 1338 AcPr= - TIMDSP 252 - 237
336 1514 P= 6
337 1822 A SR WP 50 ENTRY POINTS
340 1338 A(PY= -
342 BE4Z 7 A P DSPON 211
344 1738 A(Pr= BLANK 55 SIGH 215
345 1483 GOTOD  LEADZR ¢ 366) SWAFHD 358
346 1230 A(Py=
347 1483 GOTO  LEADZR ¢ 398> " SENCES
350 SUAPMD D223 5 s2= EXTERMAL REFERENCES
351 1657 GOYES #+2 ¢ 353> -
352 A520 RETURH 60 KEYENT 214
353 214 P= 2 ROM FILE - CRIZ
354 1246 AB E¥ N
355 1262 4B EX WP
356 1414 P= 7 6 . FILE CRI2
357 1786 B SR M
360 1646 A S M EMTRY KEYEHT
361 1822 & 3R WP
36z 17RE B SR W A KEYEHT 1114 p= 2




b UL UT A I O I 5

-
i
)

==

164
181
162
183
184
165
1685

DPHIT

ZERRET
DIGITS

LSTDIG

ZERCHK

CHYDSF
GETKEY

AWAKE

SHFTLP

KEYLP

51

1836 ACPy= &
1114 F= 2
1232 B=n HS
1652 A=@ u
@444 Sd= B
@311 GOSUB  AWAKE
8120 £52-15= B

1804 s3= 1

1848 h=4 M

1405 B=8
9BSE C=6
B354 ? P# B
A187 GOTES #+4
@114 P= 11
1739 ACFY=  BLAMK
BE47 GOTO  DATENT
a@54 7 P# 1
BZ47 GOYES ZERCHK
8114 P= 11
1738 ACPI=  BLANK
BETZ 7 A#A WS
P143 GOYES #+2
@477 GOTD  TIMENT
1114 P= z

1238 ACPY=

1264 Si@= 1

1114 p= 2

532 C=B P
8832 7 C=6 uS
8487 GOYES KEYLP
@172 C=C-1 M5
1572 BC EN  WE
1532 c=g e
8232 ¥ C#E NS
@327 GOYES SHFTLF
1224 7 519= @
B237 GOYES #+2
@327 GOTO  SHFTLP
1204 Si@= 1
@487 GOTD  KEYLP
@114 F= 11
1738 ACPY=  EBLAHK
BEFE 7 A¥GD  HS
@157 GOYES ZERRET
1794 515= 1
A164 GOROMD 1
BERI GOTOX  CHYDSP
ABE4 GOROMD B
2083 GOTOY GETKEY
BEE4 GOROMD @
AE83 GOTON  AMAKE
@172 C=C-1 4§
BIZ0 P=P+1
1662 A 8L WP
AZZE 7 CHG HS
BIZT GOVES #-4
@420 F=P-1
1224 7 S18= @
BIET GOVES #+2
BIFI GOTO  #+2
1228 §iFi=
1738 ACPi=  BLANK
@e54 7 PE 1
BIF3 GOVES #-2
1652 A=@ u
1114 P= z
1374 DE"=4
@31 GOSUE GETKEY
1154 7 P$ 2
B443 GOYES #+2

s
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APPENDIX 2:continued.’

1315

S1

Ia)
1172

472
€32

1a1>

337

10

15

20

25

30

35

45

50

'55

65

197
116
111
112
113
114
115
116
117
120
121
122
123
124
123
126
127
130
131
132
133
134

135

136
137
148
141
142
143
144
145
148
147
150
151
152
153
154
155
156
157
160
161
162
163
164
165
1€6
167
ive
171
172
173
174
175
176

-
[

peduls]
281
202
283
284
283
28
287
21@
211
212
213

214

TIMEHT

DATENT

TDFIX

TWODIG

COLON

DSFFIX

Ble3

122
B457
a4ay
2o54
BE47
BET2
8143
1114
B389
1832
54a7v
#1368
BI37
g1ve
B17E
1584
1114
BEEE
1838
Ak
Bra3
1114
89236
1372
1418
Be2v
1614
1686
1730
1132
8613
G414
1627
BEZZE
0487
1114
a53e
1832
8407
8436
8114
A53a
B436
16684

1272

13r2

-
-
=~J
o]

Do B I I

© I GO n TR 1S B 15

e

DoCiE el S 520 I o o

S AL s RS SR I

1514

gscls]
1114
338

1”7':\

az14
1524
1837

1428

52
GOTO

7.818=
GOYES
GOTo

? P#
GOYES
? A#O
GOYES
F=
ALPY=
7 Ar=R
GOYES
C=C+1

GOYES
F=

BIPY=
F= )
BOP Y=
[ST=
FP=

7 513=
GOYES
BER )=
GOTO
HPI=
AlPI=
ACP)=

B A=

T OP#
GOVES

DIGITS
a8

#+2
KEYLFP
1
DARTEHT
DFHIT
el

-
&

(-3
Bl

KEYLP

w

+
i

OO o 0 0D E

ol (I LI B

- %
@ + w
£

M
ELAHK

2
®E

kg

5
COLOH
b
KEYLP
]

<

3
¥s
KEYLP

20 e 0 R O

K
v W

(¥ L3
PR~

THE

H+2
TWIDIG
M

5]

*+3

10
ELANE

-

<

-

1357
1642

14355

101>

2075

218>
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53 APPENDIX 2-continued - 54
215 TDLOOP 1852 a=o ¥ ROM FILE - CRIZ
216 1114 P= 2
217 1374 DEP=n FILE CRIZ
224 8301 GOSUE GETKEY ¢ 683 5
221 . 1154 7 P# e EMTRY DECTO
ez 1177 GOYES SPCHAR ¢ 237 EMTRY . DECDAT
223 1472 7 B=8 4§ ‘ EMTEY DECTIM
224 1147 GOYES DSPFUL ¢ 231) ENTRY DAY YR
2295 Hd414 P= = ) ENTRY IHC
226 1662 & 3L WP 10 ENTRY DIYSTP
C22F 1652 a 5L WF ENTRY THMS
239 1662 A 5L WP
231 DSPFUL @328 P=P+1 ® DECTN 8314 p= G
232 B328 P=P+1 1 1856 a=0
233 1662 A sL WP 15 2 Q476 a=C I
224 B428 P=pP-1 3 U676 7 A#e 5
233 g42m P=P-1 , 4 0833 GOYES #+2 ¢ 8
236 1853 GOTO  DSPFIX ¢ 212). s ' BS28 RETURN
248 1@E7 GOYES TDLOOP ¢ 215) 20 - BO47 GOMC %42 ¢ 113
241 1524 7 €13= @ 19 8528 RETURN
242, 1252 GOYES DATSP ¢ 252) 11 1176 A=f-1
243 TIMSP 9aS4 2 P4 1 12 8536 A=a+t 3
244 1867 GOYES TDLOOP ¢ 215) 13 B576 ? A#e o
243 BETZ ? A#G  uS 25 14 8747 GOYES DECTIM ¢ 171)
245 @143 GOYES DPHIT ¢  38) 15 DECDAT 6832 2 =0 Xs
247 1416 B=8 16 G107 GOYES #+3 ¢ 21
230 @414 p= S : 17 8046 C=p M
251 1627 GOTO  COLOM ¢ 285> 20 QBSz o=0 W
£92 DATSP , 8354 2 P4 @ 0 21 B436 ACFI= 4
253 1867 GOYES TDLOUP ¢ 215) 20 AS36 AcPY= 5
254" 1416 B=9 23 8738 ACPY= 7
233 8414 P= 3 24 9330 AcPy= 3
25¢. 1837 GoTD DASH ¢ 28?) 25 AAZ0 AcPy= @
FILLTO END 35 26 | B438 acey= 4
27 1838 A(PI= g
SYMBOL TABLE 30 B2 7 AX=Cc ¥
' 31 B163 GOYES #+3 L 343
RUYAKE 62 - 6 32 A2A7 GOTO  DATOYF ¢ 415
CNYDSP 56 40 33 1746 C SR M
CoOLOH 285 - 158 251 34 A112 C=0+1
DASH 287 - 2356 35 BE12 7 Ar=C ¥
DATENT 151 - 28 114 36 8157 GOYES #-3 ¢ 3B
DATSP 252 - 242 37 BEAS T {Y=C M :
DIGITS 34 -  1g7 45 49 B217 GOYES #+3 ¢ 43
DFHIT | - 11E 248 41 DATOVF 1134 BLINK
DSPFIX 212 - 236 42 B416 AC EX
DSPFFUL 2321 - 224 .43 PEE2 C=D WP
GETKEY 68 - 194 224 44 1656 A=8
KEYENT a3 45 B49S AC EX M
KEYLP 181 - 36 58 112 122 50 46 16086 4 SR H
152 15¢ 47 8865 GOSUB  INC ¢ 155)
LSTDIG 44 ' 58 : A514 P= 9 .
SHFTLP 65 - 43 46 51 BE2S GOSUB  DAY<YR ¢ 145)
SPCHAR 237 - 222 52 1814 P= 4
TBFIX 164 - 134 : 55 53 ' 8715 cosue DIVSTP ¢ 163>
TDLOOP 215 - 248 244 253 54 1514 P= 6
TIMENT 117 -~ 27 55 B715 GOSUE DIYSTP ¢ 163>
TINSF 243 56 B715 GOSUE DIYSTP ¢ 163)
TWODIG 177 - 171 57 BE8E 7 C=a N
ZERCHK 51 =~ 22 60 €0 B377 GOYES HTLEYR ¢ 77
ZERRET 33 -~ 54 61 @214 P= g
, 62 G565 GOSUB  IHC ¢ 155)
ENTRY. POINTS 63 BE42 7 A%0 P
64 BEITP GOYES HTLPYR ¢  77)
KEYEHT a 65 65 . 1256 @B Eu
' .. BE 1856 A=n
EXTERNAL REFEREMCES 67 BE14 P= ]
7o BE38 ACPI= g
AMAKE &3 71 B514 P= 9
CHYDSF 57 72 1816 7 A»=B
BETEEY 51 7 B457 GOYES WDDI6 ¢ 1133

e —




74
75
76
e
168
181
1@z
183
184
1a3
18e
167
118
111
112
112
114
115
116
117
128
121
izz
122
124
125
128
127
130
131
13z
133
134
133
136
137
149
141
142
143
144
145
1486
147
158
151
152
153
154
155
156
157
187
151
1£2
1632
164
165
1E6
167
17a
171
17z
ivra
174
175
176
177
288
201

HTLPYR

ADD3e

MOMTH

BAY/YR

RET

DIYSTP

DECTIM

TIMOVF

B39
B13Z8
B4E7
1agz
1258
183&
Aald
BEIe
1138
BEl4
181e
B4357
B3ze
B238
047
G328
Baze
1318
1514
1236
1856
QizZa
BE3a
ahajete
BezZa
1238
Bz214
avis
BY1S
1614
BEED
1618
8214
p4z2
8436
8416
1624
avey
1644
Ba64
pRa3
1256
Q33a
8538
as3a@
8230
8538
1256
G528
1256
1656
@13g
131€
BEZe
@1e2
12686
B¥13
1326
B4zl
18E8
Boze

s heleodel
ol

1827
BELE
1827
1145
1314
194z
8436

35

ALP=
ACPo=
GOTD
A=A
HE EX
A=

P=

AcPI=
ACR)=
F=

7 Ar=B
GOYES
REPI=
ACFa=
GOTO
ROFI=
A(Pa=
A=A+E
P=

aE Ex
A=
ROPY=
HiFa=
ALPy=
ALPY=
RE EX
P=
GOsSUE
GOSLUE
P=
GDEUE
f SR
P=

AC EX
AC EX
AC EX
7 E14=
GOYES
S14=
GOROMD
GATOx
AE EX
A(F)=
ACPY=
A(P)=
A(PY=
ACPY=
AB EX
RETURM
AE Ex
A=8
ACPa=
A=A+E
RETURN
C=C+1
H=f-B
GOHC
A=A+E
P=F-1
A 3L
RETURHM
ROF)=

T WD -

-

3

1
MONMTH
WP

W W LD

ADDZAE
3
2
MOMTH

DIVSTP
DIVETF
1a

INC

wE W
o

RET

5]
CHYEX

(L. 3N VAR B Y]

Mg

h-2

M

we
¢l

HOTOYF

A2

APPENDIX 2-c
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{
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4

<

<

{
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ontinued

1157

113>

163>
1637

155>

161>

285D

HOTOYF ( 285>

LU s B 4

10

20

25

30

35

45

50

55

65

202
283
284
285
206
287
218
211
212
213
214
215
216
217
a2z
2zl
222
223
224
225
226
227
238
231
232
233
234
235
236
237
240
241
242
243
244

HOTOWF

PTRLP

CHYSEC

XECHK

ALIGH

TODY

SECRHD

FTRFOS

THHE

ALIMLP

B416,
g452
1124
1556
BOSE
1352
1014
1508
1756
1152
1347
1371
2428
@420
137
1858
8314
9330
1352
BETE
1143
1163
A415
1658
B416
1058
1472
1177
1152
1152
1423
B114
3430
1376
BETE
1237
1253
1136
1136
1277
1958
1472
1573
1756
1573
1656
1472
1453
AZ14
D44z
AT1E

17358

1314

1615
1337
B32H
@134
1857
1371
1183
a4e2
1762
BEZEZ
aled 3
Brez
ol
1738
B216
1177
1543

L B
I o

[ o T 1}
-

HiooH
WM WmZIDwo
0=~ @

[

L

5
r
]

[l (I}

"-J?I*'UI}D'D'UDDI?HO'U‘I*
I
1
m

R#e
GOYES
GaTo

HC EN
A SL

AC Ex
A=0

? B=B
GOYES
A=pf-1
A=A-1
GONC

P= .
ACPY=
A=R-B
7 AH#B
GOYES
GOTO

A=A+1

Moo DO D0
o i 1] i In
m o~ 0 [ e |
o =+
Lea) D)

+
[y

d
n
o=

GOYES
GOSUB
GOTo

"
&

PTRPOS
THHS

THMS

O S ®

%
LU

[ ]
T
~

pey

—“SNW* %W
+ +
£ M

o
=]
=

kit

HMS1
HMS1

HE
HMCHE
)

P

3
HMSEMD
MIMRERD

11
FTRELF
THME
CHYSEC
WP

WP

P

WE

WF

ALIGH
TEXIT

¢
{

<

2712
2ve6

2385
2342

237D

384>

247)
2523

2437
A2V



31@ MOHMOY aaez

311
312
313
314
315
318
317
326
321
322
323
324
325
326
327
330
331
332
333
334
333
338
337

HHMCHK

MINRND
TEXIT

HMS
HMS1

340 -

341
342
343
344
345
346
347
350
351
352
253
354
395
356

257
3&0
361
382
362
364
363
365
367
3ra
K¥g |
3vz
373
374
375
76
Ire

HMSRN®

HMSINC

1543
1414
8422
BB16
1367
B422
1314
18356
8330
§32a
peEaz
1443
Baez
1545
1615
1578
1478
avay
1956
8773
o422
6714
B442
Av1E
pas2
1333
1856
8338
nzz2a6
neEe2
B7ev
8842
8320
185¢&
1182
By1E
B3za
kel

aaEa
BEAR
BEER
BHag
Bane
Baae
alalz]s
Dasa
paaa
BRa6
HEaa
(slale]s
BEEG
(1515 15]
BREE
Boaag
Beae

SYMBROL TQBLE‘

ADDZH

ALIGH

ALTHLP
CHYSEC
DATOVF
DAY YR
DECDAT
DECTIM
DECTO

DIVETP

113
237
84
228
41
145
13
171
g
163

57

C=9 - up
GOTO  TEXIT
P= 7

AC EX WP

? £=0

GOYES  HMS
AC EX WP

P= 3

A=@

ACPY= 3
P=P+1

? AY=C P
GOYES HOHMOY
£=0  up
GOSUB  HMSINC
GO%UB HMSRND
BC EX S

? B=0 5
GOYES RET
a=o
GOTO  TIMOVF
AC EX WP
P= 1
A=C P
C=A+C
C=a WP
GOTO  SECRND
A=8

ACPY= 5
P=P+1

? AMSC P
GOYES RET
C=e P
P=P+1

=0

A=A+l P
C=A+C

P=F+1

RETURN
FILLTO END
HOF

NOF

HOP

HOP

HEF

MOF

MOF

HOP

NOF

MOF

HOP

MOF

HOF

MOP

HOP

HOF

NOF

END

73 107

396

240
27s

32

s51

14

53 55 56

<

¢
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330

3352

318>
331>
343>

161>

1762

2662

161>

10

15

20

25

30

35

45

50

55

65

HMCHK 31z
HMS 335
HHMS1 3386
HMSINC 351
HMSRHD 343
INC 1355
MINRHD 327
MONTH 115
HOHHOY  21m@
HOTOWF  zes
HTLPYR i

PTRLP 213
PTRPOS 271
RET 151

SECRND 2gg
TEXIT 338

THMS 2vs

TIMOVF 17
T0DY 23
XSCHK 23

ENTRY POINTS

DAY/YR 145
DECDAT 13
DECTIM 171
DECTO 5]
DIVSTR 163
IHC 133

THMS . 278

58

261
L3195
234
328
267
47
278
Ve

32
==

1732

58
273
214
141
342
387
213
334
251

227

EXTERHAL REFERENCES

CHYEX 144

ROM FILE - CRI4

TODEC

12 DATDEC

84 7e
BETS
PE23
Bs5z

1138
pa3?
Bszne
1176
BS36
BIE3
1514
1782
1314
8@z
aiav
1514
alaz
185¢
1414
8338
1156
0214
B2z
8173
1858

FILE

ENTRY
EHTRY
EMTRY
EHTRY
EHTRY

~

A=C

T A#O
GOYES
RETURH
A=A+l
GOMC
RETURHN
A=A-1
A=A+C
GOHC
P=

C Sk
P=

? C=8
GOYES
P=
C=C+1

o

1

I o
Ll I}

LU | N |

C

I
w o

TOWTUDD DD
o
rI:i N

1l
& -

CRI4

TODEC
DATIEC
TIMDEC
HORM
MLTSTF

S
S
*+2

* W

IMDEC

DM E TDWE N D
+ 0
i

O ~J

2
WP
JAHFEE

Fal

¢

4

4>

7

134>
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31 1414 p= 7 it : 137 . 952D RETURN
32 B138 ACPI= 1 140 1852 A=0 WP
33 16814 pP= 4 141 A314 P= a
34 8138 aipI= 1 : o 142 AS368 fAcPI= 5
35 BZET GOTOD  #+4 ¢ 41> 7 3 143 9486 AC EX M
IE JANFEB 18955 a=0 o 144 0412 ac EX A
37 B1368 A Py= 1 ' : 145 1114 P= 2
40 8336 ACRI= 3 _ 146 PTRLP B328 P=P+1
41 B716 C=A+C 147 , 8132 £=C-1 %
42 1855 a=a 10 150 ¢ 1656 & SL
43 1415 E=@ 151 BETE 7 RA#O S
44 1614 P= 18 152 BEE7 GOYES CNYRT ¢ 155
45 @515 GOSUBE  DAY-/YR ¢ 123) 153 6254 ? P# 8
46 1814 P= 4 154 8633 GOYES PTRLP ¢ 148)
47 AS2S GOSUB MLTSTP ¢ 125> 15 133 CHVRT 16156 A 3R
58 525 GOUSUE MLTSTP ¢ 125 136 1332 BC EX X
51 @S25 GOSUB  MLTSTP ¢ 1250 157 84406 AC Ex M
52 BESE T A#A 18 B3z C=n "
53 . @267 BOYES #+2 ¢ 55> 161 #7751 GOSUE  THMS (1743
54 8363 GOT0 w4+ G ¢ 68) 20 1":'-2 B¥71 GOZUR  THRS O1TED
55 1158 a=n-1 163 RI2E P=F+1
56 B414 P= 5 164 G328 F=P+1
57 1662 a=9 WP 165 AT22 C=a+C WP
€0 1256 GB E¥ 166 ATELl GOSUE THMS ¢ 174
61 1856 A=a a5 157 AF71 GOSUE THRS ¢ 176>
62 1514 P= g 178 BS16 A=A+C
63 333@ ACPI= 3 171 1552 BC EX ¥
64 B ive 1815 GOSUE HORM - ¢ 283)
£5 £ 173 G528 RETURM
65 j0 174 THMS ' B354 GOROMD 3
67 7 175 BB83 GOTON  THMS
rds| E MLTSTP ¢ 1253 176 THRS 0522 fa=a+C WP
71 SUBE  HMLTSTP ¢ 1252 177 1762 © SR WP
72 1256 @B EX 2680 AZER 7 CHE WP
73 1656 @=a 201 @773 GOYES #-3 ¢ 1763
74 1514 p= & 35 2oz 8528 RETURN
75 G438 AcPI= 4 283 HORM 1514 P= 19
7E 238 acPi= | = 2649 BEE2 7 A%E WP
i 1138 AcP)= = 2as 1857 GOYES HORMLP ¢ 213)
168 1256 AB EX 206 AB4s C=0 . M
191 1356 A=a-B 40  zav AR5 C=@ #
162 1656 & SL 21n B528 RETURH
163 1656 & 5 211 1656 A SL
164 1745 © SR M 21z A152 C=c-1 ¥
185 1746 C SR M ' 213 HORMLP @542 7 afie P ,
165 1745 © 3R M 45 213 L1BFI GOYES %42 ¢ 2162
187 B414 F= 5 215 1847 GOTO  *=-d4 ¢ 211
118 1862 a=a WP 218 1415 B=4a
111 BaEZ C=8 WF 217 1876 G=9 g
112 BSHE A=A+D M 220 1314 P= 3
113 8314 P= &, 50 221 222 B=A WP
114 B438 ACRI= 4 2ze 1316 A=H/+EB
115 412 ac EX X 223 1862 &=9 WP
116 1615 GOSUB HORM ¢ 293 224 GETE 7 A#E S
117 1624 7 Si4= @ 225 1137 GOYES #+2 ¢ 2273
129 8557 GOYES RET © 133y g5 226 1147 GOTO #+3 ¢ 2313
121 @364 GOROMD 3 227 1616 A SR
122 AEa3 GOTOX  DECTO 238 8112 C=C+1 &
123 DAY/YR 9364 GOROMD 3 231 F40E aC EX M
124 BREE GOTOX  DAYSYR 232 8528 RETURN
125 MLTSTP 1616 B SR 60 FILLTD EMD
126 B543 GOTOD  #+2 ¢ 1383 233 aa[e HOP
127 1318 A=a+E 234 6888 HOP
138 Bl42 C=C-1 F 235 AEe HOP
131 @537 GOHC  #-2 ¢ 1277 236 Gea8 MOP
132 326 F=P+1 237 8aea NOP
133 RET BS28 RETURN 65 248 GA88 HOP
134 TIMDEC 1514 P= 1@ 241 pARe HOF
135 G222 7 CH#B WP 242 _ BEAA HOP
126 BEAI GOYES  #+2 { 148> 243 aaae Hop
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61  APPENDIX 2-continued 62
244 ABEA WOP : 21 @123 RAOYES  #+3 ¢ 243
245 a608 HOP 22 Al44 51= 8
248 * HAGA NOP 23 AF37 GOTO  CHYDSF ¢ 1670
247 © @BEA HOP . 24 Aa184 si= 1
250 AEQA0 NOP 5 25 . BFIF? GOTO  CHWDZIP ¢ 167>
251 BAAO NOP C 26 FCNS G854 7 F# 1
252 8808 NOP 27 8433 GOYES RET ¢ 186D
] . RET2 7 p#E M5
SYMBOL TABLE o 8683 GOYES FMTCHG ¢ az
. 10 32 A484 S4= 1
CHYRT 155 - 152 33 B1T7 GOTO  #+4 37
DLTDED 12 34 OPFCNS 1152 p=p-1 X
DAY/YR 123 - 45 . 35 BS37 GONC  2ICHK ¢ 1279
JGHFEER 325 - 27 36 8444 S4= a
MLTSTR 125 =~ = 47 s8 s51 78 15 37 G476 A=C S
: 71 48 AS3E A=A+C S
NORM 203 - 116 172 41 8767 GOMC  RSTA ¢ 175D
NORMLP 213 - 285 . 42 BETE 7 a#p =
PTRLP 148 - 154 43 8767 GOYES RSTA 0175
RET 123 - 126 : 20 44 1721 GOSUB CHYINT ¢ 364>
THMS 174 - 161 166 45 1541 GOSUB DATDEC ¢ 3585
THRS ive - 162 167 48 AZE1 GOSUBE ALIGHN ¢ 743
TIMDEC 134 - 11 47 " 1514 P= 3 ’
TODEC 8 50 1631 GOSUE INC ¢ 346)
, 25 51 . 1614 P= 18
ENTRY POINTS 52 A424 7 S4= A :
o 53 @437 GOYES DY {187
DATDEC 12 54 DU 1256 AR EX
MLTSTP 1253 55 1856 A=A
NORM 2n3 56 A738 ALPI= 7
TIMDEC 134 0 57 1256 AE EX
TODEL a s 1671 GOSUR  DIVSTP ¢ 3S6)
g1 igs4 * P& 4
EXTERMAL REFERENGCES 82 AIA3 GOYES #-2 ¢ 58
&3 1616 & SR
DAYSYR 124 ' 35 es BEAE
DECTO 122 65 3ITT ¢ B7)
THMS . 175 66 1316
67 A416 Ac
ROM FILE - CRIS TE EXIT  A12p s 5
40 Tl ALEXIT 1G94 s52=
72 1764 515= 1
FILE CRIS 73 AT37 GOTO  CHYDSP ¢ 1673
T4 ALIGH 1855 @=g0
EHNTRY FCHS 7S 314 P= )
EHMTRY OPFCHS 45 TE A430 [iFy= 4
EHMTRY ~3T T ASS2 f=a-C 0 ¥
EMTRY @AM 180 A4d5 A= M
ENTRY FH T 1at A423 GOTO  #+3 £ 194D
EMTRY EXIT 182 1EBE A SR M
EMTRY BLEXIT 50 1@3 1132 A=p-1 X
ENTRY ALIGH 184 AESZ 7 A ¥
185 B413 SOYES  »-3 ¢ 182
B FHTCHG 8478 A=C s 186 RET A520 RETURM
1 B536 A=A+C 3 187 DY HESE C=9
2 8863 GONC  THMOFDY ¢ 14> 55 118 B112 C=C+1 A
3 BETE 7 A#O S 111 @112 C=C+1 X
4 BYS7 GOYES RSTA 175> 112 1vel DAY-YR ( 3687
5 DATCHG 1721 GOSUE CHYINT ¢ 354) 113 1671 DIYSTF { 355)
6 0224 7 52= @ 114 1671 DIYSTF ¢ 3562
7 G853 GOYES #+3 ¢ 12 115 1671 GOSUBE DIWSTR ¢ 3587
16 BZ44 S2= A 60 g AzZ14 P= 5
11 T3ET GOTO  CHYWDSP ¢ 167) 117 1618 A 3R
12 @204 S52= 1 126 ARAE 7 C=@ M
13 “BTIT GOTO  CHYDSP ¢ 167) 121 A%17 GOYES #+2 ¢ 1233
14 TMOFDY B114 P= S11 122 1631 GOSUR  IWC ¢ 3480
15 @238 ACPI= 2 65 123’ 1414 pP= 7
15 G638 7 Ar=C 3 124 1962 A=8 We
17 A7ET GOYES RSTA £ 1750 125 1711 GOSUB  MORHM ¢ ZE2
20 TIMCHG @124 7 Si= @ . 128 8343 GOTO  EXIT CTaen
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63

127 21CHE 1132 A=A-1 K 233 8343 GOTO EXIT L
130 BE27 GOHC EXCHE - £ 143 234 AR7s C=A =
131 21 A476 A=C s 235 R136 C=C+1 S5
132 A536 A=A+C S LEGAL
123 BYE7 GOHC R3TR ¢ 17sy 3 236 - A343. G0TOD. EXIT ¢ 7a
134 RETS ? A#E 5 237 an 1634 DSPOFF
1335 AYey GOYES RETA 175 240 _ 6464 34= 1
136 1724 7 515= 4@ 241 1347 GOTO AP {271
137 BEAT GOYES  #+2 ¢ 1413 242 PH 1834 DSPOFF
148 ATE? GOTO RETR ¢ 175> 10 243 6424 ? S4= @
141 1721 GDSUEB  CHVINT ¢ 364D 244 1347 GAYES nf ¢ 271
142 1814 P= 4 245 T-> BE3e ? C=8 §
143 @aig2 Cc=Cc~1 P 246 18683 GOYES GETKEY ¢ 268)

. LEGAL 247 B476 A=C 5
144 8737 GOTO CHYDSP ¢ 1673 15 258 1136 @a=p+1. 5
145 EX¥CHK 1132 A=A-1 ¥ 251 1257 GOHC #+2 (2535
146 PESE GOHC cs ¢ 152> 252 AVE? GOTO RETA £ 1750
147 EXCH GOSUB CHYINT ¢ 3643 253 B47E A=C 5
158 Ch EX 254 ASZE A=/+0 S
151 GOTO  EXIT ¢ 78> 55 255 BETE 7 A#D B
132 €= p= 11 256 1363 GOYES 42 ¢ 268>
153 ACRI= 7 257 ATET GOTO RETH ¢ 179
154 & 7 A»=C S 268 1721 GAOSUE  CHYINT { 3640
155 GOYES  FLUS 1713 261 1651 GOSUB TIMDEC 3522
156 CHS ? 515= 8§ 25 262 B47E A=C 5
157 T GOYES  #+3 LO1E2 263 A5R6 A=i+C 5
166 2 7 C=8 WP 264 1337 GOHC #4-3 L 2673
161 7OGOYES  #+Z fO1E3 265 B136 C=C+1 5
162 3 Z LEGAL
163 i1 S IGH L ZEED 10 266 B342 GATO EXIT L b
164 4 2EB7 RAETE L=/ ]
185 MODEX 1724 5] 278 H3432 GOTO EXIT L TE
186 BY72 FEYVE® © 1PED 271 AP 1611 GOSUE TIMCHK ¢ 342>
167 CHYDSF @1ed 1 272 B7Yz4 ? ET= B
178 GRRZ G0TOHE CHYDSP . 2v3 BYE7 GOYES RSTwH ¢ 1752
171 PLUS Hi14 P= 11 35 274 A124 7 S1= @
172 H238 AcPl= 2 279 1377 GOYES #+2 L 27T
173 ASTE A=A~C 5 275 1487 GOTO *+3 ¢ 381
174 18132 GOMNC SWCHE ¢ 2823 277 1724 7 S15= @
175 RETA ¥24 [=D3P 3889 1417 *+3 L3330
176 KEYE¥X 1114 P= z 40 391 1721 CHYINT ¢ 3e4)
177 1852 A=A kS 3|2 1517 Man24 ¢ 3230
200 GETKEY ©9&4 GOROWD 8 383 1721 CHYWINT ( 3542
281 REG3I GOTOX  GETKEY 294 H2T6 5
282 SWCHE 9578 7 k#a = 385 1437 w432 387
283 BETZE GOYES CHE L 1582 45 386 1517 MOD24 ¢ 323
284 AS74 /=3 387 AETE b
283 113¢ A=A+l 3 318 1414 7
285 A416 AC EX 311 @138 1
287 BETI GOTD CHE 1860 312 G230 z
218 -7 B4TE A=C 3 50 313 1582 WF
211 AS36 A=H+C 3 314 Adz4 s 5]
212 1B73 GONC #4d ¢ 2160 315 154732 YES  PHMCHK ¢ 3380
213 BATE 7T AH#B 3 316 AMCHK 8548 g=p-C M
214 1873 GOYVES #+% C 2162 317 Ag+E 7 A#E M
215 BYET GOTO ESTH ¢ 173y g5 328 1513 GOYES #+2 ¢ 322
21& 1721 GOSUE  CHVIMT ¢ 364: 32 AQ4s C=@ M
217 B23C 7 CHB S 322 FIXTIM 1562 BC EX WP
22a 1117 GOYES  #+3 ¢ 223> 323 MOD24 1821 GOSUB  TIMMOD ¢ 3447
221 B138 C=C0+1 & 324 A114 P= 11

LEGAL 60 325 84328 ALPY= 4

222 1137 cATO TOHMS « 227> 326 B41& AC E¥
223 A47E A=C 5 327 AZ43 GOTD - EXIT ¢ va
224 1136 A=A+l = 338 PMCHE 8288 7 C#B8 N
225 1143 GOMC #+3 . 236 331 1557 GOYES  #+2 ¢ 233D
226 Bive C=C-1 3 332 1513 GOTO FISTIM ¢ 3220
227 TOHMS 1€sl GOSUB DECTO ¢ 354) 65 333 1146 a=n-1 ™
238 8476 A=C S 334 BEAE ? AX=C M .
231 B536 A=p+C 5 335 1577 GOYES #+2 337
232 1163 GOHC *+2 {234 336 1513 GOTO FIXTIM £ 322>




337 * 1106
3480 avae
341 1513
342 TIMCHK 0664
343 RBB3
344 TIMMOD @Ess
345 8883
246 INC '~ @364
347 80483
358 DATDEC Bd454
351 pEas3
352 TIMDEC B454
333 [aa3
354 DECTO 83Ig4
335 8883
336 DIWSTP 8364
357 BBA3
358 DRY-YR B3IG4
361 BEa3
352 HORM R
363 pRaE3
364 CHYINT fo54
355 HE63
366 SIGN H1g4
3867 BBeaE3
370 Baoa
371 alalzls
3rz ado ]
373 aana
374 BEE3
375 afn =]l
376 alads]s)
377 alalss

SYMBOL TAEBLE

~>T 210
21 131
21CHK 127 -
ALEXIT vl
ALIGH 74 -
A 237
ANCHE I1e
AR 271 -
CHES 136 -
CHYDEP 167 -
CHYINT Ze4 -
cs 132 -
DRTCHS 5
DATDEC 3256 -
DavsYR o Zes -
DECTO 334 -
DIVSTP 356 -
DU 54
oy 1av -
EXCH 147
EXCHK 143 -
EXIT ¥a -
FCHS Z6
FIKTIN 322 -
FMTCHG a -
GETKEY 204 -
INC Ide -
KEYEX 175 -
MODZ4 I23 -

65
AzA+1
C=A+C
LEGAL
GOTO

GOROMD
GOTO¥

‘GOROMD

GOTOX

GOROMD

GOTOX
GOROMD
GOTORK
GOROMD
GOTOX
GOROMD
GOTOR
GOROMD
GOTOX
GOROMD
GOTOK
GOROMD
GOTOM
GOROMD
GOTOX
GOROMD
GOTOX
FILLTO
NP
HOP
HOP
HOF
HOp
NP
NOF
HOP
EHD

241
283
11
73

21e

.
s
m

n o~
T M = L
S~

1]
s

_

13 i}
LU

M
M
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¢

FIXTIM ¢ 322>

-

o

.TIMCHK

6
TIMMOD
3
INC

4
DATRDEC
4
TIMDEC
3
DECTO

3

DIYSTP
IAY YR
4

HORM

a
CHYIHNT
1

SIGH
END

244

267
13

14
44

jod ]

23

141
@1

113

o
-

~o
)

274

[y
s
Lo

O
¥ ]
(4]

341

—
[
T

prs )
=
)

5
10
15
20
25
30
35
40
45
25
147
zaz 30
55
115
60
238
27
65

MODEX
NORM
OFFCNS
PLUS
PM
PHMCHK
RET
RSTa

SIGH
SWCRE
T-x
TIMCHG
TIMCHE
TIMDEC
TIMUOD
TMOFDY
TOHMS

ENTRY POINTS

~>T
ALEXIT
RLIGH
AN )
EXIT
FCNS
OPFCNS
PH

LE3
362

34
171
242
338
106
173

k11
282
243

zd
34z
352
3444

14

2z7

218
71
74

237
70
26
24

242

- 123

- 155

LI |
[ 1 R i)
M r=
Jo GID2 W B ) DN

=5 ol

I
[V
s [ RN |
P T G e

|
[0
o)

EXTERNAL REFERENCES

CNYDSP
CNYINT
DATDEC
DAY~ YR
DECTO
DIMSTR
GETKEY
THC
HORM
SIGH
TIMCHE
TIMDEC
TIMHOD

17e

ROM FILE - CRIS

B MEMORY 18324 DSFOFF

1
2

FILE

EHTRY
ENTRY
ENTRY
ENTRY
EHTRY
ENTRY
‘ENTRY
ENTRY
ENTRY
ENTRY
EHTRY
EHTRY
EHTRY
EHTRY
EMTRY

0424 7 S4=
@127 GOYES

133
257

i7 41 43
148 215

273

CRIG

MEMORY
RETHEMN
STWTCH
RETESM
DATE
RETDAT
ALARM
FETHL
TIHE
EETTIN
ECLTIM
TIMMOD
TIMCHK
ERRCOR
SWEPRS

o
RCLMEM <

253




26
2?

31

T ds W) @D e G T = @D~ T 8o

R I B s Bt B e B T SO s s s PO O DO RS R IR IR I

198
181
182
183
184
153
168

EQOFPS

STOMER
RETHER

RCLMEM
EXIT

STWTCH

STOSW
RETSW'

FIXERR
ERROR
CHYDSP

TIMINT

SWEX

OHCHE

)
~

g624 7 SE=
@847 GOYES
@744 S7=
1184 ga=
@764 GOROMD
AEET GOTON
1641 GOSUE
A475 B=C
1176 A=A-"
1176 A=A-1
1176 a=a-1
9167 GOHC
B17E6 C=0C-1
LEGAL
@123 GOTO
1176 a=A-1
G123 GOHC
@136 C=C+1
14 M=C
234 =t
@564 GOROMD
GEE3 GOTOH
1834 DSFOFF
B424 7 S4=
B483 GOYES
@c24 ? S6=
P207 GOYES
8744 S7=
1184 39=
1304 S11=
BAZ7 GOTO
1641 GOSUE
f114 P=
Q470 ACPY=

BE3ZS 7 AM=C
B253 GOYES

2 Ac EX
ELIHK

B164 GOROMD

BOR3 GOTOX

BE1E

B2T3

GOYESD
BSES A=A+C
157
8344 =
RESE 7 A#A
AZEFI GOVES
1274 Su+
B2ST GOTO
Sh-
SW=R

. C=@

g C=C+1
C=C+1
LEGAL
GOTO
c=Cc-1
s L=C-1
C=0-1
GOHE
GOYES
SWSTORP

5]

5]
1

-
¢

EQQPE
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STOMEM ¢ 147

CHYIMT ¢ 3587

LOORE L O

wox
+
P3|

OHCHE
5}
ZTOSW
a

1

1
EQOFS
CHVWINT
11

4

2
TIMINT
s

1
CHYDSFR

H+ 3

oW W

MIT

=
m
=

* G Uy Ul 0 Wm

*
+
e

(

-~

(

~

-~

.

245

243

ia2?

41>

7
3s@)

10

15

20

25

30

35

45

50

55

60

65

IOV I I &5 I 5 3 LV VI 0 l‘d. ) M) [

187
1ia
111
112
113
114
113
11¢
117
128
121
122
123
124
125

b oY
3 bk

Lol o B e S o I o B I oy B on |
R0 B o5 B o RV R N R Y |

nued -

DATE

STODAT
RETDAT

RCLDAT

ALARM

STOAL

2 RETAL

RCLAL

az4d

B3E3

1574

BIiG4d

-

B3&3.
1834

B424

AE23.

BEZ4

H3I27 .

5744
13084
14094
BAZ?
1641
G114
B33

8svs
BaTE

6237

S

1651
1651
8418
ea74
8414
416
B422
a274
aEaE
1856
B314
8430
8538
8416
a414
1644
an74
az74
1862
9406
1671
@133
1834
@424
1827
pE24
a7 47
a7 44
1304
Ba37
1541
1515
a7z4
B237
1231
16186
1616
1524
1823
1774
1827
a474
1474
1656
1655
B114
2430
8416
B1zn

15684 £

RN Y Y

=

TRT

WY D Gl

L= I
W == I <=0 TH W
RLLRE ST L) B e e :
wro o :

= O " H
m

I~ DD e =] O
Tt
i

DD VLI WMMMD

J?'U
[y

? AH#O
GOYES
GOoSUe
Gosug
AC EX
A=CL
P=

A EX

AC EX

CL=#a
HOP
A=A

Fe=
ALRy=
ACPI=
AC EW .
P=

L rne B v I o R 1 N el PR S
LUl | Iy A -3
Oz m T
] m
T‘

Do ]
LR R R

m o m e o

W

RO vy S T o Iy g T e Sy e R 61

!

w0
i

S11=
EOTO
GOSUE
GOEUE
T OEY=
GOYES
Gosue
SE
SR
513=
YES
T0G

MDD LoD DD
i or o
W I i —
rrrno

ACPY=
AC EX

SE-15=

oo
-
0

)

A

SWEXR

1
SWEH

B

RCLDAT .

8
STODAT

8

1

1
EQDFP3
CHYINT
11

3

S

]
ERRDR
DATDEC
ALIGH

Wp

L) O

=L

WP

DECTO
EXIT

)
=
el
=

2@ A D
.—’
o
ot
i~

EROPS
CMYINT
TIMCHE
A
ERROE
TIMMOD

o
*+3

k2

P

74)

740

144>

7
3582

472
352>
3540

171>

[ |
™) i
L8 IOt |
et wt

o

S
T o=
At

20843

2683
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215 8564 GOROMD' 5 | ; 323 TIMCHK B7@4 57= 1

215 8803 GSOTOY ALEXIT 324 A4TE A=C 8

ei? TIME 1834 DSPOFF : 325 @538 A=A+C 35

220 0424 ? S4= g 326 BE7E 2 A#D 5

221 1213 GOYES RCLTIM ¢ 242> > 327 1353 GOYES #+3 ¢ 332>
222 - 9624 ? g6= g - 330 NOTIM @744 S7= 9

223 1133 GOYES STOTIM ¢ 226) 331 « 9520 RETURN

224 1964 GOROMD 2 332 8476 A=C 5

225 6563 GOTOX  TUPDAT S 333 1136 A=A+l § N
226 STOTIM 1841 GOSUE CHVYINT ¢ 3say 10 334 1547 GONC  #-3 ¢ 331>
227 RETTIM 1515 GOSUB TIMCHK ¢ 3235 335 1543 GOTO  HOTIM < 338>
2320 ' 8724 7 s7= @ 336 SWSPRS @324 ? S3= 0

231 B237 GOYES  ERROR ¢ 47) 337 1623 GOYES 45 ¢ 344>
" 232 ¢ 1231 GOSUB TIMMOD ¢ 246) 240 8574 A=SY

232 1516 A SR 15 341 1138 A=A+l 35

234 1616 A SR ' ' 342 8416 AC EX

235 8416 AC EX . 343 8242 GOTO  CHYDSP ¢  5@)
236 9414 P= s : 344 1856 A=o

237 8874 A=CL 345 BE74 Sl=h

248 8422 AC E¥ WP 20 345 1274 Shi+

241 8174 CLRS=A ' 247 B243 GOTOD  CHYDSF ¢ 58
242 RCLTIM 8114 P= 11 ' 3568 CNVINT 0064 GOROMD A

243 #3238 AcPY)= 3 ‘ 351 BABE GOTOX  CHYINT

244 B435 AC EX 3 I52 DATDEC 8484 GOROMD 4

245 A133 GOTD ~EXIT ¢ 26 25 333 - BRB3 GOTOXY  DATDEC

246 TIMMDD 1856 p=a i 334 ALIGN B LOROMD 5

347 1416 3=8 : 355 AREZ GOTOX  ALIGH
258 1555 BC EM 35€ DECTO @264 GOROMD 3
251 1614 P= 14 357 E’C“BE GOTOH DECT®O
25z 8238 ACPI= 2 30 : _ FILLTO EMD
253 8430 ACFI= 4 360 BReE HOF
254 1256 AB EX 361 aaae HOP
255 @Eld P=- @ 262 B35E HOP
- o5E 1382 GOTO  #+2 ¢ 268) 363 aGag HOP
257 A162 C=sC+1 P ' 35 364 a[een HopP
260 MODLP 13746 f=p-B N ' 365 a2aeqa HOP
261 . 1277 GOHC  #-2 ¢ 2573 366 a0ea NOP
262 ‘ 1306 A=A+E M 367 a0en NOP
zE3 ‘@42@ pP=p=1 - 378 “aes NOP
264 © 1716 B SR 371 BEae HOP
265 0454 ? P# 5 40 372 gaaa Hop
266 1303 GOYES MODLP < 2&@) 373 @ens Hop
287 ’ 1614 P= 18 374 aa0g HoF
278 BEG2 7 A%E WP 375 2a8n NOP
a1 1357 GOYES #+2 ¢ 273 376 2898 HOF
272 . AS28 RETURHN 45 277 39688 HOP
L 273 1236 EB=f 5 EHD
274 1336 a=n+E = _
275 1513 GONC  RET ¢ 322> SYMBOL TABLE
278 1438 B=g s -
ey 1878 /=85 5 50 z24cOMP 317 - 396 313
I0a 1616 A SR ALARM 161
301 8314 P= 8 ALIGN 354 - 134
ez 1942 p=p = CHYD3P 58 - 3243 347
3031 1256 AE EX CHYINT 358 - 11 41 125 171
364 1814 p= 4 55 226
83 1462 7 B=G WP DATDEC 352 -~ 133
I6g 1477 GOYES 24COMP ¢ 317) DATE 114
67 f414 p= 5 DECTO 356 - 157
31a ; 3 EROPS v - 48 124 179
311 5 60 ERROR 47 - 55 132 174 231
312 H ‘ . EXIT 26 = PP 168 245
313 24COMP ¢ 3173 FIXERR 485 - &2
314 M MEMORY a :
315 2 MODLF 268 - - 268
31e 5 65 NOTIM 338 - 335
317 2400MP 1356 A=A-B OHEHE  1ge - . 32
32a 1656 A 5L RCLAL  © 285 - 1g3
321 9356 Co-0-1 RCLDAT 144 -  11g -
322 RET 8528 RETURN " RCLMEM 25 - 2
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e ) | APPENDIX 2 -continued 72
RCLTIM 242 - 221 . - ; . 11 B - BRET GOVES  #+3 ¢ 14
RET 322 - 275 . 12 564 - GOROMD- 3
RETAL 172 o . 13 AEE3 GOTOX OPFCHS
RETDAT 126 , ' 14 a704 7= 1
RETHEM iz , S : 5 15 EGOPS 1374 DSP=a
RETSH 42 , 18 1711 GOSUE CNYINT ¢ 362)
RETTIM 227 : 17, A134 CD EX
sTOAL 171 - 155 : za ) 1711 GOSUB CHWINT ¢ 3822
sTODAT 125 -~ 128 21 81324 CD Ex
3TOMEM 11 - 4 K 0. 22 1734 A=DSP
STOSY 41 - 324 . .23 B724 ? 57= @
STOTIM 226 - 223 - . . 24 9177 GOYES EROPL ¢ 3I7)
STWTCH 38 , 25 . - BE24 7 B56= B .
SWEH 74 - 163 118 113 .26 G153 GOYES  #+4 ¢ 32>
SWSFRE 338 .15 27 " 1624 ? S58= B
TIMCHE 323 = ive 22V ots] A163 GOYES #+4 ¢ 34
TIME 217 31 B207 GOTO  EROP2 ¢ 41)
TIMNINT 52 - 45 : 3z 3134 0D EX -
TIMMOD 248  ~ 175 232 23 A%34 C=D
: 20 24 2314 P= 5]
ENTRY FOINMTS B 35 1234 F=ACPD
36 1543 GOTO  OPEX ¢ 330>
ALARM 151 ‘ 37 EROP1 BEE4 7 S6= @
ATE - 114 48 0213 GOYES #+2 < 42>
ERROR 47 25 41 EQOP2 8134 CD EX
MEHMORY @ . 42 1556 EC EX
RCLTIM 242 . : .43 B33F4 C=D
RETAL 172 L 44 1866 A=A Me
RETDAT 128 43 1652 A-SL £
RETMEM . 12 . » 10 46 1652 a 5L X
RETSW 42 47 8314 P= 8
RETTIM 227 : : 15 1234 ACPRI=F
STWTCH 38 ' 51 1284 S1B= 1
SWSPRE 336 : 52 8444 S4= 8
TIMCHE 323 : o 53 MATLP @114 P= 1t
TIME 217 o 3 54 @476 A=C 8
TIMMOD 245 55 % @535 A=A+C S
56 BI47 GOWC  NOCRY ¢ 71)
EXTERNAL REFERENCES 57 GE?E ? A#B. S
' (5] RI13 GOYES #+2 ¢ 62
ALEXIT 216 40 61 8407 GOTD  TODDAT ¢ 1817
ALIGN 35S g2 1126 A=a+1 S
CHYDSFP 51 &3 1136 A=A+l 5
CHYINT 351 &4 @BIZ7 GOHNC  TI ¢ 67)
DATHES: 353 &5 DEC EE36 acP= 3
DECTD 357 45 65 A413 GOTO SHIFT ¢ 1827
EviT 27 A B413 GOTO - SHIFT ¢ 182
TUPTAT 224 . 71 NOCRY 1176 A=f=-1 5
, Te 363 GOHE w42 ¢ T4y
ROM FILE - CRI? 50 73 G327 GOTO  DEC ¢ 65y
T4 AS3E, A=a+0 . 5
75 A3ITT GOHC  #+2 TPy
FILE CRI? 7E A407 GOTO  TODDAT ¢ 181D
7T BSEE6 A=A+C 5
ENTRY OPRET 182 SHIFT 1558 BC EY
ENTRY ERQOFS 183 1234 T S518= @
o 199 1244 si8= B
@ EQUALS 10834 DSFOFF leg 1626 A SR N3
2 8pz7 GOYES #+3 (5 118 1154 2 P4 2
2 BS64 GORONMD 5 111 8433 GOVES #-3 ¢ 186
4 G683 GATON —5T 65 112 AZ57 GOTO  MATLP ¢ S53»
5 @744 S7= a 113 MAT az14 FP= @
6 @067 GOTD  EDOPS ¢ 15) 114 1142 A=p-1 F
2 OPRTRS 1824 DSPOFF 115 A7EZ GONC  MIHUS ¢ 174>
18 U p4nq 7 S4= @ 116 PLMICK 1148 a=@-1 N




117
128
121
122
123
124
125
1268
127
138
131
132
133
134
133
136
137
148
141
142
143
144
145
146
147
158
151
152
153
..154
155
156
157
158
181
162
163
164
165
166
167
17B
i71
172
173
174
175
178
177
20906
zel
22
283
204
2835
206
2ar
218
21t
21z
213
214
213
21a
217
228
221
azz
223
224

TWOTOD

ERREX

ERROR

OMEDAT

TODEX

TIEX

MINUS

MULDIV

BS57
BE42
asey
1178
se27
1147
117e
1176
1176
1176
pER7
1143
1148
PE63
1176
2503
p627
8642
BE17
8753
1176
ar17
1556
pE24
BES3
8134
1558
BEE4
8003
1176

B7av

1145
1143
BEZ7?
1178
Br27
1264
ars3
1178
av43
B7S3
1145

1147

B4e9
1147
al-2 e
AVTT
B473
8114
1142
1817
Q527
1142
1033
BEZT
A154
16833
1214
1883
BI24
1147
2114
nziIa
1376
ReTE
1147
1148
1145
1147
1164

oonn
THAZDT DD
ool

O D

5]

o

=

[ |
—

A=A-1
GONC
GOTO
7 A#D
GOYES
GOTO
A=R-1
GONC
BC EX
? 86=
GOYES
CD EX
BC EX
GOROMD
GOTOX
A=A-1
GOHC
A=R~1
GONC
GOoTO
B=f-1
GOHL
218=
GOTO
A=R-1
GOHE
GOTO
A=A-1
GONHC
Sd=
GoT0
7 oAH#e
GOYES
GOTO
P:
A=A-1
GOMC
GOTO
A=fA-1
GONC
GOTO
? P#
GOYES
P=
GOTO
7 53=
GOYES
P=
RCPy=
A=f-R
7 OA#A
GOYESR
a=R-1
n=p-1
GONC
S2=

TWOTOD
P

A4

3 :
ERREY
DECEHX

W Wl

ERRE¥
DATEY
M
OHEDAT

5

*+2
ERREX
F‘

2
TIE¥
S
TODEX

8
ERROR

=)
ERROR
S

*+4

M
BATEX
ERREX

b

43

1
TIER
4+ 2
TIEY
M
IECEX
1
MECEX
P

kb2
PLMICK
11

P

H42
ERREX
P

*+2
EREEX
11
#+3
MULDIY
5]
DECEX
11

{

!
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1335
1257

1457
2313

1455
23280

1543

1487
145>

143)
172

163)

152>

161)

2381
1433

165)
1727

1782

17as
23172
2315
177>
1163
2833

1450

2862
1455

2123

2313

10

15

20

25

30

35

45

50

55

65

225
226
227
230
231
23
233
234
235
226
237
240
241
242
243
244
245
248
247
258
251
252
253
254
255
256
257
269
261

DATEX
DECEX

OPRET ,

MODRET

262 -

263
264
2€5
266
267
278
ari
2va
273
274
275
aves
2rv
380
331
382
303

304
30895
86
3av
310
311
312
313
314
313
316
317
Iza
32z
323

324

325,

IE28
327
338
331

TIMRET

RETTIM

HNMAS

NOMEM

EQOFEX

OPEX

1364
1484
1147
1284
1569
1256
1374
1721
17324
8416
1374
1721
1734
B41¢€
123586
l1a54
paa3
HE44
1731
1224
1383
G424
13a3
1751

8114°

94328
B41¢
1424
1443
1324
1347
1124
1337
13357
BE54
Deg3
1124
1433
1238
aav4
D414
1422
1315
1758
1756
8422
B274

8564
a003
AEE4
8003
1724
1583
1124
1473
BEE4
A003
AEE4
BRO3
1124
1523
BEE4
BEE3
ara

1547
8134
p334
G504
5120

74
Si1=
s12=

GOTO

518=
GOsUB
HE EX
DEP=A
Gosue
A=DSP
AC EX
DEP=R
GOSUB
A=D3SP
AC EX
RB E¥
GOROMD
GOTOX
S6=
GOsSUE
? S18=
GOYES
7 S4=
GOYES
GosuB
F=
acPy=
AT EZR
? S512=

GOYES

3
Py
wy
—-
-
1]

VT~ =W =
WO gomwm

LECR | I (]

(=]

oo
® 5
mm
3 0

GOROMD
GOTOX
GOROMD
GOTOX
7 511=
GOYES
? 59=
GOYES
GOROMD
GOTOX
GORCMD
GOTON
7 89s=
GOYES
GOROMD
COTOx
GOYES
CD EX

it =3

C=
5&
=2

2~15=

DECE¥X

OPSET

TODEC
TODEC

2
OFERAT
5}

DECTO

8
MODRET .
8
MODRET

TIMMOD
11
4

2}

HIAS

5]
TIMRET
a

#4 2
CHYDZP
&
RETDAT
a
RETTIN

3
We

WP

&
RCLTIN
&
RETTINM
a

HOMEM
g

*+3

S
RETSW
[
RETHAL
B

*+3

&
RETHMEN
]

EX 3

1
5]

EaY
ol
ol
an
~

{ 3642

¢ 354

¢ 366
< 268)

¢ 269>
¢ 372>

L 386>

FINISH

¢ Ize

¢ 3245

¢ 3313




4,158,285
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332 1784 S15=- 1 OFRET = 245
333 CHYDSF 8154 GOROMD 1 OFRTRS 7 :
334 @EE3 GOTOX CHYDSP ORSET 3235 - 231
335 OPSET G314 P= 5] PLMICK 11§ - 178
326 1224 ACPY=F : 5 RETTIM 3B - 272
337 @724 ? 57= . O ' SHIFT 1@z - 56 7@
348 1617 GOYES  #+3 ¢ 243> Ti 67 - 54 188
341 1114 P= 2 TIEX 172 - 142 164 1£7
42 1334 F=adcp) TIMMOD 372 - 254
343 A314 P= a 10 TIHRET =271 - zg3
344 B544 SE= 8 TODDAT 1@t - 51 75
345 1044 S8= 8 TODEC 364 -~ 234 248
246 ‘1142 a=a-1 P TOBEX 163 - 144
347 1647 GOND  #+2 ¢ 3510 TWOTOD 132 - 117
350 69528 RETURN 15
351 1142 A=A-1 F ENTRY POINTS
352 1663 GOHC.  #+2 ¢ 354> ,
253 1782 .GOTO  CTONE ¢ 368) EROPS 15
354 1664 58= 1 EQuaLs a
355 1142 a=a-1 P 20 OPRET 245
355 1783 GOHC  #+2 ¢ 3687 OFRTRS 7
357 AS26 RETURH OFSET 335
360 CTOME @654 SE= 1
361 BS28 RETURH EXTERNAL REFEREMCES
262 CHYINT @864 GOROMD @ 25
63 AREZ GOTOX  CHYIMT ->T 4
364 TODEC 9464 SOROMD 4 CNVDSP 334
365 BEEZ GOTOX  TODEC CMVINT 363
366 DECTO @364 GOROMD 3 DECTO 367
367 BEE3 GOTOX  DECTO : 30 ERROR 153
278 MORM G464 GOROMD 4 NOR™M 37h
371 BREZ GOTOX  HORM OPERAT 249
T2 TINMMOD GEE64 GOROMD & ) OPECNS 13
373 BEEE GOTOX  TIMMOD RCLTIN 305
_ FILLTO END 35 RETAL 317
374 AEED MOF RETDAT 270
s AEEE HOF RETMEM 3223
376 BEAR HOP RETSW 315
377 BEE6 HOP RETTIMN 387
EHD : © TIMMOD 373
ODEC  3e
SYMBOL TAELE TODE &S
ROM FILE - CRIZ
CHYDSP 333 - 266 :
CHYINT 382 - 16 2@
CTOHE 368 =~ 353 : 45 : _FILE CRIS
DATEX 238 - 132 157 :
DEC €5 - 73 ENMTRY OFERAT
DECE¥ = 231 -~ 124 171 173 213 ENTRY SWCALC
: 2z@8 223 28V ENTRY TUPDAT
BECTO 368 - 247 50
ENOF1 T - 24 8 HOWUF 1734 A=DSP
EQOPZ 41 - 31 1 1534 DSSCWP
EROFEY 324 2 68864 GOROMD @
EROFS 15 - g 3 A0Aa3 GOTOX KEYREL
EGLELS a 55 4 SWCALC 1124 7 59= g
ERREX® 145 - 123 131 137 160 5 BOEI GOYES HOWUP ¢ @)
202 295 6 1224 7 S511= @
ERRDR 152 - 147 7 8803 GOYES HOWUFP ¢ @)
MAT 113 - 1084 18 1424 7 s12= @
MATLP s - 112 60 11 88083 GOYES MOWUP ¢ @)
MIMLE 174 -~ 115 » 12 8574 a=3su
MODRET 268 - 251 253 , 13 1136 A=f+1 S
MULDIY 288 - 211 14 A41€ AC E¥
NMAS 31s - 261 15 1655 GOSUR TODEC ¢ 3IS53)
NOCRY 71 - 56 16 1244 518= @
HOMEM 324 - 311 65 17 D444 S4= a
HORM TG 2a 1855 @=8
OMEDAT 154 - 134 21 1416 B=8
DPEY 338 - 35 22 1725 GDSUE OPSET ¢ 3653




18
181
182
183
g4
185
186
187
118
111
112
113
114
115
116
117
125
121
1z2

s s e e s
Ty
[ s ) [ O Y

O O

DPERAT

ZRCHEK

MUL

FLSMIH

ZUE
ADD

EQLEXP

FIYEXF

1356
AZ34
86314
1024
B4B87

BE24 ¢

A317
azas
B233
B3zn
8314
1334
1555
1665
B134
A504
10643
BEEd
RAEa3
1151

Brs2

- Bv3s

8zsv
aara
1582
187e
1675
0354
Az&?
8456
1552
BE27
1151
Br12
arze
BI43
BBTEA

TET

S
a11z2
1618
HEET
1151
024
Q427
HITE
1132
g1322
BE1z
B453
B841ia
0488
RERE
G473
a41e
1546
ag1z
B333
1718
1112
1455
BE3D3
Q477
B172
18352
RSTS

11

BC EX
=0
P=

? §8=
GOYES
! BE=
GOYES
? CH#B
BOVES
ACPY=
P=
F=Acp
BC EX
GOSUB
CD E¥
S6=
28=
GOROMD
GOTOX
zosue
C=R-C
C=R+C
GONC
C=0
BC EX
A=a
Gasue
T P#
GOYES
A=C

BC E¥

GOTo
GOsue
C=A+C
C=A+C
GOHC
C=f
P=

RE Ex
A=0
GOSUE
T P#
GOYES
C=C+1
A SR
GOTQ
GOSUE
? Se=
GOYES
C=-C-1
A=A+1
C=C+1

? OAN=C

GOYES
AC E¥
AC EX
7 L=
GOYE
RC E
BC E=

T ORR=C
GOYES
E ZR

A=+
7 B=n
GOYES
GOTO

C=C-1

)

%

.

15
A

)
A~
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5]
@
PLSMIN
g .
MUL

1
DIV -

ERROR
FIXSGN
s

s+ 2

s

3

S
DIVSTP
)

-2

Ty e =

"
OPEX
FIXSGH

=)
:

il

MLTETP
11
2

o
Il

OFEX
FIXSGH
5]

ADID

5

o0

b4
I

4

R

i
M
EE

M

FIXEHP
#+2

ERALEXP

“

=
]

[4

L

¢

<

‘

{

o,

-
i,

‘

131

132

133

134
5 135
135
137
148
141
142
1432
144
145
145
147
150
151
152
153
154
155
158

157
168
1£1
162
163
164
163

1813
53

4ED 10

15

232y 20

93>
25
357>

55
30
167
1ve
171
172
173
174
173
178
2008
2a1
282
203
24
285
zae
2av
- 21a
211
212
213

143>
2320

35
ve)

361D

-~
1]
“~

145> 5

2322
185>
50

112> 216
55

116>

SN B 0 B

OO VIR
L O I

126>
1173

65

(SR IRV O I VI I 5 Y
Cof Cd o 0] B B3 ) MY

R I o6 R o N s (|

1§

HETE
asvve

1318

DIFF

OPE¥

8112
1616
BE27
18688
BeE1?
B3ve
1256
143€

1356

~171S

BzZacs
6547

“@ase

1838
1114
B339
1132
B&12
arv3r
1836
1172

‘8612
(1827

MHTOYF

OFLCHEK .

1833
BEBE
18323

10E7

1672

1148
13514

OFLQW

ZRRES
RESULT

DECTI

DEC

INC

OFRET

FINLF
FIXSGH

A43g
1152
AE12
1833
1112
As1z
ar23
B412
a40s
1134

1833

78
? ae s
GOYES DIFF
A=A+
C=0+1
A SR
GOTD  OPEX
7 ay=e M
GOYES  #+3
C=-C-1 §
AB EX
E=0 5
A=A-B
GOSUE  HORM
T CHE N
GOYES #+2
c=8
A=0
P= 2
ACPY= 5
A=p-1 ¥
? AM=C ¥
GOYES OFLCHK
A=0
A=A-1 XS
? Ay=C ¥
GOVES ZRRES
GOTD RESULT
7 A¥=c n
GOYES RESULT
GOTO OFLOW
H=0 KE
A=f~1 M
P= g
ACPY= 4
A=A-1 M
? ay=C ¥
GOYES RESULT
A=A+l K
? A¥=C ¥
GOYES MMTOVF
AC Ex ®
AC EX N
BLINE

RESULT

5536
8436
B4
1137

BETE

-
L
=

L I o e
L v ]
Dol B B R

DS S )

Lo I o B o B oy R R

LI KU« WL B SR
L3 B B B~ B Y P |
L RO e T N Y S Y |

ReFy= 3
AC EX =
T Ed4= &
GOYES OFRET

GOYES  IHC
E0TO DEC

T oS5d= @
GOYES OFRET
7 LC=a 3
GOYES  #+3
C=C-1 <«
LEGaAL

GOTO OFRET
C=C+1 2
GOROMD 7
GATQX  QPRET
F= 1a
C=C+C 8
GOMEC *+3

T C#a =5

1455

1435

363>

151>

167>

2853
2862

ZH6 3
Z81%
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235 1233 GOYES #+3 ¢ 240> 343 1234 AcPY=F
236 A6TE C=8 5 244 1142 A=/-1 F
237 1212 GOTD %43 ¢ 242 345 1637 GOHC  #+2 . ¢ 247)
248 BATSE C=8 g 345 1647 GOTD  #+3 ¢ 3517
241 @176 C=C-1 5 5 347 e 1142 A=a-1 P
242 1576 BC E¥ = 350 1273 GOHC  HRMEQD ¢ 256)
243 1654 7 P# - 1@ 351 0334 C=D
244 1147 GOYES FIXLP ¢ 231) 352 1453 GOTO  CTDEC ¢ 312>
245 1856 A=9 353 TODEC R464 GOROMD 4
246 1256 aB EY 10 354 9AA3Z GOTOY TODEC
247 , 0528 RETURN 355 DECTO 6364 GOROMD 3
250 TUPDAT 1735 GOSUB CNYINT ¢ 367 356 B8AR3 GOTOY DECTOD
251 AT44 s7= 8 ' 357 DIYSTP 8364 GOROMD 3
252 13227 GOTO  DTLOOF ¢ 265 268 ARABZ GOTOX DIYSTP
253 EXCHK BF24 ? 7= A 15 351 MLTSTP 9454 GOROMD 4
254 1317 GOYES HOEX ¢ 263) ez G888 GOTOX MLTSTR
255 1277 GOTO  HORMEQ ¢ 257) IET HORM 8454 GOROMD ¢
256 MRMER1 Q134 CD EY 364 BRET GOTOR © HORM
257 MORMER A744 57= 5] JES OFSET O7TE4 GUROMD 7
268 1484 S12= 1 20 356 BREBE GOTOX  OF3ET
261 A764 GOROMD 7 IET7 CHYINT G854 GOROMD B ,
262 GRAZ COTOY EQORS 376 BAET GOTOX  CHYINT
263 HOEX  @7@4 sv= 1 371 TIMDEC ©4&4 GOROMD o
264 6134 CD EY¥ 3Ive AREZE GOTOY  TIMDECD
265 DTLOOF @li4 P= 11 25 FILLTD EHD
ZE5 5] 2 373 BEEE HOP
267 B g 374 BEEE HOP
27H 1: YERIT . { 2753 3Ts ARED HOP
271 51 11 376 AEE8 HOP
27z 5] 7 377 AREA HOF
273 Qs 5 30 END
274 z EXCHE (2530 SYMBOL TAELE
275 YE®IT a
2VE #4+3 vo381) aDn 185 - 183
avv 5l 15 CHYINT 367 - 258
380 CTDEC 312 - 352
381 11 DEC 224 - 217
382 3 DECTI 228 - 287
3683 2 DECTO 355 - 46
64 5] DIFF 137 - 132
385 sToHK ¢ 335y 40 ppv 45 - 33
388 DIYSTF 357 - =5
3er P DTLOOP 265 - 252
3149 MORMER © 257> EQLEHP 117 - 125
21t B134 CD EX ERROR 44
31z CTDEC 1655 GOSUE  TODEC « 353> 45 EXCHE 253 - 274
313 B4l AL EX FINESF 128 - 129
314 1374 DEF=R FIXLP 231 - 244
315 BASES C=4 FI®3GH 232 - 46 63 141
316 1414 P= 7 IHC 2ze - 218
317 AA74 A=CL START 50  MLTSTP 361 - 73
3za 1636 A 5L MHTOVF 184 - 268
321 1658 A 5L MUL 63 - k3l
322 B4Z22 AC EX WP HOEY 263 - 254
323 1745 GOSUE TIMDEC ¢ I71) HORHM 363 - 145
324 1356 BC EX 55 HORMER 257 - 255 318
32 1734 A=DSF NOWUP A - 5 7 11
328 B416 AC EX NRMEG1 25& - 342 358
327 1725 GOSUE 0OFSET ¢ 365D OFLCHK 187 - 158
338 12684 S18= 1 OFLOW 281 - 1685
331 g4a4 4= 1 60 0OPERAT 25 - 334
33z 1484 512= | OPEY 145 - 52 198 136
333 1184 33= 1 . OPRET 2av - 214 22 225
234 A127 GOTO AFPERAT ¢ 255 OPSET 365 - 22 327
333 STCHK #3134 £ EX PLESMIH 181 - 27
336 a114 p= 11 65  RESULT 2m& - 163 165 175 2084
337 A338 ACPY= 3 STCHE 335 - 285
348 ASTE A=A-C S SUE 184
341 BEFE ? A#A S SHCALC 9
342 1273 GOYES HRMERL ¢ 255 TIMDED 371 - 323
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. TODEC 353 - 15 312

TUPDAT 256

YEXIT 275 - 278

ZRECHK 32

ZRRES 285 - g2 : 5

ENTRY POINTS

OPERAT 25

SWCALC 4 10

TUPDAT 250

EXTERNAL REFERENCES

CNVINT 378 15
DECTO 356
DIVSTP 360
EQOPS 262
ERROR 45
KEYREL s 20
MLTSTP 362
NORM 364
OPRET 234
OPSET 368
TIMDEC 372 25
TODEC 354
APPENDIX 3

NOP CODE - PPQQG0

*MOD W$ WORD SELECT
eegB14 " DEFAULT: ENTIRE WORD (DIGITS @ - 1)
W 0000614 ENTIRE WORD (DIGITS O ~ 11)
MS egoe24 MANTISSA PLUS SIGH (DIGITS 3 - 11)
M 000684 : " MANTISSA FIELD (DIGITS 3 - 18)
S 200634 MANTISSA SIGH (DIGIT i)
X geeplia EXPONENT FIELD (DIGITS B - 23
‘X8 B8OvAZA EXPONENT SIGH (DIGIT 2
WP 280020 WORD TO PDIMTER ¢DIGITS @ - P
P 2goeapn POINTER POSITION OMLY (DIGIT P

*MOD P1 SET POINTER
000308

2en7Ra -
egl11e0
801388
ve1806
evo4pa
ve15p8
ve140@
eep26n
age608a
331608
epe1va

e DO NAANBWNN—~ S
- o

*
= 4
(=]
(=}
)
[

TEST -POINTER
0883600

p08BA0
8ai1@a
201308
091608
2984080
a915en
n91406
88e2R3Y
aBpsea

WHITOADLWD~O




10 Baienn
11 8BO108
*MOD N

9 BBBEAS
1 Geel1as
2 BeB20a
3 gen3ag
4 8oa48a
S 890508
6 © BPB60B
7 veoraen
8 081068
9 go1168
19 ea1260
. eB1208
11 0913086
- 0013eb
12 8091408
: 281408
13 6R158@
14 nR1&BaR
15 1o B ial)
BLANK @@eivea
*MOD Si

) alaledalals)
#*MOD S2

%) BaBe44a
1 jclsislalel
#MOD I

GOROMD BaBEsS4Y

*MQD I2
GOYES ©8608983

*MOD 13

GOTOX 2eve’3
GOSUBX ngpBal
GOKEYS BeBzzd

#*MOD I4

? §77= gAgez4
? F# aeses4d
? A#0  BDAGBE4Z
? AX=B 0A180Z
7 AX=C 0RBcAZ
? B=D - 841442
? C=8 ©aeapz
T C#@  Bagzaz

GOROMD ©80R8&4
? 877= 008924
7 P# BeE85d
? A#O  BBOE4Z
? A>=B BR1@BZ
? AX=C pOBERZ
? B=0 Bal44z
7 C=80 BRAAa2
? C#8 o@egzaz

GOROMD oveaed
7 §7?7?= QBBo24
7 P# apeRs4
? A#0 JeBe4Z
? AX=B ea1pez

a

At o oo AU oD

AAAmadEn oS

(% JE %) B~ B
|8 I & I B
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83 :APPENDIX 3 -continued 84

=0

A A dado oS

LOAD CONSTANT

RESET STATUS BAHK, TEST STATUS BIT

SET, RESET STATUS BIT (HOT 583

GOROMD' BEFORE GOTOX, GOSUBK; HOT BEFORE GOgUE

3
GOYES AFTER TEST
2
GOTOX, GOSUBH, GOKEYS AFTER GOROMD
2
2
a

TEST BEFORE GDYES

)
&
2
2
2
2
2
GOROMD, TEST MNOT BEFORE GONC
=
&
&
2
2
GOROMD, CARRY NOT BEFORE GOTO
B
&
B
2
2
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85 APPENDIX 3 -continued 86

? A>=C POGAGEZ 5 5 2 : s

? B=9 901442 5 5 2

? C=0 p@e@e2 S 5 2

? C#8 0@BO202 5 5 2

A=A+1 961182 5 5 2

A=A-1 801142 5 5 2

A=/+B BA13DP2 S5 I 2

R=A-B 001342 5 5 2

A=A+C POASH2 5 S 2

a=A-C ©9eBS42 5 5 2

t=C+1 0eo102 5 5 2

C=C-1 Q00142 5 5 2

C=C+C P@0A242 5 5 2

C=A+C Q@B7R2 5 5 2

C=A-C BER742 5 5 2

C=~C-1 pORZ42 5 5 2

C=-C 0ee3n2 5 5 2

*0P -

----- ARITHMETIC —----

A=B 0816842 WS

fi SR AA1602 WS

A SL  ee1642 WS GOES THROUGH THE ADDER

AB EX 0B1242 s B GOES THROUGH THE ADDER .
AC EX 280402 S i
A=C 000442 S

A=A+l  BR1102 WS CARRY

A=A=-1 801142 S CARRY

ASA+B  B01302 IS ‘ CARRY

A=A-B BB1342 WS - CARRY

A=A+C  QEASO2 Y3 CARRY

A=A=C  ABBS4z Y3 CARRY

B SR @e17ez us '

B=@ 0e1402 WS

BC EX 801542 WS B GOES THROUGH THE ADDER

B=A 8812082 WS

= 2988842 Ws

€ SR BRI742 US

C=B 691502 WS B GOES THROUGH THE ®DDER

C=C+1 98R1R2 s CARRY

C=C-1 QOR142 ug CARRY

C==-C  Q8O30Z us CARRY

C=-C-1 @Poz4z WS CARRY

C=C+L QB9242 ys CARRY

C=A+C ABATIZ WS CARRY

C=A-C BBATYZ WS CARRY
7 A#G  PBEE42 NS I2=A  CARRY, MUST BE FOLLOWED BY GOYES
? A>=B 0B1E0Z W3 I2= CARRY, MUST BE FOLLOWED BY GOYES
? A>=C B8ARERZ2 WS I2=A  CARRY, MUST BE FOLLOWED EY ‘GOYES
? B=@ 001442 uS 12=A  CARRY, MUST BE FOLLOWED EY GOYES
? C=@ @909B2 WS I2=A  CARRY. MUST BE FOLLOWED BY GOYES
? C#0  @@ER2M2 NS I2=A  CARRY, MUST BE FOLLOWED BY GOYES

----- PROGRAM CONTROL ===~

GOSUB 08881 M 28 2 1I1#p MUST NOT PE PRECEEDED BY GOROMD

GOSUBX 000081 MX 8 2 I1=B MUST BE PRECEEDED BY GOROMD, RTH TO SEL ROM
GOTO 480983 M 8 2 Is#B MUST NOT BE PRECEEDED BY GOROMD, CARRY
GOTOX 0200082 MX & 2 I1=B MUST BE FRECEEDED EBY @& GOROMD

GOYES 0eena3 I4=B MUST BE PRECEEDED BY TEST

M 2
GONC 800883 M 2 IS#B MUST NOT BE PRECEEDED BY GOROMD, TEST
GOROM @@9p4n C & -
C &

GOROMD QaeREy
GOKEYS @ap224a
RETURN mansza
SLEEF @aasze
NOP aledale] 1

I3=n MUST BE FOLLOWED BY GOTOX, GOSUBK, GUKEYS




87 APPENDIX 3-continued 88
' ===== LOAD CONSTANT ~—----
ACP)= @oRR3E N
o —==== POINTER -----

pP= 200014 Pl
P=P+1 @20326
P=P-1 000420
? PH  0ODRS4 P2 I2=A CARRY, MUST BE FOLLOWED BY GOYES

----- STATUS -----
S1-7= 900828 S1
$8-15= 899128 S1
S1= pO9184 52
§2= ABAZA4 52
83= A9Rze4 §2
S4= PBB404 52
55= BEESR4 52
S6= PARENYG 2
§7= 8e8704 52
S8= ga1e04 32
§9= pA1184 52
§10= BR12D4 S2
S11= B@1384 52
S12=  ©A1484 52
$13= ©01594 S2
S814=  0B1604 52
S$15= ©B17E4 G2 ‘
? §8= 008824 S1 12=A CARRY. MUST BE FOLLOWED BY GOYES
? S1= @BA124 51 I12=A CARRY, MUST BE FOLLOWED BY GOYES
? §2= @8RM224 51 12=A CARRY, MUST BE FOLLOWED BY GOYES
? §3= paA324 S1 I12=A4 CARRY. MUST BE FOLLOWED BY GOYES
? S4= 089424 51 I2=A CARRY, MUST BE FOLLOWED EBY GOYES
? 55= @08524 St I2=A CARRY, MUST BE FOLLOWED BY GOYES
? S6= BBBE24 S1 12=RA CARRY, MUST BE FOLLOWED BY GOYES
? §7= 088724 S1 I2=f CARRY, MUST BE FOLLOWED BY GOYES
? §8= @01924 51 I2=A CARRY, MUST BE FOLLOWED BY GOYES
? §9= 881124 S1 I12=A CARRY, MUST BE FOLLOWED BY GOYES
? $19= PR1224 S1 I2=A CARRY, MUST BE FOLLOWED BY GOYES
? S11= 981324 51 I2=4 CARRY, MUST BE FOLLOWED BY GOYES
? S12= p@1424 S1 I2=A CARRY. MUST BE FOLLOWED BY GOYES
? 513= BA1524 51 I2=A CARRY, MUST BE FOLLOWED BY GOYES
? S14= pA1624 S1 I2=A CARRY, MUST BE FOLLOWED BY GOYES
? S515= @@1724 S1 12=Aa CARRY. MUST BE FOLLOWED BY GUYES

----- DISPLAY AND REGISTER -~—-—-

CLRREG 008034 CLEARS A. B, C, D OHWLY
C=D 208334

CD EX 08R134

C=M 200234

M=C 808434

ACPY=F 8R1234

F=A(P) 881334 S

BLINK 001134 DSPOFF RESETS BLINK CONDITION
DSFOFF 021234

DSPON  BRB734

A=DISP B01734

DSP=A 801374 _ _ o

DSP=CL 0PO374 CONTINUOUSLY UPDATED =~
DSP=AL 881174 .~ CONNECTS ARMED INDICATOR ONLY
PSP=SW DRAT74 CONTINUOUSLY UPDATED :

~-=-- CLOCK ~-<--

ENSCUP 001434 ENRBLE ONE SECOND WAKE-UPS
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89 APPENDIX 3 -continued - 90
DSSCUWP 801534 ‘ DISRBLE OHE SECUND WAKE-UPS
AsCL goenr4. HOLD COUNT
A=AL 801474
A=SW 89a5v4 -
CL=R -008274 : RELEASE COUNT
CLRS=R 90B174 RELEASE COUMT, RESET DIVIDER
AlL=A 390474 ARMS ALARM
ALTOG 081774
SW=A RB0674 :
S+ 81274 SET STOP WATCH INCREMENT MODE
SW- oa1a74 SET STOP WATCH DECREMEWT MODE

SUSTRT 981574
SUSTOP 891674

----- DATA STORAGE -----

DSAD=A 9B1160 CHIP ENRBLE: CHIP, REG NUMBER IN ‘A’ REG EXF
A=DR® ©BRE7O . ,

A=DRl 809179
A=DRZ2 @nB27e
A=DR3 @8A3re
A=DR4 DBA470
A=DR3 @0B57e
A=DRE6 0BRETH
A=DR? . B80B7YH
A=DRE @B818vA
A=DRY 8B117R
A=DR1i@ BO127A@
A=DR11 @B137a
A=DR12 B8814va
A=DR13 BA15786
A=DR14 0B167H
A=DR15 BA1778@
DR@=A 8BB856
DRi=A @98a150
DR2=RA ©6B8250
DR3=R 988358
DR4=R 0BOR45A
DR5=@a 88aS5s
DRE= BAALSH
IR?=A B8ATSA
DRS=h G@18586
IRS=n 6081158
IrRiB=A BB1259
DR11=A AB1350
DR12=fa 681451
DR13=A HAL155H
DR14=R B@165R
DR15=A BBR1TSH

*END
APPENDIX 4
TIME ENTRY SEQUENCE
REMARKS ADDR A REGISTER B REGISTER C REGISTER
DSP=A BIET A 2. 500 B 200042002080 C slzla]e s [s]e)s)sRs u]x]
SLEEP [SLENE S ] ENBRRABAH0AG B 00688033 EHZAA C RBBYAREANOHA
1 Key BERS2 R HARCHAACABED B 8089VBBRAOZAD c BB3BA0BRRHEAa0
ARls A CBOOALARRR1GG B BRADBRRADBZAG c BBGBBBBGﬂ"E
ARET e SRBORBANA1HE B 5 C A0
A E nuwnﬁnnﬁnl[a & C "'E
18a¥ A 18 B C 3 5
1819 & Ba B C (513
1811 & =} B BGGUUUGﬁl 9 [ B@BBBBBDlJEB
11z R a15] B APPORBEIGZEE [ BBBEAaGaE
18173 "= BPREEPEGE 18R =} BRAONNIARIBEGE c
1914 A BOARGRAREAEH] AR 2 DPBRYRINARZAE C
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91 v APPENDIX 4 -contmued 92
1026 & Buﬁﬂﬁﬁﬁﬁﬁlﬁa” B BBG@GBG@EE“' C BEBBARAIARRG
1821 A BERGOERRA1AG B QBEBGBU@ 5] [ BBQBB@BB_E_
1958 @A AGRGHAEEA10E6 B AOPRAERAGE AR c
1851 @ BRAAEEAE189 B BBBBBHWBHZ 3 c
1852 A AEREA0ERA18A B C
1853 A AAREARAGE 1688 B C
1632 A BERAFAEAE108 B c
1AZ32 A AAERARCA1AA B C
1424 A REGEHREA 108 B C
1835 @& BRRARERE1PE B C
18338 & GEGEAAAA]1 88 B c EBQBUEUJ
1837 A GAEREAAR1AE B [ BANEHREE!
1648 A BEOEEAAS 1B B BG@B@EEBL ; c HEBRaRREE
1841 & BRREREG6D 188 E HERAGARRLTHA C A0RBAOGaGE
1042 & ERRBARARA1AE B gBae[IBRETHA [ BAGEHERAEEE 3
1864 & ERSR0ADIALAR E ABEERBERA T AR C B0OBERARBRY TG
1685 w ARRHAALABA B BROERaBRATVAR [ HANPBBRAETHE
1a6d n AARNRAA19AA E BOGERABEE TR C QQBEBGBQU“ Aid
1RE & BERARAD18RGE B HORBARAEE 7RG [ aABeREaReTax
1863 A ARRRBRA1AGAR B He0BeBEBRTHE [ B@GB@BEBBEB“
1064 A HREYNABRI 1008 E BEARBRABRATAHE [ BRBBBAG AL
1885 A REREEB 1068 E aa0URBABRT IR [ PORBEDRRGS
1886 A HEREER1AA0A B ARABBRAAERATAR | BOBABANAGER
1367 & AGAREE 10808 E RPIBARNABRROTHA C UBB@@GU“P-TM
1853 A RAREAR 1 BAAR B PEARBEAEETE0 [ BAERBEAAL
1854 A LHPRRE 1088 ] PAORPERBHTOE [ 2886606
1885 @A SERAB1ROBREA B a08883HaETaR [ BBBBYRG
inse & GREEA1IRARAG B PRYRHBLEBTEE C BEaeERREaRAGES
1887 A BAREE1 /8058 B UBB@Gﬁaﬁauu' [ ABPERERAASEE
1683 @ BASIDIB06E0E B BABBHERESTRE c APREBRREE4EG
13854 & BAGAR1PRBAG B 508888008 FaR C PAORPORRA4GE
1885 @A PREAFIAEUEAR B ABEYEEIRaT R [ BOB00863a AL
1888 R HOARA100aBAE B HEBEBIGPIBTER [ POBOBERGEY IR
1867 A ARRA18AEBHH B ABRRRBRGATOG [ AOB08BRAG40E
1833 A RAERA180A0AA E 8e0E./80807 B C BO80BGHRR3GL
1864 RER31AARAGE B 03060RREAT AR C AEBOBBEBRAZLD
1865 & ARG 180R0HEH B 0P0aBEEHATEE C 6EBB6OBARIAL
1856 A B0 103aaana B sl Jalz1sls st s ieguls) [ A9698AREHTaY
1687 @ B8R 1 BAARARE B .90860300600T76H c AEREBRRGATIG
180323 A BRAR1APABARA B BA08DAORBTEO C av8aaaa i
1084 & AR 1aH006Aa B 3@0@@3@@9?@@ c BE0EBRG
1665 A 3018883R0R4 B 080vBEABBTEY [ PBQBREGNAZ
1886 A 81 roBABGARA B PEEBOREBETED C 080938048 5
1887 A 891082088060 B ARBHAEEDATHO C BGG@@@U@U&U”
1063 A 8@188898868RQ B BpvRABEYRAVEA [ PRBRBEEER 1 BL
1864 A 281088086869 8 BoeeYBRBETYHA Cc PYOBOBIRE L B
1865 A B106008R3A6H1 B 00eNBARATHR C BOABBHARR1EH
1866 A 2158A32AA0R B 200V aRBERTAR C QEaBaRaaRGE1 a0
1867 & 21322000008 B PROCABRBRTEE C BOVBRIBBE 1 an
1063 A P106HEABEAA B POV EEBABTH0 C 0eeBvIGEAvLN
1864 A 210e80u0R80 B 208B0VROETBE C PEBEYIBERRBEY
1863 ¢ 19aAG0RaRRE B APOIREABETHA C aaBRYABERAAR
1966 =& B ABnRAERRRATIE [ BPEEIBBRNOEE
1267 w1 B U@GU@ﬁ_EH7'U i BRAAGGEEREAL
16872 F B BBBBQHJE ! [ BERIBORRBEAER
1avi 1 B o i
1872 A 1 15 iz B
1874 @ 1 B ™ i)
1875 A 1 E o 5153
187€ A 1 e N G
1877 A 1 B [ (s
1872 A 1 [ C i
1878 & 1. B [ %
1877 A 1. FRABGEAE B BGEGUBBB c
1873 0 1 RAERAg B HBaRBAERAATAE C
1e7e A - 1 AaLERe B ARERRAROEATAE C
1877 A 1 HEGRAG B BPERRAARAGBT AR . C BEABBEEH6Y
187% B 1 BaAARA B AABRARAGAT AR [N BEBBBD@B @ it
1B7E A 1 BAREA [ BAGRARBAED VA C GREEEREAAREEAG
197y A 1 aRBaa B EAABARDAGTOR [ ABAAREBEEAEEG




18795
1878

1877

1875
1978
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1an

1M1

RETH
114z

b =4
(7

[
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12,
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We claim: ' 3

a time entry delimiter key on the keyboard for delim-
iting the entry of portions of time information from
the keyboard where each portion has a different
unit and for causing the display of a selected char-
acter on the display means between adjacent por-
tions of entered time information when the time
entry delimiter key is depressed, wherein the time
entry delimiter key is depressed after the entry of a
first predetermined number of digits from the key-
board to indicate entry of time information having
a first unit by causing the display of a selected
character after the first predetermined number of
digits and to enable entry of time information hav-
ing a second unit, and the time entry delimiter key

1. A watch/calculator comprising:

a keyboard including numerical keys and arithmetic
function keys;

calculator circuit means connected to the keyboard
for accepting numerical entries from the keyboard 0
and for performing arithmetic operations on nu-
merical data in response to actuation of arithmetic
‘function keys on the keyboard;

display means connected to the calculator circuit
means for displaying numerical data; 65

watch circuit means connected to the calculator cir-
cuit means and the display means for storing and
periodically updatmg data representing tlme and
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is again depressed after the entry of a second prede— :

termined number of digits from the keyboard to
indicate entry of time information having the sec-
ond unit by causing the display of a selected char-
acter after the second predetermined number of
dlglts and to enable entry of time mformatron hav-
ing a third unit.

2. A watch/calculator as in claim 1 wherein the time
entry delimiter key is operatively coupled to the calcu-
lator circuit means for causing the calculator circuit
means to process the second predetermined number of
digits from the keyboard as modulo 60 after the first
depression of the time entry delimiter key.

3. A watch/calculator as in claim 2 wherein the time
entry delimiter key is operatively coupled to the calcu-
lator circuit means for causing the calculator circuit
means to process entries from the keyboard subsequent
to the second predetermined number of digits as mod-
ulo 60 after the second depression of the time entry.
delimiter key.

4. A watch/calculator as in claim 2 further compris-
ing a decimal point key operatively coupled to the cal-
culator circuit for causing the calculator circuit means
to process entries from the keyboard subsequent to the
second predetermined number of digits as modulo 10
after depression of the decimal point key subsequent to
depression of the time entry delimiter key.

5. A watch calculator as in claim 1 further comprising
a time entry key for causing the calculator circuit means
to transfer numerical data entered from the keyboard
into the watch circuit means.

6. A watch/calculator as in claim 1 further compris-
ing a time transfer means for transferring time data from
the watch circuit means to the calculator circuit means.

7. A watch/calculator as in claim 6 wherein the cal-
culator circuit means includes circuitry for arithmeti-
cally combining data entered from the keyboard with
time data from the watch circuit means to produce a
new piece of time data.

8. A watch/calculator as in claim 7 wherein the cir-
cuitry for arithmetically combining data entered from
the keyboard with time data periodically updates the
new piece of time data.

9. A watch/calculator as in claim 6 wherein the cal-
culator circuit means includes circuitry for arithmeti-
cally combining data entered from the keyboard with
time data from the watch circuit means to produce
decimal data.

10. A watch/calculator as in claim 1 further compris-
ing a time mode key for converting between twelve
hour and twenty-four hour modes of time entry and
display.

1L A watch/calculator as in claim 1 further compris-
ing a data entry delimiter key on the keyboard for de-
limiting the entry of portions of date information from
the Keyboard where each portion has’a different unit
and for causing the display of a selected character on
the display means between each portion of entered date
information wherein the date entry delimiter key is
depressed after the entry of a first predetermined num-
ber of digits from the keyboard to indicate entry of date
information having a first unit and to enable entry of
date information having a second unit, and the date
entry delimiter key is again depressed after the entry of
a second predetermined number of digits from the key-
board to indicate entry of date information having the
second unit and to enable entry of date information
having a third unit.
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12. A wateh/calculator as in claim 11 further com-
prising a date mode key for converting between a day-

 month-year and a month-day-year mode of date entry

and display.

‘13. A watch/calculator as in claun 11 wherem the
date entry delimiter key is operatively coupled to the
calculator circuit means for causing the calculator cir-
cuit means to process the second predetermined number
of digits as an indication of a month of the year after the
first depression of the date entry delimiter key follow-
ing entry of digits indicating day of a month.

14. A watch/calculator as in claim 13 wherein the
date entry delimiter key is operatively coupled to.the
calculator circuit means for causing the calculator cir-
cuit means to-process entries from the keyboard subse:
quent to the second predetermined number of digits as
an indication of a year.

15. A watch/calculator as in claim 11 wherein the
date entry delimiter key is operatively coupled to the
calculator circuit means for causing the calculator cir-
cuit means to process the second predetermined number:
of digits as an indication of a day of a month after the
first depression of the date entry delimiter key follow-
ing entry of digits indicating a month of the year.

16. A watch/calculator as in claim 1 further compris-
ing an alarm set key on the keyboard for causing the
watch circuit means to store a time quantity entered
from the keyboard and to actuate an alarm when the
periodically updated time in the watch circuit means
coincides with the stored time quantity.

17. A watch/calculator as in claim 1 further comprrs-
ing:

a stopwatch start/stop key, and

stopwatch circuit means in the watch circuit means

responsive to the stopwatch key for counting up
the amount of time from a predetermined reference
upon a first actuation of the stopwatch start/stop
key and stopping the counting upon a second actu-
ation of the stopwatch start/stop key.

18. A watch/calculator as in claim 17 wherein the
stopwatch circuit means counts up from the predeter-
mined reference when the predetermined reference is
zero and counts down from the predetermined refer-
ence when the predetermined reference is a positive,
non-zero number.

19. A watch/calculator as in claim 17 wherein the
stopwatch circuit means actuates an alarm when the
count in the stopwatch circuit means reaches zero when
the stopwatch circuit means is counting down from a
positive, non-zero predetermined reference. .

20. A watch/calculator as in claim 1 wherein the time
entry delimiter key is a colon (;) key and the selected
character displayed on the drsplay means in response to
depression of the colon key is a colon.

21. A watch/calculator as in claim 8 wherein:

the watch circuit means includes a clock register for
storing updated time data;

the calculator circuit means includes a first data regis-
ter for receiving data entered from the keyboard
and time data from the clock register, a second data
register for receiving data from the first data regis-
ter, and arithmetic means for combining the con-
tents of the first and second data registers and stor-
ing the resultant combination in the ﬁrst data regis-
ter; and :

a bidirectional data bus selectrvely couples the clock
register and the first data reglster

22. A watch/calculator as in claim 11 wherem the

date entry delimiter key is a slash (/) key and the se-
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lected character displayed on the display means in re-
sponse to depression of the slash key is a hyphen (-).

23. A watch/calculator comprising:

a keyboard including numerical keys and arithmetic

function keys;

calculator circuit means connected to the keyboard

for accepting numerical entries from the keyboard
and for performing arithmetic operations on nu-
merical data in response to actuatiori of arithmetic
function keys on the keyboard;

display means connected to the calculator circuit

means for displaying numerical data;

watch circuit means connected to the display means

for storing and periodically updating data repre-
senting time; and

time transfer means connected to the calculator cir-

cuit means and the watch circuit means for trans-
ferring time data from the watch circuit means to
the calculator circuit means.

24. A watch/calculator as in claim 23 wherein the

calculator circuit means includes circuitry for arithmeti-
cally combining data entered from the keyboard with
time data from the watch circuit means to produce a
new piece of time data. '
_25. A watch/calculator as in claim 24 wherein the
circuitry for arithmetically combining data entered
from the keyboard with time data periodically updates
the new piece of time data.

26. A watch/calculator as in claim 23 wherein the
calculator circuit means includes circuitry for arithmeti-
cally combining data entered from the keyboard with
time data from the watch circuit means to produce
decimal data.

27. A watch/calculator as in claim 24 wherein:

the watch circuit means includes a clock register for

storing updated time data;

the calculator circuit means includes a first data regis-

ter for receiving data entered from the keyboard
and time data from the clock register, a second data
register for receiving data from the first data regis-
ter, and arithmetic means for combining the con-
tents of the first and second data registers and stor-
ing the resultant combination in the first data regis-
ter; and

a bidirectional data bus selectively couples the clock

register and the first data register.

28. A watch/calculator comprising:

a keyboard including numerical keys and arithmetic

function keys;

calculator circuit means, including a data register,

connected to the keyboard for accepting numerical
entries from the keyboard and for performing
arithmetic operations on numerical data in re-
sponse to actuation of arithmetic function keys on
the keyboard; ‘

display means connected to the calculator circuit

means for displaying numerical data;

watch circuit means, including a clock register, con-

nected to the display means for storing and periodi-
cally updating data representing time; and

data transfer means connected to the calculator cir-

cuit means and the watch circuit means including a
bidirectional data bus for transferring data between
the calculator circuit means and the watch circuit
means and a time entry key for causing the calcula-
tor circuit means to transfer numerical data in the
data register into the clock register in the watch
circuit means via the bidirectional data bus.
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29.'A watch/calculator as in claim 28 wherein the
data transfer means causes the results of arithmetic op-
erations to be transferred to the watch circuit means in
response to depression of the time entry key following
the performance of an arithmetic operation.

30. A watch/calculator as in claim 28 further com-
prising:

a stopwatch start/stop key; and

stopwatch circuit means in the watch circuit means

having a stopwatch register coupled to the bidirec-
tional data bus for receiving data transferred from
the data register and responsive to the stopwatch
key for counting down from a time value repre-
sented by the transferred data upon a first actuation
of the stopwatch start/stop key, stopping the
counting upon a second actuation of the stopwatch
start/stop key and producing an alarm signal when
the count in the stopwatch register reaches a prede-
termined value.

31. A watch/calculator as in claim 29 wherein the
calculator circuit means includes a second data storage
register and arithmetic means for arithmetically com-
bining data in the first-mentioned data register and the
second data register, and for placing the result of that
combination in the first-mentioned data register.

32. A watch/calculator as in claim 21 wherein:

the display means includes a display register coupled

to the data register and the clock register; and

the watch circuit means periodically updates data

representing time in the display register.

33. A watch/calculator as in claim 21 wherein:

the display means includes a display register coupled

to the data register and the clock register; and

the watch circuit means periodically updates data

representing time in the display register.

34. A watch/calculator as in claim 27 wherein:

the display means includes a display register coupled

to the data register and the clock register; and

the watch circuit means periodically updates data

representing time in the display register.

35. An electronic timepiece comprising:

a signal source for producing stable, periodic signals;

clock circuit means connected to the signal source for

storing and periodically updating data representing
time;

display means connected to the clock circuit means

for displaying time data;

a keyboard including numerical keys;

data entry means coupling the keyboard to the clock

circuit means for accepting data entered from the
keyboard and for transferring entered data to the
clock circuit means; and

a time entry delimiter key on the keyboard for delim-

iting the entry of portions of time data from the
keyboard where each portion has a different unit
and for causing the display of a selected character
on the display means between adjacent portions of
entered time data when the time entry delimiter
key is depressed, wherein the time entry delimiter
key is depressed after the entry of a first predeter-
mined number of digits from the keyboard to indi-
cate entry of time data having a first unit by caus-
ing the display of a selected character after the first
predetermined number of digits and to enable entry
of time data having a second unit, and the time
entry delimiter key is again depressed after the
entry of a second predetermined number of digits
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from the keyboard to indicate entry of time data
having the second unit by causing the display of a
selected character after the second predetermined
number of digits and to enable entry of time data
having a third unit.

36. An electronic timepiece as in claim 35 wherein the
time entry delimiter key is operatively coupled to the
data entry means for causing the data entry means to
process the second predetermined number of digits as
modulo 60 after the first depression of the time entry
delimiter key. :

37. An electronic timepiece as in claim 35 wherein the
time entry delimiter key is a colon () key and the se-
lected character displayed on the display means in re-
sponse to depression of the colon key is a colon.

38. An electronic timepiece as in claim 36 wherein the
time entry delimiter key is operatively coupled to the
data entry means for causing the data entry means to
process entries from the keyboard subsequent to the
second predetermined number of digits as modulo 60
after the second depression of the time entry delimiter
key.

39. An electronic timepiece as in claim 36 further
comprising a decimal point key operatively coupled to
the data entry means for causing the data entry means to
process entries from the keyboard subsequent to the
second predetermined number of digits as fractional
seconds, modulo 10, after depression of the decimal
point key subsequent to depression of the time entry
delimiter key.

40. An electronic timepiece as in claim 35 further
comprising a time entry key for causing the data entry
means to transfer numerical data entered from the key-
board into the clock circuit means.

41. An electronic timepiece as in claim 35 further
comprising a time mode key on the keyboard for con-
verting between twelve hour and twenty-four hour
modes of time entry and display.

42. An electronic timepiece as in claim 35 further
comprising a date entry delimiter key on the keyboard
for delimiting the entry of portions of date information
from the keyboard where each portion has a different
unit and for causing the display of a selected character
on the display means between each portion of entered
date information wherein the date entry delimiter key is
depressed after the entry of a first predetermined num-
ber of digits from the keyboard to indicate entry of date
information having a first unit and to enable entry of
date information having a second unit, and the date
entry delimiter key is again depressed after the entry of
a second predetermined number of digits from the key-
board to indicate entry of date information having the
second unit and to enable entry of date information
having a third unit.

43. An electronic timepiece as in claim 42 wherein the
date entry delimiter key is a slash (/) key and the se-
lected character displayed on the display means in re-
sponse to depression of the slash key is a hyphen (-).

44. An electronic timepiece as in claim 42 further
comprising a date mode key for converting between a
day-month-year and a month-day-year mode of date

. entry and display.

45. An electronic timepiece as in claim 42 wherein the
date entry delimiter key is operatively coupled to the
data entry means for causing the data entry means to
process the second predetermined number of digits as
an indication of a month of the year after the first de-
pression of the date entry delimiter key following entry
of digits indicating day of a month.
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46. An electronic timepiece as in claim 45 wherein the
date entry delimiter ‘key is operatively coupled to the
data entry means for causing the data entry means to
process entries from-the keyboard subsequent to the
second predetermined number of digits as an indication
of a year.

47. An electroic timepiece as in claim 42 wherein the
date entry delimiter key is operatively coupled to the
data entry means for causing the data entry means to
process the second predetermined number of digits as
an indication of a day of a month after the first depres-
sion of the date entry delimiter key following entry of
digits indicating a month of the year. _

48. An electronic timepiece as in claim 35 further
comprising an alarm set key on the keyboard and an
alarm register in the clock circuit means for causing the
alarm register to store a time quantity entered from the
keyboard and to actuate an alarm when the periodically
updated time in the clock circuit means coincides with
the time stored in the alarm register.

49. An electronic timepiece as in claim 35 further
comprising:

a stopwatch start/stop key; and

stopwatch circuit means in the clock circuit means

responsive to the stopwatch key for starting count-
ing the amount of time from a predetermined refer-
ence upon a first actuation of the stopwatch start/-
stop key and stopping the counting upon a second
actuation of the stopwatch start/stop key.

50. An electronic timepiece as in claim 49 wherein the
stopwatch circuit means counts up from the predeter-
mined reference when the predetermined reference is
zero and counts down from the predetermined refer-
ence when the predetermined reference is a positive,
non-zero number.

51. An electronic timepiece as in claim 49 wherein the
stopwatch circuit means actuates an alarm when the
count in the stopwatch circuit means reaches zero when
the stopwatch circuit means is counting down from a
positive, non-zero predetermined reference.

52. An electronic timepiece as in claim 35 further
comprising calculator circuit means coupled to the
clock circuit means and the data entry means for per-
forming arithmetic operations on data from the key-
board and the clock circuit means.

53. An electronic timepiece as in claim 52 wherein the
keyboard includes an arithmetic function key for caus-
ing the calculator circuit means to combine data from
the keyboard with time data from the clock circuit
means to produce a new piece of time data which is .
periodically updated by the clock circuit means.

54. An electronic timepiece as in claim 53 wherein the
clock circuit means includes a clock register in which
the updated time data is stored, the calculator circuit
means and data entry means includes data registers for
storing datd from the keyboard-and the clock circuit
means, and the calculator circuit means includes arith-
metic means for arithmetically combining data in the
data registers.

55. An electronic timepiece as in claim 54 wherein the
display means includes a display register coupled to the
clock register and the clock circuit means periodically
updates time data in the display register.

56. An electronic timepiece as in claim 36 wherein the
time entry delimiter key is operatively coupled to the
data entry means for causing, in response to depression
of the time entry delimiter key, the data entry means to
process and the display means to display subsequently
entered digits in a two-digit field in the display means,
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with each digit being entered into the right-most field
and each subsequent digit entry causing the previously
entered digit to be shifted to the left-most field and
thereby replacing any digit previously in the left-most
field.

§7. An electronic watch comprising:

electronic time keeping circuitry;

data entry means including a keyboard having numer-
ical keys coupled to the electronic time keeping
circuitry for entering numerical data into the elec-
tronic time keeping circuitry;

display means coupled to the data entry means and
the electronic time keeping circuitry for displaying
numerical data;

a first numerical entry delimiter key on the keyboard
for delimiting the entry of numerical data repre-
senting an integer from numerical data represent-
ing a fraction and for causing a first symbol to be
displayed on the display means between numerical
data representing an integer and numerical data
representing a fraction;

a second numerical entry delimiter key on the key-
board for delimiting the entry of numerical data
having a first unit from numerical data having a
second unit and for causing a second symbol to be
displayed on the display means between numerical
data having the first unit and numerical data having
the second unit;

processing means coupled to the data entry means,
the electronic time keeping circuitry and the dis-
play means for processing numerical information
comprising numerical data having the first unit,
numerical data having the second unit, numerical
data representing an integer and numerical data
representing a fraction and for producing resultant
numerical data.

$8. An clectronic watch as in claim 57 further com-
prising arithmetic function keys on the keyboard for
causing the processing means to perform arithmetic
operations on entered information in response to de-
pression of an arithmetic function key.

59. An electronic watch as in claim 58 wherein the
performance of an arithmetic operation causes the dis-
play means to display the resultant numerical data as
numerical data having the first unit and numerical data
having the second unit separated by the second symbol,
the numerical data having the second unit being com-
prised of an integer and a fraction separated by the first
symbol.

60. An electronic watch as in claim 59 wherein the
first unit is minutes and the second unit is seconds.

61. An clectrode watch as in claim 58 wherein the
depression of an arithmetic function key causes the
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processing means to arithmetically combine numerical
data having the first unit with numerical data represent-
igg an integer and numerical data representing a frac-
tion.

62. An electronic apparatus comprising:

data entry means including a keyboard having numer-
ical keys for entering numerical data into the elec-
tronic apparatus;

display means coupled to the data entery means for
displaying numerical data;

a first numerical entry delimiter key on the keyboard
for delimiting the entry of numerical data repre-
senting an integer from numerical data represent-
ing a fraction and for causing a first symbol to be
displayed on the display means between numerical
data representing an integer and numerical data
representing a fraction;

a second numerical entry delimiter key on the key-
board for delimiting the entry of numerical data
having a first unit from numerical data having a
second unit and for causing a second symbol to be
displayed on the display means between numerical
data having the first unit and numerical data having
the second unit;

‘processing means coupled to the data entry means
and the display means for processing numerical
information comprising numerical data having the
first unit, numerical data having the second unit,
numerical data representing an integer and numeri-
cal data representing a fraction and for producing a
numerical result. :

63. An electronic apparatus as in claim 62 further
comprising arithmetic function keys on the keyboard
for causing the processing means to perform arithmetic
operations on entered information in response to de-
pression of an arithmetic function key.

64. An electrode apparatus as in claim 63 wherein the
performance of an arithmetic operation causes the dis-
play means to display the results thereof in terms of
numerical data having the first unit and numerical data
having the second unit separated by the second symbol,
the numerical data having the second unit being com-
prised of an integer and a fraction separated by the first
symbol.

65. An electronic apparatus as in claim 64 wherein the
first unit is minutes and the second unit is seconds.

66. An electronic apparatus as in claim 63 wherein the
depression of an arithmetic function key causes the
processing means to arithmetically combine numerical
data having the first unit with numerical data represent-
ing an integer and numerical data representing a frac-
tion.
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"watch" insert -- /calculator --;

Column 13, line 10, "known" should read -- know --; line

13, "data" should read -- date --;

Column 15, line 8, "data" should read -- date =--;

Column 16, line 18, "data" should read -- date --;

Column 18, line 46, "LED's" should read -- LEDs --; line
55, "current" should read -- currents --; line 56, "sources"
should read -- source --;

Column 22, line 28, "drive" should read —-- driver --;

Column 25, line 19, "calculation" should read
-=— circulation --;

Column 27, line 15, "146" should read —-- 416 --;
Column 29, line 41, "them" should read -- then --;

Column 31, line 33, "ad" should read -- and--j




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,158,285 Page 2 of 2
DATED : June 19, 1979 '
INVENTOR(S) : Edward A. Heinsen, Adre F. Marion and Thomas E.

. . .Odsl’ﬁc%rne . o .
It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

Column 32, line 49, "bits" should read -- bit --;
Column 33, line 1, "one" should read -- once --;
Column 34, lines 30 and 61, "data" should read -- date --;

Column 36, line 26, delete "device"; line 55, ""0"." should
read -- "0." --;

Column 37, line 24, ""12"." should read -- "12." --; line
34, "digit" should read -- digits --;

Column 99, line 54, "data" should read -- date --;
Column 102, line 26, "21" should read -- 28 --=;
Column 106, line 37, "electrode" should read -- electronic--
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